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Important Physical Constants  
 
Identity          Symbol     Value           unit        Equivalent            unit 
Quantum Planck’s constant h 6.626070 04(81)×10-34   J●s =  4.135667 662×10-15 eV●s 
Dirac’s constant           ħ=h/(2)   1.0546×10-34   J●s 
Space constant speed of light c 2.997924 58×108 m/s =   186282.9          miles/s 
Charge Coulomb constant     ke=1/(40) 8.987551 79×109 N m2/C2 
Permeability of free space 0 4×10-7   T m/A 
Permittivity of free space      0 =1/(0c2) 8.854187 82×10-12 C2/N m2 
Universal constant  G 6.6742 (10)×10-11 N m2/kg2 
Gas constant   R 8.314472 (15)  J/(mol●K) 
Rydberg constant  RH 1.097373 16×107 m-1 
Avogadro’s number  NA 6.022141 5(10)×1023 particles/mol 
Boltzmann’s constant     kB = R/NA 1.380650 5(24) ×10-23 J/K 
Hubble Constant  H 73  1.75  km/s/Mpc 
Atomic mass unit  u 1.660538 86(28)×10-27 kg =  931.494 043(80)  MeV/c2 
Electron volt   eV 1.602176 53(14)×10-19 J 
Electron elementary charge e 1.602176 53(14)×10-19 C 
 
Electron mass   me 9.109382 6(16)×10-31 kg =  .510998 918(44)  MeV/c2  
     5.485799 0945(24)×10-4 u 
Proton mass   mp 1.672621 71(29)×10-27 kg =  938.272 029(80)  MeV/c2  
     1.007276 46688(13) u 
Neutron  mass   mn 1.674927 28(29)×10-27 kg =  939.565 360(81)  MeV/c2  
     1.008664 91560(55)       u 
 
Bohr radius             r0 = ħ2/(me kee2) 5.291772 108(18)×10-11 m 
Bohr magneton  B = eħ/(2me) 9.274009 49(80)×10-24 J/T 
Nuclear magneton n = eħ/(2mp) 5.050783 43(43)×10-27 J/T 
 
Fine structure constant   kee/ħc [137.035999 139 (31)]-1 none 
Compton wavelength c = h/mec 2.426310 238(16)×10-12 m =  0.00243          nm 
 
Number of seconds in a      ty  31556925.98  s =  3.1557×107 s 
Sidereal year    365d 6h 9m 9s  
Light year       ly  63421.077  AU =  5.878499 81×1012   miles 
Parsec        pc  3.2616   ly =  19.174×1012           miles 
Earth’s magnetic field      BE  0.5   Gauss =  5×10-5           Tesla 



Useful Astronomical Quantities  
Identity          Symbol     Value               unit        Equivalent            unit 
Sun 
Age     4.57×109  years 
Solar mass   Mʘ 1.9885×1030  kg 
Solar radius   Rʘ 6957×102  km 
Solar irradiance   Sʘ 1361   W m-2 

Solar luminosity   Lʘ 3.83×1026  W 
Orbit distance    8000   parsec 
Rotation period (axis)  Tʘ 609.12   hours 
Surface temperature   5772   K 
Average density   ʘ 1408   kg/m3 
Apparent magnitude   -26.74 (bright)  ratio intensity Wm-2  Vega 0 
Brightness compared  to Vega  6.31×1010      Vega 1 
 
Moon 
Age     4.45×109  years 
Mass of  the Moon   7.346×1022  kg 
Radius of  the Moon   1737   km 
Moon’s orbit distance   378×103   km 
Rotation period (axis)   655.728   hours 
Surface temperature (Black body)  270.4   K 
Average density    3344   kg/m3 
Apparent magnitude   --13.0(dim)  ratio intensity Wm-2  Vega 0 
Brightness compared  to Vega  1.58×105      Vega 1 
 
HST limits 
Apparent magnitude   32(faintest star)  ratio intensity Wm-2  Vega 0 
Brightness compared  to Vega  1.58×10-13      Vega 1 
 
Earth 
Age     4.543×109  years 
Mass of the Earth    5.9724×1024  kg 
Radius of the Earth   6371   km 
Earth’s orbit distance   149.6×106  km 
Rotation period (axis)   23.9345   hours 
Surface temperature (Black body)  254   K 
Average density    5514   kg/m3 
 
Universe 
Age of Universe    14×109   years 
Size of Universe    14×109   parsec 
Average temperature   2.7255   K  
Average density of Universe  4.5×10-18  kg/m3 
 
Black holes (Typical) 
Density     6.0×1018  kg/m3 
Neutron star 
Density     1.0×1017  kg/m3 
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Preface 

After contemplating the success of the previous reference book, True Physics of Light Beyond 

Relativity (1st  and 2nd  edition), the author decided to produce an expanded version of the book 
covering its topics in greater detail, as well as other pertinent issues of Astronomy. This book entitled 
Unique Physics of Light and Astronomy has been created with the objective to introduce 
revolutionary concepts about the origin of radiation, gravity and its application to Astronomy. This 
new book is designed as a text book for university students of junior level physics. The book  
provides enough information which makes it suitable for physics experts and professors who wish to  
advance their  knowledge in the field of physics. Every chapter begins with an outline for each topical 
section. The outline for each section is followed by carefully articulated explanations of each unique 
concept introduced. The explanations are supplemented with appropriate examples and diagrams.  
 

Each chapter is summarized with subsections containing definitions, concepts and principles, 
problem solving analysis models, and applications. The summary exercise section is developed to test 
the understanding of students about the contents of each chapter. This section has a variety of 
interesting questions that will enable educators to examine and evaluate the student’s ability to grasp 
concepts therein and to determine their skill level within the field. Some questions require a 
description as an answer, such as a brief essay, while other questions are more objective, for which 
correct answers would be selected by students from a bank of multiple choices. Additionally, problem 
questions are posed to evaluate the student’s problem solving capability. Problems are designed in 
two varieties. Some problems may be solved by a simple substitution of parameters within a formula. 
Answers to these problems are arrived by plugging in correct values. Other problems require 
exercising strong analytical skills on the student’s part. Problems for extra credit are included in a 
section called Problems for Exploration. These are challenging assignments and are reserved for 
students who should like to master the course material. 
 

Light is one of the most perceptible, abundant, and essential sources of energy, and yet it is 
the most misinterpreted entity regarding its origin. According to Big bang theory, and interestingly in 
Bible, light was created first. There is an eternal truth and agreement on this fact abided by experts 
from scientific community, as well as those within the conservative religious arena. The most 
amazing fact about light is that it has no material mass and yet has seemed to revealed visible 
characteristics of mass through several physical phenomena.  The most popular examples are 
interference effects of light that creates multiple images of a point source (bands of bright and dark 
fringes) during passage of light through narrow slits, and the diffraction of light reflected by 
selectively etched mirrored surfaces. Other phenomena in this category are the photoelectron 
emissions and scattering of x-rays in the Compton’s effect. Misunderstanding this strange behavior of 
light energy waves has led many physicists, including the profound physicist Albert Einstein, to 
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formulate a principle that light behaves both as a wave and as a particle. The author of this text book 
takes an entirely new approach. While physicists of prior centuries ignored the investigation of the 
origin of radiations, leaving gaps in their theories, we focus on the processes that create radiations 
from their infancy, so to speak. 

 
This book intuitively penetrates the basis for the creation of radiation energy in general and 

the behavior of light in particular. From our fresh, unbiased perspective we have posited that 
whenever electrons orbiting the nuclei of atoms in some substances make a transition from a high 
energy state to a lower energy state (ground state), the energy difference (quantum value) is 
manifested in the form of electron vibrations. During these vibrations the electrons dissipate energy 
through the electrostatic charge (ESC) field that exists around protons within the nuclei and the 
electrons in their orbit. The transfer of energy from the electrons to the ESC field causes reverberation 
of the field that emits radiation in various bands of frequencies.  The frequency of emitted radiations 
depend on the energy transfer from the vibrating electrons to the reverberating ESC field that is in 
accord with the energy differential released by an electron within a specific orbital transition event. 
We deduced that the electron energy is dissipated in an ESC field at a rate which corresponds to the 
constant speed of c km/s within a vacuum. Also, we drew a unique conclusion by analyzing the 
research data of the brilliant physicists of the past and present generations to support the theory that 
all radiations are waves of quantized amounts of energy. We have arrived at this premise after 
consulting many experts both in industry and in academia.  

 
To determine the elusive truth about the behavior of light, we have also passionately studied 

the alternate competing theory of the strange behavior of light, Quantum Electrodynamics (QED) 
from the fruitful mind of Richard Feynman, who incidentally favored the wave nature of light.  While 
we were putting all the pieces together in search of the true nature of light, we struck intuitively on an 
idea that light photons, as particles defined by Einstein, do not have the key characteristic of a 
particle, pointedly, a center of gravity. Therefore, photons as light particles described by Einstein 
must be of a different kind. We decided to probe the issue further and realized that light photon 
particles are hypothetical and should be classified as virtual particles. Thus, in this text book we 
decided to view and refer to light and radiation energy waves as a conspicuous source of energy, 
Planck’s quantum waves. 
 

Another vital source of energy with which we deal in daily life is the force of gravity, the 
cause of which is not known to date. In this text book, we have attempted to analyze the root cause of 
the force of gravity between objects from its origin perspective. Another puzzling question about 
gravity is: At what speed does the force of gravity propagate? Twentieth century pioneer physicist 
Albert Einstein had suggested that in a vacuum, the propagation speed of gravity is the same as the 
speed of light waves. According to the postulates of his Special Theory of Relativity (STR), the speed 
of light in a vacuum is a constant c and does not vary in different inertial systems. Therefore, it was 
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universally accepted that the force of gravity propagates at the same speed that the speed of light 
propagates, c km/s. Our views are different from Einstein when it relates to the speed at which the 
force of gravity propagates. We believe that the force of gravity propagates instantaneously, 
analogous to the transfer of a property connected with an agent in the quantum entanglement 
scenario. Also, we found a unique connection between the forces of gravity and forces of dark matter.   

 
The primary purpose of this book is to develop an understanding of new concepts regarding 

the fundamental phenomena responsible for the generation of radiations and force of gravity. The 
secondary objective is to revise the principles of the special theory of relativity and the general theory 
of relativity (GTR) founded by Einstein without the present “gaps” so that they make complete sense. 
Another objective of this book is to explicate sophisticated theories in rhetorical English literature 
style so that the average person may comprehend the subject matter without the need of 
incomprehensible mathematics. The audience for which the book is written are students of a Junior 
class seeking to pursue a physics curriculum, as well as for experienced physicists. The author 
assumes that readers have a basic introductory knowledge of nuclear physics and the fundamental 
principles of quantum mechanics. Since our emphasis is on improving the understanding of concepts 
of physical phenomena rather than rigorous, mathematical proofs thereof, we have refrained from 
discussing analytical complexities of derivations and have, instead, chosen to state the end results for 
the sake of simplicity.  

 

Another purpose of this book is to determine an ideal theory of everything, unifying all the 
forces of nature and their interactions amidst different types of particles. It is a well known fact that 
all objects in the universe are formed by composite particles. The universe is composed of vast 
celestial entities such as galaxies, nebulae, and stars, which are, in turn, comprised of the tiniest of 
fundamental particles, quarks, fermions, and perhaps “strings”, as posited by the string theory.  We 
wish to achieve our objective by presenting the concepts of the Skylativity® theory in pedagogical 
style. The techniques developed here allow us to characterize the effects of gravity on particles of 
“quantum” size. Previously, the force of gravity was a main obstacle in the formulating of the Grand 
Unified Field theory (GUT). After studying this book you will realize that we have successfully 
eliminated these limitations and, through some fine-tuning, founded a basis for the principles 
underlying a Grand Unified Field Theory of Everything. 

 

The content of this text book is organized as follows: 

 

In Chapter 1 we outline salient features of the Special and General theories of relativity as postulated 
by Albert Einstein in the early 20th Century. His laudable pioneering efforts, however, left several 
voids behind in GTR and STR postulates, inasmuch as he was first to blaze the trail and so 
understandably ignorant about the origination mechanisms propagating 1) radiations and 2) the force 
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of gravity.  Therefore, with natural propensity he predicted the bending of light and the novel 
curvature of space and time dimensions in the presence of strong gravitational fields. To validate this 
point, he proposed three different kinds of tests. In this chapter we will critically examine results of 
many tests performed to prove his prediction about the nature and behavior of light. First, we will 
revisit fundamental concepts of classical mechanics that will help you understand principles described 
within the entire text book. Then, we will discuss the outcome and conclusions of experiments to test 
Einstein’s theories (e.g., the deflection of light from a star due to force of gravity from the sun,  
Michelson’s Interferometer experiment, the Photoelectric effect, the Compton effect, and the short 
wavelength limit x-rays). After studying the material in this chapter you will be convinced that light 
and all kinds of radiations are waves of quantized amounts of energy.  

 

Chapter 2 is about one thing for which Einstein did not account: the origination mechanisms 
for radiations and radio frequency (RF) waves. Therefore, STR, which described the characteristics of 
light and EM radiations was incomplete. He emphasized a particle nature as well as a wave nature of 
light. This chapter addresses three critical points about origin and nature of radiations.  We show that 
all types of radiations, visible as well as invisible, originate as a result of oscillations of bound 
electrons orbiting the nuclei of atoms. We establish that radiations are the manifested results of the 
reverberation of the ESC fields of atoms and are therefore composed of only electric field vectors.  
We designate them as Planck waves. On the other hand, RF waves propagate due to oscillations of 
mobile (free) charge carriers (i.e., electrons and holes in electric circuits) and as a result RF waves are 
composed of electric and magnetic field vectors. The RF waves are analog in nature and obey 
Maxwell’s classical EMF theory model.  

 
With regards to the nature of radiations, we characterized them as quanta of energy waves 

that propagate at an absolute speed of c km/s in space (vacuum). We developed new concepts of 
absolute speed and absolute time in contrast to proponents of Einstein’s defined relative speed and 
relative time. In Einstein’s realm the speed of light is a fixed quantity independent of the speed 
(motion) of an observer, whereas we have proposed a Varying Speed theory of Light (VSL). A 
reckoning was made that there are many differences between RF waves and Planck waves. The most 
striking of which was the expressions found for the amount of energy carried by two entirely different 
types of waves. This distinction of origination and nature lead us to develop a new model for Planck 
wave radiations, which leaves out RF waves. We then derive an expression for energy contained in 
each type of wave.  

 
As discussed earlier, the magnetic properties of light waves are not firmly established. 

Therefore, we investigated the profound results of an experiment performed by Michael Faraday. The 
intention of his experiment was to depict the sensitivity of light waves to magnetic fields. In that 
experiment, we show that there was a change in light polarization due to polarity of magnetic field 
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switched. For reasons not apprehended at the time, it was concluded  that light is composed of electric 
and magnetic field vectors. As per our explanation it follows that light and other radiations are 
composed of ESC field and hence forth should be referred to as Planck waves. 

  
The main purpose of Chapter 3 is to give readers a good overview of the fundamental 

concepts of Skylativity® theory that we have interpolated from the known realm of the greatest minds 
in physics. One of the greatest disadvantages of Einstein’s theory was that it introduced a curvature in 
the space-time fabric of our dimension. Necessarily, the non-linearity of space required the use of the 
complex Lorentz coordinate transformation for the computation of dilated values of mass, length and 
time of objects within four dimensional space for velocities of high value close to that of c.  A side 
effect of Einstein’s theory was that physicists were forced to partition the phenomena of mobile 
objects into three categories; e.g., space-like, time-like, and light-like events. 

 
 In order to develop a framework of a space-time concept, we will define terms that will help 

you understand Einstein’s theory of relativity. Then we will state the concepts of STR and GTR from 
Einstein as he saw them.  After that we will expose the weak points of relativity. We will then 
introduced postulates of the special and general Skylativity® theories posited by us. Finally, we will 
assess the effects of the varying speed of light and the concepts of Skylativity® theory over 
Maxwell’s field equations and over the solution of Einstein’s field equations. 
 

In Chapter 4, we explore the limitations of Einstein’s GTR and STR principles by describing 
simple experimentation. In Sections 4.1, 4.2, and 4.3, we demonstrate that the operation of a light 
bulb invented by Edison conflicts with the postulates of STR. A key component of STR was that it 
insisted on an invariance of velocity of light within different inertial systems. This requirement 
resulted in complicated relationships involving such effects as the amplification of mass, the 
contraction of length, and the dilation of observed time for characterizing the motion of objects within 
different reference systems.  Einstein handled this complexity by applying the Lorentz transformation 
equations and computed an effective values of mass, length and time. You will learn in Chapter 5,  
that these transformations are not essential. 

 
  Einstein’s mass was composed of two parts, rest mass and energy mass. It was evident to us 

that the effect of rest mass was separate from energy mass. Therefore, we have introduced novel 
concepts of complex mass and complex dimensions for mass, and length and time measurements 
based on the principles of quantum theory. It so happens that the time dilation effect is a very 
important matter in atomic clock applications. We analyze the impact of the trajectory of light waves 
concerning those two clocks. (One was located on the surface of the Earth and the other was 
transported to a spacecraft that was supposed to orbit the Earth at high speed and at high elevation.) 
At the end this chapter, we will also describe the effect of the Sun’s gravitation on the apparent 
position of a star.  
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The focal point of Chapter 5 is to establish the fact that the Lorentz transformation is useless 
for the analysis of the motion of objects within an inertial frame based on the principles of the 
Skylativity® theory. It was known for a long time that the Lorentz transformations were necessary in 
characterizing the motion of objects using Einstein’s STR. He utilized the transformations to 
determine the length of rods and time delays within different inertial systems. To investigate the 
effect of the variable speed of light on the length and time measurements, we re-derived the Lorentz 
transformation equations. We analyze the values of length and time measurements for two different 
scenarios, the approaching systems and the receding systems. We compared the length and mass 
values derived from two different sets of worldlines by applying Einstein’s postulates and 
Skylativity® theory axioms. 
  
 The gist of Chapter 6 is to explain magnificent concepts of Feynman’s Fascinating Theory 
of light, and describe the rules of Quantum Electrodynamics (QED). A problem that prevented the 
acceptance of Feynman’s QED by physicists was regard Path Integral Formalism (PIF), which deals 
with the Probability amplitude (PA) of light quanta. Specifically, QED lacked the theoretical 
consideration for the computation of the PA of light during its propagation in space and through 
different mediums.  We have proposed a solution that corrects the problem. We applied the QED 
principles to several phenomena observed in nature and explained refraction, reflection, and the 
transmission of light through thin glass plates using PIF concepts.  We have identified real life 
examples that illustrate the interaction of light quanta with electrons within the atoms of substances 
on the basis of QED action rules. We closed the chapter by discussing topics that were not addressed 
by QED.   
 

The focus of Chapter 7 is to highlight the benefits derived from the new postulates of the 
Varying Speed of Light Skylativity® theory.  Specifically, we emphasize that the unique concepts of 
Skylativity® theory are most suitable for space exploration and in the field of Astronomy. For 
planning missions to distant planets, such as Jupiter, Mars, and Saturn it, is crucial that we must travel 
at much greater velocities than of current spacecraft design. Therefore, we discuss the issues which 
are critical for performing space travel in our future that will involve travel at a much greater fraction 
of the speed of light than now possible as part of the design of space probes and spacecrafts. 
Additionally, we will then elucidate on the alpha, beta and gamma decay processes. Our goal here is 
to show that no mass is consumed and transformed into energy in these processes in order to 
strengthen the ideas presented by Skylativity® theory. Finally, we will discuss application of new 
postulates of Skylativity® theory for developing machines in bio-medical arena which are useful in 
diagnosis and for cure of diseases. 

 
Chapter 8 is about assessing the effect of gravity on atomic and sub-nucleonic particles. 

Physicists have successfully measured and developed models to characterize the effects of all types of 
forces except the force of gravity. A troublesome aspect of gravity is that it is an extremely weak 
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force. Therefore, its effect is observed only when one of an object pair is as large as a planetary body 
or a star. Moreover, it’s effect is very minuscule for tiny objects, yet it exerts a strong effect that holds 
planets, as well as satellites, in orbits and holds stars in fixed positions relative to other stars.  For the 
reasons stated, attempts to formulate a Quantum Theory of Gravity (QTG) has had limited success in 
past. Also, physicist have been unable to unify the force of gravity with other forces found in nature. 
We will attempt to solve these problems in a systematic way. 

 
First we will analyze the reasons why the force of gravity comes into play amidst molecules 

and atoms of objects formed by the composition of elementary particles. Also, we will compare the 
strength of the force of gravity with the electrostatic charge force. Next, we will study the features of 
the theory of Graviatation as proposed by Einstein. We will analyze the results of three tests that 
supported the postulates of Einstein’s General Theory of Relativity (GTR). You will discover that 
Einstein’s GTR was a great success in characterizing the motion of vast celestial objects. On the basis 
of GTR, we have formulated a theorem: Uniqueness of Gravitation.  

 
We noticed that atomic clocks are very useful for assessing the effect of the force of Earth’s 

gravity. Very small variations in the frequency of these clocks can be detected. Therefore, we 
analyzed Bohr’s model of the hydrogen atom and the frequency characteristics of emitted radiation. 
We made an addition of a correction term in the expression for the frequency variation that accounts 
for the effect of Earth’s force of gravity on atomic vibrations. We described the construction and the 
operation of a Cesium atomic clock. We discuss the fact that the tidal forces caused by Moon can 
have a very detrimental effect on the weather. We therefore suggested updates in pressure parameters 
in weather simulation program to improve  the  accuracy of weather prediction. 

 
The primary objective of Chapter 9 is to highlight the characteristics of our solar system 

composed of nine planets (if we count Pluto) and approximately 168 satellites. First we describe 
theories about the origin of stars and the birth of planetary systems around stars in general. Then we 
identify the most probable cause (and a promising theory) for the birth of the Sun and our solar 
system. As it happened, all our planets have an elliptical orbit in our solar system. We also discuss in 
detail Kepler’s three laws of motion that culminate into a relationship between the semi-major axis of 
a planet’s orbit and the period of the planet. Next we analyze the conditions that favored the existence 
of life on the Earth.  

 
Planets orbit the Sun at different rates and rotate on their axes in different directions because 

of differentials in their mass and tidal forces. The composition of a planet changes in its form from a 
gas to a liquid and to a solid phase during various stages of its life. We will study how a planet’s 
rotational speed varies due to shrinkage in size as its surface temperature decreases and some of its 
gaseous matter escapes into space. Further, you will learn the reasons for the long tails of comets and 
their unusually long and very high eccentric elliptical orbits around the Sun. Einstein’s energy 
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equivalence equation helped the scientific community to determine the life-span of stars and planetary 
systems. A physicist from Great Britain, Robert Atkinson, discovered the details of a thermonuclear 
fusion reaction occurring in the Sun in which hydrogen was fused into helium, a three step process. 
The process details were subsequently confirmed by a distinguished Harvard Professor, John Bahcall, 
then at Princeton, New Jersey.  Supposedly, the fusion process maintains an equilibrium condition 
between the inward pressure of self gravity and outward pressure of the kinetic energy of gas. 

 
 To estimate how long the sun will remain in its current state, it is imperative that we study its 

temperature profile and its internal composition. We present details of an improved model of its 
temperature variation. Furthermore, we have added an interesting parameter in profiling the 
temperature at which the hydrogen fuses into helium. The inclusion of this parameter has significant 
impetus on the life-span computation of the Sun and the existence of our civilization. We end this 
chapter by discussing the details of the terminal phase in the life cycle of the Sun.  
 

Chapter 10 is about the composition of matter within black holes. It has been the claim of 
pioneer physicist Stephen Hawking that black holes have no hair, meaning they are objects made of 
unknown matter. Moreover, his no hair theorem stated that black holes can be completely 
characterized by only three externally observable classical parameters: mass, electric charge, and 
angular momentum. We will show that black holes are indeed composed of quarks.  Scientists had  
hypothesized that black holes are massive with a super gravitational field in which light is trapped. 
We present a new school of thought that light is not reflected from the black holes because black 
holes lack electrons which are known to absorb and  re-emit radiation quanta from atoms of elements. 

 
 The first section explains the origin of black holes from a purely theoretical consideration 

developed by a famous astrophysicist from India, Chandrasekhar Subrahmanyan. Various terms are 
defined, such as Event Horizon, Schwarzschild radius, Singularity, and Escape Velocity, which are 
conventionally used to describe characteristics of a black hole. In the same section we derive an 
expression for the Schwarzschild radius from matter density considerations. Our analysis will exhibit 
a surprising result about a singularity that has been claimed to exist within a black hole. We study 
briefly the stages of the life-cycle of Stellar evolution in Section 9.1, and learn about the birth of 
different types of celestial objects, such as white dwarfs, neutron stars, and black holes. In this 
chapter we will discuss details on the internal composition of matter in each of these entities. You 
will discover that black holes are really quark stars, because their formation follows from the 
compaction of a neutron star as a natural progression of events caused by contraction of self 
gravitational forces.  

 
The primary goal of Chapter 11 is to revisit the principles and experiments that founded 

modern picture of Quantum mechanics. Several pioneer physicists contributed to the growth of this 
fascinating field of physics. To name a few, the concepts of black body radiation from Max Planck, 
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Erwin Schrödinger’s equations for modeling the position of electrons in the atom, and the discovery 
of particle/anti-particle pairs as a resultant solution proposed by Paul Dirac in his four component 
wave equations. Despite all these success stories, physicists were unable to fill the gap between 
Classical mechanics and Quantum mechanics. They could not develop a single framework of science 
in which all the laws of physics predicted the results with consistency for all matter, objects of 
astronomical sizes, such as galaxies, black holes, and etc., and for the nanoscopic particles, namely, 
quarks and neutrinos. Furthermore, as we shall elucidate, some effects, such as Quantum 
entanglement and the speed at which forces of gravity propagate still remain a mystery. 

 
Early attempts of instigation to make progress in the quantum field of study brought 

increased confusion about behavior of radiations and of elementary particles. Their nature was hence 
categorized as of a dual kind, as a particle as well as a wave. In the analysis of the outcome of some 
experiments, such as Young’s Double slit experiment and the Davisson-Germer electron diffraction 
experiment, physicists neglected to bring into account the effect of gravity on the motion of particles. 
Therefore, we will specifically revisit those two experiments. This will allow us to critically 
distinguish particle entities from waves. Then we will derive Schrödinger’s equations by using 
Maxwell’s equations governing classical electrodynamics. Our intention is to improve his equations 
by including the effects of gravity on the work function describing behavior of particle electrons, 
which incidentally he had neglected. Next, we will elaborate on Paul Dirac’s contribution and 
expound on the importance of his work. Finally, we will discuss the application of the principles of 
Quantum mechanics to real-life situations. We will also describe the operations of the Quantum 
entanglement effect, Quantum locking for transportation, and the Scanning Tunneling Microscope. 
We shall finish the chapter by describing loose ends that prevent the union of classical and quantum 
theories. 

 
In Chapter 12, we will explore the structure of protons and neutrons, the nucleons making up 

the nuclei of atoms. The nucleons are composed of different flavors of quarks, which are linked 
conforming to the rules of Quantum Chromodynamics (QCD). We will study the different types of 
quarks and their properties. We will expound on the Eightfold way and the Tenfold way, patterns in 
which different quarks join to form families of particles, such as hadrons and mesons. We will define 
parity and outline the principle of symmetry that governs the rules of Chromodynamics. The QCD 
rules are more complex than QED because quarks possess color charge along with electric charge. 
The color charge comes in three flavors and quark/anti-quark pairs exist simultaneously. We will look 
into these matters as a basis for understanding the behavior and construct of our material universe. 

 
Quarks are united within nucleons by the forces of color charge and binding energy. Quarks 

are bound by a binding energy that is in excess of 300 MeV. Furthermore, quarks cannot exist in 
isolation, and therefore identifying different varieties of quarks in particle detectors is a monumental 
task. We will delineate the procedure that is adopted by the Large Hadron Collider in CERN, Geneva 
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to screen streams of quark jets within their ATLAS detector. Quarks are created by the collision of 
nucleonic matter at very high energies within a particle collider. At such high energies, streams of 
ejected quarks are known to materialize into more massive hadrons by a process known as the Drell-
Yan annihilation (DYA) mechanism. You will study details of the DYA process. Finally, we will 
explore features of String theory that claims the existence of even smaller “particles” other than 
quarks in the composition of matter.  

 
Chapter 13 is about the origin of the universe and its growth to its present observed state. 

We will seek answers to several intriguing questions in this chapter. Is there a theory that explains the 
birth of universe without ambiguity? Is the universe really expanding as posited by Hubble in his 
expanding universe model? Also, we will address the question of what the scope (physical size and 
dimensions) of universe is and the best current estimate about its age. It is thought that the universe 
was created from a point source of extremely dense energy of an infinite amount. We will describe 
and analyze a generally accepted promising theory about the origin of our cosmic universe, the Big-
Bang Theory. We will do so because it, too, is based upon the point particle model of the universe 
that grew to its present size.  

 
Most new theories developed have the handicap of explaining all observations for their own 

designed purposes. The BBT is not an exception to this rule and has faced severe criticism with 
regard several issues. We will expose all the problems associated with BBT. Although the theory has 
many problems, it contrived foundation for advanced theories such as the Inflationary Universe 
Model (IUM) by Alan Guth and others. Following that we will present two entirely different schools 
of thought with regard the expansion of the universe, Hubble’s uniform expanding space view, and 
Sky’s infinite space view. After that, we will describe the evolution of matter in the universe; the 
formation of hydrogen and helium atoms from the composition of the elementary particles, baryons 
and fermions.  

 
The IUM theory requires understanding of several sophisticated concepts such as Classical 

and Quantum field theory, spontaneous symmetry breaking and phase transition, Higgs field and 
Mechanism, and False vacuum. Therefore, we will define new terms that are necessary for 
understanding of novel concepts.  Further,  we will describe steps in which succession of strange 
events took place as claimed by the developers of IUM in the section roadmap to IUM. In the same 
section, we will highlight details of the Higgs Field and invention of Higgs Boson. Finally, we will 
discuss details of Inflationary Universe model. You will discover that the model answers all questions 
about the origin of universe with complete satisfaction. We will end this chapter with discussion of 
Multiverse, which is considered as cornucopia of parallel, concurrent, and alternate universes by 
Cosmologists. We will describe characteristics of different universes categorized by famous 
physicists Max Tagmark and Dr. Brian Greene. 
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The final Chapter 14, “Space Exploration,” addresses the most important application of 
principles developed in this text book for the field of Astronomy. Our universe is composed of 
billions of stars, thousands of galaxies, and an abundance of black holes. Reception, detection, 
analysis, and monitoring a wide range of signals received from distant sources in space provide the 
most promising way to locate and identify many types of celestial entities. It is determined that 
characteristics of received signals, such as wavelength (frequency) and energy depend on the 
composition of matter on the surface of the signal-emitting source. Therefore, a variety of techniques 
are being developed, and telescopes with a plethora of sophisticated instruments are designed for 
capturing these signals in different wavebands.   

 
We will study characteristics of six entirely different types of astronomical systems, each 

developed for the detection of signals in the RF, Infrared, Optical, UV, X-ray, and Gamma wave 
categories. A typical astronomical system for highly accurate measurement of signals consists of a 
telescope that is a signal receptor with an associated computer hardware/software for post processing 
of data. In order to improve resolution and clarity of the images that are observed telescopes are built 
with  mirrors and lenses of large diameter. Often the size of a mirror is increased by fabricating 
several small segments of mirrors mounted on panels. The position of the panels are adjusted by a 
computerized control drive system for correcting the shape of the composite mirror. We will describe 
features of six modern telescope facilities; the land based ALMA, KECK and MAGIC, and space 
assigned telescopes HST, JWST, and the Chandra x-ray observatory. 

 
Astrophysicists have had a great deal of success in detecting Gamma wave radiations 

generated from extremely high energy particle sources in association with intergalactic nuclear 
activity amidst interstellar gas. In order to learn more about the particle details involved in these high 
energy emissions it is imperative that we produce such particles on the Earth. Therefore, particle 
colliders are employed in an attempt to create these high energetic exotic particles. Particle detectors 
are an integral part of particle collider, as one would naturally cede. We will study the construction of 
five different types of detectors, each one designed to detect particles at different energy levels.  

 
Finally, we will study a most valuable section dealing with the Astronomer’s Toolkit. We 

will explicate important concepts, such as the small angle distance formula, stellar coordinates, and 
the orbital periods of planets. We will analyze the motions of star and derive an expression for the 
space velocity of a star in terms of its radial and tangential components. We will outline a procedure 
to estimate the size of celestial objects, their mass, diameter, absolute brightness and chemical 
composition. We will introduce to you sophisticated concepts of H-R diagrams and discuss their 
impetus in Astronomical computations. We will explain the meaning of the most commonly used 
terms, such as right ascension and declination, angular size and linear size of celestial objects, the 
magnifying power and light capture ratio for telescopes, and the angular resolution based on 
Rayleigh’s Criterion. We will end this chapter by suggesting topics for future research. 
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To the Student 
 
 
 
 
In our opinion, mastering knowledge about the sophisticated concepts of physical phenomena can be 
an adventure, specifically if you are making a career out of it. Seeking answers of advanced scientific 
theories, as well as the solutions of complex problems in the field of astronomy is like analyzing a 
problem in mathematics. We recommend that you should use the “divide and conquer” strategy, 
because it is known to work. Solutions to any problem in mathematics can be arrived at by breaking 
down the problem into simple steps. The outcome of each step is evaluated by performing a basic set 
of operations on known values of variables and the constants using predefined operators.  The 
situation involved in solving any problem in Astronomy is analogous to the above situation in 
mathematics in the sense that the majority of the problems can be divided into events of elementary, 
discrete forms. 

 
We have applied the “divide and conquer” strategy and were highly successful in getting 

answers to questions which had been neglected by many pioneer physicists of the twentieth century. 
We believe we have solved the mystery with regard the origin and nature of all types of radiations 
and provided insight into the real cause of the force of gravity between objects. We have 
unambiguously declared that black holes are composed of quarks, and that singularities, as popularly 
understood (or not understood), do not exist within the black hole cores. These are a few of the 
examples of our accomplishments.  

 
We wish to offer you our advice for retrieving information on the internet about the subject 

matter of this book and for seeking solutions to many problems. First, learn to manage your time 
wisely by being careful with the time you spend on the internet. There is so much material out there 
that it is very easy to lose track. Many students, in general, have a tendency to find the answers to 
posed problems of an assignment using someone else’s work to simply to seek a high score. We think 
it is a better idea to overcome this weakness at the early stages of their student career. Instead of 
securing a right answer to a problem, it seems to us imperative they should learn and master the skills 
that will help them on their own, arrive at the acceptable and right answer. The internet may provide 
answers to nearly all types of problems, and search engines such as GOOGLE make it very 
convenient to access solutions. It is important to know that the internet is an open domain system. 
Solutions to many problems that are posted on the internet lack a desired level of accuracy. Further, a 
great deal of information is not screen by an official agency for verification. Therefore, it is your 
responsibility for discarding inappropriate information and adapt your problem-solving skills for 
correct solutions. 
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We would like to give a brief explanation of the cover of this book. It displays interaction 
between electrons of an incident beam and a target beam. In space, an electron which has a unit of 
charge couples through a mediator particle to another electron.  Thus, a mediator particle, such as a Z-
boson or a -quantum of light allows an exchange of properties between electrons instantaneously. 
The purpose of this photo is to demonstrate a possibility that the quantum entanglement phenomenon 
can be successfully explained on the basis of the Quantum field theory, as depicted on this cover. 
Please remember, that more details on the information in this book is always available somewhere on 
the internet. Contact us if you require further information on the topics discussed in this text book. It 
is our desire to thank you for purchasing this text book, and are wishing you the best in your 
Astronomy studies as an extraordinary adventure of your life. Feel free to write a blog and 
communicate with us via any social media channel; Facebook, Twitter, or E-mail, and through our 
website at http://www.Skylativity.com. Also, view our YouTube and write your suggestions that 
will help us to serve you better in the future. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.skylativity.com/
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An Introduction to Relativity 
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For more than a century, scientists and engineers have perceived the dual nature of light, a 
particle and a wave, with some uncertainty. In this book, it is shown that light strictly behaves as a 



2          Chapter 1 
 

wave. Ever since Albert Einstein devised his theory of relativity which explicates the phenomenon of 
light propagation in free space, very little work has been done to resolve this duality [1].  His 
subsequent work to explain the properties of matter at an atomic level and the energy released during 
a nuclear reaction, popularly described by equation E = mc2, ponderously relies on the fact that light 
behaves as a particle and that the speed of light is a constant c. Also, for the computation of important 
astronomical parameters, such as the distances and the velocities of receding and approaching 
galaxies, and for the age determination of the Universe, the Hubble time parameter is utilized by 
astronomers. The formulation that determine these values provides vastly different results, depending 
on the behavior of the light, whether it is modeled as a wave or a particle. Further, in this effort we 
have proven that every phenomenon associated with light propagation and its behavior during the 
physical and bio-chemical reaction can be successfully expounded by modeling it as a wave.  The 
wave nature and wave model for light provide the correct physical description of light. 
 

Another question that has perplexed many physicists was whether or not any particle or 
object can travel at or above the speed of light. Einstein provided an answer by applying the 
postulates of the special theory of relativity.  The theory stated that it is implausible to attain the speed 
of light for any object because its relativistic mass rapidly increases toward infinity as the speed of the 
object approaches the speed of light. By the term “relativistic mass” he meant the total mass of the 
object. From his view, the total mass of an object consisted of two components. The first component 
he described as “rest mass,” which he considered the mass of an object measured in a standstill 
condition. He implied that the rest mass has zero kinetic energy and the mass will generate mc2 units 
of energy if transformed into radiation energy. The second component of mass he stated was “kinetic 
mass,” which was attributed by the motion of the object. It is this component which varied with speed 
in a way to prevent further acceleration of the mass despite supplying an unlimited amount of energy 
to the system of the mass. 

 
We have presented a different view than proposed by Einstein.  We do not believe that 

relativistic mass increases rapidly toward infinity as the speed of an object approaches the speed of 
light. The reason is the rest mass of an object is a measure of the quantity of matter contained in the 
object. This rest mass should not depend on the frame of reference and the state of kinetic energy 
contained in the object. Mass gained by an increase in kinetic energy is not a real increase in mass. 
Ordinarily the gain in kinetic energy of an object results in a change in the potential energy content of 
the object. Therefore, within practical limits, it should be feasible to accelerate the particles to the 
speed of light, or even in excess of the speed of light.  The particles with speeds beyond the speed of 
light, at super luminous speeds, are called tachyons. The upper limit of the speed of light is applicable 
to energy waves, such as visible light, infrared rays, X-rays, gamma rays, and electromagnetic 
radiation only, and not to objects with real rest mass. Therefore, the principle of the special theory of 
relativity, the maximum limit on the speed of light c, should not be applied to objects and particles 
with non-zero rest mass.  
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It is discovered that very tiny particle electrons are accelerated to the speed of light in a 
particle collider when accelerated under the influence of an electromagnetic field produced by the 
electric current carrying coils. Usually in a particle collider an electron and a positron, or a proton and 
an anti-proton are collided at very high acceleration energies. After the collision the residue particles 
and radiations are examined for determination of speed by detectors. There are several reasons why 
the speed of particles in an accelerator or collider is restricted below the speed of light. When 
electrons and positrons are collided, the particles cease to exist. Immediately after the collision, the 
electron/positron pair lose some energy as they radiate energy in form of vibrations. The loss of 
radiation energy prevents further acceleration of electrons, and radiation energy waves are produced 
in the collision process.  

 
In case of proton anti-proton collision event, the particles are smashed and quarks are 

produced. A huge fraction of proton energy is consumed to overcome binding energy associated with 
constituent quarks. Also, it is possible that when the accelerating protons attain the speed of light, the 
particles start radiating vibration energy, and the kinetic energy of the particle is diminished in the 
process. Specifically, this is true when the molecules of matter are accelerated to the speed of light 
because the molecules are composed of atoms which consist of many protons and neutrons at the 
center, and electrons in the orbit. Thus, a further increase in the speed of any object is prohibited 
when the atoms and molecules of the object start radiating energy waves. In reality, the speed of the 
molecules or particles is decreased to conserve energy.   

 
Our assertion is that the speed of a particle is decreased below the speed of light as the energy 

content of the particle is dissipated in emissions of radiation.  This fact is consistent with Erwin 
Schrödinger’s findings in 1925. He derived the wave equations to model the behavior of light 
particles as a wave propagating in one, two, and three dimensions.  An elementary analysis of the 
energy radiation by excited atoms is found in French and Taylor [3]. The analysis, though not 
rigorous, provides quantitative expressions for irradiative life times and the rate of energy radiation 
from atoms. Further, the same analysis derives the selection rules for the initial and the final 
quantized energy states of electrons. The rules govern possibility of an electric dipole transition  event 
when an electron in orbit changes  its state. 

 
It is well known that waves are generated when any particle, string, wire, or metal rod 

vibrates upon the application of stress. The wave produced is characterized by the frequency of the 
normal oscillation modes of the system.  Schrödinger stated that for every wave, there is a particle in 
motion responsible for its creation. He described this as a wave-particle duality.  Clearly, the wave-
particle duality is different from the dual nature about the behavior of light, i.e., wave and particle. 
Waves at any frequency (sound, electromagnetic, X-rays, laser, maser, and visible light waves), are 
carriers of energy. It is undeniable that sound waves consist of particles of matter.  
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Let us ask a simple question, why should light waves be treated differently from the sound 
waves? One of the major difference between visible light waves and sound waves is that light waves 
are transverse waves and sound waves are longitudinal waves. Transverse waves propagate normal to 
the direction of vibrations, whereas longitudinal waves travel along the direction of the waves. 
Another difference is that light waves are of a very high frequency and do not require a medium to 
propagate. In fact, the light waves in the visible spectrum are released by a process similar to the 
process involved in the production of lasers and masers. Figure 1.1 illustrates an example of a 
radiation event caused by light or thermal energy. Typically, wave energy is released in a radiation 
event by electron excitation, when an electron in the outer shell makes a transition to a lower shell 
orbit. This transition can occur when thermal energy is applied to matter or when high field strength 
is induced by applying an electrical potential, as in the case of a solid state laser.  

 

 

Trajectory of electrons 
in inner shell                          

Electron in 
transition: 
radiation event 

Trajectory of orbiting 
electrons in energy states 
of outer shell 

Core of atoms; protons 
and neutrons which 
consist of quarks 

Thermal Energy or 
light wave exposure excites 
electrons, causes transition. 

Energy radiated, reflects 
electron energy state 
difference. 

 
 
Figure 1.1 Radiation event: An orbiting electron in excited state. When orbiting electrons are exposed to the 
light energy waves, they are excited, triggering an orbital transition event. The electrons radiate energy waves at 
a frequency that corresponds to the energy difference between the initial and final quantum states. 
 

From our discussion, we infer that all radiation waves are created by dissipation of energy 
from an electron in an orbit transition event. The loss of energy by electron vibration is manifested in 
the form of radiation waves. The energy content of these waves are quantized, a fact first discovered 
by one of the greatest of physicists, Max Planck, in 1900. It is found that the quantized energy wave 
packets behave identical to particles in a certain sense and obey the laws of the conservation of 
momentum and the conservation of energy. However, these packets of waves, as described formally 
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by Einstein as photon particles, have suffered a subtle difference in their properties to those of actual 
particles. They do not exhibit a force of gravity on particles or other waves. Therefore, we identify the 
photon particles as virtual particles. Particles that show gravity characteristics are known as real 
particles, in our context. It is clear that Einstein erroneously modeled behavior of light waves as dual, 
behaving sometimes waves and occasionally as particles. From now on, we will model the behavior 
of radiation waves as virtual particles and distinguish them from real particles of ordinary matter 
because of the underlying difference in their natural behavior. 

 
The content of this chapter is organized as follows:  In Section 1.1, we succinctly explain 

why it is important to model the behavior of light very accurately. Then, it is clarified that only the 
wave model of light makes sense rather than the particle model. The discussion follows to explicate 
why the absolute speed of light can be attained by particles with non-zero rest mass. In Section 1.2, 
the example of light trajectory in an accelerating elevator is explained based on a wave model of 
light. In Section 1.3, we will review basic principles of classical mechanics, motion of particles under 
constant acceleration, laws of conservation of momentum and conservation of energy. It is important 
to review these principles because famous physicists have incorrectly applied these laws to create an 
ambiguous dual model for light behavior, as a wave and a particle. 
 

In Section 1.4, we will discuss why the bending of light arriving from distant stars passing by 
the Sun is not deflected by the Sun’s gravity.  Einstein suggested that light rays arriving from a star, 
positioned behind the Sun with respect to Earth, bent due to the force of gravity from the Sun. He 
suggested one could test this during a solar eclipse event. It is our conception that the principal cause 
for starlight bending around the Sun was because of the refraction of this light through the 
atmosphere of the Sun’s corona. We compared the results of the bending of light phenomenon by four 
methods of computation, Einstein’s  Formula, Newton’s Kinematics, by applying Snell’s refraction 
law and an empirical relationship suggested by physicist from India Dr. R. C. Gupta.  

 
In Section 1.5, the operation of Michelson’s interferometer apparatus is described whereby 

the purpose of whuch was to measure the rotational speed of the Earth’s orbit around the Sun. For 
reasons explained, his attempts to measure the speed were unsuccessful.  Further, it is explained why 
his experiment did not prove that the classic Lorentz length contraction occurs. In Section 1.5.1, we 
will discuss the assumptions that were made which led to the wrong conclusion which, in turn, 
emphasized the need for the special theory of relativity postulates proposed by Einstein. In Section 
1.5.2, an improved design for Michelson’s interferometer is suggested by us. The newly designed 
apparatus, Sky’s interferometer, allows us to precisely measure the orbital speed of the Earth around 
the Sun. Though Michelson’s apparatus did not provide satisfactory results for orbital speed 
measurements, modified designs of his apparatus are applied to measure speed/wavelength of light 
and refractive index of gas and glass plates. We will explicate details of the alternate interferometer 
for the successful application of its measurement in Section 1.5.3. 
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In Section 1.6, we demonstrate that the conclusions drawn from outcome of the experiments 
favoring particle theory did not provide sufficient evidence for the particle model of light. Therefore, 
the results from three experiments, the Photoelectric effect, the Short wavelength limit X-rays, and 
the Compton effect are investigated in greater depth than prior attempts in Sections 1.6.1, 1.6.2, and 
1.6.3 respectively.  Our investigation proves that light is a wave as opposed to the claims made by the 
performers of the experiments, namely a particle. Further, our investigation in this section allows us 
to distinguish real particle of substances found abundantly in the Universe from virtual particles of 
light and radiation energy waves. 

 
In Section 1.7, we discuss the details of the single most important effect in physics, the 

Doppler’s shift, to prove that light is a wave. Also in this section, we analyze the results of the 
rotation of fan blades experiment, to prove that light is definitely a wave. Further, zero shifts between 
the absorption and emission line spectra of various elements, strictly proves that the radiation from 
the atoms of the elements is wave. We have included several events associated with light propagation 
to prove that light behaves as a wave in reality. 

  

1.1 Light: A Wave or a Particle? 
 
According to Einstein’s special theory of relativity (STR), light exhibits its behavior as a particle and 
he named these particles photons.  Also, in his general theory of relativity (GTR), he stated that a 
beam of light will bend and slow down under the influence of a force field, such as gravity. In 
astronomical measurements, it matters if the path of light from stellar objects such as galaxies, 
nebulae and stars is straight, as per projections from Skylativity® theory vs. if it is curved by force of 
gravity in accordance with Einstein’s GTR. To support Hubble’s law for expansion of Universe and 
for determination of the age and size of the observable Universe, it is assumed that light from distant 
galaxies have travelled in a straight line. Furthermore, Newton’s theory of gravitation estimated the 
trajectory of objects having non-zero rest mass with high accuracy, so it is important to discriminate 
the nature of light, whether it is a wave or a particle. A natural characteristic of a particle that 
distinguishes it from a wave entity is particles have rest mass, a center of gravity, and project a force 
of gravity on other particles.  

 
Without considering the fact that light waves have no center of gravity, Einstein’s GTR 

predicted the bending of light in the presence of strong gravitational fields. He suggested that the path 
of entities such as waves and particles will follow a curved, geodesic trajectory, because the 
space/time of all geometries in a space fabric is curved.  Because trajectory of different objects in the 
same volume of curved space is influenced by factors dominated by other types of phenomena, in 
particular the refraction effect (Scattering of light by electrons of gas atoms) it is not sensible to apply 
space/time curvature to fabric of space. According to recent developments, space is composed of 
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quantum fluctuations and possesses ground state energy. The distribution of the energy wave function 
is only approximately uniform. Therefore, curvature inside the fabric of space is not predictable with 
a very high degree of accuracy. Our discussion of GTR will intensify this point in Chapter 8. At this 
juncture we will stick to the notion that light waves travel in a straight line unaffected by gravity 
because they are not particles. 

 
Since antiquity, people observed that the propagation speed of the light and all radiation 

waves were considerably faster than the speed of sound and other forms of mobile transportation. A 
natural question for the scientific community over the past few centuries was whether any object 
could travel at speeds in excess of the speed of light. Einstein, with his visionary mind, answered the 
question that no object can travel at speeds faster than the speed of light c. We have taken a different 
position on the issue. We believe that objects with non-zero rest mass can travel at any speed, even 
above the speed of light, if enough energy is supplied to the object to accelerate it to that speed, and if 
the object did not consume some energy in the form of radiation.   

 
In the following two sections, we will demonstrate that light does not bend by a force of 

gravity and that its trajectory is unaffected by gravity, or for that matter any other accelerating force, 
because light is a wave. Further, in Section 1.3, we will explicate why the bending of light by the 
force of gravity would provide catastrophic results when one projects the positions of huge celestial 
objects such as the nebulae and the billions of stars inside neighboring galaxies. In the following 
section, we will discuss the details of the trajectory of light from a flashlight carried by a person in a 
moving elevator. 

 

1.2 Accelerating Elevator Experiment  
 
In his example of a man traveling inside a moving elevator, Einstein postulated that a light beam 
emitted from a flashlight carried by the man in a moving elevator will strike the wall in front of him 
at a different spot than the spot at a normal angle to the wall. He claimed that this was due to the 
bending of light caused by the force of gravity on photons. According to our view, the beam will 
strike at an offset, because of the upward motion of the elevator.  Figure 1.2 (a) illustrates how the 
path of a light beam is traced when an elevator is stationary with respect to the surface of the Earth. In 
Figure 1.2(b), the path of a light beam, as predicted by Einstein’s theory, is shown for the instant the 
elevator is traveling away from the surface of the Earth. For the same situation, the path projected by 
new concepts stated by us is illustrated in Figure 1.2(c). 
 

One can determine the position of the light beam when it reaches the other side wall inside 
the elevator as follows: the light beam will continue to travel in a straight line after it is separated 
from the light emitting source. It will take S/c s for the light to reach the wall. During that elapsed 
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time, the elevator has moved upward by a distance of (S/c) × Vavg m because it is assumed that it is 
moving upward at the rate of Vavg m/s, a motion under constant acceleration.  Here, S is the spacing 
of the wall from the flashlight and Vavg is the velocity of the elevator. Therefore, the observer inside 
the elevator will visualize that the light ray has bent. Thus, the light will hit the wall at right angle to 
the wall with an offset distance D from the point of the normal incident when the elevator was 
stationary. 

   
D = (S / c) × Vavg        (m) (1.1) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.2 Path of light from a flashlight in an elevator. (a) The path of light when the elevator is on the surface 
of the Earth (Einstein’s theory of relativity). (b) The path of light when the elevator is moving upward with an 
acceleration of -G1 as projected by Einstein’s theory. (c) The path of light when the elevator is moving upward 
with an acceleration of -G1 as projected by the Skylativity® theory. The point of contact of the light to the wall 
is always at a right angle (90°) in the case of the Skylativity® theory. 

 
We are implying that the light wave will reach the other side of the wall at a point at a right 

angle to the beam, regardless of the motion of the elevator in accordance with the Christian Huygens 
principle. Huygens’ Principle proposed a geometric method and construction for determining the 
position of a new wave front at some later instant by using knowledge of an earlier wave. Einstein’s 
theory projected that the path of the wave will be curved and will bend by the force of gravity. It is 
very important to compute the distance between the normal position on the wall and the contact point 
of the light by the offset method instead of attributing a bending of light by gravity. The main reason 
for this is that light waves do not have rest mass and a center of gravity. Therefore, the light rays from 
a flashlight in the moving elevator will not bend by the force derived from the acceleration of an 
elevator, nor will they bend due to Earth’s gravitational field. You will discover in Section 8.6, 
Quantum gravity, that gravity (or when elevator moves upward at constant acceleration) should 
change the frequency of light waves emitted from a flashlight. 
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V m/s 
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A direct effect of the finite velocity of light and the Earth’s rotation was discovered by James 
Bradley in 1927 [4]. He found that the position of all stars appeared to execute a common annual 
motion that is evidently a counterpart to the rotation of the Earth around the Sun. Therefore, a ray of 
light coming from a star and striking the objective lens of a telescope appears to come from another 
direction. Because of the Earth’s rotation around the Sun, the ray does not reach the eyepiece. Instead, 
it reaches the wall behind the viewing telescope, as illustrated in Figure 1.3.  

 
Some scientists claimed that the measured displacement of the star was partly due to the 

bending of light caused by the gravitational field from the Sun. As explained later, the bending of 
light is primarily because of the refraction of light caused by the change of refractive indices between 
the vacuum in free space and the air of Earth’s atmosphere. The change of the refractive index 
between atmospheric air and the vacuum in space should result in a measurable difference in the 
speed of light. In order to observe a fixed star, the telescope needs to be tilted in the direction of the 
Earth’s rotation that compensates for the displacement in the position of the eyepiece. While the light 
rays arriving from the star traverse the length L of the telescope in time (L/c) s, the Earth and the 
eyepiece of the telescope move by the distance d, in Figure 1.3. The light rays will strike the eyepiece 
only if distance: 

 
d = v × (L/c)        (m) (1.2) 

 
 

 

 

 

 

  

 

 

 

   

  

   

 

 

    

    

Fixed star 

Ray of light 

Objective 

Eyepiece 

Fixed star 

 

Ray of light 

 

Earth’s orbit 

L 

Shifted distance d 

t=0 t=dt 

(b) 

 

(a) 

 
Figure 1.3 Observed position of a star is affected by the Earth’s orbital rotation. (a) Observation of a fixed star, 
the Earth at rest. (b) The telescope is inclined to compensate the Earth’s orbital motion. (Courtesy of Max Born, 
Einstein’s theory of Relativity) 
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The angle of tilt for the telescope is determined by ratio v/c where v is the speed of the 
Earth’s rotation and c is the speed of light which is also equal to ratio d/L. The ratio v/c is known as 
the aberration constant . The inclined axial position of a telescope does not point to the true position 
of the star, but to a point in the sky that is displaced in the direction of v. The speed v is 30 km/s, 
whereas the speed of light is ~300,000 km/s. Therefore, the tangent of the angle of tilt is 1/10,000. 
The value of  can be precisely determined by measuring the elliptical motion of a fixed polestar, 
such as Polaris. This measurement provided a very accurate technique for the computation of the 
speed of light c. 
 

Newton’s law of gravitation was initially applied to estimate deflection of star light behind 
the Sun by its gravitational force. One of the deficiencies of Newton’s theory of gravitation is that it 
did not address the motion of wave entities in the presence of ponderous celestial objects effectively. 
For objects such as light waves with zero rest mass, Newton’s equation did not predict acceleration in 
steady state because photons of light have zero inertial rest mass and lack a center of gravity. 
Newton’s Universal law of gravitation did not explicate why the gravity of large objects should affect 
photon particles of light waves. Further, it will be evident from our review of classical mechanics 
Section 1.3 that Newton’s law did not predict acceleration of particles with zero rest mass. Newton’s 
Universal law of gravitation states: 

 
Newton’s Universal Law of Gravitation  Every massive particle in the Universe attracts 
every other massive particle with a force which is directly proportional to the product of their masses 
and inversely proportional to the square of the distance between the center of gravity of both masses.  
 
In symbolic notation 
 

Every point particle attracts every other point particle by a force pointing along the line 
intersecting center of gravity of both point particles. The force is directly proportional to the product 
of the their masses and inversely proportional to the square of the distance between the masses:  

 
Newton’s Universal Law of Gravitation          F  = G × m1× m2/r2  (N)  (1.3) 
 
where F is the magnitude of the gravitational force between the two point masses, G is the 
gravitational constant, m1 is the inertial mass of the first particle of nonzero value (mass of photon  
fails this  test as it has zero rest mass), m2 is the inertial mass of the second point particle, mass of the 
Sun, and r is the distance between the centers of gravity of two point particles.  
 

You will discover in Chapter 8, that Einstein’s generalized theory of gravitation did not 
completely solve the problem either. According to the theory of special relativity, the material mass 
(rest mass) of a light photon is zero. By definition of real particles, photons are not particles because 
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particles have a finite mass in any frame of reference and a fixed position for the center of gravity. 
Since a photon does not contain any matter, it has zero rest mass and therefore it should not suffer 
deflection in the presence of gravity from vastly massive objects. 

 
In this book, we support the viewpoint that a light beam and radiation waves always travel in 

a straight line unless they are refracted by scattering phenomena in space. The light beam should not 
bend or deflect, and need not obey Sir Isaac Newton’s gravitational laws because gravity does not 
have any effect on an object with zero rest mass.  On the other hand, it is important to note that there 
has been no event in which the gravity effect from the light waves on other waves or particles has 
been observed. Meaning, no matter how intense the light wave energy projected from any source may 
be, there is no force of gravity detected from said incident light affecting objects, particles, or waves. 
This fact provides further evidence and increases confidence in our proposed theory that light waves 
do not bend by force of gravity. It is well known that the force on an object mass m kg is computed 
from expression: 

  
Newton’s Second Law           F = m × a       (N)  (1.4) 
 

The gravitational acceleration a for photon of mass m1 kg in the presence of a strong 
gravitational field from the Sun is computed by equating expressions (1.3) and (1.4) 

  
m1a = G m1m2/r2 

 
This equality provides satisfactory and valid results only for the case when rest mass m1 ≠ 0.  
 

Acceleration of photon a = (G × m2)/r2  (1.5) 
 
It is found that one can’t accelerate or retard speed of light by any means after it is created. 

The velocity of light is not modified other than the refraction and reflection phenomena. Einstein 
proposed that a photon has non-zero mass due to its inertia. From his formula, E=mc2, the rest mass 
equivalent of E units of light energy is:   

 
m0 = E⁄ (Square of the Speed of Light) = E⁄c2  (1.6) 
      
m0 signifies the mass of a photon at rest which is not pragmatic and is unrealistic. Speed of 

light waves cannot be reduced to zero by any means unless light is absorbed by matter that is exposed 
to light. We like to name this energy mass of photons as an imaginary mass because it does not exist 
physically, it is not real. The mass computed from equation (1.6) provided the value of hypothetical 
mass for radiation energy at any frequency. You will learn more about rules of engagement between 
light and matter in Chapter 6, Quantum Electrodynamics formulated by Richard Feynman. 
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Later in this Chapter, you will discover that energy E in expression (1.6) is numerically equal 
to h × units. This expression is very important and you will find it repeated many times in this text 
book. When it relates to photons, this energy mass m0 is not concentrated but is distributed with 
respect to its position. Furthermore, for any trajectory of light, a given photon never repeats its 
physical location. Therefore, the center of gravity for a photon is not known precisely. Furthermore, 
as stated by the Heisenberg uncertainty principle, one cannot determine the position and momentum 
of any particle at the same time with the same precision [3]. Our point is that the center of gravity 
location for light waves is indeterminate. The Newtonian gravitational force acts between two bodies 
with a deterministic center of gravity.  

 
Before we discuss bending of light by gravity in great details, it is imperative we review 

principles of classical mechanics. Therefore in next section we will study motion of particles and 
objects under constant acceleration in x,y and z directions. Also, we will define conservative and 
nonconservative forces, and distinguish between isolated and nonisolated systems. Further, we will 
explicate the law of conservation of momentum during elastic and inelastic collision events. In 
addition, we will expound the law of conservation of energy in a system of particles and objects. 
Finally, we will explain the relationship among force, work and energy. 

 

1.3 Classical Mechanics, Review 
 
Classical mechanics deals with the motion of particles in x, y and z directions by treating them as 
point-like objects. Point-like objects have characteristics of a very large mass (ideally infinite) 
compared to their size (ideally zero), and compared to the extent of motion under consideration. In 
mechanics, the motion of objects is classified into three types: translational, rotational and vibrational. 
In this section our discussion is confined to translational motion only. We will discuss the concepts of 
position, velocity and acceleration from an instantaneous and average value stand point. Further, we 
will distinguish between two terms, the displacement and the distance, when a particle traverses 
paths. Also, we will differentiate between the velocity and the speed of particles. 
 
 

1.3.1 Displacement, Velocity, and Acceleration 
 
 
When it comes to position of particles, one is naturally interested in change in position, displacement 
of a particle over a known interval of time. Another quantity of interest is known as distance 
parameter which is defined as the length of path traversed by a particle over a time interval. The 
primary distinction between displacement and distance, displacement is a vector quantity that has 
magnitude and direction, whereas distance is completely specified by a scalar value and no direction.  
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Consider a particle whose initial position is xi at time ti and its final position is xf at time tf. 
Then the magnitude of displacement x over time interval t = tf – ti is given by 
 

x = xf – xi         (1.7) 
 
The distance traversed by the particle over the same interval of time is given by  

                                      n 

d =   xc         (1.8) 
                                    C = 0 

where c describes the instant at which the particle’s position vector changed it’s direction, and xc is 
the path length difference between the successive positions of particles. Also c = 0 corresponds to 
time ti and c = n corresponds to time tf. 
 

In calculus, the rate of change of displacement of a particle with respect to time is defined as  
the velocity of the particle. The average velocity vavgx is computed as a ratio of particle’s 
displacement x and the interval the displacement occurred t.  i. e.  
 

vavgx  = (x/t) × i        (m/s)       (1.9)  
 

The sign of average velocity is determined by the sign of displacement that is positive if the 
displacement is increasing in the direction of positive x-axis. Obviously, average velocity is a vector 
quantity. If velocity is confined to one dimension, its direction is specified by + or – sign. If velocity 
is confined to two directions, x and y, it is expressed as 
 

vavgxy  = (x/t) × i + (y/t) × j         (m/s)     (1.10) 
 
If velocity is confined to three dimensions, x, y and z, it is expressed as 
 

vavgxyz  = (x/t) × i + (y/t) × j + (z/t) × k       (m/s)  (1.11) 
 

Here, i, j, and k represent vectors of unit length in the direction of the respective axis, x, y 
and z. By convention, all the vector quantities are printed as bold face letter fonts and scalar quantities 
are printed in normal text fonts.  Let us define the scalar quantity of the average speed of a particle. 
Average speed vavgs of the particle is computed by the expression 
 

vavgs  = d/t      (m/s)       (1.12)  
 
where d is the total distance travelled over time interval t.  
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To understand the behavior of a particle precisely, often it is important to know its velocity or 
the speed of a particle at a particular instant in time. For instance, we would like to know what the 
average acceleration (rate of velocity change) of a particle is between two positions. Therefore, let us 
define the concept of instantaneous values for velocity and acceleration. Instantaneous velocity of a 
particle is defined as its average velocity, in the limited case where the time interval t shrinks and 
approaches zero. In differential calculus, this limit is called the derivative of x with respect to t and 
denoted as such. 
 
vinstx  = lim vavgx = (dx/dt) × i      (m/s)      (1.13) 

t  0 
 
Corresponding to the instantaneous velocity of particle, the instantaneous speed vspeedx of the 

particle is defined as the magnitude of the instantaneous velocity, which is a scalar quantity. In vector 
calculus, the rate of change of velocity of a particle with respect time is defined as an acceleration of 
the particle. The average acceleration aavgx is computed as a ratio of particle’s differential velocity vx 
and the interval the displacement occurred t  i. e.  
 

aavgx  = (vx /t) × i  (m/s2)       (1.14) 
 

where vx = vinstxf - vinstxi. 
 

The sign of average acceleration is determined by the sign of differential velocity vx, the 
value of which is positive, if the acceleration is increasing in the direction of the positive x-axis, and 
the value of which is in negative if acceleration is diminishing in the direction of the negative x-axis. 
Now let us explain the concept of instantaneous acceleration. Instantaneous acceleration of a particle 
is defined as the average acceleration of a particle in the limit case where time interval t shrinks and 
approaches zero. In differential calculus, this limit is called derivative of vinstx with respect to t and 
denoted as such. 
 

ainstx  = lim vinstx = (dvinstx /dt) × i = d(dx /dt) × i/dt = d2x/dt2 × (i)  (1.15) 
t  0 

 
When the acceleration of a particle varies in time, its motion can be very complicated and difficult to 
comprehend. Analysis of a situation wherein objects travel with variable attention requires special 
treatment. Therefore, we will leave the discussion of the topic for more advanced texts [11].  In the 
next section we will concentrate on the motion of particles under constant acceleration. Specifically, 
we will describe the events related to the motion of huge celestial objects in the Universe such as 
stars, black holes and galaxies. 
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1.3.2 Motion under Constant Acceleration 
 
Since we are interested in understanding concepts related to astronomy and space applications, it 
makes sense to consider the motion of celestial objects under constant acceleration. From stability 
considerations, our Universe is very sparsely populated with different types of celestial objects, stars, 
planets, nebulae, and galaxies. Hence, for the most part, it will suffice to model behavior of 
astronomical objects under steady state conditions. Therefore, we will limit our discussion for the 
case of motion at constant acceleration, wherein the value of instantaneous acceleration equals 
average acceleration. We will also deal with the motion of particles with variable acceleration 
occurring during a transient phase in Chapter 8, Quantum Theory of Gravitation. You will discover 
that Einstein’s General Theory of Relativity successfully addressed the issue of particles under 
variable acceleration, which was the greatest triumph of the 20th century, and his contribution. It is 
unfortunate that his theory failed to unify gravity with quantum forces of fundamental particles in the 
nucleus of atoms.  Now, let us analyze a model for the particle under constant acceleration.  
 
For expression of aavgx in equation (1.14) if we assign ti =0 at the start, tf = t at any later time, and 
rearrange terms,  we get 
 

vxf = vxi + axt  (for constant acceleration)    (1.16) 
 

where ax is constant acceleration, vxf instantaneous final velocity and vxi instantaneous initial velocity.  
 

Thus, we can calculate the final velocity of a particle or an object, given the value of velocity 
of the particle at the beginning, value of time t, and value of constant acceleration. From equation 
(1.16) it is evident that at constant acceleration, the velocity of any particle varies linearly with time. 
Therefore, the average velocity of a particle at any time is computed as the arithmetic mean of the 
initial velocity vxi and the final velocity vxf  
 

vavgx = (vxi + vxf)/2  (for constant acceleration)   (1.17) 
 
To obtain the final position of a particle xf  as a function of time, we substitute ti and tf  values  

in equation (1.9), given the value of the initial position xi and the value of its average velocity. Hence 
xf –xi = vavgx × t 
 
From equation (1.17) for average velocity vavgx we get 
 

xf = xi + ½ × (vxi + vxf) × t (for constant acceleration)   (1.18) 
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By substituting the value of vxf in terms of vxi and ax from equation (1.16)  into equation (1.18) and by 
simplifying we get 
 

xf = xi + vxi × t + ½ ax × t2 (for constant acceleration)   (1.19) 
 
This equation provides the value of the final position of the particle at any time t in terms of 

initial position, initial velocity, and the constant acceleration. 
 

Finally, we can derive an expression which predicts the final velocity of a particle without the 
appearance of a time variable in the expression. We achieve this by substituting the value of t from 
equation (1.16) into equation (1.19). Upon simplification and rearrangement of terms we get 
 

v2
xf = v2

xi + 2ax × (xf –xi) (for constant acceleration)   (1.20) 
 

It is obvious that we can extend the application of the equations developed for the motion of 
particles in one direction at constant acceleration to model the motion of particles in two directions x, 
y, and to model the motion of particles in three directions x, y and z. Motion in multiple directions 
can be analyzed as two or three independent motions in each of the perpendicular directions x, y and z 
for respective cases. That is, any influence of a direction which is orthogonal to any other direction 
would not affect the motion of a particle in the direction under consideration, and vice versa. Again, it 
is assumed that acceleration of particles is constant in each of the different orthogonal directions, yet 
is of different values. Next, we will explicate the concepts of conservation of momentum and 
conservation of energy for system of particles undergoing motion at constant acceleration. 

 

1.3.3 Conservation of Momentum and Energy 
 
First, let us comprehend why concepts of conservation of momentum and conservation of energy are 
important considerations for modeling light behavior as particles. You will discover in Section 1.6 
that physicists in favor of the particle model for radiation energy waves performed experiments to 
justify their premise. The three experiments to validate particle behavior of energy waves, i.e., visible 
light and X-rays, were the Photoelectric effect, the Short wavelength limit X-rays, and the Compton 
effect. To analyze details of the results from the experiments, physicists applied the principle of 
conservation of momentum and conservation of energy to photon particles of light and X-rays. They 
discovered that the energy of photon particles of light and the energy of photoelectrons were 
conserved in the Photoelectric effect whereby photons interacted with electrons of a metal target. 
Also, they found that the momentum of X-ray particles were conserved before and after their 
interaction with electrons of the target metal in two experiments, the Short wavelength limit X-rays 
experiment and the Compton effect experiment. 



  An Introduction to Relativity        17 
 

  

Retrospectively, we wish to define momentum and the work done by forces (conservative and 
non-conservative, terms explained shortly) in isolated systems of particles and objects. Since 
Newton’s laws of motion provide the definition of force and momentum we will state his three laws. 

 
Newton’s First Law  Everybody in this Universe maintains its state of rest or of uniform motion 
unless compelled by an external entity when viewed from an inertial reference frame. 

 
Quantitatively, Newton’s First law defined the mass of an object as an inherent property. He 

insisted that the mass should be independent of the object’s environment and independent of the 
method used for measure respecting the object. An important conclusion drawn from his first law was 
the magnitude of the acceleration of an object is inversely proportional to its mass when it is acted 
upon by a force. In expression form, for a given force 
 

m1/m2 = a2/a1         (1.21) 
where m1 is mass of first object, m2 is mass of second object, a1 is acceleration of first object when 
acted by force F, and a2 is acceleration of second object when acted upon by the same force F. 
 
Newton’s Second Law  The time rate of change of the linear momentum of a particle is equal to 
the net force acting on the particle of invariant mass with respect to time. 

 
Quantitatively, Newton’s Second law defined linear momentum of a particle as a product of 

its mass and its velocity. Naturally, momentum is a vector quantity which requires magnitude and 
direction for complete specification. An alternate form of Newton’s Second law relates the 
acceleration of an object with its mass. When viewed from an inertial reference frame, the 
acceleration of an object is directly proportional to the net force acting on it, and inversely 
proportional to its mass. Both these definitions are important. From the first and the second 
definitions we get, 
 

  F = d(m × v)/dt = dp/dt = ma   (constant mass)    (1.22) 
 
where linear momentum p = m × v and acceleration a = dv/dt 
 
Newton’s Third Law  If two objects interact in isolated system, the force F12 exerted by object 1 
on object 2 is equal in magnitude and opposite in direction to the force F21 exerted by object 2 on 
object 1. 
 

Quantitatively, Newton’s Third law implied conservation of momentum, that is, whenever 
two or more particles in an isolated system interact, the total momentum of system remains constant.  
From the definition of the third law we get  F12  = - F21 or in terms of momentum d/dt (p1 + p2) = 0 
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Because the time derivative of total momentum is zero, we infer that the total momentum of 
the isolated system of particles must remain constant before and after interaction of the particles, i.e., 
initial total momentum = final total momentum 
 

p1i + p2i = p1f + p2f        (1.23) 
 
where prefixes i signifies momentum condition at the start of interaction between particles and f 
signifies momentum values at the end of interaction between the particles. 
 

Concerning  momentum for a system of particles: When two particles approach their 
motion’s end in a collision event, the collisions between the particles are classified in two varieties, 
elastic collision and inelastic collision.  
 

A collision between two objects is elastic if the total kinetic energy of the system is 
conserved as well as the total momentum is conserved, meaning the values of kinetic energy and 
momentum before and after the collision do not change.  

 
A collision between two objects is inelastic if the total kinetic energy of the system is 

different before the collision and after the collision, but the total momentum of the system is 
conserved. When two objects stick together after a collision the collision is called perfectly inelastic. 
For elastic and inelastic collision: 
 

m1v1i + m2v2i = m1v1f + m2v2f      (1.24) 
 
For perfectly inelastic collision: 
 

m1v1i + m2v2i = (m1 + m2) × vf      (1.25) 
 
where m1 is mass of first particle, v1i and v1f velocity of m1 before and after the collision, m2 is mass 
of second particle, v2i and v2f velocity of m2 before and after the collision, and vf  is the velocity of the 
combined mass as both particles joined after a perfectly inelastic collision. 
 

Principle of conservation of energy deals with conservative forces and nonisolated systems. 
Therefore, we will distinguish between conservative and nonconservative forces. Also, we will 
understand the difference between isolated and nonisolated systems.  

 
A force is conservative if the work done in moving a particle between any two points is 

independent of the path c taken by the particle and the work done is zero if any path is closed.  If 
the conditions specified for conservative forces are not satisfied then the force is nonconservative. 
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To expound upon the principle of conservation of energy, it is imperative to learn the details 
of the relationship between force, work, kinetic energy, and potential energy in isolated system.  

 
If r represents the displacement of a particle caused by the application of a conservative 

constant force F, then work Wc done by the force is given by the product of the magnitude of the 
component of force in the direction of r and the displacement r. 
 

 Wc = Fcos × r (N m)       (1.26) 
 
where  is angle between F and r 
 

In the case of a variable force F(x), the work done by the force on a particle as it moves from 
distance x1 to x2 is obtained by calculating the area under the curve of plot F(x) vs. x. In calculus, the 
area is represented by evaluating the integration of the force function over the interval x1 and x2. 
When the displacement of a particle is in the same direction as the force, the potential energy of the 
particle decreases. Thus we can express the following relationship between the work Wc, the 
conservative force F(x) and the potential energy U, if  the speed of the particle does not change. 

 
  X2 

W
c
  =       F(x) dx = -U      (1.27) 

X1 

        
In a situation for which the work done by the force is strictly transformed into the variation of speed, 
the kinetic energy K in the system is altered. In that scenario, the work done appears as a change in 
kinetic energy of the system. Using Newton’s second law relation  F = ma, and then performing the 
chain-rule of manipulation [19], we get. 

 
 X2 

W
c
  =       F(x) dx = ½ mvf

2 - ½ mvi
2 = 


K  (1.28) 

X1 

 
Now, let us define isolated systems and nonisolated systems. An energy model of a system is 

nonisolated if, in the system, energy crosses the boundary of the system during some time interval 
due to interaction with environment, such that the internal energy of the system (temperature, 
enthalpy) is modified. This results in a change in the system’s total energy.  

 
In isolated systems, energy does not cross the boundary of the system due to interaction with 

environment.  For this system, the total energy of the system remains constant. If only conservative 
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forces act on an isolated system, we can apply the work-kinetic energy theorem only when there is a 
change in the system’s speed. 
 
 Work-kinetic Energy Theorem  When work is done on a system and the only change in the 
system is in its speed, the net work done on the system equals the change in kinetic energy of the 
system. 
 

In experiments to validate the particle nature of photon, we deal only with isolated systems 
and conservative forces only. Therefore, our focus is on the conservation of energy theorem restricted 
to isolated systems. The main reason is that there is no change in the internal energy of the system 
under consideration during any time interval of interaction. 

 
Conservation of Energy Theorem  If a system is isolated and if only conservative forces are 
acting on particles or objects inside the system, the total mechanical energy of the system is 
conserved. i. e. 
 

Kf + Uf = Ki + Ui        (1.29) 
 
  If nonconservative forces act between the objects inside a system, mechanical energy is not 
conserved. In these situations, the difference between the total final mechanical energy and the total 
initial mechanical energy of the system equals the energy transformed to internal energy by the 
nonconservative force. 
 

As stated earlier for an elastic collision, not only is the momentum conserved, but the kinetic 
energy of the isolated system is also conserved. Therefore, for an elastic collision between two 
particles, in addition to equation (1.24), the following condition must be satisfied:  
 

Initial Kinetic Energy = Final Kinetic Energy  
 
-assuming that potential energy did not change. If the potential energy changes, then we 

should apply equation (1.29) 
 

½ m1v2
1i + 1/2m2v2

2i = ½ m1v2
1f + 1/2m2v2

2f     (1.30) 
  

Our studies of the laws of conservation of momentum and conservation of energy reveal that, 
at least on the surface, when applying the principles to various experiments to validate particle nature, 
it appeared that the particle model of the photon made sense. However, contrary to the conclusions 
made by pioneer physicists, it may be surprising to find that our analysis portrays an entirely different 
result. The difference in the result is contributed by the fact that, from our view point, there is a subtle 
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difference in the way photons of light interacted with electrons in those experiments as compared to 
the interaction of point particles with finite masses.  

 
According to our understanding and the strange theory of light invented by Richard Feynman 

described in Chapter 6, electrons interact with photons in a peculiar fashion. As discussed in chapter 
6, during the phenomena of refraction, reflection, and transmission of light from a variety of surfaces, 
the energy of a photon is absorbed by the electrons of atoms of a material to which light is exposed. 
The electrons react by re-emitting light in a peculiar, yet deterministic manner, depending on the 
characteristic of the surface and the concentration of electrons. Therefore, after studying this chapter 
you will appreciate and be convinced of our viewpoint regarding the wave model for light and 
radiation energy.  

 
In the next section, we will continue to elaborate our discussion on the bending of light by the 

force of gravity. In the section, we shall examine the deflection of light arriving from the stars behind 
the Sun by the gravitational effect and by the refraction effect. Also, we will compute predicted 
deflection by four different formulations and compare the results. 

 
 

1.4 Deflection of Light from a Star 
 
According to GTR, in the presence of gravitational fields, the velocity of material bodies or of light 
can assume any numeric value. In an arbitrary Gaussian coordinate system, not only does the velocity 
of light become different, but the light rays no longer remain straight [4]. We agree that the speed of 
light varies. We disagree that the light rays will bend.  Einstein tried to explain the bending of light 
rays from distant stars on the basis of “the gravity effect” of the Sun on rays of light. Two scientists 
attempted to verify Einstein’s predicted value 1.75 arc s for the deflection of light arriving from a star 
at different times in history. One was German mathematician, Johann Georg von Soldner in 1801, and 
the other was British astronomer, Arthur Stanley Eddington, as late as May 29, 1919.  
 

In the early 1900’s, two British expeditions were sent to observe a total eclipse of the Sun, 
one to the west coast of Africa in Principe, the other to the north of Brazil in Sobral. They returned 
with a number of photographs of the stars surrounding the Sun. The results obtained from the 
photographs were announced on November 6, 1919 [5]. The displacement from the pictures was 1.75 
arc s which was in close agreement with Einstein’s prediction. Many scientists applied the results of 
this test to conclude that the principles of Einstein’s “theory of general relativity” were validated. 
Figure 1.4 illustrates the situation in which a ray of light arriving from a fixed star passes close to the 
Sun and is observed on the Earth. The ray will be attracted toward the Sun by the force of gravity 
from the Sun, and will create a concave trajectory, as indicated in Figure 1.4. 
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Figure 1.4 Deflection of light arriving from a far away  star  is effected by the Sun’s gravity.  Light 
deflection is calculated by applying Newton’s Kinematics. 
 
From our perspective, the light waves followed a curved path for a different reason. The light 

rays arriving from the distant stars are deflected as they pass by the Sun because they are refracted by 
the hydrogen gas atmosphere of the Sun.  Also, the light rays from the stars are further refracted by 
the Earth’s atmosphere. For centuries, it was evident that all celestial objects were in a constant state 
of motion and were moving rapidly. For instance, the orbital rotational speed of the Earth is at the rate 
of 29.27 km/s, orbiting around the Sun. The tangential velocity of the Sun on the ecliptic is at the 
speed of 216.48 km/s.  Therefore, the effective gravitational force on the light from the distant stars is 
variable. The wave model for light and the refraction effect computations allows mapping the position 
of the moving celestial objects in the sky with very high accuracy than otherwise possible.  

 
Now, let us compare the bending of a light ray arriving from a distant star, considering both 

the change in the refractive index of the atmosphere from a vacuum (free space), and (possibly) the 
bending of light due to the Sun’s gravity. In the following, we will compare the deflection of light as 
it passes by the Sun by employing three different theories. First, we will apply Newton’s laws to 
compute the bending of light by the gravitational field. Then, we will calculate bending by the 
refraction effect in accordance with Snell’s law, named for Willebrord Snellius.  We will estimate the 
deflection of light as a result of the transitioning of light through the Sun’s atmosphere, as well as its 
transition through the Earth’s atmosphere. Each estimate will be done separately. Next, we will 
compare our results with a value predicted by Einstein’s theory of gravitation. Finally, we will 
summarize our results, comparing the numbers with experimental data from past and recently 
measured values of deflection for radio frequency signals. 
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Computation – Bending of light by gravity vs. refraction of light by Snell’s law 
 
A. Bending of light in the proximity of the Sun by Newton’s theory of gravitation 

 
Mass of the Sun Mʘ= 1.98 × 1030 kg,  Radius of the Sun Rʘ = 6.95 × 108 m 
Mass of the Earth Me = 5.98 × 1024 kg,  Radius of the Earth Re = 6.38 × 106 m 
 
Universal constant G = 6.6726 × 10-11 m3/kg-s2 
Average radius for the Earth’s orbit  = 1.496 × 1011 m 
 
Calculate gravitational acceleration constant from the Sun on a ray of light grazing surface of the Sun. 

Gsp = G × Mʘ / (Rʘ)2 

 = 6.6726 × 10-11 × 1.98 × 1030 / (6.95 × 108)2 
 = 273.52 m/s2 = 27.882 times the strength of Earth’s gravitational field.  
 

The computed deflection of light due to the Sun’s gravity, using Newton’s Kinematics, K. Brown [6] 
is hereby given as,- 
  

Deflection  N = - 2 G × Mʘ / (Rʘ × c2)           (radians )   (1.31) 
 
By substitution of parameter values in  the -formula we get 

 N = -0.000004245 radians, 1 arc s = 4.85 × 10-6 radians gives ΦN = -0.875 arc s. 
 
B. Bending of light as it travels through the Earth’s atmosphere using Snell’s Law 

 
Refractive index of vacuum: v = 1.0 and For atmosphere air: a = 1.000293 
Notice that a could vary a great deal depending on the density of the air. The deflection and the 
angle of refraction depend on angle of incidence. Let 
 

i angle of the incident ray at the vacuum and air interface 
r angle of the refracted ray received at the observer’s telescope 
 
Snell’s law v Sini = a Sinr  (1.32) 
 
For a normal ray: i = 0o , Sini = 0 which gives r = 0o and deflection is zero. 
On the other extreme i = 90o , Sini = 1. 

Substituting into the equation (1.32) gives Sinr = 1/1.000293  
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Since denominator is different by a small amount from 1.0, we can apply Taylor series expansion 
(1+x)-1 = 1 – x + x2 - x3 + x4 -       -1< x <1 
 

We can ignore the fourth and higher power terms because their contribution is small enough and do 
not affect the end-result. 

Sinr = 1 – 0.000293 + 8.585 x 10-8 – 2.515 x 10-11 

Sinr ≈ 0.999707  or r = Sin-1(0.999707) = 88.613° 
The deflection  is: 90 – 88.613 = 1.387° = 1.387 ×  / 180 = 0.02420 radians 
1 arc s = 4.85 × 10-6 radians gives Φ = 0.02420/(4.85 × 10-6 ) arc s = 4991.28 arc s 
 

This  computations revealed that the deflection projected by Snell’s law is highly sensitive to 
the angle of incidence. The computed value will vary from zero arc s to 4991.28 arc s as the angle of 
incidence varies from 0° to 90°. The angle of refraction and the bending of light in Snell’s Refraction 
law depend on the angle of incidence and, hence, on the time of day the eclipse occurred. In the 
experimental verification, the deflection of light from a star was measured during a solar eclipse. 
British astronomer Arthur Eddington took pictures of the star from the Isle of Principe, West Africa 
on the day of May 29, 1919. The eclipse occurred at 13:08:55 hrs lasting 6 minutes and 51 s, at 
which time the test was conducted. From the photographs taken, it was determined that the deflection 
of the light from the star was close to 1.75 arc s. We have summarized the results in Table 1.1. 
 

Now, let us calculate the deflection effect from the refraction in Earth’s atmosphere within 
the environment the experiment was performed. The angle of refraction corresponds to the time of 1 
hr, 8 minutes & 55 seconds and is computed as follows. Since eclipse happened at 13:08:55 hours, the 
Sun crossed the vertical at the location during noon. Therefore, angle of refraction corresponds to the 
Earth’s rotation by the amount of time 1 hr, 8 minutes & 55 s, assuming that the ray from the star was 
normal to the objective of the telescope.  

 

r =  [(68 × 60 + 55)/(24 × 60 × 60)] × 360 = 17.229° 
Applying Snell’s Law again v Sini = a Sinr 

 Sini =  (1.000293/1.0) Sin(17.229°)  
   =   1.000293 × 0.2962 = 0.2963  gives i  =  17.234° 

Deflection i  - r = 0.005° = (0.005 /4.85 × 10-6 ) × (180) arc s = 17.993 arc s 
 

Notice that 1 arc s = 4.85 × 10-6 radians.  The above computations identified that the 
bending of light arriving from the star is predominantly caused by refraction in the Earth’s 
atmosphere. The computed value is 10 times the value projected by Einstein’s formula that was 
verified experimentally. It is not clear why the refraction of light by the Earth’s atmosphere was not 
considered in Einstein’s computations.  
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An empirical result for the deflection of light arriving from a star by the refraction effect is 
derived by R. C. Gupta [7]. The formula described in his paper included a fudge factor k that allowed 
one to model the effect of the variation in the index of refraction at different altitudes of the 
atmosphere of a star. In our case, the atmosphere of the Sun (our star) which contributes to the 
refraction effect bending light arriving from distant stars. Interestingly, his formula resembles 
Newton’s and Einstein’s formula, except for the fudge factor, even though he derived it using entirely 
different refraction considerations. The deflection formula described in his paper is 

 
R. C. Gupta Deflection  G = - 2 k G × Mʘ / (Rʘ × c2)          (radians)  (1.33) 

 
The fudge factor k came from the changes in the density of the atmosphere within the corona 

of the Sun as the light from a star entered different zones of index of refraction and exited. Moreover, 
the fudge factor also permitted evaluation for bending of RF waves. In modern days, Radio 
Frequency waves are employed to determine the extent of gravitational bending experimentally. 
Gupta suggested that factor k should correspond to an average coefficient of refraction. Empirical 
value for k in this scenario was found to be somewhere between 1 and 2, which was in complete 
agreement with measured value of deflection by Eddington. 

 
In nature, the extreme case of refraction of Sunlight at an angle of incidence equal to 90° with 

Earth’s atmosphere happens routinely. Daily, at Sunrise and Sunset, rays from the Sun are refracted. 
These are parallel to the horizon, and thus create an angle of incidence of 90°. The refraction of a ray 
from the Sun at the dawn results in an early Sunrise by the time the Earth rotates an angle of 1.387° at 
the horizon. This time is equal to  (1.387 × 24 × 60) ÷ 360 = 5.548 minutes 

 
Similarly at dusk, when the Sun sets, due to the refraction effect, the Sun appears to set later 

by 5.548 minutes. Therefore, at the Sunset and Sunrise points in the mountains, it is advised not to 
catch the scene at the last minute because the Sun will appear full at Sunrise quite rapidly, and 
conversely, sunlight will disappear into darkness rather abruptly during Sunset. Therefore, the length 
of the day is increased by approximately 10 minutes because of the refraction effect at the horizon.  

 
In Figure 1.5 the deflection of light arriving from stars by Earth’s atmosphere, and its 

calculated deflection by Einstein computations, is described in detail. In the extreme case of rays with 
an incident angle near 90°, the refraction bending of light from Snell’s law computations is higher by 
an order of magnitude compared to the value suggested by Einstein.  The fact that energy waves lack 

rest mass and a center of gravity further strengthened our conclusion that light waves should not bend 
by the force of gravity. Additionally, the star-source of light is constantly in motion and the Sun is not 
stationary. Therefore, the trajectory of light rays from stars will not be affected by the force of gravity 
from the Sun. Assuming that Einstein’s gravitational effect on light is valid, light from remote stars 
may then experience gravitational forces from multiple nearby stars.  



26          Chapter 1 
 

 
 
              Figure 1.5 Deflection of light arriving from a star by the Earth’s atmosphere. 
              Light bending computed by applying Snell’s Law & Einstein’s method. 
 
C. Deflection of Light in curved space time using Einstein’s Computations 

 
Einstein’s Formula Deflection E = - 4 G × Mʘ / (b × c2)       (radians) (1.34) 
 
where Mʘ is Solar mass and b is distance a ray of star grazing the Sun. Usually b is expressed in 
multiples of solar radius Rʘ [8].  
 
For a ray grazing the surface of the Sun b = Rʘ, Deflection E = - 4 G × Mʘ / (Rʘ × c2).  
By substitution of parameter values in (1.34) we get E = -1.75 arc s 

 
From these computations, it is evident that the deflection, according to Snell’s law of 

refraction, is 10.282 times greater than the deflection due to the gravitation bending of light from 
Einstein’s computations. The effective bending of light by gravity is much smaller than the accuracy 
of measurement. To minimize errors caused by the refraction of light through the plasma of the Sun’s 
surface atmosphere, as well as Earth’s atmosphere, physicists performed the measurement of the 
incidental rays from a star near zero degrees to Earth’s atmosphere. Recently, to verify the results, 
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they measured the bending of light by employing radio frequency waves. The radio waves measured a 
deflection value that was 1.66 arc s, which did not match up with Einstein’s prediction. The error 
between Einstein’s prediction and RF wave techniques was more than 5%. It is a disappointing fact 
that Einstein’s formula did not explicate the frequency dependence of the bending of energy waves 
that was observed in an experiment using RF waves.  

 
In Figure 1.6 values of deflection E for rays at various grazing distances is plotted. Also, in 

Table 1.1, the results of deflection computations are compared against three different effects, with the 
most recently measured value using RF waves. From the plot it appears that the deflection value 
drops rapidly for b values between 1 and 3, and then flattens out gradually in the range 3 to 7. 
Therefore, we are tempted to apply principles of Quantum Electrodynamics from R. Feynman [12] to 
analyze the refraction of star light in the proximity of the Sun.  

 

 
 
Figure 1.6 A plot of rays grazing distance from the Sun vs. deflection in arc s. Light deflection based on 
Einstein’s theory of gravitation. (After H. Ohanian and R. Ruffini, Gravitation and Spacetime.) 
 

From Figure 1.5, it is clear that the bending of star light near the Sun is caused by two effects. 
Light is refracted as it enters the corona of the Sun, and again as it leaves the corona at its edge. 
Secondly, star light is scattered by different quantities as it interact with electrons of the hydrogen gas 
atmosphere, which are under the influence of a different gravitational force, depending on their 
altitude from the surface of the Sun.  It is obvious that Eddington’s experiment did not identify the 
two components involved in the bending effect, instead reported a final result of 1.75 arc s. Our 
assertion is that the contribution from a gravitational curving of star light is only half the amount of 

the measured result. The computed quantity for ordinary refraction accounts for the other half. 
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Table 1.1 Computed values of deflection  for three different effects 

 
Measurement Effect Deflection arc s 

 measured 
Deflection arc s 
 computed 

Comment 

Newton’s Kinematics  0.87 2 G × Mʘ / (Rʘ × c2) 
Snell’s Law  17.993 ≈ 10.282 times 
Einstein’s Gravitational 1.61 ± 0.80 WA 1.75 4 G × Mʘ / (Rʘ × c2) 
   Principe, West Africa 
Einstein’s Gravitational 1.98 ± 0.12 SB  Sobral, Brazil (SB) 
Using RF Waves 1.66  Error is <5.143% 
Gupta  R. C. Refraction  0.87-1.75 for 

1 ≤ k ≤ 2 
2 G k × Mʘ / (Rʘ × c2) 

 
We propose a different test to be set up in order to perform an experiment validating the 

relativity theory. In this experiment, the photographs of the stars during total solar eclipse should be 
taken from an orbiting satellite outside of the Earth’s atmosphere. The fact that the deflection value is 
the same within the accuracy of measurements at two different locations, Africa and Brazil, could 
possibly lead to an incorrect conclusion. One of the difficulties associated with this experiment is that 
one cannot repeat the measurement frequently. The reasons being, a solar eclipse event does not occur 
often, it is brief in duration, and good weather conditions are not a guarantee. Physicists who 
performed the test claimed that the results were arrived at after applying correction factors for 
refraction effects. The evidence suggests that the value of correction factors from the refraction effect 
will exceed by an order of magnitude the values measured by the photograph test. Since correction 
factors are very significant, it was necessary that the index of refraction at both viewing places should 
have been measured while the photographs were taken. There is no evidence that proves they had 
applied accurate correction factors after measuring the index of refraction for each location. 

 
Let us suppose that a photon is a particle with inertial mass, as proposed by Einstein. With 

this supposition in mind, light beams bend toward the Earth as they experience force of gravity from 
the Earth, as posited in the elevator thought experiment. Einstein had stated that photons cannot be 
accelerated or retarded; they maintain the constant speed of c in space. Since our light beam has bent, 
the specific photon’s velocity vector has also changed. This, however, is a contradiction which 
Einstein’s theory cannot explain. He stated that the speed of the celestial stars changes the frequency 
of the photons arriving from the distant stars. The shift in frequency is toward the blue end of the 
spectrum for photons from stars approaching the Earth and is shifted toward the red end of the visible 
spectrum for photons from stars receding away from Earth. Interestingly enough, with this considered 
Einstein used the terminology associated with light frequency, a property associated with waves and 
not particles. Additionally considered under Einstein’s supposition, the trajectory of light arriving 
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from any star of another galaxy will suffer multiple bending if it will bend by force of gravity of stars, 
because it passes by multiple star masses and nebulae. 

 
 

(a) 
The Earth 

The Earth's orbit 

The Sun 

Actual position 
of the star 

Apparent position 
 of the star  

A ray of light 

 
 

(b) 
The Earth 

The Earth's orbit 

The Sun 

Apparent position  
of the star  

A ray of light 
 Nearby star 

Real position of a 
star,further away. 

 

 

 

 

 

 

 

 
 
Figure 1.7 Position of the star is affected by the bending of light. (a) The deflection of a ray of light from a star 
by the Sun. (b) The trouble in computations: the bending of light is caused by multiple stars. 
 

The deflection of light by gravity effects could produce disastrous results when they suffer 
bending, due to multiple stars. The situation in Figure 1.7(a) is described when a light ray arriving 
from a distant star passes by a star closer to our system before passing by the Sun and is observed on 
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Earth. With this assumption, the gravitational bending of light by multiple stars will not permit the 
mapping of the sky with billions of stars in the Universe with any acceptable level of accuracy. The 
Figure 1.7 (b) illustrates a situation in which light is arriving from a distant star to Earth faces 
multiple bending effects as it passes by several stars. It is obvious why such deflection of light from 
other stars before being observed on the Earth would make the task of accurate mapping of the sky 
from the Earth nearly impossible. 

 
In the next section, we will describe the details of Michelson interferometer. The unusual 

results from his experiments provided fuel for Einstein to formulate his postulates of STR and GTR. 
Subsequently, we will show that the incorrect observations made from the outcome of the 
interferometer experiments led Einstein to discern wrong conclusions. Therefore, we should apply the 
wave nature philosophy for conducting advanced research in the study of light waves, rather than 
following the principles of Einstein and others who describe the obscure light behavior as sometimes 
a particle and, occasionally, as waves.   

 
A primary purpose of the Michelson interferometer experiment was to measure the speed of 

Earth’s orbital motion around the Sun. To perform this measurement, he decided to compare the light 
path time delay differences orthogonal to each other. To determine path delays, he was interested in 
observing the differences in the radii of O-ring patterns created by interference effects of light waves 
reflected from three mirrors and the source of light. He monitored light arriving from different paths 
through an eyepiece of a telescope for the purpose of recognizing interference patterns, namely, 
Newton’s O-rings. To his astonishment, he did not find any rings. We will analyze details of his 
experiment to explain the reasons for his surprise. 

 
 

1.5 Michelson Interferometer 

 
 
In order to measure the speed of Earth’s orbit around the Sun, Albert Abraham Michelson and 
Edward Morley performed their famous interferometer experiment. For reasons explained later, their 
measurement did not lead them to determine the speed of the Earth in its orbit. Michelson’s apparatus 
consisted of: radiation source of a laser beam of a single wavelength (monochromatic light), three 
mirrors A, B and C, and a means of detection in the form of a telescope for observing the reflected 
light. Figure 1.8 illustrates a simplified diagram of his arrangement of mirrors, a laser light source, 
and a telescope. The entire apparatus was designed carefully so that the distances between the mirrors 
A and B, and A and C can be adjusted to an accuracy of few tenths of a micrometer for mirrors in arm 
lengths AB and AC separated by a distance of 1 m. The mirror A was covered with a semi-transparent 
coating to allow portion of light to pass through and some light is reflected as indicated in the Figure. 
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Figure 1.8 Michelson interferometer. The difference in delays between two possible 
light paths may result in an interference pattern.  It can be observed by a telescope. 
 
Let us analyze light path delays in Figure 1.8. Classically, the light path lengths ABA for 

mirrors A and B, and ACA for mirrors A and C, should differ because mirror B and the entire 
apparatus is moving in the direction of the Earth’s orbit around the Sun. The position of mirror C is 
normal to the Earth’s speed and should move in accordance with mirror A. Also, though the Earth 
rotates on its axis, its rotation should not affect the relative positions of mirrors A, B and C. If the 
entire apparatus were stationary, that is, if the Earth did not have orbital motion, then the path lengths 
ABA and ACA would be equal to 2L, L being the distance between mirrors A and B, and A and C. 

 
Michelson expected to find that the distances AB and BA were travelled by light at different 

speeds. He thought that the Earth’s orbital speed would effect the speed of light in the forward and 
reflected direction differently. For the forward path AB, the mirror B moves in the same direction as 
the motion of light due to the Earth’s orbital motion. For the return path BA, the mirror A moves in 
the opposite direction of the motion of light due to the Earth’s orbital motion around the Sun. 
Therefore, light waves received at A, from mirrors B and C, should be different in time and phase, 
when observed by the telescope. The measurement of the time difference for determining the speed of 
Earth’s orbital motion was the primary purpose of the experiment. As we will see, Michelson did not 
find any interference pattern in his experiment and was therefore, unable to achieve the desired result 
for the following reasons. 
 

Michelson expected that the time difference would show a fringe pattern that would account 
for the motion of the Earth; instead, he saw no shift and a null result, Robert Mills [9]. Today, we 
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know that the speed of the Earth’s orbital path around the Sun is approximately 30 km/s. Though 
description of events and the path delay analysis appeared convincing, the details of the experiment, 
as described by R. Mills, are not accurate. In order to calculate the time delays, he utilized the relative 
speed of light c - v in the forward direction and c + v in the reflected direction.  
 

To compute the length of the paths, he applied the constant speed of light c in the formulae, 
which is inconsistent. If we alter the speed of light c by applying the Galileo transformation, and 
apply it consistently in the computations, the sum of the forward and reflected path length will always 
be 2L, regardless of the orbit speed. This is a primary reason why Michelson received a null result 
every time. It is important to note that the speed of light is a constant c in a single medium, as long as 
the source and destination (telescope) are stationary with respect to the frame of reference. In our 
experiment, the entire apparatus and the Earth (frame of reference) move with the orbit speed. 
Therefore, the speed of light is constant in the forward and reflected path. According to this 
assumption, the length of path: 

 
In a forward direction Lpf = mirror distance AB + distance moved by B in time for              
the light to reach AB. Time for light to reach distance L= L/c 
Forward direction path length Lpf = L  +  (L × v)/c = L ( c + v)/c 
 
Reflected path length Lpr = mirror distance BA – distance moved by A in time for the light to 
reach BA. Again time for light to reach distance L= L/c 
 
Return direction path length Lpr= L  -  (L × v)/c = L ( c - v)/c  
When we add paths Lpf  +  Lpr= L(c + v)/c  +  L (c – v)/c = 2L 
 

Naturally, when the total path lengths ABA and ACA are equal, there is no phase difference 
detected by the telescope at any time. Our corrected analysis proves that details provided by R. Mills 
are not correct. In the formula, we have made an assumption that the path length AB is always L. 
This is a correct assumption, because on Earth we cannot design any apparatus which would be 
stationary with respect to the Sun while the Earth proceeds in its orbit.  

 
Einstein attempted to explicate the null results for the fringe pattern in Michelson’s 

experiment as follows: He stated that the speed of light along the direction of the Earth’s orbit, and in 
the opposite direction for a reflected ray of light, has the same value c, a constant. Classically, the 
speed of light in the forward path will be c – v and in the reflected path will be c + v. In order to 
nullify the classical difference in the path lengths and time, he proposed that time would proceed 
more slowly in the forward path than expected within classical time. Hence, the path length taken by 
the light would be contracted to value L. For the reflected path, according to the classical procedure, 
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the path length would be shorter than length L. In order to compensate for the decrease in length, the 
relativistic length determination should expand the length to L. For that, Einstein’s postulate required 
that time speed-up for the return path of the light. Einstein clearly stated that time is always slower for 
all other inertial systems, as compared to the preferred frame of reference. Therefore, his postulates 
fail to explain the null result of the experiment.  

 
To defend his position, Einstein suggested that the path lengths in forward path and reflected 

path will differ in accordance with the rules of Lorentz transformation in Michelson’s experiment. 
You will discover later that the contraction computed by the Lorentz equation is a virtual contraction 
and is not a real event. In Sub-section 1.5.1, we will describe the reasons for which the wrong results 
in Michelson interferometer experiment were derived. 

 

1.5.1 Light Path: Lengths and Delays 
 
Let us now reexamine and discover why Michelson’s conclusion, which implied relativistic 
contraction of path ABA in compensation for the effective increase in path length, was incorrect. 
Figures 1.9 and 1.10 illustrate the path length in the direction of the motion of the Earth, and the 
reflected path. We agree that the forward path traversed is longer than length L and the reflected path 
is shorter than L. Also, if we assume that the speed of light changes according to the relative speed of 
light, then the total path length ABA will be longer than ACA. In that case, the analysis in [9] the 
path length ABA=2Lc2/c2-v2 is correct. In the description, the path length ACA is 2Lc/ (c2-v2)1/2 [9].  
We agree that the value of the path length ABA is accurate. However, the value of the path length 
ACA is 2L and not the value of the expression. According to our discussion, ACA should be exactly 
2L long, because light is a wave and travels in a normal direction to the surface of mirror C, 
unaffected by the Earth’s orbital motion. In essence, the path lengths ABA and ACA are different, 
and the difference detected should be attributed to the speed of the Earth.  
 

Let us suppose that the distance L in an apparatus is 1 m. Also, for illustration purposes, we 
assume that the wavelength of the laser light used is 400 nm. Then, the difference between the paths 
ABA and ACA in our discussion will be: 

 
Ldiff. = path length ABA – path length ACA 
        = (2Lc2/ (c2-v2))  -  2L 
        = 2Lv2/ (c2-v2) m 
 
For c = 299792458 m/s and v = 30000 m/s 
 Ldiff. = 20.0277012 nm  
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Figure 1.9 Path of light in the direction of the Earth’s orbit. The path of light is longer when mirror B is shifted 
in the direction of the Earth’s orbital motion surrounding the Sun as opposed to the stationary Earth. 
 

The path difference Ldiff corresponds to a phase shift of 18.02493108° and a time difference 
of 66.81×10-18 s. This phase shift should be detected by the telescope. Michelson claimed that his 
apparatus was capable of detecting the phase shift and the path length of a difference of 1/100 of the 
wavelength, that is, a distance of 4 nm in our example of the laser light source.  To create a fringe 
pattern, he would have had to add a length offset of 80 nm, that is, 4 times the distance he wanted to 
measure. In order to add a small distance of 80 nm in 1 m length by any mechanical means would be 
a formidable task. Especially, if he is achieving this by the tilting of mirrors, etc. Therefore, he would 
have failed to see any fringes without adjusting the mirrors. 

 
In this experiment, the path difference should result in an apparent shift in the frequency of 

the received signal, as suggested by Christian Johann Doppler.  In fact, the principle of Doppler’s 
shift is regularly applied to determine the speed of celestial objects. The Doppler shift is also applied 
in radar computation to determine the location and speed of a mobile target in military applications. 
However, the Doppler shift can only occur if there is motion between the source and the observer. In 
this experiment, the source of the laser light, telescope observer, and all mirrors, are moving together 
with the Earth. Therefore, a Doppler shift cannot be observed in the frequency of the received signal. 
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According to his analysis, Michelson specified that the path difference and the time delay 
between ABA and ACA would be cancelled by the effective decrease in the path length ABA caused 
by relativistic contraction. Obviously, his thoughts were incorrect. If the contraction occurs in two 
mirrors, the contraction value can’t exactly match the difference in the length of the contraction that 
corresponds to the Lorentz transformation and in accordance with Einstein’s theory of relativity. In 
his apparatus, the greater part of the path traversed by the light is empty space. It does not make sense 
to say that this space is contracted. He speculated that the mirror B experienced contraction because 
of the Earth’s motion. Such a contraction is not realistic for the speed 30 km/s. The contraction of 
mirrors A and B will result in an increase of path length, not a decrease between the forward path AB 
and the reflected path BA.  
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Figure 1.10 Michelson’s Interferometer: Reflected Light Path. The path of light is shorter when it is reflected as 
it travels in the opposite direction of the Earth’s orbital motion surrounding the Sun 

 
There are many reasons for which the contraction of paths cannot occur in reality. For one, 

the strong and weak forces in the atom structure play a predominant role for the determination of the 
volume or size of objects made out of matter. Secondly, the force of gravity from large celestial 
objects, such as the Earth, have a feeble effect on fundamental particles such as, protons, neutrons, 
and electrons that form atoms making up the parts of the apparatus. We reason that the apparatus 
would not be affected by the change in momentum caused by the orbital momentum of the Earth’s 
passage around the Sun. Such a situation could not result in contraction of the apparatus to a precise 
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value. Since the weak force of the gravity, as compared to the strong force of the charge in the 
nucleus particles, is as small as 10-42 [4], the effect of the change of momentum, due to the orbital 
speed of atoms, cannot be great enough to result in contraction. Specifically, contraction can’t be 
deterministic and accurate to a value precisely predicted by the Lorentz transformation. What is more, 
we know that one needs to supply or remove an astronomical amount of the thermal energy to a glass 
or metal surface to cause an expansion or contraction of this proportion.  

 
Further, the different path length AB in the forward path and BA of the reflected path is not 

the characteristic of the light signal. The path and the time taken to traverse both paths would be 
different regardless of what type of signal and sensing mechanism is employed. In addition, the 
apparatus and the mirrors were under the influence of the motion of the Earth around its own axis. 
The axial rotation speed of the Earth at the equator is 0.463 km/s, which is smaller by a factor of 
64.66 than its orbit speed around the Sun. When Michelson was looking for fringes caused by the 
phase shift between the signals of paths ABA and ACA, the Earth’s axial rotation affected his results 
significantly.  

 
Michelson observed the fringe pattern when he adjusted the tilt angle of mirror A. The reason 

for this result was that he inadvertently changed the length of arm AB that caused the phase 
difference in the signals received by the telescope, from mirror B, path AB, and mirror C, path AC. 
After several hours of discussion with Dr. Amin Jaffer, Engineering Fellow at Raytheon Company, 
Space and Airborne Systems, we have concluded that the setup of the Michelson interferometer was 
not the correct method to measure the speed of the Earth’s orbital motion around the Sun. It assumes 
that the reflection of the light from mirror B occurs in zero time. As far as we know, the analysis of 
this experiment by all physicists, to date, has not included any correction factor or the effect of the 
time of reflection in the computation.  

 
In the next section, we are proposing an improvement to Michelson’s interferometer. Our 

proposed design eliminates the need for multiple reflections of light from mirrors B and C. Instead, 
we are relying on a one time reflection event. The light from mirror A is sensed by photo sensors. The 
onset of the change of potential detected by the photo sensors is measured by an oscilloscope. The 
light rays from the laser source are switched on-off periodically, to create a repeated event at the 
sensors of the light.  

 
In this new arrangement, the mirrors B and C in Michelson apparatus are replaced by the 

photo sensors B and C. These sensors do not reflect light, a conceptual difference in the design, an 
obvious advantage over  the arrangement described in the previous experiment. As we will discover, 
this technique does not suffer from any drawbacks of the prior experiment. One need not take into 
account the time when the light beam is reflected and reversed in its direction from mirrors B and C. 
Also, in this method, the classical paradox of the different speeds of light in different directions is 
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eliminated. Though our instruments shows a big promise, it is a novel idea. No one has yet 
implemented our proposed design and therefore there is no experimental data to validate the results of 
the experiment. 

 
 

1.5.2 Sky’s Improved Interferometer 
 
 
In the section 1.5.1, we explained what went wrong in Michelson’s interferometer experiment that 
prevented the successful measurement of the speed of the Earth’s orbital rotation around the Sun by 
capturing the time of the roundtrip for light from a reflected mirror arrangement. The main drawback 
of the interferometer was that it relied on the assumption that the reflection of the light wave from the 
mirror occurs in zero time. Also, his apparatus was incapable of discerning the observed time 
differential between two paths, 66.81×10-18 s, one normal to the axis of the Earth’s rotation, and the 
other in the direction of rotation. Moreover, the pattern of the interference of light from both paths is 
not formed by one wave. The O ring interference is observed as a result of the time difference 
between two paths and is read within a period of several milliseconds, an accumulated result. As 
explained in the section 1.5.1, the time difference in terms of the wave period, due to Earth’s rotation, 
is only 18° of the wave period for the laser light source. Therefore, the time of the reflection from the 
mirrors should not be neglected.  

 
Now that we have addressed the pitfalls of Michelson’s interferometer, we will suggest an 

improved design for the interferometer, and we will designate it as Sky’s interferometer. Before we 
describe the new design and principles, let us propose an alternate method to measure the speed of the 
Earth’s rotation. One way is to use a source of the energy waves that travel in the direction of the 
Earth’s rotation at speeds much slower than the speed of light. The speed of these waves will be 
nearing the speed of the Earth’s rotation, 30 km/s. One drawback of this method is that it requires 
control over the speed of the energy waves. Controlling the speed of an energy wave is not a simple 
concept to comprehend.  

 
To overcome the shortcomings of Michelson’s measuring apparatus, we are proposing a 

different arrangement. Our apparatus relies on the principle of timing a unidirectional motion of a 
non-reflected laser signal. The time difference is measured between a normal wave and a wave in the 
direction of the Earth’s orbit, a single non-reflected path delay event. By a normal wave we mean a 
wave that propagates in a direction that is orthogonal to the direction of the Earth’s orbit. We will 
assume that the orbital speed of the Earth’s rotation around the Sun is constant over the time frame of 
measurement. This is a very safe and accurate assumption because the orbital period of the Earth’s 
rotation has not changed to a great extent over the period of a century.  
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The duration to perform measurements for this experiment is short, only a few minutes. Three 
events are synchronized by employing common-trigger time-bases. The arrangement is similar to 
Michelson interferometer. A time-base is used to drive a source of light, a laser onto a transparent 
mirror A. The time delay of light sensed by two identical semiconductor photo electron sensors is 
measured by two channels on an oscilloscope. One of the sensors is located at a distance of one meter 
in the direction of the rotation of the Earth’s orbit. The other sensor is located in a direction normal 
(perpendicular) to the rotation of the Earth’s orbit at the same distance. The time-base of the 
oscilloscope, that measure the response from two sensors, is swept by the time-base that drives the 
laser light source.  

 

 
Figure 1.11 Sky’s Apparatus: Single Shot Interferometer. The method suggested by us relies 
 on the fact that the path delays are measured in one event without reflections from mirrors. 
 

The arrangement of our apparatus is demonstrated in Figure 1.11. The apparatus consists of a 
laser light source G, a transparent mirror A, a photo sensor B, and an identical sensor C. The sensor B 
is located on the right side of A at a distance of 1 m and sensor C is located above the mirror A at the 
same distance of 1 m from A. The signals from both sensors are received at the input terminals of two 
channels of an oscilloscope, with identical probes and input characteristics. What we are looking for 
is an indication on the readout of the oscilloscope that detects difference in time between voltage 
signals from sensors B and C. Since the trigger time-base, the component distances, and all 
characteristics of measurement can be most accurately tailored to make them identical in all necessary 
respects, the differential time-delay measurement between sensor B and C truly reflects the rotation 
speed of the Earth. To improve the accuracy of measurement, both channels of the scope should be 
run in a single shot trigger event monitor mode. 
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Let t be the time for the signal to propagate from the laser to sensor C, and t be the time 
difference between the onset of the transition of the signal from sensor B and sensor C. Thus, the 
Earth’s orbital speed can be computed as:  

 

v = c × t/t         (m/s) (1.35) 
 
After studying the detailed operation of Michelson’s apparatus, you may be tempted to think 

that the whole experiment and effort was in vain.  In that case, we will describe some useful 
applications of his apparatus in Section 1.5.3. You will learn that a slightly modified version of his 
apparatus can be employed to measure the wavelength  of unknown light from a source. In this 
scheme, mirror B is intentionally moved to create a difference in path lengths AB and AC. In another 
application, the index of refraction  of a column of gas is determined by counting the number of 
fringes shifted in relation to following a gradual evacuation of gas from a gas cell. 
 

1.5.3 Applications of the Michelson’s Interferometer 
 
Michelson’s interferometer is employed to determine wavelengths of a wide range of radiation, 
including visible light and lasers. The reason for this is that it provides a highly accurate technique to 
perform the measurement. For instance, an accuracy of 0.0001 nm is reported for a tunable He/Ne 
laser with a tuning range of 680.4 - 691.0 nm [13]. In Figure 1.12 an arrangement of Michelson’s 
apparatus is displayed that allows us to accomplish our objective of measuring the wavelength of an 
unknown source of light. Two sets of interference fringe patterns are observed on a screen and 
compared. For instance, the path lengths AB and AC of light rays of both arms to mirror C and mirror 
B are unequal. Interference patterns comprising of Newton’s O-rings are captured on the screen and 
stored. Mirror B is then moved by a distance of x mm, let’s say 1 mm further away. The interference 
pattern, the O-rings, are then observed again on the screen and stored for comparison.  

  
It is found that when the distance between mirror B and mirror A in increased, while mirror C 

remains in fixed position, the number of circular fringes m shift inward. This would require bit more 
explanation. When reflected light from mirror B and mirror C appears on screen, Newton’s rings of 
bright and dark regions are formed due to constructive and destructive interference. The distance of 
certain maximum (bright ring)  from central maxima (brightest spot circle) changes in accordance 
with the difference in path length light travels from mirror A to B and from mirror A to C. This 

information is then used to find the wavelength of light from unknown source by applying the 
following formula. 

 

2x = m  m =  1,  2,  3… etc.     (1.36) 
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Alternately, the same implementation of the interferometer can be applied to measure 
miniscule differences in path lengths AB and AC. The idea is to determine offset error in arms AB 
and AC.  It is possible to detect a difference of a few tenths of a millimeter in arm length of 40m long. 
In this scenario, light of known wavelength emitted from a source is passed through mirror A. A 
portion of light is reflected and takes path AC to mirror C. Some fraction of light is transmitted 
through semi-transparent mirror A and takes path AB. The reflected light rays from mirrors B and C 
forms an interference pattern on the screen. Newton’s rings are observed for two situations, as before. 
Again, the number of rings m shifted is monitored and noted. Now we can compute the value of the 
moved distance x from equation (1.36) because we already know the wavelength of the light 
source. Hereby, we have described a procedure that successfully allows Michelson’s interferometer to 
self-calibrate before we can apply it to measure the wavelength of light from an unknown source. 
Next, we will discuss yet another application of the interferometer, refractive index measurement. 

 
 

 
Figure 1.12 Measurement of wavelength of light, from an unknown source. 

 
Here, the design of Michelson’s apparatus will be modified, namely, a gas cell of length L is 

introduced along the arm AB comprising part of the path between mirror A and B. The gas cell is 
filled with a gas (or air if it is desired to measure air) at a known pressure. The mirrors are then 
illuminated by a monochromatic light from a light source. The gas cell is then gradually evacuated 
and the number of fringes m of Newton’s O-rings shifting in is counted. Since the number of fringes 
moving in depends on the optical path difference (OPD), the path delay of light between arms AB and 
AC, we can determine the index of refraction of gas [16]. The path delay AB is different when the gas 
cell of length L is filled with gas verses when the gas is completely evacuated. This is due, of course, 
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to the changes in the index of refraction.  A schematic arrangement of the apparatus is detailed in 
Figure 1.13. By analyzing path delays we can derive the following simplified equation that enables us 
to calculate the refractive index gas of the gas filled in the cell. 

 
2L × (gas -vac) = m,  m =  1,  2,  3… etc.   (1.37) 
 

where vac = 1 
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Figure 1.13 Measurement of index of refraction of a gas column.  . 
 

Notice that in this application the position of both mirrors, B and C are fixed after the path 
length difference is adjusted to zero. A critical first step in all these applications is to adjust the path 
length AB and AC to be exactly equal.  By observing through a telescope the fringe pattern contrast 
between dark rings and lighter rings slowly disappearing, we can discern the path equalization [26]. 
This arrangement is useful to measure the refractive index of any kind of substance, such as a thin 
glass plate, or a liquid placed in the cell canister. If white light is used instead of monochromatic 
light, white light fringes (WLF) are obtained. However, additional complexity arises in calculations 
because dispersion effects can no longer be ignored [16]. A modified version of the Michelson 
interferometer and the Rayleigh interferometer is widely used both in research and technology. 
Applications include Fourier transform spectroscopy, the testing of precision optical components. We 
also find applications in optical fiber communications. 

 
In section 1.6, we will describe the details of various experiments performed in the past that 

seemed to verify particle behavior of light in certain events. We will analyze the data from these 
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experiments and prove that the results of these experiments did not provide conclusive evidence in 
this ostensible verification.  Our findings will disclose a rarely accepted fact that the claims of the 
performers of the experiments were in serious error regarding the nature of light as a particle in those 
instances. 

 

1.6 Advocates of Particle Theory and Experiments 
 
The proponents of the theory suggested that light has a dual nature, both as a particle and as a wave. 
They were biased in favor of particle nature. Many performed experiments to support a view that 
light waves behave sometimes as a particle within certain parameters. In other experiments, the 
results were such that they were led to recognize that light is a wave. Einstein and many other 
physicists used results from several experiments to validate the dual nature of light. Though many 
prominent physicists have analyzed the results of experiments, which ostensibly depicted the particle 
nature of light, we will investigate the details of three effects: the photoelectric effect, the X-ray 
emission and the Compton Effect. A closer re-examination of the results from these experiments will 
reveal that the conclusion that light consists of photon particles is not appropriate. Our observation is 
based on the fact that the resultant outcome of the experiment would not be the same for the wave 
model of light.  

 
Let us now look at the details of each of the experiments and show why their results provide a 

contrary conclusion; the conclusion that light is exclusively a wave. Our analysis will have a 
profound effect on the Science of Light and energy waves. Einstein extended the particle nature of 
photons to all types of energy waves that included X-rays, ultraviolet, infrared, micro, and gamma 
rays. From his perspective, each of the radiation waves consisted of photon particles of varying 
frequencies. Before we investigate the details of the experiments, we will present an equation from 
Max Planck which characterizes the energy content of light waves. By the 1900’s, evidence indicated 
that energy possessed by individual photons of light waves of frequency is expressed by relation 
 

Ephoton  =  h × (J)      



where h is known as Planck’s constant and is the frequency of light waves. 
 

Now, we will investigate the details of the following three experiments in great depth in order 
to correctly understand the behavior of light waves: 

 
1. The Photoelectric effect 
2. The Short wavelength limit X-rays and 
3. The Compton effect 
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We shall discover that the evidence from these experiments did not necessarily prove that 
light consists of photon particles. While the laws of conservation of momentum and energy were 
apparently satisfied for photon particles in these experiments, there were certain subtle but credible   
differences found in relation to the conservation of the laws for ordinary particles in classical 
mechanics. Lying within the details of these differences is the substance of our analysis. In fact, our 
findings will substantiate the wave model for the entire range of radiation energy waves. As a 
consequence of our critical analysis, we will formally define photon as virtual particles, 
distinguishing them from real particles. 

 

1.6.1 The Photoelectric Effect  
 
In this section, we will discuss the details of an experiment for testing the photoelectric effect. To 
begin with, we shall describe the experimental set up developed by Hallowach to represent the effect. 
Based on the observations from the experiment, we shall state the laws of photoelectric emission. 
Then, we shall derive Einstein’s photoelectric equation to characterize the phenomenon. Next, we 
shall include graphs inferred from experimental data to validate the results. At that point, we will 
explain why the results from this experiment do not prove that light is a particle. 
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Figure 1.14 Photoelectron emissions by incident light on a clean metal surface. When electrons in metal target 
of an emitter E in Leonard’s experiment are exposed to UV light, they absorb a quantum of energy and are 
ejected from the orbits of atoms for conduction of current to collector C. 
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Hallowach discovered that an insulated Zinc plate connected to a gold leaf electroscope will 
lose its charge when it is exposed to a beam of ultraviolet light. The plate in Hallowach experiment 
held a negative charge at the beginning of the experiment. He suggested that the metal surface started 
leaking electrons by a process in which they were ejected from atoms of the metal plate by ultraviolet 
light particles. The effect was termed as the Photoelectric Effect. The ejected electrons were called 
photoelectrons, which were only observed when the frequency of UV light was above a certain 
threshold. In Figure 1.14, the photoelectron emission event in a Leonard’s apparatus is displayed.  
This experiment verified Hallowach discovery. Next, we will provide an elaborate explanation of 
steps which demonstrate the photoelectric effect. 

 
Contemporaneously with Max Planck in the 1900’s, Leonard studied the photoelectric effect 

experimentally [10]. Figure 1.15 shows an experimental arrangement to study the effect. His 
apparatus consisted of a long evacuated glass tube fitted with two electrodes and a window to expose 
one of the electrodes to ultraviolet light. The electrodes were an emitting electrode (E) anode, and a 
collector (C) cathode. A varying potential difference of a selected value was applied between the two 
electrodes. When the material from the surface of the E electrode was exposed to UV light of suitable 
frequency, electrons were ejected from the surface despite the electron charge holding positive 
potential on the anode plate. 
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Figure 1.15 Leonard’s apparatus to demonstrate the Photoelectric Effect 
(Courtesy Satish Gupta,” Modern’s abc of Physics,” 2006) 
 
The ejected electrons with excess kinetic energy moved towards the collecting electrode 

carrying a negative potential. The electrons, with a negative charge, overcame the negative potential 
on the cathode. As the value of potential difference increased (more negative), fewer electrons were 
able to reach the collector and contributed to decreasing the current. An ammeter monitoring the 
photoelectric current began indicating a decrease in current until it reduced to zero when the voltage 
of sufficiently high negative value was applied. The voltage at which photoelectric current was 
reduced to zero was known as stopping potential. At the stopping potential, the kinetic energy of 
electrons will be exactly equal to the work done by the stopping potential to prevent any current flow. 
Mathematically the relationship is expressed by the following equation. 
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eV0 = ½ me V2

max        (1.39) 
 
where V0 is the stopping potential in kilo volts, me is the mass of electron in kg, Vmax is the escape 
velocity of the electron in km/s, and e is electron charge in coulombs. 

 
More experiments were performed by varying the intensity of UV light, varying the 

retardation potential and changing the frequency of UV radiation. Each time the experiment was run 
the photoelectron current was recorded. Scientists were able to derive several conclusions from the 
results of the experiments. The results of the Leonard’s experiments were summarized as the laws of 

photoelectron emission 
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Figure 1.16 Incident frequencies below 0 the photoelectric current is 0. Stopping potential is in volts 
numerically equal to the maximum kinetic energy of photoelectrons in eV for any intensity. 
 

The Laws of Photoelectric Emission 

1. It was discovered that below a minimum threshold frequency 0 for the incident light no 
photoelectrons are ejected regardless of intensity of light (Figure 1.16) 

2.  The threshold frequency 0 is the characteristic of the metal being used as a photo-emitter. 
This fact is true even if the value of the stopping potential is zero. Of course, a higher value 
of stopping potential will require UV light with a higher frequency than the threshold 
frequency 0, also known as the critical frequency. The UV light of critical frequency is 
required to initiate and sustain the photoelectric effect (Figure 1.17). 

3. It was found that for a given value of frequency  or wavelength  for ultraviolet light, there 
is a spread of photoelectrons energies down to zero. However, the maximum kinetic energy 
Kmax of photoelectrons does not depend on the intensity of light, but varies linearly with . 
The energy Kmax does depend only on the frequency of exposing radiation (Figure 1.16). 
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4.  Experimentally it is verified that high intensity of incident light results in a larger amount of 
photoelectron ejection and a corresponding increase in the photoelectric current, but not more 
energy per electron (Figure 1.18).  

5. The emission of photoelectrons starts as soon as the UV light is exposed to the metal. It is 
found that the time lag between UV exposure and emitted photoelectrons is less than 10-8 s. 
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Figure 1.17 Stopping potential vs. photoelectric current, varying frequency of incident radiation. Higher 
frequencies of UV light exposure results in higher kinetic energy photoelectrons. 
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Figure 1.18 Stopping potential vs. photoelectric current at various intensities of radiation. Brighter lights 
produce more current, not more energy photoelectrons. 
 

1.6.1.1 Einstein’s Explanation 
To explain the results of the above experiments, Einstein postulated that the energy carried by a 
photon of radiation of frequency is h × According to his theory, the emission of a photoelectron 
was the result of the interaction of a single photon with an electron, where the energy of the photon 
was completely absorbed by the electron. It is well known that to remove an electron from an atom of 
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metal requires a certain minimum amount of energy , called the work function of the metal. Thus, 
when an electron absorbs energy from a photon, an amount of energy at least equal to  is used up in 
liberating the electron, the difference providing energy to accelerate it to speed Vmax. Thus, the 
equation 
 

Albert Einstein       ½ me V2
max = h ×     



where me mass of electron, Vmax maximum velocity of photoelectron, work function of the metal, h  
Planck’s constant, and  frequency of UV light. 

 
The work function of the metal is a characteristic of the metal, which does not depend on the 

frequency or nature of radiation. Sometimes it is called the threshold energy of the metal. If 0 is the 
frequency that corresponds to the threshold energy of the metal, then  

 
h ×          



Substituting  in (1.14) we get 
 

h × = h × ½ me V2
max      



The above relation is called Einstein’s photoelectric equation. From his equation, it is evident 
that the number of photoelectrons ejected will result in large quantities if the intensity of radiation is 
increased with a corresponding increase in number of light photons. Also, the photoelectric current 
increased because the photoelectric effect constitutes a one photon, one electron interaction 
phenomenon. We are in complete assent with Einstein’s photoelectric equation and theory. However, 
we are in dissonance with the fact that energy carried by UV light waves of frequency  is contained 
in a particle photon because the idea is insensible. This photon particle described by Einstein does not 
have rest mass and a static center of gravity. Therefore, we believe that a photon is not a real particle, 
even though photoelectrons absorb energy from UV radiation in precise quantum amounts. It would 
have made more sense if Einstein had classified photons as a hypothetical imaginary particle and 
modeled it as such for light as well as all other radiation energy waves. 

 
Our view is that Einstein’s equation, in reality, described the steady-state energy transfer 

behavior between light energy waves and photoelectrons. His analysis lacked the incorporation of 
transient effects, and therefore could not illustrate what was really happening. It is true that 
photoelectrons are released when electrons absorb a fixed quantum of energy from a light source 
instantaneously, as stipulated by physicist Max Planck’s quantum particle electron energy model. 
Einstein deserved credit for discovering the fact that in each occurrence of radiation energy emission 
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event, the energy carried by an emitted electron is equal to the difference between the incident energy 
and the work function characteristics of the material exposed to the radiation. His work was 
recognized and earned him a Nobel Prize for the discovery. However this peculiar behavior of 
electrons erroneously led him to describe radiation energy waves as particles.  

 
In the following, section, we shall investigate photoelectron ejection in more detail. We shall 

primarily focus on the quantum particle theory proposed by another famous physicist, Max Planck. 
His pioneer contribution to the Black Body Radiation theory brought him the highest honor in 
quantum physics, earning him the Nobel Prize in 1918 for revealing the quantum nature of energy 
waves. 

 

1.6.1.2 Applying Max Planck’s Quantum Ideas 
 
We offer the following detailed explanation for the laws of the photoelectric effect. Our analysis is 
predominantly based upon Planck’s model for radiation from quantum particle electron. Plank’s 
hypothesis stated that whenever an electron is involved in any energy exchange process; it will emit 
or absorb energy making a transition from one quantum state to the other. The entire energy 
difference between the beginning and the final states in the transition is emitted or absorbed as a 
single quantum of radiation. The energy of radiation is described by the expression (1.43). 

   
E = h ×       (J)       (1.43) 
 
Thus, the law for energy of radiation came into existence. Max Planck’s theory of quantum 

particle electrons played a very important role in quantum mechanics.  Therefore, we have devoted 
the entire Chapter 11 to discuss his theory having to do with black body radiation and the quantum 
concepts in much greater details. 

 
We believe that the model of work function difference in Einstein’s equation is simplistic in 

its view. A more detailed analysis reveals that the kinetic energy Kmax depends on the frequency, not 
the intensity of incident light.  The reasoned explanation for this is that the ejected electron from a 
specific orbit can absorb light energy in a quantized maximum amount that corresponds to the 
frequency of light to which it is exposed. The quantity of energy absorbed by an orbiting electron is a 
function of de Broglie wave length (1.23 nm), representing the electron in specific orbit. In 
correspondence to the frequencies of light having a value at or below the de Broglie wave length, the 
electron will absorb sufficient energy as a requisite to alter its quantum state. The energy 
corresponding to the de Broglie wave length will constitute the concept of the work function for the 
metal.  
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We conceive that the upper ranges of high-frequency high-energy radiation waves penetrate 
deeper to the inner shells of atom’s orbit, detaching electrons from their interior orbits. These inner 
electrons are not affected by light propagated at low frequencies, but they absorb energy from light 
propagated at high frequencies only. The kinetic energy of electrons within the inner orbits is higher 
than the electrons in outer orbits. This is because the orbital speed of electrons in their interior orbits 
is higher than the speed of electrons in their exterior orbits.  Light propagating at a frequency below 
the threshold 0, will not cause the ejection of an electron, regardless of its intensity. This proves that 
at low frequencies, light energy is not being absorbed by electrons in any orbit. Therefore, the results 
of this experiment do not prove that light consists of photon particles.  

 
In Chapter 2 you will discover that all radiation energy waves are created by vibrations of 

electrons in their orbits during an orbital transition event. The energy released in this process satisfy 
the electron energy level requirements imposed by Bohr’s theory, and obey the rules stated by Max 
Planck for energy-state transitions of discrete quanta [3]. For a rigorous analysis and a model for the 
photoelectric effect, it is imperative to employ Schrodinger’s equations in order to accurately 
characterize the energy transfer between radiation energy waves and photoelectrons in its time- 
dependent form. This treatment is outside the scope of this effort. However, in the next section, we 
will analyze experimental data to fortify the concepts introduced by us.  

 

1.6.1.3 Analysis of Experimental Data 
 
As stated in Leonard’s experiment, free electrons are ejected from a clean metal surface when 
exposed to light and UV energy. These electrons are called photoelectrons. The ejection of these 
photoelectrons by light is known as the photoelectric effect. It is determined, that for a given value of 
frequency  or wavelength  for incident light, there is a spread of photoelectron energies down to 
zero. However, the maximum kinetic energy Kmax of photoelectrons is sharply defined and varies 
linearly with . The energy Kmax did not depend on the intensity of light, but only on its frequency.  
We saw in section 1.5.1.2, experimentally, the verification that the high intensity of incident light 
resulted in increased numbers of photoelectrons ejection, but not increased energy per electron. 
Further, below a minimum threshold frequency 0 for incident light, no photoelectrons were ejected, 
regardless the intensity of incident light. The threshold frequency 0, was the characteristic of the 
metal being used as the photo emitter. 
 

In Table 1.2, the maximum kinetic energy of photoelectrons vs. the frequency of incident 
light rays is summarized, and the data is plotted in Figure 1.19. We provide the following explanation 
for our conclusion in favor of the wave nature of light accounting for the energy incident to the 
ejection of electrons from their orbits. The data was reproduced courtesy of Milikan, phys. Rev. 7, 
355 (1916) [3]. 
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The energy Kmax depended on the frequency, and not the intensity of the incident light, 
because the ejected electron from a specific orbit absorbed the light energy of a quantized maximum 
amount at the frequency of incident light. The quantity of energy absorbed by an orbiting electron is a 
function of the de Broglie wavelength representing the electron in orbit. At the frequencies of the 
incident light, corresponding to at or below the de Broglie wavelength, the electron absorbed 
adequate energy required to alter its quantum state. At higher frequencies light waves penetrated to 
the inner shells, removing the electrons from their interior orbits as the electrons absorbed the 
penetrating light.  

 
                      Table 1.2 Frequency of light vs. Maximum KE of electrons 

 
 

 
Obviously, the light of lower frequencies with low energy cannot penetrate to the electrons in 

inner orbits. The kinetic energy of electrons in the inner orbits is higher than the kinetic energy of the 
electrons in the outer orbits. This is because the potential energy of electrons is higher (smaller 
negative) in the exterior orbits than in the interior orbits. To prevent escape of electrons, the kinetic 
energy and the speed of electrons is balanced against their potential energy.  The fact that incident 
light having a frequency below threshold 0 does not produce electron ejection, regardless of its 
intensity, proves that any incident light energy propagating below that frequency will not be absorbed 
by electrons in any orbit. Therefore, the results of this experiment did not prove that light consists of 
photon particles.  

 
It was determined that the photoelectric current was directly proportional to the intensity of 

the incident light. The higher the intensity of light the more photoelectrons are ejected provided that 
the frequency of light was above the threshold frequency. However, this linear relationship did not 
provide a solid proof that light is indeed a particle. A larger number of electrons on the metal plate 
had absorbed the increased amount of energy from the light waves when the intensity was increased, 
which also increased the number of interacting photons. Thus, light waves with high intensity ejected 
more photoelectrons and increased conduction. It is not a surprise that Einstein’s photoelectric effect 
equation works equally well whether light is modeled as a wave or a particle. Thus, a photoelectron is 

Frequency of light 
 inTera Hz 

Maximum kinetic 
 energy in eV 

48.5 -2.33 
55 -2.03 
69 -1.5 
74 -1.3 
82 -0.94 
96 -0.38 
118 0.50 
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emitted if an electron on a metal anode absorbs a quantum of energy, despite whether light is modeled 
as a particle or a wave. 

 

Maximum K.E. of Photoelectrons vs. frequency of light. 

-2.5

-2

-1.5

-1

-0.5

0

0.5

48.5 55 69 74 82 96 118

Frequency in THz

K
in

et
ic

 e
ne

rg
y 

in
 e

V

 
 

Figure 1.19 Maximum KE of photoelectrons vs. frequency of incident light. The maximum kinetic energy is 
proportional to the frequency and not related to the intensity of light incident because high frequency light 
waves affect the electrons of the inner shell orbits. [Figures from R. A. Milikan, Phys. Rev. 7,355 (1916)]. 
 

Another dilemma that favored the particle nature of light was the time delay observed 
between the instant of exposure of radiation and the emission of ejected photoelectrons. It was 
claimed that the time delay between initial light illumination and the onset of photoelectron ejection 
current was so short 3 × 10-9 s (< 10-8 s), that it could not be explained with the wave model of the 
light. According to this claim, if light were waves, it would take about a year to eject a photoelectron 
out of the metal surface. The reason for this thinking was developed from the idea that the wave 
model impose a requirement,  an electron must absorbs a small amount of energy from each wave-
cycle of incident light. However, the onset time delay is still very high, compared to the period of the 
incident light wave, which is a few femto seconds (1.25-2.5 Fs, see Table 1.3 for the visible light 
range). On the basis of QED principles developed by Richard Feynman discussed in Chapter 6, we 
presume that the photoelectrons are ejected after the electrons in their orbits absorb wave energy from 
several cycles of light waves. A limitation of wave model was it could not explicate the quantum 
nature of energy transfer between an electron and the emitted radiation. We will learn more about 
quantized energy of radiation in Chapter 2, when you will study the details of origin of radiation from 
inner space of atoms.  
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Table 1.3 Light wavelength  (10-9 m), frequency  (1012), period (10-15) & coeff.  water 

 

COLOR 
 

WAVE-LENGTH  PERIOD FREQUENCY 
 

REFRACTIVE INDEX  
OF  WATER 

Angstroms Nano m. Femto sec. Tera Hertz Real Part Orthogonal 
Violet 3800-4300 380-430 1.266-1.429 790-700 1.345 2.11 e -10 
Blue 4300-5000 430-500 1.429-1.667 700-600 1.342 3.30 e -10 
Cyan 5000-5200 500-520 1.667-1.724 600-580 1.339 4.31 e -10 
Green 5200-5650 520-565 1.724-1.887 580-530 1.337 8.12 e -10 

Yellow 5650-5900 565-590 1.887-1.961 530-510 1.335 3.53 e -09 
Orange 5900-6250 590-625 1.961-2.083 510-480 1.333 1.41 e -08 

Red 6250-7400 625-740 2.083-2.469 480-405 1.331 3.48 e -08 
 

 Einstein and the proponents of the particle theory of light claimed that photoelectrons were 
ejected by the energy absorption from exactly one quantum of photon. He proposed that the 
photoelectric effect is a one electron-one photon interaction phenomenon. According to his theory, 
one photon could not eject more than one photoelectron. From our elucidation, however, one may 
begin to realize that the observation seems correct, but it does not support the notion that a photon is a 
particle. Our conviction is that particles have rest mass and a fixed center of gravity [25]. Hence, the 
evident short delay for electron ejection in the photoelectric effect does not prove that light consists of 
photon particles. An interesting analysis of wave and particle theory of light applied to the 
photoelectric effect is described in a white paper from Dr. Thomas Smid [E]. 
 

In 1905, Einstein proposed that quantization was a fundamental property of light and 
radiation. It was this that led to the concept of the photon particle. From our school of thought, this 
was an error, because Einstein failed to realize a fundamental property of real particles; the unique 
position of a center of gravity for the particle. As stated before, particles project an attractive force of 
gravity upon other particles. Remarkably, this constitutes a major consideration that Einstein and 
many other physicists did not take into account. We do believe quantization is a fundamental property 
of quantum real particle electrons. The radiation of every type of energy inherits this property from its 
creator parent particle electron. Regardless the quantized nature of radiation interaction with particles, 
we prove that the lack of mass and a center of gravity, being necessary properties of matter, restricts 
us from qualifying radiant energy as particulate. Therefore, we qualify the photon as an imaginary 
particle which does not exist in reality. It is imperative that physicists recognize this fact and invent 
special rules to handle interactions between actual particles and wave entities.  

 
In section 1.6.2, we will discuss the details of the short wavelength limit X-ray experiment. 

We shall persist to show that the results and conclusion of the experiment did not prove that light 
consists of particles. On the contrary, you will be convinced  that the results of the experiments prove 
that light and radiation energy are exclusively waves. 
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1.6.2 Short Wavelength Limit X-rays 
 
The focus of this section is to describe details of the short wave-length-limit X-rays experiment. In 
this experiment, usually a metal target is struck with high energy accelerated electrons within the 
range of 5-50 KV for the purpose of obtaining what is called a Bremsstrahlung (German for 
“deceleration radiation”) spectrum [3]. It has been observed that the spectrum was continuous, and 
covered a wide range of wave lengths. The energy from the colliding accelerated electrons had been 
absorbed by electrons in their orbits and re-emitted in the form of x-rays. In Figure 1.20 the concept 
behind this radiation event is displayed.  A fact that was not explained by classical mechanics was 
that X-ray emissions were sharply cut-off at a certain minimum wavelength, or a corresponding 
maximum frequency (we have avoided the “photon” use intentionally). The cut-off frequency of X-
rays only depended on the accelerating potential and did not depend on the type of metal used as a 
target. The minimum wavelength m corresponding to maximum frequency of the X-ray was the 
same for all metals and varied linearly with the accelerating potential of colliding electrons in 
accordance with a law verified by Duane and Hunt [3]. 
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Figure 1.20 Radiation event caused by collision of high energy electrons. Here it is demonstrated that electrons 
with high accelerating potential may trigger an orbital transition event and release X-rays.
The radiation event in which high energy electrons were bombarded, resulting in the emission of X-
rays is displayed in the Figure 1.18 

 

1/m = [e/ (h × c)] × V0      (1.44) 
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Define m = c/m,  we have  h × m = e × V0     (1.45) 
 
Maximum energy of x-ray emission = Kinetic energy of incident electron 
 

Notice that the work function does not appear in this equation (1.44) because it is almost 
negligible in comparison to the electrons and the photon energies involved (order of 0.1 percent). In 
Figure 1.21 the relative intensity of x-ray emission vs. wave length for varying electron potentials are 
plotted. The corresponding numerical data is included in Table 1.4. In Figure 1.22 a graph of 
maximum frequencies vs. accelerating voltage is displayed and the corresponding numerical data is 
summarized in Table 1.5. 
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Figure 1.21 Bremsstrahlung spectra: x-rays are emitted when electrons with high acceleration potential strike a 
metal target [Data of C. T. Ulrey, Phys. Rev. 11, 401 (1918)]. 

 
Let us dig deeper into the exercise to understand the x-ray emission phenomena. It was 

claimed that the maximum possible frequency of X-rays corresponds to the difference between the 
kinetic energy of an incident electron and the energy of the electron when it occupied a vacant state in 
an orbit shell. This differential, it was claimed, was converted into the energy of a single X-ray 
photon. Hence, it was interpolated that X-ray photons are particles.  However, the emitted X-ray lacks 
rest mass and center of gravity. Therefore, we repeat, X-ray photons are not real particles in our 
concept or terminology. 
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Table 1.4 X-ray emissions vs. cutoff frequencies at different eV acceleration. 

 

Wavelength  
X-ray Ang. 

Relative Intensity 
at 20 kV Acc.  

Relative Intensity 
at 30 kV Acc.  

Relative Intensity 
at 40 kV Acc. . 

Relative Intensity 
at 50 kV Acc.  

0.0 – 0.24 0 0 0 0 
0.28 0 0 0 2 
0.32 0 0 0 5 
0.36 0 0 2.4 7 
0.4 0 0 5.6 9 

0.44 0 1.6 6.2 9.5 
0.48 0 2.5 6.4 9.8 
0.52 0 3 6.5 9.9 
0.56 0 3.1 6.3 9.8 
0.6 0 3 5.5 9.6 

0.64 0.2 2.8 5 8.2 
0.68 0.4 2.5 4.8 7 
0.72 0.6 2 4.5 6.2 
0.76 0.5 1.6 3.6 4.8 
0.8 0.4 1 3 3.9 

0.84 0.3 0.9 2.5 3 
0.88 0.2 0.8 2 2.5 
0.92 0.1 0.6 1.8 2 
0.96 0.1 0.5 1.5 1.9 

 
 Another plausible explanation is that the highest potential electrons had produced the highest 
frequency x-rays; such occurring when the accelerated electrons bombarded the inner orbital shells. 
The electron exchanged energy with an electron in an orbit closer to the nucleus. These have a higher 
speed and spin momentum than the electrons in the outer shell orbits, we recall. As indicated in 
Figure 1.18, the excited electron absorbed energy from a colliding electron and re-emitted the excess 
energy in the form of X-rays. The maximum frequency of the X-ray was the function of the excess 
energy and the quantum state (spin momentum and speed) of the electron from which the energy was 
released. The fact that this maximum frequency was linearly increasing with the accelerating potential 
of the electron did not prove that the released X-ray was a photon particle. The energy content of a 
wave can also be a quantized number just as well as a particle can be quantized. Also to be considered 
as well was the fact that the spectra of the various wavelengths were emitted in this event. 
Furthermore, emitted X-rays also lack a center of gravity and a rest mass, which are crucial 
identifying characteristics of real particles. 
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Figure 1.22 Maximum frequency of X-rays vs. accelerating voltage.  The frequency emitted is directly 
proportional to the potential of bombarding electrons. [Data of C. T. Ulrey. Phus. Rev. 11, 401 (1918).] 

The phenomena described in charts of the Figure 1.21 and the Figure 1.22 resembles the 
photoelectric effect in reverse. This is derived from the point of view that the kinetic energy of 
colliding electrons had been transformed into X-ray radiation. It was discerned, that the maximum 
possible frequencies of X-rays correspond to the kinetic energy of an incident electron that had been 
converted into the output energy of a single photon of corresponding frequency. Put simply, the 
energy from a bombarding electron is absorbed by an electron in orbit, re-emitting this energy in the 
form of X-rays. Therefore, for a given accelerating potential, the intensity of X-rays peaks at a limited 
corresponding wavelength, its cut-off frequency. This frequency, at which peak intensity occurred, 
increased with an increase in the accelerating potential of the incident electrons. Moreover, the cut-off 
frequency increased also.  

 
From our perspective, the emitted X-rays waves do not possess rest mass and a unique 

position of center of gravity [25]. Therefore, it is an unfortunate prevarication to classify radiated 
energy X-rays being comprised of particle photons, but manifesting themselves as waves with a 
frequency corresponding to X-ray energy spectrum. The distribution of the rest mass of a particle 
system defines an instantaneous position of center of gravity for the mass in the steady state. 
Moreover, real physical particles with nonzero rest mass exhibit force of gravity on other particles 
and objects. Thus, it is imperative to state that wave entities such as light waves, infrared energy 
waves, X-rays, Cosmic rays and Laser or Maser waves are comprised of imaginary particles and we  
should distinguish them from real physical particles.  
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Table 1.5 Maximum frequency of X-ray vs. the accelerating potential. 
 

Accelerating 
Voltage V (kV) 

Max. Frequency 
10 ** 18 Hz 

0 0 
10 2.5 
20 4.8 
30 7.4 
40 9.8 
50 11.5 

 
 In the next section, we will illustrate the details of the experiment of the Compton Effect, 
discovered by and named for its inventor, Arthur Holly Compton. The Compton Effect demonstrated 
that photons carried kinetic energy and a linear momentum. Collision events between X-ray photons 
and free electrons were analyzed using the energy and momentum conservation laws of relativistic 
particle dynamics. In 1919, Einstein concluded that a photon of energy E travelled in a single 
direction and carried a momentum = E/c = hf/c. In 1923, Compton (1892-1962) and Peter Debye 
(1884-1966) independently extended Einstein’s idea of photon momentum.  Compton showed that 
when X-ray photons collide with free electrons the X-ray photon suffered a loss of energy. The loss 
was manifested as an increase in the wavelength of the X-ray by precisely the amount corresponding 
to an elastic collision between two particles. The resulting scattering of X-rays and the recoil of the 
electron, an effect resembling a collision between two particles, is known as the Compton Effect.  
Although many physicists thought that the ideas developed from the results of the Compton Effect 
experiment were sufficient to prove particle nature of light, we think the truth to be something else. 
 

1.6.3 The Compton Effect 
 

 
In this section, we will discuss the details of the experiment that describe the Compton Effect. The 
Compton Effect demonstrated that a photon carried radiant energy and possessed linear momentum. 
The collision event occurring between photons and free electrons were analyzed using the energy and 
momentum conservation laws. Compton showed that when the X-ray photon collided with the free 
electrons, the X-ray photon suffered a loss of energy. The loss was manifested as an increase in the 
wavelength (a decrease in frequency) of the X-ray by the precise amount that corresponded to 
momentum and energy conservation changes in an elastic collision between two particles. Here, 
Compton faced a dilemma. He stated that the X-ray was a particle. He also said that an elastic 
collision between the X-ray and the electron particle resulted in the increase of the wavelength of the 
X-ray.  He implied that the particle X-ray was analogous to the wave X-ray, with a difference in 
wavelength caused by the conservation of momentum.  
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Compton’s observation was interesting, but it did not prove that the X-ray was a photon 
particle. It was a hypothetical situation in which the X-ray photon collided with an electron. 
Therefore, it is more appropriate and accurate to specify that the X-ray radiation encountered a free 
electron. The electron absorbed the X-ray energy and re-emitted the energy at a lower wavelength. 
We say again: our proposition is that the X-ray is an emitted wave that carries energy, but has no rest 
mass [25]. Therefore, radiation waves such as X-rays do not have a center of gravity. Hence, this 
experiment failed to prove that light or X-rays consist of photon particles. In 1922, Compton and his 
coworkers realized that the classical wave theory of light failed to explain the scattering of X-rays 
from electrons. According to classical mechanics, electromagnetic waves of frequency f0 incident on 
electrons should have two effects: 

 
1. Radiation pressure should cause acceleration of electrons in the direction of the radiation. 

 
2. The oscillating field of X-rays should set electrons in oscillation at frequency f , where f is 

the frequency within the frame of the moving electron. 
 

 

 

Recoiling electron 




f0, 0 

f,  

 
Figure 1.23 Collision between X-rays with an  electron deflects them and the electron recoils. 
(Courtesy of Serway & Jewett, Physics for Scientist and Engineers). 

 
The apparent frequency f of the electron is different than f0 because of Doppler’s Shift. Each 

electron moving in its orbit first absorbs radiation energy, gaining momentum, and then reradiates its 
energy, losing momentum, thereby exhibiting two Doppler shifts. Different electrons will move at 
different speeds after interaction. This is because its speed is dependent upon the amount of energy 
absorbed from the incident electromagnetic waves. The scattered wave frequency should show a 
distribution of Doppler shifted values in relation to the angle of incidence. Instead of observing, as he 
expected, varying energy signatures distributed throughout the scattered x-rays, Compton discovered 
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that at a given angle of approach, only one frequency of radiation was observed in the scattered 
spectrum. Compton explained this observation by stating that the EM waves were behaving like 
photon particles having energy hf and momentum hf/c.  Figure 1.23 shows the quantum picture of the 
collision between the X-rays and electrons. In this model, the electron is recoiled after the collision by 
angle in a “billiard ball” fashion with respect to approaching radiation, while the frequency shifted 
radiation is scattered at an angle 

 
Compton plotted the data and the results of the measurements from his experiment. The X-

rays, scattered from a graphite target, were analyzed by a rotating crystal spectrometer. The intensity 
was measured using an ionization chamber that generated a current proportional to the intensity. The 
incident beam consisted of a monochromatic X-ray of wavelength 0 = 0.071 nm.  The current values 
were plotted vs. the wavelength for different values at a scattering angle . The graphs showed two 
peaks, one at 0 and other at . Based on these data, Compton derived the following relationship 
between differences in the wavelengths, at which the peak occurs at the scattering angle .  

 
 - 0 = [h/ (me× c)] (1- cos       



where me is mass of the electron and other symbols have the same meaning as before. 
 

This expression is known as the Compton Shift Equation. The factor h/(me × c) is called the 
Compton wavelength of the electron, which has a current value of 0.00243 nm.  

 
At this time, let us analyze the details of the physical facts behind the effect. We do not 

contest Compton’s equation and his theory behind it. However it is important to note that in the 
specialized case of a graphite target, the electron wavelength and the velocity of recoil is 
characterized by 0.00243 nm. Further, according to quantum electron particle theory, electrons are 
orbiting in many different orbits in each atom of a graphite target, doing so at different speeds--and 
not always at c, as quantified in the equation (1.46). Even though the change in the wavelength of 
scattered X-rays corresponded to the difference between electron energies at the start of collision, as 
well as the kinetic energy of the recoil electron, it did not necessarily prove that X-ray radiation 
consists of particle photons. Once again our conviction is that an X-ray wave carried energy, but itself 
has no rest mass and does not exhibit the force of gravity on other particles. Additionally, the radiated 
X-ray waves did not have a center of gravity. Hence, this experiment failed to prove that light and X-
rays consist of photon particles.  

 
The analogy made between the X-ray and electron collision event in Compton’s Effect with 

billiard balls colliding is not a perfect one. In the X-ray collision event, the magnitude of components 
of momentum vectors in Y-direction for the recoil electron and the scattered X-rays are non-zero, 
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though the magnitude of component of momentum vectors for the electron and the X-rays in Y-
direction at the start were zero. In a billiard ball collision event, if a cue ball had zero momentum in 
Y- direction,  normal to the travel, the momentum component of the target ball in Y-direction, normal 
to the motion will have zero value if the cue ball collides with the target ball in X-direction. In this 
sense the motion of billiard balls completely obeyed rules of Newtonian classical mechanics while X-
ray collision event in Compton’s Effect did not obey the rules in strict sense.  

 
Our explanation about the results of these experiments showed that their results did not 

necessarily prove that light energy consisted of photon particles. In fact, the entire spectra of signals 
(radiation) uniformly consist of waves with different wavelengths and are completely characterized 
by the wave properties.  Our extensive analysis of the results of three experiments provides 
compelling evidence that the particle model of light and radiation waves is a convenient inference and 
is correct only from the point of a false inferential premise. The photon particles described by 
Einstein and other physicists are hypothetical particles. We will call the hypothetical particles virtual 
particles because they are imaginary particles, not real particles. As per our explanation we provide 
the following definitions of a real particle and a virtual particle.  

 
A real particle is characterized by definite rest mass Mo, occupying a definite volume of non-

zero value, possesses a unique center of gravity position, and it exerts a force of gravity on other 
particles with rest mass M  kg, that leads to its acceleration a m/s2, that has value as described by 
relation a = G × M/ r2, where G is the Universal constant of gravitation and r is the separation 
distance between those particles. 

 
A virtual particle is an entity which possesses energy, lacks rest mass, occupies an indefinite 

volume in space, and does not impose a force of gravity, but may or may not impose other types of 
forces such as magnetism.  
 

From our definition it is obvious that virtual particles lack a static center of gravity. Further, 
light and radiation waves are continuously propagating in space. It is not feasible to prevent 
propagation of light and radiation waves in space. A light photon cannot be brought to rest. As a 
consequence of the particle definition stated, all energy waves in the spectrum are classified as virtual 
particles. We shall also declare virtual particles as quanta (singular quantum) of radiation waves and 
suitably characterize them as wave entities. We will purposely use different terms other than 
Einstein’s “photons”; he called them photons without distinction whether they were real or imaginary 
particles. He confused the world physics community by declaring the dual nature of light as a particle 

and a wave. According to the equation (1.43) each quantum of radiation possesses h × Joules of 
energy. Therefore, we conclude that all types of radiation energy waves, including visible light 
waves, are not real particles and are not influenced by the force of gravity.  
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In the following section, we will focus on experiments that will demonstrate that light is 
indeed a form of energy waves. In particular, our focus will be to characterize Doppler’s Shift Effect 
as it relates to sound and radiation waves. Furthermore, we will analyze the motion of fan blades 
while they are exposed to light. The advocates of the corpuscular theory of light used this experiment 
to establish particle nature of light. We will show that their effort did not serve its purpose. 

 
 

1.7 Wave Nature of Light:Experiments 
 

In section 1.6, we proved that the experiments that were performed to verify that light exhibited 
particle behavior in certain situations did not provide convincing results. Instead, we were able to 
prove that the wave model for the behavior of light better represents the nature of light than does the 
particle model. In next subsection, we will describe the facts and experimentation that prove that light 
behaves as a wave in all instances. Specifically, we will consider the effect of Doppler’s Shift. 
Doppler’s shift has important applications in astronomy, daily commerce, and national defense. In 
astronomy, it is utilized to estimate distances of remote galaxies and determination of the size and the 
age of Universe. In routine commerce, it is employed by traffic police to catch drivers speeding on 
highways and streets. It is used by flight control towers to navigate air traffic using radar. In military 
defense, its principles are applied for the locating and determining the aspects of mobile enemy 
targets using radar systems on aircraft, as well as surface ships at sea. Furthermore, we also see the 
use of sonar by surface ships and submarines. We will also describe the details of the rotating fan 
blades experiment. We will then validate our conclusion by citing examples of several interesting 
phenomena to support our argument cogently.  
 

1.7.1 Doppler’s Shift 
 
The most remarkable distinction between waves and particles is that particles cannot exhibit 
Doppler’s shift. It is well known that a reflected signal from a mobile target has a phase shift, being 
shifted in frequency compared with the frequency of the original output signal. This fact was first 
discovered by an Austrian physicist Christian Johann Doppler in 1842. He observed that the sound 
(waves) emitted from a receding and approaching train had a different pitch when heard by a 
stationary observer. The pitch was higher when the train was approaching the observer and became 
lower when it was receding away. A similar phase and frequency shift behavior was also detected for 
the entire electromagnetic wave spectrum. There are two important aspects of Doppler’s principle. 
We would like to point out that the shift of the radiating signal occurs only when the distance between 
the source and the observer is changing. Secondly, the shift in the frequency observed is an apparent 

shift, but in reality, the wavelength of emitted and received signal has not changed.  
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The Doppler’s effect is consistently being observed for signals in transit, whether they be 
sound energy, light wave energy, x-rays, or infrared signals. A common misconception about 
Doppler’s shift is that the wavelength of the reflected signal is deviated by relative motion between 
the source and the observer. In reality, only an apparent shift in frequency is occurring. The 
wavelength of the reflected signal does not change. It is well known that the frequency shift is 
directly proportional to the velocity of the target.  This is Doppler’s popular principle that allows one 
to measure the velocity of a target object by measuring the frequency shift. Doppler developed 
following expression to compute the speed of a target (or source, should the target be stationary) by 
measuring the shift in frequency in the sound wave at the observer site. 

 
Doppler’s shift formula     fo = fs × (v + vo)/(v - vs)        (Hertz)  (1.47) 
  
where v speed of sound waves or sensed signals, fo shifted frequency, vo observer speed (+ve toward 
and negative away from source), vs source speed (+ve if toward and negative away from observer), 
and fs  source frequency of sound or sensed signal 

 
According to Doppler, the frequency or tone originating from the whistle of a moving train 

was sharper than when it was at a standstill. He measured the shift in frequency and determined that it 
is proportional to the speed of a train. This shift is popularly known as the Doppler shift. We believe 
that the Doppler’s effect should not affect the wavelength because the same shift in frequency should 
occur if the train is standing still and the observer is moving toward the train. Therefore, the 
Doppler’s effect results in the change of the relative speed of the traveling wave front. The sound 
appears to be arriving at a higher speed and with a sharper tone, than if both the observer and the 
train were not moving.  

 
Radar technology is a prime example of the application of the principle of Doppler shift.  

Scientists measure the shift in the frequency of the reflected signals returning from a mobile target 
and the time of flight of a ~50GHz radio frequency signal in order to determine the exact location and 
aspect of the target. The Doppler shift noted in frequency is directly proportional to the velocity of the 
moving target from the perspective of a static source. Scientists typically assume that the wavelength 
of the returned signal remained the same (second order effect on the computation). The Doppler 
Effect is applied by radar systems to determine whether the speed of drivers is in violation of the 
speed limit. Astrophysicists use the effect to measure the velocities of receding and approaching stars, 
galaxies, supernova and other celestial objects relative to the Earth. 

 
For light waves, the Doppler shift is characterized as either blue shift or red shift, depending 

on whether the source of the wave is approaching the observer (an increase in frequency, a blue shift)  
or receding from the observer (a decrease in frequency, a red shift) [20]. Also, the fact remains that 
the measured Doppler shift has two values, depending on the direction and the speed of the source in 
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relation to the observer. A source of signal cannot create signals of two distinct frequencies at one 
instant which differ by 2. According to Einstein’s theory, the measured lengths of rods in inertial 
systems is always smaller than the measured length of rods in a base reference system. As explained, 
Doppler’s effect predicts the high and low frequency values. Therefore, STR is not consistent with 
Doppler’s effect. Furthermore, presently, to determine Doppler shift for light signals, the relativistic 
frequency shift formulae is used based on the assumed constant of the speed of light, as proposed by 
Einstein’s STR principles. Since we proposed a varying speed of light (VSL) within the body of the 
Skylativity® theory, the formula expressing the Doppler shift for light and radiation waves is the same 
as expressed for sound waves (1.47).   

 
This is a very important observation for light and other radiation energy waves; the fact that 

the Doppler shift affected the wavelength reveals a significant error in what was proposed by STR.  
The proposed process for a source of radiant energy (light) is the vibrations of electrons emitting 
energy when the electrons are transitioning from one quantum state to another, from an unstable high 
energy state back to its ground state. According to Niels Bohr’s atomic model, these changes in 
energy were quantized according to each element and the shell to which the electron belongs.  

 
We will continue our discussion of radiation frequency variation with the presence of gravity 

in Chapter 8. At present, it will be sufficient to state that the wavelength of light waves are created 
due to the disturbance of the state of fundamental particles, and should not be affected by the 
macroscopic Newtonian motion of the molecules. Furthermore, the classical Doppler shift * of a 
light wave of frequency , traveling at an angle  to the direction of motion for two inertial systems 
moving with the speed v with respect to each other [4], is expressed by  
 

* =  (1 – cosv/c))        (1.48) 
where v is the speed of object in an inertial system and is the orientation of the velocity vector. 
 

One of the common mistakes made is that it is presumed that the wavelength of a travelling 
wave changes when the signal is propagating with a mobile medium. In general, the wavelength of 
any type of signal produced is the function of the spatial dimensions of the source. For instance, 
sound waves are produced by vibrations of gas molecules, strings, and tuning forks. Light and 
radiation energy waves of x-rays, Lasers and infrared rays are created by oscillations of electrons in 
the atoms of the source. We are implying that the motion of source will only affect the frequency of 
the signal and not the wavelength. The wavelength of travelling waves is only changed if the 
characteristics of the medium are altered. For instance, the speed of sound waves and the wavelength 
of a sound signal in water is different from the wavelength in air. Similarly, the transitional 
wavelength of light differs through air than through glass, and still differently through water. This is 
because the medium of glass and water have different indices of refraction than does air. It is 
interesting to note that, generally, the speed of sound waves increase in a denser medium than a rarer 



64          Chapter 1 
 

medium. It is found that the speed of light waves decreases in a medium with a higher refractive 
index than air. The wavelength of light in a medium with a high index of refraction is shorter, and its 
speed is less than in the vacuum space.  

 
The proponents of the particle nature of light suggested yet another experiment to justify that 

light behaved as a particle. They performed an experiment in which blades of a miniature fan were 
exposed to light. The idea was to demonstrate that light photon particles actually transferred their 
momentum to fan blades when the blades were struck by light waves. Their intention was to show 
that the blades were rotated by the impact, the transfer of momentum. Therefore, in Section 1.7.2, we 
will explicate the reasoning and the result of the experiment, which involved the rotation of fan blades 
coated with a semiconductor, a photosensitive material. The fan blades were exposed to light waves, 
showing how it actually proved that light is comprised of waves rather than particles. 

 

1.7.2 Rotation of Fan Blades 
 
The idea of rotating fan, an early experimental discharge tube “Crookes tube” to study characteristics 
of rays was not new. It was originally invented by an English physicist William Crookes and others 
around 1869-1875, who discovered that streams of cathode rays were indeed particles, electrons. A 
schematic arrangement of Crookes apparatus and a photograph of his tube are displayed in Figure 
1.24. Cookes placed tiny vane blades on a light paddle wheel in the path of the cathode rays, and 
found that it rotated when the rays hit it. The paddle wheel turned in a direction away from the 
cathode side of the tube, validating that the motion of the wheel was caused by particles coming from 
the cathode. Crookes concluded at the time that cathode rays have momentum, so the rays were likely 
particles of matter. It was not known that cathode rays were electrons at that time. However, later it 
was concluded that the paddle wheel turned, not due to the momentum of particles hitting the paddle 
wheel, but due to the radiometric effect. 

    

(a) (b) 

Figure 1.24 Schematic arrangement of Crookes tube (a)  Essential components; Cathode, light paddle wheel, 
anode and a vacuum tube (b) An actual photograph of the apparatus 
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 The radiometric effect was proven by J. J. Thomson in 1903. He calculated that the 
momentum of electrons hitting the paddle wheel would be small enough to turn the wheel at the rate 
of only one revolution per minute. Therefore, he suspected there must be another reason for the 
motion of the paddles. He figured that when the rays hit the paddle surface they heated it, and the heat 
caused the gas near it to expand, pushing the paddle. We illustrated this experiment to show that it is 
very easy to draw incorrect conclusions in delicate experiments involving miniscule amounts of force. 
 

The supporters of the particle theory designed a similar experiment with an intention to 
demonstrate that mechanical pressure from light waves transferred a momentum and a force to the 
blades of a fan. They specifically prepared the fan with very thin (light weight) blades so that it will 
move with as small a force as possible. The blades were coated with a thin layer of photosensitive 
material, and the fan was exposed to light rays. They discovered that the blades started rotating in a 
direction that would indicate that photon particles from the light transferred linear momentum into a 
torque. A construction of this fan and the apparatus is illustrated in Figure 1.25.   

 
 
 
 
 
 
 
 
 
 
 

 
Figure 1.25 Rotation of fan blades coated with photo-sensitive material. Fan starts rotating as it’s blades 
experience charge force from electrons and holes charges on different blades created by exposure of 
semiconductor material to light. 
 

Our view about the results from this experiment is that it did not prove that light waves are 
particle photons. The reason is simple; the size of photons possessing zero rest mass is very small 
compared to the mass and the momentum change associated with the blades. Further, the fan blades 
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would not rotate if they were not coated with photosensitive material.  The performers of the 
experiment erroneously concluded that photons were impinging upon the blades, transferred their 
momentum. Therefore, we conclude that a closer examination is necessary to analyze the rotation of 
fan blades by light.  
 

Figure 1.26 illustrates a detailed view of a pair of blades. The blades were made out of a very 
thin film of ceramic, which has very high dielectric constant compared to air. Also, the thin film 
decreased the weight of the film, and the whole fan weighed less than an ounce. These blades were 
coated with photosensitive material.  When the blades were exposed to an intense light beam, many 
electrons in the outer shell of the photosensitive material absorbed the light wave energy. They 
jumped to a conduction band, became free electrons, and left behind holes in the bound state of the 
surface atoms. The free electrons accumulated on the surface of the blade. 
 

 
Figure 1.26 Details of the charges on a pair of fan blades exposed to a beam of light. A torque is developed 
when the thickness of the film that is pasted, is larger than the thickness of the fan blades. 

The peculiar ways electrons emit and absorb light, as well as other non-electromagnetic 
waves classed such as infrared, x-rays and gamma rays are of significant interest to us. We shall show 
that these classes of waves are distinct from electromagnetic radiation. We will categorize them as 
Planck waves. In fact, based on this new classification, we shall develop a new chart of frequency 
spectrum in Chapter 2. At the moment, we shall continue our discussion on why the thin 
semiconductor-coated fan blades were set in motion by incident light. One can relate this situation 
with the creation of static charges built-up on silk when it is rubbed with fur. We observe that a body 
with charge buildup can set in motion charge free matter, such as human hairs that repel one another. 
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As we will notice, the unbalanced charges on the polarized blades have potential to create a torque 
that sets the wheel in motion. Let’s examine the details more closely, inasmuch as this is exactly what 
happened in this situation. 

 
When the light waves hit the blades with a photosensitive material coating, many (valance 

band) electrons and “hole” counterparts were created. This is the result of electrons absorbing the 
energy from the incident light. The freed electrons are in the conduction band and charge the surface 
of the blade negatively, while the other side of the blade is positively charged because “holes” are 
created in the outer orbits of surface atoms, being less one electron. The negative charge on one-half 
of one blade is attracted to the positive charge on the adjacent blade. The force of attraction between 
the polarized, charged blades created a momentum realizing torque that resulted in the rotation of the 
fan blades.  

 
Thus, this experiment did not prove that light is comprised of photon particles. Instead, it 

proved that it is a wave. In sections 1.7.3 and 1.7.4, we will show more examples that strengthen our 
conclusion that light always behaves as energy waves, and never as particles. The nature of  examples 
stated in these sections are is such that one cannot provide experimental evidence to prove wave 
nature of light. 

 

1.7.3 Bright and Dark Sides of the Earth 
 
We all know that the side of the Earth facing the Sun is illuminated during the daytime for that region 
of the Earth. On the other side of the Earth, it is dark and is nighttime for that part of the Earth. If 
light is comprised of photon particles, as described by Einstein, it should be possible, let’s say, to 
bend rays of light by the influence of some kind of force field in order to illuminate a small part of the 
dark side,  a very tiny fraction, such as, a few feet. This is an extremely difficult experiment to 
perform. There is no such evidence that this experiment has ever been performed.  
 

A major deficiency of the particle model for light stems from the fact that white light from 
the Sun consists of the seven primary colors of the rainbow. There is no explanation from Einstein’s 
theory of relativity about how the photons corresponding to various colors of different frequency and 
that the wavelengths are somehow combined into photons of white light. Also, it is difficult to 
explain, based on the particle theory, how the photons of white light, when passed through a prism, 
can be split into photons of different colors, a dispersion phenomenon. Splitting white light into 
different colors due to the dispersion effect is very easy to observe naturally. For instance, daily at 
Sunrise (dawn) and Sunset (evening), we see the red colored light more distinctly than the other 
colors. The index of refraction is different for the red color than the blue color. An interesting fact is, 
in the morning at sunrise, and during sunset in the evening, we see red color in the sky.  But during 
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the day we see a blue-colored sky. The reason for the different colors is that the light waves are 
preferentially scattered by the Earth’s atmosphere, depending on the angle of incidence of the rays of 
sunlight relative to the surface of the Earth’s atmosphere. During sunrise and sunset the angle is such 
that blue rays are scattered to a minimum extent and red colored light is scattered to a maximum 
extent. During the daytime the angle of incidence of sunlight is such that the atmosphere scatters the 
bluish spectrum of color to a greater extent. The preferential scattering of light is more easily 
explained by the wave theory of light than the corpuscular particle theory in its attempt. 

 
From our extensive discussion in this chapter, you will have been convinced that all of the 

chemical and electrical properties of events related to light can be explained by strictly stating that 
light is a wave similar to x-rays and infrared waves. The bending of light through the atmosphere and 
through high density materials, such as fluids like water and oil, or solids like glass and the human 
body, etc., can be more easily explained by theorizing it as being a wave. The same is true for the 
reflection of light from shiny surfaces. Another example is seen by the behavior of light propagating 
through a fiber optic cable. Light can travel through the curves and angular bends of a fiber optic 
cable. A wave can create a curved path by what is described as multiple internal reflections 
phenomena. If light was a particle, or corpuscular in form, it would not appear at the end of the tunnel 
of the fiber optic cable. In Section 1.7.4, we will address more examples that provide proof that light 
behaves and therefore exists as a wave and not a particle. 

 

1.7.4 More Examples 
 
Several phenomena have been investigated to explain the dual behavior of light being a wave or a 
particle. For instance, one of the controversies in the earlier years, that light is a particle, was from 
photo voltaic cells which were producing an electrical voltage difference by exposing these cells to 
the sunlight. When the semiconductor material of photovoltaic cell is exposed to light, electrons in the 
atoms of the material absorb light wave energy. The electron’s energy state changes to the conduction 
band. The charges complete the circuit of a power source, and current flows. Previously, this effect 
was classified as being caused by the particle nature of light.  This, however, is not a correct 
classification, because wave energy can dislodge the electrons from the photosensitive material to 
create the potential differences between the electrodes of the photocells, causing a current flow. 
 

The second example is the use of monochromatic light beams to etch film processing; light 
sensitivity. The etching of thin films is very commonly utilized in the fabrication of semiconductor 
circuits. With the advent of ultra large scale integration (ULSI) technology, it is possible to analyze 
the nature of etched surfaces, using various techniques. The photographs taken by SEM, TEM, AES, 
and other means, distinctively show the side encroachment (under and over) in the etching processes. 
The surfaces etched are very much an analogue in nature, or continuous, from the defect point of 
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view, and are smooth and round shaped. If the nature of light was corpuscular, the edges would be 
rough, being made a microscopically corrugated surface by the indiscriminate impact of supposed 
particulate photons.  

Finally, let us state an example provided by popular shows that integrates music and dancing 
laser beams, whereby the light beams intersect in the sky, on streets, or inside an auditorium. If one 
carefully observes, the path of each light beam, after the intersection of another beam, does not alter it 
in any way. The beam continues to travel in a straight line. Moreover, the color characteristics of the 
beam remain the same. If the light, or photons, were particles, the trajectory of the intersecting beams 
should be affected, at least by some percentage. We are suggesting that an experiment be conducted 
in which one would analyze the wavelength of the beam of light after an intersection to observe if any 
alternative interaction occurs. Our assertion is that the wavelength of the light beam will be the same 
as that emitted from the source when measured after the point of intersection. To improve the contrast 
and facilitate the measurement, two different colored sources of the light beam should be used. 

 
WHAT IS NEXT? CHAPTER 2: Quantum Theory of Radiation (QTR) 
 

 Distinguish radiation energy waves (visible light, X-rays, infrared, microwaves) 
from radio frequency electromagnetic waves. 

 Define a meaning to true speed of light c and sense of absolute time. 
 Discuss path of light through a pair of Newton prisms, entropy considerations. 
 Dispersion and deviation of light through prism. 
 Differentiate properties of waves from particles. 
 Origin of radiation waves: a quantum phenomenon 
 Establish  quantum nature of radiation waves and identify them as Planck waves. 
 Describe energy content of RF EM waves and Planck Waves. 
 Michael Faraday’s experiment, investigating EM nature of light. 
 Polarization characteristics of light and EM waves. 

 

Internet and magazine references 
A. Michelson’s interferometer- Wavelength of laser beam 

http://amrita.vlab.co.in/?sub=1&brch=189&sim=1106&cnt=1  

B. Doppler effect and sonic booms (Doppler shift well explained) 
http://philschatz.com/physics-book/contents/m42712.html  

C. Rutherford Scattering 
http://marty-green.blogspot.com/2012/04/rutherford-scattering.html  

D. Rutherford Scattering (Harvard University) 
http://isites.harvard.edu/fs/docs/icb.topic644529.files/Rutherford%205460_chap1_2.pdf 

E. Physics Myths and Physics Facts, Flows in Concepts and Theories of Modern Physics 
http://www.physicsmyths.org.uk 

http://amrita.vlab.co.in/?sub=1&brch=189&sim=1106&cnt=1
http://philschatz.com/physics-book/contents/m42712.html
http://marty-green.blogspot.com/2012/04/rutherford-scattering.html
http://isites.harvard.edu/fs/docs/icb.topic644529.files/Rutherford%205460_chap1_2.pdf
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1.8 Summary 
DEFINITIONS 
Real particle: It is characterized by definite rest mass Mo, occupies definite volume of non-zero 
value, possesses an unique center of gravity and exerts a force of gravity on another particle with rest 
mass M  kg that leads to its acceleration a m/s2 whose value is described by the relation 

 
a = G × M0/ r2 
 

where G is universal constant of gravitation and r is the separation distance between two particles. 
 
Virtual particle: It is an entity which possesses energy, lacks rest mass, occupies indefinite volume 
in space, and does not project force of gravity, but may or may not project other types of force such as 
the magnetic force. We classified light energy as virtual particles and as quanta of radiation. 
 
Obviously, virtual particles lack center of gravity. As a consequence of particle definition described 
here, all energy waves in the spectrum are classified as virtual particles, and are most suitably 
characterized as wave entities. Also, energy and light waves are not deflected by force of gravity. 
 
Isolated system: In an isolated system, energy does not cross the boundary of the system due to 
interaction with an environment.  For this system, the total energy of the system remains constant. If 
it were the case that only conservative forces acted on an isolated system, we can apply the work-
kinetic energy theorem if the only change in the system is in its speed. 

 
Integrated system: An energy model of a system is integrated if, within the system, energy crosses 
the boundary of the system during some time interval due to interaction with the environment, such 
that the internal energy of the system (temperature, enthalpy) is modified. This results in a change in 
the system’s total energy.  
 
Elastic collision: A collision between two objects is deemed as elastic if the total kinetic energy of 
the system as well as the total momentum of the object is conserved, meaning that the values of 
kinetic energy and momentum before and after the collision will remain constant.  

 
Inelastic collision: A collision between two objects is inelastic if the total kinetic energy of the 
system shows difference following the collision, but the total momentum of the system is conserved. 
When two objects stick together after the collision, the collision is called perfectly inelastic. 

 
Space: It is a physical entity that exists which is capable of storing and transporting other physical 
entities such as matter, energy and information without resistance or with least obstruction. 
 



 
  An Introduction to Relativity         71 

  

CONCEPTS AND PRINCIPLES 
 

 Light rays arriving from the distant stars behind the Sun are refracted by the Sun’s hydrogen 
atmosphere and not deflected by the Sun’s gravitational field. The effective value of angle of 
deviation of star light rays is computed by a relation from R.C. Gupta. 
 

2 G k × Mʘ / (Rʘ × c2) 
 
where G is the Universal constant of gravitation,  Mʘ solar mass, Rʘ  solar radius,  c  is 
speed of light and 1 < k < 2 is a factor that depends on the density of hydrogen atmosphere in 
the proximity of rays. 
 

 Michelson-Morley experiment was designed to measure velocity of the Earth with respect to 
a hypothetical ether frame, but failed to show the fringe shift in the interference pattern and 
corresponding Newton’s rings. This is because the speed of light is invariant if the distance 
between the light source and the observer is not altered during the experiment. The 
experiment setup does produce fringes if mirror B is moved by distance x m. The 
arrangement can be used to measure and calculate the wavelength of light from a source that 
is unknown by the equation 2x = mwhere m is the number of circular fringes shifted and  
is the wavelength of the light source. 
 
A slightly modified arrangement can be employed to measure the index of refraction  of a 
gas column if the wavelength of light k is known by using the expression 
 

2L × ( -1) = m × k 
 

 Review of particle motion in one dimension under constant acceleration in Cartesian 
coordinate system. 

   vf = vi + a × t 
   
   vavg = (vi + vf)/2 
 
   xf = xi + vavg × t 
 
   xf = xi + vi × t + ½ a × t2 
  
   vf

2 = vi
2 + 2a × (xf – xi) 

 
where vf  is the final velocity, vi is the initial velocity of particle, vavg  is the average velocity 
of particle, xf  is the final position, xi  is the initial position, and a is the constant acceleration. 
These formulae hold well for motion in multi-dimensional systems, and for the polar and the 
spherical coordinate systems. 



72          Chapter 1 
 

ANALYSIS MODEL FOR PROBLEM SOLVING 

     
 Einstein modeled the maximum kinetic energy of electrons emitted during the photoelectric 

effect. This is a process in which electrons are ejected from a shiny metal surface when it is 
exposed to a light of frequency corresponding to a wavelength below threshold value. The 
kinetic energy of emitted electrons is  obtained by Einstein’s equation 
 

½ me V2
max = h ×     



where me  is the mass of electron, Vmax is the maximum velocity of photoelectron, is the 
work function of the metal, h is known as Planck’s constant, and is the frequency of UV 
light. The work function of the metal is related to the threshold frequency by expression 

  
h ×         



 When high energy accelerated electrons are collided with a metal target, the 
Bremsstrahlung spectrum of x-ray is obtained, a short wavelength limit x-ray event. This 
x-ray emission was sharply cut-off at a certain minimum wavelength (or corresponding 
maximum frequency) which was only dependent upon the accelerating potential. According 
to a law validated by Duane and Hunt, the minimum wavelength m varied linearly with the 
accelerating potential and is evaluated by the expression  
 
         1/m = [e/ (h × c)] × V0  

 
where e is the charge on an  electron, V0 is the accelerating potential, h is known as Planck’s 
constant, and c is the speed of light. 
 

 X-rays are scattered at various angles of different wavelengths than incident wavelength by 
electrons in a target. In such a scattering event, a shift in wavelength is observed for the 
scattered x-rays for each angle, a phenomenon known as the Compton Effect, in which x-ray 
intensity at a scattered angle peaks. It was discovered that if the system of x-rays and 
electrons is treated as a collision between virtual particle x-ray and real particle electron, 
conservation of energy and linear momentum is applied, yielding the computation of 
Compton shift from the relation 

 - 0 = [h/ (me× c)] (1- cos     



where 0  is  the wavelength of incident x-ray, me is the mass of an electron,  is the 

scattering angle, h is known as Planck’s constant, is the wavelength of scattered x-ray, and 

c is the speed of light.
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APPLICATIONS 
 

 The change in frequency of a wave signal sensed by an observer whenever there is a relative 
motion between a source of the wave signal (audio, video and EM) and the observer is called 
the Doppler Effect. The observed frequency is related to the source frequency 
 

fo = fs × (v + vo)/(v - vs)        (Hertz)        
 
where v is the speed of sound waves, or sensed signals, fo is the shifted frequency, vo is the 
observer speed (positive toward and negative away from source), vs is the source speed 
(positive toward and negative away from the observer), and fs is the  frequency of source. 
 

 Rotation of the fan whereby blades were coated with photo-sensitive material; did not prove 
the particle nature of light. The fan was rotated by torque generated by the Coulomb force 
between charge particles. An opposing local concentration of charges was created on the 
blades by the absorption of energy from the incidental light waves.   

 
Exercises 
Questions 
 

A heart () denotes objective question and a question with a diamond ()  requires analysis. 

Answers to all questions () and (), and problems () and () are included at the end of exercises. 
 

1. Discuss succinctly the three most controversial aspects of Special Relativity Theory 
principles as postulated by Albert Einstein.  
 

2. Explicate briefly why light is not a particle by stating at least three reasons. Substantiate your 
reasoning with diagrams describing light as mass-less energy waves.   

 
3. Expound statement “Trajectory of Star light passing by the Sun is refracted by  the hydrogen 

atoms in its atmosphere and not deflected by its gravity” using Snell’s law.  
 

4. Explain controversial aspects of General Relativity Theory postulated by Einstein.  
 

5. What are the causes for failure of Michelson’s apparatus which did not allow him to measure 
the orbital speed of the Earth around the Sun. Give reasons why he did not observe Newton’s 
ring through an eyepiece of the telescope in the apparatus.  
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6.  A spring-mass system is suspended from the ceiling of an elevator. When the elevator is at 
rest, the system oscillates with period T. The elevator then starts to move upward with an 
acceleration of a = 0.2g. During this constant acceleration phase, what will be the  period of 
the spring-mass system?  

 
(A) √0.2 T. 
(B)  √5 T 
(C)  T 
(D)  25T 
(E)  .05T 

 
7.   A block of mass m at rest on the horizontal bed of a truck is accelerating at a m/s2. The 

coefficient of static friction between the truck and the block is s. The force of friction acting 
on the block is  
 

(A)  Zero 
(B)  s × mg 
(C)  s 
(D)  ma 
(E)  s × ma - s × mg 

 
8.  Which of the following defines a conservative force?  

 
(A)   

 
F • dA = 0 or  F =  

(B)  The force must be frictional. 
(C)   

 
F • dr = 0 or × F =  

(D) The force must be nuclear. 
(E)  The force must be strong. C 

 
9.  What is the fundamental physics basis of Snell’s law?  

 
(A)  The first postulate of special relativity 
(B)  Fermat’s principle of least time 
(C)  The uncertainty principle 
(D)  Newton’s first law 
(E)  The Pauli Exclusion Principle 
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10.  Which of the following is NOT a correct statement about the photoelectric effect?  
Assume  = threshold frequency  of a metal and  is incident frequency.  

 
(A)  There is no photocurrent unless  > . 
(B)   is characteristic of the cathode material. 
(C)  Above the flux of electrons per second increases as the intensity of incident light. 
(D)  The stopping potential V0 is proportional to2. 
(E)  The stopping potential is directly proportional to . 

 
11.   In a Coolidge tube, electrons are accelerated to energy of 10 keV for x-ray production. 

What is the energy for x-ray quantum produced?   
 

(A)  from 0-1 keV 
(B)  from 0-5 keV 
(C)  at 10 keV 
(D)  10 keV and higher 
(E)  from 0-10 keV 

 
12.  Which of the following most correctly describe Mosley’s law of x-ray emission (here  is 

the x-ray frequency)?  
 

(A)   is proportional to Z for x-rays. 
(B)   is proportional to Z3 for x-rays. 
(C)  is independent of Z. 
(D)   is proportional to 1/Z2 for x-rays. 
(E)  is proportional to Z2 for x-rays. 

 
13.   Which of the following is NOT a true statement about the fluorescence?  

 
(A)  It is the emission of electromagnetic radiation. 
(B)  The process takes place in about 10-8s. 
(C)  A quantum of light is scattered elastically  
(D) Ultraviolet quanta may thereby be converted to visible quanta. 
(E)  Often fluorescence is quenched by collisions. 

 

14.  A stretched string is vibrating with four loops. If the frequency is increased by a factor of 
four, the number of loops formed would be  (A) 1, (B) 2, (C) 16, (D) 4, and (E) 8 
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Problems 
 

A spade () indicates that solution of the problem demands research outside this text book.  
A club ()  denotes that solution of the problem requires substitution of values in a formula. 
 

1.  A metal ball is dropped into a deep well with water on the very bottom. The time taken 
between dropping the ball from rest to hearing it splash into the water is 6.0 s. What is the 
depth d of the well?  Assume  speed of sound in air Vs = 330 m/s.  

 
2.  Consider a coin is being dropped into a wishing well. Determine the depth d of the well if 

the time T between releasing the coin and hearing it hit the bed of the well is 2.0 s. The speed 
of sound in air is 330 m/s.  

 
3.  In a ballistic pendulum shown in figure P1.3 a bullet of mass m = 10 g hits and becomes 

embedded in the pendulum’s block of mass 2.0 kg. Given that the initial velocity of the bullet 
is 201 m/s, determine the height the ballistic pendulum is raised by the impact.  

 

 
Figure Problem 1.1 & 1.2    Figure Problem 1.3 & 1.4 
 
4.  A 10g bullet is fired into a 2 kg ballistic pendulum similar to problem 3. The bullet remains 

in the block after the collision, and the system rises to a maximum height of  36 cm. find the 
initial speed of the bullet.  

 
5.  A man jumps off a building 202 m high on to cushions having a total thickness of 2 m. If 

the cushions are crushed to a thickness of 1.0 m, what is the man’s average acceleration as he 
slows down?   

 

 

d 

h 
v 

Initial Final 
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6.  A pendulum of length l is attached to the roof of an elevator near the surface of the Earth. 
The elevator moves upward with an acceleration a = 1/2g. Determine the linear frequency of 
the pendulum’s oscillation.  
 

7.  A simple pendulum of length 1 m is suspended from the ceiling of a train compartment. If 
the train accelerates at three-fourths the acceleration of gravity, determine the height of the 
bob vertically below the ceiling under equilibrium condition.  

 
8.  For Atwood’s machine where the one hanging mass is four times the other on a pulley, find 

the acceleration of lighter mass.  
 

9.  An object is projected upward near the surface of the Earth, but is also subjected to a 
resistive force v. Determine the time taken to reach the maximum height. Define = /m for 
simplicity.  

 
10.  Determine the value for the time of flight of a projectile near the Earth’s surface subject to 

a resistive force FR = -v. Let  = /m and V0y vertical component of launch velocity at t = 0. 
 

11.  What is the vector force due to potential energy U = krn 
 

12.  The potential energy of a particle moving in one dimension is U(x) = ½ x2 + ¼ x4. 
Calculate the force projected by the particle.  

 
13.  A particle of mass m moves in one dimension subject only to a resistive force FR = -bv.  

Let  = b/m = 2.0 s-1 and the initial speed be 100 m/s. What is the distance travelled by the 
particle at t = 0.5 s?  
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Figure: Problem 1.14    Figure: Problem 1.15  
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14.  A neutron of kinetic energy T = 1876 MeV is incident on a neutron at rest. The neutron 
scatters at an angle during an elastic collision event with another neutron. Given that mass 
of a neutron mn = 938 MeV/c2. Determine .  
 

15.  Newton’s rings are observed with a Plano-convex lens resting on a plane glass surface. If R 
is the lens radius or curvature, m is the order number, and  is the incident light wavelength, 
then find the expression for the radii of dark interference rings r, in terms of m, and R such 
that r << R.  
 

16.  A Michelson interferometer is used to measure the wavelength of a monochromatic light. 
When the movable mirror is displaced by a distant 0.1 mm the number of fringes moving into 
the center of Newton’s ring pattern is 400. Computer the wavelength of light.  
 

17.  A Michelson Interferometer with light of vacuum wavelength 580 nm is used to determine 
the index of refraction of air. A cell of length 20 cm is placed in the path of one of the beams 
and air is pumped out. The air is then let in slowly through a valve and the numbers of 
circular fringes moving in at the center are counted. When all the air is in, the number of 
fringes counted is 200. Determine  the index of refraction of air by this measurement. 

 
 

 
 

 

Light 
Source 

Mirror A 

Mirror C 
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Interference 
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Figure Problem 1.16: Michelson Interferometer, Measurement of Wavelength 
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18.  Light of wavelength 450 nm is incident on a surface of a magnesium strip for which the 
threshold wavelength of the photoelectrons is 3370 nm. Calculate the work function  of 
magnesium. 
 

19.  Photoelectrons are found to be ejected from gold surface when the wavelength of incident 
light is below 243.1 nm. If the wavelength of incident photon is 150 nm, then what must be 
the stopping potential V0 to stop ejection of photoelectrons?  

 
20.  What is the speed of the photoelectron ejected from silver surface? Given that the threshold 

wavelength is 263.8 nm and the wavelength of incident light is 160 nm. 
 
21.  If radiation of wavelength 5000 A is incident on a surface of work function 1.2eV, find 

the value of stopping potential. Assume 1 eV = 1.6 × 10-12 erg and h = 6.62 × 10-27 erg s. 
 

22.  The energy of photoelectrons emitted from a photo-sensitive plate is 1.56 eV. If threshold 
wavelength is 3500 A, calculate the wavelength of incident radiation and describe the energy 
form. Given that 1 eV = 1.6 × 10-12 erg and h = 6.62 × 10-27 erg s. 

 
23.  A metal has a work function of 2.0 eV. It is illuminated by monochromatic light of 

wavelength 500nm. Calculate 
a) The threshold wavelength, 
b) The maximum energy of photoelectrons, and 
c) The stopping potential. 

 
Given, Planck’s constant, h = 6.6 × 10-34 J s, Charge on electron e = 1.6 × 10-19  
and 1 eV = 1.6 × 10-19  

 
 

 
 
                                                                  
 
 
 
                                  
 

 
Figure: Problem 1.25    Figure: Problem 1.26 



80          Chapter 1 
 

24.  In the photoelectric effect, the threshold wavelength is 275.6 nm. If light of wavelength 
170 nm is incident on a metal substance, what is the value of the kinetic energy of the 
photoelectrons?  

 
25.  X-rays of wavelength 3 × 10-10 m are incident on a material. The scattered X-rays observed 

at 45 have wavelength shift due to the Compton Effect. Calculate the scattered wavelength.  
 

26.  X-rays with an energy of 50 keV undergoes Compton scattering from a target. If the 
scattered rays are detected at 45 relative to incident rays, find the energy of scattered X-ray. 

 
27.  X-rays of wavelength 1.50 × 10-10 m are scattered by a metal through an angle of 90. 

What is the kinetic energy of the recoil electrons? (See figure problem 1.27) 
 

28.  Electromagnetic radiation of wavelength 6.20 × 10-10 m is incident on a substance and 
backscattered at an angle of 180. Calculate the Compton energy shift of radiation.                               

 
 
 
 
 
 
 
 
 
 

 
Figure Problem 1.27     Figure Problem 1.28 

29.  A K x-ray emitted by one hydrogen atom strikes a second hydrogen atom and undergoes 
photoelectric absorption with an L shell electron. What is the energy of the ejected electron?   
 

30.  Consider that the energy of an incident quantum of light is huge. The quantum is scattered 
by an electron as it proceeds for a head on interaction. What is the upper limit of energy for 
the Compton  scattered quantum.  
 

31.  A variable length tube closed at one end is used to determine the speed of sound by 
producing standing waves with a 1000-Hz tuning fork. As the length of the tube is increased, 
the change in the length of the tube between the fundamental and first overtone is 0.175m. 
What is the speed of sound in air if the tube is filled with an air column?  

 

Recoiling electron 





f0, 0 

x-rays 
 e ' e 

Initial Final 
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32.  An observer and a source of a sound are moving in the same direction with ½ the speed of 
sound. The source is emitting sound of a frequency of 1000 Hz. The speed of sound in air is 
343 m/s. Compute the frequency of the sound heard by the observer  and the wavelength of 
the sound received.  
 

Problems for Exploration 
 

33.  In one version of Millikan oil drop experiment, oil droplets of radius R are allowed to 
achieve terminal speed (Vd) with a downward electric field and terminal speed (Vu) with an 
upward electric field. Let  be the viscosity of oil in air and E be the intensity of the electric 
field. Find the electronic charge q. Assume viscous force = 6v where Vx is the terminal 
velocity. hint: Vd >Vu 
 

34.  In a realistic fall of a spherical droplet of water in fluid air, calculate the magnitude of the 
viscous force. Given that the Reynolds number is Re = 0.5, the kinematic viscosity is 0.149 
cm2/s, the radius of the water droplet is 0.005 cm, and air = 1.22 × 10-3 g/cc. Assume viscous 
force Fv = 0.5r2

airv2Cd. 
 

35.  A charged pin ball of mass 2 grams is suspended on a mass-less string in an electric field  
E = (3x + 4y) × 105 N/C. If the ball is in equilibrium at  = 57, find the tension in the string.  
 

36.  The executive toy in its simplest form is made of two identical masses hanging from a 
pivoting rod. If each mass is m kg and the lengths are L m for each arm and p m for the pivot, 
derive the condition under which the toy is stable.  

 
37.  A block of mass m kg is moving at speed v km/s collides with a spring of restoring force  

F = - k1X – k2X3 on a frictionless surface. Find the maximum compression of the spring.  
Hint: Define  = k1/k2. 
 

38.  Imagine that an object of mass 1 kg has a position vector r = (3t + 5t3)x. Calculate the 
work done on the particle over the interval from 0 to 1s.   

 
39.  A disk of mass M kg and radius R shown in Figure Problem 1.39 is in equilibrium. It is 

given that the incline has coefficient of static friction . Find the tension in the chord.  
 

40.  A skier leaves a ski jump ramp at an angle of 45 with an initial speed of 20 m/s. Later he 
lands down the slope a distance L from where he started the jump. If the slope is inclined at 
30, then find L.  
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                      Figure Problem 1.39                                 Figure Problem 1.40 
41.   A ball is thrown horizontally from the top of a tower 50 m high. The ball strikes the 

ground at a point 100 m from the base of the tower. Find the angle that the velocity vector 
makes with the horizontal just before the ball hits the ground.  

 
42.  A mass M1 kg is subject to the gravitational force and is attached by a string to a second 

mass M2 kg on a pulley of radius R m. Suppose that the pulley has a finite moment of inertia 
I, find the acceleration of mass M1. Neglect the effect of friction on M2 which is resting on a 
plane that has smooth surface. 

 
43.  Consider two masses M1 and M2 moving on a frictionless surface. The first mass is moving 

at a speed of V1 km/s and the second mass that is attached to a spring is moving at a speed  of 
V2 km/s. Find the distance x of maximum compression of the spring. Assume V1 > V2 and 
they are in the same direction, k is spring constant. Hint: Define  = M1×M2/(M1+M2) 

 
44.  Two balls are thrown vertically upward at the same time. Suppose that the balls have initial 

velocities v1 = 20 m/s and v2 = 25 m/s, respectively. Find the distance between the two balls 
when ball one is at its maximum height. 

 
45.  Ashley, a physics student, stands on top of a 50 m cliff. She releases one stone with a 

downward speed of 1.0 m/s. With what speed must she project a second stone 0.5 s later at 
35 angle if both stones are to hit the bottom at the same time?  

 
46.  Let the point of application of a force F = (6, 4, -1) N be at position r = (-4, 1, -5) m. 

Compute the torque  due to this force.  
 

47.  An electron is projected at an angle of 30 with respect to x-axis with a speed of 4 × 105 
m/s. The electron moves in a constant electric field E = 100 N/C which is directed to y-axis. 
At what time after t =0 will the electron again cross the x-axis?  
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48.  A right circular cylinder of radius r rolls down an incline from height h. Determine the 
ratio of its speed at the bottom to the speed of a point object following the same path. Assume 
rolling friction, but negligible sliding friction.  

 
           Figure Problem 1.49                                          Figure Problem 1.50 

49.  A boom is suspended by a cable as shown in Figure Problem 1.49. Given that angle  = 
45 and the weight of the boom is W = 1000N. Find the reaction force F.  

 
50.  Find the tension Tb in cord b for the system displayed in Figure Problem 1.50. The system 

is in equilibrium.  
 

51.  A horizontal beam of length 10 m and weight 300 N is attached to a wall. The far end is 
supported by a cable which makes an angle of 60 with respect to the beam. A 400N person 
sits 6 m from the wall on the beam (see Figure Problem 1.51). Determine tension in the cable.  

 
52.  A pendulum bob of mass M is raised to a height h m and released. It hits a spring of non-

linear force law F = -kx –bx3. Calculate the compression distance x of the spring.  

 
53.  A spherical mass m kg is dropped off of a building from rest. Determine the position y = 

y(t) if the mass experiences a resistive force FR = -bv. Take the starting point, rest position to 
be the origin y = 0. Let  = b/m.  

 

 

  

M = 2kg 

c 

b 
a 

60° Cable 



Reaction F 

 

  

                                                                                                          

                                                                                                                         

M  kg 

h 
spring 10 m 

°

Tension T 

6 m 

Figure Problem 1.51 Figure Problem 1.52 
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54.  A wedge-shaped block of mass 2M is placed on a horizontal surface and a small block of 
mass M is placed at the top of the wedge at a height h. Assume all surfaces are frictionless. 
The small block is released and it slides down the wedge on to the horizontal surface. 
Calculate the speed of the small block at the bottom-  of the wedge on the horizontal surface.  

 
55.  A 1.0 kg mass attached to a spring moves on a horizontal frictionless table in simple 

harmonic motion with amplitude 0.2 m and period 5 s. Assuming that the mass is released 
from rest at t = 0s and x = -0.2 m, find the displacement as a function of time.  

 
56.  Two equal masses M1 = M2 = M kg are connected by a spring having Hooke’s constant k. 

If the equilibrium separation is d0, and the spring rests on a frictionless surface, then derive an 
expression for angular frequency 0 for the oscillatory motion of masses.  

 
57.  When a 5 kg mass is hung vertically on a light spring that obeys Hooke’s law, the spring 

stretches 5 cm. How much work must an external agent do to stretch the spring 10 cm from 
its equilibrium position.  

 
58.  A metallic chain of length L and mass M is vertically hung above a surface with one end in 

contact with it. The chain is then released to fall freely. If x is the distance covered by the end 
of the chain, how much reactionary force R (exerted by the bottom surface) will the chain 
experience at any instant during the process? What is the loss of potential energy and gain in 
kinetic energy when x = L, i.e. the whole chain lays flat on the surface?                

                                                                                                        

                                                                          

s = k = 0 

Figure Problem 1.56 
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x 
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Figure Problem 1.55 
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                                                                                                              Figure Problem 1.58 
 

5  kg 

x 

spring 

  F 

Figure Problem 1.57 

  R 

  L 

x 

238 
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59.  In the Rutherford scattering of p +  92U, the differential cross section at angle is measured 
to be 20 barns. The kinetic energy of the incident proton is 10 MeV. Find .  

 
60.   In a Rutherford scattering experiment, 20 MeV particles are scattered by a gold foil 0.2m 

thick into a detector whose sensitive area is 10 cm2 which is placed 50 cm from the target and 
makes an angle of 60 with the incident beam. Calculate the differential cross section in the 
center of the mass system in barns(b) per steradians(sr).  
(1 millibarn = 10-28 square meters.) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

 

 

  
°-particle 

detector 

Gold foil 


Proton 
beam 

detector 

target 10 MeV 20 MeV 

0.2 m 

50 cm 

Figure Problem 1.59 Figure Problem 1.60 
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Answers to objective questions 
 

6. (C)  7. (D) 8. (C) 9. (B) 10. (D) 11. (E) 
12. (E) 13. (C) 14. (E) 

 

Answers to selected problems 
 

1. 150.75 m 2. 18.5 m  3. 5.1 cm  4. 533.9 m/s 
5. 1960 m/s2 6. 1/(2) [3g/2l]1/2 7. 80 cm  8. Accl. a =3g/5 
9. (1/) ln(1 + V0/g)   10.  (2V0y/g)(1-  V0y/3g)  
11. –knr(n-2) r 12. - x - x3  13. 31.6 m  14. 70.6° 
15.  (mR)1/2  16. 500 nm  17.  = 1.00029 18.  = 3.68 
19.  3.17 eV 20. 1.04×106 m/s 21. 1.28 V  22. 2431.4 A° UV 
23.  (a) 618.75 nm (b) 0.76×10-19 J (c)  0.475V  24. 2.79 eV 
25.  3.07 A° 26. 48.6 keV 27. 131.8 eV 28. 15.5 eV 
29.  6.8 eV  30. ½ mec2  31. 350 m/s  32.  1000 Hz & 0.172m 
33. 3R(Vu+Vd)/E 34. 0.128 m dynes 35. 0.0125 N 36. L cos > p 
37. X=1/2[(1+2mv2/(k  38. 157.5 J  39. Mg sin/(1+ cos) 
40. 74.24 m 41.  = 315.1° 42. M1g/[(I/R2)+ M1+M2]  
43. x = (/k)1/2(V1-V2)   44. 10.2 m  45. 8.6 m/s 
46.  = 19x+34y–22z N-m   47. 23 ns  48. (2/3)1/2 
49. F = (707N, 45°)  50. 33.9N  51. 450.35 N  
52. x = [(4Mgh/b+k2/b2)1/2 – k/b]1/2  53. y = (g/[t-(1-e-t)/] 
54. (4gh/3)1/2 55. x=20 cos [(2t /5) +]   56. 0 = (2k/M)1/2 
57. 4.9 J  58. R = (3M/L)gx and 3MLg/2  59.  = 73.34°  
60. 129.41 b/sr 
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Quantum Theory of Radiation (QTR) 

 
   Max Planck (1858-1947) 
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In this chapter our focus is on expanding the view that the speed of light and the speed of the 
electromagnetic (EM) radiations are variable. Not only does the speed of light (and the speed of 
EM waves) depend on the frame of reference, it also varies within different mediums and among 
different types of energy waves. We shall discuss speed variation of light waves in different mediums 
with greater details in Section 2.1. The speed of the propagation of radio waves is different than c. We 
will show that the speed of propagation for energy waves within the entire range of frequencies of the 
electromagnetic spectrum cannot be c.  Further, we will explore a new possibility that light and other 
radiation waves are entirely different kinds of energy waves than electromagnetic Radio Frequency 
(RF) waves. This will eventually lead us to partition the electromagnetic spectrum chart into two 
main segments, Planck’s quantum waves and RF waves. 
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The gist of this chapter is to distinguish properties of radiation energy waves from that of 
radio frequency EM waves. Further, we shall discuss the meaning of the true speed of light. The 
discussion of true speed of light follows with the definition of absolute time. You will discover in 
Chapter 3 that Einstein and proponents of the general theory of relativity saw time as a relative 
dimension. We are in discord with the view that time is variable. From our perspective, the rate at 
which time elapses is fixed and does not change despite the difference in frame of reference in which 
it is measured. Next we will introduce a novel concept that light is not an electromagnetic wave but is 
a member of new class of energy waves. We will  identify them with a label, Planck’s quantum waves 
in order to honor the great physicist Max Planck. 

  
In Section 2.2, we shall explore the true meaning of the stated concept that the speed of 

electromagnetic radiation, including light waves, in space is a constant c. Also, we shall introduce the 
concepts of phase speed and group speed as it relates to radiation. In Section 2.3, we shall define the 
meaning of absolute time. In Section 2.4, we shall discuss the passage of light through Newton’s 
prism and calcite crystals which stipulates that light energy waves cannot be particles. Our premise is 
based on the results of the prism experiment and the path of polarized light through calcite crystals. In 
Section 2.5, we will delineate various properties that differentiate waves from particles.  

 
In Section 2.6, we will address very important issue of the creation of light and the radiation 

energy within the inner space of atoms. This discussion will enlighten us on the anomalous particle 
property exhibited by light in some experiments that it supposedly inherited from its creator electrons. 
Also, we will shed light on Planck constant h and its physical interpretation because it is the most 
vital constant in quantum physics. Next we will explain transverse nature and propagation of light, 
comparing it with the propagation of sound waves. In the same section, we will explicate how 
chemical compounds with color pigments are used to develop hundreds of variety of colors by mixing 
them with liquids such as oil, water, and turpentine. 

 
According to present understanding, the energy content of radiation waves is computed by  
 

Max Planck’s Formula     E = h × (Joules) 

 
where h is Planck’s constant,  is radiation frequency and E is energy in joules. The value of Plank’s 
constant is 6.63 × 10-34 joule-second. It is more commonly expressed as 4.14 × 10-15 eV-s. 
 
We believe that this expression (2.1) for energy computations is not valid for the entire range of 
frequencies of the electromagnetic radiation spectrum. In particular, we will show that the formula 
should be different for radio frequency EM waves. Even the speed of electromagnetic waves at those 
frequencies cannot be as high as c at all frequencies in spectrum.  
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 In Section 2.7, we will describe the physics of EM waves on the basis of the prevailing and 
currently widely accepted Maxwell’s theory of EM radiation. Then we will analyze quantitatively the 
nature of light and electromagnetic waves according to his theory. Next we will derive expressions 
for energy carried by these waves. We will discover that energy carried by RF waves is characterized 
by Poynting Vector Theorem, where as energy carried by radiation waves is characterized by 
Planck’s formula, equation (2.1). Based on stated reasoning, we will classify light and other radiation 
waves nominally as Planck’s quantum waves. Further, we will develop a new physical description for 
light and radiation waves that is different from electromagnetic RF waves in Section 2.8. The new 
description will permit us to develop an expression for energy carried by waves using Max Planck’s 
quantum theory of radiation.  

 
In the next section we will describe details of experiment that was performed to test and 

validate the electromagnetic nature of light. Specifically, we will look at Faraday’s Rotation effect 
experiment which supposedly confirmed that the plane of polarization of polarized light with single 
plane of polarization is rotated when it is passed through a magnetic field. You will discover that a 
complete analysis of the results from this experiment by us reveals that it did not serve to prove the 
EM nature of light as purposed. In the same section we will describe an experiment that provides 
sufficient proof to establish the non-electromagnetic nature of light and radiation waves. In Section 
2.10, we will discuss polarization of light waves to establish energy independence of light from EM 
waves. 

 
Now we are set to prove that various forms of radiation energy waves have distinct properties 

and that their nature cannot be confused as exhibiting properties of a particle and a wave both. We 
also wish to prove that elementary particles such as electrons, protons, neutrons, quarks, collectively 
known as leptons and baryons can’t be called waves. This is so although, in some instances, their 
behavior may be better understood by the wave model instead of the particle model and vice a versa. 
For some events, modeling the behavior of light as a particle makes sense. It increases the ease and 
clarity of understanding the enigmatic behavior of light waves within the parameters of a specific 
phenomenon.  

 

2.1 Speed Characteristics of Energy Waves 
 
 
Several years ago when we had studied optics, we were taught that the velocity of light is a constant c 
in a vacuum medium and is related to frequency by the following equation: 

 
c = f × (m/s) 

 
where f is the frequency cycles/s,  is the wavelength in meters and c is the speed of light. 
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In general, the propagation speed of a wave is directly proportional to the product of its 
wavelength and repetition frequency, and is inversely proportional to the propagation constant for the 
medium through which the wave is traveling. For light waves the constant is known as the refractive 

index of the medium. Its value is unity (1.0) for vacuum in free space. Our detailed analysis suggests 
that the equation (2.2) should be modified. Actually, the speed of the EM radiation will vary in 
different mediums. It will slow down by a factor of the refractive index of the medium. Essentially, 
the wavelength  of propagating energy waves is scaled down by the refractive index sigma () of the 
medium [14]. The altered relation should be the speed of the electromagnetic waves inside the 
medium:  

 
V = (f × ) / (m/s) (2.3) 

 
where  is the index of the refraction, f is the frequency,  is the wavelength of radiation V is the 
speed of EM waves in a medium with refraction  coefficient  

 
Notice that we have used symbol V instead of c for the speed of waves. We suspect that the 

speed of waves for the entire electromagnetic spectrum in different medium is not constant and is not 
equal to the speed of light c in a vacuum. In Table 1.3, Section 1.5.1.3 the parameters, speed, wave-
length, frequency, and refractive index for different light colors, are summarized. From equation (2.3) 
it is clear that the speed of RF waves will not be equal to the speed of light waves in mediums other 
than the free space. The reason is obvious; the value of the index of the refraction is not the same 
for light and RF waves. 
 

Table 2.1 Complete EM spectrum; energy eV, frequency Hz, and wavelength µm 
 

 
It is well known that entire radiation energy spectrum, also being comprised of 

electromagnetic waves, was recognized by Maxwell in 19th century. According to modern physicists, 
his classification seems to satisfy everyone. Therefore, the frequency spectrum is divided into bands 
of electromagnetic waves of continuous range of different wavelengths and frequencies. In Table 2.1 
varieties of energy waves with their energy, frequencies and corresponding wavelengths are 

Electromagnetic Wave Energy E (eV) Frequency F (Hz) Wavelength λ (µm) 
Long Electrical Oscillation E < 10-10 F < 104 λ > 1010 
Radio Waves 10-11 < E < 10-5 103 < F < 109 1011 > λ > 106 
Microwaves 10-6 < E < 10-3 109 < F < 1012 106 > λ > 103 
Infrared Rays 10-3 < E < 2 1012 < F < 5x1014 103 > λ > 0.77 
Visible Light 2 < E < 3 4x1014 < F < 8x1014 0.77 > λ > 0.39 
Ultraviolet Rays 3 < E < 103 7x1014 < F < 3x1017 0.39 > λ > 0.01 
X-Rays 102 < E < 106 1016 < F < 1021 0.1 > λ > 10-7 
Gamma Rays 104 < E < 108 1018 < F < 1023 10-4 > λ > 10-8 
Cosmic Rays E > 108  F > 1022 λ < 10-7 
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displayed. It is evident that the energy of waves linearly increases with frequency, with a 
corresponding abatement in wavelength. Seldom do physics text books explain why Max Planck’s 
formula equation (2.1) sheded more light on the physics behind the energy computations. We shall 
discuss this matter further when you will study an expression which relates energy carried by a Plank 
wave with its frequency in Sections 2.7 and  2.8.  

 
Since energy carried by RF waves is computed by the Poynting theorem in accordance with 

Maxwell’s field theory[19], we decided to divide the spectrum into two main classes. The first 
category is Radio waves (RF), which are truly electromagnetic in nature. We admit this because 
appropriately designed antennae allow us to capture transmitted signals and reproduce original signals 
from received signals. The second type we classify differently, naming them Planck’s quantum 
waves. The Planck waves are the radiation energy waves that are non-electromagnetic in nature and 
carry quantized amounts of energy computed by equation (2.1). For instance, light waves, Infrared 
rays, Ultraviolet rays, X-rays, Gamma rays and Cosmic rays constitute these type of waves. A 
characteristic of RF waves that differs from Planck waves is the energy carried by RF waves is 
described by the Poynting Vector theorem. Further, from the standpoint of our proposal, the energy 
carried by RF waves is not characterized by equation (2.1).  
 

Table 2.2 Optical Radiation Spectrum 
 

 
In Table 2.2, a range of wavelengths for the infrared end, the colors of visible light and 

ultraviolet rays is specified. A close inspection of entries in Table 2.2 indicates that energy carried by 
these waves varies from 5 meV to 125 eV and wavelength varies from 50 m to 10 nm. In Appendix 
A, frequency chart based on Maxwell’s classical theory is displayed. In Appendix B, a newly 
partitioned frequency chart proposed by us is displayed. On the other hand, Radio Frequency waves 
are of very long wavelength which varies from few mm to hundreds of thousands of km. Radio 
frequency divisions and band names are classified in Table 2.3. Radio frequency signals are marked 
by their unique field characteristics, orhtogonal E-field and B-field vectors.  

Radiation Wavelength 
  (nm) 

Frequency  
 (THz) 

Energy  
 (eV) 

Extreme UV 10.0-200 29.979P-1498 123.9-6.19 
Far UV 200-300 1498-999.3 6.19-4.13 
Near UV 300-380 999.3-789 4.13-3.26 
Violet 380-450 789-668 3.26-2.75 
Blue 450-495 668-606 2.75-2.50 
Green 495-570 606-526 2.50-2.17 
Yellow 570-590 526-508 2.17-2.10 
Orange 590-620 508-484 2.10.2.00 
Red 620-750 484-400 2.00-1.65 
Near Infrared 800-2500 380-100 1.56-.412 
Medium Infrared 2500-50k 100-6.0 .412-.025 
Far Infrared 50k-300k 6.0-1.0 25m-4.12m 
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It is important to note that the entire electromagnetic spectrum plays an important role in the 
semiconductor industry. Modern communications equipment that transmit and receive radio and 
microwaves signals, as well as encode and decode information, benefit from the multitude of IC's 
designed to perform various operations and to support them in one way or the other. Light emitting 
diodes (LEDs) and laser ICs employ the emission of optical radiation resulting from electronic 
excitation to perform their intended functions. Application of X-rays and gamma rays are vital to 
many semiconductor fabrication processes and form the basis of critical manufacturing steps 
performed to produce a variety of ICs in the industry.  
 

At low frequencies, long electrical oscillation waves propagate in space at speed c, the same 
as light, but have very limited practical applications. Maxwell’s field theory made it known that for 
antennae to capture RF signals they have to be at least a quarter of a wave length long. For low 
frequencies, the lengths of antenna exceed practical limits. Therefore FM and AM modulated signals 
from Radio stations are transmitted on a high frequency carrier. Also, from equation (2.3) we infer 
that the speed of light will be lower in a denser medium like glass than in the air because the index of 
refraction in glass is greater than 1.  

 
Table 2.3 Radio Frequency Wave Spectrum  

 
Band Name Acronym Frequency Wavelength 

Extremely Low Frequency ELF 3-30 Hz 100,000 km - 10,000 km 
Super Low Frequency SLF 30–300 Hz  10,000 km – 1000 km  
Ultra Low Frequency ULF 300–3000 Hz  1000 km – 100 km  
Very Low Frequency VLF 3–30 kHz  100 km – 10 km  
Low Frequency LF 30–300 kHz  10 km – 1 km  
Medium Frequency MF 300–3000 kHz  1 km – 100 m  
High Frequency HF 3–30 MHz  100 m – 10 m  
Very High Frequency VHF 30–300 MHz 10 m – 1 m 
Ultra High Frequency UHF 300–3000 MHz 1 m – 100 mm  
Super High Frequency SHF 3–30 GHz  100 mm – 10 mm 
Extremely High Frequency EHF 30–300 GHz  10 mm – 1 mm  

 

Copyright © 2005 www.SiliconFarEast.com. All Rights Reserved. 
 

The speed of light will alter when it passes from one medium to other medium. For example, 
when light passes through our air then passes into glass, or water, and back into air, there will be a 
difference in the speed of the incident light through each medium noted. Our observation is that after 
it passes and travels again into the air, the speed is the same as it was before it entered the prism 
(glass or water) in the air.  A very simple optics experiment can be performed to prove that the 
trajectory of light rays is readily changed by strong forces in existence within the lattice structure of 
atoms making up the mediums of glass, water and other fluids, far stronger than the weakest of 
forces, gravity. In Table 2.4, we have described the relative strength of the various forces on 
elementary particles that occur in nature in decreasing order of their strength [15]. 
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Table 2.4 Characteristics of fundamental forces 

 

 
 From the Table 2.4, it is evident that the influence of strong forces causing refraction of light 
waves, supposedly conveyed by interactions between gluons (Chapter 6) and photons, is far greater 
than bending caused by the weak force of gravity. This behavior of light can only be explained by its 
wave nature. Armand Fizeau and Léon Foucault measured the value of the speed of light c in water 
and in air [4]. They confirmed that it is lower (different) in water than its value in air. Both  Fizeau 
and  Foucault, as well as Thomas Young, were in favor of the wave theory of light. Newton and 
Einstein favored corpuscular (particle) theory. Young revived wave theory by verifying the principles 
of interference that explained the colored rings and fringes in his double slit experiment.  
 

It is discovered that at very short wave lengths, energy waves smaller than microwaves the  
radiations are completely insensitive to strong electric and magnetic fields. We will prove in Section 
2.8 that energy waves such as visible light and infrared radiations fall into this category and are not 
EM in nature. More experiments are required to verify this fact. This opens up a new door for modern 
day physicists to seize the opportunity to further explore the mysteries behind the creation of the light 
waves. In the next section, we will come to understand the true meaning of speed of light as a 
constant c. Also, we shall explore concepts of phase speeds and group speeds of radiation waves in 
general, light waves in particular. 

 

2.2  True Sense of Light Speed c 
 
 
Now there is an obvious question, What is the meaning of the statement that the speed of light and 
EM waves is a constant c? The measured value for speed of light is 2.99792458 × 108 m/s exactly. 
Our understanding states that the speed of light obeys the Galileo transformation for different moving 
inertial systems rather than constant speed c in all inertial frames as stipulated by A. Einstein in STR. 
Before we can formally define the true speed of light c in space that corresponds to the speed of light 
referred by STR, we must define an unique frame of reference, Absolute Stationary Frame  (ASF).  

Force => Properties 
 Type 

Relative 
Strength 

Mediator/ 
Participator 

Effect 
Distance/time 

Comments 
Objects/range 

Strong colour charge 1.0 Gluons/quarks 10-15 m or 1 fm/0 Quarks/Short 

Strong EM charge 1/137 Photons/p,e-,e+ Infinite/c Coulomb 1/r2 /Long 

Weak residual  10-5 
W  & Z Bosons/ 
Quarks, e±,  

10-18 m or 10-3 fm/? Decay processes /Short 

Weakest gravitation 10-39 Gravitons Infinite/c Planets & Stars /Long 
Galaxies & Nebulae 

Note : c is variable in the neighborhood of true c 
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A frame of reference is unique and an Absolutely Stationary Frame if, and only if,  in any inertial 
system, or a pair of inertial systems, the distance between the point of interest and the observer does 
not change with respect to time. Let us now define the True Speed of Light c. 
 
True speed of light (TSL) c is defined as the distance travelled by light from a point source located in 
ASF in free space, where the distance between a point of interest and the observer does not change 
with respect to time, in 1 second Absolute Standard Time (AST) measured by a standard clock . We 
infer that the distance travelled by light in this frame of reference in one second of time corresponds 
to the speed of light c.  
 

In our Universe, absolute stationary frame of reference is not found because all of the 
celestial objects in the Universe are constantly in motion. The main cause is that the motion of all 
objects is affected by the gravitational force of the remaining objects in the Universe in accordance 
with Einstein’s postulates of general theory of relativity and Newton’s laws of gravitation. 
Fortunately, an extremely close approximation to such a reference frame (ASF) is discovered in the 
neighborhood of vast celestial objects. Strictly speaking, neighborhood of vast celestial object is 
defined as an infinitesimal small region in which influence of gravity from other objects in the 
proximity of vast celestial object is reduced to zero. Theoretically, it is impossible to find such region. 
However a close approximation is feasible. For instance, the source of light and the measuring 
instrument both located near the surface of the Earth would experience uniform acceleration as they 
are under the influence of force from a huge celestial object, the Earth’s gravity. Therefore, distance 
between two objects situated in this frame may be considered invariant over a finite duration of time. 
To balance against the force of gravity from larger object, smaller celestial objects are revolving in 
orbits by their kinetic energy.  

 
Next, we will describe how to measure the absolute speed of light c in ASF, a preferred frame 

of reference. In such a frame of reference, the speed of light is invariant with regards to space and 
time. To ascertain that the distance between the source and an observer is constant, we ensure two 
effects are zeroed. The first effect is recognized by measuring the Doppler’s shift of the signal 
received by the observer in response to a signal emitted from the source, which should be zero. 
Secondly, there should be no net acceleration between the source and the observer within the 
environment they are residing. The first effect eliminates difference in velocities between the source 
and the observer. The second condition is achieved by creating acceleration in the source system in 
order to oppose and balance the net acceleration between the source and observer that prevail in the 
absence of the balancing acceleration force. 

 
Figure 2.1 depicts a situation in which the distance between the source of light and the 

observer is maintained the same continuously.  To establish that the distance between source A and 
observer B is constant, we will state that the distance between another reference point C and source A 
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and the distance between C and B is constant and equal. Also, we propose that angle ACB is a right 
angle. Therefore, spacing AC = BC = C/√2. Then by simple use of the Pythagoras theorem, the 
spacing between the source and observer AB is computed by the relation: AB = (C2/2 + C2/2)1/2 = C. 
When distance between the source and observer is fixed in this manner, we can avoid the Doppler’s 
Effect on propagating light waves. As explained in Chapter 3, this effect modifies the speed of light to 
the extent that the difference in speed between the source and the observer is in accordance with 
Galileo transformation rules. 
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Figure 2.1 Measurement of True Speed of Light c. Distance between Source 
and observer of light is constant. 

 
According to principles of classical mechanics, the true speed of light is obtained by 

measuring the distance travelled by the light between source A and observer B within the time of one 
second, as measured by a standard atomic Cesium Clock. Now we have successfully defined the exact 
meaning to the true speed of light. At this point it may be good idea to describe the speed of light as a 
phasor. A phasor variable has two attributes, amplitude for strength and a phase to describe the 
orientation. The phasor representation for a light wave is very convenient because it is a travelling 
wave in space and it is a time-varying luminous field.  
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From our effort and experience, it is evident that light wave characteristics are different from 
electrical charge field waves, finding analogous similarity to the electromagnetic waves radiated 
through an antenna. One of the most difficult aspects of light waves is the inability of science to 
control the phase of light waves at the source generating them. We shall see in Chapters 6 and 11 that 
behavior of light and radiation waves is competently characterized by Schrӧdinger’s equations and 
Richard Feynman’s theory for radiation emanating from quantum particles. The basis for their work 
relies on the probability of finding the position of a quantum particle electron in its atomic orbits. 

   
 We shall represent a light wave speed phasor as a sinusoid velocity vector. We shall state 

that the amplitude of sinusoid c is the true speed of light and is constant in space and in a vacuum. A 
phasor representation for light is stated in equation (2.4).  

 
c == Ct sin(t-) = Cx - i Cy  (2.4) 
 

where Cx is a component in x-direction, Cy is a component in y-direction,  is angular frequency, x-y 
is the plane of polarization, z is the direction of propagation, and  is the phase angle when the light 
was originated. 

 
You will notice that we have introduced a notation for operator i, the complex representation 

of light wave phasor. The advantage is that it allows showing interaction between the real component 
of the velocity vector and an imaginary component concisely. You will discover that this complex 
representation of phasor incorporates probabilistic behavior in the analysis, which is vital for 
describing vectors circumspectly. For instance the real component Cx corresponds to the speed of 
light waves in x direction in relation to the propagation in transverse z direction. The speed of light 
waves in y direction in relation to the propagation in transverse z direction can be represented by 
vector component Cy.  

 
It is known that the energy of light waves, according to Maxwell’s theory, is carried by 

transverse electric and magnetic fields, which are orthogonal to each other and normal to the direction 
of propagation of light. In section, 2.8 we will develop a new model for energy carried by light 
waves. Before we discuss energy associated with visible light and radiations, we will expound 
important concepts of phase speed and group speed as it relates to radiation energy waves. 

 

2.2.1 Phase and Group Speeds 
 
In physics, harmonic motion of medium particles and their associated wave is described by a 
travelling wave front. The travelling wave is sinusoidal if the particles creating the wave are 
performing simple harmonic motions around a mean position. In the case of radiation waves, 
including visible light, the particle electron is the creator of these waves. A peculiar characteristic of 



  Quantum Theory of Radiation           97           
 

  

electron motion is such that it produces travelling waves of energy synchronous in space and time. 
Therefore, a space-time representation of radiation waves is shown in Figure 2.2 that has been 
developed as a result of quantum energy transition performed by an electron in orbit. Before we can 
explain phase and group speeds, we will define fundamental terms that describe characteristics of any 
travelling wave. 
 
 First let us reiterate the difference between a wave and a particle. An ideal wave is of a single 
frequency which propagates into the entire Universe. It has no size (zero) and no mass (does not 
gravitate), but has energy. An ideal particle is of nonzero size, is confined, has rest mass that 
gravitates, and has energy. Several ideal particles can be combined to form a large object. Many 
travelling waves are combined to form an unbounded wave of finite length that contains a mixture of 
frequencies (we will define this soon). From the snapshot of the travelling wave of Figure 2.2, it is 
clear that every position on the wave corresponds to the displacement of a particle causing the wave. 
Let us define some of the fundamental properties of a travelling wave next. 
 
 The highest point on the wave front emitted from an electron displaced from its mean 
position we will call its crest. Where the displacement is lowest (which could be maximum on the 
negative axis side), we shall identify it as its trough. In space domain, the distance between two 
successive crests or troughs is known as wavelength . More generally, wavelength is defined as 
the minimum distance between two adjacent points on a wave front that corresponds to equal 
displacement of the particle creating the wave. Thus, wavelength is the snapshot of travelling waves 
in space domain.  
 

If we count the number of seconds elapsed between the arrivals of two successive crests at a 
location, the time interval is known as period T of the wave. In general, period T is the time interval 
between two successive peak events of travelling wave in the time domain. Often, the period of a 
travelling wave is more conveniently expressed as how frequently the crest or the trough of the wave 
is passing at a point in space domain. Hence, the frequency f of a periodic wave is defined as the 
number of the crests or the troughs that are passing through a point in space domain per unit of time 
interval. Alternately, it is the number of occurrences of troughs or peaks per unit of time interval in 
time domain.  

 

Thus, the frequency of a travelling wave, in the case of radiation, is the same as the frequency 
of oscillations of an electron. The frequency of the sine wave is related to its period, f  = 1/T. The 
common unit of frequency is Hertz (Hz), and unit for time is seconds (s). The maximum displacement 
of an electron (particle causing radiation wave) relative to its mean position is called the amplitude A 
of the wave. Consider the travelling wave of Figure 2.2 representing amplitude variations of a 
radiation energy wave with position x. Because the wave function is sinusoidal at any instant of time 
t, its value y is expressed as y(x, t) = Asin ax(t), where A is the amplitude and a is a constant. At t=0, 
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x=0 implies y=0. At distance /2, in space domain y = 0 again, therefore, A sin (a/2) = 0 and gives 
a/2 =  or a = 2/. Therefore, the function describing position of radiation field is  

 

y(x, t) = Asin (2/) x(t)       (2.5) 
 

where constant A represent the amplitude of wave and  is the wavelength. 
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Figure 2.2 Space-time representation of a propagating radiation wave. (a) The ratio of scaled value of the 
wavelength and time gives the speed. (b) The field domain defines angular speed .  
 

 Notice that the value y of the wave repeats itself for values of x, which are integral multiples 
of wavelength . Also, from the diagram it is evident that the wave travels through a distance x 
equal to one wavelength  in the space domain and corresponds to the elapsed time t equal to the 
duration of one period T in the time domain. We define this speed of radiation, phase speed of wave 
because it is the speed at which the crest or the trough of the wave, which is a fixed point on the 
wave, moves in relation to the space. By classical definition of speed 
 

 v =  x/t = /T = f       

 
Therefore, if the wave moves to the right with speed v, its value at time t can be written as  
y(x, t) = Asin (2/) (x-vt). Substituting the value of v in y(x, t) we get  

 

y = Asin 2(x/ – t/T)       (2.7) 
 

We can express the above wave function in an alternate form by defining two other 
parameters, angular wave number k and angular frequency . The motion of the travelling wave in a 
field domain (space-time domain) is represented by a rotating field vector L in a circle whose radius 
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is T/2 meaning the vector completes one revolution in T seconds. In the space domain the radius of 
the circle is A, the amplitude of the wave. The magnitude of the rotating field vector characterizes the 
instantaneous field strength. The orientation of the vector with respect to reference x-z plane signifies 
instantaneous phase of the wave. The angular frequency  is defined as the rate at which phase of 
rotating vector is advancing per unit of time, that is measured in rad/s. i. e. 

 

= 2T rad/s = 2f        (2.8) 
 

where f is the linear frequency of the wave and T is the period. The definition of the angular wave 
number is not as realistic as angular phase because it is a hypothetical number. When the radius of 
rotating field vector is increased to unit distance of one meter then wave number k is defined as the 
number of waves that can be circumscribed on the perimeter of the circle in space domain that is 
measured in rad/m. i.e. 
 

 k  = 2rad/m         (2.9) 
 

It is interesting to know that the wave number k is always a whole number for the stable 
configuration of atoms. It follows from Bohr’s classical model of atoms for stable orbits of electrons. 
It is found that an electron’s orbital momentum is quantized and is equal to the multiple integrals of   
ћ = h/2. Using these definitions of angular frequency and wave number we can rewrite equations 
(2.6) and (2.7) 
 

v =  /k = /T = f         



 
y = Asin  (kx – t)        (2.11) 

 
The wave function of equation (2.11) assumes that the value of y at time t = 0 and position x = 0 is 
zero. This means that the travelling wave was created when electron was at its rest position (mean) in 
the case of radiation emission. In reality, this need not be a general situation. Therefore, we express 
wave function in its most general form  
 

y = Asin  (kx – t + )       (2.12) 
 
where  is the phase of the wave at the start, whose value can be determined from the initial 
conditions. Next, we will discuss the concept of group speed in relation to radiation waves. 
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 In the past physicist recognized need to create a new model for entities that have both particle 
and wave characteristics. Their purpose was to select appropriate behavior – particle or wave – to 
understand a specific phenomenon using this model. Another objective was to demonstrate that 
entities that exhibit dual particle and wave behavior can be constructed from waves. For this purpose 
they designed a new model for an entity called quantum particle electron. We will analyze their 
findings first, and then develop an expression for group speed. Our purpose is to analyze 
characteristics of a composite wave using the quantum particle model and investigate whether 
particles with nonzero rest mass can be produced by compressing radiation waves that have zero rest 
mass.  

Let us begin with some of the basic characteristics of ideal particles and ideal waves. Ideal 
particles have nonzero rest size. Therefore, an important feature of an ideal particle is that it is 
localized in space and time. Contrary to this, an ideal wave has a single frequency of oscillation, is 
propagating infinitely long distance in space-time, and is not localized. A localized entity can be 
constructed from waves by applying the principle of superposition to infinitely long waves 
systematically. 

 
Figure 2.3  Two idealized waves of frequencies f1 and f2 are combined beats result.  (a) The result has beats 
because of constructive and destructive interference. (b) If a large number of waves are added the result is a 
single wave packet which is visualized as a particle. 
 

Assume that a monochromatic source of radiation emits a wave at frequency f1 in space and 
at time t = 0, while another similar source produces a radiation wave at frequency f2 in space-time. A 
single wave has same amplitude everywhere in space. By appropriately locating both sources we can 
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create a single combination, one radiation pattern in space. The situation is illustrated in Figure 2.3 (a) 
in which the yellow source and the blue source are successively switched on, and then 
simultaneously. Let us examine the intensity distribution near a point x where crests of waves from 
both sources are aligned in time. From the waveforms displayed in the figure, it is evident that local 
concentration of intensity is created because of constructive and destructive interference. As a result 
of superposition, a rhythmic pattern of intensity is created when the opposing waves-forms alternately 
go in and out of phase to each other.  
 

Imagine, now, as we add more waves originating from an increased number of sources, at 
different frequencies, whose crests are aligned at x. In Figure 2.3(b), the result of the superposition of 
several waves is displayed. By adding many sources, we find a greater number of different intensities 
at in-phase points than at out-of-phase points. When we combine a large number of waves, the 
probability of a positive value of a wave function at any point x ≠ 0 is equal to the probability of a 
negative value at x ≠ 0. The destructive interference is everywhere except near x = 0. In the vicinity 
of x = 0, all the crests are added, manifesting a small region of constructive interference. We can call 
this localized wave packet  a wave model for a quantum particle. Why? because it can be 
distinguished from an ideal wave. It has some properties of localized position and the nature of real 
particles. 

In the above process we have not discussed other properties of particles such as mass, charge, 
and spin as it relate to wave packets. In order to categorize wave packets as particles, it is imperative 
that they match all characteristics of particles that we normally use to describe their behavior. Next, 
we will apply this concept of a localized wave (a wave packet) to define group speed and see if it 
satisfies another characteristic of particles. The characteristic is that for entity wave packet, its 
components move together  (in unison) when their speed is compared with a medium in which they 
propagate.  

 
To simplify analytical treatment, we will utilize wave function equations to represent 

individual waves of Figure 2.3 (a) and combine them to obtain the result. Mathematically, wave 1 and 
wave 2 are expressed as y1 = A cos (k1x-1t) and y2 = A cos(k2x-2t), where k1  = 2 1  = 2f
and   k2  = 2 2  = 2frespectively. We will apply a trigonometric identity to add y1 and y2. The 
beauty of using this identity is that it becomes axiomatic, once it is proven right we can always create 
a graphical proof of equality on both sides.  
The identity we will use is: cos a + cos b = 2 cos((a-b)/2) * cos((a+b)/2),  
Let a = k1x-1t and b = k2x-2t, then (a-b) = x(k1-k2)-t(1-2) and (a+b) = x(k1+k2)-t(1+2), then 
y1 + y2 = A cos(k1x-1t) + A cos(k2x-2t) = 2Acos((a-b)/2) * cos((a+b)/2) which we can rewrite as 
 

y1 + y2 = [2Acos (kx-t)] cos(kavx+avt)     (2.13) 
 
where k = (k1-k2)/2,   = (1 – 2)/2 and kav = (k1+k2)/2,  av = (1+2)/2. 
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In equation (2.13), the first term is a sine wave of low frequency because f1 and f2 are of very 
close value. Therefore it appears as an envelope to the sum of wave 1 and wave 2. This envelope 
waveform has different speed in space-time than the speed of waves 1 and 2. The second cosine 
factor represents a wave whose wave number and frequency is the average of wave numbers and 
frequencies of waves 1 and 2. Thus, the second factor constitutes the instantaneous values of the 
result. As explained earlier, phase speed of a wave is defined as the ratio, the coefficient of time 
variable and the coefficient of x variable.  From equation (2.13) the phase speed of the resultant wave, 
that is, the rate of advancement of its crest is 

 

vph = kav/av m/s        (2.14) 
 

Similarly, the phase speed of the crest on the envelope wave is equal to k/ m/s. We have 
generated this expression by adding two waves. When a large number of waves are superimposed to 
form a single wave packet this ratio becomes a differentiation, and the envelope speed is denoted as 
group speed vg 

 

vg = k/ m/s        (2.15) 
 

With some effort it is possible to prove that the group speed of wave packets represents the 
speed of a particle for which it is modeled [19]. We will leave that task as an exercise for you. Even if 
we prove that wave packet group speed depicts speed of a model particle, the proof is not sufficient to 
establish the particle nature of the wave packet. The reason is that a wave packet does not have a rest 
mass and is not associated with gravitational properties. Wave packet entities do not project the force 
of gravity on other real particles. Moreover, a travelling wave packet cannot be deflected by the force 
of gravity by any massive object. 

 
Determining the effect of the gravitational field on the trajectory of a propagating wave has 

been a constant struggle.  The matter was further complicated because the speed at which the force of 
gravity travels in order to transfer its effect is unknown. It is believed that it is transferred by a 
mediating particle graviton. There is no measured effect that verifies the existence of such particle. 
We shall discuss the speed at which the force of gravity propagates in any medium, as well as more 
details on quantum gravity in Chapter 8.  It is worthwhile to note that Einstein’s postulates were 
applicable to only inertial systems moving with constant velocity with respect to each other.  

 
In the past, scientists had refrained from discussing the variation in the speed of EM waves 

for accelerating frames of reference because they were unable to assimilate the effects of weak 
gravitational forces and strong electric charge forces on EM waves simultaneously. In reality, as 
explained before, all celestial objects have either a circular orbit, a cross section of a sphere, or an 
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elliptical orbit, a cross section of an egg shaped surface. The objects with circular or elliptical orbits 
are in a state of constant acceleration. Therefore, it is imperative to analyze the motion of celestial 
objects in both situations in which objects are under the influence of constant acceleration or under 
variable acceleration. Celestial objects experience variable acceleration when they are in proximity of 
vastly massive objects. Usually, motion under a variable acceleration state lasts for a short duration as 
compared with the motion of an object under a constant acceleration state. 

 
We believe further experiments are required to integrate the effects of the acceleration of a 

moving frame of reference on the apparent speed of light. We have disclosed new concepts which 
allow incorporating the effects of the force of gravity on the operation of an atomic clock in the 
Section 8.6. There, we will derive an expression for the frequency of an atomic clock with 
gravitational correction. It is evident that the results of our measurement for the speed of light heavily 
rely on the accuracy of time measurement. Therefore, in the next section we will explicate the 
meaning of absolute time.  

 

2.3 Absolute Time 
 

As stated in the previous section, to perform a measurement of the true speed of light it is essential 
that a standard measure of time is made available. We can find this standard of measurement in the 
very stable mechanism of an atomic clock. In this section, we shall answer the very basic question of 
what is an absolute measurement for time. The concept of relative time measurement is familiar 
because one can easily determine difference in time between two events with very high accuracy. It 
turns out that absolute time definition is not so simple, for it cannot be determined independent of 
spatial distance. Therefore, for a first degree of accuracy one should find an event which is highly 
repetitive, and the value of elapsed time for that event, or series of events, should not change for a 
considerable length of time, say, for several centuries.  
 

The event length of a day on the Earth that corresponds to the period of the Earth’s rotation 
around its axis is a prime example, an invariant time scale. It is determined that the length of an Earth 
day does not change by more than 1.0 ms for the period of a year [27]. Since time measured by 
atomic clocks on the surface of the Earth can never be independent of axial rotation and orbital 
rotation of the Earth, the length of an Earth day should be considered as the most accurate time 
standard. Further, a second of time is precisely defined as 1/86,400 of a day. Therefore, the Earth’s 
axial rotation period provides a definition of an absolute time by considering elapsed time 
measurement as a unique event. According to recent statistics, in 4,320,000 sidereal years, the Earth 
rotates on its axis 1,582,237,500 times and the Moon rotates 57,753,336 times [A]. 

 
Let us look at the reasons why it is difficult to design a standard clock that measures absolute 

time in a laboratory. According to principles of GTR laid out by Einstein, time was a dimension 
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which was manufactured by the clock. In his version of this Universe, gravity of different celestial 
objects modified measured time. We agree with the fact that clocks with the same physical 
dimensions will display different time values if they are residing in different inertial systems. 
Apparently, gravity warped space and time in the vicinity of these heavy objects. Lorentz 
transformations formulated a relationship among the measured time displayed by clocks residing in 
different inertial systems.   

 
Unfortunately, Einstein’s theory lacked gravity propagation speed considerations. Also, GTR 

fails to account for differences in the design of clocks, which results in a modification of the total 
energy configuration when a clock with the same design is relocated to a different inertial system.  A 
fact that Einstein did not account for was that a clock with the same physical dimensions possessed 
varying fractions of kinetic and potential energies inherent within those different inertial systems.  
The observed time difference among different inertial systems was attributed by differences in 
Lagrangian and Hamiltonian functions of the systems under consideration.   

Now we will describe the measure of standard time using cesium atomic clocks. With the 
advances in technology, very accurate Cesium atomic clocks are being designed today.  Cesium 
clocks measure frequency with an accuracy of 2-3 parts in 10 to the 14th, i.e. 0.00000000000002 Hz; 
this corresponds to a time measurement accuracy of 2 nanoseconds per day, or one second in 
1,400,000 years [B]. It is the most accurate realization of a unit that mankind has yet achieved. A 
cesium clock operates by exposing Cesium atoms to microwaves until they vibrate at one of their 
resonant frequencies and then counting the corresponding cycles as a measure of time. The frequency 
involved is that produced by the energy absorbed from incident photons exciting the outermost 
electron in a Cesium atom to jump from a lower to a higher orbit (“transition”).  

According to quantum theory, atoms can only exist in certain discrete (“quantized”) energy 
states, depending on what orbits about their nuclei are occupied by their electrons. Different 
transitions are possible; those in question refer to a change in the electron and nuclear spin 
(“hyperfine”) energy level of the lowest set of orbits called the “ground state.” Cesium is the best 
choice of atom for such a measurement because most of its 55 electrons, except the outermost 
electron, are confined to orbits in stable shells of electromagnetic force. Thus, the outermost electron 
is not disturbed much by the others. The Cesium atoms are kept in a very good vacuum of about 10 
trillionths of an atmosphere, so that the atoms are affected as little as possible by other particles. All 
of this means that they radiate in a narrow spectral line whose wavelength or frequency can be 
accurately determined. 

 From the principle of the Cesium atomic clock explained above, it is evident that the time 
measurement from the clock is sensitive to the force of gravity exerted by the Earth. The force of 
gravity depends on the site of clock and the position of the Earth in relation to the Sun during its orbit. 
Therefore, we suggest that the design of the Cesium clock should be improved to eliminate the effect 
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of gravity on the energy state of electrons in the outermost shell of the Cesium atoms in standard 
clocks. We will provide the gravity corrections in the frequency of atomic clocks in Section 8.6. An 
atomic clock with gravity compensation is considered a good source and measure of absolute time. 
We will complete our discussion and define absolute time. 

 One of the greatest physicist Niels Bohr developed a model for atoms of all substances in 
which all electrons are confined to orbit the nucleus of atoms in stationery states. Pauli’s exclusion 
principle provided fuel by stating that in any atom no two electrons in atomic orbit possess the same 
energy state or the same quantum numbers describing the state. Therefore, the designers of Cesium 
atomic clocks believed that energy radiated from the electron in outermost shell of the Cesium atom 
provides the most accurate time source.  

Absolute Standard Time (AST) is defined as the time period corresponding to one cycle 
(1/frequency) of a signal emitted from an atomic clock’s singular electron resident in the outer most 
orbit of a Cesium atom, maintained in undisturbed state and in the absence of gravity effects from 
other large objects, such as the Earth. 

A noticeable feature of this definition of AST is that measured time is no longer affected by clocks 
located in different frames of reference. Time is not a relative phenomenon and therefore the time 
coordinate of every event in the Universe is unique. Furthermore, the concepts of negative time and 
time travel are rendered impossible events in the realm of this definition. Further, the time coordinate 
in the Universe for all events is always increasing. 

In the next section, we shall discuss passage of light through prisms and quartz crystals, an 
experiment performed by Newton to prove that light consisted of waves. We shall demonstrate that 
the wave model for light provided consistent results for all phenomena and obeyed the Second law of 
thermodynamics. All processes in nature obey the Second Law of Thermodynamics which, simply 
stated, is that entropy is always increasing. The entropy of a system is defined as the measure of 
disorder in the system. In simple terms, it measures the degree of randomness and disorganization of 
subsystem components in the parent system.  

 

2.4 Passage of Light through Prisms 
 
In this section, we will delineate the event passage of light through a prism. This was an experiment 
performed by Newton that demonstrated the wave nature of light, even while laboring under the 
apprehension that the nature of light was dualistic, both a wave and a particle. The main purpose of 
our discussion is to support our disputation that light is a wave and not particle. We will fortify our 
argument by applying entropy consideration and the Second law of thermodynamics for a system to 
light’s passage through a prism. We will analyze the entropy principle as applied to the case of 
viewing light as comprised of particles as well as viewing them as waves.  
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Figure 2.4 Passage of light through a pair of prisms. A beam of white light splits as it crosses the boundary of 
the medium from the air to the prism glass and recombines into white light when it crosses from the glass to the 
air outside the second prism. 
 

Newton performed an experiment whereby he passed light waves through a pair of prisms. 
An arrangement for his setup is illustrated in Figure 2.4. The procedure and results of his experiments 
can be summarized as follows. He passed a beam of white light through a prism. He observed that the 
light emerging from the other side was split into seven colors similar to colors seen in a rainbow. In 
optics, this splitting of white light into different colors is known as dispersion. The splitting occurred 
because the different colors of white light waves were refracted by different amounts in the glass 
prism. The propagation delay and the speed of the different colors of light inside the prism were 
modified. Not only did the speed for each color differ, but also the angle of refraction of each color 
differed. The prism, made of glass, has a different index of refraction for each color corresponding to 
its wave length.  By the same effect of refraction, the different colors of light were differently bent as 
they exit into the air from the surface of the opposing side of the prism. 

  
When these seven colored light waves passed through a second prism, he observed that they 

emerge as white light from the opposing face of the second prism. The splitting of light into seven 
colors by the first prism and recombination of colored light waves into a white light beam exiting 
from the second prism cannot be accomplished perfectly every time if the light is modeled as a 
particle, based on the corpuscular (particle) theory.  Further, the perfect recombination of the seven 
colors of light into one white light as it exits from surface of the second prism indicates that the 
entropy of the system of light particles and prism was diminished. This fact contradicts and is in 
violation of the second law of thermodynamics. The second law of thermodynamics describes the 
relationship between entropy and the spontaneity of a natural process.  

Second Law of Thermodynamics  In an isolated system, natural processes are spontaneous 
when they lead to an increase in disorder, or entropy. 

 
 

 
 

White light 

white light 
Rainbow colors-
white light splits 



  Quantum Theory of Radiation           107           
 

  

In other words, the entropy of any thermodynamic system always increases in an isolated 
system. The wave model of light did not violate the second law of thermodynamics because the 
process of splitting white light waves into multiple colored light waves did not constitute a change in 
entropy. Therefore, white light must consist of the waves of colors, all of which are of different 
wavelengths and have different speeds traversing within a glass medium. However, the speed of all 
consistent colors of white light must be the same in a vacuum. This experiment from Newton proved 
that white light consists of different color light waves. Now, we will analyze the path of light rays 
through a prism analytically. In optics, the refracted path of white light through prisms is 
characterized by the angle of deviation and the angle of dispersion. 
 

2.4.1 Deviation and Dispersion 
 
When a ray of monochromatic light (single wavelength) is incident on one face of a prism, the ray 
will travel and emerge from the opposite side at an angle  to the angle of incidence. This angle  is 
called deviation, which depends on the refractive index  of the prism’s glass and the apex angle . 
The apex angle  is defined as the angle between the two surfaces of the prism; the first surface 
where light is entering from the air to the prism, and the second surface where the light is emerging. 
In Figure 2.5 the path of monochromatic light through a prism is displayed. In Newton’s experiment, 
it was discovered that if the angle of incidence was gradually increased from 0 (normal to prism’s 
surface), the angle of deviation first decreases, attained a minimum value m, and then again started 
increasing [Figure 2.6]. When the angle of incidence was such that minimum deviation was achieved, 
the prism was secured in a minimum deviation position. 
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Figure 2.5 Passage of  a ray of light through a prism, the angle of incidence 
corresponds  to minimum deviation. 

Ordinarily, a prism can deviate the incident ray through the same angle  for two different values of 
incident angles. However, for a minimum deviation position, there can only be one value for the 
incident angle. It can be shown that the minimum angle of deviation m  for a prism occurs when the 
angle of incidence 1 equals the angle of emergence 2. In this situation we can obtain an expression 
for the index of refraction of the prism material in terms of the minimum angle of deviation and the 
apex angle . From geometrical construction it is easy to prove that 
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 +  = 1 + 2 and  = 1 + 2      (2.16) 
 
where 1  and  2 are the angle of refraction as indicated in the figure.   
Under minimum deviation condition 1 = 2 = ,  1 = 2  =  andm 
 

 = ½ × ( + mand       
 

We can apply Snell’s law:   = sin /sin by substituting values of  and  we get
 

  = [sin ( + m/sin(/2)]       (2.18) 
 

For a small angle of incidence and for the minimum angle of deviation, we can use sin  =  
approximation. In that case, the equation (2.18) becomes 
 

 m = (-1) ×         
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Figure 2.6 Angle of incidence vs. Angle of deviation 
 

Dispersion  is defined as the difference in minimum deviation suffered by any two colors of light 
rays passing through a prism. For white light angular dispersion can be computed for any two colors. 
From equation (2.19) for violet and red light rays  

mv = (v - 1) × andmr = (r - 1) ×  
where v and r are refractive indices of the prism material for violet and red colors, and  is the apex 

angle of the prism. By the definition of dispersion 



  Quantum Theory of Radiation           109           
 

  

 

 = mv - mr = (v - r) ×       



Dispersive power  of a material for any two colors is defined as the ratio of the angular 
dispersion for these two colors to the deviation suffered by mean light. Therefore,  
 

 = m  = (v - r)/ (-1)      (2.21) 
 

The systematic response associated with the phenomena of refraction  and reflection of light 
through various types of material, and the passage of light through Newton’s prisms, established the 
wave nature of light long ago before the announcement of dual nature by Einstein. Experimental 
determination of the refractive index of materials ― by measuring deviation and dispersion ― 
increased the confidence of physicists in wave model of light.  In the next section, we shall describe 
various properties of waves and particles that distinguish one from the other. It turns out that the most 
critical property of a particle that distinguishes from waves is that particles have a fixed center of 
gravity. This fact was left out by many well-known physicist discussing dual model nature of light.  

 

2.5 Distinguish Waves from Particles 
 
 
Before one can determine whether light is a particle or a wave it is imperative that one understand the 
differences between waves and particles. One of the basic differences is that particles occupy a finite 
volume in space, whereas waves propagate, if not constrained. Further, to change the position, speed, 
acceleration, and other parameters of particles, an external agent, such as force or torque, is required. 
Also, the confined state of particles allows for the effect of external entities to change the position, 
velocity, acceleration and etc. parameters of the particle. There is no way one could apply force or 
torque to alter position, velocity or other parameter of waves because they are physically inaccessible.  
 

Another remarkable distinction is that a particle in a state of motion or in a stationery state 
has center of mass (center of gravity) and it projects the force of gravity on another particle. It is 
never found that light waves at any wavelength project a force of gravity on any particle or wave 
entity. When current is carried by conductors configured into different shapes, and the configurations 
are situated apart, an affective force is generated upon particles of ferromagnetic material. This effect 
is applicably analogous to, although naturally differing from, gravitational interaction between two 
particles or objects. With regard to gravity, Newton characterized the force of gravity between two 
objects by his famous equation, but he did not reveal why a particle or objects project a force of 
gravity on another object. In fact, this is still an unsolved mystery of science and a subject of intense 
research.   
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The speed of light reflected from a surface is the same as the original speed c and the 
direction is reversed. The speed of said light is diminished to zero in forward direction at the shiny 
surface of a mirror.  An ordinary particle must come to rest at the surface when making contact before 
its direction of movement can be reversed. This perfect property of elasticity can only be explained by 
the wave theory model for light. It must also be considered that a light beam cannot be confined to 
some finite volume in space. Moreover, after a light beam (wave) leaves its origin, one cannot 
increase the intensity of the beam, nor can one change its speed, as well as other characteristics of the 
energy waves. The single most important difference between particles and waves is that particles have 
a fixed position for a centre of gravity. Particles have mass that reflects the quantity of matter of 
which it is comprised. The location of center of gravity of a particle with finite non-zero mass cannot 
be altered without application of force. On the other hand, waves have energy but lack a center of 
gravity and waves propagate without application of force. Therefore, waves are distinctively different 
from particles. 

 
At this point, we would like to discuss a perfect analogy. It is well known that other forms of 

energy waves exist in nature, such as electromagnetic, infra-red (radiation), sound (audio), and X-ray 
waves. All of these forms of energy are described predominantly as waves. According to Joseph 
Weber and Friedrich Kohlrausch, the value for the speed of electromagnetic waves c was equal to that 
of the velocity of light c. James Clerk Maxwell mistakenly concluded that the light waves were 
nothing more than electromagnetic waves.  It was known that electromagnetic waves were an analog 
in nature. Therefore, the particle behavior of light is inexplicable according to Maxwell’s theory. 
However, Einstein postulated that light waves were comprised of photons, packets of particles 
carrying discrete energies. Thus, light behavior was quantified as a discrete event and the particle 
model for light was born. Later in this chapter section 2.8, you will discover the true nature of light, 
identified by us as Planck’s quantum waves, which are waves carrying quantized (discrete) levels of 
energies.  

Another interesting fact about the light waves is that they do not have charge or magnetic 
pole strength. Yet, according to the present theory, light waves consist of electric and magnetic field 
vectors that are normal in direction to each other. Further, as explicated in Chapter 3, the changing 
electric field lines produce varying magnetic field lines in a non-stationary, inertial frame of 
reference, and vice versa. This means that the changing magnetic field lines in one frame of reference 
create a varying electric field in a non-stationary, adjacent inertial frame. A question begs however, 
why do light waves not exhibit the induction property of electric and magnetic fields in different 
inertial frames? Another question one might consider is, is the speed of the electromagnetic waves of 
all frequencies the same constant speed c in different inertial frames of reference? The characteristics of 
light within its own propagating (moving) frame of reference, will not alter characteristics existing within other 
frames of reference. This signifies a different behavior that is found in electromagnetic waves. The electric 
and magnetic field vectors induce complementary fields when they are mobile. This property clearly 
separates light from magnetic and electric energy waves [18]. 
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Let us suppose that visible light comprises of photon particles with velocity c and certain 
wave-length . The question we will consider here is why do lasers and X-rays have such highly 
destructive effects? It is known that industrial lasers can cut through solid gold and steel plates. The 
reason for this is laser light is highly directional and can be sharply focused to produce regions of 
extremely intense energies, with an energy density on the order of 1012 times the energy density of a 
cutting torch. An astonishing fact is that the laser waves are also visible to the naked eye. If laser light 
were comprised of particles, the laser beam must also consist of photons with a different frequency 
and energy level. We suppose that a laser photon associated with the laser must possess a very high 
relativistic mass as compared to the relativistic mass of a photon associated with visible light. If we 
apply the postulates of the STR from Einstein, the effect of gravity on the laser beam should be 
several orders of magnitude stronger than that on the light beam. From expression (1.6):  

 
Relativistic mass for a laser photon El is   Ml = El/c2 

Relativistic mass for a light photon Ev is  Mv = Ev/c2 

 
Despite the differences in supposed relativistic mass, laser photon (heavier than light photon) 

and light photon, it has been experimentally verified that these very high energy laser waves do not 
bend by force of gravity. Therefore, they are very frequently employed to destroy enemy targets at 
extremely long ranges. If the trajectory of laser beams were affected by the gravity of the Earth, it 
would be deflected and require substantial correction, otherwise the laser beam would miss the target 
because of axial and orbital motions of the Earth. The main purpose of devising a laser weapon 
system is to use the fact that they can target military assets with great precision. In practice, no 
correction is required because laser beams propagate in a perfectly straight line, unaffected by 
gravity’s influence. Hence, laser beams must be comprised of waves and not particles.  

 
It is our opinion that the behavior of laser and light energy is identical in many aspects to 

other wave energy forms, such as electromagnetic waves at radio-frequencies (UHF and VHF). 
Intuitively, the trajectory of a wave is affected by a force field, such as gravity, if the force is 
transferred through the medium to the wave in which the wave is propagating. However, light waves 
do not require a medium in which to propagate. Therefore, it is not clear how gravity from other 
objects can bend light waves. In order to prove that the force of gravity acts on light waves, it is 
essential to determine interaction between radiation waves and the mediating particle graviton that 
transfers the effect of the force of gravity on the trajectory of radiation waves. 

 
Furthermore, the force of gravity is defined between two objects with concentrated mass. 

Light waves have zero rest mass and its center of gravity is indeterminate because a photon is not 
stationery and it never occupies the same location. This statement is well supported by the Heisenberg 
uncertainty principle which states that the product of uncertainty in position and the uncertainty in the 
momentum of a moving entity is greater than Planck’s constant divided by 23. Therefore, the 
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paths of light and laser beams are not affected by gravity.  Based on the extensive discussion on the 
physical properties of light, one can deduce that light behaves a lot more like a wave than a particle. 
Indeed, light is a wave, and its behavior should not be confused with that of a particle.  

 
At this point we would like to mention that physicists have found solutions for many difficult 

problems, but they have not answered basic questions, such as, why light rays are refracted by glass 
and other mediums as they propagate through them. It is well understood that the speed and the angle 
of refraction changes as light travels from one medium to other. It is not yet known why light bends 
differently with different shapes (curvature) at the interface of two mediums.  Several questions 
related to refraction and the reflection phenomena of light are answered successfully by QED [53].  

 
For past several centuries, physicists carefully attempted to analyze the nature of light 

because light behaved strangely, sometimes as waves and occasionally as particles. This obscure 
nature of light forced physicists  to neglect studying of the basic phenomenon of how light and 
radiation entities are produced. We call them entities because we choose to deal with their  nature 
wave vs. particle distinction when deemed appropriate. Therefore, in the next section we will reveal 
stunning details on how light and radiation waves are generated from a variety of substances. Further, 
we will explicate a physical interpretation for value of the Planck constant h, and explain the reasons 
why the true speed of light c, is a constant. In addition, we will discuss transverse propagation of 
radiation waves in mediums. 

 
Also in this section, we will expound on the matter of why colored pigments offer us a means 

to alter colors of other substances and liquids, such as the mixing of colored paints in oil and water 
used in the production of painted artwork. Then, we will describe examples of other applications of 
the tinting of glass windows in car, goggles for the protection of eyes from ultraviolet rays of the Sun, 
the filter in front of camera lenses, as well as the design of 3-D glasses. 

 
 

2.6 Creation of Radiation: Quantum Description 
 
 
At the onset of the 21st century it was evident that light and radiation wave generation were thought to 
be a quantum phenomena. Therefore, the purpose of this section is to explicate the fundamental 
reasons for the creation of radiation within the atoms of substances. It was disclosed by Max Planck, 
the greatest physicist in the Nineteenth century, that light and radiation are quanta of energy. Without 
revealing the cause of the production of light, he devised an expression for the energy content of light 
and radiation, equation (2.1). We stipulate that light and other forms of radiation are energy entities 
released by oscillating electrons when they are bound with other charges, i.e., protons, forming 



  Quantum Theory of Radiation           113           
 

  

charge dipoles. Now, we shall investigate the details of the process that enable production of light and 
radiation waves. Once you understand how radiation energy waves are originated from their parent 
particle electrons, the reasons for their ambiguous behavior will be clear. 
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Figure 2.7 Radiation generation phenomenon at nano-scale.  (a) Energy transition state of electron 
results in oscillations in which electron energy is dissipated in the form of light and other energy 
forms. (b) The oscillating charge electron in electrostatic field sends radiation waves. The energy 
associated with each cycle of wave equals Planck constant h. 
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From the Bohr model for atomic structure it was clear that radiation waves are released only 
when atomic configurations of substances are unstable [19]. It was also discovered that emissions of 
radiation from unstable matter had led to a more stable atomic structure of the matter, a transition to a 
higher stability of condition than before. Conversely, it was determined that an absorption of a 
quantum of radiation would cause instability. We believe that absorption of quanta results in an 
unstable energy quantum state of electrons in the orbits of atoms. When atoms of stable 
photosensitive substances are bombarded by radiation, electrons in the orbits of certain metals are 
excited to a higher energy state. The excited electrons have a tendency to jump back to ground state 
(normal energy condition) after releasing the excess energy in the form of radiation.  

 
 Examples of radiation from electrons transitioning from a high energy state to a low energy 
state are, black body radiation from a previously heated cavity made from a charcoal and a tungsten 
filament light bulb. Here is how the process happens: Due to increase in temperature, electrons 
orbiting at a higher radii from high energy unstable state make transitions to lower radii orbits, low 
energy state. While it is undergoing the moment to moment transition, the electron oscillates like a 
simple pendulum, although to say in reality a more complex conical pendulum. This complexity 
depends upon space charge distribution and the electro-static charge force field in the vicinity. The 
oscillation of an electron, a charged particle, changes the force field between the electron and the 
charge dipole proton at the nucleus in a periodic fashion. The energy from oscillating electron 
pendulum is dissipated in the form of radiation. In Figure 2.7 an atomic configuration and the 
radiation emission from an oscillating electron during energy state transition event is shown. 
 

In addition to the production of radiation, this diagram predicts a subtle fact in quantum 
physics, the origin and definition of Planck constant h. It turns out that while an electron is 
oscillating, that is, during each oscillation cycle, it is limited to dissipating only one unit amount of 
energy equaling Planck constant h. This is because the release of an energy amount (h) will change 
quantum state of electron by unity (one). In this situation, the energy content of radiation of frequency 
is characterized by Max Planck in his famous equation, E = h ×  . The equation implies that the 
faster the oscillations of electrons, the higher the rate at which energy is released per unit of time. 
Conversely, the energy released from electrons oscillating at a slower rate, will produce less energy 
per unit of time. Let us discover what this entity radiation in reality is in what follows. 
 

When an electron with a negative unit charge e- oscillate in the presence of an electrostatic 
field, its motion sends energy waves at the frequency of oscillation in the field towards proton 
because of the positive image unit charge e+ of the proton. However, the field in the proximity of 
proton is governed by strong residual forces of quarks, a singularity. Therefore, radiation waves from 
the electron in the electrostatic field are ejected out of the nucleus after they are reflected by the 
potential barrier of quarks inside the proton. Thus, light and every other type of radiation waves are 
quantum fluctuations of energy in electrostatic force field.  
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Our explanation completely makes sense, because the vast amount of binding energy of 
quarks creates a wall of potential that radiation waves cannot penetrate. As indicated in Figure 2.7 (b), 
the oscillations and waves are synchronized in space and time. Further, it is clear from our description 
for the origin of the energy waves that these vibrations, or oscillations of an electron within an 
electrostatic field, need not require a medium in which to propagate, although these oscillations do 
manifest different sensations at different frequencies, such as visible light, X-rays, infrared and 
gamma rays. Next, we will discuss factors affecting the speed of radiation waves at the instant they 
are created. 
 
 After Einstein’s discovery of the photoelectric effect, it was clear that the frequency of 
radiation emerging from electrons was proportional to the energy difference between the initial and 
final energy quantum state of transitioning electrons. In essence, his photoelectric effect concept, and 
Max Planck’s black body radiation theory, (Section 11.2) established the value for the frequency of 
radiation. It was not yet clear what establishes the wavelength of radiated energy. Physicists assumed 
that all radiations propagated at the speed of light c, a constant. Later, they were able to compute 
wavelength  of radiation from a relationship to the speed of radiation c = f × . 

 
Our view is that c is the maximum speed at which a wave could propagate inside electrostatic 

field that has been established by the charge dipoles proton and electron within atoms. In other words, 
the speed of radiation is dictated by the rate at which an electrostatic field can react to the vibrations 
of electrons, the reverberation speed of the field. Thus, the speed of all propagating radiation waves is 
equal to c within the distance travelled by a wave during one cycle, which is its wavelength  divided 
by the time T the period of wave. 

 
Another factor that affects the speed of light is the amplitude of electron vibrations while they 

oscillate. The oscillating electrons perform simple harmonic motion resonating at its natural 
frequency. The response of this system is analogous to characteristics of a damped oscillator. The 
time constant of electron oscillator is in the range, the period of radiation frequencies. One can 
correlate the amplitude of the electron vibration with the wavelength (and its amplitude) of emitted 
radiation. The analysis of this is beyond the scope of this text. 

 
 You should also note that the higher the frequency of radiation, the shorter the wavelength of 

radiation. That correlates to a smaller amplitude of electron vibration inside the electrostatic field in 
the neighboring space charge distribution. This observation makes sense, because at high frequency 
electrons travel small distances and dissipate energy at small wavelengths. From our explanation we 
can infer that all types of radiation arriving from stars, such as the Sun, are travelling at the speed of 
light because they are created at that speed. Next, we will discuss another interesting point regarding 
the cause for light and radiation waves to propagate in transverse direction. 
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2.6.1 Transverse Propagation 
 
Before we learn about the transverse nature of light, we must understand the different modes of wave 
propagation. Wave propagation is categorized as longitudinal, or transverse, depending on the 
direction of vibration manifested by the entities creating the waves in relation to the direction of 
transportation of the waves. For instance, the direction of pushed molecules by a speaker cone creates a 
sound wave that propagates outward in a generally longitudinal direction. In contrast, light waves propagate 
in a direction that is normal to the direction, the vibration plane of electrons. Thus, regarding the 
propagation of light and other radiation waves, the energy carrier particle electron produces energy 
waves during its transition from a higher energy state to a lower energy state that propagate normal 
to the direction of the vibration plane of the transitioning electron. In the following, we will provide 
more details on the transverse nature of light propagation.  

 
Figure 2.8 Longitudinal and transverse propagation of waves (a) Transverse nature of radiation.  
(b) Longitudinal nature of sound waves. 

From Figure 2.7 of the previous section, it is easy to see that the phenomenon of radiation 
wave propagation in all mediums is not as trivial as the flow of ordinary sound waves. The main 
reason for this is that sound waves are developed as a result of mechanical vibration of particles 
comprising a medium in which the sound wave is moving. Therefore, sound waves cannot transverse 
within a medium without particles. On the other hand, light and all other types of radiation waves can 
travel in space, in which much seems to be completely empty. Once again, we will shed light on this 
distinct nature of light propagation by describing the exact mechanism behind its creation.  
 

In Figure 2.8 propagation modes for radiation and sound waves are illustrated. As explicated 
in the previous section, radiation waves are created when an electron in orbit makes a transition from 
a higher energy state to a lower energy state. During this transition, the electron oscillates and 
dissipates energy in the form of radiation via electrostatic charge fields among electrons and protons 
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in the atom until transient fluctuations of the fields settle down. Eventually, the electron orbits in 
stationery state and ceases to produce radiation. Light and radiation waves from a vast number of 
electrons are emitted simultaneously. Therefore, the light that we observe from any light source is a 
result of very large number of waves; those combined in a fashion that we demonstrated while 
defining group speed in Section 2.2.1. 

 
Thus, light produced by any source emerges as a spherical wave, appearing to propagate 

outward from a point source obeying Huygens’s principle. We note that quantum fluctuations of a 
field caused by electron vibrations are normal to the direction of the propagation of light waves. 
Opposed to the light waves, sound waves propagate in the same direction as the vibration of air 
molecules or the motion of source particles responsible for the creation of sound waves. This 
longitudinal mode of sound wave propagation is depicted in Figure 2.8(b) as a tuning fork; a basic 
sound producing apparatus. 

  
Now we will explain the mixing of colors in substances to conclude this section. In the 

painting industry, those producing paints, and those who use paints as painters, artists, and designers, 
the mixing of colors is a very elaborate process. Here, our focus is to understand details of the 
mechanism that produces colors of different shades (color) and tones (intensity of shade) to a variety 
of substances. Also, we will explicate the operation of camera lenses filters, as well as Sun glasses 
and the tinting material of automobile windshields.  

 
One of the quickest ways of creating a variety of colors is by mixing the powders of different 

color pigments in an appropriate liquid, such as water or oil. Artists have mixed powders in oil to 
paint their pieces of artwork for centuries. These artisans have known how to prepare colors of their 
choice by appropriately mixing color powders and fluids without any knowledge of light’s reaction to 
color pigments. We shall explore the detailed science of light’s natural reaction to various materials, 
the colored and the colorless, the opaque and the transparent, in Chapter 6. 

 
When the powders of colored pigments are exposed to white light, the pigments absorb all 

colors except the one that appears to the observer after reflection. The powder pigments are 
manufactured from compounds which have different base metal elements in their chemical 
composition. For instance, compounds with copper, sodium, and iron metal base gives red, yellow, 
and blue color, respectively, when light is reflected from the surface of objects that are coated with a 
particular compound. Also, when a small quantity of colored powder is mixed with a fluid, such as 
water, the color of the water will change to the color of the pigment with only a little loss of 
transparency of the water. If we increase the amount of powder in proportion to water quantity, an 
opaque paint is made. Similarly, tinted glass, camera lens filters and Sun glasses are fabricated from 
plain glass or plastics by imparting colors to molten glass and fluid plastics when they are poured into 
die ingots to create shapes for different applications.  
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From a physicist’s point of view, it is noted that different colored pigments absorb light and 
radiation of all wavelengths other than the reflected color of light. This occurs because white light is 
comprised of a broad spectrum of wavelengths. An interesting point about reflection is that while 
electrons absorb light of all other colors, the chemical composition of pigment stays intact. The 
reason for this is the light at the visible wavelength has a very small amount of energy, leaving 
unaffected the constitution of the compound. It is also often noted that the temperature of colored 
substances rise to some extent during a continuous exposure to Sunlight due to the fact that some of 
the light energy is transformed into heat. 

 
Beside visible light colors, it is known that harmful ultraviolet radiation from the Sun can be  

blocked by sun glasses that are carefully manufactured to render special characteristics of lens 
composition and structure for blocking UV rays from passing through the lens to the eye. The same 
principle is applied in the manufacturing of filters that are placed in front of camera lenses to 
ameliorate picture shooting within environments of differing glare intensities. Another use of light 
filtering is the tinting of glass windows on cars for securing privacy for passengers travelling inside. 
Often, the tinting is designed so that that person inside the car can see through the glass the outside 
scene, but the vision of people outside looking in is completely blocked.  

 
Now we will continue our  focus on nature of light.  Therefore, in the next section, we shall 

discuss the physics of EM waves and light waves based on Maxwell’s theory of EM radiation. 
Specifically, we will explore the transverse wave nature of light and the energy content of light waves 
vs. the energy carried by EM waves. 

 

2.7 Electromagnetic Waves, Maxwell’s Theory 
 
In this section we will discuss the physics of electromagnetic waves based on the current model 
proposed by Maxwell, which is accepted by the physics community at large to date. Let us examine 
the circumstances and the reasoning behind the creation of the current electromagnetic energy 
spectrum chart. The story dates back to the mid 19th century, James Clerk Maxwell (1831-1879), a 
Scottish Theoretical Physicist, developed the electromagnetic theory of light waves. His famous four 
equations established the transverse propagation of light and all other electromagnetic energy waves. 
For refreshing the memory of our readers, we shall state his equations in both forms, integral normal 
form (2.22) thru (2.25), and differential form (2.26) thru (2.29).  
 

In Appendix A the frequencies vs. wavelength chart for the entire electromagnetic spectrum 
according to predictions made by Maxwell’s theory of electromagnetic radiation is displayed. In this 
model it is believed that all radiation energy waves are part of a continuous band of frequencies in a 
spectrum and are electromagnetic in nature, propagating at a constant speed c. Sound waves are not 
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included in the frequency spectrum because they are considered mechanical vibrations of gas atoms 
and require a medium to propagate. A characteristic of radiation waves that distinguish them from 
sound waves is they do not require medium to propagate, because that is the way they are created. 

 
Maxwell’s equation in integral form: 
 

Gauss’s Law                    (2.22) 

 

Gauss’s Law in Magnetism    B • dA = 0     (2.23) 

 

Faraday’s Law         E • ds = - dФB/dt      (2.24) 

 

Ampère-Maxwell law    B • ds = μ0I + ε0 μ0dФE/dt    (2.25) 
 
 
Maxwell’s equation in differential form: 
 

 
Gauss’s Law      E = 4       

 

Ampère-Maxwell law      × B – 1/c(∂E/∂t) = (4c) j    

 

Gauss’s Law in Magnetism     B = 0     

 

Faraday’s Law      × E + 1/c(∂B/∂t) = 0      

According to Maxwell’s theory, an ordinary beam of light consists of a large number of 
waves emitted by atoms of the light source. Each atom produces a wave having some particular 
orientation to the electric field vector E, corresponding to the direction of atomic vibration. Because 
all directions of vibration from a wave source are possible and are equally probable, the resultant light 
wave is unpolarized and is superimposition to all the individual electric field vectors. Originally, 
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Maxwell developed his theory and derived equations to describe behavior of propagating alternating 
electric and magnetic fields.  

In Figure 2.9, schematic diagram of a propagating light wave along the Z-axis with velocity 
c, along with associated electric fields and magnetic fields, is displayed. A linearly polarized beam of 
light is obtained by removing all waves from the beam except those whose electric field vectors 
oscillate in a single plane. It was believed that light was originated from the vibrations of atoms that 
had electric charges, creating a changing electric field. According to the Ampere-Maxwell law, a 
changing electric field created a magnetic field by the electric induction phenomenon. Therefore, light 
waves consisted of two transverse fields, E and B, which are orthogonal to each other and orthogonal 
to the direction of the propagation of the light waves.  
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Figure 2.9 Maxwell’s model for light and electromagnetic waves propagating at velocity c in Z direction with 
associated electric field vector E in Y-Z plane and magnetic field vector B in X-Z plane. 
 

At this point a question naturally arises, why are light waves unaffected by strong electric or 
magnetic fields directed from any orientation? It is for reason of fact that the trajectory of light waves 
is unaffected by the presence of very high energy electric or magnetic fields, even to the slightest 
extent. We are implying that Maxwell’s model and the EM wave theory of light did not answer this 
question. The insensitivity of the light waves to both the electric and the magnetic fields led us to 
speculate that electromagnetic wave model did not accurately reflect behavior of light waves. As we 
shall see in next section, we appropriately named light, and similar energy waves, as Planck Waves, 
which are different from electromagnetic Radio Frequency (RF) waves. We made this distinction 
because the expression for energy carried by light waves is characterized by Max Planck’s energy 
equation (2.1), whereas energy carried by electromagnetic waves is characterized by the Poynting 
Vector Theorem (2.35), as we will see in this section. 
 



  Quantum Theory of Radiation           121           
 

  

Let us continue our discussion of the electromagnetic nature of light waves and present the 
analytical details of the model. We will utilize the popular Maxwell’s equations to describe the 
electric and the magnetic fields associated with light waves. We see that the behavior of light waves 
is fully described by a wave number and the angular frequency parameters of vibrating electrons 
generating the light waves. Ignoring the fact that light waves are not affected by electric and magnetic 
fields, an electromagnetic wave model for light waves was developed by Maxwell. From Maxwell’s 
laws one can derive the equations of field vectors E and B. We shall state the final results (For details 
refer Serway & Jewett [19]).  

 
E = Emax cos (kz-t)       



B = Bmax cos (kz-t)        



where Emax & Bmax are maximum values of the fields, k is angular wave number = 2/and 
 is angular frequency = 2here is frequency of the field). Also 
  

k = Emax/Bmax =  E/B = c      
                                                                                    and 
 

c = (0 × 0)-1/2
       

 
where 0 permeability of free space and 0 permittivity of free space 
 

In the above equations, one should notice that parameters k angular wave number and  
angular frequency are related to electron motion rather than atomic vibrations. From the description 
of instantaneous values of E and B fields, one can arrive at the total instantaneous energy content of 
light waves, which is the sum of energy carried by an electric wave and a magnetic wave. The total 
energy of light waves is given by the expression 

 
Uavg = ½ 0 E2

max = ½ B2
max/0 (Joules)    


Readers are advised to find the detailed derivation of the equation (2.34) in [19], which 

applies the principles of the Poynting Vector theorem and the conservation of energies to associated 
fields. Also, intensity of light waves is computed from  
 

I = c Uavg          


where c is speed of light wave in medium of propagation 

 
In this model, the values for Emax and Bmax is calculated from equations (2.36) and (2.37) for a given 
charge distribution and current flow in circuit configurations. 
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For a simple point charge distribution Q Coulombs the value of 
 

Emax = ke × Q/r2        (2.36) 
 
where ke is in N.m2/C2 and r is the distance of a point from the charge 
 

ke = 1/(4 × 0) = 8.987551 × 109    (N.m2/C2) 
 
One should carefully scrutinize this, because the electric field is a scalar quantity, while the 

magnetic field is a vector, and the direction of the electric field is always radial towards the charge 
distribution. 

The value of Bmax is computed by the Biot-Savart law which involves computation of a line 
integral. To create a magnetic field, current must flow through a conductor within a completed circuit. 
Moreover, a magnetic field is a vector which has magnitude and direction.  

 
Bmax = (0/(4×r)) × I ∫ ds × r      (2.37) 

 
where 0 is permeability of free space whose value is 4× 10-7

TmA, I is current flowing through 
wire element ds, and r is the distance of a point from the wire carrying the current. 
 

From Maxwell’s model and equations for the light waves it is obvious that he applied plain 
electromagnetic wave equations to light waves by assuming that the light waves are the same as the 
electromagnetic waves. The inventions of the photoelectric and the photovoltaic effects led scientists 
to agree with Maxwell that light waves were indeed electromagnetic waves. However, as mentioned 
before, light waves are not affected by electric or magnetic fields and do not induce or produce 
coupling effects exhibited by the electric and the magnetic fields. We imply that a changing light 
wave does not produce or induce phenomenon which varies or alters light energy elsewhere. Thus, a 
need to develop a separate model for light and radiation energy waves different from the 
electromagnetic RF waves is being postulated by us. Therefore, in the next section we are focusing on 
developing a new model to describe light waves, which is distinctively different from the 
conventionally described electromagnetic wave model.  

 
The beauty of Maxwell’s equations arose from the fact that the equations were able to 

compute the speed of light in a vacuum with only two parameters, the permittivity and the 
permeability of the free space. Einstein and others were convinced that the speed of light should be 
treated as a universally accepted constant, whose value is now determined to be 2.99792 × 108 m/s. 
Maxwell was then able to show that in free space this value is exactly equal to  

 

(0 × 0)-1/2 for 0 = 4 × 10-7 T. m/A and 0 = 8.85419 × 10-12 C2/N.m2  
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He assumed that the permittivity and the permeability constant values are invariant, free 
space moving at constant velocity within an inertial frame or at rest. It is difficult for anyone to 
comprehend that free space and the Universe are in motion, even if the Universe is of infinite size, 
without a known surface and boundary. From our perspective, the Universe is open and infinite 
(Chapter 13). Yet, vast objects in the Universe are in constant motion. Therefore, when a segment of 

the Universe is in motion, the constants andshould vary. Another important fact discovered by 
Maxwell’s equation was the relationship between the speed of propagating energy waves, its 
frequency, wavelength, and the index of refraction of the medium. According to his work, the speed 
of propagation for radiation energy waves is computed from relation 

 
c = f ×  /          (2.38) 
 

where c is speed of the propagating wave, f is the frequency,  is the wavelength and  is the index of 
refraction for the medium, whose value is unity for space. 
 

In 1905, Einstein took it for granted that Maxwell’s equations were correct for the 
generalized frame of reference and assumed that the speed of light in his equation was a universal 
constant. With the law derived from his Photoelectric effect experiment, he established the 
assumption that light consisted of photon particles that carried energy h ×  in packets of waves of 
frequency However, neither special relativity from Einstein nor Maxwell’s field equation explained 
how the energy h ×  of light waves related to the strength of electric field and magnetic field vectors. 
From our point of view, the speed of light is not a constant in a mobile frame of reference (Chapter 
3). In mobile free space the value of permittivity and permeability constants are variable and, 
accordingly, the speed of light should be cm different from c.  
 

cm = (m × m)-1/2
        



where m is the permeability of free space when it is moving, m is the permittivity of free space when 
it is moving, and cm is the speed of light in a mobile frame of reference. 

 
The ambiguous description for light behavior, that is, described sometimes as a particle and 

occasionally as a wave, as proposed by earlier theories, previously prohibited the creation of a 
consistent model that matched its actual behavior. As stated before, a photon “particle” with finite 
energy lacks rest mass and does not possess a center of gravity. Therefore, a “particle” photon is an 
incomplete description for light energy. It will be evident from our explanation in the next section that 
the wave  model of light presented by us, comprising of virtual particles which are packets of a 
discrete amount of energy, makes complete sense in all instances, even in the examples in which it 
manifests particle behavior. Next, we will explicate why and where Einstein’s model of a dual 
behavior of light failed. 
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Let us look at some of the limitations of Maxwell’s electromagnetic wave model as applied to 
energy waves above microwave frequencies. The energy carried by these waves (visible light waves 
and microwaves) is described by energy of a photon particle, a concept invented by famous scientist 
Albert Einstein. He applied results of photoelectric effect experiment to show that a light wave can be 
modeled as a particle. We disagree on particle nature of photon because it does not have a rest mass 
and a fixed center of gravity.  Einstein demonstrated from the photoelectric effect that the energy 
possessed by individual photon of light of frequency is expressed by the relation 

 
Ephoton = h ×         (2.40) 

 
where h is known as Planck’s constant 

 
Einstein did not explain why energy of the photon increases with frequency. We fear that 

Einstein and Maxwell assumed that light and radiation waves are vibrations of atoms. In reality, as 
explained in the next section, light waves are emitted as a result of oscillations of electrons in orbit 
during an orbit transition event through an energy exchange mechanism. The amplitudes of the 
oscillations are bound by the allowable energy states in the shell orbits of electrons. Naturally, for a 
given energy difference between the final and initial state of an electron, electrons with higher kinetic 
energy will emit radiation in oscillations of a larger amplitude and of a shorter period. The energy 
difference and allowed states of electrons are dictated by Max Planck’s theory of quantum radiation 
and Niels Bohr model for stable nucleus systems. Therefore, the energy of light waves increases with 
frequency.  

You will realize that our reasoning is consistent with the physical interpretation of the views 
proposed by Einstein. In his time, it was believed that energy carried by any kind of radiation was 
expressed by the formula (2.40). In addition, they derived energy expressions by computing the 
intensity of electric and magnetic fields for specific charge distributions and the current flow through 
conductors by utilizing Maxwell’s equations.  We believe that energy carried by radiation similar to 
light waves is different from energy carried by electric and magnetic fields. Therefore, we choose to 
call the waves whose energy is described by equation (2.40) as Planck quantum waves in order to 
stress the quantized nature of the energy content of the energy waves. We believe that the energy 
carried by electromagnetic radio frequency (RF) waves is not quantized unlike energy carried by the 
visible light and the infrared radiation. 

We are in assent with Maxwell’s model for electromagnetic RF waves. We are in dissonance 
with the fact that his equations are applied to model energy waves such as infrared, visible light, 
Ultraviolet, X-rays and Gamma Rays. Our belief is based on the fact that these forms of energy waves 
are completely insensitive to forces exerted by electrical and magnetic fields. Also, the intensity of 
electric and magnetic field components of light waves is not computable from the force developed by 
electric charge distributions and the force of magnetism induced by flow of current through 
conductors. Furthermore, electric field components and magnetic field components of light waves 
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described by Maxwell’s formula did not manifest their effect individually in any experiment and 
therefore lacked substance. Hence, applying Maxwell’s theory to model energy carried by light waves 
was a mistake because light waves have no relationship with a magnetic field. Light waves are 
quantum fluctuations of an electrostatic charge field as described in Section 2.6. 

Physically there were several phenomena in which light waves differ from electromagnetic 
waves. A fact which distinguishes light waves from electromagnetic energy waves is that light waves 
are reflected by surfaces, such as mirrors. Also, light waves are focused by refraction as they cross 
boundaries of mediums, in such mediums as a lens, water, air, and etc.. Electromagnetic waves do not 
exhibit refraction and reflection phenomena in like manner of light waves. The trajectory of 
electromagnetic fields is controlled under the influence of other strong electric or magnetic fields. 
Moreover, a changing electric field induces a changing magnetic field effect, and vice versa. This 
induction phenomenon is not manifested by visible light, X-rays, Infrared and other radiant energy 
sources. Moreover, light waves are selectively polarized by absorption, reflection, double refraction, 
and by scattering. Thus we have raised a good point that light waves are different from EM waves and 
a separate model is required to characterize the physical behavior of light waves. 

 
To establish and confirm EM nature of light waves, Michael Faraday performed an 

experiment which ostensibly varied the angle of the polarization of light by applying a magnetic field 
within the pathway of light. We will analyze the details of the experiment in Section 2.8 and show 
that the results of the experiment did not provide a cogent proof of EM nature of light waves. It has 
been discovered that light and radiation energy waves are immune to electric force fields. From the 
explanation in the forthcoming section we will establish and conclude that light and radiation energy 
waves are not electromagnetic, which is contrary to the belief of a majority of physicists today. In the 
next section, we will create a new model for light waves based on Planck’s quantum wave theory. 

 

2.8 Physics of Radiation Waves, Planck’s Theory 
 
 
In this section, we will model behavior of light that is accurate, matching reality that does not suffer 
from any ambiguity. As explained in section 2.7, previously developed models over the period of the 
past century had raised many questions but did not provide satisfactory answers to the physics 
community. Our intention is to develop a coherent model for all kinds of radiation waves which must 
answer all previously raised questions. We believe that light consists of a luminous energy wave that 
is propagating in a direction normal to the wave motion. The energy of the wave is carried in 
transverse direction. From the photoelectric effect, Einstein concluded that an electron in an orbit will 
absorb or release energy from light waves in precise quantity (he called energy of photon) expressed 
in equation (1.42). We agree with equation (1.42); however we believe it is not accurate to model 
light waves as particle photons.  
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According to the quantum principles laid out by Max Planck, an electron in an orbit will 
change its state after either absorbing or releasing a definite quantum of energy h. He confirmed this 
fact by studying black body radiation phenomena extensively.  We will defer discussing the details of 
his studies and results until Chapter 11. One of the salient features of Planck’s theory was that an 
electron in an orbit will absorb and emit radiation energyof a precise quantity which corresponds to 
product h × units before it is ejected within a time frame of one cycle of radiation. Thus, at any 
frequency of radiation, an electron will dissipate energy of h × units in an emission event When 
we combine principles from  Max Planck’s theory with the photoelectric effect concepts developed 
by Einstein, then a true model for light waves will emerged. In this effort, we judiciously applied 
these theories that culminated a beautiful model for radiation waves which predicts the physical 
behavior of light and radiation waves much more accurately than ever before. 

 

 

Trajectory of 
an electron in 
inner shell 

Trajectory of orbiting electrons in 
energy states of different shells. 

Trajectory of orbiting electrons in 
energy states of outer shell 

Core of atoms; protons 
and neutrons those 
consists of quarks 

Electron 
vibration 

Electron 
vibration 

Light, Infrared, X-ray, UV 
or some type of radiation 

 
Figure 2.10 Electron vibrations producing radiation energy waves. 
 
Based upon the new model, we are suggesting that the frequency spectrum chart of EM 

waves should be divided in two main parts. In Appendix B, frequencies vs. wavelengths chart for the 
entire spectrum according to a new segmented model is described. In this chart, the entire frequency 
spectrum is partitioned in to two segments, the EM waves and the Planck waves. The Electromagnetic 
wave segment corresponds to the RF energy waves which exhibit electric and magnetic wave 
properties in accordance with Maxwell’s theory of electromagnetic radiation. The Planck wave 
segment portrays the properties of light, X-rays and Gamma rays based on Planck’s theory of 
quantum radiation. Next, we will present the details of new  and exciting model for light waves. 
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We propose that light energy waves are created when vibrations occur by the electrons of 
atoms. It is these electron vibrations that provide the source of energy. In Figure 2.10, a schematic 
diagram of electrons in orbit with associated vibrations for generating light energy waves from a 
source is displayed. Since, according to Schrödinger’s equation, the position of quantum particle 
electron at any time can only be defined as a probability density function within the shells of 
electrons, one can only predict position and phase of created radiation with some probability. This 
adds a lot of uncertainty in the phase determination of a periodic radiation signal. To refresh the 
memory of the reader, Schrödinger’s equations are stated here in two forms, time dependent, and 
time-independent [3].  We will discuss the importance of these equations in Chapter 11. 

 
Schrödinger’s equation     -ħ2/(2 m) ∂2

∂x+ V = E  (2.41) 
(Time independent) 

 
Schrödinger’s equation     -ħ2/(2 m) ∂2

∂x+ V = iħ ∂∂t   (2.42) 
(Time dependent)  

 
Now let us derive a new model for light waves, which we have appropriately labeled as 

Planck Waves. We have chosen to associate Planck’s name to designate radiant waves. Due to his enormous 
contribution to quantum physics and the associated nomenclature to current parameters salient today in this 
field, i.e. Planck’s Constant, Planck’s Time, Planck’s Length, etc., we deem it an honor paid rightly. Since the 
electrons in their orbits have a negative charge e, a vibrating electron sets up a time varying luminous 
field during light and radiation energy emission events.  We posit that at this frequency of electron 
mechanical vibrations, no electric charge properties are measurable or observed. We shall name the 
field created by electron vibration an illumination field, inasmuch as the coulomb force effects are 
absent at the vibration frequency.  

 
The energy carried in a cycle of this field is a luminous vector L, which corresponds to 

h×units as per Einstein’s light wave energy model. It is observed that the luminous field created by 
every light source produces non-coherent, multi-polarized, randomly oriented energy waves, with the 
exception of the laser waves.  The reason for this non-coherent, multi-polarized, randomly oriented 
energy wave production is that the waves emitted from different electrons are uncorrelated both in 

time and space. In Figure 2.11, we have displayed a three dimensional representation for a 
propagating light wave produced from vibrations of two electrons to describe a situation. From the 
diagram it is obvious that the energy waves radiated from the vibrations of two electrons will not have 
any phase relationship in classical sense.  

 
One could easily recognize the differences between two models, namely, the new quantum 

model for light waves and the old model of RF waves, depicted in Figure 2.9. The main difference is 
that the old theory described light as electromagnetic waves, whose energy is expressed by equation 
(2.34). The new model characterizes the light as luminous waves with energy h ×  units. Another 
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fact that sharply contrasts light and radiation energy waves with RF waves is the type of electrons that 
generate each kind of the energy wave. The light waves labeled by us as Planck waves are a 
manifestation of oscillations of bound electrons in orbits. The electromagnetic RF waves are created 
by oscillations of free mobile charges, electrons and holes. The energy carried by luminous waves is 
greater at high frequencies than the energy of low frequency waves. The waves with higher 
frequencies are supposedly created from vibrations of electrons that possess higher kinetic energies 
within lower radii orbits of an atom. As we would expect, the lower frequency waves are produced by 
lower kinetic energies electrons existing within the higher radii orbits of an atom. The electrons in an 
orbit with higher kinetic energies radiate higher frequency waves than electrons with lower speed and 
lower kinetic energies. Thus, luminous radiation wave model for light energy waves makes sense.  

 

 

 

 
Luminous field vector L, vibrations 
from electron 2, and etc 

Luminous field  vector  L, 
vibrations from electron 1 

At random angles 
 Multi-polarized, non-coherent Light 
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Y-axis 
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Figure 2.11 New proposed models for propagating light waves based on Planck’s theory of radiation. 
 

In the Maxwell’s model light waves consist of propagating electric and magnetic waves that 
traverse in planes that are at 90 degrees angle to each other. Also, the direction of oscillation of 
electric and magnetic field waves were normal to the direction of propagation of light waves. Further, 
the waves are created as a result of vibrations of atoms and mobile charges.  According to the new 
model light waves consist of mechanical waves created by vibrations of electrons in any plane at 
random.  

The energy released from electron vibration is very similar to sound wave energy released 
from the mechanical vibrations of a string. In this context, light energy waves resemble sound energy 
waves created as a result of the vibration of strings.  Light waves originating from any source of light 
do not have a fixed, known phase relationship with any reference. Moreover, light waves created by 
any source of light are always unpolarized, of course with the exception of laser sources in which 
coherent laser energy waves are produced. The light produced from any other source is non-coherent 
inasmuch as it is superposed light from many electrons possessing different electron energies and spin 
momentum characteristics. Our argument is cogent because there is no procedure existing that allows 
for the production of polarized light without first producing unpolarized light except, of course, 
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lasers. Usually, polarized light is obtained when unpolarized light passes through a filtering process. 
Laser light is coherent because it is generated by a process of stimulated emission of radiation in 
which electrons in particular states are excited. 

 
The scientific community will be amazed when our prediction is proven correct, that light 

waves are the result of the mechanical vibration of electrons producing energy waves, similar in 
concept to that of sound wave production. Our belief is substantiated by the fact that the light wave 
illumination field emitted from electrons in orbit is immune to any electric charges and magnetic 
fields. It is found that electromagnetic waves can be redirected with strong electric or magnetic fields. 
In our opinion, the entire energy (h ×  of light waves is carried by intensity vector L.  

 
A beam of unpolarized light is transformed into polarized light by various techniques. Four 

common methods of the polarization of light is by Selective Absorption, by Reflection, by Double 
Refraction, and by Scattering. It is important to know that one cannot alter polarization characteristics 
of light under the influence of high intensity electric or magnetic fields. None of the methods to 
polarize light relies on application of electric or magnetic energy to a beam of light. Therefore, we 
propose that light waves are not electromagnetic in nature. This conclusion may be very difficult for 
many physicists to accept. Hence, we will do our best to validate our theory by suggesting some 
experiments.  

For increase in the speed (bandwidth) and security of information, often information is 
transmitted over optical fiber channels. Recent advances in technology allows controlling polarization 
of light wave signals on the channels based on encoded encryption mechanisms. The encryption 
scheme is most popularly stated as quantum encryption by information technology experts. As 
previously stated, the major benefit of quantum encrypted signal communication is that it provides the 
highest level of security and integrity for information transfer on both a wireless and a wired 
communication channel. 

 
From the newly proposed model for light waves, we provide the following expression for 

parameters related to the light waves. Speed of light c 
 

c =  ×            
 

where c is speed of the propagating wave,  is the frequency,  is wavelength and  is index of 
refraction for the medium whose value is unity for space.             
The instantaneous illumination field wave is given by 
 
Kadakia’s equation     L = Lmax cos (kz - t + )        (lumens)   (2.44) 
 
where Lmax is the maximum value of the luminous field,  is the angular frequency, k is the angular 
wave number, whose value equals 2/andis the phase angle for light wave at the origination.



130          Chapter 2 

 
 

The energy carried by the light wave  
 

Uavg = h ×          (2.45) 
 
Now, let us derive the expression for the intensity of light waves from this new model. 

Intensity Lmax of a wave is defined as the rate at which the energy is transported by the wave through 
a unit area perpendicular to the direction of the travel of the wave. In other words intensity is the ratio 
of power P and the area A in which the energy is received.  In expression form 

 
Lmax = P/A (W/sq. m)       (2.46) 
 
Let n be the number of quantum of light waves received in area A per second. Then the 

expression for intensity of light is 
 

Lmax = (n × h × A     (lumens)      (2.47) 
 
For circular geometry of radius r, the area  
 
A = × r2         (2.48) 
 
From (2.47) and (2.48) equations it is obvious that intensity is inversely proportional to the 

square of the distance of a point source of light from the circle. The SI unit for light intensity 
measurement is candela. More experimental data is required to verify results of equation (2.47). Here, 
we have successfully developed a proper model which describes the behavior of light waves in 
different circumstances without any confusion. Some of the answers to the fundamental questions 
pertaining to the behavior of light still remain a topic of future research. Physicists are still seeking an 
answer to the fundamental question, why light is refracted as it crosses the boundaries of one medium 
to another? Also, why light is reflected from shiny surfaces, and why it is transmitted through semi-
transparent material, such as glass? We will provide answers to some of these questions when we 
discuss QED in chapter 6.  

 
According to the physicist, Max Planck, the energy of photon particles (light wave postulated 

as a particle by Einstein) is expressed as: E = h × where h is Planck’s constant in J-s and  is the 
frequency of light waves [20]. However, the energy of a light wave (photon), according to Einstein’s 
STR, is: E = mp × c2,  where mp is the mass of the wave due to kinetic energy  
Equating both expressions for energy gives:  
 

mp = (h × )/ c2     kg (2.49) 
 

This indicates that light waves have energy and, corresponding to that, a relativistic mass. 
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However, Einstein stated that the rest mass for light waves is zero. We suggest that the kinetic mass 
mpk and the energy of light waves should affect the trajectory of accelerated particles similar to the 
effects of magnetic field on objects made from Ferro-magnetic materials, as well as possibly by the 
gravitational force effect as described by Newton. We recommend that experiments should be 
designed to investigate the effects of high intensity light on charged particles in a large Hadron 
collider. The deflection of a charged particle by a beam of light could possibly provide a new 
technique for measuring the energy content of light waves. 

 
 It would also be of interest to derive the relationship between the deflection of charged 

particles and the intensity of light waves.  The intensity of light waves is expressed in units of lux and 
lumens in the MKS system, and candle power in the FPS system. It is well known that the energy 
content of electromagnetic waves is measured in terms of root mean square, average, and peak values 
because voltages and currents causing the changes in time varying fields are sinusoid and exists as 
combination of sinusoids in nature. An analogous procedure must be outlined for light waves because 
light waves are sinusoids.  

 
In the next section, we will describe details of Michael Faraday’s experiment. The intention 

of performing the experiment was to prove that light is an electromagnetic wave. As usual, first we 
will investigate the results of the experiment. Then we will analyze and explicate why the results of 
the experiment did not achieve the objective to prove that light is electromagnetic. Specifically, we 
will look at controlling the polarization angle aspect of light waves as they are passed through an 
electromagnet. The central idea of his experiment was to align the polarization angle of light with a 
slit of a Nicole eyepiece and observe the light from the other side as it passed through the slit. He 
utilized a magnetic field to rotate the polarization angle of polarized light. Despite the successful 
outcome of the experiment, you will be surprised that we are in discord with his conclusion, and you 
will be convinced by our claim that light is not an EM wave. Next, we will suggest new experiments 
that will help us prove that, indeed, light is not an electromagnetic wave. Also, we will analyze the 
results of variation in electrical and optical properties of fluids under high electric stress. 

 
 

2.9 Faraday’s Experiment, Investigating Nature of Light 
 
 
By now you should have realized that to prove various properties of light waves, it requires extremely 
complex experiments due to the nature of light. Establishing a resultant conclusion that light is an 
electromagnetic wave turned out to be a daunting task for many. Finally, in 1845, Michael Faraday 
designed a brilliant experiment to take up this challenge. The key to his experiment, and the effect 
that he observed, is now known as Faraday’s Rotation. In very simple terms, he applied a magnetic 
field to change the angle of polarization of light waves propagating in a single plane of polarization. 
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Faraday’s Rotation has actually, a rather subtle effect, and it is quite tricky to explain. In Figure 2.12 
an arrangement of his experimental setup is displayed. Faraday described his experimental setup as 
follows [21]. 
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Figure 2.12 Experiment: Faraday’s rotation intended to prove electromagnetic nature of light. 
 

A ray of unpolarized light created from an Argand lamp, was polarized in a horizontal plane 
by reflection from a surface of glass in accordance with Brewster’s Law.  

Brewster’s  Law  When an unpolarized beam of light is incident on the plane surface of a 
nonconducting transparent medium (such as glass, water) with an index of refraction , the angle at 
which the reflected light is plane polarized is known as Brewster’s angle B. At this angle, the 
reflected and the refracted rays of beam are at right angles and angle B is such that  
 

tanB =         (2.50) 
 
Basically, Argand lamp is positioned to establish angle of incidence equals B. 

 
The polarized ray is then passed through a Nichol’s eye-piece revolving on a horizontal axis, 

so as to be easily examined by an observer.  Between the polarizing mirror and the eye-piece, two 
powerful electro-magnetic poles were arranged, being either the poles of a horse-shoe magnet, or the 
contrary poles of two cylinder magnets. The magnets were separated from each other about two 
inches in line with and parallel to the beam of light, and so placed that the polarized beam might pass 
near the poles; or if on contrary sides, it might go between them, its direction being always parallel, or 
nearly so, to the magnetic lines of force.  With this setup, any transparent substance, such as a sample 
placed between the two poles, both the polarized ray and the magnetic lines of force would have 
passed through it simultaneously and in the same direction. 
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We will skip the details and the extent of his experiment; instead we will focus on the 
conclusion. He discovered from the results that the polarization angle of light observed through 
Nicol’s eyepiece depended on the direction of the magnetic field lines, whether going from left to 
right, or right to left. The direction of the lines was determined by the placement of the North poles of 
the magnets. He learned that the light of the lamp was visible when the electromagnets were 
energized, creating a magnetic field. The light could not be seen, however, when the electromagnets 
were de-energized. So far so good! We agree with his observation and explanation of the effect. He 
offered following explanation, and used this observation as a proof for electromagnetic nature of 
light.  

 
Faraday’s discovery of the Faraday rotation was an important stepping-stone to the discovery 

that light is an electromagnetic wave, as first proposed by James Clerk Maxwell in 1865.  Maxwell 
was well aware of Faraday’s results, as was the entire scientific community at that time! So, what is 
the Faraday rotation?  It is, in fact, a rather complicated interaction by which a magnetic field affects 
the motion of electrons in a material.  The material, in turn, responds in an unusual way to polarized 
light, resulting in a net rotation of polarization.   

 
Let us scrutinize the situation in a bit greater detail than analyzed before. First, we note that 

for a light wave in a linear state of polarization, where the electric field oscillates along a single line 
perpendicular to the plane of polarization, it can always be expressed as the sum of two circularly 
polarized fields.  For instance, a vertically polarized field can be written as two circularly polarized 
fields, whereby the electric fields both start at twelve o’clock and rotate in opposite directions around 
our imaginary clock: 

 

As long as both of the fields rotate at the same speed, their horizontal components, pointing 
in opposite directions mutually cancel one another, and virtually only the vertical component 
remains.  What might happen if the right-handed circular field starts at twelve while the left-handed 
circular starts at three o’clock?  The field is polarized at 45 degrees to the vertical, as shown below. 

http://en.wikipedia.org/wiki/James_Clerk_Maxwell
http://skullsinthestars.files.wordpress.com/2009/03/lineartocircular.jpg
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Figure 2.13 Electron spin speed in sample material (a) In the absence of magnetic field (b) in the presence of 
magnetic field. 

Suppose we start with vertical polarization. If one of the circular waves travels faster than the 
other, it will also rotate faster and the result is a rotation of linear polarization. What can cause one 
type of circular polarization to travel faster than another?  Let’s pretend our material (the glass sample 
Faraday used in his setup) consisted of a collection of atoms with electrons orbiting in a plane 
transverse to the direction of a light ray.  We would expect that half of the electrons are moving 
clockwise, i.e. in the same direction as left-handed circular light, while other half of the electrons are 
moving counter-clockwise.  This is true only as a probability. Imagine that we are looking at the ray 
of light at the output of the experiment. In Figure 2.13(a) and (b) the electron spin speeds in the 
absence and presence of magnetic field are indicated. In this simple model, we can imagine that the 
circularly polarized waves interact mostly with those atoms spinning in the same direction as they are 
spinning.  Since there are the same number of atoms of both types, the net effect is that both circular 
polarizations have the same number of interactions and travel at the same speed. 

Now we turn on a magnetic field along the direction of a light ray.  The result of the magnetic 
field is to increase the speed of electrons orbiting one direction, and decrease the speed of electrons 

http://skullsinthestars.files.wordpress.com/2009/03/45tocircular.jpg
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orbiting in the other direction.  There is a fundamental asymmetry introduced into the system: left-
handed polarization and right-handed polarization account for electrons orbiting at different speeds, 
and, in turn, the different polarization states of light travel at different speeds within the medium.  The 
net effect, as we have demonstrated is that linearly polarized light is rotated as it travels in the 
medium under the influence of a magnetic field.  

However from our point of view, the results of his experiment did not prove that light is 
electromagnetic in nature. Faraday correctly stated that the magnetic field affected electron spin 
speeds in the sample material. As a result of asymmetric electron speeds, the polarization angle of 
light is rotated while passing through the sample  material.  However his experiment did not tested 
effect of electric field on light waves. The situation in his experiment was similar to the conversion of 
electrical energy in to mechanical energy. In an electric motor current is passed through a coil on a 
rotor of the motor assembly; it rotates as an electric flux cuts through a magnetic field from a stator. 
Similarly, rotation of the polarization vector of light does not explain how E-field and B-field vectors 
of light waves had been rotated so that light will pass through a transparent slit in the dark Nicole eye-
piece. We believe that light consists of single vectors representing a luminous field aligned with the 
plane of the polarization of light. The luminous field vector is rotated by the difference in electron 

speeds caused by magnetic field lines. Therefore, Faraday’s experiment, in reality, proved that light 
energy waves are not electromagnetic.  

Next, we will discuss details of other experiments that involved measuring the refractive 
index of water under heavy electrical stress. One would think that if the refractive index of a medium, 
such as water, varied a significantly by an electric field it may provide proof that light is 
electromagnetic. We will find that this assumption is not necessarily correct in this case. Even if there 
are slight variations in the refractive indices experimentally measured for the condition, this would 
not imply that the electromagnetic nature of light is tested. 

To avoid repetition, we will skip the details of the experiments performed by Katsuki, Joshi 
and others, in VA, U.S.A. and Kumamoto, Japan [23]. They observed electrical and optical 
characteristics of water under a high electric stress of 1 MV/cm, based on the Schlieren method and 
the Mach-Zehnder interferometer procedure. It was determined that the refractive index of water 
linearly decreased by stressing the water above 500kV/cm to near 1MV/cm, to an insignificant extent. 
The reason for the decrease was identified as localized mechanical Maxwell’s stress near electrode 
geometries. It was interpolated that at this stress level, the molecular lattice structure of water had 
changed and resulted in a refractive index reduction as an acoustic wave was launched from anode to 
cathode electrodes [23].  

 
A similar experiment was performed at Norfolk, U.S.A. and Albuquerque, NM, U.S.A. to 

monitor changes in permittivity of water under high dielectric stress [24]. Their team investigated the 
changes in the refractive index of water for light in the visible spectrum at wavelength 632.8 nm 
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(4.74×1014Hz). Voltage pulses as short as 20 ns and up to 90 kV were applied. The applied voltage 
corresponds to a maximum electric field of 4 MV/cm in the water gap. The data indicated that both 
permittivity and index of refraction decrease with stress as a result of Kerr effect which is also known 
as the Quadratic Electro Optic (QEO) effect.  

 
The Kerr effect was discovered in 1875 by John Kerr, a Scottish physicist. He found that 

under high electric fields, the dipoles of molecules of all fluids realign. As a consequence of this 
realignment, molecular anisotropy in water increases, which changes the dielectric and optical 
properties of the medium. The Kerr effect depended on the polarization and wavelength of light. The 
test results were a 0.15% decrease in refractive index when the intensity of the electric field is 
increased from 0 to 4 MV/cm. By this experiment it was verified that the index of refraction changes 
under high electric stress because of the change in molecular alignment. Therefore, the results from 
the experiment did not prove that light is an electromagnetic wave.  

 
From the analysis of the above experiments, it is evident that none of these affirmed the EM 

nature of light and radiation waves.  Therefore, we are forced to conclude that light and radiation 
waves should no longer be classified as electromagnetic waves. Instead, they should be classified as a 
new category of waves, under new nomenclature fitting their true nature, proposed by us as Planck 
quantum waves. Next, we shall explicate the polarization of light energy waves in greater detail, since 
this phenomenon is not observed in connection with any other energy waves, such as Radio frequency 
EM waves. 
 

2.10 Polarization of Light Waves: Discussion 
 
 
As stipulated by us in Section 2.8, there are distinct differences between the two types of energy 
being discussed; EM waves and Planck waves. EM waves and field lines are sensitive to poles. For 
instance, the field lines of magnetic poles starts from the North Pole and tends to end at the South 
Pole. The field lines of electric charges, static, and mobile charges creates time varying fields that 
start from a positive charge and ends at a negative charge. We have coined the term bipolarized 

energy waves for electric and magnetic waves, inasmuch as each of these possess bi-symmetric poles, 
namely, the North and the South poles of a magnet, creating a magnetic field, and the positive (+q) 
charge of the proton and the negative (-q) charge of the electron for an electric field. Visible light, x-
rays, ultraviolet rays, microwaves, infrared rays, gamma rays and cosmic rays, together classified by 
us as Planck waves, however, do not exhibit these prioritized (North pole  and positive charge as the 
origin of field lines) polarization characteristics. Because an electric field and magnetic field lines are 
associated with two terminations, we will identify them as bipolar symmetric fields. The angle of the 
polarization vectors of Planck waves (not EM RF waves in spectrum) may take any arbitrary value in 
a set of infinite values. Hence, we will classify Planck waves as multi-polarized waves. 
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 Let us discuss the polarization characteristics of EM RF waves and Planck waves in more 
depth. The field lines of EM RF waves with bipolar symmetric properties tends to bend for 
completion of their path from one pole to the other. Therefore, it is plausible that the propagating 
electric and magnetic field waves will bend by the very feeble effect of gravity. However, there is no 
direct evidence that these electric and magnetic field lines individually indeed bend by the force of 
gravity. In fact, for extended coverage beyond the line of sight (BLOS) communication in Software 
Defined Radio (SDR) systems, applied for military applications, the EM signals from SDR’s are 
transmitted and received BLOS by the reflection from the ionosphere [29]. For recovery of 
transmitted signals at the receiver, no correction is required for the bending of the signals by the force 
of Earth’s gravity. This is true for reception and transmission on Satellite Communication 
(SATCOM) channels also. 

 
The Planck waves are ordinarily unpolarized but do not exhibit polarization sensitivity due to 

the presence of ordinary materials.  Therefore, there is an even smaller chance that Planck waves 
should be affected by force of gravity. While studying polarization effects of light, Etienne-Louis 
Malus discovered that polarization was not a peculiarity of light that had been passed through a 
doubly refracting calcite crystal as polarized light may be produced by a simple reflection in 
accordance with Brewster’s law [4]. Sir David Brewster showed that light reflected by a glass plate at 
a certain angle was reflected from a second plate by a varying amount, when the latter was rotated 
about the incident ray. We already saw an application of Brewster’s law in the design of Faraday’s 
experiment. 

 
In recent times, a property that the plane of polarization of light is modified when it passes 

through calcite crystals possessing certain lattice structures is utilized for data security [17].  The 
modulating plane of polarized light waves, corresponding to a bit pattern, having the sequence of ones 
and zeroes, is known as quantum encryption, and is most successfully employed as an encoding 
scheme to prevent the hacking of computer data when it is transmitted over the internet. It is 
interesting to know why quantum encryption provides a highly secured data link over the wired and 
wireless (Wi-Fi) internet connections. Because the information carried by light energy waves cannot 
be decoded and retransmitted on a channel without adding any delays, it is impossible for a hacker to 
destroy the integrity of the transmitted data. Thus, error-free data security is achieved when light 
signals with quantum encryption are transmitted and received over fiber optic channels.  

 
One of the drawbacks of Maxwell’s EM model for light and radiation waves is that the model 

was unable to discreetly show the effect light wave might have on electric and magnetic field 
components. It is observed that when light waves pass through a pair of polarization analyzers with an 
inclination of  between their optical axes, the intensity output from second polarizer is proportional 
to cos2

. This intensity reduction at the output can easily be explained by energy impingement 
probability considerations on the second polarizer [22]. Maxwell’s electromagnetic model would 
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require that both E-field and M-field vectors have the same probability as they pass through an 
polarization analyzer. The luminous field model for light, one field L-vector proposed by us is in 
concert with the outcome of the polarization analyzer.  For the case in which  is 90°, the intensity at 
the output of the second analyzer is reduced to zero because cos 90° is zero. A surprise outcome 
results when a third polarization analyzer is introduced at angle  between the two analyzers whose 
optical axis are normal to each other. It is found that the intensity of light output by the third analyzer 
is given by  
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Figure 2.14 Passage of light through polarizer/analyzers. (a) Light passes through a pair with same optical axis 
angle. Iout = Iinp cos2

 (b) A blocked path of two polarizer’s with 90° axis difference is opened by inserting 
another analyzer with optical axis angle  Iout = Iinp cos2

×sin2
. (Courtesy of P. Davis,  The New Physics, 

an essay: A. Shimony, Conceptual foundations of quantum mechanics.) 

 

Iout = Iinp cos2
sin2

        

In Figure 2.14 (a) and (b), the situation for the passage of light through a pair of polarization 
analyzers and three analyzers is shown. This experiment proves that Maxwell’s model for light and 
radiation waves with quantized energy are in complete disagreement with light’s behavior through 
polarization analyzers. 
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One more characteristic of electromagnetic waves that is different from light waves is, 
changes in electromotive force (AC potential difference) EMF of alternating polarity is observed 
when the wave encounters a closed electric circuit with a magnetic sensitive circuit element, an 
inductor. For instance, an antenna of a TV receiver is tuned to capture video RF signals from the air. 
Upon capture of RF signals from the antenna, the receiver is designed to process and reproduce 
information from the received signal at the exact same frequency that it was created by the source. 
One could argue that light waves exhibit a similar characteristic in view of the photovoltaic effect. 
When photocells are exposed to light, voltage changes are recorded. There is one difference in the 
outcome of photocell exposure to the light event. The voltage produced in photocells is DC voltage. 
The electrons in photocells absorb energy from light waves in quantum amounts. The voltage, or 
potential difference, created by the photocell does not reflect the alternating frequency of light waves. 
Therefore, light waves are not electromagnetic. 

 
WHAT IS NEXT? CHAPTER 3: 
 
 Relativity background, inertial systems, world lines, time and space like events 
 Review principles: Special Theory of Relativity from Einstein. 
 Review principles: General Theory of Relativity from Einstein. 
 Analyze controversies of Einstein’s relativity.  
 Energy released during nuclear reaction. 
 Principles of  Varying Speed of Light (VSL) Special Theory of Skylativity®. 
 Principles of General Theory of Skylativity®. 
 Effect of Skylativity® Theory on Maxwell’s EM Radiation theory. 
 Modifications of Einstein’s Field Equation. 

 
Internet and magazine references 
 

A. Orbital period 
https://en.wikipedia.org/wiki/Orbital_period 

B. “Cesium atoms at work” 
https://tycho.usno.nayvy.mil/cesium.html  
  
 
 
   

 
 

https://en.wikipedia.org/wiki/Orbital_period
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2.11 Summary 
DEFINITIONS 
 
Absolute Stationary Frame (ASF): A frame of reference is ASF if and only if  in any pair of inertial 
systems the distance between the point of interest and the observer is invariant with respect to time.  
 
True speed of light (TSL) c:  It is defined as the distance travelled by light in one second time 
measured by a standard clock from a point source located in ASF where the distance between the 
point source and the observer remain constant with respect to time.   

Absolute Standard Time (AST): It is defined as time period of one cycle (1/frequency) of a wave 
signal emitted from an atomic clock’s electron resident in the outer most orbit of a cesium atom 
maintained in undisturbed state and in the absence of gravity effects from other objects. 

Wavelength ( Wavelength defined as the minimum distance between two successive crests or 
troughs of a sinusoidal energy signal in space or time domain. 

Period (T): It  is defined as the time interval between two successive peak events of a travelling wave 
front in the time domain.  

Frequency (f): It is defined as the number of the crests or the troughs that are passing through a point 
in space domain per unit of time interval. Maximum displacement of an electron (particle causing the 
radiation wave) relative to its mean position is called its amplitude A. 

Angular frequency ( It is defined as the rate at which a phase of a rotating vector is advancing per 
unit of time that is measured in rad/s.  

Angular wave number (k): It is defined as the number of waves that can be circumscribed on the 
perimeter of the circle in space domain. 

Phase speed of wave (vph m/s): It is defined as the speed at which the crest or the trough of the wave, 
which is a fixed point on the wave, moves in relation to the space.  

Group speed of a wave (vg m/s): It is defined as the speed at which the crest or the trough on an 
envelope wave moves in relation to space that is formed on a single wave packet constructed by 
superposing many waves in space domain. 

Transverse wave: When the vibration plane of an energy carrier wave is normal to the direction of 
propagation of the wave, it is called a transverse wave.  



  Quantum Theory of Radiation           141           
 

  

DEFINITIONS (CONTINUE) 

Longitudinal wave: When the vibration plane of an energy carrier wave is in the direction of propagation 
of the wave, it is called a longitudinal wave. 

Radiation source: Light and all radiation sources are reverberation of electrostatic charge fields 
among protons and electrons which exists within the inner space of atoms. The reverberation of the 
field is  created by vibrations of electrons. 

CONCEPTS AND PRINCIPLES 
 

 EM waves are vibration of mobile charges, carriers of current through electric circuits. 
 
 Planck (light, UV, infrared, microwave and etc.) waves are vibrations of an electrostatic field 

created from energy dissipated by bound charges by electrons in orbital shells. 
 
 Speed of EM waves and Planck waves depends on the frame of reference and varies 

according to Galileo transformation. Approaching case: cef = c + v, Receding case: cef = c - v 
 
 Wavelength of light and Planck waves shrinks in dense mediums,  > 1 and the speed 

diminishes. The frequency of the wave does not change. 
 

V = (f ×  m/s
 
 Passage of white light through Newton’s Prism, the splitting in colors and remerging in white 

light, implies light consists of waves. Entropy consideration and spontaneity of natural 
processes conflicts with the particle nature of light. 

Second Law of Thermodynamics  In an isolated system, natural processes are 
spontaneous when they lead to an increase in disorder, or entropy. 

 Distinguish particles from waves. Particles travel, possess rest mass, center of gravity, have a 
confined volume and project the force of gravity on other particles. Waves propagate, possess 
indefinite volume, lack rest mass and lack gravitational interaction. 

 
 Angular frequency  = 2T  = 2f   rad/s and  

 
angular wave number   k  = 2  rad/m 

 
 Phase speed  vph =  /k = /T = f  and  Group speed  vg = k/  m/s 

here  wavelength, T period and  is a rate operator. 
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ANALYSIS MODEL FOR PROBLEM SOLVING 
 

 EM RF waves propagate in transverse direction, described by rotating E-field and M-field 
vectors in a direction normal to each other, propagate at speed of light c in space. Energy of 
RF waves Uavg and Intensity I 

 
Uavg = ½ 0 × E2

max = ½ B2
max/0       

I = c × Uavg 

 

 Planck (light, radiation, etc.) waves propagate in transverse direction,  described by rotating 
L-field vectors at arbitrary angles in the plane of polarization, propagate at the speed of light 
c in space. Energy of Planck waves Uavg and Intensity I 

 
Uavg = h ×    
I = (n × h × ×r



 The angle of deviation  is defined as the angle between incident ray on a face of a prism 
and emerging ray from a second face of the prism, which depends on the apex angle  
formed by the two faces and the index of refraction  of the prism glass. The following 
relationship is of interest. 

 
 = [sin ( + m/sin(/2)]  

For small ,  m = (-1) ×   
 

 Dispersion  is defined as the difference in minimum deviation suffered by any two colors of 
light rays passing through a prism. For violet and red light rays 
 
  = mv - mr = (v - r) ×  

 
 Dispersive power  of a material for any two colors is defined as the ratio of the angular 

dispersion for these two colors to the deviation suffered by mean light. 
 
  = m  = (v - r)/ (-1) 

 Brewster’s  Law  When an unpolarized beam of light is incident on the plane surface of a 
non-conducting transparent medium (such as glass, water) with an index of refraction , the 
angle at which the reflected light is plane polarized is known as Brewster’s angle B. At this 
angle, the reflected and the refracted rays of the beam are at right angles, and angle B is such 
that  tanB = . 
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APPLICATIONS 
 

 Planck waves exchange energy; extract from electrons and supply energy to electrons by a 
process of spontaneous selective emission and absorption. EM RF waves are created by 
oscillations of current flow inside an electrical and electronic circuit comprised of passive R, 
L, C components or/and active transistor, MOSFETs  and etc.  

 
 Michael Faraday’s experiment to validate the EM nature of light waves did not serve its 

purpose, but instead proved light comprised of luminous field vectors. The experiment 
demonstrated that upon application of magnetic field the polarization angle of light deviated 
when observed through Nicol’s eyepiece.  
 

 Continuous modulation of polarization characteristic of light (quantum encryption) waves is 
widely used in the transmission of digital signals because it provides a robust, secured 
information transfer with reduced chance of interception by an intruder entity. Polarizer and 
analyzer pairs are extensively used for signal filtering and attenuation. 

 
 When light passes through a pair polarizer and analyzer with the optical axis orthogonal, the 

path of light is blocked. The blocked path is opened by inserting another polarizer with the 
optical axis at an angle . The intensity of light output Iout is related to intensity of light at 
input Iinp as follows:   

 
Iout = Iinp cos2

sin2
 

 
 Light is reflected by objects coated with coloring agents by a process of selective absorption 

and emission in daily life examples. Painting objects with different colors, such as walls of 
buildings, cars, artwork, photographs, and etc., gives a beautiful appearance. 
 

 Passage of light through Sun glasses and color filters camera lenses  are examples of selective 
absorption and refraction of light through colored glass. 
 

 Tinting of auto windshields and building windows provide protection to drivers and residents 
from the harmful effects of UV rays produced by the Sun. 

 
 Similar to tinting, in order to prevent skin cancer, beach goers may apply skin care lotion to 

protect their skin from the hazardous effects of UV waves, and enjoy the benefit of a suntan 
while not burning.  

 
 Speed of sound (longitudinal) waves  v = (B/)1/2  m/s   

where B is bulk modulus &  is density 
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Exercises 
 
Questions 
 
 
A heart () denotes objective question and a question with a diamond ()  requires analysis. 
Answers to all questions () and (), and problems () and () are included at the end of exercises. 

 
1. Define Absolute Standard Time (AST) and explain briefly why time travel is not feasible. 

 
2. Define terms Absolutely Stationary Frame (ASF) and True Speed of Light (TSL).  

 
3. Explain the terms Deviation and Dispersion of light. How does the concept of dispersion 

justify the wave nature of light model as it passes through a pair of Newton’s Prism? 
Supplement your answer with Second law of thermodynamics and entropy consideration. 

 
4.  The second law of thermodynamics is famous for its intrinsic relationship with the transfer 

of heat and the operation of machines. Which of the following is NOT a correct statement in 
connection with this law?  

 
(A)  It is impossible to construct a perpetual mobile of the second kind. 
(B) From a uniform temperature source, it is impossible to transform heat into extracted 

work only. 
(C) It is possible to transfer heat from a body at higher temperature to one at lower. 
(D)  It is not possible to only transform work into heat where the body is at a uniform 

temperature. 
(E) If heat flows by conduction from body A to body B, then it is impossible to transfer 

heat from body B to body A. 
 

5. Expound primary differences between properties of waves and particles. Describe the three 
most crucial properties of particles that sharply contrast the properties of waves. 

 
6. Differentiate between radio frequency waves and Planck waves (light and radiation energy 

waves). Discuss the physical phenomena responsible for creation of both types of waves. 
 

7. Derive expression for energy content of RF waves using the Poynting Vector theorem and 
compare it with the energy content of Planck waves. What is an important conclusion you 
could draw from your answer? 
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8.  What is the differential statement of Poynting’s theorem? Let S be the Poynting vector, u 
be the field energy density, and j be the current density.  

 
(A)   S + j  E = 0 
(B)   S + ∂u/∂t  = 0 
(C)   S + ∂u/∂t + j  E = 0 
(D)   S + ∂u/∂t + j  E + IR = 0 

(E)  ʃSda + ʃ∂u/∂t d3r + ʃ j  E d3r = 0 
 

9. Explicate why Michael Faraday’s rotation experiment did not prove the EM nature of light 
waves. 

 
10.  Which of the following is NOT a true statement about the phenomenon of optical activity?  

 
(A)  The vibration plane of light undergoes rotation when passed through turpentine. 
(B)  Quartz is only dextrorotatory. 
(C) The electric field of the incident plane wave rotates about the optic axis. 
(D) A substance that causes clockwise rotation (right handed) is dextro-type. 
(E)  A substance that causes counterclockwise rotation (left handed) is levo-type. 

 
11.  Which of the following is NOT correct statement about an optical device which otherwise  

known as a retarder?  
 

(A)  A retarder or a compensator is used to alter the incident wave polarization. 
(B) A given wave plate has continuously adjustable retardance. 
(C)  The produced phase difference is inversely proportional to vacuum. 
(D)  A full wave plate has 2 radian retardance. 
(E)  A half-wave plate has  radian retardance. 

 
12.  A plane wave solution of the electromagnetic wave equation is  

E = y Eoy cos(t-kx + ) + z Eozcos(t – kx + ) 
  

Under what conditions is this light wave circularly polarized?  
(A)      =    2 
(B)      =    2 and Eoy = Eoz 
(C)    = 0 and Eoy = Eoz 
(D)     =    2 and Eoy = 2Eoz 
(E)       and Eoy = 2Eoz 
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Problems 
 
A spade () indicates that solution of the problem demands research outside this text book.  
A club ()  denotes that solution of the problem requires substitution of values in a formula. 
 

1.  Light is incident on a prism of apex angle  = 50 at angle of incidence i = 45. The prism 
is made of a glass having index of refraction r = 1.5 and is placed in a vacuum. Determine 
the net angle of deviation of the light ray due to passage through the prism.  
 

2.  By looking at an empty glass along a straw shown in figure at an angle , one observes that 
the  lower end of the straw touches the left-hand corner of the glass. Now, when the glass is 
filled with a clear liquid of refractive index  = 1.4, it appears that the same end of the straw 
touches the middle of the bottom of the glass, again looking along the same angle . Given 
that the diameter of glass is 8.0 cm, find the height to which the liquid is filled in the glass.  

 
3.  Light is incident at near normal incidence angle on a prism of apex angle . The prism is 

made of a substance of refractive index r and light comes from and returns to the medium i. 
Find the angle of deviation  using the small angle approximation.  

 

4.  Parallel rays from a point object are incident on a prism of index of refraction  (shown in 
diagram) at near incidence. Calculate the deviation angle of rays.  

 
5.  The bulk modulus of methanol is B = 8.23×108 Pa and  is 792 kg/m3.  Find the wavelength 

of a wave with a frequency 262 Hz. Velocity of the wave in methanol is given by v = (B/1/2.  
 

6.  Polarized light of intensity I is incident on a polarizer with a plane at an angle of 30 to the 
optic axis of the polarizer. Calculate the intensity of light I’ emerging from the polarizer. 

    
Diameter = 8cm 




Height 
h cm 

 4 cm 

Figure Problem 2.2 Figure Problem 2.4 






r 

r
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7.  An unpolarized beam of light is incident on the surface of a glass plate. It is found that at a 
certain angle , the reflected light is plane polarized. What is the index of refraction  of the 
glass plate material?   

 
 

Answers to objective questions 
 

4. (D)  8.  (C)  10.  (B)  11.  (B)  12.  (C)   
 

Answers to selected problems 
 

1. 28.98°  2.  5.49 cm 3.   = [(r/i )-1] 4.   = ( -1) 
5. 3.89 m  6.  I’ = ¾ I 7.   = tan  
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Fundamentals of Skylativity®  

 
  Albert Einstein (1879-1955) 

CONTENTS     
3.1  Inertial Systems and Worldlines 
3.1.1  Space, Time and Light Like Events 
3.2  Special Theory of Relativity from Einstein 
3.3  General Theory of Relativity from Einstein 
3.4  Discussion: Relativity from Einstein 
3.4.1  Energy Release during a Nuclear Reaction 
3.5 Varying Speed of Light (VSL), Skylativity® Theory  
3.6  Sky’s Theory of General Relativity, Skylativity®

 
3.7  Maxwell’s Field Equation for VSL Theory 
3.8  Effects of Skylativity® on Einstein’s Field Equation 
3.9  Summary 

Exercises 
 
 
 
We begin this chapter by describing the concepts of inertial systems and worldlines. Before you 
can understand the complex concepts of the relativity theory postulated by Einstein, it is essential to 
know the structure of space and time in our Universe. Therefore, in Section 3.1, we will explicate the 
geometry of space in both, Newtonian spacetime, which is characterized by the Galilean 
transformation, and in Relativistic spacetime, which is characterized by the Lorentz transformation. 
One of the requirements of relativistic spacetime is that space depends on time, because time 
introduces curvature in spacetime geometries due to variation in gravitational fields. Therefore, the 
spacetime interval of the relativistic geometry in Einstein’s spacetime is different for observers in 
different frames unlike single description of event in the Newtonian spacetime. Hence, it is necessary 
to categorize time-interval events in space as Time-like, Space-like, and Light-like in relativistic 
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spacetime. We will expound the meaning of these terms that will prepare you to learn relativity 
principles.  
 

Next, we shall review the postulates of the Special Theory of Relativity (STR) from Einstein. 
He called the theory “special” because he restricted the discussion about the state of particles in 
motion within reference frames of zero acceleration, inertial frames only. The formulation of particles 
in motion within an accelerating frame, he chose to discuss in the principles of the General Theory of 
Relativity [GTR]. In a nutshell, STR discussed speed and energy characteristics of particles and 
waves in motion within inertial frames. We will briefly discuss some of the obvious shortcomings of 
the theory. In Section 3.3, we shall delineate the concepts of the General Theory of Relativity from 
Einstein. Naturally, GTR deals with the motion of large celestial objects in the presence of 
gravitational fields by other heavenly bodies in space. Also, it described the motion of radiation 
waves being emitted from celestial objects in the presence of gravity. One of the drawbacks of GTR 
that Einstein knew was, he did not explain the effects of gravity from massive objects on subatomic 
particles within the nucleus of atoms.  

 
In Section 3.4, we will critically analyze the deficiency of Special theory concepts developed 

by Einstein in regards to the particle nature of light, the speed of light constant c independent of frame 
of reference, and the creation of radiation waves. Further, his General theory failed to differentiate 
inertial mass from gravitational mass. We will discuss why GTR has limited application in the 
absence of this distinction. Next, we shall examine the application of his famous equation having to 
do with the relationship between mass to energy transformation E = m × c2. In particular, his equation 
received a lot of attention in the era of the Second World War, when the United States produced 
nuclear weapons to deter Japan from victory. In reality, a major source of energy generated by the 
nuclear arsenal is binding energy during a nuclear explosion event.  We will discuss the significance 
of binding energy, and show that an alternate expression provides a more accurate and realistic 
assessment of the energy released by a nuclear device.  

 
 In Section 3.5, we will introduce new postulates: the Varying Speed of Light (VSL) and the 

Skylativity® theory, relativity applied to the sky.  In our discussion, occasionally, we shall refer to 
Einstein’s theory of relativity, both the Special and the General theory combined as E-theory, and 
refer to Varying Speed of Light as Skylativity® and Sky’s theory of general relativity as K-theory for 
convenience. A powerful feature of VSL Skylativity® theory postulated by us is that it reveals the 
physical reasoning behind the origination of light, including all radiation waves. We quantified that 
radiation waves are the product of the vibrations of electrons bound to nuclei of atoms. Whenever 
electrons in orbit encounter a disturbance in their energy state, they vibrate and dissipate energy in the 
form of radiation. In contrast, Einstein’s STR assumed the destruction of electrons in the production 
of light and radiation energy waves. 
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In Sections 3.6, we shall formally present the new postulates of the general theory of 
relativity, Skylativity®, as applied to the motion of objects in outer space. In this theory, specifically, 
we shall address the issues pertaining to the speed and nature of light with high clarity. We will 
examine trajectory of light waves as it travels through a medium in motion, an accelerating frame of 
reference. As a result of postulates of GTR, Einstein suggested that the trajectory of light waves will 
follow the curvature in spacetime geometry and bend by force of gravity. Our work suggest that the 
frequency of radiation waves generated from the source is altered in the presence of strong 
gravitational fields, but the trajectory of light waves will follow zero geodesic (we explain the term 
“geodesic,” forthcoming). We identified that apparent bending of light arriving from stars behind the 
Sun is caused by refraction effect based on Feynman’s strange theory of light [12]. 

 
Next, we shall discuss differences between Einstein’s work and the novel theory of relativity 

concepts developed by us. At first it might appear that this work leads to the old theory of classical 
mechanics. However, a detailed analysis will reveal that this work fills the gaps that were left behind 
by Einstein in his STR and GTR theories. You will notice that incorrect application of general 
relativity theory principles to special theory of relativity by him led to the development of complex 
Lorentz transformations and introduced curvature in space, time, and the trajectory of light waves. 
Our purpose is to correct the relativity principles developed by Einstein in 20th century and clarify 
your understanding of physics in the 21st century. 

 
Einstein took it for granted that the speed of light must be constant and independent of the 

frame of reference, a concept he borrowed from Maxwell. Maxwell’s equations assumed that the 
speed of light did not vary, even if a frame of reference was mobile. Therefore, in Section 3.7, we 
shall see the ways that Maxwell’s equations are affected by the changes in the speed of light. In 
Section 3.8, we shall discuss the changes required in Einstein’s field equation to account for the 
variable speed of light. 

 
Einstein left crevices in his special theory of relativity by not discussing the effect of 

acceleration on the source of light. He implied that physical interpretation of principle of special 
relativity is that velocity is relative. Also, his STR did not offer any distinction between the particle 
vs. wave nature of light. He proposed a theory which was based on the concept of the dual particle 
and wave nature of light. Einstein named his theory of Gravitation as the theory of general relativity 
because locally, the phenomenon observed in a gravitational field will vanish under the influence of 
appropriate accelerated system of reference.  According to his conception, one should not speak of the 
absolute acceleration of a system of reference, as per the general theory of relativity. In a similar vein, 
one should not speak of the absolute velocity of a system, as per the special theory of relativity.  

 
While modeling concepts of general relativity for a system, Einstein favored the kinetic 

energy effect to the potential energy effect regarding the mass of objects. He stated that the total mass 
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of objects consisted of the rest mass plus the energy mass gained by additional kinetic energy mass 
due to the speed of the objects. He described the total mass of objects in motion as inertial mass. As 
we shall see, the mass of any object should be constant, a value that corresponds to the rest mass. The 
mass gained by the object due to its increased acceleration is not a real mass change. It is not a real 
mass change because the change in the kinetic energy of the object is always compensated by the 
changes in the potential energy of the objects. Further, the change in kinetic mass of an object does 
not affect the position of the center of gravity of the object.  

 
From our point of view When the mass of an object, that is, its “rest mass,” which we will 

henceforth call its “eternal mass,” is entirely transformed into energy, it will create E units of energy,” 
as stipulated by Einstein’s theoretical equation  

 
E = M0 × c2         (3.1) 
 

where c is true speed of light and M0 signifies mass of the object at rest  
 
The mass M0 is the mass of the object with zero kinetic energy and suffers no gravitation or 

tidal effects from any force at a distance. We believe that the interpretation of mass in Einstein’s 
energy equation should be changed from inertial mass to the eternal rest mass. However, one should 
recognize that one cannot apply his equation to compute energy of light waves because light waves 
have zero rest mass. As explained in Chapter 1, light is comprised of photon particles which are 
considered virtual particles, and not real particulates. 

 
From Einstein’s consideration of general relativity theory, the mass of objects are described 

by two effects in any arbitrary system. The gravitational mass Mg, is the mass which produced the 
gravitational field to create a force of action at a distance within a system. Newton discovered laws of 
equal and opposite reaction between a system of forces allows one to measure this mass. The second 
interpretation of mass is known as inertial mass Mi, which is defined by the total energy of the 
system, including the energy stored in the gravitational field. We infer that Einstein implied that the 
inertial mass comprised of two components, the eternal (rest mass) mass, and the energy mass, which 
is total mass computed by energy-momentum tensor. It has been discovered that under the principles 
of general invariance, it is impossible to separate the effects of inertial mass from gravitational mass 
in terms of action of a force at a distance. Theoretical proof that the inertial mass equals the 
gravitational mass is impossible in any circumstance. Therefore, we can state with the highest degree 
of confidence that Mi = Mg for all practical purposes. 

 

For additional analytical details and rigor please refer to Ohanian and Ruffini [8]. Next we 
will familiarize you with the concepts of relativity basics: inertial systems, worldlines, different types 
of time-interval events, and spacetime metric. 
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3.1 Inertial Systems and Worldlines 
 
As explicated before, one of the primary requirements of relativistic spacetime is that space depends 
on time as time warps space due to change in relative positions of celestial objects. Therefore, the 
spacetime interval of the relativistic geometry in Einstein’s spacetime, and the descriptions of events 
in the spacetime are not unique, unlike the Newtonian spacetime. This will require more clarification. 
In Einstein’s relativistic spacetime, often the events that are simultaneous appears to happen at 
different times when viewed by observers travelling at different rates in different inertial systems. 
Also, some events that occur at different times may be interpreted by observer in different frames to 
happen at the same time. This paradox of simultaneity of events does not take place in the Newtonian 
spacetime because space and time coordinates of each and every event are unique. This is the main 
reason that one must learn geometry of spacetime when we talk about Einstein’s relativistic spacetime 
interval and events. 
 

Since EM waves are carriers of electric and magnetic energy, they project a force field as 
they propagate in space. Because EM waves possess amplitude which is time varying, the fields are 
functions of space and time. Therefore, study of the structure of spacetime is imperative. There are 
three spatial aspects of spacetime: 1) the differential structure, 2) the topological structure, and 3) the 
geometrical structure. The differential structure reveals the coarseness of spacetime and tells us how 
many dimensions it has. The topology is concerned with properties of spacetime that are unchanged 
by arbitrary deformation of space. The geometric structure states how to construct parallel lines and 
the distances between the points on those lines in a given surface of geometry.  
 
 Classical mechanics defined the four-dimensional spacetime continuum by applying 
Newton’s laws of motion. In Newtonian physics, all points in space can be represented by four 
coordinates x, y, z, and t, each of which ranges from -∞ to +∞. The topology of Newtonian 
spacetime is Euclidean because distance between two points is shorter at a zero geodesic, when it is a 
straight line. In general-relativistic physics, the topology of spacetime is curved and non-Euclidean 
because the global parameterization of coordinates of all points in a four coordinates system is not 
feasible in relativistic spacetime. The reasons for this is, the curvature of geometry will lead to a 
singularity at some locations, which cannot be avoided. When we will study the principles of general 
relativity theory (GTR) from Einstein, it will be evident that space and time are no longer independent 
of one another. Thus, Newtonian spacetime contains two different geometries: a three-dimensional 
Euclidean geometry for space and a one-dimensional geometry for time. Relativistic spacetime 
contains only one geometry, combining both space and time, which is, in general, a case that is non-
Euclidean.  

From our discussion we infer that the differential and the topological structures of the 
spacetimes of Newton and of special relativity are the same. But these spacetimes differ in the 
definition of distances, that is, in their metrical structure.  
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Definitions:  
The trajectory of a free particle in four-dimensional spacetime is called the worldline of the particle.  
A frame of reference is an inertial frame if, and only if, the worldlines of all particles in the frame are 
straight lines in all four dimensions. This implies that trajectory of free particles have equations of 
straight lines in four axes, that is, x= a1t + b1, y= a2t + b2 and z= a3t + b3. 
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Figure 3.1 Worldlines of free particles. For such a 
particle, the worldline, or the plot of position vs. 
time is represented by a linear equation in x, y, z, 
and t. (After Ohanian & Ruffini [8].) 

 
In other words, all inertial frames are considered to be moving at constant velocity with 

respect to one another in time, and have zero acceleration. Consider two spacetime points separated 
by a small interval dt, dx, dy, and dz as shown in Figure 3.1. For this situation, Newtonian spacetime 
has two distances, the spatial distance dl and the temporal distance dt.  Relativistic spacetime has only 
one distance ds. Therefore 
 
NEWTONIAN SPACETIME: dl2 = dx2 + dy2 + dz2 (space) and dt (time)   (3.2) 
RELATIVISTIC SPACETIME: ds2 = c2dt2 - dx2 - dy2 - dz2 (spacetime interval)  (3.3) 
where c is velocity of light in vacuum.  
 

From above equations it is clear that in Newtonian spacetime, time is constant and the time 
interval is always positive (increasing). Therefore, events in Newtonian Spacetime are Timelike 
wherein the speed of particles and waves can take any value. Also in this system, both time and space 
are absolute. That is, for a given value of time, space does not change and time is the same in all 
frames of reference. 

 
In the relativistic spacetime equation time is not constant, but the speed of light is a constant c 

and it is independent of the frame of reference. Therefore, the spacetime interval of the relativistic 
geometry can have a positive, zero or a negative value corresponding to Timelike, Lightlike and 
Spacelike events. Because of the complexity involved in relativistic spacetime interval we have 
devoted a separate subsection and explicated displacements Spacelike, Timelike, and Lightlike event. 
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3.1.1 Space, Time, and Light like Events 
 
Figure 3.2 displays examples of displacements that have Timelike, Spacelike, Lightlike interval 
characteristics. In this figure, lightlike displacement is at an angle of 45 with respect to the spacetime 
axes.  What this means is that the displacement of a particle travelling at the speed of light remains 
unchanged with respect to light.  Also, trajectory of all particles as they travel at the speed of light 
falls on the surface of an infinite number of a pair of cones placed on z-axis. For time t > 0 values, the 
upper region of these cones are called “forward” or “future” light cones. For time t <  0 values, the 
lower regions of these cones are called “backward” or “past” light cones.  
 

It logically follows from the equation (3.3) that for the trajectory of a particle along worldline 
of a massive particle, the spacetime interval must be Timelike. As c2dt2- ds2 = dx2 + dy2 + dz2 > 0 
thus implies, the speed of such a particle is less than c, and the displacement with respect to light is 
decreasing. In Timelike displacement events, communication is possible in real time over a signal 
channel. On the other hand, when the spacetime interval is negative, the event is spacelike and the 
speed of such a particle is greater than c. In spacelike displacement events, communication is 
impossible in real time. Furthermore, in spacelike events the displacement of objects w. r. t. light is 
increasing. A direct consequence of a spacelike event will show up (Section 13.4) in the form of 
Hubble’s law. These descriptions of spacetime intervals in relativistic space made sense to the theorist 
only if spacetime geometry obeyed Einstein’s relativistic frame of reference in which time varies and 
the speed of light was constant. 
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 Figure 3.2 Timelike, Lightlike, and Spacelike 
displacements. The Lightlike displacements make 
an angles of 45 (both  and ) with the axes since 
for these displacements dx, dy, and dz =  cdt. 
(After Ohanian & Ruffini [8].) 

  
You will discover that in the Newtonian reference frame in which speed of light c is variable 

and time is constant, implying dt = 0, equation (3.3) reduces to equation (3.2).  One of the reasons 
Einstein thought that the time is variable was because he was unable to identify the unique frame of 
reference in which time has an absolute value. From the concepts of an absolute standard of time, and 
the measurement of TSL discussion in Chapter 2, it is evident that, indeed, a frame of reference exists 
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in which time is absolute.  We identified that when the displacement between two points is invariant 
and the frames are ASF measured, time is absolute.  An essential property of distance is that it is 
independent of the choice of coordinates. Therefore, from our viewpoint, all events are Timelike, 
except when an object is moving away from the source of light and the speed of the object is above 
speed of light. In that case, the events are spacelike. Next, we will review with you the principles of 
the special theory of relativity from Einstein. Perhaps in a way that recognizes that you have acquired 
a sufficient background on relativity. 

 

3.2 Special Theory of Relativity from Einstein 
 
In this section, we shall review the postulates of the special theory of relativity (STR), as stipulated by 
the E-theory. Einstein formulated the principles of STR in 1905. The physical interpretation of the 
principle of special relativity is that velocity is relative; no experiment can detect an intrinsic 
difference between reference frames in uniform motion with different velocities. The postulates of  
the special theory of relativity from Einstein were as follows [4]: 
 

 The spacetime interval of geometry in space is completely described by Relativistic 
spacetime interval. Therefore, concepts of Lorentz transformation, time dilation and length 
contraction are essential components of STR (Chapter 5).  Measured time is not absolute, 
but it is relative and varies according to the spacetime curvature introduced by the 
gravitational field of all objects in the Universe.  
 

 The laws of physics are expressed in equations having the same form in all frames of 
reference, moving at constant velocity with respect to one another. Not only the laws of 
mechanics, but also those of all physical events, in particular the electromagnetic 
phenomenon, are completely identical in an infinite number of reference systems. The 
systems which are moving with constant velocity relative to each other are called inertial 
systems. In any of these systems, lengths and times measured with the same physical rods 
and clocks will differ in value with any other system, but the results of the measurements are 
connected with each other by the Lorentz transformations [8]. 

 
A serious limitation of applying Lorentz transformation for mass, length, and time 

computations arises from the fact that it produced different values for each of the quantities in 
different inertial frames. In reality, measured values of mass, time and length (distance) in 
any inertial frame must remain unchanged for any object by definition. Mass is a quantity of 
matter possessed by an object that does not change. The value of the measured absolute 
standard of time remains the same. Also, the characteristic of a distance or a length 
independent of a coordinate system implies that it should not alter within different inertial 
frames.  
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 The speed of light in freespace has the same value c for all observers, regardless of their 
state of motion. Further, Einstein maintained that the maximum speed at which an object 
may travel, and the speed at which waves propagate was limited to the speed of light. In his 
realm of the Universe, the speed of any object or particle can never exceed the speed of 
light.  He firmly believed this because he declared that the inertial mass of particles rapidly 
increase to infinity as the speed of the particles approaches the speed of light. Therefore, an 
infinite supply of energy is required to accelerate the particles beyond the speed of light.  

 
Einstein substantiated the constancy of the speed of light by the argument that the 

measured value of light speed is c = (0 × 0)-1/2 m/s for any frame of reference. Here 0 is the 
permeability of the freespace and 0 is the permittivity (a dielectric constant) of the 
freespace. He believed that 0 and  freespace constants should not change for a moving 
frame of reference. We shall explicate later, in Section 3.3, why his assumption for the 
permeability of the freespace, a constant 0, was not correct for a mobile frame of reference. 

 
 In addition to his postulate of the constancy of the speed of light, Albert Einstein claimed that 

light behaved as both a particle and a wave. For the particle model of light, he stated that light 
is comprised of packets of energy and labeled them as photon particles. Also, a photon of 
light possesses energy in quantized amounts expressed by relation (1.38) as stipulated by the 
greatest physicist Max Planck in his blackbody radiation theory (Chapter 11). Therefore, in 
the context of STR from Einstein, whenever we will talk about light particles, we will refer to 
it as a “photon.”  
 

In Einstein’s realm, the observed behavior of light and its nature depended on the 
phenomenon under consideration. Einstein strongly advocated the dual nature of light and 
substantiated his claims by demonstrating this through the photoelectric effect. He received 
a Nobel prize for theorizing an expression relating to energy of incident light and the kinetic 
energy of emitted electrons during the photoemission experiment.  As explained in Section 
1.6, from our view point, the photoelectric effect did not provide convincing proof that light 
behaved as a particle in that instance. This is because photons of light do not have center of 
gravity, they have a zero rest mass and do not project a force of gravity on other particles.  

 
 Einstein stated that a quantity of mass m, in principle, can be converted into an amount of 

energy E = m × c2, where m is the consumed mass of the material and c is the speed of light 
in a vacuum. 

 
Later, in the 1920s, British astronomer Arthur Eddington and astronomer Robert 

Atkinson applied the principles of Einstein to calculate the energy released during the 
thermonuclear fusion of hydrogen atoms into helium atoms, a process occurring within the 
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Sun. The billions of watts of power per second radiating from the Sun results in a very small 
reduction of the mass of the Sun, providing the first evidence that Einstein’s mass to energy 
transformation equation made sense. However, his translation of the mass into the energy 
equation did not quantify the energy components into which the mass is transformed. It did 
not specify how much of the energy is in infrared, visible light or is dissipated as an increase 
in kinetic energy of the system. Also, his energy equation did not state the phase relationship 
among the different components of the energy waves.  

 
 A changing magnetic field vector in one frame of reference induces a changing electric field 

vector in another frame of reference that has relative motion with respect to the former 
frame of reference and vice versa. This principle laid the foundation of the famous Faraday’s 
law of induction in electricity and Gauss’s law of forces by current carrying conductors in 
magnetism. 

 
We disagree with the postulates of STR, in particular, as it relates to the Lorentz transformation. 

The Lorentz transformation assumes that the speed of light c is invariant among different inertial 
systems, which is not a valid assumption. Also, it is our belief that the speed of light is different for 
the observer who is traveling  at speed v in space, as compared to the speed in an inertial system in 
which the speed of light is c from its own frame of reference. The speed of light, as we know 
presently is related by the Galileo transformation relation c’ = c - v for approaching inertial frames, 
and c’ = c + v for a receding scenario.  

 
The situation of an astronaut travelling in a spacecraft is analogous to the situation of an aircraft 

traveling at a supersonic speed (the speed above the sound waves). In fact, a large sonic boom occurs 
when the nose of the aircraft penetrates the sound waves produced by the jet engines of the aircraft. 
This event occurs because the speed of aircraft exceeds the speed of sound waves. Similarly, an 
astronaut traveling in a spacecraft will observe the speed of light emitted from a source of light on the 
spacecraft, at a different speed of c-v km/s. Therefore, we believe that there is an error in STR, the 
speed of  light propagation is constant c within inertial frames postulate. In the next section, we shall 
review the concepts of GTR, first introduced by Einstein. Together the concepts of the special and the 
general theories of relativity from Einstein will be referred to by us as E-theory. 

 

3.3 General Theory of Relativity from Einstein 
 
 
In this section, we will refresh your memory regarding the postulates of the general theory of 
relativity (GTR) as stipulated by E-theory. Einstein formulated the principles of GTR in 1918. 
Einstein named his theory of gravitation as the theory of general relativity because he thought all the 
phenomena observed in a gravitational field are indistinguishable from the effects observed in an 
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accelerated system of reference. However, as we shall see in Chapter 8, the tidal effects allow us to 
make an absolute distinction between the gravitational forces and the virtual inertial forces found in 
accelerated reference frames. It is therefore improper to speak of a general relativity of motion. Two 
major of the limitations of his GTR were: it did not identify root cause of force of gravity among 
objects, and it did not discuss thoroughly the speed at which the force of gravity propagates among 
various objects in the Universe. The postulates of the general theory of relativity from Einstein were 
as follows: 

The principle of equivalence:  
 

 The inertia of a body is to be regarded no longer as an effect of absolute space but rather as 
one due to other bodies. In ordinary mechanics the motion of a heavy body (on which no 
electromagnetic or other force is acting) is determined by two causes:  

1. Its inertia tending to prevent acceleration with respect to the absolute space. 
2. The gravitation of the remaining masses. The motion is determined by the distribution 

of the remaining masses in the Universe. 
 

 For events on the Earth, it states that all bodies fall at an equal speed under the influence of 
the Earth’s gravity. For the motions of the heavenly bodies, it states that the acceleration is 
independent of the mass of the moving body. 

 
 The laws of nature are represented by invariants for arbitrary transformations of the 

Gaussian coordinates, just as the geometric properties of a surface are invariant for arbitrary 
transformations of the curvilinear coordinates. 

 
 Light waves arriving from distant stars are bent by force of gravity from a nearby star such 

as the Sun. Also, the speed of light decreases by the force of gravity from the Sun. 
According to Einstein, trajectory of light waves follows a geodesic determined by the 
effective gravitational field in the neighborhood of the passage of light through space. Light 
rays will follow null geodesic (a straight line) only if net gravitational field is zero. 

 
Definition: A geodesic is an affine curved path traced by an arbitrarily short segment of the 
curve of extremal small length and progressively advancing it in units of Planck-time, 
parallel to the curve in a step by step fashion. 
  

This definition is based on parallel transport. An alternate definition relies on the 
measurement of length (stretching of a string) using proper time, and metric geometry. Both 
definitions provide identical results, and the geodesic equation coincides. Einstein and several other 
scientists believed that light rays arriving from distant galaxies and nebulae are bent by the force of 
gravity from nearby galaxies. This bending of light is believed to be the cause of multiple images of 
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distant celestial objects, such as quasars observed by the Hubble Space Telescope, known as 
Einstein’s rings. The study of this effect has been popularly described as the science of gravitational 
“lensing,” and is extensively detailed by an analysis using the mathematical models performed by Dr. 
John Peacock at Cambridge University. We think, however, that the multiple images of distant 
celestial galaxies are caused by the refraction of light from the Earth’s atmosphere and the refraction 
of light caused by clouds of gaseous matter surrounding these distant galaxies. Therefore, further 
investigation and experimentation are required to prepare a more accurate model of Einstein’s rings.  

 

3.4 Discussion: Relativity from Einstein 
 

 
One of the major setbacks of Einstein’s effort stems from the fact that his work did not distinguish the 
inertial mass and the gravitational mass from the rest mass. In Einstein’s theory, the gravitational 
mass of all objects are defined by the gravitational field that the system produces at large distances 
where the gravitational field asymptotically becomes Newtonian.  The inertial mass is defined by the 
total energy of the system, including the energy in the gravitational field. Because special relativity 
includes general invariance principle, the inertial mass equals the gravitational mass [8]. From our 
point of view, both in Einstein’s equations and in Newton’s theory of gravitation, rest mass should be 
utilized in their formulae because the center of gravity for any object is determined by the rest mass. 
The value of rest mass M0 is as stipulated by Einstein’s special relativity equation (3.1) which is 
repeated here. E = M0 × c2 

 
However, the results of computations from Lorentz’s equations were based on the assumption 

that the total energy of a body always equals Mvc2, which is equal to the inertial mass energy, the sum 
of the rest mass energy and the kinetic energy within the object. This assumption was not valid when 
the body is in the neighborhood of the other bodies because the energy equation should incorporate 
the potential energy changes. Einstein himself admitted that he did not know how to incorporate the 
effects of gravity on mass. According to his work, as the speed of an object increases, the total energy 
and the total mass of the object increases, too. His theory did not answer the question, “why the 
potential energy stored in the object should not affect the total mass of the object?” It is true that at 
the majority of times, objects travelling in the space do not possess a lot of potential energy until they 
reach in the vicinity of other vast objects. 

 
To add another caveat, we believe that the mass of all objects in the Universe are constant 

unless the atomic configuration of the elements of the object is modified. As explained several times, 
the mass is a measure of a quantity of the matter contained in the object. By adding kinetic energy to 
an object, we are not adding material mass. Therefore, the proposed idea by Einstein that the mass of 
an object in a state of acceleration was different than the mass of an object at rest is indecorous. Also, 
common sense physics tells us that it is not possible to alter the speed of an object by supplying 
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kinetic energy without affecting the potential energy of the object. Hence, Skylativity® GTR 
postulates that the mass of the object is independent of the velocity of the object is valid, and makes 
perfect sense.  

 
While discussing the total energy content of matter in GTR, what was puzzling to us was that 

Einstein had talked about the effects of gravity on the motion of all objects in the Universe. Yet, he 
failed to account for the potential energy variations when he considered the total energy content of 
mass in the STR theory. He gave priority and consideration to kinetic energy in his equations of the 
mass equivalence of energy.  In his later years, Einstein did mention that his STR did not provide the 
correct results in accelerating systems and for the systems that did not conform to Hermann 
Minkowski’s worldlines.  

 
Long before Einstein formulated postulates of special and general theory of relativity, his 

tutor and mentor, Minkowski, had introduced the concept of coordinates of point p in the Universe as 
comprised of four coordinates x, y, z and t. He stated that every point in the Universe is described as 
an event in space, which has a location and a time associated with it. To describe motion of objects 
and points in the Universe among different inertial systems, he developed a system of worldlines. For 
inertial systems that were moving at constant velocity with respect to each other, the worldlines of 
points in these systems were rectilinear and followed rules of Euclidian geometry. For the systems 
which were accelerating, the worldlines of points in the systems were curved and did not obey the 
rules of Euclidian geometry. In non-Euclidian geometry, the shortest distance between two points was 
a curved line. 

 
Before we describe our new postulates of relativity, we would like to add a historical note. 

When Einstein was in his sixties, he realized some of the inadequacies within his theory of relativity. 
He understood that he could not work out how to incorporate the effect of gravity of large celestial 
objects on miniscule particles making up the nucleus of atoms. Also, his theory of gravitation did not 
explain fundamental questions related to the force of gravity, why the force inherently exists among 
objects, and at what speed the force propagates. In this book, we have answered these questions with 
important details and with a very high level of confidence.  

 
At this point, we would like to bring to your attention an interesting fact that had disappointed 

Einstein. He had deduced that he had made a mistake by introducing a cosmological constant in his 
field equation of general relativity. The presence of the cosmological constant in his equation 
prophesied a static Universe. He thought he had missed a great opportunity by not describing a 
continuous expansion or contraction of the Universe that had later been predicted by Hubble (see 
Chapter 13). From this book’s point of view, our Universe is neither contracting nor expanding 
because physicists are unable to explain how space is created when the Universe expands and how 
space could vanish when the Universe collapse. One of the possibilities is the Universe is of infinite 
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size with billions of stars, galaxies, nebulae, quasars, supernovas, and probably other Universes. 
Therefore, the introduction of the cosmological constant in his field equation did not detract, nor did 
it add, value to Einstein’s theory. We do not agree with Hubble’s expansion theory, nor the Big Bang 
theory, that prognosticates the creation of our Universe from a point source of a vast amount of 
energy. We think the greatest source of error in Einstein’s special theory of relativity was that he 
assumed the speed of light is a universal constant.  

 
Although many ideas presented by Einstein’s on the theory of relativity were highly 

speculative and controversial, he gained a lot of respect and honor from scientific community in the 
world. He inspired the norms that led to the kind of research that had not been considered before. 
Outside of his career in the scientific world, he was a great philosopher.  In Figure 3.3 we have 
displayed Einstein’s photograph with a famous philosopher and a poet from India, Rabindranath 
Tagore when he met him in India. The picture was retrieved from an archive of the New York Times, 
issue August 10, 1930.   

 
Figure 3.3 Picture: Albert Einstein with Rabindranath Tagore from India. 

       (Courtesy of the New York Times, August 10, 1930). 
 

One of the reasons Einstein’s Special theory of relativity received a great deal of publicity 
was due to his energy to mass equivalence equation E = M0 × c2, which was applied to the making 
of nuclear weapons. He and the world physics community thought that there was a potential for an 
enormous quantity of energy that could be generated from a nuclear reaction. However, the fact of the 
matter is, in any of these nuclear reactions, both fission and fusion, there is no evidence that a mass to 
energy conversion indeed takes place! It is a discovered fact that the total nucleon particle count (sum 
total of protons, neutrons, and electrons) of atoms of substances before the start of the reaction and at 
the end of reaction remain the same following a nuclear reaction. Therefore, the majority of the 
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energy released during a nuclear reaction is created from a change in the binding energy of the 
participating elements found at the beginning and the end of the reaction.  
 

Clearly, a need to revise the computation of the energy released from nuclear reactions is 
recognized. It turns out that the energy released during a nuclear reaction can be more accurately 
modeled as a binding energy release instead of Einstein’s model conceived by his famous mass to 
energy transformation equation. Therefore, we shall discuss details of an empirical expression for 
binding energy release. 

 

3.4.1 Energy Release during a Nuclear Reaction 
 

 
According to Einstein’s special theory of relativity, energy released from radioactive material during 
nuclear reaction is computed from relation E = m × c2 where m is vanished mass during nuclear 
reaction. This is a stultifying fact simply because the entire mass that is consumed in a nuclear 
reaction is not transformed into radiation energy.  What Einstein implied was that, in principle, if 
vanished mass is transformed into radiation energy, the quantity of energy developed is evaluated 
from his famous equation. The expression allowed for the calculation of a fraction of the energy to be 
converted into light waves. An example where Einstein’s equation made sense was in the reaction 
occurring inside the Sun, that is, a thermonuclear fusion of hydrogen into helium. The fusion reaction 
occurring within stars was a perfect environment for his theory to find application, for the prediction 
of the energy released from stars with high levels of accuracy. 

 
For nuclear reactions occurring with a nuclear weapon detonation or in controlled nuclear 

power plants, each developed by the nuclear physicist, negligible amounts of mass is vanishing to 
produce an enormous amount of thermal energy. Most of the energy is generated from the release of 
binding energy as the atomic configuration of elements in the reaction is altered. For instance, nuclear 
fission of uranium 238U by a thermal neutron can be represented by the reaction 
 

1            235            141          92                 1 

0n  + 92U   56Ba + 36Kr + 3(0n)      (3.4) 
 
You will notice that in the reaction, the total particle count on left hand side of equation (3.4) 

is equal to the sum total of particle count in substances on the right side. Thus, we have proved that a 
very small fraction of consumed mass is transformed into light and radiation energy during this 
reaction. As explained by Schrödinger [3], an electron in the high potential energy state undergoes a 
transition to an orbit of low potential energy state when the light wave is radiated. Therefore, no mass 
is consumed during a nuclear radiation event. 
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As stated earlier, Einstein established that energy released during a nuclear reaction is 
computed by relation: 

 
En = mv × c2      (J)        (3.5)  
 

where mv is the vanished mass of radioactive material in kg, and c is the speed of light in km/s 
 

From our point of view, this represents the maximum plausible theoretical quantity of light 
energy that can be generated during the progress of the reaction. In reality, it is obvious that, along 
with light energy, a massive quantity of thermal energy is generated. Also, a tremendous amount of 
kinetic energy is released. Therefore, the energy computation for a nuclear reaction is to be updated.  
Let mv = total consumed mass in kg, mi = mass at the starting of the reaction in kg, mc = mass 
equivalent of radiation energy transformed in kg and mf = mass at the completion of the reaction in 
kg. Then, the mass transformed into energy during nuclear reaction can be found from the following 
equation: 
 

mv  = mi – mf                      (kg)       (3.6) 

 

Energy Conservation Total energy before reaction Etbr= Total energy after reaction Etar 
Etar = intrinsic energy+kinetic energy+potential energy+thermal energy+radiation energy 

 
mi ×c2 = mf ×c2  + ½ mf ×(vf

2 – vi
2) + mf ×g×d + mf ×sf×(tf – ti) + mc×c2       (3.7) 

 
Neglecting small potential energy term and initially vi = 0, the energy equation becomes: 
 

Upper limit to energy release = actual light energy conversion +  
thermal energy transformed + increase in kinetic energy in the system 

 
mv ×c2 = mc× c2 + mf  × Sf × (tf – ti) + (1/2) mf × vf

2  (3.8) 
 

where Sf is the specific heat of the end product of reaction, vf is the final velocity in m/s, vi is the 
initial velocity in m/s, ti  is the initial temperature in degrees K, tf is the final temperature in degrees 
K, g is the gravitational acceleration on the surface of the Earth and d is height elevated by the final 
produce in the reaction. 

 
Note that the thermal and the kinetic energy forms are more catastrophic and causes more 

destructive effects than the light energy. In fact, light waves are harmless for the most part. Therefore, 
the emphasis should be on the energy generated in forms other than light, such as heat and explosion 
which occurs during thermonuclear fusion reaction within stars. However, majority of physicists 
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emphasized the term on the left hand side.  This is a highly exaggerated value and represents the total 
energy content of matter before reaction, expressed as light wave energy from computations proposed 
by Einstein.  

In a nuclear reaction on Earth, it is not clear how the mass is consumed and transformed into 
light wave energy except for the decrease in the mass due to the reduction in the kinetic energy of the 
particles involved in the nuclear reaction. It is confirmed that during the course of a nuclear reaction 
the atoms are split at the neutron, proton and electron level. The reaction does not cause the smashing 
of protons and neutrons, which should result in release of quarks. Einstein’s postulates described that 
the consumed mass during a nuclear reaction corresponds to the energy equation mv × c2. However, 
this energy corresponded to a decrease in the kinetic energy of elementary particles. In reality, the 
mass did not disappear during the course of the nuclear reaction, except for the mass of the kinetic 
energy of the electrons of the participating atoms. Therefore, it is imperative that for the computation 
of the energy released during a nuclear reaction we should apply an equation based on binding 

energy, because that is the main cause of the creation of released nuclear energy. 
 
The mass of participating matter should be considered consumed if there is a differential in 

the proton and neutron count of the atoms of the initial element and final production element of the 
reaction. In our opinion, the energy released by a nuclear detonating device estimated by Einstein’s 
equation is in excess amount. Perhaps in the early 20th century, Einstein did not realize that matter 
consisted of more fundamental particles, quarks or possibly strings, rather than electrons, protons, and 
neutrons, as described by modern physics. He assumed that protons, neutrons, and electrons were the 
most fundamental of particles. Additionally, he thought that those particles were transformed 
(annihilated) to produce light and other forms of destructive energy when the mass of a material was 
consumed during a nuclear reaction.  

 
The fact of the matter is that the light energy is released with massive thermal energy, while 

the protons, neutrons and electrons count remain intact during a nuclear reaction.  The real cause, as 
mentioned before, of the massive energy created during a nuclear reaction is due to the enormous 
quantity of binding energy released from atoms of constituent elements.  The binding energy release 
occurs because the atom’s configuration is altered in the course of nuclear reaction. As explained 
earlier, when a radioactive element, such as enriched 238U nucleus, absorbs a slow moving neutron 
that is intentionally introduced by isotopes of 235U, nuclear reaction occurs. The absorption of the 
neutron causes instability in the atom’s nucleus. The nucleus splits into element atoms of smaller 
mass. This is atomic fission in its process. In addition to splitting the atom, a vast quantity of binding 
energy is released during the course of this reaction. The formula for binding energy release is thus: 

 
Eb = (Z × mp + N × mn – M × A) × 931.494 MeV/u   (3.9) 

where Z = the charge number of the element ZX (number of protons), N = the neutron number  
(number of neutrons) in the element and the mass number A = Z + N 

A 
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Also, 1u (atomic mass unit) = 1.660540 × 10-27 kg such that 12C = 12u and energy released per 
atomic mass unit is ERu = 931.494 MeV. Further, proton mass mp = 1.007276 u, neutron mass  
mn = 1.008665 u and electron mass me= 0.0005486 u 
 

A nuclear fission reaction provides massive amounts of natural energy as a practical source of 
energy than would a nuclear fusion reaction. The reason is a large amount of binding energy must be 
supplied to fuse light weight constituent elements to form a heavy nucleus in a fusion reaction. When 
a heavy nucleus splits in a fission process, huge quantities of binding energy is released.  Note that 
the total energy of a bound system is smaller than the combined energy of separate nucleons. 
Therefore, the expression for Eb in equation (3.9) gives the correct result for the binding energy 
release. Also, a semi-empirical expression for binding energy release during radio-activity is included 
[19]. For fission reaction involving elements with mass number A > 15, the formula is 

 
  Eb = 15.7 × A – 17.8 × A2/3 – 0.71 × Z (Z – 1)/A1/3 – 23.6 × (N – Z)2/A    MeV (3.10) 
 

Notice that quarks are never produced in a fusion or fission nuclear reaction.  Therefore, 
Einstein’s expression for the generated energy released computed a higher quantity than the actual 
value than the actual energy released. It is of interest at this point to remember that it is not possible to 
dismantle protons and neutrons into quarks by any ordinary means.  They cannot be discernibly 
isolated even during complex chemical or nuclear reactions. Quarks are produced in large particle 
colliders when a heavy particle, a proton or a neutron, is collided by a high speed, light-weight 
particle, an electron.  This collision process brings about an annihilation of particles with different 
polarity charges at extremely high energies. During this annihilation process many types of radiation 
are produced, including light waves. Therefore, there is no free process known existing in nature that 
transforms the rest mass of neutrons and protons into energy.  If we could perform such a conversion 
it would solve entire the world’s energy problems.  

 
Question: Why it is not possible to convert a proton or neutron into energy? The answer is 

provided by the conservation of the baryon number rule [9]. The term “baryon” has been coined to 
refer to particles, protons and neutrons, that are known to be manufactured, but are not found in 
nature freely.  Almost all of the mass of ordinary matter is comprised of baryons except for the mass 
of orbiting electrons. The baryon’s conservation law states that the total number of protons plus 
neutrons in the Universe cannot change. One may only transform one type of baryon into another 
kind during any reaction, maintaining the proton and neutron count as a constant. Because protons 
and neutrons cannot be destroyed by natural means, the entire mass of any matter is not available for 
conversion to energy. Further, protons are very stable, and their lifetimes are very long, greater than 
1039s. The only instance in which a proton or a neutron is transformed into energy is in particle 
colliders. When a particle and an anti-particle pair annihilates at extreme high energies, quarks are 
produced, and a portion of mass (binding energy) is transformed into energy. 
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This fact indicates that expression for energy released during nuclear reaction En = mv × c2 is 
correct to some extent. Further, whenever a quark with large mass annihilates into quarks with a small 
mass, the reaction does not produce radiant light.  Instead an invisible particle, a neutrino, is released 
[19]. In any of these events,  stable light wave energy is not radiated. The majority of the  mass of a 
heavy quark is transformed into lepton particles, which has a very small mass. On the other hand, 
there is no process that would occur in nature that would produce either a proton or a neutron by 
combining quarks and absorbing light, or other forms of energy. Because the lifetime of quarks is 
only a few micro seconds, it is not easy to develop a process or technique to create heavy particles 
from quarks. As we will discuss in Chapter 12, through the Drell Yarn process, sometimes energy is 
transformed into hadron particles, that is, protons. The details of the process are sketchy and it is an 
emerging area of research.  

 
In the next section, we shall state the principles of the Varying Speed of Light (VSL), 

Skylativity® theory. Also, as we make progress, we shall identify some of the main differences 
between the postulates of E-theory and K-theory. This will allow us to discuss the implications of the 
new theory to advance radio astronomy and space travel research in the future. 
 

3.5 Varying Speed of Light (VSL), Skylativity® Theory 
 
In this section, we shall describe the postulates of the special Skylativity® theory, designated by us as 
K-theory in which the emphasis is on variable speed of light. The principles of the special 
Skylativity® theory are based on the premise that the speed of light is a variable and depends on the 
frame of reference. Therefore, we will refer to it as the VSL Skylativity® theory.  
The postulates of new theory are: 
 

 Newton’s Laws of classical mechanics are applicable to any frame of reference, including 
quantum mechanics. The spacetime interval of geometry in space is completely described by 
Newtonian spacetime interval.  
 

 Light is a wave, and the speed of light is not a constant c. Further, light waves are comprised 
of discrete packets of energy, whose behavior may resemble the behavior of classical 
particles. We will label a group of these packets as quanta (plural of quantum), instead of 
photons, to avoid any confusion. A quantum of light is a virtual particle and not a real 
particle. A quantum of light does not possess rest mass and does not project force of gravity, 
the essential properties of real particles. It has been discovered that quanta of waves obey 
classical conservation of momentum and conservation of energy principles. Also, a quantum 
of light possesses energy in a quantized amount expressed by relation (1.38), same quantity 
of energy of a photon. Therefore, in the context of the VSL Skylativity® theory, whenever 
we talk about a light “particle,” we will refer to it as a “quantum.”  
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  We shall now discuss the speed of light quantum. As we know, the speed of light 
varies in various mediums, such as our atmosphere, the water we and the glass out of which 
we may drink water. The speed of light also depends on the frame of reference. For example, 
according to the VSL Skylativity® theory, it is different for observers in the relative state of 
motion with respect to light. The speed of light will differ for the observer with the speed v 
who is in motion relative to the state of light in space as compared to the other inertial 
systems in which the speed of light is c. The speed of light is now calculated by the Galileo 
transformation [4], c’ = c + v for the approaching scenario, and c’ = c - v for the receding 
scenario. The speed of light is a vector quantity and obeys the rules of Max Planck’s theory 
of quantum radiation in accelerating frames of reference. Also, mathematically, the speed of 
light c = (m × m)-1/2 m/s in a vacuum, freespace. Here m is the permeability of the freespace 
in motion, m = r × 0, and m is the permittivity (a dielectric constant) of the freespace in 
motion,  m = r × 0. 
 

The first systematic effort to indicate that the speed of light varies came from a 
Portuguese physicist, João Magueijo, in 1995; he was a research fellow in theoretical physics 
at Cambridge University. In October 2002, it was experimentally verified that speed of light 
obeys the Galileo translation rules in inertial frames. Magueijo’s work was published in a 
Discover cover story [30]. There, he stated an astonishing fact that a variable speed of light 
(VSL) theory could actually explain from where the cosmic unity within the Universe came. 
According to his proposed theory, he suggested that there are common or ubiquitous laws and 
structures governing matter in our Universe exist. Also, he questioned whether black holes 
were really holes at all.  Later, you will find in Chapter 10 that his views coincide with our 
views.  

According to principles of the VSL Skylativity® theory, the freespace permeability 
constant 0 should not be treated as a constant value for a mobile frame of reference. It is a 
well known fact that a permeability constant depends on the magnetic moment and on other 
properties of constituent elements of matter. Also, the frequency dependence of relative 
permeability of many magnetic materials has been extensively studied to characterize 
properties of ferromagnetic materials. Thus, we have proven that the speed of light cannot 
remain constant, but varies as a function of the changes in 0 of the equation c = (0 × 0)-1/2 
km/s. Recently, the variations of 0 and the 0 are being investigated by a team of research 
scientists at the University of Michigan in Ann Arbor, for designing very high frequency 
oscillator circuits. 

 
 Whenever a material object attains the true speed of light c (Section 2.2), by whatever cause 

and means, it will reach an unstable condition. It will radiate light if the electrons in the 
constituent atoms attain to an excited state resulting in a transition event. The electrons of 
substances attain excitation by mean of an external supply of energy, as seen in an electric 
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current within a circuit, or a metal target being exposed to light and x-rays. In any case, when 
light is radiated from atoms, a portion of the kinetic and the potential energy of the electrons 
involved in the transition event will be consumed. The frequency of radiation energy is 
calculated by employing the Niels Bohr model of the atoms [19], and it is related to the De 
Broglie wavelength and wave number k. 
 

 The wavelength of emitted light is characterized by the quantum state of an electron. As a 
result of light emission, the energy level of the electrons in atoms will decrease. The velocity 
of the electrons will increase and the potential energy will decrease to some value below c to 
restore to its stable state. This postulate of VSL Skylativity® theory establishes that all forms 
of radiation energy are vibrations of electrons which are bound to the nucleus. When an 
electron vibrates, it dissipates a constant amount of energy per cycle of radiation, and the 
value of energy is exactly equal to the Planck’s constant h. Hence, we have harkened for us 
the famous relationship that energy of a virtual particle photon Ephoton = h × where  is the 
frequency of radiation. 
 

 In general, it is possible for objects with a finite rest mass to travel at, or above, the speed of 
light c, as long as no radiation event occurs. The mass of an object moving at any speed 
remains constant because its mass is the measure of the quantity of the matter contained in 
the object. Einstein’s upper limit of c at which objects travel, and the speed at which light 
propagates, should only be restricted to the speed of the energy wave type entities and must 
not apply to the objects with real rest mass.  
 

 The time dilation and the length contraction effects stipulated by the Lorentz transformation 
do not occur for any frame of reference, and they are fictitious concepts. It is always possible 
to compensate for the time dilation effect by the redesigning of clocks to measure an absolute 
standard time. Therefore, time is an absolute quantity and not relative to any frame of 
reference, as proposed by Einstein. The AST measurement coincides with clock time 
measurement in the static frame of reference.  This implies that time and space, and mass 
measurements remain the same and have the same values independent of the frame of 
reference.  The Lorentz transformation for measurement of the time, the length and the mass 
are not required. 

 
 The most interesting postulate from the Skylativity® theory is that the mass of light/heat and 

the electromagnetic energy waves radiating out from atoms of any substance (element) is 
constant. In any electromagnetic wave radiation event no mass is consumed. We will prove 
that the total number of protons and neutrons (nucleons) of atoms participating in a radiation 
event (a chemical or nuclear process) remains unchanged.  
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For instance, when burning coal, if we add nucleons of carbon and oxygen before the 
burning process and compare it with the nucleon counts of the carbon dioxide generated from 
the process, the count should balance on both sides of the equation C + O2  => CO2  

 

Mathematically, if M1 to Mn correspond to the nucleon mass of substances X1 to Xn 
before the reaction and N1 to Nk are the nucleon mass of substances Y1 to Yk after the 
reaction, then the equation for total nucleon mass is 
 

M1 + M2 +……+ Mn = N1 + N2 +………….+ Nk  
 

for any value of n and k, no matter how many watts of the energy waves are released as a 
result of the reaction. We shall suggest an experimental setup comprising Edison’s bulb to 
prove this fact in Chapter 4. 
 

 The most stunning postulate from VSL Skylativity® theory is that visible light, UV, x-rays, 
gamma rays, infrared, and microwave radiations are different from Electromagnetic Radio 
waves. Radiation waves, other than the EM Radio waves, are created by vibrations of an 
electron in orbit bound with proton in atom’s nucleus as the potential energy from the 
electron is dissipated. As stated in Chapter 2, we call these radiation waves Planck waves.  
The EM Radio waves are generated from oscillations of mobile charge carriers (electrons and 
holes) in electrical and electronic systems and circuits such as alternators and oscillators. A 
characteristic of Radio waves is that they induces voltages in antenna which allow to recover  
information over long distances on communication channels without significant loss in 
information. The information from Planck waves can also be extracted, but the mechanism is 
totally different; for instance, the decoding of quantum encrypted light signals carried by 
optical fibers for the same purpose of information exchange.  
 

We wish to quote what Einstein said in his autobiography about light in 1951. “After 
ten years of reflection, such a principle (the principle of STR) resulted from a paradox upon 
which I had hit at the age of 16: If I had pursued a beam of light with the velocity c (speed of 
light in vacuum), I should observe such a beam with an EM field constant in time, periodic in 
space. However, there seems to exist no such thing, neither on the basis of experience nor 
according to Maxwell’s equation.” 

 
To our astonishment, we sadly discover how close he was to figuring out the truth 

about light that we have recently discovered in 2001, some 50 years later in time. We noticed 
that he did not choose the right path, the basis found in Maxwell’s equation or that of the 
structure of spacetime as disclosed by Newton. The mistake Einstein made was in the 
assumption that light and radiation waves are of the same type, EM waves. After studying the 



170          Chapter 3 
 

postulates of VSL Skylativity® theory you will be convinced that the theory proposed by us 
is marvelous and beautiful in its simplicity. One should never under estimate the power of the 
Mother Nature. Perhaps, therefore, as it happens, Isaac Newton and Max Planck were more 
correct in modeling behavior of light than Einstein because their theories are unambiguous. 

 
 Finally according to principles of the VSL Skylativity® theory, the light wave energy 

released from the thermonuclear fusion process of hydrogen into helium is computed from 
the relation: 
 

E = h+ n* m × c2 + ½ n* m × v2     (3.11)   
 

where m is the mass of neutrino created during annihilation of positrons and electrons, v is 
the velocity of neutrinos, n is the number of neutrinos and  c is the true speed of light. 

 
We stipulate that the left hand side energy E is numerically equal to the total energy 

of an electron and positron at the time of annihilation. This energy E is equal to 2 × me × ve
2, 

here ve is the velocity of positron approach to electron. It is clear that equation (3.11) 
represents the energy released corresponding to the Einstein’s famous mass to energy 
transformation equation E = m × c2. We conclude that energy computed from his equation 
represents a theoretical maximum value, where as equation (3.11) allows us to estimate the 
various components of energy. 

 
From above expression, it is evident that we have revised Einstein’s energy 

expression E = m × c2 that has allowed for the energy computations of a thermonuclear 
fusion reaction to be done with a much higher accuracy than before, and is more consistent 
with reality. It is safe to state that Einstein’s equation is valid only in theory and, therefore, it 
has less significance in practice. However, he deserves credit for the idea that has provided 
computation results very close to the real values for the lifespan and the energy released from 
the Sun. Since the application of the Einstein equation was specific to the thermonuclear 
fusion process, a process occurring in stars, the formulation has lower impact in scientific 
world now than when he conceived the idea.  

 
The Einstein’s equation did not quantitatively partition how much of the mass was 

transformed into various types of energies, the infrared, the visible light, the X-rays and ultra violet 
rays.  It is evident from our analysis that the scientific value of Einstein’s equation for mass to energy 
transformation computations has since been debilitated because it lacks details. Moreover, only the 
electron mass (a very small fraction, 0.7% of the hydrogen mass) is transformed into energy within 
the Sun during thermonuclear fusion reaction (Section 9.8). 
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It is now determined that there is no other example of nuclear reaction in which the static 
mass of a radioactive material is transformed into light waves. According to the Baryon number rule, 
the total number of protons and neutrons (nucleons) in the Universe remain constant. In a nuclear 
reaction, the sum total number of protons and neutrons (nucleons) in atoms of the participating 
elements before the reaction, and the total number of nucleons produce after a process reaction does 
not change. In a nuclear reaction, the matter constituent elements change, such as from 238U to 235U 
and etc., resulting in the release of vast amounts of the binding energy.  In the next section, we shall 
state the principles of the general Skylativity® theory. 

 

 
3.6 Sky’s Theory of General Relativity, Skylativity® 
 
In this section, we shall describe the postulates of the Sky’s Theory of general relativity Skylativity®, 
as stipulated by K-theory. It will be evident, that we agree on some of the postulates of the general 
theory of relativity, as stated by Einstein. We shall explicate the differences between the general 
theories of relativity from E-theory and K-theory. The principles of the general Skylativity® theory 
are as follows: 
 
The principle of equivalence: 

  
 The inertia of the body is to be regarded no longer as an effect of absolute space but rather 

as one due to other bodies. In ordinary mechanics, the motion of a heavy body (on which no 
electromagnetic or other force act) is determined by two causes:  
 

1. Its inertia tending to prevent acceleration with respect to absolute space. 
2. The forces of gravitation from the remaining masses. Motion is determined by the 

distribution of the remaining masses in the Universe. 
 

 For events on the Earth, it states that all bodies fall at an equal speed under the influence of 
the Earth’s gravity. For the motions of heavenly bodies, it states that the acceleration is 
independent of the mass of the moving body if the mass is finite and it has non-zero value.  

 
 The laws of nature are represented by invariants for the arbitrary transformations of the 

Gaussian coordinates, just as the geometric properties of a surface are invariant for the 
arbitrary transformations of curvilinear coordinates. 

 
 The light waves do not bend by the force of gravity, contrary to the prediction from Einstein 

and others. Light energy waves do not have rest mass or a unique center of gravity that is 
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static, because the waves are propagating.  For the force of gravity to act and deflect the 
position of another entity  it is essential that the entity must have non-zero rest mass and a 
unique position of static center of gravity at an instant in time in its own frame of reference. 
Therefore, the light waves from the distant galaxies are not deflected by the force of gravity 
from nearby galaxies and stars. In reality, light is scattered by atoms of hydrogen gas in 
accordance with laws of interaction among electrons and quanta. Feynman’s QED third 
action explained in Section 6.4. 

 
As explained in Chapter 1, light rays arriving to earth from stars behind the Sun are 

not deflected by the Sun’s gravity, instead they are refracted by the Sun’s atmosphere. Also, 
the refraction of light passing through the gaseous clouds surrounding galaxies is the main 
reason for the multiple images of the galaxies (so called “gravitational lensing effect”). To 
abate the bending effect from refraction, the images of distant galaxies and stars are 
observed through telescopes in space, such as the Hubble Space Telescope (HST). If the 
gravitational bending of light was the cause of multiple images, a great many celestial 
multiple images would be in evidence. However, it has been noted that only a few celestial 
objects show multiple “lensing” images. This strengthens our argument in support of our 
prediction that the light does not bend by the force of gravity. 

 
 Light waves are not trapped by super gravitational forces from massive black holes. Instead 

they are absorbed by the dark matter inside black holes. This is a revolutionary concept and 
is a postulate of GTR from Skylativity®. Hence, we have devoted a complete chapter (10) to 
discussing the internal composition and characteristics of black holes. 
 

 Gravity waves and fields do not exist because the force of gravity occurs when two objects 
with non-zero rest mass are in proximity. Further, multiple strength gravity field lines could 
co-exist when several objects are in vicinity. Loss of mass caused by the radiation of strong 
gravitational fields from vast celestial objects and binary systems is not a legitimate concept.  
 

 The speed at which the force of gravity propagates is a universal constant and is the same as 
true speed of light waves c in freespace. The finite propagation speed of gravity force in the 
Universe affects predicting the positions of celestial objects in real time [Chapter 8]. 

 
With regard to the constancy of c in his later work, Einstein agreed that the upper limit on the 

speed of light c was valid only for Minkowski’s world geometry, in which the acceleration g had no 
value [4]. He realized that in the presence of the acceleration g , the speed of light will exceed c. For 
stars with transitional speed V = 2π r/T, if the distance of the star r is greater than 1/(2 π × 365) light 
years, the speed should exceed c. The period T is one day for the Earth.  
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Further, Einstein’s GTR predicted that, in the arbitrary Gaussian coordinate system, not only 
did the velocity of the light change, but the light rays bent as they pass by gravitational fields. The 
worldlines of light were geodesic lines, similar to the inertial orbits of the material bodies and, hence, 
like the matter, will, in general, be curved [15]. As per our explanation in Section 1.2, the trajectories 
of light rays do not bend and are not deflected by gravitation; instead, they follow a null geodesic. 
Light is a propagating wave and it carries energy.  

 
The main difference between a mass and an energy entity is that the mass has a center of 

gravity and a finite volume, whereas the energy entity lacks boundary and does not possess a center 
of gravity. Similarly, the primary difference between a particle and a wave is the particle projects a 
force of gravity on another particle, whereas a wave does not project a force of gravity on another 
particle or wave. When light waves propagate in space, the space contains energy. The energy in 
space lacks volume because the energy is defined as the work required in changing the Newtonian 
state of an object. This implies that the worldlines of light in space do not curve in the presence of 
gravitational field (from massive objects) in space according to the principles of the VSL 
Skylativity® theory.  

 
Our Universe is comprised of a very dilute system of stars, as described by Dutch astronomer, 

Willem de Sitter. It is highly improbable that light or any electromagnetic signal radiated from the 
Earth will be received without any change. If light waves were to bend, as predicted by Einstein and 
others, then light wave signals transmitted from the Earth should return without reflection in some 
instance. In the event that non-reflected light is received by the Earth, because of curvature of space, 
the received light should have a zero red-shift. To date, there is no record of an event where 
transmitted light was received back with a zero red-shift. One of the problems with the detection of 
signals with zero red-shift is the size of Universe. Based on the current estimates, size of our Universe 
is 13 Billion light years. Therefore, light signal could take as many as 26 Billion years to travel from 
one end of the Universe to the other end. 

 
Many physicists argue that light is bent by the force of gravity because gravity introduces 

curvature in space and light waves will trace this curvature. Every object in the Universe is moving 
apart from the other objects; their motion is induced either by obeying Hubble’s expansion law, or 
simply a trajectory dictated by GTR.  As a result of this constant state of motion among objects, the 
light waves (photons) emitted from any distant object observed by telescope do not ever retrace their 
path. But Einstein stated that space will warp in the presence of gravitational fields and the worldlines 
of light rays from a source will close on itself.  Our belief is that space is endless, without mass, and 
has no region which has a surface boundary. Further, the trajectories of different objects with separate 
initial conditions in the same region of space varies as they face different gravitational potential. 
Therefore, the concept that light follows the geodesics of gravitationally warped space is not sensible.  
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From our standpoint, light rays will never return (unless they are reflected by heavenly 
objects), and they will not close on themselves. We are in discord with the GTR on the issue of the 
bending of light in the presence of strong gravitational fields. As stated earlier, light waves should not 
bend because they lack a center of gravity. Also, a life time of one wave of light is very small to have 
the effect of gravity.  We have cited several primary differences in the postulates of STR between 
Einstein and Skylativity® theory.  Our effort points out that there is a definite need for revisiting the 
Lorentz transformation for two inertial systems moving with different speeds relative to one another. 

 
One of the side effects of the limitation on the speed of energy wave-type entities, such as 

light waves and the electromagnetic waves, is that it imposes a limit on the speed at which 
information may be communicated over any channel. Therefore, even if one could travel at and above 
the speed of light with a vehicle, there is no ordinary means to send and receive the information from 
the vehicle above the true speed of light c remotely. This is a mystery that has to be solved before one 
can attempt to travel above the speed of light. The remote control of these vehicles would thereby be 
a challenge, a problem needing to be resolved, for obvious reasons. We will present a solution to this 
problem in Chapter 7. As per the postulates of the Skylativity® theory and the concepts introduced by 
Magueijo, the speed of light is a variable and it depends on the frame of reference. Also, the 
postulates of the general and the special theories of relativity from Einstein need to be updated to 
account for the VSL, as suggested by Magueijo. Therefore, in the next section, we shall discuss the 
modifications required in Maxwell’s field equations to reflect the changes in the speed of light among 
the different references. 

 

3.7 Maxwell’s Field Equation for VSL Theory 
 
 
From the principles of Skylativity®  you are tempted to think that a major overhaul of Maxwell’s 
field equations are required to accommodate for the changing speed of light. Fortunately, Maxwell’s 
field equations hold well for EM waves and their applications in signaling over communication 
channels. Therefore, before we can discuss the modifications required to Maxwell’s field equations 
for variations in the speed of light as the speed of reference varies. Let us restate the equations in their 
original integral form, as well as in the differential forms.  
 
Maxwell’s equation in integral form: 
 

Gauss’s Law                    (3.9) 

 

Gauss’s Law in Magnetism    B • dA = 0     (3.10) 
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Faraday’s Law         E • ds = - dФB/dt      (3.11) 

 

Ampère-Maxwell law    B • ds = μ0I + ε0 μ0dФE/dt    (3.12) 
 

 
Maxwell’s equation in differential form: 
 

 
Gauss’s Law      E = 4       

 

Ampère-Maxwell law      × B – 1/c(∂E/∂t) = (4c) j    

 

Gauss’s Law in Magnetism     B = 0     

 

Faraday’s Law      × E   1/c(∂B/∂t) = 0       

 
After carefully looking at these equations in the integral form, one will discover that three of 

the four equations, Carl Friedrich Gauss’s law, Gauss’s law in magnetism, and Faraday’s law are not 
affected by the variation in the speed of light. However, one could observe that the André-Marie 
Ampère’s and James Clerk Maxwell’s (Ampère-Maxwell) law equations (3.12 and 3.14) need to be 
modified. It is obvious from the fourth equation stated in the integral form that the multiplication 
factor 0 involved in both terms on right hand side should be changed to m. The reason for this 
change is the electric flux through any surface bounded by a moving path creates a changing 
magnetic flux. We are suggesting this change because a freespace in another frame of reference 
exhibits different permeability characteristics, and it is reflected in the differences in the speed of EM 
waves for that frame of reference. Also, the permittivity of freespace would be different if the 
freespace was moving with respect to a stationary frame. Therefore, the equation (3.12) is updated to 
reflect the proposed modification as follows: 

Ampère-Maxwell law     B • ds = μmI + m μmdФE/dt   (3.17) 

The effect of the variation in the speed of light modifies the computations. Conventionally, 
the speed of the electromagnetic waves is determined by the expression:  
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c = (0 × 0)-1/2       (m/s)  (3.18) 

 
where 0 is the permeability constant and 0 is the permittivity constant for free space (vacuum), 
which is stationary with respect to the observer. 
 
By substituting a value of 0 = 4 × 10-7 NA-2 and 0 = 8.854 × 10-12 C2/(Nm2) 

 
We get c = 2.99792458 ×108 m/s a universally accepted constant 

 
The new form of the equations suggested by us is: c = (m × m)-1/2 m/s. Therefore, in a 

generalized frame of reference, the speed of travelling electromagnetic waves is computed by the 
relation:  

 
c = (m × m)-1/2     (m/s) (3.19) 

 
where m is permeability constant and m is permittivity constant for moving frame of reference 
respectively. 
 

The new constants (m  and m) affect the speed of EM waves similar to the effect of (r  and 
r) in determination of mutual inductance and coupling capacitance in electric circuits reactance 
computations. The procedure is analogous to computing the impedance of circuit elements designed 
with more than one material for coiled inductors and dielectric capacitors. The symbols m and m, 
relative permeability and relative permittivity, are modified constants to account for the changes in 
the properties of space, as objects move within space in relation to the observer.  Because light waves 
(Planck Waves) are not EM waves, you should be careful about the parameter c in Maxwell’s 
equation.  In this context c is speed of EM waves and not the speed of light waves. In the next section, 
we shall pursuit the effects of EM wave speed variations on the solution of Einstein’s field equation. 

  

3.8 Effect of Skylativity® on Einstein’s Field Equation 
 

 
Since the exact explanation of Einstein’s field equations require rigorous mathematics, which is 
beyond the scope of this book, we shall only touch on the changes that are introduced by the 
variations of the speed of light on the equation. First, we shall state Einstein’s field equation in its 
present form. It is important to note that although the equation was pioneered by Einstein, it was also 
discovered independently by David Hilbert who deserves to share credit, because he published the 
field equations a few days earlier than Einstein. The versatility of Einstein’s field equation stems from 
the fact that it solved the state of a gravitational field surrounding any mass distribution. For instance, 
equations that enable us to derive a solution for the gravitational field surrounding the Sun and the 
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gravitational field surrounding a black hole could be generated from his field equation. The nonlinear 
field equation derived by Einstein to describe a gravitational field is as follows [8]. 

 
R -(1/2) gR = - (8G/c4) × T 

 
The exact model for behavior of a non-linear gravitational field which was implied by linear 

components was a remarkable feature of Einstein’s theory. However, this tight connection between 
the exact equations and the linear approximation no longer exist because, according to Skylativity® 
theory, c cannot be treated as a constant that violates the principle of general invariance. Thus, one of 
the features of Skylativity® theory, that the speed of light depends on the frame of reference, 
decreases the importance of Einstein’s field equation, as it destroyed the simplicity of handling non-

linearity associated with g field. The primary advantage of the solution from Einstein’s field 
equation was for point particles in local geodesic coordinates, the equations describing motion of the 
particles showed that the energy and momentum tensors are conserved. Since within Einstein’s theory 
all particles obey the geodesic equations of motion for any arbitrary system, both Galileo Galilee’s 
principle of equivalence and Newton’s principle of equivalence were satisfied. As a result of this, it 
was established that the gravitational mass equals the inertial mass.  

 
Several applications of Einstein’s equation to solve the deflection, retardation and the red-

shift of light in the Sun’s gravitational field are discussed with analytical treatment in great detail [8]. 
From our viewpoint, the predominant cause for the bending of star light as it passes by the strong 
gravitational field of the Sun is not the force of gravity, but the refraction of light rays as they pass 
through the gaseous atmosphere near the Sun. From our computations in Section 1.4, you will be 
convinced that our statement makes complete sense. Therefore, a detailed mathematical analysis of 
the bending of light by gravitational field effect is a misconception. The most admirable fact with 
regards to Einstein’s gravitational field equation is that it solved the gravitational field of an arbitrary, 
complex system of objects, fabricated by curving any shape within the finite Universe [11]. In its 
entirety, the solutions of Einstein’s field equations were based on the principles of Tensor and Spinor 
Algebra applied to  non-Euclidian space geometries.  

 
It is important to understand the limits of Einstein’s field equations.  One of the issues was 

that, in his regime, space and time were curved by the gravitational field of an object with a 
geometrical shape and surface. However, the extent of this curvature was expressed by the shape of 
the surface, much more so than the property of the matter from which the object was fabricated. 
Therefore, his equations did not provide the solution of gravitational fields for geometries enclosed by 
arbitrarily complex surfaces in the infinitely large, open Universe. His equation posed a 
computationally NP incomplete problem for the case of random geometrical shapes in the infinite 
Universe. This was especially true for gravitational fields which have a finite speed of propagation. 
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Another catastrophe happened to Einstein’s formulation in the 21st century when physicists 
discovered that a huge percentage of fast moving neutrinos arriving from the Sun and from the other 
stars in space passed through the Earth’s core in a straight line without interaction. It is well known 
that Einstein’s field equations relied heavily on rules of non-Euclidean geometry, in which the 
shortest distance between two points on a surface with curved topology was not a straight-line. 
Because neutrino particles penetrated the Earth’s core, it is safe to mention that no volume in space 
within the Universe could be curved that will follow the rules of non-Euclidean topology in the 
strictest sense. The topologies that obey the rules of Euclidean geometry placed severe restrictions on 
the solution of Einstein’s generalized gravitational field equations. 

 
In another application, although Schwarzschild’s solution of Einstein’s equation claimed that 

it provided the exact solution for the perihelion precession of planetary orbits in the field of the Sun 
and for the gyroscope precession effect, we think the pain was not worth the effort. Our conclusion is 
based on the fact that the difference between the orbital equations from the Newtonian theory and the 
Schwarzschild field equations, is very insignificant, for the relativistic correction to motion is 
extremely small. An excellent analysis and data for the perihelion precession of all the planets of the 
solar system is provided by Hans Ohanian and Remo Ruffini [8]. 
 

 
WHAT IS NEXT? CHAPTER 4: 
 

 Experiments to validate principles of Skylativity® theory. 
 Edison’s light bulb and finite energy of light waves. 
 Emission of light waves without mass loss. 
 Energy and mass conflicts E = m × c2. 
 Resolution of the conflict by complex vector definition of mass. 
 Complex dimensions, real and imaginary x, y, z, and t. 
 Virtual time dilation in atomic clocks. 
 Gravitational lensing and stellar parallax. 
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3.9 Summary 
DEFINITIONS 

Worldline: The trajectory of a free particle in 4-dimensional spacetime is called the worldline.  
 

Inertial frame: A frame of reference is defined as an inertial frame if and only if worldlines of all 
particles in the frame vary linearly in all four dimensions. All inertial frames are considered to be 
moving at constant velocity with respect to each and have zero acceleration.  

 
Newtonian geometry: A geometry in spacetime is called Newtonian if the spacetime interval for the 
geometry is described by two distances, spatial dl and temporal dt, here dl2 = dx2 + dy2 + dz2.  

 
Relativistic geometry: A geometry in spacetime is called Relativistic if the spacetime interval for 
the geometry is described by a single distance metric, spacetime ds, where ds2 = c2dt2-dx2-dy2-dz2. 

 
Timelike displacement: A displacement in relativistic spacetime internal is Timelike if the 
spacetime interval of relativistic geometry has a positive value. Communication in real time is 
feasible for events displaced by timelike intervals.  

 
Lightlike displacement: A displacement in relativistic spacetime interval is Lightlike if the 
spacetime interval of relativistic geometry has a zero value. The displacement of a particle travelling 
at the speed of light remains invariant in relation to time.  

 
Spacelike displacement: A displacement in relativistic spacetime interval is Spacelike if the 
spacetime interval of relativistic geometry has a negative value. In spacelike displacement events 
information exchange in real time is impossible.  
 
Skylativity® Theory: Revised theory of everything proposed by author which describes 
characteristics and properties of all types of radiations and reveals facts about their origin. Also, it 
discloses the reasons for the forces of gravity and for the forces of dark matter. The theory combines 
the principles of QCD with classical  QED with remarkable consistency. It facilitates unification of 
all forces of nature (strong color charge, strong EM, weak residual, and weak forces of gravity) at 
grand scale distance of Billions of light years in the outer-space of universe and at nanoscale  distance 
of fractions of femtometer  in inner-space of atoms. 

 
Geodesic: It is an affine curved path traced by an arbitrarily short segment of the curve of extremal 
small length and progressively advancing it in units of Planck-time, parallel to the curve in a step by 
step fashion. 

 



180          Chapter 3 
 

CONCEPTS AND PRINCIPLES  
 
Postulates of VSL Skylativity® theory 
 

 Newton’s Laws of classical mechanics are applicable to any frame of reference including 
quantum mechanics. The spacetime interval of geometry in space is Newtonian. 
 

 Light is a luminous (Planck wave) wave and the speed of light is not a constant c. Speed of 
EM waves and Planck waves depends on frame of reference and varies according to Galileo 
transformation. Approaching case: cef = c + v, Receding case: cef = c – v.  
 

 Light, Planck waves are vibrations of an electron in orbit bound with proton charge at 
nucleus. Therefore, the mass of a light radiating substance does not change during light 
emission. Light waves are comprised of virtual particles Quanta, which are packets of 
discrete amounts of luminous energy. EM waves are caused by oscillations of free charges 
(electrons and holes) in circuits and systems. EM waves are comprised of electric and 
magnetic fields orthogonal to each other (transverse) and normal to direction of propagation. 

 
 Time is absolute and objects possessing real rest mass can travel at any speed. The true speed 

limit c is only applicable to wave type entities. Lorentz transformations are not required 
because length contraction and time dilation are virtual (not real) concepts.  

 
 Modified Energy and mass equivalence   E = h+ n* m × c2 + ½ n* m × v

2  
 

Postulates of GTR, Skylativity® theory 
 

 The inertia of the body is to be regarded no longer as an effect of an absolute space, but rather 
as one due to other bodies. The motion of a heavy body is determined by its inertia and the 
forces of gravitation from remaining mass distribution. 
 

 For events on the Earth, it states that all bodies fall at an equal speed under the influence of 
the Earth’s gravity. For the motions of heavenly bodies, it states that the acceleration is 
independent of the mass of the moving body if the mass is finite and it has non-zero value.  

 
 The laws of nature are represented by invariants for the arbitrary transformations of the 

Gaussian coordinates, just as the geometric properties of a surface are invariant for the 
arbitrary transformations of the curvilinear coordinates. 

 
 Light does not bend by gravity because it is a wave, and it does not have rest mass that 

projects force of gravity on other particles. In space, light waves follow a null geodesic. 
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CONCEPTS AND PRINCIPLES (CONTINUES) 
 
Postulates of STR from Einstein 
 

 The spacetime interval of geometry in space is Relativistic. Time is relative to the frame of 
reference. The systems which are moving with constant velocity relative to each other are 
called inertial systems. In any of these systems, lengths and times measured with the same 
physical rods and clock differ in values of any other system, but the results of the 
measurements are connected with each other by the Lorentz transformations. 
 

 Light is an electromagnetic wave and the speed of light is a constant c in space. 
Mathematically speed of light c = (0 × 0)-1/2 m/s in vacuum, freespace. Here 0 is the 
permeability of the freespace and 0 is the permittivity (a dielectric constant) of the freespace. 

 
 Light exhibits dual behavior, as a wave and as a particle. For the particle model of light he 

called light particles photons.  
 

 Time is relative and depends on the frame of reference.  Measured time by the same clock 
appears slower in different inertial frames, the effect is known as time dilation. The 
maximum speed at which any object can travel is limited to the speed of light c in freespace. 

 
 In principle (theoretically) a quantity of mass can be transformed into E units of energy by 

relationship E = m × c2 . 
 
Postulates of GTR, from Einstein 
 

 The inertia of the body is to be regarded no longer as an effect of an absolute space but rather 
as one due to other bodies. The motion of a heavy body is determined by its inertia and the 
forces of gravitation from remaining mass distribution. 
 

 For events on the Earth, it states that all bodies fall at an equal speed under the influence of 
the Earth’s gravity. For the motions of heavenly bodies, it states that the acceleration is 
independent of the mass of the moving body if the mass is finite and it has non-zero value.  

 
 The laws of nature are represented by invariants for the arbitrary transformations of the 

Gaussian coordinates, just as the geometric properties of a surface are invariant for the 
arbitrary transformations of the curvilinear coordinates. 

 
 Light waves bend by the force of gravity of heavy bodies because light photons have the dual 

nature as a particle and a wave. In space light waves follow a geodesic trajectory. 
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APPLICATIONS 
 

 In principle and in practice the speed of objects and particles with real mass can exceed 
TSL c. The particles travelling at super luminous speeds are known as tachyons  

 
 Events are Timelike for approaching objects at any speed and receding objects with 

speeds less than c. 
 
 Events are spacelike for a receding object with a speed greater than c. Communication 

using light signals is impossible when the speed of recession is greater than c. 
 
 Black holes do not trap light as claimed in the past; instead, they absorb light, an event 

similar to absorption of light by charcoal.  

 
Exercises 
 
Questions 
 
 
A heart () denotes objective question and a question with a diamond ()  requires analysis. 
Answers to all questions () and (), and problems () and () are included at the end of exercises. 

 
 

1. Explain the terms inertial systems, worldline, Timelike, Lightlike and Spacelike event? 
 

2. States postulates of Special Theory of Relativity and General Theory of Relativity from 
Albert Einstein. 

 
3.  Which of the following is NOT a true statement about the general theory of relativity?  

 
(A) The gravitational equations can be applied to any coordinate system. 
(B) The gravitational equations are structure laws describing the changes of the g-field. 
(C)  The universe is not Euclidean. 
(D)  The ellipse of the planet Mercury rotates with respect to the sun. 
(E) True physical laws hold only in inertial coordinate system.  

 
4. In your opinion, which of the concepts should raise the highest controversy? 
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5.   Which of the following Maxwell equations denies existence of magnetic monopoles?  
 

(A) × B = 0J +  00/ 
(B)  E = /0 
(C) × E = - / 
(D)   B =  
(E)    B • dA = 0 

 
6.  The Hall Effect relates to?  
 

(A) The behavior of waves in regularly spaced lattices causes destructive interference. 
(B) A more sophisticated statement of the consequence of Coulomb’s inverse square law. 
(C) The generation of an EMF when a current carrying conductor is placed in a B-field. 
(D) Magneto hydrodynamic waves. 
(E)  The determination of a substance’s electric susceptibility.        

 
7.  By the early 1900’s the two major theories of physics were Maxwell’s equations and 

Newton’s laws. The transformation from a lab reference frame to a moving reference frame 
was achieved by the Galilean transformation (x’ = x – vt and t’ = t). Which of the two major 
theories was initially thought to be invariant under these transformation equations?  
 

(A)  Maxwell’s equations under Lorentz transformation. 
(B)  Neither Maxwell’s equations nor Newton’s laws. 
(C) Newton’s laws. 
(D) Both Maxwell’s equations and Newton’s laws. 
(E)  The invariance is not important.     

 
8.  Which of the following is not a true statement about the nuclear binding energy in the 

semi-empirical mass formula model?  
 

(A) The symmetry term is proportional to (A-2Z)2. 
(B) The volume term is proportional to A2. 
(C) The Coulomb term is proportional to A2/3. 
(D) The area term is proportional to A1/3. 
(E)  The symmetry term is proportional to (A-2Z)2/A. 

 
9. Define the terms geodesic, Newtonian spacetime interval and relativistic spacetime interval.  
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10. State postulates of VSL Skylativity® theory and Sky’s  General Theory of Skylativity®. 
Identify major differences between the postulates of STR and GTR from Einstein and 
postulates from Skylativity®. 

 

Problems 
 
 
A spade () indicates that solution of the problem demands research outside this text book.  
A club ()  denotes that solution of the problem requires substitution of values in a formula 
 
 

1.  Maxwell’s equations imply the existence of electromagnetic waves. Determine the 
appropriate wave equation for magnetic field B = Bz(x, y, z)z.  

 
2.  Gauss’s law may be used to derive Coulomb’s law. Let kE be the constant in Coulomb’s 

law. Furthermore, Ampere’s law may be used to derive the force per unit length between two 
currents. Let kB be the constant in this magnetic Coulomb law. What is the ratio kE/kB ?  

 
3.  Ampere’s law is different in a vacuum than in the presence of matter. In the presence of 

matter, consider that the total current density consist of a vacuum current density and a  
magnetization current density.  Determine what vector must have a curl of 0jvaccuum.  

 
4.  The differential statement of Ampere’s law is incomplete without the displacement current. 

In fact, it is implied for the vector current density that .j = 0. Use Maxwell’s equations to 
find the correct vector whose divergence is 0. 

 

5.  Use Gauss’ law for gravitation to determine the magnitude of the gravitational field for 
two infinite sheets of mass density  in regions I and II. Region I is space enclosed by two 
sheets and region II is space shielded by either sheet 1 or 2. 

 

6.  Consider Maxwell’s equations in differential form in media. Suppose j =  = 0. Further  

 = 0 et and = 0 et,  find the relevant wave equation for a plane EM wave propagated in 
x-direction such that E = Ey and H = Hz. Assume that E and H field vectors  points in a 
direction orthogonal to each other and the x-direction is perpendicular to the fields. 

 

7.  Determine the laboratory threshold kinetic energy TN for the reaction p + p  p + p + 0. 
The target is at rest and the projectile is accelerated to have kinetic energy TN.  
Let mp = mn = 0.938/c2 GeV and m = 0.140 GeV/c2  
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8.  Consider the total energy E of a particle. Let T be the kinetic energy and U the potential 
energy. What is the time derivative of E if the force acting on the particle is conservative?  
 

9.  Calculate the thermal energy Q MeV associated with a nuclear reaction. The nuclear 
reaction transforms 27Al(d,p) into 28Al. Given that m(27Al) = 26.98154, md = 2.01473,  
mp = 1.00794, and m(28Al) = 27.98154, all in amu. 
 

Answers to objective questions 
 

3. (E)  5.  (D)  6.  (C)  7.  (C)  8.  (A)   
 

Answers to selected problems 
 

1.    2Bz=00 ∂
2Bz/∂t

2 2.  (200)-1 3.  B - M 4.  j + 0∂E/∂t 

5. 0 in Region I and 4G in Region II 6.  ∂2E/∂x2 = ∂2D/∂t2 +  ∂D/∂t 
7. TN =  MeV  8.  ∂U/∂t 9.  Q = 6.32 MeV   
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4. 
 
Beyond Einstein’s Relativity  

 
  Thomas Edison (1847-1931) 

CONTENTS    
4.1  Edison’s Light Bulb 
4.2  Emission of Light without Mass Loss 
4.3  Finite Energy of Light Quanta 
4.4  Energy and Mass Paradox for Matter 
4.5  Relativistic Mass, a Complex Quantity 
4.6  Complex Dimensions 
4.7  Time Dilation 
4.8  Gravitational Lensing 
4.9  Summary 

Exercises 
 
 
In this chapter we will investigate the physical applications that contradicted the notions 
postulated by Einstein. We will begin discussion on the limitations of Einstein’s STR by explaining 
the physics behind the creation of light in a common incandescent lamp originally invented by 
Thomas Alva Edison. Then we shall prove that the Lorentz transformations, the concepts of time 
dilation and length contraction, did not serve a useful purpose in determining the relationship between 
the space/time coordinates of different inertial systems.  
 
  In Section 4.1, we will analyze the operation of a simple light bulb to discover where 
Einstein’s theory of relativity failed. His theory stated that an infinite supply of energy is needed to 
accelerate particles at rest to the speed of light. When a finite amount of energy is supplied to the light 
bulb, it radiates light waves that conflicts with Einstein’s STR postulate. In Section 4.2, we shall 
provide an experimental proof that when light energy waves are emitted from Edison’s bulb, there is 
no loss of mass from the tungsten filament of the bulb. The main purpose of this experiment is to 
show that there is no mass to energy conversion when light energy is released in a thermoelectric 
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radiation event. The observation made from the results of this experiment could be extended to 
nuclear radiation events as well. 
 

In Section 4.3, we proposed an experiment proving that light waves dissipate energy and 
can’t sustain their existence indefinitely unless the wave energy is refurbished from its source.  In our 
experiment a light bulb is located between two mirrors, parallel to one another and facing each other, 
similar to facing mirrors in a hair dressing saloon. In the dark night, when the power to a light bulb is 
energized, the bulb glows and several images of the lighted bulb are visible in the mirrors.  However, 
when the power to the bulb is switched off, the room becomes dark immediately. If the energy of 
light waves, just previously present prevailed the room should remain lit by virtue of these waves 
being reflected perpetually between the mirrors and walls of the room. However, this is not the case. 
Therefore, this experiment provides proof that even light waves which travel at speed c m/s, have a 
limited life span.  It is apparent that these  waves lose their illuminating power. According to the 
Lorentz transformation, the computed value for the energy of light waves is infinite, whereas the 
results of this experiment prove that the energy of light waves is finite. 
 

In Section 4.4, we will illustrate that the speed of light c in two inertial systems S and S’ 
moving with respect to each other with a non-zero velocity vector difference cannot be the same in 
amplitude value and the phase value. We derive this fact by applying the laws of the conservation of 
the energy among different inertial systems. To facilitate the study of parallel and concurrent 
Universes, scientists apply the principles of the perturbation theory. In the theory, the concept of 
variable mass proposed by Einstein and Lorentz made sense from a quantum mechanics point of 
view. But in a static and quasi-static expanding real Universe, variable mass without qualification of 
static and dynamic mass components did not coincide with reality. From our viewpoint, the rest mass 
of an object is fixed for the motion of the object and the mobile frame of reference. The reason is that 
the rest mass of the object is determined by number of atoms/molecules of elements/compound within 
the object. These number of atoms/molecules does not change due to the motion of the object. 
Therefore, in Section 4.5, we define mass as a complex quantity. We split the total mass of any object 
in all frames of reference into two components: a static component, its rest mass, which is real, and an 
orthogonal dynamic imaginary component, its kinetic energy mass.   

 
In the next section, we introduced concepts of complex dimensions and definitions, an 

exciting development for the physics community. One of the purposes of introducing the concept of 
complex dimensions is to facilitate correlating events in a real and in imaginary domains, without loss 
of reality. We developed definitions of imaginary time and the imaginary components of spatial 
dimensions X, Y, and Z, based on the probability of finding a particle (or an object) in a perturbed 
state. A major application of complex dimensions is the investigating the states of parallel, 
concurrent, and real Universes, while determining the relationship of probable events in each of the 
Universe.  
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In Section 4.7, we shall prove that concepts of time dilation introduced by Einstein and the 
value of time dilation computation tools suggested by the Lorentz transformation equation did not 
make sense in our four dimensional Universe. We are stating this fact because it is always possible to 
re-design clocks in an inertial system so that the measured time will display the same value for any 
inertial system moving with respect to a reference inertial system at any speed. Therefore, we favor 
ideas that call for an absolute unit of time AST that is not alterable, or variable.  
 

In Section 4.8, we will reveal that the “lensing” of multiple images of quasars and distant 
galaxies in our Universe were not observed because of the bending of light by the gravitational forces 
of intermediate apparent star clustering. Astrophysicists employ a stellar parallax technique to 
measure the distance of stars from the Earth. We will demonstrate that the gravitational bending of 
light from stars and galaxies will cause highly undesirable effects due to the introduction of 
unacceptable levels of error in measurement. Several astrophysicists recognized by western 
civilization extensively studied gravitational lensing with regards multiple images of quasars 
identified them as Einstein rings [20]. We will show that these multiple images of very distant quasars 
were formed by the refraction of light when passing through gaseous clouds located near the quasars.  

 
4.1 Edison’s Light Bulb 
 
In this section, we shall examine the light emission process occurring within a light bulb. Our detailed 
analysis will prove that the principle of operation of this trivial experiment is in conflict with the 
fundamental concepts of the STR. In particular, our description shall prove that with a finite, small 
supply of electrical energy to the bulb, electrical energy is transformed into light energy waves that 
did not exist before the application of power.  

 

 
 
 
Figure 4.1 Simple incandescent light bulb. 
Operation of a light bulb indicates that light waves 
attain speed c by application of finite amount of 
electric power

Let us consider an example of light emission from a common incandescent light bulb first 
invented by Edison in 1879, shown in Figure 4.1. He used carbonized cotton thread material for the 
filament wire in his bulb [32]. Recently, the filaments of a light bulb are formed from tungsten wire, 
which is a highly resistive material. When electric current flows through a filament, intense heat is 
produced due to the resistance of the wire. The atoms of tungsten in the wire are heated to a very high 
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temperature. Subsequently, the filament inside the bulb glows and emits light. Microscopically, the 
high temperature increases the amplitude of the vibrations of the electrons found in the atoms of the 
filament material. During this process, the atomic binding energy maintains the molecular structure of 
the filament, keeping its compositional matrix intact. The free electrons of the constituent atoms on 
the surface of the wire filament are excited and vibrate violently, causing the filament to glow. This 
described production of radiating light is in accordance with the principles of the black body radiation 
theory. 

Let us examine the situation more closely. When there is no current over the filament; that is 
when the filament circuit is open, there is no light emanating from the bulb. As claimed by 
proponents of the particle theory, there are no light photons emanating from the filament because the 
photons resident on filament are at zero frequency and are at rest. When the circuit is energized, the 
light bulb emits light. This implies that the photons located on the wire, the particles of light 
proposed by Einstein’s STR, are accelerated to the speed of light from their rest state (zero initial 
speed) with the application of finite energy. This further suggests that the photon “particles” have 
gained the speed of c and their frequency has changed to that of visible light in an exceptionally small 
amount of time.  Contrarily, as per the postulates of the STR, particles cannot be accelerated to the 
speed of light. That would require, as per STR, an infinite amount of energy because the particles’ 
relativistic mass increases with speed and becomes infinite if the speed of light is attained.  
 

The radiation of light from Edison’s bulb illustrates that the special relativity theory failed in 
its description of light’s propagation this instance. Also, this example proves that light is a wave, 
because only waves can change their frequency and speed in an exceedingly small amount of time, or 
zero time. In practice, eventually the Tungsten wire is oxidized due to the residue air and leakage of 
air molecules through pores of the glass casing of the bulb; wherefore the bulb ceases to radiate light 
when all tungsten in the wire is depleted and oxidized. We are surprised to notice that Edison’s 
invention preceded Einstein’s work by almost 20 years, yet Einstein did not realize that Edison’s 
lamp was an example where his theory did not predict a satisfactory outcome. 

 
Light emission from recent inventions of the mercury vapor lamp, the gas molecules of 

sodium lamp signs, the varieties of neon lamp signs[32], and Edison’s bulb further validates ideas 
proposed in this book, and supports the principles of VSL Skylativity® theories. When high voltage 
is applied between the anodes and the cathodes of a low pressure (almost vacuum) gas arc lamp, 
current conduction occurs. This is because an electric circuit is completed by the passage of an 
electron current through the arc. The light is emitted from the orbiting electrons in the atoms of the 
gas as electrons jump to their lower quantum state. This is achieved due to the extreme high 
temperatures reached by the thermally agitated molecules.  

 
In the next sections, we shall describe the details of a simple experiment that allowed us to 

prove that the mass of a substance producing light and heat radiation, such as a tungsten wire filament 
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of a bulb, remains constant. The mass of the filament is not altered, even after several hours of 
continuous operation, all the while releasing an abundant amount of light energy waves for the entire 
duration.  

 

4.2 Emission of Light without Mass Loss 
 
 
We are proposing, at this point, an experiment to establish a fact that when light energy is radiated 
from a substance no quantity of matter is consumed. For instance, for the bulb shown in Figure 4.1, if 
we measure the mass of the tungsten filament after several hours of operation, there will be no 
differential in the mass of the filament. For the purpose of verification of this, we shall perform a 
simple test. We shall measure mass of filament before the bulb is lit at time zero. We shall designate 
mass of wire as M0 kg. Next, we shall operate the bulb continuously for 100 h, 200 h, 500 h, 1000 h 
and 10000 h in succession. After each period of operation we will measure the mass of the tungsten 
wire, designating the values of masses as M100, M200, M500, M1000, and M10000. We will have 
discovered that succeeding measured mass values will not differ to the slightest extent from M0, the 
initially measured value of the wire mass, provided we take into account the oxidization of the wire in 
its entirety. In the expression form: 
 

M0 = M100 = M200 = M500 = M1000 = M10000 (4.1) 
 

Though the experiment and the arrangement in Figure 4.1 appears straight forward, in 
practice it is not a trivial task in practice to measure the minute differences in the mass of the filament 
that has emitted light and radiation. One is attempting to detect a change of mass amounting on the 
order of a few micrograms, or even nanograms, in the mass of bulb, which may be as high as 100-200 
grams (few ounces). Further, the performer of this experiment must account for several sources of 
error. First of all, the experiment must be performed in a clean room so that dust particles do not add 
to the weight of the bulb significantly. One must ensure that the mass of dust particles should have a 
minimum effect on the mass of the bulb, because dust particle count deposited on the bulb will 
change during the progress of experiment. Secondly, it is necessary to measure and record any 
changes in the mass of the tungsten wire due to the oxidization of the wire reacting with oxygen 
molecules leaked through the glass walls of bulb from outside air. Finally, it is important that the 
electric power supply energizing the bulb should not be interrupted because it will introduce small 
errors in tracking time, a second order effect which should be included, if required. Therefore, the 
experiment will be very difficult to perform, however, it will not be impossible.  
  

In the next section, we shall describe another interesting experiment. At present, according to 
rules of Lorentz transformation, mass, and hence the energy of a particle, attains an infinite value 
when the particle (or any object) travels at the speed of light. We will show that his equations did not 
characterize the behavior of light particle quanta correctly. Our apparatus in the experiment is 
composed of two mirrors and a source of light. The result of this experiment will prove that the 
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energy carried by light wave quantum is finite. Moreover, we shall remonstrate that, as computed by 

the Lorentz transformation, the energy of quantum is infinite in its frame of reference and is, 
therefore, not realistic. 

 

4.3 Finite Energy of Light Quanta 

 
According to the STR, the total energy content of a particle in a reference system S is expressed by 
the relation E = M × c2 where M is the mass of particle in system which is at rest and c is the speed 
of light. According to current theory, the mass of particle M’ in a different inertial system S’ which is 
moving with velocity v with respect to S is related to the rest mass by the Lorentz transformation. It is 
expressed by the relation: 
 
Lorentz’s Transformation       M’ = M/

 
(1-v2/c2)1/2 (4.2) 

 
As per the principles of STR, a light photon behaves as a particle in some instances. Therefore, we 
could compute the energy and the mass of the photon with the same expressions. When we substitute 
v = c in (4.2) we discover that M’ becomes infinity.  This implies that the energy carried by the 
photon in the system also becomes infinite. To support our ideas, we have designed an experiment to 
demonstrate that the energy of the hypothetical particle photon is limited and is not infinite. 
 

 
Figure 4.2 Experiment, light photons have finite energy.  Reflected light disappears when the power to the light 
bulb is switched off.  

Our apparatus consists of two mirrors M1 and M2, and a light bulb, located in a dark room. 
The arrangement of the mirrors and the light bulb is displayed in Figure 4.2. The light bulb is situated 
between the two mirrors. The power to the bulb is switched on or off by operating a switch S1. The 
mirrors are supposed to have a surface with a very high reflectivity. We assume that the mirrors will 
absorb a minimal amount of light and reflect all photons incident. It is observed that the mirrors 
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become dark as soon as the power is switched off. The implication of this is logically derived. If 
photons had infinite mass and energy, the mirrors should continue to reflect light for a much longer 
period of time. In reality, though, the light disappears almost instantaneously.  From the results of this 
experiment we may conclude that light photons have finite energy. It would be nice if we could 
measure the lifetime of photons based on the intensity measurements at a point situated between the 
mirrors after the source of light is switched off. This may prove to be quite a challenge because of the 
complexity of the situation. The light intensity reduction time measurement is very intricate and 
includes the time that light to travels from a mirror to the light intensity detector. 
 

In the next section, we shall focus on the computations of the total energy content of identical 
objects in different inertial systems. We will apply the principle of the conservation of energy to 
prove that if the material mass of the matter in the systems moving with respect to each other is 
different, the speed of light as respects both systems cannot be the same. 
 

4.4 Energy and Mass Paradox for Matter  
 
The results of experiment in section 4.3 have provided evidence that the rules of the Lorentz 
transformation for mass and energy computations do not always provide correct results. According to 
the STR, the total energy content of particle with rest mass M0 in a reference system S at rest is 
expressed by the relation: E = M0 × c2 where M0 is the mass of particle in system S which is at rest 
and c is the speed of light 
 

We will call M0, the quantity of the rest mass, as intrinsic mass, because it represents the 
intrinsic energy of a particle that is available for energy transformation into radiation energy. As 
stated in previous section, the mass of particle Mv within a different inertial system S’, moving with 
velocity v with respect to S, is related to the reference mass by the Lorentz transformation according 
to current theory. It is expressed by the relation: 

 
Mv = M0/

 
(1-v2/c2)1/2 (4.3)  

 
For a detailed derivation for the above expression, please refer Max Born [4]. Therefore, the 

energy content of a particle, when measured in system S’, should be E’ = Mvc2
.
 However, the total 

intrinsic energy content of the particle should not change between S and S’. The mass, or quantity of 
matter, contained in the particle is not modified, even though the speed is different in two systems. 
The availability of mass to be transformed into a final form of energy light is not altered. It is 
established that the total energy of any system is conserved in the Universe at any time. 
 Therefore, E = E’  

M0 × c2 = Mv × c2 (4.4) 
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Comparing equation (4.3) and (4.4), and considering the fact that M0 and Mv are different, implies 
that the speed of light c cannot be the same in both system S and S’. Therefore, our conclusion is that 
c should not be a constant, and its value should not be equal within both systems if the value of the 
mass of the particle is different in two inertial systems. In fact, according to the Lorentz 
transformation, the measured length l’ in system S’ is related to and shorter than l0 in systems S by: 
 
Lorentz’s length contraction       l’ = 

 
l0 (1-v2/c2)1/2  (4.5) 

 
and measured time t’ in system S’ is related to and longer than t0 in systems S  by: 
 
 
Lorentz’s time dilation       t’ = t0/

 
(1-v2/c2)1/2 (4.6) 

 
The relative speed between S and S’, v’, which is the ratio of distance over time, should be 

proportional to l’/t’, derived from equations (4.5) and (4.6) is: 
 

v’ = l0 (1-v2/c2)/ t0   (4.7) 
One of the problems with the Lorentz transformation computations is that the measured 

quantities of speed and time appear slower, and the lengths of objects appear shorter from the 
viewpoint of observers in each of the reference inertial systems in relation to the other system. But an 
essential property of distance is that it is independent of the choice of coordinates [8]. Therefore, the 
Lorentz transformation cannot explain why the length of rods appear shorter in different inertial 
systems when the distance between the end points of the rod is the same. If the length contraction is 
not permitted, and the energy configuration of time measuring devices is not modified by inertia, the 
time dilation effect will not be apparent in Lorentz computations. Hence, we stipulate that length 
contraction and time dilation effects computed by Lorentz transformation are hypothetical values. 

 
It was ostensibly proven that the speed of light is constant and independent of frame of 

reference by M. Born [4]. However, the proof is invalid and insufficient because it was derived from 
the velocity computations from the Lorentz transformation equations for two systems S and S’.  
However, the transformation equations were based on the assumption that the speed of light is 
constant. If you do not assume the constancy of the speed of light between systems S and S’, the 
dilation of time and space, as required by the Lorentz transformation, should be adversely effected, in 
fact removed. Our detailed analysis in Chapter 5 proves that, with the comparison being accounted 
between two frames of reference, the measured length between two points in space will be shorter and 
the measured time duration will be longer, if there is an assumption of the speed of light being 
constant regardless the frame of reference. Clearly, one needs to revise the Lorentz transformation 
with the assumption that the speed of light varies within system S’ from the normal value c. 
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In the next section, we shall propose a new way to describe the effective mass in a mobile 
system. We shall stipulate that the mass of objects in the Universe is a vector quantity, similar to 
velocity and acceleration. We will represent the total mass of moving objects into two separate 
components, 1) static mass, a real, inherent quantity of dynamic energy mass, and 2) an imaginary 
quantity, virtual mass. 

 

4.5 Relativistic Mass, a Complex Quantity 
 
As stated in Section 4.4, we believe that the mass of an object in motion is comprised of two 
components. The first is an object’s eternal rest mass, which is the component of mass that is real. 
What we mean by real quantity is that mass component which contributes to and affects the position 
of center of gravity of the object. We define eternal rest mass of an object as the mass of an object 
that is measured when the distance between the measuring apparatus and the object did not alter 
during the period of its measurement. Alternatively, this mass reflects the smallest amount energy 
corresponding to its intrinsic energy. In this condition, both the potential (largest negative number) 
and the kinetic energy of a particle is minimized, while the internal energy (thermal energy 
temperature 0 K absolute 0) is minimized. The other component of the mass of an object is due to its 
mobility. This mass represents the energy mass component, an imaginary component of mass. We 
suggest this mass is a directional component which moves the center of gravity of an object to a new 
position at time t after time t0. Therefore, in relativity, mass should be represented by a phasor. 
Symbolically, the mass of objects in motion should be represented by: 
 

M = Mr – i Me  (4.8) 
where Mr is stationary real rest mass and Me is defined as the energy, or dynamic mass. 

 
We have used negative sign in front of imaginary operator i to facilitate the magnitude 

computations. In a complex number, the algebraic value of operator i = √-1. Here, we would like to 
point out that the magnitude of a complex mass M must be greater than the magnitude of real 
component Mr. This is so because our present understanding of complex mass is limited in the sense 
that a physical interpretation for complex mass does not exist. Therefore, it is a good idea to interpret 
real and imaginary parts of a complex number separately. In theory, the magnitude of a complex mass 
is M = √ Mr

2 –i2 Me
2, which is always a positive quantity. This complex phasor representation of mass 

provides us a convenient means to handle the mass of objects in different inertial systems.  
 
The primary advantage of defining mass in this way is that one can avoid the singularity 

associated with relativistic mass computations using the Lorentz transformation formula. Also, we 
may infer that there is no increase in real or rest mass of an object when it is accelerated by any 
means. Therefore, it seems, there is no upper limit on the travelling speed of an object with real mass. 
As per predictions made by the VSL Skylativity® theory, the mass of objects travelling near the 
speed of light does not approach infinity, a fact that is consistent with what we perceive to be reality.  
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Further, the complex representation of mass allows solving the differential response 
equations of mechanical systems analogous to the solution of differential response equations of 
electrical circuits with impedance notation. We shall explain the importance of impedance notation 
for mass in Chapter 12 when we study the meaning of mass for fundamental particles, i.e. quarks. The 
beauty of complex representation for mass stems from the fact that one can describe binding energy 
of fundamental particles in terms of the imaginary component of mass with great ease.  
 

In the next section, we shall extend the principle of complex mass to other dimensions. It is 
evident that the idea is very powerful and has a very high value in terms of simplifying analysis of 
quantum phenomena. Further, it has potential to provide a high level of insight in the physical 
interpretation of the measurements of specific dimensions. In addition, we anticipate that the concept 
of complex dimensions will be deemed highly valuable in connection with the perturbation theory 
due to its very nature. We will discuss dimensions, time, mass, temperature and space in the complex 
arena next. 
 

4.6 Complex Dimensions 
 
In previous section, we have already investigated the value of complex domain for a mass. We have 
identified some of the advantages of dividing mass attributes into real and imaginary components. It 
is not very difficult to visualize the importance of the complex dimensions and the complex domains 
involving measurements of dimensions, that is, space, time and mass. In quantum theory explication, 
the use of a complex number for time as a variable is a well established procedure. Time variability is 
deeply connected with the phenomenon of ‘quantum tunneling’ [19]. Many physicists have attempted 
to define the complex domain for the time dimension unsuccessfully, wherein space and time is 
curved. We shall assign an interesting physical interpretation to the complex component of the time 
dimension by adding an imaginary component. Let us formally define the dimension of time as a 
complex domain. 
 

t = tr – i ti  (4.9) 
 

where tr is the real time value and ti is an imaginary time value. 
 

Everybody knows the conceptual reference of real time as measured by a standard clock 
AST. For the sake of clarity, real time is defined here as time measured by a standard clock for an 
event when observer is at a fixed distance from the clock. The imaginary component of time ti is 
defined by us as the probability of finding a particle Pi at the event of interest within the locality of 
the region xi corresponding to xr , where the particle was found after imaginary time ti , multiplied 
by the time for which the probability was projected tr.  i. e. ti = Pi × ti . In quantum gravity theory, if 
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measurement for probabilities were made for finding probable value i of an observable  in specific 
state ψ, the value would be cos2 (angle between state vector ψ & ui). Here, ui is a vector 
corresponding to value i. The sum of probabilities in the observable vector space is equal to 1 [22]. 
We will discuss the topic of quantum gravity in greater detail in Chapter 8. In Figure 4.3 a situation 
for an observable in state ψ is shown as it evolves in time. The definition of complex time holds well 
for any generalized spacetime system, including curved spacetime. This definition will allow 
analyzing the quantum fluctuations and the tunneling mechanisms in forbidden states of classical 
mechanics. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
   Figure 4.3 Trajectory of state vector  as it evolves in time under the influence of two different  

                 curved space times, gab Einstein’s theory of relativity & hab perturbation theory. 
 
Let us explain the physical interpretation of complex, real and imaginary time components. 

According to Einstein’s theory of relativity, for every point in space there exist a gravity function gab, 
which defined the trajectory of a particle in accordance with the solution of his gravitational field 
equation. Specifically, the function described a curved surface that is different from 
functiondescribing a flat surface. When the measured value of observable i is on this trajectory, the  
probability of finding a particle on the trajectory is unity and the value of measured time at the point 
is a real quantity.  The primary limitation of Einstein’s field equations was that it was unable to 
handle quantum fluctuations and account for variations caused by the Heisenberg uncertainty 
principle. We will call the volume of surface that excludes the surface corresponding to Einstein’s 
field equation as hyperspace. For instance, the trajectory described by function hab in Figure 4.3 is an 
example of space contour inside hyperspace. When the measured value of observable i is in 
hyperspace, the probability of finding the particle is smaller than 1, and the time at which the particle 
is found at the location will be known as time contributing to the imaginary time. Mathematically, the 
imaginary component of time is expressed by the product of the probability of finding an observable 
at value i and the corresponding time.  
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From the discussion of the physical meaning of the real and the imaginary components of 
time we develop the following expressions for respective time components. 
tr = Elapsed time tracing gab geodesic ×  Probability of finding state of  at the point.  
 

The probability of finding the state of  at the point is equal to 1 and is in real space if object 
follows curved path trajectory according to Einstein’s field equation and gab geodesics. In this 
context, tr reflects time tc measured by a real clock that is traversing with the object in such a way that 
the distance between the object and the clock does not change as time progresses.  
The value of the imaginary component of time is expressed as 
                  ∞ 

ti = Ʃ tn × Pn        (4.10) 
     n=1   

where Pn is probability of finding object in a hyperspace hab   
 

Numerically Pn is equal to cos2
. Here  is the angle between corresponding observable states 

of gab and hab. Since we have successfully assigned the meaning of imaginary time and understood 
the complex time domain, now we will explain the concept of imaginary spatial dimensions. The 
imaginary spatial dimensions can be readily defined from the definition of imaginary time. In an 
ordinary sense, real spatial dimensions are orthogonal to each other in X, Y, and Z directions. It is 
interesting to see that in space, spatial dimensions are meaningless without a reference, an origin. In 
Chapter 13 you will discover that our Universe is open and of infinite size, without surface and 
definite volume. Therefore, imaginary spatial dimensions can only exist in imaginary time. For the 
time being we shall assume that the space in imaginary time, hyperspace, possess similar properties as 
real space.  We shall add a suffix, imaginary operator i, to create imaginary components of complex 
spatial dimensions Xi, Yi, and Zi. In this area, further research is required and extensive theoretical 
analysis is needed to explore interesting possibilities in science. In Section 12.5 we have proposed to 
add charge and temperature of objects as additional dimensions. At this time we are unable to assign 
meaning to complex temperature because the imaginary component of temperature does not exist. 
We will extend the principle of the imaginary component of time to evaluate imaginary components 
of dimensions in space as follows. The expression for X, Y and Z dimensions in complex domains are 
 

X = Xr – i Xi  (4.11) 
where Xr is real x dimension and Xi is imaginary x dimension. 
 

Y = Yr – i Yi (4.12) 
where Yr is real x dimension and Yi is imaginary y dimension. 
 

Z = Zr – i Zi (4.13) 
where Zr is real x dimension and Zi is imaginary z dimension. 
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The corresponding expressions for imaginary components of spatial dimensions are    
       ∞ 
Xi = Ʃ Xm × Pm              (4.14) 
      m=1   

where Pm is the probability of finding object in a hyperspace hab   
 

Numerically Pm is equal to cos2
x. Here x is the angle between corresponding observable 

states of X in gab and hab. 
 
                ∞ 

Yi = Ʃ Yp × Pp              (4.15) 
              p=1 
where Pp is the probability of finding object in a hyperspace hab   
 

Numerically Pp is equal to cos2
y. Here y is the angle between corresponding observable 

states of Y in gab and hab. 
 
               ∞ 
Zi = Ʃ Zq × Pq              (4.16) 

              q=1 
where Pq is the probability of finding object in a hyperspace hab  
  
Numerically Pq is equal to cos2

z. Here z is the angle between corresponding observable states of Z 
in gab and hab. In next section, we will explicate why the concept of time dilation is incorrect and is 
detrimental to all natural phenomena. We will prove that the dimension of time is immutable and  
unmodified by any means. We stipulate this despite the observed differences in the measured time  
displayed by two clocks located within two different inertial systems moving with respect to each 
other. We believe that the time dilation prescribed by Einstein and others was an apparent, or virtual 
effect. Absolute time is an invariant dimension because no physical processes, natural or artificial can 
modify the mechanisms of a biodegradable processes in a consistent and in a predictable fashion. 

 
4.7 Time Dilation\ 
 
Time dilation is a phenomenon related to the difference in clock time when it is measured between 
two separate frames of reference. The STR postulates from Einstein investigated the phenomenon by 
discussing time measurement using two clocks. One clock was located on the Earth's surface. An 
exactly identical measurement was assumed to be performed within the Earth orbiting spacecraft at a  
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speed of 25000 km/Hr. While the speed of the spacecraft was comparatively high to normal 
experience, it was nowhere near the speed of light, which is 3 × 108 m/s or 2.998 × 105 km/s. The 
clock consisted of two mirrors separated by a distance of 1m. A light source and the photosensitive 
cell were fixed on one mirror facing the other. Both mirrors were located such that the direction of the 
light was orthogonal to the trajectory of the spacecraft.  A simplified functional diagram of the mirror 
clock and its associated principle is illustrated in Figures 4.4a and 4.4b.  
The clock time is computed by the formula: 
 

Te= 2Ls/c (4.17) 
 
where Ls is the vertical distance between the mirrors in meters, Te is time recorded by the clock on 
the surface of the Earth and  c is the speed of light. 
 
Substituting Ls = 1 m and value for speed of light c, 
gives Te = 2 m / 3 × 108 m/s = 0.67 × 10-8 s 
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Figure 4.4 Path of light in a moving spacecraft. (a) The path of light according to Einstein’s special theory of 
relativity. (b) The path of light according to the VSL Skylativity® theory. 
 

Because the speed of light c is assumed to be a constant, according to the explanations in 
several textbooks on relativity theories, the time measured by a clock in an orbiting spacecraft will be 
slower than its counterpart on the Earth, as seen by an observer on the Earth. The slowing of 
measured time by a clock in the spacecraft is popularly known as a time dilation phenomenon. 
However, we disagree that time dilatation should indeed occur at all. The reason is the changes in the 
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path length of light in spacecraft clock occurs based on false premise that path is not straight.  The 
path of a ray of light (photon) is zigzag as described in the relativity reference book by Roger Penrose 
[33] and by Einstein, is not correct. One of the flaws in their foundation is that the light waves 
(photons) do not have any rest mass. Therefore, we insist that the light waves will continue its journey 
in a direction normal to the spacecraft.  

 
According to our perception, light will approach the surface of the mirror at a point that is at 

an offset lagging behind the center-line of the mirror on the speeding aircraft relative to the mirror on 
spacecraft resting on the earth.   Figure 4.4 (a) depicts the zigzag path of light similar to the path of 
light from a flash light in a moving vehicle, as described by physics text books [19]. Figure 4.4 (b) 
illustrates the modified straight path of light based on the VSL Skylativity® theory. Our observation 
is that the offset should correspond to the distance of the time of travel of the light from mirror A to B 
multiplied by the speed of the spacecraft: Offset = (0.67 × 10-8 s × 25000)/2 = 23.26 microns! 

 
For small angles, this distance is equal to the arc on a circle of radius Ls. Also, the length of 

the arc is equal to the angle. Therefore, offset is equal to 23.26 × 10-6 radians.  
 
 1 arc s = 4.85 × 10-6 radians, it follows that the offset angle is 23.26/4.85 = 4.796 arc s 

 
For the sake of discussion, we will continue the analysis assuming that a virtual time dilation 

did occur. The clock time measurements inadvertently indicated the slowing of the measured time. 
The rest of the analysis from reference [33] should remain the same and applies to this situation in the 
same way: 
 

 (cTs/2)2 = (VTs/2)2 + Ls
2  (4.18) 

 
Solving for Ts  gives,  
 

Ts = (2Ls/c) / ( 1 – V2/c2)1/2 
 

Ts =Te/( 1 – V2/c2)1/2 (4.19) 
 

where Te is time measured by a clock on the Earth and Ts is time measured by a clock on the 
spacecraft. 

Let us examine what will happen to the clock if we apply principles of VSL Skylativity® 
theory as the speed of the spacecraft is increased. One effect is that the offset distance will increase. 
The clock will not function when the photosensitive cell can no longer detect reflected light waves 
due to a higher offset, when the offset distance is thereby greater than the width of the sensor.  
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Suppose one is able to detect that light by repositioning the photo sensors in such a way so as to 
compensate for the offset distance? As the speed of the spacecraft is increased, the offset distance is  
consequentially increased. Imagine, now, when the speed of the spacecraft becomes the same as the 
speed of light; the offset will become so great that further repositioning of mirror is not possible. In 
that situation, the facing mirror will not be able to detect the light signal from the source mirror at any 
finite time. 
 
  The effect of this virtual time dilation can be alleviated by reducing the spacing between the 
mirrors. Ultimately, the distance between the mirrors should be reduced to zero to satisfy the equation 
(4.17). We would like to name this effect as “the collapsing clock”, due to physical decrease in path 
length of light by repositioning of the reflecting mirror. When peering through the spectacles of the 
time dilation phenomenon, you will discover that, in its reality, the clock ticks faster when it is carried 
by a spacecraft than when it is on the Earth’s surface, because the force of gravity decreases at higher 
elevations. We will discuss this issue in Section 8.6 in greater detail, when we shall explain quantum 
gravity. 

 

Ls  Mirror spacing 

cos V/c

Straight path 

(a) (b) 

t=0 

c Ts /2 

V Ts /2 

V= 0 V 

t = Ts /2 t = 0, Ts /2 

 

Path of  
bullet 

 
 
Figure 4.5 Path of a bullet fired in a spacecraft. (a) The bullet fired in a moving spacecraft. (b) The bullet fired 
on the Earth, ignoring the effect of the Earth’s rotation on its axis and the orbit. 

 
We would like to recommend slight modification to the clock. For this hypothetical clock, the 

light source should be replaced by a slower speed object, such as a bullet fired from a gun. Figure 4.5 
(b) illustrates the path of a bullet fired from a gun when the mirror was sitting on the Earth’s surface. 
If the clock was located on the Earth and the bullet was fired exactly perpendicular to the Earth’s 
surface, it should hit the mirror above it. The same experiment, if performed in a spacecraft traveling 
at the speed of V km/Hr, the path of the bullet will be as illustrated in Figure 4.5 (a). In this case, the 
trajectory of bullet is a projectile because its path is influenced by acceleration of Earth’s gravity in 
Y-direction while it is moving forward in X-direction. At this time, the bullet should hit the mirror in 

(a) 
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a direction aligned with travel of the spacecraft. The path of the bullet will appear to be inclined along 
a path similar to the path of light described in the text book [33]. 
 

An undesirable effect of the time dilation was that when the speed of any material object 
approached or became comparable to the speed of light, the relative mass of the object increased 
toward infinity in accordance with principles of STR. From Lorentz transformation, it was established 
that the relative mass can be computed by the formula: 
 

M@v = M@s/(1-v2/c2)1/2 (4.20) 
 
Meaning that in the limit: 
Lim  M@v - M@s = >   
v => c   

where M implies the mass of the object, c implies the speed of light, v implies the high speed of the 
object and s implies the stationary condition. 
 

However, time dilation did not account for a case where real mass would be decreasing as the 
speed of the object would increase. For instance, there would be a loss of fuel from a spacecraft as it 
burns fuel during its journey. Thus, the effect of dilation can be alleviated by reducing the rest mass 
of the accelerating object to some extent. In fact, according to the VSL Skylativity® theory, when the 
object with a finite rest mass reaches the speed of light, it will begin emitting light wave energy. 
Based on the conservation of energy and momentum, the relationship between the initial momentum 
and the final momentum of the object can be expressed by the equations (4.21) and (4.22). As a result 
of light emission, the kinetic energy of the initial mass will decrease. Therefore, the final mass Mf is 
less than the initial mass by quantity Mv, which represents consumed mass. The final mass attains a 
velocity Vf, a value less than c. For the sake of this discussion, we will assume that the entire 
consumed mass is transformed into light wave energy. According to the laws of the conservation of 
momentum and energy: 
  

Mi - Mf = Mv (4.21) 
 
Applying momentum conservation 
 

Mi × Vi = Mf × Vf  +  (h × f)/c (4.22) 
 

Applying energy conservation 
 

Mi × c2  + (1/2) Mi × Vi 
2 = Mf × c2  + (1/2) Mf × Vf

2 + Mv × c2  (4.23) 
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In practice, several events occur in which matter attains the speed of light. However, the 
lifetime of particles at that speed is very short. Also, the particle speed at that level cannot be 
sustained for large distances. It is our belief that particles start radiating light by their nature when  
their speed exceed the speed of light. Einstein’s theory of relativity clearly did not explore this 
possibility.  A good example to consider is that a nuclear reaction can be triggered by a particle with a 
relatively smaller mass travelling at a sufficiently high speed bombarding a nucleus of a very heavy 
radioactive material, say, plutonium. In such reactions it was surmised and described by Einstein 
himself that a great quantity of light energy, along with many other forms of energies, were released. 
Also surmised, once the reaction was started, it would lead to a chain reaction and could not be easily 
controlled.  Under such conditions, the participating elements in the nuclear reaction attain an 
unstable state. Therefore, it is safe to say that whenever matter with a finite mass approaches the 
speed of light, it will be unstable.  

 
One of the conceived desirable effects of the postulated time dilation was that matter does not 

age if it travels at the speed of light. Many scientists have claimed that even the biological aging 
process of the living beings, such as humans, will slow considerably should they travel at the speed of 
light [9] [34]. We disagree, however, that matter and life will cease to age when they acquire the 
speed of light. By reason of our refined understanding of the path of light, as indicated by the 
clock/time dilation experiment, we claim that time dilation does not occur in reality. Dr. Brian Greene 
mentioned in his book, Elegant Universe, that a photon never ages [34] because its speed is c. As per 
experiment described by us in Section 4.3, light waves (photons “particles” described by Einstein) 
dissipate energy and are absorbed by electrons of matter they interact with, QED [12].  

 
In the next section, we will discuss causes of multiple images of distant galaxies, popularly 

known as Einstein’s ring. Also, we will explain reasons for errors introduced by refraction of light in 
measurement of distance of a star from the Earth using stellar parallax technique. Further we will 
define Parsec an unit of distance that is frequently employed to specify distance of stars and galaxies 
from the Earth. 

 
 

4.8 Gravitational Lensing 
 
For several years it was believed that multiple images of remote galaxies observed by astronomers 
was due to light waves arriving from the distant galaxies bent by the force of gravity exerted by 
intervening masses, of nearby galaxies. As explained in Section 4.7, in reality, the multiple images 
were occurring as a result of the refraction of light when it passed through clouds of extragalactic gas 
covering these distant galaxies.  In astronomy, to measure distances of stars, a stellar parallax 
technique is extensively employed. The success and accuracy of the stellar parallax method is based 
on the premise that light does not bend by any force except the reflection and the refraction effects.  
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Figure 4.6 Effect of Gravitational Lensing: stellar parallax technique. The apparent position of a distant 
 star is affected by the force of gravity from a nearby star, as per Einstein’s general  theory of relativity. 
 

Figure 4.6 illustrates the principle behind the stellar parallax technique. To measure the 
distance to a star, astronomers measure the parallax shift of the star using two points of view that are 
as far apart as possible. For stars, the Earth’s orbital position on opposite sides of the Sun provides an 
excellent opportunity for this measurement. The angular direction of nearby stars from our Earth 
altars as the planet orbits the Sun. The star appears to move back and forth against the background of  
 
remote stars. This apparent motion is called stellar parallax. The parallax  of a star is defined as half 
the angle in arc seconds through which the star’s apparent position shifts as the Earth moves from one 
side of its orbit to the other. The larger the angle  , the smaller the distance D to the star. 
 
 It is customary to measure the distances of stars from the Earth in the units of parsec. (The 
word “parsec” comes from phrase parallax of arc second). You will discover in Chapter 13, by 
definition 1 parsec equals 3.26 light years (ly), 3.09 × 1013 km. If angle  is measured in arcsecs then 
the distance D is given by simple equation:  
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Star 2 

Actual distance D2 of Star 2 

Apparent distance D2 of Star 2 

Actual distance D1 of Star1 from the Sun 
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  D = 1/ parsec = 3.26/  ly         (4.24) 
where is parallax angle in arcsec. 
 

It is clear that the accuracy of the measured distance of a remote star by this method will be 
reduced if light rays arriving from the star are bent by the gravitational field of a nearby star. The 
measured distance of stars appear shorter than their actual distances. Further, it is evident that serious 
measurement errors occur if light is bent by effects other than its passage through lenses of the 
measuring telescope [27]. In Chapter 14, we will study, how to calculate the recessional velocity of a 
star given, distance D in parsec, red shift z, and movement of angular displacement per year .  

  
As per our computation described in Section 1.4, the prominent bending effect is the 

refraction of light through hydrogen gas clouds in the proximity of intermediate galaxies. The most 
important reason supporting our claim is that the light rays arriving from a distant star do not have a 
fixed center of gravity and lacks rest mass. If light rays are bent by the force of gravity, they should 
obey Newton's law of universal gravitation. The law stated that every particle in the Universe attracts 
every other particle with a force which is directly proportional to the product of their masses and 
inversely proportional to the square of the distance between them. In symbolic notation 

Newton’s Universal Law of Gravitation  Every point mass attracts every other point mass by 
a force pointing along the line intersecting center of gravity of both point masses. The force is directly 
proportional to the product of the two masses and inversely proportional to the square of the distance 
between the point masses: 

Newton’s Universal Law of Gravitation    (4.25) 
 
where F is the magnitude of the gravitational force between the two point masses, G is the universal 
gravitational constant, m1 is the rest mass (intrinsic mass) of the first point mass, m2 is the rest mass 
(intrinsic mass) of the second point mass where 0 < m1,  m2 < ∞, (range specification updated by 
Shailesh Kadakia), and r is the distance between the two point masses.  
 

It is evident from above equation that it did not specify the value of force for which any 
object having zero static mass. We suggest that the equation should restrict the mass values to values 
greater than zero and less than infinity. For mass value of zero and of infinite, the distance between 
the two point masses, r cannot be determined. After all, Newton implied that the distance r between 
two point masses is the distance between the centers of gravities of the two point masses. In addition, 
Newton stated that the mass values were inertial mass, whereas we stipulate instead to utilize intrinsic 
rest mass values. Moreover, an inertial mass distribution does not have a fixed static location of 
center of gravity in relation to the mass distribution. 

 

http://en.wikipedia.org/wiki/Point_mass
http://en.wikipedia.org/wiki/Force
http://en.wikipedia.org/wiki/Line_(mathematics)
http://en.wikipedia.org/wiki/Proportionality_(mathematics)
http://en.wikipedia.org/wiki/Product_(mathematics)
http://en.wikipedia.org/wiki/Mass
http://en.wikipedia.org/wiki/Proportionality_(mathematics)
http://en.wikipedia.org/wiki/Square_(algebra)
http://en.wikipedia.org/wiki/Gravitational_constant
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The center of gravity of light waves is neither static, nor even quasi-static. The center of 
gravity of light is not static because it lacks rest mass and always propagates in space till interact with 
electrons of atoms in objects. Further,  the sources of light, the stars are in constant state of motion.  
Thus light arriving from the stars is dynamically static. The positions of the light rays arriving from  
the stars that are measured are continuously varying. Further, the bending of rays, assuming this is 
true, could be affected by the gravitational field of more than one star. In that case the method would 
never be able to provide measurements with desirable accuracy. Intuitively, you will find our 
argument for the wave nature of light, contra a particular nature, is very cogent. The primary benefit 
of the principle that light does not bend by the force of gravity is that the astrophysicist need not 
apply corrective factors of complicated gravitational bending effects on light trajectories to locate the 
position of the stars by the stellar parallax method.  

 
One obscure fact about gravitational lensing is that scientists were unable to explain why all 

distant objects did not exhibit multiple images when viewed by a telescope. If gravity is a cause for 
the bending of light, then all distant objects should portray obvious multiple images. It is, therefore, 
not clear why only some of the quasars of the distant universe exhibit multiple images. On the other 
hand, if we believe that the refraction of light rays passing through intergalactic gas clouds is the 
cause for multiple images, then it makes sense of the fact that not all celestial objects will have 
multiple images. The angle of the incidence of rays from many celestial objects is normal to the 
lenses of the viewing telescope, therefore, only a few of the many celestial objects would show 
multiple images, conventionally called the Einstein’s rings. 
 
  One of the major advantages of the principle laid out by us is that it allows mapping the 
positions of stars in the sky with high accuracy. It frees physicist from continuously applying 
correction factors for the observed displacement caused by the presumed disturbing force of gravity. 
The value of our inventions should not be underestimated because it makes dramatic improvement in 
the ability of technology, vis-à-vis software programs predicting the future positions of the stars based 
on the past positions. Light arriving from a source and passing through some of the galaxies 
containing dense gas cloud atmospheres will be affected, suffering refraction and show as a multiple 
image by an observer incident to it here on earth. It is unfortunate that several prominent 
astrophysicists have spent years of effort analyzing Einstein’s rings based on the gravitational lensing  
principle [20]. From our point of view considered, it was a serious error to apply the gravitation 
principle, instead of applying the sensible refraction effect principle. 
 

During my visit to India in the fall of 2009, I had opportunity to meet India’s prominent 
physicist and Emeritus Professor, Dr. Jayant V. Narlikar from Inter University Centre for Astronomy 
and Astrophysics (IUCAA) in Pune, India. When we discussed the Skylativity® theory with him, we 
presented a detailed discussion on the issue of the bending of light in the presence of intense 
gravitational fields of dense celestial objects. When we presented the view that the light rays with 
zero rest mass did not bend by the force of gravity because light rays do not have a center of gravity, 
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he responded that in the absence of a strong gravitational field, the light rays should follow a null-
geodesic trajectory. He implied that the gravity warped the space and the time in proximity of 
gravitational fields. Therefore, the scientists from the modern world believe that light rays obeyed the 
rules of non-Euclidian geometry and that the trajectory of light rays is curved. 

 
WHAT IS NEXT? CHAPTER 5: Overview of Lorentz Transformation 
 

 Discussion: Newtonian vs. Relativistic spacetime interval. 
 Galilean transformation vs. Lorentz transformation. 
 Virtual time dilation: analysis of world point P, speed of light constant c. 
 Approaching systems: analysis of world point P, speed of light is variable. 
 Receding systems: analysis of world point P, speed of light is variable.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



208           Chapter 4 
 

4.9 Summary 
DEFINITIONS 
 
Time dilation: It is related to time measured by clocks of the same length within different inertial 
frames.  Measured time by a clock in the first inertial frame appears to be faster than that measured in 
the second inertial  frame by an identical clock and vice versa. This effect is known as Time dilation. 
 
Length contraction: It is related to the reduction in length of rods in different inertial frames. 
Measured length of a rod by a ruler in the first inertial frame appears to be longer than that measured 
in the second inertial  frame by the same ruler and vice versa. This effect is known as Length 
contraction. 
 
Complex mass: Total mass of any object is characterized by a quantity called Complex Mass based 
on the energy content. The mass component that corresponds to intrinsic energy of the object is 
known as real mass. The mass component corresponding to all other forms of energy (potential 
energy and kinetic energy, and etc.) is known as imaginary (virtual) mass of the object. The real 
mass defines the location of center of gravity and the imaginary mass determines the future position 
of the center of gravity. 
 
Complex dimensions: Four new dimensions, it, ix, iy, and iz are created from known dimensions, a 
temporal dimension time and spatial dimensions x, y, and z based on probability of finding particle at 
an imaginary location. Complex dimensions are the sum of real dimension t, x, y, and z and 
imaginary dimensions it, ix, iy, and iz. 
 
Imaginary time: The imaginary component of time ti is defined as the probability of finding a 
particle Pi at the event of interest in the locality of the region xi corresponding to xr where the 
particle was found after imaginary time ti multiplied by the time for which the probability was 
projected i. e. tr.   
 
Parsec: It is a unit of distance which is  defined as the distance at which 1 AU (Earth’s orbital 
distance to the Sun) perpendicular to the observer’s line of sight subtends an angle of 1 arcsec. 
 
Stellar parallax: The apparent back and forth motion of stars in relation to background of further 
remote stars caused by Earth’s orbital rotation surrounding the Sun is known as Stellar Parallax. The 
stellar parallax is measured as angular displacement, angle in units of arcsec. 
 
Einstein rings: Sometimes multiple images of a star are observed which form a ring of four images. 
It was believed that multiple images are created due to bending of light caused by the effect of gravity 
from a nearby black hole on light from the star. Einstein discovered the rings and hence the name.  
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CONCEPTS AND PRINCIPLES 

 Edison’s light bulb experiment demonstrated light is emitted without any loss of 
mass,  no mass to energy transformation and the speed of photons increased from rest 
to value c utilizing finite amount of electric energy. 

 Experiment about a lamp situated between a pair of mirrors indicated that energy of 
light photon is finite because photons do not shine the mirrors upon reflection when 
power to the light bulb is switched off. 

 Newton’s Universal Law of Gravitation  Every point mass attracts every other point 
mass by a force pointing along the line intersecting center of gravity of both point masses. 
The force is directly proportional to the product of the two masses and inversely proportional 
to the square of the distance between the point masses:  

Newton’s Universal Law of Gravitation     

 
where F is the magnitude of the gravitational force between the two point masses, G 
is the universal gravitational constant, m1 is the rest mass (intrinsic mass) of the first 
point mass, m2 is the rest mass (intrinsic mass) of the second point mass, and r is the 
distance between the two point masses.  

 
APPLICATIONS 
 

 Stellar parallax method is applied to measure distance D of stars from the Earth in 
light years.  If angular displacement   is measured in arcsec then the distance D is given by 
equation:  

D = 1/ parsec = 3.26/         (ly)      

 
 
 
 
 

http://en.wikipedia.org/wiki/Point_mass
http://en.wikipedia.org/wiki/Force
http://en.wikipedia.org/wiki/Line_(mathematics)
http://en.wikipedia.org/wiki/Proportionality_(mathematics)
http://en.wikipedia.org/wiki/Product_(mathematics)
http://en.wikipedia.org/wiki/Mass
http://en.wikipedia.org/wiki/Proportionality_(mathematics)
http://en.wikipedia.org/wiki/Square_(algebra)
http://en.wikipedia.org/wiki/Gravitational_constant
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Exercises 
Questions 
 
 

A heart () denotes objective question and a question with a diamond ()  requires analysis. 

Answers to all questions () and (), and problems () and () are included at the end of exercises. 
 

1. Explicate succinctly, how Edison’s light bulb experiment proves that when light and a large 
amount of heat is radiated from the lamp, no mass is consumed.  Why do you think the 
experiment conflicts principle of STR from Einstein? Discuss briefly the sources of errors in 
the experiment. Can you think of other errors not mentioned in the experiment? 
 

2. What fact is proved by the experiment of switching on and off the power to a lamp situated 
between two mirrors parallel to one other in a dark room? 
 

3. Explain the meaning of terms length contraction, time dilation, and energy mass (Lorentz 
mass) in the context of Lorentz transformation. In your own words, explain why the Lorentz 
computations do not provide real values for time, length and mass in different inertial 
systems. 

 
4.  The dimensions for the universal gravitational constant G is? 

 
(A)  M-1 L-3T2 
(B)  M3 L-1T-2 
(C)  M1 L1T1 
(D) M-1 L3T-2 
(E) None; it is dimensionless. 

 
5. What is a primary difference between a natural dimension and a derived one. What are the 

dimensions of Coulomb constant, dielectric constant, Planck constant, and Hubble constant? 
 

6. Give reasons why complex mass is a better representation than Lorentz mass. Define real 
mass and imaginary mass components of complex mass. Differentiate real mass from 
imaginary mass. 

 
7. Expound briefly the importance of complex time and complex space in describing 

concurrent/parallel Universe. What kind of role is played by imaginary time and imaginary 
space dimensions in the perturbation theory? 
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8. Define imaginary time and imaginary spatial dimensions x, y, and z, stating the analytical 
expressions for them. 
 

9. Why is the observed time dilation (measured time slower) for a clock carried by a moving 
spacecraft not a real effect? 

 
10. Explain the principle of stellar parallax and how it is applied to measure the distance of stars 

from the Earth. Further explain why, if light rays from a star are bent by the force of gravity 
of a nearby star, it would introduce a significant amount of error in measured distances. Also 
explain, why adding a correction factor to compensate for these errors is difficult? 

 
11.     Which of the following is not correct statements for a converging lens in optics?  

 
(A)  A ray parallel to the optic axis passes through the focus. 
(B)  A ray originating at the focus is bent parallel to the optic axis. 
(C)  A ray passing through the center of the lens do not bend. 
(D)  An object placed at the focus has image at the focus. 
(E)  An object placed at infinity has image at the focus. 

 

Problems 
 
A spade () indicates that solution of the problem demands research outside this text book.  
A club ()  denotes that solution of the problem requires substitution of values in a formula 
 

1.  The time dilation may be observed in a jet plane using an atomic clock. Suppose that the 
plane moves at 750 mph. If the laboratory time is t = 1.0 s, by what amount is time dilated 
in the clock on jet plane (See Figure Problem 4.1) ?  
 

2.   A block of wood is constrained to stay under water by a light string attached to the bottom 
of a swimming pool as shown in Figure Problem 4.2. The weight of the block is 200 N and 
the buoyant force on the block is 500 N. Calculate the tension in the string. 

 

3.  The nature of the gravitational field and the electric field are alike in the sense that both are 
forces governed by the inverse square law. Use this analogy to develop a differential Gauss’s 
law for gravitation. Assume relationship E = 4keq for Gauss’s electric field law, where 
q  is its charge density. Let m be the matter density. 
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4.  Krüger 60 A & B stars have a stellar parallax of 0.25 arcsec. Determine the distance of 

these stars in light years from the Earth. 
 

5. Suppose that a dim star were located at five million AU from the Sun. Find (a) the distance to 
the star in parsecs and (b) the parallax angle of the star. Would the angle be measurable with 
present-day techniques?  
 

Answers to objective questions 
 

4. (D)  11.  (D)   
 

Answers to selected problems 
 

1. 1 – 6.173×10-13s 2.  300 N 3.    ● g = -4Gm 4.  13.04 lys 
5. (a) 24.183 parsecs and (b) .04135 arcsec   

 
 

 

 

200N 

Buoyant force = 500N 

Figure Problem 4.2 Figure Problem 4.1 

750 mph 
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5. 
 
Overview: Lorentz’s Transformations  

 
  Hendrik Lorentz (1853-1928) 
 

CONTENTS 
5.1  Spacetime interval and  linear transformations 
5.2  Virtual time dilation and length contraction. 
5.2.1 Composition of velocities 
5.3  Approaching systems 
5.4  Receding systems 
5.5  Discussion: Lorentz Transformation 
5.6  Summary 

Exercises 
 
 
 
 
In this chapter, our emphasis is to develop understanding of the complexities involved with the 
Lorentz transformations. It was known that the nature of spacetime behavior determined the kind of 
transformations required to evaluate coordinates in different inertial systems. Therefore, first we will 
explain the Newtonian space and time, the Galilean transformations, and then we shall describe 
Einstein’s relativistic spacetime, the Lorentz transformations for two inertial systems. You will have 
discovered that a common feature shared by both transformations is that they are linear 
transformations. The reason behind this is worldlines describing motion of free particles in both 
reference frames are straight lines. Next, we shall examine the limitations of the Lorentz 
transformation in computing time, length, and mass measurements in inertial systems. Also, we shall 
explore the boundary conditions and the modifications required for the calculation of the time, the 
length and the mass for varying speed of light between different frames of reference. 
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In Chapter 3, we studied the concepts of worldlines and inertial systems with regard to the 
motion of free particles. In section 5.1, we shall continue this discussion further.  First, we will repeat 
the relationship between Newtonian space and time interval, and relativistic spacetime interval from 
Section 3.1. Then we will state Galilean transformation and Lorentz transformation to evaluate the 
displacement difference between two inertial frames. Essentially, Lorentz equations allow us to 
evaluate differences in the values of length and time for observers located in different inertial 
systems. 

 
In Section 5.2, we shall expound the motivation for the development of the Lorentz 

transformation equations to compute the different scales of mass, length, and time between the 
systems S and S’. We will introduce the concepts of relativistic mass, contraction of length and time 
dilation as it relates to the relativistic spacetime interval. In the event that speed of light is indeed 
variable, it turns out that the values computed by Lorentz transformations were hypothetical values. 
They did not have any real significance and represented virtual reality. Leaving aside the reality, we 
decided to continue to apply Lorentz transformations to determine the speed of a ball thrown from a 
moving train by an observer on the ground in a relativistic spacetime interval. 

 
We shall see that the Lorentz transformations were derived on the premise that the speed of 

light remained constant when measured in both systems S and S’. If this assumption is invalidated, 
the equations do not provide the computation of the correctly scaled quantities of mass, length, and 
time. It is a common knowledge that the assumption about the speed of light being a constant c is not 
valid when inertial frames are associated with mediums that have different characteristics, yielding 
various indices of refraction. Therefore, it is safe to say that relativistic spacetime interval equations 
from Lorentz are not applicable describing the motion of particles travelling through different 
mediums.  

 
To account for the differences in the speed of light within different inertial systems, it is 

important to study and construct worldlines of particle motion. Therefore in Section 5.3, we will 
begin our discussion by describing time/space coordinate translation diagrams for the translation of 
coordinates of the length between the two systems S and S’, as per the procedure outlined in Figure 
5.1(a), 5.1(b), and 5.1(c). Next, we shall discuss the worldlines for a scenario were S’ is approaching 
S with velocity v km/s. For the purpose of analysis, we shall show the effect of the varying speed of 
light c on time and space coordinates, using the translation diagrams in Figures 5.2(a), 5.2(b), and 
5.2(c) for the scenario. We shall explicate the boundary conditions for the application of the modified 
Lorentz transformation with the correction for the variation in the speed of light on the computations 
of the units of length and time.  

 
In Section 5.4, we will explicate time and space coordinate translation for the scenario where 

system S’ is receding away from system S with velocity v km/s. For the analysis of this situation, we 
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shall draw the time/space coordinate translation diagrams in Figures 5.3(a), 5.3(b), and 5.3(c). We 
shall expound the boundary conditions for the application of the modified Lorentz transformation 
with the correction for the variation in the speed of light on computations of the units of length and 
time. Finally, we will explicate why it did not make sense to use Lorentz transformations for 
computing the scales of mass, length, and time between two different inertial systems S stationary and 
S’ moving with velocity v with respect to S when you apply the concepts of VSL Skylativity® 
theory. 

 

5.1 Spacetime Interval and Linear Transformations 
 
From motion of particles (mass) considerations, Newtonian space and time contained two separate 
dimensions: distance (Euclidean geometry for space), and a geometry for time. Relativistic spacetime 
contains only a one-dimensional non-Euclidean geometry spacetime. As explained in Chapter 4, other 
dimensions such as temperature and the charge carried by a particle have a very small effect on the 
motion of particles on large-scale geometries, and are therefore ignored in relativistic discussions.  
 

Let us consider a situation in which origin x’, y’,  and z’ coordinates of a system S’ moves 
with velocity v along x-axis in relation to a reference system S with origin coordinates x, y, and z.  As 
stated in Chapter 3, when it relates to distance measurements, an essential property of distance is that 
it is independent of the frame of reference. The requirement that the coordinate transformations 
between two inertial references be such as to maintain invariance of distances uniquely determines 
the form these transformations take.  

 
From the Pythagoras theorem for Euclidean geometry we can write Newtonian space and 

time equation relationships and Relativistic non-Euclidean spacetime equations for the displacement 
of a particle in a frame of a reference as follows. 

 
NEWTONIAN SPACE AND TIME 

 
 

(space interval)  ∂s2 = ∂x2 + ∂y2 + ∂z2         (5.1)  
 
(time interval)   ∂t             (5.2) 
 
RELATIVISTIC SPACETIME 

 
(spacetime interval)  ∂s2 = c2∂t2 – ∂x2 - ∂y2 - ∂z2        (5.3) 
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Above equations did not offer us a complete picture because Newtonian space and time 
includes other considerations such as acceleration and the effects of gravitation. Nevertheless, we will 
continue our discussion for the situation of inertial systems S and S’, because these systems did not 
experience any acceleration. Based on the above equations, we can state the Newtonian and 
relativistic coordinate transformations between system S and S’ are linear. Newtonian space and time 
transformations were recognized as Galilean transformations because Galileo proposed that the 
measured time between two inertial frames remained a constant. Relativistic spacetime 
transformations were recognized as Lorentz transformations because Lorentz formulated the concept 
of time dilation, in which the measured time was always slower in an inertial system than proper time 
in a reference system. For the purpose of spacetime interval analysis let us state the Galilean and the 
Lorentz coordinate translation x, y, z, and t for space and time. 

 
NEWTONIAN SPACE AND TIME–GALILEAN TRANSFORMATION 
 
Invariant distances: 
 
∂s2 = ∂s’2      (for ∂t = 0)  t’ = t,     (5.4)   
∂t = ∂t’   =>  x’ = x-vt, 

y’ = y,        and 
z’ = z; 

  
RELATIVISTIC SPACETIME-LORENTZ TRANSFORMATION 
 
Invariant distances: 

 
∂s2 = ∂s2’   =>    t’ = (t –vx/c2)/(1 –v2/c2)1/2,  

x’ = (x –vt)/(1 –v2/c2)1/2,  (5.5)  
y’ = y,                                       and  

    z’ = z; 
 
It can be shown that only the linear transformations that did not effect the distances in 

equations (5.1) & (5.3) were invariant, except for the shifts of origin or rotations of the axes. The 
transformations must be linear in order for the worldlines of free particles to be straight lines in both 
frames [8]. The Lorentz transformation equations (5.5) can be represented more conveniently by 
introducing a speed ratio factor v/c. In relativity theory this ratio is identified by Greek letter v/c 

The equations in (5.5) can be written in compact form by defining another parameter = 1/(1 –2)1/2. 
In the next section we will expound the details of theory behind the length contraction and time 
dilation as formulated by Lorentz. 
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5.2 Virtual Time Dilation and Length Contraction 
 
Lorentz transformations were derived to determine values, length, mass and time for an object located 
in various inertial systems based on the principle that the speed of light has the same value when 
measured with rods and clocks of same kind [4]. Einstein utilized these transformations to estimate 
the contraction of the length of a rod, an increase in its mass, and the dilation of the measured time in 
both two inertial systems. The system S’ was considered moving with velocity v, while system S was 
considered at rest. The expression for length is: 
 
Lorentz’s contraction       l = 

 
l0 × (1-v2/c2)1/2       (m) (5.6) 

 
where l0 is length of rod in reference system S 
 

From equation (5.6) it is evident that the measured length of a rod appeared shorter in the 
moving system S’ than the measured length in system S at rest. The observation is supported by the 
value of speed ratio v/c =  which is always less than unity and  is always non-negative. 
Conversely, a road at rest in S’ appeared contracted by the same amount when measured in S moving 
at the speed –v.  The expression for measured time is: 
 
Lorentz’s time dilation        t = t0/

 
(1-v2/c2)1/2      (s) (5.7) 

 
where t0 is measured time in reference system S 

 
This states that a time interval in the system S’ appears delayed if measured in S. More 

generally speaking, viewed from any one system, the clocks of every other system moving with 
respect to the former (any one system wherein measurement is made) appear to be losing time. We 
agree that time appears to be slower than proper time. The word appear implies that the difference in 
measured values is a virtual effect and not a real one.  The time dilation is reciprocal to the 
contraction in length. The expression for relativistic mass is: 

 
Lorentz’s mass        m = m0/

 
(1-v2/c2)1/2      (kg) (5.8) 

 
where m0 is measured time in reference system S 
 

This states that a mass in the system S’ appears heavier than if measured in S. More generally 
speaking, viewed from any one system, the mass of objects in every other system moving with 
respect to the former appear to increase. We agree that mass appears to be greater than the value of 
measured mass if there is no relative motion between two inertial systems. Once again, the key 
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expression we impress is “appear.” We mean to say that it is a virtual effect and not a real one. We 
adhere to the concept that mass is a measure of quantity of matter contained in the object.  Our 
premise is that the quantity of matter in object does not change within inertial systems, insofar as 
intrinsic energy within the mass remains the same. For the reasons aforementioned we will not further 
investigate changes in the mass of objects within inertial systems. 

 
For the sake of our discussion, we will investigate the time dilation and the length contraction 

among discrete inertial systems with an assumption that the speed of light is not constant but alters 
according to the Galileo transformation. Our objective is to derive similar expressions for length and 
time transformations as Lorentz equations (5.6) and (5.7) with an exception that the velocity of light 
is different for two systems. The difference is related by the Galileo transformation: 

 
c’ = c – v         (m/s) (5.9) 
 
When Lorentz derived the relation, he considered two situations. He measured the length of a 

rod in system S’ moving with velocity v km/s with respect to system S. In his discussion, system S 
was at rest and was considered to be the reference system. He concluded in his analysis that the 
relation differed only in the sign of v when he switched to S’ as the reference system. In either 
scenario, the measured length was shorter and the measured time was longer than these quantities 
were measured in the reference system.  We will consider two distinct situations. In the first case, the 
velocity difference is v km/s and its direction is approaching the other system; the sign of v is 
negative. In the second situation, the velocity difference is v km/s and its direction is receding away 
from the other system; the sign of v is positive. These approaching and receding scenarios are more 
important in space because, in the Universe, the changes in the sign of v, due to the different 
reference systems, is of lesser relevance than the concept of the proximity and the spatial coarseness 
of the heavenly objects.  

 
According to the Lorentz transformation theory, the addition of velocity causes slight 

difficulty in relativistic spacetime interval because the maximum allowed speed for an object is the 
speed of light c.  Hence we will derive an expression for the velocity of a ball thrown in a moving 
train from the point of view of an observer standing stationary on the ground as the train passes away. 

 

5.2.1 Composition of Velocities 
 

Consider a situation in which a train is moving at speed v m/s relative to an observer on ground.  
Suppose a ball is thrown at speed v’ m/s relative to the train. We can determine the speed vr of the 
ball observed by a person on the ground by two methods. We can apply Galilean transformation in 
accordance with the principles of VSL Skylativity® theory, or we can apply Lorentz transformation 
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equations based on principles of STR. Calculation of vr by Galilean transformation is trivial because 
we simply add velocities directly. Thus, according to Galilean transformation (Newtonian time and 
space interval): 

 
vr = v’  v (m/s)       (5.10) 

 
The sign is positive if the ball is thrown in the same direction as the train and it is negative if the ball 
is thrown in the opposite direction of the train. This equation provides the correct result for any value 
of v’ and v. Hence, the speed of the train or the ball could be as great as the speed of light, or beyond. 
 

Computation of vr (relativistic spacetime interval) by the Lorentz transformation is not so 
straight forward. The reason for this is we must apply the rules of Lorentz contraction for the distance 
scale and time dilation for the time scale. Let us use the rules of the behavior of clocks and of rulers 
to find an expression for the speed vr. First, we will associate speeds with respective inertial frames 
using our train, ball and observer under consideration. In this scenario, the observer on the ground is 
reference frame S. Consider a situation in which the ball is thrown in a direction that is parallel to the 
motion of train and is within the moving train. Therefore, we will identify the train and the ball 
system as inertial frame S’. Thus  

 
 v = velocity of train S’ relative to ground S 

v’ = velocity of ball relative to train S’ 
vr = velocity of ball relative to ground S 
 
For the S’ frame of reference, the distance travelled by ball in relation to the train must satisfy 

worldline requirements. Therefore, for the ball in the S’ frame and in the S frame we get 
 
x’ = v’ × t’ (m)       (5.11) 
 
x = vr × t (m)       (5.12) 
 
To find vr from (5.12) in terms of v and v’, the easiest way is to take the inverse Lorentz 

transform of equations (5.5) expressing x and t in terms of x’ and t’. Then substitute x’ from (5.11) 
and take the ratio of x/t to calculate vr. Let us state equation (5.5) using factor . 

 

t’ =   × (t –vx/c2) (s)      (5.13) 
 
x’ =  × (x –vt) (m)      (5.14) 
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The inverse Lorentz transform equations for x and t derived from (5.13) and (5.14) are 
 

t  =   × (t’ + vx’/c2)       (5.15) 
 
 
x =  × (x’ + vt’)       (5.16) 

 

If we substitute x’ from (5.11) in equations (5.15) and (5.16) we get 
 

x =  × (v’ + v) × t’       (5.17) 
 

 
t  =   × (1+ vv’/c2) × t’      (5.18) 
 

 
Dividing (5.17) by (5.18) we get  vr  = (v’ + v)/ (1+ vv’/c2)  (5.19) 
 

In the next section, we shall consider the worldline diagrams for a rod of unit length for the 
instance of the approaching systems S’ moving with velocity v km/s toward system S, and for the 
case where the speed of light is not constant in two inertial systems under consideration. Our intent is 
to identify the differences in the values of the contracted length and the dilated time with the variation 
in the speed of light. We achieve this objective by comparing worldlines of point P for the case when 
the speed of light is constant for two inertial systems and for the other instance in which speed of light 
varies according to the Galilean  transformation between two inertial systems S and S’.  

 

5.3 Approaching Systems 

 
 
The worldlines of a rod of unit length in two different inertial systems S and S’, based on the 
constancy of the speed of light, are reproduced in Figures, 5.1(a), 5.1(b), and 5.1(c) [4]. Also, Figures 
5.2(a), 5.2(b), and 5.2(c)illustrate the worldlines of a rod of unit length in two different inertial 
systems S and S’ based on VSL Skylativity® theory and the approaching scenario. In these Figures, 
S’ is approaching S at the velocity v km/s. The Figure 5.2(a) has a difference for the time interval in 
S’ which is represented by (c-v)*t’ instead of a constant value ct’ as in Figure 5.1a. In Figure 5.1a, 
the worldlines for light in both systems S and S’ are represented by the equations x = ct and x’ = ct’, 
each being coincident lines. In Figure 5.2, the worldlines for light in two systems, S and S’, are 
different and are represented by equations x = ct and x’ = (c-v) × t’, respectively. 
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Oe is representation in S of the unit rod resting in S', 
whereas Oe' represents in S' the unit rod resting in S. 
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Figure 5.1 Lorentz transformation of a world point P, speed of light c is constant. (a) The units of space and 
time in S (E, Ect) and in S' (E', E'ct'). (b) The calculation of the ratio E'/e. (c) The Lorentz transformation of 
coordinates of a world point P. 
 

To simplify the procedure, the conventions between Figure 5.1 and Figure 5.2 are kept the 
same. Please refer to the details of the construction of worldlines, Max Born [4]. Instead of repeating 
the geometrical discussion, we will focus on the difference in the formulae and then describe the 
effects on the results due to the new and improved concepts of  VSL Skylativity® theory.  

 
Let E represent a rod of unit length at rest in system S: 

E’ represents the unit of length in the system S’ 
e represents the intersection of worldlines of end E’ to x-axis in system S 
e’ represents the intersection of worldlines of end E to x’-axis in system S’ 

 
As indicated in Figure 5.2b, the effect of the different speed of light in S’ is reflected in the 

computations of the side DE’ and the side eD. The multiplying factor in Figure 5.1(b), v/c is replaced 
by v/(c-v) in Figure 5.2(b). The computed values for the sides are D × [v/(c-v)] and DE’ × [v/(c-v)] in 
Figure 5.2(b), which are different than D × (v/c) and DE’ × (v/c) from Figure 5.1(b). Conventionally, 
the ratio v/c is represented by the Greek letter 
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Figure 5.2 VSL, approaching scenario: Lorentz transformation of world point P. (a) The units of space and 
time in S (E, Ect)  and in S' (E', E'c't'). S' moves at speed v with respect to S, the system of reference. (b) The 
calculation of the ratio E'/e. (c) The Lorentz transformation of coordinates. 

Let us define a new parameter a: 
 

a = v/(c-v) = (v/c)/(1-v/c) = /1- 

 
where a  is a parameter similar to and suffix a represents an approaching scenario. 



There are two different types of ; a for the approaching scenario and r for the receding 
scenario.  It will be evident from the detailed analysis that the equations derived for length (space) 
contraction and time dilation is based on the case for the varying speed of light (the new postulates) 
are identical to the original transformations expressions (5.6) and (5.7) ― if the factor in terms 
involving v/c and  are replaced by the corresponding factor v/c-v and  a for an approaching system.  

 
The expressions for length and time are: 

 
l = 

 
l0 × (1-a

2)1/2    (5.21) 
 

t = t0/
 
(1-a

2)1/2  (5.22) 
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This is wonderfully serendipitous, because the upper limit on the differences between the two 
computations is no worse than the relationship between functions  and /1-. For the very small 
velocity difference v between the two systems, v compared to the speed of light c, we arrive at the 
Galileo transformation for equations (5.21) and (5.22). Interesting results are obtained for an 
approaching system and the assumed non-constancy of the speed of light, insomuch as the new 
transformation a increases more rapidly than When is ½,  v = c/2 the speed of light, a = 1! This 
notifies us that, for approaching systems, one cannot go beyond half the speed of light because the 
time dilation is infinite. Also, the length of the rod will be reduced by 100% and the rod will 
disappear or cease to exist. If we apply the Lorentz formula for mass computations, mass approaches 
an infinite value, while the length and the size of rod (space) is reduced to zero.  

 
From the above discussion we can conclude that the Lorentz equation introduces a singularity 

in its results because while computed length approached to zero value, the computed value for mass 
and time reaches an infinite value. Therefore, we would reasonably postulate that the Lorentz 
computations were in error and require correction. Further, the fact that the Lorentz transformation 
requires a rod of definite length to disappear in some inertial frame from another inertial frame’s 
point of view does not make sense. Therefore, the results of Lorentz computations are not real, but 
they represent virtual values that do not serve any useful purpose. 

 
In the next section, we shall discuss worldlines for a receding scenario in which system S’ is 

moving away from S at a speed of v km/s. Again, we will consider the case for a varying speed of 
light from the perspective of two inertial systems moving at a relative speed to one another. Our 
intent is to identify the differences in the values of the contracted length (space) and the dilated time 
with the speed of light being a variable element, as with approaching systems. We achieve our 
objective by comparing the worldlines of point P for the case of the speed of light as a constant for 
two inertial systems and for another instance in which the speed of light varies according to Galilean  
transformation between two inertial systems S and S’.  

 
 

5.4 Receding Systems 
 
 
In this section we will analyze Lorentz time dilation and length contraction transformations based on 
the non-constant speed of light between two inertial systems S and S’.  In Figures 5.3(a), 5.3(b), and 
5.3(c), the worldlines of a rod of a unit length are illustrated in two different inertial systems, S and 
S’, based on the improved postulation of the VSL Skylativity® theory for a receding scenario.  In 
these Figures, S’ is receding away from S at velocity v km/s. Our Figure 5.3(a) has a difference for 
the time interval in S’, which is represented by (c+v)*t’ instead of the constant value ct’, as in Figure 
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5.1(a). In Figure 5.1(a), the worldlines for light in both systems, S and S’, are represented by 
equations x = ct and x = ct’, coincident lines. In Figure 5.3(a), the worldlines for light in two systems, 
S and S’, are different and are represented by equations x = ct and x’ = (c+v) × t’, respectively. 

 
To simplify the procedure, the conventions and the nomenclature assumed in Figure 5.1 and 

Figure 5.3 are kept the same. Please refer to the details of construction of worldlines, Max Born [4]. 
As was done in the approaching scenario, instead of repeating the geometrical discussion, we will 
focus on the differences in the formulae and then describe the effects on the results by the new and 
improved concepts of the VSL Skylativity® theory.  
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Figure 5.3 VSL, receding scenario: Lorentz transformation of world point P. (a) The units of space and time in 
S (E, Ect) and in S' (E', E'c't'). S' moves at the speed v with respect to S, the system of reference. (b) The 
calculation of the ratio E'/e. (c) The Lorentz transformation of coordinates.  
 

Let E represent a rod of unit length at rest in system S: 
E’ represents the unit of length in the system S’ 
e represents the intersection of worldlines of end E’ to x-axis in system S 
e’ represents the intersection of worldlines of end E to x’-axis in system S’ 

As indicated in Figure 5.3(b), the effect of the different speed of light in S’ is reflected in the 
values for the sides, D × [v/(c+v)] and DE’ × [v/(c+v)] instead of D × (v/c) and DE’ × v/c), as in 
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Figure 5.1(b). As before, the ratio v/c is represented by the Greek letter , Let



r = v/(c+v) = (v/c)/(1+v/c) = /1+ 



where r is parameter similar to a 

It will be evident from the detailed analysis that the equations derived based on nonconstancy 
of the speed of light (the new postulates) resemble and are identical to the original transformations ― 
if the factor in terms involving v/c and  are replaced by the corresponding factors v/c+v and r for 
the receding systems.  
 
The expressions for length and time are: 

 
l = 

 
l0 × (1-r

2)1/2    (5.24) 
 

t = t0/
 
(1-r

2)1/2  (5.25) 
 
This is also serendipitous because the upper limit on the differences between the two 

computations is no worse than the relationship between functions  and /1+. For the very small 
velocity difference v between the two systems (the delta between v and c is insignificant) we arrive 
directly at the Galileo transformation for equations (5.24) and (5.25). Notice that for receding system, 
r is always smaller than value for his implies that the reduction in length is smaller for the case of 
the non-constant speed of light (VSL) than the reduction for the case of the constant speed of light 
(CSL). Time dilation, moreover, is always smaller for a receding system than for the case made for a 
constant speed of light.  

 
5.5 Discussion: Lorentz Transformation 
 
In Sections 5.3 and 5.4, we developed a procedure that extended the concept of Lorentz 
transformations and was suitably translated for Varying Speed of Light (VSL) theory from Constant 
speed of Light (CSL) principles. We  evaluated length contraction for rod and measured time dilation 
between a reference system S and an inertial system S’. We discovered that  newly derived Lorentz  
equations for computations of length  and time  indicated unsatisfactory results for both approaching 
and receding inertial systems.  Specifically, when the speed of light was assumed to be a varying for 
the approaching scenario, the value of time dilation approached infinity and the value of measured 
length of rod was reduced to zero in situations, where the velocity of S’ v exceeded c/2 km/s. This 
proves that the Lorentz transformation provided unrealistic values for measured length and for 
measured time and are inaccurate from that view point.   
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Similarly for the receding case; we concluded that the reduction in computed length was 
smaller for the case of VSL than for the corresponding reduction for the case of  CSL. Also, the value 
of time dilation computed by Lorentz equations as compared to the case for VSL was exceedingly 
huge. From our analysis we conclude that the Lorentz transformation, et al, is not adequate and are 
simply not required because they provide hypothetical results that do not correspond to the reality. 

 
One of the major applications of the Lorentz transformation for time dilation is the effect on 

the life-time computations of very high energy particles called neutrinos. In order to study the 
decaying characteristics of neutrino particles from the Sun travelling near the speed of light speed, 
astrophysicist measure their decay duration time. Usually, the life-time of these particles is very short 
within a static frame of reference. But their internal clock slows down considerably due to the time 
dilation when measured within their own frame of reference. We determine that the results of their 
life-time computation would be drastically different if we applied the new transformation using 
parameter instead of . Also, the results would vary depending on the situation, whether the 
particle’s life-time is measured traveling toward the measuring device or travelling away from it.  

 
The main advantage of measuring a particle’s decay life-time within its own frame of 

reference is that it allows for an analysis of data spread over a larger time interval than that of data 
gleaned from a static frame of reference. We would like to emphasize that the concept of time defined 
by us in Chapter 2 is based on an Atomic Standard Clock representing absolute time after we apply 
correction for gravity effect that we shall discuss in Section 8.6. Therefore, relativistic particle life-
time measurements within a different frame of reference will differ than measurements taken for 
particle decay within its own frame of reference. At any rate, the parameter of interest should be the 
decay rate based on the energy content of the particle. The decay rate should be independent of the 
life-time measurement within any frame of reference. We are therefore implying that the quantity of 
matter remaining after its decay for some time  should be the same regardless of the frame of 
reference; its measured life-time should also, therefore, be the same. More discussion will follow on 
decay characteristics of radioactive materials in Chapter 7. 

 
Since the Lorentz transformation equations did not provide us with realistic values, and in 

view of the fact that time dilation is a virtual effect, we conclude that the Lorentz transformation 
equations should not be employed to compute the length contraction, the mass increase, and the time 
dilation for particle motion in different inertial systems.  
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WHAT IS NEXT? CHAPTER 6: Feynman’s theory of light 
 

 Fundamentals of Quantum Electrodynamics (QED) and Grand Principle 
 Discrete energy wave packet representation of light, quanta 
 Light interaction with matter. 
  Refraction, reflection and transmission of light through mediums. 
 Passage of light through water and operation of focusing lenses 
 Examples of QED application in practice. 
 Interaction between electrons and light quanta 
 QED, Probability amplitude computation of composite events  
 Electron magnetic moment computation using Feynman diagrams 
 Physical significance behind polarization of light 
 QED loose ends and Quantum Chromodyanamics (QCD). 

.  

5.6 Summary 

DEFINITIONS 
 
Lorentz time dilation: It is defined as the apparent slowing of time measured by a clock within 
another inertial frame as compared to the time measured by an identical clock within a reference 
inertial frame. Lorentz expressed the following relationship between time within inertial frames of 
interest and a reference system.  

Lorentz’s time dilation        t = t0/
 
(1-2)1/2      (s)  

where t0 is measured time in a reference system S and is speed ratio v/c. 
 

Lorentz length contraction: It is defined as the apparent reduction in length measured by a ruler 
within another inertial frame as compared to the length measured by an identical ruler within a 
reference inertial frame. Lorentz expressed the following relationship between length within inertial 
frames of interest and a reference system.  

Lorentz’s length contraction        l = l0 × (1-2)1/2   (m)  
where l0 is measured length in a reference system S and is speed ratio v/c. 
 
Lorentz virtual mass: It is defined as the apparent increase in mass measured by a scale within 
another inertial frame as compared to the mass measured by an identical scale within a reference 
inertial frame. Lorentz expressed the following relationship between virtual mass within inertial 
frames of interest and a reference system.  

Lorentz’s virtual mass        m = m0/
 
(1-2)1/2      (kg)  

where m0 is measured intrinsic mass in a reference system S and is speed ratio v/c. 
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DEFINITIONS (CONTINUE) 
 
Aberration constant: The ratio of velocity of an inertial frame moving at v m/s with respect to a 
reference frame at rest and the absolute speed of light c is defined as the aberration constant.  It is 
denoted by  = v/c, where c is speed of light that has a constant value for both systems.  
 
Approachin systems: Two inertial systems are defined as approaching systems if displacement 
between the two systems is decreasing with time at a constant rate. If the speed of light is considered 
different within two inertial systems and follows Galilean transformation, it yields a new aberration 
constant   a 
 
Receding systems: Two inertial systems are defined as receding systems if displacement between 
the two systems is increasing with time at a constant rate. If the speed of light is considered different 
within two inertial systems and follows Galilean transformation, it yields a new aberration 
constant   r

 
CONCEPTS AND PRINCIPLES 

 Consider two inertial systems, S’ moving with velocity v, while system S is at rest.  Then the 
space and time coordinate translation based on Galilean transformations are 

GALILEAN TRANSFORMATION 
Invariant distances: 
 
∂s2 = ∂s’2        t’ = t,  (for ∂t = 0)    
∂t = ∂t’   =>  x’ = x-vt, 
y’ = y,            and 
z’ = z; 

 The space and time coordinate translation based on Lorentz transformations are 

LORENTZ TRANSFORMATION 
Invariant distances: 
 
∂s2 = ∂s2’   =>    t’ = (t –vx/c2)/(1 –v2/c2)1/2,  

x’ = (x –vt)/(1 –v2/c2)1/2,   
y’ = y,                                      and   

     z’ = z; 
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APPLICATIONS 
 

 Lorentz transformation equations are applied to determine the motion of a particle within 
inertial frames for relativistic spacetime interval. The expression for composite speed among 
different inertial systems is 
 
vr  = (v’ + v)/ (1+ vv’/c2)        

 
 Half-life and the decay characteristics of high energy particles neutrinos from the Sun depend 

on the disintegration constant and time. Lorentz time is computed to assess the survival rate 
of neutrinos at the surface of a planet. 
 

 The number of surviving neutrinos that reach the surface of the Earth, and at a specific  
altitude depnds on disintegration rate and decay time. Therefore the neutrino count is 
sensitive to time measurement in an inertial system comprised of mobile neutrinos and a time 
measuring device. . 
 

 Intrinsic energy content computations for a surviving number of neutrinos provide more 
meaningful results than a number of neutrinos computed over dilated time intervals of greater 
spread in time steps. 

 
Exercises 
 
Questions 
 
 
 
A heart () denotes objective question and a question with a diamond ()  requires analysis. 
Answers to all questions () and (), and problems () and () are included at the end of exercises. 
 

1. What are the primary differences between Newtonian space and time interval and relativistic 
spacetime interval?  Explain briefly. 
 

2. Define the terms time dilation, Lorentz contraction and mass increase at higer speeds from a 
relativistic point of view. 
 

3. What is an aberration constant for inertial systems? How does the constant change when the 
speed of light is assumed to vary according to Galilean transformation for speed. Redefine 
aberration constants for approaching and receding inertial systems. 
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4. Derive the coordinate translation for x, y, z, and t coordinates using Galilean transformation 
and using Lorentz transformation. 
 

Problems 
 
A spade () indicates that solution of the problem demands research outside this text book.  
A club ()  denotes that solution of the problem requires substitution of values in a formula 
 

1.  Two events occur in the space-time continuum. First event has space-time coordinates 
P(5m, 6m, 7m, 0s), and second event occurs at Q(6m, 7m, 8m, 1/c s), where the fourth 
coordinate gives the time. What is the value of proper distance between these events?  
 

2.  How fast would a 3m stick be moving along its length if its observed length is 1 m as seen 
from the laboratory frame? Base your answer applying Lorentz length contraction which is a 
counter to our proposed theory.  
 

3.   In the classic Fizeau experiment to verify the special theory of relativity, the speed of light 
in a moving liquid of refractive index  is measured. If the speed of the liquid is 0.05 c, 
then what is the measured speed of light in the laboratory frame?  

 
4.  An inertial system K’ is moving with a velocity 0.8 c relative to the inertial system K along 

the xx’ axes. A particle in K has velocity vectors Vx= 0.5c and  Vy= 0.866 c. Find the velocity 
vectors of the particle in K’.  

 
5.  According to special relativity, a clock at the North Pole must measure a longer time 

interval than a clock at the equator of the Earth. Suppose that the polar clock reads 100 years. 
By how many seconds does the clock at the equator differ? Earth’s radius RE = 6.4 × 106 m  
 

6.       Consider two reference frames K and K’, where K’ moves relative to K at a velocity of 
V’k = c(1 - ) km/s along the xx’ axes. In the same way consider a particle moving with speed 
V’p = c(1 - )  in K’. Find the particle’s speed in the lab frame K to the order 2. Note  << 1. 

  

 

  

 

 

  

Vp = (0.5, 0.866) 
c 

Vk’ = 0.8c 
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K’ 

X 
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K 

Figure Problem 5.4 
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Y’ 

K’ 

X 

Y 

K 

Figure Problem 5.6 
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7.  As observed from the Earth, a spaceship is passed by with a speed of Vs = 0.5c (where c is 
the absolute speed of light). The spaceship fires a missile in the forward direction with a 
speed Vm = 0.8c measured in its own frame of reference. The speed V’m of the missile 
observed from the Earth must be what, applying Lorentz transformation formula?  Compare 
your results with values by applying Galilean transformation.  

 
8.  A spaceship travelling at 2.0×108 m/s leaves the Earth in the year 2050 with Astronaut 

John.  He leaves his twin brother James behind on Earth and goes off to a star 30 light-years 
away. Upon arrival to the star, he immediately returns. On return to the Earth, what is the 
difference in their ages?  

 

 
9.  Determine the relative speed between two frames of reference K and M if the magnitude of 

velocity in frame K of a particle is u = (c/2, √3c/2) and the magnitude of velocity in frame M 
of the same particle is seen as v = (-c/2, √3c/2)  

 
10.  The position of a particle is given by P = (2, 2) m in standard Cartesian coordinates. What 

is the position of this particle with respect to a frame that is rotated by 60 ?  
 

11.  Consider the field of a point charge Q moving with constant velocity. What must the speed 
of the charge be for its field in the lab frame at ’ = 90 to be three times the normal non-
relativistic value? Express the speed as  factor a ratio of its speed to speed of light c. 
 

12.  Consider a symmetric elastic collision between a particle of mass M and kinetic energy T 
and a particle of the same mass at rest. Relativistically, what is the cosine of the angle 
between the two particles after the collision? Let E0 = rest mass energy.  

 

                          

                                   

Figure Problem 5.7 Figure Problem 5.8 

Vs = 0.5c 

Vm = 0.8c 

30 light years Vs = (2/3) c 
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13.  Cerenkov radiation is observed from a beam of 500 MeV electrons travelling through air of 

index of refraction = 1.00029. Find the half angle of the light cone of radiation.  
 

14.  The visual appearance of a rapidly moving object is a fascinating subject. Suppose a circle 
of radius R is set in motion. Calculate the relative speed parameter = v/c such that the circle 
is seen as an ellipse of semi-minor axis a and semi-major axis b where a < b. What is the 
relationship between R and semi-major or semi-minor axis of the ellipse? 
 

15.  In problem 14, what is the value of  if ratio semi-minor axis to semi-major axis is ½ 
(a/b)? Also, compute the number of revolutions per second the circle must spin for it to 
appear as an ellipse with the  if diameter of the circle is 2 m. 

 

Answers to selected problems 
 

1. √2 m  2.  2.826× 108 m/s 3.  1.0407 c  4. V’x= -0.5c & V’y= 0.866c 
5. 3.79×10-3 s 6.  Vp = c(1-2/2) 7. V’m=0.9286 c, 1.3 c  8.  76.58 years 
9.  Speed 0.8c   10.  P’(2.732, -0.732)    11.   = 2√2/3            12.  cos (2) = T/(T+4E0) 
13. = 1.379°       14.   = (1 – a2/b2)1/2 and R = b. 15.  =0.866 and spin rate 41.319 Mrps 
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6. 
 
Feynman’s Fascinating Theory   

          
  Richard Feynman (1918-1988) 
 

CONTENTS 
6.1 Quantum Electrodynamics (QED) 
6.2 Light: Quanta of discrete energy  
6.3 QED: Light actions on objects 
6.3.1  Partial reflection of light 
6.3.2  Diffraction of light 
6.3.3  Passage of light through water 
6.3.4  Focusing light through lenses 
6.3.5  QED applications 
6.4 Electrons and light quanta  interactions 
6.5 QED Actions and light propagation 
6.5.1 Magnetic moment computations 
6.5.2 Polarization of electrons and quanta  
6.6 QED: Loose ends 
6.7 Summary 

Exercises 
 
 
The subject matter of this chapter belongs to a great physicist Richard Feynman who deserved 
much more respect and credit than he received for creating the Strange theory of light and matter. His 
ideas were somewhat speculative, but from our point of view his theory described far accurately a 
representation of light behavior and model than many other theories, such as the special theory of 
relativity postulated by Einstein. The stunning part of his theory was that it expounded the details of 
light behavior at both macroscopic and microscopic levels precisely. At the macroscopic level his 
model of light explained how light reacted to a shiny surface and is reflected, as well as why light is 
refracted during his passage through transparent objects. At the microscopic level his theories 
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explained the peculiar nature of light down to the nano scale by focusing the reader’s attention to 
mechanisms of interaction between electrons and light quanta. Although Feynman explained his 
theory using the terminology “light photon”, a name inherited from Einstein’s light particle 
description, we will utilize the name “quantum of light” throughout our discussion in this chapter. 
This terminology describes a virtual particle, as defined by us in Chapter 1. However, we will often 
use the words “quanta” and “photons” interchangeably.  
 

We are, indeed, excited to present this chapter explicating details of QED here because the 
theory is a complete description of light behavior, accurate enough in every detail of its framework of 
probability amplitudes. After reading this chapter you will discover that the rules of QED for strong 
interactions among fundamental particles, electrons and quanta, can be conveniently applied to the 
more advanced theory of Quantum Chromodynamics (QCD) for strong interactions among 
fundamental particles, quarks and gluons, without substantial modifications. Also, the tools and 
syntax developed to describe QED principles, such as the Feynman diagrams, can be easily extended 
to expound QCD actions among gluons and quarks. Our analysis will reveal to you the most 
interesting aspect of QED, its credibility. You will be convinced in the end that it has provided a 
framework that was consistent with the quantum theories from Schrӧdinger and Heisenberg, and the 
light propagation principles founded by Fermat and Huygens.  

 
In Section 6.1, we will explore fundamental concepts of the probability amplitudes in 

Quantum Electrodynamics (QED) originally developed by Feynman to predict the magnitude of light 
intensity as it reacts with different surfaces. First we will succinctly explain what is known as path 
integral formalism, a principle developed by Feynman as it relates to QED. Then we will elaborate on 
QED principles and introduce a radiation probability amplitude model by treating electrons in an orbit 
as particles trapped inside a spherical box, a novel concept created by us. You will learn that, on a 
large scale, QED explains why light moves in straight lines, and how focusing light through lenses 
works.  On the nanoscale, QED will tell us about luminous strength vectors and their orientations for 
each quantum of light, how they are added, multiplied, and rotated to form a final result in the event 
of interest.  

 
In Section 6.2, we shall discuss the reasoning behind the strange behavior of light energy 

waves from point of view of quantum physicists. The roots of this “strange” behavior stem much 
deeper than the Dirac-Feynman path integral formalism (Section 6.3) and, formalisms proposed by 
Schrӧdinger and Heisenberg. From our stand point, light behavior is attributed to the manner in which 
the energy waves are originated. It is not intuitively obvious, but Niels Bohr model for stable atoms, 
Max Planck’s black body radiation model, and De Broglie wave picture for orbiting particle electrons 
played a very important role in the description of the process of radiation emission. We will discuss 
these issues in detail to prepare you for the next section that has to do with light actions (behavior) on 
objects made of a variety of substances. 
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In Section 6.3, we will explicate the phenomena of reflection and refraction by calculating the 
probability of a specific event as a quantum of light traverses through various  mediums. First we will 
state Fermat’s principle of least resistance and Huygens’s principle of wave energy propagation. Then 
we will explicate how QED provides a systematic method to evaluate the probabilities of successive 
events and the final outcome vectors of light quanta, given the amplitude (luminous strength) and the 
orientation of incoming light quanta.  

 
The procedure of computing probability amplitudes of specific events can explain the 

ordinary phenomena of reflection and refraction with ease. However, more advanced techniques are 
required to comprehend and articulate the causes of interference and diffraction patterns when light 
passes through lenses and slits. Therefore, we will expound on light quanta interaction with electrons 
for the phenomena of light passing through water and the focusing of light through convex lenses. 
Then we will discuss important practical applications of QED. Furthermore, we will describe a 
procedure used by physicists to evaluate the probability of compound events and independent events 
using probability computation principles and the QED theory. 

 
 In Section 6.4, we will precisely investigate the physics behind the interference effect when 

light passes through narrow slits. We will derive generalized expressions to compute the probability 
amplitudes for the propagation of quanta in spacetime and for the movement of electrons in 
spacetime. To achieve our objective we will assume that the probability amplitude of three basic QED 
actions occurring in spacetime are derived from Schrӧdinger’s equation for an electron trapped in a 
spherical well; a particle in a box model.  

 
In Section 6.5, we will provide insight to the questions which are not answered by QED. For 

instance, why are some objects transparent while others are completely opaque? What gives “color” 
to different substances? Why are some objects red while other objects are blue or yellow? 
Furthermore, we will also explain how we can apply QED principles to calculate the magnetic 
moment of electrons. Additionally, we will study the polarization of light from the perspective of its 
origin. In the final section, we will discuss the topics of those that were left out by QED theory, such 
as the slow beta radioactive decay of protons, as well as gravity interaction with matter. Moreover, we 
will explain why QED cannot shed light on the theory of gravitation. Also, we shall describe other 
important topic: relationship between QED principles that deal with strong EM interactions and the 
theory of Quantum Chromodynamics (QCD) principles associated with strong fundamental 
interactions. Now let us expound the theory of QED. This theory has been seemingly very difficult to 
follow for many and no attempt has been made by anyone to explicate it.  

 
Next we will explore sophisticated principles of QED theory. Typically, most theories are 

developed in order to create a model which explain results of some experiments. Contrary to that, 
QED is developed on the basis of empirical data about quantity of light reflected and refracted from 
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different mediums such as thin glass plate exposed to air. A peculiar limitation of QED theory was it 
had a missing link associated with some probability considerations. You will learn about this more as 
the story continues.  
 

6.1 Quantum Electrodynamics (QED) 
 
The principles of QED have enabled physicists to determine the amount of light that is reflected and 
refracted from a thin glass plate. Feynman established rules to calculate the probability amplitude of 
light quanta, those that are refracted and those that are reflected when light is incident on a glass plate 
which he described as Grand principle. He arrived at these rules which he called Path Integral 
Formalism (PFI), by performing an experiment in which light was passing through glass plate. In his 
experiment photo-multiplier detectors were located to detect light quanta which were reflected and 
passed through the plate on the other side. Primary purpose of this section is to understand the details 
of the results obtained from his experiment. 
 

Before we provide intricate details of path formalism we wish to clarify a conceptual error 
present in Feynman’s description of interaction between electrons and photons. Feynman too 
considered that light photons were corpuscles where as we say they are quanta of energy waves. He 
arrived at this conclusion because output amplifier from a photo-multiplier tube produced distinct 
click sound on a speaker as each photon was incident on a plate of the tube. He found that the 
loudness of clicking sound remained the same when  the light intensity was dimmed but the rate of 
clicking sound became less frequent. His observation made sense because each quantum of light had 
fixed energy h × . The number of clicks per unit time is decreased because fewer photons were 
arriving from lower intensity of light then before per unit time. 

 
Although the characteristics of photons in the experiment were interpolated due, in part, to 

the experimental response of the photo-multiplier detector, portraying the sense that light is made up 
of photon particles, we believe that the wave model of light can very well produce the same result. 
Despite Feynman’s observation, our realistic thinking and investigation confirms that light photons 
are not particles because photons lack gravity effects. Another limitation of Feynman’s path integral 
formalism was he did not create any analytical model to support probability amplitude computations. 
Instead he chose to utilize empirical data collected from photo-multiplier detectors to formulate the 
rules of QED. We overcome Feynman’s deficiency by incorporating the particle in a box model for 
the motion of electrons while it interacts with a quantum of light incident on the surface of plate in his 
experiment. Let us explain how path integral formalism is affected by the probability of finding an 
electron at a specified location in a spherical box that obeys Schrӧdinger’s equation. 
 

Schrӧdinger invented quantum mechanics to describe the motion of electrons in their orbits 
by introducing the concept of a wave function governed by a partial differential equation. Heisenberg 
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mystified everybody by stating that operators act on quantum states, and he famously enunciated the 
uncertainty principle about related quantities. The principle may be was stated this way: “the more 
accurately one were to measure the position of a particle, for instance an  electron, the more uncertain 
becomes one’s knowledge of its momentum, and vice versa”.  Heisenberg’s principle implied that the 
position and momentum of electrons can only be measured in a probabilistic fashion and not with 
classical, definite values. Using this fact, we will show how the probability of interaction between 
light quantum (“photon”) and electrons affect the reflection and refraction of light from the (i.e.) 
surface of water in a lake and from thin sheets made of glass.  

 
As stated earlier, path integral formalism allows us to determine the probable number of 

photons (we will interchangeably use quanta here as well) that will be reflected by a glass surface and 
refracted should they propagate through the glass plate. With this in mind, we will explain what this 
calculation has to do with Schrӧdinger’s equation. For the purpose of modeling electron positions in 
orbit we can apply Schrӧdinger’s equation for an electron as a particle trapped in a spherical box in 
three dimensions (in reality, four, if we include time) with its associated wave function (x), Section 
11.1. It so happens that the solution of Schrӧdinger equation provides the probability of finding a 
particle in a box that is described by particle’s wave function. For simplicity, we will restrict our 
discussion for particle position in one dimension, x [19]. From quantum mechanics, the probability 
that the electron will be found in the infinitesimal interval ds around the point x is given by 
 

P(x) dx = | 2 | dx        (6.1)  
  
The probability of finding the electron in the region surrounding a given point x in the interval  

                                  b 

a ≤ x ≤ b is     Pab
  =       | 2 | dx      (6.2) 

                                                                     a 
 
Thus, the probability Pab is the area under the curve of | 2 | versus x between the points x = a and 
 x = b as indicated in Figure 6.1.  

 

 
 
 
 
Figure 6.1 The probability of a particle being in 
the interval a ≤ x ≤ b is the area under the 
probability density curve from a to b [Serway & 
Jewett]. 
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  Once the wave function (x) for a particle is known, it is always possible to determine the 
average position at which you would expect to locate the particle after several measurements. This 
average position of particle is denoted as the expected value of x and is evaluated by the expression 
                          ∞ 

         {x}  =       x  dx        (6.3) 
                                 - ∞ 
 
We can apply the same idea to calculate the expected value of any function f(x) associated with a 
particle by the equation (6.4). An expected value of a function is the  “weighted average” value based 
on probability in which each possible value of a function is multiplied by the probability of 
occurrence of that value, and then summing over all the possible values. 
                                ∞ 

         {f(x)}  =        f(x)x  dx       (6.4) 
                                         - ∞  
 

Experimentally, it has been established that there is a finite probability that any particle can 
be found within an interval near some point, at some time. The value of that probability must be 
within the range of 0 to 1. By reason of fact that the particle is somewhere along x axis, the sum of 
probabilities over all values of x must be 1.  i.e. 
   ∞ 

             | 2 | dx = 1        (6.5) 
    -∞ 
Any particle with a wave function (x) satisfies the above equality and is said to be normalized. The 
normalization of a wave function of a particle implies that the particle exists at some point in space at 
some time within specified boundaries. We will apply these concepts of expected values for finding a 
particle at a specified position to the principles of QED theory and analyze the propagation of light 
waves further. 

From the above computation of the average position of an electron, known as the expected 
value of its position, the interaction probability between a photon of light and an electron at their 
interface corresponds to the probability of an electron found at the position of incidence.  Therefore, 
the path integral is related to wave functions describing the average position of an electron and the 
average position of an incident photon of light. While explaining reflection and refraction of light 
from partially reflecting glass surfaces, QED inventor Feynman wrote pessimistically, “It is 
impossible to predict which way a given photon will go and how it makes up its mind, whether to go 
through glass or bounce back. Philosophers have said that if the same circumstances don’t always 
produce the same results, predictions are impossible and science will collapse” [12]. As we have 
figured, science did not collapse because nature, in the case of light-related events, permits us to 
calculate probabilities that added optimism to QED.  
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Now we will explicate the principal basis of QED through an experiment in which light is incident on 
the surface of a thin sheet of partially reflecting glass. The purpose of the experiment is to investigate 
the rules governing the amount of light that is reflected and the quantity of light that is transmitted. 
Again it is imperative to understand that all in which we are interested is calculating the probabilistic 
value and not the absolute value, for that is all we can do. We also proceed with the realization that 
all the surfaces involved in our experiment are partially reflecting, insofar as we can see images of 
objects located in the proximity above the surface of a panel of glass and the water’s surface on a 
lake. Moreover, we can observe objects at the bottom of a lake if it is shallow enough, as well as 
items located on the other side of our glass panel, or pane.  In Figure 6.2, a hypothetical arrangement 
of a thin sheet of glass with photo-multiplier counter tubes to detect light quanta (photons) at different 
locations is displayed.  
 

 

 
 
 
 
 
 
 
 
 
 
Figure 6.2. An experiment to measure the partial 
reflection of light by multiple surface of semi-
transparent glass . 

 
The system was comprised of a monochromatic light source, a sheet of semi-transparent 

glass, and a number of photo-multiplier detectors. In the system, detector A was situated near the light 
source and B was located (simulation) inside the glass at some distance, and C was located on the 
other side of the glass plate. When the light was exposed to the surface, it was observed that for every 
100 quanta that leaves the light source, anywhere from 0 to 16 were reflected by the front surface and 
was detected by detector A. The remaining quanta were transmitted to the back surface and counted 
by the detector B or C. It was found that the percentage of quanta reflected and transmitted depends 
on the thickness of the glass. The results of this experiment demonstrated a phenomenon called 
“interference”. As the thickness of the glass increased, the amount of light partially reflected went 
through a repeating cycle of zero to 16%, indefinitely, regardless of how thick the glass plate was. 
The percentage of light reflected against the thickness of glass is plotted in Figure 6.3. 
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In wave optics, reflection of light from a thin glass sheet is analyzed by interference effects. 
For a thin panel of glass of thickness t with an index of refraction , shown in Figure 6.2, the 
wavelength of light  inside the glass sheet is computed from [19] 
 

=         

where is wavelength of incident light, t is the thickness of glass and  is the index of refraction of 
the glass material. Here we assume that the light ray incident on the glass is nearly normal to the 
surface of the glass.  

 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.3 As the thickness of the glass increases, the partial reflection probability goes through a 
repeating cycle of 0 to 16% forever. (After Richard Feynman). . 
 

Constructive Interference occurs, an increase in the intensity of light is detected at A, when the 
combined reflection of incident light from the front surface and the back surface is summed if they 
are in step and the condition in (6.7) is satisfied 
 
 2t = (m + ½) ×        (6.7) 
 
From (6.6) substituting for   in (6.7) we get 
 

2 t = (m + ½) ×        (6.8) 
 
Similarly, Destructive Interference occurs, a decrease in the intensity of light is detected at A, when 
the combined reflection of incident light from the front surface and the back surface is subtracted if 
they are out of step and the condition in (6.9) is satisfied 
 

2 t = m ×         (6.9) 
 

 
Reflection probability vs. glass thickness 
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The causes for constructive and destructive interference for different thickness of glass sheets 
will be evident soon. To explicate the results of the chart in Figure 6.3, Newton made ingenious 
arguments based on the wave theory of light. In the end, he realized that he had not developed a 
satisfactory theory. Many were puzzled by the outcome of the experiment, unable to explain the 
phenomena. How can the front surface reflect 4% of light at a given thickness while the reflection can 
be reduced to nothing by increasing the glass panel thickness by just the right amount, forming an 
edge of a secondary surface at a precise distance? Moreover, how is it that by forming a secondary 
surface by again slightly increasing its thickness can we “amplify” the reflection up to 16%? Further 
experiments were performed with a very weak source light, resulting in the wave theory to seemingly 
collapse. As the source light was made dimmer and dimmer, the detectors continued making full-
sized (same loudness) clicks, but there were fewer of them. In this scenario, physicists were forced to 
conclude that light behaved as particles. 

 
From our convincing argument you will soon surmise that light actually did not behave as a 

particle, notwithstanding the conclusions made by Newton and others. It was an incongruous 
conclusion because physicists did not recognize the subtle difference in the way electrons interact 
with light quantum (a photon). When light is incident on a reflective surface, each quantum of light 
individually interacts with individual electrons of the surface of atoms, whereas other energy waves, 
such as sound waves, interact with molecules and atoms. Light quantum’s behavior is distinct because 
the wavelength associated with light waves is significantly smaller than the wavelength of sound 
waves and is a different form of energy. Also, electrons in their stationary states are constantly 
revolving within shell orbits according to Bohr’s model of atomic structure.  

 
We would like to add our unique perspective on the interaction between a light quantum and 

the electrons of surface atoms. From our view, the following events will occur when a surface is 
exposed to light. A quantum of light is absorbed by an electron in the orbit of an atom situated at the  
surface it encounters, resulting in an intricate mechanism. First many quanta slip by the atom as it 
takes some time to absorb and emit a quantum of light by electrons. Next, a specific electron of the 
atom reflects  the light if it is an electron of a surface atom.  Otherwise, (if it is not an electron of a 
surface atom), light will take a transmission path, moving into deeper layers of atoms that make up 
the glass. Eventually, light reaches the second edge of the surface from where it is either reflected 
back towards the first surface or it is transmitted out to the other side. 

 
 This is the main reason why only 4% of light incident to the glass surface is reflected back to 

the detector at A. Another reason is may be due to surface atoms being engaged interacting with the 
first quantum from initial wave and therefore not able to absorb any immediately following quantum. 
The result and the net effect is the subsequent quanta takes a divergent path at a given instant into the 
glass medium to the next awaiting atom, which would either absorb it and reemit it or push it down to 
the next atom located towards the back surface. The process of passing quanta continues from atom to 
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atom till the back surface of glass is reached. At that point light either emerges from the back surface 
to form a transmission wave or it proceeds towards front surface to form a reflected ray via return 
path.  

 
Now we shall focus on some anomalies. First, why does the reflected percentage of light rise 

and fall (and rise again) as the thickness increases monotonically (an invariant ascending or 
descending sequence)? Second, as the incident source light gets dimmer, why does the photo-
multiplier detector click less frequently but maintains a static volume? The wave theory can easily 
explain the first effect. But for the second effect a more subtle reasoning is required. The reflected 
waves and the energy quanta of light from different surfaces (electrons within the medium), before 
they are detected by the photo-multiplier, are included as a sum according to the phase relationship of 
the reflected waves from each of the surfaces. The phase relationship of reflected waves from the 
front surface and the second surface depends on the path length of light inside the glass, its distance, 
its thickness. Therefore, according to a certain thickness, the percentage of reflection will cancelled 
out to “0”, and for another specific thickness value, the result will be a percentage of reflection that is 
squared in value, to 16%. 

 
Our explanation for the second effect associated with a decrease in the light’s intensity is, as 

the light got dimmer, the number of light quanta incident per unit time is decreased but the energy of 
each quantum remained the same. It turns out that loudness of each click depended on the energy 
possessed by each quantum, while the rate was a function of time that accumulated enough quanta to 
make a sound on the speaker. Thus, the volume of the clicks did not change, only the rate at which 
each click occurred decreased as the light got dimmer. For example suppose it takes 108 quanta to 
register a click on a speaker of a photo-multiplier tube. In this example  intensity of  light is dimmed 
from 108 quanta (bright light) to 106 quanta  (low intensity). For dimmed light it would take longer  
(time=108/106 = 100s) to accumulate enough quanta to register a responsive click than bright light 
case (108/108 = 1s). Once again we show that the wave theory of light makes complete sense. Next we 
will describe how QED computed the probability of light reflection from thin glass sheet. 

 
To compute the probability that a particular photon will be received by a photo-multiplier 

detector A from light reflected from glass surfaces, Feynman suggested a three step process based on 
his experimental observations. First, he represented the probability the amplitude of light reflected 
from each of the surfaces under consideration in the form of a vector. The amplitude of the vector 
corresponded to the square root of the reflected light probability. The direction of the amplitude 
vector was determined by the direction of stopwatch arm which advanced incrementally as a photon 
of light propagated inside the glass or outside to the detector. In the next step, he performed vector 
addition on these probability amplitudes from all the surfaces to combine and produce a final vector. 
Then he obtained light reflection probability by squaring the amplitude of the final vector. Obviously, 
Feynman did not clarify the physical significance of the probability amplitude vector.  
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We examined the situation of light quantum interaction with electrons of surface atoms 
closely. We determined that the amplitude vector he stated is actually related to the probability of 
particle electrons to be found in the position of a quantum of light at that instance. The arrival 
probability of an electron at that location is computed from equation (6.2), where (x) represents the 
wave function of an electron in orbit. Thus, Feynman’s procedure is accurate and is consistent  for the 
reflection probability evaluation.  

 
Before we illustrate the process, we need to state one more rule in order to derive accurately a 

good theory. When we are considering the path of a photon bouncing off the front surface, we draw 
an amplitude vector that is in the reverse direction of the stopwatch hand. For the reflection from the 
back surface, we draw an amplitude vector in the same direction as the stopwatch hand. The reason 
for this was that the phase of light emitted from the front surface electron after absorption differed by 
180, as the direction was (reversed) towards the detector A. 

 
 The reflection from the second surface is also reversed by 180, but the reflected light 

reached the second surface after a propagation delay inside the glass medium of thickness t.  The 
wave travelled distance 2t at the speed of light towards the second surface from the front surface and 
then reflected light proceeded back to the front surface.  Therefore, for a certain correct thickness of 
glass () the detector did not respond with any clicks due to destructive interference. On the other 
hand, the registered “clicks” doubled in number when an increased, measured thickness of paneled 
glass was used. This was due to constructive interference.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.4 Experiment measuring reflection from two surfaces. It is evident that a single quantum 
 of light can arrive at detector in two ways- via the front or the back surface.  
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In Figure 6.4, light reflection from a thin panel of glass and its interaction with surface 
electrons is displayed. We start by considering the various ways a quantum of light could reach the 
photo-multiplier from its source. In a simplified situation, a quantum is either reflected from the front 
surface, or it is reflected from the back surface, these are the two possible ways a photo-multiplier 
could detect light. What we do in this case is to draw two arrows, position vectors–one for each way 
the event can happen- and then combine them into a “final result,” which square represents the total 
probability of the reflection event. If there are more ways the reflection could occur from multiple 
surfaces, we draw more vectors one for each surface taking into account their directions and finding 
the sum that give the result. 

 
Now we will discuss the specific rules that determine the length and the direction of each 

arrow. The front surface reflects 4% of light. Therefore, from quantum mechanics, the length of the 
front reflection arrow is 0.2. The back surface reflects also 4% of light. Therefore, the length of the 
back reflection arrow is 0.2. It is clear that the strange feature of partial reflection by two surfaces has 
left physicist stranded, forcing them away from making absolute predictions, to merely calculating the 
probability of an event.  

 
To determine the direction of each arrow, we will use a hypothetical stopwatch to time the 

quantum of light as it traverses. The imaginary stopwatch has a single hand that turns around very 
rapidly based on the frequency of incident light. When a quantum leaves the source, we start the 
stopwatch. We allow the hand to turn as long as quantum moves. When the quantum reaches the 
detector, we stop the watch. The hand ends up pointing in a certain way and gives the direction of the 
arrow. 

As shown in Figure 6.4 and explained before, the position vector from the front surface 
reflection points in opposite direction to the stopwatch hand. The reflection from the back arrow 
position vector points in a different direction than reflection from front surface because the stopwatch 
hand rotates an extra turn as the quantum of light spends time travelling from the front to the back 
surface, and again to the front surface. If the thickness of the glass is just enough to allow the 
stopwatch hand timing the back surface reflection make an additional ¼ or ¾ of a turn, the position 
vectors will end up at right angles. The final arrow in this case is the hypotenuse of a right triangle. 
According to the Pythagoras theorem, the size of the resultant vector is such that the reflection 
probability is 8%, equal to 4% plus 4%. 
 

Notice that as we gradually increase the thickness of glass, the position vector for the front 
reflection arrow always points in the same direction, whereas the position vector for back reflection 
changes its direction. The change in the relative direction of the two position vectors makes the final 
result vector length go through a repeating cycle of zero to 0.4. Hence, the square of the final result 
vector goes through the repeating cycle of zero to 16%, and the angle of the result vector with respect 
to the front position vector changes from 0 to 180.  
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The technical term for a position vector is called “the probability amplitude” which may be 
confusing because ordinarily probability is a scalar quantity. Moreover, we are dealing with resultant 
reflection probability. That is why we prefer to use position vector terminology. In quantum 
mechanics, the probability amplitude is designated by the name “quantum state vector,” which is 
more sensible. Now let us summarize the rules of QED which we purposely studied in this section. 

 
Grand Principle  When it relates to light reaction to surfaces, the probability of an event is equal 
to the square of length of resultant quantum state vector, “probability amplitude (PA) ”.  
 
In our terms, we will call it as length squared of an arrow representing final sum position vector. 
 
General rule for finding probability  If an event can happen in alternative ways: Draw an arrow 
of length PA for each vector and use a stopwatch timer to find its orientation and, then combine the 
arrows (“add” them) by applying rules of ordinary vector addition. The square of amplitude of the 
result vector gives the probability of the entire event. 
 
 In Sections 6.3 and 6.4 we will apply the grand principle and general rule for finding the 
probability to analyze the phenomena of light reflection from mirrors, as well as refraction by glass 
and water.  Before we end discussion on rules of QED we would like to tell you about the colors that 
you see on soap bubbles or, better yet, on oil films caused by automobile oil leaks in dirty mud 
puddles. When one looks at these oil-filmed water puddles, one may see beautiful curling streaks of 
colors on the surface of the puddle by reflected light. The thin film of oil floating on the surface of 
water acts like a thin sheet of glass that reflects light of different colors, ranging from the intensity of 
zero to a maximum intensity, depending on its thickness. During the daytime, as the white sunlight 
falls on the film, splotches (bands) of differing colors of light appear along with black regions of 
stripes.  
 

To understand this phenomenon of color separation of reflected light in this previously stated 
scenario, we could apply a simple and logical inference from what we learned so far. We know that 
white light consists of different colors. For each of the different colors bands the wavelength and the 
speed of the wave inside thin film of oil vary. For instance, speed of light we perceive as blue is faster 
than the color of light we perceive as red. Additionally, the wavelength for blue light is shorter than 
that of red. Therefore, speed of the hand for the stopwatch timing blue light quantum is faster than the 
stopwatch timing a red light quantum. Thus, at certain thicknesses one or more colors are strongly 
reflected, while at other thicknesses the reflections of many colors are cancelled out. Further to be 
considered is the fact that the thickness of an oil film on water is rarely uniform. The multiple 
reflections of areas that permit a strong reflection for those colors overlap, producing all kinds of 
combinations our eyes recognize as tone variations. For example red and blue color in some areas 
may look a bit like magenta, or some other intermediate tone of blue or red.  
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When one observes the same oil filmed puddle at night under a sodium street light shining 
upon it, one may see only a yellowish band separated by black. This is because these street lights emit 
light of only one wavelength, which is perceived to be yellow in color. This phenomenon of colors 
being produced by the partial reflection of white light by thin films is called iridescence. We will 
learn more about these examples and discuss many more applications of QED in Section 6.3. In 
modern times, light is used as a medium for carrying digital data and program signals as it offers vast 
bandwidth for high speed communication. Further it provides an unique advantage of highly secured 
channel as it is impossible to hack encrypted light signals in real-time. The light signals are 
transmitted on a fiber optic cable. We will touch base on principle of operation of fiber optic cables in 
Section 6.3. In the next section, we shall discuss a little more about the quantum nature of light. 
Specifically, we will study role of Bohr’s atomic model on frequency characteristics of radiations 
emitted from variety of light sources. Also, we will hint at the effect of gravity on period of 
oscillations in orbiting electrons. 
 

6.2 Light: Quanta of Discrete Energy 
 
 
In the past many physicists have spoken about the obscure nature of light, that is, its posited wave and 
particle nature; but it was never explained why it behaved in any specified way. Further they claimed 
that the energy of a “photon” of light consists as a lumped amount, h× equation (1.38). They never 
clarified why the energy of light consisted of lumped packets. We, however, are the proponents of the 
wave theory of light and wish to explicate how light inherited its discrete nature from its parent 
particle electron. As explained by us in Chapter 2, not only do light waves but all radiation waves are 
comprised of virtual particles, a sum composite expression of energy quantum in quanta of energy. 
Therefore, we will characterize the energy content of all radiation waves as “packets,” and will 
describe them as discrete digital entities, instead of the classical analog entity. We will utilize the 
principles and models developed by physicists Planck, Bohr, De Broglie, and Schrödinger to confine 
the frequency of radiation to discrete levels. 
 
 The discrete energy content model of radiation quanta originated from the black body 
radiation (BBR) theory, established by the greatest physicist, Max Planck in 1900. We will discuss 
this theory in Section 11.2 extensively. At the moment, our focus is to apply the principles developed 
by Planck to radiation energy of all kinds to see how it leads to the conclusion that the energy 
spectrum of radiation waves is represented on a digital scale as the analog values for their frequencies 
are forbidden by nature. The BBR was originally developed to model infrared energy radiated from 
the cavity walls of an oscillator. According to the principles founded by Planck, the energy of the 
oscillator can have only discrete values En which are quantized: 
  
 En = n h        
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where n is the quantum number of radiating particles, which is an integer,  is the oscillator (particle) 
frequency, an integer, and h is Planck’s constant. 
 
 From the above equation, Planck implied that each discrete energy value corresponds to a 
different quantum state represented by number n. Planck also discovered another condition: 
oscillating particles can emit or absorb energy when making a transition from one quantum state to 

another. The entire energy differential between the initial and the final states (initial ground state to 
final excited state [absorbing energy], or from its initial excited state to its final ground state [emitting 
energy]) is emitted or absorbed as a single quantum of radiation. Though Planck developed and 
experimentally verified his rules for the cavity oscillator  in its general form, we can apply the rules to 
all radiation energy waves and to every phenomena involving radiation emission. We extend his 
principle in this manner because our premise is that all types of energy radiation are oscillations 
(vibrations) of electrons, released from these vibrating electrons as they make their transition from 
their initial higher, excited energy state (higher potential energy),  to their lower energy ground state.  
 
 In 1913, Niels Bohr presented a model for hydrogen atoms in which the electron moved in 
circular orbit around the proton at the nucleus under the influence of the electric force of attraction. 
Although Bohr’s model is now completely replaced by a probabilistic quantum-mechanical theory 
developed by Schrӧdinger, we can apply the notions of energy quantization and angular momentum 
quantization to electrons in atoms because the notions are still valid in the general. According to 
Bohr’s model, within the construct of atoms of any substance only certain orbits are stable in which 
its electrons rotate without emitting radiation. He called them stationary states, where the total 
energy possessed by the stationary state of orbits remain constant. Bohr provided two more 
quantitative observations about the emission and absorption of photons when an electron made a 
transition from a high energy excited state to low energy state ground state, and vice versa. He stated 
that the frequency of radiation of a photon is found through the principle of conservation of energy: 
 

Ei – Ef = h       

 
where Ei is the energy of the initial state, Ef is the energy of the final state, whereby is found Ei > Ef. 
He further stated that the electron will only absorb an incident of quantum of radiation if its energy 
matches with the difference  in energy between an allowed (ground) state of the atom and a higher 
(excited) state. The radius of an allowed orbit of electron must conform to a condition imposed by the 
electron’s orbital angular momentum. The orbital angular momentum of electron must be quantized 
and should be equal to integral multiple of h/2, i.e. 
 

mevr = n × h/2       (6.12) 
 

where me is the electron mass, v is the electron’s speed in its orbit, and r is the orbit’s radius. 
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From Bohr’s model it was evident that the motion of an electron is confined, hence it can 
oscillate at only certain allowed frequencies, analogous to the finely tuned piano wire to the precise 
universal A (440 Hz) above middle C. Also, it proved that a frequency line for both emission and 
absorption spectra of any atom has the same value for the same energy level transitions. By applying 
the rules, Bohr was able to show that emitted frequency  is quantized neglecting the effects of 
gravity. By the condition of equation (6.12) he asserted that emitted frequency indirectly depends 
upon the radius of the electron orbit. From energy conservation and Bohr’s model, we get [19] 
 

 = (22ke
2mee4/h3) (1/nf

2 -1/ni
2)     (6.13) 

 
where me  is electron mass, e is electron charge, ke is Coloumb’s constant and h is Planck’s constant. 

 
If we inspect equation (6.13), it is clear that Bohr’s model did not consider the effect of 

gravity of large objects (i.e., the Earth) on atoms when deriving the expression for frequency. In 
Section 8.6, exploring quantum gravity, we will visit upon this effect. There, we will add the 
gravitational correction factor for the frequency of radiation from atoms by incorporating 
gravitational potential energy associated with electric charge in energy conservation calculations.  

  
Further, Bohr discovered that for small values of n the frequency of radiation emitted is 

significantly different from the frequency of the revolution of an electron around its associated 
nucleus. However, for very large values of n > 104, the frequency of radiation is within .015% of the 
frequency of an electron in revolution. This observation led him to formulate a correspondence 
principle that states: 

 

Bohr’s Correspondence Principle  
Quantum physics agrees with classical physics 
when the difference between quantized level 
becomes vanishingly small. Bohr’s principle 
has the same relevant importance in atomic 
physics as does the relativity theory to 
Newtonian Mechanics, in the sense that 
Newtonian Mechanics is a special case of 
relativistic mechanics.  
 
 
 
 
 
Figure 6.5: De Broglie wave picture of electron.   
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From Planck’s BBR model and Bohr’s atom model we prove that all types of energy 
radiation originate from atoms. Further, it is safe to state that all radiations are vibrations of electrons 
whose energy levels are quantized, governed by quantized limits of emission and absorption. Hence, 
the energy content of all radiation of visible light, infrared, x-ray and laser emissions are quantized.  
In a similar vein it has also been proven that the confinement of the matter waves produces discrete 
energy levels. In addition to Bohr’s requirement of stationary states for electrons, De Broglie 
stipulated that radius r of electron orbits is such that spatial angular wave number k corresponding to 
an orbiting electron must be a whole number because the wave must return to where it arbitrarily 
began creating a circuitous loop. The circumference of the orbit 2r has to be an integer multiple of 
 i. e. 
 

k= 2r where k = 1, 2, 3,…     (6.14) 
 

Here  corresponds to the angular rotation frequency of electron and not the radiation frequency of 
emission.  

The point we made is that the De Broglie wave model for a particle placed a further 
restriction on the radii of electron orbits to certain values that force the emissions energy to attain 
discrete values. Schrӧdinger created quantum mechanics a couple of years after  De Broglie presented 
his thesis on the wave model of a particle. Later, the particle in a box model for hydrogen atoms 
developed by De Broglie and Bohr were analyzed by employing Schrӧdinger’s equation. The model 
indeed verified that the wavelength associated with electrons of hydrogen atoms in a rectangular box 
were restricted by the condition = 2Ln, where L is the length of box and n is the quantum number.  
The condition translates to equation (6.14) for a spherical box, compar. Figure 6.5. From the 
expression of energy conservation to the motion of a particle in the box it is depicted that the energy 
of the particle is quantized [19]. Thus we have provided cogent proof that the quantized (discrete) 
energy nature of radiation is a property inherited from its parent particle electron where they are 
originated. 

In the next section, we will analyze the phenomena of reflection and refraction of light from 
clean mirrors, as well as the passage of light through convex lenses by applying the principles of 
QED developed in Section 6.1. Though we have dealt with simple phenomena, we guarantee that 
techniques developed here can be employed to analyze complex effects, such as interference and 
diffraction of light as it passes through fine slits. 
 

6.3 QED: Light Actions on Objects 
 
Earlier we studied the background involving quantum probabilities concerning particle in a box that 
governed the motion of light quanta and learned how to estimate the probability of the amount of light 
that is reflected via an experiment. In this section we consider several phenomena, reflection of light 
and diffraction of light from mirrors, passage of light through water, and the focusing of light through 
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lenses from the view points of probability amplitude. First we will illustrate more accurate details on 
the reflection event, shining of light onto a mirror by a designed experiment. Then we will deduce 
why, the angle of incidence is equal to the angle of reflection when light reflects off a mirror on the 
basis of QED  theory. Before we state the detailed actions of QED, we would like to discuss two 
principles developed by other physicists that proved there was a relationship between the angle of 
incident and the angle of reflection, as well as the incident angle and the refraction angle, in theory, 
when light is incident on a mirror and a glass surface. 
 

In 1678 the great Dutch physicist Christian Huygens wrote a treatise called Traite de la 
Lumiere on the wave theory of light. In his workbook he stated that the wave-front of a propagating 
wave of light at any instant conforms to the envelope of spherical wavelets emanating from every 
point on the wave-front at the prior instant. His principle can be applied to all types of energy waves 
such as sound and any type of radiation. 

 In general terms,  

Huygens Principle  “Every point on a wave-front may be considered a source of secondary 
spherical wavelets which spread out in the forward direction at the absolute speed of light c. The new 
wave-front is the tangential surface to all of these secondary wavelets”[C].  

Another principle of prime importance in optics is Fermat’s principle. 

Fermat’s Principle  “Light travels between two points along the path that requires the least time, 
as compared to all other alternative paths”[D].  
 

Using Fermat’s principle, we will prove the law of reflection in section 6.3.1 and the law of 
refraction in section 6.3.3. The law of reflection is described as the angle of incidence I equaling the 
angle of reflection R for a light ray from a reflecting surface. The law of refraction, Snell’s law, 
states that the ratio of indices of refraction, A/B is equal to sin B/sin A as light traverses from 
medium A to B, where A is the angle of incidence of light in medium A and B is the angle of 
refraction in medium B. Next, we will discuss Feynman’s integral path formalism and show that it 
provides the same results in practice for reflection and refraction events as both of these principle.  

 

6.3.1 Partial Reflection of Light  
 
We begin with the problem of determining the trajectory of light as it is incident on a mirror and then 
reflected. One will doubtless wonder why the reflection probability of light from a shiny mirror is 
very close to 100% as opposed to being 16% from a partially reflecting glass, a fact that is not 
explained by QED. We will defer discussion on unanswered questions by QED until Section 6.5. In 
Figure 6.6 (a), an apparatus of an experiment is displayed in which a beam of light from a 
monochromatic (single wavelength) light source S is incident on mirror R. A photomultiplier detector 
P, to account for the reflected light quanta, is located at the same height as the light source to offer 
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symmetry for the drawing of position vector arrows. Since light quantum could go directly across to P 
from S, we have placed a screen Q to avoid that possibility. Our objective is to prove that a mirror 
will reflect light mostly where the angle of incidence is equal to the angle of refraction using QED, 
even if the source and detector are at different levels, a classical view. 
  

 
 
Figure 6.6 Experiment to show that when light is reflected from mirror, it traverses a path where the time is 
least.  (a) We divide mirror in segments A thru M to show different alternative paths. (b) stopwatch timer hand 
indicates the time of travel and  the orientation of PA vector as quantum (photon) propagate through air (c) 
vector sum of all probable paths, resultant probability is a dashed line SGP. 
 

Quantum mechanics tells us that light quanta have equal probability to reflect from every part 
of the mirror, from A to M. Despite the quantum view, we will show that light indeed takes a path for 
which the angle of incidence is equal to the angle of reflection and that is the path of least time. From 
the general rule of QED, we will represent in our calculation each way the light can traverse by a 
Probability Amplitude (PA) arrow of appropriate length and will determine its direction according to 
the hand of stopwatch timer. We should keep in mind that the length of PA is longer for shorter paths 
as required by Inverse Square law. One would expect that arrows for paths that go near the middle G 
section are long because of the placement of the detector and are more probable, though actual path 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                       S                           G                 P  
  

A           B       C       D      E       F        G        H      I        J        K        L          M 

Light source S 
Photomultiplier 
detector P Screen Q 

i 
r 

Position 

Time 

  A     B       C       D         E           F        G        H       I         J        K       L        M      

(a) 

(b) 

(c) 

L 

h2 
h1 

x L-x 



252          Chapter 6 
 

  

length is longer than the end sections.  The PA arrows for paths at the ends of the mirror, sections A 
and G are short even though the actual path length is short. We will apply quantum mechanics 
appropriately and draw arrows of the same length for all paths.  

 
To determine the direction of each arrow we use the stopwatch timer criteria and record the 

time for the advancement of each arrow, as displayed in Figure 6.6 (b). Also, we transfer the direction 
of the stopwatch hand information to the corresponding arrow. Therefore, the direction of a particular 
PA arrow corresponds to the amount of time it would take a quantum (wave) to travel from the source 
to the detector. To calculate the length of the resultant arrow, we perform vector addition of all 
arrows, the dashed line in Figure 6.6 (c). 

 
A closer examination of the vector diagram of PA arrows reveals that the major contribution 

to the final arrow’s length is made by arrows D through J, the directions of which are nearly the same 
because the transport delay for quantum on their path is nearly the same. These paths also happen to 
be where the total time is less than end section timing.  Therefore it is safe to state that light selects 
the path where the time is least, path G. Moreover, the sum total path length SG plus GP is the 
smaller length compared to all other path lengths A thru F and H thru M.  

 
After passing the center of the mirror, we see that each path on the right side of the mirror 

corresponds to a path on the left side, whose time is identical because the detector is at the same 
height as the source and path G is exactly at the center. By simple trigonometric rules it is possible to 
prove that if two path segments are equal and connected to a point, the time to traverse the total path 
at a constant speed is least only if the inclination of both segments with respect to the third line is 
equal i. e. i = r. We will leave this as an exercise for you (see problem 6.x). Thus from QED theory 
we prove that light does, indeed, reflect (off a mirror) on a path where the time taken is the least and 
the angle of incidence is equal to the angle of reflection.  

 
The equality of the angle of incidence and the angle of reflection can also be established by 

applying Fermat’s principle of minimizing time. We add times for the incident path of light quantum 
time ti and the reflected path of light quantum time tr. These times are path lengths SG and GP 
divided by speed of light c. Then minimize the total time t by differentiating it with respect to the 
distance x and set it to zero. We get the same result i = r. We begin with 

 
t = ti + tr = (x2 + h1

2)1/2/c + ((L-x)2 + h2
2)1/2/c 

 
dt/dx = (x/c) × (x2 + h1

2)-1/2 + (-1) ((L-x)/c) × ((L-x)2 + h2
2)-1/2 = 0,  gives 

 
(x) × (x2 + h1

2)-1/2 = (L-x) × ((L-x)2 + h2
2)-1/2 

 
sini = sin r  i = r      (6.15) 
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To summarize, the path where the time taken for quantum transmission is least, it is there the 
time for the nearby paths is nearly equal; that’s where the little arrows point in the same direction and 
add up  to make a substantial difference in length.  This is where the probability of a quantum of light 
reflecting off the surface of a mirror is determined to be at its maximum. Next, we will investigate the 
phenomenon of diffraction, the behavior of light as it passes into a shadow. For this purpose, the 
mirror is manufactured with some modifications. A portion of the mirror is darkened to prevent any 
reflection of light. 

 

6.3.2  Diffraction of Light 
 
In Section 6.1 you noticed that in the case of partial reflection by two surfaces, while either surface 
will reflect on its own, if its thickness is just right so that the reflection PA vectors from the two 
surfaces contribute to their pointing in opposite direction, reflection of light is cancelled out. This 
property of PA arrows pointing in the opposite direction is successfully employed to produce 
diffraction effects. Analogous to partial reflection from thin glass, a selective reflection from a mirror 
is accomplished by carefully darkening some regions of the mirror, resulting in diffraction gratings.  
  

 
 
Figure 6.7 (a) Diffraction pattern is observed if white light is exposed to a grating with grooves at the 
appropriate distance. (b) PA vector arrows will cancel out if light is reflected from continuous  mirror and a 
detector is located at the wrong place. (c)  Arrows biased in only one direction (right) are added by selectively 
etching (darkened) away parts of  the mirror. A strong reflection resultant R  is called diffraction. 
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We will explicate the principles behind the operation and the construction of a diffraction 
grating next. Let us pursue an idea that light reflection is indeed occurring all over the mirror by an 
equal amount. We will use the same arrangement of the mirror, the source of light and the detector of 
Figure 6.6 (a), except that we will alter the mirror’s dimensions. We will retain about a quarter of the 
mirror, sections ABC. Previously in the reflection experiment, the arrows for the section of mirrors on 
the left side of the screen were pointing in directions very different from one another because of the 
large difference in time between successive paths (Figure 6.6 (b)). In the refraction experiment, we 
will draw many more arrows next to one another because the length of the mirror is smaller. In this 
experiment, the difference in time between neighboring PA arrows is very tiny (see Figure 6.7). 

 
Keeping in mind the detailed picture, we see that the arrows between sections A and B, and 

between B and C show a definite bias pointing either to the left side or to the right side. Again, we 
will assume that the source is right above section B to preserve the symmetry. If we add all the arrows 
together, we find that the arrows go around a circle with a net reflection probability of zero. Suppose 
we carefully scrape the mirror away in those areas where arrows have bias in pointing left. Now we 
have a reflection from the mirror such that all the arrows of the neighboring path point only to the 
right. When we add the arrows pointing to the right direction, we get a series of clicks on detector P 
and a substantial length of the final arrow. We are now sure to have a very strong reflection. The 
mirror constructed for this purpose is called a diffraction grating. 
 

Let us pursue an idea that light reflection is indeed occurring all over the mirror by an equal 
amount. We will use the same arrangement of the mirror, the source of light and the detector of 
Figure 6.6 (a), except that we will alter the mirror’s dimensions. We will retain about a quarter of the 
mirror, sections ABC. Previously in the reflection experiment, the arrows for the section of mirrors on 
the left side of the screen were pointing in directions very different from one another because of the 
large difference in time between successive paths (Figure 6.6 (b)). In the refraction experiment, we 
will draw many more arrows next to one another because the length of the mirror is smaller. In this 
experiment, the difference in time between neighboring PA arrows is very tiny (see Figure 6.7). 

 
Keeping in mind the detailed picture, we see that the arrows between sections A and B, and 

between B and C show a definite bias pointing either to the left side or to the right side. Again, we 
will assume that the source is right above section B to preserve the symmetry. If we add all the arrows 
together, we find that the arrows go around a circle with a net reflection probability of zero. Suppose 
we carefully scrape the mirror away in those areas where arrows have bias in pointing left. Now we 
have a reflection from the mirror such that all the arrows of the neighboring path point only to the 
right. When we add the arrows pointing to the right direction, we get a series of clicks on detector P 
and a substantial length of the final arrow. We are now sure to have a very strong reflection. The 
mirror constructed for this purpose is called a diffraction grating. In optics, diffraction grating is used 
to measure wavelength of unknown source of light.  



  Feynman’s  Fascinating Theory of Light          255 
 

  

The relationship between the grating spacing and the angles of the incident and diffracted 
beams of light is known as the grating equation. The equation is derived from condition for 
maximum intensity in a double slit experiment, Section 11.1. For a normal incident light, the distance 
between slits is determined from equation (6.16). 
 

dsin = m         (6.16) 
where d spacing between centers of slits, m order of maxima,  wavelength of incident light and  is 
diffracted angle. From simple geometrical construction of path traced by light waves, we can 
calculate separation distance y for mth order fringe from the center of central maxima as follows. 
 
 y = mD/d         (6.17) 
here D is the distance between diffraction grating and the screen where the image is projected. 

The specific grating that we just discussed was designed for red light. The grating with dark 
areas wouldn’t work for blue light. The grating for blue light requires cut-away stripes of bright and 
dark patches spaced closer together because the stopwatch hand turns around faster when clocking 
“blue” quantum, as compared to “red” quantum. If we do not wish to modify the strip width, the 
grating for red light will work for blue light by placing detector at a different distance. What we need 
to do is to increase the height of the detector in order to increase the angle of reception of reflected 
light. Next, we will discuss the phenomenon of propagation  of light from the medium of air through 
the medium of water. 
 

6.3.3  Passage of Light Through Water 
 
Let us talk about something less fascinating than gratings; the routine phenomenon of the refraction 
of light as it passes from air into water. This time we will place the detector P, a photo-multiplier, 
immersed in the water. The source of light S is above the water surface in the air as indicated by 
Figure 6.8 (a). Our task is to calculate the probability that a quantum of light will travel from the light 
source to the detector. To achieve our objective we should consider, in effect, all the possible paths 
the light would take. Each path the light will take would contribute to resultant PA vector, one little 
arrow of nearly the same length. Once again we will apply the stopwatch timer to give us the 
direction for each little arrow. 

In order to compute the final result, the refraction probability, we have prepared graph 
showing a similar curve resulting in light reflecting off of a mirror, adding PA vectors to get the 
resultant vector. In Figure 6.8 (b) and (c) the graph is plotted showing the resultant probability 
amplitude vector for each refraction event. From this graph it is evident that the most important 
contributions come from paths where the PA arrows point in approximately the same direction. These 
are also the paths where the time is least. Therefore, our assignment has been reduced to find the path 
where the time of transference is least. It turns out that light travels slower in water than in air due to 
water’s resistance to propagation, causing the wavelength of light quanta to shorten.  
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In general, the speed of light within any material medium is less than its speed in a vacuum. 
Obviously, the path taken by through a material medium light faces a higher probability of 
obstruction than within a vacuum. The ratio of the speed of light within a vacuum to the speed of light 
within any specific medium is called the index of refraction of the medium . For instance, the index 
of refraction for air, a, and the IR for water, w, are ratios, to wit: 
 

a = speed of light in vacuum/speed of light in air = c/va 

w = speed of light in vacuum/speed of light in water = c/vw 
 
where c is true speed of light, va is true speed of light in air and vw is true speed of light in water. 

 
 
Figure 6.8 Analysis of probability amplitude vector of light.  (a) Quantum theory tells us that light can go from 
its source in air to a detector in water through several alternate routes, but the major contribution of light is 
where the length of the final arrow comes through a path where the time of transmission is the least. (b) Time 
chart, describing the orientation of amplitude vectors at each point. The difference in the time for each 
successive point for paths inside the water is larger than light’s reflection through air because light speed is 
lower in water than in air. (c) Sum of vectors,  a dashed line SFP. 
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It is natural that as light waves propagate from one medium to another its frequency does not 
change but its wavelength must scale. This is because the frequency of light is fixed at the time light 
is created, QTR. Therefore, for different mediums in which the speed of propagation is different 
(smaller in denser medium than vacuum) the wavelength of radiation is shorter than radiation within a 
vacuum. We arrive at this conclusion due to the fact that the speed of light is equal to the product of 
its wavelength and its frequency. If we substitute va = f × a and vw = f × w in equation (6.18) and 
then take the ratio, we prove that wavelength v for any radiation in a vacuum is equal to the product 
of wavelength of the radiation in its medium times the index of refraction of said medium, because    
v  refractive index of a vacuum is unity, i. e. 
 

a × a  = w × w  = v × v   = v        (6.19) 
 

Getting back to the probability computations for light propagation from the medium of air to 
that of water, we might imagine the situation for light’s travel path is analogous to the situation of a 
path selected by a lifeguard sitting at station S and a drowning beautiful girl at P (Figure 6.9). For the 
circumstantial setup ascribed in Figure 6.9 we might use the comparative illustration of a lifeguard 
saving our drowning girl. This situation naturally calls for the imperative consideration of the time 
involved for the guard to reach her. In this life-threatening situation the girl will die if not reached 
within a certain time limit. In this circumstance the total time to get to the girl should be minimized as 
much as possible. At times nature plays beautiful tricks like this. Light selects a path that minimizes 
the duration of travel. Continuing our illustration of the lifeguard and drowning girl, there can be 
alternative tradeoffs associated with a quicker path. Since a guard can run faster on land than 
swimming in water, his choice would be to pick a path that allowed him to reach to the victim in the 
shortest period of time.  

 
Figure 6.9 Finding the path of least time for light is like finding the path of least time for a lifeguard running 
and then swimming to rescue a drowning victim: the path of least distance has too much water in it; the path of 
least water has two much land in it; the path of least time is a compromise. (After Richard Feynman, 2006). 
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In the Figure above, each path consists of two segments, a section in air and a section in 
water. Several possible paths exists, such as path SAP (not certainly the least time), being by far the 
longest path within the water section among our choices, the path of least water, SDP, the path of 
least time, SCP, and the path of least distance, SBP. The solution of minimizing time corresponds to 
the path SCP, which is the total path-length-time, the path of compromise. The path is located 
between the path of least water distance, SDP, and the path of least distance, SBP. It so happens that 
light “chooses” a path of the least time overall. Thus, from the QED theory we proven that light does 
indeed refract within water on a path where the time travelled is the least to traverse. Let us develop a 
relationship between the angle of incidence i in air, and the angle of refraction r in water for a light 
source of one color. 

 
The expression of the angle of incidence and the angle of refraction is established by applying 

Fermat’s principle of minimizing time. We add times for the incident path light quantum ti and the 
refracted path light quantum time tr. These times are path lengths SG and GP divided by speed of 
light c. Then we minimize the total time t by differentiating it with respect to distance x, setting it to 
zero. From Figure 6.8 (a) we get: 

 
t = ti + tr = (x2 + h1

2)1/2/(c/a) + ((l-x)2 + h2
2)1/2/(c/w) 

dt/dx = (a × x/c) × (x2 + h1
2)-1/2 + - (w × (l-x)/c) × ((l-x)2 + h2

2)-1/2 = 0,  gives 
(a × x) × (x2 + h1

2)-1/2 = w × (l-x) × ((l-x)2 + h2
2)-1/2 

 
a × sin i = w ×  sin r       (6.20) 
 
In this section we successfully explained why the path of light takes a preferred direction 

when it propagates transitionally from within air to within water. Moreover, we explicated why, at a 
precise angle, the intensity of light and the refraction probability of light is the greatest. In the next 
section, we will describe phenomenon of focusing light through variety of lenses. 
 

6.3.4  Focusing Light Through Lenses 
 
The property observed that the speed light slows within a dense medium has been successfully 
employed to construct focusing lenses. In this subsection we will explore the trajectory of light as it 
passes through bifocal lenses. First we will establish the fact that the majority of light quanta 
commute through space in nearly a straight line, despite the possibility that they may follow a 
crooked path instead. According to Professor Sreeram Dhurjaty at the University of Rochester, the 
President of Dhurjaty Electronics Consulting, a limited liability company LLC light is a quantum 
phenomenon.  Therefore,  by applying the principles of quantum mechanics we can deduce that there 
is a finite probability that light can take any or all curved shaped paths as it propagates through 
mediums. We will provide a formal proof of above mentioned fact because, in general, straight paths 
are the shortest  and are preferred, and therefore  resulting amplitudes are strong.  
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Let us place a source S and a photo-multiplier detector P as shown in Figure 6.10. Then let us  
observe the ways the light could traverse from S to P, whether straight or crooked. We learn that for 
each crooked path, such as path A, there is a neighboring path that is a bit straighter and distinctively 
shorter than the other path. For such paths the PA vector cancels out when they add to form a result 
vector. When the path becomes nearly straight, such as at C for example, a nearby, straighter path has 
a result of nearly the same travel time. It is within this path that the PA arrows add up; that’s where 
the light preferentially goes. 

 
As you may now be convinced, a large portion of light from a source travels in straight lines 

when propagating through any medium.  Let us now consider a situation in which light from a source 
S passes through a hypothetical screen AM possessing evenly spaced holes. Light will be detected by 
a photo-multiplier detector P on the other side of the screen, as indicated in figure 6.11 (a).  In the 
diagram, the vertical dashed line AM represents the screen. After passing through holes in the screen, 
it is plausible in theory that light will focus on a particular spot with some finite probability. It is clear 
from the figure that light propagates from Source S to detector P through several paths. The paths that 
are straight, or nearly straight, have shorter travel times than paths with larger angular inclinations. 
For the purpose of analysis, we will look at the time delays that are for pairs of paths. The graph that 
shows the time for each path is similar to the case of figure 6.10. The curve starts at A, at the top, and 
then it bows gradually towards the middle. This is because the paths graduating toward the middle are 
progressively shorter than those paths previously consecutive to them. As each path taken is 
progressively further from the middle, the time curve for these longer paths is recorded with 
increasing delays to M. 

 
 
Figure 6.10 Trajectory of light in space.is a preferred direction. Despite the predictions of quantum mechanics, 
namely that every event may occur with finite non-zero probability, the QED theory can be applied to show that 
light appears to preferentially travel in straight lines. As depicted in the above figure, the major contributions 
for the resultant probability amplitude vectors for light propagation, light arrives by way of paths that are 
straight and their travel time is nearly the same. 
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In order for light traveling on all paths to meet at one point, it is imperative that the time 
delay of all paths be equal. Now let’s have some fun. We will trick the light so that the shorter paths 
take an equal time delay as do the longer pathways. How can we achieve this? How can we design the 
shortest path through G such that it takes the same time to traverse as the longest pathway through A? 
Well, light travels slower in glass and in water than in air, ref. Section 6.3.3. Therefore, if we 
interpose just the right thickness of glass the shortest pathway intersecting through G, we can 
lengthen the time for transition through that pathway to exactly the same as time it takes light to 
transverse through path A. Likewise, we may also introduce appropriate thicknesses of glass 
interposing other pathways to match the transition time of the shortest path through G. Also, for 
pathways progressively nearer to A, less interposing glass will be needed to slow light to match light 
transition speed through pathway A. 

 

 
Figure 6.11 Construction of focusing lenses by applying QED principles.  (a) When light passes through holes 
of screen probability amplitude vector is the  largest for the paths with the smallest inclination to straight path. 
(b) The light delays are equalized among different paths by adding selected path distance through a glass lenses 
so that light from all paths is converged to a point, focus of curved glass lenses. 
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From our discussion it follows that by carefully calculating and interposing just the right 
thickness of glass to compensate for transition time along each path, we can synchronize all transition 
times to the same value. When we draw the probability amplitude vector arrows for each way the 
light could travel, we find that all arrows point in the same direction. The light quanta taking all 
possible pathways in our thought experiment arrive at the sensor simultaneously. The net result is a 
sensationally enormous final resultant arrow. This also implies that we, by managing its nature, can 
focus or gather light by making the probability very high that light will arrive at a specific point, 
while decreasing the probability that it will arrive anywhere else. 
 

We have used various examples to show that the theory of quantum electrodynamics 
continues to be a successful in explicating every phenomena of light. Initially, it appeared like an 
absurd idea with no causality, no mechanisms, and showing nothing tangibly extant. Yet, it produces 
effects that are familiar to us, such as the reflection of light from a mirror, the refraction of light as it 
crosses boundary of air and water, and light being focused by a lenses. In all these examples we have 
shown how to compute the probability of an event that can happen in different ways. We may draw 
an arrow for each of the possible ways an event can happen, then “add” the arrows. By “adding 
arrows” we mean that the arrows are connected from the arrowhead of the first event PA to the tail of 
the next event until a “final arrow” is drawn. The square of the resulting final arrow represents the 
probability of the entire event. 
 
 In the next section we will describe several practical applications of QED theory to 
phenomenon that are not frequently encountered, but catch our attention. The phenomena we speak of 
are colors we often see on soap bubbles or from the reflection of light off road puddles having an oily 
surface. Another interesting application of QED is employed when examine the spacing and 
arrangement of individual atoms in crystalline compounds using X-ray diffraction. In addition to this 
we will discuss applications of QED with the phenomenon of partially reflected white light by two 
neighboring surfaces, called iridescence. In this regard, we will explore the production of the brilliant 
colors of hummingbirds and the feathers of peacocks. We will also discuss the mysterious effects of 
the phenomenon of mirages, such as the appearance of water on road surfaces on a hot day.  
 

6.3.5 QED Applications 
 
In this section we will switch our attention from QED scientific concepts to its real life applications. 
First we will explain the reason behind the creation of pretty colors from ordinary reflection of light 
in the mundane phenomena of the reflection of light off soap bubble surfaces and off oily water on a 
road surface. We will also describe a sophisticated application, namely, diffraction grating using x-
rays to extract structural details of crystalline compounds at the nano scale.  Next, we will explicate 
amazing details on mirages, the distant appearance of water in the heat of a desert. Finally, we will 
disclose a procedure to calculate the PA of composite events by extending QED principles.   
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Both the beautiful colors seen on the surface of soap bubbles and oily mud puddles are 
caused by partial reflection of light. The thin film of soap bubble walls and a film of oil floating on 
water are very much like very thin sheets of glass medium. The glass sheets reflect the light of one 
color ranging from a zero percentage to a maximum of 16%, depending on the thickness of the sheet, 
as explained in Section 6.1 and Figure 6.3. If we shine monochromatic light, red or blue, we observe 
splotches of red or blue light, respectively, separated by narrow bands of black where there is no 
reflection. This occurs because the film thicknesses vary over different areas. If we use both red and 
blue incident light, we note colors of blue, red and violet light separated by black regions. 

 
 To understand this clearly we need to know why the cyclic range of 0% to 16% partial 
reflection by the dual surface wall of soap/water bubbles and of an oil/water film repeats cyclically 
more quickly for blue light than for red light. The cycle rates for reflection repeat at different 
intervals. The speed of our stopwatch hand turns faster when it times blue light than when it times red 
light due to the difference in propagation speeds through a medium. The speed of blue light is faster 
than the speed of red light through any medium. The speed of the stopwatch timer is the most crucial 
parameter  for quanta of different energy waves such as x-rays, radio waves, and etc. When oily water 
and soap bubbles are exposed to sunlight, which is comprised of the seven colors of a rainbow, its 
reflection produces many combinations of colors. The strong reflections of seven colors overlap. This 
phenomenon of partial reflection is popularly known as iridescence. The same phenomenon is also 
responsible for the appearance of brilliant colors seen on hummingbird and peacock feathers.  
 
 Now let us discuss a marvelous application of the diffraction grating effect explained in 
Section 6.3.2. This methodology is used to determine exact spacing between atoms of salt crystals, for 
example. Importantly, x-ray quantum are useful for this application due to their speed. The 
corresponding registered speed of x-ray quantum on our stopwatch timer is 10000 times faster than 
the transition rate of visible light. This facilitates the ability to detect very small distance between 
reflecting atoms, providing a natural diffraction grating effect. The measurement of detector position 
which indicate angle of reflection is performed for a number of x-ray wavelength sources. In 
principle, the difference in the angle of reflection between two wavelengths of x-ray represents the 
distance between two atoms of crystals. 
  
 X-ray crystallography is a method used for determining the atomic and molecular structure of 
crystal compounds in which the crystalline structure of atoms causes an x-ray beam to diffract into 
many preferential directions based on the orientation of the crystal surface structure. By measuring 
the angles and the intensities of these diffracted beams we can determine the size of atoms, the length 
and types of chemical bonds, the mean positions of atoms in a crystalline structure, and its structural 
disorder. When making an x-ray diffraction measurement, a crystal of the compound is mounted on a 
goniometer. It is gradually rotated while bombarded it with x-rays, producing diffraction patters of 
regularly spaced spots. The two dimensional images that were taken at different rotational angles are 
transformed into 3-D images indicating the density of electrons in the atoms of the compound’s 
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molecular structure. Three dimensional images are obtained by applying Fourier transform. The same 
diffraction effect described above using visible light often manifests itself when a videodisc is 
exposed to white light at appropriate angles. The light is partially reflected from grooves of the disc 
and the bright colors of rainbow are seen.  
 

Yet another example is seen in the light reflected from selective removal of reflective 
surfaces, creating diffraction grating evident in silvery signs of advertisement carried atop or at the 
backs of automobiles. This is even employed in the surface painting of cars, such that when the car 
moves and passes us we see bright colors in the paint changing from red to blue. Our sun is the light 
source and observer’s eye is the detector. Additionally, the same principle of diffraction grating is 
employed in the design of cloth that reflects the different colors of light. When one views people at 
different angles wearing a shirt made out of this special fabric, various colors are reflected back. The 
fibers of the shirt have different thicknesses in the preferential direction that reflects a 
correspondingly different color of light. Therefore, when exposed to the white light each reflective 
surface of the fiber will reflect a different color. 
 

      
Figure 6.12 Finding the path of least transition time explains the presence of mirage. The speed of light is 
greater when it passes through warmer air than cooler air. Some of the sky appears to be on the road because the 
trajectory of light from the sky is curved due to reflection. The only other time the sky appears to be on the road 
is when water is reflecting it, and thus a mirage appears to be water. (After Richard P. Feynman, 2006)  
 

Another phenomenon of refracted light that we describe is the mirage phenomenon. When 
one is driving a road, which surface is very hot, one can sometimes see what looks like water on the 
road ahead in the distance. The situation also occurs when one is riding a camel in a sandy, hot desert. 
However, what one sees is not water, but a reflection of the sky. How can this happen when there is 
no water to reflect the sky’s image? Here is how it happens, ref. figure 6.12.  

 
The light propagates more slowly through cooler air at higher elevation than through warmer 

atmosphere near the surface of a sun-heated road or hot sand. For a mirage to be perceived, the head 
of the spectator should be in the cooler layer of air just above the hot air rising from the road or sandy 
surface of a desert. This is what happens in reality because the eye of the observer is located at higher, 
cooler level than the hot layer of air at the vicinity of the hot surface of the road or sand. This creates 
an angle of observation that presents to an observer that water exists some distance away. As long as 
that angle of observance exists and there is light, heat, and road or desert ahead, one will continue to 
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see the mirage. Once again, the path of light taken corresponds to the least time traversed. Some of 
the sky appears to be on the road because some of the light from the sky reaches the eye by being 
refracted near the road. Sky will also appear to be on the road when water is reflecting it. A mirage 
appears to be water, but it is a virtual image of the sky. 

 
We would like to discuss briefly one final application of QED, a fiber optic cable as it is very 

widely used for signal transmission at very high speed. The application refers to the passage of light 
through a curved tube of fiber optic cable (light pipe). Almost all of the light incident on the inside 
walls of a fiber optic cable is reflected without any absorption. Therefore, a stream of un-attenuated 
light follows the track of fiber and comes out at the other end of the light conduit. 
 

In Section 6.1, we learned how to apply the QED Grand principle to compute the probability 
of independent events that can happen in alternate ways. In this application of QED theory, we will 
teach you how to evaluate the probability of a compound event. First let us ask a question. What is a 
compound event? A compound event can be analyzed by breaking it down into succession of steps. 
For each step the probability amplitude is calculated by shrinking and turning the PA vector  
separately corresponding to the time elapsed for light to travel from source to destination. Then to 
combine the probabilities of multiple steps, we shrink and turn the PA vectors of each step in 
succession for all the steps. Finally, we square the resultant amplitude vector to evaluate the final 
probability of the compound event. Next, we will illustrate this computation process for a compound 
event comprising of two steps.  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Figure 6.13 Probability of a compound event can be analyzed as a probability of successive steps.  (a) An 
experiment depicting a composite event situation. Light from source S is reflected from plate G1, passes 
through slit A and again reflected by glass plate G2 before it is detected by photomultiplier P. (b) The final  
probability of light detection at P can be determined by analyzing the probability of series of two steps S to A 
and A to P. (c) This process of successive shrinking and turning is called “multiplying arrows”. 
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Figure 6.13 (a) displays an experiment to simulate a two step process of a compound event in, 
which light from source S is reflected from glass plate G1, passes through slit A and then is reflected 
from glass plate G2. The reflected light is detected by photo-multiplier P. Our objective is to calculate 
the probability that light will pass from source S to detector P after passing through slit A. In step 1, 
light from source S is reflected from top surface of plate G1 and passes through the slit in A. In step 
2, light is reflected off the surface of plate G2 and collected by P. First we calculate the probability 
amplitude and probability for each step individually. Then we combine the probabilities. In figure 
6.13 (b), we indicate the probability amplitude vector for step 1 and step 2. In figure 6.13 (c), we 
show the probability of the compound event. 

 
The probability amplitude for light emitted from source S is of unit length. We know that 

light is partially reflected from G1 and passes through the hole at A. Therefore, we shrunk the unit 
length vector to a length of X units, where X is less than 1, more precisely, near 0.2. To determine the 
direction of light vector at A, we stop our timer hand when light reaches A from S. We assume that 
direction of light vector is 1. In step 2, light moves from point A to P. Some fraction of light, Y, is 
reflected from G2 and is detected by P. The effect of step 2 is that the light probability amplitude 
from step 1 is further attenuated. Hence, we shrink the probability amplitude from step 1 by the 
fraction Y. Thus the probability amplitude from both steps combined is X times Y. The direction of 
the probability amplitude from step 2 is found by the stopwatch timer for the time of light’s 
transversal from A to P, 2. This direction is added to the direction of light from step 1. At the end, 
we square the probability amplitude vector to find the resultant probability of the compound event. 
 

This technique developed by Feynman to compute the probability of compound events, as it 
relates to propagation of light, is successfully employed to analyze several phenomena with high 
accuracy. Specifically, we can calculate probability of partial reflection from a thin sheet of glass, the 
transmission of light through glass, and for the phenomenon that is called the Hanbury-Brown Twiss 
effect [12]. The aforementioned phenomenon is used to distinguish between a single source and a 
double source of radio waves in deep space. Another application is rendered by an extension of the 
rule for compound probability computation. It is utilized not only for the events that occur in a 
succession of steps, but for an event that is comprised by a number of things happening 
concomitantly, i. e. independently and possibly simultaneously. 
 

Finally, we are glad to affirm that QED theory presented a complete rule for the travelling of 
monochromatic light from one point to another through space. QED is all there is to know: the length 
of probability amplitude vector is inversely proportional to the distance the light goes. In other words, 
the arrow shrinks as light progresses. The angle of the vector depends on the imaginary stopwatch 
hand, which rotates a certain number of times per unit distance depending on the frequency of light. 
The rule regarding light probability amplitude shrinking as light travels further from the source 
checks out with the principle in optics. The amount of light transmitted over a distance, that is, the 
intensity of light, is inversely proportional to the square of distance from the source.   
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In next Section we will disclose the ideas of how quanta of the variety of radiation waves, 
classified by us as virtual particles, interact with real particles, i.e., electrons. First, we will describe 
an experiment to show that light behaves differently as it passes through narrow slits as per the 
presence of a photo-multiplier detector verses the absence of one. The purpose of this experiment is to 
investigate how the probability amplitude for light varies as light quanta moves in space.  

 
Next, we will restate QED theory from Feynman that established interaction between 

radiation quanta and electrons as they propagate in space. Following that we shall derive a general 
expression for the probability amplitude of a light quantum as it propagates from point A to B in 
spacetime, and derive a similar expression for an electron as it travels from point A to B in spacetime. 
Here we will deal with three dimensional space and the fourth dimension of time. We will also explore 

the situation some have used to think of particulate time travel as feasible.. From our extensive explanation 
you will conclude that time travel cannot be possible. Next, we shall derive an expression to evaluate  
the probability amplitude for light scatter event by the electrons of atoms. 

 
6.4 Electrons and Light Quanta, Interactions 

 
 
 So far we discussed interaction of light with surfaces made of different materials at superficial 
microscopic level. In this section, we will investigate light reaction to substances on the nano scale.  
Some theories to describe natural phenomena are generally incomprehensible by the nature of it. Most 
phenomena, such as those found in the field of chemistry, whether physical or biological in nature, 
can be expounded in terms of the interactions of electrons with light quanta applying the principles of 
the QED theory. However, gravitation and nuclear phenomena are the exception because QED rules 
do not encompass the propagation of gravitational or nuclear forces, neither through the inner space 
of atoms nor through the outer-space encompassing celestial entities. 

 
In Section 6.1, we discovered that now we have a satisfactory mechanism to quantify the 

partial reflection of light by a pane of glass or a mirror and the transmission of light through glass. 
We have a way to predict how a specific quantum of light will be reflected by or transmitted through 
glass. From QED we can always calculate or predict a definite probability that a particular event will 
occur, whether light will it be reflected or transmitted. Before we explore the concepts of interaction 
between light quanta (virtual particles) with electrons (real particles), we would like to give you some 
background information on probability computations. When we deal with probabilities under ordinary 
circumstances the rules of composition follows from statistics. 

 
1. If something can happen in alternate ways, we add the probabilities for each of the ways. 
2. If the event occurs as a succession of steps or depends on a number of things happening 

concomitantly then we multiply the probabilities of each of the steps. 
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In quantum mechanics the probabilities are evaluated as the square of the length of the probability 
amplitude vector represented by an arrow. When we are expected to add probabilities, we perform 
vector addition of the arrows representing amplitudes. When we would like to multiply probabilities, 
we multiply the probability amplitude arrows by performing shrink and turn operations. Before we 
proceed to the main topic concerning the interaction of light with electrons, it would be good consider 
another peculiar behavior of light when passing through closely-spaced small apertures in a screen. 
Consider a designed experiment that has a schematic arrangement as displayed in Figure 6.14. The 
purpose of this experiment is to demonstrate that light’s behavior differs when a measuring device 
such as photo-multiplier detector is present in its path.  
 
 
 
 
 
 
 
 
 
 
 
Figure 6.14 Light behaviour depends on spacing between slits and condition.As light passes through two tiny 
holes A and B in screen S from source L to the detector D, nearly same amount of 1% is detected at D when 
either holes A or B is open. When both holes are open “interference” occurs: the detector clicks 0 to 4% of the 
time depending on the separation of A and B. 
 

For the setup shown in the Figure, light of one wavelength is emitted from a very weak source L 
that passes through holes A and B in screen S, reaching the detector D. The holes A and B are very 
tiny, a tenth of a millimeter, and are a few millimeter apart. Compared to the size and spacing of the 
holes, the distance between the source L and the detector D is great, namely 100 cm. Hole A 
intervenes on a straight line between L and D, whereas the hole B is tangential to line LAD, providing 
another path to the detector from source L. When hole B is closed, the detector records a certain 
amount of light reaching it because a fixed number of quanta of light passes through aperture A per 
unit of time. When we close the hole at A and open aperture B, the same amount of light quanta is 
detected by D on an average. This implies that when we “squeeze” light (restrict its path) too much it 
ceases to obey Fermat’s principle, namely, that light takes the path offering the shortest time of 
propagation through a medium.  

 
 An interesting event occurs when both holes are open. Interference is created as light 
propagates through both holes, in accordance with Huygens’s principle. If the holes are apart at a 
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certain distance, higher intensity is recorded by the detector (maximum being up to 4%) than the 
expected 2% because the phase difference of light on the wave front from both holes is such that the 
intensity amplitude is added If the two holes were slightly farther apart (a quarter wavelength) the 
phase differential of the wave fronts of light propagating through both holes are in opposition and 
light intensity is effectively zeroed. 
 

 
 
Figure 6.15 Experiment in which light passes through two tiny holes A and B in the presence of special 
detectors near A and B.  (a) The special detectors can tell from which hole quantum of light passed when both 
holes are open. (b) A quantum of light always goes through one hole or the other, the probability that it would 
go through any of the holes is 2%  when detectors are 100% reliable and there is no interference. (c) When 
detectors at A and B are less reliable than 100% more interference is present.  There are now three final 
conditions, A and D clicks, B and D clicks, and D alone clicks. The total probability varies from 1% to 3% 
depending on hole spacing. (d) The detectors in case (d) are more reliable than in case (c) because less 
interference is present. 
 

Now there is another twist which adds to the strangeness of light’s nature that needs to be 
presented. Suppose we place special detectors in the proximity of holes A and B on the detector side 
of the screen so that we can tell from which of the holes light quantum passed through when both 
holes A and B were open and light was detected by D. Quantum mechanics theorizes the probability 
that a quantum of light will traverse from L to D and is affected only by the spacing between the 
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holes A and B. This might imply that a quantum of light is subdivided into two entities that allow 
passage of light through both holes at the same time. Subsequently, the divided quantum is 
recombined and emerges as single quantum to be detected by D, the main detector of our scheme. 
According to this proposed argument, the detectors at both A and B aperture sites should always click 
or register quantum simultaneously. The detector at D will sense light with a probability of 0 % to 
4%, depending on the spacing between the holes and the interference produced. Is this what we find? 

 
The schematic of source L, Screen S, and detector D with additional special detectors at holes 

A and B is indicated in Figure 6.15 (a). For imperfect detectors at A and B, a varying degree of 
interference effect is observed at D as light passes from hole A or B that is inversely correlated with 

the reliability of detectors. The percentage of light reaching D with detectors at sites A and B having 
a varying reliability level is compared in figure 6.15 (b), (c), and (d). When special detectors are 
present, what actually happens is as follows: The detectors at A and B never register “hits” 
simultaneously by a quantum. Furthermore, the detector at D registers 2% of the time, the simplest 
sum of probabilities for A and B (1% + 1%). The probability of 2% is not affected by the spacing 
between the apertures; the interference detected by D will disappear when detectors with 100% 

reliability are placed at A and B. When detectors are less reliable, interference is high; and if 
reliability is zero, thereby simulating a condition of no detector presence, interference is at a 
maximum value of 4%. 

 
This strange behavior of light is framed so well by Nature that physicists will never be able to 

figure it out. If we include an instrument to determine which path light took, interference effects 

disappear. If we remove the instrument, in this case detectors at A and B, the interference occurs. To 
understand this paradox it is important to keep in mind an important principle related to probability 

computation. To correctly evaluate the probability of a compound event we must be very cautious to 
define the complete event clearly. Specifically, we must state what are 1) the initial conditions and 2) 
the final conditions in the experiment. When we introduced the detectors at A and B, we altered the 
physical situation completely and, thereby the probability calculations became entirely different. 
When there are a number of possible final conditions in an experiment, we must compute the 
probability of each as a separate, complete event before we combine them to find the result.  

 
Now let us address an answer to the primary question, Does QED have rules that describe 

every phenomenon in nature associated with interaction between electrons and light quanta? The 
answer is, yes. There are three basic possible interactions essential to provide an explanation of all 
phenomena pertaining to light wave interaction with the fundamental particle of an electron. First, let 
us discuss some obscurities created by wave-particle duality theory associated with what has been 
deemed the wave-like nature of particle electrons and the particle-like nature of light quanta. It turns 
out that, on a large scale, electrons behave as particles, which motions can be accurately characterized 
by the laws of classical mechanics. Particle electrons project a force of gravity on other particles and 
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it possesses a unique footprint described by its mass center. Similarly, on a large scale, the behavior 
of light can be accurately characterized as a wave of energy, in a form depicted in Section 2.7.  

 
However on the nano-scale, both electrons and quanta radiation seem to behave in an inverse 

manner. Electrons appear to behave as waves and light quanta appear to behave as particles within the 
nano-space of atomic dimension. The wave nature of electrons was explored in an experiment 
performed by C. J. Davisson and L. S. Germer at Bell Laboratories. They showed that when electrons 
are bombarded onto the surface of a nickel crystal they deflect at unpredictable, crazy angles, similar 
to X-ray behavior. The angle of deflection could be computed from the De Broglie formula for the 
wavelength energy expression of an electron. Furthermore, on a large scale electrons travel as 
particles on definite paths, obeying the laws of conservation of momentum and conservation of 
energy. But within the atoms, the space is so small and the speed of electrons is so high that there is 
no primary path “orbit”, electrons seem to wander; their paths being dictated by mostly charge forces. 
 
 Within the atom, light conversely appears to show predominantly particle nature and 
corpuscular behavior. The first official effort to indicate the particle nature of light photons came 
from Albert Einstein, his paper on the Photoelectric effect.  Both Einstein and Compton favored the 
particle nature of light because light exhibited momentum and conservation and caused scattering of 
electrons as a result of their collision with light photons. However, as per our explanation in Section 
1.6, these effects did not provide convincing proof for the particle nature of light. It is interesting to 
note that electrons were perceived to behave as particles on large scale when first studied, and their 
seemingly wave nature was only discovered at the nano-scale later by De Broglie. On the other hand, 
light was perceived to behave as waves for centuries, since the time of Newton, its particle 
characteristics were only later discovered by Einstein. 
 
 As we shall see, the quantum wave nature of light is completely characterized by the QED 
principles founded by Feynman. He was the pioneer physicist who invented the quantum mechanical 
nature of light, presenting three basic steps to explicate all the phenomena of interaction between light 
quanta and particle electrons. The rules that governs the interaction between light quanta and 
electrons are 
  

1. A quantum of light is without gravitational mass and travels in space-time. 
2. An electron moves in space-time and projects a force of gravity with entities with mass. 
3. An electron may emit or absorb a quantum of radiation under suitable conditions. 

 
Next, we will derive analytical expressions for three interactions mentioned in terms of 

probability amplitude. So far we have deliberately avoided the dimension of time while discussing the 
QED principle calculating the probability of events occurring in space; meaning that we have 
disregarded the problem concerning time, such as the exact moment when a quantum of radiation 
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energy leaves the source and the exact moment it arrives at the detector. We had assumed that the 
physical location of the source and detector did not change with respect to time, assuming a steady 
state situation. In reality, though, many systems deviate from a steady state condition because objects 
and particles are affected by the force of gravity from other objects. In general, to account for the 
positional variation of electrons or quanta in x, y, and z dimensions, the time-space coordinate 
representation requiring a diagram representing four dimensions. We will draw three space-time 
diagrams, one for each of the coordinates x, y, z, and t to describe the position of a quantum or an 
electron as it travels in space-time. 

 

 
Time t 

t0 

t1 

x, y, and z x0 x1 y0 
 

y1 z0 
 
z1 

 
O 

 
Figure 6.16 All actions in the universe which take place in space-time have four dimensions. .The movement of 
a real particle an electron is depicted simultaneously in all four dimensions. The position of the particle in x, y, 
and z directions vary with respect to time.  
 

To familiarize you with the multi-dimensional representation of a space-time diagram, we 
will illustrate the process for electron motion in Figure 6.16. When an electron, a real particle, moves 
in space, its displacement from its start position coordinates at time t0 (x0 y0 z0 t0) to new positional 
coordinates at time t1 (x1 y1 z1 t1), indicated by three resultant probabilities for motion in each 
dimension with respect to time. We will plot the time scale on the vertical axis and its displacement in 
x, y and z direction on the horizontal axis. Generally, the displacement scale is in linear units. As for 
the time scale, it is more convenient to represent time, not in seconds like ordinary plots, but instead 
in smaller units, corresponding to the time light spends in travelling a distance of 30 cm (1 ns) at an 
absolute speed of light c. Since we are dealing with quanta and electrons moving at the speed of light, 
a quantum will traverse on a line that is at 45  to the time axis. 

 
 It is important to note what all of us assume, that in all space-time diagrams, the time 
coordinate and its value is always increasing. Therefore, the backward temporal motion of any 
particle is not feasible. However, any particle is free to move forward or backward in space. To 
simplify our discussion and probability computations we will consider the motion of particles a single 
dimension, x. We can apply the same formulae for other dimensions by extending the principle. In 
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space-time diagrams we will draw a wavy line for quanta of light because the motion of a quantum is 
sinusoidal, both in time and in space. We will represent an electron by a dot because it is a particle 
with rest mass and a unique center of gravity. 
 

Now let us look at the first basic quantum action of light traversing from place to place, 
insomuch as quantum cannot be still. In other words, a quantum that is known to be at a given 
point at any given time has certain probability amplitude to visit another place at another time. 
Feynman created a space-time graph to describe first action (see figure 6.17). On the space-time 
graph, the light quantum at point A, x0 and t0 has amplitude to appear at location B, x1 and t1. The size 
of this amplitude we will call it as P (A to B).  
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Figure 6.17 Feynman space-time diagram for first QED action.. (a) A quantum is represented by a wavy line 
that has a probability amplitude to go from point A to B, P (A to B) which depends only on the difference in 
location (x1-x0), (y1-y0), (z1-z0) and difference in time (t1-t0).  (b) The calculated probability is at maximum 
corresponding to a path for which the spacetime interval metric I is at its minimum, a path of null geodesic. 

 
There is a simplified formula for the size of P (A to B) that depends on a quantity that is 

known as the space-time metric interval, I. This interval I is computed from a trivial function that 
results by subtracting the squared difference in time (t1-t0)2  from squared difference in space (x1-x0)2 
for points A and B. The major contribution to P (A to B) occurs at the absolute speed of light c and 
when the value of the metric I is 0.  Thereby condition of equation (6.21) is satisfied.  
 

(x1-x0)2 + (y1-y0)2 + (z1-z0)2 - (t1-t0)2  = 0     (6.21) 
 
When physical distance between points A and B equals the time distance, the contribution to 

probability amplitude is  maximized. Probability amplitude for P (A to B) also depends on number of  
paths for which light quanta are travelling at faster or slower than absolute speed of light c. The 
contributions from these paths are very small and they cancel one another out over long distances as 
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compared to the wavelength of the quantum in space. It so happens that light travels in straight line 
only at absolute speed of light, c. The trajectory of a quantum of light is curved when its speed is 
higher or lower than c. Now we are ready to state the mathematical expression for P (A to B) for 
quantum motion in general terms. 

                             n         m 

P(A to B) =  (    pi cos j)2     (6.22) 

                                        i =1 j=1 
where pi is the probability amplitude vector that depends on parameters such as surface textures and 
transparency of material. For glass its value is determined as 0.2. The index i sums the probability 
amplitude vectors for n (different paths, straight and curved), similar to those displayed in Figure 
6.10. The index j sums the vectors for m (different stopwatch hand angles j) as it advances over time 
interval t.  

As stated earlier, P (A to B) is at a maximum value when  pi cos j is maximized under the 
conditional minimized metric time-space interval [(x1-x0)2 + (y1-y0)2 + (z1-z0)2 - (t1-t0)2]. For that 
condition, equation (6.22) takes a simplified form equation (6.23), signifying a straight line distance 
between points A and B for which a quantum of light’s trajectory is null geodesic. The straight line of 
light makes a 45 angle to the time axis. 
 
 P (A to B) = [(x1-x0)2 + (y1-y0)2 + (z1-z0)2]     (6.23) 
 

You may be curious as to why the space-time interval is computed in this manner; why the 
time distance term (t1-t0)2 carries negative in sign in (6.19)? A non-trivial explanation for this is as 
follows: as the quantum of light travels a path, there is a chance it will interact with an atom’s 
electron into which it is “hits”. This interaction costs some delay, a penalty for which our stopwatch 
pays by advancing its arrow (arm) many steps. Even without the interaction with electrons, p, the 
quantum probability amplitude vector’s direction, is affected by time and its amplitude is scaled by 
the factor cos j. The exact formula and computation of this probability is obtained by apprehending 
Schrӧdinger’s equation for a quantum of light, treating it as a particle trapped in a spherical cavity or 
a shell in four dimensional space-time. Our premise is that the exact solution of the equation allows to 
compute  the correct value of probability amplitude.  

 
This completes our discussion on the first basic quantum action. The first basic law of QED 

stated that radiant quantum visits from place to place with a certain probability, having definite 
probability amplitude. It may appear that this should explain everything about optics and the entire 
wave theory of light. Well not quite, we have left out polarization, the effects of gravity, nuclear 
forces and the interaction of light with matter. This brings us to the discussion of the second law. The 
second action fundamental to QED is: A free electron not bound to any nucleus or to any 
crystalline lattice structure of an atom will wander from point A to point B in space-time. 
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To simplify our discussion, we will consider the motion of a hypothetical electron which has 
no polarization, a spin-zero electron. Actually, real electrons are particles with ½ spin moment, the 
direction of rotation (clockwise or counter clockwise around its spin axis) defining its polarization. 
For a moment we will ignore polarization because it only slightly modifies the formula for probability 
amplitude calculations. We will denote probability amplitude for this action as E (A to B), which also 
depends on difference in location (x1-x0), (y1-y0), (z1-z0) and difference in time (t1-t0). In addition to 
location probability amplitude depends on magnetic moment m of the electron, its polarizing factor. 
Thus, final formula for electron probability E (A to B) is more complicated, especially if we apply 
Schrӧdinger’s equation to the spin-particle electron in a box and analyze the probability amplitude in 
that way.  

 We will hereby continue our discussion to derive a formula for E (A to B) by a simple 
process. However, the formula developed by employing Schrӧdinger’s equation is best left to future 
text books. It is interesting to know that formula for P (A to B) probability amplitude for a quantum in 
transit from place to place is the same as that for E (A to B)-an electron in flight from place to place-if 
polarization factor m is set to zero. The end result formula for E (A to B) is complex, but there is an 
intriguing way to explicate its nature. E (A to B) can be represented by a giant sum of probability 
amplitudes (analogous to equation (6.22). In a lot of different ways an electron can traverse from 
point A to B in space-time as indicated in figure 6.18 (a). The electron could take a “one-hop flight,” 
going directly from A to B, it could take “two-hop flight,” stopping at an intermediate point C when it 
is on route from A to B, or it could take a “three-hop flight,” stopping at point D and E, and so on. 
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Figure 6.18 An electron has a tendency to travel from point A to B  because it is a mobile charged particle. (a) 
An electron’s motion is represented by a path, solid line that has a probability amplitude E(A to B)  to go from 
point A to B. E(A to B) depends not only on difference in location (x1-x0), (y1-y0), (z1-z0) and the difference in 
time (t1-t0), i.e. the number of “hops” it takes, but also depends upon its polarization factor, magnetic moment 
m. (b) To calculate the probability of a pair of electrons 1 and 2 in space-time that end up at points 3 and 4, a 
concomitant event. 
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To probe more deeply, the probability amplitude for each “hop” from any point F to G for 
electron E (F to G), is same as the probability amplitude for quantum P (F to G). The amplitude for 
each “stop” is multiplied by attenuation factor m2. Thus, the formula for E (A to B) is a series: 
E(A to B) = P(A to B) “one-hop” + P(A to B) “two-hop” + P(A to B) “three-hop” + …hops 
 
 

E(A to B) = P(A to B) + P(A to C) * m2 * P(C to B)  
                                 + P(A to D) * m2 * P(D to E) * m2 * P(E to B) + …  (6.24) 
 
In the language of mathematics equation (6.24) can be rewritten in a more compact form. 
 
                                         n     h 

E(A to B) =  (    m2dPi(A to d))    (6.25) 
                                        i = 1 d = 0 
 
where n is the number of alternate paths, d is the hopping distance and h is the maximum number of 
hops under consideration. Here d is replaced by alphabet character C, D, E, and so on, depending on 
the product term and hop under consideration. Note that for greater values of m, the non-direct path 
makes a larger contribution to the final resultant probability amplitude. When m is zero (as in the case 
of light quantum) all terms with a m multiplier drops out, leaving only the first term which is equal to 
P (A to B). This implies that E (A to B) and P (A to B) are closely related.  
 

QED principles for probability computation can easily be applied to find the probability of 
composite events, such as movement of a pair of electrons depicted in figure 6.18 (b) that travel from 
points 1 and 2 to points 3 and 4. The resultant probability amplitude E(12 to 34) is obtained by adding 
the probabilities of alternate ways the event could occur. We calculated the probability amplitude 
vectors each way the event may have occurred and then added all vectors. If we wish to account for 
the polarization effect, then we perform the subtraction rather than the addition of vectors. 

 
In the diagram, the electron from point 1 may go either to position 3 or 4, each one 

corresponding to a different way. Also, electron 2 may travel to either position 3 or 4, each one 
constituting an alternate way. However, the probability that electron 1 is going to position 3 and 
electron 2 is going to position 4 constitutes a concomitant (simultaneous) event. The probability of 
such a concomitant event is computed by the multiplication of the probability of each step. Therefore, 
we get following expression for the probability of the composite event. 
 
 E(12 to 34) = E(1 to 3)* E(2 to 4) + E(1 to 4)* E(2 to 3)  (6.26) 
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 If we take into account the effect of polarization, the second term should be subtracted 
because the stopwatch arm advances by 180. Then, the equation (6.26) takes the form of equation 
(6.27) when electron motion does not involve the action of the third nature, namely emission and 

absorption of radiation quanta. If indeed emission or absorption does occur for electrons in transit, 
the formula becomes even more complicated. 
 
 E(12 to 34) = E(1 to 3)* E(2 to 4) - E(1 to 4)* E(2 to 3)  (6.27) 
 

Therefore, let us expound on the third action basic to QED, an electron absorbs or emits a 
quantum of wave of energy when disturbed by any mechanism and is forced to alter its present 
stable energy state. While discussing the details of this third action, Feynman did not distinguish a 
quantum emission event from an absorption event because he did not find any quantitative difference. 
His conjuncture was right, because in practice the frequency of emitted spectral lines is the same as 
absorption lines for the same energy state transition of electrons. He called the third action a 
“junction” or a “coupling”. In a space-time diagram representation of the third action Feynman 
utilized a solid line to describe path of an electron and wavy line to represent motion of quanta. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.19 An Electron in transit experiencing the third QED action. The event can occur in several different 
ways. The three possibilities in figure 6.19, (a), (b) and (c), are illustrated for probability computations. Two 
alternatives, (a) and (b), are different because the probability amplitude E(1 to 5) is not the same as E(1 to 6).  
 

In his diagrams, every coupling was an emission or an absorption event, and was drawn as a 
junction between an incoming straight line, an incoming or outgoing wavy line, and another outgoing 
solid straight line (see figure 6.19). A noteworthy fact about identical emission or absorption spectra 
is in their uniqueness or characteristics corresponding to all substances found in nature.  The analysis 
of spectral lines is the most commonly employed technique to study the chemical composition of 
substances under consideration due to their unique frequency of absorption spectrum lines as well as 
their emission spectral lines. Both the absorption and emission spectral lines of a substance are 
identical. 
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For this action, Feynman insisted, there is no complicated formula for the amplitude of an 
electron to emit or absorb a quantum. The event did not depend on anything, and is a constant number 
that he called j. We designate it as a coupling coefficient whose value is about -0.1, shrinkage of 10% 
and a stopwatch arm advancement of one half of a turn. This is a somewhat simplified picture painted 
by Feynman which provided accurate results for motion of free electrons in space. As explained 
before, a far accurate radiation and absorption probability amplitude should be computed by solving 
Schrӧdinger’s equation for a four dimensional space-time model of bound electron particles in a box.  
 
Now we will focus on developing an expression for the probability of a pair of electrons to appear at 
locations 3 and 4 in transit from location 1 and 2. This expression is for the case in which the pair of 
electrons are undergoing the third QED basic action with the absorption and emission of quantum of 
energy when in transit. The total probability is computed by adding the probability for each way the 
transition of electrons to their final positions may occur. The situation in which a pair of electrons in 
positions 1 and 2 may appear at positions 3 and 4 in three different ways after an emission or 
absorption of energy quanta is illustrated in Figure 6.19 (a), (b) and (c). Let us state expression of 
probability computations in each of these cases.  
 
E (12 to 34)a = E(1 to 5) * j * E(5 to 3) * E(2 to 6) * j * E(6 to 4) * P(5 to 6) (6.28) 
 
E (12 to 34)b = E(1 to 6) * j * E(6 to 4) * E(2 to 5) * j * E(5 to 3) * P(5 to 6) (6.29) 
 
 
E (12 to 34)c = E(1 to 5) * j * E(5 to 7) * j * E(7 to 3) * P(5 to 6) * 

   E(2 to 8) * j * E(8 to 6) * j * E(6 to 4) * P(8 to 7) (6.30) 
 
E (12 to 34) = E(12 to 34)a + E(12 to 34)b + E(12 to 34)c    (6.31) 

 
In the above expressions j is inserted in the product term every time an emission or 

absorption of a quantum of energy occurs in connection with an electron. Also, the expression 
contains a P ( A to B) type of term whenever the quantum exchange event is complete. That is, when 
both absorption and emission is associated with the same quantum. Thus, there are six E (A to B)’s, 
two P ( A to B)’s, and four j’s for every possible 5, 6, 7 & 8! This requires that billions of tiny arrows 
have to be multiplied and then added together because positions 5, 6, 7 and 8 could be anywhere in 
space and time. It might appear that this process of computing probability is trivial. In reality, it is a 
daunting task and challenges even the most advanced computer systems having highly sophisticated 
vector  processing capabilities. 

 
From the above discussion, it is evident that the generalized expression for probability 

computation can be highly complex for third QED action. Details for any specific instance of quanta 
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and electron configurations may be worked out if enough resources of both manpower and computer 
hardware/software power is committed for such a project. Nevertheless, let us develop a general 
expression for the probability of electrons appearing at different locations experiencing third QED 
action. 

 
For the sake of convenience, we will introduce a new notation for electron probability 

amplitude E (A to B) and for quantum probability amplitude P (A to B). In a generalized 
configuration, we could have k electrons assuming 1 to k positions at the start, and after travelling 
some distance have them assume positions m thru n at a future time. Therefore, we will designate 
electron probability amplitude E (1…k to m…n) succinctly as 1...kEm…n. Similarly we will denote 
probability amplitude for one electron from a source point to a destination point, E (a to b) as aEb, 
where a is the starting position and b is the end position. It is important to know that point b may be 
an intermediate point and not the terminal position always. Next, we will denote the probability 
amplitude P (p to q) for any quantum to travel from any point p to q as pPq.  For radiation quantum, p 
is the emitting point and q is the absorption point. 

 
Since the total probability 1...kEm…n is a function of (additive) sub-probabilities with suffix a, 

b, and c, in a more general configuration there may be x different ways quanta are radiated or 
absorbed. Therefore, we will express sub-probabilities by applying x suffix to the total probability, 
(1...kEm…n)x where x is some numerical value depending on the number of alternate ways quantum 
exchange events may have occurred. Before we derive generalized expressions for probability 
computation, we will rewrite equations (6.28), (6.29), (6.30) and (6.31) using a more compact new 
notation.  
 

(1...2E3…4)a = 1E5 * 5E3 * 2E6 * 6E4 * 5P6 * j2 =  j2 * nEm *  pPq  (6.32) 
        n = 1...2, m = 3…4, p=5 & q =6 

In equation (6.32) it is granted that if y is an intermediate position for an electron which is at an initial 
position x and a final position z, then the probability amplitude for electron action without quantum 
interaction is xEz = xEy * 

yEz. Similar to equation (6.32) we will write three other equations in 
compressed format.  
 

(1...2E3…4)b = 1E6 * 6E4 * 2E5 * 5E3 * 5P6 * j2 =  j2 * nEm *  pPq  (6.33) 
        n = 1...2, m = 3…4, p=5 & q =6  

 

(1...2E3…4)c = 1E5 * 5E7 * 7E3  * 5P6 * j2 * 2E8 * 8E6 * 6E4  * 8P7 * j2   (6.34) 
 
(1...2E3…4) = (1...2E3…4)a + (1...2E3…4)b + (1...2E3…4)c    (6.35) 
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 Now we are ready to write an expression for the probability computation of a very general 
electron configuration under the influence of the third QED action. 

                                                    d 

 (1...kEm…n) =   (  j2d nEm *  pPq)c     (6.36) 
            c =1, n = 1...k, m = m…n, p=5..r & q =6..s 

where c is the number of alternate configurations, n is the number of electrons in transit, and p and q 
are the number of emissions and absorption of quanta. 
 

We would also like to point out a strange situation regarding emission and absorption of 
radiation quantum interaction with an electron under the influence of the third QED action. 
Sometimes it may appear that a quantum is absorbed before it is emitted in time when a pair of 
electrons are in transit undergoing the third action. In that case, we should view it as a reverse 
exchange phenomenon rather than a negative time event. Let us understand the meaning of a reverse 
exchange process by studying an example that is illustrated in figure 6.20. 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.20 Quantum  and electron traversing backward in time. The scenarios on right side in (a) and (b) are 
forbidden. Since light quantum has an amplitude to go faster or slower than absolute speed of light, quantum in 
(a) all three examples can be thought of as being emitted first and then absorbed. Therefore, point 6 on RHS 
section of figure 6.20 (a) could not represent an event that occurred before an event occurring at point 5.  
Similarly in figure 6.20 (b) electron in position 5, cannot travel backward in time to emit quantum first at 5 and 
then absorb quantum at position 3.  
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Consider the situation of figure 6.20 (a) in which electrons 1 and 2 are moving forward in 
time. Electron 1 is moving forward in space, whereas electron 2 is moving backward, both with 
reference to a fixed point origin O. After a certain time has elapsed electron 1 emits a quantum when 
it reaches position 5. The quantum from position 5 travels meeting electron 2 at position 6, and is then 
absorbed. Three possibilities exist for when the quantum is absorbed by electron 2 at position 6. It is 
absorbed either after some time elapsed for the quantum to travel from point 5 to point 6, or it could 
happen in zero time if electron 2 is arbitrarily close to electron 1 at point 5, and the third scenario is 
when electron 2 absorbs the quantum first and electron 1 emits the quantum. 

 
About the situation in figure 6.20 (a) Feynman in his explanation stated that in the case of 

third possibility, quantum is absorbed at point 6 by electron 2 before it is emitted by electron 1 at 
point 5, representing a quantum motion backward in time. To avoid the negative time travel of 
quantum he conceived that quantum was emitted by electron 2 in position 6 and was absorbed by 
electron 1. He called this the  reverse exchange quantum phenomenon. Regardless of the order in 
which absorption or emission of quantum occurred, for probability amplitude computation purposes 
he multiplied terms on the right hand side by quantum probability P(P to Q), which made sense. 

 
We subscribe to the idea that negative time travel of particles or waves is forbidden. 

According to our theory of Special Skylativity® time is absolute, and is forever increasing; see 
Chapter 3. Therefore, no quantum would ever traverse backward in time. Analogous to the situation 
of a quantum in 6.20 (a), electron 1 from position 5 in figure 6.20 (b) should not transfer to position 3 
and capture a quantum at a prior time coordinate than at 5.  We shall later state the apparent 
backward time travel (negative time) for real particle electrons when we describe the scattering of 
light. You will discover that negative time travel in reality is implausible. The time coordinates of any 
particle is always increasing.  

Also, there is another good reason why particles cannot retrace their position to the same 
space-time coordinates again. The gravitational forces on all particles in Universe are changing all the 
time. The gravitational field is asymmetric; it is not uniform. Furthermore, the position of all charged 
particles is affected by gravitational forces, albeit to a lesser extent than charge forces. Thus it is 
salient that we discuss the scattering of light, considering the virtual backward (negative) time travel 
possibilities for real particle electrons. 

 
There is one more point. We would like to talk about the relationship between the frequency 

of quantum emitted and the energy states of electrons. From our perspective, it is important to 
understand that both the energy of radiation and absorption quantum is quantized. Its value 
corresponds to the energy difference between the allowable stable energy states in accordance with 
Bohr’s model for electrons bound in orbit around an atom’s nucleus. For example, the frequency of 
radiation or absorption is computed from expression (6.37) for the nucleus of a hydrogen atom.  In the 
expression, kg is a gravitational correction factor that will be discussed in more detail in Section 8.6. 
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f = (kee2/2r0h) [1/nf

2 - 1/ni
2] [1 + 1/kg]    (6.37) 

 
Our next job is to tie together these three actions to represent a situation that is more 

complicated but is essential in analyzing the sophisticated phenomena of the scattering of light 
through space and the partial reflection of light (refraction) through semi-transparent glass.  Let us 
look at the way scattering of light occurs in practice. As radiation from the Sun traverses through the 
Earth’s atmosphere its quanta interact with the electrons of gas atoms in the atmosphere. The 
electrons acquire energy from quanta by absorbing them. After the electrons travel some distance they 
then radiate new quanta of radiation. We thereby see the blue color of the sky.  

 
Now, we would like to help you to comprehend a simulated backward-in-time travel event for 

an electron as we move forward in time. Our intention is to show that occasionally when a high 
energy quantum disintegrates into a particle and an anti-particle pair, it may appear that one of the 
particles has travelled backward in time. To explicate this effect we will divide the time axis of figure 
6.21(a) into ten slices, T1 to T10.  We begin at T0 when an electron E1 is moving toward a quantum Q1. 
All of a sudden Q1 splits into a positron P2 and electron E2 pair. This happens particularly if the 
quantum meets another high energy particle. The positron P2 does not travel a long distance and 
interacts with electron E1 at T5, where they annihilate to produce a new quantum Q2. Meanwhile 
electron E2 created by Q1 continues to travel in space towards T10.  

 
  
 
 
 
 
 
 
 
 

 
 
 
Figure 6.21 Simulated time travel event and Scattering of light by an electron in an atom.   (a) When quantum 
Q1 disintegrates into P2 and Q2 a false impression of time travel of E1 is observed because the annihilation of 
positron P2 and electron E1 led to negative time travel.  (b)  An electron is kept within a certain distance to the 
nucleus under the balance of attractive charge forces, the centrifugal force (due to KE) and the exchange of 
quanta. (c) Scattering of light from hydrogen atoms in the Earth’s atmosphere. 
 

It is well known that a positron carries a unit positive charge (opposite polarity to an electron) 
and has a mass of an electron. When a positron is in the vicinity of an electron it is attracted toward 
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the electron, as opposed to the repulsive motion of another electron. Therefore, the space motion in 
forward time of P2 appears to be a backward time travel motion of electron E1 in space.  Analogous to 
this the forward temporal spatial motion of P2 appears to be a backward time travel in presence of a 
positron. The splitting of quantum Q1 into P2 and E2 effectively allowed the emission of Q2 at later 
time T5 from E1 over a larger distance in space than the absorption of Q1 by E1 at an earlier time. In 
summary, E1 moved forward in time to emit Q2 and then moved backward in time to absorb Q1. 
Subsequently, E2 moved forward in time to T10. Since we began with one electron E1 and one 
quantum Q1 pair that end up with one quantum Q2 and electron E2 pair, we naturally interpolated that 
E1 travelled backward in time. As was explained previously, if we take into account the effect of 
gravity on the motion of charged particles, the motion of electrons and positrons will not constitute 
evidence for backward time-travel.  

 
We would like to next discuss quantum radiation emissions originating from an electron 

residing within an atom. To understand the behavior of electrons in atoms, we have to take into 
consideration the internal structure of atoms. The nucleus of an atom, the heavier part its center, 
consists of at least one proton. The spatial and temporal motion of gas atoms, such as hydrogen, is 
very complicated.  In this case we will assume that the nucleus is virtually quiet, and therefore we can 
approximate the behavior of the particle proton (the center) by stating that it essentially stays 
approximately at the same location as it moves forward in time. Therefore, we may say that proton 
behavior has a probability amplitude to go from one place to another in space-time according to the 
formula for E(A to B), but with the difference that m has a much higher value than its value, ½, for an 
electron. 

 
In figure 6.21 (b), the quantum radiation system in a hydrogen atom is displayed. Hydrogen is 

the simplest atom that consists of one proton at the core and one electron in orbit. By exchanging 
quanta, the proton keeps the electron dancing around within a spherical orbit. Atoms that contain 
more than one proton and the corresponding number of electrons also maintain position of electrons 
in balance by quanta of radiation. A quanta radiation diagram for multi-proton atoms may contain 
very large numbers of representative solid and wavy lines; i.e. figure 6.21.  For instance, the 
scattering of  light by an electron is the phenomenon that accounts for partial reflection of light in a 
layer of glass. Therefore, to determine the probability amplitude for the partial reflection of light from 
a thin layer of glass remains an arduous task by any means. 

 
Now we will describe the phenomena of radiation quanta from an electron within a hydrogen 

atom that interacts with sunlight. As we have pointed out, atoms of gases in atmospheric air scatter 
sunlight and make the sky blue. Similar to the situation represented by figure 6.21 (b), under normal 
circumstances electrons and their associated nuclei continuously exchange quanta of radiation. When 
a quantum arrives to meet an atom, it hits an electron and it is absorbed (see figure 6.21 (c)). At a 
later time, because of the change in energy quantum state of the electron, a new quantum is emitted. 
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As usual, to calculate the probability amplitude various possibilities must be considered. For example, 
a “new” quantum may be emitted before the “old” quantum is absorbed, or the emission and 
absorption of quanta may occur at the same time.  

 
In Figure 6.21 (c), the total probability amplitude for all the ways an electron can scatter a 

quantum can be summed up as a single arrow, a certain amount of shrink and turn. This amount of 
shrink and turn we shall designate by vector S, depending on the type of substance. Mainly, this 
would be dependent upon the function of the nucleus of the atom and the arrangement of electrons in 
the atom. Therefore, for example, the value of S is different for different gases. Thus, the amplitude 
for quantum scattering by an electron of a hydrogen atom  is (-j) * E(A to B) * (-j), two couplings of 
quanta and an amplitude for an electron from place A to B. The amplitude for a proton to have a 
coupling with a quantum is –j. Furthermore, it is important to note that the frequency of emitted 
quantum is the same as the frequency of quantum absorbed by two electrons in the same quantum 
state. However, the frequency of emission of quantum for an electron in a different final quantum 
state than its initial quantum state is different by the amount that corresponds to the difference in 
energy states. 

 
In the next section, we will learn more about how a quantum of light interacts with electrons 

when it approaches atoms of a different material, such as when light crosses the boundary of one 
medium to another. We shall also expound further why light moves slower in water and in glass than 
it does through air. In our opinion, the physics of interaction of virtual particles (light and radiation 
waves) with real particles electrons is unique in its effects and requires very careful interpretation of 
what is observed. Additionally,  we will explicate the physical significance of interaction between 
radiation waves and electrons from the QED stand point. 

 
 

6.5 QED Actions and Light Propagation 
 
 
In this Section we will again examine the phenomenon of the partial reflection of light by a layer of 
glass. How does it really happen in practice? Previously, we studied light reflection phenomenon by 
applying trivial concepts in order to keep our explanation simple. In actual fact, light is not affected 
by the surface, per se, but it instead interacts with the electrons of the atoms located on the surface of 
a glass plate according to the rules of QED action. An incoming quantum of light is scattered by the 
electrons of surface atoms. First, the quantum is absorbed by an orbiting atomic electron at the 
material’s surface and then a new quantum is emitted. Consequently, the new quantum interacts with 
an electron of a neighboring atom and a chain of events of absorption and emission continues through 
the medium. Finally, a quantum is emitted from an electron positioned on the rear surface of the glass 
plate , finally reaching the detector. 
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Evaluating the probability amplitude for light reaching a detector would ordinarily require 
adding billions of tiny arrows representing the amplitude of all the electrons residing within the glass 
scattering an incoming quantum. Instead, we can simply add the probability amplitude for just two 
arrows, one for the “front surface” reflection and the other for the “rear surface” reflection. As it 
happens, we derive the same answer. Let us reason out why.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.22 Amplitude of light quanta emitted from monochromatic and achromatic sources. (a) Amplitude of 
monochromatic light is predictable. (b) Amplitude of achromatic light is mixed and so is the color. Sun light 
appears white as seven different colors of rainbow are combined while light travels at speed c. 
 

To discuss the reflection from a layer of glass by means of our new perspective we must take 
into account the dimension of time in the probability amplitude computations during quantum 
electrodynamics action. Previously, when we talked about light from a monochromatic source, we 
used an imaginary stop watch that timed a quantum as it moved. The hand of this stopwatch 
determined the angle of probability amplitude for a given trajectory of the quantum. Let us learn more 
about different light sources producing light at varying frequency and energy, and the timing of these 
light quanta. 
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Light is produced at a source into two different types, either monochromatic or achromatic. 
As stated earlier, monochromatic light is comprised of one wavelength, and the amplitude of its 
quantum varies with time that proceeds at a constant pace. White light, derived from an achromatic 
production source, consists of many colors mixed together. The production source emits quanta in a 
chaotic manner, producing different wavelengths of light. The angle of amplitude of white light 
quantum changes abruptly and sporadically. Therefore, white light contains a number of varying of 
light quanta whose amplitude changes at different rates for each color and wavelength having been 
produced. On the other hand, monochromatic light sources, by construction, emits quantum that have 
amplitude at a certain time that can be easily and precisely calculated. In Figure 6.22 (a) and (b) 
amplitude for light quanta from monochromatic and achromatic light sources are exhibited. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 6.23 Analysis of partial reflection of light by two considerations..1. Adding PA arrows for reflections 
from six sections X1 thru X6 and 2. Adding PA arrows for reflections from the front and the back surface. (a) 
PA is assessed by dividing a layer of glass into six thin sections and looking at various ways light makes its way 
from the source S to the glass and back up to the detector D. (b) The only important points in the glass where 
the amplitude of scattering light is significant are located at the center of each section X1 to X6, as shown by the 
vertical lines of the space-time graph. (c) The event probability we are interested in calculating is: the detector 
at A making a click each time a light quantum arrives, the resultant PA is obtained by shrinking and turning by 
90 the PA arrows for X1 to X6.  (d) It is indicated that the same resultant arrow is produced by adding 
reflection from the front surface and the 180 phase shifted reflection from the back surface. 
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In general, the rate of the turning watch hand timing the quantum of light depends on the 
color of the light. The amplitude of a blue light quantum turns nearly twice the speed of a red light 
quantum. So the timer that we used to calculate the amplitude for a light from a monochromatic 
source indeed evaluates the angle of amplitude for a given path.  The amplitude angle depends on the 
time elapsed, since the quantum was emitted from the light source. 
 

The total probability amplitude formula P(A to B) takes into account the amplitude for light 
to traverse from one place to another over several paths, each corresponding to a different speed of 
light that would include the true speed of light c. It turns out that probability amplitude contribution 
from paths for light travelling at speeds other than c cancel out because the distance from the source 
to the detector in our experiment is much, much greater in comparison to the size of an atom and a 
wave length of light. Therefore, the only surviving contribution to P(A to B)’s length (amplitude) that 
is predominant is arriving from paths corresponding to speed of light c. Now, we will turn our 
attention to the probability determination of light quanta from partially reflecting surfaces. 

  
To usher in the calculation of partial reflection by a new method, we start by describing the 

event completely: First, the detector at A makes a click at a certain time, T. Then let’s divide the layer 
of glass into a number of very thin sections, say six, as indicated in Figure 6.23, X1 thru X6. From the 
analysis we did in section 6.3.1, we discover that nearly all the light is reflected from the middle of a 
mirror. Now we know that although each electron is scattering light in all directions, when the 
amplitude for all the arrows are added for each section, the only place where they don’t cancel out is 
where the light goes straight to the middle of the section and scatters in one of two directions. The 
two directions are straight back up to detector A, and straight down through the glass. The final 
amplitude arrow for the event will thus be determined by adding the six arrows representing the 
scattering of light from the six middle points X1 to X6 arranged vertically throughout the glass. 
 

Let us compute the magnitude of the arrows for each of the ways the light from source S 
could travel via the six points X1 to X6 within the glass. There are four steps involved which must 
happen sequentially in each of the six ways the event may occur.  Therefore, the four arrows of 
amplitude must be multiplied. The event whose probability we are interested in calculating is: the 
detector at D makes click each time light quantum arrives. 
 

1. A quantum of light is emitted from the source at a certain time T. 
2. The quantum moves from the source to one of the points in the glass. 
3. The quantum is scattered by an electron at that point, a natural interaction. 
4. A new quantum makes its way up to the detector A. 

 
For that purpose, it is accurate to state that the amplitude for steps 2, 3, and 4 are the same for 

six events. The amplitude for step 1 is different for a quantum scattered by a surface electron for X1 
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event vs. a quantum scattered deeper in the glass by any other events X2, X3, X4, X5 and X6. The 
reason is the time for which a quantum would have been emitted to reach the detector D at time T is 
not the same for six different paths. A quantum scattered by X1 would have been emitted slightly 
earlier than the one scattered by X2 because path X2 is longer than path X1. Next we shall explicate the 
effect of the difference in time on amplitude. 
 

By inspection of events it is evident that the amplitude of the arrow at T2 corresponding to 
path X2 for step 1 is turned more than the arrow at T1. There is a good reason, the amplitude for a 
monochromatic source of light emitting a quantum at a certain time rotates clockwise as time elapses. 
Similar implications are applied for all the paths X2 down to X6; all six arrows are of the same length 
but they are turned to positions of different angles. The amplitudes for steps 2 and 4 involve no 
shrinking or turning as light quanta propagate in the same space (medium air) from source to glass 
and from glass to detector. The reason for this is that no light is lost or spread out between the source 
and the glass or between the glass and the detector. For step 3 in which an electron scatters a 
quantum, the amplitude for scattering is constant, a fixed amount of shrink and a certain amount of 
turn S that is the same everywhere in the glass (but could be different for glass of a different 
material). For glass under consideration, the turn S is 90. Now we are ready to evaluate the effective 
amplitude for each path and resultant amplitude. 

 
After shrinking the arrow at T1 in figure 6.23(b) by the amount prescribed by steps 2, 3 and 4, 

and turning it 90 prescribed in step 3 we end up with arrow 1 displayed in figure 6.23(c). We should 
apply the same procedure for the arrows 2 through 6. Next, we add arrows 1 thru 6, a vector addition; 
the head of arrow 1 is connected to the tail of arrow 2 and etc. As a result we get a figure that looks 
similar to an arc, a section of a circle. The final arrow forms the chord of this arc. The length of the 
final arrow increases with the thickness of the glass. The greater the thickness of the medium, the 
more sections and more arrows are needed for our description, which implies a larger arc of a circle. 
The arc length increase until it becomes a half-circle, giving us the peak amplitude result equaling the 
diameter of the circle. With the further increase in the thickness of a glass medium, the length of the 
final arrow continues to decrease and the circle is completed to start new cycle. The square of the 
length of the arrow is the probability of the event, and it varies cyclically from 0% to 16%. 
  

There is a mathematical trick that we can employ to get the same correct answer for the 
probability of partial reflection. To achieve this we can imagine that all of the reflected light has 
originated either from the front surface or from the back surface. In order to capitalize on the idea, we 
may draw two arrows from the center of the arc circle, one from the center to the tail of arrow 1 and 
another from the center to the head of the arrow 6, we thus get two radii. If the radius arrow from the 
center to arrow 1 is turned 180 (vector subtraction), then it can be combined with the other radius 
arrow to produce the same final resultant arrow. Thus, the two radii represent reflected light from the 
front surface and the back surface, respectively. They each have a length of 0.2 units. This is an 
intuitively easy analysis of reflected light. Although providing a correct answer it nonetheless 
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conceals the facts revealed by the use of our articulated space-time-arrow analog. The employment of 
six arrows forming a part of a circle, articulating reflections from thin sheets of glass is a realistic 
description of events, and it paints a more accurate picture for partial reflection, and the scattering of 
light by electrons inside the glass.  
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Figure 6.24 Analysis of partial transmission of light .. by dividing a layer of glass into six thin sections and 
looking at various ways light makes its way from source S to the glass and then to the detector D. (a) A pictorial 
representation of the system. (b)The largest amplitude for light that is transmitted through the layer of glass to 
the detector D representing light passage through the glass without scattering by any electron. (c) To this arrow 
we add six small arrows that represents scattering of light by electrons from each of the sections X1 to X6. For 
transparent material little arrows are normal to the direction of principal arrow. (d) For slightly opaque material 
that absorb light to certain extent, the little arrows point towards the main arrow, resulting in a final arrow 
significantly shorter than principal arrow causing dimmed transmitted light. 
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Next we will shift our attention to the case in which light passes through a layer of glass. We 
will perform a probability amplitude analysis of light as it passes through a transparent glass plate and 
a slightly opaque sheet of glass. We will compare the characteristics of the resultant probability 
amplitude in both instances. For these purposes we will refer to the figure 6.24 (a), (b), (c) and (d). 
We shall also apply QED principles to examine it further. 

 
To determine the resultant transmission amplitude we add the six small arrows to the 

principal amplitude, representing a direct transmission without scattering. The final amplitude thus 
obtained is of the same length as main arrow but is turned to a slightly different direction. The thicker 
the glass, the more minor arrows there will be, and the more the final arrow is turned. After addition 
of the small arrows to the large one (amplitude to reach D without scattering), we find the final 
resultant arrow for the transmission of light through glass turned more than what we would have 
expected if light arrived only from a direct path. For this reason it appears that light takes longer to 
flow through glass than through air or a vacuum, such as space.  The amount of turning of the final 
arrow caused by electron scattering within a material is known as the index of refraction. The 
principle that the amplitude of light turns as the thickness of glass is increased is applied to construct 
focusing lens. In a focusing lens, the final arrows for all the paths are directed to a focal point by 
inserting extra thicknesses of glass intersecting the shorter paths. 
 
 A similar effect of slowing light by adding extra glass can be accomplished by causing a 
quantum of light to traverse through denser material such as water (as opposed to air). The extra 
turning of amplitude vectors caused by the atoms of glass is responsible for the slowing of light. The 
degree to which there is turning of the final arrow as light travels through a given material is called 
the material’s “index of refraction”. For opaque substances absorbing light, the orientation of minor 
arrows is at less than right angles to the principal arrow. This causes the length of final arrow to be 
smaller than the length of the principal arrow, indicating that the probability of quanta flowing 
through partially opaque glass is much smaller than through transparent glass. 
 

In reflection and transmission, each of the arrows representing reflection by a section forming 
a “circle” has the same length as each of the arrows that make up the final arrow of transmission. 
Thus, there is a relationship between the partial reflection from a material and its index of refraction. 
In the transmission case of transparent material, it appears that the length of the final amplitude arrow 
is longer than the incoming amplitude, which gives an impression that more light reflects from the 
glass than the light that was initially incident to it. In reality, the sum of transmitted and reflected light 
is always 100%. We receive the wrong impression because we neglect the probability amplitude of 
quanta being scattered by electrons within the glass. As new quanta are emitted from electrons the 
more complicated the probability amplitude distribution becomes. This results in our descriptive 
formation of tiny arrows along the distribution arc of probability amplitude keeping the length of the 
final arrow amplitude between 0.92 and 1.0. 
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One of the fantastic applications of Feynman’s theory of light (FTL) is that it can more  
accurately predict the behavior of black holes as it relates to light than predicted by Hawkings. As we 
shall see in Chapter 10, it was originally claimed that black holes trap light when passing at a distance 
of the event horizon because of their super-intense gravitational field. When the issue is discussed at 
length in Section 10.3, you will conclude that in reality light is completely absorbed by black holes. It 
happens that concepts developed by us about interaction of light with black holes are well supported 
by FTL. According to FTL, inside black holes the final reflection arrow length (probability 
amplitude) is reduced to zero. The main reason is  minor arrows of reflection through layers of quarks 
within black holes add to form a circle that closes on itself. 

  
From our discussion it is evident that all the phenomena related to light (while extending 

these principles to other forms of radiation waves), its reflection, refraction and arbitrary amplitude 
numbers (such as 0.2 for partial reflection and etc.) are expounded by just the three basic QED 
processes. Next, we will describe how we can apply the three fundamental QED actions to determine 
the magnetic moment associated with electrons. To do so we will outline some of the events that 
occur in nature by combining just these three basic actions. 
 

6.5.1 Magnetic Moment Computations 
 
In this section, we will discuss the role of QED in the determination of Electron Magnetic Moment 
(EMM). First we will define EMM of atomic physics by applying classical mechanics principles to 
the motion of an electron carrying a unit charge in an external magnetic field. Then we will arrive at 
an expression for the magnetic moment  in terms of Bohr’s magneton B and the Landé  correction 
factor gJ. Following this we will briefly describe an experiment to measure EMM from CERN. Then 
we will explicate a detailed procedure to derive an estimate of EMM from QED principles and the use 
of Feynman’s diagrams. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.25 An electron spinning and orbiting surrounding a nucleus has angular momentum L, magnetic 
momentum  and spin magnetic momentum s. 
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An electron is a charged particle with a unit charge e-. The magnetic moment of an electron is 
caused by its intrinsic property of spin. Its angular momentum comes from two types of rotations, its 
spin and orbital motion. When a free electron moves in a space, its orbital motion does not exist. 
From classical electrodynamics we conclude that a rotating charged particle creates a magnetic dipole 
possessing magnetic poles of equal strength and opposite polarity (south and north) . Essentially the 
electron behaves as a tiny bar magnet, each end exhibiting a magnetic pole, south and north. One 
consequence is the production of an external magnetic field exerting a torque on the electron as it 
makes its way through the field due to its spin.  
 
 For our classical model of an atom in which its electrons are orbiting around a nucleus, let us 
assume that an electron is moving in a circular orbit having a radius of r m at a constant speed v m/s. 
The current I carried by this electron is charge e divided by period T. However, T=2/and
v = r × gives
 

 I = e/T = ev/2r       (6.38) 
  

This motion of an electron and the situation being discussed is displayed in Figure 6.25. In an 
electron’s translational motion, a force F is exerted on a particle and is described as the change of 
linear momentum p w.r.t., time that is expressed by the relation F = dp/dt. For its counterpart, 
rotational motion, it follows that the torque N is experienced by the particle and is defined as the 
change of rotational momentum L w.r.t., time that is expressed by the relation N = dL/dt. In a 
nonisolated system of particles, while a particle is rotating at a distance r  around an axis normal to 
the plane of motion, the net torque N imposed on a particle under the influence of force F is given by 
the relationship  
N = r × F = r × dp/dt = d (r × p) / dt, substituting p = m × v we get  rotational moment of electron 
 

L = me × v × r × sin         
 

where  is angle between radial vector r and momentum p. 
 
The magnitude of the magnetic moment  associated with an electron charge current loop I is  

  = IA = (ev/2r) × r2 = evr/2 where A is the area of the orbital plane inside electron orbit. For 
circular orbits = 90, we can rewrite magnetic moment  by using (6.39) as 
 

  = - L × e /(2×me)        (6.40) 
 

The result (6.40) demonstrates that the magnetic moment of an electron is proportional to its 
angular momentum. Because an electron is a negatively charged particle the direction of vectors L 
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and  are in opposite direction. It turns out that the classical result required corrections because 
electron orbits are not perfect circles, and free electrons have many alternate paths. Therefore, a 
correction factor gL was introduced in (6.40).  Now the equation takes form  
 

  = - gL × L × e /(2×me)       (6.41) 
 
Notice that equation (6.39) is general enough so that L in the equation can be the spin angular  
momentum S and orbital angular momentum L, or a total momentum J of the system. Therefore, for 
the spin magnetic moment of an electron we get 
 

s  = - gS × S × e /(2×me)       (6.42) 
 
Quantum theory predicted that angular moments are quantized for fundamental particles and 

they are equal to multiples of the reduced Planck constant ћ = h/2. Electron is a spin half particle 
giving S =  ћ/2. In equation (6.42) the value of the spin correction factor gS is slightly larger than 
2.0 because the electron appears twice as effective in producing a magnetic moment as the 
corresponding charged body in the classical arena. The slight deviation of gS from 2.0 is known as 
anomalous dipole magnetic moments of an electron that arise because electrons interact with 
radiation quanta (virtual particles photons) during their course, QED [E]. The correction factor gJ for 
total angular momentum J is called the Landé correction factor. If we substitute the value of S in 
(6.42) we get S  = - gS × ћ/2 × e /(2×me) ≈ ћ × e / (2×me).  

The constant quantity ћ × e / (2 × me) is known as Bohr MagnetonB.     
 

s  ≈ - B        (6.43) 
 
Next, we will succinctly describe the principle behind the experimental measurement of the 

spin magnetic moment of electrons from CERN. In this experiment, a ball with a central rod magnet 
rotating on a low friction air cushion acts as a model electron. Two pairs of coil create a constant 
magnetic field B0 and an alternating field B1. In this setup, the axes of both fields intersect at the 
center of the ball normal to each other. The table is slightly tilted to start the electron gyroscope with 
an air draught. If the direct static magnetic field B0 acts on the ball, a precession of the magnet axis is 
observed. Precession frequency increases with the intensity of B0. With a second pair of coils and a 
pole changeover switch (a commentator) a supplementary alternating field B1 is developed. If the 
change of poles occurs during the right phase, the angle between the gyroscope axis and the direction 
of the static field is continuously increased, until the magnetic axis of the ball is opposed to the field 
direction (spin flip) [F]. The experiment does not quantitatively measure spin moment but 
demonstrates that electron spin moment can be flipped. Next, we will describe the procedure to 
compute magnetic moment of electrons using QED principles.  
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To begin our conversation of magnetic moment computation from QED let us define what it 
means. Theoretically, the number represents the response of an electron to an external magnetic field.  
At first, the great physicist Paul Dirac utilized electron migration probabilities E(A to B) to calculate 
this number. His formulation was very simple and was based on an electron visiting from place to 
place in space-time. The value computed by Dirac was 1.0, which involved both the motion of an 
electron and a quantum from a magnet. For higher accuracy usually various possibilities must be   
considered with regard to emission and absorption of radiation quanta associated with electrons. It is  
found that, experimentally, the measured values of magnetic moment is slightly above 1, precisely 
1.00115965221 plus or minus an uncertainty of 4 in the last decimal place. 
 

Before we get into magnetic moment theoretical estimation, we must understand the 
differences in the behavior of energy quanta and electrons as they move in space-time in terms of 
probability amplitude. For this purpose, we shall first derive the expression for the amplitude of a pair 
of quanta moving from points 1 and 2, to points 3 and 4.  Then we will investigate what happens to 
the amplitude when points 2 and 4 merge at point 3. (See the situation displayed in figure 6.26 (a)) 
Next, we will identify the differences in amplitudes for quanta and for electrons when transitioning 
from places 1, 2, and to point 3. (See figure 6.26 (b)) 

 
At the start the quanta at points 1 and 2 assume their respective positions at some initial time. 

After some time delay they propagate to points 3 and 4. What is the probability that two quanta will 
arrive at points 3 and 4? Since both quanta are indistinguishable from each other, a quanta from point 
1 and a quanta from point 2 could directly traverse to points 3 and 4 respectively, or they could cross 
with the quantum at point 1 arriving at point 4 and the quantum at 2 reaching point 3. These two 
events can occur concomitantly, and therefore the probability amplitude is combined, adding to the 
produce variable amount of interference. The amplitude of the final resultant vector can be calculated 
from the expression (6.44) whose length varies depending on the relative locations of points in space. 
 

P(1 to 2 and 3 to 4) = P (1 to 3) * P(2 to 4) + P(1 to 4) * P(2 to 3)       (6.44) 
 
Now, what if we converge points 3 and 4 at the same point 3 in space-time? (See figure 

6.26(b) Let us suppose that both quantum meet at point 3. What is the effect of this situation on the 
probability of the event? We will have two probability amplitudes identical in size and orientation, 
P(1 to 3) * P(2 to 3) and P(2 to 3) * P(1 to 3). Their sum is twice the length of either one alone and 
produces a final arrow whose square is four times the square of the length of one of the arrows. 
 

P(1 and 2 to 3) = P (1 to 3) * P(2 to 3) + P(2 to 3) * P(1 to 3) (6.45) 
 
In essence P(1 and 2 to 3) = 2 * P (1 to 3) * P(2 to 3) and  
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P1,2-3 = 4 * [ P (1 to 3) * P(2 to 3) ]2     (6.46) 
 
In this scenario of 3 points, the interference does not fluctuate according to the relative 

positioning of points 1 and 2; it is always positive. We get four times the probability of this event 
instead of the expected doubling, on the average. When many quantum (quanta) are involved, the 
expected probability increases even further. 

 
This multiplication effect on probability has a number of consequences. We can state that like quanta 
tend to crowd into the same condition or state. The chance that an atom emits a quantum is enhanced 
if some quanta are already present in a favorable state. This phenomenon of “stimulated emission” 
was disclosed by Einstein when he proposed the dual corpuscular and wave model of light and laser 
energy waves. Lasers are produced by this basic principle of probability multiplication of quanta in 
the same state, regardless the model being used. Next, we will study the probability for two electrons 
to meet at the same point. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
Figure 6.26 Probability amplitude for quanta and electrons at points 1 and 2 to visit points 3 and 4 in space-
time. (a) The event can occur in two main ways giving aggregate amplitude of P (1 to 3) * P(2 to 4) + P(1 to 4) 
* P(2 to 3). In this situation depending on relative positions of points 1, 2, 3, and 4 varying degree of 
interference is observed. (b) Differences in amplitudes for quanta and electrons  when points 4 and 3 converge. 
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Let us consider the situation in which two electrons at locations 1 and 2 are attempting to 
reach point 3 simultaneously in space-time. If both electrons possess the same polarization 
interference is always negative, because two particles with definite volume and mass cannot occupy 
same location in space-time non-inclusively. These opposing effects of polarization and Pauli’s 
exclusion principle on the probability amplitudes for electrons E(1 to 3) * E(2 to 3)  and  E(2 to 3) * 
E(1 to 3) are inherently subtracting amplitudes that produce a final resultant of an arrow of null length 
(figure 6.26(b)). This implies that electrons behave differently than quanta; in the sense that they 
avoid their presence at one location at the same instant of time.  

 
Let us summarize the difference in probability amplitude for quanta and electrons in simple 

terms. The probability amplitude for two quantum from points 1 and 2 to visit a common location, 
namely point 3,  is [2 * P(1 to 3) *P(2 to 3)]2 because P(1 to 3) *P(2 to 3) = P(2 to 3) *P(1 to 3). The 
interference is always 100% positive in this situation. On the other hand, when two electrons with the 
same polarization attempt to reach the same point in space-time, the electric charge of each forces a 
prevention to meet. Therefore, the amplitudes are subtracted, to wit: E (1 to 3) * E(2 to 3) - E(2 to 3) 
* E(1to 3), resulting in a final amplitude of an arrow of null length. This aversion of two electrons to 
occupy same place formed the basis for Pauli’s exclusion principle. In a nutshell, the exclusion 
principle states that no two electrons orbiting a nucleus of an atom can have the same set of quantum 
numbers.  

 
The exclusion principle laid the foundation for the origin of a great variety of chemical 

properties exhibited among elements found in nature, as well as for artificially creating elements of 
the periodic table used in elemental classification. Our experience indicates that some of the elements 
found in the periodic table are better conductors of electricity than other elements, those exhibiting  
low conductivity characteristics. We can easily explain the reasons why gases such as hydrogen and 
helium are insulators, whereas lithium and other metals are good conductors, by apprehending and 
applying the exclusion principle and polarization.  

 
It is well known that quantization of electrons in numerous atoms are only in two states, spin-

up +1/2 and spin-down -1/2, with corresponding polarization states. For stability, orbiting electrons in 
every atom continuously exchange quanta of radiation linked with protons at the atom’s nucleus. 
Therefore, all electrons of atoms with more than two electrons and protons are not permitted within 
same orbit of the innermost shell, a condition that reflects the energy state of electrons. Thus, the first 
shell is filled by only two electrons and next shell may accommodate as many as eight electrons in 
eight distinct quantum states.  

 
From our discussion it is evident that a third electron would naturally be revolving within an 

orbit of a greater radius than the first, innermost orbit. The radiation exchanges  established by 
electrons further away from the protons in the nucleus are weaker than those closer to the nucleus. 
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Electrons in an outer-shell orbit in an incomplete state move more freely and support free movement 
of electrons in the outer-orbits of neighboring atoms. Hence, the atoms of elements with multi-
electron configurations are better conductors of electricity than the bi-electron configuration, or atoms 
with filled outer-shell configurations.  

 
This polarization property of electrons makes it possible for the creation and accounting of 

more than 108 elements of the periodic table with a certain number of protons and an equal number of 
electrons exchanging radiation at all times. The patterns in which they interact are complex and offer 
results in an enormous variety of properties. Among these are metals, good conductors of electricity 
and heat, while others are insulators, such as mica. Some are soft and others are hard; some are gases, 
while others are liquid. Moreover, some have a crystalline structure, being colored and/or transparent, 
creating valuable gems that thrill the hearts of many. If the electrons in atoms were unpolarized all the 
atoms of different elements would possess similar properties. Electrons would stay close to their own 
nucleus and would not be easily attracted to other neighboring atoms to form chemical reactions that 
serve to create compounds possessing complex, atomically linked molecular structures. 

 
You might wonder why these three simple QED actions can produce such a multitude of 

possibilities in our wonderful world. This situation is analogous to the rules of chess. The rules of 
chess seem trivial, but when they are applied by a master player, the production of artfully contrived 
games bring a lot of excitement to the chess community. The branch of physics that deals with the 
variation in properties of substances found in nature is called Solid State Physics. The branch of 
physics that discovered the laws of basic QED actions is known as Fundamental Physics, because it is 
associated with the general behavior of particles within atoms of various elements. Now our 
discussion has set the table for determining the magic number of the magnetic moment using three 
very simple actions P(A to B), E(A to B) and j. 
 

As stated earlier, initially estimated from Paul Dirac, using his simplified approximations, the 
magnetic moment of an electron had the value of unity (1.00). It was discovered after a few years that 
this value was not precisely one (1.00), but slightly greater than unity. Derived from his theoretical 
considerations it was established that electron magnetic moment can be determined by the 
computation of the probabilities of exchanges among electrons and radiation quanta in the presence of 
quanta within magnetic field lines. The deviation in the value of magnetic moment from one (1.00) to 
1.0016 occurred because Paul Dirac did not account for the probabilities the alternative ways an 
electron may visit from place to place under the influence of magnetic quanta. The correction in the 
value of magnetic moment was evaluated for the first time in 1948 by Schwienger, which numerically 
equaled j * j /(2 * ). 

 
Next, we shall derive the formal expression for the computation of the coupling constant, the 

magnetic moment of an electron. To facilitate our objective, we will begin with a discussion on the 
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various alternative courses electrons may take with their motion governed by the rules of QED 
actions. The Feynman diagrams for the paths of electrons for Dirac’s computations and for very 
simple alternative paths are depicted in Figure 6.27 (a) and (b). It often happens that when an electron 
travels from place 1 to place 2, instead of going directly from one point to another, the electron moves 
some distance and then suddenly emits a quantum of radiation. Next it may encounter a quantum of 
magnetic energy in space, resulting in a diversion of its trajectory in space, a deflection. Then it may 
encounter the radiation emitted by itself earlier, which radiation it will absorb. There is nothing 
unusual about this course of action because a finite probability exists for every possible alternative. 
As usual, we must consider all possibilities in our formulation. 
 

 
 

 
 
 
 
 
 
 
 
Figure 6.27 Feynman’s diagram of magnetic moment computations for trivial cases  (a) The diagram for 
Dirac’s calculation is very simple and the value denoted by this figure is considered unity. (b) The slightly 
modified path is indicated in figure (b), which involves the emission and absorption of a quantum in an electron 
trace. Since this alternative path is indistinguishable from the path in (a), the arrows for PA’s are added, thereby 
causing interference. 
 

The probability amplitude relation is different from Dirac’s trivial case. To calculate the 
probability amplitude of an arrow for the path in 6.27 (b) we have to make an arrow for every place in 
space-time a quantum of light that can be emitted from an electron, as well as every place it can be 
absorbed by an electron. Therefore, for this path, there are two extra E(A to B)’s, a P(A to B) and two 
extra j’s, all multiplied together in probability calculations. Here, E(A to B) and P(A to B) literally 
amount to a probability of an electron to travel from point A to B and a probability of a quantum 
doing the same. In the expression form the probability amplitude is 

 
P1-2 = E(1-3) j * E(3-5) * E(5-4) j * E(4-2) * P(6-5)   (6.47) 

 
For two paths discussed in 6.27 ( a) and (b), the combined probability amplitude is  
 

P1-2 = 1 + E(1-3) j * E(3-5) * E(5-4) j * E(4-2) * P(6-5)   (6.48) 
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Figure 6.28 Experiments suggest that many alternatives should be included in probability computations.   
Alternatives involving four extra couplings over all intermediate points in space-time had to be incorporated. 
The final alternative on the right is comprised of the disintegration of a quantum into an electron-positron pair, 
which subsequently annihilate forming a quantum that is ultimately absorbed by the electron. We refrained from 
writing the equation of PA in this figure as it involves many P and E terms in the expression. 
 

It was discovered that the experiments had measured the behavior of electrons with a much 
higher accuracy. Therefore, we must consider many other possibilities in our calculations-all the ways 
the electron can transfer from place to place with four extra couplings. There are three other ways an 
electron can emit and absorb two quanta (see Figure 6.28). Also, there is a new interesting possibility 
that exists. One quantum is emitted that disintegrates into a positron-electron pair―hold your 
breath―the electron and positron may annihilate to produce a new quantum that is ultimately 
absorbed by the electron that created it. All these possibilities have to be accounted for. 
 

It will be obvious from the expression (6.49) that as more and more terms are included to 
account for each alternative path, the overall accuracy in the computation of P1-2 increases. However, 
the improvement resulting from additional terms decreases as the complexity of the path is increased. 
Therefore, for more complex situations, we seek the help of sophisticated computers to extrapolate 
alternatives and resolve these expressions.  To demonstrate the length of an expression, we will write 
an equation for the case provided in Figure 6.28 on the far left.  As before, these equation can be 
written in compressed form using Sum  and Product  functions. We will leave that task for you as 
an exercise in future release. The probability amplitude for this alternative path is 

 
P1-2 = E(1-3) j * E(3-5) * E(5-4) j * E(4-7) j * E(7-8) * E(8-2) j * P(6-5)  (6.49) 

 
To summarize, the procedure to compute the magnetic moment of an electron is we make 

diagrams of as many variations of a path as possible, write down the corresponding mathematical 
expressions for PA, then add them – three simple steps. Therefore, this procedure can easily be 
implemented by a computer software program to perform these calculations.  To illustrate the process 
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completely, we will draw diagrams with six extra j terms in Figure 6.29.  By the end of 20th century, it 
had taken about twenty years to get these additional terms accurately figured for the theoretical value 
of the magnetic moment. During the same time period, frame experimenters did even more detailed 
experiments to improve the accuracy of the results still further. In the midst of their efforts, theory has 
withstood the test and the numbers agreed with a known uncertainty. 

 
The most up to date accurate calculation of that time placed the theoretical number for the 

magnetic moment at 1.00115965246. It is interesting to note that electron moment derived from 
Dirac’s calculations is referred to as the g-factor in classical mechanics. The deviation of the 
magnetic moment from the value of unity, calculated by Dirac using his simple model, is known as 
the anomalous magnetic moment of the electron, denoted by symbol a. The experimental value was 
later determined by several different approaches, and was then 1.00115965221, plus or minus 4 at the 
last decimal place.  

 
With super computers now employing massive parallelism of arrayed processors with CISC 

architecture, it is possible to compute terms with eight extra j’s. The term for eight extra j involves 
nine hundred diagrams with a hundred thousand terms each. This was a formidable task for the 
computer resources on hand in the early nineties. Now these calculations are trivial and can be 
performed in a matter of a few minutes. Recent measurements of the magnetic moment (having a 
value of 1.00115965209961) confirmed triumph of the Quantum Electrodynamics theory for accurate 
prediction of the electron moment with an accuracy of more than ten decimal places [E].  

 
 

 
 
 
 
 
 
 
 
 
 
 
Figure 6.29 Calculations are underway to make the theoretical value of magnetic moment more accurate.  The 
next contribution to the amplitude, which represents all possibilities with six extra couplings or more, involves 
something like 70 diagrams, three of which are displayed here. (After Feynman). 
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There were two major sources of errors in the theoretical value. Some errors occurred 
because computers were rounding-off numbers. Also, the exact value of j was unknown. It seems that 
during the past decade technology has successfully overcome all obstacles in the measurement of the 
magnetic moment a. It is now reported on Wikipedia [G] that the latest value for a is 
0.00115965218073(28). Here, (28) indicates the potential of variation and error in the result amount 
of the last two digits. This concludes our discussion on the computation of electron magnetic moment 
using QED principles. In the next section, we will describe the important property of light quanta 
polarization.  

 

6.5.2 Polarization of Electrons and Quanta 
 
As explained before, radiation of all types are produced when electrons in atomic orbit undergo a 
transition from a higher quantized energy state to a lower energy level. The frequency of emitted 
radiation is proportional to the difference in value of the initial and final energy of the electron in 
transition. On the other hand, polarization is a property of radiation that is related to the instant of 
time when the radiation is released from an electron in relation to some reference time and a reference 
space. Feynman confined the polarization of light to four dimensions X, Y, Z and T [12]. He stated 
that the polarization of a particle is closely related to its spin nature. For instance, he described that a 
particle come in four spin flavors (photon of light is “spin 1” and an electron is “spin ½”)  that are 
related geometrically to the directions of space-time.  
 
 From our perspective, polarization of radiation is connected with the orientation of the energy 
vector (field) in relation to the reference geometry of space-time. The orientation of the energy vector 
can be arbitrary and need not be restricted to X, Y and Z directions. Since polarization of radiation 
cannot be altered in space without its interaction with other matter, it is not related to the probability 
amplitude of a quantum of light traversing in space. In contrast, the quantum state of an electron 
depends on space-time probability amplitude because it interacts with radiation quanta with different 
polarization as it travels from location A to B. The fact that the polarization of radiation as well as 
that of the electron is at an arbitrary angle, which we will call its phase, the computing of the phase of 
an electron is very complicated. We are thus confronted with the problem of calculating the amplitude 
of an electron liberated at point 1 at a certain condition of polarization being found at point 2 in a new 
polarized condition. 
 
 Despite the complexity, we have found that polarization of both a quantum of radiation and 
an electron can be determined by QED principles founded by Feynman, e.g. the photon probability 
amplitude P(A to B), the electron probability  E(A to B), and the radiation interaction factor j. The 
main problem is that polarization produces a large number of different coupling possibilities. 
Fortunately, most of the possible combinations of polarized electrons and quanta do not couple. 
Those that do couple, couple with amplitude j. Feynman claimed that the possibilities for different 
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types of polarization and the nature of all couplings can be deduced in a very elegant and beautiful 
manner from the principles of QED and two further assumptions. Those claimed assumptions were:  
 

1) The results of an experiment are not affected if the apparatus with which you are performing 
measurements is turned in some other direction. 

2) It also does not make any difference if the apparatus is in a spaceship moving at some 
arbitrary speed. (This is the principle of relativity.) 

 
We disagree with second assumption because the energy configuration of the apparatus is altered 
when its location is modified as the spaceship moves in space (Skylativity® Section 3.5 and 3.6). The 
energy associated with the apparatus is affected by the force of gravity on the apparatus from all other 
objects in the Universe. However, the results of Feynman analysis are valid if the apparatus is 
stationary in the locality of a frame of reference. 
 
 Nevertheless, his splendid analysis leads us to the premise that every real particle with finite 
rest mass must be in one or another class of polarization which we call the “spin” of a particle. In fact, 
all fundamental particles are classified according to their class of spin, ½, 1, 3/2, 2, and etc.. Most 
fermions and baryons are spin ½ particles, particles that are real and are stable in the same way as 
electrons and protons. A majority of particles, classified as Bosons, are spin 1 particles. We call them 
“virtual” particles because they lack rest mass and do not exhibit force of gravity. A good example of 
a spin 1 particle is a photon of light which we call a quantum. Yet, another type of particle whose 
existence is predicted, but not verified, are spin 0 particles. We call them “hypothetical” particles. An 
example a hypothetical particle is the Higgs Boson particle.  
 
 Now let us understand why the spin number of a particle is important from the view point of 
the probability amplitude computation. It turns out that both spin ½ and spin 1 particles have four 
components and spin 2 particles may have ten components. Obviously the number of couplings and 
the complexity of amplitude calculations increase exponentially as the number of components 
interacting on a particle increases. So far, we have concentrated on the case for relatively simple 
interactions among electrons and quanta on a minute scale in which very few particles were involved. 
We would like to make few comments for the case in which a very large number of quanta are 
exchanged in fabric of space. On such a large scale of interaction in the Universe, the calculations 
using arrows becomes very complicated, to say the least! 
 
 However, there are situations that lend themselves, by the very nature of them, in such a way 
that they are not torturously difficult to analyze. For instance, the amplitude a quantum emission by a 
particular independent source is independent of another quantum released from another source. This 
may happen if the source of the quanta is a heavy nucleus of an atom, or in the case of very large 
numbers of particles moving the same way.  
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The good examples of the latter type are the up and down motions of electrons simulating RF 
current through an antenna of a TV/Radio broadcasting station, or the unified motion of electrons in a 
solid state laser producing a coherent beam of intense energy. Under these circumstances a large 
number of quanta are released; of same type and in the same way.  The probability amplitude in this 
scenario is independent of whether it or any other electron had absorbed quantum earlier. We denote 
this special event by saying that the electron is moving in an external field and state that whether or 
not the amplitude an electron will absorb a quantum entirely depends on the electron’s position in 
space-time.  

 
The term “field” is popularly used to describe quantities which vary depending on where in 

space we perform their measurements. There are several examples: the temperature of a fluid, the 
entropy (measure of disorder, distribution) of particles in a detector chamber, and the magnitude of 
force in a magnetic field. Some fields require only one quantity to specify their value; that is 
temperature. On the other hand, polarization of electrons and quanta consists of four components X, 
Y, Z and T, vector quantities. The fields with one dimensional representation are known as scalar 
fields, generating scalar potentials. Those fields which have multiple components are conventionally 
called vector fields, remarkably developing vector potentials. Thus, the amplitude of an electron to 
absorb a quantum depends on its polarization component value. A modern time illustration of vector 
fields is the enormous flow of neutrinos expelled and arriving from the Sun. The neutrinos come in 
three flavors: electron neutrino, muon neutrino and tau neutrino. 

 
We would like to make few more comments before we end this section. In a situation where 

the electric and magnetic fields are changing slowly enough, the probability amplitude for an electron 
to travel over long distance depends on the path it takes. This fact is valid for quanta of radiation as 
well. In the case of light, the most important paths are the ones where the angles of amplitudes from 
the nearby paths are very close to one another. A majority of amplitude contribution comes from 
paths that are direct, straight-line propagations from the source. The minute difference in the 
amplitudes of non-straight paths tends to cancel due to the distribution of paths surrounding the 
straight path direction.  Therefore, the resultant path is a straight line over large distances of light 
transmission. 

 
Above point brings us back to the classical physics rule of “principles of least action”. The 

rule states that there are fields, and the electrons and radiation move through them in such a way to 
make certain that the quantity is the least. For electron interaction with quanta, QED establishes the 
same rule of least action; that the electron and quanta travel in external fields to minimize time. The 
explanation of polarization and computation of the magnetic moment of an electron revealed to us the 
true power and validity of the QED principles. The price for getting an accurate theory, such as QED, 
is diligent thinking on the physicist’s part in developing new principles, requiring a long painful effort 
to validate them. As Feynman stated, in that process we must accept the very bizarre behavior of 
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radiation waves, the amplification and suppression of probability amplitudes, light amplitude 
travelling in lines other than a straight line, light reflection from the surfaces of mirrors and the 
transmission of light through semi-transparent glass, etc. Next, we will wrap up this chapter by 
discussing some loose ends of QED. 

 

6.6 QED: Loose Ends 
 
In this section we will discuss two main topics. First we will talk about fundamental source of 
vexation, an intricate unsettled question that inhibited the acceptance of QED by the world physics 
community for a long time. Then we will propose a solution to the problem in our terms. After that, 
we will explicate the relationship of QED with the other theories in physics. Specifically, we will talk 
about the effects of gravity in relation to QED, and we will touch base with the Quantum 
Chromodynamics (QCD) theory, describing interactions among sub-nucleonic particles quarks. 
 

One of the most afflicting aspects of QED theory is the impractical framework of amplitudes 
designated by arrows. Often the computation of resultant amplitude require tedious repeated 
processes of add/subtract angles and scale lengths for multiplication. With the advances in technology 
and development of very high speed computers, this turned out to be a minor problem compared to 
the issues that we will expound upon soon. The main shortcoming of QED was that Feynman’s QED 
did not describe a function that derived  the probability amplitude for the emission/absorption of a 
radiation quantum. We provided a detailed explanation of this amplitude in Section 6.1. From pure 
analysis we concluded that the probability amplitude P(A to B) for a quantum is directly related to the 
probability of the position where an electron may be found. We applied  the concept of a particle 
trapped within a spherical shell model for electrons that interact with quanta in free space. It was a 
shear coincidence that the function representing the position of an electron can be found by solving 
Schrӧdinger’s equation. 
 

Another serious problem with QED was the characteristics of QED itself which had to do 
with the use of ideal electrons and the quanta and numbers m and j in formula for amplitude. When 
we calculate the amplitude of an electron to move from point 1 to point 2 in space-time, we utilize the 
formula for E(A to B) that has two components, one for direct path and the other that includes the 
correction factor corresponding to one or more quanta being emitted or absorbed. 

 
 The direct path amplitude is equal to the mass me of an ideal electron. The correction term 

depends on (X2-X1),(T2-T1), and n. If an electron in a laboratory were ideal there would be no 
problem. The number m would simply be the rest mass me of an electron, its charge e, and j would be 
the amplitude for an electron to couple with quantum. Both numbers can be determined 
experimentally in a laboratory under modified circumstances. Let us analyze further what all of this 
means. 
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Figure 6.30 A difficulty exists while computing coupling j that is similar to the difficulty in computing the 
value of m.  When we compute amplitude E(1 to 2), we need a value for the number j that should not include 
corrections. The experimentally measured value for an electron to couple with a quantum e includes all the 
corrections for a quantum moving from point to point in space-time, of which two are shown (After Feynman). 
 

In the laboratory where we perform experiments, we cannot access ideal electrons at rest 
because they do not exist. Instead, we observe the mass of a real electron, which emits and absorbs its 
own quantum from time to time, and therefore depends on the amplitude of coupling j.  Also, the 
charge e that we observe is between a real electron and a quantum, which can form an electron-
positron pair, and therefore it, too, depends on E(A to B), which involves m (See Figure 6.30). Since 
mass me and the charge of an electron e are affected by this, as well as many other contingencies, 
both the experimentally measured mass me and charge e are different from numbers we utilize to 
calculate m and j. If there were definite mathematical connections between m and j and numbers we 
measure in laboratory, then the problem would be solved. We can find m and j from measured values 
of me and e. However this connection is not straight forward. 
 

Let us see how we arrive at the value of me in theory. We write a series of terms that are 
added, similar to the series that we saw for electron moment computation. The first term consists of a 
term without couplings, just E(A to B) for an electron travelling directly from point A to B in space-
time. The second term has two couplings and represents a quantum being emitted and absorbed. Then 
we add terms corresponding to four, six, eight, and etc. couplings, some of which couplings are 
displayed in Figure 6.31. As usual, when calculating coupling effects we must consider all the 
possible points where coupling could occur. Our data must reflect the extreme case of zero approach 
distance between a quantum coupled with a quantum sitting atop an electron.  

 
Under the condition of zero distance, the equation derived infinity, the production of a 

singularity in the function. This was not at all acceptable, and Feynman had to do something about it 
to justify QED. Feynman suggested that we stop calculations at very small coupling distances 
between points of 10-32 m, thus he could avoid a singularity derivative. From our point of view he was 
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correct, based, though, on another argument. It turns out that for distances below Planck length 10-35m 
it is not possible to characterize any phenomenon in laboratory experiments. Furthermore, 
Heisenberg’s uncertainty principle states that it is physically impossible to measure simultaneously 
the exact position and exact momentum of a particle. His principle limits the observation and error 
determination for distances below Planck length in calculations of j. In fact, we will plug in numbers 
to prove this fact.  
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Figure 6.31 Calculation of the amplitude for an electron to go from point 1 to point 2 in space-time.    In theory, 
we use the formula for E(1 to 2).   This formula has a term for direct path, then more terms are  added, 
corrections for its coupling with one or more quanta emitted or absorbed. The correction depends on (X2-
X1),(T2-T1) and m. The number m is called rest mass of an ideal electron that cannot be measured 
experimentally because the measured mass me in the laboratory includes all correction terms (After Feynman). 
 

According to quantum theory it is fundamentally impossible to make simultaneous 
measurements of a particle’s position and momentum with infinite accuracy. The uncertainty arises 
from the quantum structure of matter.  Analytically Heisenberg’s uncertainty principle means: 

 
If a measurement of a position of a particle is made with uncertainty x and a simultaneous

measurement of the x-component of momentum is made with uncertainty px; the product of the two 
uncertainties can never be smaller than ћ/2, equation (6.50). 
 

x × px ≥ ћ/2       (6.50) 
 
Let us determine uncertainty in the position of an electron travelling at the speed of light. The speed 
of light c = 2.99792458 × 108 m/s exactly. For the purpose of this calculation, we will use uncertainty 
in c = c  1 m/s = 3.3357 × 10-7 % i.e. less than 0.0005 ppm. The average mass of an electron is  
me = 9.1093826 × 10-31 kg. Assume an electron is travelling in X-direction with velocity c. The x 
component of its momentum and uncertainty in momentum  
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px = me × c = 9.1093826 × 10-31 kg × 2.99792458 × 108 m/s = 27.3092 × 10-23 kg m/s 
 
px = px × c = 27.3092 × 10-23 kg m/s × 3.3357 × 10-9 = 91.0953 × 10-32 kg m/s 
 
Uncertainty in electron position is 

x = ћ/(2 × px) = 1.055 × 10-34 J .s /(2 × 91.0953 × 10-32 kg m/s) = 5.791 × 10-2 mm 
 
Above calculation shows that in the laboratory we cannot determine the location of an electron better 
than the uncertainty of 57.91 microns for electrons travelling at the speed of light.  
 

Thus Feynman had solved his problem by a process that he called “dippy,” by limiting 
observation space in experiments to measure m and j. Now he was able to derive values of m and j 
that he used to calculate me and charge e. The values matched experimentally measured values of me 
and charge e. One other issue concerned Feynman about his approach. He was worried that different 
physicists would use more data points for distances close to zero to increase the accuracy. Each one 
of them would have to use different values for m and j to match with the same value of me and charge 
e of experiments. We think that this is not a problem, because the contribution of later terms in series 
is a description for smaller distances to zero than earlier terms. Therefore, one can apply calculus and 
find the limits or a boundary condition and solve the problem using arbitrarily large numbers of terms 
in a converging series. 

 
After our calculations it appears that the only things that depend on the size of small distances 

between coupling points were the values for m and j. Both theoretical numbers are not directly 
observable anyway; everything else which can be observed seems not to be affected.  Another way of 
looking at the singularity problem is to say that perhaps the idea that two points coincide is wrong. It 
is confirmed that if we make the smallest distance between two action points not zero but say 10-102 
m, calculations show that discontinuity disappears. Thus we avoid infinity in the results. However, at 
this finer geometry other inconsistencies may arise, such as the total probability of an event may add 
to either slightly more or slightly less than 100%, deriving negative energies in infinitesimal amounts. 
Also, it is suspected that some discrepancy occurs because we have not taken into consideration the 
effect of gravity, which normally is very weak, but at distances below 10-35 m becomes significant! 

 
Frequently, physicists avoid discussions on gravitation because gravitational influence 

between objects is extremely feeble. It is a force that is weaker by a factor of one followed by forty 
one zeroes than the electrical force between two electrons due to their charges. Also, electrons in their 
orbits are affected by the force of centripetal acceleration. In this environment electrons are tied up 
with the nucleus by electrical and mechanical forces of its natural construct, developing a finely 
balanced structure, exhibiting forces of pluses and minuses that cancel out.  
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Insofar as gravitation is concerned, it is a force demonstrable by an attraction that keeps on 
increasing with the sum of more and more atoms converging in proximity, until it prevails. 
Unfortunately, we cannot measure the effect and force of gravity at such miniscule distances  between 
coupled atomic particles. However, we can characterize the effect of gravity on ponderously large 
objects such as us, planets, stars, galaxies, nebulae and black holes. The good news is, we have 
developed a successful model to evaluate gravitational effects at nano scale geometries within the 
inner space of atoms in Quantum Theory of Gravitation (QTG), Section 8.6. One more obscure 
challenge at that time was to design an experiment to measure the force of gravity on particles in the 
nucleus from neighboring atoms.  

 
The gravitational force is so much weaker than any other interaction that it was not possible 

to perform any experiment sufficiently delicate to observe an effect that required the precision of a 
quantum theory of gravitation to explain it. Even though there was no way to test it, it was claimed 
that QTG could predict the existence of a new particle, the graviton, which would appear under a spin 
category of 2. So far, they have had no success in verifying the existence of the graviton. Another 
problem with QTG is that it, too, had infinities in the terms dealing with couplings. However, the 
“dippy process” that was successful in getting rid of infinities of QED did not rid of them in QTG. 
The reason is that the range of distances it derived for the force of gravity is zero to infinity. 

 
When Einstein and others attempted to unify gravitation with QED, they determined that both 

theories were classical approximations. In A. Zee’s view [12] that we agree with, Einstein was wrong 
because there is no framework of amplitude that is found which consistently satisfy both theories, 
which is essential for unification of the forces. Now, we will talk something about the rest of physics 
and how it is related to QED.  

 
First, we must state that rest of physics is not tested as rigorously as QED because physicists 

were suspicious about the probabilistic nature of the amplitude framework on which Feynman’s QED 
heavily relied. Nevertheless, it turns out that the structure of QED served as an excellent basis for 
describing all other phenomena in the rest of the physics. Let us talk about protons and neutrons, 
which combine to constitute the nuclei of atoms. First it was thought that they were simple particles, 
but soon it became clear that they were complex particles. They were simple in the sense that the 
amplitude for them to go from one point to another in space-time can be computed by applying 
formula E(A to B), but with a different value for the number m plugged in. As it was discovered, the 
values of number m for both the proton and the neutron were different from the expected value of 1 
and 0, corresponding to the electrical charge of a proton and neutron. 

 
In fact, experimentally, it was determined that value of m for a proton was -2.79 and that for 

neutron was -1.93. This was not expected at all. Also, there was a mystery in the nucleus; it was not 
clear what held neutrons and protons in the nucleus together. It was obvious that it could not be the 
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force arising from the exchange of wave energy among electrons and nucleons because force holding 
nucleus was much too strong. The energy required to break up a nucleus was much, much greater 
than that required to knock an electron away from an atom. An analogy of this differential is achieved 
by the comparison of the energy developed by an atom bomb verses energy created by a comparable 
mass of exploding dynamite. A dynamite explosion is a process in which electron patterns of 
chemicals are rearranged, whereas the blast of an atom bomb is a rearrangement of the proton-neutron 
patterns, that is, a modification in the nucleus of chemical elements. 

 
To discover what held nuclei particles together more experiments were performed in which 

protons with greater and greater energies were collided with nuclei. It was expected was that only 
protons and neutrons would come out, scatter from their nucleic bonds. Instead, when the energies of 
particles were sufficiently large enough, new particles débuted called “quarks”.  First, there were 
pions, then lambda, sigma and rhos, then a plethora of particles were invented/discovered. There are, 
at present, over four hundred such particles.   

 
It soon it became clear that the number of particles and their properties in the cosmos were 

open-ended, and dependent on the amount of energy utilized to break up the nucleus. Quantifying the 
rules of how these particles behave were causing Great physicists like Murray Gell-Mann to pull out 
their hair. In the early 1970’s he and others came up with the quantum theory of strong interactions, 
Quantum Chromodynamics (QCD), having as its main actors, quarks. You will learn detailed 
descriptions of the rules established by QCD and its role in analyzing the behavior of heavy 
fundamental particles in Chapter 12. In that chapter, you will notice that QCD inherited many features 
of QED, such as: representing the interactions of fundamental particles among themselves using 
Feynman diagrams, rules for the exchange of gluons, a spin 1 particle similar to the exchange of 
quanta in QED, rules governing the transformation of a quark with definite color charge into another 
quark with different color charge, and etc. 
 

Before we end this, we will make a final point about the coupling constant e. The most 
astonishing fact that is associated with e, the amplitude for a real electron to emit or absorb a 
quantum, is its measured value. In a number of experiments that were performed, the value obtained 
was the inverse of the square root of 137.03597. Most physicists recognize this number (137.03597) 
because that number is the most important physical constant, the fine structure constant. The name 
Fine Structure Constant (FSC) is given it because it plays a profound role in the stability of atomic 
structure of Hydrogen, the most abundant material found in the Universe. The discussion on FSC, 
however, is outside the scope of this book [H] 
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WHAT IS NEXT? CHAPTER 7: Applications of Skylativity® Theory 
 

 Renewed purpose of particle collider in Twenty First Century. 
 Unification of Forces and Grand Unified Theory (GUT). 
 Basics of Jet Propulsion Dynamic and Spacecraft of Future. 
 Considerations for travelling at super luminous speeds. 
 Role of space agency in new millennium. 
 Earthbound Applications of Skylativity® Theory 
 Radioactive processes, alpha, beta, and gamma decay. 
 Applications of radioactivity, Carbon dating. 
 Solar neutrino puzzle. 
 Nuclei binding energy and quarks 
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6.7 Summary 
 
DEFINITIONS 
 
Path integral formalism (PIF): It is a procedure (rules) to determine the probable number of quanta 
that will be reflected from mirror and refracted through a glass surface, given the probability 
amplitude of light incident to the surfaces of a glass plate. Analytically the rules are: 
 
Grand Principle  When it relates to light reaction to surfaces, the probability of an event is equal 
to the square of the length of the resultant quantum state vector, “probability amplitude (PA) ”.  
 
General rule for finding probability  If an event can happen in alternative ways: Draw an arrow 
of length PA for each vector and use a stopwatch timer to find its orientation and then combine the 
arrows (“add” them) by applying rules of ordinary vector addition. The square of the amplitude of the 
result vector gives the probability of the entire event. 
 
Compound (Concomitant) event: It is an event that can be broken down into several steps of simple 
independent events that are possibly simultaneous. 
 
PIF rule for compound event probability  In quantum mechanics a compound event probability 
is evaluated by multiplying the amplitude arrows. The probability of a composite event is computed 
by performing shrink and turn operations in succession on PAs of independent simple events. 
 
Magnetic moment: It is defined as the response of an electron to the external magnetic field. The 
theoretical value derived from QED considerations is designated by letter s and the experimental 
value is called e. The best value for s today is 1.001 159 652 181 13 (86) and value for e  is 1.001 
159 652 180 73 (28) [J]. 
 
Coupling constant j: It is a number which is the probability amplitude for an electron to emit or 
absorb a quantum of radiation. The value of this number is -0.1, a shrink to about one tenth and half a 
turn of rotation. Its value measured by an experiment is referred as the “charge” of electron e. 
 
Polarization: It is related to a radiation quantum and is defined as its phase angle in space-time 
compared to some reference in time and space. 
 
Wave function (x):  It is defined as the probability amplitude of a wave associated with a particle 
creating it. The probability of finding the particle in a box of unit volume is proportional to the square 
of the amplitude of associated radiation. 
 
Diffraction: When light passes through a narrow slit, it deviates from a straight line path and enters 
the region that is ordinarily forbidden. This divergence of light path from its initial line of travel is 
known as diffraction. This does not violate Huygens’s principle. 
 
Interference: The combination of two different radiation waves at the same location in the space to 
produce a resultant wave is called interference. If the displacements and the intensity of radiation are 
in the same phase, it is known as constructive interference. If the phase difference is 180, 
destructive interference is implied. 
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CONCEPTS AND PRINCIPLES 
 
Huygens Principle  “Every point on a wave-front may be considered a source of secondary 
spherical wavelets which spread out in the forward direction at the absolute speed of light c. The new 
wave-front is the tangential surface to all of these secondary wavelets”.  
 
Fermat’s Principle  “Light travels between two points along the path that requires the least time, 
as compared to all other alternative paths”.  
 
Bohr’s Correspondence Principle  Quantum physics agrees with classical physics when the 
difference between quantized levels becomes vanishingly small. 
 
“Principle of Least Action”  Electron and radiation quanta travel in external fields in such a 
manner that will minimize time. 
 
Heisenberg’s Uncertainty Principle  It is fundamentally impossible to make simultaneous 
measurements of a particle’s position and momentum with infinite accuracy. The uncertainty arises 
from the quantum structure of matter.   
 

 QED basic actions:  All the nano particles in nature—electrons, quarks, gluons, neutrinos, 
etc. behave in a quantum mechanical way. The actions are 

1. A quantum of light is without gravitational mass and travels in space-time. 
2. An electron moves in space-time and projects a force of gravity on entities with rest mass. 
3. An electron may emit or absorb a quantum of radiation under suitable conditions. 

 
 QED assumptions necessary to evaluate probabilities for different types of polarization.  
1. The results of an experiment are not affected if the apparatus with which you are performing 

measurements is turned in some other direction. 
2. It also does not make any difference if the apparatus is in a spaceship moving at some 

arbitrary speed. 
  

APPLICATIONS 
 

 Diffraction Grating (Partial reflection of light): 
1. Beautiful colors of rainbow on the surface of soap bubbles. 
2. Colors seen on oil films on water puddles.  
3. Determination of exact spacing between atoms of crystals using X-rays. 
4. Bright, shining colors seen on a video disc when light is reflected at a suitable angle. 
5. Wonderful silvery signs of advertisement text messages carried on the roof top of cars. 
6. Design in cloth materials that reflect different colors when viewed at different angles. 
7. Phenomenon of mirages on roads in the distance on a hot day and in deserts. 
8. Splendid colors reflecting from Peacock feathers and humming birds. 
9. At the surface of black holes when light appears, probability amplitude closes in on itself.  

 
 QED proved following laws of radiation propagation. 
1. Laws of ordinary reflection from a mirror: Angle of incidence i = Angle of reflection r 
2. Laws of refraction: sin i /sin r = r/i i and r refer to incident and refracting medium. 
3. Intensity of light is inversely proportional to the square of distance from the source 
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ANALYSIS MODEL FOR PROBLEM SOLVING  
    

 Schrӧdinger’s equation modeled the probability of finding the position of an electron in a box 
and is described by its wave function. The probability that an electron shall be found in the 
infinitesimal interval dx around point x  with associate wave function xis given by 

             P(x) dx = | 2 | dx where xis the wave function and x is the direction of its motion. The 
             probability of finding an electron in region a ≤ x ≤  b is    
                b 

               P
ab

  =      
 | 2 | dx  is the area under the curve of | 2 | versus x between x=a and b.  

                                            a 

 Average position of particle having wave function x , the expected value of x is evaluated 
                            ∞ 

               {x}  =      
 x  dx         

                                            - ∞ 

 Any particle with wave function (x) is said to be normalized if 
                           ∞ 

                        
 | 2 | dx = 1  

              -∞ 

 Conditions for constructive interference for light reflected from a thin plate of glass. 
 
 2 t = (m + ½) ×   

  
where t thickness of the glass plate,  is the index of refraction, m is the number of intensity 
peak received in the detector and  is the wavelength of light source. 
 

 Conditions for destructive interference for light reflected from a thin plate of glass. 
 
 2 t = m ×   

  
where t  thickness of glass plate,  is the index of refraction, m is the number of intensity zero 
received in detector and  is the wavelength of the light source. 
 

 Physical interpretation of Heisenberg’s uncertainty principle: If a measurement of a position 
of a particle is made with uncertainty x and a simultaneous measurement of the x-
component of momentum is made with uncertainty px, the product of the two uncertainties 
can never be smaller than ћ/2 i. e. x × px ≥ ћ/2whereћ is Dirac’s constant = h/2. 
 

 Classically magnetic moment of an electron  =-eL/(2me) = -g B J/ћ where J is total angular 
momentum, gJ Landé is the correction factor,  and B is Bohr’s magneton B = e ћ /(2me). 

 
 Spin magnetic moment of electron s =-eS/(2me) =-gs B S/ћ where S is the spin angular 

momentum= ћ/2 for spin ½ particle, spin gs factor for ideal electron is 2.  In reality, it is 
slightly greater, but it is corrected by coupling terms of Feynman diagrams. 

 
 The deviation of gs from 2.0 because of the coupling term correction from QED is known as 

anomalous magnetic momentum of electron. 
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Exercises 
 
Questions 
 
A heart () denotes objective question and a question with a diamond ()  requires analysis. 
Answers to all questions () and (), and problems () and () are included at the end of exercises. 
 

1. Explain briefly path integral formalism in your own words as it relates to QED. What is its 
relationship with probability of finding a particle electron at a specified location in a box 
given its wave function?    
 

2. What are major and minor drawbacks of QED path integral formalism from Feynman? 
Analyze the proposed solution for the problem using Schrӧdinger’s particle in a box model.  

 
3.     The wave function for a quantum particle in an infinitely deep square well is given by 

(x) = 2/L cos (nx/L) for 0 ≤  x ≤ L and zero otherwise. What is the expected value of x?  
 

4.   Map symbols or names on the left side A with their definitions on the right side B 
A    B 

(A)  Path integral formalism  (A) Amplitude for electron to visit place to place  
(B)  Fine structure constant (FSC)  (B) Inverse of anomalous magnetic moment 
(C)  Coupling factor j, experimental e (C) Phase angle of propagation plane & a reference 
(D)  Magnetic moment of electron m (D) Probability electron, absorb or emit a quantum 
(E)  Polarization of radiation quanta (E) Compute probability of  simple/compound event 

  
5.  Which of the following defines classical law of least action?  

 
(A)   Grand principles of QED 

(B)  Special theory of relativity from Einstein 
(C)  Motion of electron in external magnetic field 
(D)  Propagation of light quanta in space  
(E)  Computation of magnetic moment of electrons using QED actions 

 
6.   What is the fundamental basis for the laws of reflection and refraction of light?  

(A)  QED, three principles of light interactions with particles. 
(B)  Bohr’s correspondence principle. 
(C)  Fermat’s principle of least time and Huygens principle 
(D)  Newton’s first law 
(E)  Heisenberg’s uncertainty principle 
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7. Explain the role of Huygens principle and Fermat principle for propagation of light in QED. 
State these principles and prove the laws of reflection and refraction of light in various 
mediums. i. e. i = r  and sin(i)/sin(r) = r/i where i is incident medium and r  is response. 
 

8. Demonstrate the use of grand principles and derive the laws of reflection for light from 
polished surface of a mirror using QED.  
 

9. State the three basic QED actions from which all the phenomena of light and electron 
propagation can be explained according to Feynman. Why it is difficult to measure in a 
laboratory the values of electron moment me and charge e that can be used in the theoretical 
computation of probability using amplitude m and coupling factor j? What solution Feynman 
proposed to solve this problem?  

 
10. Illustrate the process of estimating the probability of concomitant event by performing 

successive shrink and turn operation on probability amplitude vectors. Why this procedure is 
not suitable for light paths involving very complicated situations? 

 
11.   Which of the following is NOT a true statement about QED?  

 
(A)  Path integral formalism is an integral part of QED. 
(B)  QED established three basic rules of interaction among quanta and electrons 

propagating in space. 
(C)  QED confirmed that light bends by the force of gravity. 
(D)  Colors on soap bubble film and spots of oil leaks on road, splendid colors of Peacock 

feathers and Humming birds, and  colors from video disc tracks are examples of QED 
(E)  QED set rules for weak interactions among spin ½ electrons and spin 1 quanta. 

 
12. Define the terms for the spin magnetic moment of an electron, Bohr’s magneton, anomalous 

magnetic moment, Quantum Chromodynamics, Fine Structure Constant, Wave function, and 
diffraction of light.  

 
13. Explicate the importance of Feynman diagrams in expressing interactions among atomic and 

subnucleonic particles. What is a primary difference between these diagrams and a chemical 
reaction equation or a nuclear reaction equation? Give examples to justify your answer. 

 
14. Explain succinctly why QED can’t calculate the effect of gravity on electron magnetic 

moment though the force of gravity may come into play at distances below 10-32m. Also state 
reasons why QED cannot explain the slow beta decay of protons.  
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Problems 
 
A spade () indicates that solution of the problem demands research outside this text book.  
A club ()  denotes that solution of the problem requires substitution of values in a formula 
 

1.  A simple wave function for the helium is given by  (r) = A sin [k(r-a)]/r for a ≤  r  ≤ a + b  
and (r) = Be-kr/r  for r > a + b . Find an expression that can be used to normalize (r).  
 

2.  In a laboratory to measure the density of a spherical object, the radius is measured to be 
r=50 cm  0.5 cm and the mass of the sphere is found to be m=3 kg  10 g. Use the theory of 
propagation of error to determine the relative error in density given by /.  
 

3.  The particle in a box has a wave function given by  (x) = (1/a) sin x/2a. Calculate the 
expected value of x2.  
 

4.    Stern-Garlech experiment performed in 1920’s verified that electron spin quantum 
number ms takes up two values  1/2 corresponding to two values of spin momentum vector  
S =  ћ/2. Given measured charge of electron by Millikan’s oil drop experiment 
e = 1.602,1765×10-19 C  and mass me = 9.109,3826×10-31kg, Compute Bohr’s magneton B 
and electron moment s in laboratory. Explain how you would determine the theoretical value 
for s by modifying correction factor gs utilizing coupling terms from Feynman’s QED 
theory.  
 

 
 
 
 
 
 
 
 
 

5.   In problem 4 for the theoretical computation of s, consider the situation displayed in 
Figure problem 6.5.  As indicated in the Figure, an electron is moving from point A to B with 
two hops, points A to C and then from points C to B. The electron absorbs a quantum at C. 
Assume that the probability for a quantum to move from any points X to Y, P(X to Y) equals 
0.2, electron spin m = ½, and coupling between the electron and quantum  j = -0.1. Calculate 
the value for Landé correction factor gJ and theoretical value of s.  

 

Figure Problem 6.5 

Time 
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6.   It is anticipated that the effects of Earth’s gravitational field becomes significant for 
distances below 10-30m in calculation of the probability amplitudes for QED actions. Compare 
the contributions from Earth’s gravity and the gravity from the proton of a nucleus of a 
hydrogen atom to the anomalous magnetic moment factor gs associated with an electron 
determined by Feynman Diagram for situation in Figure Problem 6.6. 

 
7.   In the view of the contemporary physicist, Miles Mathis, Feynman’s QED did not play 

any role in the determination of the Anomalous Magnetic Moment of electron. According to 
his computations the coupling Landé correction factor gs deviates from its value of 2.0 
derived from Dirac’s simple calculation because the effect of Earth’s magnetic field comes 
into play when an electron moves from point A to B. Investigate his finding and compare 
them with Feynman’s calculations.  

 
8.  Consider a simple laboratory experiment where the length and width of a rectangle are 

measured L= 5.0  .05 cm and W = 4.0  .02 cm. Find the uncertainty in the area, A.  
 

9.  What is the integral quantity that must be minimized in order to determine the path of a 
light ray moving from point P to point Q in a medium of variable index of refraction (x, y)? 
Assume speed of light c m/s.  

 
10.    The position of a particle is given by P = ( 1, 1) m in standard Cartesian coordinates. 

What is the position of this particle with respect to a frame that is rotated by 30 ?  
 

 

 

Figure Problem 6.6 
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a0 = 0.529 × 10-10m 

Proton radius 10-14 m 

Proton mass 1.673 × 10-27 Kg 

Electron radius 10-18m 
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Answers to objective questions 
 

3. L/2 4.  (A) & (E), (B) & (D), (C) & (A), (D) & (B), and (E) & (C)  
5. (D) 7.  (C)  11.  (C)    

 
Answers to selected problems 
            a+b                                              

1. ʃ A2 sin2k(r-a) dr +  ʃ B2 r-2e-2kr dr  = 1  2.  0.0302 3.  a2/3    
     a                                              a+b 
4.b = 9.274×10-24 Joules/Tesla 8.  A = 0.224  9. Tmin = (1/c) ʃ (x,y) (1 + f ’(x)2)1/2 dx 
10. Reference system:  P(1.0, 1.0) and  in rotated system: P(1.37, .37)  

 
 

Q 

P 



  
 

318 
 

7. 
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The gist of this chapter is to discuss applications of Skylativity® theory to space age. When physicists 
write about new theories or improved principles invented in past an immediate question rises in 
readers mind, how the new theory is going to change my lifestyle? What is financial impetus of new 
development? These are very important and vital questions which should be answered before new 
theories receive some kind of affirmation and acceptance by masses of people, practicing 
professionals and students. Keeping these points in mind, we decided to identify applications of 
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Skylativity® theory that will have the highest level of effect both in industry and academia. Our 
discussion is targeted on two specific areas, explorations in the Universe, the outer space and particle 
colliders, exploration in the nucleus of atoms, the inner space.  

 
The main purpose of this chapter is to expose role of Skylativity® theory in digging the 

answers for questions related to formation of matter in our enormously vast Universe. Natural 
disasters, an earthquake in Japan, the tsunami and plethora of the bad weather related catastrophic 
losses in US, the winter of 2011, and in other continents in recent years have resulted in scarcity of 
resources for astronomical research. In addition accidents caused by human errors such as oil spill in 
the gulf had a significant impact which culminated into reduction of funding available for projects to 
make progress in Cosmology. Despite these difficulties, it was decided by the authorities that 
scientific community and the government should continue to invest both financial and manpower 
resource for advancement of people’s life style.  

 
Therefore, in this chapter we will explicate advantages of the new postulates of Skylativity® 

theory to the space industry for variety of applications. Further, we will identify the projects whose 
timely execution will invigorate the domestic economy and bring hope for the bright future. We will 
achieve this objective by delineating detailed ideas of improving efficiency in implementation of 
space exploration related projects. One of the hidden advantages of advancing space research in the 
industry is that it creates more jobs that help revive economy domestically as well as promote growth 
internationally. The reason is demand for funding space exploration is huge and requires investment 
in future from many nations who voluntarily wish to participate for mutual interest. 

 
 In Section 7.1, we shall explicate why it is essential to redefine the purpose for operation of 

large particle colliders. Particle colliders of 20th century were designed with an objective to attain 
speed of core particles neutron or proton above speed of light by smashing them at very high speeds. 
Decade after decade physicists built particle colliders with higher and higher than before acceleration 
potential thinking that particles with increased speed will produce even smaller particles with higher 
energy and increased speed above light speed because particle split in the course of collision event. 
We identified the causes indicating that their effort is not worth the pain. Instead we think particle 
colliders of 21st century must be constructed with an aim to discover if sub nucleonic particles with 
excessive energy before a reaction can be transformed into matter comprising of particles heavier 
than the particles at the start of reaction. We will discuss one such possibility in principle. 

 
In Section 7.2, we shall show that as a consequence of Skylativity® theory principles it is 

possible to formulate Grand Unified Theory (GUT) which unifies four fundamental forces found in 
nature. The purpose of GUT is to develop a complete understanding and the interaction of all types of 
forces involved that govern the state and the motion of the most fundamental stable particles protons, 
neutrons, and electrons. As stated earlier, the stable fundamental particles experiences four types of 
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forces; a weak force of gravitation carried by all objects in the Universe, the electromagnetic weak 
interaction, charge force by the charges on the protons and the electrons, the strong fundamental 
colour charge force among Subnucleonic particle quarks and strong residual force that binds neutrons 
and protons in nucleus of atoms.  

 
We stipulate that that all the gaps left behind by Einstein’s theory of relativity will be filled 

when  we combine principles of Skylativity® theory and Quantum theory of gravity, subject matter of 
Chapter 8. One of the central idea of Skylativity® theory is that the measure scales of mass, length, 
and time among different inertial systems are Universal. This fact simplifies unifications of forces in 
different frames of reference because scales of time, mass and length are invariant.  
 

In Section 7.3, we will study motion of a spaceship in free space and in a constant 
gravitational field experiencing forces of Uniform Circular Motion (UCM). We will derive an 
expression for final speed of the spaceship by applying Newton’s laws of classical mechanics. Then 
we will describe jet propulsion dynamics because spacecrafts are accelerated with variations in mass 
and gravity with respect to time.  This will lead us to the problem of determining escape speed of 
spaceships during its course of mission to distant regions of our solar systems. Next, we shall touch 
base on the future space expeditions from a space agency that is either run by investment from private 
sector or from a government sponsored program and funding.  

 
For past 40 years, NASA launched several shuttle flights that fulfill space missions with 

admirably high success rate and some failed missions. However NASA did not redesigned spacecrafts 
taking advantage of modern light weight high technology subsystems that is applied fortuitously on 
Earth based systems for other non-space exploration applications. After assessing cost benefit of 
shuttle missions, President Obama’s administration justifiably reduced budget and shipped shuttle 
built from previous generation technology to various museums. We suggest that governments of  
several leading countries with strong economy should invest on a united front for space exploration 
projects and invest together. We will discuss desirable features of spacecrafts designed by using 
technology of future, light weight, low cost with improved safety for astronauts.  

 
In Section 7.4, we shall discuss the design considerations involved in the development of 

spacecrafts with very high speeds, as high as the fractions of the speed of light. The primary need for 
such speeds arises from the fact that the distances of stars in our neighborhood are very large. The 
nearest star alpha century is 4.5 light years away! At the top space shuttle speed of 17500 mph that is 
4.86 miles per second, the travel missions takes six months to get to the nearest planet, such as Mars, 
and takes several years for a probe to reach Pluto. For spacecrafts with improved speeds, the travel 
times and costs for these missions can be significantly lowered. In the next section, we will succinctly 
describe the future of NASA and space expeditions in the 21nd century. 
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So far we focused on application of Skylativity® theory to space travel related issues, for 
improved design of particle collider with its renewed purpose and for the development of GUT that 
unify forces found in nature. Next we will delineate applications of Skylativity® theory which are 
Earth bound. Skylativity® theory gives us better understanding of energy transfer mechanisms 
between radiations and matter. Therefore in Section 7.6, we will describe medical applications such 
as CT-Scan, MRI Scans and Light wave therapy units. In recent years light treatment is extensively 
used for curing diseases such as skin cancer and for wrinkle removal undesirable effect of aging. 
Further we will explicate how domestic transportation vehicles buses can be run by electric engines 
that derive energy from rechargeable batteries. We will describe a unique way the energy of batteries 
may be replenished by charging them through fields, contact less energy transfer. Also, we will 
specify new applications of LEDs in producing Christmas lights. 

 
In Section 7.7, we will describe the nature of events occurring in the alpha, the beta, and the 

gamma radiation processes and the radio activity. Many novice physicists were inclined to believe 
that during radio activity, the mass of particles was transformed into energy. Our intention is to 
demonstrate that in reality mass is not changed to energy in alpha particles and beta rays radioactive 
processes. Also, we will briefly discuss an important application of radio activity, carbon dating 
which is exclusively employed to determine age of fossils discovered in archival expeditions. 

 
In Section 7.8, we shall explain an important phenomenon, life times of fast moving neutrino 

particles arriving from the Sun. After reading the detailed explanation in this section, you will be 
convinced that neutrino survives through the Earth’s atmosphere not because of apparent increase in 
life time of these particles due to Lorentz time dilation. The main reason neutrino particles survive 
because they are highly inert and stable. Next we will discuss what is known as solar neutrino 
problem. Up until 2001, physicists were unable to correlate number of neutrinos arriving from the 
Sun detected by neutrino detectors and their estimated count by theoretical computations. We will 
shed more light on how the discrepancy was resolved by Solar Neutrino Observatory (SNO) detector 
in Sudbury, Canada. 

Recent advances in particle physics has pointed that the binding energy involved in formation 
of neutrons and protons from quarks is ten times the rest mass of constituent quarks. Therefore, in 
Section 7.9, we shall investigate role of quarks in producing pollution free low cost energy. Next we 
will look at the details of particle colliders of twenty first century. 

 

7.1 Particle Collider of Twenty First  Century 
 
For many years, scientist tried to accelerate particles to a speed in excess of the speed of light.  The 
organizations such as CERN (Center for Electronics Research in Nuclear physics) in Switzerland and 
SLAC (Stanford Linear Accelerator Center) in California constructed huge particle colliders. The 
circumference of the Large Hadron Collider at CERN is 17 miles (27 Kms) and is 175 meter deep 
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that is located near Franco-Swiss border in Switzerland an underground facility. The linear collider at 
SLAC is approximately two miles long that is located in Menlo Park California.  In particle colliders, 
particles with very high speeds,  a neutron or a proton beam carrying energy of 7 TeV, are allowed to 
strike which are traveling in opposing directions. The idea is to accelerate particles and impinge them 
with like particles, and then examine the byproducts of collision. The purpose was to find if speed of 
any remaining subnucleonic particles exceeded speed of light as well as if new particles were created 
as a result of collision event. Often it was discovered that many particles of byproduct had very short 
life-times because they decay into other known particles.  
 

 In practice, it is discovered that when proton at certain high speed, collides with other proton, 
it smashes the particle into quarks. At the same time, immediately after the collision, the quarks 
oscillate releasing many types of radiation energy waves and other particles.  Therefore, even if this 
collision event between proton and proton is categorized as classical elastic collision, in effect it 
becomes inelastic where energy is not conserved. Further huge portion of kinetic energy of proton is 
consumed to split proton or neutron into its constituent quarks because binding energy of quarks is of 
the order of 1 GeV. Therefore premise that increase of acceleration voltage will result into increase in 
speed of electron after collision did not hold good. Thus beyond certain limit in the neighborhood of 
speed of light, increase in speed of quarks after collision is inhibited. 

 
The key concept of the Skylativity® theory, whenever any system of composite particle 

comprised of nucleus of atom and orbiting electrons or single particle proton, neutron and quark is 
accelerated near the speed of light, it will emit light and radiation energy waves is in effect for 
colliding particles. This fact, has drastically changed the direction of research in particle physics 
arena in this century. As a consequence of the postulates of the Skylativity® theory Section 3.5, we 
stipulate that it is imperative to construct larger than the previous generation of particle collider for 
different purpose than accelerating particles beyond speed of light. 

 
 Of course, we could continue to operate previous generation of accelerators and colliders to 

search and characterize exotic particles, future members of standard model fundamental particles and 
interactions chart as before. In fact 2013 was a very successful year for particle colliders. Physicist 
were able to detect long awaited particle Higgs Boson. The discovery of Higgs Boson is very 
important because it validates principles of super symmetry and explicates requirements to extend 
standard model incorporating Higgs alternate model. Further it is speculated that existence of Higgs 
Boson will permit us to understand nature of dark matter and expound new dimensions of string 
theory.  Next, we will identify one very important new application of particle colliders to find answer 
to the most intriguing question for the physicists on this globe.   
 
 The question that is not answered to date is how mass is created from concentration of 
energy. Our Universe is inundated with hydrogen atoms compared to any other elements. It is well 
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known that all the stars, galaxies, and nebulae have abundant quantity of hydrogen. Astronomical data 
suggests that new stars are born through supernovae explosions. We think it is highly probable that 
under suitable conditions some form of energy must be transformed into atoms of hydrogen. We 
should study these events and evaluate the process occurring in nature. We should attempt to recreate 
the conditions on Earth inside the chamber of particle colliders. The colliders of 21st century should 
be built around this possibility and application. Also, we should investigate to what extent we can 
increase speed of a composite particle (particulate of iron) in a collider. We will discuss more detail 
on energy to mass transformation mechanisms in Section 12.5, annihilation of electron and fragmentation 
of quarks into hadrons. 
 
 Now we will change our attention to discuss characteristics and tradeoffs between two main 
types of particle colliders Stanford Linear Accelerator (SLAC) located in Menlo Park, CA that is  
2-miles long and Circular Accelerator Large Hadron Collider (LHC) of European Organization for 
Nuclear Research (CERN) located in suburbs of Geneva, Franco-Swiss border which has 17-miles 
long perimeter.  
 

One obvious advantage of circular design, particle is accelerated over longer distance on 
perimeter of circle with diameter of size linear accelerator, multiplication factor of . Further path 
length of accelerating particle can be increased because particle can circle several times and each time 
electric field potential is ramped up. Also, cost of land and construction of circular colliders is 
significantly lower than straight line linear accelerator. Thus particle can attain very high speed 
initially even before collision with accelerating potentials of 14 TeV. Hence particle collider of 21st 
century should be constructed in circular design just because they are easy to design in practice than 
linear colliders. 

 
Let us calculate the ratio of acceleration achieved by particles for the same amount of force 

applied through magnetic fields between a linear accelerator and a circular accelerator. We will 
assume that length L of linear accelerator is equal to the diameter D of circular design. 

 
Classically force is defined as the time rate change of momentum F = dp/dt. We will apply this to 
both accelerator design and equate the forces to compute ratio of acceleration. 
 
For linear design p = mv N where m kg is mass of particle and v m/s is velocity giving  
 Flin = m × dv/dt = m × Alin 
For circular design p = mv where m is mass of particle, v = r × ,  is rad/s = f × 2 and f is 
frequency. 
 Fcir = m × dv/dt = m × r × d/dt = m × r × Acir 

Taking the ratio Fcir/Flin = m × r × Acir/m × Alin,   
we get  Acir/Alin = 1/r = 2/D 
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It appears that smaller acceleration is achieved for circular collider than linear but we can 
apply this acceleration for much longer path length in circular design because effective path length is 
 × N × D where N is the number of revolutions of particles occur before collision. From Newton’s 
laws of motion final velocity V2 = U2 + 2A × S where V m/s is final velocity, U m/s is initial velocity 
and A m/s2 is acceleration. Assume U = 0 particle is accelerating from rest and S is path length.  

 
For linear design Vlin = (2 × Alin × D)1/2 and for circular design Vcir = (2 × Acir  ×  × N × D)1/2 

Again taking ratio Vcir/Vlin = (2 × Acir ×  × N × D)1/2/(2 × Alin × D)1/2 substituting Acir/Alin  we get 
 

Vcir/Vlin = (2 × × N/D)1/2       (7.1) 
 
Our analysis, indicates that velocity of impact for particles in circular colliders can be increased 
several times higher than velocity in linear accelerators because number of revolution per unit time is 
increased arbitrarily. 
 

In 19th century particle colliders all over world were designed with an aim to achieve speed of 
particles above speed of light. From our view point, it does not make sense to invest huge capital in 
construction of particle accelerators with acceleration energies above current levels solely for the 
intention of accelerating an isolated electron or proton particle above the speed of light. The reason is 
trivial, objects and vehicles are composed of billions of molecules and atoms.  There is no element, 
for which the atomic configuration is one electron or proton that exists in nature except the ions of 
hydrogen.  

 
Now, we know from postulates of Skylativity® theory that whenever an atom with more than 

one electron, is accelerated to the speed of light at the precise kinetic energy thresholds, the electrons 
in the outer shell orbits of atoms are excited. The excitation of the electrons triggers an electron 
transition event that culminates into release of radiation energy.  As a result of the radiation, the 
kinetic energy and the speed of the electron as well as atoms involved is diminished. Thus return on 
investment from particle accelerators is at diminishing rate and investment cease to remain profitable. 

 
It is interesting that one such project of constructing underground particle collider larger than 

CERN design at site near Dallas was abandoned in recent years. The project was cancelled because of 
the budget, as well as physical limitation of underground construction. Based on the principles of 
Skylativity® theory, it was obvious that the construction of the project had limited scope and would 
not have served useful purpose. Instead we suggest that the funding that would have been applied to 
complete the particle collider project is freed for other plausible applications. One of the crucial area 
of research is the development of rocket propulsion systems with capabilities of generating thrust 
which enable to speedup rockets beyond the speed of light. Other possibility is to construct collider 
that enable us to invent the origin of matter in the Universe, inversion of energy into mass. 
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We have seen that many processes occur in nature as well as they are stimulated by human 
actions in which mass is commonly transformed into energy. Examples are mixing of chemicals that 
develop thermal energy from chemical reaction and nuclear reactions occurring in thermonuclear 
energy plants. The particle colliders of the future should be designed with an objective to investigate 
mechanisms that transform energy into mass. This application of colliders is important from other 
stand point because its success will lead us to understand another vital research area of interest, the 
unification of forces in nature. Therefore we will explicate concept, invariance of mass, length, and 
time scales from Skylativity® theory in the context of creating Grand Unified Theory (GUT) as it 
relates to the unification of forces in the Universe. 

 

7.2 Unifications of Forces and GUT 
 
In this section we will begin with discussion on variety of forces found in nature and associate those 
to different particles that they interact with. Then we will explicate how better understanding of 
interaction among these forces will help us understand the requirements for GUT principles. After 
that we will develop Grand Unified Theory principles. Next we will expound the role of Skylativity® 

theory in creation of Grand Unified Theory. Before we proceed let us understand why unification of 
forces of nature is such an important issue.  
 

                          Table 7.1 Interactions of fundamental forces in nature 
 

It began with the knowledge that in our Universe which consists of thousands of galaxies and billions 
of stars have ample hydrogen gas. It happened that the stars and galaxies are scattered all over the 
Universe of which some are millions of light years apart. The fact that all stars have hydrogen a 
common link, a single element made physicists and curious researchers to believe that Universe may 
have started from a point particle and expanded to the current size. This formed basis for invention of 

Interaction      => 
Property 

Gravitational 
Weak 

Electromagnetic 
Weak                Strong 

Strong 
Fundamental            Residual 

Agent Mass Flavor              Electric e- Color charge        Strong neutral 

Particle experiencing All 
Quark &          Charged 
Leptons           Particles 

Quarks &             Hadrons 
Gluons 

Particle mediating 
Graviton 
(not observed) 

W+ W- Z0        Quantum 
Bosons 

Gluons                 Mesons 

Strength ratio to EM, 2 u quarks 
10-18m & 3×10-17m, 2 Protons 

10-41 
10-36 

0.8  & 10-4            1 
10-7                       1 

25 & 60                NA to quarks 
NA to hadrons      20 

Effect at distance/range Infinite 10-18m/10-3        Infinite 
fm 10-15 m/1 fm         <10-14 m/10 fm 

Speed of action Entanglement  
Higgs field? H0 Slow                    c m/s c m/s                     NA 

Objects/Examples Planets, stars, 
galaxies & etc 

Beta decay      Coulomb 
Proton & etc.  Force 1/r2 

Quarks                 Molecules and 
                             nucleus binding 

     Note : c is variable in the neighborhood of true c 
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Big-Bang Theory (BBT) to expound origin of Universe that we will explore in Chapter 13. One 
unfortunate aspect of BBT was it did not explain formation of hydrogen in early Universe. However, 
BBT required that all forces prevalent in nature must unify and act on a particle and their actions must 
be systematically modeled. The model must be consistent over the largest distances of billions of light 
years in outer space and the smallest distance of few angstroms in inner space of nucleus. Not only 
that requirement but model should also hold good down to space among quarks and space among 
fundamental particles that will be found in future. 

 
There are four main types of forces exist in nature which are caused by innate properties of 

particles. Each of these forces exchange their actions among particles they act on by corresponding 
mediating particle. These forces are categorized in standard model of fundamental particles and 
interactions chart based on their properties type of interaction, relative strength, particles of action 
and mediating particles. One feature these table of interactions lack is the speed at which various 
forces interact. We suggest speed of interaction is important characteristic and should be added to this 
table for completeness. The four forces from interactions are gravitational, electromagnetic strong and 
weak, strong fundamental and strong residual. We have reproduced the properties of these 
interactions in Table 7.1 (Courtesy of Contemporary Physics Education) and extended the table rows 
by adding speed/distance of interaction information for each of the forces. 

 
From the table it is evident that existence of mediating particles for all forces is verified 

except mediating particle graviton for the force of gravity. Graviton particle is predicted but is not 
detected to date. Historically effects of gravitational interactions were very difficult to analyze in 
quantum arena, particles encompassing nano scale geometries. A primary reason is all other 
interactions electromagnetic strong and weak, and Strong fundamental and residual are symmetric. 
Symmetric in the sense that they appear as a pair attractive and repulsive effects. Also range and 
scope of their actions is limited. For instance distance range of strong color charge is short because 
color charge carriers quarks and mediating particle gluons does not exists freely as an individual 
entity. Always one or more quarks are combined together to form large stable hadron in nature. The 
scope for electromagnetic interaction is limited because a majority objects in the Universe of vast size 
are charge neutral.  

 
Unfortunately, as far as the gravitational interaction is concerned no symmetry is discoursed. 

Meaning objects with antigravity inherent effects are not considered a reality. Further mediating 
particle graviton is not found and question how fast the force of gravity transfers its action among 
particles and objects through graviton is not answered to any acceptable level of satisfaction. Also, 
gravity effects are subtle because it is impossible to measure the force at the quantum scale. The force 
is detectable only when objects and geometries becomes huge because of its universal nature. The 
Universal characteristics of gravity effects was first time invented by Newton. He expressed his 
finding in his famous Universal law of gravitation which we discussed in detail Chapter 1. The value 
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of Universal constant G in his formulation 6.6726 ×10-11 m3 kg-1s-2 inhibits observing effects of 
gravity for objects at the tiny scale of atoms and in the inner space of nucleons.  

 
 For above stated reasons physicist were unable to incorporate effects of gravity at the atomic 
scale. Physicist Niels Bohr and Albert Einstein could not model Hydrogen atom’s radiation spectra 
integrating gravity force and associated potential energy effects into stable states of electrons. After 
looking at their failures physicists gave up. We have developed a systematic model that allows us to 
calculate frequency shifts of radiation spectra of electron transition events from excited state to 
ground state.  In Section 8.6, we have disclosed details of the model which includes the effects of 
gravity from celestial object, the Earth on radiation frequency and spectra from an electron transition 
event. The model can easily be extended to characterize radiation frequency deviations caused by 
gravity force effects from protons and neutrons at nucleus on orbiting electrons. 
 
 Now that we have learnt about different types of forces, we are ready to discuss the meaning 
of unification of the forces. We consider that forces in any event are unified if we could design an 
experiment that will provide measurable response by each of the forces individually as well as the 
effect of the forces when they are operating simultaneously. Historically it was difficult to create an 
environment in laboratory that will allow to conduct such an experiment. From Table 7.1 it is clear 
that the forces act on particles and objects that vastly differ in size. Also, particles on which all the 
forces act are not accessible with ease because they are not composite particles such as molecules. 
Further it is very difficult to segregate effects of each forces in the output. 
 

Fortunately in experiments that study emission and absorption spectra of Hydrogen atom   
combined effects of gravitational, electromagnetic strong, and strong fundamental forces are visible. 
As stated earlier Bohr’s model of hydrogen atoms characterized effects of two types of forces 
electromagnetic strong and strong fundamental by calculating frequency of out coming radiation. We 
believe that Bohr’s experiment can be modified that will isolate effects of three different types of 
forces gravitational, electromagnetic weak, and strong fundamental. It turns out that in emission and 
absorption spectra experiment, the effects of electromagnetic weak force can be ignored because the 
actions of the force is very slow compared to the radiation frequency. Also, strong residual force does 
not come into play because radiations are emerging from fermion electron and not from the hadrons 
proton or neutron.  

 
We like to make an interesting comment about Bohr’s model for emission spectra. His model 

should provide correct frequency computations for lasers because whenever laser is produced from a 
source in response to external stimulus, the force of gravity does not affect radiation frequency. The 
reason is electrons are excited from ground state to a higher unstable energy quantum state. 
Subsequently they make transition to ground state releasing coherent laser radiation at constant 
frequency. Here is how the laser is produced. When a die laser CO2 or a vertical cavity surface 
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emitting laser (VECSEL) is exposed to a radiation, laser waves are produced through a process called 
optical pumping. In the process electrons of atoms in semiconductor material are elevated to higher 
energy level state by a trigger event. That energy state is forbidden by Pauli’s exclusion principle. 
Therefore electrons return to ground state releasing energy in the form of laser radiation.  

 
From above discussion it is clear that we can observe the effect of three interactions 

gravitational, electromagnetic strong and fundamental strong collectively by analyzing timing 
characteristics of a standard atomic Cesium clock. We can apply an extended Bohr’s model of 
radiation spectra developed by us the details of which is discussed in Chapter  8 to determine 
radiation frequency with lot higher accuracy than before. Also, we will analyze effect of two 
interactions EM strong and Strong fundamental by studying characteristics of lasers. Thus we are able 
to extend the process of unifying forces of nature beyond what was achieved in past.  

 
One of the severe drawback of Einstein’s STR was it required relativistic correction for 

clocks running in different frames. According to the principles of Skylativity® theory, Lorentz 
contraction for length and time dilation are redundant concept. As explicated in Chapter 2, time is 
absolute and has constant value in unique frame of reference. As a result of premise of Skylativity® 
theory, Universal scales of measure for mass, length and time the rules for unification of forces are 
simplified because they do not depend on frame of reference. Now we are ready to discuss essential 
features of rules of Grand Unified Theory.  

 
An obvious fact that is discerned from Table 7.1 is the interactions observed in nature come 

in verities. Not only they differ in strength but their actions are distinct on each type of particle they 
interact and the particle they transfer the force action i.e. mediating particles have unique 
characteristics. Further the range of distances each type of interaction has, and its dominant effect 
vary enormously. Because of this variation in characteristics of interacting forces, the rules of GUT 
depends on relative abundance of particles prevalent at a particular time in the Universe. For instance 
it is predicted by proponents of Big-Bang Theory that short time after Big Bang Universe was 
transformed into sea of quarks. In such an event it does not make sense to define rules of gravitational  
engagement with EM weak and strong, and Strong fundamental and residual forces. 

 
Another criteria that GUT rules must abide to is the limits of observations imposed by 

Heisenberg’s uncertainty principle. We should not form any rule that require experiments in which 
the value of measured variable of interest lies in a range outside limits set by the uncertainty law. A 
detailed study of characteristics of interactions reveal that not all interactions follow classic inverse 
law of 1/r2 for their strength determination where r is distance between two interacting particles. 
Therefore it is imperative to chart strength vs. distance characteristics of each of the interaction for 
associated particles after incorporating time elapsed fact in the chart to set GUT rule. Next we will 
state the rules of GUT theories for particles existing at present time in the Universe. The rules are 



  Applications of Skylativity® Theory         329 
 

  

1. Action space of all interactions must be explored thoroughly in the sense relative strength of 
force from interaction and the effective range of distances must be precisely charted. 

2. The speed of propagation of forces in different mediums must be characterized. 
3. Existence of mediating particles for each of the interaction must be verified. 
 

To complete the definitions of these rules two spaces in Table 7.1 must be filled with satisfaction in 
regards to mediating particles. The spaces are mediating particles for gravitational interaction 
graviton and EM strong interaction quantum  (formerly known as photon .  
 

Physicist have not discovered predicted particle graviton to date. But it is hypothesized by 
great physicist Peter Higgs in 1964 that the extent of interaction between an object and Higgs field 
gives the object a property mass. Mass along with volume occupied by the object is known as the 
density of object. According to Higgs theory objects interact with Higgs field through mediating 
particle which he predicted and gave name Higgs Boson H.  Recent discovery of Higgs Boson in 
March of 2013 brought a lot of excitement in physics community. Also Professor Higgs was awarded 
Nobel Prize for his prediction of the particle.  

 
One notion that was established by his discovery is Higgs field  occupies entire space in the 

Universe. From our perspective, these spreading of Higgs field in the space should provide a means 
for all radiations to propagate, an idea that space is filled with ether that was originally theorized by 
Newton is confirmed after 300 years in 2013. The task of physicist is to determine that force of 
gravity conveys its action through Higgs Boson. If this fact is proven then the hole in Table 7.1 for 
mediating particle graviton will be filled. 

 
 As far as quantum  is concerned the question is if EM strong interaction transfer its effect 

through ? The reason is EM strong interaction is observed between two static charges “Coulomb’s 
Law” but  quantum is associated with a radiation photon phenomenon. Our hypothesis is that EM 
strong effect could possibly convey its action through Higgs Boson too. More research and 
experiments are required to validate this idea. Further space and time coordinates of  quantum are 
not unique because radiation quantum are continuously propagating and cannot repeat their location 
of appearance. Also, according to Skylativity® theory, quanta are energy entities without rest mass 
and lacks center of gravity. Therefore mediating particles for two interactions in Standard Model 
Chart, gravitational and EM strong require additional investigation.  

 
In the next section, we will study concepts related to travel in outer space, the future space 

expeditions. We will study the principles of Jet propulsion dynamics and the trajectory of spacecrafts 
experiencing forces of Uniform circular motion. Further we will derive an expression for escape 
speed requirement of a spacecraft from gravitational field of a planet when they exit from the field. 
Also, we will discuss salient features of space vehicles of 21st Century.  
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7.3 Future Space Expeditions 
 
From Classical mechanics and Newton’s law of gravitation it is well known that direction of 
gravitational attractive force between two objects is directed radially inward toward larger mass 
object that is normal to the trajectory of motion of smaller mass object. Celestial objects travelling in 
non-circular orbits, any other type of projectile trajectory have a natural tendency to fall on more 
massive object at very steep angles. A most common example is occasional crash landing of 
meteorite on the Earth’s surface that can cause enormous destruction. Often the landing thrust results 
into smashing of the meteorite. Therefore, spacecrafts are programmed and designed so that majority 
of time during their journey is spent in circular orbits. In Section 7.3.1, we will analyze the paths of 
space vehicles undergoing uniform circular motion with constant acceleration and non-uniform 
circular motion, having variable acceleration. 
 
 It turns out that spacecrafts are required to attain certain minimum speed before they can 
escape from planet’s gravitational field, exiting their circular orbits of native planet to outer space. 
For spacecraft to reach these high speeds they must be equipped with rocket engines that generate 
very high thrust and sustain stress developed by the dynamics of the system. One of the peculiar 
aspect of a spacecraft’s jet propulsion system is while the vehicle is accelerating to achieve escape 
speed it burns off several tons of fuel in case of space shuttle which were designed in 1980’s. This is a 
plus point because payload the weight of vehicle after it escapes Earth’s orbit is significantly smaller 
than when the shuttle commenced the journey and lifted-off from the launch pad. 
 

For future designs in which expected target speed of shuttle is near speed of light, the fuel 
requirement to create the needed thrust level will be enormously high. Also, the vehicles will be 
accelerated to the final speed in several stages. During each stage of acceleration mass of a 
spacecrafts in flight is diminishing corresponding to the fuel burn rate through exhaust. Therefore in 
Section 7.3.2 we will derive an expression for final speed of spacecraft in this environment of 
variable mass. The purpose of this analysis is to give you some flavor of rough computations needed 
to begin the design of engines which propel the payload and the shuttle vehicle to outer space. We 
will also discuss escape speed considerations when space probe and vehicle are traversing through 
multi-planetary orbits. 

    
In Section 7.3.3, we will describe impetus of Skylativity® theory on the design of space 

vehicles attaining the speed of light. Einstein’s conclusions that the relativistic mass of object 
increases as the speed of the object increases was not legitimate but aerospace engineers of prior 
century were forced to design spacecrafts with lot lower target speeds than speed of light bearing in 
mind his theories. From premises of Skylativity® theory it is found that as the speed of the mass 
increases, the object gains kinetic energy. At the same time, the position of the object, in relation to 
other objects changes which results in a change of the potential energy. Essentially the object trades 
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the kinetic energy with the potential energy. The mass of the object does not change from its rest 
value during this change of state. Therefore in future, aerospace engineers need not limit speed of 
spacecrafts to low speed compared to target speed of light in their designs. Also, Shuttles were 
designed so that Astronauts cannot escape from main cabin during lift-off in case of emergency or an 
accident. We will suggest many new safety feature to protect lives of Astronauts in future designs. 

7.3.1  Uniform Circular Motion 

Often objects are moving at constant speed tracing a circular path. Several examples of these types of 
motion are space probes and satellite orbiting planets, a car driven on a circular driveway and the 
motion of a conical pendulum.  The paths of objects undergoing the motion are categorized as 
Uniform Circular Motion (UCM). It is surprising to many students of physics class that objects 
travelling in circular motion continuously experiences acceleration. By definition acceleration can 
occur if velocity of an object changes in magnitude or direction or both at any instant of time. In case 
of circular orbits velocity vector v changes direction all the time but magnitude speed v remains the 
same. This change in direction of objects in UCM is caused by a new type of  acceleration known as 
centripetal because a force is required that is acting toward the center of the circle on the object to 
keep it circling. Otherwise the objects in UCM will fly away by Centrifugal force whose magnitude 
equals Centripetal force but direction is opposite, a balancing act.   
 
 We will skip the details of deriving an expression for centripetal acceleration of objects in 
UCM as they can be found in a standard physics class text book [19] and state final results. Instead 
we will study the action of forces on the bodies that orbit along with spacecraft because analysis of 
these forces plays an important role in the design of the spacecrafts. It is important to understand that 
if at any time magnitude of velocity vector v would change, the spacecraft in Figure 7.1 will no 
longer remain in circular orbit but it will follow trajectory of a projectile. Therefore magnitude of 
centripetal acceleration and centripetal force acting on objects performing UCM are given by  
 
 ac =  v2/ r    m/s2       (7.2) 
 
 Fcpt = m × v2/ r   N       (7.3) 
 
where m is the mass of object in kg, v is speed of the object in m/s and r is radius of the orbit in m. 
To balance the effect of centripetal acceleration and force by the force of gravity the gradient of roads 
on mountain is limited to lower steep levels and are wedge shaped (inclined  sideways) to prevent 
skidding of vehicles outside the circular roadways. 
 

In many situations, particles or objects in UCM are accelerated to the final speed in stages 
gradually. For instance, an orbiting spacecraft may reach escape speed (escape out of planet’s 
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gravitational field) after some revolutions each time performing a revolution at a faster rate. Another 
example is particle collider in which proton particle is accelerated to very high speeds (speed nearing 
the speed of light) ramped up in multiple stages of acceleration. In this scenario, it is better to define a 
quantity period of revolution time T in terms of constant speed v, which is distance/speed. 

 
T = 2r/v   s        (7.4) 

 
From above, it follows that if there are n revolutions performed per unit of time (frequency)  by the 
particle in motion then the linear speed of the particle is v = 2r × n because n = 1/T. Next let us 
study details of the forces which act on objects performing UCM.  
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Figure 7.1 Forces exerted on a pilot in an aircraft performing a vertical loop. 

 
In Figure 7.1, an aircraft maneuvering a vertical loop, similar to Blue Angels planes 

executing air show exercise at constant speed v is displayed. Our objective is to determine the ratio of 
the force exerted by the seat on the pilot when the plane is at the bottom and is at the top of the loop. 
We draw a free body diagram of forces acting on pilot’s body at the top. Both centripetal force Fcpt 
and actual weight W = mgtop of pilot acts downward. The force Ntop exerted by the seat on pilot acts 
upward. Applying Newton’s law to the position of pilot at the top of loop we get  
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F = W - Ntop = Fcpt. Substituting values for W and Fcpt  we find  
 
 Ntop = mgtop – mv2/r  N      (7.5) 
 
In equation we used gtop instead of g = 9.81 m/s2 nominal value for acceleration due to gravity on the 
surface of the Earth because it differs at different elevations from the Earth. Similarly, we draw a free 
body diagram of forces acting on pilot’s body at the bottom. In this case both the centripetal force Fcpt 
and the force Nbot exerted by the seat on pilot acts upward. The actual weight W = mgbot acts 
downward as before. Again, applying Newton’s law to the position of pilot at the bottom of loop, 
we get F = Nbot - W = Fcpt. Substituting values for W and Fcpt  we find  
 
 Nbot = mgbot + mv2/r  N      (7.6) 
 

 
Figure 7.2 Variation of gravitational constant vs. height from the surface of the Earth 

 
Let us study the effect of height on gravitational constant g. We will assume that height of 

aircraft at the bottom of the loop is h m. Therefore height of aircraft and the pilot at the top of the 
loop is h + 2r m. We will assume that altitude of aircraft at the bottom of the loop is 1 km and the 
radius of loop is 5 km. The value of g on the surface of the Earth is calculated from Newton’s laws of 
gravitation. i.e. For anybody of mass m kg near the Earth, the force of gravitation equals  its mass 
times acceleration Therefore, m×gs = G×m×ME/(RE)2  where G = 6.6742×10-11 N. m2 kg2  is universal 
constant,  ME = 5.974×1024

  kg is mass of the Earth and RE = 6.378×107 m   is radius of the Earth. We 
can cancel m from both sides. To find value of  gs on the Earth’s surface as well as  at any altitude, 
we should plug in different value for RE an adjustment for height of the object. If we plug in values 
we get values of gs = 9.801 m/s2, gbot = 9.800 m/s2, and gtop = 9.786 m/s2. The difference between gbot 

and gtop is 0.143% which could make substantial difference on ratio Nbot/Ntop. From above 
computations we get 
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 Nbot/Ntop = (gbot + v2/r)/(gtop - v2/r)      (7.7) 
 

Obviously spacecrafts that orbit the Earth and other planets are at significantly higher altitude 
resulting in larger correction for value of g (g = 9.6497 m/s2 at 100 km altitude). To give you a better 
perspective, we have plotted variation of g as a function of altitude from the Earth in Figure 7.2. 
When space shuttle lifts-off from launch pad, it burns off huge amount of fuel during few seconds of 
flight time at the start. Thus, the spacecraft is accelerating under situation in which it is losing mass. 
The mass loss rate is usually non-linear function of time. Therefore we will study peculiar dynamics 
of jet propulsion system suitable for spacecrafts that exit and enter gravitational field of planets next. 

 

7.3.2  Jet Propulsion Dynamics 

 
Transport vehicles car, boat, trucks, and etc. are driven on road surface and sea water, the propellers 
of these vehicles work against opposing forces such as friction on road and viscosity of water. The 
normal components of these opposing forces along with force of gravitation and buoyancy force in 
case of water  act on driving force from engine of the vehicles to balance momentum of the system.  
From Newton’s law of momentum conservation the forward momentum in the direction of these 
vehicles is balanced by reverse momentum of the inhibiting forces. However in the case rockets 
moving in space away from the Earth there is no friction, force of gravity is the only resisting force 
and even that force is vanished at high altitude in free space. Therefore operation of spacecraft 
depends on applying law of conservation of momentum to a system of objects comprising of the 
spacecraft and ejected fuel, the exhaust gas. 
 

To study the motion of spacecraft in space we will consider forces acting on the vehicle as it 
ascends after it is lifted-off from Launch-pad. In case of space shuttle, the vehicle was accelerated to 
its final speed in several stages. The final speed is called escape speed because it is at this speed the 
spacecraft escaped from Earth’s gravitation. The Shuttle consumed many tons of fuel, a mixture of 
liquid hydrogen and oxygen during the lift-off, very initial stage of acceleration. The liquid hydrogen 
tank is separated from passenger cabin after it attained designed altitude for reuse. Similarly in the 
final stages of acceleration, Solid Rocket Boosters were employed to increase speed to the escape 
level. The SRB’s are jettisoned for future expeditions after their job is completed.  

 
Naturally, spacecrafts enter and exits through different levels of force of gravity during its 

missions to other planets and outer space. For missions involving orbit to the Earth and other planets 
the space vehicles is effected by force of gravity from the Earth till it escapes to free space. Therefore, 
in Figure 7.3 we describe forces acting on the vehicle at some point between free space and the 
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surface of the Earth. We will display the reduction in mass of vehicle due to loss of fuel in form of 
exhaust gas as a block of variable mass. This diagram is somewhat simplified representation of actual 
system because the rocket motion is opposed by friction of atmosphere, a drag. The resistance drag of 
air varies because air becomes thinner as the height of spacecraft increases. 
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Figure 7.3 Force and momentum considerations while a spacecraft accelerates to escape speed.  
From our above discussion it is evident that computations of at the least two parameters  are 

essential in the design of rocket engines for spacecrafts. The final velocity Vf and the thrust Ft to 
accelerate the vehicle above the escape speed. The spacecraft is pushed away from a planet exhaust 
gases from rocket engine are ejected out at very high speed to develop momentum in a direction 
opposite to rockets motion, Newton’s third law of motion. Therefore we will apply definitions of 
Newton’s second and third laws of force and momentum conservation to derive an expression for 
final speed first and then thrust. We will explicate procedure to include air drag and effect of force of 
gravity in thrust computations. 

 
 In Figure 7.3,  at some instance of time t, the rocket  with mass (M + m) moves at speed V 
and its speed is increased by V after time t as a result of ejected exhaust from burning of fuel of 
mass m. We can apply Newton’s law of conservation of momentum to this isolated system of rocket 
during combustion of fuel. i.e.   
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Rocket System Momentum at time t  = Rocket System Momentum after time t 
(M + m) × V =  M (V + v) + m (V – Ve)  
  

Rearranging terms in this expression and after simplification we get  M × v = Ve × m.  
In above equation if we take the limit for time, t → 0 then  the speed change v → dv, and ejected 
fuel mass m → dm. Notice that increase in ejected fuel mass corresponds to the decrease in rocket 
mass implies that dm = -dM. Therefore we can rewrite above expression as  
 
 M dv = -Ve dM         (7.8) 

 
We can easily solve above equation, first dividing both sides by M and then integrating with 

conditions for speed and mass at the beginning and at the final stage of acceleration when fuel supply 
is burned-off. Note that Ve is a design constant of rocket engine and the variables are fuel burn rate 
dM and rocket speed variation dV. Thus we get 

  

                           Vf                                Mf 

 ʃ dv = -Ve × ʃ dM/M  
                   

Vb                               Mb 

 

Vf – Vb = Ve ln (Mb/Mf)  m/s     (7.9) 
     
So far our analysis does not include the effects of gravity and air drag on final speed. Both factors 
decreases the final speed as gravity pulls the spacecraft towards the planet and atmosphere air drag 
also opposes the rocket motion. If we assume that acceleration due to gravity is constant g, the weight 
Wg of the vehicle slows down the final speed of rocket linearly with respect time.  
In that case we can state equation (7.9) as  

 
Vf  = Vb – gt + Ve ln (Mb/Mf)       (7.10) 

 
where t is the time it takes for the spacecraft to attain the final speed.  
 

According to our analysis in Section 7.3.1, it is clear that the constant g varies as the distance 
of the spacecraft increases from the Earth and it is inversely proportional to the square of distance.  
Therefore for higher accuracy one should treat g as a variable and find  its value by integrating 
function gc/h2 dh with h as limits of integration from 0 to the height at which the rocket escapes the 
gravitational field of the Earth. The air drag has similar effect and our model can be extended to 
account its effect. The air drag and friction resistance on the vehicle is proportional to the speed 
square. However, the thickness and the density of air decreases at higher elevations. The aerospace 
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engineers models the drag on rocket speed as a drag coefficient [M]. This coefficient changes based 
on many factors such as temperature, altitude, speed of rocket, shape of rocket, cross-section area, 
density of air, and geographic location, lift-off and landing.  

 
From equation (7.9) we can infer that the final speed of rocket is proportional to speed of 

exhaust gas and the fuel burn rate. Therefore speed increase can be improved by increasing speed of 
exhaust Ve and the ratio Mb/Mf. As we shall discover that the later factor of increasing the ratio 
Mb/Mf may not be a significant advantage in design of future spacecrafts rocket engines. The thrust 
on the rocket from the ejection of exhaust gases can be computed from Newton’s Second Law. 

 
Ft  = M dv/dt = | Ve × dM/dt |  N    (7.11) 

 
In reality, the thrust is reduced by weight and the effect of air resistance. The net thrust available to 
accelerate spacecraft is Thrust = Ft – Wg - Fd. In this equation, drag force Fd is computed by rocket 

model and flight conditions [M].   
 
 Fd = ½ V2 × Cd × A   N    (7.12) 
 
Here is the density of fluid air (variable), V is velocity of spacecraft, A is cross-section area and Cd 
is drag coefficient, which depends on the aerodynamic shape of the rocket. Next, we will explore, a 
procedure to determine the escape speed required for rocket to escape from the Earth’s or for that 
matter from any planet’s gravitational field.     
  
 We will begin our discussion by defining the term escape speed for rocket, however the term 
is used for minimum required speed to escape from gravitational field of vast planet for any object. 
Escape speed is the minimum speed at which an object must be launched initially from the surface of 
the Earth that allow it to exit from the Earth’s gravitational field to infinite distance. We can derive an 
expression for escape speed by total energy considerations. For this purpose, we will study motion of 
an object of relatively smaller mass m moving with speed v in the proximity of a more massive entity 

mass M, where M » m.  The small object may be a satellite or comet or a spacecraft.  

 
An example of massive entity may be a stellar object such as the Sun, a Neutron star, a 

Pulsar,  perhaps  a Black hole or any of the planets in our solar systems.  We wish to point out that in 
case of black holes escape speed computations are even more important because event horizon 
distance depends on escape speed. It happens that the effect of gravity force on other nearby object 
from a black hole prevents escape of any type of radiation or any object. Therefore, it was believed 
that black holes are completely isolated from the rest of the universe. You will learn more about the 
event horizon definition and expression in Chapter 10. 
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Figure 7.4 An object of mass m is launched away 
from the Earth’s at escape speed  

 
Let us assume that the massive entity is at rest 
in an inertial frame of reference, the total 
mechanical energy E of the system of two 
objects which are separated by a distance h is 
the sum of Potential Energy (PE) U and 
Kinetic Energy (KE) K of small object moving 
with speed v. In equation form i.e. E = K + U. 
The potential energy is essentially stored by 
the object of smaller size and so is the kinetic 
energy. From Classical mechanics KE of 
object with mass m moving at speed v is 
K = ½ mv2 and the PE, U = -GmM/h. The 
negative sign appears in potential energy 
expression because work is done on the small 
object to push it away from massive object. 
Therefore total energy E is equals: 

 
 E = ½ mv2 - GmM/h       (7.13) 
 
Suppose an object is vertically projected away from the Earth’s surface at initial speed of vi  which is 

illustrated in Figure 7.4, we can arrive at expression for escape speed Vesc from energy considerations 
as follows. We can use total energy conservation rule for energy of the system at start and under 
escape conditions. We know that in the absence of any acceleration as object moves away from the 
massive entity the Earth in this case, the speed and the kinetic energy of small object decreases and 
the potential energy increases. On the surface of the Earth v = vi and h = hi = RE. At the escape point 
where the object attains maximum altitude v = vf = 0, for minimum initial speed and maximum height 
at which gravity force is reduced to zero, h = hmax = ∞. We can use infinite value for h because 
when acceleration is zero, potential energy does not change with variation in h.  
 

From total energy conservation Ei = Ef, we get ½ mvi
2 - GmME/RE = ½ mvf

2 - GmME/hmax 
Upon substituting the values for vf and hmax we find that right hand side of above equation reduces to 
zero. This gives us an alternate definition for escape speed that is it is that speed at which the kinetic 
energy of small mass equals the potential energy of the system on the surface of more massive object. 
It is ironic that at escape point speed of object is actually zero. Now we can express escape speed for 
any object in celestial planetary systems½ mVesc

2 - GmME/RE = 0 that finally reduces to  
 

Vesc = (2 × GME/RE)1//2  m/s     (7.14) 
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Notice that this expression for Vesc is independent of mass of small object m, this implies that 
a spacecraft or a molecule of gas can escape at the same speed from the Earth’s gravitational field. 
Furthermore, the result is independent of the direction of velocity and ignores the air resistance. This 
completes the discussion on jet propulsion dynamics that forms the basis for the designing spacecrafts 
and space probes of future. In next section, we will outline features of next generation spacecrafts and 
discuss issues concerning their design. 

 
7.3.3  Spacecrafts of Future 

On the basis of Skylativity® theory with the advances in the state of technology, we affirm that it is 
feasible to design in the near future rockets with speeds ten times larger than the current speed. Many 
issues should be considered before designers of space system commence design of spacecrafts with 
very high speeds, as high as fractions of speed of light. Therefore in this section, first we will 
explicate the issues of prime importance related to development of space vehicles that promote and 
facilitate journey in distant space. Then we will propose solutions to alleviate the concerns at 
conceptual stage. After that we will discuss some of the safety features, which must be built-in by 
careful planning and construction of the space vehicle to forestall any catastrophe events leading to 
disasters and fatality, loss of life of astronauts and destruction of their carrier. 

 
One of the main problem concerning travelling near the speed of light is the transportation 

system should be designed so that it can slow down rapidly if it encounter any obstruction, a planet or 
a satellite of unknown origin in its proximity. Interference from unknown space entities are highly 
probable for missions with aim to travel to planets and stars outside our solar systems. Further 
slowing down of spacecraft is imperative when the spacecraft reaches near the destination planet. The 
higher the speed of the spacecraft, larger the size of control rockets required to retard the vehicle to 
normal speeds at its target destination. Also the designed thrust required for control rockets to 
accomplish slowing of the speed is increased. This implies that the payload of the control rocket on 
the spacecraft will be high at the beginning of the journey.  

 
Another issue is that the aerospace communication design team must figure out techniques to 

send/receive control messages in real time to the spacecraft for course and speed corrections. For very 
vast distance travelling, intergalactic and intergalactic missions, the transport time for messaging over 
any communication channel could be prohibitively long and could add lot of delay. For instance even 
at the speed of light, it takes 8 minutes for light to arrive on the Earth from the Sun. Therefore control 
computers on board the spacecraft should have defensive mechanisms, hardware/software that make 
appropriate decisions upon detecting any emergency without any instructions from a control center on 
the Earth. The urgent situation may arise from a fault developed interior to the system or caused by 
change in exterior environment.  
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Other major problem is in the design of jet propulsion system itself. In previous generation of 
spacecraft rocket engines, the thrust Ft was increased by increasing fuel burn rate, loss of mass of the 
vehicle, equation (7.11). The future generation of rocket engine designers should not rely on this burn 
rate factor because to support high burn rate requires increased payload of fuel at the start of the 
mission. Therefore, novel concepts should be invented and implemented in design and manufacturing 
of rocket engines of future spacecrafts that do not depend of fuel mass burn rate factor.  

 
In Section 7.3.1, we plotted a graph of variation of Earth’s gravity constant g vs. height h 

from the surface of the Earth. From the chart we can deduce that a large segment of acceleration to 
final velocity of spacecraft should occur after it reaches height of 10000 kms because above this 
height retarding force from Earth’s gravity is very weak. Therefore the vehicle could attain higher 
increase in speed per unit of fuel burned then increase in speed and acceleration at lower altitude. It 
was unfortunate that after performing the final stage of acceleration, Solid Rocket Boosters (SRBs) in 
current Space shuttle missions were jettisoned at elevation of 42 miles [L]. Thus space shuttles were 
accelerated to their final target speed at low altitude, highly inefficient design. 

 
Another drawback of Space shuttle design project was poor consideration for safety of on-

board astronauts. Once astronauts were aboard the shuttle, there was no escape mechanism integrated 
in the system such as parachute them down after shuttle was launched in case of a failure, an 
explosion some sort of disaster. Therefore shuttle missions turned out to be extremely expensive 
venture because a catastrophe not only would cause loss of shuttle hardware but death of astronauts 
means millions of dollars lost in training astronauts, their lives and cost of thousands of expert man 
hours in training them. Further main cabin of shuttle allowed seven astronauts to fly together. This 
required training of larger team of astronauts and loss of their lives in any accident caused a huge dent 
in the budget of NASA. The Apollo 13 mission was an example in which all seven astronauts were 
killed and cremated in a fatal accident. We suggest that future space vehicles must be planned to 
accommodate only one or at the most two astronauts to make a space trip. 

 
Clearly new and improved principles from Skylativity® theory have identified a need for 

redesign of spacecrafts. We are proposing a new design for future spacecrafts with capabilities to 
support missions to neighboring distant planets Mars, Saturn, Jupiter, and for the missions involving 
travel to outer space (celestial objects outside our Solar systems). A design conception for a modern 
spacecraft along with its salient features is shown in Figure 7.5. The most prominent lineaments are 
installed ejection modules for the safety of astronauts travelling aboard the ship, the speed booster 
modules equipped with engines that have multiple firing sequence to perform variety of operations, 
an adaptive learning system to sense obstructions in trajectory, and  ultrafast messaging system,  
message speed faster than the speed of light.  
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Figure 7.5 A conceptual design of a future spacecraft with escape system built  
within booster rockets. 

 
Let us describe these features of a new spacecraft in greater depth. We suggest that booster 

rockets of the current space shuttle design should be replaced by multi-purpose rocket modules. The 
multi-purpose module is designed to act as a speed booster in one mode at the launch time and act as 
an escape vehicle for astronauts in case of emergency in the other mode. Another objective is to use 
the same module as a shuttle landing gear at the destination planet. The fourth function of this module 
would be to act as a retardation thrust creator as the vehicle enters in the gravitational field of a 
destination planet. To achieve these functions, the booster module should be equipped with engines 
which are built with multiple firing sequences meaning they can create variable amount of thrust 
depending on mode of operation and purpose.  

 
Experience from prior shuttle missions and critical analysis of shuttle models indicates that 

the most accident occur during the first few minutes of its journey to space. Therefore it make sense 
that at the start of mission two astronauts should not aboard the main cabin of shuttle, instead they 
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should reside in separate escape modules of multi-function booster rockets. Essentially, during the 
course of lift-off, both astronauts are allowed to relax in eject-able seats with parachutes. After the 
shuttle accelerates to final target speed astronauts should be allowed to join in main cabin under the 
guidance of NASA’s or any other space agency’s mission control tower. We suggest progress of 
mission should be monitored from more than one location, control centers of ESRO and NASA. This 
should ensure safety of astronauts because it permits them to escape from the spacecraft in the event 
of any accident or emergency and return to the ground on the Earth from any location.  

 
Similar to the booster rocket engines, the main engines should be designed to serve multiple 

purposes. Also, the engine should propel the spacecraft by reaction from exhaust gases only and not 
because of decrease in mass, fuel burn rate. A conspicuous advantage of these type of engines is there 
is a significant decrease in payload on shuttle, the fuel tank an undesirable shortcoming of present 
shuttle engines. Also, for cost, speed and payload trade-offs and for resource optimization the rocket 
engines should be designed to operate in special phases while ascending or descending at different 
speeds.   

Further, it is suggested that the main engine should accelerate the vehicle in multiple stages 
as the shuttle passes through various zones of the Earth’s gravitational field. In fact, the main engines 
should be turned on under full throttle condition that generate maximum thrust only when the shuttle 
reaches at high enough  altitude at which the strength of gravity from the Earth is lower. This ensures 
that shuttles of future is accelerated to much higher speeds than previous designs. To accomplish this 
objective of attaining shuttle speed near fractions of speed of light, jet propulsion system should be 
developed that utilize other types of fuel, other than the liquid hydrogen and the liquid oxygen. We 
suggest the newly designed rocket engines should employ nuclear source of fuel or apply different 
principle of excreting ionized gases from exhaust to further increase the speed.  

 
Communication with spacecraft crew during the course of entire mission is very vital aspect 

of design for  future space travel. As mission progresses, the distance between the control center on 
the Earth and the spacecraft increases. The message delays to and from spacecraft even at the speed 
of light adds up quickly to unacceptable levels and very soon it becomes impossible to send and 
receive messages in real-time.  Real-time communication is imperative for the safety of astronauts 
aboard the shuttle for mission. Therefore we propose new methods such as modulation of quantum 
bits (q-bits) by applying technologies of future, quantum entanglement needs to be developed to 
ensure effective communication on quantum channels. We will discuss more on Quantum 
Entanglement (QE) in Section 11.5.   

 
Another major issue is speed of detecting foreign matter during the progress of mission in the 

proximity of the vehicle which could be on collision course with the spacecraft. The matter entity 
could be satellite of known or unknown origin because time duration of journey to outer space 
missions could be several months or years even if spaceship is travelling at fractions of speed of light. 
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Further mission specialists and program managers of missions occasionally have to make 
assumptions in their computations that has certain margin of error due to uncertainty in measurement 
of parameters in tests. Further predicting celestial positions of all objects in space with 100% 
accuracy is a daunting task, specifically when relative positions of vast stars and planets are 
continuously changing in variable gravitational field.  

 
 As regards to speed of sensing an object or an intruding agency, it is obvious that detection 
speed is limited to speed of light. One cannot send and receive signal from spacecraft to any object 
above the speed of light. Also messaging time for communication from spacecraft to the Earthlings 
increases as the distance of spacecraft increases. Therefore computers on spacecraft should react to 
the sensed stimulus automatically and respond appropriately by correcting course of spacecraft in a 
timely manner without any instructions from the control center on the Earth. The response of shuttle 
gear to emergency situations is lot stringent as the speed of spacecraft approaches the speed of light. 
This completed our discussion on future space expeditions.  
 
 In the next section, we will learn more about concerns of utmost importance in the design of 
spacecraft that travel above the speed of light. You will discover that entirely different class of 
vehicles should be designed to take up this challenge in pursuit of finding different civilizations and 
verifying their existence or non-existence in the outer space, outside our solar systems. 
 

7.4 Travel at Super Luminous Speed 

 
For deep space travel missions, space agency of world should redesign probes with considerably 
higher speeds than the manned space shuttle missions of previous. The speed of these probes should 
be as high as the speed of light. The high speed can be attained by ion fueled rocket engines and 
nuclear powered propellers. The task for future program manager of missions is to design engines that 
can provide constant accelerations to send vehicles in deep outer space. There are many other 
considerations involved in the design of such probes. One of the important issue is the design of 
probes should include retardation engines to decrease the speed of the probe from the speed of light to 
the controllable range that would allow lending of the probe at destination satellite or planet safely. 
Also, the onboard instruments on the probe must preserve their operational capabilities with drastic 
changes in the operating environment of high pressure, acceleration changes and temperatures.  
 

One of the greatest challenges in the design of vehicles with speeds at the speed of light and 
even at fractions of the speed of light, for example, 10% (0.1c), is to exchange information from the 
vehicle to the Earth in real time. Even if hypothetically one could design spacecrafts that travel at and 
above the speed of light, the speed of communication of information and signals is limited to half the 
speed of light c. The factor half arises from satisfying Nyquist’s criteria for zero inter symbol 
interference bandwidth, no aliasing requirements for information transmission on a communication 
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channel [35]. Further for bi-directional information exchange between crew on mission and experts at control 
station on the Earth, 100% time delay is introduced.  These latency in communication caused by Nyquist’s 
requirement and bi-direction communication, forces information flow in one direction, from spacecraft to 
mission specialist on the Earth only.  

 
You may recall, we had introduced the concepts of the absolute speed of light c in Chapter 2. 

Because the speed of any waveform signal can’t exceed the speed of light c characterized by a unique 
frame of reference, if the speed of a space vehicle is faster than the speed of light, the signal exchange 
will lag behind the vehicle in real time. Therefore, it is imperative that all of the computer programs 
and the steps of the mission should be fully autonomous on spacecrafts travelling at and near the 
speed of light. They should be perfected to the extent that they meet all kinds of emergencies and 
contingencies without any intervention and assistance from the control center on the Earth.  

 
There are two plausible solutions that thwart bidirectional communication lag problems for 

spacecrafts travelling at super luminous speed. One alternative is to launch a series of space probes in 
succession after successful launching of a manned spacecraft. The only objective of launching these 
space probes is to continuously link communication between manned spacecraft and the Earth, like a 
relay satellite. The details of the solution is outside the scope of this book and it will be addressed 
elsewhere. 

 
Since we cannot send message to the spacecraft travelling at super luminous speed from the 

Earth in real-time, we must invent other ways to send information. The second solution is based on 
principle of quantum entanglement that permits us to establish communication from the Earth to the 
spacecraft in zero time. As stated earlier, we will explore details of this solution in Section 11.5.    

 
We like to address another issue, tremendous advances in sensing technology is required for 

travelling at the fractions of the speed of light. At very high speeds various parameter such as the 
spacing, the velocity, the acceleration, and the temperature of obstruction entities, environment and 
the spacecraft itself on the journey should be measured very rapidly. All the sensor systems 
developed to perform these measurements should have very low value of time constants to report and 
the control system instruments must react quickly in response to the results of measurements. The 
response of the control systems, designed to alter the directions and change the speeds of vehicles, 
should be rapid in order to meet the challenge arising from variety of unknown situations. 

 
One of the pitfalls of Einstein’s relativity theory was scales for time, length and mass 

measurements were different for travelers at fractions of speed of light. A significant advantage of the 
new Skylativity® theory is that the speed of light is not independent of frame of reference and the 
scales of various parameter measurements are constant. Therefore, all the measurements of length, 
mass, and time are the same for any frame of reference. Thus, the need for performing scaling of 
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length, mass, and time measurements in a different frame of reference is eliminated.  Also, it is not 
necessary to apply the Lorentz transformation equations for length contraction and time dilation 
computations among different inertial systems. This is an extremely valuable result because it 
simplifies a lot of computational effort.  

 
The importance of fixed length, mass and time scales which do not depend on motion of any 

reference frame should not be underestimated in space missions involving journey to interstellar 
distances. One of the several crucial aspect of space mission is to determine the space and the time 
coordinates of the mission vehicle in future based on current coordinates. During the journey, a space 
vehicle will undergo several stages of acceleration and retardation as it swings by gravitational fields 
of intermediate planets and stars. Since gravitational fields of planets and stars changes with their 
location, predicting their effect on space vehicle at a future time (seconds, minutes, hours, days, 
months and years) is a non-trivial task even with sophisticated computer model of the system.  

 
The requirement of applying Lorentz transformation could make the matter worse beyond 

imagination for speed, time and distance measurements. As a result of simplification envisioned by 
the Skylativity® theory, applying Galilean transformation for computation of mass, distance, and time 
parameters the feasibility of success of any space mission is significantly improved. When spacecrafts 
travel near the speed of light, the measurements of these parameters at high speed imposes stringent 
requirements on design of sensor and control systems. 

 
In the next section, we shall analyze NASA’s plans for the decade 2010 to 2020. From the 

economic and the mission stand point, this period will be playing a very important role in space and 
astronomical research for this country, as we are approaching the most critical era of space research. 
The success of research and missions in the 2020s should help take giant steps for mankind in 
astronomy and particle physics. Our nation is counting on organization such as NASA to take the next 
step in this century to regain the leadership of US both at the economic and the technology forefront. 

 

7.5 Role of Space Agency in New Millennium 
 
In the previous section, we addressed issues concerning the design of spacecraft that can travel near 
the speed of light in principle. In this section, we shall review the current state of research from space 
agencies in US NASA and abroad ESRO. NASA has recently announced that they are going to 
ground the Discovery and Atlantis Shuttle fleet programs in 2012. From 2012 to 2018, NASA, with 
the help of private industry, will develop new space vehicles. Our suggestion is that in future separate 
vehicles, one for carrying astronauts to the mission’s destination and the other carrying cargo payload 
should be designed. We believe that the segregated designs customized for specific purpose would be 
a right step that will optimize utilization of allocated resources.  
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There are many advantages of employing different designs, customized for each intention. 
One of the most important advantages is that the space vehicles carrying astronauts only, could be 
designed to fly considerably faster than the speed of the cargo missions. Thus, travel time for 
astronauts to mission’s destinations could be lot shorter than slow missions with cargo. The efficiency 
of the implementation can be dramatically increased for cargo missions because the life support 
system payload requirements during travel is reduced for the mission, which will result in a huge cost 
savings. Also, cargo missions increases opportunity for other nations to participate because they hire 
the services from launching nation for placing their probes and instruments on destination planet to 
perform research satisfying their own purpose. 

 
Another advantage of the mission, carrying the astronaut’s payload only, is that the space 

vehicles could be designed with increased safety at a low cost, thus mitigating risk. Different design 
for cargo missions will demand that the industry develop space vehicles which are capable of running 
self-directed missions with completely autonomous control systems.  Further missions that carry 
cargo payload will not always require the roundtrip fuel and resources because they could be 
optimized for one-way trip sometimes.  Therefore, in future we suggest that entire shuttle mission 
operations and control should be customized for each purpose with very high efficiency. The 
requirement for customization will increase research demands in public and private sectors, and help 
energize the economy by creating millions of new jobs.  

 
At this point we would like to shift our focus to a slightly different topic, space program and 

proposed objectives of NASA in future. The success of the current project of the International Space 
Station and its ahead of schedule assembly boosted the confidence of NASA in Joint effort space 
programs from international space community. Therefore, NASA should possibly consider a mission 
that enable construction of a Greenhouse facility on the Moon in coming years for human habitat. 
Sending humans only again to the Moon for visit is not appropriate objective because that goal was 
already accomplished in the prior century.  
 

We suggest that in this new millennium NASA’s should use resources from coalition of 
European and Asian nations for success of next project similar to success of Space Station. NASA 
should build a greenhouse on the Moon to evaluate possibility that human can live on other planets 
for extended durations away from the Earth’s environment and survive. Construction of a station on 
the Moon similar to greenhouse in deserts has many advantages because the Moon has lower gravity 
than the Earth and lacks atmosphere. The most prominent benefit is an observatory on the Moon 
facilitate study of our Universe and celestial objects with more ease, and allow performing 
measurements with high accuracy. 

 
 The study of the celestial objects from the Moon are more precise than from the Earth 

because the Moon does not have atmosphere therefore light and radiation arriving from the stellar 
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objects are not deflected. Therefore, location of the stars and the mapping of the sky is much more 
accurate. Some astrophysicists believe that the refraction effects due to the Earth’s atmosphere on 
positions of objects in the sky can be corrected by software.  But correcting refraction errors is not 
trivial in real time because the correction factor is not constant. Also, the different stars project 
different angles of incidence to the telescope and the stars are in constant motion in relation to the 
solar systems.  

 
In fact, correcting position of stars in sky is an NP incomplete problem as real time correction 

is not feasible. Also, information arriving from the different stars is uncorrelated in time because the 
instantaneous distance and the speed of each star are different and not related. We want to make some 
additional suggestions for the space station program that increase the safety of personnel aboard the 
International Space Station. The space agency should design and deploy an emergency escape vehicle 
that would be able to safely carry the astronauts from the space station down to the Earth, in case of a 
real emergency on the Space Station. The vehicle should be permanently docked with the space 
station. This will ensure safety of all the personnel on space station at all times.  

 
In the next section, we will discuss, Earthbound applications of Skylativity® theory to 

medical field such as light wave therapy for relieving pains for joints in human  arms and legs, CT 
Scan and MRI imaging, and light wave hair trimmers. Also we will explain applications in transport 
industry and green energy source: contactless charging of batteries in vehicles driven by electricity, 
use of solar panels, and application of LEDs for Christmas lights. 

7.6 Other Applications of Skylativity® 

So far we discussed applications of Skylativity® theory to vast scale objects spacecrafts, space probes 
and particle colliders. In this sections, we will focus on applications that we routinely employ for 
medical diagnosis, degree of infection to limbs of human body such as CT scan using x-rays for 
locating kidney stones and Magnetic Resonance Imaging (MRI) for finding tumors in brain.  Also, we 
will disclose applications such as light wave therapy unit, a treatment that is used to relieve arthritis 
pain from joints of human arms and knee caps, and light wave hair trimmers. Further, we will 
describe new kind of applications contactless charging of cells of batteries inside buses that utilize 
engines run by electricity, role of panels of solar cells in producing green source of energy and use of 
LEDs for Christmas light. 
 

First, we will explicate, why understanding Skylativity® theory postulates plays a huge role 
in developing advanced applications of radiations in future. The magnificent reasoning behind 
postulates of Skylativity® theory Section 3.5, revealed that all radiations are created when energy is 
dissipated by fundamental particles as they vibrate within inner space of atoms. The stunning details 
of light behavior and model from QTR Chapter 2, characterized radiations as periodic fluctuations of 
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electrostatic field between orbiting electrons bound to a nucleus and protons at the core, gave much 
clearer understanding of radiations in general and visible light in particular. We emphasize that this 
understanding has a profound effect on developing new applications. 

 
Now let us talk about CT scan which is widely used technique to diagnose infections in 

organs of body parts. A Computed Tomography (CT) scan uses x-rays to produce detailed pastures of 
structures inside parts of body. During this test a person lies on a flat table that is surrounded by 
doughnut shaped CT scan x-ray machine. The CT scanner sends x-rays through patient’s body, 
surface area of the organ to be studied. The scanner takes a series of pictures by rotating positions of 
the patient which may be printed. Also, three dimensional images from several pictures are developed 
after computer software processes photographs of limbs from different angles.  

 
Often patients is required to intake a dye to improve the contrast of picture. The dye is a 

colored substance which is injected in arm vein and it may be placed in rectum or joints. Also, patient 
may drink a liquid dye for kidney stone detection and for eye retinal examination prior CT scan x-ray 
tests is performed. A CT scan be utilized to study all parts of body such as chest, belly, arm, leg, and 
pelvis. It can distinctly photograph internal organs of a body such as pancreas, liver, lungs, heart, 
kidneys and bladder [A]. We can also study blood vessels, bones and the spinal cord. Despite broad 
applications of CT scan, the procedure is not suitable for imaging parts of brain because x-rays have 
very high energies of 104 to 107 eV that causes considerable cellular damage to brain tissues. The 
risks in damaging nerves of brain due to CT scan tests is high enough that medical experts prefer to 
employ MRI instead, which brings us to the next application the MRI imaging. 

 
Magnetic resonance imaging is a tests that uses a magnetic field of high strength 0.2 to 7 

Tesla and oscillations of radio frequency waves to create pictures of organs and structures inside the 
body. The principle behind operation of MRI is bit complicated and needs more explanation than CT 
scan. Similar to magnetic moment of electron discussed in Section 6.5.2, nucleons, protons and 
neutrons have magnetic moment associated with their spin. The spin magnetic moment of a particle in 
nucleus is specified in terms of nucleon magneton n similar to electron magneton B. The value of n 
is smaller by factor of 1836 corresponding to huge difference between mass of electron me and mass 
of proton mp. Thus spin magnetic momentum of nucleon n = eћ/2mp = 5.05 × 10-27 J/T. This should 
give us enough background information to understand the operation of MRI. 

 
When an external magnetic field B is applied to a molecule of hydrogen (A pair of H2 

nucleus) potential energy (PE) E = -n×B is associated with magnetic dipole moment. Our body 
consists of 80% water by weight that is a lot of hydrogen. When magnetic moment is lined up with 
field B which we will identify as primary field, PE is minimum Emin and while magnetic moment 
opposes the field B, PE is maximum Emax. It is possible to inspect the energy transitions between 
these two spin states using a technique called Nuclear Magnetic Resonance (NMR). It is discovered 
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that when a secondary weak field is applied that is orthogonal to the primary field under appropriate 
conditions a quantum of energy from the secondary field is absorbed by nuclei. In simple terms, the 
loss of energy in the form of quanta is detected electronically.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 7.6 Nuclear Magnetic Resonance (NMR): Principle of operation  (a) A nucleon with spin ½ can occupy 
one of the two energy states Emax or Emin when placed in external magnetic field  B depending on its alignment 
with . (b) NMR Machine . 

Here, is how it happens. The frequency of oscillations from the secondary field is adjusted till 
the energy of field quantum equals the difference in energy between two spin states of nucleon. This 
frequency is known as Larmor frequency, nuclear magnetic resonance condition at which the spin 
state of a nucleon is actually flipped because of absorption of the energy [E]. The main advantage of 
MRI over other methods is, it causes minimal damage to human cells because energy associated with 
secondary field is of the order of 10-7 eV only. However MRI are more expensive than CT scan 
because of added complexity in its operation. The current carrying coils are maintained in super 
conductivity state by cooling them using liquid helium 452.4 F below zero. At this temperature the 
wires have no resistance to electricity eliminating energy loss and producing very strong magnetic 
field B. A schematic arrangement of MRI machine is illustrated in Figure 7.6 and MRI cutaway 
scanner is displayed in Figure 7.7. 

 
Although high magnetic field strength of primary field of MRI machines in the past have 

caused several accidents, NMR in normal use is considered safe. It is reported that in year 2000, a gun 
was pulled from police officer’s hand and discharged upon striking a machine by an accident [19]. 
Therefore MRI machines are located in rooms which are well shielded by walls made out of thick 
lead sheets and to ensure further safety of MRI Radiologist all the items of ferromagnetic materials 
are kept away from the MRI apparatus. Similar to CT scan MRI is used to find problems such as 
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multiple sclerosis, brain tumors, torn ligaments, tendonitis, cancer, strokes, bleeding from vein in 
brain leading to hemorrhages, and problems with optic nerve in eyes and auditory nerves of ears. 

 
Figure 7.7 A Cutaway view of MRI Scanner with gradient coils carrying currents under superconductivity 
condition. 

In past decade plethora therapeutic applications of radiation waves were invented because of 
advances in manufacturing technology of Light Emitting Devices (LEDs). It is discovered that LEDs 
generate a variety of radiations, consumes lot less power, operates at safe low voltage levels, are 
becoming more affordable and are competitive compared to other sources of light. Also, light sources 
from a group of LEDs are more flexible and controllable for targets. Besides LEDs, another radiation 
source, lasers are employed for fractional skin resurfacing (skin wrinkle reduction) and hair removal.  

 
Palomar 1540, commercial lasers are available that combines the gentleness of non-ablative 

techniques with the effectiveness of ablative methods. The laser source treats by delivering light in an 
array of micro beams, which penetrate through the epidermis and into the dermis, initiating the 
formation of new, healthy collagen and tissue. At the same time, the surrounding tissue is left 
unaffected and intact, resulting in lessened recovery time for the patient. Lasers are also employed for 
removal of hair from unwanted places on a body. A contact cooling system prevents any burning 
sensation.  

Thus light wave therapy is the most sophisticated application of LEDs in the industry. Light 
therapy uses Red light, Blue light as well as infrared radiations for anti-aging, skin rejuvenation, body 
improvements, wrinkles, flaccid, acne scars and more. Through this state-of-the-art technology Light 
wave therapy utilizes Infrared and Red light to convert light energy into cellular energy. This cellular 
energy increases the cellular metabolism and aides in collagen production. Best of all, Light wave 
LED therapy has no negative side effects. Not only is light therapy painless from Red light therapy to 
Infrared but is actually soothing and relaxing. And whether Light wave therapy is used for the body, 
acne scars or as an anti-aging treatment for wrinkles, the recovery time is zero. Further Light wave 
therapy is often effective at diminishing the appearance of cosmetic flaws on the face and body, 
which are otherwise very difficult to treat.  

with gradient coils 

carrying currents under superconductive  state 

http://www.mylightwave.com/
http://www.mylightwave.com/
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A predominant characteristic of Light wave therapy is different kinds of sources Red, Blue, 
and infrared LEDs can be manufactured by applying similar technology and processing steps. This 
enables design and production of light sources of suitable wavelength customized for curing and 
treating specific type of disorder. For instance BLU-U Light Therapy is used for treating moderate 
acne and pre-cancer conditions. Acne is treated by the special type of light that can kill the acne 
bacteria in your skin and is pain free. For pre-cancers the BLU-U Light is used in conjunction with 
Laevulin Kerastick to treat actinic keratosis pre-cancers. BLU light therapy is a treatment option for 
all ages, requires no downtime and does not produce thermal damage or pain. The acne is exposed to 
a very precise wavelength of blue light. Once the blue light comes in contact with the skin, the acne 
causing bacteria absorbs the blue light and is destroyed. 

 
In contrast to Blue light, Red light therapy is frequently used to reduce and even reverse the 

appearance of aging resulting in a significant cosmetic enhancement of appearance. Red light therapy 
can stimulate your body’s natural regenerative system, accelerating the replenishment and repair of 
collagen, and elastin, to restore a youthful semblance. Red light wave reduces the occurrence of fine 
lines, superficial wrinkles, facial scars, burns, sun damage and sun spots. It also improves the 
appearance of fatigue from exhaustion, flaccid skin, stretch marks, orange peel and cellulite. Another 
form of light treatment is called Intense Pulsed Light (IPL) which is used to treat patients with Sun 
damage, rosacea, and facial spider veins. The procedure targets light beamed through a prism on 
abnormal pigmentation within the skin. The light breaks down the molecules which make up the 
pigmentation, resulting in evened pigmentation. Yet another application of LED technology is to 
manufacture Christmas lights because LEDs operate at low voltages. Therefore the Christmas lights 
using LEDs are inherently safer and have low risk towards fire hazard on buildings. 

 
Now we will describe final application of Skylativity® theory, restoring charge on batteries 

of a public transport system, a transit bus, tramway, and a subway train. Rapid transit systems are 
becoming common place in large metropolitan cities to support passenger traffic from suburban cities 
to downtown offices.  The most popular examples are subway in New York and Washington D.C., 
Coastal transit in San Diego and Los Angeles, and BART in Bay area. It is found that significant 
downtime occurs in any of these transit system when power fails. We suggest that the design of the 
trains and the buses utilized to support transportation should be upgraded. The design of propelling 
system of these vehicles should have a backup source of drive. The backup drive engine should run 
by electricity. The energy to the engines is supplied through rechargeable cells. The cells are 
recharged without any connection (contactless) when vehicles halt at a stations and during their 
service period. Special charge restoring machines must be installed at appropriate sites underneath the 
vehicle when they stop. 

 
In the next section, we will discuss another important topic radioactivity, slow decay of 

protons and neutrons, and impulsive breakdown of unstable nuclei. So many physicist in past 
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attempted to resolve radioactive decay phenomenon including Richard Feynman. They could not 
provide satisfactory answer and cause for radioactivity. You will be astonished to read our ideas on 
radioactive decay, alpha, beta and gamma decay processes. Further, in the section of beta decay, we 
will explicate carbon dating, an application of beta decay 14C to determine the age of dead organisms 
and the details of ancient civilizations from their remains found by excavation in mines.  

7.7 Radioactivity and Decay Processes  

In nature, radioactivity happens in two ways, a spontaneous decay and a gradual progressive decay. 
Spontaneous decay occurs as a result of disintegration of unstable nuclei, in atoms of an isotope of a 
metal such as Uranium 238U. An atom of any matter is stable if its nucleus has a symmetry even 
number of protons and neutron pairs because strong fundamental force of color charges of quarks in 
pairs of protons and neutrons balances out. For this sense nucleus of 238U is inherently unstable and 
disintegrates continuously into thorium and subsequently into isotope of lead Pb.  
 

In contrast to spontaneous decay, examples of progressive slow decays are proton and 
neutron decays. It turns out that proton decay is very difficult to validate because a free proton has 
very long half-life (1033 years). There are six modes for proton decay have been identified in which at 
least one particle has a positive charge (e+ positron and + muon) and other particle is charge neutral 
which may be 0, ,  and . Also, the end products in equations after transmutations of neutron 
decay contains hypothetical particle anti-neutrino which was necessary to satisfy conservation of 
baryon number  and conservation of lepton number rules [F].  

 
n  p + e- +  e         (7.15) 
 
So far physicist are unable to verify existence of anti-neutrino particles and are unable to 

distinguish them from neutrino. From our view point decay rate for both free proton and free neutron 
is extremely slow because they are stationary and as a rule particles at rest dissipate energy at 
extremely low rate, a rate below the limit set by Heisenberg’s uncertainty principle. In fact the proton 
decay rate is so feeble that no trace of decay was detected even after twelve years in an experiment 
conducted at Soudan iron mines of Minnesota. Therefore we will concentrate on spontaneous decay 
processes. 

 
A substance is said to be radioactive if it contains unstable nuclei and is able to naturally 

release energy in the process of demolishing high speed charged particles, striving to reach a stable 
condition. During process of transformation, radioactive nuclei emits charged particles or radiation 
waves depending on the nature of its instability. When atomic configuration of a substance has a 
nucleus with more or less numbers of neutrons than the number of proton the atom is classified as an 
isotope.  For instance an isotope of Uranium 238U have in its nucleus 92 protons, 92 electrons and 146  
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neutrons which decays to thorium and helium. A number of elements have atoms or nuclei which are 
unstable and consequently split up to form smaller atoms.  This is due to the fact that all elements have a 
tendency to achieve equilibrium or stability in the nucleus, the lowest entropy condition. 

 
Generally speaking, radioactivity is a process of spontaneous emission of radiation energy 

from particles, an event occurring as a result of the disintegration of unstable nuclei. It was first 
discovered accidently by Becquerel in 1896, and subsequently Marie and Pierre Curie disclosed 
invention of two new radioactive elements Polonium and Radium after several years of laborious 
separation of chemical process on tons of ore. Three kinds of decay occur in radioactive elements: 
alpha decay (), in which the emitted particles are 4He nuclei; beta decay (), in which the emitted 
particles are either electrons or positrons; and gamma decay () in which the emitted radiations are 
high energy quantum waves. The decay processes are probabilistic in nature and are characterized in 
terms of decay rate. 

 
An expression for decay rate is determined by statistical calculations for a radioactive sample 

of macroscopic size containing large number of nuclei. For such large numbers, the rate at which 
decay process occur in a sample is proportional to the number of undecayed nuclei present at some 
time. i.e.  

 
dN/dt = -N          (7.16) 
 

where is called decay constant, is a decay probability per nucleus per second. The negative sign on 
right hand side indicates that the sample is diminishing in quantity. We can rewrite equation (7.16) as 
dN/N = -dt and integrate this with respect to time. 

                           N                                             t 

     ʃ dN/N = -  × ʃ dt  which upon integration 

                      
N

0 
                                       0 

 
gives   ln (N/N0) = -  (t – 0). We can take anti-logarithm on both sides and after rearranging terms 

we get N = N0 × e-t, where N0 is the number of nuclei at the start of disintegration, t = 0. We can 
substitute this value of N in equation (7.16) to get decay rate R. Thus decay rate is 

 
 R = R0 e-t         (7.17) 
 
where R0 = N0 is decay rate at t = 0.  

Another parameter of interest is half-life in characterizing nuclear decay [19]. The half-life of 
a radioactive substance is defined as the time interval during which half of a given number of 
radioactive nuclei disintegrate.  i.e. R/R0 = ½. We can substitute this fraction in (7.17) to find T1/2. 
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T1/2 = (ln 2)/        (7.18) 

 
where ln is Napier’s natural logarithm to base e 
 

Thus after time interval in increments of half-life the number of nuclei decayed increases by a 
factor of 2. In general after n half-lives, number of undecayed nuclei remaining is N0 (1/2)n. The SI 
unit of activity is the Becquerel (Bq) named after the inventor of radioactivity, 1 Bq = 1 decay/s.  
In practice more frequently used unit is the curie (Ci), which is defined as  
1 Ci = 3.7 × 1010 decays/s ≡ 3.7 × 1010 Bq. 
 

In almost every physics book the way author describes decay processes, it gives readers an 
impression that in a decay process and in radioactivity mass of the substance is transformed in to 
energy. In particular one gets a false sense that mass of substance is disappearing in the process after 
studying the definition of half-life. We wish to clarify that these ideas of vanishing of mass in decay 
processes are incorrect. Our detailed analysis of ,  and  decay processes will show that the total 
nucleon count from time zero till any time there after in the progress of decay will not change, if we 
take into account nucleon count of emitted particles. We do not deny that a fraction of mass is 
transformed into energy. However the energy that is released in radioactivity is from the binding 
energy of parent radioactive nuclei. It is of interest to know that an alpha particle is a helium atom, a 
beta particle is a baryon, electron or a positron, and in gamma decay only energy waves are released. 
Let us describe details of each of the decay processes with some examples to make our points clear. 

7.7.1  Alpha Decay 

Alpha decay usually occurs from elements of periodic table whose nucleus is unstable and is 
comprised of proton rich nuclei. A nucleus of substance emitting an alpha particle (4He) loses two 
protons and two neutrons. Therefore, the atomic number Z decreases by 2, the mass number A 
decreases by 4 and the neutron number decreases by 2. In general alpha decay can be expressed by 
equation 

                
 
  Z X   

  Z-2Y  + 
  2He        (7.19)   

 
where X is called a parent nucleus and Y is called the daughter nucleus. 
 

When the nucleus of one element changes into the nucleus of another as in alpha decay 
process, the process is called spontaneous decay. From Baryon numbers rule in any spontaneous 
decay, the proton and the neutron count is conserved. Inspection of above decay equation reveals a 
fact, that total A number on the X side of the equation and the Y side of the equation is unchanged. 

A           A-4         4 
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Similarly the total Z number on the X and the Y sides of the equation is unaltered. Further, in 
spontaneous decay, the relativistic energy and the momentum of isolated parent nucleus X must be 
conserved. We will not get into disintegration energy Q computations which appears in the form of 
kinetic energy of daughter nucleus Y and alpha particles [19]. So what is the source of disintegration 
energy? Answer, the binding energy of the parent nucleus is transformed into the kinetic energy 
possessed by a daughter nucleus and alpha particles. Examples of alpha decays are the disintegration 
of 238U into 234Th and the disintegration of 226Ra into 222Rn. Both emits alpha particles and decays 
according to the schemes 

                 
 
  92U  

   90Th  + 
  2He       (7.20)   

 

  
 
  88Ra  

   86Rn  + 
  2He      (7.21) 

   

Because momentum is conserved, the gossamer alpha particle recoils with much higher speed 
than the relatively ponderous daughter nucleus. Experimental observation of alpha-particle energies 
show a number of discrete energies rather than a single energy because the daughter nucleus is left in 
an excited state after the decay. Therefore usually the emission of an alpha particle is followed by 
emission of one or more gamma-ray quantum waves as the excited nucleus decays to the ground state. 
The observed discrete alpha particle energies represented a proof of the quantized nature of the 
nucleus long before Max Planck established quantum nature of electron energies in nucleus of excited 
atoms. Now let us understand the mechanism of an alpha decay by modeling the energies of the 
parent nucleus as a system consisting of  

 
a. Alpha particles an entity formed within the nucleus and  
b. The daughter nucleus that will result after the alpha decay.  

 
In Figure 7.8 a plot of potential energy vs. separation distance r between the alpha particle and the 
daughter nucleus is displayed, where the distance R is the range of the nuclear force.  
 
The curve represents the combined effects of 

(1) Repulsive Coulomb force in the region r > R between the protons of alpha particle 
and the protons of daughter nucleus.  

(2) The attractive color charge force shared among the quarks of neutrons and protons of 
alpha particles, and the daughter nucleus in the region r < R.  

 
A typical disintegration energy is 5 MeV which equals to the kinetic energy of the alpha 

particle. The energy is smaller than the potential barrier. It was believed that according to classical 
physics, the alpha particle is trapped in a potential well. The question was how then does the alpha 

238          234             4 

226            222              4 
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particle escape from the nucleus? The answer to this questions was provided by George Gamow in 
1928 and, independently by R. W. Gurney and E. U. Condon in 1929 using quantum mechanics. In 
quantum mechanics, there is always some probability that a particle can tunnel through a forbidden 
zone. We are in dissonance with tunneling concept and wish to provide an alternate explanation.  
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Figure 7.8 Potential energy vs. separation distance for an alpha decay process 
(Courtesy of Serway & Jewett  [19]). 

 
First notice how steep the energy curve in Figure 7.8 is below the alpha particle energy of 5 

MeV. See how a small difference in energy on the vertical axis has a relatively large effect on the 
height of the potential barrier. Therefore, we believe that alpha particle escapes through leakages in 
the potential wells. There are two sources of leakage. The repulsive Coulomb force in the Figure 7.8, 
which does not take into account the attractive force between the alpha particles and the orbiting 
electrons of daughter nucleus. The second source of leakage is the presence of impurity atoms in the 
proximity of the decaying nucleus. Because energy of alpha particles is in a very sensitive region of 
potential wells, half-life of alpha particles varies a lot among different decay processes. For instance 
half-life of alpha particle from disintegration of 238U is 4.47 × 109 yr. with energy 4.20 MeV vs. half-
life of alpha particle from decay of 226Ra is 1.6 × 103 yr. with energy 4.79 MeV. These sources of 
leaks in the potential wells are the real causes of substantial increase in probability of tunneling which 
we designate as quantum leaks. Next we will describe beta decay process. 
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7.7.2  Beta Decay 

Unlike 4He2 particle radiation in alpha decay, in beta decay the daughter nucleus contains the same 
number of nucleons (mass number A) as parent nucleus but the charge number Z is changed by unity. 
Therefore when a radioactive nucleus undergoes beta decay, the charge number increases by one if 
electrons are emitted and decreases by unity if positrons are emitted. 

 
As per Baryon number rule, the nucleon number and the total charge is conserved. Because 

the A number remains the same but the Z number changes, we conclude that in a beta decay either a 
proton is transformed into a neutron or conversely a neutron is changed to a proton. Further it was 
experimentally determined that beta particles from a single source were emitted over a continuous 
range of energies instead of discrete energy of alpha particles. After a great deal of experiments and 
theoretical study, Pauli in 1930 proposed that a third particle must be present in the decay products to 
carry difference of quantized beta particle (electron) energy and the freed binding energy from 
nucleon. Fermi named this particle the neutrino because it was charge free. In general beta decays are 
expressed by equations   

                            
 
  ZX  → 

  Z+1Y     e-  +        (7.22)  
 
where X is a parent nucleus and Y is a daughter nucleus and is antinutrino. 

                             
 
  ZX  → 

  Z-1Y  + 
  e+  +         (7.23) 

 
where X is a parent nucleus and Y is a daughter nucleus and  is a neutrino. 
 

When the nucleus of one element changes into the nucleus of another as in a beta decay 
process, the process is called spontaneous decay. According to the Baryon numbers rule in any 
spontaneous decay, the proton and the neutron count, the sum must conserve. Inspection of above 
decay equation validates the fact, the total A number on the X side of equation and the Y side of 
equation is unchanged. Similarly the total Z number on the X side and the Y side of equation is 
unaltered. Further, in spontaneous decay, the relativistic energy and the momentum of isolated parent 
nucleus X must be conserved. We will not get into disintegration energy Q computations which 
appears in the form of the kinetic energy of a daughter nucleus Y and the beta particles [19]. So what 
is the source of disintegration energy? Answer, the binding energy of parent nucleus is transformed 
into the kinetic energy of daughter nucleus, the beta particles and the release of neutrino. Examples of 
beta decays are the disintegration of 14C into 14N and the disintegration of 12N into 12C. Both emits 
beta particles and decays according to schemes 

                             
 
  6C  → 

    7N  + 
  e- +          (7.24)   

A                         A 

A                       A 
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  7N  → 

    6C  + 
  e+ +          (7.25) 

 
Current experiments place the upper bound on mass of the neutrino to 7eV/c2 which is very 

small in comparison with the mass of a beta particle electron which is 0.511 MeV/ c2. After taking 
into account the masses of all nucleons and particles on both sides of beta decay equation, we can 
conclude that in a beta decay process zero amount of mass is transformed into radiation energy 
waves.  

 
Now we will discuss an important application of beta decay which is known as carbon dating. 

The beta decay of 14C is regularly used to date organic samples. The idea is to utilize a principle that 
cosmic rays in the Earth’s upper atmosphere causes a nuclear reaction which transforms 12C into 
isotope14C of Carbon dioxide gas. The ratio of 14C to 12C in the carbon dioxide molecules of our 
atmosphere stays at the constant value of approximately 1.3 × 10-12. The carbon atoms in all living 
organisms have this same ratio as long as they are alive because the organisms continuously exchange 
carbon dioxide with their surroundings. When an organism dies, however, it no longer absorbs 14C 
from the atmosphere and so the ratio 14C/12C decreases as the 14C decays with a half-life of 5730 yr.  
This facilitates determining the age of organism by measuring its 14C activity. Using this technique 
and knowledge scientists can reconstruct the history of living organisms including humans by 
identifying the samples of wood, bones, and fossils during this time span.  

In the next section, we will describe gamma decay which is about emission of energy waves 
when a nucleus undergoes radioactive decay and is left in an excited energy state. You will discover 
that no material mass is transformed into energy waves during a gamma decay. A primary difference 
between alpha decay, beta decay vs. gamma decay is during both alpha and beta decays particles with 
non-zero rest mass are emitted. In case of a gamma decay only radiation waves are released from the 
radioactive substance and no particles are created.  

7.7.3  Gamma Decay 

Often a nucleus which undergoes radioactive processes, the alpha and the beta decay leaves the 
nucleus in an excited state. Subsequently the nucleus makes a transition to an intermediate lower 
energy state or perhaps to ground state. During this transition a high energy gamma ray quantum is 
emitted. In general gamma decays are expressed by equation 

                                  
 
  ZX*  → 

  ZX  + 
          (7.26)   

 
where X* indicates a nucleus in an excited state and  is quantum of very high energy wave, energy 
range 1MeV-1GeV. 

12                       12 

   A                       A 
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Typical half-life of an excited nuclear state is 10-10s. It is well known from Bohr’s theory and 
hydrogen model of atoms that the energy of quantum wave emitted or absorbed by an atom equals the 
difference between the initial energy and the final energy states of an electron in the transition. 
Similarly a gamma wave quantum has an energy hf which equals the energy difference E between 
two energy states of the electron. It is interesting to compare the energies, quantum of visible light at 
1 eV vs. quantum of gamma wave which is 1MeV to 1GeV. From equation (7.26) it is evident that 
during gamma wave radiation event, the only change in the nucleus is that it ends up in a lower 
energy state. Notice that the charge number Z, the neutron number N, and the mass number A remain 
the same for X* and X.  Therefore no mass is vanished to produce energy waves in a gamma decay. 
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Figure 7.9 Energy transformation details of  a gamma decay process. Energy level diagram for a 12B nucleus 
upon beta decay can undergo one of the two situations: 12C in ground state or in the excited state. In the excited 
case 12C* transitions to ground state after gamma decay (Courtesy Serway & Jewett [19]). 

A nucleus may reach an excited state violently as a result of collision with another particle or 
after an alpha and a beta decay processes. Typically following sequence of events occur in a gamma 
decay of radioactive boron and carbon isotopes. 

                            
 
  5B  → 

    6C*  + 
  e- +        (7.27)  

 
                            
 
  6C*  → 

  6C  + 
         (7.28)  

 
An example of gamma decay is shown in Figure 7.9 in which 12B undergoes beta decay to 

either 12C* or 12C levels.  In first case it under goes beta decay to an excited state, followed by gamma 
decay transition to ground state and in the second case beta decays directly to ground state. The first 
process results in the emission of 9.0 MeV electron and 4.4 MeV gamma wave quantum. In the 
second event 13.4 MeV energy electron is emitted. This concludes our discussion of decay processes. 
We have successfully established a fact that no material mass is consumed in any radioactivity events 
to produce radiation energy and energetic particles.  

12                   12 
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360          Chapter 7 
 

In the next section, we will describe the mystery behind the survival of highly inert neutrino 
particles as they made long journey from interior of our star, the Sun to the Earth’s surface despite 
their extremely low rest mass of 7 eV/c2. Also, we shall discuss details of what is known as Solar 
Neutrino Problem (SNP) whose controversy lasted for more than half a century, a major discrepancy 
between the measured numbers of neutrinos flowing through the Earth and predicted numbers based 
on theoretical model of the Sun’s interior.  

7.8 Solar Neutrinos 

Scientists extensively study lifetimes and interaction of neutrino particles arriving from the interior of 
the Sun and from other stars located in remote galaxies for many reasons. There are characteristics 
unique to neutrino particles which made them an attractive source of solving mystery revealing 
existence of other particles in the Universe. First of all they are the smallest particle found in nature 
which has nonzero rest mass and yet travel in straight line. Secondly they are highly inert and 
exceedingly difficult to interact with any other matter. Further, study of neutrinos arriving from the 
Sun allowed us to know internal composition of the Sun in past. Similar to solar neutrinos study of 
properties of neutrinos departed from stars of distant galaxies facilitate analyzing constitution of 
matter in remote stars.  
 

Neutrino particles play very important role in the Universe. Therefore, we have summarized 
main properties of neutrino and anti-neutrino particles in Table 7.2. It is very difficult to differentiate 
neutrino from its counterpart anti-neutrino because they are chargeless and have identical mass. The 
only distinction identified to date is in their Chirality, spin characteristics. Neutrino has left handed 
helicity and anti-neutrino has right handed helicity. This difference arises because of the uncertainty 
in their assumed mass equality. As it was later discovered that neutrino comes in three flavors which 
played an important role in resolution of SNP. 
 
 Prior to invention of Skylativity® theory, it was believed that billions of neutrinos arriving 
from the Sun did not survive and were not detected because majority of them would be absorbed by 
the Earth’s atmosphere. Also, there was a possibility that they would disintegrate in air before they 
reach the surface of the Earth because of friction. Yet experimentally it was found that fewer than 
calculated number of neutrinos were detected.  
 

First, scientists argued that disintegration rate of neutrino was dependent on their speed 
because at high speed the disintegration time  constant increased due to Lorentz time dilation, 
presumably a relativistic effect. Therefore disintegration time constant became even smaller when the 
speed of neutrinos was diminished by friction of the air. Also, the frictional force increased as 
neutrinos approach closer to the Earth as the density of air is higher at lower altitudes. It was 
inadvertently concluded that very few neutrinos made it to the surface of the Earth because practically 
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most of them were disintegrated in Earth’s atmosphere. In reality very few neutrinos were detected 
because they did not interact with any matter on the Earth under ordinary conditions. 

    Table 7.2 Properties of neutrinos and anti-neutrinos 
 

 
Now we will explicate this bizarre behavior of neutrinos using postulates of Skylativity® 

theory. One of the direct implications of the Skylativity® theory is that we should not apply time 
dilation effects to disintegration constant for fast moving neutrino particles because time dilation is 
not a reality (Chapter 3, 4 and 5). As we shall see that when more experiments were performed, it was 
determined that neutrinos in practice did not disintegrate at all. Though billions of neutrinos per 
second are passing through the Earth’s atmosphere and its core, it was found that they do not interact 
directly or indirectly with any substance or gas on the planet. Therefore it was concluded that 
neutrinos are the most difficult particles to be detected on the Earth. Very specialized techniques were 
employed and detectors were designed in various countries to detect neutrinos of different flavors. 

 
Our observation that time dilation did not affect disintegration of neutrinos was proven and 

the results were discussed by J. Beacon and N. Bell [36]. They reported that the solar neutrinos were 
detected with the expected flux and did not decay over the 500 × c distance to the Earth. To fortify 
their findings, they analyzed several models for decay rate and lifetimes of neutrinos arriving from 
different sources. Next we will expound the details of solar neutrino problem that haunted physicist of 
this world for half a century.  

 
The roots of solar neutrino problem is dated back to the Einstein’s time. He always wondered 

what kept the Sun shining for billions of years despite enormous amount of energy loss from its 
surface in the form of radiations. Einstein’s curiosity culminated into development of his most famous 
mass and energy equivalence theorem and equation E = m × c2 . However he did not come-up with 
the idea, thermonuclear fusion (TNF) process: transformation of hydrogen into helium that is 
confirmed to be responsible for generating vast amount of energy. The credit to invent the process 
and the brilliant idea that is also known as proton-proton cycle goes to a British Physicist Robert 

Properties Neutrino  Anti-neutrino  
Electric Charge 0 0 
Mass electron e 7 eV/c2 7 eV/c2 
Mass Muon  <170 keV/c2 <170 keV/c2 
Mass tau  <15.5 MeV/c2             <15.5 MeV/c2 
Spin 1/2 1/2 
Strangeness 0 0 
Interaction Very weak Very weak 
Difference Mass m2 Eigen state  m2 Different Eigen state 
Chirality Left handed helicities (spins 

 anti-parallel to Momenta) 
Right handed helicities 
(spins parallel to Momenta) 
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Atkinson [51]. We will discuss more details about TNF process in Section 9.8. Atkinson’s invention 
essentially provided understanding and development of a successful and an accurate model for energy 
production in the Sun. 

 
As described by John Bahcall [51], proton-proton fusion cycle reaction happens in three 

stages, which lead to release of alpha particles each liberating neutrinos. During fusion cycle ionized 
hydrogen is fused into helium nucleus in the Sun and other stars yielding positrons, neutrinos, and 
gamma rays through the following chain reactions, 

 

1H + 1H → 1H + 1e+ + 


1H + 1H → 2He +         

  
which is followed by 
 

1H + 2He → 2He + 1e+ +  or 2H + 2He → 2He + 1H + 1H  (7.30)
 
The last reaction on the right in which protons are produced that continues the chain reaction is 
usually called proton – proton cycle, which yields 25 MeV energy and can be combined to the form. 
 

41H  → 2He + 2 1e+ + 2       

 
On the basis of this reaction, in 1964 Bahcall predicted a solar neutrino flux of 5 × 106 neutrinos/cm2 
from solar modeling. Before we talk about SNP, we like to give historical perspective to neutrinos. 
 
 Originally neutrinos were suspected of only one type call electron neutrinos, which were first 
postulated by noted physicist Wolfgang Pauli in 1930 to explain apparent violation of energy and 
momentum violation during beta decay. Early studies of beta decays divulged a continuous energy 
spectrum up to a maximum for positron decay, unlike the predictable energy of alpha particles and 
another fact that nuclear recoil was not in the direction opposite to the momentum of the released beta 
particle, electron. Thus Pauli predicted presence of a massless and chargeless entity during beta decay 
that was named by Enrico Fermi as neutrino in 1933. He developed new theory of beta decay in 
which neutrino carried away missing momentum and energy. Obviously with no charge and almost 
no mass search of particle neutrino was considered a huge challenge. 
 
 In the mid 1950's, Frederick Reines and Clyde L. Cowan, Jr. came up with an experiment to 
verify the existence of the neutrinos. It made use of the fact that nuclear reactors were expected to 
produce neutrino fluxes on the order of 1012-1013 neutrinos per second per cm2, far higher than value 

1           1              2           0 

1           2              3            

 1               4                  0            

1           3                4               0          3           3                4              1           1          
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of solar flux. In the 1956 experiment they used two tanks with a total of about 200 liters of water with 
about 40 kg of dissolved CdCl2. The water tanks were sandwiched between three scintillation layers 
of detectors which contained 110 5-inch photomultiplier tubes. Reines and Cowan moved the experiment 
to the Savannah River Plant near Augusta, Georgia where they had better shielding against cosmic rays and 
other background radiation. This shielded location was 11 m from the reactor and 12 m underground. 
 

      

Figure 7.10 An arrangement of a neutrino detector in Augusta, Georgia. [Courtesy "The Neutrino", Frederick 
Reines and Clyde L. Cowan, Jr., Nature 178, 446 (1956).]. 

 The detail of physical process involved in detection of neutrinos is as follows. Neutrinos 
cannot be directly detected because they are chargeless and do not ionize the matter that they are 
passing through. Cadmium is a strong neutron absorber and finds use in control rods of nuclear 
reactors. This feature of Cadmium and its compound is employed to detect neutrinos. A unique 
reaction to create a high flux of neutrino and anti-neutrino particles occur in nuclear reactors. It turns 
out that less than 3% of neutrino flux has energy in excess of 1.8 MeV (this value is important) and 
are anti-neutrino particles. Thus a flux of anti-neutrino particles at appropriate energy is acquired 
from a nuclear reactor by what is known as inverse beta decay + reaction for detection purposes. In 
reactor energy is utilized to convert a proton into neutron, a positron and a neutrino by + decay. 
 

Energy + p → n + e+ + νe      (7.32) 
 

Salient feature of Reines and Covan, Jr.’s neutrino detector is illustrated in Figure 7.10. It 
happens that anti-neutrino with energy above the threshold of 1.8 MeV caused charged current 
interactions with protons in a water producing positrons e+ and neutrons.   

 
 
p + e (energy > 1.8 MeV)  n + e+     (7.33) 
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When rich neutrino flux is targeted to a neutron of Cd in dissolved solution of CdCl2, 108Cd is 
produced which is an excited state of 109Cd that subsequently emits a gamma ray [J].  
  
 n + 108Cd  109Cd*  109Cd +      (7.34) 
 
Flashes of visible light were produced in response to the gamma rays, and that light was detected by 
photomultiplier tubes. The experimental arrangement was such that the additional gamma from this 
process was detected within about 5 x 10-6 seconds after the e+-e- pair-annihilation gammas. This 
provided a distinctive signature for the neutrino reaction, the gamma pair in coincidence plus another 
gamma within 5 μs. 
 
 Since the neutrinos can pass through the entire Earth without interaction, it was necessary to 
develop specialized and innovative techniques to detect them. In 1960’s and thereafter, besides 
Reines and Covan’s experiment, several other detectors were developed to measure the flux of 
neutrinos arriving from the Sun. It was discovered that solar neutrino flux was one third and one half 
the number predicted by Standard Solar Model. The discrepancy between predicted neutrino flux and 
observed flux was announced as Solar Neutrino Problem which remained unsolved for over 30 
years. It was resolved by discovery of neutrino oscillations between flavors and nonzero finite mass. 
The Standard Model of particle physics had assumed that neutrinos were massless and cannot change 
flavor. However, if neutrinos had mass, they could change flavor, or oscillate between flavors. 
 

 The dissension in neutrino count was confirmed by three detectors, first detector located at 
Homestake Gold Mine, Lead South Dakota in US, second detector at Sudbury, Ontario Canada and the 
third inside Mount Ikenoyama in Japan. The principle of operation of these three detector facilities and 
how SNP was resolved with some valid assumptions and uncertainty that we will describe next. You 
will be surprised to find that all three detectors functions on entirely different concepts and provide 
confirmation of SNP independently, that made the physics of neutrino so much interesting. 

 
Raymond Davis of Brookhaven National Laboratory constructed a neutrino detector 1.6 km 

underground in the Homestake Gold Mine in Lead, South Dakota. The detector consists of a 378,000 
liter tank of Perchloroethylene, which is further isolated by being submerged in water. Theoretical 
expectations were about one neutrino-chlorine interaction per day, but the measured solar neutrino 
events were about a third of that caused serious interrogation about the profusion of solar neutrinos. 

 
The detection of neutrinos by this instrument was based on the interaction of neutrinos with 

chlorine nuclei to produce argon. The argon can be removed from the tank and measured so that the 
number of neutrinos captured in a given time interval can be determined. Davis bubbled helium 
through the tank to collect the argon that had formed, and was able to determine how many neutrinos 
had been captured. The argon decays back to the chlorine isotope from which it was created by the 

http://hyperphysics.phy-astr.gsu.edu/hbase/particles/neutrino.html#c1
http://en.wikipedia.org/wiki/Neutrino_oscillation
http://en.wikipedia.org/wiki/Standard_Model
http://hyperphysics.phy-astr.gsu.edu/hbase/particles/neutrino.html#c1
http://en.wikipedia.org/wiki/Helium
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process of electron capture. The detection of this transition was aided by the definite energy of the X-
ray emitted during the electron capture process. This mine experiment was able to detect about 15 
argon atoms a month, according to Simpson [G], validating solar neutrino deficiency. However, this 
detector was unable to detect muon and tau neutrinos. 

 
The new Sudbury Neutrino Observatory (SNO) consists of a 1000 metric ton bottle of heavy 

water suspended in a larger tank of light water. The apparatus is located in Sudbury, Ontario, Canada 
at a depth of about 2 km down in a nickel mine. A 18 m diameter geodesic array of 9,500 
photomultiplier tubes surrounds the heavy water to detect Cerenkov radiation (we will explain 
shortly) from the neutrino interaction which dissociates deuterium. The distinctive characteristic of 
the heavy water observatory is that it can measure both the electron neutrino flux and the total 
neutrino flux (electron, muon and tau neutrinos). For this purpose it was decided to collect data in 
three phases of detector operation each one would investigate different sets of neutrino flavors 
through its unique reaction. Next we will expound the nature of reactions taking place in each phase 
and discuss the details of objective served in each of the operation mode. 

 
Charged current reaction (CCR) e (EThreshold > 1.4 MeV) + d  p + p + e- (7.35) 
 
 
Neutral current reaction (NCR) x (EThreshold > 2.2 MeV) + d  x + p + n (7.36) 
 
 
Elastic scattering reaction (ESR)  x (EThreshold = 0 ) + e-  x + e-   (7.37) 
 

With these detection mechanisms, SNO was intended to determine the flux of all neutrinos. 
The CCR used was unique because it was an interaction with deuterium and did not occur in the other 
Cerenkov based detectors which use light water. The NCR will be significant because it measured the 
flux of all kinds of neutrinos, so it can be used in conjunction with the CCR detection to measure the 
ratio of the two types of neutrinos. The ESR detection is the same type used as in other Cerenkov 
detectors; it can give another determination of the ratio of the electron and muon neutrinos. The 
experimental plan at SNO was to operate for about a year with pure D2O as the detection medium in 
phase one year 1999. Then in a second phase, salt was added for chlorine detection to enhance the 
NCR sensitivity, year 2000. A third phase would involve mechanisms for neutron capture as an 
independent sensitivity for the NCR process, year 2001. The statistical analysis of the data collected by 
SNO revealed that nearly two thirds of the solar neutrinos arriving to the Earth were other than electron 
neutrinos, i.e. muon and tau neutrinos. Thus mystery of SNP was solved at SNO by assessing that some of the 
predicted electron neutrinos were transmuted in other types muon and tau during their journey to the Earth from 
the Sun in space. Let us briefly describe what is known as Cerenkov radiation next. 

 

http://hyperphysics.phy-astr.gsu.edu/hbase/nuclear/radact2.html#c3
http://hyperphysics.phy-astr.gsu.edu/hbase/relativ/einvel.html#c3
http://hyperphysics.phy-astr.gsu.edu/hbase/particles/neutrino.html#c1
http://hyperphysics.phy-astr.gsu.edu/hbase/relativ/einvel.html#c3
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Figure 7.11 Cerenkov radiation from Muon and Electron neutrino.  (Courtesy Kearns,et. al.,  
Detecting Massive Neutrinos, Scientific American 281, Aug 1999, p. 64.) 
 

When highly radioactive objects are observed under water reactors, they appear to be layered 
with an intense blue light called Cerenkov radiation. It is caused by particles entering the water at 
speeds greater than the speed of light in the medium. As the particles slow down to the local speed of 
light, they produce a cone of light, the Cerenkov cone which is roughly analogous to a sonic boom 
except that it is created with light. One of the valuable applications of Cerenkov radiation is in the 
detection of neutrinos and discerning between different types of neutrinos. An energetic muon 
remains intact while slowing down and its Cerenkov cone paints out a well-defined circular ring on 
the detector array. A high energy electron on the other hand will produce a diffused ring on the 
detectors because it will produce a shower of electrons, each with its own Cerenkov cone.   

 
The Cerenkov radiation is independent of the mass of the particle, depends only upon its 

charge and speed. Cerenkov radiation is emitted at all frequencies in the visible range if it occurs in 
an optically transparent medium, but the energy per unit wavelength is proportional to the inverse 
cube of the wavelength. Short wavelengths are then preferred, and the visible color is described by 
Evans as "bluish white". Therefore, Cerenkov radiation are also used to measure speed of particles 
moving at super luminous speeds. It is very simple to derive an expression for speed of particle v in 
terms of cone angle . 

 
cos  = c/(v)        (7.38) 

where v is particle velocity, c is true speed of light and  is index of refraction.  
 

Next we will explicate principle of operation of Super Kamiokande neutrino detector located 
in Japan. Inside Mount Ikenoyama in Japan within an active zinc mine is a remarkable tank of 
ultrapure water which is the world's most sensitive neutrino detector as of 1999. The 50,000 tons of 
water in the tank detector is so pure and transparent that light passes 70 meters before its intensity 

http://hyperphysics.phy-astr.gsu.edu/hbase/particles/neutrino2.html#c1
http://hyperphysics.phy-astr.gsu.edu/hbase/particles/neutrino2.html#c2
http://hyperphysics.phy-astr.gsu.edu/hbase/particles/neutrino.html#c1
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drops to half, compared to a few meters in a typical swimming pool. The 11,000 hand-blown 
photomultiplier tubes were half a meter in diameter and coated inside with a thin layer of alkali metal 
to detect the Cerenkov radiation from the interactions of either electron neutrinos or muon neutrinos. 
Tau neutrinos are not detected because of their low energy levels. 

 
 Kearns, Kajita and Totsuka reported a detection of 5000 neutrino events in two years of 

measurement. From the nature of the interactions of cosmic rays in the upper atmosphere, two muon 
neutrinos were expected for every electron neutrino, but they found a ratio of only 1.3 to 1. Their 
interpretation of this result was that the deficiency was caused by "neutrino oscillation" in which a 
number of muon neutrinos were transmuted into tau neutrinos which were undetectable. Neutrino 
oscillation has been hotly debated over the past few years because its existence implied a mass for the 
neutrinos. Further detailed analysis of this data from Super-Kamiokande was consistent with neutrino 
oscillation, so this was the first clear experimental evidence supporting a non-zero mass for the 
neutrinos and another data point for the solution of SNP. 

 
We wish to draw important conclusions from data gathered by neutrino detectors. The 

missing electron neutrinos were not detected because they were transmuted in tau neutrinos on their 
route to the Earth from the Sun. We need to explore why neutrino oscillate and how its flavor is 
changed from one type to the other. Another possibility is different flavors of neutrinos are created 
inside the Sun during proton-proton cycle reaction. The reason is the core of the Sun is comprised of 
many metals (<1.0%) and,  the hydrogen pressure and temperature  is diminishing as the distance 
from the core of the Sun is increased. Therefore, we suggest Bahcall’s  prediction for neutrino flux 
rate from Standard Solar Model should be reaffirmed.  
 

Technology for detection of neutrinos is now very well developed and a classic opportunity 
for neutrino detection arose when neutrinos from Supernova 1987A were detected on February of 1987. 
A burst of ten neutrinos was detected within a time interval of about 15 seconds at a neutrino detector 
Super Kamiokande in Japan after traveling 180,000 light years, and they differed by a  factor of three 
in energy. This limits the neutrino rest mass energy to less than about 30 eV (Rohlf). However 
detection of neutrinos arriving from Supernova 1987A established nonzero rest mass for neutrinos. As the 
neutrinos travel in straight line one can retrace path to their roots, which help to understand the age of 
its source and evaluate the distance of that object from the Earth.  

 
Next, we will explore an interesting possibility: artificial smashing of protons and neutrons 

into quarks, lower level fundamental particles  than  nucleons protons and neutrons. This splitting of 
nucleon particles protons and neutrons has potential for creating vast amount of energy because 
binding energy associated with quarks is estimated in excess of 100 MeV. However there are many 
unresolved issues prevail in order to develop and implement processes that lead to splitting of 
nucleons into quarks. 

http://hyperphysics.phy-astr.gsu.edu/hbase/relativ/einvel.html#c3
http://hyperphysics.phy-astr.gsu.edu/hbase/particles/neutrino2.html#c2
http://hyperphysics.phy-astr.gsu.edu/hbase/particles/neutrino.html#c6
http://hyperphysics.phy-astr.gsu.edu/hbase/particles/neutrino.html#c6
http://hyperphysics.phy-astr.gsu.edu/hbase/astro/sn87a.html#c1
http://hyperphysics.phy-astr.gsu.edu/hbase/astro/sn87a.html#c1
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7.9 Quarks:  Unlimited Source of Energy  
 

The Skylativity® theory could possibly have a significant impact on the design of the next generation 
of energy sources. According to our explanation in Section 3.4, on revised energy computation in 
nuclear reactions, we can calculate components of various forms of energy released during the 
reaction with higher accuracy than before.  Further, we revealed that the main source of energy 
release in a nuclear reaction is the binding energy. If a process with a chain reaction to smash protons 
and neutrons into quarks is invented in future, it would constitute a major breakthrough in green 
energy source. It is conceived that this nuclear source of energy will be pollution free. 
 

Recent advances in study of quarks structure of atoms and other sources have disclosed that 
the binding energy to form protons and neutrons from quarks is ten times the rest mass of constituent 
quarks. If a procedure is invented that would permit division of protons and neutrons into quarks by 
means other than large Hadron collider a new source of energy could be harnessed. The energy source 
will be based on a process of smashing protons and neutrons into fundamental particles quarks [15]. 
There is a potential for vast quantities of the release of binding energy when neutrons or protons are 
smashed into quarks because it is estimated that the binding energy associated with a quark in a 
proton and a neutron is in the range of 100MeV! You will learn more on this in Section 12.6. 

 
WHAT IS NEXT? CHAPTER 8: Quantum Theory of Gravitation (QTG) 
 

 Integration of gravity in Standard Model  
 Reasons for gravity 
 Theory of gravitation 
 Einstein’s legacy: Uniqueness of gravitation 
 Quantum theory of gravitation (QTG) 
 Gravity effects on radiation frequency 
 Weather forecasts and the effects of tidal forces 
 Time travel intrigue 
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7.10 Summary 
 
DEFINITIONS 
 
Uniform Circular Motion (UCM): Motion of an object travelling at constant speed tracing a 
circular path is classified as UCM. A centripetal force is required to retain the object in circular orbit. 
 
Centripetal acceleration: For object performing UCM, a constant centripetal acceleration is supplied 
by centripetal force towards the center of circle to prevent the object from leaving the orbit. 
 
Centrifugal force: It is the inertial force that drives object in UCM away from center of circle in the 
absence of centripetal acceleration. The magnitude of centrifugal force is equal to centripetal force 
but its direction is opposite. 
 
Escape speed: It is the minimum speed at which an object must be launched initially from the surface 
of a planet that allow it to exit from the planet’s gravitational field to infinite distance. 
 
Half-life:  The half-life of a radioactive substance is defined as the time interval during which half of 
a given number of radioactive nuclei disintegrate. 
 
Decay rate R:  It is defined as the number of disintegrating nuclei of a radioactive substance at any 
time after the commencement of the decay process. It is an exponential process and it is proportional 
to the number of undecayed nuclei present at some time.  
 
Alpha decay: A radioactive substance with rich proton nuclei if unstable it decays by emitting an 
alpha particle 

4
He

2
 nucleus into daughter nuclei whose mass number A is lowered by 4 and atomic 

number  Z is lowered by 2. 
 
Beta decay: A radioactive substance if unstable it decays by emitting a beta particle, a positron or an 
electron  into daughter nuclei whose mass number A is unchanged and atomic number  Z is increases 
by one if electron is emitted and decreases by  one if positron is emitted. 
 
Gamma decay: Often a nucleus which undergoes radioactive decays, the alpha and the beta decays 
leaves the nucleus in an excited state. Subsequently the nucleus experience a transition to an 
intermediate lower energy state. During this transition a high energy gamma ray quantum is emitted. 
 
Solar neutrino problem (SNP): It was discovered that the measured solar neutrino flux arriving 
from the Sun on the Earth was one third and one half the number predicted by Standard Solar Model. 
The discrepancy between the estimated neutrino flux and the observed flux was called Solar 
Neutrino Problem. 
 
Cerenkov radiation: When highly radioactive objects are observed under water reactors, they appear 
to be layered with an intense blue light called Cerenkov radiation. 
 
Cerenkov cone: It is caused by particles entering the water (any liquid) at speeds greater than the 
speed of light in water (the liquid). As the particles slow down to the local speed of light, they 
produce a cone of light similar to a sonic boom created by an aircraft travelling at supersonic speeds. 
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CONCEPTS AND PRINCIPLES 
 
Grand Unified Theory (GUT) Principles   

1. Action space of all interactions must be explored thoroughly in the sense relative strength of 
force from interaction and the effective range of distances must be precisely charted 

2. The speed of propagation of forces in different mediums must be characterized 
3. Existence of mediating particles for each of the interaction must be verified 
4. Explore the force space 1/r2 in relation to the relative abundance of particles in the Universe 

 
Particle Colliders of 21st Century  No relativistic advantage, particles accelerated by large 
number of revolutions on circular track of the largest possible diameter. Primary goals, investigate 
acceleration of composite particles and energy to mass transformation mechanisms 
 
Jet Propulsion Dynamics  Design rocket propulsion system and spacecraft that accelerate for 
space exploration without consumption of massive fuel 
 
Carbon dating  Ratio of 14C to 12C in dead organism decreases with half-life 5730 years as 
opposed to 1.3 × 10-12 constant value in atmosphere because organism cease to absorb 14C 
 
APPLICATIONS 
 

A. Skylativity® theory for unfolding mystery in space and cosmology 
 

 Exploring the Universe at super luminous speed 
 Grand Unified Theory and Unification of Forces found in nature 
 Life-times of cosmic neutrinos and Solar neutrino problem resolution 
 Renewed purpose for Particle colliders of 21st century and energy to mass transformation 

  
B. Earth bound application of Skylativity® theory 

 
 Medical imaging for diagnosis and for disease cure 
 Computed Tomography for detection of stones in kidneys and bladders 
 CT Scan for inspection of organs chest, belly, arm, leg, pelvis, pancreas, liver, lungs, and 

heart, and for eye retinal examination. Study of blood vessels, bones and the spinal cord 
 MRI to find disorders multiple sclerosis, brain tumors, torn ligaments, tendonitis, cancer, 

strokes and bleeding from vein in brain 
 Lasers for fractional skin resurfacing, anti-aging treatment for wrinkles and hair removal 
 BLU-U Light Therapy for treating moderate acne and pre-cancer conditions  
 Red light treatment for reducing the occurrence of fine lines, superficial wrinkles, facial 

scars, burns, sun damage and sun spots 
 Infrared radiations for anti-aging, skin rejuvenation, body improvements and for flaccid cure 
 Intense Pulsed Light (IPL) for treating Sun damage, rosacea, and facial spider veins 
 Low voltage LEDs for Christmas lighting, low risk for fire and increased safety 
 Carbon dating for finding age of human and animal fossils 
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ANALYSIS MODEL FOR PROBLEM SOLVING 

     
 Consider the problem of accelerating particle in a circular collider. The speed ratio Vcir/Vlin is 

 
computed from   Vcir/Vlin = (2 × × N/D)1/2  
 
where  N is number of revolutions of particle per second, D is diameter of the circular track in 
m which is equal to the length of a linear accelerator. 
                                                       

 For an aircraft performing a vertical loop, the ratio of pilot’s weights at the bottom & top 
 
 Nbot/Ntop = (gbot + v2/r)/(gtop - v2/r) 
  

where r is the radius of the loop in meters, gbot and gtop m/s2 acceleration due to gravity at the 
bottom and at the top of loop respectively. 
 

 Consider the problem of accelerating spacecraft undergoing variable mass (lost fuel) situation 
 
 Vf  = Vb + Ve ln (Mb/Mf)  
 
where Vf is final speed in m/s, Vb is beginning speed in m/s, Ve exhaust speed in m/s, Mb is 
beginning mass in kg and Mf is final mass in kg 

 
 In the presence of gravity above equation takes the form (assuming g, a constant) 

 
Vf  = Vb – gt + Ve ln (Mb/Mf)

 
where Vf is final speed in m/s, Vb is beginning speed in m/s, Ve exhaust speed in m/s, Mb is 
beginning mass in kg, Mf is final mass in kg, g is acceleration due to gravity in m/s2 and t is 
time in seconds.
 

 The drag force Fd Newton in jet propulsion dynamics equals 
 
 Fd = ½ V2 × Cd × A  
 
where is the density of fluid air (variable) kg/m3, V is velocity of spacecraft in m/s, A is 
cross-section area in m2 and Cd is drag coefficient, design constant. 
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ANALYSIS MODEL FOR PROBLEM SOLVING (CONTINUE) 
 

 An escape speed for any object from gravitational field of large object is computed from  
 
 Vesc = (2 × GMp/Rp)1//2  
 
where G is Newton’s universal gravitational constant in m3 kg-1 s-2, Mp is mass of massive planet on 
kg, Rp is radius of planet in m and Vesc  escape speed in  . 
 

 Decay rate R for a radioactive substance at any time t can be evaluated from 
 
  R = R0 e-t  
 
where a decay constant, decay probability per nucleus per sec and R0 zero time disintegration rate. 
 

 Half-life T1/2 the time interval during which half of a given number of radioactive nuclei  
 
 T1/2 = (ln 2)/  
 
where ln is natural logarithm to base e and is decay constant.  
 

 Cerenkov radiations can be applied to find speed v of super luminous particles 
 
 cos  = c/(v) 
  
where c is absolute speed of light in m/s, refractive index of the medium in    which the particle is 
propagating and  is cone angle. 

 

Exercises 
 
Questions 
 
 
A heart () denotes objective question and a question with a diamond ()  requires analysis. 
Answers to all questions () and (), and problems () and () are included at the end of exercises. 
 

1. In what way the invariance of mass, length and time, a key postulate of VSL Skylativity® 
theory  effect the design of particle collider of Twenty first Century? Explain. 
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2. Why pilots experience different weights (at bottom and top of loops) when they perform a 
vertical loop in a air show? What is difference in their weight between the situations? 
 

3. What is a primary purpose of developing a grand theory which unifies the forces of nature? 
Why it is difficult to achieve unification of five forces of nature? Explain succinctly. 
 

4. Why it is extremely difficult to accelerate a spacecraft above the speed of light in practice? 
Describe the factors that retards a spacecraft during launch and subsequent escape to the 
space in your own words. 
 

5. What are some of the important features suggested by author for the design of a future 
spacecraft for inter planetary and outer space missions? 
 

6. List all the applications of Skylativity® theory. In your view assess the influence of new 
theory on financial and man power resources of human civilization in new millennium. 
 

7. What is the principle of Carbon dating? How -decay is employed in the determination of age 
of a fossil? Explain. 
 

8. Why Solar Neutrino Problem is a big deal in Cosmology? How the discrepancy in neutrino 
count from solar emmission of neutrino was resolved? 
 

9. Why splitting of protons or neutrons into quarks provides an opportunity for developing vast 
amount of energy for domestic as well as industrial use as a source of power?  

  
10.  Relate the half-life  to the decay constant  in the theory of radioactive decay. 

(A)   =  ln(2) 
(B)  =  
(C)   = ln(2)/ 
(D)  = 1/ 
(E)   = 1/ 

               
11.   27Co is a - emitter. In addition to the - particle, there are two more particles are produced 

during the emission.   One of them is 28Ni, the other must be  
 

(A)  a neutron 
(B)  a positron 
(C)   an anti- neutrino 
(D)   a neutrino 
(E)   a photon 

60 

60 
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12.   As it relates to elementary force interactions, which of the following is not true. 
 

(A) Strong fundamental 
(B) Strong residual 
(C) Weak electromagnetic 
(D) Strong electromagnetic 
(E) Strong gravitational 

 
13. What is a neutrino? Why is it useful to study neutrinos arriving from the Sun? What do they 

tell us that cannot be learned from the other sources of neutrinos?  
 

Problems 
 
A spade () indicates that solution of the problem demands research outside this text book.  
A club ()  denotes that solution of the problem requires substitution of values in a formula 
 

1.  Calculate the centripetal force required to keep a 5 kg mass moving in a horizontal circle of 
radius r = 1.0 m at a speed of 10 m/s. (r is the radial vector with respect to the center.)  
 

                                                                                                                    

 

 

 

 

V 

r 
R 

h 

 
Figure: Problem 7.2    Figure: Problem 7.3 
 

2.  A stunt plane flies in a circular loop at uniform speed V. The pilot experiences an apparent 
weight at the bottom that is one and a half times his apparent weight at the top of the circular 
path. What is the radius of the circular path?  
 

3.   Compute the magnitude of the gravitational field g0 near the surface of a planet of radius 
R at altitude h to second order. Assume that g@(h=0) = g0. For the planet Earth g0 = 9.81 
m/s2. What is the value of altitude at which the field value is half of its value on the surface of 
the Earth? Assume diameter of the Earth 12740 km. 



376          Chapter 7 
 

4.   Derive dynamics equation for the rocket of initial mass M1 moving with velocity u in the 
direction displayed in figure Problem 7.4.  In this scenario a mass element M is ejected with 
speed v to the left and the remaining mass of rocket M2 moves with velocity w to the right.  
 

5.  Consider the motion of a spacecraft in free space. The spacecraft starts with initial velocity 
1.0 km/s and its mass decreases by a factor of two (M1/M2) due to exhaust emitted from waste 
with the speed of 2.0 km/s. Evaluate the final velocity of the spacecraft (See Figure 7.5). 

 
Figure Problem 7.4 and Problem 7.5 

 

6.  Study the problem of a rocket in a constant gravitational field g =9.81 m/s2. If the initial 
velocity is 0.5 km/s, the burn time is 100s, the exhaust velocity is 2 km/s, and the mass 
decreases by a factor of four, find the final velocity.  

 
7.  Consider the standard two element nuclear reaction 14N(, p) and 17O. Determine the 

minimum kinetic energy needed (in the center of mass frame) for the reaction to occur.  
Given: mp = 1.0078, m = 4.0026, mn = 14.0031, and mo = 16.9991 all in amu.  

 
8.  Determine the threshold kinetic energy to produce proton-antiproton pairs in positron-

electron collision event in a particle collider. Assume that the positron KE is Te and the target 
electron is at rest.  
 

9.    Much of the radioactive dating is based on the nuclear reaction 

6C  7N + e- + 'e which has a half-life of 5760 years. What is the mean life for this 
reaction? 
  

10.   The meson theory of nuclear forces suggests a nucleon-nucleon potential of form 
U(r) = VR e-k

R
r/r – VAe-k

A
r/r. Determine the form of the repulsive part of the force.  

 

11.  The -meson has half-life 1/2 = 1.2 s. These particles are produced by the collision of 
cosmic rays with gas nuclei 75 km above the sea level. Find the speed parameter  with 
which muons move if only 1/4 of them survive to sea level without decaying.  

 

                                                                                            
M1 

Initial Final 

M

M 

u  km/s 

M2 

v km/s w km/s 

 14                 14 
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12.   The activity of a radioactive sample drops to 5% of the original activity in 4 hours. 
Calculate the half-life of the element of substance in the sample.  

 
13.   A cylindrical shaped rocket of cross-sectional area A, initial mass Mi, and initial speed Vi 

moves through space, picks up debris of uniformly distributed density  (over area A) and 
slows down. Use Newtonian dynamics to find the velocity V(t) of the rocket and mass 
accrued M(t) of the rocket as a function of time.  
 

14.  It is discovered that for special relativity it is more difficult to accelerate a particle in a 
linear accelerator than in a circular accelerator. Compute the ratio, the parallel force to the 
perpendicular force F||/F┴ given that the desired acceleration is the same a|| = a┴. Explain why 
this advantage does not manifest according to postulates of Skylativity® theory?  
                                                   

15.   A slow neutron is absorbed by 92U and results in a fission event: 
     

0
n
      +        92U    56Ba + 36Kr  +  How many neutrons were produced in this event?  

 
16.   Calculate the speed of a proton of kinetic energy 14 TeV in the Tevatron at CERN in 

Geneva, Switzerland. (Use a Taylor expansion)  
 

17.  Assume Maxwell velocity distribution, v = (2kT/m)1/2 for the average speed of gas 
molecules in the Earth’s atmosphere. Find the ratio of the average speed of an N2 molecule to 
the escape speed from the surface of the Earth.  

 
18.  Cerenkov radiation is observed from a beam of  1 GeV electrons travelling through air of 

index of refraction  = 1.00029. Find the half angle of the light cone of radiation.  
 

19.  A nuclear magnetic resonance experiment is performed with protons. The frequency may 
be adjusted so as to resonate when the sweeping field crosses its zero value. What resonance 
frequency is expected for a magnetic field of 1 Tesla (T). Assume magnetic spin moment for 
proton p = 3.18×10-8 eV/T and Landé factor gp = 2.79. 
 

20.  In a MRI machine utilizing electron spin resonance (ESR) technique, a sample containing 
unpaired electrons is placed in a magnetic field. Consider simple situation in which only one 
electron is present and therefore only two energy states are possible, corresponding to  
ms = 1/2. In the ESR measurement absorption of a quantum of radiation causes the electron’s 
spin magnetic moment to flip from the lower energy state to the higher energy state. The 
change in energy between the two states is 2BB. What is the frequency of radiation required 

235 

1                    235                 139               94 
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to excite an ESR transition in a 0.350-T field. Assume Landé factor ge = 2.0 and magnetic 
spin moment for an electron e = 5.79 ×10-5 eV/T. 

 

Answers to objective questions 
 

10. (C) ln2/ or 0.693/ 11.  (C) Anti-neutrino 12.  (E)   
 

Answers to selected problems 
 

1. 500 N     2.   Radius = 5V2/g 3.   g = g0[1  + 2h/R + 3(h/R)2],  h = 5478.5 km 
4. w=u+vln M1/M2  5.  2.386 km/s  6.   2.291 km/s  7.   1.1 MeV 
8. 3.44 TeV   9.  8310 years  10. VR e-kR r (kR + 1/r)/r 11.  = 0.999954 
12. 4(ln2/ln 20) hrs 13. M(t) = (Mi

2 + 2AMiVit)1/2 and V(t) = Vi/(1 + 2Vit/Mi)1/2 
14. Ratio of forces = 2 = 1-2    15. 3 neutrons  16.  Vp = 0.9999,99998 c 
17. 0.03768  18.   = 1.379°  19. Resonant frequency is 42.578 MHz 
20. Larmor frequency of excitation is 9.818 GHz 

 
 Earth’s magnetic field = 0.5 gauss, fridge magnet 10 gauss, 1 Tesla = 10000 gauss, B = 30000 G. 
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Quantum Theory of Gravitation (QTG) 
 

          
          Niels Bohr (1885-1962) 
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Exercises 
 
In this chapter, we will explore the effects of the gravitational field on fundamental particles in 
the standard model. Though standard model chart is composed of fermions, bosons, and baryons, 
family of particles, the chart is incomplete. Understanding the interaction of the weakest force, of 
gravity, has been a constant dilemma. Physicist’s inability to assimilate the effects of gravity, both at 
nano scale distances inside the hyperspace of atoms, and at vast distances of light years in outer 
space, has prevented them from producing a satisfactory standard model of fundamental particle 
interactions. We will explicate the reasons, in essence, why they were unable to deeply understand the 
physics related to the force of gravity. After reading this Chapter you will be convinced that the 
challenge faced by physicists about gravity was, indeed, a formidable task that we have resolved by 
good fortune. Despite our efforts quest for verifying existence of mysterious particle graviton, a gap 
in Standard model chart remains unsolved. 
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Also in this chapter, we will study the theory of gravitation proposed by Albert Einstein and 
quantify the strength and weakness of his GTR. Then, we will develop a unique model of QTG that 
will allow us to evaluate the frequency of radiation in quantum clocks with much greater accuracy 
than before. Further, we will discuss the rather strange effects the Moon’s gravity has on the Earth’s 
environment. Originally Einstein conceived that gravity linked space and time, which implied that 
time travel was possible. We believe that time travel is simply fiction, an imaginary concept, because 
time is an absolute, something we infer from the postulates of the Skylativity® theory. We will 
therefore discuss the feasibility of time travel by analyzing a sequence of events in nature employing 
common sense and logic. 

 
    In Section 8.1, first we will explore the reasons why it is essential to integrate the effects of 
gravity on particles in a standard model. Then we will study the details of the Standard Model of 
Fundamental Particles and Interactions (SMFPI). Next we will  explicate the current model for the 
structure of atoms which includes particles protons, electrons, and neutrons. In so much as gravity is 
the weakest force it has an infirm effect on the subatomic particles, namely protons, neutrons, and 
electrons. Compared to the strong electric force (charge) extant within the nucleus, as well as the 
color charge force of quarks making up the nucleons, gravity’s effect on subatomic particles is 
insignificant to a very great degree. In fact, the ratio of the force of gravity to the force of the electric 
charge is as small as 10-42[4]. We shall apply the concepts of Skylativity® theory to characterize the 
effects of gravity on particles making up atoms.  As a result, in Section 8.2, we shall develop a better 
understanding of the cause of gravity as a characteristic of particles and other material objects 
(composite particles) that manifest a non-zero rest mass.  
 

Further, in Section 8.2, we will attempt to answer a basic question as to why the force of 
gravity exists between material objects. As stated earlier, the effect of the force of gravity is 
extremely weak compared to the force of electrostatic charges carried by electrons and protons in the 
nucleus of atoms. Therefore, we will compare the effect of gravitational force of large celestial 
objects on the nucleons of atoms as well as the gravitational effects of neighboring atoms, the effect 
of one upon the other. Next, we will explicate the reasons for the force of gravity exerted by objects 
in the Universe upon one another. Another unanswered question to be plumbed is at what speed the 
force of gravity propagates. You will find our explanations cogent and satisfactory.  
 

In Section 8.3, we will expound upon the details of the principles of gravitation as 
extrapolated by Einstein. We will show that his theory faced severe limitations in the real world realm 
of application as respects to light and radiation. In this section we analyze the results of three tests 
which were performed to validate his GTR. The tests made to prove gravitational bending of light 
were: capturing light from a star known to be “positioned” behind the Sun during a solar eclipse, 
examining the advances in perihelion of planet Mercury’s orbit (by precession), and the gravitational 
red-shift of the solar spectrum. After studying the details of this section you will be convinced that 
these experiments did not actually prove the particle nature of light and did not support the conclusion 
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that light (and any radiation wave) is bend by the force of gravity. Essentially, the tests performed to 
prove Einstein’s theoretical points did not serve their purpose, but it did improved the understanding 
of GTR’s concepts to the physics community at large. 

 
In the same section, we will review a hypothetical example of a bucket filled with atoms, a 

narrative from Einstein which he utilized to support his views. You will discover that the principles of 
GTR from Einstein provided an excellent method for determining the trajectory of particle entities 
and the motion of large-scale celestial objects. However, his GTR is not adequate in assessing  the 
effect of gravity on nano-scale particles; the protons and neutrons in the nucleus of atoms. Also, for 
analyzing the effect of gravity on wave entities (light and other radiation), his position is made 
obsolete by our convincing argument.  In accordance with the principles of Skylativity® theory we 
stipulate that light waves do not bend by the force of gravity. This is because light waves lack mass 
and a center of gravity. Further, in this section you will recognize that gravity has its effects at the 
subatomic level and can only be determined by atoms of substances that are in an unstable state. It is 
only during the transition of an electron in its orbit that a quantum of energy is released or absorbed 
from an atom of any element. 

 
In Section 8.4, we will discuss highlights of Einstein’s general theory of relativity. His GTR 

provided a means, a thread that connected the space coordinate of any object with its time in a 
spacetime coordinate system. We will study in this section how he achieved this objective that 
weaved the three dimensions of space with the time dimension to convene a four dimensional 
spacetime system. Based on Einstein’s GTR, in Section 8.5 we will stipulate the uniqueness of the 
gravitation theorem that is essential for the existence of real universe in which we reside. This 
theorem establishes that at every instant of time the trajectories of all objects in the real universe 
follow geodesics those as reflected by solutions found in Einstein’s field equations. All other possible 
trajectories of objects constitute paths in the imaginary universe. 

 
In Section 8.6, we will explicate the concepts of Quantum Gravity. Until the end of 20th 

Century, physicists were unable to model the effects of gravity on radiation frequency emerging from 
electrons in atomic oscillation. We have developed a highly accurate model for determining the 
frequency of an atomic clock by taking into account the force of gravity. Essentially, we have 
expanded Bohr’s model for the hydrogen atom, as well as other atoms of the periodic table, that had 
originally characterized the radii of its electron orbit and the frequency of radiation emitted during 
electron energy state transition events. Our model successfully integrates gravity’s effects on the 
frequency of radiation and the timing of atomic clocks located at different distances from Earth’s 
center.  

In the following section, Section 8.7, we will explicate the operations of a standard time 
measuring source, a Cesium atomic clock that provides us an atomic frequency standard to measure 
time interval between two events with the highest accuracy. In the original design the AFS device was 
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built employing a Cesium beam tube (CBT). We will study salient features of the CBT, an advanced 
version which establishes a more accurate AFS known as the Cesium Fountain Clock. This version 
utilizes lasers to excite electrons in controlled energy state. Also, we shall discuss the effect of gravity 
on measured time by using a quantum time standard (QTS). We will analyze the stability of Cesium 
clocks from a quantum point of view. Also, we will discuss several applications of QTS. 

 
In Section 8.8, we will elucidate on why the weather and climate forecasts more frequently 

fail in the North and South American Continents, and Australia but not in the Asian and the African 
Continents. In Section 8.9, we will describe the effects of tidal forces from the gravitation of the 
Moon and the Sun that cause the spring and the neap tides of the oceans of the Earth. There we will 
expound the adverse effect of tidal waves on the weather pattern in different regions of the Earth. We 
will also suggest adding a new parameter for improving the weather simulation model.  Our intention 
is to increase the accuracy of simulation results that will, in turn, enable a more correct prediction of 
the weather. This should facilitate forecasting hurricanes and other hazardous weather well in 
advance, and thereby abate to a greater degree the loss of human life.  
 

In Section 8.10, we will attempt to answer the question of time travel. According to the ideas 
presented here you will conclude that, although it is an interesting concept, in reality it is only within 
one’s imagination, a fiction. You will conclude that time travel is not feasible for humans because all 
spiritual processes (birth and death of living species)  occurring in nature are irreversible. Next, we 
will describe the role of gravity in standard model of fundamental particles and interactions. 

 

8.1 Role of Gravity in Standard Model 
 
For many years scientist had trouble applying Newton’s theory of gravitation (Classical theory) and 
Einstein’s STR and GTR (Relativity theory) to Quantum mechanics (wave theory), bonding them 
together with logic and consistency.  We will apply the principles of Skylativity® theory to unify four 
types of forces prevailing in nature, which we will allow us to formulate a Theory of Everything. Out 
of four kinds of forces listed in Table 7.1, physicists were unable to integrate the effect of gravity on 
nano-scale particles, nucleons. Gravity was a show stopper in the development of a Theory of 
Everything (TOE) to date. It is well known that many physicists were incapable of quantifying the 
effect of gravity on the behavior of quantum scale particles. In this chapter, we will evaluate the range 
and the order of gravitational forces of very large masses, i.e. the Earth and the Moon on miniscule 
particles, such as electrons orbiting nucleuses, by analyzing the radiation frequencies emitted within 
atomic clocks set in varying environments.  
 

First of all, let us understand why it is necessary to include gravity effect in the SMFPI 
(Standard Model of Fundamental Particles and Interactions ). As we learned in Chapter 6 and Chapter 
7, gravitational interaction constitutes one of the forces acting on all fundamental particles. A peculiar 
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aspect of gravity that distinguishes it from other forces is that an existence of a particle mediating the 
force, the theoretical “graviton,” has not yet been verified. Moreover, the speed at which the force of 
gravity propagates is simply speculative and its value is considered, in line with the universal speed 
limit assumption, that it is the same as the absolute speed of light. These uncertainties associated with 
gravity interaction between masses have been of prime interest to physicists for several centuries. To 
fill this gap in the SMFPI, the world physics community chose to create a hypothetical particle, 
“graviton” to mediate the force of gravity between particles (masses) in the Universe. Without 
question, if, or when, the graviton is confirmed, it would be a grand quantum leap in finding the cause 
of gravity, giving also a tremendous boost in unifying the four forces of nature, creating the TOE as 
per our suggestions in Section 7.2.  

 
Before we can do justice to gravity effects in SMFPI, we would like to explain why gravity 

was ignored in 20th century for nano-scale particle nucleons within atoms. For this purpose we will 
begin our discussion by considering the limitations of Einstein’s theory of relativity, which did not 
answer the following question pertaining to the nuclear model from Ernest Rutherford: What kept the 
negatively charged electrons from falling into a positively charged nucleus by means of the 
electrostatic force of attraction? The nucleus of atoms consists of protons and neutrons. What 
prevents the exploding of a multi-proton nucleus that would be caused by the repulsive force among 
positively charged particles? In view of the fact that the force of gravity is so weak, both pioneer 
physicist Rutherford and Bohr decided to ignore the effects of gravity for stability considerations in 
atomic structure.  

 
Niels Bohr answered the first question. He understood that electrons were orbiting around the 

nucleus in a way similar to the planets orbiting around the Sun. He stated that instead of the effect of 
the gravitational force we find in play between stars and planetary systems, the electrostatic attractive 
forces between the positively charged nucleus and the negatively charged electrons would supply 
sufficient force (energy) to offset the centripetal force required to preserve the orbit of electrons. One 
concern was that the revolving electrons would lose energy by radiation and the nucleus would 
eventually capture them. However, Bohr’s postulate ― electrons in atoms can exist only in any one 
of a number of stationary states in which no emission of radiation takes place ― conserved the 
structure of the atom [19].  

 
It was then established that electrons in atoms were stationed within stable orbits, meeting 

Bohr’s requirements for stability. Any absorption and emission of light and electromagnetic radiation 
will correspond to a spontaneous, discontinuous transition of electrons between two energy states. 
Planck suggested that atoms emit light in definite amounts of energy known as quanta. We are 
expanding this theory a bit further by stipulating that the orbiting electron is in balance by the force of 
attraction between the electric charge of protons and electrons, and the exertion of gravity between 
the nucleus and the electron. To achieve the balance of the electric and the gravitational fields, a 
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centripetal force exists due to the kinetic energy of the electrons. Therefore, the farther away an orbit 
of an electron is from the nucleus the slower the electron speed needs to be as opposed to the speed of 
an electron within an orbit closer to the nucleus.  

 
Still, the answer to the second question as to why protons did not repel away from each other 

was not known. The answer to this question came from the invention of quarks, a basic building block 
of nucleon particles, namely, protons and neutrons. Quark-like particles, mesons, were first 
discovered by Japanese scientist Hideki Yukawa in 1949, for which he was awarded a Nobel Prize. 
Yet, the meson was not recognized as a member of the family of quark particles.  It was on November 
10, 1974, when Burton Richter and Samuel Ting from MIT verified, at SLAC in California, that 
quarks and leptons existed and the nucleus of all matter is built from these fundamental particles. 
Even until his death, Einstein was not aware that the core of the atom was made up of quarks.  

 
Einstein believed that in the event of a nuclear reaction, energy in the form of light and other 

radiation waves were released by a correspondingly vanishing mass of elements participating in the 
reaction. He thought that, somehow, the participating nuclear mass was translated into light. In 
reality, according to the postulates of the Skylativity® theory, radiation energy is released due to the 
change in the quantum state of orbiting electrons, the energy being manifested as vibrations of the 
electrons. Our prediction is that light and radiation energy out of the causative form of electronic 
vibration is released before any mass is consumed/converted in any nuclear reaction. 

 
The advent of quarks as constituent particles in protons and neutrons explained why protons 

did not furiously repel one another in the nucleus. Later it was verified that each proton and neutron 
consisted of three quarks, each carrying a charge of either -1/3 e or +2/3 e, where e is a charge on one 
electron. The force of attraction of positive and negative charges of up and down quarks between the 
protons and the neutrons with the neighboring protons balanced each other. With this model of 
constituency soon a standard model of fundamental particles for the configuration of nucleons within 
atoms was developed and widely accepted in the physics community [15]. This standard model of 
particles answered almost all questions with logic and consistency, satisfying the modern scientist’s 
curiosity.  However, the model for the effects of gravity on very fine particles and gravity’s mediating 
particle, the graviton, were unknown. Also, the Standard Model failed to answer basic questions, such 
as, what gives mass to fundamental particles, and what is the prime reason (cause) gravity exists? 

 
Further, scientists were discontented due to gaps in the Standard Model because it did not 

explain why the mass of the nucleons bound inside the nucleus of a helium atom was less than the 
sum of the mass of an unbound proton and an unbound neutron. One such instance is the 
thermonuclear burning of hydrogen into helium occurring inside the core of the Sun. A British 
astronomer, Robert Atkinson theorized that as a result of the process a tiny amount of mass is 
transformed into a large quantity of energy each time the reaction occurred. He depicted events 
happening during the process. You will learn the exact details of thermonuclear fusion process in 
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Section 9.8.  Based on thermonuclear reaction, Atkinson calculated the amount of power radiated 
from the surface of the Sun every second and loss of its mass. Furthermore, he  estimated  the life–
span of the Sun and solar systems. 
 

From Atkinson’s details it was clear that a way exists in which the rest mass of matter can be 
translated into radiation energy. This happens when positrons and electrons of hydrogen atoms are 
annihilated to produce energy in a thermonuclear fusion process such as that happening inside the 
Sun. It is noticed that during the annihilation of positrons and electrons light and radiation energy 
waves are released in order to meet the rules of energy conservation. Also, in the thermonuclear 
fusion of hydrogen into helium mass-less particles called neutrinos are emitted along with radiation 
energy waves. You may recall that we studied neutrinos and the Solar Neutrino Problem in Section 
7.8, which are produced in massive quantities by the thermonuclear fusion process in all stars. 

 
Einstein’s mass to energy conversion relation estimated the total energy released during such 

a transformation. More detailed calculations were necessary to understand the distribution of radiation 
energies into the energy bands, such as the infrared (thermal) energy and the visible light energy. 
Obviously, the infrared energy determines the temperature of resulting helium and hydrogen isotopes.  
Typically, particles like quarks with a larger mass are disintegrated into smaller quarks by a process 
known as annihilation, and they have relatively short lifetimes. For instance, the lifetime of the muon 
is 2 × 10-6s and for the tauon particle is 3 × 10-13s. Later it was verified that lifetimes of all quarks in 
the standard model charts are so short that they do not exist in nature freely.  

 
An objectionable feature of Bohr’s model was that it essentially ignored the influence of 

gravity on radiation spectra from the hydrogen atom and from the atoms of all other elements. Neither 
he nor Einstein, and for that matter any other famous physicists of 20th century, could find a cogent 
way to model gravity in the radiation frequency of emitted spectra when atoms were exposed to an 
incoming  radiation, a stimulating agent. As a consequence of Skylativity® theory principles, we have 
invented the origin and cause for the creation of radiation waves (Section 2.6). We have interpolated 
by means of intelligence that a relationship must exists between the active force of gravity on the 
energy level of the lepton (electron) and its radiation frequency at the time when the electron is 
undergoing an energy transition event from one quantum state to another. We will discuss this issue 
in lot more detail in Section 8.6.  

 
At the moment it is sufficient to say that characterizing gravity’s effect on radiation spectra 

should open a new door for modern physicists to perform several experiments. The results of these 
experiments should eventually lead us to finding answers to previously raised unanswered questions, 
e.g. reasons for the existence (cause) of gravity and its speed of propagation. Furthermore, there is a 
possibility that we may derive more information on other fascinating matters such as anti-gravity and 
anti-matter. In the next section we will elucidate on reasons for the existence of the force of gravity. 
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8.2 Reasons for Gravity 
 
Let us begin our discussion by exploring the environment of force due to gravity and its 
characteristics. An interesting property that gravitational interaction shares with the strong 
electromagnetic interaction forces is the inverse square (1/r2) law, governing the effective magnitude 
of these three forces at a given distance.  All three forces, the gravity force between masses of non-
zero rest mass, the force of attraction or repulsion between a pair of charges (coulomb’s forces), and 
the force of attraction or repulsion between magnetic diploes, are all inversely proportional to the 
square of the distance between two objects. The magnitude of these forces are directly proportional to 
the product of the corresponding attributes of an object’s mass, in the case of gravity, its charge, in 
case of electrostatic charge diploes, and its magnetic moment, in case of magnet dipoles. The action 
distance range for all three types of forces is from zero to infinite. One key difference between gravity 
and the other forces is it is unpaired. There is no repulsive force of gravity that has been discover so 
far.. Also, the constant of proportionality for each type of force is completely different, which 
signifies the difference in characteristics. 
 

Up to this point in time there have been discovered no obvious mechanisms or reasons found 
for the presence of gravity. We will venture to analyze the behavior of this force to attempt to get 
some closure on this issue. Our prediction is that the force of gravitation is produced in connection 
with energy conservation laws. These observed laws force a balance between kinetic and potential 
energy that is associated with all objects in the universe. Einstein indirectly addressed gravity by 
stipulating that the trajectory of objects in the universe is dictated by his GTR. We will discuss details 
of his legacy in Section 8.4.  

 
Our common sense tells us that the force of gravity stems from an innate property of material 

objects, analogous to other innate properties of matter; i.e., its electric charge, magnetic moment, 
temperature, inertia, and momentum. Our argument might feel strange, but physicists did not ask the 
question why infrared radiation produce the sensation of heat while light make things visible. Now 
we will expound on the reasons for gravity by considering its scope as it relates to the celestial objects 
in the universe. One problem with characterizing the gravitational force is that it is difficult to design 
experiments that can measure the force accurately, especially for particles at the nano scale. 

 
 First we will examine the relationship between the electro-static charge force and the force of 

gravity. Our purpose is to incorporate the effects of gravity exerted by huge celestial objects, such as 
stars, the Sun, and the planets of solar systems, on miniscule subatomic particles, electrons. We have 
discovered a very cogent way to assimilate the effects of gravitation from vast celestial objects on 
particles within atom. We will compare the gravitational force between an orbiting electron and a 
proton, and the force of gravity exerted by our Earth on the electron, and we will see how this 
compares with the electrostatic or Coulomb force between the electron and proton within the atom.  
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To simplify our computations, we will consider the instance of forces seen by an orbiting 
electron. The electron is subjected to repulsive electro-static forces against the presence of other 
electrons due to the negative charge it carries. It also is subjected to the force of attraction caused by 
the protons within the nucleus, as well as the gravitational pull between them. The gravitational 
attractive force occurs due to the mass carried by electrons and protons. We must also accept the fact 
that the gravitation of all other objects, including massive celestial objects, is acting on the electrons 
in the orbits. In the distant and near past physicist were unable to account for the effect of gravity on 
radiation frequency because they did not know how to model it. It turns out that we may glean from 
Bohr’s stable model for atoms, the frequency of radiation corresponds to the energy difference 
corresponding to electron energy state transition events. Therefore, we will compare the effect of the 
force of gravity with the Coulomb force by computing the energy associated with electrons instead of 
attempting to calculate the magnitude of the force acting. 

 
Before we summarize different energy components associated with the electron, let us 

compute the magnitude of forces to get a general idea. The ratio of the electrostatic force to the force 
of gravity between an electron and a proton due to their own mass and charge is 2.278 × 1039 [19].  
This means that the self gravitation force on an electron is very weak compared to the charge force. 
The gravitational force of attraction between a large heavenly body outside the Solar system on an 
electron cannot be accounted for because the gravitation from distant stars and planets will not be 
effective in real time. The reason for this is the changes in the force of massive objects caused by 
their motion will become effective on the Earth at a later point in time. The magnitude of the force of 
gravitation from a heavenly body on an electron is given by 

 
Newton’s Universal Law of Gravitation      F = [(G×me×mh)/R2]   (N) (8.1)  
 
where me is the mass of the electron, mh is the mass of a heavenly body and R is the distance between 
the centers of masses of an electron and the heavenly object. For instance, the force from the Moon 
on an electron residing on the Earth’s surface is computed from equation (8.1).  
 
For, mass of electron me = 9.1094 × 10-31 kg,  mass of the Moon mh = 7.349 × 1022 kg, gravitational 
constant G = 6.6726 × 10-11 m3 kg-1s-2, and distance R = 384400 km. Substituting these values, we get  
 

Fme = (6.6726 × 10-11 × 9.1094 × 10-31 × 7.349 × 1022)÷ (384400 ×103)2 

 = 446.697 × 10-20÷14.776 × 10
16 = 30.23 × 10-36 N 

The magnitude of electrostatic force of attraction between two charges is:  
 
Coloumb’s Law       Fq = ke×q1×q2/r2       (N) (8.2) 
 
where q1, q2 = q is the charge on the electron, r is the spacing between a proton and an electron and 
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ke is Coloumb’s constant. For instance, the force of attraction between an electron and a proton 
neighbor is: ke = 8.99 × 109 N-m2/C2,  q = 1.609 × 10-19 Coulombs and spacing r = 5.3 × 10-11 m 
Substituting values ke, q and r in the equation (8.2) gives: Fq = 8.2 × 10-8 N 
 
The ratio of the force of gravity from the Moon to the force of electrostatic attraction between two 
electrons is Fq/Fme = (8.2 × 10-8)/(30.23 × 10-36) = 0.271× 1028 which is a very large number.  
 

However, this ratio is much smaller than the ratio of charge force to gravity force between an 
electron and a proton mass system. Therefore, the effect of gravity of the Earth on electron energy 
states and radiation frequency cannot be ignored because it is within the limits on energy momentum 
as stipulated by Heisenberg’s uncertainty principle. We can neglect any effects that exceed the limits 
on distance and time measurements below the values imposed by the uncertainty principle because 
we cannot measure the parameter values of position and momentum. We will justify our conclusion 
that effect of Earth’s gravitational field on electron radiation frequency cannot be neglected by 
summarizing various component energies of electrons in Table 8.1. 

 
Table 8.1 Effect of Earth’s  gravity on electron energies for hydrogen atom. 

 

Energy description Energy in eV Energy  % Comment 

Total energy En (U + K), n=1  -13.6 NA n orbital quantum number  
Total En(U + K)= ke×e2/2r, n=5  -0.544 100  n orbital qn 
Electrostatic U = ke×e2/r, n=5 -1.0867 50  n =5, p+ & e- 
Egpe PE, U= G memp/r,  p+ & e-   -0.4797×10-39 0   r = n2×a0, n = 5 & a0 = 5.3×10-11m 
Egee PE, U= G meme/r,  e- & e-  -0.1632×10-41 0  r = n2×a0, n = 2 & a0 = 5.3×10-11m 
EgEe PE, U= G memE/r,  E & e-  -0.3552×10-3 .03552 Earth surface r = 6378 km  
EgEe PE, U= G memE/r,  E & e-  -0.2130×10-4 .00213 height 100,000 km, r = 106378 km  

  
From Table 8.1 data it is clear that the force of gravity is playing a very important role in the 

determination of radiation frequency of the hydrogen atom in an excited state. Though the 
gravitational potential energy is less than .05% of the total energy for n = 5, its impetus on the time 
scale maintained by an atomic clock is very high because the error in time accumulates. Further 
spread of the frequency range for the visible spectrum, 389.34 THz (red line) to 768.69 THz (violet 
line), is very wide. Therefore it is imperative to include the model of the effect of the Earth’s gravity 
in frequency computations of a standard Cesium atomic clock. We will model these effects in Section 
8.6 and study the operation of an atomic clock in section 8.7. 

 
There is yet another dilemma faced by modern scientists. They have failed to answer two 

vital questions. First, why is there a gravitational force and why does it interact obeying the inverse 
square law? Einstein’s GTR answered this question with certain degree of satisfaction, the details of 
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which we will learn in Section 8.3. The second question is two part. How does the effect of gravity 
propagate in empty space without any medium, and at what speed?  

 
Our answers to these questions are as follows. Some properties of particles found in the 

nature are fundamental properties to the particle. For instance, charged particles (both positive and 
negative charges) create an electrostatic field in their vicinity. Particles with magnetic dipole 
alignment develop a magnetic field in the proximity of a pair of magnetic poles. Particles vibrating at 
infrared frequencies radiate thermal energy. Particles releasing vibration energy with a frequency 
corresponding to visible light develop a luminous field. The field illuminates the space when light 
waves propagate through the space. Similarly, the force of gravity exists between two particles by 
their fundamental characteristics.  

 
The property that governs the gravitational force arises from fact that every object possesses a 

moment of rotational inertia. This inertia is manifested because of the rotational motion of 
fundamental particles, i.e. the electrons orbiting the nucleus of atoms that constitute the entire mass of 
the object. The rotational inertia inherently possessed  by every composite particle supposedly 
provides the gravitational energy and the corresponding force that is exerted upon all objects in a 
reciprocal manner. The force of gravity is developed because the principle of conservation of energy 
must hold well for any and every frame of reference. Based upon Bohr’s model of the atom it was 
made obvious that every particle found in nature possesses kinetic energy. To balance kinetic energy 
for the mass of a neutral body interacting with the mass of another, a second body there has to be a 
potential energy associated with the mass of first body in relation to the second body. 

  
To attain a stable position for the first mass in relation to a second mass, the kinetic energy 

should be balanced by the potential energy. Potential energy is supplied by the force of gravity being 
exerted by a second body on the first body, in a reciprocal style. Therefore, the force of gravity comes 
into play between two bodies or particles in proximity. It is well known that light waves do not 
require a medium for propagation. Similarly, the force of gravity between two bodies does not require 
a medium in which to propagate. As regards the speed of propagation of force of gravity, we believe 
that it is variable and depends on the frame of reference analogous to the speed of propagation of light 
and radiation waves. When the distance between two celestial objects is fixed, the speed at which the 
force of gravity propagates is the same as the true speed of light within the frame of reference as 
described in Section 2.2.  

 
A characteristic of gravity that is different from radiation entities is that the gravity force 

cannot be directionally confined. Also, gravity is peculiar because the direction of force between two 

objects depends on the instantaneous positions of the objects, although the trajectory of the motion of 
objects is influenced by the force of gravity exerted by all objects in our universe at a specified 
instance of time. We will discuss motion of objects in the universe in Section 8.5  
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In his search for the basic building blocks of matter, and to explicate radiation by electrons, 
Dr. Greene developed the new concept of Strings [34]. In his string theory he presented the possibility 
that quarks were the fundamental constituents of the neutron and the proton, but that they themselves 
were constructed by loops of strings. One of the primary limitations of his concept was validating the 
existence of these strings. He had predicted the size of these strings in his theory, the length 
dimension of which was 10-35 m, which is sub-Planck length and lower than the boundaries specified 
by Heisenberg’s Uncertainty Principle. At the present state of technology it is realistically impossible 
to design an experiment that will allow for a length measurement below the limits set by the 
Uncertainty Principle. Furthermore, the lifetime of quarks is very short, only a few tenths of a micro-
second. Therefore, verifying the physical presence of strings in quarks will require more advanced 
techniques developed in our future.  In addition, the string theory concepts do not help expound our 
understanding of gravity, nor do they assist us in the quest to unify of all forces in nature successfully. 
Hence, we will restrict our analysis and discussion of gravity by applying realistic principles. 

 
Since electrons are always in motion within atoms, changing their orbit according to the 

probability of changes in their quantum state, it is possible that the electron orbit may resemble a 
string-like configuration. We predict an electron’s instantaneous position may be found by the infinite 
Fourier transform series and the solutions of Schrӧdinger equation. The trajectory of electron orbits in 
a stable atom is displayed in Figure 8.1. 

 
Figure 8.1 Structure of atoms: Strings beyond quarks. 

 
Let us examine the motion of electron in their orbits in a greater detail for a moment. We 

propose that the orbits of electrons surrounding the nuclei are not exact circles or ellipses, like the 
orbits of planets around the solar center. We suggest a new model for the orbit of the electrons, 
namely, a complex sinusoid with period 2×π× f with the average position of a circle. The circle lies 
on the surface of a spherical shell that has a radius dictated by Bohr’s model for an electron energy 
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Electron transition: 
a radiation event 

Core of atoms; protons and 
neutrons those consists of quarks 
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configuration, satisfying the stability of atom. Figure 8.1 illustrates electron orbits of an atom 
surrounding the core of the nucleus at the nano scale. The trajectories of the electron orbits are 
actually sinusoidal in nature, with the center line of an ellipse instead of a perfectly circular orbit. 
Also, the orbits of the electrons in the outer shells are not on the same plane as the plane of the 
electrons in the inner shells.  

 
Let us understand the reasoning behind our claims that electron orbits are not circular and are 

not coplanar. One can visualize that the orbiting electrons are under the influence of several forces.  
The forces are the electrostatic force (due to the charge it carries and the charge on the protons at 
nucleus), the electromagnetic force (caused by the electron spin), the force of gravity from the 
nucleons within the nucleus, the force of gravity from neighboring atoms, and the force of gravity 
from planets and other objects in the vicinity. The momentum and the stress-energy tensor associated 
with the system of these forces determine the instantaneous position of the electron in its orbit in 
accordance with Einstein’s theory of gravitation. Precise calculations are required to find the 
trajectory of noncircular orbits of electrons. The final trajectory of electron orbit and the accurate 
computation of the electron’s energy state will allow us to evaluate the frequency of radiation in the 
case of an electron orbit transition event.  

 
Physicist Louis de Broglie characterized electron orbits in stable atomic configurations. 

According to his hypothesis, stable electron orbits within atoms are permissible for those values of a 
whole number k, such that 
 

k = 2/         

 
where is the characteristic wave length of the electron. He identified stable orbits and denoted them 
by the wave number k. 
 

When Broglie’s hypothesis was verified, he got excited and declared that the wave/particle 
duality was a general property of both radiation and particles. According to our view, the wave 
behavior of the particle electron is a theoretical model. It is our contention that, while the supporting 
methodology for the wave model describing electron and particle propagation was as discreet as possible for its 
time, we have stipulated this wave model as virtual, rather than real. Likewise, the particle photon model 
for light is a theoretical concept and should be viewed as virtual particles.  The virtual wave and the 
virtual particle models provide us with an excellent tool, a model to facilitate and simplify the 
computation of energy and time, as well as other relevant computations. In practice, however, 
electrons are to be viewed as particles and radiation energies as waves. This makes sense in reality 
because particles have center of gravity and rest mass, and waves do not. We believe that the 
trajectory of the electron in its orbit is in a wave configuration and is not following an approximate 
circle on a spherical shell, as postulated and described by Niels Bohr. 
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We propose that the wave model for the orbit of electrons is more closely related to the 
concept of the string theory introduced by Dr. Brian Green [34]. In his national bestselling book, The 

Elegant Universe, which was later made into a PBS television special of the same name, hosted and 
narrated by Greene, which had subsequently won a 2003 Peabody Award. In his book he posited and 
described subatomic particles, electrons and quarks, as possibly being made of more basic building 
blocks, loops of vibrating strings. Since it is not possible to analyze the structure of quarks beyond the 
description of quarks as being particles with charge (1/3) q units, it is highly speculative as well as 

problematic in quantum theory to report that quarks are fabricated from loops of tiny strings. Therefore, it 
is sufficient to quantify that the string like of motion of the electrons in orbits resemble the concepts 
of the string theory that was pioneered by Dr. Greene. 

  
Our explanation that the orbit paths of electrons are complex sinusoids is consistent because 

it is well known that at high temperatures electron vibration amplitude is increased. The task to verify 
that electron orbits are not circular or elliptical, but are sinusoids, is left to physics students as an 
exercise. Several modern physicists, such as John Hutchinson and others, have developed techniques 
that demonstrated, with limited success, the creation of particles that possibly possess the property of 
anti-gravity for a controlled duration of time. Their intent was to throw additional light on the cause 
of gravity. In the next section, we will discuss the basis for the general theory of relativity as 
developed by Albert Einstein. We will critically investigate his findings and analyze the strength and 
weaknesses of GTR. 

 
 

8.3 Theory of Gravitation  
 
 
Einstein’s gravitation theory was introduced first in the 1920s and was called the general theory of 
relativity (GTR) It is to be distinguish from the special theory of relativity (STR).  STR did not 
account for gravitational effects on the activity of light within the proximity of massive celestial 
objects. An essential feature of the theory was that the universe is full of matter.  The matter within 
space warped space and time by the gravitational forces acting on the masses of all objects, attracting 
them to come together. According to the conventional wisdom of physicists, any theory that is 
accepted needed to be confirmed by experiments and verified by results observed.  
 

Einstein’s GTR made three major bold predictions to defend its position which depended on the 
influence and behavior of massive objects, in particular the Sun and the planet Mercury. The 
predictions were that light waves would bend under the influence of the gravity of massive objects, 
such as stars and black holes and galaxies. Another prediction was that the perihelion of planet 
Mercury’s orbit advances each year because of the loss of mass of the Sun. The final prediction of 
GTR was that the frequency of radiation emanating from the Sun was redshifted due to the 

http://en.wikipedia.org/wiki/Public_Broadcasting_Service
http://en.wikipedia.org/wiki/Peabody_Award
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gravitational effects of the Sun. Three tests were performed for experimental verification of these 
predictions. The test to validate the bending of light travelling from another star in proximity to the 
Sun’s gravity was the most difficult to perform because physicist had to wait for a solar eclipse event 
to mask  the shroud of light from the Sun. The eclipse offered a way for light from a star to be visible 
during day time. We presented the data of these tests in Section 1.4. 

 
The tests were ingeniously selected and designed by Albert Einstein himself. 

  
(A) The gravitational bending of light rays from a star around the Sun. 
(B) The advance of perihelion of the planet Mercury. 
(C) The gravitational redshifting of the solar spectrum. 

 
Our view is that the reasons for attributing the derived results of these tests were not valid to 

provide formal proof of these predictions. In particular, Einstein, in his GTR, never clarified why 
gravity should affect a mass-less entity, light waves, in the same way as an object with real rest mass. 
We claim that his assumption that light, without rest mass, is deflected by gravitational force is not 
legitimate. As per our discussion in Section 1.3, the light waves arriving from a star from behind the 
Sun were likely deflected by the index of refraction possessed by the hydrogen atmosphere that 
surrounds the Sun. Our reasoning is that rays of light do not have a mass and a static position of a 
center of gravity. For gravity to act upon an entity it is imperative that each entity/body have a center 
of gravity and rest mass. 

 
To defend Einstein’s position, many physicists from the nations of Asia, Europe and America 

stated that space in the vicinity of strong gravitational field warps. Therefore, the trajectory of light is 
curved by the gravitational field of a dense celestial object as it passes by. From our perspective, 
space lacks any matter and there is no surface or boundary associated with the fabric of space. Hence, 
space that does not have a center of gravity or mass is not warped or distorted by the force of gravity. 
To add another caviar, according to Newton’s theory of gravitation, in a given volume of space the 
trajectories of different objects vary depending on the initial condition of the objects. If space is being 
curved as objects move through the space, Einstein’s prediction did not explain why the same space 
manifests different curvature for an object with different initial condition, for instance initial speed.  
 

Our argument that space is flat an observation that is consistent with the effect of the natural 
magnetic force field generated by the North and South Poles on planet Earth. We posit that effect of 
magnetic field should warp the space in a like manner as the force of gravity. There is no warping of 
space is suggested due to Earth’s magnetic field. Albeit, the Earth’s magnetic field only effects 
material that has magnetic and polarization sensitivity. Therefore, in our opinion, the conclusions 
derived from the results of the measurement of the bending of light from a star during a total solar 
eclipse were not valid. GTR claimed that it had brilliantly explained the effects of gravity on all 
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object entities, particle sized to celestial sized, but nowhere did it answer the basic question of at what 
speed force of gravitation propagates. The speed at which the force of gravitation propagates should 
play crucial role in the determination of the bending of light rays moving at the speed of c km/s.  

 
Our view is that the principles stated by GTR correctly described the motion of all bodies 

with nonzero rest mass. The law is applicable for vast celestial objects as well as nucleons. We 
believe, however, that the law will not produce correct results for wave motions. Therefore, we are 
suggesting a refined experiment to measure the deflection of light from a star behind the Sun during a 
solar eclipse. This arrangement is depicted in Figure 8.2. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

    

                
Figure 8.2 Deflection of light arriving from a star behind the Sun during solar eclipse. The deflection 
due to gravity of the sun was measured and compared with a value computed from refraction of light 
by applying Snell’s law. 
 

In this experiment we are proposing to verify Einstein’s deflection E by another 
measurement. It is expected that a total solar eclipse event will occur again in the year 2086. We are 
suggesting that at that time, in addition to the angle E position of another star, a reference star in 
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relation to the star whose light was tracked by Einstein (Einstein’s star ES), should be measured. Let 
us designate it as angle 1. Then after few months, when Earth’s orbital position will have shifted 
such that star ES will appear at night while the reference star is also visible that had been at the 
location measured at angle E respecting the position of star ES during the eclipse, a second angle 2 

should at that time be measured. If the difference between 2 and 1 is greater thanE, Einstein’s 
data should be considered invalid and the previous test as having failed. The summary of data of the 
deflection of starlight in Table 1.1 and the comparison of experimental data with theoretical estimates 
will justify our reasoning. 

  
Now, let us discuss the test surrounding the advances in the trajectory of the planet Mercury. 

As far as this second test is concerned, we believe that the position of planet Mercury precesses by 43 
arc s per century and is consistent with Einstein’s computation from GTR. This shift of perihelion of 
Mercury’s orbit is caused by the reduction in mass of the Sun. The loss in the mass of the Sun is 
successfully computed by the principles of STR from E = m × c2,  and is measureable insomuch as 
the Sun radiates a tremendous amount of solar energy per second. Therefore, the result of this test did 
conclude that the theory of gravitation from Einstein was applicable to both very large celestial 
objects and for small particles with nonzero rest mass. Despite the controversies too honor Einstein 
for his remarkable contribution in developing GTR for this application, we are devoting the entire 
Section 8.4 to commend his legacy. Next, in Section 8.5, we have postulated a theorem, recognizing 
the uniqueness of gravitation in our universe. 

 
Regarding the third test, the gravitational redshift of the solar spectrum, the shift was 

miniscule even for a large object such as the Sun. Further experiments to measure red shift were 
difficult to perform. Experimental data indicated a shift of 14 m A0 for hydrogen due to the Sun’s 
gravity. However, shift in frequency should not imply gravity bends light. From this discussion it is 
evident that the experiments performed to prove the theory of gravitation from Einstein were not 
stringent enough to prove his point. Nevertheless, we shall continue our discussion about his theory 
of gravitation. 

 
It was widespread opinion that the theory of gravitation, as proposed by Einstein a century 

ago, was difficult to comprehend when he formulated the theory. Unfortunately, he could not apply 
the concepts of Standard Model to the interacting forces of nature at that time. Fortunately, the 
concepts are fully developed and their application is commonplace. Nowadays Einstein’s theoretical 
approach is deemed simpler that allow him to formulate complex theory of relativistic gravitation by 
asking simple questions.  

 
First of all his theory confronted a fact specific to gravitation discovered by Galileo; the 

gravitational force exerted upon all bodies is equal at a given distance and said bodies must “fall” at 
an equal rate regardless of their size, shape or composition within a gravitational field. Secondly, the 
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theory was universal, meaning that it included all the material bodies involved in this interaction of 
gravitation. Lastly, the theory fits within the framework of electromagnetic equations from Maxwell 
and with the principles of STR. However, despite all of this affirmation there are still a disadvantages 
to this theory. For one, it cannot not assimilate the effects of gravity on nano-scale particles 
associated with atoms. There are two conditions that GTR cannot satisfy: electrons in their orbit, and 
protons and neutrons within the nucleus. Moreover, the application of GTR to virtual particles, 
photons and gluons, does not result in the manner it stipulated.  

 
 

 
 
 
 
 
 
 
 
 

  
 

 
   
 
 
 

E G 

 
 
Figure 8.3 Buckets with atoms on a wheel experiment depicting GTR concepts. The hypothetical system shows 
the effect of gravity on the absorption of light waves by atoms located at different heights. (Courtesy Sir 
Hermann Bond, KCB, FRS, UK, The theory of gravitation, Virat Surya- January 2005) 
 

As we shall see, although Einstein’s theory of gravitation claimed to explain the bending of 
light by the Sun, we have enough reason to conclude otherwise, not being completely satisfied with 
Einstein’s explanation.  Further, we have discussed in Section 3.7 that Maxwell’s equations require an 
update to account for the variation in the speed of light among different frames of reference. In order 
to explain the concept of his theory of gravitation, Einstein employed a simple illustration of the force 
of gravity on a series of buckets filled with atoms. Let us look at his example to see if sense is made 
as a sufficient explanation for his theory. The details of his thought experiment were as follows. 
 

He suggested imagining a tower on the Earth supporting a circuitous chain of buckets running 
over a wheel at the top and under another at the bottom, as depicted by the arrangement of Figure 8.3. 
Then he imagined filling every bucket with the same number of atoms of the same element. He then 
stipulated that we make sure that atoms on side E were in their excited state while the atoms on side 
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G were in their ground state. According to STR, the atoms in an excited state were heavier than those 
in their “ground” state. Accordingly, therefore, the buckets on E side will move downward. As a 
result buckets on G side will move upward. (We, however, disagree with this assumption based on 
the Skylativity® theory) Now, let us stimulate the atoms of a bucket at the bottom on E side to emit 
radiation in our hypothetical experiment. The atom in the excited state in the bucket will transition to 
ground state. If we focus the emitted light from the bottom bucket on the E side to the top bucket of 
G-side, by quantum theory this light should have just the right frequency to be absorbed by the atom 
to put it into an excited state E. Miraculously we have hereby produced an ideal source of energy 
without an external input of energy! According to the principles of thermodynamics this is impossible 
unless the buckets on both the E and G sides are at the same height. So, where was the discrepancy in 
the principle of operation of “the buckets” experiment? We will explain the reasoning behind that 
next. 

 
The inability of atoms to absorb the light of a given frequency at different levels prompted 

Einstein to incorrectly conclude that the frequency of the light emitted at some level should be less 
(different) if measured at a higher level than if it was measured at the level where the emission 
occurred. Our view is that an atom located at a different level would readily absorb a shifted 
frequency of radiation from another level (source) because the energy state of the quantum particle 
(from the source) at a different level is distinct from the energy state of a quantum particle at the same 
height as the source. This fact suggests that if by some means the energy state of a quantum particle 
was restored to the same value as the one at the same level it would absorb light of the frequency of 
origin. At the present state of technology, this measurement is not impossible. However, the 
experiment was difficult to perform in 20th century to replicate the details of hypothetical apparatus 
exactly. 

 
One of the difficulties in the hypothetical experiment was to measure the frequency of 

absorption and emission from atoms at different heights. However, the clocks employed to measure 
the time and frequency at the different elevations can be accelerated or retarded to alleviate the effect 
of the differences in the gravitational potential energy, as seen by the atoms inside a Cesium clock. As 
we shall discover, an incorrect conclusion drawn by Einstein had adversely impacted the science 
community to a greater extent than perceived by many physicists of the past to our present generation. 
Fortunately for Einstein, he stated that the effect of such acceleration may not be distinguished from 
the effect of the gravitational force in the frame of reference under consideration.  

 
Einstein extended the results of this example to time measured by atomic clocks. The 

consequence of this conclusion was that there was no absolute time. In his universe time was always a 
value manufactured by a clock. According to his view, if clocks operated differently at the top and 
bottom of the tower, or a cliff, then time must run differently at these locations as well. This implied 
that the relationship between the locally measured time and proper time was different at different 
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heights. We agree with the fact that different clocks will show different times at different heights 
because the potential and kinetic energy associated with the time-measuring device was altered. 
However, measured time did not modify the elapsed absolute time. Absolute time is the time 
measured when the distance between the source and the observer do not change with respect to time; 
this reasoning is consistent with true speed of light measurement, as described in Section 2.2. Also, 
the source and the observer should have the same potential and kinetic energy configurations.  

 
One of the adverse side effects of Einstein’s theory of gravitation was that, just as measured 

time differed by clocks located at different heights (Ek and Ep), the measured length and the 
measured mass of objects in motion were different. The measured length, the measured mass and the 
measured time were related by the Lorentz transformation equations. As per our explanation in 
Section 5.5, we again stipulate that the Lorentz transformations were not required because these were 
virtual effects. In reality, the measures of time, length and mass for all objects in the universe are 
invariant. This invariance of time, length and mass measures for all objects in the universe will have a 
profound effect on future space missions targeted for exploring planets and their systems as several 
computations are simplified. In our opinion, Einstein’s theory and Lorentz transformations adds 
complexity and the effort is not worth the pain. 

  
In the next section, we will discuss the ideas of Einstein on the theory of gravitation, also 

known as the general theory of relativity (GTR). The theory was widely regarded as an intellectual 
triumph of the 20th century and a personal triumph for Einstein. Many have claimed its, mathematical 
beauty and in its observational proofs had withstood the most stringent of tests. Einstein had woven 
the gravitational field into the fabric of space and time. He suggested that the gravitational force 
stands apart from all other forces because it produced a curvature of spacetime geometry. According 
to the theory, matter, through its propagated gravitational force conveyed how spacetime should bend, 
while curved spacetime influenced how matter was to move. As we shall see, his theory was highly 
applicable for the behavior of large celestial objects and thus provided good results estimating their 
trajectories. However, his STR requires improvements, as suggested by us in our VSL Skylativity® 
theory. 

However, for quantum dimensions and particles the force of gravity has a much weaker 
influence than the strong color charge force associated with quarks. Einstein’s GTR did not expound 
on the effects of gravity for objects and geometry in the quantum regime, on particles on the atomic 
scale. Therefore, more advanced theories explicating Quantum Electrodynamics and Quantum 
Chromodynamics were developed to characterize the behavior of light and matter at quantum 
geometries [12]. Further, the theory of gravitation was unable to explicate why space without matter 
and of an undefined shape is curved by the gravitational field. In addition, Einstein’s theory did not 
explain the reasoning behind the creation of gravitational force as a characteristic of matter in the first 
place. Also, the theory did not precisely pointed out at what rate and by what means (force mediating 
particles) the gravitational force propagates. In next section, we will assess the importance of GTR 
from Einstein. 
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8.4 Einstein’s Legacy 
 
After reading first two chapters of this book you may have gotten the impression that we are 
rendering Einstein’s theories and postulates as useless. On the contrary, we would like to emphasize 
that our intention is to discourage that view. In this section, we shall present details and analytical 
perspective to his profound theory of gravitation. First we will explain the principle of general 
relativity in simple terms because the original description of the theory from Einstein was even 
difficult for many experts in the field who followed. For additional details you are advised to read an 
essay from Chris Isham on Quantum Gravity [22]. Next we will describe the analytical details of 
general relativity as applied to curved surfaces in space at any specified time. Originally Einstein 
proposed his theory of gravitation to compute the trajectory of celestial objects in a curved spacetime. 
Subsequently, he attempted to apply GTR concepts to atomic particles. We have made modifications 
to his work and have applied its principles to a restricted interpretation of curved surfaces in space. 
The reasons will be clearer to you as we proceed.   
 
 
 
 
 
 
 
 
 
 
 
 
 
       Figure 8.4 Trajectory of a particle on curved surface under influence of gravitational fields. 

 
The purpose of general relativity was to predict the motion of objects in space at any future 

time dependent upon the information about their current location, their initial conditions and the 
effect of gravity by other objects at the time. Because measured time in any system depended upon 
the gravity and energy configuration of the system, the motion of the object was controlled by 
interdependency of time and the gravitational field in the system. The power of Einstein’s field 
equation provided a solution for this interdependency very effectively. He applied a very basic 
principle of mathematics, the Pythagoras theorem, to curved surfaces in its generalized form to 
calculate the distance between two points on the surface. In Figure 8.4, points A and B on a curved 
surface are shown. In the example, the curvature of the surface in N dimension is reflected by the 
following expression.  

 

s path of a particle on curved surface 

influenced by ab as a function of time. 
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  N 
s)2 =  Ʃ abs(x)xa) xb)       (8.5) 
 a,b=1 

where a and b denotes co-ordinate suffixes, and Components ab(x) = ba(x) are functions of all xa’s. 
 

Another way to look at the above equation is that it represents a deviation from the shortest 
distance on a curved surface as compared to the shortest distance computed for a flat surface, in 
which light follows a trajectory of null geodesic. We will explain the meaning of “geodesic” later.  
Since ab(x) = ba(x) in equation (8.5) for a = b cases, the number of independent components of 
functions, K is  

 
K= N×(N+1)/2        (8.6)  

 
equal to 10 functions for four dimensional (x1, x2, x3, t) conventional space. Einstein postulated that it 
was on such trajectory that a particle/object experiencing gravitational force would move. Einstein’s 
field equations were simultaneous equations to evaluate functions ab(x) for all values of a and b, 
satisfying equation (8.6). The field equations include specific contributions from both the energy and 
the momentum of matter surrounding the object. In a four dimensional flat surface within a space 
with no influence of ab the equation (8.5) is simplified to 

 

Einstein’s Space-Time Equation      s)2 =  t)2 - 
x1)2 - x2)2 - x3)2  (8.7) 

 
In equations (8.5), (8.6) and (8.7) we have avoided the use of raised subscripts for dimensions 

x1, x2, and etc. which are commonly used in other texts [8]. Instead, we have used the suffix notation 
x1, x2and etc. to inhibit confusion with powers of x.  At this point would we like to state an 
interesting fact about the number of independent components of functions ab(x). The magic number 
10 from equation (8.6) for four dimensions of the real universe also happens to be the number of 
dimensions suggested by Dr. Brian Greene in his M-dimensions of string theory. This may not be 
simply coincidental or surprising. Now let us understand the meaning of the term “geodesic”. 

 
A straight line, a geodesic in a curved surface, is defined to be a line which minimizes the 

distance between two endpoints. A straight line without any curvature is known as a null geodesic. 
For Einstein’s theory to consistently make sense, the equation (8.7) must be a solution of these 
equations in the special case when these matter-related contributions disappear. Fortunately, this fact 
was indeed correct and had made the theory of relativity internally consistent and considered 
marvelous. Now we will explain why we prefer to apply Einstein’s theory to surfaces resident within 
space and not apply to space itself.   
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We believe that the gravitational force from a mass will influence any other massive object if, 
and only if, it has eternal (rest) mass and volume. Space, by itself, does not possess any mass or 
shape. Space lacks the properties of particles having rest-mass and a position of center of gravity, 
even if space has energy and entropy. Therefore, space itself is not curved in the presence of a force 
by massive objects (real objects of rest-mass). The objects will move in space according to the 
solution of Einstein’s equation if they are not prohibited to do so. Hence, individual objects with 
differences in their energy momentum tensor will trace variable trajectories within the same volume 
of space if their masses had different initial conditions. 

 
It has become evident to you that, at present, Einstein’s field equations may only handle 

space with real dimensions. We have defined complex mass, complex spatial coordinates and 
complex time in the section 4.6, which deals with real and imaginary components. To solve Einstein’s 
equation for a complex dimension situation, it will be essential to handle the real and the imaginary 
parts of the equation separately. One can intuitively visualize that his concepts were extensible to 
complex domains. Therefore, the solution offered by his equations will provide the correct results in 
both domains, the real and the imaginary. Further, from the following discussion it will become clear 
that the solutions of Einstein’s Field equations for complex domains will beautifully connect with 
Heisenberg’s uncertainty principle and the perturbation theory. We think the perturbation theory can 
be successfully employed to solve complex problems related to quantum fluctuations of particle 
electrons in atomic configurations. Of course, the discussion of quantum fluctuations and the 
perturbation theory is outside the scope of this effort. 

 
We summarized Einstein’s splendid theory of gravitation as follows: In his realm, gravity had 

distorted time because it was impossible to separate the effect of gravity upon time measuring 
devices. We used the term “perturbation” for time distortion. The distortion of time was characterized 
by value of a measured variable. The variable after transient variation was settling down to a different 
value in the neighborhood of the final value depending on the spacetime frame the measurement was 
performed. Apparently gravity  affects the imaginary component of time in the same way as the real 
component. Because motion of all objects in the universe depended upon time, Einstein implied that 
time perturbed gravity in real time. 

 
Further, when one integrated the effects of real time with real gravitational fields by applying 

solutions of Einstein’s field equations the state of the real universe was predicted accurately. Up until 
this point Einstein’s theory made complete sense. However, he went a step further by predicting that 
the time and the gravitational field variations actually introduced curvature in the fabric of space 
itself. We disagree with this because we believe that gravitational variation only effects the trajectory 
and configuration of objects possessing finite nonzero rest mass within the space they are in motion. 
Space itself possesses zero rest mass (Static mass), therefore the fabric of the space cannot be 
distorted or curved by any means.  
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It is very important to recognize the difference between the distortion of objects residing 
within space and the distortion of the fabric of space itself. When one thinks in terms of the distortion 
of space by gravitational fields they end up developing theories of “expansion” and “crunch” for the 
creation and the ending of the Universe, something we’ve named the Big Bang theory. We will 
discuss more on this topic in Chapter 13. It is noteworthy to realize that Einstein’s field equations 
provided the most powerful tool to solve variety of problems. His theory was so deep-seated that it 
inspired us to develop a new theorem describing the unique power of his general theory of relativity. 

 
 

8.5 Unique Characteristics of Gravity 
 
 
Einstein and the physicists who followed were not fully aware of the extent to which the principles of 
GTR could reach. This is due, in part, to the theory’s great descriptive complexity. The mathematical 
model of his theory involved non-Euclidean surfaces and spacetime tensors which were difficult to 
follow, even for expert mathematicians. Also, he never conceived the existence of imaginary 
dimensions that were introduced by us, as discussed in Section 4.6. Here we have expanded the role 
of GTR by applying Einstein’s concepts to complex domains possessing both real and imaginary 
fields by stating a theorem. 
 
Theorem 8.1 Uniqueness of gravitation 
 
Our Universe is viewed as a complex entity comprised of vast celestial objects with complex 
dimensions having a state that is defined by Einstein’s spacetime field equation. The equations 
stipulates that in general objects have complex masses and exist in complex time/space domains. 
However, in physical universe there is only one unique real solution for Einstein’s gravitational field 
equation with a given set of initial conditions. All other solutions of the field equation correspond to 
an imaginary universe. 
 
Formal Proof of the theorem:  
 
The basic premise of proving this theorem relies on two conditions. The first condition is that at any 
particular value of real time there is one, and only one, value of space coordinates that exist for any 
entity in real space dimension. The second condition is connected to the universal laws of energy 
conservation. To add a caveat, the trajectory of objects follow a track for which the gravitational 
potential energy is maximized (the smallest negative value). To meet the second condition, the 
dynamics of the system is adjusted to balance kinetic energy carried by the object against the 
gravitational potential energy stored in the object. Under this condition, the trajectory of the object is 
known to adhere to Riemannian geometry with minimal geodesic path length under the influence of 
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ab field tensor of Figure 8.5. To provide a formal proof of the theorem, we will prove that the 
solution, other than real valued time solution, will lead to path lengths which are not minimal in 
Riemannian geometry space. In essence the trajectory of suboptimal path lengths will always reside in 
an imaginary universe.  

 
 

Figure 8.5 Two different paths p and s of a particle on a curved surface influenced by ab. 
 

Let us focus on analyzing a situation described in Figure 8.5. An object traverses from point 
A to B on a curved surface influenced by gravitational field ab, as it evolves in time. Let us designate 
the path as s, which correspond to the solutions of Einstein’s equations ab, a tensor field. According 
to Einstein’s theory, it is on this path that the gravitational potential energy is maximized (the smallest 
negative value) for the object. Therefore this path is the only path traced by the object in real time.  
Let us say that there exists an alternate path p for which the condition for potential energy 
maximization is satisfied in the same real time. It is evident that the path lengths traversed by the 
object is different for these two paths as it evolves in time. Therefore, the probability of finding the 
object on both segments of the paths cannot be exactly 1 at all times in the presence of ab. From the 
definition of real component of time we know that the probability on curve s is 1. This implies that 
the probability of a traversing object on curve p is less than unity. That means the object is 
traversing on path p in imaginary time, and that the path belongs to the imaginary universe. Hence, 
we have proven our theorem. 

 
The physical interpretation of the uniqueness theorem is that both in Newton’s laws of 

gravitation and in Einstein’s general theory of relativity it will make more sense to use the rest mass 
value instead of the inertial mass for computations of the forces and the acceleration among objects in 
the universe. We believe that the physics community will benefit from the change suggested by us 
and will perform experiments to validate our prediction. Another implication of this theorem is that 
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the propagation speed of gravity is not relevant until the object with dominant mass is positioned in 
the proximity of an entity with low mass. The trajectory of all objects in the real universe follow 
Einstein’s geodesics.  

 
In next section, we will discuss the effects of a gravitational field exerted by immense objects 

on time standards maintained by Cesium atomic clocks. Until now, gravitation effects on radiation 
frequency derived from oscillations of orbiting electrons were neglected. We will develop a precise 
analytical model to characterize the frequency of an atomic oscillator in a time standard, an atomic 
clock. The clock is designed based on theoretical model for hydrogen atoms according to Bohr’s 
theory. Further, this interesting development will support our views that the time dilation theory is an 
invalid concept. Einstein’s STR predicted time dilation, the slowing down of measured time in certain 
inertial frames, whereas our theory predicts that the rate of measured time increases as the clock is 
moved farther away from a center of mass, the source of the gravitational field.  

 
 

8.6 Quantum Gravity 
 
Even after Newton’s laws of mechanics and his theory of gravitation were discovered the view of 
scientists were nonetheless still obscured by the enigmatic nature of gravity. To date, no physicist has 
a satisfactory answer to the basic question as to why the force of gravity exerted by objects affects 
other objects. Before we investigate the details on quantum gravity theory, we shall explain the 
reasons why prior attempts to unify gravity with other theories such as Quantum Electrodynamics 
(QED) and Quantum Chromodynamics (QCD) were unsuccessful. The primary reason for this failure 
is that the gravitational influence between objects of a practical size used to perform experimental 
observation is extremely weak [12].  
 

The force of gravity is weaker by a factor of 1×10-40 measured against the electrical charge 
force of normal atomic nucleons. In a manner of speaking, the electrical forces are holding nucleons 
near to the nucleus of their atom, creating a finely balanced mixture of attractive and repulsive forces 
which balance out. Gravitation, however, is a tiny attractive force, accumulating in tiny graduations 
as the atom configuration expands and grows until at last, when the objects become practically 
massive, beginning to visually demonstrate the effects of gravity affecting other objects in space. It is 
thought that, at the present time, it is impossible to design any experiment which will demonstrate the 
operation of gravity. Therefore, there is no way to test validity of new theory, but the situation could 
change in the future by applying principles of quantum gravity.  

 
Another reason for the faint understanding of gravity is that physicists have speculated the 

presence of a mediating particle, the graviton, to explicate gravity conveyance. No one has yet proven 
that such a particle exists. Also, the quantum theories of gravity in the past have had infinities in the 
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terms with couplings similar to QED that we have discussed in Section 6.6. The tricky process that is 
successful in getting rid of the infinites in quantum electrodynamics theory cannot do the same in the 
quantum gravity theory. Furthermore, the theory was unable to answer basic question about mass of 
particles. For instance, what are the observed rest masses of the fundamental particles quarks and 
hadrons m, and from where do they come?  

 
The invention of the Higgs Boson particle in July of 2012, providing a proof for existence of 

the Higgs Field, indirectly answered these basic questions. It is claimed that the observed mass of 
composite particles and their conglomerates objects is derived from the mass of fundamental particles 
called fermions. Both leptons, electrons and quarks, acquire their mass as they interact with the Higgs 
Field by means of the Higgs Boson. It is also predicted that the Higgs Field exists throughout all of 
space [1]. In this section, our objective is to answer another intriguing question about gravity. The 
question is how to model the effect of gravity quantitatively on the micro–scale particles of atoms and 
nucleons. For this purpose we will use an analogy based upon the apparent relationship we find 
between quantum entanglement and gravity. 

 
We believe that the mystery of gravitational forces and the Entanglement phenomena are 

correlated, meaning the solution for both problems overlap. In very simplistic terms, the entanglement 
proposition describes an interconnection between two particle objects interacting in a particular way. 
Quantum physics requires them to become connected, insomuch as the measuring of a property of 
one will instantly reveal the value of that property in the other, regardless the distance separating 
them [54]. We will discuss Entanglement in more detail in the Section 11.5.   

 
Analogous to the Entanglement behavior we observe in the quantum world, one may envision 

the force of gravity interacting between any two objects in the Universe in a specific way such that 
the knowledge of the force of one object on the other instantly reveals the force and, and ergo, the 
mass of the other object. In this respect nature has successfully established a connection between 
celestial objects in accordance with the Newton’s Laws of Gravitation that had been extended by 
Einstein’s GTR. Let us closely examine Newton’s laws of gravitation to understand the difficulties in 
testing the quantum theory of gravitation at an atomic nuclear scale. As per Newton’s law, the force 
of gravity is directly proportional to the product of the two masses and inversely proportional to the 
square of the distance between the point masses:  

 
Newton’s Universal Law of Gravitation      F = [(G×m1×m2)/r2]    (N) (8.8)  

where F is the magnitude of the gravitational force between the two point masses, G is the 
gravitational constant with value 6.6726 × 10-11 m3kg-1s-2, m1 is the rest mass of the first point mass,   
0 < m1 < ∞, m2 is the rest mass of the second point mass, 0 < m2 < ∞ , and r is the distance between 
the two point masses.  

http://en.wikipedia.org/wiki/Proportionality_(mathematics)
http://en.wikipedia.org/wiki/Product_(mathematics)
http://en.wikipedia.org/wiki/Mass
http://en.wikipedia.org/wiki/Proportionality_(mathematics)
http://en.wikipedia.org/wiki/Square_(algebra)
http://en.wikipedia.org/wiki/Gravitational_constant
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Notice that both m1 and m2 are point masses, each of which have a unique center of gravity at 
the instant in time the force is evaluated. This implies that this law should be applied to objects and 
particles that have finite non-zero rest mass. Therefore, we have restricted the value of mass for 
particles and objects in specified range. One must be careful not to apply this law to entities such as 
photons and neutrinos which are virtual particles. 

One of the peculiar features of Newton’s gravitation law is constant G, which is nature’s way 
of developing interaction between objects in the Universe. What this means is that the quantity F (8.8) 
is not observable until the ratio (m1× m2)/r2 grows to near the value of G to the extent that the 
smallest value of F is detectable. This requirement imposes a strict limitation on applying Newton’s 
laws on quantum scale geometries. For this reason an early effort to integrate gravity effects with 
charge forces were unsuccessful. Now, we will discuss how we can apply recent advances in the 
atomic clock apparatus to circumvent major difficulties, and to explore possibilities that will help us 
unify the strong nuclear electrostatic charge forces with the weak gravitational force. 

 
Chin-wen Chou, from NIST in Boulder, Colorado, performed an experiment using a super-

precise atomic clock fabricated from charged aluminum atom ions vibrating between two energy 
levels [54]. They reported a time difference of 90 ns over a period of 79 years in measured time when 
the clock was raised by 33 cm (about thirteen inches) from the surface of the Earth. The result of this 
experiment implied that gravity differential affected the energy levels of vibrating electrons in atomic 
clocks which is reflected by the shift in their frequency and corresponding changes in the measured 
time. A magnified value of time deviations from gravitational effects were noted when atomic clocks 
were flown on aircraft and the times on the clocks were tracked by lasers. The results of these 
experiments led us to develop an integrated model for oscillator clock frequency with gravitational 
shift correction. 

     
Figure 8.6 Trajectory of electron orbits representing Bohr’s model of a hydrogen 

           atoms. The orbiting electron is allowed to be in specific orbits of discrete radii. 
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To characterize the effect of gravity on oscillator frequency we will illustrate the procedure 
on an oscillator constructed from the simplest atom, hydrogen. We will suggest a modification 
required to predict the changes in frequency at various elevation settings for our hypothetical 
hydrogen clock. You will soon discover that the principles described here may easily be extended to 
clocks fabricated from more complex atomic structures, aluminum ions and cesium atoms. We will 
skip the detailed derivations for the expressions describing radiated energy frequencies from the 
oscillator [19]. Instead, we will highlight the differences between a clock's frequencies on the surface 
of the Earth and a clock located at the height L meters above the Earth's surface. 
 

 Using the existing Bohr’s model for a hydrogen atom we will give the equations for the total 
force on an electron in a stable orbit, the potential energy, the total energy, the radius of the smallest 
orbit, and the frequency of the quantum radiated. His model did not include the effects of gravity 
insomuch as he and other physicists did not know of a way to incorporate it. We will modify Bohr's  
equations, adding a correction factor to reflect gravitational effects on the frequency of radiation 
being emitted from a hydrogen atom. We will analyze electron motion as Uniform Circular Motion 
(UCM) under the action of forces similar to section 7.3. Before we give the modified equations we 
will discuss the conceptual basis for Bohr’s model. For the purpose of this analysis we will make the 
following assumptions from Bohr's theory for proton and electron configurations shown in Figure 8.6.  

1. The electron moves in a circular orbit around the proton under the influence of an electric 
force of attraction and the gravitational force of attraction from the Earth. 
 

2. Only certain electron orbits are stable, and electrons from this stationary orbit, if allowed to 
make a transition, will emit radiation energy waves. 

 
3. The atom will emit radiation when the electron in its orbit makes a transition from a higher 

energetic initial orbit to a lower energy orbit. The particular frequency of quantum radiated is 
related to the energy difference and is not equal to the frequency of the electron’s orbital 
motion. The frequency f of the emitted radiation is thus determined from the energy 
conservation, described as 
 

Ei - Ef  = h×f        (8.9) 

where  Ei is the energy of the initial state, Ef is the energy of the final state and Ei > Ef, and h 
is Planck’s constant 

In addition, the energy of an incident quantum can be absorbed by an electron only if the 
quantum has an energy that exactly matches the difference in energy between an allowed 

state of the electron and its higher energy state. Upon the absorption of energy, the quantum 
disappears and the electron makes a transition to the higher–energy state. 
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4. The size of an electron orbit is determined by a condition imposed on electron’s angular 
momentum. The conditions come into play due to a property that is intrinsic to electron 
motion. The allowed orbits are such that the angular momentum about the nucleus is 
quantized and is equal to the integral multiples of ћ = h/2 i. e. 

 
mevr = n ћ n =1,2,3….       (8.10) 
 
Fe + Fg = ke e2/r2       (8.11) 

where  Fe  is the electrostatic charge force, ke is the Coulomb constant, e is electronic charge, me is 
electron mass, r is electron orbit and Fg is force of gravity. In this formulation the value of force of 
gravity was set to zero. In fact, Fg = g0me and g0 = G ME/(R+r)2 where G is the universal constant 
and ME is the mass of the Earth. 

Potential Energy U = -ke e2/r        (8.12) 
 
 
Total Energy  E = K + U = ½ me×v2 -ke× e2/r      (8.13) 
 
The above expression can be simplified because the electron is orbiting the nucleus performing a 
uniform circular motion. Therefore, the electrostatic charge force experienced by the electron is 
balanced against the centrifugal force that is equal to product of its mass me and its centripetal 
acceleration v2/r. Thus  
 
 ke e2/r2 = me×v2/r        (8.14) 
 
We can solve for v2 from equation (8.14) and substitute its value in equation (8.13); we get 
 
 v2 = kee2/(r× me) and  K = kee2/2r      (8.15) 
 
Thus, total energy  E = -kee2/2r       (8.16) 
 
 
Radius of the smallest orbit r0 = ћ2/(me×ke×e2), n =1, and rn = n2×r0   (8.17) 
 
 
and frequency    f = (kee2/2r0h) [1/nf

2 - 1/ni
2]      (8.18) 

 
 
We modified the above equations and added a correction term for gravitational potential energy in the 
total energy computations. The gravitational potential energy appears in the expression because of  
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gravitational force Fg coming into play as indicated in Figure 8.6. The updated equations for potential 
energy, total energy and radius are 
Potential Energy U = -ke e2/r -g0me(R+r)      (8.19) 
 
Total Energy E = K + U = ½ me×v2 -ke× e2/r - g0×me×(R+r)    (8.20) 
 
Radius of the smallest orbit r0 = ћ2/(me×ke×e2) and rn = n2×r0   (8.21) 
 

We discovered that in the derivation of the expression (8.15) for emitted radiation frequency, 
the contribution of gravitational potential energy was ignored. Let us calculate the effect of 
gravitational potential energy by computing the ratio of potential energy stored by the charge on an 
electron to its gravitational potential energy. For the ground state, the smallest electron orbit of a 
hydrogen atom, 
Ratio  p = (ke e2/r)/[g0me (R+r)]  
               = (8.99×109×(1.602×10-19)2/(0.0529×10-9))/[(9.81×9.11×10-31×6.37×106)] 
    = 27.228 eV/0.3554 meV 
               = 76619 

In this calculation we ignored r, the radius of an electron orbit, as it is very small compared to 
the Earth’s radius R. The value of r is r1 = n2×r0 =1×0.0529×10-9. The ratio is 76619 which is very 
high, but must not be ignored in the case of very sensitive atomic clocks. The potential energy 
contribution from gravity is 0.3554 meV at the surface of the Earth, as compared to the electric 
charge potential energy of 27.228 eV. The value 0.3554 meV appears very small in comparison with 
the ground state electron energy of the hydrogen atom. The value is, however, significant for atomic 
clocks constructed from multi-electron atomic configurations, i.e. aluminum metal (13 electrons). 
Also, the ratio is much smaller for Balmer’s series (visible spectra) electron orbital transition events, 
from n = 6 to n = 2, because r = n2 × r0 in electrostatic potential energy computations attains a large 
value. 
 

We will utilize the numerator and denominator terms of ratio p to simplify expressions for 
total energy after including the gravitational correction. The ratio becomes more significant for higher 
orbits with large values of n when the electrical potential energy drops to small fractions of eV. 
Therefore, we are justified in including the contribution from gravitational potential energy in emitted 
frequency calculations for orbits that corresponds to higher values of n. Our computations clearly 
reveal that the gravitational potential energy plays an important role in the emitted frequency for 
atomic clocks located at different heights. We summarize the effect of gravity correction on emitted 
frequency in the Bohr’s hydrogen atom model as follows:  

1. The value for the smallest orbit radius, called the Bohr’s radius, and the general expression 
for the radius of any orbit in the hydrogen atom is unaffected by gravitational fields because 
electron orbits must meet two stability criteria. The radii of the electron orbits should satisfy 
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De Broglie wave number requirement k = 2/ and the electron’s orbital angular momentum 
about the nucleus must be quantized. 
 

2. The expression for the total energy and the emitted frequency are modified by factor kg, 
defined as the ratio of the electric charge potential energy to the gravitational potential energy 
at specified elevation from the center of gravity of an object creating the gravitational 
potential. 

Now we are ready to state expressions for the total force on an electron, the potential energy, the total 
energy, the radius of the smallest orbit and the frequency of the quantum radiated for a clock located 
at height L meters. The expressions are  
 
Force = Fe + Fg = -ke e2/r2 –gLme       (8.22) 
 
where  ke is the Coulomb constant, e is electronic charge, r is electron orbit, R is the Earth’s radius, 
gravity gL = G ME/(R+L)2, G universal constant, me electron mass and ME mass of the Earth. 
 
Potential Energy U = -ke e2/r –gLme(R+L+r)      (8.23) 
 
Total Energy E = K + U = ½ me×v2 -ke× e2/r – gL× me×(R+L+r)   (8.24) 
 
This expression for total energy can be simplified as before by solving for v2 and substituting its value 
in (8.24), and defining constant  kg. 
 
Total Energy  E= -ke× e2/2r[1 + kg]       (8.25) 
 
Radius of the smallest orbit r0 = ћ2/(me×ke×e2) and rn = n2×r0    (8.26) 
By using equations (8.9), (8.25) and (8.26) we can rewrite the expression for emitted frequency 
(8.18), a more familiar form for the case that includes gravity effects by defining constant kg, as 
follows: 
 

f = (kee2/2r0h) [1/nf
2 - 1/ni

2] [1 + kg]     (8.27) 
 
 
 
where   kg = [gLme×(R+L+r0)]/(ke×e2/2r0h)      (8.28) 
 
 
and kg = (kgi - kgf)        (8.29) 
 

Notice that to simplify the expression for emitted frequency with gravity correction, we have 
defined kg (that is similar to p) as the ratio of gravitational potential energy at a specified elevation to 
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the total energy, without including gravitational potential energy. Here kgi is the gravitational energy 
correction for an electron orbit at the start of the transition, and kgf is the gravitational energy 
correction for an electron orbit at the end of its transition. It is obvious that the parameter kg depends 
on the clock design and its location, and that the frequency of radiation varies with kg.  

 
We have computed the values of the frequency of radiation for the Balmer Series that 

correspond to electron orbit transitions ranging from n = 3 to n = 2, and from n = 9 to n = 2. The 
results for red and violet light in the visible spectrum differs only in the nineteenth or greater decimal 
places. Our analysis indicates that gravity makes a very small difference in radiation wave length and 
period. There are two reasons for such a low effectiveness of gravity. The gravitational effects from 
celestial objects on electron energies during orbital transition from the initial to the final orbit vanish 
because differential energies are considered for frequency computations. Secondly, the gravitational 
force on an electron is, indeed, very week. However, for atomic clock application, the frequency of 
radiation is several hundred terahertz. Hence, a shift in wave length of one part in 1020 parts measured 
over a one year time is detectable. Therefore, gravitational effects cannot remain unnoticed. Let us 
study the magnitude of two kinds of forces in detail. 

 
The electrostatic charge force is  kee2/r0

2 N, and the gravitational force is Gme×ms/r0
2. The 

strength difference arises from the nature and the values of parameters in the equations to determine 
the forces. Let us look at the values of these parameters. The value of ke is 8.99×109 N m/C2 and the 
value of charge e is 1.602×10-19 C, while G = 6.6742×10-11 N-m/kg2, and the value of me is of the 
order of 10-31 kg. Since kee2/r0

2 is of the order of 10-7, where as Gme alone is of the order of 10-42, the 
gravitational force does not compare well with the electrostatic charge force until the ratio ms/r0

2 
attains a value greater than 1035. Realistically, this is not possible because as the mass of a celestial 
object grows the distance between an electron in the clock and the center of gravity of the celestial 
object increases also because there is a cap on density that you will study in Section 10.2. Our 
computation of effect of Earth’s gravity on a hypothetical hydrogen atomic clock indicated a 
difference in time of 2.287×10-35 s over a period of 100 years (see Problem 1). We probed the effect 
in a greater detail and found that the charge forces from sibling atoms in hydrogen atomic clock are 
responsible for the measured discrepancy [31]. 

 
In this section we have achieved a major milestone by successfully assimilating the effects of 

gravity in estimating frequency of emitted energy waves from atomic clocks at different altitudes. The 
best part of the model developed by us is that it is possible to validate this model by experimentation. 
Also, it opens a new door for research on the subject of gravity. Several physicist believe that the 
recorded time difference in atomic clocks at different altitudes  was attributed by time dilation. As per 
our explanation in Chapter 4, time dilation is a fictional concept similar to time travel. The 
gravitational shift in the frequency and the timing of atomic clocks is related to the distortion of 



412          Chapter 8 
 

electron energy states by the gravitational potential from the Earth. In effect, the atomic clocks record 
different times as their design is unintentionally altered by the force of gravity.   
 

With regards to a new view of gravity, we came across a very interesting article by T. 
Siegfried [39]. The article mentioned an intriguing description of gravity as an entropy change, a 
thermodynamics process, by theorist Erik Verilende of the University of Amsterdam. From his 
presented view, masses in the universe move in such a way that produces a more probable, less 
orderly, higher–entropy arrangement. His perception that gravity emerged naturally and unavoidably 
because of the second law of thermodynamics is an interesting reason for the gravity. Certainly his 
effort will inspire many young physicists to direct their resources to find answers to intriguing 
questions that would provide an alternative explanation for the cause of gravitation and its effects. 

 
In the next section we will discuss an important application of the quantum gravity concept to 

quantum clocks, standard time keeping devices. Conventionally, standard time measuring instruments 
were labeled Atomic Frequency Standard (AFS) because their operation was based on the principle of 
hyperfine splitting of energy levels of electrons in atomic orbits by magnetic fields.  In reality, these 
hyperfine splitting of energy levels are associated with electrons in the orbit of cesium atoms. 
Therefore, we prefer to designate them by the name Quantum Time Standard (QTS) because, 
effectively, the device measures time. In the foregoing discussion we will explicate the operation of a 
Cesium clock, which is considered one of the most reliable and stable atomic mechanism for the 
measurement of standard time.  

 
First we will define the basic unit of standard time in the International System. Then we will 

explain why cesium atomic clocks are the most popular clocks for measuring standard time. Next we 
will discuss the theory behind the operation of a classical Cesium atomic clock. Then we will extend 
the QTS principle to the development of Cesium Fountain Clocks (CFC) that employ lasers. 
Thereafter, we will illustrate the details of an atomic clock constructed inside a Cesium Beam Tube 
(CBT). Also we will analyze the operation of this time standard QTS to reveal their sensitivity to 
gravity. Finally, we will discuss major applications of QTS; Satellite based navigation systems such 
as the Global positioning systems and the synchronization of telecommunication networks.   
 

8.7 Operation of Cesium Clocks 
 
A clock is a device in which a motion or event occurs repeatedly and which has a mechanism for 
keeping count of the repetitions. The number of counts between two events is a measure of the 
interval between them, in units of the period of the atomic transition frequency. If a clock is started at 
a given time—that is, synchronized with the time system—and kept going, then the accumulated 
counts define the time. This statement, in reality, encapsulates the concept of time in physics. 
Everyone is familiar with a wrist watch, a common time keeping device. You might wonder what the 
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difference is between an ordinary clock and an atomic clock. The difference is that the oscillation in 
an atomic clock are vibrations of electrons, where as in a mechanical wristwatch the oscillations are 
of a spring loaded balance wheel, analogous to a pendulum in motion. They share a common factor; 
both use oscillations to keep track of elapsed time. The oscillation frequency within the atom is 
determined by the mass of the electron, gravity, and the electrostatic “spring” between the positive 
charge on the nucleus and the negative charge on orbiting electrons. 

The first atomic clock timescale was established in 1955 at NPL, by Dr. William Markowitz, 
head of Time Service at the U.S. Naval Observatory, which was significantly different from the 
astronomical ephemeris timescale. The second timescale that is currently universally accepted was 
established in 1967 by the 13th General Conference on Weights and Measures that for the first time 
defined the International System (SI) unit of time, that is, the second, in terms of atomic time rather 
than the motion of the Earth. Specifically, a unit of time, a second was defined as the duration of 
9,192,631,770 cycles of microwave light absorbed or emitted by the hyperfine transition of cesium-
133 atoms in their ground state undisturbed by external fields.  

 
Before we actually describe the details of a Cesium clock, let us understand why physicists 

utilized the Cesium element for constructing an atomic clock and not other elements such as hydrogen 
and rubidium. According to the quantum model developed by Bohr, electrons in atoms can exist in 
certain discrete energy states depending on what orbits surrounding their nuclei are occupied by their 
electrons. Differential transitions in electron orbits are possible due to changes in the energy of the 
electron and the nuclear spin level (hyperfine) of the lowest set of orbits, called the “ground level.” 

 

Figure 8.7 Atomic configuration of 133Cs. 

The invention of the atomic clock 
started in 1945 when Columbia University 
physics professor Isidor Rabi suggested that a 
clock could be built from a technique called 
atomic beam magnetic resonance. There are 
three different types of atomic clocks, all of 
them follow his basic principle. The major 
difference among them is the element used 
and the means of detecting when the energy 
level changes. The first type of atomic clock is 
the cesium atomic clock. For this type of 
atomic clock, it employs a beam of cesium 
atoms. The clock separates cesium atoms of 
different energy levels by a magnetic field. 
We will discuss further details on cesium 
atomic clock soon. 
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Cesium was the best choice of atom for such a measurement because all of its 55 electrons 
except the one in the outermost orbit are confined to orbits in stable shells of electromagnetic force. 
Thus, the outermost electron is not disturbed much by the others and is effectively isolated from slow 
changes in the nucleus. The atomic structure of 133Cs is displayed in Figure 8.7. The cesium atoms are 
kept in a very good vacuum of about 10 trillionths of an atmosphere in atomic clock modules so that 
the atoms are little affected by other particles. All of this means is that they radiate in a narrow 
spectral line whose wavelength or frequency can be determined with extremely high accuracy. Next 
we will describe the basic principle behind operation of atomic clocks. 

The second type of atomic clock was the hydrogen atomic clock. This atomic clock 
maintained hydrogen atoms at the required energy level in a container with walls of a special material 
so that the atoms didn't lose their higher energy state too quickly. The last type of atomic clock was 
the rubidium atomic clock. It was the simplest and most compact of all the atomic clocks. 
Specifically, it used a glass cell of rubidium gas that changed its absorption of light at the optical 
rubidium frequency when the surrounding microwave frequency was just right. The most accurate 
atomic clocks available today uses the cesium atom, along with normal magnetic fields and detectors. 
Now we are ready to discuss the theory and the operation of a classical cesium atomic clock.  

 
The fabrication and establishment of Atomic Frequency Standard (AFS), based on hyperfine 

cesium atom energy transitions of electrons at 9.2 GHz, have played a very important role in 
providing an accurate standard of time keeping. This is because it is the most accurate time keeping 
standard known to date. It is commonly assumed that atomic properties, such as energy differences 
between atomic eigenstates (known values of particle position or momentum), and hence the atomic 
transition frequencies, are natural constants and do not depend on space, time and other 
environmental considerations like gravity and the Earth’s magnetic field. Clock designers of AFS 
compensated for the frequency deviation effects of the Earth’s magnetic field by appropriate shielding 
the electron oscillation cavity. However they did not apply the same consideration for gravitational 
effects on the frequency at which radiation is absorbed by cesium atoms. The main working principle 
behind the operation of the AFS concept is the occurrence of transition between two energy 
eigenstates of electrons differing in quantized energy E, mandated to accompany the absorption of 
EM radiation of frequency f = E/h, where h is Planck’s constant.  

 
In a cesium beam tube (CBT), liquid cesium is vaporized at 400 K to produce an intense 

thermal beam of Cs that is passed through an electromagnet polarizer. The beam has within it a 
certain mixed scope of electrons with hyperfine ground state energy levels Fg = 3 (low) and Fg = 4 
(high) in the 133Cs isotope. The reference transitions in electrons with levels Fg = 3 to Fg = 4 are 
caused by the absorption of radiation at the natural frequency of electron oscillation that is precisely 
9,192,631,770 cycles. As the beam passes through the polarizer magnets, the magnetic field separates 
high energy electrons from low energy electrons. The atoms with low energy electrons enter the 



  Quantum Theory of Gravitation (QTG)          415 
 

  

Ramsey cavity where they are exposed to microwave radiation of frequency fp near the electron. 
Many electrons in low energy states jump to a high energy state upon absorption of energy from the 
microwave. This absorption of energy changes the direction of magnetic moment and spin of a 
quantum number of electrons.  When the beam exits the cavity, it is passed through a pair of analyzer 
magnets. The analyzer magnets separate high energy electrons and directs them to a detector.  
 

The detector is a hot wire detector that ionizes the Cesium atoms. The ionization changes the 
amount of detected current (ID) flowing through the detector that drives an electronic servo. The servo 
controls the output frequency of a quartz oscillator that, in turn, adjusts the frequency of the 
microwave field inside the cavity. Variable frequency microwaves are produced by a frequency 
synthesizer. The frequency fp is adjusted to a corresponding resonance condition, value fr, as shown in  
 
Figure 8.8(b). The Cs atoms with low energy electrons are discarded by the analyzer. Thus the time 
source is stabilized by a feedback control loop.  

 

 

High energy electrons 
Low energy electrons 

N 

S 

N 

S 

Cesium beam tube (CBT) 

Figure 8.8  Schematic representation of cesium atomic clock.  (a) Atomic frequency standard using magnetic 
field for selection of electron energies. (b) Schematic representation of detected resonance signal resonance 
signal when fp is tuned around fr. The width of the central resonance feature is inversely proportional to the 
atoms' averaged time-of-flight through the resonator. (Courtesy of Andreas Bauch, Cesium Atomic Clocks: 
Function, Performance & Applications, 2001) 
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Next we will describe the actual construction of a CBT and its performance characteristics. In 
this cesium clock, the liquid cesium is heated to a gaseous state in an oven. A small port in the oven 
allow the Cs atoms to escape at high speed. Cesium atoms pass between two electromagnets, the 
polarizer’s field causes the atoms to separate into two beams, depending on which spin energy state 
they possess. Those in a lower energy state pass through the ends of a U-shaped cavity (the Ramsey 
cavity), in which cavity they are irradiated by microwaves of a 3.26-cm wavelength. The absorption 
of these microwaves by the Cs electrons induce transitions by many of the electrons from a lower to a 
higher energy state. The beam continues through another pair of electromagnets, the analyzers, whose 
field again divides up the beam. Atoms in the higher energy state strike a hot wire, which ionizes 
them..Ionized cesium atoms are selected by a mass spectrometer detector to direct them to an electron 
multiplier tube. A schematic arrangement of the clock is illustrated in Figure 8.8 

Next, the frequency of the microwaves is adjusted until the electron multiplier output current 
is maximized, constituting the measurement of the atoms' resonance frequency. This frequency is 
electronically divided down and used in a feedback control circuit ("servo-loop") to keep a quartz 
crystal oscillator locked to a frequency of 5 megahertz (MHz), which is the actual output of the clock, 
along with a one-pulse-per-second signal. The entire apparatus is shielded from external magnetic 
fields. The frequency at which the microwaves oscillate under resonance condition corresponds to the 
energy difference in the electron’s orbital energy eigenstates levels. The frequency is exactly equal to 
9,192,631,770 Hz. Therefore, the frequency of a 5 MHz time clock is accurate within one cycle 
period 1.08783 × 10-10 s of Cs atom oscillations. The accuracy is further increased by servo 
electronics that has phase detection capability to resolve ID current to 1 part in 100,000. Thus, the 
timing accuracy of QTS is raised to the level of 1 part in 1015.  

Let us discuss some of the performance measures for AFS in general. The two parameters of 
interest that characterize AFS are frequency instability and frequency shifts. The term frequency 
instability refers to the stochastic or the environmentally induced (the Earth’s magnetic field) 
fluctuations of the output frequency of a standard. The frequency instability can be expressed in time 
domain as a function of time measurements (), or in the frequency domain by the power spectral 
density. We prefer the time domain because instability can be directly correlated with the time 
standard. The frequency shift is induced by a selection of rules determining seven microwave 
transitions that have a different frequency dependence on static magnetic fields. Several atomic 
velocity dependence shifts are known The main reason this shift occurs is due to population 
imbalance in terms of the total number and the mean velocity of atoms in the cavity.  

The observed standard deviation of frequency instability can be related to operational 
parameters of the AFS [E]. 

y() = /{Q×(S/N)×(/S)1/2}       (8.30) 

where  is a numerical factor of the order of unity (depending on the shape of the resonance line and 
the method of frequency modulation to determine the line center) Q is the line quality factor 
(Transition frequency/Full width at half maximum (FWHM)) and (S/N) is signal to noise ratio for a  
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detection bandwidth of 1 Hz. The frequency of the central Ramsey fringe is shifted from its 
unperturbed value by the extent 

 f = -(2 – 1)/(2×Ti)tr()      (8.31) 

We denote Φ1 (Φ2) the phase of the first (second) interaction field in the cavity. The frequency shift is 
proportional to the atomic velocity v = (T/Mc)1/2 where T temperature in K and Mc is atomic mass of 
cesium, and Ti is cesium atom’s interaction time with microwaves in the cavity. Here 〈..〉ρ(T) denotes 
the average over the time-of-flight distribution of the atoms. In general, the field phase varies 
spatially in each interaction region, and thus δf is slightly different for each atomic trajectory. 
Therefore, a trajectory averaging 〈..〉tr is indicated in (8.31). 

 From equations (8.30) and (8.31) it is evident that neither frequency stability nor frequency 
shift is a function of gravity. Therefore, in this AFS model the effect of gravity on the parameters of 
frequency stability and frequency shift were neglected. Moreover, the accuracy of this AFS was 
limited to the constancy of hyperfine transition splitting in the frequency of cesium atoms. Let us 
explicate how gravity effects this AFS. As indicated by equations (8.25) and (8.27), gravity modifies 
the energy quantum state of electron in orbit. Therefore, the frequency at which microwaves in the 
Ramsey cavity are absorbed by electrons under the resonance condition varies as the elevation of the 
clock alters in relation to a massive celestial body, such as the Earth. The AFS frequency should be 
corrected for variations in frequency due to gravity.  

 The effect of gravity on electron oscillations is miniscule, on the order of 10-19 Hertz. 
However, the subtle error can accumulate when we measure time in the cosmological arena. A good 
example would be estimates of age of universe by measuring the longest delayed primordial 
radiations arriving from the sources at the edge of universe. The estimated age of our universe is 
13.82 Billion years which corresponds to 4.3611×1018 s. In calculations involving the age of universe 
a very small error in AFS on the order of 10-19 Hertz can introduce significant amount of errors due to 
signal accumulation over very long period. Furthermore, universe is expanding at very high rate. 
Therefore results from calculations deviate from exact value very rapidly. 

Recent improvements in cesium clock technology include the replacement of the state-
selection magnets with laser beams, a fountain that can select and detect the required transition with 
greater efficiency, less movement, and less “noise” from the radiating atoms. Now we will briefly 
discuss operation of Cesium Fountain Clock (CFC). 

8.7.1  Cesium Fountain Clock 

The cesium fountain clock operates in a high vacuum so that atoms move freely without colliding. 
Cesium atoms in the form of vapor are trapped and cooled within a magneto-optical “trap”. The trap 
lasers do both operations cool and “pump” the atoms  into one of the hyperfine states, state A. Then 
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the wavelength of the trap laser beam (right angle to Cs atom’s trajectory) is tuned to an optical 
transition in the atoms, giving the cloud a push by photon recoil. The push is just enough to send the 
atoms up about one meter before they fall back down. The atoms ascend through a microwave cavity, 
a resonant chamber where the atoms pass through the microwave field from an oscillator.  

 The field is carefully controlled to be just strong enough that the atoms make "half a 
transition," which is to say that if one observed the state of the atoms as they emerged from the 
cavity, half would be in a hyperfine state A, and half would be in state B. The atoms fly up, and fall 
back. If the frequency is just right the atoms complete the transition as they pass through the cavity so  

that they emerge in state B. The atoms then fall through a probe laser, which excites only those that 
are in state B. The fluorescence of the excited atoms is registered on a detector. The signal from the 
detector is fed back to control the frequency of the microwave oscillator so as to continuously stay in 
resonance with the atoms. Next, we will disclose many applications of QTS. 

The accurate measurement of time and frequency is vital to the success of many fields of 
science and technology. Examples from atomic physics are matter and light quanta interactions, 
atomic collisions, and atomic interactions with static and dynamic electromagnetic fields. Geodesy, 
radio-astronomy (very long baseline interferometry), and pulsar astronomy rely strongly on the 
availability of stable local frequency standards and uniform timescales. The same is true for the 
operation of satellite-based navigation systems. Both satellite based navigation systems like the US 
Global Positioning System and the synchronization of telecommunication networks at the presently 
prescribed level would not function without QTS. Let us look at some of these applications in more 
detail. We will also give preliminary information on the new application of locating missing 
commercial aircrafts when they disappear a short time after take-off.  

 
Quantum clocks have applications in fundamental science as well. The technique of Very 

Long Baseline radio Interferometry (VLBI) permits Earth to be converted to a giant radio telescope. 
Signals from radio observatories on different continents can be brought together and compared to 
provide the angular resolution of an Earth-sized dish. To achieve this, however, the astronomical 
radio signals must first be recorded against the signal from a time standard. The records are then 
brought together and their information is correlated. VLBI can reveal details less than a millionth of a 
degree, the highest resolution obtained in all of astronomy. 

 
In recent years the volume for air commute (passengers) and numbers of flight per unit of 

service time has increased globally. There is a corresponding increase in aircraft accidents and 
fatalities. A primary reason for these accidents is the lack of communication between an aircraft and 
flight control tower when the aircraft leaves the range of air space covered by the airport radar. We 
are suggesting that many satellites should be launched globally with on-board radars to monitor 
commercial airplane traffic. At the present state of technology it should be possible to synchronize 
and correlate radar data among various satellites by applying QTS. The monitoring satellites can 
locate planes outside the radar range of flight control towers because they will be positioned in geo-
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synchronous orbits that have a much higher range. We will leave out further details on this 
application to other authors as it is outside the scope of this effort [F].  
 

In this section, we described details of the integrating effects of gravity with the effects of 
strong charge forces in the nucleus. For centuries physicists were unable to incorporate the effects of 
weak force of gravity with strong nuclear forces within the quantum regime. We have developed a 
systematic procedure to characterize the frequency of atomic clocks located at different elevations, 
thus enabling us to dissolute the discrepancy in observed time on clocks carried on aircrafts, 
previously described as a time dilation effect from gravitation. 

 
In the next section of this chapter we shall address a slightly different topic; the accurate 

prediction of the weather. This is important because it affects the life style of human civilization to a 
much greater extent than most of us realize. We will investigate the primary factors that affect the 
weather. Specifically, we will analyze the influence of tidal forces caused by the Moon that produce 
tidal changes in the oceans of the Earth. We will compare the tidal effects caused by both the Moon 
and the Sun. As a result of our analysis we will identify parameters that will help us to increase the 
accuracy of results of developed simulation models for better prediction of the weather.  

 
 

8.8 The Weather Forecasts 

 
One of the most difficult problems in everyday life that concerns all of us is the accurate prediction of 
the weather. With advances in technologies, computer simulations, and the availability of 
sophisticated models based on real-time data, meteorologists do a very good job of prediction. 
However, frequently their prediction fails for many reasons. In this section, we explicate the reasons 
why it is not possible to accurately predict the weather at all geographic locations with 100% 
accuracy at all times. Weather changes occur because of the combination of many effects. The 
majority of these effects are systematically predictable.  The systematic effects are the rotation of the 
Earth in its orbit around the Sun, the movement of the water front in the ocean tides, and the variable 
degree of vapor pressure due to differences in evaporation rates, altitude, etc.  
 

Weather change is not consistently predictable due to random motion of gas molecules in the 
atmosphere. The motion of gas molecules is caused by temperature variations affected by enthalpy. 
On the basis of statistics it is known that the outcome of random events can be predicted with 100% 
accuracy, but only on an average basis, and not with instantaneous precision.  Generally, the effect of 
a random motion of molecules on overall weather condition is not significant. When a weather 
condition is disturbed by a dominant effect of one or more systematic causes, it creates a situation 
whereby random molecular motion is greatly pronounced in discrete localized regions. The 
disturbance is magnified to the extent that weather prediction is less accurate in these situations. 
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We are amazed by the very high frequency of storms globally. The devastation caused by 
severe hurricanes on the American continent in the last few decades compared to the seldom 
occurrence of the bad weather effecting the Asian continent is noteworthy. As explained earlier, 
developing a simulation model that predicts the weather with 100% accuracy at all locations in the 
US with consistency is a daunting task because of diverse, consistently varying parameters.  One of 
the least explored parameters that potentially affects the weather pattern to a great extent is the effect 
of the tidal forces on the weather. Since we realize that our moon and Sun cause the tidal effects of 
our oceans and seas, we will explicate the role that tidal forces play on the weather and discuss the 
malevolence of poor weather conditions on people’s lives.  

 
The tidal forces arise from the Moon’s orbital motion around the Earth. As it rotates, a 

varying degree of gravitational force effects the oceans on the Earth, causing a bulging near the 
equator of the Earth. This bulging of the ocean surface decreases as one traverses towards the polar 
regions of the Earth. Not only does the Moon exert a slight deformation of the Earth’s surface, the 
Earth also rotates on its axis exerting centrifugal effects, as well. Thus, temperature and pressure 
within atmospheric air changes above the surface of oceans, causing major abrupt changes in climate 
over land (further changes by mountains and valleys) and human civilization. 

 

8.9 Effect of Tidal Forces  
 
In this section, first we will elucidate on why tidal forces arise on the Earth. Then we will describe the 
effect of tidal forces exerted by the Moon, as well as looking at tidal waves.  Next, we will point out 
how the tidal waves adversely affect the weather, explicating the reasoning behind it. Further, we will 
derive an expression to estimate the height of tidal waves. The most devastating effect of tidal forces 
not explored to date on the weather prediction is the creation of zones of high pressure and low 
pressure in localized regions of atmosphere above the surface of the seas and oceans separating 
continents.  Because the volume of sea water occupies millions of cubic miles, the weather on 
continents are highly sensitive to the movement of ocean water by tidal forces. Let us look at the 
mechanism behind the creation of the tidal forces. 
 

In very simple terms, the tidal forces arise because the gravitational field produced by a pair 
of object is inhomogeneous. Consider the gravitation field between the Moon and the Earth. The force 
of gravitation from the Moon distorts and creates a bulging in the shape of the planet Earth. The 
bulging results because the surface facing the Moon is nearer to the Moon and is pulled on with 
greater force by its gravitation than the other side of the earth [8]. The asymmetrical tidal forces 
causes large masses of ocean water to move that bring about a tremendous effect on climate over a 
short duration of time, effecting the weather in various ways. In Figure 8.9, the bulging of the Earth 
by gravitational tidal forces from the Moon is displayed.  
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Figure 8.9 Bulging in the shape of the Earth by the tidal forces from the Moon. 

 
Let Re be the radius of the Earth and Me be the mass of the Earth, Ro orbital distance of the Moon 
from the Earth, and Mm mass of the Moon, respectively. Then the differential acceleration on the near 
side of the Earth from the Moon is 

g = gA - gB  

     = GMm/(Ro- Re)2 - GMm/(Ro+ Re)2 

With some simplification and series expansion we get 
 

g = 2 G Mm×Re/Ro
3
 and      

 
 

Ft = 2 G Mm×Me×Re/Ro
3        

 
From equations (8.32) and (8.33) it is evident that both the magnitude of the tidal force and tidal 
acceleration are inversely proportional to the cube of the distance between the Moon and the Earth. 
The tidal force name is derived from the tides generated in the seas of the Earth as a result of the 
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gravitational pull of the Moon and the Sun. It is clear that the tidal forces are proportional to the mass 
causing the tide. The specific tidal force factor ratio for the Moon and the Sun is 
 

Ftm α  Mm / Ro
3 = 7.349 × 1022/ (3.844× 105)3 = 1.294 × 106 

Fts  α  Ms / Rs
3  = 1.989 × 1030/ (1.496× 108)3 = 0.594 × 106 

 

The ratio of the tidal forces is  Ftm/Fts = 2.1784    (8.34) 
These factor ratios indicate that the tidal effect from the Sun is approximately half as strong 

as the tidal effect from the Moon. The water of the oceans are more fluid than solid mass of the land. 
Therefore, the bulging of the Earth in sea regions are more pronounced than the bulging in the solid  
land regions, the continents. The differential acceleration and the resulting tidal force allows us to 
determine the height of water waves. The z-axis of the Earth makes an angle  with the location under 
consideration and, therefore, the exact expression for height h of tidal waves varies as a function of 
. The difference between the high and the low tides range h is given by 
 

h = 2 G Mm×Re
2 / (g×Ro

3){ [(3cos2



[(3cos2




m   



The numerical value of height computed from equation (8.35) is 53 cm which is not a large 
value. However, the results are not accurate because the water does not reach equilibrium with the 
tidal force. The reason is the difference in the period of the Earth’s rotation around its axis, 24 hours 
vs. the slow period of Moon’s orbit around the Earth 29.53 days. As a consequence of this difference, 
the tidal force appears to move once around the Earth every lunar day. This necessitates us to seek the 
response of the water to an oscillating force of period 12 hr 25 min. It is discovered that the water 
basins that have natural frequency very close to the driving force can develop enormous tides by a 
resonance of up to 15 meters, or higher.  

 
In Figure 8.10, tidal bulging for the different positions of the Moon and the Sun in relation to 

the Earth are displayed. In Figure 8.10 (a), the effect on ocean tides is shown by the force of gravity 
from the Moon alone. In Figure 8.10(b) the spring tide case is shown, whereof tidal forces from the 
Moon is augmented by the gravitation from the Sun. In the Figure 8.10(c), the neap tide case is 
described in which the position of the Sun, the Earth and the Moon form a right angle and the tidal 
force exerted from the Sun cancels a portion of the effective tidal force from the Moon. Now let us 
explain why these tides play a very important role in affecting the weather of American continents, 
which are the lands separated by huge masses of the Pacific and the Atlantic ocean waters. 

 
From the above discussion it is clear that the tidal forces create changes in the  atmospheric 

pressure much more rapidly than the pressure and the temperature alterations caused by the Earth’s 
orbital motion around the Sun. The frequency of the hurricanes and the tornadoes is higher in the 
nations of the North American continent, South American continent, and Australian continent than 
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the nations of Europe and Asia. Our view is that the American and the Australian continents  are  
separated by huge masses of waters, the Atlantic and the Pacific oceans. The regions of atmospheric 
pressure peaks and troughs resulting from tidal surging propagate larger distances before weakened 
by the American and the Australian continents’ coasts in comparison with the Asian and the European 
continents’ coastal nations. Further near the equator, the tangential speed of water is at its highest 
value, 1037.9 mph, because of Earth’s axial rotation. The speed is progressively reduced as one 
moves away towards the poles with latitudinal increases.  
 

 
Figure 8.10 High and low tides of ocean. (a) The gravitational forces from the Moon and the Sun deforms 
oceans, creating alternating low and high tidal waves. (b) The greatest deformation spring tide occurs when the 
Sun, the Earth and the Moon are aligned and the tidal effects of the Moon and the Sun reinforce each other. (c) 
The least deformation occurs when the Sun, the Earth and the Moon form a right angle.(Courtesy “Universe”,  
Freedman & Kaufmann III.) 
 

The pressure changes induced by the tidal forces in the regions of the Earth’s atmosphere are 
fomented by temperature gradients. Thermal gradients are caused generally as a result of seasonal 
changes in the weather due to the inclination of Earth’s axial motion to the Earth’s plane of orbital 
motion revolving around the Sun. One of the desirable effects of the tidal force exerted by the Moon 
is that it helps maintain earth’s constant tilt of inclination of 23.5 degrees to the normal plane in 
which it orbits the Sun. The precession of the Earth on its axis keeps the North pole of the Earth 
always above the ecliptic plane in which it orbits the Sun, while the South pole remains on the lower 
side of the ecliptic plane. This regularity of the motion of the Earth creates a pattern of winter and 
summer seasons in both hemispheres of the Earth without introducing abnormalities in periods. 
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Weather changes induced by the tidal forces are restricted if the coast line of nations are 
protected by mountains. For instance, the impact of storms arriving from the pacific ocean are 
confined by the Sierra Nevada mountains of California, whereas storms propagating from the Atlantic 
are little obstructed by any land mass, allowing them to travel inland greater distances. It is 
noteworthy that nations such as India have very few destructive storms because the coasts of India are 
affected by the tides from smaller ocean bodies, the bay of Bengal and the Arabian sea. Additionally, 
India’s west coast is protected by a mountainous range, the Western Pass. Therefore, a great deal of 
moisture from the Arabian sea is precipitated as heavy downpours of rains. In the west coast cities, 
such as Mumbai, an average rainfall of eighty inches is registered each year. It is well known that the 
frequency of storms on east coast of India is higher than that on the west coast because the east coast 
lacks protection from a mountain range.  

 
Figure 8.11 Precession of the Earth by gravitational pull from the Sun and the Moon. (a) As the Earth 
precesses, the North celestial pole slowly traces a cone and a circle among the stars of the northern constellation 
with a period of 26,000 years. (b) The axial tilt of the Earth precesses by the Moon and the Sun  23.5°, and the  
5° inclination of lunar orbital plane with the Earth’s orbital plane surrounding the Sun. 
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The combination of the tidal force effects and the agitation of thermal effects on atmospheric 
pressure results in very high speed gusting of winds of up to one hundred miles per hour and leads to 
the formation of hurricanes. If the pressure zenith region contains a lot of moisture and moves inland 
from the sea, it can causes unimaginable disaster. In the early winter of December 2010, one such 
storm on the west coast in Southern California dumped up to a foot of rainfall in matter of couple 
days and several homes were buried in mudslides, apart from the loss of power. The governor of the 
state reportedly declared an emergency and requested federal relief to recover losses from the 
catastrophic event.  

 
Loss of lives, and even dollars, caused by hurricanes and tornadoes can be decreased by 

providing a system of warning in advance to the masses of  people residing in specific territories. 
However, the simulation and modeling for an accurate prediction of the weather is a very 
sophisticated scientific challenge because it involves the incorporation of many variables from 
various effects containing many uncertainties. Another reason for the abnormalities in year to year 
variations of the weather is the Earth’s movement within its celestial sphere. The added variations this 
causes are very complicated when considering precession effects and the forces of gravitation exerted 
by the Moon and the Sun. The Earth vacillates like a top on its axis on the surface of a smooth 
countertop and wobbles at some inclination to the axis of orbital rotation because of these tidal forces. 
However, you will find that these tidal forces are also responsible for creating different seasons.  

 
The Moon’s tidal forces precesses the Earth’s motion to create a tilt of 23.5° on its axis. 

Because of this tilt, the North pole of the Earth proscribes an imaginary cone, slowly tracing out a 
circle across the face of the northern constellations over a period of 26,000 years. In Figure 8.11, 
precession of the Earth’s motion influenced by the gravitational pull of the Moon and the Sun is 
displayed. One of the trivial effect of this motion is that stars directly above the North and the South 
poles appear to remain in fixed positions for many years. For instance, the bright star Polaris appears 
directly above a head of a person when standing at the end-point of earth’s axial North pole. It is 
anticipated that after 6000 years the star Deneb will assume the approximate overhead position and 
after another 6000 years the star Vega will take the position of a North star. People knew this fact for 
the past several centuries and utilized this information to navigate on dark nights in deserts. 

 
In addition to daily tidal effects on weather, weather is affected also by the Earth’s perihelion 

precession from the Sun. Every year the loss of mass of the Sun advances the perihelion of Earth’s 
orbit around the Sun. Therefore, weather changes are unpredictable because the motion of the Earth is 
not precisely repeating itself. It appears that even expert meteorologist can not discern a regular 
pattern of weather at any place on planet Earth. In Table 8.2, the precession of all planets in arc s per 
year of our solar systems are indicated. For the reasons stated, complete discussion about prediction 
of the weather with 100% certainty is beyond the scope of this book.  
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Table 8.2 Precession of perihelion advances of all planets. 

 
 
 
 
 

  

  
Recently, it was realized that global warming will play very important role on the Earth’s 

weather. The industrialization of Asian continent nations, China, India, Korea, and Japan, with a 
corresponding increase in pollution, raised threat in the European and the American continent nations 
for risks arising from global warming. It is suspected that an average global increase in temperature of 
0.1 degrees per year will cause the melting of ice at the Earth’s polar regions. Many diplomats have 
believed that the increase in pollution will destroy the ozone layer protecting the Earth’s atmosphere.  
There is fear that this will lead to further increase in temperature on a global scale. We believe that 
the global warming and the gradual increase in temperature because of the pollution is of a lesser 
consequence than the effects of the tidal forces exerted by the Moon. The coldest winter in the recent 
years, year 2011 throughout the United States, the heavier rainfall in California than usual, and the 
downpours of rain in Australia strongly favor our theory about effects of tidal forces on the weather. 
Therefore, it is imperative that the weather modeling process be improved as per our suggestions in 
nations throughout the globe. 

 
We suggest that in the simulation and the model for the weather prediction, meteorologists 

must include the effects of the tidal undulations and resultant perturbations on atmospheric activity. 
Therefore, we propose that the following action should be instituted to improve the weather 
prediction mechanism. It is essential that pressure variations caused by tidal movement are included 
in the weather simulation model.  We are confident that the updated weather simulation model will 
improve accuracy for projecting conditions that produce tornadoes and hurricanes, thereby giving a 
more timely advanced warning in a effort to minimize catastrophic loss.  

 
In this section we explained why it is not feasible to forecast the weather with 100% accuracy 

at all the times and at all locations. We discovered that the simulation and the model for the prediction 
of weather without the calculated inclusion of tidal forces exerted by the Moon and Sun will introduce  
a significant amount of error. Lunar tidal forces are supplementing the effect of very high speed axial 
rotation of the Earth that causes huge water movements in the oceans. We exploited the fact that the 
 
 

Planet Observed  arc s Computed arc s 

Mercury 5.75 5.50 
Venus 2.04 10.75 
Earth 11.45 11.87 
Mars 16.28 17.60 
Jupiter 6.55 7.42 
Saturn 19.50 18.36 
Uranus 3.34 2.72 

Neptune 0.36 0.65 
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 current weather simulation model did not include the pressure changes in the atmosphere as the 
waterfronts move on the surface of the seas effected by tidal forces. Therefore, we posit that the 
weather simulation model must incorporate the pressure variation effects that are imposed by tidal 
movement. After studying this section you may also conclude that with the advances made in the 
technology, significant progress may be achieved in forecasting the weather with tremendously 
greater precision and farther reaching prognosis, yet the challenge is not complete.  
 

Besides the adverse effect of the tidal forces on the weather, another undesirable influence is 
the accelerated movement of continents, great land masses on the Earth. Tidal forces have the 
potential to induce faults, or the weakening of faults, both on the surface of continents as well as  the 
undersea basins, thereby causing earthquakes or an increase in the frequency of earthquakes globally.  
Therefore, the effect of tidal forces is incorporated by seismologists in earthquake simulation models 
to increase earthquake prediction accuracy. Also, the increase in accuracy of results from such 
simulations will allow them to locate potential epicenters more precisely, which would help to reduce 
casualties in the event of an earthquake. Besides improving Earthquake prediction and accuracy of the 
weather forecast, other precautionary measure should be taken to decrease natural catastrophe related 
losses. To curtail the losses, the houses, the highways, the airports, the apartment buildings, and the 
other dwelling facilities should be constructed with more rigid standards that withstand the natural 
forces of destruction weather related, Earthquake, forest fire, and etc., and provide reliable protection 
against all kinds of hazards. 

 
From the above discussion it might seem we are contending that tidal forces are very harmful 

and are responsible for disasters and calamities. Without these external forces, the ocean's surface 
would simply exist as a geo-potential surface or geoids, where the water is pulled by gravity without 
currents or tides. Tide undulations also help to expedite heat transfer from the equatorial regions. 
Theorists believe that life could not exist without the benefits that come from tidal energies. 

 
A desirable effect of earth’s tidal forces on all satellites in geosynchronous orbit is that the 

orientation of the satellites does not change with time. As the Earth rotates on its axis every satellite 
also rotates on its axis in such a way so that the same side of the satellite faces the same region of the 
Earth at all times. The autonomous proper orientation of the satellite helps to synchronize 
communication between ground stations on the Earth and the satellite with less difficulty than 
otherwise would be possible. For the same reasons, the tidal forces helping to maintain the orientation 
of artificial communication satellites in their orbits also maintains the orientation of the Moon, the 
Earth’s natural satellite. It is no surprise that the period of the Moon, a lunar day rotating on its axis, 
is exactly the same as the lunar year period that corresponds to the period of the Moon completing 
one rotation, one orbit around the Earth. Many authors call the period of the Moon’s orbit around the 
Earth as a lunar month, that is 29.53 days. We chose to call it a lunar year because, conventionally, a 
planet’s orbit around the parent star is designated as one “year.” 
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In the next section, we will discuss time travel, a topic that is of interest to everyone who 
understands the meaning of term dimension. From the time that stories about time travel were written, 
people’s imaginations have been fired to envision strange circumstances that might arise from time 
travel. Furthermore, Einstein’s STR and GTR  principles portrayed to some a sense that time travel 
may actually be a reality due to the idea that time was relative, or could be manipulated. According to 
the principles of Skylativity® theory, however, time is an absolute dimension that always increases. 
Therefore, time travel is an impractical concept, left only to imagination.  Therefore, when it comes to 
the dimension of time, we are imprisoned within a dimension governed by a fixed rate of changing 
temporal values. After studying the next section you will be convinced that the time travel concept 
exists in fiction movies only and it is not a reality. 

 

8.10 Time Travel 
 
Many scientists for several years were intrigued about the concept and the practicality of time travel. 
It is universally known that we can travel back and forth in space in all three dimensions X, Y, and Z. 
This simply means we can move left and right within the X dimension, on the X-axis coordinate 
values whether being positive or negative with respect to a center nexus. We can move forward and 
backward within the Y dimension, on the Y-axis. Similarly, one can freely move upward and 
downward from a center origin within the Z dimension, along the Z-axis.  A good question one 
naturally asks is, can we move back and forth within dimension T, along the time axis? The answer is 
no, because no matter what we do to make changes to the state of motion of objects, we can never 
change the rate at which the value of time is elapsed. According to the principles of Skylativity® 

theory, the measurement of time, length and mass are not alterable, but are absolute. Time is an 
invariant with respect to space, time or any other frame of reference.  One can neither slow time nor 
quicken it with any degree of knowledge and certainty. Let us look at reasons why time travel is not 
feasible for human entities. 
  

A major problem with time travel for humans is their identity. When a person travels in a 
different time coordinate system, he instantly disappears from current space-time. Requirement that 
connection between life force energizing ones body and physical body  demands that a person’s  
image cannot exist in different time coordinates simultaneously. The time traveler may also run into a 
situation where he will see another replica of him as a person who had not time travelled 
(modification of the past), and is therefore “another replica”.  This is a huge contradiction and a 
problem where  a solution is required in order to achieve time travel. Further, as explained, it is not 
possible to change the rate at which the time elapses at the present time.  

 
Secondly, we know that life force processes are irreversible. The issue arises from the fact 

that when a human or animal dies there is no known means for restoring of life, bringing back the  
entity alive in the physical body. Time travel demands that life force processes are reversible to 
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 replicate events of past to create future events at a particular space coordinate. These conflicts are 
impossible to resolve. Therefore, time travel is impossible to achieve within current space-time 
framework for human species. Next, we will describe a strange, but intriguing detail on time travel.  

 
In the distant future it may be possible to travel in time if we can escape from the current 

dimensions. We are considering this possibility because we discussed complex dimensions in Section 
4.6 and the imaginary universe in Section 8.5. From quantum mechanics point of view, there is 
always a finite non-zero probability that time travel would be feasible. Therefore, the possibility that 
by some accident we may escape to that unknown dimension, time travel in hyperspace, an imaginary 
universe. We speculate that a degree of freedom for movement in a specific dimension (time) depends 
on the characteristics of entities involved. 

 
WHAT IS NEXT? CHAPTER 9: Evolution of Solar Systems 
 

 Birth of Solar Systems 
 Origin of Life on the Earth. 
 Planets Retrograde Motion  
 Comets Asymmetric Orbit  
 Creation of Precious Stones 
 Infrared Energy and Vibrations in Atoms 
 Temperature Profile of the Sun  
 Fate of Solar Systems 
 Energy Conservation in the Universe 
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8.11 Summary 

DEFINITIONS 
 
Principal quantum number n: The Bohr model for atoms described the spectra of atomic hydrogen 
and hydrogen like ions without taking into consideration the effects of gravity. The model was based 
on a fact that electron in stable atom can exist in only discrete orbits such that angular momentum of 
the electron Lpe is integral multiples of h/2. i.e. Lpe = n × h/2 Often n is referred as principal 
quantum number because the value of n are integers in range from 1 to ∞. 
 
Orbital magnetic quantum number m and l: Quantum mechanics can be applied to the hydrogen 
atom by using potential energy function U(r) = -kee2/r in the Schrödinger equation. The solution to 
this equation yields wave functions for allowable states and allowed energies. The allowed function 
depend on two additional quantum numbers orbital magnetic quantum number m and orbital 
quantum number l. The value for l are integers in range from 0 to n-1 and the value for m are 
integers in range –l to +l. 
 
Balmer Series: The wavelength of emitted spectral lines from hydrogen atoms is called Balmer lines 
or Balmer Series. The emission takes place corresponding to electron orbit transition from any state 
for principal quantum number n > 2 to n = 2. For values of n from 3 to 6, lines in visible light 
spectrum are emitted. For values of n larger than 6, lines in ultraviolet region of spectrum are emitted.  
 
Rydberg Constant: In 1885 physicists J. Balmer and J. Rydberg experimentally determined wave 
lengths for hydrogen atoms by applying an equation that closely matched an expression for frequency 
from Bohr’s theoretical model for hydrogen atom. The empirical relationship between wavelengths 
and electron transition quantum numbers had a fitting parameter symbol R∞ or RH that is universally 
known as Rydberg constant whose value is 1.097373×107m-1 

 
Stimulated absorption: It is a electron orbit transition event in which an incoming quantum of light 
is absorbed raising the electron to a higher energy state. 
 
Spontaneous emission: It is a electron orbit transition event in which an electron in orbit makes a 
transition to a lower energy state, emitting quanta of radiation. 
 
Stimulated emission: It is an electron orbit transition event in which an incident quantum of 
radiation causes an excited atom to make a downward energy transition emitting a quantum that is 
identical to incident quantum. 
 
Quantum gravity: The hydrogen atom model to determine wave lengths of emission and absorption 
spectra with correction for gravity effects from vast celestial objects on electron orbits is known as 
quantum gravity.  
 
Hyperspace: It is defined as the n dimensional coordinate system that is occupied by imaginary 
Universe (time travel related) in the imaginary space-time domain. 
 
Inner space: It is defined as the space within atom’s nucleus where protons and neutrons reside that 
is under the influence  of strong fundamental force which bind quarks and gluons to form the baryons. 
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CONCEPTS AND PRINCIPLES 
 
Graviton: It is a hypothetical particle that is mediating force of gravitation among all objects in real 
Universe. Physicist predicted this particle’s existence and included in Standard Model of 
Fundamental Particles and Interactions to unify five forces of nature and formulate TOE. 
 
Real Universe: It is defined as the state of all objects within physical Universe that is tangible and 
occupy real space-time coordinates. Trajectory of all objects in real Universe follow Einstein’s 
geodesics which are solutions to Einstein’s field equation. 
 
Imaginary Multiverse: It is defined as the state of all objects inside several imaginary Universes 
which are intangible and occupy imaginary (probabilistic) space-time coordinates. Trajectory of all 
objects in imaginary Universe are probabilistic in nature. 
 
Theorem “Uniqueness of gravitation”: State of the Universe is defined by Einstein’s space-time 
field equation. Every object in the Universe possess complex mass and exist in complex time and 
space domain. However in the real Universe there is only one unique real solution for Einstein’s 
gravitational field equation for a given set of initial conditions. All other solutions of his field 
equation render to an imaginary Universe. 
 
Unit time: It is defined as the duration of 9,192,631,770 cycles of microwave light absorbed by the 
hyperfine transition of Cesium-133 atoms in their ground state undisturbed by external fields. 
 
Quantum time standard (QTS): A calibrated instrument that measures standard time with an 
accuracy of 1 part in 1015 of a second by applying the principle of microwave absorption through the 
hyperfine transitions of electron orbits in Cesium-133 atoms, which are extremely stable. 
 
Resonance frequency fr in QTS: It is the tuned frequency of microwave fp at which the detector 
current ID exhibits a peak, a resonance feature centered around fr. Fine tuning of the oscillator and the 
clock is achieved by a phase sensitive detection of ID and the subsequent integration to voltage UR. 
The voltage tunes  LO that is a voltage-controlled, temperature-stabilized quartz oscillator. 
 
Cesium beam tube (CBT): The housing for QTS which utilizes the principle of hyperfine splitting of 
electron energy states in isotopes of Cesium-133 atoms 
 
Tidal forces: The force that arises due to gravitational field on a pair of massive objects which are  
inhomogeneous. The tidal force name is derived from the tides generated in the seas of the Earth as a 
result of the gravitational pull of the Moon and the Sun.  
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ANALYSIS MODEL FOR PROBLEM SOLVING 
     

 For Bohr’s hydrogen atom model the total energy of an electron in orbit and frequency of 
radiation during  electron orbit transition event is expressed by relations 

  
Total energy  En = -kee2/(2rn)  
 
where ke Coulomb’s constant, e  electronic charge and  rn  radius of electron orbit.   
 
Frequency    f = (kee2/2r0h) [1/nf

2 - 1/ni
2]  

 
where h Planck’s constant,  ni & nf are principal quantum numbers of electron at the start and 
at the end of transition. 
 
For the  smallest electron orbit radius   
 

r0 = ћ2/(me×ke×e2)  n =1, and  rn = n2×r0  
 
where me mass of electron. 
 
Size of electron orbits are quantized and radii of orbits are such that electron orbital angular 
momentum about nucleus is integral multiple of ћ = h/2, in essence 
mevr  = n ћ where n = 1,2,3…                                       

 

 Consider hydrogen atom model with gravitational potential energy correction. The total 
energy of an electron in orbit is computed by 
 

En = -ke× e2/2rn[1 + kg]  
 

where ke Coulomb’s constant, e  electronic charge, r radius and  
 

kg = [gLme × (R+L+rn)]/(ke×e2/2rnh)  
 
R radius of celestial object and L separation between the electron and the mass center of the 
celestial entity. Also, constant gL of kg is evaluated by 
 

 gL = G ME/(R+L)2  
 
where ME is mass of the Earth and G is Universal constant. 
 

 For hydrogen atom model with gravitational potential energy correction frequency of 
radiation during  electron orbit transition event is calculated by  
 
Frequency  f = (kee2/2r0h) [1/nf

2 - 1/ni
2] [1 + kg]  

 
where kg = (kgi - kgf) and, kgi and kgf are of similar form as kg 
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ANALYSIS MODEL FOR PROBLEM SOLVING (CONTINUE) 
 

 For QTS implemented using CBT, the observed standard deviation of frequency instability is 
related to operational parameters 
 

y() = /{Q×(S/N)×(/s)1/2}  
 
where  is a numerical factor of the order of unity, Q is the line quality factor, s  time in 
seconds,  is averaging time and S/N is signal to noise ratio for a 1 Hz detection bandwidth. 
 

 For QTS implemented using Cesium beam tube (CBT),  frequency of the central Ramsey 
fringe is shifted from unperturbed value by amount 
 

f = -(2 – 1)/(2×Ti)tr()  
 
where Φ1 (Φ2) is the phase of the first (second) interaction field in the cavity, the frequency 
shift is proportional to the atomic velocity v = (T/Mc)1/2 here T temperature in K and Mc is 
atomic mass of Cesium, and Ti = L/v is cesium atom’s interaction time with microwaves in 
the cavity of length L m.   

  
 Consider the magnitude of tidal force from the Moon on the Earth due to self gravity  

 
Ft = 2 G Mm× Me×Re /Ro

3       N  
 
where G is universal constant, Mm is mass of the Moon in kg, Me is mass of the Earth in kg, 
Re is radius of the Earth in m, Ro m is radius of the Moon orbit. 
 

 The difference between the high (spring tide) & the low (neap tide) tides, h is  
 

h = 2 G Mm×Re
2/(g×Ro

3){ [(3cos2



[(3cos2




     m  
 
where    is the angle between the normal to the surface of the Earth at the location of interest 
and z-axis (tilt- axis) of the Earth. 

 
APPLICATIONS 
 

 Role of gravity in defining Standard Model of Fundamental Particles and Interactions chart. 
 Deflection of light from star behind the Sun is caused by refraction of light. 
 Advances in the perihelion of planet Mercury’s orbit, a test that fully comply GTR principles 

founded by Einstein. Orbits of all planets in Solar systems precesses as the Sun looses its 
mass due to thermonuclear fusion process.  

 Einstein’s odyssey: Realization of physical Universe. 
 Unique property of gravity; it interweaves spacetime to control state of physical Universe. 
 Frequency and radiation sensitivity to force of gravity on quantum clocks. 
 Improving accuracy of the weather simulation model for precise climate projection. 
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Exercises 
 
Questions 
 
A heart () denotes objective question and a question with a diamond ()  requires analysis. 
Answers to all questions () and (), and problems () and () are included at the end of exercises. 
 

1. Explain in your own words why it is difficult to integrate gravity in Standard Model of 
Fundamental Particles and Interactions? Assume that existence of gravity force mediating 
particle graviton is validated. How does this fact will help unify all forces of nature and form 
theory of everything?  

 
2. What tests were performed to verify predictions made by Einstein’s GTR? Explicate 

succinctly why the result from these experiment did not serve its purpose.  
 

3.  The magnitude of tidal force F from the Moon on the Earth due to self-gravity is computed 
from expression (pick one) 

 
(A)  F = (G×Mm×Me)/R0

2 N 
(B)  F = (0/4)×m1×m2/r2 N 
(C)  F = 2GMm× Me×Re/Ro

3 N 
(D)  F = ke×q1×q2/r2 N 
(E) None of the above 

 
4.  A person is riding a Ferris wheel that is spinning at constant angular speed . At the top of 

the wheel, his apparent weight is 5% less than his true weight. At the bottom of the wheel, his 
apparent weight will be  
 

(A)  5% less than the true weight 
(B)  95% more than the true weight 
(C)   95% less than the true weight 
(D)  5% more than the true weight  
(E) The same as his true weight 

 
5. With regards to contribution of Einstein theories to light waves (Chapter 1) and gravitational 

physics briefly explain his legacy.  
 

6. State the theorem Uniqueness of gravitation. What are the conditions that formed the basis for 
proving the theorem? Prove the theorem by describing a numerical illustration. 
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7.   Consider an hourglass on a scale pictured below at times t = 0s, 0.001s, and 1 hour. At 
time t=0.001s the hourglass is tilted upside down. What happens to the scale’s measure of 
combined weight of the hourglass and sand as it falls. Choose correct answer from the 
following.  

 
 
 
 
 
 
 
 

 
 
 
 

Figure Question 1.5  
 

(A)  The reading of weight decreases and then increases 
(B)  The reading of weight decreases and then remains constant 
(C) The reading of weight increases 
(D)  The reading of weight remains the same, a constant value 
(E)  The reading of weight increases and then decreases 

 
8. Derive expressions for a hydrogen atom with its electron in ground state (use the Bohr model) 

(a) kinetic energy of the electron (b) electric potential energy of the electron (c) radius of the 
electron orbit and (d) total energy of the electron. Discuss modifications  required in Bohr’s 
model to add effect of the Earth’s gravity on total energy of the electron. Why it was believed 
that radii of electron orbits in hydrogen atom or any atom are not a function of gravity? 
 

9. Explain the term quantum theory of gravitation and its purpose. Derive an expression for 
electron energy in stable orbits and an expression for frequency of radiation during a 
quantized electron orbital transition event after incorporating gravity effects in Bohr’s 
hydrogen atom model. 

 
10. What causes the spring (strong) tide and neap (weak) tide in oceans on the Earth? Derive an 

expression for maximum difference in height due to tidal force on waves in seas. How does 
the tidal forces effect the weather. 

 
11. Explain why time travel is only possible in fiction and is not a physical reality. Discuss the 

validity of time travel concepts with regards to other dimensions which are not known to 
human civilization. 

 

Scale 

(a) t = 0s (b) t = 0.001s (c) t = 1 hour 

   
 

   
   
 
       

Scale 

   

         
 

   

   

Scale 
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12.  A coin placed on a turntable revolves with the turntable without slipping. Which of the 
following forces is providing the centripetal acceleration to the coin?  
 

(A)  Kinetic friction 
(B)  Normal force 
(C)  Static friction  
(D) Force of gravity 
(E) Nuclear strong 

 
13.  Magnitude of tidal force between two celestial objects is proportional to what? Choose one 

 
(A)  Directly proportional to cube of orbital distance 
(B)  Inversely proportional to the square of distance between the objects 
(C)  Directly proportional to the distance between the objects 
(D) Inversely proportional to the cube of orbital distance 
(E) None of the above 

 

Problems 
 
A spade () indicates that solution of the problem demands research outside this text book.  
A club ()  denotes that solution of the problem requires substitution of values in a formula\ 
 

1. Discuss the significance of the frequency shifts in radiation due to gravity for atomic clock 
application. Consider a case of a hypothetical hydrogen atomic clock. What is the time 
discrepancy over a hundred year period for this atomic clock between Bohr’s frequency 
model without gravity correction and our model with gravity correction? Assume that an 
electron in a hydrogen atomic clock oscillates between n=2 to ground state n=1 in a radiation 
induced transition event. The clock is located on the surface of the Earth. 
 

2.   An electron is in the nth Bohr orbit of the hydrogen atom. (a) Show that the period of the 
electron orbit is tn = t0n3 and determine the numerical value of t0. (b) On average an electron 
remains in the n = 2 orbit for approximately 10s before it jumps down to the ground state 
corresponding to n = 1 orbit. How many revolutions the electron make in the excited state?  

 
3.   Assume Bohr hydrogen atom model. Calculate (a) the energy required to cause an electron 

in hydrogen to move from the n = 2 state to the n = 5 state. (b) If the atom gains the energy 
through collisions among hydrogen atoms by raising temperature to high value. At what 
temperature would the average atomic kinetic energy 3kBT/2 be high enough to excite the 
electron? Here kB is Boltzmann’s constant.  
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4.   For a hydrogen atom making a transition from n = 9 state to the n = 2 state, determine the 
wavelength of the radiation created in the process. Also, find the recoil speed of the hydrogen 
atom when it emits this radiation if it was at rest initially. Assume ground state radius  
a0 = .0529 nm and Rydberg constant for hydrogen R = 1097,3731.6 m-1 
 

5.  Atomic spectroscopy relates the wavelengths of the observed spectral lines of a substance 
to a mathematical formula. Given the Rydberg constant for hydrogen R = 1097,3731.6 m-1, 
find the upper limit for Paschen series.  
 

6.  Consider the spectroscopy of the hydrogen atom in Bohr theory. Determine the lower limit 
for the Brackett series. Given that R = 1097,3731.6 m-1 
 

7.  The Roche limit for a planet-satellite system is the distance d at which the tidal action of 
the planet would start to reap the satellite apart. Let d be separation (variable) distance, 
R = radius of Satellite, Mp = Planet’s mass, and Ms = Satellite’s mass. Find the Roche limit d.  
 

8.  The Moon causes a tidal force on the Earth’s ocean. Determine the differential tidal 
acceleration AT. Let R be the distance between center of gravities of the Moon and the 
Earth. ME be the mass of the Earth, RE radius of the Earth and MM be the mass of the Moon.  

 
9.  Imagine a solid cylinder of mass m and radius R is initially rotating with angular velocity 

i. Then a shell of larger size and mass M, collapses onto the cylinder. What is the final 
angular velocity f of the system?  
 

10.  A wheel 5 m in diameter rotates on a fixed frictionless horizontal axis, about which its 
moment of inertia is 10 kg m2. A constant tension of 50 N is maintained on a rope wrapped 
around the rim of the wheel. If the wheel starts from rest at t = 0s, find the length of rope L 
unwound at t = 5 s.  

 

 

 

 

 

 

i 

R 

I1 

I2 

Figure Problem 8.9 

f 

Figure Problem 8.12 

i 

f 
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11.  A wheel 10 m in diameter rotates with a constant angular acceleration = 5 rad/s2. The 

wheel starts from rest at t = 0 s where the radius vector to pint P on the rim makes an angle of 
60 with the x-axis. Find the angular position (t) of point P and angular velocity (t) at 
arbitrary time t.  
 

12.   A cylinder with a moment of inertia I1 rotates with angular velocity i. A second cylinder 
with a moment of inertia I2 initially not rotating drops onto the first cylinder. Together they 
reach the same final angular velocity f. Determine f.  

 
13.  Consider a circular line that is made from a material of uniform density  covers a quarter 

of a circle of radius R. If the total mass of the line is M kg, calculate the gravitational force 
exerted by the line on a point mass m kg. 

 
14.   Consider the physical possibility of a shot fired around the Earth. The shot of mass m is 

propelled horizontally at altitude radius R from the center of the Earth. What is the period T?  

 
15.  Compute the magnitude of gravitational force exerted  by a disc (in the yz plane) of 

uniform mass density  on a point object of mass m kg at p = (x, 0, 0). Let radius of disk = R. 
 

16.  The spherical region a < R < b is filled with mass of uniform density . Determine the 
magnitude of the gravitational field in this region.  
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Answers to objective questions 
 

3. (C)  4.  (D)  7.  (B)  12.  (C)  13.  (D) 
 

Answers to selected problems 
 

1. Time shift 2.2873×10-35 s short  2. t0 = 0.7604×10-15 s, no. of revolutions 1.6439×109  
3. 2.871 eV and T = 22316 K 4.   (a) 3900.86 A° (b) 131. 5 m/s    5.  18,746.07 A°  
6.   14,580.3 A°    7.    d = (8Mp/Ms)1/3R       8.  AT = 2GMMRE/R3 
9.f  = mi/(m+2M)  10.  390.63 m  11. (t) = 60 +  286.5°t2 and (t) = 573° t  
12.  f  = I1i/( I1+ I2)  13.  F = (2√2 Gm/)(M/R)2 N  
14. T = 2R×(R/GME)1/2    15.  F = -2Gm(1- [x/(x2+R2)1/2]) N 
16.  g = 4G(R3-a3)/3R2 
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Exercises 
 
In this chapter, our purpose is to explore the evolution of our Solar system. It has been 
determined that the Sun and the planets came into their existence approximately 4.5 Billion years ago. 
Two theoretical possibilities have been considered for the birth of our Solar system. We will discuss 
the details of both theories while arriving at a firm conclusion about the origin of the Sun and the 
planetary system surrounding it. Additionally, we will explicate reasons for the existence of life  upon 
the Earth.  It has been observed that orbits of all planets around the Sun are not the same. Therefore, 
we will expound  on the rotational characteristics of every planet of our solar systems, as well as the 
nature of their motion. We will explain the causes of a comet’s asymmetric orbit around the Sun.  
Comets are seen as strange objects with long tails of gaseous material. Further, we will investigate the 
details of stellar evolution and the life cycle of stars to comprehend the anticipated fate of Solar 
systems. It so happens that the lifespan of stars, such as our Sun, depend on the rate at which the 
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supply of thermonuclear fuel, hydrogen gas, is consumed, relating also to the amount of light it 
produces. Hence, we will identify the factors that determine the age of our star, the Sun.  
 

In Section 9.1, we shall discuss the theories behind the creation of our Solar system. Several 
papers have been published on stellar evolution and the birth of billions of stars in the universe. Such 
discussions have centered around supernovae explosions and the condensation of gas clouds such as 
we see in the large Magellanic cloud [Q]. We will provide some insight on the birth of solar systems 
here in the chapter, reserving an in-depth discussion on stellar evolution for Chapter 13.  

 
One possibility is that our star, the Sun, was born by the contraction of gas through normal 

stellar evolution and had undergone a Protostar phase. However, we will discuss another possibility. 
The formation of the planetary system may well have come from a supernova explosion of a star. We 
will critically analyze the points in favor of and in opposition to both of these theories.  Next, we will 
elucidate the steps involve in the evolution of the solar systems and our civilization. It has been 
determined that by sheer coincidence that the conditions on planet Earth are anthrop, that are such 
that enable nominal life support systems for our presence. In Section 9.2, we shall discuss the reasons 
for the development of living species on the Earth. Also we shall describe the various stages of the 
evolution of plant life, animal life and humans.  

 
In Section 9.3, we will examine the characteristics of all the planets in our solar systems. We 

shall explicate retrograde motion of the planets Venus and Uranus. We will explain the reasons for 
the east to west axial rotation of some of the members of planets in our solar systems. (For the planets 
Venus, Uranus, and Pluto the Sun rises in the west and sets in the east.) Further, we will reveal the 
causes for orbital motion of all the planets in their sojourn round the Sun. We will also review the 
rotational axial motion of these planets. In Section 9.4, we shall discuss the nature of peculiar celestial 
objects, in particular, comets. Comets have orbital paths of huge eccentricity. and their substance is 
not very dense. Therefore, the study of the material inside comets may provide great potential to 
understanding the origin and the creation of solar systems. We will explain the reasons for the 
elongated orbits of various comets, including Halley’s Comet. Then we will present statistical data for 
known comets. 

 
In the Section 9.5, we will address an entirely different topic, the formation of diamonds. We 

think this topic is important for justifying the large costs involved with space exploration projects. We 
hope you will be intrigued with our explanation about the possibility of finding diamonds in the core 
of our neighboring planet Mars. It is well known what occurs molecularly to various substances when 
heated or in the case of a gas when compressed. The temperature (molecular and atomic excitement) 
also rises in atomic nuclear reactions when the atomic configuration of the constituent elements in the 
reaction are modified. In the past it was not explained clearly what happens to the atoms or molecules 
of substances at high temperature. Therefore, in next section, we will expound on the phenomenon of 
infrared energy emissions and their relationship with atomic vibrations. 
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In Section 9.7, we shall describe the temperature profile of the Sun. You will discover that the 
present model has incorrectly predicted the very high temperature at the center of our energy source, 
the Sun. Hence, we have provided stunning details of the thermal characteristics of stars and an 
improved model which predicts interior temperature profile of the Sun with higher accuracy than 
prior attempts. We have also explicated the effects of the  changes in the balance of hydrogen and 
helium gas composition of the Sun in relation to its life time and the life time of our solar system. 

  
In Section 9.8, we will discuss the ultimate fate of the planets of our solar system and the 

Sun. We will emphasize a new fact that a large fraction of the mass in active stars, such as the Sun, is 
conserved during the course of its main life cycle. To substantiate our observation of mass 
conservation, we will investigate the details of a process occurring in the Sun, the thermonuclear 
fusion of hydrogen into helium, the main source of energy. Also, we will state and prove the mass 
conservation theorem in the universe. In the same section, we will develop a technique that will allow 
us to determine the life span of our civilization and the Sun with higher accuracy than procedures 
outlined by the previous theories. Now let us elucidate on the theories behind the origin of solar 
systems in our galaxy, the Milky Way. 
 

9.1 Birth of Solar Systems 
 
Before we specifically explore the birth of our solar system, let us begin our discussion on stellar 
evolution. It is estimated that the observable universe is comprised of approximately two hundred 
billion galaxies similar to our galaxy, the Milky Way. The Milky Way galaxy contains several 
hundred billion stars of all ages, sizes, and masses [1]. One of the greatest goals of astronomers is to 
understand how stars form and are able to shine for billions of years. The eventual fate of all stars 
depends upon their size, the mass they possessed at the time they were born. During the stellar life 
cycle, stars undergo a sequence of four phases, the youth or protostar phase, the main sequence phase, 
the red giant phase, and the terminal dark phase. Let us briefly describe the details on each of these 
phases. 
 
 A star is born when a cloud of gas and dust congeals by the steady increase of its own gravity 
to the extent that the material inside the clump of gas becomes increasingly hot and dense. This 
process continues to until it reaches the point that the congealed gas becomes so hot and so dense that 
thermonuclear fusion of hydrogen nuclei into helium nuclei begins to occur. As a result of this 
reaction, enormous amounts of radiation is released, along with an inconspicuous quantity of 
neutrinos into space. The internal outflow of energy released by nuclear fusion at the star’s center 
provides the outward pressure necessary to inhibit further contraction by gravity. One of the 
limitations of this theory of gas cloud collapse leading to the formation of a star is that it did not 
explain how the planetary systems were formed concurrently with the star’s formation. We will 
discuss the details of what possibility lead to the formation of planetary systems within the 
“protostar” phase. 
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The nuclear reactions within stars are nuclear fusion reactions whereupon the nuclei of lighter 
elements are fused to form heavier elements with the release of energy. For instance, hydrogen atoms 
are fused to form helium nuclei in our Sun. In contrast to this, the nuclear power plants on the Earth 
produce energy be means of nuclear fission, whereupon the nuclei of heavier elements, such as 
Uranium, are split apart to form lighter elements. For a common example, Uranium nuclear fuel 
atoms are  split into Barium and Krypton atoms in nuclear plants around the world.  

 
 After the protostar phase, the star life enters into a main sequence phase. It is in this phase 
that stars are thought to spend their lifetimes of billions of years, during which phase the fusion of 
hydrogen into the helium occurs at the core, sustaining the stars in a stable state. The main sequence 
state of a star is its longest phase in its evolutionary lifetime. In its following phase the energy flow 
static “pressure” from the core of the star no longer continues as the supply of hydrogen in the core is 
depleted. Now the star enters into its Red giant phase in which the central region gradually collapses 
and heats up. Sequentially, nuclear reactions within a shell of a gas outside the core provides a new 
source of energy, and causes the star to grow in size.  

Figure 9.1 Stages in the life cycle of stellar evolution. The time-line between the stages shrink for the more 
massive star.(Courtesy “Stellar evolution” Chandra x-ray observatory, NASA’s flagship mission, May 2013) 

 
 
 
 
 

 

M
as

s 
of

 S
ta

rs
 in

 S
ol

ar
 m

as
s 

M
ʘ

 

Time-line between the  stages of the Sun in Billions of years 

Ultimate fate 

Brown dwarf 

White dwarf 

White dwarf 

Neutron star 

Black hole 

Black hole 

Stellar nursery 

.08 

.08-.5 

.5-10 

Main sequence star Protostar Supernovas explosions 

Red giant phase 

150 

100 

200 

1000 10 4.5 (Sun today) 10.3 200 1.0 

125 

3 million 
years 
 



444          Chapter  9 
 

In the final phase, we call it the dark phase, the stars fade away quietly into the darkness of 
the universe as white dwarf stars, or explode as supernovas, depending on their mass. If the star is 
about the same mass as the Sun, having a mass between 1 to 1.4 solar masses, the Chandrasekhar limit (below 
1.4 solar masses), it will turn into a white dwarf. If it is more massive, a mass above 1.4 solar masses and less 
than 3 times solar mass, it will undergo a supernova explosion and leave behind a neutron star. But if the 
collapsing core of the star is super massive-at least three times the mass of the Sun or more-nothing can stop the 
collapse to the core. It has been popularly posited that should the star be massive enough, the entire star will 
implode to its center to form an infinite gravitational warp, singularity in space called a black hole. It is widely 
theorized that the gravitational warp of black holes is so strong that even light is trapped indefinitely 
within its maw.  

Figure 9.1 illustrates the ongoing drama of stellar evolution and explains how the ultimate 
fate of a star depends on its mass. From this figure, we conclude that new stars are born as the gas 
clouds created by supernovae explosions coalesce. The supernovas explosion occur when the stars 
with more than 1.4 solar mass undergo red giant phase and implode due to the gravitational victory 
over the star’s degenerate electron pressure. Quantum mechanics restricts the number of electrons that 
can have the lowest energy state. Basically, each electron must occupy its own energy state. When 
electrons are packed together, as they are in a white dwarf, the number of available low energy states 
is too small and many electrons are forced into high energy states. When this happens the electrons 
are said to be degenerate. These high energy electrons make a significant contribution to the pressure. 
Because the pressure arises from this quantum mechanical effect, it is insensitive to temperature, i.e., 
the pressure doesn't go down as the star cools. This pressure is known as electron degeneracy 

pressure and it is the force that supports white dwarf stars against their own gravity [B].  
 
In the protostar phase, the electron degeneracy pressure is produced from the high core 

temperature developed by thermonuclear burning of hydrogen.  Over time, the supply of hydrogen is 
consumed and the degenerate pressure weakens and temperature is lowered. At some point 
thermonuclear fusion stops and the star contracts. Again, the temperature of core increases, but due to 
the lack of hydrogen nuclear reactions cease. The star breaks apart in a supernova explosion, creating 
a neutron star or a black hole. In a neutron star degenerate pressure is provided this time by the strong 
fundamental force of quarks within neutrons that resist gravitational pressure. In a black hole, the 
electron degenerate pressure is similar to the pressure inside white dwarfs, preventing further 
collapse. 

Now we shall address the issue of how planets are formed in star systems. We will focus on 
two distinct possibilities which satisfy an essential condition. Planets are formed in such a way that 
their cores have elements which are heavier than elements found in their parent star. The condition 
arises naturally within core of planet as heavy elements are synthesized from light gaseous matter due 
to lowering of temperature (cooling effect) and increase in pressure caused by gravity effect. Further, 
from angular momentum  and center of gravity consideration, planet’s space-time geometry with 
solid core is more stabilized, if distribution of mass is favored one way from the other than a planet 
with gaseous matter alone. Evidence suggest that all planets discovered in solar systems of other 
galaxies outside the Milky Way also have heavier elements at their core than their parent stars.  

 
 

http://chandra.harvard.edu/resources/glossaryWXZ.html#white_dwarf
http://chandra.harvard.edu/resources/glossaryN.html#neutron_star
http://chandra.harvard.edu/resources/glossaryM.html#mass
http://chandra.harvard.edu/resources/glossaryB.html#black_holes
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The first possibility is that planets are formed from the accumulation of heavy remnants of a 
massive star that went supernova. The blast produced immense clouds of gaseous and solid matter. 
The elements of gas possessing high kinetic energy (speed) accumulated separately from the solid, 
heavier elemental forms of matter by the force of gravity. Thus, vast thickening clouds of gaseous 
matter formed stars, while the solid, heavier elements formed planets. An important piece of evidence 
to note about the origin of our own Solar System is that all the planets orbit the Sun in the same 
direction and quite nearly on the same plane. Furthermore, the orbit of planets comprised of dense 
matter, the terrestrial planets, are closer to the Sun than the orbits of the “Jovian” planets, comprised 
predominant of gaseous matter. Initially, the orbits and sizes of all planets were in flux because of the 
condensation of additional matter from the supernova remnant cloud due to the influence of gravity. 
As the time elapsed, the matter within the proximity of planets had exhausted. This led to the discrete 
formation of the spherically-shaped planets with predictable elliptical orbits in accordance with 
Kepler’s laws. 

 
The surfaces of the planets were distinctly defined by their composition. Also, as the planets 

cooled thermonuclear reaction ceased completely. Many compounds comprising of the basic elements 
at hand formed by chemical reactions that could now occur at lower temperatures and at high 
pressures. Hence, both stars and planets originated by the condensation of gas clouds and/or 
elemental particulates, although their compositional structure differed. This implies that our own 
roots, if you will, our bodies, can easily be traced to the remnants of stars of the early Universe. We 
think that the majority of solar systems had been created in this way, which we will call a primary 

event. 
The second possibility is that some of the slightly more massive stars (greater than the Sun)  

in their protostar phase could have detonated to form a planetary nebulae. The resultant nebulae 
contained a smaller star, similar to the Sun, with associated planets. This could have occurred because 
it can be reasonably conceived that a new born star was formed by contraction of a gas cloud created 
by a supernova concussion, remaining in a highly active state for a much longer time during its 
infancy.  In specific cases for which stars have planets, stars in their protostar phase did not achieve 
what is known as hydrostatic equilibrium condition. A star is considered in hydrostatic equilibrium if 
the gravitational force created by self-mass is balanced against the degenerate pressure from kinetic 
energy of hydrogen atoms in the star’s core.  

 
In the early protostar phase the mass of a star is evenly distributed over the volume of the 

star, a uniform density situation. Therefore, the degenerate pressure of hydrogen atoms at high 
temperature being caused by thermonuclear fusion could win out over the gravitational pull to its 
core. Planets created by this process by a rapid cool-off that resulted in the development of an intense  
increase in internal pressure. These rapid pressure changes caused a compaction of matter which lead 
to the formation of elements possessing high proton and electron counts. Similarly, in the case of 
solar systems developed by the eruption of a protostar, heavy metal elements are produced inside the 
planet’s core by vast compressive stresses due to sudden changes in temperature. Also, many new 
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compounds can be created due to chemical reactions within these planets. In our discussion, we will 
refer to the solar systems developed by this theoretical second possibility as a secondary event. 

 
Let us investigate which of these possibilities is the more probable process in the creation of 

solar (star) systems. We are convinced that a majority of star systems in the universe are originated 
from the condensation of gas and solid material within stellar nurseries due to gravity, a primary 
reason for its creation. The main reason that every planet’s core consists of matter heavier than the 
matter inside their parent star is because a stellar nursery likely contain remnants of matter from 
several different stars that had undergone supernova detonation. Perhaps the temperature of the planet 
formed in this fashion was lower than the temperature of their parent star in its formation. The solid 
matter within a stellar nursery that was derived from a dead star can grow to the size of planets as its 
gravity accumulates gaseous and solid material in its proximity. Subsequently, the planetary bodies 
are captured by a maturating ball of gas until a star is born within the large nebulous nursery from 
which its material came. 

 
In the case of the secondary event, or cause of its formation, there is a rather marginal chance 

that matter within the planets themselves originated having heavier elements than the matter making 
up the protostar. Occasionally, this unique event might occur because compressive stresses induced 
by a sudden drop in temperature could be extremely high.  The initial formation temperature for the 
planet being formed in this manner was the same as the initial formation temperature of the protostar. 
The tremendous changes in temperature and pressure within the crust of planets formed by this 
process allow for formation of compounds by means of chemical reactions in planets. A characteristic 
of star planetary systems created by protostar explosion events is that the planets in these systems 
have a myriad of atmospheric gases; carbon dioxide, methane, carbon monoxide and mixed gas (such 
as we find in the Earth’s atmosphere). Therefore, we think that our Solar System was uniquely 
created from the ejected material of a protostar larger than the Sun. Next we will discuss the origin of 
life on the Earth.   

 

9.2 Origin of Life on the Earth 
 
We propose that the life and living beings flourished on the Earth as a result of the natural 
progression of events in several stages. We studied some details on the birth of solar systems, its first 
stages in Section 9.1. Before we discuss the stages of life evolution, we will analyze the factors that 
provided a suitable environment on the Earth, which enable the existence of life on our planet. First of 
all, the surface gravity of the Earth is strong enough to hold an atmosphere. Meaning that for normal 
temperature and pressure, conditions are such that the speed of gas molecules in air, the hydrogen, the 
nitrogen, the oxygen, and the carbon dioxide are below the escape velocity. Therefore, the 
atmosphere is trapped on the surface of the Earth up to a certain elevation. The atmosphere prevents 
the over heating of the Earth, the first line of defense being the ozone layer, which inhibits harmful 
ultraviolet radiation from reaching the Earth’s surface. Further, Earth’s gravity balancing the vapor  
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pressure of large masses of sea water, help to keep Earth’s mean temperature within a range suitable 
for life as well as keeping a constant supply of water in liquid form. In addition to gravity there are 
other factors that made the life on planet Earth possible.  
 
 A second factor considered is the speed of Earth’s rotation on its axis. Earth has an 
approximate 24 hour day, averaging about a 12 hours of daylight and 12 hours of night at the equator 
of the planet. These cycles of regular intermittent exposure to the Sun on regions of the Earth 
provides a variety of temperature and pressure zones in its atmosphere. Furthermore, the tidal force 
from Earth’s satellite Moon keeps the polar axis of the Earth at an inclination of 23.5 to its orbital 
plane of rotation to the Sun. This inclination results in winter and summer seasons in both 
hemispheres of the Earth. Seasonal changes lead to a variety of the weather patterns associated with 
these seasons, providing beneficial cycles for plantation in different territories of nations and 
continents. Also, we remember that tidal forces, along with thermodynamics, are responsible for 
hurricanes and tornadoes, as we explained in Chapter 8.  
 

Table 9.1 Solar systems data: An unique perspective to feasibility of life on the Earth.  

   
M – million,  A superscript R means that the rotation is retrograde (opposite the planet’s orbital rotation) 
 and e is orbital eccentricity. 

The third factor is related to the seismic activity of solid mass in the Earth’s core. It seems 
that it was a pure coincidence that Earth’s core is now comprised of an inner layer of molten lava and 
an outer core of solid rock. In the initial stages of development, the immensely hot lava flowed from 
inside and frequently came out through volcanic eruption at the weakest spots on the outer layer of 
the  Earth’s crust. Even now, some volcanoes are active that pour out ashes and hot lava sporadically  
where they find weak spots in the crust. Volcanic activity repeatedly modified the crust of the Earth’s 
surface as the lava was exposed to the seasonal changes in temperature and exposure to water. The 
effect of all these factors created the optimum conditions necessary to support a life system on this 
planet. The combination of all these factors and effects is quite a rare condition and therefore, a 

  

Planet 
Sun 
Moon 

Diameter 
equator 

km 

Mass 
kg 

×1024 

Density 
average 
kg/m3 

Orbit(avg.) 
distance 

km 

Ecce. 
e 

Orbit 
Period 

days/years 

Rotation  
Period 

Hrs/days 

Escape 
 speed 
km/s 

Surface  
Gravity 

m/s2 

No.  
Sat. 

Albedo/ 
Temp. 

(avg.)C 
Mercury 4880  .3302  5430   57.9 M .206 87.969d 58.646d 4.3 3.728 0 .12/167 
Venus  12104 4.868  5243  108.9 M  .0068 224.7d 243.01Rd 10.4 8.927 0 .59/464 
Earth 12756  5.974 5515  149.6 M  .017 365.256d 23.934h 11.2 9.81 1 .39/15  
Mars 6794  .6418    3934  249.2 M  .093 686.98d 24.6h 5.0 3.728 2 .15/-63 
Jupiter  142,984 1899  1326 816.0 M  .048 11.856y 9.9h 60.2 23.152 63 .44/-108 
Saturn  120,536 568.5  687  1508 M  .053 29.369y 10.7h 35.5 9.025 62 .47/-139 
Uranus 51,118  86.82  1318  2995 M  .043 84.099y 17.24Rh 21.3 8.83 27 .56/-197 
Neptune 49,528 102.4 1638 4543 M .010 164.86y 16.11 23.5 10.79 13 .51/-201 
Pluto 2300 .0131 2000 7394 M .250/ 248.6y 6.387Rd 1.2 .687 0 .5/-230 
Moon 3476 .07349 3344 384.4 k .0549 27.322d 27.322d 2.4 1.668 - .11/130d/ 

-180n 
Sun 1.392M 1.989M  1410 26000 ly -- 220 My 25-36d 19.53 273.98 9 5800 
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search for another life-supporting planet/civilization like ours will be a difficult task. Even though 
there are hundreds of billions of stars in our galaxy,  the possibility of finding a solar systems that has 
a planet with nominal life support systems similar to our planet Earth is very low. 
 

We have summarized the characteristics of the entire Solar system in Table 9.1. In particular, 
we would like you to focus on the very last column having to do with the albedo and average  
temperature of each system body. Albedo (from the Latin meaning “whiteness”) is defined as the 
fraction of incoming sunlight that a planet reflects. Notice that the albedo for the Earth is 0.39, which, 
along with some other effects, keeps the planet warm enough, averaging a temperature of 288 K, to 
sustain life. From the table it becomes evident there are several other features, in addition to the warm 
temperature of planet Earth, that makes it the most habitable planet among all planets; features such  
as escape speed, its rotation period on its axis, its orbit period, and the proximity of a satellite Moon. 
We will discuss the role of each of these features later. 
 
 

. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9.2 Our Solar Systems. The size of the planets are compared with the Earth’s diameter (Ed), and the 
average orbital distances are compared with the average distance from the Earth to the Sun = 1AU. 

Figure 9.2 illustrates the relative sizes of all the planets in the Solar systems and their average 
orbit distances from the Sun, using Earth as standard 1.0 for comparison. During the initial phase of 
formation, the planets were in a gaseous form similar to their parent star, the Sun. Since the planets 
were much smaller in size than the Sun, thermonuclear burning of hydrogen into helium could not 
occur. Energy to maintain high temperature at their center was not available, but our parent proto-star 
eventually did. As respects the continuation expectation of the fusion process, it becomes realizably 
important when determining the life span of our Sun and planets. We will defer the discussion on the 
thermonuclear fusion process of hydrogen into helium until Section 9.8 
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For now we will continue to talk about the evolution of Solar systems. As time elapsed, all 
the planets started to cool losing their luminosity. They started rotating around the Sun in orbits at 
different distances, depending on their mass and speed.  The laws that governed the shape of the 
planets’ orbits and the relationship between their masses and periods of rotation was discovered by a 
great astronomer and mathematician, Johannes Kepler (1571-1630). He was the first one to realize 
that the planet Earth’s orbit around the Sun was an ellipse. His laws are considered the greatest 
triumph in astronomy because they allowed us to calculate the mass of two objects orbiting each other 
with the knowledge of their rotation period. We will study his three laws next in greater detail since 
they are employed to find the mass of vast objects in the Universe, objects such as black holes and 
entire galaxies. You will discover that Newton’s laws of gravitation and classical mechanics can be 
successfully applied to prove Kepler’s laws.  

 

9.2.1  Kepler’s Laws of Planetary Motion 
 
Somewhere near the end of 16th century, Johannes Kepler a German Mathematician and Astronomer 
developed three general principles that embodied planets motion around the Sun, publishing his 
results between the years 1609 and 1619. The speed of rotation and semi-major axis of elliptical 
orbits for all planets reflected Kepler’s laws. Let us define three of Kepler’s laws of planetary motion. 
 
Kepler’s First Law  The orbit of a planet about the Sun is an ellipse with the Sun as a focus. 
It is evident that first law determined the nature of planet’s orbit.  
 
Kepler’s Second Law  A line joining a planet and the Sun sweeps out equal areas in equal 
intervals of time. His second law specifically identified the geometric relationship between the semi-
major axis and the speed of the planet’s orbit. 
 
Kepler’s Third Law  The square of the sidereal period of a planet is directly proportional to the 
cube of the semi-major axis of the orbit. Kepler’s third law assigned a quantitative value to the size of 
the planet’s orbit based on the knowledge of the time the planet took to orbit the Sun. 
 
In equation form, Kepler’s law can be used to find either the sidereal period P of a planet or the semi-
major axis a of its orbit if the other is known. For instance, if you have a measured value of the semi-
major axis a in astronomical units AU (Average distance of the Earth’s orbit from the Sun 1 AU), you  
can find period P in years. If you have measured the value of P, you can determine a in AU.  
Kepler’s third law satisfies the following expression for orbits of planets in our Solar systems. 
 

P2 α a3  (9.1) 
 
where  P is the planet’s sidereal period in years and a is the semi-major axis in AU. 
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 In Figure 9.3, parameters associated with Kepler’s laws of planetary motion are explained. Ellipses 
come in different shapes and depend on the lengths of their longer diameters. The shape of the ellipse 
is determined by a parameter called eccentricity, which is designated by the letter . The greater the 
eccentricity, the more elongated the ellipse. For example, the eccentricity of Earth’s orbit is .017, 
whereas the eccentricity of Hailey Comet’s orbit is as high as .967  
 

A limitation of Kepler’s third law was that it did not explain why the planets follow specific 
trajectories. Also, the expression (9.1) did not provide a correct answer if P and a were specified in 
different units. Therefore, the formula was not general and did not worked for the motion of planets 
outside our local Solar system.  The credit to explain the reasons for this went to an Englishman, the 
greatest physicist Sir Isaac Newton, who deduced the basic laws that govern the motion of all objects 
in the Universe. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9.3 Kepler’s laws of planetary motion. According to Kepler, a planet travels around the Sun in an 
elliptical  orbit with the Sun at one focus. He discovered that speed of a planet varies along the orbit. The area 
swept inside the ellipse is equal for two consecutive time intervals of same length. Area AFB = Area CPDF. 
 

We studied Newton’s other laws of motion in Chapter 1, in the Classical mechanics review 
section. Newton demonstrated that Kepler’s laws turn out to be a direct consequence of his laws of 
Universal gravitation. Specifically he showed that if two objects with masses M1 and M2 orbit each 
other under the influence of mutual gravitational forces, the period P of their orbits and the average 
distance between the two objects d are related by equation 
 

P2=  42/G(M1+M2)×d3  (9.2) 
 
where P  is sidereal period of orbit in seconds, d is semi-major axis of orbit in meters, M1 is mass of 
first object in kg, M2 is mass of second object in kg and G is universal constant of gravitation. We 
will provide a formal proof of Newton’s form of Kepler’s third law next.  
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In Figure 9.4, the orbits of  two objects with masses M1 and M2; linear velocities V1 and V2; 
and angular speed  respectively, surrounding a common mass center MC are displayed. Before we 
logically prove equation (9.2), we would like to introduce a notion of an equivalent mass. By 
convention it is frequently referred to as “reduced mass” because the total acceleration of the 
combined system of masses is increased and the effective mass is reduced in accordance with 
Newton’s Second and Third laws of motion. We choose to call it as “equivalent mass”, because when 
the system of two masses is related to a third mass, the two masses acts as if a single mass Meq exists 
at the mass center MC, instead of as separate masses at M1 and M2. This is a peculiar property of an 
equivalent mass arising from the strange behavior of the force of gravity. The range of the force effect 
is from zero to infinite distance and the motion of objects in the Universe is such that momentum is 
conserved for most of the cases. 
 
 
 
 
 
 
 
 
 
 

Figure 9.4 Binary objects performing elliptical orbits under the influence of mutual gravity. 
The relative motion of two objects with masses M1 and M2 under the influence of force of 

gravity Fg is shown in Figure 9.5. The objects are experiencing accelerations a1 m/s2 and a2 m/s2 by 
the force in opposing direction because the force is attractive and the objects are approaching towards 
each other. 
 
 
  
 
 
 
 

Figure 9.5 Relative motion of two objects. that are influenced by the force of gravity Fg 
Applying Newton’s Second law to objects in Figure 9.5, we get Fg = M1×a1 and Fg = M2×a2. Also, 
from Newton’s third law, M1×a1 + M2×a2 = 0. The relative acceleration between the two objects is 
a = a1 - a2. Since the sense of a2 is 180 out of phase with a1, net acceleration a = a1 + a2.  

 In other words a = Fg ×1/M1 + 1/M2 Nw = Fg ×M1+M2/ (M1M2).  Therefore, Fg = Meq×a where 
Meq is equivalent mass  

Meq = M1M2/M1+M2   (9.3) 
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Notice that Meq is smaller than both masses M1 and M2. Now we are ready to apply this formula of 
Meq to prove Newton’s form of Kepler’s third law. For the objects in Figure 9.4, performing uniform 
circular motion in steady state, 
 
           force of gravitational attraction Fg =  centrifugal force Fc.  
 
From Newton’s law of Universal gravitation, we get G×M1M2/d2  = M1V1

2/R1 = M2V2
2/R2  If we are 

travelling along with either mass, the relative motion equation should preserve its form. Therefore, we 
can replace M1 and M2 of Fc with Meq , V1 or V2 with Veq  corresponding to net acceleration a and R1 
or R2 with d. This gives the orbit equation  
 

G×M1M2/d2 = MeqVeq
2/d       (9.4) 

 
Since period T of the orbit is given by T = 2d/Veq,  we can rewrite equation (9.4) as  
G × M1M2/d2 = Meq (2d) 2/dT2 = Meq 4 2d/T2 which reduces to T2 =  42/G(M1+M2) × d3.  
 
One of the beneficial feature of Kepler’s law is that it induces conditions that create a variety of 
weather seasons in different regions of planets. The seasons on the Earth change from the summer to 
the winter each year as the planet makes its journey between the hottest point perihelion to the coldest 
location aphelion. 
 

9.2.2  Unique Characteristics of the Earth  
 
Let us discuss the features of the planet Earth that happens to be a favorable place in the Solar 
systems for the evolution of living species. An essential element for the survival of  all living animals 
is the proportion of oxygen gas in air. It is crucial that the number of molecules of oxygen gas in the 
atmosphere is stabilize at 21%. There are two ways the oxygen percentage in air is depleted: the O2 
molecules with speed in excess of the escape speed leave the Earth’s atmosphere. The other is that all 
oxygen breathing species on the Earth use the oxygen from the air and exhale as waste, carbon 
dioxide.  
 As we explained in Section 7.3.2, the escape speed of any particle from a planet’s  
gravitational field is inversely proportional to the square root of radius of the planet. Further, the 
escape or launch speed decreases as the altitude of the particle increases. The value of escape speed is 
obtained by replacing RE in expression (7.14), Vesc = (2 × GME/RE)1//2 by height h m. Therefore, 
several million years after the planet Earth was created the O2 from its atmosphere at high elevations 
vanished. Fortunately, near the surface of the Earth the O2 remained, because at normal temperature 
and pressure (STP) the speed of O2 molecules was lower than the escape speed. 
 
The average speed of a gas molecule at a given temperature is calculated by equating kinetic energy 
of the molecule with its internal energy. Therefore, ½ m × vavg

2 = (3/2) kT, we get 
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 vavg = (3kT/m)1/2       (9.5) 
 
where k is Boltzmann’s constant, m is mass of O2 molecule and T is temperature in Kelvin. 

 
Our calculations show that the escape speed of O2 molecules on the surface is 11.2 km/s, 

whereas the average speed is 0.478 km/s. Further, as plant life evolved on the Earth they absorbed 
CO2 from air and returned O2 via a process called photosynthesis. Initially, O2 released from plants 
was consumed in the formation of oxides since oxygen is highly reactive, aggressively combining 
with substances on the Earth’s surface. As plants, trees, and vegetation proliferated, O2 was 
accumulated in a vast amount. At the same time, about 100 million years ago, living species 
originated that started consuming O2 from the air for their own continued existence. Thus, the number 
of molecules in the atmosphere has hence stabilized at the present level of 21%. 
 
 So far we have learned that three processes are important for the life cycle of animal species 
in the Universe. First, Nucleosynthesis, the thermonuclear fusion of lighter, less complex elements, 
hydrogen into helium, into other heavier, more complex elements such as carbon, nitrogen, oxygen, 
barium, and etc. This process has proven to be essential for our existence, all taking place within in 
the formative processes of stars. The second process, chemical synthesis, is required to produce 
compounds on planets to form a solid dense core. The specific gravity ( mass density) of the oxides, 
the nitrides, the acids and alkaline compounds, are found to be higher than the specific gravity of pure 
metal or non-metallic elements. The third process, photosynthesis  is vital to the existence of high life 
forms such as animals and human. Photosynthesis is the process in which plants absorb CO2 from the 
air via its surface exposure through leaves. During photosynthesis, leaves of trees and plants intake 
CO2 molecules and release O2 in the presence of sunlight.  A compound called Chlorophyll in the 
leaf cell separates Carbon from the CO2 and combines it with N2 molecules from the air to form 
nitrides for their nutrition. Thus, oxygen gas is continuously being replenished by plant life into the 
Earth’s atmosphere. 
 
 Now we will explicate how the temperature on the Earth is at a value that supports nominal 
conditions for life. The Earth derives its energy from three main sources. The Sun is the prime source 
of energy because a variety of radiation from it, leading to different effects that transform energy 
from one form to another. The second source is from the tidal effect of the Moon’s gravity that causes 
different weather patterns, as we explained in Section 8.9.  The third source is the Earth’s internal  
heat that has reshaped the Earth’s surface by means volcanic and tectonic activities over millions of 
years. Let us investigate, how each of these sources of energy benefits the Earth’s environment to 
maintain life conditions.   
 
 Earth receives many kinds of radiation from the Sun, such as infrared heat, visible light and 
ultraviolet (UV) radiation. An interesting characteristic of radiation is that it does not affect the 
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medium through which it propagates. For example, infrared radiation does not appreciably heat the 
atmosphere’s molecules as they travel from the Sun to the Earth’s surface. Whatever infrared 
radiations are absorbed by H2O, CO2, and CH4 molecules, they are reemitted as scattered radiations. 
The temperature of the air is at the highest level near the surface of the Earth. At higher altitudes air 
temperature is significantly lower than surface air. Moreover, the upper rarified air has thinned 
because of escape velocity considerations. During daytime exposure to the Sun, the air heats up near 
Earth’s surface. The heated air becomes lighter as it expands and rises to a higher elevation where it 
cools and returns to lower elevations. Such thermal effects on air movement is called convection. 
Convection currents in the atmosphere play a great part in what we call weather, a necessary Earth 
property that supports life. 
 
 Another life-supporting effect from the Sun is its heating affect upon Earth’s waters. It 
evaporates water from oceans, rivers, and lakes by increasing the vapor pressure at the surfaces of 
water bodies. The heat-expedited water vapor rises to an altitude where it cools and at the right 
temperature and pressure forms visible clouds made up of drops of water condensed on atmospheric 
dust particles. As the temperature of the cloud decreases, and dew-point is reached, small drops form 
into larger drops of water or snow, eventually falling to the ground as precipitation. This cooling may 
take place at night, or by sweeping winds, being swept up to the height of mountains. What is 
happening is that radiation heat energy is converted into hydraulic energy within a water cycle 
system: to vapor to cloud condensation, to precipitation.  
 

Another beneficial effect of the water cycle is that by means of streams and rivers various 
types of natural fertilizers are deposited on land areas, creating a cornucopia of soil forms that support 
a variety of flora and fauna. For instance, we witness the variations in the yellow clay in China, with 
the Black soil in India. just to name two. From our discussion it is evident that short term changes in 
climate are occurring due to the daily axial rotation of the Earth. The long-range weather pattern 
changes occur because of the orbital motion of the Earth and the tidal forces exerted by the Moon. Let 
us examine why these changes in the weather patterns have beneficially caused an ambient, habitable 
temperature on the Earth. 
 
 It was estimated that the average temperature of the Earth would be much lower than the 
habitable value based on albedo considerations alone. Meaning that the temperature on the Earth 
would not be warm enough if 39% (Table 9.1) of solar radiation were reflected to the space from the 
Earth. There are three mechanisms involve that balance the average temperature on the Earth. First, 
the Earth is heated by infrared radiation arriving from the Sun. Second, the heat from the Sun on the 
Earth is reflected by the clouds, snow, ice and sand. Third, the Earth acts as a black body and radiates 
heat according to Wien’s  Laws of Black Body Radiation, Section 11.2. The aggregate of these three 
effects constitute albedo consideration. The calculated value of the Earth’s temperature from strictly 
the albedo consideration is -27C.  In reality, however, it is found that the average temperature on the 
Earth is 15C., a favorable value. What is the reason behind this discrepancy? 
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 It turns out that green house gases,  Methane, Carbon dioxide, Nitrous oxide and water vapor 
in the stratosphere, which exists at high elevations, inhibits the loss of heat but allows passage of 
visible light to Earth’s surface. In the early stages of the industrial revolution, industry and 
automobiles emitted exhaust gases as waste. This helped raise the temperature of the planet and this 
effect was called the Green House Effect. A harmful aspect of some pollutant green house gases was, 
and is, that these are threatening to destroy the protective ozone layer in the atmosphere. The ozone 
layer in upper layer of the stratosphere is composed of an isotope of oxygen gas, a molecule that has 
three atoms (O3) comprising it. The O3 has a characteristic property that blocks (absorbs by a reactive 
process, O3+hν→O2+O) ultraviolet radiation from the Sun, thereby not only protecting humans from 
getting skin cancer, but from extinction. In particular, the ozone layer was particularly threatened by 
fluorocarbons, a chemical compound used as a refrigerant in automobile air conditioning system. In 
1978, the FDA, EPA, and the Consumer Product Safety Commission also banned use of 
Chlorofluorocarbons in most aerosol products and recommended the development of replacement 
refrigerants and aerosols instead of CFCs in refrigeration systems and as propellants, such as HCFC-
123 and R-134a that are now in use. However, even R-134a is being considered to be  shelved for a 
replacement even less destructive, but at ten times the cost, (R) HFO-1234YF 

 
Finally, we will talk about the Earth’s internal heat sources, volcanoes and lava. It is 

estimated that in the Universe the tenth most abundant matter is iron. The core of the Earth has a lot 
of iron in the form of iron oxide. Because of the unique way in which the Earth was created, iron 
exists in the form of a mineral within the mantle. The mantle is composed of silicate rocks that are rich in 
iron and magnesium relative to the overlying crust. Although solid, the high temperatures within the mantle 
cause the silicate material to be sufficiently ductile that it can flow on very long timescales. Near the center of 
the Earth, its core, is a molten outer core that is also rich in iron, while the core itself is thought to be 
about 80% iron. As the Earth’s rotates on its axis and orbits the Sun, landmasses move in relation to 
each other separated by oceans occupying ¾ of the surface area of the Earth. The movement of 
landmasses results in weak spots on the Earth crust. Occasionally magma comes out as lava from 
active volcanic weak spots. The expelled magma and its associated ash, caused by titanic gas 
expansion obliterating the magma at the surface, pours out of the upper mantle in a hot (between 700° 
and 1,300° F) liquid phase. The Earth in these places is re-layered each time a volcano erupts.  

 
A detrimental effect of Earth’s crust movement is that it leads to earthquakes [27]. The 

earthquake catastrophe can cause a great deal of devastation to human society, the loss of property in 
billions of dollars, and loss of lives with little or no notice. On the other hand, the Earth’s crust 
movement develops an incredible amount of tensile and compressive stresses within its mineral strata, 
exposing the strata to extreme pressure and temperature conditions over long periods. At these 
pressures and temperatures precious stones can form within certain ores that are present. In this 
manner diamonds are created from raw carbon deposits. Various types of gemstones are also 
produced  from minerals of a specific metal base. Next we will explore the reasons why life exists on 
the planet Earth. 

http://en.wikipedia.org/wiki/Silicate
http://en.wikipedia.org/wiki/Ductility
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9.2.3  Why Life Exist on the Earth?  
 
Let us discuss the stages of events that led to the creation of life on the Earth.  In the next stage, the 
surface temperature on many planets dropped very rapidly, depending on their surface area and the 
thermal inertia. We believe that this rapid cooling created intense pressure zones within the core of 
planets under the enormous compressive stresses being exerted. This sudden compression resulted in 
chemical reactions that formed compounds, inorganic as well as organic. Earth’s crust became rich 
with minerals and rocks. Through a chain of chemical processes heavier elements, as well as elements 
with different crystalline and amorphous structures were created. Therefore, we are speculating that 
the planet’s core contained elements , such as oxygen, nitrogen, carbon, iron, copper, and several 
other minerals of heavy metals as well as compounds. 
 

Many elements of the periodic table came into existence because of the extreme compression 
effects caused by a rapid rate of cooling. With some good fortune, when hydrogen atoms were in the 
proximity of oxygen atoms at correct temperature and pressure, water molecules were formed through 
a chemical interaction. As we shall see in the third stage, water played a very important role in 
developing the organic compounds that led to the development of living cells. Among all the planets 
of the Solar System, it happened that the planet Earth had many suitable conditions that permitted the 
progression of events to form a life support system.  Next, we will state a few of the many conditions 
that favored the origination of the life here. 

 
First of all, the Earth was able to preserve the atmosphere of the gases; hydrogen, nitrogen, 

oxygen, carbon dioxide, and water vapor because of the balance existing between the escape velocity 
of gas and the Earth’s gravity. Secondly, it had axial rotation in addition to orbital motion around the 
Sun. Axial rotation gave daylight to the parts of the Earth with brief regularity facing the Sun and a 
brief cooling at night. Thirdly, the orbital rotation provided seasonal (regular) changes in the general 
weather of winter, spring, summer, and autumn, providing rainy seasons and dry seasons and varying 
degrees of temperatures in various regions of the Earth. Furthermore, the intense heat at the core of 
the Earth transformed the matter inside into a molten mass. The mixture of the molten metal mass and 
nonmetallic elements in the crust of the Earth resulted in the formation of lava. In the areas where the 
cooled surface of the Earth’s layers were thin, the hot magma would frequently come out of the core 
through the mantle to the surface creating volcanic eruptions. The lava (magma when expelled) would 
cool down rapidly on the cold surface.  

 
A variety of soils, sand, and clay (black and red) were formed on the surface of the Earth in 

many regions, depending on the rate at which the lava flowed and the heat was lost from the locality. 
We believe that the oceans and land areas were formed because of the movement of the Earth’s crust 
and the volcanic activity over millions of years.  Volcanic activities created the mountains and the 
valleys. This is how some of the peaks and valleys of many famous mountains came into existence. 
The birth of ranges of mountains resulted in rain and snow fall for land areas far away from the 
oceans, leading also to the creation of rain forests and rivers that flow for considerable distances.  
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We propose that the origin of plant life stems from the interaction of organic compounds with 
stationary water for an extended duration. It is believed that a very elementary form of plant life was 
created inside the ocean beds, probably hundreds of millions of years ago. Even at the present time, 
the subject matter undergoing great research is the study of plant and the animal life dwelling at the 
bottom of the deepest oceans. This study will potentially resolve many mysteries of life on the Earth. 
We believe that the sea weed were the first, most rudimentary form of life that appeared on the Earth.  
In the next phase, the ocean beds with vegetation were exposed to the surface because of volcanic 
activity. Now the undersea plant life had the opportunity to migrate to land. Thus, many higher forms 
of plant and tree species came into existence as a result of the natural progression of events, the cycles 
of summer, the winter, and the rainy seasons in various regions of the Earth aiding in their 
proliferation. The areas of the Earth with very heavy rain fall supported a concentration of dense 
vegetation and plant life. Therefore, many types of forests, such as the tropical forests in Africa and 
Indonesia, and the jungles of the Amazon River came into the existence and could be supported.  

 
A natural question arises: how and when did the metamorphosis of the non-living matter into 

living cells and organisms begin? The roots of the animal life came from the development of the most 
elementary type of life form, amoebae. The unique, differentiating qualities of living cells from 
lifeless matter are, life cells can reproduce (multiply) themselves and are self directed organisms. 
They are pregnable by consuming a resource then excreting the waste. They move either randomly 
about or decisively in preferred directions, and react to such things as light and heat. We believe that 
the amoebae cells first originated inside a stagnant water source. Subsequently, higher forms of life, 
such as the insects and the bacteria, were born in the proximity of the sea weeds, a basic plant life 
form. The cross-breeding of different insects developed animal species, such as the fishes in the sea. 
The fish species evolved into even larger fish species, such as sharks.  

 
We do not know how the mammal species were born from the aquatic species. For instance, 

whales are a family of fish, but they have mammalian characteristics in which a female member 
provides nourishment from her own body to the newly born family member. From the shallow 
regions of water, amphibians, such as the frogs, and the reptilian animals, such as the crocodiles and 
the alligators, came into existence in the life cycle evolution. Then, several types of vertebrates, like 
the bovine and the thousands of other species evolved. Gradually, over centuries, the human race was 
originated from their pedigree, the monkeys and the chimpanzees. Even though the topic we 
discussed here had a very little bearing on physics, we decided to delve into it as it is of prime interest 
to many readers. Next, we shall see if it makes sense to conceive a possibility that a life similar to 
human life on the Earth exists on other planets that belong to some other star. 

 
It is estimated that there are approximately one hundred billion stars in our galaxy, the Milky 

Way. It is estimated that there are literally billions of galaxies in the Universe.  Of course, there is a 
limit of how far we can see. The limit is set by the most powerful (light gathering/magnification and 
light sensitive CCD digital technology) telescopes employed for that purpose at this time. We predict 
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that the process of formation and birth of stars and galaxies in other regions of the Universe is very 
similar to the formation discovered in our own galaxy. The odds are very high that some form of life 
would have evolved within a different planetary system.  Therefore, we predict that it is highly 
probable that intelligent beings and their accompanying animal life may be present on another star-
planet system because of the processes that are similarly occurring during the life cycle of many main 
sequence stars, as has occurred with our star. A main quest for mankind is to find a habitable planet 
around a another star belonging, of course, to our own galaxy. To find a habitable planet in a different 
galaxy would be a project for the next Centuries. 

 
Another question of interest in this vein is whether or not there exists other civilizations more 

advanced in their intelligence and knowledge than us? The more likely answer is that they would be 
trailing us. This is based on the argument that if they were more intelligent, they would have 
communicated with us in a manner that we recognize. It is essential that we scrutinize  our answer in 
more detail. We consider three distinct possibilities. First, any civilization within probable range for 
successful contact would have to be within our own galaxy; designated as set A for contact in a 
realistic time frame, say a hundred years. Taking this set A of proximate locations, we must recognize 
that the closer the proximity of a “contact,” the more likely the success of contact, assuming that they 
have desire to contact us. 

  
Second,  since our galaxy  came to birth collectively within the same general GALACTIC 

time-frame, we are generally the same age. Therefore, if the rate of life proliferation and 
technological advancement follows a general trend equal to one another, more or less, then they and 
we are about equal in our advancement, and they, like we, have our "ears on” (set A). They likely 
would have no way of communicating with us, just as we have no signal powerful enough to 
broadcast to them. Finally, if they are very close by say, 100 ly distant, within communication range 
of our radio signals, in that case they might have picked us up only just recently, if they were listening 
at all. Notwithstanding, it would take another 100 years from now to receive their reply, if they 
decided to reply at all! The odds are against this. 

 
Next, we shall address the topic of the rotational direction of the planets on their axes.  It is 

known that in addition to their orbital motion around the Sun, many planets rotate on their  axes from 
the west to the east, in a prograde rotation. However, there are some planets, such as the Venus, 
Uranus, and Pluto, that rotate from the east to the west, sometimes referred to as retrograde rotation. 
Therefore, we shall explicate the reasons behind the differences in rotation for these planets on their 
axes. Further, we will expound on the retrograde motion of planets in general. 

 

9.3 Planets Retrograde Motion 
 
A very unique characteristic that is shared among all planets in every star system possessing planets is 
that every planet that orbits a star also rotates about an axis. The time taken for a planet to complete a  
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rotation around a star is designated as a “year”. The time elapsed for a planet to complete one rotation 
around its axis, establishing the pole ends of the planet, is called a “day”. During a day, every location 
on a planet, except in cases when the axis’ pole faces the star, spends approximately half of the time 
on the illuminated side and half of the time facing away from the star, experiencing darkness.  We 
name the period of illumination as “day” and the period of darkness as “night”. Before we explain the 
retrograde axial rotation of the planets of Venus, Uranus and Pluto, and the retrograde revolutionary 
motion of planets around the Sun, we will explain why all planets rotate on their axes, as well as orbit 
stars.  
 

As per our explanation, the solar system was formed as a result of spontaneous explosion of a 
protostar slightly larger than the Sun approximately 4.5B years ago. Immediately after the explosion, 
we surmised that the majority the masses of all the planets were in a gas form. The planet’s masses 
were such that there was no way for the process of thermonuclear fusion of hydrogen into the helium 
to occur, a process that is presently occurring in the Sun. Hence, the temperature of the planet’s 
surface and interior began falling rapidly. The planets receded from the Sun and started orbiting 
according to what is described by Newton’s form of Kepler’s third law that we discussed in Section 
9.2.1. Their orbit is elliptical because the Sun “wobbles” around a massive center that is different 
from its center of gravity. The motion of Sun is, concomitantly influenced by the force of gravity 
exerted by all the planets in the solar system.  

 
 Planets cannot exit from their fixed orbits because of the escape speed requirement. The 

escape speed is the initial launch speed at which the primordial mass of a planet was ejected from the 
protostar during its explosive  nova event. Planets are prevented from moving away from their orbital 
courses by the action of two balancing forces, the inward gravitational pull reciprocally exerted 
between them and the Sun, and the outward centrifugal force exerted by their linear momentum due 
to tangential velocity. Essentially, the radii of their orbits is determined by the escape velocity as 
computed by the formula from classical mechanics (7.14). 

 
 In the beginning, the radii of each orbit of the planets varied because their masses were 

affected by the escape of gas molecules in varied massive amounts. Eventually, as the temperature of  
the planets diminished, no further escape of gas was possible. The radii of planets’ orbits around their 
parent stars and the size of planets (radii) were stabilized to their present value. Further, the period of 
rotation of all planets around their stars remain nearly constant. We shall see that the period changes 
by a very small amount because the mass of stars decrease as trillions of neutrinos escape from the 
surface of a star along with energy in the form of radiation. Next, we will explore the reasons why 
planets orbit on their axes.  

 
 From the explanation of orbits of planets around stars, it is evident that a smaller mass has a 
natural tendency to orbit around a larger mass due to the force of gravity between the two masses and 
their escape speed. It is our proposal that when planets were created by any mechanism,  a larger 
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fraction of their masses were comprised of gaseous matter, as compared to solid material. The gas 
molecules were at a greater distance from the center of gravity of a planet than the solid matter. Also, 
gas molecules were existing at a very high temperature at the beginning. Their speeds were very high 
due to high intrinsic energy Ek = 3kT/2. Therefore, layers of gas (atmosphere) on planets started 
spinning furiously soon after their creation, while cores were spinning at slow rate. The direction of 
rotation of the planet’s atmosphere was established by the First law of thermodynamics. The law 
states that  heat propagation through a medium occurs from a high temperature to a low temperature. 
Therefore, the heated gas molecules from the bright side, the side of the planet facing the star, started 
flowing toward the dark side and created a bias for the direction of spin.  

 
As the time progressed, the temperatures of the planets diminished. As a result their cores 

were transformed into liquid phase and later were solidified. The compressive forces produced by self 
gravity led to formation of different compounds through chemical reactions within the planet’s core. 
This process requires further explanation. At present time it is determined that oxygen, silicon and 
magnesium (plus a little bit of iron) make up more than 90% of Earth's blanketing "ceramic" mantle. The 
flowing of metal in the outer part of the core gives Earth its magnetic field that  protects us from bombarding 
solar storms, and allows life to thrive.  

 

 We like to mention comments from Professor Mao in this regard, "We know that Earth today has a 
core and a mantle that are differentiated. With improving technology, we can look at different 
mechanisms of how this came to be in a new light," said Prof Mao. Commenting on the results, 
Geoffrey Bromley, of the University of Edinburgh, UK, who was not involved in the study, told the 
BBC: "This new data suggests that we cannot assume that core formation is a simple, single-stage 
event. Core formation was a complex, multi-stage process that must have had an equally complex 
influence on the subsequent chemistry of the Earth. "Their deep percolation model implies that early 
core formation can only be initiated in large planets. As a result, the chemistry of the Earth may have 
been 'reset' by core formation in a markedly different way from smaller planets and asteroids.... 
Similar to medical imaging, these sorts of experiments are revealing the nanoscale properties of 
minerals and melts. But they are also leading to new understanding of how huge objects like planets 
form and evolve. 

 
 Thus a large fraction of gas in the atmosphere was transformed into water and other 

chemicals. When the fraction of the mass of solid core started increasing, the law of conservation of 
angular momentum came into effect. The law states that, in an isolated system of masses, the 
rotational speed is such that angular momentum is conserved. Therefore, as the speed of the 
primordial solid core of each planet started increasing, the momentum of its gas atmosphere also 
increased until equalizing to the momentum of the planet’s solid core. We can apply the law of 
conservation of angular momentum to determine the speed ratio between the solid core and the 
gaseous atmosphere ring when any planet was created, given its fractional mass information and the 
period of rotation for the planet at the present time. Let us calculate speed ratio for the planet Earth. 
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For the Earth: total mass ME = 5.974 × 1024 kg, radius RE = 6378×103 m, and period TE  = 861642 s. 
Also, from Engineer’s tool box Table [N] we can find average density of air  = .5508 kg/m3 and  
RA = 6386×103 m. Thus we can calculate angular speed E = 2/TE = 7.2921 × 10-6 and mass of air 
MA =  4/3 ×  × (RA

3 - RE
3) × 4/3 ×  × (64283 - 63783) × × 109 = 1.4189 × 1019 kg. Now 

we can apply conservation of angular momentum to the Earth’s solid core and atmosphere to compute 
ratio A/E. The quantities with suffix S indicates values for solid core. 
 

(2/5) × ME × RE
2 × E = (2/3) × MA × RA

2 × A + (2/5) × MS × RS
2 × S  (9.6) 

 
In steady state, RE = RS and  S =E.  By substituting the parameter values,   
we get  A/E = 0.5962×10-6. Such a small value of this ratio implies that the size of Earth’s 
atmosphere is indeed stabilized.  
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Figure 9.6 Changes in composition of planets as their life evolves, (a)  A majority of planets are in gaseous 
state when they are created. (b) After few billion years our planet Earth is in the current state. 
  

As it relates to the evolution of a planet, a parameter of interest is the ratio of angular speeds 
of gaseous matter to the solid matter in the planet. We are interested in studying this ratio as the life 
of a planet progressively evolves. Let us derive a general expression, ratio S/G for a planet, given 
its mass composition at the time it was created and at the present time, and its current angular speed. 
When a planet is formed by the ejection of matter from an unstable protostar, or from a supernova 
explosion, in most cases a large fraction of a forming planet’s mass is gas. The temperature of ejected 
mass is so high that the atoms of solid matter and gas are in a plasma state. The gas atoms of light 
atomic weight in the annular ring of the outermost layer of planets begins spinning around a denser, 
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localized “core” of heavier, congealing matter. This is due to the fact that the highly excited gas 
atoms are at a very high temperature and possess a high internal thermal energy. The core, composed 
of mostly solid matter, is nearly stationary and remains in that state for a while.  

 
There is an interesting observation about the mass of all planets. The total mass of the planets 

do not change after the gas molecules from their surface layers escape into space. The force of self 
gravitation retains the total mass to a value that is computed by Kepler’s third law by measuring its 
period of orbit around the parent star. As we shall see, the time of the period of orbit is nearly 
constant and is accurately characterized in terms of a star’s mass, in accord with mass variations that 
exist. Therefore, for any planet, at any later time after its creation, the total mass must satisfy,  
MT = MS + MG  where suffix S denotes the mass of solid matter and suffix G denotes the mass of gas 
material. We will apply the law of angular momentum conservation to find the ratio of the orbit 
period s/g for any planet at a later time, given its current mass composition.  
 
At time t = 0, after a planet’s size has stabilized, rotational speed  = G, S = 0 and MG = MT. At 
some later time t, let g and s denote orbit speeds of gas matter around the planet and solid matter, 
respectively. Also, Mg and Ms denote the mass of gas and solid matter at that time for the planet. In 
Figure 9.6, these parameters for the planet Earth are displayed.  
 

 (2/3) × MG × RG
2 × G = (2/3) × Mg × Rg

2 × g + (2/5) × Ms × Rs
2 × s  (9.7) 

 
We can rewrite the above expression in terms of the moment of rotational inertia. For spheres and 
spherical shapes, the moment of inertia is I = kMR2, where k = 2/3 for a spherical shell (hollow 
sphere) and k =2/5 for solid sphere. Finally, with some simplification and by defining the planet’s 
constant Kp = G/g, a gas speed reduction ratio, we get  
 

IG × G = Ig × g + Is × s       (9.8) 
 
 

 s/g  = (IG/Is) × G/g - Ig/Is      (9.9) 
 
 

s/g  = (IG/Is) × Kp- Ig/Is       (9.10) 
 
The expression (9.10) allows us to compute the speed ratio; the speed of the solid core to the speed of 
the gas shell skirting a planet during its life cycle. As time elapses a higher percentage of gas matter is 
transformed into solid phase than previously and the core of the planet contracts due to a declining of 
temperature. An interesting aspect of this speed ratio model for the evolution of a planetary system is 
that it permits us to test and validate other theories about the creation of planets [31].  
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Figure 9.7 Direction of the rotation of the planets on their axes, masses, period of axial rotation, and orbital 
period compared. The planets Pluto, Uranus, and Venus rotate in the opposite direction on their axes, from the 
east to the west. 
 

Figure 9.7 illustrates the direction of rotation on the axes of all the planets in the solar system. 
Also, we have included the masses and the sidereal period in years for all planets relative to the mass 
of the Earth. As explained, Earth started spinning on its axis in addition to orbiting around the Sun. 
The axis of rotation for the Earth was predictably defined by the gravitational force (tidal force) from 
the Moon. The relatively of large size of the Moon in relation to the mass of the Earth, and its close 
orbit offers to Earth a favorable situation. Essentially, the tidal forces exerted by the Moon’s gravity  
establishes and maintains the inclination plane of the axis of Earth’s daily rotation in relation to the 
Earth’s orbit around the Sun. Now that we understand why planets have the axial motion, in addition 
to the orbital rotational motion around the Sun, it is easier to see why some planet’s axial motion is in 
the opposite direction, from the east to the west. 
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 Our study indicates that three effects influence the direction of a planet’s axial rotation. 
Firstly, influence is derived from the location of center of gravity for the planet, which is determined 
by its mass distribution.  The unbalanced distribution of mass results in a difference in the physical 
location of the center of gravity from its geometric center. Secondly, influence is derived from the 
percentage difference in the weight of gas matter vs. the weight of heavier elements. Such a 
differential creates a bias in connection with axial rotation. Thirdly, we have discovered that those 
planets that rotate in reverse direction (East to West) either lack a satellite or have a very large size 
satellite that does provide an appreciable gravitational tidal effect to force the planet’s rotation in a 
specific direction. We have found that the planets Venus and Pluto do not have satellites of , and the 
planet Uranus has very small size satellites. Unlike these three planets, all other planets have  
satellites in their neck of the woods. The satellites for these planets are delivering gravitational tidal 
forces, inducing asymmetry and preferential direction for rotational inertia. The aggregate effects of 
these three causes explains why Venus, Uranus and Pluto rotates differently. 
 

An obvious repercussion of the retrograde rotation for the planets Venus, Uranus, and  Pluto 
is that the Sun and stars rise in the west and set in the east. A virtual observer visiting from the Earth 
on these planets would have an unusual experience during the sunrise and sunset. For an observer on 
Venus he would also note that Venus rotates on its axis so slowly that the stars and the Sun shift at 
the mere pace of about 1 ½  per Earth’s 24 hour day, whereas on the Earth, an observer sees the Sun 
move across the sky 1 ½  in just 6 minutes, making one day on Venus about 243 earth days long! 
Now we will explicate the difference between prograde motion and retrograde motion in general, as it 
relates to the rotation of planets.  
 
 A planet’s orbit encircling the Sun and the apparent rendered motion through stars of the 
constellation is categorized as either prograde or retrograde. It is found that the direction of the orbit 
of the most planets in our solar system is prograde, meaning they rotate counterclockwise around the 
Sun on their axes. As explained, the planets Venus, Uranus, and the Satellite Pluto rotate in a 
retrograde motion, in clockwise direction on their axes, while their orbits around the Sun are in a 
counterclockwise direction, as indicated in Figure 9.7. The first noted retrograde motion of a planet 
can be traced back to the Greek astronomers Hipparcus and Ptolemy in the second century B. C. The 
Greeks developed many theories to account for the motion of retrograde loops that some planets 
traced out against the background constellation of stars. 
 

The orbits of the planets of our solar system can be easily envisioned in the sense of being 
associated with the sunrise in the east and the sunset in the west in relation to the Sun. In the universe 
there is no such relationship for constellations of the zodiac. We cannot tell which direction is east or 
west. Therefore, we classify the motion of a planet as being prograde from an earthly observer’s point 
of view if the planet persists on its right course (its trajectory is such that background stars and 
constellations appear approaching closer to the planet than before) throughout the Earth year without 
backward perturbation. The planet’s trajectory is retrograde if in relation to background stars it 
demonstrates a backward motion in relation to its general right course (Meaning stars appear to move 
close for a while then appear receding away for some time and switch again).  
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(a) 

(b) 

You are here on the Earth 

 

You are here on the Earth 

 
 Figure 9.8 Retrograde motion of Mars. (a) Mars trajectory among constellations, the night sky in the 
year 2003 (b) The orbit of Mars through zodiacs appears retrograde due to difference in speed 
between the Earth and the Mars. The night sky behind the planet Mars is in the year 2005. 
 

Astronomers have observed that the planet Mars undergoes a retrograde motion of this kind 
approximately every 22 ½ months. Ordinarily, Mars performs a prograde motion as it orbits the Sun, 
rotating on its axis in the same direction as its orbit in relation to the Sun viewed from the Ecliptic 
North, that is, counterclockwise. However, Mars orbits the Sun at much slower rate of speed than the 
Earth. After every few years, Mars passes by at its closest approach to the Earth and then recedes 
away. This factor make it appear that the motion of Mars retrogrades in its course across the night sky 
as it moves through background constellations. 
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Figure 9.9 Prograde and Retrograde Rotation. The orbit of all planets of the solar system appear in 
counterclockwise direction. All planets rotate on their axes counterclockwise except Venus, Uranus and Pluto. 
 

To clarify the situation, we have displayed the path of Mars across the constellations during 
the years 2003-2006 in Figure 9.8. We have also shown the retrograde motion of the planet Venus, 
comparing it with the Earth’s motion in Figure 9.9. In the next section, we shall answer another 
interesting question about the asymmetric orbits of comets. It is well known that many comets have 
very elongated orbits with a large eccentricity. We shall explicate the reasons for these abnormal 
orbits of comets and describe the interesting attributes of comets that have been discovered to date. 
 

9.4 Comet’s Asymmetric Orbit  
 
Comets are lumps of frozen water, ice, gas and dust. As a comet approaches the Sun, it starts to heat 
up and evaporate some of its material. The ice on or near its surface transforms directly from a solid 
state to a vapor phase, concomitantly releasing dust particles embedded inside. Radiant light and the 
stream of charged particles flowing from the Sun − the solar wind − sweeps away the evaporated 
material and ejected dust particles behind the comet body, forming a large wispy tail. The comet’s 
components determine the type, length, and number of tails. As we might have expected and certainly 
witnessed, because their unique orbital motion and puzzling appearance, comets have been an object 
of astronomer’s special interest since the early 18th century, when English astronomer Edmund Halley 
in 1705 first spotted the famous Halley’s Comet, a comet obviously named after him. Halley applied 
Newton’s theory of gravitational deviation of trajectories to calculate the orbital period of comets.  
Halley concluded that one of the reasons for the asymmetric orbit of the comets was the force of 
gravitation from the planets Jupiter and Saturn. Since the discovery of Halley’s Comet, many other 
comets, such as Borrelly’s, Shoemaker-Levy 9, and Hale-Bopp have been observed.  
 
 

                                                                                                                 

Direction of Venus’ 
orbit about the Sun 

Direction of Earth’s 
rotation around its axis, 
Prograde rotation 

Direction of Earth’s 
orbit about the Sun 

Venus 

Direction of Venus’ 
rotation around its axis, 
Retrograde rotation 

Sun 

23.5 

177.4 



  Evolution of Solar Systems          467 
 

  

 
Table 9.2 Interesting data of the Comets discovered. 

 

Comet name Perihelion 
Distance M kms Orbital Period years Perihelion 

passage 

Arend 287.8 8.27  

Arend-Roland 47.3 - Apr. 08, 1957 

Bennett 80.4 - Mar. 20, 1970 

Biela 131.6 6.65  

Borrelly 202.6 6.85  

Comas-Solar 281.8 8.8  

D’Arrest 202.5 6.54  

Encke 60.4 3.3  

Giacobini-Zinner 155.3 6.62  

Great January 19.3 - Jan. 17, 1910 

Grigg-Skjellerup 167.1 5.31  

Hale-Bopp 136.8 - Apr. 01, 1997 

Halley 87.8 75.32 Apr. 20, 1910, 
1986 & 2061 

Hyakutake 34.4 - May 01, 1996 

Ikeya-Seki 1.2 - Oct. 21, 1965 

Ison 1.2  Nov. 28, 2013 

McNaught 25.5 - Jan. 12, 2007 

Neujmin 1 232.2 18.17  

Oterma 815.5 19.63  

Pons-Winnecke 187.6 6.36  

Schwassmann-Wachmann 1 855.4 14.65  

Seki-Lines 4.7 - Apr. 01, 1962 
Skjellerup-Maristany 26.4 - Dec. 18, 1927 

Tempel 1 225.8 5.52  

Viscara 36.6 - Apr.24, 1901 

West 29.4 -` Feb. 25, 1976 

Wild 2 239.1 6.42  
Wirtanen 158.2 5.44  

 

 Recently, four comets have been visited by NASA’s spacecraft ICE, passing through the tails 
of Comets Giacobini-Zinner in 1986, and Grigg Skjellerup in 1989. Another spacecraft, Deep Space 1 
(DS-1) imaged the nucleus of Comet Borrelly in 2001. In 1986 five spacecrafts from the USSR, 
Japan, and the European Space Research Organization (ESRO) visited Halley’s Comet. Of all the 
comets known, the orbital period of Halley’s Comet is one that is regular, with an average of 76 
years, varying only as much as ±3.3 years between the years 239 BC to 1986 AD. However, even for 
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Halley’s Comet one cannot compute the dates of reappearance by simply subtracting multiples of 76 
years from the year 1986 for the above mentioned variations. The next appearance of the comet is 
anticipated to be in early 2061. In the following, we will examine the reasons why the orbits of 
comets are so elongated.  
 
One plausible explanation for the elongated orbits of comets is that they have a very large tail of gas. 
This large tail of gaseous matter accompanying a comet shifts the center of gravity of the comet from 
its solid mass toward the gas tail region. When Halley’s Comet passes by the large planets of Jupiter 
and Saturn, the asymmetry of the center of mass of the comet results in a sling action that alters the 
orbit of the comet. Also, Halley’s Comet orbit has a prograde motion, counterclockwise in its rotation 
around the Sun, similar to the Earth’s orbit. We shall complete our discussion of comet orbit by 
summarizing known data for all the comets discovered to date in Table 9.2. 

 
There is a high demand for diamonds and other gem stones for their beauty, durability and 

rarity. Diamonds are a crystalline form of carbon that is close to being 100% pure. A natural diamond 
is the hardest substance found. It can cut through an inch thick glass plate in any desired shape. 
Further, it is used in several industrial applications. One of the important uses of hard gems is in the 
production of wristwatches and other timepieces. Incorporating gems within the mechanical settings 
decreases friction between the wear points of fine moving parts.  Diamonds have also been 
commercially called “a woman’s best friend” for various reasons, but these are outside the purview of 
this book!. Similarly, many people in ancient civilizations believed that wearing certain types of 
diamonds would bring them good luck and prosperity. In the next section we will reveal some 
fascinating details on formation of diamonds and gem stones. 

 
9.5 Diamonds and Gem Stones 

 
Historically, diamonds are considered very precious stones because of their rarity, beauty,  and the 
fact that they are one of the hardest substances found in nature. Highest quality diamonds, used for 
jewelry, are especially costly because of their peculiar rarity. Moreover, it requires a very talented, 
educated artist to cut a rough diamond into a finished facetted product. In addition to the application 
of diamonds in the making of jewelry, they are heavily employed in the manufacturing of precision 
tools and of cutting glass and metals. Here, our focus is to explore the physical processes occurring in 
nature which are believed to be responsible for transforming carbon into diamonds within the Earth’s 
crust. Rough diamonds are abundantly found in the state of Arkansas in the US, but South Africa is 
the largest producer of rough diamonds in the world. Almost Ninety percent of the supply of 
diamonds are mined in  South Africa.  
 

Considering that the price of a polished diamond is valued at $1500.00 per carat, it is no 
wonder that every nation on Earth is interested in acquiring large quantities of diamonds. Pure 
diamonds cannot be manufactured artificially simply by reason of fact that there is no known man- 
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made process to transform raw carbon into a diamond. We believe presently that carbon in the  
Earth’s core is transformed into rough diamonds when the carbon ore is subjected to critical 
temperature and mechanical stress (pressures). Many parts of the Earth’s strata and core are at very 
high temperatures and the movement of layers of rocks in its core create a variety of pressures and 
temperature zones. The raw ore of carbon in the Earth’s crust is subjected to very high values of 
pressure and temperature. Researchers suspect that when raw carbon ore is subject to a particular 
temperature and pressure for a certain duration, it crystallizes the carbon atoms into diamonds. In 
Figure 9.10 variety of diamonds and gem stones are displayed. 

 

 
Figure 9.10 Diamonds and Gem stones of assorted variety. (a) Diamonds and (b) Gem stones. 

Now why are we discussing this topic? We believe that if one knew the condition in which 
carbon ore transforms into diamonds, one could find an alternate source of natural diamonds.  It is 
possible that diamonds could be naturally more abundant on other planets of our solar systems. Even 
if the conditions are not pragmatic for artificial manufacturing of diamonds on this planet, we propose 
that NASA can perform some experiments to assess availability of diamonds and other precious 
metals during their expeditions to neighboring planets. Now, let us discuss some of the important 
characteristics of diamonds and gems that effect their prices. 

 
A Diamond is described in terms of what are known as the five C’s; the carat, the color, the 

cut, the clarity, and the cost of producing the finished diamond product. It is obvious that the higher 
the number of carats of a diamond, the greater its weigh, its size and its expense due to its rarity. It is 
not possible to fuse small pieces of rough or finished diamonds to create a large diamond. Diamonds  
are generally found in white, light yellow, and sky blue colors. To improve the appearance of 
ornaments gem stones are embedded at the center of a ring of diamonds, giving refracted light a 
forum to dazzle observers. Gems come in a variety of colors because of the variety of metal bases 
making up their particular chemical composition.  
 

Another “C” classification of a diamond is the number of its cuts. A diamond with a greater 
number of cuts shines more brilliantly than a diamond with fewer cuts. Light rays incident on a 
facetted face of a crystalline gem are reflected many times before they exit from the diamond to give 
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it singular brilliance; the more facets, the more reflecting and refraction opportunities there are. The 
phenomenon of multiple reflection of light, influenced by the gem’s overall inherent internal 
refraction properties, plays a very important role in its unique sparkle and appearance. For the highest 
brilliance and shine, diamond facets are crafted in an “ideal” style of “cut”. If the cut of a diamond is 
shallower or deeper than an “ideal cut,” the light incident on the table facet (top of the crown) leaks 
from the pavilion (the tapered bottom cut below the crown) instead of emerging back out of the 
crown. To clarify, we have shown the vocabulary associated to describe facets on diamonds, and 
included the paths of reflected light from the surface of diamonds having different depths of cut in 
Figure 9.11. Diamonds that are polished and possess an ideal cut fetch high prices. Therefore, skilled 
artists/technicians are always in demand who can produce high quality diamonds.  
 

 
 
Figure 9.11 Diamonds and gem stones  vocabulary, and cut characteristics (a) Terms to describe parts of 
diamonds and gem stones (b) If a diamond’s cut is more shallow or deeper than an ideal cut, it would not shine. 

 
Obviously, a high carat diamond allows a skilled gem cutter to cut more facets. That 

increases the sparkle, or luster, of a finished gem. Hence, of course, a diamond of high carat value and 
possessing more cut facets is more costly to make (risk) and is sold at higher price than otherwise. A 
diamond with crevices and cracks has low clarity. Once a diamond is cracked, it can not be fixed. 

 
Gemologists measure refractive indices of diamonds (2.39-2.41, depends on wavelength) to 

distinguish between an artificial diamond, or gem, from a polished rough real diamond. The index of 
refraction of an artificial (produced in laboratory) diamond is always higher than a genuine polished 
diamond because it is impossible to separate traces of incidental metals completely from the natural 
diamond’s matrix. It is also difficult to manufacture a high carat diamond in a laboratory.  Diamonds 
of large carats cannot be grown in a laboratory because the purest form of carbon that is used to grow 
crystals is more brittle than rough diamonds found in nature. The diamonds made from pure carbon 
shines more but develop cracks in large carats easily. An experimental setup to measure the refractive 
index of a diamond specimen is displayed in Figure 9.12 
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Figure 9.12  Refractometer: An instrument to measure refractive index of a diamond specimen. 
 
To prevent theft and to speed-up recovery of stolen diamond jewelry, diamonds are engraved 

by employing a laser. For unique identification the signature is encrypted and has timestamp 
information encoded. The use of a laser allows for the inscription of a miniature signature without 
causing any defect on the surface of a diamond. The advantage of laser signature inscription is that it 
cannot be removed by grinding or polishing the surface without substantial decrease in surface layer 
thickness. Thus, a re-polished stolen diamond cannot fetch a high price in the market. Let us talk 
about gemstones next. 

 
A gem is a naturally occurring substance, desirable for its beauty, valuable in its rarity, and 

has sufficiently durable brightness to give it lasting appreciation. Gems are ordinary looking when 
found in their natural rough state, unlike the manufacture-cut gemstones that shine brilliantly. Early 
gems were formed in organic material, such as coral, amber, and ivory (tagua nuts), and were 
amorphous (non-crystalline). Most gems used today are derived from alluvial sources and are crystals 
of inorganic material. Unlike diamonds, gemstones can be synthesized and come in many different 
colors. The beauty of a gem is determined by its brilliance, iridescence, color, sparkle and the play of 
color. Gemstones and diamond jewelry must be durable against heat and common household 
chemicals. It should not be easily scratched or broken. Brittleness is a measure of gems tendency to 
crack or cleave.  

 
As explained, beauty of a gemstone is determined by brilliance, fire, luster and color. The 

first three characteristics depend on the cut of the stone. The color depends on the base metal of the 
gem. Before we can understand why cut stones sparkle, we must learn some basic terms commonly  
used to describe gemstones.  Polished planar surfaces on gems are referred to as facets. The other 
terms are the girdle, the crown and the pavilion. The middle of a facetted gem is named as the girdle, 
which may or may not be facetted. The surface of a gem above the girdle is called its crown. The 
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surface below the girdle is known as the pavilion. The facets in different sections of gems are 
categorized and are given distinct names. The facets on the crown are described as the table, the kite 
(the bezel), and the star which are also known as upper girdle facets.  The facets in the pavilion, 
which are known as the lower girdle facets, are popularly known as the culet. Furthermore, gems are 
classified by the type of cuts employed. A cut gem that has a flat bottom surface and a rounded upper 
surface is called a cabochon. . In Table 9.3, refractive indices of diamonds, gem stones and a variety 
of substances is included. 

 
       Table 9.3 Refractive indices of diamonds and gem stones 

 

      

Gem Stones, Diamond & 
 other substances 

Refractive index 


Average Speed of 
Light m/s @ 589.3 nm 

Diamond 2.417-2.419 1.2389×108 
Ruby 1.762-1.778 1.6937×108 
Spphire 1.762-1.778 1.6937×108 
Spinel 1.712-1.762 1.7259×108 
Topaz 1.609-1.643 1.7369×108 
Quartz 1.544-1.553 1.9354×108 
Water 1.3328 2.2493×108 
Air 1.003 2.9890×108 
Space (vacuum) 1.000 2.9979×108 
Ethyl alchohol 1.3611 2.2026×108 
Methyl alchohol 1.3288 2.2561×108 
Acetone 1.3588 2.2063×108 
Hexane 1.3750 2.1803×108 
Flint glass 1.5750 1.9034×108 
Fused quartz  (glass) 1.46 2.0534×108 
Lucite or Flexi-glass 1.51 1.9854×108 
Crown glass 1.52 1.9723×108 
Polycarbonate polymer 1.60 1.8737×108 
Rock salt (NaCl) 1.5440 1.9417×108 

  
Cuts on gems are designed and polished so that maximum light is reflected after exiting from 

a stone or a diamond. Light incident on a diamond and on other gems gives the brilliance and the 
luster to these stones. Naturally, in order to achieve a high sparkle and brightness, it is not desirable 
for incident light to escape from the pavilion.  Light should be made to exit from crown, the top facet, 
to the maximum extent. As we discussed in Chapter 6, light changes its direction as it crosses the 
boundary of two mediums. When light rays are incident on the surface of a stone, some of them are 
reflected while the rest are refracted (bent). Refracted light is then incident on another facet. Thus, 
light is repeatedly reflected and refracted within the stone before it finds its way out. In order to 
prevent light from coming out of any other facet except the crown, the facets are cut at designed 
angles. 
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Figure 9.13 Diamonds and gem stones  facets in three views and selected cuts (a) Surface of facets in three 
views, the solid, the crown, and the pavilion (b) A variety of cuts are possible that meets the basic critical angle 
requirements. A selected variety are displayed here. (Courtesy GCAL cut grading) 
 

The amount the light is bent as it passes from air (a medium) to the stone (diamond or gem) 
depends on the difference in density of both mediums. A measure of the amount of light bent in a 
stone is called its refractive index. In order for the stone to trap the entire amount of light inside, the 
incident angle must cause total internal reflection. When the refracted light angle is greater than 
critical angle (Snell’s law), light will not escape from the other facets. Instead, it will be internally 
reflected. Gemologist use the refractive index and critical angle information to determine how the 
facets are to be cut in order to control the path of light through the stone. Many gem cuts that meet 
this basic critical angle requirements can be created. In Figure 9.13, examples of a variety of cuts on 
diamonds and gem stones are displayed. Also, facets on crown and the pavilion are shown.  
 
 The most important examples of cuts are Emerald, Brilliant, Fire and Luster. The luster cut 
refers to the smoothness of the surface of a stone and describes the reflectivity of the stone’s surface. 
Other terms used to describe luster include adamantine, pearly, metallic, silky, vitreous, resinous, and 
waxy. Gem grading reports refer “finish” to describe how well the polished surface is. “Fire” refers to 
the rainbow-like flashes of color seen in cut stones. Where do these rainbow colors come from? It is 
important to realize that the extent of light bent depends on its wavelength. Different colors have 
different index values of refraction and associated critical angles. We note that blue light bends at a 
greater angle than red light. The phenomenon observed as the difference in the bending of light of 
different colors (variant frequencies) is known as dispersion. The fire of a gem is a consequence of 
the cut of a stone, coupled with its dispersion of the different frequencies of white light. 
 

Now we will shift our attention to another interesting topic. Scientists have predicted very 
high temperatures at the core of stars. The estimated temperature at the center of our Sun is as high as 
1.5 × 107 K. We believe that more data is needed to verify that high temperature value. We will show 
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that there are practical limits for attaining such high temperatures. Therefore, in Section 9.6, we will 
discuss the nature of infrared radiation and the relationship of atomic vibrations with the temperature 
of matter within active stars. Furthermore, we will examine the boundary conditions and limits of 
high temperatures in the core of stars.  
 

9.6  Infrared Energy and Vibrations 
 
For several years, scientists were puzzled regarding the life span of an active star. A question of 
logical, long-term relevance is how long will the Sun will supply energy to the Earth to keep life on it 
viably perpetuated. At present it is estimated that the Sun and the entire solar system was formed 4.5B 
years ago. It is also speculated that the universe and its star systems emerged as a result of a titanic 
“Big Bang” event. Evidenced by the cosmic background microwave radiation measured by COBE 
Satellite, developed at NASA’s Goddard Space Flight Center, physicists concluded that the average 
temperature of our Universe is 2.725 +/- 0.002 K [P]. The observed uniform nature of this radiation 
has established and evidently confirms the validity of  the Big Bang theory as the working basis for 
the origin and creation of the Universe. 
 

It was discovered that the Cosmic Microwave Background (CMB) signal raise a point that the 
fabric of space as being that of “nearly perfect blackbody,” and the temperature of the universe was 
verified independently by three varieties of instruments, each designed utilizing different principles. 
The satellite carrying these instruments was launched in November of 1989. The three principle-
based instruments were named Diffuse Infrared Background Experiment (DIRBE), Differential 
Microwave Radiometer (DMR) and Far Infrared Absolute Spectrophotometer (FIRAS). Their 
measurements and observations matched the predictions of the Big Bang theory extraordinarily well. 
Further, it indicated that nearly all of the radiant energy of the universe was released within the first 
year after the Big Bang event. 

 
We covered a brief history of the advances in the temperature measurement techniques for a 

good reason.  It has been determined that the temperature at the core of the Sun is 1.5 × 107 K by 
measuring the z-shift of radiation emanating from the Sun. Also, the temperature values were verified 
independently from computation by applying the laws of equilibrium between thermal gas pressure 
and gravitational pressure within the Sun [J]. An obvious concern surrounds the prospect that the fuel 
in our Sun will eventually be depleted. At present, the energy produced within the Sun is produced by 
nuclear processes, primarily the fusion of hydrogen into helium. To sustain this reaction, it is posited 
that extremely high temperatures are required. To attempt an answer to the question about the long-
term existence of our solar system and the survival of human civilization it is imperative that we learn 
the physical details of infrared energy. 

 
It was claimed that molecular and atomic vibrations in all substances are manifested as 

temperature. Also, it is verified that the amplitude of vibration is proportional to the temperature of a  
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body of matter. In general, it is understood that the larger the amplitude of vibrations, the higher the 
temperature of a substance. The reason for this is that most substances expand as the temperature 
increases. We explored through a search of data on the amplitude of atomic vibrations vs. 
temperatures of gases, liquids and solid substances. We did not find adequate data for fluids or gases 
on our internet search using various engines to infer any conclusions or trends regarding the 
amplitudes of molecular/atomic vibrations vs. temperatures.  

 
The most probable cause for lack of this data is that direct measurement of atomic vibrations 

is not a straight forward process, but one of complexity. Most of the techniques to measure the 
amplitude of atomic vibrations are indirect in nature and provide only approximate values. 
Specifically, measuring the amplitude of atomic vibrations for a broad range of temperatures (i.e., the 
low temperature of super cooled nitrogen to the high temperature values at the surface of the Sun,) 
would be a formidable task. Also, we can point out that there is a lack of experimental evidence that 
prove that molecules and atoms vibrate at high temperature and release thermal energy. Therefore, we 
are offering an entirely different explanation for the creation and the propagation of infrared energy 
waves, as well all other kinds of radiation given off from within the inner space of atoms.  

 
 
Figure 9.14 Motion of electron is analogous to an oscillating pendulum (a) Pendulum performs simple 
harmonic motion  when deflected from Rest (b) Likewise an electron oscillates releasing radiation waves. 
 

As stipulated in Section 2.6, all kinds of radiation at different frequencies are manifestations 
of energy released from the vibrations of electrons. It is known that the mass of a proton in the 
nucleus of an atom is 1836 times the mass of an electron. Therefore, it make sense that infrared  
radiation emerges from electrons in their orbit rather than from vibrations of a heavy proton in the 
nucleus. We postulate that infrared radiation is energy dissipated by vibrating electrons in an 
electrostatic charge field as it makes its transition from an outer orbit to an inner orbit. Similar to the 
absorption and emission processes of light waves, electrons in orbit will continuously exchange 
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infrared energy from the charge field through quantum fluctuations. It is conceived that a gradient of 
energy is established within inner space as the atoms are exposed to temperature differences in the 
vicinity of atoms.  
 

Our revolutionary idea suggests that an electron in orbit performs simple harmonic motions 
as it makes an orbital transitions due to changes in its energy state. The energy carried and dissipated 
by an electron is always quantized and is an integral multiple of h, Planck’s constant. Electron motion 
during transition is analogous to oscillations of a pendulum. It is obvious that a pendulum interacts 
with gravity in its environment to store and release gravitational potential energy. Similarly, the 
electron interacts with the electrostatic charge field and may release all kinds of radiation, including 
infrared (thermal energy) energy waves. In Figure 9.14, the oscillation of a pendulum and the motion 
of an electron during an energy transition event is compared.  

 
A unique feature of electron motion is that radiation is released or absorbed by the electron 

when in transit from one state orbit to the other.  The energy of the electron is dissipated  as it moves 
in the quasi-static electric field. The dissipated energy sets up reverberations in the field, creating 
radiation that are  space-time related. The absolute speed of radiation is a constant c and energy is 
proportional to the frequency of the radiation. Thus, for any radiation, the energy E released from an 
electron propagates at velocity c. As we studied in Chapter 1, 
 

c = f ×          (9.11) 
 
and  E = h × f         (9.12) 
 
where f is the frequency of radiation,  is the wavelength and h is Planck’s constant. 
 

We have repeated this expression from Chapter 2 because it is the most fundamental 
relationship that holds well for all kinds of energy waves that do not require a medium in which to 
propagate. The expression does not work for sound waves as their propagation speed depends on the 
parameters of the medium. For example, the speed of sound waves varies within liquids of various 
types, varying air densities, and various solid materials. Moreover, sound waves cannot travel in 
space, where there is virtually nothing in which to transfer particle movement. Let us understand why 
the speed of all radiation created by the vibrations of electrons is c. Also, we will explain why solid 
and liquid substances expand when their temperature is increased. Further, why gas pressure and 
volume increases as its temperature rises.  

 
It is well known that speed of all forms of energy waves depends on the characteristics of the 

medium through which it passes. Our view point is that radiation waves are disturbances created by 
electron movements in their electrostatic charge field between the protons in the nucleus and the 
electrons in orbit. The propagation speed of energy dissipated from electrons in the form of infrared 
and other kinds of radiant energy waves is set by the rate at which changes occur within the 
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 electrostatic field. Therefore, radiation germinating from vibrating electrons travel at the speed at 
which the electrostatic field reverberates. It just happens that the reverberation speed of the 
electrostatic field is a constant c.  

 
Now let us explore why solid and liquid objects increase in size as their temperature rises and 

contract when their temperature decreases. In accordance with our view, as the temperature of any 
object is increased, the amplitude of electron vibration and frequency of vibration changes in atoms. 
The increase in amplitude of vibration causes a corresponding increase in electron degenerate 
pressure. The increase in degenerate pressure pushes atoms apart, thereby a solid rod of metal 
expands and the volume of hot fluid increases. For the same reason, if heat is supplied to gas in a 
tank, the pressure on the walls of the tank increases because the volume boundary of the gas is fixed.  

 
From our discussion in first paragraph of this section, it seems evident that the life span and 

existence of solar system depends on how long the thermonuclear fusion reaction of hydrogen into 
helium will continue inside the Sun. It has been predicted that the reaction will cease when the 
hydrogen supply of the Sun is depleted. When this happens, the temperature inside the core of the Sun 
will decrease for sometime because no energy is produced to maintain high temperatures. Therefore, 
to accurately predict the life span of the solar system, it is necessary to understand the details of the 
temperature profile of the Sun. This brings us to the discussion covered in the next two sections, a 
model for temperature gradient within our star, the Sun, and ultimate fate of  the solar system. 
  

9.7 Temperature Profile of the Sun 
 
Before we explore the details of procedure to compute temperature inside the core of the Sun, let us 
understand the importance and the need for sustaining high temperature within the Sun. We all know 
that existence of life and survival of our solar systems heavily relies on the fact that the Sun continue 
to provide radiant energy, light and infrared waves. We shall demonstrate in Section 9.8 that at the 
present rate of energy emitted from the Sun, a mass of 6 × 1011 kg per second is lost by the 
thermonuclear fusion of hydrogen into helium [27]. Naturally, this loss of mass and energy should 
effect the temperature of the Sun. At least some parts of the Sun should experience a decrease in 
temperature. 

 Our prediction is that the transformation of hydrogen into helium will cease before the 
hydrogen is completely depleted for two reasons. The surface area of the Sun itself is huge, 6.07877 x 
1012 km2, allowing a vast amount of energy to be lost into space. Secondly, the temperature inside the 
Sun will decrease to a point where it will not be high enough to sustain the fusion reaction.  
Therefore, it is imperative to know at what minimum temperature (lower limit) the thermonuclear 
burning of hydrogen into helium will not occur. In the parts of the Sun where the temperature is 
below that lower limit, hydrogen will not transform into helium to produce the high energy output. In 
order to estimate the life span of a main sequence star such as the Sun precisely, it make sense to 
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determine the temperature variation inside the Sun and the relative concentration of gases from the 
surface to the center. In the foregoing discussion, we will examine limitations of the existing model of 
the Sun and provide some solutions to improve accuracy of the model.  

 

 
 
       Figure 9.15 Model of the Sun that allow computation of temperature at its center  
       by hydrostatic equilibrium principle. 
 

For a long time, the computation of temperature at the center of a star was based on the 
principle that in steady state, the thermal gas pressure at the center should be in equilibrium with the 
gravitational pressure [H]. Should the inward gravitational pressure win over the thermal pressure, the 
star would collapse under the force of self gravity. If outward thermal pressure is more than gravity 
pressure, the star would explode. By applying the stability condition, we can calculate temperature at 
any depth inside the Sun as follows. 
 

Gravitational pressure due to Sun’s mass = Thermal pressure (Thermonuclear fusion of H2 
into He) For this purpose we will consider gravitational pressure exerted by a cylinder of height equal 
to the radius Rʘ of the Sun and cross section area A as indicated in Figure 9.15. The mass of this 
imaginary cylinder is  
 

m =  × V =  × A ×  Rʘ       (9.13) 
 

 where  is assumed as a constant uniform density. We will revisit this assumption for the validity of 
results. If we apply Newton’s laws of gravity to the cylinder, we get 
 Fg  =  G × m × Mʘ     Rʘ

2  
=  G ×  × A ×  Rʘ  × Mʘ    Rʘ

2  
=  G ×  × A ×  Mʘ    Rʘ 

where Mʘ mass of the Sun, G is universal constant, and Rʘ solar radius. The pressure  Pg developed 
by the cylinder 
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Pg = Fg    A = G ×   ×  Mʘ    Rʘ      (9.14) 

 
The ratio Pg / is 
 

 Pg    = G  ×  Mʘ      Rʘ       (9.15) 
 
For the right side, thermal pressure Pg of the star, considered as an ideal gas of N atoms with mass mA 
is  
 
 Pg V = N k T         (9.16) 
   
where V is volume of gas, k is Boltzmann constant, and T is absolute temperature. 
We can substitute density = N ×  mA/V in (9.16),  
 

Pg     =  k T    mA        (9.17)  
 
For star in stable state we infer that the equations (9.15) and (9.17) should satisfy condition 
 

G  ×  Mʘ      Rʘ= k T    mA       (9.18) 
 
We solve equation (9.18) to get solar temperature at the center. 

 
Tʘ = G × mA × Mʘ      (k × Rʘ)   (9.19) 

 
where Tʘ is the solar temperature at center in K,  G=6.7×10-11 N m2/kg2 the constant of gravitation,  
mA=1.7×10-27 kg mass of hydrogen atom, Mʘ=2.0×1030 kg mass of the Sun, Rʘ=6.96×108 m radius of 
the Sun, and k=1.4×10-23 J/K Boltzmann constant. Substitution of above parameters in equation 
(9.19), gives Tʘ = 2.3×107 K = 23M K.  
 
A more accurate value for Tʘ is obtained by using values of parameters that are close to the actual 
values: G=6.67×10-11 N m2/kg2 constant of gravitation, mA=1.6735 × 10-27 kg  mass of hydrogen 
atom, Mʘ=1.9891×1030 kg mass of the Sun and Rʘ=6.96 × 108m radius of the Sun, k=1.3806×10-23 
J.s/K.  Substituting above parameters in equation (9.19), gives Tʘ = 2.310633×107K. 
 
 It is discovered that in reality the solar temperature is about 1.5 × 107K (15 million K) near 
the center of the Sun. This discrepancy arises for two reasons. The model assumes that the star has 
homogeneous gas distribution in its composition and the density is uniform. Actually, density varies 
for the following reason. As time elapses, the mass ratio of helium per hydrogen mass increases. It is 
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naturally noted that a helium atom is four times heavier than a hydrogen atom. Therefore, near the 
center of the Sun helium is accumulated to a greater extent by the force of gravity. Next, we will 
analyze the impetus of the gas variation content of the Sun on model parameters of temperature, 
density and pressure as a function of radial distance from the center. 
 

Table 9.4 A theoretical model for the Sun. 
 

       

Distance from  
 Center % Radius 

Brightness 
Fraction 

Mass 
Fraction  

Temp. 
×106 K 

Density 
Kg/m3 

Pressure  
Rel. to Cen. 

Mean free path 
d mm 

0.0 0.0 0.0 15.5 160,000 1.00 0.243 

0.1 0.42 0.07 13.0 90,000 0.46 0.443 

0.2 0.94 0.35 9.5 40,000 0.15 0.992 

0.3 1.0 0.64 6.7 13,000 0.04 2.624 

0.4 1.0 0.85 4.8 4,000 0.007 10.742 

0.5 1.0 0.94 3.4 3,000 0.001 53.261 

0.6 1.0 0.98 2.2 1,000 0.0003 114.876 

0.7 1.0 0.99 1.2 400 4 × 10-5 469.947 

0.8 1.0 1.0 0.7 80 5 × 10-6 2193.086 

0.9 1.0 1.0 0.3 20 3 × 10-7 15664.9 

1.0 1.0 1.0 0.006 0.00003 4 × 10-13 23.498X106 

  
 Let us compute the values of two important parameters, pressure and mean free path for 
hydrogen atoms near the center of the Sun. The pressure at the center of the Sun is: 

 

Pʘ =  × G × Mʘ/Rʘ         (9.20) 
 
After substituting values of  G, Mʘ, Rʘ and with the mean density  = 1.4 × 103 kg/m2, we get  
Pʘ = 2.7 × 1014 N/m2.   
 
Pressure is usually expressed in bars, Pʘ = 2.7 × 109 bars. 1 bar = 105 N/m2. Similarly, we can  
determine the mean free path (MFP) d for ionized  hydrogen as a function of dh. 

 

MFP d = Kb × T/(√2 ×  × dh
2 × P)   (9.21) 

 
where P pressure, dh diameter of hydrogen, T temperature in K, and Kb is Boltzmann constant. 
 
In Table 9.4, we have summarized the results and plotted various parameters vs. the distance from the 
center of the Sun in Figure 9.16. 
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Figure 9.16 Theoretical model of the Sun’s interior. The parameters luminosity, temperature, density, and mass 
are plotted vs. the distance from the Sun’s center. (Courtesy of R. Freedman and W. Kaufmann III, Universe) 
 

From the data, it is evident that 85% of the mass of the Sun is concentrated in a region 
corresponding to 40% of the radius within the entire volume of the Sun. In the same region 
temperature drops from 15.5MK at the center to about 4.8MK at the surface of an imaginary sphere 
with a radius of 40% of the full radius of the Sun.  
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We have identified two main limitations of the present theoretical model of the Sun. The 
model does not explain why the real value of temperature at the center is 15 million degrees K and 
not the calculated value of about 23 million degrees K. Also, it does not address a crucial parameter, 
namely, the minimum temperature at which thermonuclear burning of hydrogen into helium occurs. 
As we shall see in next section, it is this temperature value that determines the life span of the solar 
system. Another parameter that effects the fusion reaction within the Sun is the collision rate of 
hydrogen ions which, in turn, depends on the mean free path parameter.  Further, we noticed that the 
mass fraction column in the Table and the chart indicates very small fraction of mass at the center of 
only about 40% of total mass within a 20% radius sphere. The fact of the matter is, as time 
progresses, the percentage of helium concentration in the vicinity of the Sun’s center increases with 
comparison to hydrogen concentration in the same region. Let us investigate these limitations in view 
the life span of the Sun. 
 

It is our understanding that it takes six hydrogen atoms to fuse into one helium atom, 
requiring a successful collision event. The collision rate is inversely proportional to the mean free 
path. Therefore, collision probability decreases as the length of mean free path increases. Our 
estimate predicts that the collision rate for mean free path above 10 mm (1 cm) will not be sufficient 
to sustain the thermonuclear fusion process in the Sun. From the table, we find that the corresponding 
minimum temperature at which the fusion process will occur is 5.0M K.  We shall utilize this fact to 
calculate the fraction of available hydrogen mass for conversion into helium in Section 9.8. This 
fractional mass will allow us to compute the life span of the solar system with higher accuracy than 
before.  

It is imperative to compute the mass ratio for hydrogen and helium gas near the center of the 
Sun. You should not confuse the mass fraction described here with the mass fraction column in Table 
9.3. The column refers to the ratio of H / He mass contained within a fractional sphere that has a 
radius a fraction of the total spherical radius of the Sun. Over the lifetime of the Sun, the mass ratio of 
hydrogen to helium near the center of the Sun pushes out an annular region where thermonuclear 
fusion events actively occur. Therefore, the variable mass distribution of hydrogen in relation to 
helium determines the temperature profile of the Sun. We suspect that temperature in the spherical 
region that is mostly comprised of helium atoms, 20% of solar radius at the center, is at a lower 
temperature of 15 M K, rather than a temperature of 23 M k found in the annular ring where fusion is 
in progress. 

It turns out that the current temperature model at the core of the Sun does not account for the 
changes in temperature that would result due to the fact that helium atoms are four times heavier than 
hydrogen atoms. We will present a new corrected model for temperature variations inside the Sun’s 
center, considering temperature adjustment predictions that take into account a greater population of 
heavier helium atoms than considered previously. Also, we suggest that solar physicists develop 
techniques to collect more data on the changes in the composition of the Sun. They should gather data 
to determine the mass ratio of hydrogen to helium in the Sun as time has progressed since the birth of 
the Sun and plot it. 
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Before we create a corrected temperature model, let us look at the degree of compaction  of 
hydrogen and helium atoms within the Sun. Figure 9.17 illustrates the changes in the mass fraction of 
hydrogen and helium concentration in the interior of the Sun since the time of the birth of the Sun to 
the present time [27]. As we note, helium concentration is 50% higher than hydrogen (He, 60% vs. H, 
20%)  in a region 10% of the radius of the Sun from its center. In a small region corresponding to a 
sphere 15% of the solar radius, the chances are negligible that thermonuclear reactions occur there. In 
our opinion, the center of the Sun’s core, being comprised of a spherical region of 15% of the radius 
of the Sun, is cooler than the region where thermonuclear reactions are occurring. The temperature in 
the proximity of the Sun’s center must be lower than 23.1 M K, at 15.M K, a value predicted by the 
current model. 

 

            
Figure 9.17 Changes in hydrogen concentration within the Sun. The proportion of hydrogen and helium 
concentration is changing since beginning of the Sun and the solar systems. (a) hydrogen (b) helium.              
(Courtesy of R. Freedman and W. Kaufmann III, Universe- Sixth Edition) 
 

It is confirmed that in the life cycle of a main sequence star such as the Sun, elements heavier 
than helium gas are formed at the center by a process similar to that of thermonuclear fusion of 
hydrogen into helium. The details of these reactions have been described by the late J. Bahcall as 
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CNO cycles [51]. The thermonuclear fusion of hydrogen into helium, and subsequently the burning of 
helium into Carbon, Nitrogen and Oxygen, is known as proton-proton chain reaction. In the CNO 
cycle carbon, nitrogen and oxygen nuclei absorb protons to produce helium nuclei. 

 
Usually, the CNO cycles occur in later stages of a star’s life and requires hotter temperatures 

for the reaction than the burning of hydrogen into helium. At the present time less than 0.1% of the 
proton-proton chain reactions occur in the category of CNO burning. In the post-main sequence phase 
when CNO burning activity increases, the star enters into a red giant phase in which the surface 
temperature of the star drops. For instance, when our Sun into its red giant phase, its surface 
temperature will drop to 3500 K and the star will expand in size to the diameter of 1 AU [27]. We 
will provide details of this reaction later in Section 9.8. 
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Figure 9.18 Temperature variation within  the Sun as a function of distance from the center(a) Based on current 
model (b) Improved corrected model. 
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From charts of Figure 9.16 we can infer that at a distance of 60% of the radius, the 
temperature drops to 2.2MK and the pressure drops to 0.03%. If we assume that the minimum 
temperature for the thermonuclear burning of the hydrogen into the helium is about 5MK, only the 
mass fraction of the hydrogen mass from 10% radius to 50% radius should be considered as available 
for the thermonuclear fusion. From the mass graph this amounts to 50% of the mass of the Sun. This 
should allow us to compute the remaining life span for the Sun with high accuracy. We shall 
complete our discussion about the life span of the solar system in Section 9.8. Next, we will describe 
the corrected internal temperature model for the Sun. 

 
As explained earlier, the temperature at the center of the Sun will be adjusted to a lower value 

than commonly supposed due to two causes. The concentration ratio of populated helium atoms per 
hydrogen atom is higher than surmised or accounted for near the center, inasmuch as they are four 
times as massive as their hydrogen neighbor. Moreover, the specific heat of heavy helium atoms is 
higher than specific heat of the lighter hydrogen atoms. In addition to this, the central core of the Sun 
is comprised of much heavier elements such as Carbon, Nitrogen and Oxygen that have been created 
by CNO cycles. In Figure 9.18 (a) the temperature profile within the Sun in accordance with current 

prediction is displayed. We predict that the temperature at the center in a spherical region radius less 
than 10% of solar radius Rʘ is about 15.5MK. The temperature in the annular spherical shell region 
from radius 10% to 50%  should be higher, about 23.1MK. We have made corrections and  updated 
the model as shown in Figure 9.18(b), indicating a drop in temperature near the center. Incidentally, 
this correction curve resembles the correction applied by Max Planck’s model for black body 
radiation from a cavity described in Section 11.2. 

 
In the next section, we shall discuss a very important topic for the human race, the fate of the 

solar system and how long the civilization on the Earth will survive. Also, we will discuss, what will 
happen to the stars like the Sun at the end of their life cycle. Further, we will explicate the amazing 
details on thermonuclear fusion reactions, in particular, the burning of hydrogen into helium. In 
addition, we will discuss the formation of the heavy elements of carbon, nitrogen and oxygen.  

 

9.8 Fate of Solar Systems 

 
As stated before, our solar system and its Sun were born approximately 4.5B years ago. For hundreds 
of years space-observing scientists were trying to calculate when our solar system, the Sun, and 
therefore our civilization, will cease to exist. The present estimate from Chandrasekhar and others 
states that approximately after another 4.5B years our Sun will become a cold, white dwarf star [37]. 
Scientists were also unable to confirm if the mass of the Sun is depleting as a result of the loss of 
billions of watts of radiation energy into space. Further, it was not clear which process sustained the 
loss of radiation energy from the Sun. Therefore, in this section we will describe extraordinary details 
on the thermonuclear fusion reaction within the Sun and the ultimate destiny of the solar system. 
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Einstein attempted to answer the question about the life span of the Sun through his famous 
mass to energy transformation equation.  World Physicists were convinced that his answer and 
solution were brilliant. Astrophysicists now believe that at very high temperatures, at least 15M K, 
hydrogen atoms in an ionized state are fused together to form helium atoms at the core of the Sun. 
This fusion process is known as the thermonuclear burning of hydrogen into helium, a three-step 
process [27]. According to the description of the reaction, 0.7% of the mass of the hydrogen atom is 
converted into radiation energy. After Nobel Laureate John Bahcall’s discovery, physicists  were able 
to compute the vast amount of energy released from the Sun by applying Einstein’s equation, 

 
 E = M × c2 
 
As per Einstein’s equation a small mass is transformed into a huge amount of energy. Only 

0.7% of hydrogen mass is converted to form a helium atom and an enormous amount of energy is 
released. What puzzled us was that if the mass of the Sun is changing (depleted) because of the loss 
of energy by radiation, why has the Earth’s and other planet’s period of rotation around the Sun not 
been effected appreciably for the past several million centuries?  Therefore, we thought, the 
thermonuclear fusion and the burning of hydrogen into helium atoms as the only source of energy 
was not a satisfactory explanation for the luminosity of the Sun! We decided to probe the issue 
further. We discovered that, based on Einstein’s computation, the estimated life span for the solar 
system and the Sun is in excess of 105 Billion years rather than 10.5 Billion years. 

 
Our view is that Einstein’s equation provided a very optimistic result and did not paint the 

picture clearly, or accurately. According to the third postulate of special Skylativity® theory at 
Section 3.5, radiation is released before electron and positron pairs are annihilated in the fusion of 
hydrogen into helium. We claim that whenever a radiation event occurs, it occurs because the 
electrons of gas atoms at a high energy state are making  transitions to a low energy state. There is no 
substantial conversion of mass into energy that takes place during the emission of radiation energy. In 
reality, we will show that the loss of mass of the Sun occurs because neutrinos are created during 
annihilation of positrons and electrons. Trillions of neutrinos escape from the Sun in space every 
second, causing its mass loss. Therefore we instituted the following theorem, Energy Conservation in 
the Universe. Also, from Planck’s quantum model for light and radiation energy waves, found in 
Chapter 2, it is clear that the mechanical vibrations of electrons are manifested as radiation waves.  
 

9.8.1  Energy Conservation in the Universe 
 
Theorem 9.1 Energy Conservation in the Universe 
The total energy of matter inside white stars, such as the Sun, cannot be altered despite the loss of 
billions of watts of radiation energy per second. The sum of energy produced and the remaining mass 
of the white star, the Sun, always remains constant unless a portion of its mass is dislocated by 
another star.  
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Formal Proof of the theorem: 
 
 

The basis for the proof of this theorem stems from the roots of the Baryon number rule for the 
conservation of nucleons and Newton’s form of Johannes Kepler’s third law. Surely, a majority of the 
mass in the universe is comprised of baryons, the sum of protons and neutrons. We state this because 
the nuclei of all the stable elements formed in nature consist of protons and neutrons. All of the 
observed processes, as well as obscure ones, are described by the conservation of a quantity, a baryon 
number. Any baryon, such as a proton or a neutron is assigned a baryon number of +1, while any anti-
baryon is assigned a baryon number of -1. According to this rule, the sum of the baryon numbers of 
all particles existing before any process must match with the sum for all particles existing at the end 
of the process. Since the major source of energy in all stars is due to the thermonuclear fusion 
processes, to determine loss of mass it makes sense to apply the baryon conservation rule to nuclear 
reactions occurring in the Sun as an example.  

 
In Figure 9.19, details of the three-step process of thermonuclear fusion of hydrogen into 

helium is displayed. If we assign a baryon number for each of the particles participating during each 
of these three steps, you will see that we satisfy baryon conservation rule requirements. Therefore, we 
conclude that a majority of the mass disappearing in the reaction is not being transformed into 
radiation energy. Furthermore, the luminosity of the Sun, the measure of its emanating visible light, is 
produced by vibrations of electrons. One can clearly see that the vibrations of the electron in the 
annihilation of an electron/positron pair of Step 1 in the fusion reaction occurs prior to the destruction 
of an electron mass.  A detailed analysis of the thermonuclear fusion process reveals that only 0.7% 
of mass (annihilation of an electron and positron) is converted to energy. It seems, therefore, that we 
have a basis for proving our theorem. 

 
Next, we will investigate the effect of the loss of mass on the period of the Earth’s orbit. By 

comparing the computed value of the changes in the Earth’s orbital period from year to year, in 
numbers of seconds per year, to see if there is a correspondence to the loss of mass in the Sun with 
the measured values of changes, we may substantiate a proof.  

 
According to Newton’s law of gravitation, the force of gravity between two objects is 

proportional to the product of their masses and inversely proportional to the square of the distances 
between the gravity center of both objects. The proportionality constant G is known as a universal 
constant because the results from the application of the law is correct no matter where one is in the 
entire universe, and it holds well for every object of any size. We will restrict the application of 
Newton’s law to nonzero rest mass entities and exclude mass-less energy waves. Semantically:  

 
 
Fg = G (Me × Mʘ)    R2  (9.22) 
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Figure 9.19 Thermonuclear fusion of hydrogen into helium, three steps. (a) Two protons fuse to form an 
isotope of hydrogen (b) An isotope of hydrogen from Step 1 and a proton fuse to form an isotope of He. (c) 
Two 3He nuclei collide to form the 4He isotope and two protons (Courtesy of John Bahcall [51]). 
 

It is a well known fact that the measured solar year period and the time required for the Earth 
to complete one rotation around the Sun, is observed to be fairly constant for the past hundreds of 
centuries. Both the tropical year and the sidereal year periods have deviated from their values by a 
very small fraction of a second over centuries. From Newton’s form of Kepler’s third law, Section 
9.2, we can deduce that if the orbital period is constant for a rotating pair of objects, the masses of the 
objects would be constant provided the distance of the semi-major axis of their elliptic path is 
constant. The sidereal period for the Earth’s orbit around the Sun using Kepler’s law is computed by 
the relation 

 
P2 = [4π2    G(Me+ Mʘ)] × a3             (s2) (9.23) 
 

where P is the sidereal period of orbits in seconds a is the semi-major axis in m, Me is the mass of the 
Earth in kg, Mʘ is the mass of the Sun in kg, G is the universal constant of gravity, which value is 
6.67 × 10 -11 m3 kg-1s-2  
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To prove our theorem we must prove that the sidereal period of the Earth’s orbit around the 
Sun does not alter over a period of many decades. In the following, we shall formally prove and 
validate our theorem by comparing the computed value of the changes in the sidereal period of the 
Earth’s orbit to the experimental value. To accomplish our objective, we shall first compute the total 
mass that is lost per second from the Sun in the thermonuclear fusion of hydrogen into helium.  The 
lost mass is expected to generate power within the Sun to achieve a measured luminosity. We shall 
utilize the equation E = m × c2 to compute the loss of mass on the basis of the Sun’s brightness. 

 
 It turns out that in fusing hydrogen into helium six hydrogen isotopes are fused together to 

form one helium atom, and two hydrogen atom isotopes are produced along with the release of 
Gamma waves that result from the annihilation of two electrons and two positrons. A fact that is 
interesting about the thermonuclear process of burning hydrogen into helium is that when two (light 
weight) hydrogen isotopes are fused together, the mass of the combined one 2H isotope, that is, one 
proton and one neutron (neutron mass = 1.67493 × 10-27 kg), is lower than the mass of two 1H 
hydrogen isotopes (protons mass = 1.67262 × 10-27 kg) that started the reaction, and in addition to this 
releasing a positron (refer to Figure 9.19). The reason for this is that the energy and the mass of a 
bound helium nucleus is smaller than two isolated 1H hydrogen isotopes. You will learn more on this 
subject in Section 12.3. 
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Figure 9.20 Structure within an atom down to fundamental particles quarks. (Adapted from a chart of the 
standard model for particles and interactions. http://CPEPweb.org) 
 

Figure 9.20 illustrates the structures within an atom down to the most fundamental particles, 
quarks. The distances between the particles are not to scale because of the enormous differences in 
their sizes. Also, the approximate mass and charges for the various quarks are included in Table 9.5. 
The second confusing fact that is not answered by the present scientific theory is why all of the 
positrons created during the thermonuclear fusion process are immediately annihilated by electrons,  

http://cpepweb.org/
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none thereby escaping from the Sun. Even the tiniest neutrino particle of different eigen states are 
escaping from the Sun, despite their very low mass and almost no reactivity. These tiny particles are 
detected by us on the Earth, as we discussed in Section 7.8. For that matter, it is surprising that none 
of all the types of anti-particles are found freely in nature.  
 

Speaking of neutrinos, we found out that Einstein’s energy to mass transformation equation 
utilized in the computation of the mass of hydrogen consumed per second to give luminosity to the 
Sun did not account for the mass of neutrinos. When an electron and positron pair is annihilated our 
prediction is more than 3600 neutrinos are released, a staggering number. Therefore, if we subtract 
the mass of neutrinos from Einstein’s mass to energy transformation equation it would require a much 
higher mass of hydrogen consumed to produce the present level of brightness by the Sun. We will 
perform this computations later to prove our point. 

 
                                          Table 9.5 Mass and charges on quarks. 

 

Quarks 
 Flavor 

Approximate 
Mass GeV/c2 

Electric 
 Charge q 

u-up 0.003 2/3 
d-down 0.006 -1/3 
c-charm 1.3 2/3 
s-strange 0.1 -1/3 
t-top 175 2/3 
b-bottom 4.3 -1/3 

  
For the time being, we will accept Einstein’s formula and proceed. In the first step of 

thermonuclear reaction, the masses of two electron/positron pairs are lost and converted into energy 
in the production of one helium atom [27]. We can compute the energy produced corresponding to 
lost mass as follows. 

Mass of four hydrogen atoms = 6.693 × 10-27 kg, subtracting  
Mass of one helium atom = 6.645 × 10-27 kg 
Mass lost    = 0.048 ×10-27 kg 
 

This lost mass corresponds to energy= m×c2 = 0.048 × 10-27 (3 × 108)2  
       = 4.3 × 10-12 joules 

This represents the energy produced from the conversion of 0.7% of the mass of hydrogen. 
Therefore, when 1 kg of hydrogen is consumed to form helium, 0.007 kg will be converted into 
radiation energy E = 0.007 kg × (3×108)2 = 6.3×1014 joules. To give the current luminosity of the 
Sun, 3.9 × 1026 joules per second, power should be produced by burning hydrogen. The power 
emitted from the surface of the Sun is divided into 40% visible light, 50% IR, 9% UV, 1% X-ray, 
radio waves, and etc. [38]. This allows us to compute the loss of mass on the Sun per second which is 
given as (3.9×1026)    (6.3×1014) = 6×1011 kg per second. Our objective is to find out the deviation 
of the sidereal period because of changes in the mass of the Sun per year. 
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From these parameters:  
Mass consumed per year = mass consumed per second × number of seconds per year 
 = 6×1011×3.16×107 kg 
  = 18.96×1018 kg 

This number appears to be very small in comparison to the mass of the Sun that is 1.989 × 1030 kg. 
This number accumulates over the life of the Sun. It is estimated that the current age of the Sun is 
4.5B years. The loss of mass of the Sun at the present time is the mass consumed per year times the 
number of years. Numerically, the mass consumed 18.96×1018×4.5×109 kg = 0.853 ×1029 kg. This 
is approximately equal to 4.289% of the mass of the Sun. 

 
Now let us calculate the impact of the loss of mass of the Sun on the sidereal period of the 

Earth since the beginning of the solar system and the difference in the sidereal period each year. We 
shall compute the period by substituting numbers in Kepler’s third law equation (9.23): 

 
          P2 = [4π2    G(Me+ Mʘ)]×a3      

         = [4×9.8696/6.6726×10-11(5.974×1024 + 1.989×1030)] (1.521×1011)3 
 = 39.48×3.519×1033    (6.673×5.974×1013 + 6.673×1.989×1019) 
 = 138.93×1033    (39.86 × 1013 + 13.273×1019) 
   

Since the ratio of the solar mass to the Earth mass is 0.333 × 106, we can remove the first 
term in the denominator to simplify the arithmetic: P2 = 138.93×1033    (13.27259×1019) giving  
P= (10.467×1014)1/2 = 3.23534×107 Seconds.  
 
Without removing the first term: P2= 138.93×1033    (13.27263×1019 s2,  P = 3.23489×107s 

 
The ratio of these two values is 0.99986. Therefore, removing the first term should provide 

meaningful results for comparison purposes. It is noteworthy to see that the exact number of seconds 
in the sidereal period is 31557600. Therefore, in terms of the absolute values, Kepler’s third law 
provides period values that are only approximately correct. Let us look at the impetus of the loss of 
the mass of the Sun on the sidereal period for the decrease in mass to date. Since the mass decrease to 
date is 4.289%, the new value for the sidereal period is: 
 
 P2 = (138.93    (0.95711×13.27259))×1014 = 10.93650×1014 and P = 3.307038×107 s 

 
The results of our computations indicate that the sidereal period should have increased 

4.7937% over a period of 4.5B years! The difference is approximately 1512779.49s or 1.5 M s since 
the beginning of time. This translates to 333 s increase per year. We cannot see the experimental  
data that far back in time.  We will compute the sidereal period change, year after year. Also, to verify 
the 333 s numbers, let us calculate the difference in the sidereal period for two successive years. 



492          Chapter  9 
 

Performing the computations for the sidereal period, year after year, is not a trivial task because the 
decrease in the mass of the Sun per year is very small compared to the entire mass of the Sun. For 
such a small difference calculations cannot be performed with an acceptable accuracy. However, very 
accurate cesium Cs clocks are designed that can measure the number of seconds per year, every year, 
with accuracies better than few nanoseconds.   

 
A national standard institute, such as NIST that maintains these clocks, measures the time 

difference, year after year. Recent data from the experimental measurement of the sidereal period 
indicates that the sidereal period indeed increases by 0.4ms (400 s) each year because the mass of 
the Sun is diminishing. This results in a tiny increase of the distance of the Earth from the Sun. Since 
the loss of mass 0.7% in thermonuclear fusion is accounted in the radiation energy released, we have 
proved the theorem that total energy is conserved.  Astrophysicists believe that the small increase in 
the sidereal period is of no consequence as it is very small and does not have any other effect. We 
believe this increase in the distance of the Earth’s orbit will decrease the temperature on the surface of 
our planet and will have a global cooling effect.  

 
Now, let us calculate the life span of the solar system based on the computation from the 

fraction of hydrogen mass that is available on the Sun for conversion into helium. The  mass is 
consumed each year to produce energy which sustain the present level of luminosity of the Sun. Our 
calculations are based on the assumption that the minimum temperature required for the 
thermonuclear fusion process is 1M K.  

 
From the computation in this section, the mass consumed per year to generate the required 

power at the Sun = 18.96 × 1018 kg. From Section 9.7, The mass inside the Sun that is available for 
conversion  is equal to 0.8×solar mass×0.07 kg = 0.56×1.9891×1030 kg 

 
Life span = 1.113896×1030    (18.96×1018)  

 = 58.749789×109 years 
 = 58.749789B years 
 

If we assume that the minimum temperature required for the thermonuclear fusion of hydrogen into 
helium is 10M K, the new value for the remaining life span is: 

 
Life span = (0.3×1.9891×1030×0.07)    (18.96×1018) 

 = 2.203117089B years 
 

What we have shown is that the life span computations critically depend on the minimum temperature 
at which the thermonuclear fusion reaction occurs. The life span changes by a factor of 30 when the 
temperature requirement of the fusion changes by a factor of 10 from 1M K to 10M K. Realistically, 
the minimum temperature for the fusion reaction to occur is approximately 5M K. The corresponding 
available mass fraction of the hydrogen gas for the conversion is 0.7. This gives a life span value of: 
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 Life span  = (0.7×1.9891×1030 ×0.07)    (18.96×1018) 
            = 5.140606B years 
 
This value agrees with the data published for the life span of the solar system in widely 

published literature. It is evident that the improvement in solar model suggested by us provides a 
process to determine life span of solar system as a function of minimum temperature at which 
thermonuclear fusion occur. The results of our computations are more accurate and are consistent 
with reality.  

 
From the above analysis it is evident that to predict the life span of our Sun with higher 

accuracy than before it is imperative to determine the minimum temperature at which the 
thermonuclear burning of hydrogen into helium atoms can occur. The lower limit on the temperature 
at which thermonuclear burning of hydrogen into helium gas occurs will determine the mass fraction 
of the total hydrogen mass on the Sun that is available for the fusion. The task of determining the 
minimum temperature at which the hydrogen to helium conversion occurs in the fusion process is 
difficult. The fusion temperature depends on the pressure of hydrogen. The pressure is changing as 
the concentration of helium is increased. As explained in the next paragraph we can calculate 
minimum temperature by equating potential energy with the internal energy of hydrogen. For  this 
computed temperature value we can find the radius from temperature profile. For the radius we can 
find the mass fraction, the amount of remaining hydrogen for the fusion reaction.  

 
For more precise computations of the minimum temperature at which the thermonuclear 

burning of hydrogen into helium takes place, one must compute the probability of fusion at a specific 
pressure. This probability depends on parameters such as the mean free path and the velocity of the 
hydrogen atoms in a plasma state in which the atoms of hydrogen are completely ionized. The fusion 
probability number is utilized to calculate the minimum energy required for the fusion to occur. 
Alternately, one can use the mean free path (MFP) distance to calculate the potential energy between 
two ionized hydrogen atoms[19]. For mean free path potential energy U 

 
MFP U = ke × q1 × q2/r   (9.24) 

 
where  ke Coulomb’s constant = 8.99 × 109 N m2/C2, q Proton charge = 1.6021 × 10-19 C,  r 
separation distance to overcome the repulsive Coulomb force for hydrogen ions. For the collision to 
occur, this energy must be equated to thermal energy  
 

Q = (3/2) × kb × T         (9.25) 
 
where T is absolute temperature in K and Kb is Boltzmann constant. 
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From equation (9.24) and (9.25) one could solve the minimum temperature T. Perhaps more 
accurate analysis is required to increase the accuracy of computations and derive the value of 
minimum temperature at which thermonuclear fusion of hydrogen into helium is occurring. Next, we 
will discuss the ultimate fate of our civilization and the end of our solar system. 

 
So, what is the future of the solar system and our civilization? As per the prediction from our 

theorem and by Einstein’s computation of mass to energy conversion, the mass of the Sun does not 
change significantly in thermonuclear fusion reactions. This is the case even though tremendous 
amounts of wave energy has been radiated for billions of years. Further, it is highly probable that the 
Sun will continue to provide radiation energy by processes similar to the hydrogen burning, such as 
helium burning, carbon burning, and oxygen burning that will occur in the post hydrogen to helium 
conversion era. It is likely that these other processes will occur at a higher temperature than the 
thermonuclear burning of hydrogen into helium.  

 
The good feature of the thermonuclear burning of hydrogen into helium process is that it 

creates two ions of hydrogen atoms at the end of the process. This results in a chain reaction for the 
thermonuclear fusion process. The chain reaction allows sustaining the process as long as the 
hydrogen atom supply is available. Ultimately, the thermal energy of the Sun will be reduced below a 
level that would support any kind of thermonuclear reaction. In the meantime, the Sun will make a 
transition from the main sequence phase to the red giant phase, when the core temperature of the Sun 
will cool off. Gradually, all of the hydrogen will be consumed and transformed into helium, and 
ultimately heavier elements. In the red giant phase the Sun will expand to the size of the Earth’s orbit 
and its surface temperature will drop to 3500 K. Stages in the life cycle of the Sun are displayed in 
Figure 9.21. 
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Figure 9.21 Stages in life cycle of the Sun. As the Sun ages, it expands, its surface temperature drops 
and eventually it becomes a white dwarf in a supernova explosion. 
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When the Sun becomes a red giant star it will swallow the planets Mercury and Venus. The 
radius of the Sun will eventually approach the Earth’s orbit. Hence, the temperature on the Earth will 
be unbearable for human habitation, or any life that had been on it. All the oceans and the land masses 
will evaporate, and the heated gases of the earth and atmosphere will escape into space. The human 
civilization will cease to exist. As per the current estimate, this will happen after another 4.5B years 
from now. After the initial expansion in the red giant phase, the Sun will contract under gravitational 
pressure because thermonuclear reaction has stopped. The star will continue to shrink until the 
temperature rises to the extent thermonuclear burning of helium into carbon is possible. 

  
Now we will look at the details of helium burning, which begins at the center of a red giant 

star. Helium burning to make heavier nuclei and a release of energy does not take place in the core of 
the present-day Sun because the temperatures are not high enough. As the hydrogen-burning adds 
mass to the helium core the core contracts gravitationally, further increasing the temperature of 
helium core after hydrogen burning ceases. When the temperature at the perimeter of helium shell 
increases to 100 million (108) K , helium burning starts.  Helium burning happens in two steps. First, 
two helium nuclei combine to form an isotope of beryllium as follows. 

 
4He + 4He → 8Be        (9.26) 
 
Ordinarily this isotope of beryllium is highly unstable and breaks into two helium nuclei soon 

after they are formed. However, in the star’s dense core there is very small mean free path, a third 
helium nucleus strikes the 8Be nucleus to create a stable isotope of Carbon and release energy in the 
form of gamma rays. 

  
8Be + 4He → 12C +         (9.27)  
 
This process of fusing three helium nuclei to form a carbon nucleus is called the triple alpha 

process as helium nuclei are also called alpha particles. A few of the carbon nuclei created in this 
process are fused with additional alpha particles which produce a stable isotope of oxygen and release 
higher energy than thermonuclear fusion of hydrogen into helium. 

 
12C + 4He → 16O +         (9.28)  

 
Now that we know that the fate of our solar system critically and ultimately depends upon the 

fate of the Sun, let us look at the predictions of modern theories about what will happen during the 
last stages of a star. The modern theories suggest that the white dwarf stars are the final state for most 
stars after they exit from the red giant state. The nuclear fusion process of turning hydrogen into 
helium in the main sequence star, such as the Sun, ends due to the lowering in temperature or the lack 
of hydrogen fuel, and the star will become red giant star.  During the main sequence state stars spend 
most of their existence in a state of equilibrium. The two forces of the gravitational force trying to 
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pull inward and the thermal pressure from nuclear reactions at the core to pushing outward, balance 
one other.  

When the nuclear fuel within the star is exhausted, it must contract because of gravitation. 
The end product for this collapsing star is a low-mass white dwarf star. Before the contracted star 
becomes a white dwarf star, the star goes through a transition phase known as the red giant phase. 
The contraction in the core increases the temperature that causes the burning of the helium shell core 
into the carbon and the oxygen. It is believed that the mass of the white dwarf star can be no more 
than 1.4 times the solar mass, as stipulated by the Chandrasekhar limit. In the red giant phase the Sun 
will grow in size and will eject some of its mass. If a star should be more massive than the Sun, up to 
four times the solar mass, it could lose enough mass to form a white dwarf star with mass no greater 
than 1.4 solar mass. The stars more massive than four times the solar mass will not end up being 
white dwarves. These stars collapse even further, becoming a neutron star or a black hole. Their final 
moments as “normal” stars are more spectacular. Most of them, it is believed, will finish their lives in 
a supernova explosion.  

 
As explained before, the Sun will inflate to a size of the Earth’s orbit (about 300 million km 

diameter) before it will become a white dwarf star of the size of 10000 to 20000 miles in diameter. 
The white dwarves are known to have a wide range of temperatures, from 5000 K to 70000 K, 
although most fall between 8000 K and 10000 K. Also, a white dwarf has a much weaker brightness 
than a star in the normal main sequence state. The luminosity of a white dwarf star compared with the 
Sun will be as low as 1% of the present day brightness. 

 
WHAT IS NEXT? CHAPTER 10: Mystery of Black Holes 

 
 Black Holes: Origin and Classification 
 Event Horizon and Fictional Singularity 
 Dark Matter and Invisible Dark Energy 
 Color Matter and Bright Light Energy 
 Observable Universe 
 Universe from Future Dimensions 
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9.9 Summary 
DEFINITIONS 
Stellar evolution: A theory that deals with how the stars are born, survive during their life span, and 
how they die. The stars shine by thermonuclear fusion reaction and have a finite life span. 

 
Protostar: A star in its earliest stage of formation. Star formation begins in dense, cold nebulae, 
where gravitational attraction causes a clump of matter to condense in a star. 

 
Main sequence star: A star that derives its energy from thermonuclear burning of hydrogen in its 
core. A grouping of stars whose brightness and surface temperature place it on the main sequence 
region of H-R diagram. 

 
Main sequence lifetime:  The total time that a star spends burning hydrogen in its core. 

 
Red giant star: When hydrogen in a core of main sequence star is exhausted, the hydrogen burning 
ceases. The hydrogen burning works its way outward while the nearly pure helium core stays in tact. 
The helium core shrinks and becomes hotter while the outer layers expands and cool. The star loses 
its brightness and becomes a red giant star.  

 
Supernova explosion: It is a stellar outburst during which a star suddenly increases its brightness 
roughly a million times. The carbon burning inside a degenerate star ignites it explosively. 

 
White dwarf: It is a low-mass star that has exhausted all its thermonuclear fuel and lost all its 
luminosity, and that is contracted to a size roughly equal to the size of the Earth. 

 
Brown dwarf: It is a  star like object that is not massive enough to sustain hydrogen burning. 
  
Black hole: An object whose gravity is claimed so strong that the escape speed exceeds the speed of 
light and light incident inside event horizon is trapped.  

 
Neutron star: A very compact and dense star composed almost entirely of degenerate neutrons. A 
neutron star has diameter of 30 km, mass 3 Mʘ, magnetic field 1012 × Bʘ and period 1s. 

 
Prograde orbit: An orbit of a satellite around a planet or an orbit of a planet around a star that is in 
the same direction as the axial rotation of the planet. 

 
Retrograde orbit: An orbit of a satellite around a planet or an orbit of a planet around a star that is in 
the opposite direction to the direction of the axial rotation. 

 
Girdle: Polished planar surfaces on gems and diamonds are referred as facets. The middle of a 
facetted gem and diamond is named as girdle.. 

 
Crown: The surface of a gem/diamond above the girdle is called its crown. The facets on the crown 
are called the table, the kite(the bezel), and the star which are also known as upper girdle facets. 
 
Pavilion: The surface below the girdle is known as pavilion. The facets in the pavilion which are also 
known as lower girdle facets which are popularly known as culet.    
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DEFINITIONS (CONTINUE) 
 
Thermo nuclear fusion: The fusion of  nuclei (lower atomic number) under condition of high 
temperature to form nuclei of heavy element (higher atomic number) in a process that releases 
substantial amount of energy. For instance, in the Sun four hydrogen nuclei are combined to produce  
a single helium nucleus. 
 
Triple alpha process: A  sequence of two thermonuclear reactions in which three helium nuclei are 
fused to form a carbon or an oxygen nucleus. When the central temperature of a red giant star reaches 
about 100 millions K, helium burning starts in the core. 
 
Quantum reverberation: The energy dissipated by an oscillating electron that performs simple 
harmonic motion in electrostatic charge field of proton in nucleus creates quantized fluctuations in the 
field.  Radiations of all types are the quantum fluctuations that we refer as quantum reverberations. 
Electrons perform oscillations as they make a transition from a higher energy state to a lower state as 
a result of energy exchange phenomenon in accordance with Feynman’s principles. 
 
Kelvin Helmholtz contraction: The contraction of a gaseous body, such as a star or a nebula, during 
which gravitational energy is transformed into thermal energy. 
 
Equivalent mass or reduced mass: In a gravitational field when a system of two masses  M1 and M2 
is related to a third mass, the two masses behaves as if a single mass Meq exist at a mass center 
different from center of gravity of each of the masses. By convention it is referred as reduced mass 
because total acceleration of combined system of masses is increased and the effective mass is 
decreased, smaller M1*M2 /(M1+M2 ) than  each, M1 or M2. 
 
CONCEPTS AND PRINCIPLES 
 
Kepler’s First Law  The orbit of a planet about the Sun is an ellipse with the Sun as a focus. 
Kepler’s Second Law  A line joining a planet and the Sun sweeps equal areas in equal time.  
Kepler’s Third Law  The square of the sidereal period of a planet is directly proportional to the 
cube of the semi-major axis of the orbit.  
 

 Hydrostatic equilibrium: A principle, in steady state, for stability, the thermal gas 
degenerate pressure at the center of a star should balance with the contracting gravitational 
pressure. 

 
 Energy conservation in the Universe: The total energy of matter inside any white stars, 

such as the Sun, can not be altered despite the loss of billions of watts of radiation energy per 
second. The sum of energy produced and the remaining mass of the white star, such as the 
Sun, is always a constant. 
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ANALYSIS MODEL FOR PROBLEM SOLVING 
    

 Newton’s form of Kepler’s third law allows to evaluate planet’s orbit period P in seconds 
given the size of semi-major axis in m and the masses of a planet and  a star in kg. 

 
   P2=  42    G(Mp+Ms)×d3  

   
where  Mp is mass of a planet in kg, Ms is mass of a star, G is universal constant and d is 
semi-major axis in m. 

 
 Equivalent mass or reduced mass for a system of two masses M1 and M2. This is used to 

derive Kepler’s law from Newton’s principles. 
 

Meq = M1M2/(M1+M2)  
 
 Ratio of angular speed of solid core s to gas atmosphere g for any planet at later time is 

computed from  


s/g  = (IG     Is) × Kp- Ig/Is  
       
where Kp= G    g , gas speed reduction,  gas speed when planet was created to the present  
speed, IG planet’s moment of inertia at the start , Ig moment of inertia of gas atmosphere at 
present time and Is moment of inertia of solid core. 

 
 To measure refractive index of a diamond or gem by applying Snell’s law and for the 

Refractometer of Figure 12.9  
 

 dia  =  g × sing     sindia  
 
where g   = i and dia   = r and  speed of light Vdia = Vspace    dia   

      
 Hydrostatic equilibrium  principle is applied to calculate temperature and pressure at center of 

a star. 
 
  Ts = G × mA × Ms    (k × Rs)    and      Ps =  × G × Ms     Rs  
  

where  Ts is absolute temperature at the center, Ms is mass of a star, mA mass of hydrogen 
atom, Rs radius of the star,   average density, G is Universal constant and k is Boltzmann 
constant.  
 

 Mean free path d for hydrogen atoms  in a star is computed from 
 
  d = Kb × Ts     (√2 ×  × dh

2 × Ps)  
 
 where Ps pressure, dh diameter of hydrogen, Ts temperature in K, and Kb is Boltzmann 

constant 
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ANALYSIS MODEL FOR PROBLEM SOLVING (CONTINUE) 

 
 Escape speed of gas molecules from atmosphere of a planet, mass MP  at elevation h  
 
    Vesc = (2 × GMP/h)1//2  m/s  
 

where G is universal constant 
 
 Average speed of gas atoms at temperate T in K 
 

vavg = (3kT    m)1/2  
 
where k is Boltzmann’s constant, m is mass of a gas atom and T is temperature in Kelvin. 

 
 
APPLICATIONS 
 

 Help understand the answer to question: How our solar systems was created? 
 Measure refractive indices of gem stones and diamonds. 
 Determine the speed of rotation when planets were born.. 
 Estimate life–span of solar systems with higher accuracy than before. 

 

Exercises 
 
Questions 

 

A heart () denotes objective question and a question with a diamond ()  requires analysis. 

Answers to all questions () and (), and problems () and () are included at the end of exercises. 
 

1.  What is the most logical explanation for the creation of solar systems and the planet Earth. 
 

(A)  Planets were created by condensation of matter in a spinning cloud of gas that 
accumulated matter from a supernova remnants. 

(B)  Planets were born at the same time as the parent star in a supernova explosion.  
(C)  Sun and Solar system  planets were originated by ejection of matter from a star in 

protostar phase that was slightly larger than the size of the Sun. 
(D)  Stars and planets are formed as a result of  Kelvin Helmholtz contraction in a large 

Magellanic cloud. 
(E) None of the above. 
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2. Define the terms stellar nursery, brown dwarf, white dwarf, black hole, neutron star, 

protostar, red giant star, prograde motion, retrograde motion, and supernova explosion. 
 

3.  In Kepler’s problem of planetary motion, various values of the eccentricity and hence the 
energy E classify the orbits according to conic sections. What value of the eccentricity  and 
the energy E belongs to an elliptic orbit.  

 
(A) 1 and E > 0 
(B)  0 and E < Vmin 
(C) 0 and E = Vmin 
(D) 0 < 1 and Vmin < E < 0 
(E) 1 and E = 0 

 
4. Discuss factors that are responsible for the development of living species on the Earth. In 

your opinion which other planet is the most habitable in our solar systems? 
 

5. What are five C’s of diamond and gems. As it relates to diamond and gems define the terms 
crown, girdle, pavilion, table, culet, the upper girdle, and the lower girdle. 

 
6. Explain in your words, What happens to substances when they are heated? Compare the 

physical motion of an electron with a pendulum. What is a fulcrum when an electron perform 
simple harmonic motion?  

   
7.  A wide range of temperatures is currently accessible in the laboratory and through 

observation. Which of the following is NOT a true statement about temperature?  
 

(A)  0 K is the coldest temperature. 
(B)  200 K is the boiling point of hydrogen. 
(C)  77K is the vaporization point of Nitrogen. 
(D)  1337 K is the normal melting point of gold. 
(E)  6000 K is the Sun’s surface temperature. 

 
8.  According to Hubble’s Law, the relationship between the distance (D) and red shift (z) of a 

galaxy is  
(A)  z is inversely proportional to D 
(B)  z is directly proportional to D2  
(C) z is directly proportional to D 
(D) z is directly proportional to 1/D2  
(E) z is independent of D 
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9. Describe how the net result of the reactions in Figure 9.19 is the conversion of four protons 
into a single helium nucleus. What other particles are produced in the process? How many of 
each particles are produced?  
 

10. In the movie Star Trek V: The Voyage Home, the starship Enterprise flies on a trajectory that 
passes close the Sirius’s surface. What features should a real spaceship have to survive such a 
flight? Why?  

 

Problems 
 

A spade () indicates that solution of the problem demands research outside this text book.  
A club ()  denotes that solution of the problem requires substitution of values in a formula 
 

1.  Find the distance of closest approach for the elastic nuclear reaction 3Li + 82Pb. Assume 
that only the Coulomb force is important. The Li nucleon is accelerated to KE of 100 MeV.   
 

2.  A deuteron is incident on a lead nucleus at Stanford Linear Accelerator. The terminal 
voltage of the accelerator is 10 MV. Find the distance of closest approach in a head-on 
collision. 

 
3.  Derive Kepler’s law from the assumption that a planet moves in a circular orbit about the 

Sun of radius = 2.0 × 1011 m. Use this information to calculate the mass of the Sun. Assume 
that the planet’s orbital period surrounding the Sun T = 1.548  × 107 s.  

 
4.  Assume Maxwell velocity distribution, <v> = (2kT/m)1/2 for the average speed of gas 

molecules in the Earth’s atmosphere. Here K is Boltzmann’s constant. Compare the ratios of 
the average speed of an N2 and O2 molecules to their escape speeds from the surface of the 
Earth.  

 
5.  Consider two equal masses m1 = m2 = m that are attracted gravitationally. Suppose that the 

masses are initially at a distance r0 apart and that one mass is given a velocity v0 
perpendicular to r0. For what value of v0 will the masses be bound in an elliptical orbit.  

 
6.  The Refractometer of Figure 9.12, registered a value of 72 degrees as twice the angle of 

refraction corresponding to an incident ray of light at an angle of 45 degrees from a 
monochromatic source, a sodium lamp. Calculate the refractive index of the diamond 
specimen if the wave length of light was 589.3 nm. Assume refractive index of glass has 
value 1.9. What can you tell about the quality of this diamond specimen? 

7            208 
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7.   How much energy would be released in each of the following cases when masses are 

converted into radiation energy and helium gas. (a) a hydrogen atom of mass 1.673×10-27 kg, 
 (b) 1 kg of hydrogen and (c) entire mass of the Sun = 1.989×1030 kg   

 
8.  What fraction of the Sun’s mass will be converted into helium over the next 5 billion 

years? Assume luminosity of the Sun is 3.9×1026 J/s and the rate of burning hydrogen in the 
Sun remains constant.  How will this affect the overall chemical composition of the Sun and 
the life-span of the solar systems?  

 
9.   (a) A positron has the same mass as an electron. Calculate the amount of energy released 

by the annihilation of an electron and a positron pair. (b) The products of this annihilation are 
two quanta, each of equal energy. Calculate the wavelength of each quantum and confirm that 
this wavelength is in the gamma-wave range.  

 
10.   Sirius is the brightest star in the night sky. It has a luminosity of 23.5 Lʘ and burns 

hydrogen at a rate of 23.5 times greater than the Sun. How many kilograms of hydrogen does 
Sirius convert into helium each second?  

 
11.   One laboratory technique to determine the mass of one star of a binary star system 

involves measuring the distance d between the stars using parallax technique and observing 
the period T of their orbits. Assume, that the binary stars are of equal masses. What is the 
mass m of each star?  

 
12.   An object orbits a star in an elliptical orbit. The distance of the object at aphelion is twice 

its distance at perihelion. Determine the ratio of the object’s speed at perihelion to that at 
aphelion.  

 
13.   A star of mass M and radius R0 has an average rotational period of T0. When this star dies 

and turns into a neutron star, its radius is reduced to 1/Nth of the original radius. Calculate the 
period TN of the neutron star. Assume that the mass is unchanged. 
 

14.   A star may be modeled as a uniform spherical distribution of matter. Let M be the star’s 
mass and V the volume. Derive an expression of gravitational pressure in terms of  volume 
and mass of the sphere. 
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Answers to objective questions 
 

1. (C)  3.  (D)  7.  (B)  8.  (C)  
 

Answers to selected problems 
 

1. 3.54 ×10--15 m 2.  11.81 ×10--15 m 3.  2.0 ×1030 kg  4.   0.038 N2 and 0.035 O2 
5. v0 < 2(Gm/r0)1/2 6.  2.285  7.  (a) 1.075×10—12 J (b) 6.3×1014 J (c) 1.25×1045 J 
8. 4.756% mass of Hydrogen transformed, mass distribution H2 69%  and Helium 30% 
9. (a) 1.64×10—13 J (b) = 2.426×10-3 nm 10.×1013 kg/s 11. Mass m = 22d3/T2 kg 
12. Vpe/Vap = 2 13.  TN = T0/N2  14.  P = 0.2 (4/3)1/3 GM2V-4/3  
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The New Physics of Black Holes 

 
   Stephen Hawking, Cambridge 
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10.4  Color Matter and Bright Light Energy 
10.5  Scope of Dark Universe 
10.6  Universe  from Future Dimensions 
10.7 Summary 

Exercises 
 
In this Chapter our intention is to provide an alternate explanation for the mystery of black 
holes. We will explore the reasons why light and other radiation energy waves seemingly do not 
return when directed toward a black hole. It is believed that the black holes are made of super dense 
dark matter in its entirety. The matter that makes up a black hole is so dense that it creates intensely 
strong gravitational influence. Based on experimental evidence it was predicted that the speed you 
would need to escape from the proximity of a black hole would exceed the speed of light. All of the 
kinds of radiation travel at the same speed, the absolute speed of light, therefore no radiation could 
ever escape from a black hole. It was further speculated that any object coming close to a black hole 
would be sucked in, blinking out of existence in relation to our universe’s physical laws. These 
strange idea based images led people to think that black holes were the most unknown and mysterious 
bodies in the universe. Therefore, we will attempt to shine more light on the creation and existence of 
black holes by introducing an extraordinary theory about the creation and the internal composition of 
black holes. 
 We commence Section 10.1 with a discussion on how the black holes are created in the first 
place. Black holes are of three main classes. We will explicate the root cause for the three different 
types of black holes and expound their distinguishing characteristics. It is believed that black holes 
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are created as a result of the death of massive stars, as stipulated by a young astrophysicist 
Chandrasekhar Subrahmanyan from India. We will expound upon the details of his posited process 
and events that lead to formation of vastly larger black holes than the size predicted by Chandra’s 
limit. An astonishing characteristic of many black holes is that they are spinning. The spinning black 
hole has enormous momentum forcing it to be a disk-shaped object. The temperature at the center of 
the disk is so high that it emits x-rays. We will analyze the reasons for the emission of x-rays and the 
details on the internal structure of the black holes in Section 10.3.  
 
 In Section 10.2 we will investigate an experimentally observed phenomenon that light and all 
other radiation are trapped when they enter the event horizon of a black hole. The conception is that 
not only radiation but any object with finite mass cannot escape from a black hole when crossing the 
event horizon, an imaginary boundary surrounding the black hole, which is deemed to be a 
singularity. We will test the validity of these speculative effects by applying density considerations in 
evaluating the size of black holes. We will define the event horizon and derive an expression to 
calculate its value. Also, we will discuss the parameters of escape velocity and the Schwarzschild 
radius that characterize black holes. 

 
Next, through our visionary ideas we present a revolutionary theory that radiation is absorbed 

by dark matter inside the black hole and not trapped by its massive gravity.  During the middle of 
twentieth century Einstein and others suggested that light and radiation were trapped inside black 
holes. To prove our point we will compare densities of various celestial objects and material on the 
Earth. Also, in this context we will disclose peculiar properties of black holes which made them very 
popular celestial objects for astronomical research in the universe.  

 
It is estimated that approximately 80% of matter in the universe is not observed and is 

classified as dark matter. We categorized matter into dark and color types based on the response of 
celestial objects to radiation sources. We will study the nature and sources of both kinds of matter in 
Section 10.3 and 10.4. Further, we will discuss the stunning details on the internal composition of 
white dwarfs, neutron stars, pulsars and black holes. We explicate the reasons for the difference in the 
alignment between the geographic spin axis and the magnetic pole axis in pulsars. We will introduce 
a revolutionary rigid particle principle that prevents the singularity within black holes and the 
indefinite collapse of huge progenitor stars of a million solar masses contracting under the force of 
self gravity. We will describe the Hawking-Beckenstein conjecture that is responsible for the 
evaporation of matter from a black hole. 

 
In the next section, we will examine the scope of the universe from the stand point of the 

balance between dark matter and color matter. It is determined that our universe is continuously 
expanding since the beginning of time. At present, cosmologists believe that, in part, this expansion is 
caused by a mysterious repulsive force caused by dark energy, which is believed to be of much 
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stronger variety than the contracting force of gravity. We will discuss an interesting possibility. When 
energy from super-gravity is stored within a quantum field it causes the expansion of quantum space. 
Based on this idea you will realize answer to questions such as why our universe is operating within 
an indefinite and infinite expansion mode. From this perspective it makes sense to explore the outer 
limits of the universe; we will have to dig deeper than ever before to find answers to strange 
questions. We have to expand our search space by inventing new dimensions that were not considered 
before. Therefore, we will conclude this chapter by viewing the universe from future dimensions.  

 
 

10.1 Origin of Black Holes 

 
 
The elusive nature of black holes have captured the attention and aroused the curiosity of world 
physicists for the past two centuries. Several papers were published in the twentieth century to 
describe the anomalous characteristics of black holes. Of all the postulated characteristics of a black 
hole, the most bizarre was that light was trapped by its gravity. A black hole was uniquely isolated 
from the other objects in the universe insofar as it contained a theoretical breakdown of all laws of 
known physics at its center. The black holes are invisible to human eyes as well as to the most 
powerful telescopes until physicist verified their existence in the early 1970’s. Scientists received an 
X-ray burst from the Cygnus-1 binary system of stars. The burst of X-rays were flickering at time 
scales of 1/100th of a second [27]. Since then, a lot of research has been done detecting varieties of 
black holes found in the universe.  
 

Black holes are classified into three major groups: super-massive, with masses in excess of 
106 to 109 Mʘ, being found at the center of galaxies, mid-massive size of 500 Mʘ, such as M82, and 
the primordial small black holes, the size of the Earth down to the size of 5×10-8 kg, as proposed by 
Steven Hawking from Cambridge University [40]. Black holes are primarily categorized in this 
fashion not only because they are of different sizes, but also are created from separate mechanisms. 
To understand how a black hole is formed, we should refresh our memory about the life cycle of stars 
from Section 9.1. 

 
As explained in Chapter 9, the smallest variety of black holes, the third kind, are created by 

the Chandrasekhar process. The other two types of black holes are formed from the contraction of a 
stellar nursery which has heavy metal as the predominant material, existing as a large fraction of its 
mass. Let us differentiate these processes precisely by studying their details.  

 
What is a Chandrasekhar process and limit?  Chandra’s premise founded the name of a new 

star that is born after the demise of a star at the end of its life.  It is found from observation that many 
stars whose masses are less than 30 times the mass of the Sun go through red giant phase before they 
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explode in a supernovae.  Also, it is determined that regardless of the size of a star it spends a large 
fraction of lifespan in the main sequence phase. In this phase, the star is in an equilibrium state under 
the influence of inward gravitational contraction and outward increase in pressure due to heat. The 
heat is generated by thermonuclear fusion reaction that we discussed in Section 9.8. The equilibrium 
situation changes when the hydrogen fuel in stars burn out completely. Paradoxically, for the larger 
star that begins with a more massive quantity of fuel tend to run out of it quicker than a smaller star. 
This happens because the more massive star is hotter, burning fuel faster to balance its greater 
gravitational attraction. It thereby rapidly loses much more radiation energy from its larger surface 
area.  

 
Chandrasekhar worked out the size of a star, how large a star could be after it burn its fuel 

and still support itself against the inward pull from its own gravity. His idea was that when the star 
cools-off, the constituent particles get very close to one another. According to Pauli’s exclusion 
principle they must exist in different energy states and have different velocities. This makes them 
move apart from one  another and so tend to expand the star. This is precisely true for stars that are 
comprised of gaseous matter. Therefore, a star with mass less than thirty solar masses enters into the 
red giant phase from a main sequence phase after its fuel burns-off. Chandrasekhar realized, however, 
that there is a limit to the extent of repulsion derived from the exclusion principle that can be 
achieved. The theory of relativity applied to electrostatic fields suggests that the maximum difference 
in the velocities of particles in the star is limited to the speed of light c. This means that when the star 
becomes sufficiently dense the repulsion caused by the exclusion effect would be ineffective against 
the attractive force of gravity.  

 
Chandrasekhar calculated that a cold star of a mass more than 1.5 times the mass of the Sun 

would not be able to support itself and would continue to shrink in size due to its own gravity. This is 
posited as the Chandrasekhar limit that had serious implications for the ultimate fate of massive stars. 
If a star’s mass is less than Chandrasekhar limit, it can stop contracting and settle down to a possible 
final state as a “white dwarf” with a radius of a few thousand miles and a density of hundreds of tons 
per cubic inch. A white dwarf is maintained by the exclusion principle repulsion between the 
electrons, as opposed to the repulsion of whole atoms found in main sequence phase stars. This is 
known as electron degenerate pressure. 

 
Similar to Chandra, within about the same time frame, a Russian scientist named Lev 

Davidovich Landau, pointed out that there was another possibility. For a star with a mass of 2 to 3 
times the mass of the Sun, when becoming “cold” the star would contract to a stellar object of a size  
dwarfing a white dwarf star. This tiny stellar object would be maintained from further contraction by 
another kind of repulsion that occurs between neutrons and protons, rather than between electrons, as 
was the case with white dwarfs. These strange remnant stars are called neutron stars and have 
radiuses of only ten miles or so, and a density of hundreds of millions of tons per cubic inch. Stars, 



 510          Chapter 10 
 

however, with masses above the Chandra and Landau limit posed a different scenario because further 
contraction of the stars is not inhibited by the exclusion repulsion. Chandra did not determine what 
could be the fate of this star. It was a young American physicist named Robert Oppenheimer, in 1939, 
predicting that stars with a mass above 15 to 20 solar masses would contract into a black hole.  

 
The limit for neutron star mass that was stipulated by Oppenheimer, called the Tolman-

Oppenheimer-Volkoff limit (abbreviated to TOV limit), is analogous to the Chandrasekhar limit for 
white dwarf stars. We will categorize the formation of the small size of black holes as an outcome of 
Chandra-Landau-Oppenheimer process (abbreviated as CLO process). The process does not explicate 
how mid-massive and super-massive black holes of the first two types are created. Let us explore the 
formation of these enormously large sized black holes next. We saw in Section 9.1 that the fate of 
stars above 100 solar masses is different from stars under that size. For such massive stars, it is not 
possible for stars to make a transition from the main sequence phase to the red giant phase due to its 
sheer size. Often, many stars of these type form a black hole at the end of their life cycle because they 
are marked by very short life-spans of about 30 million years.  

 
Our prediction is that stars of masses from 100 to 1000 solar masses form black holes of mid-

size by contraction without appreciable effect of repulsion. It is possible that a large fraction of the 
mass of this type of star is comprised of heavy metal atoms, such as iron, at the time the star was 
created. We imply that exclusion repulsion effects of neutrons and electrons cannot occur with any 
effect within an extremely large size star having a large fraction of mass that is not comprised of 
gases, instead consisting greatly of atoms of heavy metal and non-metal elements. One of the two 
black holes, “X41.4+60” discovered in October of 2005 by Chandra X-ray observatory within the 
M82 galaxy fits this mid-size category for black holes [A]. The best model for this black hole within 
M82 estimate a mass of 200-800 solar masses, and is located at a distance of 600 light years from the 
center of the galaxy. The other black hole is called “X42.3+59” and is located at an approximate 
distance of 290 light years from the center, having a mass that is estimated to be between 12000-
43000 times the mass of the Sun!  

 
Similar to the black hole pair at the center of galaxy M82, a few dozen black hole pairs were 

discovered by NASA’s Flagship mission for X-ray Astronomy (Chandra). Such examples are the 
black hole pairs found in the galaxy NGC 6240, discovered in 2001, and a binary system of black 
holes is found in the spiral galaxy NGC3393 that is 160 million light years away from the Earth. The 
black holes in NGC3393 are separated by a distance of about 490 light years [2x]. Now let us discuss 
how these super-massive black holes at the center of galaxies are originated, like the massive black 
hole called Sagittarius A at center of our own galaxy, the Milky Way.  

 
The apparent gravitational collapse of super-massive stars is responsible for the formation of 

the monstrous black holes at the center of most galaxies. It is believed that star formation in the early 
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universe may have resulted in the creation of stars of humongous size, as large as 10 billion solar 
masses! Let us further discuss the intricate details about how massively large black holes at the center 
of galaxies are developed. 

 
At the beginning of time, as it was contemplated, the universe was of infinite size and was 

made of a unified sea of a set of particles (entities from unknown origin, perhaps quarks). These 
particles were unified in the sense that all four forces found in nature at the present time were 
coherent in their behavior to describe interaction among them. The sea of particles was contiguous 
and of indeterminate size. At some point in time, the second law of thermodynamics came into play, 
namely, the entropy of an isolated system always increases. The system in this case was the 
universe that was comprised of quarks. In technical terms entropy is defined as the measure of 
disorder. We propose that all the particles were in motion due to their intrinsic energy. Intrinsic 
energy is that which is often referred to as the internal energy of these quark families of particles. It 
was this intrinsic energy that scattered them.  As a result of the motion of these particles, and due to 
the effect of the force of self gravity on clusters of particles, the sea of quarks was partitioned into 
enormously vast islands, forming clumps of material islands. The primordial material islands were 
separated by distribution of varying in kinetic energies.  

 
It is evident from this discussion that many stars of masses equal to billions of solar masses 

could have been created from the clumps of material islands within the early universe. One direct 
consequence of the division of the universal sea of quark particles into clumps of material islands was 
a decrease in the energy levels of the particles in the matter. When the level of energy of quarks 
(matter) was decreased (cooled) to an appropriate, certain value, we posit that the fundamental baryon 
particles of protons, neutrons and electrons came into existence. Once protons, neutrons and electrons 
were formed, the effect of the four fundamental forces of the Standard Model of Fundamental 
Particles and Interactions were segregated. Also, the universe was thereby configured for stellar 
evolution. Stars of various sizes, from those of billions of solar masses to stars smaller than our Sun 
were created. For the majority of the stars, their prime composition was hydrogen and helium gases, 
and their life cycle began as described in Section 9.1. As we have learned, the stars of relatively large 
size, billions of solar masses, had a different fate from the stars of approximately the size of the Sun. 
Evidently, the stars of massively large dimensions imploded to form black holes simply by the force 
of self gravity at the end of their short lifespan when their hydrogen fuel burned out. 

 
A question that has puzzled several Astrophysicist in our new millennium was why the mass 

of a black hole at the center of a galaxy is higher than a billion solar masses. How is that possible?  
We have posited an answer, here. One theory is, when two or more black holes are in the proximity of 
one another, a super-massive black hole is created by a process we call amalgamation. After giant 
black holes are created, they spin on their axes similar to the spinning motion of stars. The spinning 
motion of a massive black hole transforms its shape into a flattened disk similar to the bulging of a 
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star at its equator. Naturally, the huge amount of gravitational pull from a rotating black hole has the 
tendency to accrue matter within its vicinity. Since black holes do not reflect any light their edge is 
not clear, nor visible. When the rotating disk of a black hole swallow gaseous matter from a nearby 
star, the gas atoms are heats-up tremendously. The heated gas atoms releases x-rays which are, in 
turn, detected by our telescopes located in space. The black hole disks are popularly called accretion 
disks, inasmuch as they build-up their mass by absorption of matter from stars and other small black 
holes.   

An astonishing characteristic of the black hole is that it will merge with another black hole if 
it lacks any orbital motion. As explained in Section 9.2, according to Kepler’s laws the orbital motion 
of a less massive celestial object keeps it away from a more massive object. Therefore, when two 
spinning black holes are very close to each other, and stationary, they merge to form a larger black 
hole. This is how black holes from two or more adjoining massive stars at their death emerged as a 
single black hole at the center of a newly born galaxy from a stellar nursery. Subsequently, millions 
of new stars are formed from nurseries such as the Large Magellanic cloud within our galaxy.  

 
Historically, it was believed that black holes were of much smaller size than the size of the 

original star from which they were created. This is because of the compaction of matter to super high 
densities. In the case of those found at the center of galaxies, they are truly titanic in size. It is 
estimated that the diameter of black holes at the center of galaxies can be as great as 500 AU. 
Therefore, in next section we will revisit three properties, the mass, charge, and angular momentum 
(rate of rotation) of black holes. Also, we will define and analyze the main characteristics of the event 
horizon, Schwarzschild radius, and the singularity as it relates to black holes. We will compare 
densities of celestial objects; the brown dwarf, the white dwarf, the neutron star, and the black hole 
with the matter we find on the Earth; water, air, iron and particle proton, neutron and electron. Our 
objective is to critically examine the super gravity characteristics of black holes in their past models. 

 
 

10.2 Event Horizon and Fictional Singularity 
 
 
For reasons unknown, black holes were unobservable objects in the sky by any direct means. 
Specifically, its super massive size and gravity made it appear that light from any other object on it 
was not reflected. This led famous physicist Stephen Hawkings to formulate a theorem, “Black holes 
have no tails”.   Therefore, it was suggested that three numbers completely describe the structure of a 
black hole:  its mass, the total electric charge, and its angular momentum. Scientists claimed that at 
the time of the formation of black holes the electric charge on the black holes would disappear by a 
process of neutralization. They also claim that black holes are free of a magnetic field.  With the help 
Kepler’s law of planetary motion, it is possible to determine the mass and the angular momentum by 
measuring the period of a pair of black holes in a binary.  
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In the following discussion, we will seek an answer to the questions as they relate to black 
holes with massive gravitational forces, which are presently thought to trap light in their gravitational 
grip. We would like to investigate this particular premise, proposing that light is trapped by black 
holes due to an alternate possibility. Though the current theory provides a somewhat satisfactory 
answer for the accretion disk formation surrounding a black hole as the matter from neighboring stars 
are pulled in, it does not reveal answers to the following mysterious questions: 

 
a. Why is the trajectory of light waves just outside the event horizon is not circular? 
b. How is it presumed hat matter inside a black hole has a higher density than the densest of  

particles, protons and neutrons, the basic building blocks of atoms? 
c. How is it possible that the self gravity of black holes overcome strong forces such as the 

electrostatic repulsive charge force of quarks, to compress the neutrons and the protons 
beyond the current levels of density? 

d. What is the real source of x-ray emissions from an accretion disk of a black hole? 
e. How do black holes evaporate if light from its surface cannot escape? 

 
Unsatisfactory answers to some of these questions inspired us to probe the issue further. In 

particular with regard to question c, it is well known that the force of gravity between two charged 
particles in the nucleus of atoms is very weak (Section 7.2). Despite the weakness of gravity, the 
matter inside black holes must be compressed to the extent that it produces super-gravity. We will 
study Section 10.3 to understand the upper limit on size of a black hole and the density of matter 
within a black hole. Similarly, it is not clear how x-rays can be emitted from heated gas atoms just 
outside the event horizon where the density of the gas atoms are not yet highly compressed when they 
are captured by a black hole accretion disk. 

  
Analysis of the answers to these questions ponder us to the primary topic of the discussion: 

massive black holes do not have infinite gravity. Many scientists have claimed that light rays incident 
on black holes were not reflected because they were trapped by the black hole’s massive gravitational 
pull. We disagree with that reasoning inasmuch as light rays could experience total internal refraction 
and absorption phenomena after entering a black hole and never reemerge [7]. We believe that light is 
not reflected from the black holes because it is absorbed by the matter within the black hole. The 
effect is analogous to the absorption of light inside a coal mine. It does not make sense to conclude 
that the density of massive black holes is so high that even light cannot escape. The upper limit on the 
density of particles in our universe is driven by the density of fundamental particles, the protons and 
the neutrons. We presume that no object in the universe has higher density than the density of a 
proton and a neutron. It is confirmed that protons, neutrons and electrons are the only fundamental 
particles that exist freely in space. To make our point, we have summarized the density of various 
entities observed in the universe in Table 10.1. 
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Table 10.1 Scale of matter density in the Universe  

   
Entity/material Density  kg/m3 

Theoretical 
Density kg/m3 
Practical value 

Radius 
meters 

Mass 
kg 

Conditions/ 
Comments 

Hydrogen 0.8988×10-4 0.8988×10-4   Lowest density 
Water 1×103 1×103   stp  0 C, 100 kPA 
Air 1.2754×100 1.2754×100   stp  0 C, 100 kPA 
Iron 7.860×103 7.860×103    
Gold 19.32×103 19.32×103    
Osmium 22.61×103 22.61×103   Most dense on Earth 
Earth (avg.) 5.515×103 5.515×103 6378×103 5.974×1024  
Moon 3.344×103 3.344×103 1738×103 7.349×1022  
Sun's core (1.410:150)×103 (1.410:150)×103 696×106 1.989×1030 Avg.:peak,center 
Brown dwarf (10-1000) )×103  4.3-1 Rjup ≤.075 Mʘ  
White dwarf 1×109 1×109 5800×103 1.989×1030 Vesc = .02c 
Neutron star 8.4×1016:1×1018 8.4×1016:1×1018 10×103 1.5 Mʘ Avg.:peak Vesc = .7c 
Black hole 2×1030 ≤ 3.0×1026* unkbnown ≥ 3.0 Mʘ  black hole ME

(1) 

Atom’s nucleus 2.3×1017 2.3×1017    
Neutron 3.02×1025 3.02×1025 2.363×10-18 1.670×10-27  
Proton 1.80×1018 1.80×1018 8.95×10-16 1.673×10-27  
Electron 1 9.718×1012  2.818×10-15 9.109×10-31 Classical 
Electron 2 2.877×1017  9.109×10-17 9.109×10-31 mp/me = 1836 
<< 

[1]
Top Quark 7.4452×1032  <10-19 m 31.19×10-25 Max. possible quark 

 
Note: 1. Mass of top quark corresponds to energy of 175 GeV. 
 

By inspection of the Table it is evident that the best estimate for the density of matter inside a 
typical black hole is as high as 2×1030. We think this is not a real possibility because the computed 
density of an isolated neutron is 3×1026. Therefore, light and matter are not reflected from a black 
hole for a different cause than the force of super-gravity. We will fortify our observation based on 
density considerations and present an analytical proof to our conclusion. To facilitate your 
understanding, we will define frequently used terms event horizon, Schwarzschild radius, singularity, 
and escape velocity associated with black holes. The parameters are depicted in Figure 10.1. 
 
Event horizon is a spatial boundary of surface around a black hole enclosing the space from which 
no light or other radiation can escape within; an edge of no return.  
 
Schwarzschild radius is a radius of a sphere such that when all the mass of an object is compressed 
within that sphere the escape speed from the surface of the sphere would equal the speed of light c. 
 
Singularity, a space of infinite space-time curvature, center of a hypothetical black hole where matter 
is infinitely dense and no life could exist in theory. 
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Escape velocity is the speed at which the sum of the kinetic energy and the gravitational potential 
energy of a small object in the proximity of a massive celestial entity is zero. It is launch speed 
needed for an object to break free from a gravitational attraction of a massive body, without further 
propulsion. 

 

 

: quark density 
   black hole  
  Size 0.5 mm  

Singularity: neutron star 
density black hole 
Size 16.42 miles  

Schwarzschild 
radius 

 

Escape 
Speed c m/s 

 
Figure 10.1 Critical parameters of black holes: Escape speed, singularity, event horizon, and  Schwarzschild 
radius, and size for hypothetical black holes which are created from matter densities of neutron stars and quarks. 
 

From energy considerations, we can easily derive an expression for escape velocity of an 
object with mass m as follows. Gravitational potential energy = mgr and kinetic energy = ½ mV2

esc, 
where g is gravitational acceleration and r is the distance of object from center of gravity of a massive 
entity with mass M. For sum to be zero the energies must be equal, ½ mV2

esc = mgr or V2
esc = 2gr. 

From Newton’s law of gravity, gravitational force mg = G mM/r2, we get g = GM/r2. A word of 
caution needs to be observed when we apply this law because it assumes that light is a particle. 
According to postulates of Skylativity® theory, strictly speaking, light is a wave packet of quantized 
energy having zero rest mass. At the moment we will ignore the rigors of validating Newton’s law of 
gravitation to light type entities and continue with our derivation. We can substitute g in V2

esc,  
V2

esc = 2 G×     . Thus 
 

Vesc = (2 G×     )1/2       (10.1) 
 
We can apply the definition of Schwarzschild radius Rs to the expression of escape velocity: 
 
 Schwarzschild radius Rs =          2    (10.2) 

 
The Schwarzschild radius is a very important parameter in characterizing black holes, having 

many other applications in classical mechanics. Black holes are classified according to their densities 
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and the magnitude of their Schwarzschild radii. A black hole with a very high density has a relatively 
small Schwarzschild radius, while a larger black hole has a much lower density and larger 
Schwarzschild radius. The Schwarzschild radius of a super massive black hole at the center of Milky 
Way galaxy is approximately 13.3 million kms and has a maximum density of 1032 kg/m3 (density of 
quarks). The densities of black holes at the center of galaxies decrease as they swallow matter from 
stars in proximity over time, however their mass is much higher (Several millions of solar masses) as 
compared to stellar black holes. Stellar black holes have much lower densities of about 1018 kg/m3 
and smaller mass of 2-3 solar masses. Neutron stars also reach densities of this level, reaching the 
density of the nucleus of an atom. It is interesting to note that neutron stars do not trap light. The 
other uses of the Schwarzschild radius are in Newtonian gravitational fields, Keplerian orbits, and the 
photon sphere [B]. 

 
Let us consider a possibility that black holes do not trap light by gravitation, but instead they 

absorb radiation. Suppose we form an object that is hypothetically comprised of closely packed 
neutrons only. Now, if we focus a beam of light on the object, what should happen. Does the object 
trap the light and not allow it to escape? The answer to this question is that a portion of this light is 
reflected and is not trapped if there is a layer of electrons surrounding the neutrons. This means that a 
black hole with the density of a neutron star does not have super gravitational pull to trap light waves 
as thought at first. 

 
 Our observation receives strength in validity from the fact that neutrons and the protons 

cannot be compressed beyond quarks. Further neither a proton or a neutron and for that matter quark 
can reflect light quanta. We believe that light is completely absorbed if there are no electrons in the 
composition of matter within black holes. To avoid rigorous computations, we shall provide an 
indirect proof of our proposed explanation that there is no reflection of light from the black holes 
because the light is completely absorbed. Here we will take it one step further and provide an answer 
for the question raised by Professor Magueijo, about black holes. What if black holes aren’t really 
black after all? [30]. 

 
Although no one has discovered the internal composition of black holes, it is highly likely 

that they are comprised of some kind of solid matter. To support the present claim that black holes are 
massive and possess super-gravity implies that they are made up of very dense matter. All matter 
found in nature consists of a combination of fundamental stable particles; the protons, the neutrons, 
and the electrons. It is safe to assume that the matter inside of black holes is also composed of  atoms 
which are, in turn, comprised of fundamental particles. Since these fundamental particles, neutrons 
and protons, are comprised of the particles called up and down quarks, they are held together by the 
force of the color charge on the quarks and the strong nucleonic force created by the binding energy. 
Our premise is that the protons and the neutrons within the matter making up black holes cannot be 
compressed further by the gravitational forces that are proven to be considerably weaker than the 
strong forces associated with quarks.  
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The fundamental particles of making up the collapsed matter of the black hole are likely to be 
affected by several types of forces, namely, the force of the gravitation of the massive black hole, the 
electrostatic force of the charges of quarks and the force of the color charge. Analysis of the relative 
strength of these forces of interaction (refer to Table 7.1) shows that the neutrons and the protons 
within the constituent elements of matter making up the black holes cannot be compressed beyond 
present limits. Therefore, we hypothesize that the density of matter inside black holes cannot exceed 
the density of the fundamentally stable neutrons and protons. 

 
Let us construct a hypothetical black hole that contains tightly packed contiguous neutrons. 

We will call this black hole a neutron star. We will study the escape velocity of a point particle 
(virtual particle photon or real particle that has mass and exhibit force of gravity) from the surface of 
this super dense star. If we prove that the density of this neutron star is such that it will prevent the 
escape of light waves from its event horizon, then we will call it a black hole. The critical radius at 
which the escape speed is c, is called the Schwarzschild radius. To facilitate our computations, we 
will determine the largest size of the densest neutron star from which light waves cannot escape. First, 
we will compute the density of the hypothetical black hole as follows. It is the same as the density n 
of an isolated neutron; 
n = Mn/V  

= (Mn/R3
n) × (3/4) 

= (1.67 × 10-27/(1.2 × 10-15)3) × (3/4) 
 = 2.3 × 1017 kg/m3 

where Mn is the mass of the neutron and V is the volume of the neutron 
 
Next, we shall use the expression for escape velocity to compute Schwarzschild radius using equation 
(10.2). At the event horizon, the distance of the hypothetical black hole that light should not escape 
from its surface is: 
 

Vesc = ((2G × Mn)/Rn)1/2 (10.3) 
 

We shall solve for Rn after converting Mn into density and using c the speed of light for Vesc. Our 
objective is to find the size of a black hole for the highest possible value of density, and for which 
light will be trapped on its surface.  
 
In that case the equation (10.3) transforms to:   

 

R2
n = (3/8) × c2/(n × G) (10.4) 

 
 

Event Horizon Rn = 0.866c × [2(n × G)]-1/2 (10.5) 
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Substituting c = 2.99792458×108 ms-1, n = 2.3×1017 k    m-3, and G = 6.6726×10-11 m3kg-1s-2, we get 
event horizon radius: 

Rn = [ (3/(8 × 3.142)) × (2.998 × 108)2/(2.3 × 1017 × 6.673 ×10-11)]1/2 
    = 2.644 ×104 m or 26.44 km 
 
Rn evaluates to 16.42 miles, an astonishing fact! From the event horizon computations, it is 

evident that light will escape from the surface of a black hole constructed from a neutron star, which 
density is the highest possible density, if its radius is greater than 16.42 miles. On the basis of 
expression (10.4) let us compute the size of a black hole for an extreme case in which the progenitor 
star is compressed to the density of the top quark, having a theoretical maximum limit on density at 
7.4452 × 1032. In this instance, substituting c = 2.99792458×108 ms-1, n = 7.445×1032 k    m-3, and G 
= 6.6726×10-11 m3kg-1s-2, we get the event horizon and size of a quark black hole: 
 

Rn = [ (3/(8 × 3.142)) × (2.998 × 108)2/(7.445 × 1032 × 6.673 ×10-11)]1/2 
    =  0.4647 × 10-3 m, black hole radius size less than 0.5 mm 
 

This result indicates that black holes formed by contraction of massive star to the density of quarks 
provide an unrealistic value if we utilize the event horizon formula to evaluate their size. Therefore, it 
drives us back to the question of about the applicability of Newton’s laws of motion and gravitation to 
light like entities. In essence, we cannot apply Newton’s laws to energy waves that are insensitive to 
gravity. 
 

In practice, it is found that the size of the black holes are much larger for a progenitor mass 2-
3 million solar masses, and their radii are much greater than 16.42 miles. It is not difficult to imagine 
that the density of the matter inside the black hole is lower than the upper limit, the density of the 
neutrons. The force of gravity is too weak to compress the protons and the neutrons further by 
overcoming the strong repulsive force of color charges on quarks, insomuch as like charges repel. 
Thus, we have proved that light is absorbed at the surface of the black holes by the phenomenon of 
total internal reflection and is not trapped by massive gravitational pull [7]. Furthermore, it is found 
that black holes at the center of galaxies have a much larger Schwarzschild radius. Therefore, it is 
believed that their densities are lower than the density of a neutron star. This entices us to 
contemplate a different reason for the dark secret behind black holes. 

 
The black holes are massive, yet charge-less. This fact is quite interesting. Scientists 

predicted that a singularity exists at the center of black holes. We believe that the singularity at the 
center of the black holes is a fictitious. Further, scientists also believe that black holes evaporate and 
lose their mass by the process of quantum mechanical tunneling of particles. If black holes possessed 
super gravity, as claimed, which will not allow the escaping the light waves, how is it possible that 
the loss of mass could occur by quantum leaks? In order for black holes to lose mass at substantial 
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rates, an enormously large number of particles should be leaking out from the event horizon at any 
time. There is no such detected evidence that such a high particle escape rate is leaking from any of 
the massive black holes.  

 
 A singularity of infinite density at the center of massive black holes is an imaginary 

hypothetical bequeath. It does not make sense to wildly speculate about the nature of a singularity 
when the distances of these black holes are unreachable with the current means of travel. In Chapter 
2, we demonstrated that light waves are generated as a result of the change in the quantized energy 
states of orbiting atomic electrons. When the energy state of an electron is altered, the orbiting 
electron experiences a transition event and releases the excess energy in the form of vibrating 
electrons. The energy radiated from the electron vibrations at  different frequencies is manifested as 
light, as well as other types of radiation wave. The mass of black holes, therefore, cannot diminish 
because of the energy loss through radiation of theoretical gravity waves and light/radiant energy 
waves. Gravity waves do not carry mass in a similar way that light waves do not carry mass. The 
gravitational force only exists if two objects of mass are involved. Therefore, no mass is transferred 
and/or lost from a black hole due to gravity between a pair of black holes. 

 
So far we have established that the once claimed singularity does not really exist at the center 

of our “black hole”. One disadvantage of the singularity concept was that scientists were deprived of 
investigating what was beneath the event horizon within the interior of black holes. It was also 
claimed that neither any entity nor a space-time domain could exist inside a black hole. Anything, 
including light, it was thought, that approached a black hole, crossing the boundary stipulated by 
event horizon, would vanish and never return.  

 
It is well known that black holes are the next stage in the contraction level of massive stars 

after Neutron Stars. They are black dwarfs, consisting of matter that is vastly different from the 
matter that is posited inside white dwarfs. Therefore, we will study the structure of black holes and 
the details of matter from which they are made. Also, we will discuss the nature of what is known as 
dark energy and its relationship with dark matter. 

 
 

10.3  Dark Matter and Invisible Dark Energy 
 
 
It is evident that the peculiar properties of a black hole stem from its unique material composition. 
For several years astrophysicist refrained from studying the constituents of matter inside the black 
hole due to its mind-numbing “singularity”. With advances in technology experts are able to collect 
highly reliable and more accurate data on various celestial entities, such as brown dwarfs, white 
dwarfs, neutron stars and black holes .  Therefore, we will concentrate on providing you information 
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about basic building blocks of matter inside black holes. Before, we can expound on why light is not 
returning from a black hole on the basis of our new theory, we will explore the details of the 
composition of matter inside celestial objects created at the end of the life cycle of stars during stellar 
evolution.   
 
 In a nutshell, our universe is comprised of two flavors of matter. Dark matter that is not 
directly observable by any direct means. It is by an indirect means by observing the effects of their 
gravitational force on celestial objects. Scientists have developed detectors of marvelous 
sophistication in their utilization of components of an ever-advancing technology, creating the most 
powerful telescopes to measure characteristics of dark matter. Despite these efforts, the nature of dark 
matter within black holes remains obscure. The other type of matter we shall designate as “color 
matter”. This matter is directly visible, inasmuch as it either emits light, or other forms of radiation, or 
it reflects light from other nearby light-emitting sources. It is interesting that dark matter is relatively 
more abundant than color matter. Approximately 79% of the matter in the universe remaining from 
ordinary color matter is dark matter. Ordinary color matter consists of visible stellar objects stars, 
white and brown dwarfs, neutron stars, planets and dust gases. Dark matter consists of matter inside 
the black holes and black dwarfs. The black dwarfs are cold, brown dwarfs and white dwarfs that 
have lost their glow and luminosity inasmuch as thermonuclear fusion occurs within them no longer.  

 
Table 10.2 Proportion of color matter and dark matter in the universe  

 
Progenitor size 

Solar masses Mʘ 
Entity, implosion 

of Progenitor 
Force type 

balancing gravity 
Final Fate: 

Dark vs. Color 
Composition/ 

Comments 
.08 High mass Brown Dwarf  

< 60-90 ×Mjup 
Electron degenerate Black Dwarf: 

Dark matter 
 

He, D2, Li, CrH, MgH,  
FeH, CaH, Na, I, KI, 
 CsI, TiO2, H2O & CH4 

 .02 Low mass Brown Dwarf  
< 15×Mjup 

Coulomb’s charge Black Dwarf 
No glow => 

Same composition 
after 100 Billion years 

1-1.5 White Dwarf Exclusion repulsion Black Dwarf 
Dark matter 

H2,He, C, O2, Mg, triple  

2-10 Neutron Star Neutron degenerate Supernova 
Black hole 

H2, He, C, O2, Si, Fe 

20-200B 
 

Black holes (BH) Quark degenerate 
Color & Charge 

Black hole: 
Dark matter 

Quarks/BH Swallow slow 
stars in their proximity 

Supernova  
blows 

Stars Thermal degenerate Star life cycle: 
Color matter 

H2 & He 

Stellar nursery  
coalesce 

Planets < 13 × Mjup 
Stars > 13 × Mjup 
IAU classify 

Coulomb’s charge 
Thermal degenerate 

Stars &Planets: 
Color  matter 

Stars: H2 & He 
Planets: CrH, MgH,  
FeH, CaH, Na, I, KI, 
 CsI, TiO2, H2O & CH4 

 
 An obvious question is why there is an asymmetry in the proportion of dark vs. color matter? 
To explain the cause, we summarized celestial events that lead to the creation of dark matter and 
color matter in Table 10.2. From the inspection of the Table, we can deduce that four events 
accumulate dark matter as opposed to two events that accrue color matter. Also, the reservoir of dark 
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matter in the Universe increases substantially when a massive black hole swallows a star that is 
passing within its vicinity of grasping influence. Further, we speculate that at the beginning of time, 
the entire universe was occupied by dark matter. We will defer our discussion on the evolution of the 
universe and the origin of dark matter from dark energy until Chapter 13. 
 

A close examination of the data rows of Table 10.2 indicate that black dwarfs and black holes 
are primary contributors of dark matter in the universe. Also, the balance of color matter vs. dark 
matter in the universe is continuously changing because new stars and planets are born from 
supernovae explosions and the collapse of stellar nurseries by their own gravity that adds to the 
increase of color matter. An increase in dark matter is generated as brown dwarfs and white dwarf are 
transformed into black dwarfs, and as black holes capture the color matter of nearby stars. Let us 
study the characteristics and the composition of the sources of dark matter and color matter next.  
 

Brown dwarfs are faint, very obscure sources of dark matter in the sky, more difficult to 
observe than black holes..Their diminutive sizes are not too different from the size of large planets 
and do not impose unusually massive gravity effects on other objects.   They are formed usually in 
two size categories, a high mass category having the mass of 60-90 times the mass of our system’s 
planet Jupiter, and a low mass category, a mass less than 15 times Jovian mass. When all the 
hydrogen fuel of a progenitor star of a mass less than 8% of the solar mass Mʘ is burned out, the star 
contracts by the force of gravity until electron degenerate pressure balances it. Brown dwarfs are 
called failed stars because they do not shine. Instead they simply fade away, glowing only from the 
remnant heat being radiated. There is a small difference in radii of the dwarfs from its nominal value, 
10 to 15% as compared to much greater variation in densities of 10-1000 kg/m3. The average critical 
temperature of a brown dwarf is about 3 million Kelvin, and the pressure is 105 Mbar. Lithium is the 
main constituent of matter inside most brown dwarfs.   
 
 Brown dwarfs are classified according to the type of spectral-line they radiate, which depends 
on their composition. In addition to Lithium, Deuterium and helium, L-class brown dwarfs have 
titanium oxide and vanadium oxide, as well. Also, water and methane gas is found in T-class dwarfs. 
The Y-class dwarf glows and emits x-rays as well as infrared waves. Other than the primary elements, 
dwarfs have Hydrides of Chromium and Magnesium (CrH and MgH), Iron and Calcium (FeH and 
CaH), and Iodides of Sodium, Potassium, and Cesium (NaI, KI, and CsI).  To facilitate identification 
of brown dwarfs from planets, the International Astronomical Union has defined any glowing object 
of mass greater than 13 Jupiter masses as brown dwarf, and object reflecting light smaller than the 
mass as planets. It is estimated that there are 100 billion brown dwarfs in our universe and that they 
turned into black dwarfs after 15 Billion years following their creation. 
 

Another contribution to dark matter in the universe comes from white dwarfs. At the end of 
their life span white dwarfs are transformed into black dwarfs. As discussed in Section 9.1, and from 
what is stipulated in the third row of Table 10.2, white dwarfs are born when the hydrogen supply is 



 522          Chapter 10 
 

depleted within a star having a mass within the range of 1-2 solar masses. In that situation, the star 
implodes and collapses by the force of self gravity when thermal pressure from the thermonuclear 
fusion of hydrogen into helium ceases. Due to this compression, the core of the star further heats up, 
raising its temperature to 100,000 K. The left over hydrogen forms a shell and burns out completely. 
In that process violent shock waves are created that propagate toward the surface, expanding the star. 
This phase is called the red giant phase, during which the appearance of the star changes from yellow 
to red as the surface temperature drops. In red giant phase, the majority of helium is transformed into 
carbon, oxygen, and other heavy elements by the fusion of helium, which is known as the triple alpha 
process. 

 
After the initial expansion of a star in the red giant phase, the star ejects lot of matter (40-60% 

of its stellar mass) from outer layers. The remaining matter in the core of the star continues to shrink 
under the force of gravity. As a result, the electrons of atoms in the core are pressed together to form 
“degenerate matter”. This degenerate matter produces a counteracting force to gravity according to 
Pauli’s exclusion repulsion phenomenon that we explained earlier. We should realize that the balance 
between gravity and counter balancing mechanism of degenerate repulsion is very delicate and effects 
the final outcome of a star. Internal structure of a typical white dwarf star is displayed in Figure 10.2. 

 

 

 Mg+Si 

50 km 
250 km 

10000 km-
12000 km 0 = 9.8x108 kg/m3 

 

 
Figure 10.2 Internal composition of a typical White dwarf star. 

 
In a case that the mass of matter in the core is more than one solar mass, the red giant 

eventually contracts to a white dwarf the of size Earth’s diameter. Further, contraction changes the 
composition of a white dwarf to neon and magnesium. The degenerate matter and the magnesium of 
the dwarf reflects white light if it is close to a large star in its main sequence phase. Hence the name 
white dwarf [N]. In this case, since the entire mass of the Sun is condensed in an Earth sized dwarf, 
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the density of matter in a white dwarf is as high as 109 kg/m3. As the matter from the outside layers of 
the progenitor forming dwarf is stripped away, the temperature of the surface of the dwarf is lowered 
from about 100,000 K to about 45,000 K by the time the white dwarf comes into existence. Since 
highly dense degenerate matter has very few holes in Fermi-Dirac distribution of electron energy 
states very little radiation and heat can escape. The white dwarf transforms into a black dwarf very 
slowly. It is estimated that a white dwarf disappears into darkness after 100 Billion years. At present, 
the age of the universe is estimated to be around 13.5 Billion years. Therefore, all the white dwarfs 
created can be visible if they are close to their paired binary companion stars. Our understanding of 
white dwarfs tells us that dark matter in the universe is not effected by white dwarfs significantly for 
billions of years. 

 
Neutron stars and black holes are primary sources of dark matter in the universe inasmuch as 

the matter inside these entities lack electrons. It is determined that progenitor stars with masses within 
the range of 2-20 solar masses implode into neutron stars ranging from 20-30 km in diameter after 
their hydrogen fuel is expended. The gravitational forces of stars of this size is so high that it 
overcomes the force exerted by electron degenerate pressure, the exclusion repulsion force. The 
electrons that used to be in their atomic orbit within neutron star matter fuse with protons to create 
neutrons, hence the name Neutron Star. A large portion of a parent star’s mass is converted into 
densely packed neutrons by the exerted force of self gravity. The density of matter making up a 
neutron stars is so high that it exceeds 0 = 1×1014 kg/m3; a saturation density of tightly packed 
nuclear matter indeed! After the mass is transformed, the force of gravity is balanced by neutron 

degenerate pressure that prevents further contraction of the neutron star.  
 

 

 

inner core 0-3 km, =1×1015 kg/m3 

outer core 9 km, =2×1014 kg/m3 

 

inner crust 1-2 km, =4×1011 kg/m3 

 

outer crust 0.3-0.5 km  

Thin atmosphere; H, He, C… 

Internal composition of a neutron star 

30 km 

-superfluid 

-superconducting 

Figure 10.3 Matter density variation in a neutron star. 
 
Neutron stars possess very distinct characteristics of varying spin rates and extremely strong 

magnetic fields that are not observed in the case of dwarfs. Before we study these characteristics, let 
us look at the composition of a neutron star described in Figure 10.3. On its surface it has a thin layer 
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of “atmosphere” consisting of hydrogen, helium and vaporized carbon. Beneath the gas atmosphere, a 
layer 0.3 to 0.5 km thick is the “outer crust” comprised of ionized gas and free electron gas of 
relatively low density. Below that, is a layer called the “inner crust,” which is 1-2 km thick, made of 
electrons and neutron nuclei in a super-fluid state. This layer has a moderate density of 4×1011 kg/m3, 
much higher than the average density of planet Earth.  
 

Inside the inner crust, the main section called outer core, having a thickness of 9 km. It has 
neutrons and protons in a Fermi liquid phase and a few electrons in the Fermi gas phase. A Fermi gas 
and liquid are an ensemble of nucleons that obey Fermi-Dirac Statistics which determine energy 
distribution of the Fermions. By Pauli’s Exclusion principle, each of the Fermions has a unique 
quantum state that implies that particles are kept separated and moving. Their motion (mostly 
neutrons) generates a so called degeneracy pressure which stabilizes a neutron star against the inward 
pull of gravity. Otherwise, the force of gravity would ostensibly collapse the star into a black hole. It 
is in this layer electrons fuse with protons to form densely packed neutrons. Therefore, the density of 
this layer is some 40 Billion times the density of the Earth. The innermost layer, the inner core, is the 
densest of all layers with a density of 1×1015 kg/m3 and a diameter of 0-6 km, and is comprised of 
unknown matter. It is speculated that the core of a neutron star is comprised of a quark and gluon 
plasma. 

Now we will discuss characteristics unique to neutron stars, strong magnetic field associated 
with them that is known to have spinning motion. Physicists are curious to find answers to two 
questions as it relates to neutron stars: Why is magnetic field strength of neutron star is so strong, and 
why is the geographic axis of a neutron star is different than its magnetic field axis?  We have cogent 
explanations and answers to both questions. It is found that neutron stars rotate on their axis similar to 
the Earth, albeit at a much faster rate, up to 642 rotations/s. Some neutron stars rotate at speeds as 
slow as 1 spin per 4308s. We propose that the strong magnetic field is produced by the neutron star 
due to its hyper-spinning motion and the varying types of charged particles located at different 
distances from its center. Relative abundance of particles found in different layers of a neutron star is 
depicted in Figure 10.3.  

 
Inspection of the diagram shows that the majority of electrons are in the outer crust, which 

are negatively charged particles rotating at the highest tangential rate. A plethora of protons are in 
outer core layer, separated from the electrons, moving progressively at a slower rate of speed than the 
crust of electrons over them as per their location closer to the center. The answer to the first question 
is obtained from the asymmetry in the types and the physical distribution of charges.  The electrons in 
the outer layers and the protons in the inner layers lead to a charged dipole circumstance due to the 
vast differential in the speed of varying particle charges in motion.  It is well known fact that electric 
charges in motion creates a time and space varying electromagnetic field, obeying Faraday and Lenz 
laws of electric induction. Therefore, an electromagnetic field of incredible strength exists in the 
vicinity of neutron stars and pulsars. It would be interesting to measure the frequency characteristics 
of electromagnetic fields in relation to the geometric spinning motion of pulsars. We postulate that a 
pulsar spinning at a high rate of speed should produce a very high frequency electromagnetic field.  
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If the answer to first question satisfied your inquiry, piquing your interest , we have an even 
more interesting answer to the second question. The orientations for the axes of spin motions are 
determined by the distribution of the gravitational (inertial) masses of stars and planets, whereas the 
axes of magnetic poles are defined by the concentration of Ferro-magnetic matter alone.  In general, 
the total inertial mass of a star and a planet consists of Ferro-magnetic matter, iron and iron alloys, as 
well as non-magnetic matter, other elements such as oxygen, carbon, helium, and etc.  

 
In the case of planets and stars, there is no reasons that stipulate both magnetic and 

geographic axes alignment. It is highly unlikely that the distribution and the mass fraction of Ferro-
magnetic matter within the stars and planets are even, or homogenous. In the case of the planet Earth, 
a large fraction of Ferro-magnetic matter is in the form of molten mass within the liquid mantle. It is 
determined that due to changes in the Earth’s orbit, after approximately 50,000 years the magnetic 
poles on the Earth reverses. This happens because the direction of the fluid mantle shifts. As a result, 
the location of magnetic North and South poles switches in relation to geographic poles. Next we will 
explicate the reason for the difference in the orientation of the spin axis from its magnetic field axis 
on pulsars. 

 
A pulsar’s magnetic field axis is not aligned with its geographic axis for similar reasons as 

Earth’s. Albeit, the mass of matter on pulsars and neutron stars is not fluid nor Ferro-magnetic. 
Unlike the Earth, the majority of mass making up neutron stars and pulsars is in the form of 
nucleotides, protons, neutrons, and electrons, as well as ionized gas. However, in order to create a 
magnetic field, a current must flow from charged carrier electrons in the outer crust to the protons in 
the outer core that are in a Fermi liquid-superconducting state. This flow between the outer crust and 
the outer core is channeled through inner crust electrons. Thus, the axis of magnetism in the case of 
pulsars is determined by the abundance of these channels. Again, there is no reason that the magnetic 
field axis should be perfectly aligned with the axis of rotation, which orientation is influenced by the 
total mass of the pulsar.   

 
Neutron stars may appear in supernova remnants as an isolated star, or in a binary system. 

Neutron stars in binary systems are much easier to identify than one in isolation. Astronomers are 
able to measure the mass of neutron stars in binary systems by observing their period of rotation in 
accordance with Kepler’s law. They can thereby distinguish a neutron star from a black hole by the 
estimate of mass using Kepler’s calculus. Black holes are very massive, between 2-200 solar masses 
as compared to a neutron star mass of 1-2 solar masses. The rotational rate of a neutron star is 
determined by monitoring radiation pulses streaming above its magnetic poles. 

 
 There are two types of radiation that are discerned which are produced by rotating neutron 

stars: visible light and x-rays. The former variety are created as a result of jets of particle ions which 
are ejected at speeds as fast as the speed of light aligned with the magnetic pole axis. The ions collide 
with electrons that form a current path from outer surface layer of neutron star to ions in inner layers 
of the stars along magnetic pole axis produce radiation of the wavelength of visible light. Since the 
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gravitational axis of a rotating neutron star (a pulsar) is misaligned with the magnetic pole, a beam of 
light sweeps into space appearing to an observer to be like a pulsating spotlight from a rotating 
lighthouse. Like an observer on a ship in the ocean we see flashes of light at regular intervals through 
observing telescopes on the Earth. Therefore, the neutron stars that exhibit this patterns of pulsating 
light are called “Pulsars”, or sometimes known as “spin powered pulsars” in order to distinguish them 
from “accretion powered pulsars”.  
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Figure 10.4 Two types of Pulsars (a) Eject gas ions which collide with electrons to emit light and radio waves. 
(b) Pulsar accretion disk that steals matter from a companion red giant producing x-rays from hot spots. 
 

The second type of pulsar is observed by x-ray telescopes found in some binary systems. In 
this case, a neutron star and a normal star form a binary system, such as the one displayed in Figure 
10.4(b). The normal star is in the red giant phase while matter is being pulled from its surface by the 
strong gravitational force of its neutron star neighbor. The material of the normal star is captured at 
the neutron star’s magnetic poles via a process called accretion. The accelerated stolen material 
becomes so hot that it produces x-rays. The pulses of x-rays emitted from these spinning neutron stars 
are detected as hot spots on x-ray-sensitive telescopes orbiting the Earth. Next we will discuss the 
internal composition of black holes, a major contributor towards the amount of dark matter found in 
the universe. We will also explain why light is not reflected by black holes. 

 
Before we can study the internal composition of a black hole, it is imperative that we look at 

what happens to a contracting neutron star. For a collapsing progenitor star having a mass greater than 
2.0 solar masses, self-gravitational force overcomes neutron degenerate pressure within a neutron 
star. The neutron star is transformed into a strange quark star. All layers of matter in a neutron star are 
compacted to the highest degree. The transition of a neutron star into a quark star during contraction 
of a progenitor star of massive size is displayed in Figure  10.5. We suggest that when a complete 
break-down of matter occurs within a neutron star, the shear gravitation force overcomes neutron 
degenerate pressure. Then all matter within  a neutron star is transformed into quarks, and hence it 
becomes a quark star. 
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Figure 10.5 Transformation of a neutron star into a quark star,  progenitor star more massive than 2.0 solar 
masses contracts by the force of self-gravity. (Courtesy, adopted from F. Weber, SDSU, 2012) 
 

Historically, the question of what was the internal composition of a black hole was not a valid 
one. Essentially, the theoretical singularity within the event horizon masked the interior details of 
black holes completely. In theory, we like to add that infinitely massive singularity at the heart of a 
black hole necessarily rejected every account of the laws of nature physics had to offer. A description 
of such a reality became impossible until we provided dazzling information on contents within black 
holes. We claim that nature has successfully prevented the singularity in the black holes inasmuch as 
they are composed of nucleonic matter with unique constituents, the quark. Before, we describe 
further the details of the composition of black holes, let us present an understanding of why light is 
not reflected from a black hole after crossing the event horizon.  

 
Classically, the event horizon, the boundary of observable effects of a black hole, was 

determined by escape velocity considerations of the speed of light c m/s. In other words, the event 
horizon of a black hole was marked as a distance from the center of a black hole from where light 
could not escape. A drawback of this method was that physicist were unable to actually determine the 
physical size of the black hole. Further, the famous astrophysicist Stephen Hawking from Cambridge, 
UK postulated that super massive progenitor stars would implode to a virtually zero sized black hole 
with a singularity within its event horizon.  We have proceeded with a different approach to this 
problem that has allowed us to explore the size of black holes more concretely.  We employed escape 
velocity considerations with an additional caveat on the density of matter within a black hole in order 
to compute the event horizon distance and the size of the black hole. Our calculations in Section 10.2 
indicated that the size of a quark black hole could be compressed to a radius of less than 0.5 mm.  

 

 

Mass of progenitor 
less than 2.0 Mʘ 

Mass of progenitor 
more than 2.0 Mʘ 

Higher compression 
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We posit an interesting observation from our computations that this kind of black hole will be 
completely devoid of electrons. This provides us with an answer to the question why black holes do 
not reflect light, giving the appearance of “trapping” it. We saw in Chapter 6 how matter of every 
kind reacts to light and obeys QED laws established by Feynman’s fascinating theory of light. The 
QED rules of interaction between radiation and electrons is, in reality, responsible for the reflection of 
light. Since black holes possess no electrons, light and other forms of radiation are not reflected from 
the surface of a black hole because there is no QED mechanism for reflection. We conclude that light 
waves are apparently absorbed by the gluons of quarks within black holes, increasing their (gluon) 
binding energy reservoir among the sea of quarks.   

 
The binding energy considerations of quarks gave us marvelous insight into the internal 

structure of black holes. It is estimated that the quarks inside protons and neutrons are bound together 
with binding energy in excess of 100 MeV. We assert that binding energy between quarks could be 
even higher, somewhere around 300 MeV. It is fair to state that the implosion of a super-massive 
progenitor star is halted by the degenerate pressure of quarks created by repulsive like-color charge 
forces in a black hole. Since extremely high energy is required to demolish protons and neutrons into 
their constituent quark building blocks of unlike flavors, it seems a logical inference that a much, 
much greater energy is required to fuse quarks that have like flavors. In effect, the opposing force 
from quarks of like flavors balance the self gravitational pull in black holes. To probe the issue, we 
will determine the gravitational potential energy for a progenitor star of a mass of 200 solar masses. 
We will assume that the star was compressed into a sea of top quarks, which possess the highest mass 
among the varieties of quarks. 

 
For our computations, we have made the following assumptions to calculate an upper limit on 

the gravitational potential energy. We focus on energy computations instead of force of compression 
because it is relatively less difficult to evaluate and measure the energy of nano-scope particles than 
measuring force by analyzing particle energies in detectors. 

 
1. The distance of approach between the top quark and center of gravity of progenitor star 

was the smallest  d = 10-16 m. 
2. Mass of top quark mtop = 31.186×10-25 kg corresponding to energy of 175 GeV 
3. Mass of progenitor star equal to 200 Solar masses = 200×1.989×1030 kg 

 
Gravitational potential energy Eg = G × mtop × Mprog / d joules  

  = (G×mtop×Mprog) / (d×1.6022×10-19)  eV 
After substituting the values of parameters we get Eg = 5.165×1033 eV = 8.2747×1014 joules and the 
corresponding force = Eg/d =8.2747×1030 N. Let us compare the force of gravity with the electric 
charge force between two top quarks.  
 
Electric charge force = ke×q2/d2 N = 8.987×109×(1.6022×10-19)2×(2/3)2/(10-16)2= 10.253×103 N 
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From above computations we can infer that it would be impossible to prevent matter run-off 
by the compressive force of self gravity of the implosion of a super-massive progenitor star. The 
reason is obvious, the force of gravity is 1026 times the counter balancing electric charge force 
between quarks. So the billion dollar question is why matter inside a black hole does not collapse 
indefinitely? To answer this question, we must study the structure inside black holes. For this 
purpose, we decided to examine the composition of a neutron star and a black hole during the 
imploding stage. We postulated that a collapsing neutron star becomes a quark star prior to 
transforming into a black hole. We worked out why quark stars do not implode further, achieving 
instead a stable state. The idea is that eventually basic, rigid particles experience a net zero force if 
the forces acting on them are symmetric and if the particles themselves are not comprised of sub-
particles. Certainly, an idea such as this requires more explanation. In Figure 10.6, we have depicted a 
situation in which a neutron star is contracting into a quark star that ultimately ends up to be a black 
hole.  
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Figure 10.6 Comparison between internal composition of a neutron star and a black hole (a) Progenitor mass 
less than ten solar masses and more than two solar masses is compressed to a neutron star. (b) Progenitor mass 
above ten solar masses can further implode to form a black hole which is a quark star in reality. 
 

 Here is how happens! As a progenitor of mass greater than twenty solar masses implodes, the 
first atomic matter inside the star is transformed into neutrons because electrons are fused with 
protons at the nucleus. At this time, the  force of gravity is so high that the entire star is compacted 
with neutrons that have confined quarks. At this point, the gravitational pull is further increased as the 
neutrons become closer one another. The increase in gravity de-confines the quarks making up the 
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neutrons, thus becoming free. Moreover, some of the quarks absorb energy from the gravity field and 
change their “flavor” to “strange” in kind. Since many quarks are free, the distance between the 
neighboring quarks approaches zero. Therefore, the effect of the force of gravity of an entire star on 
an individual quark becomes infinite. However, this effect lasts for an extremely short interval of 
time. The reason for this is that all of quarks face the force of self-gravity from all directions. When 
the distance between two quarks becomes zero, a pair of quarks see a net force of zero, inasmuch as 
effective force is being applied from all directions, cancelling out all direct-force effects. The pair of 
quarks behave like a pair of rigid particles, and therefore cannot be compressed from that point 
forward. Thus, nature has successfully avoided a singularity within black holes, and therefore, we 
have successfully theoretically resolved the singularity controversy about the black holes. 
 

 Before we conclude this section, we would like to discuss an interesting possibility about the 
life-span of black holes. Ordinarily, it might seem that black holes would have infinite life. The 
reason for this thinking is that it is thought that anything that comes near a black hole is trapped, and 
thereby increasing matter within the black hole. However, the pioneer black hole physicist Stephen 
Hawking has predicted that some black holes may evaporate through a process that he designated as 
Hawking radiation. According to the details of this process, all black holes leak radiation into space. 
Therefore, given a sufficiently long period of time, black holes will eventually evaporate entirely. 
Jacob Beckenstein and Stephen Hawking characterized the loss of mass from black holes in terms of 
entropy. Starting from the Second law of thermodynamics, they conjectured that black hole entropy is 
proportional to the area of its event horizon divided by the Planck area [P]. Within a year, Hawking 
was able to show that black holes emit thermal Hawking radiation corresponding to a certain 
temperature. Using the thermodynamic relationship between energy, temperature, and entropy of a 
black hole, Hawking came up with a value of one in four (1/4) as a constant of proportionality. Thus, 
Hawking validated Beckenstein’s conjecture and arrived at an expression of entropy that looked like 
 

 SBH  = kA   (4 × lp
2)       (10.6)  

      
where A is the area of event horizon, k is Boltzmann’s constant and lp is Planck’s length. 
Here A = 4Rn

2,  lp = ( ħ/ 3)1/2, and Rn = 2 G × M2
BH/c2, where MBH is mass of a black hole. 

Substituting these values in (10.6) we get 
 

SBH  = 4 kG
   (ħ    )       (10.7)  

 
This is often referred to as the Beckenstein-Hawking relation in which the subscript BH in SBH stands 
either for “Black Hole” or the names Beckenstein-Hawking. From this expression it is evident that an 
increase in the entropy of a black hole is a continuous process, and happens due to Hawking radiation  
emission. The only way entropy of a black hole could decrease is when it captures foreign matter 
from objects in proximity by its excessive, albeit finite, force of gravity. 
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The outflow of matter and radiation is called Hawking radiation, which occurs because of 
quantum fluctuations near the event horizon of a black hole. It is understood that on a regular basis 
pairs of particles and their corresponding antiparticles spontaneously appear in space and disappear 
quickly by mutual annihilation.  When this event occurs near a black hole’s event horizon, one of the 
particles of the pair could fall in while the other particle escapes into space. It is argued that the 
Hawking radiation derives its energy from the mass of matter within the black hole. Thus, the black 
hole slowly loses its mass, eventually evaporating. We postulate that the probability that the entire 
mass of any black hole can be depleted in this way is very small, but it is not impossible. The details 
of Hawking radiation is illustrated in Figure 10.7. Steps 1 and Step 2 show how the emergence of a 
particle pair near the event horizon from the mass of a black hole could result in the escape of at least 
one particle into space. However, according to the third step, quantum of energy from Cosmic 
Microwave Background may force both particles of a pair to a point inside the event horizon. Thus, 
the mass of the black hole is not changed significantly by events described in steps 1 and 2. 

 

 
Figure 10.7 Principle behind the operation of Hawking Radiation. All black holes leak 
radiation into space  thereby they would gradually lose mass. 

 
 Black holes do not reflect light inasmuch as the matter within them lack electrons, and 
therefore their presence and characteristics are not directly observable. However, their size, speed of 
rotation and mass can be determined by the effect their strong gravitational force have on objects in 
their proximity, which can be observed and monitored with relative ease. We believe it is possible 
that the gravitational force of black holes arises as a result of the dark energy associated with them. 
Therefore, it seems probable that dark matter and dark energy are related to one another in the same 
way as color matter and color energy are related within shining stars and planets. In the next section, 
we will describe the origin of color matter in the universe, and explain why the mass of color matter 
is a great deal less than the mass of dark matter. 

 

HAWKING RADIATION 

Black 
 hole 
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10.4  Color Matter and Bright Light Energy 
 
 
In contrast to dark matter, color matter manifests its nature distinctively, being relatively easy to 
detect. Despite the simple nature of color matter, its density and mass in the universe shows a great 
deal of imbalance in favor of dark matter. Few decades ago, astrophysicists believed that the majority 
of matter in the universe would be comprised of ordinary matter, the elements in the periodic table. 
Cosmological observations have forced astronomers to revise their view. More recent estimates 
reflect that the density of color matter is only 5 percent of the universe’s total energy density [Q]. 
Another 25 percent comes in the form of  dark matter, such that we disclosed in Section 10.3, whose 
existence is inferred from its gravitationally attractive influence. The remaining 70 percent of the 
matter in the universe is made of dark energy, the mysterious stuff that is causing its expansion. We 
will address the issue of the proportional difference of dark matter and dark energy in Chapter 13, 
Evolving Universe. For now, we will focus on the identity sources of color matter. 
 
 From the final two rows of Table 10.2 it is evident that color matter is created by two 
processes. In first process a new star is born from a supernova explosion that occurs at the end of the 
life of a red giant star. Obviously, the mass of an infant star is less than the mass of its red giant 
parent, inasmuch as matter is ejected away during the supernova event. As long as the mass of the red 
giant star is less than 2.0 solar masses, the entire supply of matter from the red giant is transformed 
into color matter of some sort. Very few stars are born in this fashion because the fuel to support 
thermonuclear fusion within most of stars in the red giant phase is depleted.  
 

In general, composition of this color matter comprises various gases, Hydrogen, Helium, and 
Oxygen, along with traces of metals in vaporized form. The percentage of high atomic number 
elements such as Carbon, Oxygen, and the metals Lithium, Beryllium, and Iron in vaporized form in 
newborn stars is very low because the temperatures required to fuse those elements cannot be 
achieved by the gravitational compression of less massive red giant star. In the case where the mass 
of a red giant star is more than 2.0 solar masses, the star will contract into a neutron star or a black 
hole.  The matter within neutron stars, as well as black holes, is dark inasmuch as there are no 
electrons present in the particles that make up neutron star matter that we discussed in Section 10.3. 

 
The second process from which color matter originates is depicted in the final row of Table 

10.2. Of the 5% color matter found in the universe, a tremendous portion was created by condensation 
of matter from the spinning gas clouds within a stellar nursery. The majority of stars and planets in 
the universe are formed in this manner. The matter making up gaseous stars, gas clouds and planets is 
color matter because it either reflects light or it emits light. The stars that have been come into 
existence due to the coalescing of gas clouds ranging from a myriad of various masses and continuing 
to contract gaseous matter, thereby raising the temperature within these stars.  
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The collapse of a new born star due to self gravity stops when the temperature at the core of 
the star exceeds the fusion temperature for hydrogen gas, triggering thermonuclear reaction. When 
thermonuclear fusion reaction ignites the gases, the thermal degenerate pressure produces a counter-
balancing force against the force of gravity. At this point, the volume of matter of the star is stabilized 
and it remains static until the most of the hydrogen fuel within the star is consumed. Formation of 
stars by this process takes much longer than stars born from supernovae explosion. 

 
  From our discussion it follows that light and radiation energy is produced as a result of 

thermonuclear fusion of color matter, a process naturally occurring within stars with cores at high 
temperatures. The temperature is elevated as the matter within the star contracts by the compressive 
force of self gravity. On the other hand, the matter within neutron stars and black holes is classified as 
cold dark matter inasmuch as it is at low temperature. There are no electrons in the matter to reflect 
any kind of radiation as the matter is comprised of quarks which can only absorb light and radiation. 
Further, there is no fusion reaction taking place within neutron stars and black holes that create 
energy and raise temperatures. Therefore, we stipulate an essential condition for production and 
sustenance of color matter and color energy in any object is that the matter making up the object 
should have electrons in its composition. According to QED action principles, the radiation entities 
can only interact with matter that has electrons as a part of its atomic structure. In the next Section we 
will describe the scope of the dark universe. Very little information is available on this subject in 
literature and it is impossible to perform any experiment to quantify the enormity of the universe. 
Therefore, the discussion is speculative by the nature of it. 

 
 

10.5  Scope of Dark Universe 
 
 
Ever since human civilization was able to observe the billions of stars and galaxies, the astrophysics 
community started wondering how large our universe truly is. Many offered compelling inquisitions,  
such as, what is the origin of the universe and what is its ultimate fate? A significant progress has 
made in the tracing back to the origin of the universe and the roots of our civilization. It is quite a 
coincidence that the question of origin of the universe is linked with the history of time. Several 
questions related to the origin of universe were proffered by the revolutionary Big bang theory that 
was, incidentally, developed by a priest in the 19th century. We will discuss more about the 
limitations of Big bang theory in Chapter 13. At the moment we will focus on the topic of the scope 
of dark universe.  
 
 Despite the advances in technology and research capabilities of the new millennium, the task 
to determine the scope of the dark universe has been a formidable challenge. One of the primary 
reasons is that 95% of the matter in the  universe comprises dark matter (27%) and dark energy 
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(68%), which characteristics are completely unknown. Further, it is conceived that the universe 
operates in an indefinite and an infinite uniform expansion mode due to mysterious dark energy. It 
has been found that the repulsive force of dark energy leading to expansion, is more powerful than the 
attractive force of gravity. However, it is not clear why the universe seems to expand its inter-galactic 
space while matter within intra-galactic space is contracting. It is also not clear why dark energy does 
not cause changes in local space within galaxies.  
 

Another obstacle in deciding the scope of the universe is the possible existence of the Multi-
verse. It is posited that several universes could co-exist concurrently, each manifesting their own 
domains and dimensions. It is conceived as plausible that each of these different universes is 
governed by its own unique set of  laws possessing distinct characteristics. The side effect of the 
Multi-verse existence possibility is that it complicates the issue of finding “the edge”, so as to speak, 
of the boundary of our universe.   

 
There is good news, it is confirmed that both dark energy and dark matter are related to 

gravity by the gravitational interaction of matter.  Unfortunately, the cause for gravity effects between 
objects is not fully understood. These uncertainties about the nature of dark entities and the lack of 
information on gravity presents a grand paradox that did not allow us to estimate the scope of the 
universe with reasonable accuracy. However, this situation is changing now because of major 
breakthroughs and inventions of the past couple of years.  

 
Examples of two revolutionary inventions that could change the face of physics on the Earth 

would be the discoveries of the proofs for the God particle, the Higgs Boson, and gravity waves.  
Higgs Boson was first time predicted in 1960’s and discovered in July of 2012 whose existence is 
confirmed again in 2014 by CERN. The invention of the Higgs Boson is very important because it 
gives mass to baryons, protons, and neutrons, fundamental particles within atoms of all elements 
found in periodic table. Bosons are force-carrying particles analogous to photons, gluons and mesons 
while baryons are mass-carrying particles such as protons and neutrons. An interesting aspect of the 
Higgs Boson is that it expected to decay into baryon constituents, fermions, bottom quarks and tau 
leptons. The Higgs particle would be (when distinctly confirmed) the first evidence in which a force-
carrying particle is transformed into particle with mass, namely the bottom quark. Such discovery of 
the Higgs Boson would also confirm that particles of baryonic origin acquire their masses as the 
Higgs bosons within them interact with the Higgs field. Supposedly, the Higgs field is pervasive 
within the space of the entire universe. We will discuss details of Higgs mechanism in  Section 13.6. 

 
Another development critical in the unraveling of the mystery behind the expansion of 

universe is the discovery of primordial gravity waves. It is postulated that primordial gravity waves 
were generated by quantum fluctuations of matter and space in the early universe and were amplified 
during the inflationary period. It is determined that interaction of (postulated) primordial gravity 
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waves with matter is so weak that they have travel unimpeded, and therefore have retain their 
characteristics ever since they were created from the beginning of time. Thus, studying the properties 
of gravity waves has a very great potential in the formulation of the Grand Unified theory that could 
explain the unification of the four basic forces found in nature at time zero. 

 
Inspired by finding proof of gravity waves, physicist Alan Guth developed the Quantum field 

theory to explain the properties of the early universe. It turns out that when the state of matter in 
universe changes, the symmetry among forces of nature spontaneously breaks, leading to a separation 
of their action space. According to his theory, on a very small scale, all quantum fields are wildly 
fluctuating, which causes temperature distortion in the cosmic microwave background radiation. 
While Alan was studying inflation characteristics, two physicists from Russia, Aleksei A. Starobinsky 
and Valeri A. Rubakov, announced that inflation always produces a background of gravitational 
waves the intensity of which simply depends on the energy stored in the field that is driving the 
inflation [R]. All this means is that the scientific community is highly prepared to find out more about 
the events that happened before the Big Bang. We will discuss the expansion of the universe in much 
more detail in Chapter 13, Evolving Universe.  

 
So what is the scope of the universe as a whole? Based on the present state of knowledge, we 

can state that the universe is continuously expanding, growing in size to the extent that human 
civilization cannot determine its boundary. At this point let us ask a billion dollar question: What is it 
that causes the expansion of our universe indefinitely, in infinitum? We will disclose a very 
interesting possibility. We contemplate that whenever gravitational energy is stored in a quantum 
field it causes the inflation of space. This effect is a reversal to the Starobinsky and Rubakov 
assertion. We will provide more details on the expansion of universe in Chapter 13.  

 
It is a well known fact that celestial objects are very sparsely populated in the universe. The 

distances of galaxies and nebulae foreign to zodiacs in our Milky way galaxy are truly vast in the 
extreme, even at the astronomical scale. Therefore, in order to explore the deepest regions of space, 
beyond the presently estimated size of the universe, travelling at or above speed of light is not 
enough. Moreover, the speed of spacecrafts traversing space in X, Y, and Z dimension is much less 
than speed of light. Also, time travel is not possible in reality. Hence, it is imperative that we invent 
ways to handle the issue of the scope of the universe. We must learn to trace our vast universe by 
employing new, futuristic dimensions.  

 

10.6 Universe from Future Dimensions 
 
From our discussion regarding the scope of the universe it is clear that we are unable to determine the 
process that caused the universes beginning and the events that will lead to its destruction (end). The 
degree of freedom available to us in our known spatial dimensions X, Y, Z, and time dimension T, is 
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not sufficient enough to acquire data to predict fate of the universe with an acceptable level of 
certainty. Therefore, we must gather information and data that enables us to analyze the state of 
universe in novel dimensions. For this purpose we must develop the capability to sense changes in 
newly discovered dimensions. When we are able to perform measurements within freshly-discovered 
dimensions it may shift the paradigm and revolutionize our progress finding answers to the 
mysterious questions about the universe. 
 
 Since the validity of new dimensions has not been established, we cannot uniquely identify 
them. Therefore, we will list some possibilities and confine the discussion to quantify how the 
dimensions could affect our view of the universe. We should categorize new dimensions based on our 
knowledge. For instance, dimensions are real if we have perception of their effects. Examples are 
characteristics of gravity waves, and entropy of space and energy stored in quantum fields. The 
dimensions remain imaginary if we have not been able to detect their presence. Some examples are 
additional spatial curled dimensions in the superstring theory from Brian Greene [34] and the 
dimension of spirit within humans.  
 

It is our perspective that regardless of the type of dimension, we must explore the upper and 
lower bound limits on the value any entity can possess for that dimension. For instance, we should 
explore the limits on the density of objects found in the universe and the maximum/minimum 
temperature any matter can attain. Once the limits are correctly established, we can set the scales for 
the dimension. Further discussion about characteristics of suggested novel dimensions is outside the 
scope of this effort. 

 
WHAT IS NEXT? CHAPTER 11: Quantum Mechanics, Modern View 
 
 

 Revisit Particle and Wave Properties of Matter: Particle and Wave Separation 
 Black Body Radiation Reveal Quantum Nature of Matter and Energy 
 Schrödinger’s Equation: Mathematical model for a particle’s behavior 
 Paul Dirac’s Contribution to Quantum Electrodynamics (QED) 
 What is a Quantum Entanglement and its relationship with Gravity 
 Novel Applications of Quantum Mechanics: STM and Quantum Levitation 
 Unification of Classical and Quantum Mechanics 
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10.7 Summary 
 
DEFINITIONS 
 
Event horizon: It is a spatial boundary of an imaginary surface around a black hole, enclosing the 
space from which no light or other radiation can escape a black hole’s gravitational grip.  
 
Schwarzschild radius: It is a radius of a sphere such that when all the mass of an object is 
compressed within that sphere the escape speed from the surface of the sphere would be equal to the 
speed of light c. 
 
Singularity: It is a space of infinite space-time curvature, center of a hypothetical black hole where 
matter is infinitely dense and in which no life could exist in theory. 
 
Escape velocity: It is the minimum launch speed needed for an object at a given distance from a 
gravitating body so that it will continue to move away from the massive body instead of orbiting 
about it. The definition implies that higher the initial launch speed larger is the object’s orbit radius. 

 
Accretion disk: A disk of interstellar material surrounding a celestial object with an intense 
gravitational field, such as a black hole. The matter in the accretion disk eventually spirals into the 
attracting black hole and adds to its mass. 
 
Quark star:  A hypothetical celestial object whose density is between the density of a neutron star 
and a black hole or possibly the density of black holes. It is plausible that the compact exotic star is 
the remnant of a massive neutron star with all particles within it reduced to strange quarks. These are 
ultra-dense phase of degenerate matter to form inside a particularly massive neutron star. 
 

Dark matter: Dark matter is matter that neither emits nor scatters light or other electromagnetic 
radiation, and cannot be directly detected by electro-magnetic sensors. We suspect that dark matter 
does not have electrons. The matter inside black hole is this type which makes them unobservable. 
Dark matter is particularly elusive as it does not emit, absorb or reflect light, but makes itself apparent only 
through gravitational attraction. 
 

Color matter: Essentially, any matter that provide response to some kind of radiation in the form of 
reflection and refraction is classified as color matter which is relatively easy to observe and detect. 
 
Dark energy: Briefly, it is a theoretical repulsive force that counteracts gravity and causes the 
expansion of universe at an accelerating rate. In essence, dark energy is a hypothetical form of energy 
that permeates space of universe and exerts a negative pressure, which would account for the 
differences between the theoretical and observational results of gravitational effects on color matter. 
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DEFINITIONS (CONTINUE) 
 
Hawking radiation: A form of radiation believed to emanate from black holes, emerging from the 
region just beyond the black hole’s event horizon. Pairs of virtual particles and antiparticles, created 
naturally in the vacuum fluctuation near the black hole, are split apart, one particle falling into the 
black hole and the other radiating away. 

 
CONCEPTS AND PRINCIPLES 
 
Electron degeneracy equilibrium: According to Pauli’s exclusion principle, electrons in atoms of 
contracting gas matter must exist in different energy states and have different velocities. This makes 
gas atoms move apart from each other and tends to expand the star against the force of gravity. As 
long as mass of contracting progenitor is less than 1.5 solar masses, the exclusion pressure sustains 
gravity by this electron degeneracy pressure, a limit is imposed on the pressure by theory of relativity 
applied to electrostatic charge field. This equilibrium is responsible for the creation of  white dwarfs. 
 
Proton and Neutron degeneracy equilibrium: Quantum mechanics restricts the number of protons 
and neutrons that can have low energy. Each neutron or a proton must occupy its own energy state. 
When neutrons are packed together, the number of low energy states are too few and many neutrons 
and protons are forced to acquire high energy states. These high energy neutrons Fermi pressure 
supports the neutron star and places it in equilibrium in opposition with gravitational pressure. 
Neutron degeneracy pressure sustains pressure from progenitor size of mass 2-8 solar masses. 
 
Quark degeneracy equilibrium: A principle, in steady state, for stability consideration within a 
black hole, the degenerate pressure of repulsive forces among quarks due to like color charges at the 
center of a black hole balances against the contracting force of self gravity and prevents singularity. 
 
Principle: Compression of rigid particles by self gravity: A celestial object formed of rigid 
particles which do not have sub-particles such as a quark star can not be compressed indefinitely by 
the force of self gravity. The size of object is determined by the density of particles, for instance 
quarks in quark stars. The force of self gravity is symmetrical in all direction. Therefore, a differential 
force is exerted in each and every particle of the object. 
 
 
APPLICATIONS 
 

 Answer a huge question, why singularity is not a reality within event horizon of a black hole. 
  Explains composition and characteristics of Celestial entities brown dwarfs, white dwarfs, 

neutron stars, pulsars, and black holes. 
 Explains differences between dark and color matter, and dark and color energies. 
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ANALYSIS MODEL FOR PROBLEM SOLVING 
    

 Newton’s laws of gravitation is applied to derive an expression for escape speed of particle 
from a celestial object such as a black hole, which is   Vesc = (2 G×MB/r)1/2 m/s. To determine 
Schwarzschild radius we equate Vesc to speed of light c and solve for r.  

 
 Schwarzschild radius Rs = 2 G×MB   c2 
 

 where MB is mass of a black hole in kg, G is universal constant and c is speed of light in m/s. 
 
 Above expression when modified by translating mass of the black hole into density 

considerations i.e. density = mass/volume gives estimate for size of the black hole and 
distance of event horizon. 

 
            Event Horizon distance RB = c × [3/8(q× G)]1/2 

 
where q is density of quark in kg/m3, G is universal constant and c is speed of light in m/s. 

 
 Beckenstein-Hawking conjecture derived an expression for entropy of a black hole. 
. 

        Entropy of a black hole SBH         (4 × lp
2)  

      
where A is the area of event horizon, k is Boltzmann’s constant and lp is Planck’s length. 

 
Exercises 
 
Questions 
 
 
 
A heart () denotes objective question and a question with a diamond ()  requires analysis. 
Answers to all questions () and (), and problems () and () are included at the end of exercises. 
 
 

1. Define terms escape velocity, event horizon, Schwarzschild radius, singularity and accretion 
disk as it relates to a black hole. 
 

2. Explain briefly, why black holes absorb radiations and not reflect them based on your 
knowledge about origin of black holes, composition, and density considerations. 



  The New Physics of Black Holes          541 
 

  

3. Explain the terms, Hydrostatic equilibrium, thermal degenerate pressure, electron, proton, and 
neutron degeneracy equilibrium, and quark degeneracy equilibrium in variety of stars. 
 

4. Describe internal composition of a brown dwarf, a white dwarf, a neutron star, a quark star 
and a black hole. 
 

5.  Who discovered the first pulsar? 
 

(A) Edwin Hubble  
(B)  Jocelyn Bell 
(C) James Chadwick  
(D) Karl Schwarzschild 
(E) Ernest Rutherford 

 
6. Why geographic spin axis is not aligned with the axis of magnetic poles in planets and stars? 

 
7. Describe the phenomena responsible for emission of visible light, radio waves, and x-rays 

from two types of pulsars. Why pulsars produce pulsating light beams? What is an important 
application of monitoring pulses of light from a pulsar? 
 

8.  Which of the following is NOT a basic property of a neutron star? 
 

(A) Strong magnetic field 
(B)  Extremely high density 
(C) Extremely large volume 
(D) Strong gravitational field  
(E) Neutron stars are primarily made of neutrons 

 
9. What is the principle of operation that avoids singularity within black holes? 

 
10. What are the basis for Hawking Radiation and evaporation of mass from a black hole? How 

likely is that entire mass of a black hole can be evaporated by Hawking process? 
 

11.  When Radio Astronomers observe pulsars, they are really viewing? 
 

(A) The spin axis of a neutron star 
(B)  The intense gravitational field of a neutron star 
(C) The magnetic field of a neutron star 
(D) Beams of radiations from a neutron star that are pointed towards the Earth 
(E) X-ray hot spots from a Pulsar accretion disk 
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12.  Which of the following is NOT a characteristic of millisecond pulsars? (select all right 
answers) 

 
(A) They are smaller than normal pulsars 
(B) They spin more rapidly than normal pulsars 
(C) They make very accurate time keepers 
(D) They are relatively new 
(E) They always emit x-rays 

 
13. What is the source of mysterious repulsive force that causes expansion of our Universe? Do 

you agree with the possibility about interaction of gravity with quantum fields described by 
author?  

 
14.  The Crab pulsar was the first __________ pulsar to be discovered 

 
(A) Radio 
(B) Optical 
(C) Binary 
(D) Millisecond 
(E) Infrared 

 
15.  Pulsar can be observed in which of the wave band of signals? 

 
(A) Radio and optical 
(B) Radio, optical, and gamma 
(C) Radio only 
(D) X-rays only 
(E) All wave lengths of electromagnetic spectrum 

 
16.  True or false, all neutron stars are pulsars. 

 
17.  According to Hubble’s Law, the relationship between the distance (D) and speed (v) of a 

galaxy is  
 

(A)  v is directly proportional to D3  
(B)  v is directly proportional to 1/D 
(C)  v is inversely proportional to 1/D2  
(D) v is directly proportional to D 
(E) v is independent of D 
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18.  What was the significance of the discovery of the pulsars in the Crab nebula? 
 

(A) The event marked the discovery of the first milli-second pulsar 
(B)  Pulsars were discovered in the places where neutron stars were predicted to exist 
(C)  Astronomers realized that pulsars emitted all kinds of EM radiations 
(D) Astronomers  determined that pulsars could be observed by signals in optical band 
(E) Neutron stars could be found by observing signals in Radio wave band 

 
19. What is Beckenstein-Hawking conjecture as it relates to black hole? Derive an expression for 

entropy of black holes from the Second law of thermodynamics. 
 

20. Differentiate the terms dark matter vs. color matter and dark energy vs. color energy. 

 
Problems 
 
 
A spade () indicates that solution of the problem demands research outside this text book.  
A club ()  denotes that solution of the problem requires substitution of values in a formula 
 
 

1.  Find the orbital period of a star moving in a circular orbit of radius 1000 AU around the 
super massive black hole in M87. Assume equivalent mass of black hole and star system is 
equal to 7×107 Mʘ. 
 

2.  Find the Schwarzschild radius for an object having a mass equal to the mass of the planet 
Jupiter. Assume mass of planet Jupiter  1.899×1027 kg 
 

3.   Prove that the density of matter needed to produce a black hole is inversely proportional to 
the square of the mass of the hole. If you wanted to make a black hole from matter 
compressed to the density of Mercury (13593 kg/m3), how much Mercury would you need?  

 
4.   A star of mass M and radius R has an average rotational period of T. When this star dies 

and turns into a quark star (Black hole), its radius will be reduced to 1/n th of the original 
radius. Calculate the period of the quark star. Assume the mass has remained constant.  

 
5.   To what density must the matter of a dead 10 × Mʘ star be compressed in order for the star 

to disappear inside its event horizon? How does this compare with the density at the center of 
a neutron star, which is about 3 × 1018 kg/m3?  
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6.   A neutron has a mass of about 1.7 × 10-27 kg and a radius of about 10-15 m. (a) Compare 
the density of matter in a neutron with the average density of a neutron star. (b) If the neutron 
star’s density is more than that of a neutron, the neutrons within the star are overlapping. If it 
is less, the neutrons are not overlapping. Which of these seems to be the case? What do you 
think is happening at the center of the neutron star, where densities are higher than average?  
 

7.   What is the Schwarzschild radius of a black hole whose mass is that of (a) the Mars, (b) 
the Sun, and (c) the super massive black hole in M87? In each case, also calculate what the 
density would be if the matter were spread uniformly throughout the volume of event 
horizon. Assume mass of the Mars planet = 6.418×1023 kg and mass of black hole in M87  
7×107 Mʘ. 
 
 

Answers to objective questions 
 

5. (B)  8.  (C)    11.  (D)  12.  (A), (D), & (E) 14.  (B)  
15. (E) 16. False 17.  (D)  18.  (B)  

 

Answers to selected problems 
 

1. 138.127 days 2.  2.82 m       3.   0.732 ×1038 kg = 0.368 ×108 Mʘ  
4. T/n2  5.  black hole1.842×1017 kg/m3 6.   neutron4.058 × 1017 kg/m3 
7. (a) 0.953 mm and 1.77×1032 kg/m3   

(b) 2.95 km and 1.842×1019 kg/m3  
(c) 2.0678×108 km and 0.376×104 kg/m3.  Notice variation in  radius of the black hole 
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Exercises 
 
Despite world physicist colossal efforts, they could not develop a single unified frame work that 
relate motion of all types of objects. In this chapter, our goal is to establish a firm connection 
between rules that govern the motion of vast celestial objects with the forces that control the motion 
of quantum scale particles within the atom’s nucleus. Newton’s laws of motion and gravity predicted 
the future behavior of large celestial objects, using the current parametric values of location, velocity, 
etc., while the principles developed by Schrödinger, and others, predicted the future behavior of 
microscopic particles, such as, electrons, protons, and quarks, within atoms using the probabilistic 
wave function for predicting the location of particles. Sir Isaac Newton formulated his principles of 
motion in the 17th century, where as quantum ideas are product of the 20th century, invented by 
Schrödinger. After reading this chapter, you will be convinced that we have successfully unified the 
principles defined by Newton’s Laws and Kepler’s Law for modeling the motion of celestial entities 
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(planets, stars, galaxies, and black holes) in the universe with the principles laid out by Schrödinger, 
Planck, and Werner Heisenberg for quantum scale (miniscule, nano) particles. Further you will 
realize that the incomplete ideas of relativity developed by Einstein and others did not play an 
important role in bridging the gap between Newtonian Classical  mechanics and Schrödinger’s 
Quantum mechanics. 
 

In Section 11.1, we will revisit the findings of two important experiments in quantum 
mechanics, Young’s double slit and the Davisson-Germer’s X-ray diffraction experiment. The first 
experiment was about the passage of light through a pair of closely spaced slits that exhibited popular 
interference patterns. The second experiment studied the scattering of electrons from the surface of 
nickel crystals which had obscured the identity of electrons as waves instead of particles. Contrary to 
Davisson-Germer’s experiment, Young’s double slit experiment affirmed the wave nature of light that 
is closer to reality and which served clearly the purpose of its design. We shall critically re-examine 
the results of both experiments to clarify the conclusions drawn by their performers. Regarding the 
double slit experiment, we will show the popular conclusion that an electron interacts with both slits 

simultaneously is not valid.  
 
In the past nearly all physicists have ignored the simple fact that all particles should have 

finite, nonzero rest mass and a unique center of gravity. We will avoid making this mistake and define 
the distinct property of particles, namely, their associated effect by the force of gravity, which 
distinguishes them from waves. Waves, by virtue of having zero rest mass and no center of gravity, 
are not affected by gravity. To elaborate on this subject we will state and prove a theorem that 
distinguishes real particles, the hadrons; protons, neutrons, and fermions from virtual particles, the 
bosons; photons, gluons, and the graviton.  

 
In Section 11.2, we will describe the Black Body Radiation (BBR) phenomenon and its 

model. The discrete black body radiation model is often utilized to favor both the particle and the 
wave, what is commonly conceived as the dual nature of radiation. In this section, we will analyze the 
model for the black body radiation phenomenon in detail. Based on the analysis, we will conclude 
that the frequency of radiation from a black body is always quantized to satisfy two conditions; 
Pauli’s exclusion principle (the quantized states of the energy radiated from electrons), and Planck’s  
model (the average energy radiated is proportional to the difference in the final and the initial 
energies of orbiting electrons). We will affirm Planck’s hypothesis: The probability of the radiation 

wave being emitted is proportional to the availability of occupying an energy state, as described by 

the Boltzmann distribution. 

 

 We decided to reexamine the black body radiation phenomenon here to prove our point 
about the wave nature of radiation. Though Plank proposed a corrected discrete model for the 
phenomenon of BBR, he did not wish to imply that the energy radiated from the black body consists 
of particles. We emphasize that the model proposed by Plank is one of his greatest contributions to 
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the development of new quantum ideas, and that subsequently he and Schrodinger laid the foundation 
of the new science, Quantum Mechanics. We review the basic principles of quantum mechanics to 
prepare you for the modeling behavior of nano-scale particles within the atom’s nucleus on the basis  
of quantum theories proposed by Schrodinger. He was considered instrumental in solving a crucial 
problem in the eyes of many physicists. Though noted physicist Bohr developed the classical model 
for emission and absorption frequency spectra of radiation by atoms successfully, his theoretical 
model was incomplete. His model of the atom’s configuration did not allow for the computation of 
the exact position of atomic sub-particles, specifically electrons while orbiting nucleus of an atom. 
Therefore, we will discuss how Schrodinger’s probabilistic model for particles making up atoms 
solved the problem of finding the orbital position of electrons. 

 
We will begin Section 11.3 with Max Born’s idea that the position of a particle within a box 

may be found by evaluating the probability amplitude of the wavefunction for the particle. 
Schrödinger extended Born’s ideas and arrived at an equation for the motion of particles within space 
that described the fashion in which the wavefunction of the particles changes in space and time. Next, 
starting from the first principles, we will apply Maxwell’s equations governing Classical 
Electrodynamics and derive Schrodinger’s equations in both time independent and time dependent 
formats. During the process of our study, we discovered that Maxwell had ignored the gravity 
potential effects on EM fields. He was justified in doing so inasmuch as EM fields are insensitive to 
gravitational field in general. However, when Schrodinger equations are applied to model behavior of 
real particles, we realize that the effects of gravity cannot be ignored. Therefore, we suggest that 
Schrodinger equations should be updated to account for the effects of gravity on the motion of 
electrons. We will propose modifications to Schrodinger equations taking into account the effects of 
gravity on real particles. 

 
In Section 11.4, we will focus on the contributions to the quantum theory from yet another 

physicist, Paul Dirac. It was the genius of Dirac; an expert mathematician and a physicist from Great 
Britain, who essentially completed the effort started by pioneer physicist Max Plank.  Dirac’s 
expertise provided equations describing quantum particle’s behavior in its completeness. It is a 
disappointing fact that many text books in physics have not acknowledged Dirac’s contribution and 
deprived the recognition that he deserved. Frequently, text books in quantum physics briefly mention 
his discovery of the positron, the anti-particle to  electron. Therefore, we have devoted this section to 
honor him as an esoteric faculty member and derive his equations. Further, to appreciate his work, we 
will discuss applications of Dirac’s equations and explicate other theories using his ideas, such as the 
hole theory, Schrödinger’s equations, Pauli’s theory, Klein-Gordan’s equations (named for Oskar 
Klein and Walter Gordon), and for the calculation of energy of an oscillator coupled to a heated bath.  

 
In next few sections, we will discuss well-known applications of quantum mechanics; the 

scanning tunneling microscopes (STM) for probing nano-scale devices, quantum bits for information 
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storage and computation, and quantum encryption for security of data exchanged over wired and 
wireless networks.  Furthermore, we will expound novel applications such as quantum entanglement, 
as well as quantum locking and levitation that utilize super conducting properties of some materials at 
cryogenic temperatures. Quantum mechanics is an evolving field that has the potential for the 
development of a fascinating application, that of cloning humans by quantum replication. However, 
we will confine our discussion to possibilities that could transform into realities in the foreseeable 
future.  

In  Section 11.5, we will explore the interesting effect of quantum entanglement. 
Entanglement is a property shared by two entities which allows to determine the state of a property in 
the second entity by knowledge about the same property of the first entity. We will reveal the mystery 
behind the operation of this effect on the basis of a belief that objects and particles express their 
fundamental properties of mass and charge in a more subtle way than we may be accustomed to think. 
We are hinting at the possibility that entanglement and gravity effectuations propagate at the same 
speed, at speeds faster than the speed of light c. We will discuss this possibility and explain how this 
might happen. It was discovered that entanglement functions as expected most of the time, but 
occasionally it has been known to breakdown. We will dissect the reasons for this failure in the 
operation of the entanglement phenomenon. Also, we will disclose a new application of entanglement 
for the space industry. 

 
In Section 11.6, we will expound on a recent development in the quantum arena, namely, the 

levitation of relatively heavy objects by a flux pinning mechanism employing the Meissner effect. We 
will explain the principle and operation behind levitating objects being propelled by an 
electromagnetic field generated by coils carrying an electric current. The coils are maintained in a 
superconducting state at cryogenic temperatures to create magnetic fields that counteract the force of 
gravity. In next section, we will describe another popular application of quantum mechanics, the 
Scanning Tunneling Microscope (STM). It is a very useful technique that analyzes defects in the 
lattice structure of crystals making up silicon wafers. The wafers are cut from a large rod of silica that 
is pulled from an ingot of molten SiO2 within a temperature-controlled furnace. Eventually, hundreds 
of computer circuits that contain billions of transistor switches are fabricated on each silicon wafer. 
We will discuss the operation of STM, and state an expression for current through the tip of the STM. 
Further we will explain STM with an Infrared Spectroscopy feature capable of examining details of 
subatomic particles at the nano-scale. 

 
In final section we will attempt to unify the principles of Newton’s Classical mechanics and 

Schrödinger’s Quantum mechanics.  We will show that the classical ideas, the laws of large objects, 
can be extended to analyze the behavior of elementary particles, quarks and bosons. We accomplish 
our objective by emphasizing the fact that suggestions made by us improve previously developed 
models significantly.  In this section, first, we correct Bohr’s hydrogen atom model by the integration 
of gravity effects in the computation of radiated frequency produced by the electrons in the hydrogen 
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atom, discussed in Section 8.6. The improved model permits measurement of the effect of gravity at  
the quantum scale.  Secondly, you will discover that we are proposing that a term for the effect of 
gravity in Maxwell’s field equations must be added, while modeling particles by deriving 
Schrödinger equations as described in Section 11.3. The suggested modification should improve the 
accuracy of the probability amplitude computations for the position of electrons trapped in an atom’s 
orbit, a spherical “box”. To demonstrate the validity of our concepts we will apply them to explicate 
details of the processes occurring in alpha, beta, and gamma decay of radioactive nuclei and apply 
Dirac’s equations to expound Pauli’s theory. 

  

11.1 Revisiting Quantum Behavior 

 
De Broglie, in 1923, proposed that matter possesses both properties of particles and waves examined 
under suitable conditions. His hypothesis that every particle exhibits wave behavior is true in part. but 
it should depend on the degree of freedom and the confinement on its motion. Three years after de 

Broglie’s prediction, Davisson and Germer verified his idea by an accident that occurred in their 
experiment. Thus, the root of quantum mechanics sprung from the experimental evidence that both 
matter and electromagnetic radiation were sometimes best modeled as particles and occasionally as 
waves, depending on the phenomenon observed. Physicists realized that it is essential to perform 
research in a new branch of science, Quantum Mechanics.  
 

Davisson-Germer’s experiment verified wave-like behavior of particles with the highest 
degree of confidence. However, verifying particle behavior of waves, such as radiation entities, is 
another story. The wave nature of light was convincingly proven by Young’s Double Slit experiment. 
The results of the experiment were revisited by firing electrons through double slits. It was observed 
that interference patterns were created similar to the ones created by light. Therefore, the performers 
of these experiments concluded that both wave and particle entities display dual characteristics of a 
wave and a particle, when examined under appropriate conditions. In the following two subsections 
we will describe the details of these experiments and show that the results did not prove a dual wave-
particle nature for both wave and matter entities. 
 

11.1.1  Davisson-Germer’s Diffraction Experiment 
 
In 1925 at Bell Telephone Laboratories, Davisson and Germer were performing an experiment to 
study electron scattering from a polycrystalline Nickel surface. The intent of their experiment was to 
investigate the wave-like nature of matter analogous to wave-like nature of X-rays that had been 
confirmed through X-ray scattering experiments for the validation of the Compton effect. The 
experiment involved the scattering of low-energy electrons (accelerating potential 54 volts) from the 
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surface of a Ni target in a vacuum. During the experiment, the vacuum system accidentally broke 
open to air while the target was still hot, thereby oxidizing the target, forming nickel oxide. They 
attempted to change the oxide back to nickel by heating it in hydrogen and subsequently in a vacuum. 
In the process they had incidentally changed the nickel from a polycrystalline aggregate into a few 
large crystals. The examination of the characteristics of the electron scattering had been drastically 
altered, showing new strong reflection at particular angles. Several different peaks of reflection were 
detected as the acceleration potential for the electron beam was increased from as low as 32 volts  to 
as high as 400 volts. 
 

The angular dependence of the reflected electron intensity was measured and it was 
determined to have the same diffraction pattern as those predicted by Bragg for X-rays. The basic 
features of the experimental arrangement are displayed in Figure 11.1. An electron beam was directed 
perpendicular to the face of a nickel crystal. A detector collected electrons reflecting off at a certain 
angle  to normal. The crystal, as well as the detector, could be rotated about the axes of incident and 
the reflected beam as indicated in the figure. In this experiment, Davisson and Germer found a 
particularly strong reflection at  = 50 for the electrons accelerated to 54 V.  The intensity reached a 
peak for the angle of reflection when the crystals were aligned and oriented so that the atoms in its 
surface were known to be equidistant and the parallel rows perpendicular to the plane containing the 
incident and the reflected beams. 

 
Figure 11.1 Apparatus used in Davisson and Germer experiment. (a) Schematic arrangement (b) End view of 
parallel rows of surface atoms. The rows are separated by distance D and the orientation of reflecting planes 
(Bragg planes) is orthogonal to the plane containing the incident and the emergent electron beams (Courtesy 
French and Taylor [3]).  

This strong electron selective reflection in a wave-like phenomenon was totally unexpected 
from the classical particle nature of electrons. However, the experiment did verified de Broglie’s 
hypothesis and demonstrated the existence of de Broglie waves. Let us present analysis of the de 
Broglie hypothesis and show how it correlates with the experimental data. It was known from X-ray 
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scattering experiments that the spacing D between the parallel rows of the nickel crystal was 2.15 A.  
The condition for the reinforcement of waves, the constructive interference, and the scattering of 
electrons from adjacent atoms in the crystal surface was satisfied. Therefore we can evaluate 
wavelength of incident radiation by applying Bragg’s law:  
 

= D sin           
 
Substituting the numerical values and the experimental determination of , we get 
= 2.15  sin  = 2.15 × 0.766 = 1.65 A 
 
 
Theoretically, we can calculate  an electron wave length that exhibited the peak intensity of 
reflection as follows: When electrons are accelerated through a potential difference of V they acquire 
a kinetic energy K equals Ve, where e is the electronic charge. Thus, for low energy electrons, one 
could ignore relativistic effects and from the postulates of the Skylativity® theory; but the effect is 
irrelevant anyway. Therefore, we equate Kinetic energy according to the classical model for 
electrons. 
Ve = ½ mev2 or v2 = 2 Ve/me and momentum p = mv = (2 me Ve)1/2 
But = h/p implies = h×(2 me Ve)-1/2 , where V is in volts and me electron mass. 
Substituting the numerical values for V and e, mass of electron me, and h we get 
 

= 12.247 V-1/2
        

 
Figure 11.2  Results from  Davisson and Germer experiment. (Courtesy French and Taylor [3]).   
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For V = 54 V this gives  = 12.247 × 54-1/2 = 1.66 A. Agreement between the calculated value and 
the experimental result is excellent! Figure 11.2 shows the results of the systematic study that 
Davisson and Germer subsequently made to test the de Broglie relationship through the dependence 
of measured electron wavelength on accelerating voltage.  
 

There is a great deal more to say about the reflection of electron beams from the Bragg’s 
plane in the Davisson-Germer Experiment. It is a subtle effect in its fine granularity of interference 
patterns created by reflected electrons from nickel crystal material.  Let us probe the issue further and 
analyze the events that occur at the interface of air and the atoms of nickel on the top layer of crystals.  
A micro-examination of the situation is depicted in Figure 11.3. Here is how it happens. As the 
electrons from beams approach nickel atoms at the surface they are reflected back by the force of 
electrostatic repulsion created by the charge of the nickel atom’s orbiting electrons. Specifically, most 
of the electrons are repelled from electrons within the third shell (16 electrons; two electrons in its 
outermost). In order to force the approach of electrons to a lower energy level (closer to the nucleus) 
than the third shell the electrons must be accelerated to 54 V. Any higher or lower accelerating 
potential than 54 V should decrease the probability of repulsion because the other shells have fewer 
electrons than the number of electrons in the third shell.   

 
 

Figure 11.3  Close  examination, diffraction of electron beam. 
Thus, an interference pattern of dark and bright fringes is detected at several angles while 

electrons are accelerated at higher or lower voltages than 54 V, with a central maxima due to peak 
reflection detected at 54 V. The brightest band at the center occurs when the reflection angle is 
perpendicular to Bragg’s plane, as defined by the orientation of the nickel crystals in relation to the 
surface. Therefore, diffraction of the electron beam is the result of interference effects exhibited by 
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approaching electrons; a wave-like characteristic as determined by the manner in which electrons 
from the beam react with electrons in nickel atoms. A word of caution must be observed when we 
speak about the wavelength of an electron. The wave nature of an electron arises because, while in 
motion, it continuously oscillates around its mean position. Therefore, the interference and spacing 
among the fringes is proportional to the propagation delay between Bragg’s plane and the wavelength 
associated with reflected electrons.  

 
From a philosophical view this experiment made a very intelligent point, relationship 

between the structure of incident surfaces and the extent of reflecting electrons [J]. When we speak of 
causation, not deterministic, but in a probabilistic sense, there is clearly, at an observational level, a 
persistent condition. The dependence of the intensity of the reflected beam on the set of antecedent 
conditions prevail. These conditions also exist prior to their respective effects. There is, of course, no 
local causal mechanism that would scatter an electron in a specific way since the causal situation 
covers continuous stream of electrons. Therefore there is only a certain likelihood that one particular 
particle in these experiments will be scattering in a specific direction.  
 

Sufficient information is available about the scattering of atomic particles to establish a 
causal dependence between the antecedent and consequent conditions. In the Davisson-Germer 
experiment, the wavelength of the electron beam, scattered at 50, is 1.65 A. This is in agreement to 
which the particular antecedent conditions corresponding to the electron beam that has initial kinetic 
energy of 54 V (See Figure 11.2); the lattice spacing of the nickel atoms is known, from which the 
spacing of the Bragg planes can be computed; the condition for constructive interference is also 
known. There is quite a general dependence of the interference effects on the regular spacing of the 
atom planes in the crystal analogous to the distance between two slits in Young’s double slit 
experiment. Interference is most commonly used in the study of atomic properties. All this means is 
that under certain conditions, particles such as electrons exhibit wave-like characteristics like 
electromagnetic radiation.  

 
This experiment was independently replicated by George Paget Thomson, and Davisson and 

Thomson shared the Nobel Prize in Physics in 1937.  The Davisson – Germer experiment confirmed 
the de Broglie hypothesis that matter has wave-like behavior. This, in combination with the Compton 
effect, discovered by Arthur Compton who won the Nobel Prize for Physics in 1927,  established the 
particle-like behavior of waves, and henceforth came the wave–particle duality hypothesis, which was 
a fundamental step in quantum theory. We would like to point out that the wave-like properties of 
particle electrons did not prove that particles are waves in reality. Once again, we stipulate that a 
sufficiently large number of electrons can show their sensitivity to gravity. On the other hand, wave 
entities, radiation, are completely insensitive to gravity effects. We will emphasize this point in 
Section 11.1.3. Next we will discuss details on Young’s double slit experiment, the purpose of which 
was to show the wave nature of both radiation and particles.  

http://en.wikipedia.org/wiki/George_Paget_Thomson
http://en.wikipedia.org/wiki/Compton_effect
http://en.wikipedia.org/wiki/Compton_effect
http://en.wikipedia.org/wiki/Arthur_Compton
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11.1.2  Young’s Double Slit Experiment 
 
In the study of QED (Chapter 6) we learned that interference of all waves occurs due to their 
propagation characteristics and the superposition effect. Essentially, the phenomenon is governed by 
two principles, Huygens propagation of mechanical waves and the Superposition.  A pattern of bright 
and dark bands appears on a screen when light is passed through narrow slits separated by a small 
distance.  Bright fringes of high intensity are formed due to constructive interference between two 
wavelets that are in phase. Dark fringes of low (zero) intensity are developed due to destructive 
interference for two wavelets that are 180 out of phase. In the history of light wave physics, the 
interference effect provided the strongest evidence that light behaved as waves and not as particles.  
 
 If we attempts to observe the interference pattern of light emitted from two incandescent 
bulbs our effort will be unsuccessful. The reason for this is that the phase of light waves emitted from 
both sources is uncorrelated in time insomuch as the phase of light created is random in each emission 
of light from two different sources. Such sources of light are known as incoherent and are achromatic. 
Incoherent sources has to do with the phase of emitted light from two or more sources not being 
synchronous (0 phase difference), while achromatic sources has to do with emissions usually 
comprised of a mixture of wavelengths (colors).  
 

 
Figure 11.4 Schematic diagram of Young’s  double slit experiment.  (a) Slits S1 and S2 acts as coherent sources 
of light waves that produce interference fringe pattern. (b) Geometric construction of light rays. 
 

To observe the interference effect from different sources, two essential conditions must be satisfied. 
 The sources must be coherent, they must sustain a constant phase difference with respect to 

each other. Otherwise, the interference will last for a short time so that human eyes cannot 
detect the variations in intensity. 
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 The source should be monochromatic, of a single wavelength. Otherwise, fringes of dark and 
bright regions of different colors will overlap, preventing identification of a distinct pattern. 

 
A common method used to produce two coherent monochromatic light sources is to 

illuminate a single screen containing two small apertures, formally known as slits. The light source 
emits light of a single wavelength by design, and is therefore inherently monochromatic in nature. 
The light emerging from both slits is coherent because one source is responsible for production of 
both beams through the apertures. If the path of light was straight, and if there were no superposition  
effects, no interference pattern would be visible. This divergence of the intensity of light from its 
initial line of travel is called diffraction. Interference in light waves from two sources was first 
discovered by Newton, but was experimentally demonstrated by Thomas Young in 1801. A schematic 
diagram of young’s apparatus is shown in Figure 11.4 (a).  
 

 The light from S1 and S2 produces on a viewing screen a visible pattern of bright and dark 
parallel stripes called fringes. When the light from S1 and that from S2 both arrive at a point on the 
screen such that at the striking instance they are in phase (0 phase difference), constructive 
interference occurs at that location and a bright fringe appears. When the light from two slits 
combines destructively at any location on the screen because the waves are in an opposing phase 
situation (180 phase difference), a dark fringe band results on the screen.  We can analyze Young’s 
experiment quantitatively by using Figure 11.4 (b), as follows.  
 
 In the Figure, the image screen MN is situated at distance D meters perpendicular to slits A 
and B. The slits S1 and S2 are separated by distance d m. It is assumed that distance D is several times 
greater than distance d, the width of slits. To reach any arbitrary point P in the upper half of MN, a 
wave from the lower slit  must travel farther than a wave from the upper slit by a distance dsin. This 
distance is called the path difference  = R2 – R1, as indicated in Figure 11.4 (b). For a point Q 
located in the lower half of MN, the path difference would be the same , except that the sense of 
description is inverted, meaning that the path length from slit S1 will be longer than S2 this time. 
Therefore, we get 
 

  = R2 – R1 = dsin        
 
The magnitude of path difference determines whether the waves from two slits are in phase when 
they arrive at P. If  is zero or some integer multiple of wavelength  of light, the waves are in phase 
and constructive interference results. Therefore, the condition for a bright fringe band at point P is  
 

 dsinbright = m   (m = 0, 1, 2, … )   (11.4) 
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The number m is called the order number of interference fringe bands. For constructive interference, 
the order number is the same as the number of wavelengths included in the path difference. The 
central bright prominent fringe occurs where bright = 0, at point C called zeroth order maximum. The 
higher order maximum are recognized as mth order, first, second, third, and etc. When  is an odd 
multiple of /2, the two waves arriving at a different point Q are 180 out of phase and give rise to 
destructive interference. Therefore, the condition for dark fringes  at Q is satisfied. The condition 
translates to following equation 
 

dsindark = (m+1/2)    (m = 0, 1, 2, … )    (11.5) 
 

The equations (11.4) and (11.5) provide the angular position of a bright and a dark fringe. It is a 
straight forward matter to obtain the linear position of bright spot P and dark spot Q. From triangle 
CPO in Figure 11.4(b), we observe that  tanbright = X/D. Using this trivial expression we can find the 
linear position of bright and dark fringe bands from center point C, expressions (11.6) and (11.7). 
 

Xbright = D × tanbright       (11.6) 
 

and  Xdark = D × tandark        (11.7) 
 
where bright and dark are determined from (11.4) and (11.5).  
 
When the angle to the fringes are small, the positions of the fringes varies linearly with respect to  
because tan= sin. We can substitute tanbright  in (11.6), which gives  
 

Xbright = D × m/d        (11.8) 
 

For small angles, Xbright  varies linearly with m, so the fringes are equally spaced near C. Young’s 
double-slit experiment provided a method for measuring the wavelength of light source and gave the 
wave model of light a great deal of credibility. Commenting on Newton’s experiment of the passing 
of light through a pair of prisms we argued that light particles cannot merge to form white light from 
different colors.  Also, Young’s double-slit experiment demonstrated that particles of light coming 
through a slit should cancel their existence to form dark fringe. The wave model supports this peculiar 
behavior of light in both experiments and hence solidifies the wave model.  
 

Despite convincing arguments for the wave model of light, the scientific community was not 
ready to give up on their idea of the dual nature of light and matter. To make their point clearer, they 
performed Young’s double-slit experiment with a different source, that is, a stream of electrons from 
a gun instead of a monochromatic light source. They wanted to prove that matter has a particle and a 
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wave nature analogous to the dual nature of light. Indeed, they noted interference patterns on a screen 
when electrons were collected for a sufficient period of time by the detector screen. The reasoning 
was that interference patterns should not appear if the electrons behaved as classical particles. Hence, 
this gave lucid evidence that electrons are interfering, a distinction similar to that of wave behavior.  

 
Figure 11.5 Revised diagram of Young’s experiment with electron beam as the source (a) Distance d between 
the slits is much larger than the width of individual slits and is much smaller than D, the space between slit and 
detector screen. (b) Difference between images obtained from a single slit and a double slit experiment. 
 
 We would like to make several comments on these observations and the conclusions drawn 
about the wave nature of electrons as depicted in the experiment. The performer of the experiment 
discovered that the angles  at which the maximum intensity of electrons arrives at the screen  (Figure 
11.5(a)) are described precisely by the same equation as that for light, dsinbright = m where m is the 
order number and  is the electron wavelength. We believe that analogy made between fringe patterns 
obtained from light and an electron beam is not perfect.  
 

In the case of light fringes created by the superposition of two coherent light waves 
propagating through each of the slits in space, there is no superposition effect in place when electrons 
pass through the slits. Instead, we propose that the fringes are produced due to preferential scattering 
of electrons. Furthermore, in the light experiment, the spacing between the bright fringe bands, that is 
the width of a dark fringe bands, is proportional to the path difference  in figure 11.4(b) between 
rays R1 and R2. The path difference and the widths of dark and bright bands are precisely related to 
the wavelength of light in accordance with the Hugeness’ principle. Contrary to this, according to our 
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proposal, the motion of electrons through the slits, producing a scattering angle, is effected by space 

charge distribution and the intensity of the electrostatic field in the region at the instant of electron 
passage.  

To support the claim for the dual nature of electrons from the results of the experiment, it was 
stated that “the electrons are detected as particles at localized spot on the detector screen at some 
instant of time, but the probability of arrival at that spot is determined by the intensity of two 
interfering waves [19]”.  It was not explained what the source of these two waves were and from 
where they originated. Moreover, to interpret reasons for multiple fringes it was surmised that an 
electron must interact with both slits simultaneously and should pass through both slits at the same 
time. We strongly disagree because the event of the passing of an electron through one of the slits 
automatically decreases the probability of finding the electron at the other slit to zero, a mutually 
exclusive event. Therefore, we conclude that an electron cannot interact with both slits 
simultaneously. The same argument applies to light photons.  

 
Now, if we conclude that an electron interacts with only one slit at a time, the interference 

should not occur because there is no second electron going through the other slit at the same time to 
interfere with the first. So the question is, why are fringe band patterns observed in this experiment? 
In fact, it was confirmed experimentally, as well as by computer simulations, that at extremely low 
electron beam intensities interference patterns disappear completely. 

 
We have a cogent explanation for the observed interference for sufficiently high electron 

beam intensities. First, at higher intensities a greater number of electrons impact localized spots on 
the detector screen per unit of time in succession. Two electrons cannot impact the same location at 
the same time inasmuch as they are mutually repelled by their electrostatic charge. Therefore, an 
image of an interference pattern begins to develop due to composite responses from great numbers of  
electrons impacting the detector over a long interval of time. It is a cumulative outcome as indicated 
by the detector response in Figure 11.5(a). Secondly, as the electron is passing through the slit, it 
oscillates within an electrostatic field and scatters at different angles. This scatter angle is 
proportional to the frequency and wavelength of vibrations of the electron in electrostatic field. In 
essence, this experiment proved the wave characteristics of electrons as they are manifested in the 
form of interference. However, this should not imply that electrons are waves and they pass through 
both slits simultaneously.  

 
To justify their effort, physicists applied the Heisenberg’s uncertainty principle to a particle 

electron passing through a slit. Quantum theory postulates that it is fundamentally impossible to 
measure both particle’s position and momentum with infinite accuracy. The uncertainty arises from 
the quantum structure of matter. Therefore, we have to live with some uncertainty in the position and 
the momentum of a particle electron. The uncertainty concept permitted an assumption about an 
electron’s position.  It was concluded that an electron may be present in one of the slits while the 
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wave representing the electron is passing through other slit.  Thus, an electron can interact with waves 
representing another electron after it passes through slit causing interference. The good news about 
the uncertainty principle is that it ruled out the possibility that an electron can occupy two positions 
and pass through both slits simultaneously. This would violate the required uniqueness of space-time 
coordinates for particles in existence.  

 
The uncertainty in the position of an electron is a weak argument in this scenario because an 

electron particle is represented in quantum mechanics by wave packets (composition of waves) and 
are confined when electrons are actually passing through a slit. Moreover, electrons, like all baryons, 
have gravity, albeit being extremely weak. The sensitivity of electron trajectory to a gravitational 
force completely distinguishes them from waves. Gravity, and its effect, is a very subtle property of 
all material particles in the sense that at any instant of time there is only one space-time coordinate 
value for the center of gravity of any fundamental particle or object. Therefore, we postulated a 
theorem to differentiate particle entities from waves. One problem with the gravitational property of 
particles is that it is very weak for isolated particles. Therefore, gravitational force effect is 
measurable only for objects realized from the composition of a very large number of particles. A side 
effect of this weakness of the gravitational effect is it does not help resolve  a mystery of unifying all 
forces found in nature. 
 

11.1.3  Distinction, Real vs.Virtual Particles 
 
From our discussion, it is evident that physicists of 20th century were astonished to observe wave-like 
properties of particles and particle-like behavior of waves. We now surmise one of the primary 
reasons their erroneous supposition has endured until now. They had not attempted to understand how 
waves (virtual particles photons) were created in the first place. According to our explanation in 
Chapter 2, Quantum Theory of Radiation, radiation waves are emitted by electrons, the byproduct of 
their oscillations (releasing of energy) in transition to their bound state. This paradoxical behavior of 
light waves and electron particles is not a surprise to us. It is unfortunate that the reverse process of 
transforming waves into particles does not happen at ordinary energy levels, and hence be verified 
with ease. Since the center of mass plays a very important role in deciding if an entity is a wave or a 
particle, we are formulating a theorem. 

 
Theorem 11.1: Distinction, Real vs. Virtual Particles  
 
Mediating particle bosons: gluons, gravitons and photons do not have a rest mass for transformation 
into energy and lack a center of gravity within any moving and stationary frame of reference. We will 
call these particles, virtual hypothetical particles and distinguish them from real fundamental 
particles, the protons, neutrons, and electrons, as well as composite particles, atoms and molecules, 
within objects. 
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We stipulate that all virtual particle behavior is characterized by a corresponding energy 
wave. The mediating virtual particles, without a center of mass, are not affected by the force of 
gravity. On the other hand, all real particles possessing a unique center of gravity have mass and 
project, or exert, a force of gravity on other particles of mass. 
 
Formal Proof of the theorem:  

 
This theorem clearly distinguishes the unique properties of both waves and particles. Two extremely 
important characteristics of particles that differentiate them from waves are a nonzero rest mass value 
and a unique location for a center of gravity. We have identified rest mass as an intrinsic mass in 
Section 4.5 because mass distribution of rest mass determines the center of gravity for the mass. 
Another characteristic that differentiates a particle from a wave is that the intrinsic mass of any 
particle is capable of transforming into the energy waves abiding with Einstein’s famous energy 
equation E = mc2, in theory.  Further, the location of the center of gravity for any object with finite 
mass is unique and is altered by modifying the mass distribution. In contrast, energy wave entities do 
not have rest mass and neither can one specify a unique coordinate for the center of gravity for a wave 
entity. In addition, waves do not project, or exert, a force of gravity on other particles or waves. 
Therefore, we assert that the wave entity, being without a center of mass, does not belong to the entity 
class of particles, and is not affected by the gravity of massive objects. Hence, we have proved these 
axioms by tenets. A corollary of the particle wave separation theorem is that all forces found in nature 
convey their effects to particles by mediating entities waves. Advanced from our proof, we postulate 
that virtual particles, namely photons, gravitons and gluons, must be characterized as wave entities. 
 

Furthermore, many scientific observations and interpretation of results of experimentation 
can be highly subjective and influenced by personal bias. We believe that the resultant conclusion 
made in Young’s double slit experiment involving an electron beam was a biased presupposition in 
favor of its wave nature [19]. Our statement is valid even if the act of measuring the motion of the 
electron passing through a slit destroyed the interference pattern, because the probability that an 
electron passed through both slits is exactly zero. The probability is nonzero only if the spacing 
between the two slits was reduced to zero, in which obvious case the electron in the experiment 
would pass through only one slit. The valuable results from both experiments were that the dual 
complementary models for both the particles and the waves had successfully explicated many 
phenomena that were not clearly understood by one model alone. Nevertheless, we are in assent with 
the fact that the wave model for mediating particles and the de Broglie wavelength properties 
exhibited by particle waves were valid modeling concepts. 

  
Now, we agree that the behavior of the wave and particle entities are more suitably modeled 

as a particle or a wave, depending on the situation observed. However, we must distinguish the model 
of behavior from the reality. For instance, the diffraction patterns created by the electrons in the 
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Davisson-Germer experiment were caused by the wave like motion of the electrons. However, this 
motion of electrons did not transform the electron particles into waves, or wave entities. Here, we are 
making a remarkable and essential distinction between particle nature and wave nature of energetic 
entities. Wave entities do not have a fixed location for the center of mass. Dissimilarly, the particle 
entities are characterized by a center of mass with a location that varies with the position of the 

particle. The position of the center of mass remains fixed in relation to the mass distribution of an 
object or a particle of interest.  
 

In the next section, we will discuss another important topic that formed the basis for the 
foundation of the quantum theory. German physicist, Max Planck, developed a quantized model for 
radiation energy spectral distribution from black bodies at high temperatures. He was awarded the 
Nobel Prize in physics for his discovery of the quantum nature of energy waves. We are in complete 
assent with Planck’s hypothesis and his discrete energy model for black body radiation. 
 

11.2 Black Body Radiation and Quantum Ideas 
 
Let us first explain why physicists in the 1900s believed that a different theory and model other than 
the one presented by classical physics was required to explain black body radiation. One of the 
reasons was that they were not able to explain or form a model of behavior of matter at the 
atomicscale. For instance, the emission of discrete wavelengths of light and radiation from the atoms 
of a gas held at high temperatures could not be expounded by the principles of classical physics.  
 

Consider heat radiation and absorption by a black body, treating it as an example of classical 
phenomenon. A close approximation for the black body is a hollow object with a small hole, a cavity. 
Any radiation incident to the hole region from the outside enters the cavity. Usually radiation is 
absorbed by the interior walls and reflected multiple times. Hence, our imaginary object with its 
cavity appears like a perfect black body, as indicated in Figure 11.6. Careful studies show that the 
escaped radiation from the hole of the cavity consists of a continuous distribution of wavelengths 
encompassing a broad section of the electromagnetic spectrum. This characteristic of released 
radiation raised the curiosity of many physicist. It depended on the absolute temperature of the black 
body and did not depend on the kind of material used to make up the black body. 
 

Further studies show that radiation emitted by the oscillations within the cavity walls 
experienced multiple reflection. Standing waves of radiation energy are established within the cavity. 
The distribution of the energy among these standing wave modes determined the distribution of the 
radiation leaving the cavity through the hole. Figure 11.7 illustrates how the intensity of black body 
radiation varies with temperature and wavelength. The intensity vs. wavelength curves were plotted 
for three different values of temperature, namely 2000, 3000, and 4000 K respectively. 
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The following two findings were of considerable importance in this experiment:  
 

1. The total power of the emitted radiation increases with the fourth power of temperature, 
known as Stefan-Boltzmann’s law (named for Jožef Stefan and Ludwig Boltzmann) of black 
body radiation in thermodynamics. 
 

P = AeT4         (W) (11.9) 
 

where P is the power in watts radiated at all wavelengths from a surface,  is the Stefan-
Boltzmann constant which is equal to 5.67 × 10-8 W/m2 K4, A is the surface area of the object 
in square meters, e is the emissivity of the surface, for black body e = 1 and T is the surface 
temperature in K. 
 

2. The peak of the wavelength distribution shifts to shorter wavelengths as the temperature 
increases. The relationship to describe this finding is called Wien’s displacement law: 

 
maxT = 2.898 × 10-3        (m K) (11.10) 

 
where max is the wavelength at which the curve peaks and T is the absolute temperature of 
the surface emitting radiation. 
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Figure 11.6 Simulated black body 
radiation. An opening to a cavity inside a 
hollow object is a good approximation for 
a black body. The energy radiated from 
the opening is characterized by the 
temperature of the object, not on the 
material. The escaped radiation reflect the 
standing wave modes of radiation created 
by multiple reflection. (Courtesy Serway 
& Jewett [19]). 

 
Wien’s displacement law, named for Wilhelm Wien, is consistent with the observed behavior 

of the heated black body. At room temperature and low temperatures, the object does not glow, 
although it emits radiation in the infrared region of the spectrum due to the temperature differential 
between it and the ambient conditions. At a slightly higher temperature, 3000 K, it glows red because 
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the peak shifts to the near-infrared visible end of the spectrum, red. At a still higher temperature, 
approximately 6000 K, it glows white because the peak is shifted in the all visible light color 
spectrum so that all colors are emitted producing a white light.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 11.7 Intensity of black body radiation 
versus wavelength at three temperatures. The 
visible wavelength is 0.4 m to 0.7 m. Notice 
how the peak intensity wavelength shifts toward 
smaller wavelengths for high temperatures. At 
3000 K, the peak wavelength is slightly above the 
infrared (07 m) region such that the object glows 
red. At approximately 6000 K, the peak is shifted 
to 0.4 m wavelength at which all color is radiated 
forming white light. (Courtesy Serway & Jewett 
[19])  

 
 
 
 
Because of the physical evidence, it was imperative that a successful theory for black body 

radiation must at least satisfy the requirements of equations (11.9) and (11.10). It turns out that the 
classical model to describe the distribution of energy from the black body, the Rayleigh-Jeans law 
 (named for John William Strutt, 3rd Baron Rayleigh, and Sir James Jeans), fails to meet the two 
requirements at low frequencies. The expression for the intensity or power per unit area emitted is 
based on the classical theory, Rayleigh-Jeans law, and is described as follows: 
 

I(,T) = 2ckBT4 (11.11) 
 

where kB is the Stefan-Boltzmann constant equal to 5.67 × 10-8 W/m2 K4 

 

The value of the intensity from this function approaches infinity as the wavelength 
approaches zero, which is displayed in Figure 11.8. This was a major disagreement with the 
observed data illustrated in Figure 11.7. According to the measured data, as the wavelength 
approached zero, the intensity for the wavelength is also reduced to zero. The mismatch between the 
theory and the experiment was so disconnected that the scientists called it an ultraviolet catastrophe. 
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After the catastrophe in 1900, Planck developed a theory of black body radiation that was in 
total agreement with the experimental results at all wavelengths. He made two bold assumptions 
about the nature of the oscillations within the cavity walls:  

 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 11.8 Results of black body radiation experiment. The curve predicted by the Rayleigh-Jeans law of 
classical theory shows a discrepancy at small wavelengths. (Courtesy Serway & Jewett [19]). 

 The energy of a particle in the oscillator can have only certain discrete values: 
 

En = n × h × f (11.12) 
 

where n is a positive integer known as quantum number, f is the frequency of oscillations, and h the 
constant introduced by Max Planck, known as Planck’s constant. 
 The oscillator and the particle involved in the oscillator emits or absorbs energy when making a 

transition from one quantum state to the other. The entire energy difference between the starting 
and the final states of the transitioning particle is emitted or absorbed as a single quantum of 
radiation. A particle in the oscillator will emit or absorb energy only when it changes its state.  

 
E = h × f (11.13) 
 
He turned out to be correct in both of these assumptions. His two predictions were the key 

points and the highlight of Plank’s career, and hence, of the theory of black body radiation. He was 
awarded Nobel Prize for this remarkable discovery. During his time, many scientists did not believe 
that the quantum ideas from Plank were realistic. They, including Plank himself, thought that the 
computations were correct only by coincidence. As we shall soon discover, the major difference 
between Plank’s model and the Rayleigh-Jeans classical model was in the method of computation of 
the average energy associated with a particular wavelength of standing waves within the cavity [19]. 
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 Figure 11.9 illustrates the allowed energy levels for an oscillator inside the cavity of a black 
body with frequency f. We will state Plank’s theoretical expression, which he derived with the same 
classical ideas proposed by the Rayleigh-Jeans model, after a correction for intensity computations at 
small wavelengths:  
 

I(,T) = 2 hc2


5 × (ehc/k
B

T- 1)] (11.14)
 

 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
Figure 11.9 Allowed energy levels for an 
oscillator with frequency f. The allowed 
transitions are quantized (discrete values in steps 
of hf) as indicated by double-headed arrows.

Figure 11.10 illustrates the curve presented by Plank’s model and fits the data for the entire 
range of wavelengths with total consistency. After looking at the success of Plank’s theory, in 1905 
Einstein re-derived Plank’s results assuming that the cavity oscillations of the electromagnetic field 
themselves were quantized. He proposed that the quantization is a fundamental property of light as 
well as other electromagnetic radiation. To us this is not a surprise because radiation is a by-product 
of the change in the quantum state of electrons orbiting the spherical shells of atoms, such that make 
up the material of the cavity, as per Planck’s hypothesis. Therefore, light and other radiation inherited 
the quantized energy state property from its parent particle electrons, as stipulated by Plank’s black 
body radiation theory, and is complemented by Pauli’s exclusion principle of the Bohr’s model for 
atoms. The natural aversion of electrons occupying the same space within spacetime dimensions 
inside the nucleus of atoms was formally characterized by the Exclusion Principle from Pauli.   

 
In the Rayleigh-Jeans model, the average energy associated with a specified wavelength of 

the standing waves in the cavity is the same for all wavelengths and is equal to kBT. In Plank’s 
model, a wave’s average energy is the average energy difference between the levels of the oscillator, 
weighted according to the probability of the wave being emitted. The weighting is based on the 
occupation of higher energy states, as described by the Boltzmann distribution law. The probability of 
a state being occupied is proportional to the factor  e–E/kBT. In equation (11.14), Plank adjusted the 
value of parameter h such that the curve from the expression matched the data at all wavelengths. The 
value of his constant h is h = 6.626 × 10-34 J.S   
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Figure 11.10 Plank’s model: Intensity vs. Wavelength. In his model, the average energy associated with a  
given wavelength is the product of the energy of a transition state and a factor related to the probability of 
transition occurring. (Courtesy of Serway & Jewett [19].) 
 

Wolfgang Pauli, a profound Austrian theoretical physicist, stated his exclusion principle, in 
essence as: No two electrons can ever be in the same quantum state; therefore, no two electrons in the 
same atom can have the same set of quantum numbers. When Pauli postulated the same quantum state 
he implied that the energy level possessed by the electron in that quantum state is unique for an atom 
of the element from which the matter was formed. This uniqueness, the quantization value of the 
energy state, results in the unique energy level for light and radiation energy emissions when an 
electron orbital transition occurs. Therefore, even though the energy content of the light waves are 
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quantized, the observation does not permit the pursuit of the light wave as photon particles. Our 
reasoning in opposition to characterizing a light wave as a photon particle stems from the fact that 
light energy waves do not have a static location for a center of gravity. The unique property of a 
particle is that it should have a definite location for its center of gravity at all times. This property 
completely distinguishes it from wave entities.  Therefore, you will be convinced and support our 
view that light and other radiation are not comprised of any type of real particles. Instead, they are 
energy waves possessing discrete energies and take a distinct position in the frequency spectrum 
chart. 
 

Up this point in time, the behavior of particles within the atom’s nucleus was successfully 
modeled by Bohr’s theory for hydrogen atoms. The basis for Bohr’s shell model was Newton’s laws 
of classical mechanics. It was obvious that Newton’s laws of motion flowed smoothly for astral 
objects of vast sizes, such as stars, galaxies, black holes, supernovas, and the nebulae. Also, the laws 
were faithfully obeyed by large objects on the Earth, such as buildings, ships, aircrafts, and 
spacecrafts, down to objects the size of golf balls.  Further, the laws held well for matter in the gas, 
liquid, and solid states. However, it was apparent that Newton’s laws breakdown at the level of 
subatomic particles, protons, neutrons, and electrons. The matter became worse with theoretical 
inventions of quarks, and force carriers such as bosons, due to their strong fundamental and residual 
interaction of color charges. For particles of this small size, the weak Newtonian forces have hardly 
any effect on the motion of these particles; as compared to the electrostatic charge forces and color 
charges forces, due to of the charges held within these particles (Table 7.1).  

 
The failure of classical Newtonian mechanics to model the behavior of quantum particles 

within the nucleus stems from its inability to account for the local energy variations of the particle. 
Because of the high speed of the electrons and the dimensions of volume of atoms, the distances of 
which being so small that finding the exact location of the electron in the nucleus was an impossible 
task by applying the standard principles of classical mechanics. Heisenberg’s uncertainty principle 
applied unfavorably to the problem and made the situation worse. Therefore, for the first time it made 
sense to develop a model for the quantum particle electron that could precisely find the position of the 
electron in atomic orbits.  

 
Though the motion of electron orbits were governed by rules, de Broglie’s wave number 

requirements, as quantized energy states of Bohr’s shell model, and meeting Pauli’s Exclusion 
principle for the quantum numbers’ uniqueness, the rules were not sufficient to quantify the 
instantaneous positions of electrons. Since electron motion was probabilistic in nature, Schrödinger’s 
proposed wave equation for modeling the behavior of the electron was a natural solution to a most 
complicated problem. We will discuss the details of Schrödinger’s ideas and the quantum picture of 
nucleons next. Also, we will prove his wave equations that described the probability of finding the 
location of electrons in spherical shells. These equations fascinated us by their simplicity. 
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11.3  Schrödinger’s Magnificent Model 
 
We will start by describing a brief history of the ground work done by other noted physicists whose 
discoveries promoted the wave nature of particles. In 1928, Max Born extended the idea of the de 
Broglie wave model associated with a particle to find the probability density function of the particle. 
He suggested that the relative probability per unit of volume of a particle may be found at any given 
point in volume  dV and can be calculated from a wave function representing the particle: 

 

P(x, y, z) dV = |2| dV (11.15)  
 
where  is the probability amplitude of the wave function.  This equation was derived by the premise 
that the probability of finding a photon (assume a photon is a particle for this purpose; the particle 
may be a neutrino) in space [19] is: 

 
Pphoton(x, y, z) dV = E2 dV (11.16) 

 
where E is the electric field amplitude 
 

We will utilize the ideas of Max Born later in this section when we derive Schrödinger’s 
equation. Inspired by Max Born’s effort, and intrigued by de Broglie’s wave model for particles, 
Schrödinger set his mind on finding a wave equation for the electron. His attempts were successful. In 
1926, Schrödinger proposed a wave equation for a particle that described the manner in which the 
wave function  changed in space and time. Although study of Schrödinger’s equation is an essential 
component of quantum mechanics in a physic’s curriculum, it is a disappointing fact that there is no 
text book available to date which provides rigorous details on the derivation of his equations. The 
situation has changed in the past ten years; some papers have been published in which  Schrödinger’s 
equations are derived in both time independent and time dependent forms [H]. One of the most 
popular approaches deriving his equations is taking the operators of momentum and energy of a 
particle as operators acting on a wave function. An alternate method that has been used is to begin 
with classical Hamilton-Jacobi equations and assume that a basic uncertainty prevails in momentum. 
Both of these methods lack clarity in their description and do not account for gravitational effects on 
the motion of particles in their operating environment.  

 
Here we will illustrate a simple derivation of Schrödinger’s equations from its first principles 

laid out by Maxwell in his electromagnetic field equations, the basis of Einstein’s theory [H]. We 
accomplish our objective by extending the wave equations of virtual mass-less particles (photons) to 
non-zero, finite rest mass real particles (electrons), and simplify using approximations that are 
consistent with non-relativistic particles. After we derive the equations, we will propose 
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modifications to account for gravity. The updated equations will have gravitational field effects 
superposed on particle position as the particle with non-zero rest mass is effected by a net 
gravitational field. According to Skylativity® theory, virtual particles, possessing zero rest mass, 
(photons) are immune to gravity. Therefore, Schrödinger’s equations in their present form provide 
acceptable results for photons, but are not suitable for electrons. Before we begin to derive 
Schrödinger’s equations, we should quickly review the events that fueled his progress on deriving 
equations and put its perspective in an historical context. 

 
The new paradigm in physics that began at the dawn of last century is now popularly referred 

to as quantum mechanics. It was motivated by two kinds of experimental evidence: the quantization 
of energy transfer between radiation and matter interaction, and the dual wave-particle nature of both 
radiation and matter. Max Planck started the revolution in quantum mechanics in the early 19th 
century by his bold predictions about energy is flow through radiation [Section 11.2]. Albert Einstein 
took his ideas seriously and explained the photo-electric effect that we studied in Section 1.6. Further, 
Einstein came up with the idea that light is comprised of packets of discrete amounts of energy that he 
called photons. His views were not consistent with the electromagnetic wave nature of radiation as 
predicted by Maxwell. The wave picture of light was well supported by the interference phenomenon 
observed in Young’s Double-slit experiment. However, we saw that Davisson-Germer’s experiment 
inaccurately predicted the wave nature of particles, as per our analysis and conclusion in Section 11.1. 
Apparently, the quantization of energy carried by light and other radiation was so strongly tied with 
quantization of matter that physicists insisted on describing the dual nature for radiation entities.  

 
The dual nature of matter and radiation was built upon the discoveries of Niels Bohr, with his 

simple model for atomic configurations of all elements, and Louis de Broglie’s hypothesis about 
wave characteristics of electrons. Niels Bohr suggested that the structure of all atoms comprise 
protons and neutrons in their nucleus, and electrons orbiting the nucleus is consistent  with the 
structure of planets orbiting the Sun in solar systems. De Broglie associated wavelength to electron 
waves, stipulating that electrons possess momentum p such that = h/p. Bohr insisted that angular 
orbital momentum for electrons must be an integral multiple of ħ = h/2 which led to quantized 
energies of electrons in corresponding orbits. Interestingly, Bohr’s condition translates to the demand 
that the path length of electron orbits has to be an integral multiple of de Broglie electron wavelength.  
It was unfortunate that so many physicists neglected the gravity effects of particles  on other particles 
and formulated dual nature premise for particles as well as radiations.  

 
Schrödinger closely followed wave-particle duality of matter and waves, developing an 

equation to model the behavior of electrons relativistically. At first, the equations that he interpolated 
did not compute energy levels of a hydrogen atom electron correctly, and was not consistent with 
Arnold Sommerfield’s fine structure formulae, a revised calculation of the energy levels to Bohr’s 
model. Subsequently, Schrödinger approach the problem in an alternate way, refining his equations, 
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being then labeled as the Klein-Gordon Equations. He retreated his equation and derived them for 
non-relativistic electrons and obtained equations for relativistic cases in its present form as a limit to 
the non-relativistic scenario. In 1926, Schrödinger published his findings emphasizing the analogy 
between electrodynamics and wave theory of light in which the limit of small electromagnetic 
wavelengths approached wave optics, and his wave theory of matter which approached classical 
mechanics within the limit of small de Broglie wavelengths. Consequently, his theories formed a new 
branch of physics called Wave Mechanics. In wave mechanics the treatment of the hydrogen atoms, 
and other bound particle systems, the quantization of energy levels follows naturally from boundary 
conditions. We explained these natural conditions by describing the quantum nature of light as it 
originates from the oscillations of electrons described in Section 2.6.  

 
Not only Schrödinger, but other physicists contributed to the expansion of quantum 

mechanics. Werner Heisenberg had developed matrix mechanics which yielded the values of all 
measurable physical quantities as eigenvalues of a matrix [R]. Schrödinger, succeeded in showing the 
mathematical equivalence between matrix mechanics and wave mechanics. They turned out to be just 
two different descriptions of quantum mechanics. Now that you are aware of the historical notes, we 
are ready to derive Schrödinger’s equations. Our approach to derive Schrödinger’s equations is very 
close to the process applied by Schrödinger’s himself. We start with the classical wave equation as 
derived from Maxwell’s equations governing classical electrodynamics. Maxwell’s wave equations in 
free space takes the following form. 

Faraday’s Law      × E = -∂B/∂t       



Ampère-Maxwell law      × B = (1/c2) × (∂E/∂t)     

 
Gauss’s Law      E = 0       



Gauss’s Law in Magnetism     B = 0     

where c is the speed of light in vacuum, E is the electric field and B is the magnetic field. Applying 
curl operator to both sides of equation (11.17) and substituting      B from  (11.18), we get

              ×(   × E) = - (1/c2) × (∂E/∂t)      (11.21) 

Next we apply familiar vector identity  ∇ × (∇ × A) = ∇ (∇   A) - ∇2 A where A is any vector to 
equation (11.21) ∇ (∇    E) - ∇2 E = - (1/c2) × ∂E/∂t, but ∇    E = 0 giving  
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∇ 2 E  - (1/c2) ∂E/∂t = 0       (11.22) 

 
which is the electromagnetic wave equation that we need.  For simplicity we will consider only one 
dimension x. This equation should be satisfied by a plane wave solution E(x, t) = E0 ei(kx-t) where 
wave number k = 2/ and  = 2 are spatial and temporal frequencies respectively.  The solution 
must satisfy dispersion relation obtained upon substitution of E(x, t) in (11.22)  
 

(∂2   ∂x2 – 1/c2 × ∂2   ∂t2) E0 ei(kx - t) = 0     (11.23) 
 
(-k2 + 2/c2) E0 ei(kx - t) = 0      (11.24) 

 
Solving for the wave vector E, we get the dispersion relation for light in free space: k = /c 

or more popularly as c =  where c is the wave propagation speed; in this case it is the speed of 
light in space. These solutions represent classical electromagnetic waves, which we know is somehow 
related to the quantum theory of virtual particle (photons) quanta. Recall from Einstein and de Broglie 

that the energy of a quantum is  = h = ħand the momentum of the quantum is p = h/ which is 

equal to ħk. We can rewrite  E(x, t) = E0 ci(kx-t) using new energy and momentum relation as    
 

 E(x, t) = E0 e(i/ħ) (px-t)       (11.25) 
Substituting this in equation (11.22) we get 
 

(∂2   ∂x2 – 1/c2 × ∂2   ∂t2) E0 e(i/ħ) (px-t) = 0    (11.26) 
 

(-1/ ħ2) (p2 - 2/c2) E0 e(i/ħ) (px-t) = 0     (11.27)  
Again we can solve for energy vector E to arrive at 2 = p2c2. This is just a relativistic total energy 
for a mass-less particle. For a particle with finite mass the total energy is related to momentum, 
 

 2 = p2c2 + m2c4        (11.28) 
 
which reassures that light is made up of quanta that travel at the speed of light in a vacuum. Most 
physicists at this point assume that frequency/energy and wavelength/momentum are related in the 
same way for classical particles as mass-less light quanta with the de Broglie wave picture of a 
particle in mind. They consider the behavior of a particle with rest mass as a wave and describe them 
with wave equations as they do waves with zero rest mass. This means the problem is reduced to 

arrive at equation (11.28) instead of  2= p2c2.  
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To proceed further, it is stated: ‘Since we do not have to deal with electric fields any more, 
we will give a new name to the solution of the wave equation, say  and simply call it a wave 
function’[H]. We agree that for a particle with finite mass that is charge neutral, there is no electric 
field. However, a new field takes its place called the gravitational field. We will provide more details 
on the significance of gravity to wave function  after we derive Schrӧdinger’s equations. Now we 
can see that equation (11.28) is homogeneous, and hence the units of function operated on it are 
arbitrary. Therefore equations (11.26) and (11.27) take the form  

 
(∂2   ∂x2 – 1/c2 × ∂2   ∂t2 –m2c2/ ħ2)  e(i/ħ) (px-t) = 0  (11.29) 
 

 
(-1/ ħ2) (p2 - 2/c2 + m2c2)  e(i/ħ) (px-t) = 0   (11.30)  
 
In the discussion of light as a wave, or a collection of quanta, it turns out that the square of 

the electric field is proportional to the number of quanta. It was Schrödinger’s brilliant insight who 
selected to express the phase of a plane wave representing wave function of a particle in a super fluid 

vacuum, by function (x, t) = 0 e(i/ħ) (px-t). He suggested the function be normalized to unit 

probability. Then, the probability a particle is located somewhere in space can be evaluated by 
performing the definite integral 

 

       ∞ 

   
 ×  dx  = 1        (11.31) 

   - ∞ 

The physical interpretation of  is as obscure as dual nature of matter and radiation. 
Schrödinger originally thought to interpret  as a charge density, but it did not made sense inasmuch 
as the charge on the particle was discrete. Max Born subsequently interpreted it as a ‘probability 
amplitude’, whose absolute square is equal to its probability density. One of the beautiful 
consequences of associating waves with particles stems from a fact that matter is composed of 
fundamental particles (atoms, molecules, baryons, quarks, and etc.) which collectively contribute to 
the emergent notions of a density field (Higgs Field) and a velocity field that necessarily have waves. 
These waves are analogous to sound waves and their propagation velocity as a function of the 
compressibility of the medium. In equation (11.30), if we remove restriction to one dimension and 
rearrange terms, we recognize that it is a Klein-Gordon equation for a free particle that looks like 
 

∇  2  - m2c2/ħ2) = (1/c2) ∂2/∂2t      (11.32) 
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The Klein-Gordon equation was relativistic, the Schrödinger’s equation was not. So to arrive 
at Schrӧdinger’s equation we must make the assumptions necessary to establish a non-relativistic 
case. The first step in considering a non-relativistic equation is to approximate 2 = p2c2 + m2c4 in 
classical regime:  

 
mc2(1+p2/m2c2)1/2 ≈ mc2(1+p2/2m2c2) ≈ mc2 + p2/2m ≈ mc2 +  where the last term  is an 
expression for classical kinetic energy.   
 
We then apply the Taylor Series expansion formula:  

(1+x)1/2  = 1 + (1/2) x – 1/(2×4) x2 +… for -1< x ≤1 to mc2(1+p2/m2c2)1/2  
 

and retained first two terms from the expanded expression. We ignored terms involving x2 and high 
orders insofar as the error in the result of the series is less than 10% for particle speed v as high as c. 

We can rewrite the wavefunction (x, t) = 0 e(i/ħ) (px-t) as 

(x, t) = 0 e(i/ħ) (px-mct-t) = e(-i/ħ) mct
0 e i/ħ (px-t)  (11.33) 

 

For non-relativistic condition, we get (x, t) = e(-i/ħ) mct  where 0 e i/ħ (px-t). If we 

differentiate twice with respect to time, then we get equations (11.34) and (11.35) 
 

∂∂t = (-i/ħ) mc2 e(-i/ħ) mct 
e(-i/ħ) mct ∂∂t    (11.34) 

 
∂2
∂2t =((m2c4/ħ2) e(-i/ħ) mct 

-2i mc2/ħ e(-i/ħ) mct ∂∂t)e(-i/ħ) mct ∂2
∂2t (11.35) 



The first term in the bracket is large compared to the third term in the expression (11.35). We keep 
the large and discard the small. Using this approximation in Klein-Gordon equation (11.29), we find 
 

e(-i/ħ) mct [∂2/∂x2 + 2im/ħ ∂/∂t]     (11.36) 
 

or  ∂2
/∂x2 + 2im/ħ ∂/∂t       (11.37) 

 
Again rearranging and generalizing for three spatial and one time dimension, we finally arrive at  
Schrödinger’s equation for a free particle at zero electric and gravitational potentials 
 

- ħ2/2m ∇  2 = iħ ∂/∂t       (11.38) 
 
where the non-relativistic wavefunction  is constrained to the condition that it be normalized to unit 
probability. To maintain simplicity in derivation, we intentionally assumed that the particle is 
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travelling in free empty space without any electric charge and thus lacks electric as well as gravity 
potential effects. When we arrive at Schrödinger’s equation by employing total energy consideration, 
we get a more general form of his equations that includes potential energy term V. This more  
general form is stated in equations (11.39) and (11.40), which derivation is left for you as an exercise.  

 
-ħ2/(2 m) ∂2

∂x+ V = Eand  (11.39) 
 
-ħ2/(2 m) ∂2

∂x+ V = iħ ∂∂t  (11.40) 
 
These equations are two different forms of Schrödinger’s equations in one dimension. The 

former equation, that does not contain the time explicitly, is known as the time-independent form and 
is most frequently used to analyze the stationary states of atomic systems. The stationary states of 
Bohr’s theory for atoms are quantized for a bound particle with discrete energy values. The solution 
of the one dimensional, time-independent form of Schrodinger’s equation provides for the analysis of 
the characteristic frequencies of oscillating particles in the normal mode of the system. The time-
dependent form must be used when dealing with problems involving the actual motion of particles 
from one point to another. For instance, the time-dependent solution form is used to identify the 
position of an electron orbiting the nucleus of an atom for any element of the periodic table at any 
particular instant time. It is clear that the concepts developed by Schrödinger are highly valued in 
solving problems related to quarks and the perturbation theory. 

 
Let us discuss briefly, how gravity modifies the wave function and motion of particles in free 

space. As per the principles of the general theory of relativity from Einstein, the motion of every 
object (composite particles) or single particle follows a space-time geodesic under the influence of a 
net gravity force from all other objects in the Universe. In fact, the trajectory of the particle is 
determined by solving Einstein’s field equation, which is the geodesic. Therefore, the physical 
consequence of gravity on the motion of particles is the wave function representing the particle and 
should reflect gravity in its model. Effectively, the plane wave formula representing the particle in 

free space (x, t) = 0 e(i/ħ) (px-t) should be revised. At present, total energy has two components, 
intrinsic energy and kinetic energy. We believe that the total relativistic energy expression should 
include a potential energy term. However, details on this topic are outside the scope of this text book.  

 
Schrödinger’s equations are unique inasmuch as they explain several sophisticated 

phenomena that are difficult to understand for students taking an average physics class. One such 
application is the tunneling of particles across a wall of potential well within an atom’s nucleus. The 
tunneling of a particle through a potential energy barrier is conveniently analyzed by applying 
Schrodinger’s equations and the principles of quantum mechanics [19]. The phenomenon could not 
be explained through the concepts of classical mechanics, which forbid the escape of a particle when 
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the potential energy barrier is higher than the particle’s energy level. An excellent analysis of 
Schrödinger’s equation for a particle within a three dimensional box, and the solutions for complex 
problems such as the spherically symmetric potential within the hydrogen nucleus is provided by 
Anthony French and Edwin Taylor [3]. By applying Schrödinger’s equations to the quantum particle 
electron, one can precisely compute the probability of finding the particle at any point and at any 
time, even in the presence of gravitational effects.  

 
In the next section, we will discuss a very valuable contribution to quantum mechanics from 

another great physicist, Paul Dirac [G], a student at Bristol University in London between 1918 and 
1923. He first was a student in electrical engineering and then in applied mathematics. Dirac became 
famous when he derived the four-component wave equations for the quantum particle electron. We shall 
assist and explicate you the intriguing details of his equations. For our purposes, we can say that 
many physicist learn and derive benefit from the manner Dirac arrived at his equations. 
 

Dirac’s equations led to the discovery of a series of antiparticles, positrons (the antiparticles 
to electrons) anti-protons, and anti-quarks. Eventually, he was recognized as the father of modern 
Quantum Electrodynamics (QED). In September of 1997, the Dirac House, the headquarters of the 
Institute of Physics Publishing, was officially opened in London, UK. Not only did Dirac invented the 
conceptual existence of anti-matter in the form of antiparticles, but his mathematical approach and 
versatility provided a means to prove other theories that would otherwise not be possible. Despite the 
Dirac’s success his theories and equations were not free from flaws. Therefore, we will identify 
drawbacks of his four component wave equations for particles. One of the key limitations of his 
technique was it lacked integration of gravity effects while describing motion of elementary particles. 

 

11.4 Dirac’s Contribution to QED  
 
Before we describe the exact details of Dirac’s equations, let us look, in brief, at the history and the 
background of events which prompted Dirac to conceive his fascinating ideas and equations. By his 
nature, Dirac was a very quiet man and was not known outside the physics community. His work and 
mind were highly mathematically oriented. For this reason, one may surmise, that is why one seldom 
may find diagrams or figures in any of the text books that described his work.  
 

When Dirac was a student at Cambridge University in 1923, the physics of the atom was in 
its infancy.  At that time, many physicists were astonished to discover that the light coming from 
atoms had energy that is quantized, meaning that it had values that are described in constant 
increments. Classical mechanics would alternately predict that the energy value would take any 
number value of a continuous set of value numbers. Soon after that discovery, Dirac realized a need 
for developing new equations and principles of science which would explain the behavior of particles 
within the structure of atoms. He looked for solutions in physics for particles that were small, moving 
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at the high speed, nearing the speed of light. He noticed that if one constructed a quantum theory that 
was consistent with relativity, it would result in probability values of negative numbers, which they 
were not able at that time to explain.  

 
To resolve the above mentioned dilemma, he asked questions, such as, what were the right 

kind of quantum equations and models that would describe the electron energy states orbiting a 
nucleus? What would be the wave equations that govern the dynamics of these waves that would also 
satisfy the requirements of relativity?  After the invention of the uncertainty principle by Werner 
Heisenberg in 1925, quantum rules emerged automatically by their peculiar framework. In Dirac’s 
view, the object (value) that represented the variables one could measure in experiments must be 
treated as “operations”. In such a system the outcome of an operation, such as multiplication, will 
depend on the order in which that operation was performed on the variables of interest. This same 
ideology was found to agree with Schrödinger’s quantum mechanics, where the state of the system 
was represented by a wave which strength gave the probabilities for different results in experiments 
performed. In that framework, Dirac was able to show that the simplest wave equation describing the 
motion of an electron had four components. According to his computations, the energy radiated from 
the electrons in orbit agreed with the precise value for the frequency of light emitted from atomic 
clocks. 

Many great physics theories were conceptualize with an intention to provide more insight to 
most difficult problems that inspired their construction. Eventually when solutions were discovered 
they were able to expound more facts and thus predict new things. This happened naturally in Dirac’s 
case. In Dirac’s equation a new fact had emerged, an electron’s spin momentum need not be a whole 
number. The magnetism associated with the electron was both a quantized and a relativistic number, 
which revealed the spin moment. Another characteristic of his equation was that the solutions 
provided by the equation were always in a pair, a positive energy part and a counter negative energy 
part. As a rule, he interpreted the counter-part solution to claim existence of a counter-particle. For 
instance, the positron was recognized as the counter-particle to the electron that had the same mass as 
an electron and a charge of the same magnitude but with an opposite polarity.  

 
Dirac’s work was applied to explicate how light interacted with matter and, in-turn, how 

atoms radiated light waves with levels of precise energy. Beyond that, Dirac predicted that when the 
particle electron encountered its anti-particle positron, the charges on both particles would neutralize 
and their mass would be transformed into radiation energy.  This process was known as annihilation 
and thus, anti-matter’s existence was anticipated. When Anderson, in fact, discovered and verified the 
existence of the positron, he was awarded the Nobel Prize in 1932.  

 
Now, we will describe the exact details of Dirac’s equation. The Dirac equation is a 

relativistic quantum mechanical wave equation formulated in 1928 that provides a description of the 
elementary spin of particles such as electrons, and consistent with both the principles of quantum 

http://en.wikipedia.org/wiki/Theory_of_relativity
http://en.wikipedia.org/wiki/Quantum_mechanics
http://en.wikipedia.org/wiki/Elementary_particle
http://en.wikipedia.org/wiki/Spin-%C2%BD
http://en.wikipedia.org/wiki/Electron
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mechanics and the special theory of relativity. The equation demanded the existence of anti-particles 
to electrons, and actually predated their experimental discovery. The discovery of the positron is 
considered one of the greatest triumphs of modern theoretical physics. Dirac started with an equation 
that was similar to the Schrödinger’s equation for a free particle: 

 

 (11.41)  
 
The left side represents the square of the momentum operator, divided by twice the mass, 

which is the non-relativistic kinetic energy. If one wants to get a relativistic generalization of this 
equation, then the space and the time derivatives must be entered symmetrically, as they do in the 
Maxwell’s relativistic equations. Also, the derivatives must be of the same order in space and time. In 
relativity, the momentum and the energy are the space and the time components of a geometrical 
space-time vector, and they are related by the relativistic invariant relation: 

 

 (11.42) 
which says that the length of this vector is the rest mass m.  Substituting  E and p by  

   and , as required, we get a relativistic equation: 
 

 (11.43) 

where the wave function    is a relativistic scalar: a complex number which has the same numeric 
value in all frames. Because the equation is the second order in the time derivative, one must specify 

both the initial value of  and . This is normal for classical waves where the initial conditions 
are the position and the velocity. However, in quantum mechanics, the wave function is supposed to 
be the complete description; just knowing the wave function must determine the future. Dirac was 
thinking in terms of wave functions rather than fields,. He reasoned that what was needed was an 
equation that was first-order in both space and time. His idea was to formally take the relativistic 
expression for energy and replace p in the expression by its operator equivalent, expand the square 
root in an infinite series of derivative operators, set up an eigenvalue problem, and then solve the 
equation formally by iterations. He did exactly that after starting from the total relativistic energy 
expression 

        (11.44) 
Most physicists had little faith in such a process, even if it were technically possible. But for 

Dirac this was not the case. Therefore, when Dirac was staring into the fireplace at Cambridge 
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University pondering this problem, he hit upon the idea of taking the square root of the wave operator 
on the left side of Schrödinger’s equation, thus: 

 

  (11.45) 
On multiplying out the right side, we see that in order to get all of the cross-terms, such as  , to 
be consumed, we must assume: 

   and  (11.46) 
  (11.47) 

Dirac, who had just then been intensely involved with working out the foundations of Heisenberg's 
matrix mechanics, immediately understood that these conditions could be met if A, B are matrices, 
with the implication that the wave function  has multiple components. This explained the appearance 
of the two-component wave functions in Pauli's logical theory of spin, something that up until then 
had been regarded as mysterious, even to Pauli himself. However, one needs at least 4×4 matrices to 
set up a system with the properties desired so the wave function would have four components and not 
two, as in the Pauli theory. Given the factorization in terms of these matrices, one can immediately 
write an equation: 

  (11.48) 
with  is to be determined. Applying again the matrix operator on either side yields: 

 (11.49) 
On taking   , we find that all the components of the wave function individually satisfy the 
relativistic energy/momentum relation. Thus, the sought-for equation that is first-order in both space 
and time is: 

with    and  , we get the Dirac equation 
 

 (11.50) 
 
The Dirac equation, formally proposed by Dirac himself, is as follows: 

 (11.51) 
 

where m is the rest mass of the electron, c is the speed of light, p is the momentum operator, x and t 
are the space and the time coordinates. A more general form of equation may include y and z 
components of function ψ. Here ħ is the reduced Planck's constant, also known as Dirac's constant 
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http://en.wikipedia.org/wiki/Speed_of_light
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 (11.52) 

The new elements in this equation are the 4×4 matrices,  and , and the four-component wave 

function   . The matrices are all Hermitian and have squares equal to the identity matrix: 

 (11.53) 
 

 (11.54) 
They all mutually anti-commute:  

{αi,αj} = 0 and {αi,β} = 0.  
Explicitly: 

 (11.55) 
 

 (11.56) 
where i and j are distinct and range from 1 to 3 
 

These matrices and the form of the wave function in Dirac’s equation have a deep 
mathematical significance. The algebraic structure represented by the Dirac matrices, had been 
created some 50 years earlier by the English mathematician William Kingdon Clifford which, in turn, 
had been based on the mid-19th century work of the German mathematician Hermann Grassmann in 
his "Lineare Ausdehnungslehre" (Theory of Linear Extensions). The latter had been regarded as well-
nigh incomprehensible by most of his contemporaries.  

 
The versatility of Dirac’s equation comes from the fact that it could explain many theories by 

applying the appropriate mathematical treatment to his fundamental equations. For instance, one 
could shed light on Pauli’s theory and the hole theory by deriving the field equations from Dirac’s 
equation. Also, it can explain many effects, often by comparing his equations with the corresponding 
equations for the effect. Examples are the Schrödinger equation, the Klein-Gordon equation, the 
coupling to an electromagnetic field, the Lorentz relativistic invariance, and the solution of field 
equation in curved space-time [Q].  

 
The Dirac theory, while providing a wealth of information that is accurately confirmed by 

experiments, nevertheless introduced a new physical paradigm that appears, at first, difficult to 
interpret and even paradoxical. Some of these issues of interpretation must be regarded as open 
questions. The critical physical question in a quantum theory is, What are the observables defined by 
the theory in real experiments? According to general principles, such quantities are defined by the 
Hermitian operators that act on the Hilbert space of the possible states of a system. The eigenvalues 
of these operators are then the possible results of measuring the corresponding physical quantity. In 
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the Schrödinger’s theory, the simplest such object is the overall Hamiltonian, which represents the 
total energy of the system. If we wish to maintain this interpretation on passing to the Dirac theory, 
we must take the Hamiltonian to be: 

 (11.57) 
 
This looks promising, because we see by inspection the rest energy of the particle and, in case 

A = 0, the energy of a charge placed in an electric potential qA0. What about the term involving the 
vector potential? In classical electrodynamics, the energy of a charge moving in an applied potential 
is computed from: 

 (11.58) 
Thus, the Dirac Hamiltonian is fundamentally distinguished from its classical counterpart and we 
must take great care to correctly identify what is observable in his theory. It is evident that much of 
the apparent paradoxical behavior implied by the Dirac equation amounts to a misidentification of 
these observables. The complete analysis of the phenomenon, using Dirac’s equation, requires an 
advanced knowledge of mathematics that is outside the scope of this text book. 
 

Since the Dirac equation was originally invented to describe an electron, we will generally 
speak of "electrons" in this book. The equation also applies to quarks, which are elementary spin ½ 
particles. A modified Dirac equation can be used to approximate the behavior of protons and  
neutrons, which are not elementary particles, but are composite particles made of quarks that have a 
net spin of ½. Another modification of the Dirac equation, called the Majorana equation, named for 
Ettore Majorana, is thought to describe neutrinos, being also spin ½ particles. 

 
The Dirac equation describes the probability amplitudes for a single electron. This is a single-

particle theory; in other words, it does not account for the creation and destruction of particles, but 
calls for the ultimate need to switch from the Dirac equation for wave functions to the physically 
distinct Dirac equation for fields. It gives a good prediction of the magnetic moments of the electrons 
and explains lot more about fine structure observed in the atomic spectral lines. It also explains the ½ 
spin of the electrons.  

 
Two of the four solutions of the Dirac’s equations correspond to the two spin states of an 

electron. The other two solutions make a strange prediction that there exists an infinite set of quantum 
states in which electrons possess negative energies. This surprising result led Dirac to predict, via a 
remarkable hypothesis known as the "hole theory", the existence of particles behaving like positively-
charged electrons. Dirac at first thought these particles might be protons. He was chagrined when the 
outcomes of his equation actually specified the particles of the same mass as the electrons. This 
prediction was verified by the discovery of the positron in 1932. When asked later why he had not 
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boldly predicted the then as yet unfound positron with its correct mass. Dirac answered, "pure 
cowardice!" He shared the Nobel Prize in 1933, anyway. 

 
Despite these successes, Dirac's theory is flawed by its neglect of the possibility of creating 

and destroying particles in space spontaneously, one of the basic consequences of relativity. This 
difficulty, and others, were resolved by reformulating his theory as a quantum field theory, which 
involved giving up the notion of the wave function. Adding a quantized electromagnetic field to this 
field theory led to the theory of quantum electrodynamics (QED). Moreover, his equation did not 
fully account for particles of negative energy, but was restricted to positive energy particles. A similar 
equation for spin 3/2 particles is called the Rarita-Schwinger equation, named for William Rarita and 
Julian Schwinger, which is useful for describing a wave function of composite particles, Delta (), 
that belong to the baryon class of particles. 

 
In this section, we described Dirac’s equation and the role he played in the formation of 

Quantum Electrodynamics (QED). Dirac’s equation essentially predicted the existence of matter and 
anti-matter particles with the trio of spin moment values -1, 0 and +1. From a detailed understanding 
of Dirac’s equation and his theory, it became clear that his equations shed much more light on many 
related theories. However, his equations suffered from a subtle drawback. A crucial solvency 
characteristic stemming from his equations was that it was very important that one must identify the 
observables relevant to the application, and then treat them very carefully. For example, the solutions 
to his energy equations produced values of variables always arriving in pairs. Therefore, physicists 
were immediately tempted to predict the existence of complementary entities while attempting to 
interpret the results. This is a trap difficult to avoid by the mathematical treatment in Dirac’s theory. 
This prompts the performer of the experiment and those involved in critical analysis of the results to 
dwell in a time-consuming search of unknown (and likely non-existent) particles while applying 
Dirac’s equations to solve problems on hand.  A positive side to this is that, on occasion, a physicist 
may find an exotic particle without a much of effort. 

 
In the next section we will discuss four major applications of quantum mechanics: the 

phenomenon of quantum entanglement, the scanning tunneling microscope, the phenomenon of 
quantum locking and levitation, and the role of quantum mechanics in unifying Quantum 
Electrodynamics (QED) principles with Classical Mechanics. The topic of quantum entanglement is 
of considerable interest to the physics community because the effect is employed in a variety of ways 
to extend the performances in the fields of quantum computing, quantum cryptography, quantum 
teleportation, and secured information transfer at super luminous speed. Scanning tunneling 
microscope is used to measure spacing between atoms of substances with very high accuracy, 
insomuch as it monitors minute current changes effected by the conduction of current through a tip of 
microscopic dimensions. The two effectual forces that prevent the union of classical mechanics with 
quantum mechanics are gravity and electric charge forces, in particular, their interaction (Chapter 8 
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and radioactivity in Chapter 7). In Section, 11.7, we will explicate the ways in which quantum 
mechanics can remedy and facilitate that union. 

 
11.5  Mystery: Quantum Entanglement 
 
 
Before we attack the problem of explaining the mystery of quantum entanglement let us look at  some 
historical perspective and assess the importance of entanglement in high speed, super luminous 
communication. We begin with a fresh look at the reasons for the development of quantum 
phenomena. The rock-solid cause-effect world of Newtonian classical physics failed to explain the 
quantum phenomena, such as the escape of alpha particles and of radiation trapped in quantum wells 
of disintegrating radioactive substances. To alleviate the deficiencies of classical mechanics, both 
Einstein and Schrödinger helped give birth to quantum physics in the mid 1920’s. Schrödinger 
developed his equations describing quantum mechanics in order to describe the behavior and motion 
of subatomic particle electron in Bohr’s model of hydrogen atom. Einstein invented new ideas 
revealing particle nature of light through the Photoelectric effect. However, Einstein had an aversion 
to quantum realities and theory because it was ruled by probabilities instead of a definite nature of 
classical mechanics.  
 

In 1935, Schrödinger devised an imaginary cat experiment to emphasize the strangeness of 
quantum mechanics [58]. The thought experiment revealed an essential feature of quantum ideas that 
particles in matter concomitantly occupy multiple positions until observed. Because of the 
uncertainties associated with quantum mechanics, physicists modeled a dual behavior for the nature 
of wave and particle entities. For instance, Einstein postulated the particle and wave dual nature of 
light in his special theory of relativity. De Broglie emphasized the principle of complementarity, 
stating the wave picture of particle activity and provided a complete description of quantum 
phenomena. He predicted that the outcome of an experiment, regarding the behavior of an electron, a 
particle, or a wave, depended on the intended design and the test procedure of the experiment. 
Heisenberg’s principle, which declared that you cannot precisely measure a pair of properties 
(movement and position; velocity rate and coordinates) simultaneously and deBroglie’s hypothesis 
associating a wave number for electrons in an orbit fueled the view in favor of duality principles.  

 
From our perspective, pioneer physicists had confused particle and wave nature for light 

waves and electron particles because these entities share a common property in their interaction. Both 
light waves and electrons exchange quantized amounts of energy when they interact with matter and 
between themselves. Physicists as late as Richard Feynman [1918-1988], in his lecture series on 
Quantum Electrodynamics [12], provided a sense that light photons were particles, while, in fact, his 
description of light interaction with electrons to explicate reflection and transmission phenomena of 
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light through glass is of wave nature. It has worked out well for physics that we finally may resolve 
the wave nature of light by stipulating that only particles possess the unique properties of a center of 
gravity and affect a force of gravity on other particles. Let us continue with our discussion on 
entanglement without further interruption. 

 
 Inspired by a thought experiment proposed by Einstein and his collaborators, Boris Padolsky 

and Nathan Rosen (EPR) [58], Schrödinger introduced the term entanglement (an English translation 
for a German word Verschrӓnkung) in a paper to describe a linkage between remote entities within 
the same year  as his famous cat thought experiment, 1935. The essence of the EPR thought 
experiment was that when two objects interact in a specific way, quantum physics required them to 
become entangled (connected) so that measuring a property of one instantly revealed the value of that 
property in the other, no matter how far away the objects were separated from one another. 

 
 Einstein resisted the idea that quantum mechanics did not allow prediction for state of either 

object alone. To him, quantum theory and its solutions were incomplete in this sense.  For decades 
entanglement remained a hypothetical concept, with no real prospects for ever being tested. Forcing a 
lead quantum experimentalist Anton Zellinger, from the University of Vienna, to describe standard 
quantum reality as fuzzy, the same reason for denying cause-and-effect certainties of  the 
conventional physics.  

 
At this point we think that it is necessary to explain why uncertainties arise in the quantum 

theory. One reason for uncertainty is that Heisenberg’s principle and its math treated an atom’s 
electron as a particle, whereas Schrödinger’s equations were wave-based, with associated 
probabilistic description and multiple possibilities for locations of a particle in a box. Heisenberg’s 
professor, Max Born, suggested that both approaches produced identical results because 
Schrödinger’s wave math could be interpreted as a measure of probabilities for a particle’s properties. 
Despite the opposition from proponents of Einstein, in 1964, John Bell, a physicist at the CERN 
laboratory in Geneva, examined a variant of the EPR idea and tested it. Bell showed that. in principle, 
the experiment could in fact distinguish between quantum mechanics and classical theories, which 
added “hidden variables” features that would restore locality to reality. Another reason for the 
incompleteness of a quantum mechanical description of a physical system is that the state of the 
system depends on the probabilities of the hidden variables. According to quantum mechanics and the 
hidden variable theories, the specification of such systems are partial in the sense of maximal 
specification [22]. 

 
To resolve the different possibilities of quantum phenomena, Noble laureate Murray Gell-

Mann, of the Santa Fe Institute in New Mexico, and his associate, James Hartle, developed a 
decoherence scheme. In their approach, multiple realities within a quantum fog condensed into 
various chains of events, each chain approximately observing the cause-and-effect laws of classical 
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physics individually [58]. Through a predictable view, rather than the quantum view, people could 
perceive each chain of events constituted from a consistent history.  They emphasized that these 
consistent histories arise naturally in any “coarse-grained” view of reality. Quantum strangeness 
persists in the fine-grained view of the nature at the subatomic nucleus scale, but decohere into 
ordinary physics in the coarser-grained realm of macroscopic objects and the overall universe.  Yet, 
another Dutch Nobel physics laureate, Gerard ‘t Hooft accepted that the validity of experiments 
showed hidden variables and could not explain quantum outcomes deterministically. Our discussion 
and the history of quantum ideas on the entanglement topic proves that the quantum physics arena is 
still in a state of fuzziness. 

 
Why does the idea of quantum entanglement prospectively offer such an importance to us? It 

is a well known fact that the information transfer rate on a communication channel is limited to the 
speed at which electromagnetic waves propagate between the source and the destination. If we apply 
the principles of special relativity theory, the maximum communication speed is the speed of light c. 
If we apply the principles of Skylativity® theory, the upper limit on the communication speed is the 
relative speed of light computed based on Galileo transformations. One remarkable feature of the 
proposed entanglement phenomenon is that the state of information at a distant place can be 
determined instantaneously from a single signal measurement at the source if the source signal and 
the signal transported were coherent from the start. Therefore, in principle, by using the entanglement 
phenomenon one can achieve a signal transfer rate above the speed of light, at super luminous speed. 

 
Several applications can emerge from the phenomena of quantum entanglement. For 

example, a pair of quanta of light can be entangled by shining a laser into a crystal. A quantum of 
laser light creates a link and the quanta ( we use the term “quantum” instead of “photon” used in most 
literature for obvious reasons) are entangled. The property of light polarization is an instance of 
entanglement that allows us to know the state of quantum at a remote place by measuring the 
polarization at a local site. By reason of the fact that measuring an interconnected property often 
destroys coherence, eavesdropper-proof information transfer is achieved by employing the 
entanglement scheme for communication. Hence, privacy is retained between communicators. 

 
In another application one can attain a much higher processing speed in computing, and is 

achieved by using qbits (entangled quantum bits) in quantum computing. This is because qbits exist 
in three states 0, 1 and 01 simultaneously. Let us look at the mystery of why entanglement works. The 
integrity of the signal transferred by means of entanglement is preserved entirely because the 
polarization of qbits within the signal path cannot be modified  without introduction of delays. 
Furthermore, the encoded phases of polarization keys are only available at the source and the detector 
sites. However, occasionally entanglement stops functioning. We suspect that encoded polarization is 
affected by the natural magnetic field disturbances from the Sun.  
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Although much more research is needed to fully utilize the potential of quantum 
entanglement, it has a great possibilities in the application of space travel for missions involving 
journey to our planets and to other stars in our galaxy. Entanglement principles enables designing a 
pair of atomic clocks that are quantum perfectly synchronized. We can imagine placing one clock on 
the Earth and the other companion clock carried by a spaceship. By keeping track of the state of clock 
on the Earth one can know the state of the clock in the space. If all the other mission events are 
programmed on the basis of the state of the entangled quantum in the space, the scientists on the Earth 
are assured of mission status by testing the state of quantum on the Earth.  

 
From a superficial point of view, entanglement should work because the principle of 

insulation holds well in the quantum environment. Quantum physicists in the past had complained of 
occasional entanglement breakdown. The reason is principle of insulation for the quantum particle in 
the environment is somehow violated. Let us consider a case of light quantum entanglement as 
displayed in the Figure 11.11. The laser source splits a quantum of light, creating a pair of entangled 
quanta with identical definitive values of momentum and polarization. As per the entanglement 
premise, the momentum of quantum at B is determined by measuring the momentum at A This is true 
only if the quantum at B passes an insulation test. What do we mean by “insulation test”? The state of 
quantum at B is preserved if it is not being disturbed by any other action, such as its passage through 
a polarizer analyzer pair, during its trip from the laser in coherent lockstep to the analyzer at H, and 
etc. Generally, the vertical polarizer and the laser mechanism used to create an entangled pair of 
particles are located in close proximity, whereas analyzer B is located at a remote site. Therefore, 
there are ample opportunities that an entangled particle’s state is disturbed when it travels away from 
its entangled sibling site A to site B. 

 
Figure 11.11 Entanglement of light waves. By knowing the polarization characteristics at A, which is vertical, 
one can assure the state of polarization of light at B, which is horizontal, without performing any measurement. 
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To us there remains a mystery as to why linked properties of quantum entities remain in a 
lockstep state after their journey through remote distances and at different time. For instance, the 
angular momentum of a split quantum of light of a given polarization is not affected when the 
quantum of light is tested after travelling the distance of several kilometers. To answer this question, 
we received some help from experts at an Astronomy forum by raising a blog question on April 22, 
2014. We compiled the responses from Primordial and Milner posts, members of Astronomy Forum 
that are worth mentioning here since they were interesting enough to satisfy our curiosity. The 
question was, “We conceive that gravity is a natural form of entanglement, any thoughts?”.  
Indirectly, the answers to this question provided information that we are looking for, why quantum 
entanglement works. 

 
In essence, when one studies the quantum field theory it seems that particles (real and virtual 

both) display their energy and mass by means of fields embedded within or as a part of space/time 
fabric. Particles of a fundamental nature express their mass, charge, strong and weak force, and 
perhaps other qualities via interaction with the fields existing in the space/time fabric. Since the fields 
created by wave manifestation of particles are inherently continuous in nature, it is possible to attain a 
confinement of variables associated with the characteristics of linked particles. Entanglement is 
achieved because of this property of fields propagating in the space. Alternately, it is speculated that 
quantum entanglement might be a physical characteristic of the space/time itself, instead of an energy 
field. The reason for this speculation is that the only property that seems to be in effect is 
communication, which supposedly is achieved at a rate faster than the speed of light c. Here we 
purposely left out the gravity portion of the responses, as we will deal with it at some other time. 
Analytical treatment of quantum entanglement is outside the scope of this text.  

 
Next we will discuss a wonderful application: quantum levitation which is employed in the 

operation of high speed transport railway (train) systems. The idea is that trains employing quantum 
levitation glide (made to levitate) in air over tracks, thereby minimizing frictional ground resistance. 
Speeds above 300 km/h are achieved. The basis for the operation of such a train is what is called the 
Meissner effect, which was postulated in the 1930’s. The idea has caught more recent attention due to 
development and experimentation that has given the impression of artificial weightlessness using a 
levitator. We will explicate the principle and operation of a system that allows for the flotation and 
movement of human bodies. 

 

11.6  Quantum Locking and Levitation  
 
We begin by asking basic questions. What is known about quantum levitation?  How is it different 
from ordinary flotation of objects? It so happens that the concept of levitation has been known to 
mankind for thousands of years. References are found in the Bible that indicate witnesses seeing 
Jesus walking on the surface of a body of water, and in Hindu myths Deity’s are posing their physical 
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appearance in levitation. These are examples, of course, of supernatural ways of achieving the state of 
levitation and can only be practiced selectively by referenced individuals. In modern times, we have 
developed facilities that allow for the levitation of a person of interest. Let us discuss details about the 
principle of operation of levitating objects. 
 

 

 
 
 
 
 
Figure 11.12 Quantum lock: The Meissner Effect, 
magnetic field lines represented as arrows are 
excluded from a superconductor when it is cooled 
below its critical temperature. (Courtesy 
Wikipedia) 

In simple terms, a levitating object appears to be floating despite the force of gravity upon it. 
Levitation of an object is achieved by a quantum field, an effect is known as quantum levitation. 
Often, the effect of the field is so strong that when we alter a parameter, such as the orientation of a 
system experiencing levitation, all the subcomponents of the system stays in lockstep with one 
another, hence the descriptive term quantum lock. At present the time most quantum levitating 
systems are developed from the Meissner effect, insofar as this effect produces phenomenal work 
force to carry many passengers on a levitated train. 

Figure 11.13  (a) Panoramic view of a levitating train. (b) Details of the propulsion system. ( Maglev, Inc.) 
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The Meissner effect is the expulsion of a magnetic field from a superconductor during its 
transition from normal state to superconducting condition. A pair of German physicists, Walther 
Meissner and Robert Ochsenfeld, discovered this phenomenon in 1933 by measuring the magnetic 
field distribution outside superconducting tin and lead.  They found that when their samples were 
cooled below superconducting transitioning temperature within the presence of applied magnetic 
fields the field would not exist within the samples. The magnetic field inside the sample was 
cancelled, or repulsed, by the magnetic field of induced surface current. 
 

Electric resistance to a surface current is zero in superconducting state. Therefore field 
exclusion does not decay or change with time. It is determined that the magnetic field near a surface 
is not completely zero because the surface is not influenced by the entire current carrying region. The 
distance in which magnetic field is not zero, or exists, is called the London penetration depth. Each 
superconducting material has its own characteristic penetration depth. The concept of  magnetic field 
expulsion is illustrated in Figure 11.12. It might seem that the effect is simple enough that 
sophisticated transport system could be constructed in a short time. However. in practice it requires a 
great deal of resources in terms of manpower, financial investment and planning to deploy the entire 
transport system. To exemplify the system we have shown photographs of a train and some details of 
the design of levitating rail systems in Figure 11.13.  
 

 
Figure 11.14  (a) Quantum trapping. (b) Flux tubes lock the orientation of superconductor while in motion. 
(Courtesy Wikipedia) 

Let us understand and explore how a hovering device may be made. Its design should be 
simple because we do not have the luxury of a complex system such as exemplified by the Lev Train. 
What one should begin with is an inert (chemically inactive) disc, in this case a crystal sapphire 
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wafer. The wafer is then coated with a thin layer of superconducting material with the chemical 
composition of yttrium, barium, and copper oxide. When the coated disc is super-cooled, the coating 
will then have zero resistance to an electric current. The disc conducts electricity with no loss of 
energy. In this condition, if the disc is exposed to an external magnetic field, it will repulse all field 
lines such that none will pass through the disc. Ordinarily, the disc would wobble under the action of 
a magnetic field. In this case, however, the coating is purposely kept very thin so that tiny 
imperfections will allow some field lines to leak through it, creating magnetic channels through the 
disc. These tiny magnetic channels piercing through superconductive disc are called flux tubes, which 
may exercise control on the motion of the disc. 
 

The Quantum locking feature plays a very important role in the fabrication of a hovering 
device. A controlling rider on such a device should be able to thus maneuver his position with ease. 
Quantum lock works due to a flux pinning mechanism. The flux tubes passing through imperfections 
of a superconductive coating keep the “magnetic field” locked in all three dimensions. This allows the 
disc to remain in whatever position it is in when in motion.  

 
The key element of quantum locking is the flux tube, which is “pinned” (does not move), also 

called a “vortex”. If the coating of super conductor is very thin, or if the entire disc is made of a type 
2 superconductor, the flux vortices are able to “slip through” narrow regions like the one shown in 
Figure 11.14 (a). You should remember two factors that enhance the “flux pinning”. First, the flux 
vortices are magnetic fields and second, the superconductor will create a current to counteract the 
magnetic fields, exemplifying the Meissner effect. When a flux tube in the form of a magnetic field 
penetrates the superconductor, it essentially turns off the superconductor in a small region. Now if the 
superconductor moves, so moves the flux tube. In essence, the superconductor material itself will 
create a reactionary force that will inhibit any sort of motion in relation to the vortices. Thus if you tilt 
the superconductor you will lock the superconductor object in that referenced condition and it will 
continue its state of motion. Therefore, a person riding a hovering device will be able to reorient the 
superconductor because his hand can apply far more force than what the field is exerting. 
 

There are other ways to levitate, such as by employing high air pressure in the case of 
hovercrafts gliding over a lake or a river. However, these are not suitable for producing single-rider 
hover boards and their operation is less reliable than quantum levitation. Further, the magnetic field 
repulsion effect has the quantum lock feature that is otherwise absent. Next, we will explicate another 
application of Quantum mechanics, namely, the Scanning Tunneling Microscope (STM).  

 
The microscope was invented by Binnig and Rohrer in 1981. A plethora of other  

microscopes have emerged since STM was developed. However, STM is still the most important 
scanning probe microscopy method used today. Perhaps the most fascinating feature of STM is its 
ability to provide the topography of surfaces with atomic resolution, characterising the surface 
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structures atom by atom. We will expound the principle and operation of STM and compare its 
characteristics with other microscopes suitable for similar applications. 
 
 

11.7 Scanning Tunneling  Microscope 
 
One of the major applications of quantum mechanics is in the design of a scanning tunneling 
microscope (STM). In such a microscope a scan of a surface sample can reveal the surface contours 
down to the atomic level. The STM enables scientists to obtain highly detailed images of surfaces at 
resolutions as small as the size of a single atom, which is about the spacing of 0.1nm. In the vertical 
Z-direction, a depth of 0.01nm is measured. For conventional optical microscopes the resolution is 
limited by the wavelength of the visible light that is utilized to make the image. Therefore, the 
smallest distance that can be measured by conventional is not less than 200nm. That is equal to half 
the smallest wavelength of visible light. This fact makes the optical microscopes useless observing 
details down to the size of an atom. Essential components of a STM are illustrated in Figure 11.15. 
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Figure 11.15 Basic arrangement of Scanning Tunneling Microscope. The electric circuit is completed by 
 the conduction of the current through electrons and the probe tip. The tip follows the surface contour. 

The basic idea of an STM is that an electrical voltage is applied between the surface of 
interest and a sharp tip. As the tip surface is scanned current will vary according to the distribution of 
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electrons within the immediate vicinity of the surface. The circuit and the current path is completed 
by the electron’s passage through the space (barrier) between the probe and the surface and therefore 
is proportional to the electron count. When the tip approaches very closely to the sample a tunnel 
current can flow from sample to tip (or vice versa depending on the polarity of the bias voltage). If 
the tunnel current is kept constant using a feedback loop the surface morphology can be scanned with 
the tip. By monitoring the vertical Z position during the scan we can obtain a topographical image of 
the sample surface. Very high accuracy in tip motion (laterally and vertically) is achieved by using 
piezoelectric drives. 

 

 
Figure 11.16 Images of STM tips scanned by a Scanning Tunneling Microscope. 

 
The principle of operation of a scanning tunneling microscope (STM) is relatively simple. 

When negative voltage is applied to the sample with respect to tip electron tunneling occurs from 
occupied states on the surface to the unoccupied states on the tip. The STM measurement is 
performed by raster scanning a sharp tip over the sample at a distance of few Ångström units (1 Å = 
0.1 nm). Once a bias voltage between the tip and the conducting sample has been applied a current 
can flow due to the quantum mechanical tunneling effect, although the tip and the sample are not in 
contact with one  another. To a first-approximation the tunneling current depends exponentially on 
the bias voltage, the tip-sample distance, and the tunneling barrier height. A feedback system keeps 
the tip-to-sample distance constant. The feedback signal provides information of the structural details 
of the surface. As a result high resolution images in three dimensions are obtained down to the atomic 
scale, i.e. about 0.5 Å laterally, and 0.01 Å vertically. The tips that are used in STM are mostly made 
of Tungsten or a Platinum/Iridium alloy. In Figure 11.15 set-up, we used electrochemically etched 
Tungsten tips. Scanning electron microscopy images of such tips are shown in Figure 11.16. 

The theoretical Bardeen model describing current flow through the tip and sample at any time 
is fairly complex, inasmuch as it depends on several factors, as well as the condition in which the 
measurement is performed. Therefore, we will specify the end result, an expression for tunneling 
current that is derived by applying Schrödinger’s equations. 
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I = 2e   ħ{Ʃf(E)[1-f(E) + eV] |M|2 (E-E)}  (11.59) 

where V is bias voltage, e is electronic charge, Eis Fermi energy of tip, E is Fermi energy of 
sample, f is Fermi distribution of energy, |M|2 is a matrix element of the perturbation potential 
between the initial and the final states, and  function ensures energy conservation.  

 
Figure 11.17 Remote sensing of molecular vibrations caused by tunable pulsed laser and  sensed  by a 
Scanning Tunneling Microscope (STM) (Courtesy of Alan Stonebraker, APS). 
 

A simplified expression can be obtained by performing summation in equation (11.59), which 
looks like  

 It =  const t × eV e-2d/ħ(2m
e
)    (11.60) 

where  is work function of the sample, me is mass of an electron, V is the bias voltage, and d is tip-
sample distance that is kept constant. 
 
   Next, we will describe an important modification of STM, Infrared Spectroscopy. The STM 
is able to acquire information on determination of actual size of atom and surface fineness of samples 
under test. However, it cannot discern the type of molecule as well as atoms within the material of 
sample. A team of researchers at the University of California,  members from the Lawrence Berkley 
Laboratory and also from the Stanford University have succeeded in combining tunneling microscopy 
with infrared spectroscopy to gain more information on the atoms of elements in sample material. In a 
paper published in physics review letters they explained how a custom built laser can be employed to 
perform infrared spectroscopy with STM without heating its tip [F].  Infrared spectroscopy gathers 
information about molecules of a substance by focusing a laser on a sample. Infrared light is bounced 
off the material and the difference in the reflected frequency of radiation reveals what type of 
molecules are present. Unfortunately, IR spectroscopy is not precise enough to resolve the character 
of matter down to an atomic scale. In these new efforts researchers have combined both technology 
features to gain benefits while negating the drawbacks of each individually. 

 
In Figure 11.17, a conceptual photograph of Infrared spectroscopy together with STM 

arrangement is revealed. Ivan Pechenezhskiy and others illuminated molecules on a gold substrate by 

 



  Quantum Mechanics, Modern View          593 

a tunable infrared laser. When the illumination is made resonant with a particular vibrational mode, 
the excitation is transferred to the substrate. This, in turn, caused the surface to shake, which is 
detected by variations in the tunneling current through the STM tip. As the laser frequency is 
changed, the STM signal maps out the vibrational spectrum. An image of gold clusters on a Titanium 
oxide base created by this combined technology is shown in Figure 11.18. 

 
Figure 11.18 Images of gold nano-clusters supported by TiO2 scanned by constant current topographic 
Scanning Tunneling Microscope. 

In the Figure (the left side) a constant current topographic STM image of the Au/TiO2(110)-
(1x1) surface is shown. Nanoclusters of gold are visible as bright protrusions on a TiO2(110) support 
(the image size is 30 nm x 30 nm). Individual Ti atom rows separated by 0.65 nm are resolved clearly 
corresponding to the length of the unit cell along the [1-1 0] direction of the unreconstructed 
TiO2(110)-(1x1) surface (see Figure 11.18 on the right, the image size is 6 nm x 6 nm). Apart from 
investigating the structural properties in great detail, STM also allows us to study the local electronic 
structure of the surface in a form of scanning tunneling spectroscopy (STS) measurements. STS 
spectra can be recorded during the constant current imaging by stopping the scan at a certain point of 
interest, interrupting the STM feedback loop and measuring the tunneling current as a function of the 
bias voltage. These I-V curves are then correlated with the corresponding geometric features. 

 
 In contrast to electron microscopes and many surface analytical methods using electrons, 
STM can be operated in various gas phases, in liquids as well as in a vacuum because there are no 
free electrons involved in the STM measurements. The real-space information is particularly 
important for investigating non-periodic features of surfaces, such as defects and other structural and 
chemical inhomogeneties. Therefore, STM is most suitable for studying multicomponent materials, 
polycrystalline samples with grain boundaries, composites and nanostructured materials. Since, STM 
is extremely sensitive the instrument requires great care in handling and needs to be operated in 
vacuum. A newer microscope, the atomic force microscope (AFM), overcomes the drawbacks of 
STM because its operation relies on Hooke’s law. However, the resolution of the AFM is limited to 
the size of the molecules on the scale order of a few hundreds of nanometers down to a few tens of 
nanometers. Therefore, the AFM is most commonly employed to measure the molecular topologies in 
cells for biochemical studies.  

  

30 nm 
30 nm 
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 In  next section, we  will extend the principles of quantum mechanics that will facilitate 
unification of Quantum physics with  Classical physics. The unification is important because it would 
link the details of all  phenomena observed in the Universe without any loss of continuity between 
theoretical model for the behavior of all systems at the top and their reality down to the behavior of 
the fundamental particles composing the system. To achieve our objective, we will focus on two 
phenomena, radioactivity and thermonuclear fusion. We studied in Section 7.7 decay processes in 
which atoms of elements in the periodic table with unstable nuclei disintegrate and release alpha and 
beta particles and gamma rays along with atoms of new elements. In the case of alpha decay 4He 
(helium) nuclei are emitted when unstable atoms of Uranium or Radium disintegrate. In beta decay 
processes, an unstable isotope of radioactive substance such as a Carbon isotope disintegrates to 
discharge a beta particle, an electron or a positron depending on the atomic weight of the isotope.  

We selected alpha and beta decay processes in our study as Classical model can not explain 
the reasons for their release. Emission of gamma during gamma decay is successfully explained by 
Bohr’s hydrogen atom model by applying concepts of Classical theory. Further, both  and  
particles are indeed real particles whereasparticle) is a wave (virtual particle). Similar to this 
effect, thermonuclear fusion of hydrogen into helium is a process that is occurring in stars to produce 
enormous quantities of energy. The details of this fusion process is not completely understood on the 
basis of Classical physics. Therefore, a quantum treatment to the behavior model of fusion processes 
is essential. 
 

11.8 Union of Classical and Quantum Theories 
 
In general, the principles of Classical physics (interchangeable mechanics in this context) imply that 
the future of any particle system is completely predictable from its present state. This means that one 
can accurately determine the trajectory of a particle by initially provided information, its starting 
position, its initial velocity, and external forces exerted upon it with predictably high precision. 
However, from our study in sections 11.2 and 11.3 it is evident that the classical model fails to predict 
the behavior of nucleons which can be on the other hand modeled with great accuracy utilizing 
Schrodinger’s probabilistic theory. Therefore, it is imperative to study decay and fusion processes by 
applying principles of quantum mechanics. There is another good reason for this treatment. Alpha and 
beta particles and gamma rays are emitted from nuclei despite their energy levels, even if it be far 
below the energy required to overcome potential wall of electrical charges. Furthermore, along with 
those particles, light and infrared waves are also emitted. It is not quantified at what low energy level 
light, UV waves and high energy X-ray radiation can escape from the nucleus of any atom. However 
it is found that radiation of energy on the order of 10 KeV escapes even when the height of the energy 
barrier sets a potential barrier wall of 30 MeV. We will consider some examples that explain the 
anomalous behavior of the escape of radiation and particles from nuclei of atoms of radioactive 
substances. 
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First, we will describe an event in which an alpha particle, a helium nucleus (4He), is released 
during the radioactive decay of a parent nuclei of Uranium (238U) into Thorium (234Th). For this matter, 
an escape of a beta particle from the disintegration of a parent Carbon ( 14C) into an offspring of 
Nitrogen (14N) is analogous to the previous decay production of an alpha particle. In these events, 
both the escape of a helium nucleus, and an electron or positron from an offspring nuclei cannot be 
explained by the Classical theory. A primary reason for this is that, according to the Classical model, 
the alpha/beta particle would be trapped within the heavy daughter nucleus.  It would not be able to 
overcome the potential barrier of the nucleus maintained by the combination of attractive and 
repulsive charge forces of the protons, which are several orders of magnitude larger than the kinetic 
energy of the alpha particle.  

 
A natural question that is posed is why alpha and beta particles are released from daughter 

nuclei, i.e. Thorium and Nitrogen, even though the wall of potential barrier developed by the charges 
within the nuclei are  higher than the energy of the particle. Let us explore the answer to this very 
important question. The answer to this question comes from the ratio of energy distribution vs. 
distance from nucleus (refer Figure 7.8, page 356). According to classical interpretation alpha and 
beta particles are trapped within the distance r from the nucleus because they do not have sufficient 
kinetic energy and velocity to cross the wall of the potential well created by the charges on the 
nucleons of daughter atoms. However, at distance r, if we examine energy values, charge values 
change abruptly from a large negative value (attractive force) to a high positive value (repulsive 
force) at an instant of time. In the space charge region, electrons are in continuous motion, and hence 
the potential wells are in a continuous fluctuating dynamic state along the electron’s path. Therefore, 
Schrodinger’s probabilistic model can be effectively applied to find the instantaneous position of an 
alpha particle and the energy state of daughter nucleus. 

 
 Our knowledge of the probability theory tells us that at the edge of a quantum well (distance 

r), the particle may tunnel through the well because the local energy distribution of charges may not 
forbid its motion, implying that escape probability is not zero. This fact could be supported by Fermi-
Dirac energy distribution diagrams for stationary states of electrons that belong to escaping alpha and 
beta particles.  We assert that the holes in the potential wells are created by quantum leaks due to a 
definite probability which is not zero, allowing particles to tunnel through potential barrier walls. The 
quantum leakages are responsible for the escape of alpha and beta particles from the nucleus of 
daughter atoms. This is a reality that is consistent with the documented fact that alpha particles have 
tunneled through the potential barrier.  

It is evident that the escape of the alpha particle can be readily explained by quantum 
mechanics because it can predict the future position of the particle with a definite probability. 
Quantum physicists are convinced that the escape phenomenon is based on a quantum tunneling 
effect in which the quantum particles slip through the barrier. We add another caveat by pointing out 
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that the escape probability is substantially increased due to leakages in the potential wells created by 
the charges from elemental impurities and the quasi-static nature of EM field from the charges on 
orbiting electrons. Further, a quantum mechanical model for particles in nuclei offers added flexibility 
in predicting future events based on the history and wave function associated with elementary 
particles. We are justified in stating that the probability-based quantum model of alpha particle 
systems is more reliable than the Classical model that was driven by principles of Newtonian 
mechanics.  

A second example is the escape of gamma rays and light waves from the nuclei of atoms 
during radioactive and light emission events. Let us explicate why gamma rays and light waves 
escape from nuclei against the electrical charge force. Please recall that visible light and all other 
radiation in Planck’s regime are vibrations of electrons within atoms as per our frequency spectrum 
chart classification (Appendix B). In the spectrum, we differentiated EM waves from Planck waves; 
refer to Chapter 2, Quantum Theory of Radiation. According to our view, all varieties of Planck 
waves do not carry charge and are created by the vibrations of electrons while they transverse in their 
bound state within atoms, whereas all radio frequency, electromagnetic waves, are vibrations of 
mobile charges (electrons or holes) in circuits. The charge free nature of Planck waves (light, UV, 
gamma and X-rays) permits them to escape from an electric field of charges within the nuclei of 
atoms. We assert that Planck waves are completely insensitive to the force exerted by electrical 
charges and are not forbidden from leaving the inner space of atoms.  

The problem of radiation escaping from an atom resembles the situation of a particle in a box. 
As such, it can be modeled by applying the theory of tunneling through a potential energy barrier in a 
spherical shell. According to the principles of tunneling theory, a finite probability exists that 
radiation waves can be found outside the wells even if the kinetic energy of light waves is lower than 
the barrier height, the potential energy. It turns out that the wave function representing escape 
probability is not zero outside the atom, and the probability density is also not zero. In this scenario, 
the wave function contains all the information about the state of the system. Therefore, we are 
inhibited from implying that the future of trapped radiation is undetermined simply because we have 
incomplete information. In reality, quantum theory sometimes offers us precise predictions, such as 
the position of escaped radiation. However, occasionally we can only calculate the probability of an 
event successfully. The observed escaping of radiation from atoms and the decay of alpha particles 
from the nucleus implies that the fundamental laws of nature are probabilistic. Einstein’s aversion 
with quantum theory and his statement about the quantum mechanics was, “God does not roll dice,” 
appears to be prematurely expressed [19]. 

In connection with the escape of radiation from an atom, we wish to suggest an improvement 
for modeling the barrier potentials in atoms. Since electrons are orbiting the nucleus at or near the 
speed of radiation, the potential walls near the electrons have very high leakage. The electromagnetic 
field in the vicinity of radiation is quasi-static, creating gaps in the walls of the potential barrier. 
Therefore, barrier penetration probability is extenuated for trapped radiation within the inner space of 
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atoms. Furthermore, the leakages are affected by charges on electrons in other orbits as well as the 
charges of dross (nearby and dissimilar) atoms. As it happened the tunneling barrier penetration 
theory model masked the leakage issues. Furthermore, the escape probability is increased due to the 
charge free nature of radiation. Hence, the explanation of the escape of radiation on the 
aforementioned tunneling-based theory cannot make complete sense if it. This implies to us that 
extreme caution is required to assimilate a model of any quantum system.  

Let us ask another question, What is the role of gravity in radioactive decay? We stipulate, as 
most would also, that the force of gravity on radioactive substances is extremely weak. Moreover, we 
cannot observe its effect insomuch as we are unable to measure the effect of gravity on nano-scale 
particles. If we could test radioactivity on the surface of a vastly massive celestial object, such as a 
large star (with a mass greater than a thousand solar masses) or a black hole, the observation of 
effects of gravity  would be definitely forthcoming. It is truly unfortunate that we cannot observe the 
effect of gravity on radioactive substances. The reason is primary charge carriers in the nucleus are 
very strongly affected by the electrical charge force of protons and electrons, and color charge force 
of quarks, overpowering the effect of gravity (see Table 7.1).  

 
We will look at another example, the fusion of hydrogen into helium, a process in which 

hydrogen gas atoms are fused to produce helium that is occurring within the Sun. We studied in great 
depth information about the process in Section 9.8. Here, our focus is to explain how two protons 
(hydrogen ions) are fused together to form the helium isotope, even in the presence of a strong 
repulsive force between two positive charges. Under normal circumstances, and even at elevated 
temperature, it is found that protons of two hydrogen ions do not interact, insomuch as they do not 
have enough energy to overcome the force of similar charge repulsion.  

 
We speculate that at extremely high temperature and pressure conditions it is conceivable that 

the strong color charge force effect from the quarks within the two isolated protons will surmount the 
overall repulsive charge force of the proton as an entity (see Figure 9.19).  This occurs as the quarks 
of the two protons come too close due to the contraction of a star under the influence of self gravity 
effect. Once that event occurs, the quarks bind two protons together and hold them as a stable 
structure of a proton and a neutron. We suggest that the fusion process between two hydrogen ions is 
more easily understood if the behavior of protons and neutrons, and associated quarks, is modeled 
using Dirac’s equations.  

 
Let us examine the details of one more example to show that Dirac’s equation does provide a 

means to combine Classical mechanics with Quantum mechanics. We will achieve our objective by 
analyzing the details of Pauli’s theory. The origin of Dirac’s equation was germinated from the 
necessity of introducing a half-integer spin momentum for a real particle electron. The half-integer 
spin momentum property of electrons dates back to the results of an experiment performed by the 

http://en.wikipedia.org/wiki/Spin_(physics)
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Stern–Gerlach, named for Otto Stern and Walther Gerlach. In the experiment, a beam of atoms is run 
through a strong inhomogeneous magnetic field, which then splits it into N parts, depending on the 
intrinsic angular momentum of the atoms. 

 
 It was found that for silver atoms the beam was split into two different ground states, 

implying that the spin could not be a whole integer, because even if the intrinsic angular momentum 
of the atoms were as small as possible, unity value, the beam would be split into three parts 
corresponding to atoms with spin momentum  Lz = −1, 0, and +1. The result was that the silver atoms 
have a net intrinsic angular momentum of 1⁄2.  Pauli, with his unique imagination, developed a theory 
which explained this splitting by introducing two-component wave function and a corresponding 
correction term in the Hamiltonian representing a semi-classical coupling of the wave function to an 
applied magnetic field, equation (11.61) : 

     (11.61) 
Here Aμ is the applied electromagnetic field, and the three sigma’s are Pauli matrices. e is the charge 
of the particle, for example, e = − e0 for the electron. On squaring the first term, a residual interaction 
with the magnetic field B is found, along with the usual Hamiltonian of a charged particle interacting 
with an applied field: 

 (11.62) 
This Hamiltonian is now a 2 × 2 matrix, so the Schrödinger base on it must use a two-component 
wave function which Pauli had introduced in the sigma matrices. 

 (11.63) 
 

  (11.64) 
Dirac then had a theoretical argument indicating that the spin was somehow the consequence 

of the marriage of the quantum theory to relativity. It happened that Pauli matrices shared the same 
properties as the Dirac matrices – they are all Hermitian, square to 1, and anti-commute. This allowed 
finding of a representation of the Dirac matrices in terms of the Pauli matrices: 

 (11.65) 
 

 (11.66) 
The Dirac equation may now be written as an equation coupling the two-component spinors: 

 (11.67) 
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http://en.wikipedia.org/wiki/Hamiltonian_mechanics#Charged_particle_in_an_electromagnetic_field
http://en.wikipedia.org/wiki/Pauli_matrices
http://en.wikipedia.org/wiki/Schr%C3%B6dinger_equation
http://en.wikipedia.org/wiki/Paul_Dirac
http://en.wikipedia.org/wiki/Spin_(physics)
http://en.wikipedia.org/wiki/Quantum_theory
http://en.wikipedia.org/wiki/Relativity
http://en.wikipedia.org/wiki/Pauli_matrices
http://en.wikipedia.org/wiki/Dirac_matrices
http://en.wikipedia.org/wiki/Hermitian
http://en.wikipedia.org/wiki/Anticommute
http://en.wikipedia.org/wiki/Dirac_matrices
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Notice that terms on the diagonal (upper left and lower right) we find the rest energy of the 
particle. If we set the momentum to zero, that is, bring the particle to rest, then we have: 

 

 (11.68) 
The equations for the individual two-spinors are now decoupled, and we see that the "top" 

and "bottom" two-spinors are individually eigenfunctions of the energy with eigenvalues equal to plus 
and minus the rest energy, respectively. The appearance of this negative energy eigenvalue is 
completely consistent with relativity theory.  

 
Let us further analyze Dirac’s equations in Pauli’s theory. It should be strongly emphasized 

that the separation in the rest frame of reference is not an invariant statement as a general rule. You 
would think that the "bottom" two-spinor does not represent anti-matter as such inasmuch as the 
components are parts of matter. The entire four-component spinor represents an irreducible state, 
which will have an admixture of positive and negative energy components. Therefore, if we couple 
the Dirac equation to an electromagnetic field, as in the Pauli theory, then the positive and the 
negative energy parts will be mixed together, even if they are originally decoupled. Dirac's main 
problem was to find a consistent interpretation of this mixing.  

 
From our perspective, understanding of coupling between positive and negative energy 

components to an electromagnetic field in the Pauli’s theory can be improved by coupling the effect 
of gravitational field on the wave function representing the particle in space-time. In this scenario it is 
imperative to model a particle’s wave function with gravity effects integrated. Otherwise, the 
connection between the model of the particle and the behavior of the real particle is lost.  

Finally we like to ask one more question about the quantum entanglement and the quantum 
treatment of barrier penetration in radioactivity which are definitely distinct phenomena from a purely 
analytical perspective. In both of this instances, how does it matter if the act of measurement changes 
the system behavior from a probabilistic one to a definite one? In the example of an alpha particle 
emitted from a decaying nucleus, if the particle is detected at one particular location does the wave 
function describing the particle collapse instantaneously to zero everywhere else in the universe? 
(Einstein called such a change a “spooky action” at a distance). Is there a basic difference between a 
quantum system and a macroscopic system? Our answer to this question is yes. When a particle is 
detected at a specific location, the probability of finding the particle at the site rises to its maximum 
value of unity. Therefore, the probability and the wavefunction describing the system at all other 
locations in the universe instantaneously must drop to zero. From our point of view a macroscopic 
system is a special case of a quantum system and therefore should be treated as such. 

 

http://en.wikipedia.org/wiki/Negative_energy
http://en.wikipedia.org/wiki/Electromagnetic_field
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WHAT IS NEXT? CHAPTER 12: QUARK STRUCTURE OF NUCLEUS  
 

 Quarks Flavors and Classification 
 Eightfold way and Tenfold way Patterns 
 Binding Energy and the Colour Force 
 Spectroscopy, a Means to Chase Quarks and Hadrons 
 Quantum Electrodynamics and Quantum Chromodynamics 
 Energy to Mass Transformation 
 Quark and Fusion Processes 
 Interaction of Color Charge Force with Gravity  
 String Theory Basics. 
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11.9 Summary 

DEFINITIONS 
De Broglie wavelength: Louise de Broglie hypothesized that every object of mass m and momentum 
p = mu has wave properties, with a de Broglie wavelength given by = h   p. Davisson and Germer 
measured wavelength of an electron in their famous electron diffraction experiment. 
   
Coherent sources: Two sources of light are coherent if the phase difference between their waves is 
constant. The sources are incoherent if the phase difference changes at random. 
 
Polarized light: Light that is transmitted or reflected such that vibration plane of the energy wave is 
at a fixed angle to a reference plane that contains the line of propagation. The radiation is 
unpolarized if the angle of vibrating plane changes with respect to the reference plane.  
 
Monochromatic radiation: A radiation is monochromatic if it is of a single wavelength. It is 
achromatic if it is composed from signals of different wavelengths. 
 
Interference: It is a process in which two or more energy waves of the same type (sound, light, 
electromagnetic, and etc.) and equal frequency combine to form a resulting wave. 
 
Constructive interference: The interference is constructive if two waves are in step with each other 
and combine to reinforce. In that case amplitude of the resulting wave is the sum of amplitudes of the 
combining waves. 
 
Destructive interference: The interference is destructive if two waves are out of step and combine to 
cancel each other. In that case amplitude of the resulting wave is the difference of amplitudes of the 
combining waves. 
 
Bright fringe: When a beam of monochromatic light is passed through two narrow slits the out 
coming beam projected on a screen forms bands of lighted and darkened regions. The bright bands 
(fringes) are the places on the screen where the beams are in phase and enhance intensity due to 
superposition of crests in the waves. 
 

Dark fringe: The dark bands (fringes) are the places on the screen where the beams are out of  phase 
and reduce intensity to zero due to superposition of crests and troughs in the waves. 
 
Black body radiation: A type of energy radiation within or around a body in thermodynamic 
equilibrium with its environment, or emitted by a black body held at a constant temperature. 
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DEFINITIONS (CONTINUE) 
Workfunction: it is defined as the minimum quantity of energy required to remove an electron 
(completely) to infinity from a metal surface. 
 
Wavefunction: In quantum mechanics, a variable quantity that mathematically describes a wave 
characteristic and models a representation of a particle is called a wavefunction. 
 
Quantum entanglement: A termed used in quantum theory that describes the way in which 
particles/matter can become correlated such that they interact predictably with each other regardless 
of how far apart they are in spacetime.  
 
Scanning Tunneling Microscopy (STM): A high resolution microscope operating without using 
light or an electron beam instead the traversing of an ultra-sharpened metallic tip over a surface is 
monitored that reveals the sample’s atomic and molecular detail. A contactless current flow is 
measured in a circuit between the scanning tip and the atoms of the sample surface. The current is 
found to be proportional to the density of electrons in the region.  
 
Infrared STM: Infrared spectroscopy is utilized to determine type of molecules of a substance by 
observing reflected infrared spectrum as lasers are fired on crystals of a sample. Differences in the 
frequency of reflected signals reveal the type of material. The method cannot discern the details on 
the atomic structure of molecules. A technique in which the STM is combined with Infrared 
spectroscopy that monitors current variation (peak) by the measurement of reflected infrared radiation 
from a crystal surface that is in turn effected by a resonating frequency of a tunable laser. 

 
CONCEPTS AND PRINCIPLES 
Black body radiation: The characteristics of black body radiation cannot be described by classical 
theory. Planck introduced quantum theory and Planck’s constant h. He suggested atomic oscillators 
emit energy in discrete quantities. In his model radiation is emitted in quantized packets of energy and 
was discerned that the oscillator made transitions between discrete energy states. At more finer level 
these atomic oscillators are composed of oscillating electrons which dissipate energy E = hf, here f is 
the frequency corresponding to the wavelength of an electron in transition. 
 
Heisenberg Uncertainty Principle: The principle states that if a measurement of the position of a 
particle is made with uncertainty x and a simultaneous measurement of its linear momentum is 
performed with uncertainty px, the product of the two uncertainties is limited to xpx ≥ ħ/2.  
 
Pauli’s Exclusion Principle: The principle states that in an atom’s configuration all electrons 
(orbital, the most probable state of electrons) must have a unique set of four quantum numbers. 
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CONCEPTS AND PRINCIPLES (CONTINUE) 
Photoelectric effect: The photoelectric effect refers to emission or ejection of electrons from a metal 
surface in response to incident light. In Einstein’s model, light is viewed as a stream of particles each 
having quantized amount of energy E = hf, where h is Planck’s constant and f is the frequency of 
radiation. The maximum kinetic energy Kmax of ejected electron is related to type of metal and the 
frequency of incident light  

                                Kmax = hf –  
where  is the workfunction of the metal. 
 
Compton effect: X-rays are scattered at different angles when electrons in a target are exposed to 
incoming X-rays. In such a scattering event a shift in wavelength is observed for the out-coming 
scattered X-rays, a phenomenon known as the Compton effect. The Compton shift in wavelength is 
evaluated from relation 
 ’ –  = (h/mec) × (1 – cos)  
where me the mass of electron, c is the speed of light, and  is scattering angle. 
 
Particle vs. Wave separation theorem: Mediating virtual particles, photons, gluons, and gravitons 
(bosons) do not possess rest mass and center of gravity, and do not project the force of gravity on 
other particles. Real particles, fermions, baryons, and mesons (hadrons) have a finite non-zero rest 
mass that can be transformed into equivalent units of energy, have a center of gravity, and project the 
force of gravity on other particles and objects. 

APPLICATIONS 

 Measure wavelength of radiation by measuring distance between fringes of interference 
patterns in Young’s Double Slit experiment. 

 Determine the wavelength of electron by employing Davisson-Germer experiment 
 Determine defects in crystals using Davisson-Germer experiment 
 Resolve inside scoop of the mysterious phenomenon Quantum entanglement 
 Quantum encryption, computation, teleportation, and communication at speeds above the 

speed of light (Super-luminous, speed) 
 Quantum trapping and levitation for high speed transportation 
 Scanning Tunneling Microscope (STM) to measure distance of sub-atomic scales 
 Combine Infrared Spectroscopy with STM to identify type of substance and atomic structure 

from which the sample material was formed. 
 Unify the forces of nature and create Theory of Everything (TOE); Apply QED principles 

developed by Paul Dirac and Erwin Schrődinger  
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ANALYSIS MODEL FOR PROBLEM SOLVING    
 Davisson-Germer’s experiment allows to measure wavelength of incident wave by analyzing 

Scattering angle of X-rays through crystals of Nickel. The scattered angle is related to the 
wavelength of X-rays according to Bragg’s law: 
   

= D sin  
  
where  wavelength of incident electrons, D is lateral spacing between atoms, and is angle 
between the incident and emergent beam where current peak is detected.   

  
 For the arrangement in Davisson-Germer’s experiment we can theoretically arrive at value of  
      x- ray wavelength. 
 

= h(2meVe)-1/2   
  
where me is mass of an electron, V is accelerating potential and e is electronic charge.   

  
 In Young Double experiment, for constructive interference  
 

d sinbright = m  (m = 0, 1, 2, …) 
 
 where  wavelength of incident light, d is spacing between the slits, and m is the order. 

 
 In Young Double experiment, for destructive interference 
 

d sindark = (m+1/2)  (m = 0, 1, 2, …) 
 
 where  wavelength of incident light, d is spacing as before, and m is the order. 
 

  In Scanning Tunneling Microscope, electron tunneling current It is evaluated from  
 

It =  const t × eV e-2d/ħ(2m
e
) 

  
where  is workfunction of the sample, me is mass of an electron, V is the bias voltage and d    
is average tip-sample distance 
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Exercises 
Questions 
 
 

A heart () denotes objective question and a question with a diamond ()  requires analysis. 

Answers to all questions () and (), and problems () and () are included at the end of exercises. 
 

1. Why Davisson-Germer experiment did not prove wave nature of real particle electrons? 
Explain in brief how his arrangement can be used to measure spacing between planes in an 
array of crystals. 
 

2. State essential conditions to obtain interference pattern in Young Double slit experiment. 
How can you measure wavelength of a monochromatic source of light using his apparatus? 

 
3. Explicate difference between the terms monochromatic vs. achromatic, interference and 

diffraction, polarized vs. unpolarized light, and coherent vs. incoherent light. 
 

4.  Which of the following is NOT a true statement about quantum physics?  
 

(A)  The wave function is always a complex quantity. 
(B)  For every observable, there is a quantum mechanical operator. 
(C)  The wave function represents the complete physical state including gravity effects. 
(D) , ’, and ” are finite, single-valued, and continuous.  
(E)  In one dimension it is imperative that the integral  * dx =1 

                                                                

5.  Often an oscilloscope is used to display simulation results and data captured from a 
telescope. What kind of motion is represented in figure problem 11.6? 

 
 

(A)  Simple harmonic motion. 
(B)  Damped motion. 
(C)  Gravitational motion 

 (g = constant). 
(D) Lissajous motion 
(E)  Keplerian motion 

    
                                                                                                   Figure Problem 11.6 

 

- 
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6.  The black body energy density u() has a maximum as a function of . Which is the 
equation for this maximum, also known as Wien’s displacement law? Assume k is Boltzmann 
constant.  

 
(A) max T = hc/(2.90k) 
(B) max T = hc/(4.97k) 
(C) max T = hc/(3.5k) 
(D) max T = hc/(3.0k) 
(E) max T = hc/(0.0029k) 

 
7. State and compare various methods to derive Schrödinger equation. In your view, What 

concept invented by Schrödinger brought revolution in quantum mechanics?  
 

8. State particle wave distinction theorem as it relates to real particles hadrons and virtual 
particles bosons. What is the most important property of matter/particles that distinguishes 
them from wave entities is proven by this theorem? 

 
9. In your own words describe the modifications suggested by author that improved 

Schrödinger’s model for motion of particles confined within a volume of geometry in space. 
 

10.  X-rays of wavelength 0.20 nm are used in a Bragg diffraction experiment. If the smallest 
angle for the Bragg diffraction is 40,  the distance between lattice planes must be   
 

(A) nm 
(B) nm 
(C)  nm 
(D) nm 
(E) nm 

 
11.  According to orbital rule, the change allowed for the orbital quantum number (l) of an 

electron in transition event is 
 

(A)  l = 0 or  ½  
(B)  l =   1  
(C)  l < + 1 
(D)  l = - 1 
(E) l = 0  
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12.  What is the intensity (energy per unit volume per unit frequency) distribution that produced 
the ultraviolet catastrophe in the early theory of black-body radiation? Given that = 1/kT. 
 

(A)  u= kT/(2c3) 
(B) u= (c3e-ħ/kT 
(C)  u= kT/(2c3) 
(D)  u= (ħ


2c3
(eħ- 1) 

(E) u= kT/(2c3). 
 

13.  Which of the following is NOT a true statement about the classic Frank-Hertz experiment?  
 

(A) It showed electrons undergo transition from higher to lower energy levels. 
(B) A tube is filled with vapor  of Mercury (Hg) at high pressure so that electrons will 

experience a high number of collisions. 
(C)  Electrons are accelerated through a voltage such that eV0 = 1/2mv2. 
(D) A tube is filled with Hg vapor  at low pressure to increase electrons collision rate. 
(E) An electron may lose most of its kinetic energy in an inelastic collision with an atom. 

 
14.  In Scanning Tunneling Microscope theory for evaluation of tunneling current, what is the 

minimum we need to know to figure out tunneling probability?  
 
(A) V, d, and work functions of the finger and Door knob 
(B) Only d 
(C) V and d 
(D) Only V  
(E) None of the above, additional information is required 
 
                                                                                               Figure problem 11.15 

15.  In the Figure problem 11.15, what does the electron potential energy at the tip look like? 
 

(A) Higher than V sample 
(B) Same as V sample 
(C) Lower than V sample 
(D) Tilts downward from left to right 
(E) Tilts upward from left to right 

  

 
                                                                        Figure problems 11.15 and 11.16, tunneling current  

 verses tip distance from the sample. 

 

 
 

I 

V -V 
 (a) (b) 

(c) 

(d) (e) 

V 

d 
Door Knob 
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16.  If tip is moved closer to the sample what will happen to tunneling current? 
 
(A) It will increase picture (a) 
(B) It will remain the same (b) 
(C) It will decrease picture (c) 
(D) Can not tell 
(E) Current is not sensitive to distance of tip from the sample 

 
17.  In the Figure problem 11.17, what is wrong with the picture if electron tunnels from 

sample to the tip? What would V(x) look like when schematic is corrected? 
 

(A) Same as before 
(B) V in tip higher, V in sample lower 
(C) V in tip lower, V in sample higher 
(D) V same on each side as before but 

barrier higher 
(E) V same on each side as before but 

barrier lower  
 

        Figure problem 11.17
18.  In Figure problem 11.18 if the total energy E of electron is lower than the work function of 

the metal , when the electron reaches the end of wire, it will… 

 

 
Figure problem 11.18, Tunneling of electron through a wire 
 

(A) It will come at rest, speed reduced to zero.                                                                                           
(B) Will be reflected back 
(C) Will exit the wire and keep moving to the right 
(D) Will either be reflected or transmitted with some probability 
(E) It will oscillate near the edge of the wire. 

   

 

V 
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19. Explain, How did Paul Dirac invented positron, anti-particle to electron? What unique 
concept he developed that changed the modern view towards principles taught in Quantum 
mechanics? Why his equations are solved by applying matrix manipulations. 
 

20. What is a Meissner Effect? Explain quantum locking and levitation. Define terms; London 
penetration depth, vortices, flux tubes, and flux pinning. 

 
Problems 

 
A spade () indicates that solution of the problem demands research outside this text book.  
A club ()  denotes that solution of the problem requires substitution of values in a formula 
 

1.  In Davisson-Germer experiment, 54.0 eV electrons were diffracted from a nickel lattice. If 
the first maximum in a diffraction pattern was observed at  = 50.0 (see Figure 11.1) What 
was the lattice spacing D between the vertical columns of atoms. Notice that spacing between 
horizontal rows  of atoms is not the same as D). 
 

2.  Monochromatic light waves of wavelength  are incident on a single slit of width d and 
observed on a screen at a distance L m away and a height y above the slit optical axis. If the 
intensity at y is halfway to the minimum, then what is the relative intensity I(y)/I0? For 
destructive interference, dsin = n.  

 
3.  In a laboratory experiment, two quantities x and y are measured. Then a formula T = c√x/y  

is used to compute T. If x and y are uncertainties in x and y, respectively, what is the 
uncertainty in T?   

 
4.  In a laboratory experiment to measure the density of a spherical object, measured radius of 

the sphere is  r = 25.0  0.1 cm and measured mass of the sphere is m = 200  5 g. Use the 
theory of propagation of error to determine the relative error in  given by ?   

 
5.   Consider a simple laboratory experiment where the length and the width of a rectangle are 

measured l = 5.00  .05 cm and w = 4.0  .025 cm. Find the uncertainty in area A. 
 

6.   What is the transmission probability due to tunnel effect of a 4 eV electron incident on a 
barrier 0.5 nm wide and 5 eV high.  
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7.   A ball with a mass of 2 × 10-3 kg and a kinetic energy of 1 × 10-3 J  is incident upon a 
potential barrier 0.5 m in height and .01 m in width. What is the probability that the ball will 
quantum-mechanically tunnel through the potential barrier and will appear on the other side?  

 
8.   A particle is bound in a potential well given by function V(x) = ∞ for x ≤ 0 and V(x) = kx2 

for x  > 0. Estimate the ground state energy of this system.  
 

9.  The Fraunhofer single-slit diffraction intensity is given by I = I0 sin2(x)/x2 where    
x=dy/(L) Here d is slit width, y is detector distance, and L is the spacing between the slit 
and the screen. Calculate the value of the cumulative intensity   I(y) dy?  

                                                                                                    

10.  Monochromatic light of wavelength  5000 A is incident on two slits which are separated 
by a distance of 0.2 mm and the resulting intensity pattern is observed on a screen 1.5 m 
away. Determine the location of the first maximum.  

 
11.   Consider a Young double-slit experiment where the two slits are spaced d = 0.1 mm apart.  

Given that the screen is at a distance L = 1 m, the first bright maximum is found at y = 0.4 cm 
from the central maximum, then find the wavelength  of the light.  

 
12.    A particle whose motion is confined to a spherical shell of radius R has a ground state 

wave function given by(x) = (1/√R) cos (x/2R). Calculate the expectation value of x2 ?  
 

13.    A particle of energy E < V is incident on a step potential of height V. If K and L are wave 
numbers outside and inside the barrier respectively, where K=√2mE/ħ and L=√2m(V0-E)/ħ 
Find the transmission coefficient.  

 
14.    Consider a plane wave travelling in the positive y-direction incident upon a block of glass 

of refractive index  = 1.5. Find the transmission coefficient T.  
 

15.  One must seek the de Broglie wavelength  concept to “derive” the Schrӧdinger equation 
from the one-dimensional wave equation for a particle. What de Broglie wavelength must be 
used to get the general time independent equation? Assume that the particle possess potential 
energy U and kinetic energy E. 

 
16.     In an interference experiment a slide with a double slit is used with monochromatic light 

of wavelength . The slit’s separation is d = 8 and the width of each slit is w = 2. An 
overlapping double-slit interference and single-slit diffraction pattern is obtained on a screen. 
Compute the smallest order for the missing interference maximum.  

+∞ 
 -∞ 
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17.  Find the magnetic field that an electron exerts at the nucleus of the hydrogen atom 
according to Bohr theory. Assume size of hydrogen atom, r = a0 = 0.529 A and nominal 
values for charge carried by an electron and its mass. Given that magnetic field B = 0I/(2r), 
where  0, permeability of free space.  

 
18.  Think about a box of volume 100 m3 with 1027 particles in it. Take a small cubicle region of 

that box of length 100 A and determine the probability that the region is without particles.  
 

19.    The -meson has the same charge as the electron, but a greater mass m = 207 me. Use 
Bohr theory to find the radius of a -Masonic atom with nucleus of charge Ze orbited by the 


- as compared to the radius of the hydrogen-like atom. 
 

20.  Calculate the coefficient of reflection for a particle incident on a step potential with E > V0. 
Let wave numbers outside potential well be K = √2mE/ħ,  and within be L = √2m(E-V0)/ħ  

 
21.  Find the amount of horizontal deflection x of a particle falling freely from height h in the 

Earth’s gravitational field. Let be the latitude and  be the Earth’s rotational frequency.  
 

22.  It is conceived that the Newtonian theory of gravitation may require modification at 
quantum scale (short) distances. Suppose that the potential energy between two particles of 
masses M1 and M2 which are d A° apart can be modeled by V(d) = GM1M2×(1–e-d/)/d. For 
short range d << , calculate the force between M1 and M2. Here  and  are constants whose 
values depend on charges on the particles and binding energy. 
 

23.    In a Scanning Tunneling Microscope setup, the distance between tip and sample is 
10-10m, workfunction of the sample is 4.8 eV, given that a bias voltage of 6V is applied, and 
constant t = .018. Calculate Tunnel current It , assume mass of electron = 9.109×10-31kg and 
electronic charge = 1.602×10-19 C. Comment on your calculated value of tunneling current. 
Hint: Use reduced Planck constant in the units of eV. 

 
24.  A scientist wants to take a picture of a distant yellow star using a pinhole camera such that 

the picture is of maximum sharpness. Let  = wavelength of yellow light, d = diameter of the 
pinhole, and D = the distance from the pinhole to the film. Find the size of the pin hole.  

 
25.   A 55-year old woman has a near point of 80 cm. What lens should be used to see clearly 

an object at the normal near point of 20 cm? (Find the focal length of the lens.)  
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London penetration depth 

Figure problem 11.26 
                     

26.   F. London and H. London in 1935 explained a super conductor as a single wave function 
describing a coherent collective state. Use the London equation j = - A/0L

2 to determine the 
equation for B field as a function of distance into the superconductor. Hence, explain the 
Meissner effect. (Refer Figure problem 11.26) 

 
Answers to objective questions 
 

4. (C)  5.  (D)   6.  (B)  10.  (B)  11.  (B)  12.  (A)  
13. (B) 14 (A) 15.  (D)  16.  (C)  17.  (C)  18.  (D)  

 

Answers to selected problems 
 

1. 2.17 A°  2.    4/2      3.    T = ½ T [(x/x)2 + (y/y)2]1/2 
4. .0277  5.      6.    Transmission probability 6.738×10-5 
7. 10-4.89×26 8.    ħ (2k/m)1/2  9.    I0L/d  10.   3.75 mm  
11. 4000 A° 12.  R2 (1/6 – 1/2) 13.  4K2/( K2+L2) 14.   T = 0.64 
15. =h(2m(E-U)-1/216.  missing order 4 17.  12.5 Tesla  18.   4.5×10-5 
19. R = RH/207 20.  R = | (K-L)/(K+L)|2 21.  Deflection x = (2h/g)3/2 ( cos  
22. GM1M2×(1–)/d2 23. 0.173×10-7 pA. Absolute value very small, require an amplifier.  
24. Diameter of pinhole d = (2.44D)1/2 25.  26.67 cm   
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12. 
 Quark, Structure of Nucleus 

 

  

       Werner Heisenberg (1901-1976) 
CONTENTS 

12.1 Quarks and their Flavors   
12.1.1  Rules that form Massive Hadrons 
12.2 Binding Energy and Color Force 
12.3 Spectroscopy, a Means to Chase Quarks 
12.4 Synergy: QED and QCD  
12.5 Energy to Mass Transformation  
12.6 Quarks and Fusion Processes  
12.7 Foundation of String Theory 
12.7.1  Strings Beyond Quarks and Leptons 
12.8 Summary 

Exercises 

For more than two millennia philosophers and scientists have asked the question ‘What are the 
basic constituents from which substances in the Universe are made? After reading this chapter you 
will find details which describe the answer to the question stated above, namely information about 
quarks. We shall endeavor to answer several other interesting questions about their behavior. To 
continue our pattern, we will provide simple explanations for answers to perplexing problems in a 
prosaic style. One being, how energy is transformed into entities with finite rest mass. Many of us are 
curious to know the details behind the processes in which energy is converted into, for instance, 
atoms of the most abundant and stable element, hydrogen, at the dawn of the early universe. 
Moreover, there are many mysteries related to characteristics of quarks that are yet to be discovered. 
Specifically, a property called color charge that is associated with the quark. This is very poorly 
understood. What is it that gives color charge to quarks? What are the rules that govern interaction of 
quarks of different varieties? How are particles formed that have a higher mass than the source quarks 
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in an annihilation process? We will provide answers to these fascinating questions that are seldom 
discussed elsewhere. 

 In Section 12.1, we begin with a brief history of the fundamental particles, protons and 
neutrons that constitute the atomic nuclei of elements familiar to us in the catalogue of the Periodic 
Table (PT). Atoms consist of protons, neutrons,  and electrons. Such are considered the building 
blocks of atoms. Quarks, on the other hand, are considered the basic building blocks of protons and 
neutrons. Analogous to a Periodic Table that contains a summary of important properties and 
characteristics of all elements found and made on the Earth, a chart of the Standard Model of 
Fundamental Particles and Interactions (SMFPI) has been constructed by the particle physics 
community to distinguish hadrons, the family of  all particles. We will describe the details of the 
SMFPI chart to understand the classification of sub nucleonic particles and discuss properties unique 
to quarks.  
 

Contrary to the fundamental particles, namely protons and neutrons, which come in one 
flavor, quarks are found in six different flavors. We will study the distinguishing features of various 
quarks. As is well known, a different number of protons, neutrons, and electrons combine to form a 
plethora of elements as described in the PT. Similarly, a different number and types of quarks 
combine to form many exotic composite particles. Quarks of the various flavors join in patterns of  an 
Eightfold and Tenfold way to culminate in forming heavier particles, mesons and baryons. We will 
study the characteristics of all composite particles which are collectively called hadrons. In the same 
section, we will discuss the rules that govern the combination of different flavors of quarks to form 
mesons and baryons.  

 
In Section 12.2, we will introduce new ideas regarding the binding energy and strong forces 

associated with bound groups of quarks. You will be amazed to find out that the short range strong 
forces among quarks play a very important role in creating stable nuclei of atoms and composite 
particle baryons. Furthermore, we will discuss characteristics of the boson family of virtual particles 
and the properties of particles they interact. Real particles exchange their charge characteristics using 
mediating virtual particle bosons. For instance W and Z bosons and gluons interact with quarks to 
transform their color charge type, and photons interact with atomic electrons and to change their 
energy states.  Also, we will discuss a major application of binding energy of the quark to show that it 
prevents the creation of a singularity within an event horizon of a black hole, a mystery that we began 
to unfold in Chapter 10. 

 
In Section 12.3, we will take a voyage through the inner space of an atom’s nucleus using the 

eye of a spectroscope to separate the various particles involved in high energy interaction phenomena.  
In Section 12.4, we will compare and contrast the various features of the Quantum Electrodynamics 
(QED) theory with the Quantum Chromodynamics (QCD) theory. In Section 12.5, we will elucidate 
the details of energy to mass transformation mechanisms. Specifically, we will describe the Drell Yan 
Annihilation process that enables the creation of particle/antiparticle pairs from a vacuum, the energy 
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of ground state in space. This process forms the basis for the creation of an atom’s nucleus, the 
simplest of which is the element hydrogen, the most abundant element found in nature. 

 
In Section 12.6, you will learn the details of a process which describes the formation of  

hydrogen, atoms of the simplest element that is comprised of one proton and one electron. The single 
charge number atomic configuration results from the fusion of quarks into ions (proton and electron) 
to produce the elementary substance.  The details in this section are speculative in nature because we 
do not have any data as proof to substantiate our theory and formalization. We are hoping that the 
ideas presented here will inspire others to pursue additional research and apply resources to develop 
experimental evidence that support our theories.  In section 12.7, we will touch bases with the topic of 
the string theory as it deals with string particles, theoretically much smaller in size and different in 
nature than the quark or other particles of the SMFPI chart. Although the idea of string theory looks 
very promising on its surface, its validity seems to be too far removed from reality. Validating the 
principles described by string theory is an impossible task insofar as no experimental devising seems 
plausible to provide a basis of evidentiary for objects described in string theory within our present 
state of technology. 

12.1 Quarks and their Flavors 

For more than a century scientists were seeking an answer to a most elusive question, What 
comprises matter beyond atoms and their constituent fundamental particles, protons, neutrons and 
electrons? An answer to this question was revealed to the scientific community only just fifty years 
ago, because as is the case of any kind of research to obtain a reasonable answer one needs to go 
beyond prior efforts. It can be compared to moving to a different country in which people speak a 
different language and live by different customs. One knows some basic large-scale algorithmic 
generalities and strategies to survive, but some of the social details take on an “x” factor, an unknown 
that may take years to integrate. In recent years we have found that protons and neutrons are 
comprised of even smaller particles called quarks. It is very important to understand the behavioral 
details of quarks inasmuch as they are at the deepest, shadowy level in the hierarchy of particles that 
we have known so far. They exhibit peculiar properties that are distinct from other relatively large 
sized particles. Therefore, in this section we will describe how we became aware of quarks, how one 
studies their characteristics, and in what way they are different from the known composite entity, the 
atom. 

The scientific principle that elucidates the existence and the behavior of the sub-nucleonic 
particles we call quarks is known by a rather outlandish name, the Standard Model of Fundamental 

Particles and Interactions. Before we describe the details of this standard model, let us look at the 
brief history of its evolution. By the middle of twentieth century, in the mid 1950’s, physicist Niels 
Bohr firmly established the “shell” model for a the hydrogen atom. He combined ideas from Planck’s 
quantum theory of radiation, Einstein’s concepts of photonic interaction of light within atoms, and 
Rutherford’s planetary model of the atom to create a semi-classical model. Subsequently, his model 
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was refined by a probabilistic quantum-mechanical theory proposed by Schrӧdinger, and the 
exclusion principle from Pauli. According to the new model, all the elements found in nature are 
arranged in an organized manner based on their atomic structure. It was upon this basis that each 
element could be placed categorically on a periodic table. However, the periodic table was 
constructed in such away that the atoms of all the elements consisted of the fundamental particles of 
electrons revolving in their orbits and the protons and neutrons located at a central stationary core 
called the nucleus. Particle physicists had not yet invented the sub-nucleonic particle called the quark. 
 

Table 12.1 Fundamental particles, Fermions: Classification and properties. 

Family 
Groups Particle Symbol Charge Spin Strange 

S/C/B 
Mass 

GeV/c2 
Average 
Lifetimes 

Decay 
Products 

Fermions 
Quarks 
3 colours 
Red, green 
and blue, and 3 
anti-colours 

Up u u 2/3 1/2 0 0.003 -- -- 

Charm c c 2/3 1/2 0 1.3 -- -- 

Top t t 2/3 1/2 0 175 5×10-25 -- 

Down d d ∓1/3 1/2 0 0.006 -- -- 

Strange s s ∓1/3 1/2 ∓1 0.1 -- -- 

Bottom b b ∓1/3 1/2 0 4.3 -- -- 

Fermions 
Leptons 

Electron e+/e- 1 1/2 0 .000511  Stable 

Muon 
+/- 1 1/2 0 0.106 2.2×10-6 e 

Tauon t+/- 1 1/2 0 1.7771 3.4×10-13 Hadrons 

Neutrinoe e/e 0 1/2 0 <1×10-8  Stable 

Neutrino / 0 1/2 0 <0.0002 ? Stable? 

Neutrino / 0 1/2 0 <0.02 ? ? 

 
Note: We will designate anti-particle by underlining the symbol of corresponding particle pair 

 Things changed rapidly after the discovery of a new particle,  in the Fall of 1974 at SLAC 
(Stanford Linear Accelerator Center) in California and at Brookhaven National Laboratory in New 
York. By then it was clear to everyone in the field that atoms of ordinary matter consist of Baryons, 
neutrons and protons, that consist of lower-level fundamental particles, quarks. Soon several 
additional members of the quark family were discovered and the idea of the Standard Model of 
Fundamental Particles and Interactions chart, similar to the Periodic Table (PT) of elements, was 
born. Unlike the periodic table that has one table of elements, the SMFPI chart consists of four 
sections. The first section is composed of  Fermions which are sub-divided into quarks and leptons 
categories. Both, the quarks and the leptons are undivided particles. The second section consist of  
composite particles the Baryon and the Meson families which are formed by the union of two or three 
quarks. The third section lists virtual massless particles, Bosons. The fourth section describes  
properties of interactions among all particles. The families of all particles Fermions, Baryons, Mesons 
and Bosons are collectively known as Hadrons. Next let us succinctly discuss the role played by a 
Russian physicist in the development of SMFPI chart who originally created PT of elements.  
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The credit to organize elements of substances found in nature goes to a physicist from Russia. 
His name was Dimitri Mandeleev (1843-1907). He developed a chart in which elements with atomic 
numbers in the increasing order were organized into columns and rows systematically. His table of 
elements was clear, but initially had several gaps. Subsequently, the gaps in the rows and columns of 
element pattern enabled him to predict missing elements which were not yet discovered. In this 
fashion, using the principled chart already constructed, he was able to discover and thus prove the 
existence of new elements with specific properties which resembled the elements discovered earlier. 

The study of quarks possessing “strange” properties, i.e. the color charges and associated 
confinement rules, was of prime interest to particle physicists in the late 20th century. Just as protons, 
neutrons and electrons are the fundamental governing constituents of atoms of all elements in the 
chemical Periodic Table, quarks are the basic building blocks of the aforementioned particles, and are 
logged in the Standard Model Chart. Analogous to protons and neutrons belonging to the Baryon 
group, quarks are classified as members of the Fermion group. Furthermore, while the proton, the 
neutron and the electron are combined to form a multitude of atoms disclosed in Periodic Table, 
different types of quarks interact and combine to produce a variety of composite particles.  

Six varieties of flavors of quarks have been discovered, whose properties of charge, spin, 
strangeness, mass and average lifetimes are summarized in Table 12.1. Also, this table includes 
Leptons, a group of particles that resemble electrons in their characteristics, i.e. Muons and Tauons, 
possessing more mass than electrons, and the Neutrino that is of negligible mass. Muons and tauons 
have unit charges like electrons, and neutrinos are without charge. All the particles in the table come 
in pairs, the particle and antiparticle. Anti-particles carry a charge of an opposite, kind (negation), but 
are of same mass. In our discussion we shall use an underscore letter to designate anti-particle (b, 
bottom anti-quark) to distinguish it from the corresponding particle (b, bottom quark). In addition to 
the properties summarized in the Standard Model Chart, quarks possess color charge characteristics 
which plays a very important role in deciding particles produced from quark interaction and 
disintegration phenomena. Both the quark and the antiquark possess three kinds of color charges, red, 
green, and blue. Furthermore, they could have an anti-color of the three types as well. Many more 
types of composite particles (over 200 variety) have been discovered because all six flavors of quarks 
could join systematically. Further, the quarks and the anti-quarks, with their color and anti-color 
charges allow for their unique combination restriction. Next we will discuss how different varieties of 
quarks are joined to form more massive particles. 

12.1.1  Rules that Form Massive Hadrons 
The first sense of order emerged with the realization that atoms are comprised of two distinct types of 
matter. There are particles like electrons (Leptons, “lep” means “thin, or slight” in Greek) that do not 
experience the strong force and carry a unit charge.  Then there are the composite, bulky particles 
called Hadrons (means “bulky” in Greek) that experience the strong force and carry a unit charge or 
several units of charge. It was determined that hadrons were stationary in the atom’s nucleus, whereas 



  Quark Structure of Nucleus          619 

  

electrons were orbiting. Subsequently, quarks were discovered to be constituents of hadrons and 
identified as particles that carry fractional charges. Physicists reasoned that the amalgamation of 
neutrons and protons, due to a new type of force among quarks, was responsible for the formation of 
a stable nucleus. 

It has been well known that protons, neutrons and electrons are combined in an organized 
pattern to form more than 108 elements assigned on the Periodic Table. Similarly, a variety of quark-
composed particles, baryons and mesons are formed by joining quarks of specific flavors. The 
discovery of the abundant variety of baryons and mesons confirmed that new forms of matter could 
exist, their characteristics being interpolated from the behavior of other known forms of matter.  
Special patterns were identified in which a pair and a trio of quarks would join to form larger size 
particles than the size of an individual quark. It was found that either a duo of quarks or a triplet of 
quarks coalesce to form a group of eight mesons or baryons. These groups of eight composite 
particles and their patterns came to be known as the Eightfold way.   

 
Table 12.2 Fundamental particles baryons and their variations 

 

 
Notes: Baryon particle Xi is discovered in ten other quark compositions with names charmed-usc/dsc, double 
charmed-ucc/dcc, bottom-usb/dsb, double bottomed-ubb/dbb and charmed bottom-ucb/dcb. NA – Not available 

Particle 
Baryons 
Family 

Symbol Charge Spin Strange 
S/C/B 

Quark 
Config. 

Mass 
GeV/c2 

Average 
Lifetime s 

Principal 
Decay 

Products 
Proton p+/p- +1/-1 1/2 0 uud 0.938 >1039 Stable? 

Neutron n+/n- 0 1/2 0 udd 0.94 898 pe 

Lambda  0 1/2 1/0/0 uds 1.116 2.6×10-10 p
-
,n

0
 

Sigma 
+/-

 1 1/2 -1/0/0 uus/dds 1.1894 0.8×10-10  

Sigma 
0/0

 0 1/2 -1/0/0 uds 1.1925 6.0×10-20  

Sigma 
-/+

 -1 1/2 -1/0/0 dds/uus 1.1973 1.5×10-10  

Delta 
++/

 0 1/2 0 uuu 1.230 6×10-24  

Delta 
+/

 0 1/2 0 uud/ddd 1.231 6×10-24  

Delta 
0/

 0 1/2 0 udd 1.232 6×10-24  

Delta 
-/

 0 1/2 0 ddd/uud 1.234 6×10-24  

Xi 
-/

 -1 1/2 -2/0/0 dss 1.3213 1.6×10-10  

Xi 
0/

 0 1/2 -2/0/0 uss 1.3149 2.9×10-10  

Omega Ω/Ω +1/-1 3/2 +3/-3 sss 1.672 0.8×10-10 


,





0, 


 
Xi* 

-
/

 -1 1/2 1/0/0 dss 1.3217 1.64×10
-10

 Info.NA 

Xi* 
0
/

 0 1/2 1/0/0 uss 1.3149 2.9×10
-10

 Info.NA 

Charmed Xi 
0
/

 0 1/2 1/1/0 usc 2.4679 2.0×10
-10

 Info.NA 

Charmed Xi 
0
/

 0 1/2 1/1/0 dsc 2.471 2.0×10
-10

 Info.NA 

Double C Xi 
0
/

 0 1/2 0/2/0 ucc 6.0544 2.0×10
-10

 Info.NA 

Double C Xi 
0
/

 0 1/2 0/2/0 dcc 3.5189 2.0×10
-10

 Info.NA 

Bottom Xi 
0
/

 0 1/2 1/0/1 usb UK 2.0×10
-10

 Info.NA 

Bottom Xi 
0
/

 0 1/2 1/0/1 dsb 5.7929 2.0×10
-10

 Info.NA 

Double B Xi 
0
/

 0 1/2 0/0/2 ubb UK 2.0×10
-10

 Info.NA 

Double B Xi 
0
/

 0 1/2 0/0/2 dbb UK 2.0×10
-10

 Info.NA 

Charmed B Xi 
0
/

 0 1/2 0/1/1 ucb UK 2.0×10
-10

 Info.NA 

Charmed B Xi 
0
/

 0 1/2 0/1/1 dcb UK 2.0×10
-10

 Info.NA 
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 Let us explain why a group of baryons and mesons are formed in an eightfold way pattern. 
First, it has been discovered that all fundamental particles have a tendency to spin around an axis that 
is established by rotational motion and moment of inertia. We shall explain in greater detail why this 
tendency arises in Section 12.2. Quantum physicists are able to associate a basic unit of spin moment, 
which is ½ spin, a limit set by Planck, inasmuch as that it is the smallest amount of spin possible for a 
particle other than zero spin. Quantum mechanics restricts the allowable magnitude of a spin moment 
to be an integral multiple of this basic unit. Therefore, composite particles on SMFPI chart take the 
values 0, ½, 1, 3/2,  and  2 for spin. Quarks are joined as such to achieve the net spin values listed on 
the particle charts for Mesons and Baryons  (refer Tables 12.2 and 12.3). The most stable systems are 
formed from quarks when the combined net spin moment of the system is zero. This preferred state is 
called the S-state. This is one of the reasons for eightfold pattern.   

Table 12.3 Fundamental particles mesons (real) and their properties 

Particle 
Mesons 
Family 

Symbol Charge Spin Strange 
S/C/B 

Quark 
Config. 

Mass 
GeV/c2 

Average 
Lifetime s 

Principal 
Decay 

Products 
pion 

+/- +1/-1 0 0 ud 0.1396 2.6×10-8 μ+νμ 

pion 
0 0 0 0 Note a 0.135 0.83x10-16 2γ 

kaon K+/K-
 +1/-1 0 1/0/0 us 0.4937 1.24x10-8 μ+νμ, π+π0 

kaon Ks
0/Ks

0
 0 0 1/0/0 Note b 0.4977 0.89x10-10 π+π-,2π0 

kaon KL
0/KL

0
 0 0 1/0/0 Note b 0.4977 5.2x10-8 π+e-νe 

Eta 
0 0 0 0 Note c 0.5488 2.5x10-19 2γ,3 π0, π+π-π0 

Eta prime 
0’ 0 0 0 Note c 0.558 -- π+π-η 

rho 
+/- +1/-1 1 0 ud 0. 770 0.4x10-23 π+π0 

rho 
0 +1/-1 1 0 uu,dd 0. 770 0.4x10-23 π+π- 

omega 
0 +1/-1 1 0 uu,dd 0. 782 0.8x10-22 π+π- π0 

phi  +1/-1 1 0 ss 1.020 20x10-23 K+K-,K0K0 
D D+/D-

 0 0 0/1/0 cd 1.8694 10.6x10-13 K, e  
D D0/D0

 0 0 0/1/0 cu 1.8646 4.2x10-13 [K,μ,e]  
D Ds

+/Ds
-
 0 0 1/1/0 cs 1.969 4.7x10-13 K  

J/Psi J 0 0 0 cc 3.0969 0.8x10-20 e+e-, μ+μ-.. 
B B-/B+

 0 0 0/0/-1 bu 5.279 1.5x10-12 D
0
  

B B0/B0
 0 0 0/0/-1 db 5.279 1.5x10-12 D

0
  

Bs Bs
0/Bs

0
 0 0 0/0/-1 sb 5.370 -- B

-
s  

Upsilon  0 0 0 bb 9.4604 1.3x10-20 e
+
e

-
, μ

+
μ

-
.. 

a. Quark configuration for pion (uu+dd)/√2 
b. The neutral Kaons K0

s and K0
L represent symmetric and antisymmetric mixtures of the quark 

combinations down-antistrange and antidown-strange. (ds±sd)/√2 
c. The neutral eta meson is considered to be a quark combination  

 = (uu+dd – 2ss)/√6 and ’= (uu + dd – 2ss)/√3  
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The second reason why groups of baryons and mesons are formed in an eightfold way pattern 
is demand of nature, the processes that changes the composition of any matter are inherently 
sequential. Meaning that generally only one property or a parameter of a constituent particle of matter 
changes at a time. In particular, if one looks at the events that cause the changes in the state of the 
matter, it may only be resolved within the lowest unit of time, Planck-time.  Therefore, physicist 
found that only one parameter has changed in a particle’s state transformation at a time. In Figures 
12.1 and 12.2 eightfold way and tenfold way patterns for baryons and mesons are illustrated. These 
patterns appear to be the same, but a closer examination proves that they are different. They are octets 
(eight segments) and decuplets (ten segments) for baryons, whereas mesons come in nonets.  From 
these figures it is evident that two particles on neighboring nodes, connected by a net, differs in only 
one variety of quark. 
 

The third reason why groups of baryons and mesons are formed in an eightfold way pattern is 
that structured systems of atoms and molecules have a common feature. Their constituents are 
arranged relative to one another depending on the energy levels acquired by sub-particles within 
parents, atoms and molecules. Though atoms and molecules are in energy states that are analog in 
nature, quantum mechanics restricts the energy states of particles to a discrete set. Each sub-particle 
has a unique energy state, and as a result the system can exhibit a discrete system of energy levels. In 
general, all systems are discrete if their parameters are measured with a certainty that is smaller than 
its limit asserted by the Heisenberg’s Uncertainty Principle. If one looks a system of particles at 
closer, refined scrutiny, the energy spectrum of atoms and molecules appear continuous, inasmuch as 
they are effected by gravitation and variations caused by internal (thermal) energy. A similar 
argument applies to particles formed by quarks. 
 

 

 

 

 

 

 
 
 
Figure 12.1 Baryon family of particles  (a) Eight baryons utilizing trio of quarks  forming an eightfold way 
pattern, each with spin ½ (b) Ten baryons utilizing a triplet of quarks forming a tenfold way pattern, each with 
spin 3/2. 
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As stated earlier, quarks are joined to form exotic particles like electrons, protons and 
neutrons, but each with a subtle difference. Unlike atoms of various elements, which are characterized 
by the number of protons in their atomic configuration, massive baryons are formed by merging 
different flavors of quarks and anti-quarks, each with a distinct color and anti-color charge 
combination. The mass of more massive baryons and mesons change only by a factor of 10, but their 
average lifetime characteristics vary greatly (1039s longest and 10-24s shortest) because of the 
difference in decay rate.    

Inspection of  Figure 12.1 reveals that we have proposed an expansion of the Eightfold way 
and Tenfold way diagrams of the baryon family of particles to a third dimension. The construction 
allows us to add additional numbers of the family of particles in the diagram with a different flavors 
of quarks and anti-quark triplets. By adding more nodes in the Eightfold way diagram the entire set of 
composite particles described in Table 12.2 is linked in one diagram. A similar procedure can be 
applied to represent the entire Meson family of particles included in Table 12.3.  Next, we will 
discuss the theory and the rules of engagement among different flavors of quarks. 

 
Our knowledge of quantum theory says that a system of quarks and anti-quarks is described 

by a wavefunction, a mathematical expression that is related to the chance of finding a quark at 
distance r, and an anti-quark at distance –r. Both distances are referenced relative to the mass center 
of the system. Let us suppose that this system of a quark and anti-quark pair represents a meson. It 
turns out that the relationship between the meson, as seen in an imaginary mirror, and its behavior in 
the real world is obtained by replacing +r  to –r everywhere in its wavefunction. The way a 
wavefunction of a meson behaves when we swap +r with –r is called parity P of the system. The 
concept of parity which relates wavefunction of a composite particle meson with its components 
quarks needs more explanation. 

 

Figure 12.2 Meson family of particles  (a) Nine spin less mesons exhibiting eightfold way pattern with 
strangeness +1, 0, and -1 (b) A pair of  u,d,s quarks and antiquark form an inverted triangle. 
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A matrix representation of P (in any number of dimensions) has determinant equal to −1, and 
hence is distinct from a rotation, which has a determinant equal to 1. In a two-dimensional plane, a 
simultaneous flip of all coordinates in sign is not a parity transformation; it is the same as a 180° 
rotation; that a parity inversion transforms a phenomenon into its mirror image. A parity 
transformation on something a chiral, on the other hand, can be viewed as an identity transformation. 
All fundamental interactions of elementary particles, with the exception of the weak interaction, are 
symmetric under parity. 

The rules of quantum mechanics imply that for a quark and anti-quark pair with L units of 
angular momentum, the parity is P = (-1)L+1. Quantum mechanics restrict the value of L to a whole 
number. So, if the pair have zero or any even value for L, the sign of P is negative, meaning the 
wavefunction changes the sign as we replace +r to –r, going to the mirror from the real world 
situation. If L is an odd number the parity will be positive and wavefunction sign will not change. The 
wavefunction is called anti-symmetric if it changes its sign when any two of the quarks in a system 
are interchanged, otherwise it is known as a symmetric wavefunction. During formation of any 
composite particle, a meson or a baryon, it is found that the color force between two quarks appears 
to attract one quark to the other quark, but only if the overall color state and wavefunction 
representing the quark system is anti-symmetric, otherwise the color force will repel the quarks and 
prevent their union. 

Analogous to the parity symmetry, another symmetry exists that is called the charge 
conjugation which will be denoted by denoted by “C” henceforth. This symmetry effects the 
operation of matter and anti-matter interchange, similar to the interchange of quarks and anti-quarks 
that form mesons. Whereas parity P depends only on relative angular momentum L between the two 
particles, C depends on both the angular orbital momentum L and the combined spin state S of two 
particles, quark and anti-quark. This consideration in quantum mechanics came to the rescue of the 
quantum physicist and constrains both the amount of angular momentum L and the aggregate spin 
state S to a whole number. If the vector sum of the magnitude of L+S is an even number, the 
wavefunction is unchanged when charge conjugation is performed during an interchange event. If 
L+S is an odd integer, the wavefunction switches its sign, Frank Close [22]. All this means is that 
there are specific rules which are adhered to and some conditions must be satisfied to form mesons 
and baryons by quarks of different flavors.  

In addition to parity and charge conjugation, Pauli’s exclusion requirements must be fulfilled 
for successful creation of mesons and baryons. Furthermore, the system of three quarks should exhibit 
symmetry under the interchange of flavors, spin and spatial quantum numbers. The anti-symmetric 
color configuration takes care of the overall anti-symmetry. Let us look at how this wavefunction 
symmetry picture fits into the way quarks are joined to form baryons and mesons. In Figure 12.3, we 
illustrate two primary family types of particles created as a result of quark interaction. We have 
Baryons, proton and omega, from a triplet of quarks, and  Mesons, both pion and upsilon, from a pair 
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of quarks. In the following discussion we will learn more details about color charges and the rules 
governing the engagement of different quarks, which enable production of highly stable hadrons. 

 

(a) Baryons (b) Mesons 

uH 

Proton Omega Pion Upsilon 

uH dH 

sH 

sH sH 
dT 

bH 

bH 

uH 

 
Figure 12.3 Examples of stable particles configured from quarks. The size of proton and pion is at different 
scale than quarks (a) Baryons utilizing trio of quarks (b) mesons formed from two quarks of different types. 
 

Conventionally, the color charges in quarks are identified by the colors red, green and blue, 
denoted by R, G and B for the sake of brevity. Just as each quark has an anti-particle, an anti-quark of 
the same type, the color charge also has an anti-color flavor. Therefore, the total color charges of six 
flavors comprises of three pairs of color and anti-color charges. Majority of text books in particle 
physics utilizes notation of colors red, blue, green, anti-red, anti-green and anti-blue to represent six 
types of color charges. To avoid confusion we decided to use instead colors along with a head (H) and 
a tail (T) notation to distinguish color from anti-color. Since color representation of color charges in 
quarks is arbitrary and the charges have nothing to do with colors as such, we think extra precaution 
is necessary.  

 
This notation of head and tail for color and anti-color charge will enable us to handle the 

complexity of quarks interactions very efficiently and without any confusion.  Therefore we 
represented the color charges of quarks that resemble tokens of three colors R, G, and B with a letter  
H for color and T anti-color charge variety. Now we will focus on the rules of QCD, chromostatics 
which permits us to understand the details of the process to produce hadrons. The powerful force 
which binds the quarks to one another to build heavier particle hadrons is the color charge of the 
quarks. All laws of chromostatics are developed on the basis of the principle of symmetry. What do 
we mean by a symmetry principle? To understand the symmetry principle it is vital to learn the theory 
of color, which implies that a quark interacts with another quark with the help of a new form of 
matter, a field particle called a gluon. Although there is no empirical evidence that gluon particles 
exists, quarks appear to exchange gluons in their interaction and produce the decay product, mesons. 
Color charges of the quark are in many ways similar to electric charges in that they exhibit a force of 
attraction and repulsion.  

 
Whereas electric charges are of two variety, positive and negative, color charges are a 

combination of three kinds, represented by colors R, G, and B, each either positive or negative in its 
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symmetry charge. If a quark carries a positive color charge of, say, red at its “head” side, then its 
antimatter partner, the anti-quark, carries a negative color charge to be designated by red at its “tail” 
side. Because there are three forms of positive color charges, the possible number of attraction and 
repulsion combinations are more than the two combinations for electric charges. In addition to the 
attraction between the color charges of opposite signs (H-colour verses T-anti-colour), we have 
attraction among the unlike color charges, such as red and green, green and blue, and blue and red. 
The attraction of the quarks having unlike color charges generalizes to ‘attraction of opposite charges’ 
with a subtle difference that takes into account the quantum states of the participating quarks forms 
the basis of the symmetry principle. 

 
Suppose we have two quarks, one with color charge red (RH), and the other with color charge 

blue (BH), both a “head” (H) variety. If we arbitrarily assign the physical location of the quark with 
red color charge as position ‘1’ and the blue as position ‘2’, then we denote the pair as R1HB2H. To 
simplify this discussion we will write the pair as R1B2. If the position of the two quarks is swapped, 
the state is represented as R2B1. In the quantum theory we have to deal with finite probabilities of 
physical states and not the fixed values, inasmuch as all particles remain in a continuous state of 
motion. Therefore the physical state is more accurately reflected by a 50:50 mixture described as a 
sum or the difference of the two. 
  

R1B2  +  R2B1         (12.1) 

R1B2  - R2B1          (12.2) 

If we swap the position labels 1 and 2 in (12.1) then the state value stays the same, as 
symmetric, whereas the state in (12.2) reverses the sign and becomes anti-symmetric. The physical 
significance of this asymmetry has to do with the nature of the forces quarks experience. If a pair of 
quarks are in a symmetric state, they will repel one another. If they are in an anti-symmetric state, 
they will mutually attract. Keeping in mind the complexities introduced by the principle of symmetry, 
let us summarize the rules for quark interaction. 

1. The quark obeys the ordinary, familiar rules for electric charge forces of attraction and 
repulsion in accord with Coloumb’s law. Quarks with electric charges of the same polarity 
repel, and those with opposite polarities attract. The electric force is much weaker than the 
color charge force. 
 

2. For color charges, two quarks of the same color and the same sign (head or tail) repel (the 
symmetric quantum state), but those with the same color and the opposite sign (head or tail) 
attract (the anti-symmetric quantum state). 

 
3. For anti-symmetric states and for symmetric states, quarks of two different colors attract also. 
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4. A third quark will be strongly attracted by a pair only if its color charge differs from the color 
of the quarks in the pair and the quantum state of the third quark is anti-symmetric under the 
interchange of any pair’s color labels as per the rules of the symmetry principle.  

 
You should recognize that these rules essentially summarizes the rules of repulsion also. 

Notice, how the rules have forced three quarks each of different color to be present in baryons, the 
protons and the neutrons. Moreover, any pair of quarks within a proton or a neutron is antisymmetric 
under interchange of their color designation. The Pauli’s exclusion principle requirements ensures 
that the state of all bound quarks belongs to each of the protons and the neutrons are antisymmetric. 
The different color labels alone take care of antisymmetric condition. Therefore, if we ignore about 
color, the state of quarks must be symmetric in the framework of quark flavors and spins.  

From the above rules, it is evident that stable particles made from quarks can only survive 
when they are formed by a pair of quarks with color charges of opposite signs, forming the meson 
family of particles. Similarly, stable particles formed by a trio of quarks meeting conditions of the 
fourth rule form the baryon family of particles. A particle structure comprised of four quarks will not 
survive because the QCD rules do not support the structure. The fourth quark will necessarily have 
the same color as one of the three already present, its force of repulsion exactly being cancelled by its 
attraction, regardless of the symmetry sign of the color charge it carries. For the simple reason that 
attraction only operates in the anti-symmetric mode, there is a 50% chance that this state is present. It 
is discovered that hadrons, baryons, have no net color but they “sense” the strong color forces of their 
colored constituents. This powerful color force is neutralized within protons and neutrons with the net 
result that its remnant acts only over short distances – within the nucleus. It is obvious that more 
research is required to understand this confinement of the strong color charge force bounded within 
nuclei of atoms.  

In the next section we will continue our discussion of the strong color charge force and the 
binding energy associated with quarks. In particular, we will explain how hyperfine splitting, rooted 
in color magnetism, explicates the existence of stable baryons, i.e. protons and neutrons, analogous to 
the hyperfine splitting of the ground state energy of electrons within hydrogen atoms.  

12.2 Binding Energy and Color Force 
 
As explained before, a quark takes any one kind of color charge at any time and an anti-quark takes  
any opposite kind, an anti-color charge, at the same instant of time. It is very much a mystery what 
gives the varied color charges to any quark at various times and what it is that changes the color 
charge of a quark. However, what is known is that the color charge of a quark is altered when it 
exchanges a gluon while interacting with another quark. We are aware that in atoms the protons and 
the electrons are bound by the electromagnetic force (electric charges). Similarly, quarks are bound 
by the strong fundamental color charge force that is stronger by 25-60 times that of the electric charge 
force, but it acts only over a distance of 10-18m-3×10-17m (see Table 12.4).  
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It is a well known fact that an electron has an intrinsic spin and, hence, a magnetic moment 
that is quantized. We may surmise that what gives a particle the tendency to spin around its axis is 
when, in the presence of a larger particle, the smaller particle experiences the effectual forces of 
gravity and charge. When the smaller particle’s tendency to move away from the larger particle is 
challenged by these forces, it is overcome and becomes trapped in orbit by what we call the Keplerian 
effect. We discussed details of the Kepler’s Law in Section 9.2. The same law is in effect for nucleons 
and sub-nucleon sized particles. The Keplerian effect provides the intrinsic spin moment to charged 
particles. The direction of spin of the orbiting particle is essentially determined by the sense of 
direction of the large particle. For composite objects such as the Earth and planets the direction of 
spin is decided by the mass distribution of the objects.  

Table 12.4 Fundamental particle bosons (real & virtual) and their properties 

Particle 
Boson 
Family 

Symbol charge Spin Particle 
interest 

Interaction 
*Strength 
& Type 

Mass 
GeV/c2 

Average 
lifetime 

Action 
property  
distance 

Gluon, v g 0 0 quarks 25-60, SF 0  Color, 10
-17 

m 

photon, v  0 1 electrons Varies, EW 0  Radiation,  

W, R W+ +1 1 quarks 0.8, EW 80.4 -- Flavor,10-15m 

W, R W- -1 1 quarks 0.8, EW 80.4 -- Flavor,10-15m 

Z, R Z
0
 0 1 quarks 0.8, EW 91.187 -- Flavor,10-15m 

hadrons,  
mesons,  

Many 
Real 

1,0,+1 0,½, 
1,1½ 

stable 
elements 20, SR varies varies 

Some decays, 
some stable 

Higgs, v H
0
 0 0 Hadrons Varies, w >112  Higgs field,  

Graviton g0 0 2 All 10-36-10-41 w 0  Mass,  

 
 *Strength: SF- strong fundamental, SR- strong residual, EW- electro weak and w-weak  #Type: R- real, v- virtual 

 The quantization of electron spin moment was of prime interest to many experimental 
physicists, including W. Stern and O. Gerlach. In 1921, their team performed an experiment to 
measure spin quantization of Cesium atoms [3]. The effect of the spin state of any particle on its mass 
and energy level is called hyperfine splitting. In the ground state of the hydrogen atom, the electron 
and the proton can spin in parallel (both clockwise) or anti-parallel (one clockwise and the other 
counter clockwise). In these two configurations the magnetic interactions differ. In former case 
repulsion occurs, and in the later case attraction occurs. This causes the ground state energy level of 
the electron of the hydrogen atom to split into two levels, depending on the relative orientation of 
electron and proton spin. When their spin moments align to one another, the energy of the electron is 
slightly higher than when the net spin moment is zero.  
 

Quarks have an intrinsic spin similar to electrons. In addition to this, quarks have color 
charge and therefore exhibit color magnetism, as well as simple electromagnetism. This causes the 
color force analogue of hyperfine splitting to occur in the hadron spectrum, just like the hyperfine 
splitting in the energy levels of the ground state electron in the hydrogen atom. In the case of hadrons, 
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the hyperfine splitting effect is manifested as a difference in the mass of mesons and in the mass of 
baryons. In the case of hydrogen the hyperfine splitting energy difference is less than one electron 
volt. In the case of mesons it is of the order of hundreds of millions of electron volts, because the 
color charge forces are very much stronger than the electric charge forces. The hyperfine splitting of 
energy levels is not restricted to the meson family of particles, but also prevails in the baryon family. 
The hyperfine splitting in baryons ensures that protons are the lightest stable composite particle that 
blend easily to form atoms and molecules that are combined as building blocks to produce cells with 
biological properties for the propagation of life.  

 

 

 

 

(a) Parallel spin 

(b) Anti-parallel spin 

 

Figure 12.4 Two spin configurations of ground states for a hydrogen atom. 
 

It has been determined that the magnetic moment is inversely proportional to the mass of the 
relevant particle. Thus, the color magnetic moment of a relatively heavy weight quark is smaller than 
that of a small weight quark. This implies that the size of the color magnetic hyperfine splitting is 
smaller for mesons containing heavy charmed, or bottom, quarks than for similar mesons built from 
strange, or up and down flavors. Also, in general, it is found that the lifetime of more massive 
particles is of less duration than particles with a smaller mass. Furthermore, we postulate that this 
hyperfine splitting of color magnetism is also responsible for the great differences in the masses of 
mesons, and has a great influence on the amount of binding energy released during a meson’s or a 
hadrons’ degenerate process. 

 
It is well known that when a charged (electric or color) particle enters through a force field, 

energy is exchanged between the force field and the particle. Also we know that the stronger the field, 
the higher the amount of energy required for deflecting a particle to a known trajectory. When two 
quarks with unlike color charges are attracted within the range of approach distance (size of a quark 
10-19m) a vast amount of energy is stored in the color charge force field shared by them. The energy 
stored is called the binding energy because energy greater than the binding energy (estimate 300 
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MeV) needs to be supplied from an external source to separate these quarks. Although modern 
particle colliders have the capacity to supply energy higher than 300 MeV (CERN collider 14 TeV), it 
is not possible to isolate a stream of quarks of only one type and of one single flavor. The reason this 
is so is because quarks are always produced or exist in pairs, a quark and an anti-quark. Furthermore, 
there is not a way known to mankind that ensures a specific type of color charge the pair will have 
when protons are split within a particle collider. Thus, quarks recombine to form mesons very soon 
after they are isolated in a particle collider. We will next describe practical applications of the high 
binding energy stored within a quark system. 

 
The very high levels of binding energies of quarks pose to us a remarkable opportunity to 

develop an extremely high source of power by triggering proton splitting events within a quark 
reactor. The process of a sustained splitting baryons and mesons into quarks has yet to be invented. In 
the event this energy source is developed, we won’t have to deal with the issue of an energy crisis 
because quark reactors will provide an abundant, ever present supply of pollution free energy. 
Moreover, it is possible that quark reactors will not produce and pose radiation hazards. We will 
discuss this in more detail in Section 12.6. 

There is a fortunate consequence of high binding energy associated with quarks as it relates to 
black hole composition details, about which we briefly discussed in Sections 9.1 and 10.3. Earlier in 
our present section we learned that within the approach distance a large amount of binding energy is 
stored due to the color force of attraction between quarks with unlike charges. Analogous to that a 
color force of repulsion comes into play between quarks with like charges as they move towards each 
other within the range of approach distance. In Section 10.3, we saw that in the final phase of stellar 
evolution, a progenitor star that has mass greater than five or more solar masses is transformed into a 
black hole due to the enormous pressure generated by the contracting force of its own gravity. The 
core of the black hole is made of quarks of different flavors and with assorted color charges. The 
repulsive forces among these closely packed quarks is the reason why the singularity once claimed to 
be within black holes is successfully avoided by the very nature of quarks.   

To carry forward the discussion of the binding energies, it is estimated that 95%  of the mass 
of heavy baryonic material and mesons is attributed to the binding energy amidst the constituent 
quarks. We suggest that more research be done performing quantitative analysis of the binding energy 
during meson and baryon disintegration events. The research task is not a trivial one; the time 
available for such an analysis during meson decay is very short, and, as yet, particle science has not 
assessed in what capacity the binding energy of fundamental particles, protons and neutrons, and of 
quarks making up mesons and baryons is contributing to the rest mass of these fundamental particles. 
At the present state of research physicist are unable to distinguish between the two components of  the 
mass in hadrons. You should recall our discussion on complex mass in Section 4.5. We recommend 
that particle physicists apply the concepts of complex quantity mass to describe the mass of quarks in 
two components: a real rest mass, and the imaginary component of their binding energy mass in order 
to analyze quark interactions. 
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We should study the binding energy experimentally for another reason. Our speculation is 
that  by characterizing the binding energy specifications for hadrons it will subsequently assist us to 
understand the origin of matter, hydrogen, in the Universe. Scientists have not figured out how the 
most abundant element, hydrogen, has been manufactured within nature’s factory, that which resides 
within stars and nebulae. We will elaborate on this subject in Section 13.5. In next section of this 
chapter, we will discuss the interesting topic of how quarks are produced in particle colliders and how 
we detect quarks of different flavors in a bubble chamber using the concepts of hadron spectroscopy. 

12.3 Spectroscopy, a Means to Chase Quarks 
Let us begin with the question of how one finds particles smaller than protons, neutrons, and 
electrons, specifically quarks and bosons. An obvious answer is to attempt to go further than before in 
one’s search for particles and to think to look at things in finer detail.  This task is not as simple as it 
might seem. To appreciate the magnitude of this task we should realize what is involved in detecting 
particles at nano-scale geometries. In simple terms, three essential steps should be performed. One 
should use a source of known characteristic; for example, a type of radiation which should expose the 
object of interest. The source radiation should be reflected back and a detector should be positioned to 
receive it. For instance, the radiation could be a source of light of known wavelength and polarization 
characteristics, while the object might be crystals of a substance, and the detector could be an eye or a 
microscope. However, these steps serve their purpose only if the lifetime of the object is of long 
duration. For short-lived particles, the procedure is useless. 
 
 In order to resolve much finer objects using microscope one should expose them to a beam of 
radiation having a wavelength that is comparable or smaller than the size of the object in question. 
The reason for this is that small wavelengths are more sensitive to the motion of an object. A similar 
idea is applied for detection of particles within atoms through ionization. It is a process in which a 
target is radiated with high enough energy to reveal details on the internal structure of the matter 
within the target. The existence of electrons, protons, and neutrons within the nucleus of atoms was 
validated by the examination of radiation within an ionization chamber. However, this process is not 
effective at the quark level. Isolated quarks cannot be produced by any means in the laboratory 
inasmuch as nature chose to confine them in a prison, as a pair of in the meson family and as a triplet 
in the baryon family. 
 

Therefore, to observe behavior of quarks, new techniques are required inasmuch as the size of 
the quark is many times smaller than the wavelength of radiation known to date. Moreover, the 
particles on the SMFPI charts have very short lifetimes. Many of them disintegrate immediately after 
they are created to form other particles whose characteristics are already known. Electron-positron 
annihilation is very useful for producing new flavors of light weight leptons (“lep” means light in 
Greek). Electrons and positrons are fired at one another in a particle collider, such as the one called  
PETRA in Hamburg, Germany, their mutual annihilation producing muons, a lepton of a different 
variety [22]. Detectors in particle colliders are located at the end of collision track called the bubble 
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chamber. (We discuss the details of the design of such detectors in the Appendix.) In the detector, the 
tracks of infant particles generated from annihilation events are traced for identification and study. 
The following material will discuss how quarks are produced and detected in particle colliders.  

In theory,  the minimum energy required to create a particle of rest mass m is equal to mc2. In 
an annihilation event a pair of particles (particle and anti-particle) are produced simultaneously. 
Therefore, total energy of colliding particles must be atleast 2mc2. However, with this energy new 
particles of matter and anti-matter will be at rest and will neutralize their charge. When more than the 
minimum amount of energy is supplied to a colliding electron and positron, infant particles fly apart. 
In fact, some of the kinetic energy from colliding particles is imparted to increase the mass of 
particles that rematerialize after the collision. It has been discovered that when high energy leptons, 
an electron and a positron, collide, they annihilate and rematerialize to form a lepton of a higher mass 
than the mass summation of the colliding particles. In this way muons and tauons and their 
counterparts anti-muons and anti-tauons are produced from electrons. Analogous to the production of 
muons and tauons from an electron-positron annihilation event, bulky quarks and ephermal hadrons 
are produced from proton-electron collision events.  

Figure 12.5 Examples of stable particles configured from quarks. (a) Baryons utilizing a trio of quarks. (b) 
Mesons formed by joining two quarks of different types. Heavier hadrons are produced from annihilation of 
electron and proton beams at PETRA collider in Hamburg, Germany. 
 

Many heavy varieties of quarks, of the bottom and the top varieties, are produced by building 
colliders that operate at energy levels in excess of 100 GeV, similar to the one at CERN. At this site 
they have arranged to collide a beam of protons with electrons, head-on. It has been discovered that 
exciting a quark from the ground state to a dynamic configuration, whereas it rotates around its 
neighbor quark, takes up some energy from the proton-electron colliding system. The energy 
reappears as a corresponding increase in the mass of the system. Exciting a quark to each successive 
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level results in a mass gain of 0.5 GeV/c2. In Figure 12.5, members of the baryon and meson families 
are displayed, showing the amount of energy required to materialize them from an electron-proton 
collision event.  

Physicists are very familiar with the operation of a spectroscope, an instrument that is often 
used to analyze characteristics of radiation emitted by atoms. Usually, a peak value is detected in the 
response that may be a voltage or a current signal derived from a sensor when a graph is plotted by 
varying a control parameter. This kind of spectroscopy cannot be utilized in the detection of quarks 
insomuch as their life-time is short and they are smaller than wavelength of visible light. Instead, a 
different concept is employed to detect and screen one flavor of quark from another.  Let us 
systematically explicate how this detection process works.  

First, in order to resolve particles of quark size, we bombard a proton beam with an electron 
beam accelerated at very high energies, up to billions of electron volts. Upon collision, the e-beam is 
deflected off the obliterated proton and makes what is, in effect, a “radar sweep” of the target. The 
resolving power of the e-beam improves with the increase in momentum. In the collision event, what 
we resolve depends on the violence with which we strike the proton beam. We can either change  the 
value of incident energy or the angle at which we observe the intensity of scattered electrons. We then 
measure the probability P(x) (number of electrons) scattered at chosen angles for specified amount of 
energy transferred to the target. The more energetic the incident beam, the greater the scatter for 
larger number of electrons. The distribution of events as a function of scattering angle tells us about 
the spin and nature of the constituents.  

 
To assess the above fact quantitatively, at SLAC and at CERN in 1968-1972 electrons and 

neutrinos with energies above 10 GeV were fired at proton and neutron beams.  The purpose of the 
experiment was to resolve details of quark structure within baryons. When the data of the number of 
electrons, precisely P(x) verses the energy lost by the electrons were plotted, surprising results were 
obtained. Further, analysis of the plots reflecting the change in momentum relative to initial 
momentum of electron at x revealed  a peak value of P(x) at x =1/3. In Figure 12.6, probability P(x, 
Q2) versus momentum x-distribution is plotted. This data and the results established that protons and 
neutrons are made of three quarks which that are spin ½ particles (carrying fractional charges). 
Further studies on collisions indicated that the probability of rematerializing muon (anti-muon) pairs 
and quark pairs (anti-quark) is inversely proportional to the energy squared of colliding particles at 
the start of the collision event. The idea of probability is translated to the cross-section area of the jets 
of new particles produced. In expression form we can write this as  

 
P(+, -) α 1/E2 and P(q+, q-) α 1/E2      (12.3) 
 
  

and A(+, -) α 1/E2 and A (q+, q-) α 1/E2    (12.4) 
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Figure 12.6 Qualitative representation of P(x), the probability distribution of finding constituent carrying a 
fraction x of a proton’s momentum. q(x) is the distribution of quarks which peaks at x = 1/3, indicating presence 
of three quarks within a proton. F2(x) is the net average momentum distribution for all electrically charged 
particles, quarks and antiquarks. The total area under the curve F2(x) is a measure of the fraction of the target’s 
momentum that is carried by quarks and antiquarks. It is about 0.55, implying that the rest of the 45% is carried 
by electrically neutral particle gluons, distribution G(x) (Courtesy F. Close, New Physics 1992). 
 

Inspired by this success more studies were done by applying a new type of spectroscopic 
principle application in order to resolve quarks in higher detail. It was obvious that x-distribution 
vanished as x approached unity. The chance that a quark would be found that carried the entire 
momentum of a proton or an electron was, indeed, zero. The resolution of probing was increased by 
applying higher values of the energy to electrons.  Then, we were able to discern gradual changes in 
the x-distribution and a corresponding increase in resolving power. At low resolution, we picked up a 
trio of quarks, but could not clearly discern them individually. At higher resolution we could see 
characteristics of individual quark members making up protons and neutrons. It was found that each 
individual quark carried only a fraction of the whole momentum due to the fractal nature of quarks, a 
natural consequence of their tiny size, being 10 times smaller than an electron, and possessing a 
fractional charge of 2/3 or 1/3 of an electron charge.   

 
It is interesting to know that at high resolution subtle changes occur in the x-distribution 

(P(x)), revealing further details about collision ( F2(x) @50 GeV2). If the quark moves around 
laterally in the target, they will deflect the electron more or less depending on whether they are 
moving towards or away from the point of incidence relative to the beam at the instant of interaction. 
The motion of the quark will smear the angular distribution of scattered electrons. The information 
about the sensitivity of angular distribution to different quarks in a collision event is highly useful. 
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The comparison of electron and neutrino interactions with protons in a target beam allows to discern 
the presence of quarks or anti-quark in proton’s composition  

Electrons interact electromagnetically with quarks and appear the same when viewed in a 
mirror in observance of parity symmetry principle.  The deflected electron moves off at some angle 
relative to its incoming direction. The chance that it emerges at a specific angle is determined by 
looking at millions of events. The aggregate distribution in the angle can be modeled mathematically 
as the sum of various even powers of the sine or cosine of the angle. Weak interaction, which controls 
the behavior of neutrinos in collisions with quarks do not respect mirror symmetry – they ‘violate 
parity conservation’. The characteristic asymmetry causes a spread in angular distribution described 
by even and odd powers of the sine or cosine function. Neutrino beams spin left-handed (counter 
clockwise) and anti-neutrino beams spins right handed (clockwise). Quarks and anti-quarks respond 
to each probe conversely. Thus, a quark responds to left handed probes, and the antiquark to right 
handed probes. 

So by employing neutrino and anti-neutrino beams we may distinguish between quarks and 
antiquarks in the target. We can isolate quarks and antiquarks by careful study of the angular 
distribution. When neutrinos scatter from quarks the angular distribution is given by the sum of even 
and odd powers of the cosine of the angle. Identical distribution arises when antineutrinos scatter 
from an antiquark. However, if we scatter neutrinos from antiquarks (or an antineutrino from a 
quark), we see a different distribution. Instead of a sum of even and odd powers in electron scattering 
angles, we find the same set of even powers as before, and the same set of odd powers, as well, but 
here we see a minus sign between the set of even and the set of odd terms. Therefore, by measuring 
the angular distribution and fitting them to a set of even and odd powers of cosine we can weigh the 
relative strength of even and odd powers required. This in turn, determine the relative abundance of 
quarks and antiquarks which scattered  the beams. Later, we will discover that the segregation of 
angular distribution helps us to identify  beam of quarks from one of antiquarks by using detectors. 

These experiments revealed that each up quark on average carries more momentum than the 
down quark in the proton. This is a subtle consequence of the fractional charge difference between an 
up quark (+2/3 e) and a down quark (-1/3). Within a proton it energizes the up and down quark in a 
discriminatory manner. If we add the momentum of up and down quarks in the proton you will find 
that it does not add to the total energy of the parent proton. At very high resolutions we observe that 
50% of the momentum in proton is carried by quarks (uud) while the other 50% is carried by 
constituents called gluons that are neither resolved by electron probes, nor they are sensitive to 
neutrino and antineutrino probes. The momentum and the associated energy of gluons provides a very 
high binding energy to nucleonic particles and hadrons. In fact, it is determined that the total rest 
mass of constituent up and down quarks within a proton is less than 5% of the rest mass of the proton. 
We will explain why such a large fraction, 95% of proton mass, is contributed by the binding energy 
of quarks. 
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The mass of a proton is 938.272 MeV and the mass of a neutron is 940.566 MeV. We cannot 
directly measure the mass of sub-atomic particles for obvious reasons. Therefore, we should apply 
Einstein’s mass-energy equivalence relation to compute the rest mass of subatomic particles. The 
previously stated values of proton and neutron masses are derived in this fashion.  A proton is 
accelerated in a circular path by a known electric field E to a constant speed within a mass 
spectrometer. It is possible to measure momentum P quite precisely. Once the momentum is known, 
we can calculate its rest energy mc2 from the following equation.   

E2 = (mc2)2 + P2c2       (12.5) 

The mass spectrometer procedure works well for measuring the mass of a proton. However, 
this procedure is not useful for the measurement of quarks, inasmuch as quarks do not exist freely and 
their life-times as free particles are very short. At the moment, however, it is not important knowing 
how the mass of quarks is measured, but it is important to know why there is such a high difference 
between the measured masses of protons and neutrons and the mass of quarks. We know that the rest 
mass of an up quark is 6 MeV, and that of a down quark is 3 MeV. If we add the masses of three 
constituent quarks in a proton or a neutron, their masses are not the sum of mass of a proton and of a 
neutron. The million-dollar question is, what is the cause of this discrepancy? Let us find the answer 
to that question next. 

According to the principles of the  Skylativity® theory, Einstein’s energy equivalence relation 
has limited application. However, it does help develop an alternate definition for mass. As envisioned 
by us and expounded  in Section 4.5, mass is a complex vector quantity. Therefore, the total mass mt 
of a particle is represented by rest mass mr (intrinsic energy) plus resistive mass due to motion of the 
particle. Since rest mass can be transformed to radiation energy, for quarks we have 

mt×c2 = mr×c2 + Fc×d       (12.6) 

where Fc resistive color force and d is the range of distance the force is acting.  
 

In the case of a quark, the force is color charge, and is 60 times stronger than the electric 
charge force (see Table 12.4). Here we are defining the resistive mass as the capacity of a quark doing 
work against the color force due to the quark’s kinetic energy. Thus, when quarks with unlike color 
charges unite, the color force of attraction binds them with a very high binding energy of more than 
300 MeV. Hence, more than 300 MeV energy will be required to separate quarks with unlike color 
charges. Also, a similar amount of energy will be required to force quarks with like color charges to 
come together. At this level of energies, the quarks are capable of uniting with a quark and an 
antiquark pair created in a vacuum through quark fragmentation processes, the details of which we 
will learn in Section 12.5. Therefore, the masses of bound quarks in protons and neutrons are many 
times higher than the mass of quarks in isolation. If we add binding energy masses of three quarks, 
the sum for a trio of quarks (uud) in protons and (udd) in neutrons, it will exceed 900 MeV/c2. This 
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implies that the theory agrees with what we know and holds well with the mass energy equivalent 
model. There are other reasons for the observed difference in masses of free quarks and quarks 
bounded to form composite particles. We will study the reasons for this next. 

 
Figure 12.7 Quarks in atoms of iron and aluminum targets move slower than quarks in a proton and an 
antiproton beams of particle collider. (a) Quark motion in atoms of metal targets are effected by gluons and 
strong color charge force of attraction among quarks of neighbor atoms. (b) An aerial view of LHC in Geneva, 
Switzerland where proton and anti-proton are annihilated to produce exotic particle Higgs bosons. 
 

It is well established that atomic nuclei are built from protons and neutrons which, in turn are 
composed of quarks. An astonishing fact about quarks was discovered by a group of physicist at 
CERN, Geneva in 1982 when they performed collision experiments using iron as a target that is 
worth our attention. They found that quarks within the atomic nuclei of iron appeared to be moving 
slower than those comprising free protons. This fact was confirmed by performing a similar 
experiment at SLAC in Stanford, CA, but this time aluminum was the target atom. This is an 
intriguing phenomenon, the paradox of which had been seen in that the high resolution pictures of 
quarks within free protons and nuclei protons did not correlate. However, there was an almost a 
perfect quark movement correlation between extracted image of a quarks within nucleus from 
collision experiment at one resolution and that of quarks within isolated protons at a different, much 
higher resolution.  

 
Obviously, the clarity of relatively low resolution pictures of nuclei implies that large objects 

are easier to resolve than small ones. This agreed with the observed sluggishness of quarks in iron and 
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aluminum. The subtle interplay between momentum and spatial position due to the multiple effects of 
several charge and color forces among comprising quarks within nuclei (which slows down quark 
movement within nuclei compared to those within free protons) is really at the heart of quantum 
mechanics. Therefore, we conclude that quarks within the small prison of isolated protons move 
faster than those within a large prison of nuclei, where quarks appear in big bunches. Figure 12.7 (a) 
shows forces acting on quark within protons and neutrons of a target metal having several baryons 
within nucleus. An aerial  view of LHC in Geneva with ATLAS and CMS detectors is displayed. In 
this collider, beams of protons and antiprotons are collided.  Inasmuch as the beams consist of 
discrete chains of particles, the quarks within each proton and antiproton do not have influence of the 
forces from quarks within neighboring particles within the stream. Lets now see how massive quarks 
possessing “charm”, “top”, and “bottom” are produced and detected. 

 
As stated earlier, when we fire electrons at positrons, we do not find any quarks because there 

are none within the beam or the target. However, as the denuded electrons and positrons are 
annihilated a vast amount of energy is released.  By imparting enough energy to the electron and 
positron beams before the collision event, new forms of matter can be created from a vacuum as 
energies congeal. Thus, exotic flavors of quarks, strange, charm, and bottom, are produced in a 
laboratory which had only been previously extant within cosmic rays produced by stars. Such a thing 
as this is very exciting because we can now produce new matter that was produced in the natural 
phenomena of the Big bang and in the formation of stars in supernova events. In this way, teams at 
Stanford congealed charmed matter in 1976.  

 
A total energy of 4 GeV is required to create charmed matter. At about 10 GeV, it was 

possible to produce bottom matter, a massive particle named the bottom quark – a fifth variety of 
matter in the universe. In the 1980’s more powerful machines were built capable of colliding 
electrons and positrons at energies up to 100 GeV. Under these circumstances particle physicist at 
CERN and Stanford produce even a higher mass top quark by materializing matter using high 
energies. It so happens that the top quark is the most massive quark of all the flavors of quarks. One 
of the major challenges in modern times, after successfully producing more massive quarks, was to 
differentiate them from the light variety of quarks. The task is not as trivial as it may look, insomuch 
as many varieties of quarks are produced at the same time.  

There are close parallels between the production of quarks and antiquarks within the electron-
positron annihilation, with the process of muons being produced. As far as we know. the electrons 
and muons are rigid particles without structure, meaning they are not comprised of sub-particles. The 
probability of producing quarks and antiquarks by the annihilation of electrons and positrons (in 
collision) is dependent upon their characteristics, the incident energy. From equations (12.3) and 
(12.4) it is evident that the cross section of emerging beams of congealed particles diminishes with 
the inverse square of energy. The cross section to produce larger objects falls away faster with the 
increase in energy. The size of the object introduces an extra dependences on life-time because more 
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massive objects are less stable.  It is discovered that the size of an object is effecting the description 
of the process relative to the case with point particles. 

So the cross section for producing quarks will have the same energy dependence as that for 
producing muons, provided that the quark remained as a point particle, like muons. However, in 
practice it is found that quarks soon after their creation combine to form clusters of hadrons. Our 
knowledge of quantum mechanics says that if we add a cross section of individual electrons and 
positrons, that upon annihilation produce a set of hadrons, the cross section is described as if free 
quarks are produced. The computed value of cross section equals to that corresponding to the sum of 
cross sections producing any flavor of quark possible at the energy of interest. For example, at low 
energies, the cross section is given by the sum of the cross sections of up, down, and strange flavors. 
At higher energy, the charmed contribution is added. At still higher energy, we need to add in the 
contribution from the bulky bottom quark, and so on. 

 

        
 

(b) Art of particle tracks: Bubble chamber 
      By Mehau Kulyk, May 11, 2013  

(a) Bottom quark detected in bubble chamber  
at Fermilab, August 23, 2013. 

 
Figure 12.8 Tracks from a bottom quark (yellow) and an ordinary quark or gluon (purple) overlaid on the photo 
of a CMS tracker, in approximate position were these particles were observed (a) Bottom quark detected in the 
bubble chamber (Courtesy of Fermilab, Chicago, IL, August  23, 2013 (b) An art of particle tracks. [G]. 

 Empirically the cross section to produce hadrons does have the same energy dependence as 
that to produce muons. Moreover, the ratio of the hadron and muon cross sections tells us about the 
properties of constituent quarks, which are responsible for the formation of the hadrons. Theory 
predicts that the ratio is determined by the sum of the squares of the charges of each variety of flavor 
contributing. The bottom line is that the heavier variety of quarks and hadrons are built from the 
annihilation of higher energy electron-positron beams. The cross section of jet streams within 
detectors corresponding to the heavy variety of matter is larger than the light variety.  In Figure 12.8 
(a), a photograph of a jet stream of bottom quarks in a bubble chamber is displayed, a discovery made 
at the Fermilab in Chicago, IL on August of 2013. The idea that sub-nucleonic particles, protons and 
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neutrons, are made of quarks brought lot of excitement in the scientific community and the general 
public. Even artist’s eyes were drawn by its display and several artworks depicting quark tracks were 
created and auctioned. One such piece is displayed in Figure 12.8(b).  

 
In the next section, we will compare and contrast salient features of Quantum 

Electrodynamics (QED Theory) with Quantum Chromodynamics (QCD Theory). QED signifies the 
rules that combine lepton electrons with baryons, protons and neutrons, to form stable atoms of 
elements found in nature and artificially manufactured by teams of scientists in laboratories. On the 
other hand, QCD specifies the laws that govern the joining of fermion quarks to form a multitude of 
composite particles, such as baryons and mesons, the majority of which have short lives. In QED, the 
change in the energy state of an electron results in the absorption or emission of a virtual particle 
(boson), a photon of radiation. Likewise in QCD, the color charge of a quark is modified through 
exchanges of mediating real particles, W and Z bosons, and of virtual particles called gluons, denoted 
by  in the SMFPI chart. After reading the next section, you will realize that, ultimately, we have a 
similarity in the full-fledged theory that arises when the relativity theory and quantum field theory are 
applied to the force fields generated by respective charges. In the case of electric charges we have 
electromagnetism and QED; in case of color charges we have chromomagnetism and QCD. 

 

12.4 Synergy: QED and QCD 

Let us formally explicate how the notions of QED and QCD theories originated. The theory of  
interaction among the fundamental particles of electrons, protons and neutrons in the atomic structure 
of elements was called Quantum electrodynamics (QED). It described the rules that form complex 
molecules and compounds using atoms of basic elements. Paralleling to this idea is the theory that 
describes the interaction among the constituent quark particles comprising in hadrons known as 
Quantum Chromodynamics (QCD). This stated the rules that joined quarks to form baryons and 
mesons. An extensive discussion on the details of the quark structure of matter and the Grand Unified 
Theories (GUTs) is provided by F. Close and H. Georgi [22].  

In very general terms, QED tells us how and in what conditions stationary states of electrons 
in atoms of substances react to external stimuli, such as radiation. It is known that circumstantially 
electrons absorb energy from an outside entity occasionally emitting quanta of radiations. An 
interesting fact about this is that emission and absorption spectra of a variety of substances found in 
nature are identical. Therefore, QED rules were designed to provide both qualitative and quantitative 
description of charge forces and the transfer of energy mechanisms that take place in radiation events 
within atoms. Qualitatively, QED stipulates the conditions in which radiations are released and 
absorbed by electrons in the orbits of atoms of a variety of substances. Quantitatively, this provides a 
means to compute the amount of energy that is emitted and absorbed using Planck’s law of black 
body radiation that we discussed in Chapter 11, and the Photoelectric effect discovered by Einstein 
that was described in Chapter 1. 
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 A point to be noted is that QED did not deal with physical phenomenon as it relates to the 
creation of radiation and its nature, covered by us in Chapter 2, Quantum theory of radiation (QTR). 
Analogous to QED, the principles of QCD states the rules of chromostatics that describes for us the 
conditions in which a pair of quarks may form a meson and a triplet of quarks may form a baryon. A 
subtle difference between QED and QCD is that the particles associated with QED theory have a very 
long life and exist freely, whereas the majority of particles abiding QCD principles have a short life 
and cannot be found in isolation. Therefore, the verification of QED theory in laboratory experiments 
is possible and can be performed with limited resources. On the other hand, the validation of QCD 
principles is not a trivial matter, inasmuch as we are dealing with very small size particles that are 
only sensitive to very high energy level interaction. Therefore, a vast amount of resources are 
required to perform any experiment to develop a quantitative description of QCD.  

 
Despite all these difficulties, particle physicists have done a wonderful job creating QCD 

rules that provide consistent results when performing experiments in past 20 years using the huge 
particle collider facilities in CERN, Geneva and in SLAC, California. At the heart of QCD, are the 
laws of quantum mechanics, which are probabilistic in nature and tells us how quarks change their 
flavors and colors through an exchange of mediating real particles, W and Z bosons, and virtual gluon 
particles. It is of interest to know that it is not clear how QCD laws effect other members of the boson 
Higgs “God Particle” and graviton particles. It is suspected that the Higgs particle gives mass and the 
graviton gives inertia to all particles and objects found in the universe. 

We begin our discussion by summarizing similarities among features of QED and QCD; then 
we shall describe the characteristics that differentiate one from the other (see Table 12.5). Now, let us 
understand why both theories are complacent with respect to the natural phenomena for which they 
were developed. When the orbital motion of an electron, a charged particle, is disturbed from its 
ground energy state it may emit or absorb EM radiation in the form of “staccato bundles” called 
photons (quanta). Analogously, when colored charge particles, quarks, are disturbed, the affected 
radiation exists in quantum bundles is known as gluons. One characteristic of gluons is they serve to 
bind (glue) quarks of different colors and flavors  by means of the color charge force, which supplies 
the binding energy to form massive hadrons.  

To understand QCD principles it is imperative to learn a few facts regarding when and how 
quarks join to form massive hadrons. QCD theorists predict that a preferred combination of quarks 
can occur when the colors of the quarks do not mutually cancel out (colors are different) themselves.  
In such instances gluons of different quarks bind them to form a hadron in overall color neutral state 
containing contributing quarks and gluons. The hybrid state of quarks and gluons is identified as 
hermaphrodites. These gluonic matter resembles a configuration that is analogous to photonically 
glued atomic configuration of protons, neutrons, and electrons. The gluons are virtual particles which 
exist due to different colors of quarks. To comprehend the mechanism, it is necessary that first we 
understand how conventional quark matter is produced and how it decays.  
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Table 12.5 Comparison between QED and QCD   

 Quantum Electrodynamics (QED) Features Quantum Chromodynamics (QCD) Features 
1 Principles which combine electrons, protons, and 

neutrons to form atoms & molecules. 
Principles that join quarks to form composite particles, 
hadrons (baryons and mesons). 

2 Protons, neutrons, and electrons carry unit (whole 
number) electric charge (+1/0/-1 C). 

Quarks carry fractional charges (2/3 and 1/3 C) and 
have colour charges, red, blue, and green. 

3 Proton, neutron, and electron come in single flavor, 
anti-particles; positron (e+), anti-proton. 

Quarks come in six flavors; up, down, top, bottom, charm 
and strange. Anti-quark & anti-colour exist. 

4 Transfer electric force by charges, exchange energy 
in discrete quanta by mediating virtual particle 
photons, obey Planck’s relation E = hf 

Transfer electric & colour force through charges, 
exchange energy by mediating real particles W, Z bosons 
and virtual particles gluons 

5 Periodic Table of elements, atomic structure with 
multitude of electrons in orbit and, protons and 
neutrons at center, nucleus. Electron orbit stable if 
set of quantum numbers unique, must obey Pauli’s 
exclusion principle and orbits radii meet Bohr’s 
model conditions. 

SMFPI chart with many varieties of composite particles; 
baryons, triplet of quarks and mesons, duo of quarks. 
Arranged in the form of Eightfold and Tenfold way 
patterns. Quarks join only if overall colour neutral state is 
achieved and requirements of Symmetry principle are 
satisfied.  

6 Hyperfine splitting of the ground state energy of a 
hydrogen atom (<1eV) is observed in atomic 
spectroscopy. In an atom, magnetic interaction 
differs due to difference in spin configuration of an 
electron with respect to a proton. Anti-parallel spin, 
attraction else repulsion. Electrons have intrinsic 
spin due to Keplerian effect that gives  magnetic 
moment.    

Quarks have intrinsic spin similar to the electrons. 
Hyperfine splitting of the ground state energy is also 
observed in mesons that have a pair of quarks. The 
magnitude of splitting is in range 100 MeV due to colour 
forces much stronger than charge forces. Magnetic 
moment is inversely proportional to mass of the particle. 
Size of hyper fine splitting is less for mesons containing 
heavy quarks.  

7 Unfilled states in shells of electron orbits gives 
valence feature to elements. Several atoms combine 
to form stable molecules and complex compounds 
as the chemical valence bonds are tied under 
suitable temperature and pressure.  

Lack valence feature. Quarks always are created in pairs 
of particle and antiparticle. An isolated stream of any 
quark is impossible to sustain as one can not control 
directly the speed of quarks. They unite to form hadrons 
soon after they are born. 

8 e+ + e- (annihilated)  + + -, the probability and 
cross section area of lepton tracks are inversely 
proportional to the square of energy. 

p+ + e- (annihilated)  q+ + q-  hadrons, the 
probability and cross section area of hadron tracks are 
inversely proportional to the square of energy. 

In atomic systems, the excitation energies are of the order of a few electron-volts. An excited 
atom may radiate excess energy and relax or return to the ground state. QED theory suggest that if 
photons had rest mass and energy more than twice the rest mass of an electron, then it should 
materialize as an electron-positron pair. This would require an energy on the level of a million 
electron-volts, quite beyond the atomic energy and radiation spectrum scale. On the other hand, for 
hadron systems, the QCD theory posits that quarks have excitation energies of hundreds of MeV. 
Therefore, hadrons in these excite levels can decay by emitting gluons, creating quark and antiquark 
pairs from their excess energy when returning to their final ground states.  

From our discussion, it is evident that QED is for electrical charge and QCD is for color 
charge. When a particle carrying an electric charge is accelerated, photons are radiated. When a 
particle with color charge  is accelerated, gluons are emitted. The chance determination that this will 
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happen depends on the quark-gluon coupling, the analogue of QED’s (value 1/137), which value is 
about 1/10 in QCD at operating energy levels. In an annihilation event, quarks and antiquarks are 
produced with considerably high kinetic energy; the inherent color charge of these quark types is 
determined as they materialize. The sudden acceleration of quarks possessing color charges radiate 
gluons. However, they do not travel far. Just as quarks are permanently confined within hadrons, such 
is the case with gluons that bind the quarks.  

One of the feature of QCD is that the cross section for producing hadrons is given to a  high 
accuracy by the sum of the cross sections for producing quasi-free (confined) quarks. However, 
experimental data suggests that at certain energies the ratio is not exactly given by the sum of the 
squares of the quark’s charges. There is an additional contribution that subsides away slowly with 
increase in energy, and there is about a 5 to 10% correction derived from gluons. According to QCD, 
when protons and electrons are annihilated within a particle collider, the quarks within a proton are 
separated from the point of collision and move apart from one another. If an electron and a proton 
have sufficiently high energy, the quarks will move rapidly. As they move further apart the potential 
energy between them grows proportional to their spatial distance.  

This growth in potential energy eventually will be high enough to materialize quarks and 
antiquarks from the vacuum which, in turn, form new hadrons. The hard scattering of two jets of 
hadrons appear to emerge in detector of the particle collider. One jet follows the direction of the 
quark while the other particle jet follows the path of the antiquark. Along with hadrons, a jet of 
gluons emerge, being detected within the bubble chamber. Consequently, there will be a sample of 
events occurring whereby three scattered jets will emerge accompanied by a tiny sample of four or 
five jets. In essence, when the QCD matter undergoes a phase crossover into quark-gluon plasma, it is 
very difficult to resolve details at our present limit of accurate observation. In this scenario, the 
energy loss in the medium grows significantly, effectively extinguishing the outgoing jets. This could 
be the reason for the inability of physicists to observe and identify these particle jets primarily 
because their lifespan would be short in the extreme. The relative abundance of three hard scattered 
jets against two gives us an idea of the magnitude of the quark-gluon interaction. 

The details of the jet formation are not explained clearly by QCD theory. However, in events 
producing two jets, we are sure that one jet is initiated by a quark and the other by an antiquark. 
Within a jet there will be one hadron that carries the most energy; this is called the leading hadron. 
There will follow another, and so on, to the least energetic hadron. Although current theory is not 
well enough developed to describe all details of jet formation there are some features of the data upon 
which the theory expounds well. This concerns the nature of the fastest (leading) hadron flying away 
from its site of production. The chance of these leading hadrons being a positive or negative baryon 
can be described and is related to the probability of finding the hadron in other processes. This may 
depend upon the quark content of the resulting hadron and how well it matches the quarks within the 
source particles of colliding beams. 
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 (a) (b) 

Figure 12.9 A Cross section view of Atlas detector at Large Hadron Collider (LHC), CERN Geneva.  (a) The 
purpose of Atlas is to investigate exotic particle Higgs boson to extra dimensions, and the particles that could 
make up dark matter. (b) Two and three jet events of mesons, pions and Kaon within one of the six detecting 
sub-systems of ATLAS.  

A proton by nature contains more up flavors than down, so when an electron beam bombards 
it, it becomes four times as likely to interact with one of the up quarks than a down quark. The up 
quark has twice the electrical charge as the down quark, and there are two in a proton, hence 
presenting four times the probability to contribute to cross sections. So, to a good approximation, the 
proton is viewed as a source of up quarks from the perspective of bombarding electrons. Therefore, 
the most likely hadron to be ousted would possess an up quark as outlined above. It is most likely that 
the most energetic hadron, that is, a positive pion, contains an up quark. Hence, a positive pion is the 
leading hadron by contrast to a negative pion consisting of a less energetic down quark−up antiquark 
particle trailing it.  

Figure 12.9 (a) shows a cross section view of the ATLAS detector at LHC, CERN, 
Switzerland. To give you an idea of its size, there is pictured a man is standing beneath the center of 
the detector. On the right within Figure 12.9 (b), are displayed the tracks of mesons formed by the 
annihilation of a proton by an electron beam. Quarks from this collision event rapidly fuse to create 
composite particles, the pion and Kaon in this illustration. This  happens because quarks (particles 
with a color charge) cannot exist in free form. The rules of QCD confinement restricts isolation of 
quarks and only allows them in colorless states to exist as stable, freeform particles. The detector 
records the path, the momentum, and the energy of the particles from the debris of collision 
production for identification and for determination of their life time and mass characteristics,. 

In the next section, we will discuss the circumstances in which the radiation energy is 
transformed into entities having a rest mass and a center of gravity. Specifically our focus is on 
revealing the details of the Drell Yan Annihilation mechanism which proposes to expose the creation 
mechanism of matter from energy by means of a quark fragmentation process.  

https://en.wikipedia.org/wiki/Quantum_chromodynamics
https://en.wikipedia.org/wiki/Colour_confinement
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12.5 Energy to Mass Transformation 
 
 
We will explore the question of how energy could be transformed into matter. It is conceived that at 
the beginning of time, before Planck time, the universe existed as a huge disorganized splodge of 
energy, at pre-big-bang era. In order for the universe to take its current state, it was imperative that 
this energy initiate a process to congeal some or the entire amount of energy into the most elementary 
form of matter. Since we neither have knowledge of nor access to the energy levels involved in the 
formation of matter, we will consider processes which we may interpolate realistically using energy 
that is safely employable. Moreover, in this section we will investigate mechanisms that allow for the 
conversion of radiation energy into elementary particles, namely, protons, neutrons, and electrons. 
Hydrogen is the most abundant element found in the universe having the simplest atomic 
configuration (one proton and one electron); it therefore makes sense to direct our attention on 
processes which enabled hydrogen to be created. Particularly, we will focus on the Drell-Yan 
annihilation (DYA) mechanism, a prime explicative candidate for the generating of particle/anti-
particle pairs, leptons and baryons, particles heavier than the initial matter participating in the 
annihilation. 

Before we discuss details of the  DYA process, it should be pointed out that in the earliest 
description of the Big bang theory, it was predicted that fundamental particles, protons, neutrons, and 
electrons, were materialized from energy. When the Big bang theory was created to explain the origin 
of the universe, quarks were unknown. It was anticipated that energy was condensed into a sea of 
elementary particles in a plasma state. However, in the mid 1970’, quarks were posited and detected 
in particle colliders, both at Fermilab in Chicago, IL and at Tevatron in Geneva, Switzerland. Then, it 
was determined that new theories were needed to explain the origin of universe. Before the 
experiments in particle colliders were performed, in the late 1960’s two theorists, Sidney Drell and 
Tung-Mow Yan, divulged that the annihilation of a quark and an antiquark can produce gluons, which 
could possibly extract new quarks, electron/positron pairs, and composite particles, all from a vacuum 
by rematerializing energy in space by means of quantum fluctuations. They implied that the quantum 
fluctuations in space are induced by the collision of quarks and antiquarks because they are 
constituents of the P+ and P-  (proton and antiproton) which occur in a collision event  experiment. 
Thus, in the 1970’s the DYA process was categorized as an esoteric line of research.  By 1985 it had 
become an essential tool for producing W and Z bosons, the carriers of the weak force. 

Further experimental verification of the Drell-Yan process yielded several interesting results, 
of which two observations were of striking importance to particle physicists. First, a fact was 
discovered that the chance that a quark and an antiquark would undergo a DYA process depended on  
the initial energy level and the characteristics (color, type up-down and electric charge) of the quark 
and the anti-quark particles. Second, it proved that the magnitude of the ratio of charges between the 
quark and the anti-quark pair in the DYA process was 2:1, and the quarks were of different flavors 
and carried fractional charges. In 1985, it was again observed at two locations, at Fermilab in Chicago 
and at CERN in Geneva, that leptons (electrons and positrons) and baryon pairs (protons and anti-
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protons), when colliding at high energy greater than 4 GeV, ephemeral quarks of a heavy mass 
variety were produced. It  was evident that when particles with electric charges were accelerated, 
quanta of radiations (we avoid use of “photon”) were emitted. Whereas when the quarks with colour 
charges were accelerated, gluons were radiated.  

In a DYA process matter will materialize from a vacuum if an essential condition is met. At 
the beginning of annihilation, the energy of participating particles must exceed as stipulated in 
equation (12.7). 

E = 2×m×c2      (J)       (12.7) 
 

where m is the rest mass of the colliding particle. 
 
The value for electron/positron pair annihilation is approximately 1.0222 MeV, and for the 
proton/antiproton pair is 1.8764 GeV. For particles possessing lesser energy levels the particle energy 
appears as radiation energy, and for those with energy in excessive amounts, more massive particles 
are produced within a vacuum. A portion of the excess energy is also applied to increase the kinetic 
energy of infant particles as they fly from one another. In this way, W and Z0 bosons are produced 
from a proton (p+) and anti-proton (p-) collision event, and + and - mesons are created from an 
electron (e-) and positron (e+) annihilation event. Details of the DYA mechanism can be summarized 
by the execution of two consecutive events occurring in the elementary steps. The first step is the 
annihilation of fermions: electron and positron pairs, or baryons: proton and antiproton pairs, 
producing quarks. The second step is the fragmentation of quarks into hadrons. Let us expound on 
these steps and the phenomenon of DYA. 
 
 A typical DYA process is expressed by two equations, (12.8) and (12.9), which usually occur 
in a particle collider. According to QCD, upon annihilation of very high speed electron/positron pairs, 
quanta of radiations are emitted that possess energy that exceed the highest energy represented on an 
energy spectrum chart. These quanta can extract energy from space and have the capability to 
materialize quark/antiquark pairs. Also, they create a gluon jet that is associated with the leading 
quark of the pair. In Figure 12.10 these two steps, (a) and (b), are illustrated.  Specifically, you should 
focus on step two in which a fast quark u (q) from step one extract quarks from space to form heavier 
mesons + and - and regenerate quark u. We suspect that this regeneration and energy to meson 
transformation is feasible only when the energy of quark u is above a threshold value.  When the 
condition is met the color charge of the virtual particle gluon carried by the quark enables the 
transform mechanism.   
 

e- + e+ (annihilation) =>  q (u) + q (u) + gluons      (12.8) 
 
 
[Figure 12.10 (a)] 
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q (u, u) (fragmentation) =>  u + (d + d) + u + gluons  =>  +  + - (12.9) 

 
[Figure 12.10 (b)]                extracted from space 

 
 

 

                                                        

 

 

                         

      


- 


+ 

 

u u 

 d 

 
d 

 

u 

u 

 

Gluon 

Gluon 

 

(a) 

(b) Vacuum  
energy u & u 

Vacuum  
energy d & d 
 

Fast 

Hadron 

 

e- 

 

e+ 
q 

 
q 

 

Hadron 

Hadron 

 

Quantum 

 

Gluon 

 
 
Figure 12.10  Annihilation of electron and fragmentation of quarks into hadrons.(a) Upon annihilation of e+ and 
e-, quark q carries gluon which generates own hadron. (b) Fast quark u carries color charge gluon which forms 


+ and - after extracting uu and dd from vacuum energy. 
 
 During the initial stages of DYA implementation major challenges were encountered by the 
system designers.  A key obstacle was to determine the size of the cross-section area of tracks 
produced in a detector after the particles in the beams were collided for identification of new 
particles. Another challenge was to gather data on energy and momentum distribution of hadrons 
germinated as a result of the process. A nice illustration of the DYA phenomenon and the data that 
was obtained by colliding pions and anti-pions with carbon nuclei that have equal numbers of protons 
and neutrons. When pion beams are at low speed, the antiquarks within pion pairs annihilate with the 
quarks within protons and neutrons of a carbon target, producing a quantum of radiation. Therefore, 
the probability that the DYA process occurs is proportional to the square of magnitude of the 
electrical charge of the participating quark and antiquark and is also dependent upon the chance of 
finding the required quarks within the carbon target.  Since the ratio of charges on an up quark to the 
down quark is a factor of two, the relative rate of annihilate for a pion beam will be four times greater 
than for the antipion beam.  This fourfold favoring of positive pions over negative pions to give rise 
to DYA processes is confirmed by experiments. This is how we could identify the size of pion tracks 
in a DYA annihilation process. 
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In Section 12.3, we studied quark and antiquark momentum distribution within protons and 
neutrons. But how do quarks and antiquarks behave within a pion? Pions are unstable so you cannot 
simply direct a beam of electrons at a pion target to procure momentum distribution data. The DYA 
mechanism allows us to characterize pions. The technique involves colliding beams of pions into a 
proton target. When the collision takes place, electrons and positrons emerge with high momenta 
resulting from the annihilation of quarks within protons and antiquarks in the pion. Since the 
momentum distribution of quarks within the proton is known, we can interpolate the data on the 
antiquarks within pions by tracking the direction and measuring the energy of emerging  electrons and 
positrons [22]. Our explanation suggests that various types of targets are used to determine the nature 
of tracks in a collision event. We will now discuss what happens when we collide protons and 
antiprotons to create W and Z0 bosons in a DYA process.  
 
 With the clearer understanding of the DYA mechanism that is associated with 
electron/positron annihilation, one may confidently extend the experimental gleanings of DYA to 
extrapolate the quark constituency of other hadrons. Similar experiments have been performed with 
Kaon beams, instead of pions, to compare the distribution of strange quarks with up and down 

quarks. The idea was to obtain information on the role mass played in determining momentum 
distribution. The conclusion was that the Kaon case was subject to considerable uncertainties. Such 
uncertainty did not plague protons and antiprotons in DYA annihilation events. However, for Kaon 
events it was necessary to comprehend new governing QCD principles. In particular, one needs to be 
aware of symmetry between matter and antimatter, and the intrinsic violation of parity inherent to 
weak force interactions.  Let us explicate what we mean by new QCD rules.  
 
 The symmetry between matter and antimatter appears to be complementary in nature. This 
implies that the way antiquarks behave inside antiprotons must be identical to the way quarks behave 
within protons. The momenta distribution of the up and down quarks in protons, and corresponding 
antiquarks in antiprotons, are determined with high accuracy from lepton scattering experiments using 
proton targets. From this we can calculate the chance of an up quark within a proton annihilating with 
a down antiquark within the antiproton producing a positively charged W+ boson, and so on and so 
forth. We can thus evaluate probabilities for producing negatively charged W- and charge neutral Z0.  
 

Another fact that is of importance, as it relates to DYA processes of protons and antiprotons, 
is that it exhibits parity characteristics of weak interaction namely, the beta decay of neutrons.  It is 
known that the beta decay of neutrons produces electrons with an asymmetric distribution in space; 
meaning that the distribution of these particles could be observed as a mirror-image of the actual 
distribution pattern demonstrated in the experiment.. Study of the distribution revealed that the 
emitted electrons are polarized ‘left-handed’. That is, their spin axis is counter-aligned to its direction 
of motion (cork-screw-wise). Beta decay does not produce “right-handed” electrons, causing a 
violation of parity due to the action of weak interaction force.  Let us discuss how W and Z bosons 
are produced by the annihilation of a proton and an antiproton. 
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 Modern theory of weak interactions predicts that W and Z bosons are quanta of the weak 
force, like photons are quanta of the electromagnetic force.  Analogous to the DYA event in which 
electrons and positrons are annihilated to produce photons that materialize and form pions through 
quark fragmentation, W and Z bosons are produced through the annihilation of quarks and antiquarks 
possessing different flavors within protons and antiprotons. There is a subtle difference, however, in 
this DYA process, insomuch as the W and Z bosons have finite non-zero rest mass, whereas photons 
have zero rest mass. Another distinguishing feature differential is that it is not quark fragmentation 
but decaying bosons (W and Z0) into electrons, antineutrinos, positrons and neutrinos. Since protons 
and antiprotons are a mixture of up and down quarks, as well as antiquarks possessing some flavors, 
one of the three actions occur as described in equations (12.10) thru (12.12).   
 

p+(ulh) + p-(drh) (annihilation) =>  W+ (decays) => erh
+ + e   (12.10) 

 
 

p+(dlh) + p-(urh) (annihilation) =>  W- (decays) => elh
- +  e   (12.11) 

 
 

p+(ulh) + p-(urh) (annihilation) =>  Z0 (decays) => W+ + W-  (12.12) 
 
 The W boson is generated when a left-handed polarized quark annihilates with a polarized, 
right-handed antiquark. The two opposing beams colliding quarks and antiquarks also have opposite 
spin polarization(+1/2 and -1/2). The net effect is that both spins are pointing the same way. If we 
designate the beam direction as z-axis, then quark and antiquark spins are each ½, and the W (boson) 
is produced with spin +1. The reason for this is that the quark and antiquark could only collide if their 
spin direction was reverse of one another as they approach. This is parity violation at work due to 
weak interaction; a W is never produced with spin -1. The spin direction of W is always the same as 
the + 1/2  spin quark. In the equations displayed in Figure 12.10-12, the spin directions are indicated 
by suffixes; lh for left-handed spin, and rh for right-handed spin. 

 
Figure 12.11  Collision of a proton and an antiproton beam in a particle accelerator. Quarks within protons and 
antiprotons annihilate and produce W+ bosons which decay to positrons and neutrinos. 
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After W is created it decays and its spin polarization shows up in the direction that the 
electron (if W-) or positron (if W+) are ejected. Weak interactions generate left handed electrons and 
right handed antineutrinos which are decay products of W-. As W- has spin +1 and angular 
momentum must be preserved, the electron must be released in the same directions as the initial 
proton beam. In the case of W+ the whole situation is reversed and sense of decay products are 
opposite to the  W- case. The bottom line is that the charged particles (or antiparticles) maintain their 
sense of direction: protons pushes electron forward, antiproton pushes positron forward. In practice, 
the electron or the positron are not exactly aligned with z-axis but are distributed in angle relative to 
the direction of beams. A distribution of (1+cos)2 is predicted in the data where  is the angle 
between emerging electron and the direction of incident proton beam. If parity had been a good 
symmetry then the distribution would yield (1+cos)2 and (1-cos)2 in equal measures, i.e. (1+cos2

) 
overall. This is what is observed in DYA induced by electromagnetic annihilation, where parity is a 
good symmetry.  
 

From our discussion on the DYA processes it is evident that to date this is the only process 
reported which promised that matter may have originated in the Universe from the energy of vacuum. 
Also, we can state that DYA mechanism has potential to create massive hadrons from disintegration 
of W and Z bosons. It is discovered that the W can decay into any lepton or quark flavor pairing with 
equal strength, enhanced by three for colour in the case of quarks relative to lepton. Thus W decays 
into hadrons from up and down quarks three times as often as it decays into any lepton and a neutrino. 
It will decay to a muon and its neutrino or to a tau and its neutrino as frequently as an electron and a 
neutrino. It will also decay into other flavors of quarks charm, strangeness, top and bottom, albeit 
chance of them produced are lower than other varieties. However we are not sure if we can use the 
mechanism as a source to create free quarks as they do not exists. We like to explore the opportunities 
might they present in the future if we could access them freely.  This brings us to the next topic, how 
we can harness energy from free quarks. These are the question we now address. 

 

12.6 Quarks and Fusion Processes 
 
 
 
You should recall the details of what we studied in Section 9.8, namely, that the thermonuclear fusion 
of hydrogen into helium, an ongoing process that produces enormous amounts of energy, is the very 
process that creates a particular equilibrium of forces that maintains the existence stars. We might be 
inclined to think, possibly, that a similar process might be occurring among quarks. However, the 
analogy is nowhere near a perfect one, because it is impossible to create quarks in isolation (one 
alone), whereas free hydrogen is the most abundant form of matter found within stars. A major 
problem with quarks is that they combine to form mesons and baryons as the color forces among 
quarks becomes saturated. It is interesting to note also that as quarks move apart the strength of the 
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same color force grows to the extent that it breaks down quark and antiquark pairs from hidden 
energy of space through a quark fragmentation process. In effect, under these circumstances, quarks 
are being isolated by pre-fabricated particle/anti-particle impact collision event, more quark and 
antiquark pairs are subsequently materializing. This indeed prevents isolating of original quarks. 
Therefore, quarks of any variety are never found in isolation and detecting them is a nontrivial task. 
  
 All particles that have ever been observed freely have integer charges, whereas quarks have 
fractional charge, a distinct signature. The fractural nature of the charge on quarks and the uncertainty 
in their mass makes them the hardest particle to be found and tested in the laboratory. Further, free  
quarks are more massive than their bound counterparts within the confinement of protons, neutrons, 
and all other hadrons, inasmuch as the strong fundamental color force abhors isolation, thus giving 
them additional mass. The mass of an isolated quark increases because the moment that a quark is 
separated from its partner, its color force spikes and entices a partner to emerge from space. This 
peculiar state of the quark makes it impossible to repeat the experiments and results that reveal the 
true nature of their properties in practice. Despite all these difficulties physicists have not given up on 
searching for free quarks, the hunt continues. 
 
 One of the first things that physicists do at each new generation of accelerator is to look for 
free quarks in the debris of collision products in the bubble chamber after collision. It is the thinking 
of physicists that acceleration energies are simply too low at present to have produced quarks. So 
access to new higher energy designs will offer the prospect of the creating the first product of free 
quarks. Another postulation is that massive free quarks were generated during the Big Bang. This 
raises the possibility that these quarks might be detected  in the cosmic radiation arriving from distant 
celestial sources. So far, no traces of quarks have been found in cosmic radiation over past century. 
Another possibility was examined that if our atmosphere is opaque to quarks they may be found in 
moon rock. However, the rocks astronauts brought back from the moon were examined, but no quarks 
were found. Large varieties of substances mined from the core of the Earth are being thoroughly 
examined without success. 
 
 Physicist’s curiosity increased when Brian McClusker in 1968 found a track in the cloud 
chamber picture that showed a fractionally charged particle that had passed through the chamber. The 
density of the track was markedly smaller than what would be expected for a conventionally charged  
particle, such as a pion or a proton with a whole unit of charge. The density of quark tracks is 
significantly less, inasmuch as the area of a cross section of track is proportional to charge squared. 
Since then new generations of particle colliders are built with an increase in energy of accelerating 
particles by several orders of magnitude. At the present state of our technology, tracks of quarks have 
been found in the Atlas detector at CERN and in the Fermilab. However, the tracks are very short in 
length since quarks combine to form hadrons soon after they are isolated.  
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 In 1977, in order to study the charge characteristics of quarks, William Fairbanks at Stanford 
performed an experiment. He thought he had found fractionally charged particles residing on niobium 
coated tungsten balls. His conception was to measure the residual charge on the balls as an analogue 
of Millikan’s oil drop experiment, balancing gravity and electromagnetic forces. His experiment 
involved suspending a niobium sphere within a magnetic field, causing it to oscillate in a direction 
orthogonal to the field. The researchers measured the effects of reversing the polarity of an applied 
electric field on the sphere’s oscillation frequency. From the frequency data, specifically on the rate 
of increase of the ball’s oscillation amplitude, they were able to calculate how much free charge was 
on the sphere. Details of his apparatus and experiment is as follows. 
 
 Fairbanks cooled 0.25 mm diameter niobium balls, and levitated them magnetically. 
(Niobium becomes a superconducting material at cryogenic low temperatures so that it offers 
minimum resistance to changes in current.) He disturbed the suspended ball with a small electric 
force. The principle was that an uncharged niobium sphere will be immune to the force; whereas a 
charged sphere would react and its motion would change. If the sphere indicated sensitivity to an 
electric force, then electrons or positrons would be ported to the surface of the balls from a 
radioactive source until the sphere was neutralized. On the other hand, if the ball contained the 
fractional charge of a resident quark, it could never be neutralized. In a few instances of 
experimentation the balls apparently had a charge of 1/3 or -1/3. However, no one has managed to 
reproduce this effect, primarily because it was not known how to place an isolated quark on the 
niobium spheres. Therefore, at present, theorists believe that quarks cannot exist freely, and they are 
permanently confined in colorless hadrons. 
 
 Let us suppose, in the future, that we could access a quark in isolation. As we earlier 
discerned, quarks have very high binding energy due to their color force. A stable, fractionally 
charged particle could have several novel applications in industry. A most significant impetus might 
be realized in connection with fusion, converting nuclear mass into energy. It is possible that the 
radiation hazard from a quark reactor could be handled with comparative ease to the hazards derived 
from nuclear energy sources at the present time. The energy industry should explore this option as the 
technology becomes available. 
 
 The essential idea of fusion is that two deuterium nuclei (one proton and one neutron) 
combine to make a nucleus of helium-3, an isotope of helium (two proton and one neutron), which 
leaves a free neutron. Alternately, they may join to make tritium (hydrogen-3; two neutrons and a 
proton), leaving a free proton to spare. In both cases, several MeV of energy are released with the 
chain reaction continuing. So, if we should collide two deuterons within a quark reactor collider, its 
fused product and the energy released would solve the world’s energy supply problem. The nuclear 
reactions are described in equations (12.13) and (12.14). There is a major research effort in progress 
to acquire the energy from fusion. So, what is the role played by quarks in this fusion reactor? 
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  Deuteron (1p,1n) + Deuteron (1p,1n)  (fusion) Tritium(1p,2n) + p+ + MeV (12.13) 
 
 
  Deuteron (1p,1n) + Deuteron (1p,1n)  (fusion) Helium(2p,1n) + n + MeV (12.14) 
  
 One of the difficulties is that the two deuterons mutually repel due to their inherent positive 
nuclei charges and the negative charges on electrons in orbit. As the atoms approach closer they are 
effected by the intense electric charge force, slowing them and repelling them away instead of 
merging together. The balanced charge configuration of the deuteron atom makes it electrically 
neutral at distances greater than 10-10 m. For fusion it is imperative that the nuclei of two deuterons be 
brought to a distance within 10-15 m. There are two possible solutions to this problem. First we could 
make use of smaller atoms, then it might be easier to get the nuclei of deuteron atoms closer together. 
The principle about which to consider is that of heavy objects tending to move slowly within a 
circuitous path of a smaller radius having the same angular momentum as lighter particles moving at 
a much faster rate around a larger circuit. The light electron moves at a very large comparative 
distance in orbit around the nucleus to its mass. If we could replace the electron with a similar particle 
muon with high mass, then you have a small atom. The heavy muon orbits nearer to the nucleus than 
the light electron does. This solution has its drawback because a muon is unstable; the atom survives 
for less than a microsecond. In this short time fusion hardly has any chance to happen. This is where a 
stable, massive quark could be useful, and hence become the other solution. 
 
 Here is how the alternative proposal works. We do not tamper with existing configuration of 
the deuteron atom. Instead, we enrich it temporarily with an up antiquark which has a charge of -2/3. 
The antiquark will orbit the nucleus closely because it has a strong attraction for fellow quarks within 
the nucleus possessing color force. We have now configured atoms each made of a proton, a neutron, 
an electron, and a quark that bind together tightly, not loosely like normally electromagnetically 
attracted atoms. Under these conditions fusion would be rapid. The antiquark is not consumed, but 
survives to catalyze another reaction. In this manner a pair of deuterons have a good chance to fuse 
together releasing energy. 
 
 Some of the practical details have already been calculated. It has been conceived that a pair of 
antiquarks with a charge of -2/3 each is brought to rest in deuterium or hydrogen at a pressure of 2000  
p.s.i.(1.4×10-7Nm-2). The antiquarks capture a pair of deuterium and form a ‘quark molecule’ which 
has been excited due to the additional quark charges. It only takes a short time to fuse the atoms 
within the molecule, and the quarks are released to move on and do the task again. The process can be 
summarized by the sequence 
 

Q + [D(1p,1n) + D(1p,1n)] + Q  (fusion) [T(1p,2n)] + p+ + 2Q + MeV (12.15) 
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where Q=quark, D=deuteron, and T=tritium. The anticipated reaction rate is one per second at 
2000p.s.i. pressure. For deuterium this releases 3.65 MV energy per fusion. There appears to be only 
one problem in the whole adventure, no one has yet found isolated free up antiquarks! 
 

In the next section, we shall discuss the purpose and the limitations of the string theory, 
originally proposed by Dr. Brian Greene, a prominent physicist of 21th century. Modern-day 
physicists believe that the quest for the ultimate unified field theory will be discovered in the seeds of 
the string theory. In essence, it is claimed that the complete formulation of the string theory will 
create the union of the laws of the large, that is, the general theory of relativity, and the laws of the 
small, quantum mechanics. Such is hoped with an admirable level of success. Let us describe the 
fundamental ideas that led to the development of the string theory. 

 
12.7 Foundation of String Theory 
 
 
As the technology evolved at various stages during our voyage into matter, we were convinced that 
we had identified all basic building blocks. Yet we discovered finer particles than our prior efforts 
yielded. Around 1935 physicists believed that all matter particles  were built with protons, neutrons, 
electrons, and neutrinos as their basic building blocks. However, by the 1960s nearly as many 
varieties of hadrons had been discovered as there had been atomic elements on the periodic table. 
This merely indicated that we had not looked close enough in the 1930s. Today, we have confirmed 
quarks and leptons as the basic building blocks of atoms, as well as the various forces mediating 
virtual particles; the photons, W and Z bosons, and gluons. The discovery of charmed quarks was the 
first clue that we had investigated only the low energy extremes of particles to the extent possible at 
that particular point on our time-line. Moreover, hadrons came in such diversity that the total number 
of species has become quite extensive. Experts in Cosmology believe that the universe was expanded 
from a point source of extreme amount of energy.  Therefore, a common perception is that all matter, 
objects and particles may have evolved from few basic building blocks of elementary particles.  This 
premise implies that the nature is selective in its evolutionary processes. In that case its proliferation 
may prove and provide the first hint that there is a physics beyond the quarks and gluons. Therefore, 
particle physicists were forced to extend their research to the next level. 
 
 There was another reason physicists explored new theories. The standard model did not 
answer questions related to quarks and affiliated families of particles to any degree of satisfaction, as 
deemed necessary by the physics community. The questions included the random values for masses 
of quarks and leptons, the strength of various forces, the diverse mixing angles relating to the way 
different generations of quarks respond to the weak interaction, and the strange relations between 
their electrical charge and spin. There were qualitative questions, such as why are all integer charged 
particles colorless and all fractionally charged particles colored? Is there a connection between 
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threefold color and a third fractional electrical charge? If the quarks and leptons are fabricated from 
particles having smaller geometry, why do they all have spin ½? There were regularities among the 
hadrons which demanded explanation. The most important of these was the existence of generations.  
In addition, the standard model did not answer two major questions. What determines the masses of 
the fundamental particles, i.e., the quarks, the leptons, the W+, and the Z+ bosons? And, what is the 
cause of gravity?  Further, the standard model did not include the effects of the gravity of large 
objects (a weak interaction force) on fundamental particles in the presence of the strong color charge 
forces and weak electric charge forces. 
 
 Scientists are certain that the standard model gave a very good description of phenomena at 
distances above 10-17m. The challenge now is to probe at even smaller dimensions by eliciting higher 
level of energies for the purpose of impact investigations. We consider and present a possibility that 
finer particles than quarks exists that are the common seeds of the quarks and leptons. In this 
scenario, the relationship existing between the masses and the spin of the presently recognized 
fundamental particles may then follow logically according to what will be discovered regarding the 
corresponding relationship among new elementary particles, ‘sub-quarks’. Although we are free to 
extrapolate possible composite models of quarks and leptons, there is one profound problem in doing 
so. It has to do with the complication imposed by the uncertainty principle.  
 

Composite systems, such as atoms, can be characterized by two important scales: their mass, 
and their spatial dimension namely, ‘radius’. The uncertainty principle relates to the physical size of 
objects and the typical momenta of components in motion within the object. The smaller a system is, 
the larger the momenta and energies of its constituent parts. In practice it is determined that atoms, 
electrons and nuclei are much more massive than the energy carried by their constituents quarks and 
neutrinos in isolation. If we confined objects to the size of an electron or quark, we would expect the 
composite system to have a mass on the order of hundreds of GeV. To the contrary, constituent 
neutrinos, as in the case of leptons and quarks of stable baryons, are nearly mass-less. Further, a 
unique problem of neutrinos is they do no interact with any matter unless they are in a preferential 
eigen state, Section 7.8. Moreover, in Section 12.6 we had pointed out that quarks are impossible to 
isolate.  

 
To explain these anomalies it requires going beyond the standard model and constructing 

theories which relates quarks, leptons and pre-quarks. Grand Unified Theories (GUTs) offer this 
promise, Georgi [22] but do not have compelling answers to all questions. To solve specified 
problems with the standard model Dr. Brian Greene proposed String theory with some of the most 
unique features that we will discuss next.  

 
The gist of his theory is based on the principle that as the size of a fundamental particle 

decreases, their visibility diminishes within the dimension that we see things ordinarily. By 
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convention, we see particles and objects within the dimensions in which we are familiar and have 
good perception. The most popular dimensions are spatial X, Y, Z for position and temporal for time. 
To some extent we can control and measure our own position and the position of other entities, such 
as particles, environmental objects, systems, and vast celestial objects, with an acceptable level of 
accuracy. Although we cannot control the dimension of time, we can measure the time intervals 
between events precisely. Therefore, we will discuss dimensions from a physicist’s scientific point of 
view point first. Then we will delve into the details of string theory, a theoretical prescription of 
everything, as postulated by Dr. Greene. 

 
Let us begin with a basic question of what the difference is between dimension and other 

measurable entities such as velocity, volume, and pressure. A main characteristic of a dimension is 
that it cannot be expressed in any other composite units of measure. For instance, distance is 
measured in units of length, dimensionally M0, L1 T0, while pressure is measured in pounds per 
square inches (arbitrary units) that has the dimensions of M L-2 T0. Thus, in general, quantities have 
dimensional specifications composed of its mass, length, and time. We usually choose to ignore some 
dimensions because we either cannot vary the value or property of an object within the dimension 
readily, or it is not relevant. Otherwise we assume that the dimension remain unchanged. Examples of 
these dimensions associated with objects and systems are temperature, entropy, and electric charge. 
For your reference we have summarized properties of all the dimensions known to us in  Table 12.6.  

 Table 12.6 Properties of all the dimensions familiar to us . 

Dimension 
Name Symbol Degrees of 

freedom Range/Resolution Association 
P/O/S Comments/ sensitivity 

Spatial position        
X, Y, and Z L 3 

-∞ ≤X, Y, and 
Z≤ ∞ l 

Planck length 

Ordinary 
P/O/S Varies w.r.t. time 

Mass M 2 0 ≤ M < ∞, m 
Planck mass 

Ordinary 
P/O/S 

Real mass and energy 
mass 

Temporal/time T 0 0 ≤ T < ∞, t 
Planck time 

Ordinary 
events Universal     time 

Temperature  1 0 K ≤  < ∞ K P/O/S Varies w.r.t time/space 

Charge Q 1 0 ≤ Q < ∞ C 
0,1, ±2/3, & ±1/3 e P/O/S Varies w.r.t. time 

Entropy  1 0 ≤  ≤ ∞ P/O/S Varies w.r.t. time  

Life S > 4 Unknown Lifetron H/A/C Unknown 
 
Notes: 
 
P – Particles; Baryons, Mesons, Leptons, Quarks and Neutrinos, real and virtual.       H – Human being 
O - Objects; Atoms, Molecules, Components, simple and complex.                             A – Astral being 
S – Systems; Celestial objects, Mechanical and Electrical assemblies, and etc.            C – Causal being 
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An obvious advantage of seeing things from additional dimensions is that it could reveal the 
physical nature of unknown objects with more clarity. Hence pioneer physicist Dr. Greene,  
developed the string theory which inherently promised to find particles smaller than that of quarks, 
gluons, and neutrinos. A purpose of his theory was to resolve three major conflicts between relativity 
and quantum mechanics. The first conflict in logic was seen in postulates  of special relativity; no 
longer can space and time be thought of as universal concept. Instead, its form and appearance 
depend on one’s state of motion. The second conflict in perception was that physics experts could not 
unify the four forces of nature, as stated in Table 12.4, by comingling the theory of general relativity 
and the principles of quantum mechanics. The third conflict in behavior of physical processes arose 
from Einstein’s conclusion that no object nor influence and disturbance of any sort can transfer its 
effect at a rate that is faster than the speed of light. Yet, it was confirmed that the influence of gravity 
exerted by vast celestial objects upon other entities were transmitted instantaneously.  

 
Furthermore ,there were incompatibilities between quantum mechanics and general relativity 

in the form of prediction that the quantum-mechanical probability of certain processes is infinity, as 
opposed to the standard sum value of unity. Further, physicists were unable to quantitatively 
determine the effect of gravity by huge celestial objects on quantum scale particles, leptons and 
quarks. To alleviate the situation, Dr. Greene came up with a brilliant idea.  
 

In mid 1980’s he developed string theory by thinking out of box, inventing additional spatial 
dimensions beyond the familiar three spatial dimensions and one time dimension. His theory 
proposed that our Universe has 11 dimensions in all, within which the unfamiliar dimensions are 
curled up, and if unfolded, will answer all questions. Arguably, he stated that we were unable to sense 
the unknown dimensions above the three spatial dimensions and one time dimension because of our 
limited visibility. It is speculated that the unknown dimensions are curled up upon themselves within 
a very small circle of radius of Planck length 10-35m [34]. Let us learn the salient features of string 
theory and discuss how it ostensibly resolves the failures of the standard model next. 

 
According to the creators of string theory, the essential ingredients of the universe, quarks 

and leptons, are not point particles. Rather, they are composed of tiny one dimensional filaments 
somewhat like a guitar string. A natural hypothesis was that each quantized mode of vibration of the 
string corresponded to a different particle in standard model. A complicating factor associated with 
string theory is that it requires spacetime to have ten dimensions, four conventional space-time 
dimensions familiar to us, and other six compactified; which means they are curled up to a size 
smaller than Planck length. They cannot, therefore, be sensed by any known means. One of the 
predictions of string theory is that it exhibits super symmetry, which suggest that every particle has a 
mirror, the antiparticles of which have not yet been found. Also, it is contemplated that super 
symmetry in string theory is a broken symmetry which imposes restriction on the masses of mirror 
particles. The particles are smaller than our viewing capability of detection by accelerator. 
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Our initial feeling about string theory says that the standard model could not be a complete, 
final theory because it does not include gravity. Past attempts to include quantum gravity in the 
standard model have failed in the quantum mechanical framework due to the violent fluctuations in 
the spatial fabric that appeared at distances shorter than Planck length. Supposedly, these problematic 
sub-Planck-length fluctuations occur due to an artifact of formulating general relativity and quantum 
mechanics in a point-particle framework. Let us describe how string theory resolves three conflicts 
which we stated earlier. 

 
The first conflict is with regard to viewing events from within different frames of references 

that relates to the motion of objects. For this purpose, from relativity theory’s perspective all particles 
and objects were presumed to be point-like objects with literally no spatial extent. Therefore, we were 
forced to consider properties of the universe on arbitrarily small distance scales. This is in contrast to 
the real nature of the universe, the fabric of space. The new realized rule states that there is a limit on 
how finely we can examine the universe. The developers of string theory prudently resolved this 
conflict by specifying the length of a string as Planck length, the smallest possible distance that could 
exists in theory and in practice. The finite nature of the length of a string successfully avoids infinities 
caused by point-particles with null dimensions in four dimensional space-time with regards to the 
computation of probabilities of quantum processes.  

 
 
 
 
 
 
 
 
 
 
 
Figure 12.12  String theory: Two incoming strings combine to form a third string.  In (a) and (b) strings are 
shown from perspective of two observers which are in relative motion at three different snapshots in time. 
(Courtesy, “The elegant universe”, Brian Greene 1999). 

Another advantage of extending (spread) the length dimension from zero length for a point 
particle to strings of finite length (Planck length) was that it stretches (smears) out the information 
that is obtained by point-particle probes. For instance, observers in relative motion agree on when and 
where two point particles interact with one another. On the other hand in the case of strings, they 
“smear” out the location where interaction occurs between two strings. The situation is displayed in 
Figures 12.12 and 12.13. Therefore, different observers perceive that the interaction takes place at 
different sites for strings, which eliminates infinities in probabilities. Thus, incompatibility between 

 

(a) 

(b) 
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quantum mechanics and general relativity disappears that had been observed only on sub-Planck 
length distances that could was inadvertently accessed by zeroing size of point particles. 

 
The second conflict was resolved by string theory in an even more interesting way. The 

proponents of the theory claimed that it truly unified all matter and all forces which in their opinion, 
arose from one basic entity, the oscillating strings. Also, they suggested that in many ways the strings 
of string theory are like strings on a violin and claimed that they exhibit similar properties. It is well 
known that strings on a violin can produce large varieties of sound patterns in different vibration 
modes called resonances. The peaks and the troughs of resonant wave patterns are evenly spaced and 
fit perfectly between two fixed endpoints of the strings. The wave patterns on violins produce 
variably distinct musical notes that are commensurate to the varying pattern of each of the string’s 
length. The change in the property of the violin’s string produces a change in the property of the tone,  
its duration, pitch, intensity, and timbre. Along the same lines the resonant vibration patterns of the 
strings in string theory can support peaks and troughs exactly fitting along its spatial extent and reveal 
distinct properties within composed particles. Thus, the differing vibration resonance patterns of a 
fundamental string may give rise to different masses and force charges as applied to different 
elementary particles in the standard model. 

 
Figure 12.13  String theory eliminates infinite probabilities  (a) Same interaction location for two different 
observers, produces infinities. (b) Different sites in the case of strings due to its finite nonzero length eliminates 
infinities in probabilities. 

The characteristic dependence of mass and various force charges of elementary particles on 
the precise resonant patterns of vibration that the internal string executes is vital for unifying all four 
forces of nature. Let us explore how that can be accomplished. It is known that energy of a particular 
vibration string pattern depends on its amplitude, that is, the maximum displacement between peaks 
and troughs, and its frequency, the speed at which the peaks and the troughs pass in space and time. 
The greater the amplitude and the higher the frequency, the greater the energy. This is what one 
would expect intuitively; the more frantic vibration patterns have higher energy, while less frantic 
ones have lower energy. This compares well with our analogy with violin strings. Those that are 
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plucked more vigorously will vibrate more intensely, whereas those plucked more gingerly will 
vibrate less intensely. Also, the strings drawn highly taut will produce a sharper, higher tone, whereas 
a string drawn less taut will produce a lower, fuzzier tone. Skylativity® theory tells us that greater 
energy means greater dynamic mass. Therefore, heavier particles may have internal strings that 
vibrate more energetically, while lighter particles may have internal strings that vibrates less 
energetically. 

 
Since the mass of a particle determines the amount of gravitational pull it exerts on other 

particles, we find that there is a direct connection between the pattern of string vibrations and a 
particles’ response to the gravitational force. This concept of relationship between mass and gravity 
force can be extended to other types of interactions such as relationships between the particles’ 
electric charge and electric force, and strength of magnetic moment and magnetic force. Therefore, 
similar alignment exists between other detailed aspects of a string’s pattern of vibrations and its 
properties. The electric charge, the weak charge, and the strong charge carried by a particular string, 
for example, are determined by the precise manner in which it vibrates. Moreover, exactly the same 
idea holds for the force mediating particles themselves. Particles like photons, weak gauge bosons, 
and gluons are yet other resonant pattern results of string vibrations. In that regard, we should also 
emphasize that among the vibration string patterns one may match perfectly with the properties of the 
virtual particle graviton. Thus, the founders of string theory ensured that gravity, like all other types 
of interactions, is an integral part of the theory.  

 
In essence, string theory a new perspective that each elementary particle is composed of a 

unique type of string of identical size corresponding to each type of particle in contrast to the older 
view that each particle species was made from a different fabric type. Differences between the 
particles arose, according to string theory, because their strings undergo differing resonant vibration 
patterns. Every particle of matter and every transmitter of force consists of a string whose pattern of 
vibration is its “fingerprint”.  Physicists are convinced that what appears to be different elementary 
particles are in fact different “notes” on a fundamental string.  

 
The third conflict is about the transfer of the gravity effect amidst objects in the universe. It 

was not known how fast the force of gravity propagated between objects in the universe. Einstein 
stipulated that the speed of light was the upper limit at which any kind of interaction could occur. 
Therefore, it was assumed that the speed at which the forces of gravity effect all objects should not 
exceed the speed of light. Without any rigorous proof for the rate at which gravity’s effect is 
transferred, it is currently accepted that all types of interactions transport their effects by mediating 
virtual particles that travel at the speed of light c. String theory experts assume that the speed of light 
is a universal constant and that all other interactions follow this speed criterion. We will revisit their 
assumption in the next section. If we go ahead with the speed limitation, the pernicious infinities 
introduced by gravity in probability computations are avoided by the finiteness feature built into 
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strings, the details of which we discussed in the resolution of the first conflict. Thus, the explanation 
involving the resolutions of conflicts one and two together also resolves the third conflict, in part. The 
artists of string theory conclude that our universe is composed of an enormous number of these 
vibrating strings, and the string theory provides the promise of a single, all-inclusive unified 
description of the physical universe: a theory of everything. 

 

12.7.1  Strings Beyond Quarks and Leptons 
 
After studying the fascinating details of string theory you might be inclined to think that the theory 
has solved all problems and incompatibility between quantum mechanics and relativity. In reality, 
there are several loose ends which need to be resolved to fulfill the promise of resolution in its 
entirety and to accept the string theory as a candidate for the theory of everything (T.O.E.). In this 
final section, we will first state deficiencies of string theory and then critically examine the validity of 
our arguments.  
 

In our opinion, the shortcoming of string theory arrives in two basic forms. The first is due to 
the structures of the objects in string theory, the curled up dimensions, as well as the size of the 
strings themselves. The second type arises because of the unknown nature of matter and energy in our 
universe that is not accessible, yet their effects are observed, namely, dark matter, dark energy, and 
the rapid expansion of the universe. It is highly probable that string theory cannot explain the 
indefinite expansion of universe and the expansion of matter as predicted by Hubble in 1920s. 
Furthermore, string theory cannot explain the abundance of hydrogen in universe over all other types 
of matter, and it cannot shed light on strange phenomenon of quantum entanglement. In addition, 
string theory assumes that the speed of motion of objects is limited to the speed of light c. Let us talk 
about these limitations of string theory next. 
 

One of the limitations of the string theory is that the new dimensions discussed are curled up 
within themselves and are not characterized by physically measureable observables. Another common 
misconception is that all elementary particles are composed of a single string the size of Planck 
length, yet the size of those particles are much larger than Planck length. Therefore, we should 
acknowledge that elementary particles may be the composition of billions and billions of identical 
strings of size Planck length. Now, if we contemplate that every elementary particle is composed of 
more than one string, new curled up dimensions of string theory should be visible, an artifact of the 
superposition principle. We have learned from our engineering knowledge that the effect of 
superposition is to amplify all effects and dimensions thereof. Despite the multiplication effect of 
superposition it is claimed that dimensions are beyond our limit of perception.  This is a contradiction 
that we have to live with. Our conclusion is that a vast number of strings composing every 
fundamental particle vibrate in unison to produce a particle with distinct characteristics is not feasible. 
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Another  strange fact about string theory is that it does not explain why the mass of strings is 
as high as Planck mass (10-8 kg) while its size is as small as Planck length (10-35 m), which is not 
physically observable. Thus, string theory predicts string objects with extremely high densities of 
1097, which is unrealistic and ineffable. This contradiction, and the apparent paradox, is hard to 
resolve when realistic probable values of string parameters crucial to realize complete understanding 
of the theory are not specified.   

 
Our analysis of features of string theory suggest that the goal of unifying forces of nature in a 

single framework is not achieved by the theory. One of the considerations ignored by the principles of 
string theory is that the laws of physics depend on the composition of matter in the universe, which 
varies at different times in the inflationary period. Therefore, we propose that the design of the 
unifying framework must encompass all of the conditions and states in which matter exists. For 
instance, the speed of light, all radiation, is effected by the refractive index of the medium it passes 
through. The refractive indices of mediums depend on the density of electron gas in atoms of the 
matter of which the medium is composed. This is the main reason that radiant energy escapes from 
the sun’s surface 40,000 years later after it originates in the sun’s core.  

 
There are many other examples of phenomena observed which are effected by the state of 

matter. Anomalous expansion of water during formation of ice and the loss of resistance to an electric 
current under superconductive states of metal proves that the application of the existing laws of 
physics are altered. This happens because material configurations such as molecular/atomic structure 
within the matter of the material undergoes a phase transition induced by special conditions.  Another 
example is found in different types of thermonuclear fusion results performed by different reactions 
to form oxygen, carbon, nitrogen, and lithium in cores of stars because hydrogen gas in the stars is in 
plasma state. Further, we learned in Section 10.3 that the gravity force from black holes is extremely 
high due to its super-dense structure of unconfined quarks.  

 
The majority of modern day physicists believe that the force of gravity propagates at the same 

the speed as the speed of light and electromagnetic radiation. We disagree, inasmuch as Skylativity®  
theory states that the speed of light is a variable and depends on the frame of reference. Therefore, it  
does not make sense to posit that the propagation speed of gravity is the same as the speed of light. 
Further, the speed of the propagation of light depends on the index of refraction. There is no such 
dependence observed in the case of a gravitational field. Therefore, we propose that the effect of 
gravity propagates instantaneously, analogous to the effect in the phenomenon of quantum 
entanglement. We believe that identifying the cause of quantum entanglement would be a step 
forward in unifying the forces of nature and creating a Grand Unified Theory because we would have 
complete understanding of gravity and entanglement. One more point that will help and formulate 
theory of everything is an interesting possibility.  An invention that establish rigidness of fundamental 
particles that ensures their indivisibility to finer corpuscles is one such plausibility. A consequence of 
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this invention will be that it will set boundary conditions on the size the particle can exist in practice 
and their interactions with other particles. Further discussion on this topic is outside the scope of this 
textbook. 

 
 

            Figure 12.14  Baryon with pentaquark in its composition. Is it real?.  
 

 At this time research continues for formulating the theory of everything, inasmuch as objects 
of string theory are not observed due to our own limitations and other known contradictions. The 
priority and funding for this research is not high when resources to sustain human life and livestock 
are becoming scarce. Meanwhile, effort is under way to find more exotic varieties of composite 
particles in particle accelerators with acceleration energies of Fourteen TeV. An example of a reaction 
to form a short-lived composite particle with a more complex structure, a pentaquark is illustrated in 
Figure 12.14. The pentaquark was discovered at Jefferson Lab, Newport, Virginia in 2003 that has an 
estimated mass  of 1.54 GeV [A]. The new particle was named as +.with a composition of two up, two down, 
and one strange antiquark. The particle had lifetime of 10-20s 

 
 This brings us to the next very important chapter, Evolving Universe, in which we will study 

dark matter, dark energy, and the scope of the universe. Further, we will discuss salient features of 
Big bang Theory, which was a first systematic effort that expounded the origin of Universe. We will 
elucidate short coming of the theory. Most of the problems of Big bang theory were solved by Alan 
Guth’s Inflationary Universe Model about the origin of the universe. We will look at the details of 
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Inflationary universe model that include novel concepts of  phase transition and spontaneous 
symmetry breaking. Also, we will disclose mysterious understanding about Higgs phenomenon and 
Higgs mechanism from which it was deduced that matter particles acquire property of mass. 
 
 
WHAT IS NEXT? CHAPTER 13: EVOLVING UNIVERSE  
 

 Scope of Universe: Observable and Dark 
 Big bang Theory in a Nutshell 
 Infinite or Expanding Universe 
 Hubble Constant: Parametric Analysis 
 Origin of Matter in the Universe 
 Higgs Revolution: Mass of Matter 
 Alan Guth’s Inflationary Universe Model 
 Universe from Future Dimensions 
 Intervention of Forces of Metaphysical Nature  
 Cosmic Multiverse 

 
Internet and Magazine references 
 

A. Pentaquark 
http://hyperphysics.phy-astr.gsu.edu/hbase/particles/pquark.html  

B. Fermilab Today 
http://www.fnal.gov/pub/today/archive/archive_2013/today13-08-23.html  

C. CERN Accelerating science, ATLAS 
http://home.web.cern.ch/about/experiments/atlas  

D. Large Hadron Collider 
http://en.wikipedia.org/wiki/Large_Hadron_Collider  

E. Strange story of free fractional charge, 1977-1989 
http://copaseticflow.blogspot.com/2013/05/the-strange-story-of-free-fractional.html   

F. Encyclopedia Britannica, definition of Spectroscopy 
http://www.britannica.com/EBchecked/topic/558901/spectroscopy  

G. Fineart America 
http://fineartamerica.com/featured/art-of-particle-tracks-mehau-kulyk.html   
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12.8 Summary 

DEFINITIONS 
 
Field particles (virtual): The virtual particles which mediate interaction through forces to real 
particles are known as field particles. Four fundamental forces in nature are identified, nuclear strong 
color charge, electromagnetic strong, weak residual, and the weakest gravitational. Corresponding 
mediating particles are gluons, photons, W and Z bosons, and graviton.  
   
Hadrons: The composite particles other than field particles are classified as hadrons. They interact 
with all four fundamental forces and are of two types, baryons and mesons. Hadrons are made up of 
real particles, quarks and antiquarks, which determine properties of hadrons. They are not elementary. 
 
Leptons: The elementary particles without structure and constituent particles are called leptons. They 
interact via only three forces, electroweak, electromagnetic strong, and gravitational weak. Six kinds 
of leptons exist: the electron, the muon, and the tauon, and three corresponding neutrinos. Among six 
leptons, three neutrinos are considered truly elementary. 
 
Standard Model: The electromagnetic and weak forces are now considered to be manifestations of a 
single force, the electromagnetic charge force. The combination quantum chromodynamics and 
quantum electrodynamics, the electroweak theory is called the Standard Model. 
 

Quarks: The particles that combine to form hadrons are called Quarks. Quarks have fractional 
electric charge and come in six flavors: up and down, top and bottom, charm and strange. Each meson 
contains two quarks, a pair of quark and antiquark, and each baryons contains three quarks. Quarks 
and antiquarks in mesons and baryons obey symmetry rules. 
 
Particle and antiparticle: A charged particle and its antiparticle have the same mass but opposite 
charge, spin and other properties such as lepton number and baryon number. 
 
Quantum Electrodynamics: QED is a relativistic quantum field theory of electromagnetic forces 
considered as strong interaction between electrons and protons incorporating special relativity. 
 
Quantum Chromodynamics: QCD is a theory of strong interaction, a fundamental force describing 
interaction between quarks and gluons which make up hadrons such as the proton, neutron and pion. 
Also, QCD stipulates the laws of joining quarks and antiquarks to form baryons and mesons.  
 

Color: A property possessed by quarks and gluons. A ‘threefold type’ of charge similar to electric 
charge, believed to be the source of strong force between quarks described by QCD theory. 
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DEFINITIONS (CONTINUED) 
 
Eightfold way and Tenfold way: Classification scheme for elementary particles baryons and mesons 
collectively called hadrons, established in 1960, forerunner of quark model. 
 
Particle accelerator (collider): Machine for boosting particles speed to nearly at light speed and 
smashing them together to probe the structure of matter within the particles. 
 
Binding energy: It is the energy required to disassemble a whole system of particles into parts. 
 
Drell Yan annihilation: Collision of matter and antimatter particles; electron and positron, and 
quarks within proton and antiproton, thereby producing a high energy and high momentum photon  
and W or Z boson through annihilation and quark fragmentation process. 
 
Dimensions: An independent axis or direction in space or spacetime. In a broader sense it represents 
a property of an entity that elicit its uniqueness, such as mass, length, time, charge, and etc. 
 
String Theory: String theory is a theoretical framework postulating that fundamental ingredients of 
nature in the universe are not point particles but tiny one dimensional filaments called strings. Strings 
theory is claimed to unite quantum mechanics and general relativity harmoniously that previously 
were known to be incompatible.  
 
Symmetry breaking: Symmetry is a property of a system that does not alter when the system is 
transformed in some manner. It is a phenomenon where small fluctuations acting on a system causes 
crossing  of a critical point that decides the fate of the system by determining which branch of 
bifurcation is taken.  
  
Theory of Everything: A quantum mechanical theory (Unified field theory) that encompasses all 
forces and all matter within a single all encompassing framework.  
 
Quantum mechanics: Framework of laws governing the universe whose unfamiliar features such as 
quantum uncertainty, quantum fluctuations, and wave particle duality become most apparent on the 
microscopic scales of atoms and subnuclear particles. 
 
Quanta: The smallest physical units into which something can be partitioned, according to the laws 
of quantum mechanics. For instance photons are the quanta of radiations. 
 
Curled-up dimension: A spatial dimension that is crumpled and wrapped  into a tiny size, thereby 
inhibiting direct detection and therefore does not have an observably large spatial extent. 
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DEFINITIONS (CONTINUE) 
Parity: The operation of studying a system of quarks and related sequence of events reflected in a 
mirror according to QCD rules. 
 
Baryon number: It is a quantum number assigned to elementary particles that is equal to the sum of 
baryon numbers  in a system of subnucleonic particles. Baryons have a baryon number of +1, while 
antibaryons have a baryon number of -1. Quarks and antiquarks have baryon numbers of + 1/3 and 
-1/3, respectively (baryons consists of three quarks). Leptons and mesons have baryon number zero. 
 
Nuclear fusion: Nuclear fusion is a nuclear reaction in which two or more atomic nuclei collide at 
very high speed and fuse together to form a heavier nucleus and release energy. The temperature 
required to produce fusion is on the order of 10 million degrees K.  

CONCEPTS AND PRINCIPLES 
QCD principles that combine quarks:  
a . Two quarks of same or different flavor with the same colour in the symmetric state repel and in the 

antisymmetric state attract. 
b.  For antisymmetric and for symmetric state quarks of two different color charges attract also. 
c.  A third quark will be attracted by a pair only if its colour charge differs from the colour of the  
     quarks in the pair and the quantum state of the third quark is antisymmetric under the interchange  
     of any  pair’s color label as per the rules of the symmetry principle.  
 
Spectroscopy: It is a study of absorption and emission of light and radiation by matter as a result of 
interaction between radiation of known wavelength with constituent atomic particles , proton, neutron 
and electron as a function of their collision energy. A technique suitable to analyze characteristics of 
subatomic particles. Not suitable for study of subnucleonic particles quarks and unstable hadrons as 
their sizes are far smaller than wavelength of available radiation from spectrum.   
 
DYA mechanism to probe quarks, bosons, and hadrons: Novel principle; the cross section area of 
emerging particle tracks in bubble chamber detector of a collider is inversely proportional to the 
square of initial  excitation energy of colliding particles. Once particle tracks are identified for quarks 
in high energy interaction data of relative abundance of particles of different momenta is collected. 
Then momentum distribution of  particles at different angles are plotted against the probable number 
of particles. The graph made following discoveries about the nature of protons and quarks. 
a . Protons and neutrons are composed of three quarks each. 
b.  Ratio of charges on up quark to down quark is 2:1 and quarks carry fractional charges. 
c.  Mass of an isolated quark is lot smaller than the mass of quark bound within neutrons, protons,  
    and hadrons due to strong color force imparting it very high binding energy mass.  
e.  New real particles W and Z bosons, and virtual particles gluons were found. 
f.  Energy from space could materialize into massive hadrons via quark fragmentation process. 
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ANALYSIS MODEL FOR PROBLEM SOLVING 
     

 For a bound system of particles, total mass of the system is computed by binding energy 
 considerations. Total energy of system =  rest mass energy + binding energy. 
 
For a proton system  mtp×c2 = 3(mrq×c2 + ∫ F(x) dx)  
 
where F(x) is color force over its action distance and mbe×c2 = ∫ F(x) dx.  
Here mtp is total mass of proton, mrq rest mass of quark, and mbe  is binding energy mass. 
 

 In particle colliders if energy of colliding particles is less than 2 me×c2, upon annihilation of  
matter and antimatter, photons of energy are emitted otherwise leptons or baryons of larger 
mass greater than mass of colliding particle materialize through quark fragmentation process.  

 
APPLICATIONS 
 

 Apply QED and QCD principles to unify four forces of nature; strong fundamental, 
electromagnetic strong, electroweak, and gravitational weak. Develop Grand Unified Theory.  

 Generate hazard free nuclear energy in a quark reactor by employing quark fusion process. 
 Determine the cause for force of gravity among  objects and  measure the speed at which the 

gravity force propagate. 

 
Exercises 
 
Questions 
 
 
A heart () denotes objective question and a question with a diamond ()  requires analysis. 
Answers to all questions () and (), and problems () and () are included at the end of exercises. 
 

1. Explain the terms; parity, symmetry, charge conjugation, colour charge, eightfold way, 
tenfold way, Standard Model, QED, QCD, and binding energy. 
 

2. Why mass of an isolated quark is significantly lower than the mass of quarks bound within 
the nuclei of iron and aluminum metal targets? 
 

3. What is hyperfine splitting of energy states of fundamental particles? Explain the difference 
between hyperfine splitting of electrons and quarks. 

 
4. Compare similarities and distinguishing features of QED and QCD theories. 
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5.  Which of the following is a true statement about the elementary particles?  
 

(A)  The photon is a stable particle with non-zero mass and spin one. 
(B)  The electron is a stable particle with mass 0.511 MeV/c2 and spin 1/2. 
(C)  The proton is a stable particle with mass 1836 MeV/c2 and spin 1/2. 
(D)  The Kaon has a mass 134.96 MeV/c2, lifetime longer than that of pion, spin zero, 

and strangeness one. 
(E) None of the above. 

 
6.  Hadrons consist of baryons and mesons, and their structure is investigated using quantum 

chromo-dynamics or QCD.  Which of the following is not a correct quark assignment.   
 

(A)  p = udu 
(B)  n = udd 
(C) + = ud 
(D) K- = ud 
(E) J = cc 

 
7.  Which of the following is a not a true statement about nucleons?  

 
(A)  Protons and neutrons are fermions. 
(B)  Even Z even N nuclei have zero total angular momentum. 
(C)  The total angular momentum is integral for nuclei with even A. 
(D) The total angular momentum is half-integral for nuclei with odd A. 
(E) Protons and neutrons have integer spin. 

 
8. According to the quark model, hadrons are made up of quarks. What is the quark 

 composition of the proton?  
 

(A)  The proton is not a hadron. 
(B)  sss 
(C) udd 
(D)  uu 
(E) Uud 

 
9. Discuss advantages of quark induced fusion of enriched deuterium into tritium over 

thermonuclear fusion of deuterium into helium and feasibility of implementing a reactor in 
each scheme. For thermonuclear case compare magnetic confinement with inertial one. 
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10. Explain details of DYA mechanism as it relates to electron and positron collision event, and 
proton and antiproton annihilation event. 

 
11.  Which of the following is a NOT a true statement about the structure of  nuclei?  

 
(A)  There are only six leptons. 
(B)  The lepton number is not conserved. 
(C) There are only six quarks. 
(D)  Electron lepton number is conserved. 
(E) The anti-leptons have opposite charge and lepton number. 

 
12.   Which of the following IS a true statement about the modern QCD quark and gluon 

picture of the structure of matter?  
 

(A)  Not all six quarks have been observed in a free unconfined state. 
(B)  The six quarks are up, down, sideways, charm, bottom, and top. 
(C)  The d, s, b quarks have charge 2/3 e. 
(D)  The s, c, and b quarks have special quantum numbers S, C, and B. 
(E) The u, c, t quarks have charge -1/3 e. 

 
13.  What was achieved by the recent discovery of the W and Z intermediate Bosons before 

they decay into a neutrino and a lepton?  
 

(A)  The electroweak unification was verified.  
(B) The nuclear force was discovered. 
(C)  The gravitational and nuclear forces were interlinked. 
(D)  The proton will decay in 1031 years. 
(E)  There are particles called rishons inside the quarks. 

 
14.  The Stern_Gerlach experiment in quantum physics demonstrates the quantization of spin. 

Sample data is displayed in Figure Q12.14 concludes that  
 

(A) The electron has no spin. 
(B)  The electron can only have spin up. 
(C)  The electron may have spin down. 
(D)  The electron have spin values   

 3/2, ½, -1/2, or -3/2.  
(E) The electron is a fermion and can have 

  
 
 
 
 

either spin up or down

 

Z 

I 

Figure Q12.14 The electron spin 
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15. Choose the correct order from the following list of  the four fundamental forces found in 
nature  in the order of increasing strength?  
 

(A)  Weak, electromagnetic, nuclear, gravitational. 
(B)  Electromagnetic, weak, gravitational, nuclear. 
(C)  weak, gravitational, electromagnetic, nuclear. 
(D) Gravitational, weak, electromagnetic, nuclear. 
(E) Nuclear, electromagnetic, weak, gravitational. 

  
16. Describe the primary features and the unique objects of string theory. 

  
17. State three major conflicts between quantum mechanics and the theory of relativity. How  

these conflicts are resolved by string theory? 
 

18. Explain why string theory falls short of its expectation in formulating theory of everything. In 
your view identify the areas of research that will help to develop Grand Unified Theory. 

 
Problems 
 
A spade () indicates that solution of the problem demands research outside this text book.  
A club ()  denotes that solution of the problem requires substitution of values in a formula 

 
1.  For each of the following match reactions on left side with a conservation law that is 

violated listed on right side. Naturally, the violation prevents the reactions from happening. 
 

Left side (reaction)  Right side (conservation law violated) 
(a) p +  p  + + e-   (a) Muon lepton number    
(b)  +  p  + + p  (b) Charge number 
(c) +  + + n   (c) Charge number 
(d) p + p  p +  p + n  (d) Electron lepton number 
(e)  + p  0 + n   (e) Baryon number 

 
2.   Determine the type of neutrino or antineutrino involved in each of the following processes.  

 
(a) +  + +  
(b) n  p +  e- +  
(c) -   0 + - +  
(d)  e- +  +  
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3.  Determine which of the following reactions can occur. For those that can not occur, name 
the law or laws that are violated.  
 

(a) p  + + 0 
(b) p + p  p +  p + 0 
(c) p +  p  + +  p 
(d) +  + +   
(e) n  p + e- + e 
(f) p +  p  + +  p  

 
4.  The lowest nucleon resonance state is the , which has a mass of 1232 MeV/c2 and a width 

of 66 MeV. Calculate the lifetime of this I = 3/2 nucleon state. 
 

5.   Determine the kinetic energies of the proton and pion resulting from the disintegration  of 


0 at rest according to reaction  0  p + 0  
 

6.  According to classical mechanics, the electrons will emit radiation if not inhibited by the 
stability criteria imposed by Bohr’s theory. As a result atom will decay in very short time. 
Roughly how long does it take for the electron to spiral into the nucleus as it emits 
electromagnetic radiation. What is the actual value of lifetime of an electron?  
 

7.   For each of the following forbidden decay, determine which conservation law is violated.  
 

(a) p  e+ + 0 
(b) 0  0 + n 
(c) 0  p + 0  
(d) -   + e- 
(e) n  p + e- + e 

 
8.   Identify the conservative quantities in the following processes.  

 
(a) -   0 + - +  
(b) Ks

0  20 
(c) K- +  p  0 +  n 
(d) 0   0 +   
(e) e+ +  e-  + +  - 
(f) p- + p   0 + K0 
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9.   Analyze each of the following reactions in terms of constituent quarks. For the reaction in 
(d), identify the mystery particle. 

(a) - + p  0 + K0 
(b) + + p  + +  K+ 
(c) K- + p K+ + K0 +  Ω- 
(d) p + p  K0 + 


+ +  p? 

(e) p + p  0 + 0 
 

10.   What processes are described by the Feynman diagrams in Figure P12.10? Name the 
exchanged particles in each process. 

 
 
 
 
 
 
 
 

 
11.    Calculate strength of colour charge force in newton between two up quarks confined in a 

proton given that rest mass of the proton mp=938.272 MeV/c2, mass of up quark is 3 MeV/c2, 
mass of down quark is 6MeV/c2 and the force action distance R is 10-15m. Assume that value 
of the force is constant over action distance. 

 
12.   Physicists wish to exercise DYA mechanism to produce Z0 particle of mass 91.2 GeV/c2 in 

a particle collider. In this collider proton is accelerated while antiproton is at rest. If rest mass 
of proton is 938.272 MeV/c2, calculate threshold kinetic energy of proton to materialize  Z0 
boson at rest. 
 

13.   Label the composite particles corresponding to the quark combinations: 
(a) suu, (b) u’d, (c) us’, and (d) ssu 

 
14.   What is the electrical charge of the baryons with the quark composition: 

(a) u’u’d’ and (b) u’d’d’. What are their names? 
 

15.    A 0 particle travelling through a medium strikes a proton. In the process, +, gamma ray, 
and a third particle is created. Use the quark model of each to determine the quark 
composition and the identity of the third particle.  

 

Figure P12.10 Feynman diagrams 

(a) (b) 
d d u 

u d u 


- 



 

e+
 e-
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16.  In a particle collider proton is at rest. Calculate the threshold energy of the colliding 
particle for each of the following reactions. (a) - + p  0 + K0 and (b) p + p  p + p + 0 
Assume rest mass of proton = 938.272 MeV/c2. 

 

Answers to objective questions 
 

5. (B)  6.  (D)    7.  (E)  8.  (E)  11. (B)  12. (D)  
13. (A) 14 (E).  15.(D)   

 
Answers to selected problems 
 

1. (a) and (d),  (b) and (c),  (c) and (a),  (d) and (e), &  (e) and (b) 
2. (a)     (b) e   (c)   (d) e   
3. (a), (c), and (d) baryon number violation and (b), (d), and (e) are valid reactions  
4. 9.967×10-24 s 5.  5.35 MeV and 32.3 MeV 6.  10-10 s and 6.6×1028 years 
7. (a) Baryon number, (b) strangeness, (c) charge and strangeness, (d) electron and muon  

lepton number, and (e) electron lepton number. 
8. (a) Baryon number, charge, electron lepton (Le) and tauon lepton (L numbers 

(b) Baryon number, charge, Le, muon lepton  (L and L lepton numbers 
(c) Strangeness, charge, Le,  L and L lepton numbers 
(d) Baryon number, strangeness, charge, Le,  L and L lepton numbers 
(e) Baryon number, strangeness, charge, Le,  L and L lepton numbers 
(f) Baryon number, strangeness, charge, Le,  L and L lepton numbers 

9.   Constituent quarks   net quark count 
(a) u’d + uud  s’d + uds   1u, 2d, and 0s 
(b) d’u + uud  s’u + uus   3u, 0d, and 0s 
(c) u’s + uud  s’u + s’d   1u, 1d, and 1s 
(d) uud + uud  s’d + uud + d’u + uds  4u, 2d, and 0s 
(e) u’u’d’ + uud  uds + u’d’s’   0u, od, and 0s 
Note: anti-quark denoted by “ ‘ “ example up quark u, anti-quark u’ 
mystery particle in (d) is 0 or 0 

10. (a) Electron and positron is annihilated here. As a result  waves of energy are released 
(b) Muon neutrino collides with a neutron and produces a proton and a muon. 

11. 1.5×105  N 12.  4.429 TeV 13.  (a) +  (b)  - (c) K+ (d) 0  
14.  -1 and 0. Names are  anti-proton and  anti-neutron 15. Quark composition: udd, name neutron 
16. (a) 0.769 GeV (b) 0.28 GeV 
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13. 
 
 Evolving Universe 

 

  Edwin Hubble ( 1889-1953) 
CONTENTS 
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13.4.1  Stability in the Infinite Universe 
13.5  Origin of Matter 
13.6  Roadmap to Inflationary Universe Model 
13.6.1  Higgs Revolutionary Ideas 
13.7  Inflationary Universe Model 
13.8  Unidentified Multiverse 
13.9  Summary  

Exercises 
 

In the previous Chapter we took a journey through the inner space of the atom, being formed 
by combining constituent elementary particles quarks and leptons. We also described the novel 
string theory, a candidate for the theory of everything, the gist of which is that strings are objects of 
one dimension, that they are fundamental particles of the smallest length, namely Planck length. In 
this chapter our focus is to explore the outer-space of the universe, the deep space region outside our 
solar system. We will study both the history and future of our universe, each with its unique 
perspective aiding us to unfold the mystery about its origin and ultimate destiny. Since human 
capabilities are restricted in time’s dimension (moving toward the future at an invariant rate) a greater 
effort is directed to understanding the beginning aspects of the universe rather than its end, insofar as 
its history is reasonably known. Hence, we will commence with our discussion on the theories 
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surrounding the theoretical birth of the universe, quaintly named the Big Bang Theory. Before we 
review some details of Big bang, we must understand what we are dealing with as respects the 
enormous size of universe. This feature of our universe must not be neglected in a discussion of this 
nature. 
 In Section 13.1, we will therefore describe the scope of universe in terms of its sheer spatial 
size and the size of celestial objects held within it. Also, we will point out what is in all likelihood the 
constitution of matter outside the boundary of the universe. You will learn about the distance scales 
employed to specify distances between celestial objects, and about a measuring tool used to calculate 
their sizes. It has been the determining theory that any form of matter will eventually be transformed 
into its lowest form of existence, radiant energy. Therefore, the Astrophysics community agrees on a 
single idea that the universe may have been formed by the condensation of an unimaginably great 
amount of energy from  a source. This idea forms the basis for the most popular Big bang theory, 
which does explain several phenomena associated with creation of the universe observed today. In 
Section 13.2,  we will discuss salient features of the Big Bang Theory (BBT). Though the BBT 
answered many questions as it relates to the formation of the early universe, it also presented many 
problems. We will therefore first describe these problems, then discuss the suggestions made by the 
noted physicist, Alan Guth, in his Inflationary Universe Model that overcame the shortcomings of the 
Big Bang Theory.  
 
 A major prediction of Big Bang Theory was that the universe started as a point particle and 
expanded to its current size. This monotonic, indefinite expansion of universe was confirmed by 
Edwin Hubble’s observation of red-shifted radiations from remote stars and galaxies. Subsequently, 
he formulated what is now known as Hubble’s universal law of expansion in the 1930’s that 
correlated the recession velocities of stellar objects with their distances from the Earth. We believe, 
however, in an alternate possibility, that the universe is of infinite size and of static nature. We 
believe that the observed recession of celestial objects can be explained by the presently mysterious 
forces of dark matter. In Section 13.3 we will compare the two models, the expanding universe and 
the infinite, static universe to provide a realistic perspective.  According to recent calculations dark 
matter and dark energy constitutes about 73% of the approximate mass of the entire universe, whereas 
27% of the mass of the universe is from visible baryonic matter. This rather enigmatic matter/mass 
proportion of the universe happens to be better explained by the static model rather than the classic 
expansion model.  
 
 One of the deficiencies of Hubble’s expansion law was that it modeled the expansion in one 
dimension. He assumed that the universe is isotropic and homogeneous, and therefore his law can be 
extended to include the effects of expansion in all spatial dimensions. In Section 13.4, we will 
critically analyze the impetus of this assumption on the validity of the expansion law in four 
dimensions, X, Y, Z, and T. It is interesting to note that all celestial objects are in a constant state of 
motion, and yet the universe appears static. We will explicate reasons for this contradiction and state 
a theorem that ensures stability among vast number of objects in the universe.  
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The most intriguing questions of cosmology is the origin of matter, specifically hydrogen. 
Why is it the most abundant form of matter? We will investigate probable events and processes that 
could have occurred in nature that may have created hydrogen and helium atoms from quarks. In 
Section 13.5, we will posit a mechanism that produced hydrogen, helium, and lithium during the 
evolution of universe.  There is a mystery that remains: how was dark matter created and what is its 
composition? Moreover, what is dark energy and where did it came from? We will attempt to provide 
our explanation for the exceeding abundance of dark matter and dark energy. 

 
We had mentioned earlier that the Big Bang Theory model had several problems that were 

solved  by physicist Alan Guth, who proposed Inflationary Universe Model. The transition from the 
BBT model to the inflationary model presented many potholes and bumps in the roadway that needed 
to be resolved. Physicists had to resort to complex concepts as described in the  Grand Unified 
Theory (GUT), namely, “broken symmetry,” “phase transition,” and the “Higgs Mechanism.” 
Therefore, in Section 13.6 we will discuss the details of the roadmap to the  inflationary universe 
model and describe Higgs’ revolutionary ideas. We will explicate nomenclature used to describe 
fields and particle interactions. Further, we will expound a novel concept, the interaction between a 
particle with Higgs field gives it mass, a property that is measured with considerable ease. 

 
In the next Section, we will discuss the Inflationary Universe Model (IUM) and show how 

the model cleared up many problems of BBT. First we will state the role played by Higgs mechanism 
in evolution of universe. The initial version of IUM had a serious flaw: under the circumstances 
described, the phase transition of the universe could cause inhomogeneities at levels that is in excess 
of what is observed today. Therefore, a new, refined inflationary model was created that 
circumvented the deficiency of the original model. We will compare the differences between the two 
models. 

In the final section, we will shift our paradigm discussing the universe from a Metaphysical 
perspective. A disappointing fact is that much of the physics community usually refrains from 
discussing the interaction between living species and the life force while seeking answers to 
Cosmological problems. The main reason for this is that evolution of metaphysical processes provide 
indirect evidence  and proof to posit firm conclusions. We will add our unique view about the nature 
of the life force and how it can influence us to get answers about origin of the universe. Often famous 
physicists deny the existence of a supernatural power as the Creator of the universe. When they have 
exhausted both material and manpower resources to seek answers from the school of physics many 
end up seeking answers from the school of philosophy.  In this way, pioneer scientists such as 
Aristotle and Einstein changed their careers from the arena of a physicist to the arena of a philosopher 
in their last few years of their lifetimes. In this Section, we will discuss some strange possibilities 
such as multi-dimensional universes. It is conceived that our universe is evolved through 
metamorphosis and is one of several universes which are scattered in infinite space. A side effect of 
uncertainty about the origin of the universe is its scope is indefinite. Further, Hubble’s expansion 
Model of the Universe does not alleviate the issues of size and age of the universe with acceptable 
levels of satisfaction. 
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13.1 Scope of Infinite Universe 

 
We will begin with a simple question: What do we mean by the scope of the universe? For ordinary 
objects and particles their scope is trivial and can be determined by arbitrary parameters of mass, 
spatial size, temperature, entropy, electric charge, energy, etc. In most cases the parameters are stable,  
meaning they do not alter while we perform some sort of measurement. When it comes to the 
universe, within which comparatively vast celestial entities such as stars, galaxies, pulsars and black 
holes exist, we cannot directly calculate or measure values through experimentation. Therefore, we 
have developed special techniques to indirectly estimate the values of some parameters. Further, the 
scope of the universe is a multi-dimensional issue because we do not know the extent or the limit of 
the universal scope, whether it be finite or infinite.  Therefore, in this section we will posit answers to 
the question of what the composition of universe, as a whole entity, is. For example, how much of its 
mass is contributed by observable matter and what fraction by dark matter? Further, what is the best 
estimate of the size of the visible universe. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sun 

Earth’s orbit 

1 AU 

1 arcsec = 1” 

1 Parsec 

Earth 

 
Figure 13.1 Parsec: Largest unit of distance, commonly used by Astronomers for measurement of distance of 
celestial objects located in outerspace. The parsec is defined as the perpendicular distance at which an 
observer’s line of sight located at 1 AU subtends an angle of 1 arc s. (Courtesy of R. Freedman and W. 
Kaufmann III, Universe- Sixth Edition)   
 

Before we directly address these questions related to the universe, let us confine our 
discussion to objects within galaxies; the stars, black holes, and neutron stars, as well as objects 
within individual star systems comprising of planetary satellites. To estimate the size of planets and 
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stars it is convenient to use the mass and the size of our Sun as a reference. Since the life cycle and 
the ultimate fate of a star depends on the mass of the progenitor star (Section 9.1), we choose to 
specify the mass of stars in terms of solar mass Mʘ, and its radius against the solar radius Rʘ. The 
most common unit of length that is used to specify distance is called an astronomical unit (AU). The 
unit is equal to the average distance (radius) of Earth’s orbit from the Sun center.  

 
1 AU = 1.496×108 km = 92.96 M miles.      (13.1) 

This unit is used to describe the distances within the solar systems (see Figure 13.1), such as distances 
of planets from the Sun. 

Table 13.1  Relative size and distance of celestial objects from the Earth. 

Celestial 
Entity Mass Diameter Distance 

AU, lyrs 
Brightness 

Bʘ Examples 

Sun 1.0 Mʘ 54.5 Ed 1.0 AU 1.0  

Planets 

0.0553- 
1.0- 
317.8- 
.002 Em 

0.383- 
1.0- 
11.209- 
0.18 Ed 

0.387- 
1.0- 
5.203- 
39.587 AU 

0.0 

Mercury- 
Earth- 
Jupiter- 
Pluto 

Stars   

4.30- 
8.61- 
25.3- 
427- 
773- 
3230 lyrs 

1.77- 
26.1- 
61.9- 
41000- 
700000- 
320000 

Centauri A- 
Sirius A- 
Vega- 
Betlegeuse- 
Rigel- 
Deneb 

Pulsars   300 pc  PSR B 1919+21- 
PSR J 1045-4509- 

Black holes 4.1 M- 

500 Mʘ 24 M Kms - 
26000- 
32 M- 
290 M lyrs 

0.0- 
0.0- 
 

Sagiritus- 
ULX- 
ESO-243-49 galaxy 

Galaxies 58 B Mʘ 

100,000- 
24- 
70- 
0.2 core- 
2- 
11- 
140,000- 
50000- 
80000- 
15 M lyrs 

26000- 
1340- 
7000- 
3300- 
8000- 
6500- 
2.5 M- 
2.7 M- 
23 M- 
59 M lyrs 

 

Milky Way- 
Orion Nebula- 
Eagle Nebula- 
Cat’s Eye- 
Ant Nebula- 
Crab Nebula- 
Andromeda- 
Triangulum- 
Whirlpool- 
Virgo Cluster 

Universe  13.8 B lyrs    
  

To specify distances between stars, constellations (group of stars), and  remote galaxies, it is 
customary to use a larger unit of distance than AU. For specifying distances of stellar objects, 
including galaxies, the unit of a light year (ly) is used, which corresponds to distance travelled by 
light in one year. This is a very useful unit because the absolute speed of light in the vacuum of space 
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(Section 2.1) has a constant value of 2.99792458×105 km/s (exact). One light year is 63,420 AU. 
  
 1 ly = c×No. of seconds per year = 9.4605×1012 km = 63,421.077 AU (13.2) 
 
In practice, the distances of galaxies are expressed in units of a Parsec (abbreviated as pc), the largest 
unit of the distance measure. A parsec is defined as the perpendicular distance at which an observer’s 
line of sight, located at 1 AU, subtends an angle of 1 arc s, as illustrated in Figure 13.1. From the 
simple geometry rule arc length = 1 AU = distance × angle (1 arcsec), we can show that 
 
 1 pc = 3.09 × 1013 km = 3.26 ly      (13.3) 

 
Astronomers employ several techniques to determine the distances of objects within the 

universe from our solar system. Because the techniques to measure the distances evolved out of 
necessity, their range of applicability is overlapped. Hence, the current technique is used to calibrate 
the results of the previous generation. To give you an idea of the distances of objects both within our 
solar system and in “outer” space, their distance and size are summarized in Table 13.1.  
 

In order to estimate the various characteristics of stellar objects, astronomers study and record 
their energy spectrum. Information from the spectra permits astronomers to determine brightness, 
distance, velocity of recession, and other variables of interest of an object. In Table 13.2, we have 
displayed distance ranges and techniques for different stellar objects.  

 
Now that we have general idea of the size of our solar system and the stars in our local Milky 

Way galaxy, we are better equipped to discuss the dimensions of the universe. You may be astonished 
to know that at the present state of knowledge it is estimated that the size of the universe is as large as 
the distance travelled by light in the span of 13.8 Billion years, that is, at c km per sec. That distance 
translates to 13.8×109×9.4605×1012 km = 1.30555×1023 kms. Since the universe is isotropic and 
homogeneous, looking the same in all directions in space, it is believed that it is a sphere of a radius 
of 1.30555×1023 kms. Within this enormous volume of space it is estimated that thousands of galaxies 
exist and each galaxy could have more than hundred billion stars. Therefore, recognizing, identifying, 
and classifying astral entities in the universe is among the greatest challenge faced by modern day 
astronomers. 

 
In order to systematically identify galaxies and our own Milky Way stars and nebulae, the 

sky is partitioned by astronomers into Eighty Eight regions called constellations. Each constellation is 
labeled by its unique mythological name. Further, in each constellation, a group of stars are identified 
based on the shape stars are located. It is conceived that relative positions of stars in each group of 
stars do not significantly vary over a period of thousands of years. The patterns of stars comprising 
constellations provides a natural signature that allows permanent recognition of objective locations 
within observable space. Examples of constellations are Sagittarius, Andromeda, M87, Cygnus, and 
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Virgo. An important advantage of specifying locations of stars in this manner is that we can locate 
hidden objects such as black holes conveniently. Next we will explicate how the stars are classified 
within various constellations.  

Table 13.2 Distance measuring techniques and their range. 

Technique Measuring Range Objects 
Keplerian orbit period 0.1-50 AU Planets 
Stellar Parallax 2 pc-500 Parsec Alpha Centauri-Pleiades 
Spectroscopic Parallax 40 pc-10000(10k pc)  
Cepheid variables 1000 pc-30000 kpc Center of Milky way 
RR Lyrae variables 5 kpc - 100 kpc Large Magellanic cloud 
Tully Fisher Fund. Plane 700 kpc – 30000 kpc Virgo & Comma Cluster 
Type 1 Supernovae 1000 kpc – 1000 Mpc M31, Virgo & Comma 

   
The standard method for classifying stars is interesting and unique.  Stars emit a spectra of radiation 
based on an average surface temperature giving them a distinct luminosity. Estimated roughly there 
are about 100 Octillion stars scattered throughout the universe at distances between few light years to 
billions of light years. It is highly unlikely that two stars would appear to have the same brightness 
classification within one constellation and in the same pattern-group. This fact is utilized in their 
unique naming scheme. Every star is assigned a Greek letter representing their level of brightness, 
alpha (), beta (, gamma (), and etc. The brightness letter is followed by the name of the 
constellation in which the star is located among its star pattern. Good examples of stars named in this 
fashion are -Centauri,-Geti, and -Indi. Often, the stars that are local to our Milky Way Galaxy are 
associated with signs of the zodiac because the stars of the zodiac also orbits the black hole, 
Sagittarius, that is located at the galaxy’s center. 
 

In order to distinguish matters further, asterisms (patterns) within constellations are given 
names such as the Big Dipper (Ursa-Major), the Little Dipper (Ursa-Minor), and Orion.  Often a star 
is  identified by the astronomer who found it, for instance, the stars Antares and Altair. Also, famous 
institutes in the US and around the world have their own labeling schemes for identifying stars, such 
as HR7001 from Harvard and SAO 067174 from the Smithsonian. In Germany, a different cataloging 
system is employed in which star names begins with BD for Bonner Durchmusterung (a German 
word also used for a systematic survey of objects or data), a designation that is followed by a two 
digit declination number as a sky location identifier. The declination (see Professor Mark Lane’s 
video diary) number is further followed by an arbitrary number insomuch as there are hundreds of 
thousands of stars at one angle in the sky, an example being BD +59 1915 A and CD -45 13677 for 
a Cordoba Durchmusterung (a star catalog giving positions and apparent magnitudes) designation. To 
enhance capability of star recognition, their space coordinates are included as a means to identify 
position in the sky. The latitude of designation of a star is called declination and its longitude 
designation is known as right ascension. Next, we will explore an interesting possibility about the 
boundary of the universe.  

https://en.wiktionary.org/wiki/systematic
http://www.britannica.com/science/star-catalog
http://www.britannica.com/topic/magnitude-astronomy
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Figure 13.2 Dimension of  observable Universe, static as well as edge after Hubble’s expansion 

So far, the size of the universe, as marked by its observable characteristics, is the speed of 
light times its age, as an upper bound limit. The best estimate for the age of universe is 13.798 Billion 
years. This implies that radiant energy from celestial objects farther out than the edge of the 
“universe,” as defined at the present time, cannot be seen by us. Therefore, it is highly plausible that 
the universe could be larger than the current best estimates. Specifically, it is estimated that 73% of 
the matter in universe is dark. It is not clear if this dark matter is within the volume of the universe or 
outside of it, inasmuch as the edge of universe is not certain and not fixed due to Hubble’s law. In 
Figure 13.2, the size of a static universe is compared with the edge of the universe after taking into 
account Hubble’s expansion. We will discuss more about Hubble’s law in Section 13.4. In order to 
facilitate managing of space exploration projects it is imperative that the universe  be partitioned in  
three different segments. 

The largest units of the measure for distances are light years and a Parsec. Since no signal can 
travel above the speed of wave energy, we cannot measure the changes that occur at a rate that is 
faster than the speed of light. Inability of science to detect changes above the true speed of light sets 
the upper limit at which we can communicate with a space traveler. Celestial objects that are within a 
distance of one light-second (the approximate distance of the Moon from the Earth) are observable 
without deviation from their physical position in real time. In the case of traveling to celestial objects 
that are one light-day distance away (3600 × 24 × 300,000 = 25920 M km), the control system of 
travel of a spacecraft is achieved based on the knowledge of events elapsed in a day timeframe. For 
celestial objects that are more than a light day distance away it is not possible to send control signals 

 

 

Measured edge of static universe 

13.8 B light years 

: Hubble’s expansion theory 
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in real time to exercise control to a spacecraft. We have classified this segment of the universe as the 
future universe because the technology of the future will be required to keep contact between us and 
the distant spacecraft in real time. Celestial objects within the future universe are only now observed 
by us because their distant past has been transmitted to us by their radiant emission sources; we 
observe their past condition and apparent location at the time they emitted radiation we’ve just 
received.  

Table 13.3 Comparison among sizes of objects in the Universe. 

Item Distance 
Light years 

Distance 
meters 

Mass 
Energy units. Mass in Kg. 

Size/Age of Universe 13.8B lyrs. 1.2771×1026  (1-10) ×1052 
Size of Galaxy 100000 lyrs. 9.46×1020  1.4×1042 
Size of Solar System 5.4806 lhrs. 5.915×1012   
Diameter of the Sun 1392000 km 1.392×109  1.989×1030 
Diameter of the Earth 12756 km 1.276×107  5.974×1024 
Size of Dinosaurs  60.0  23×103 
Height of human being  2.0  100 
Size of Amoeba  (10-20)×10-6   
Size of virus  (5-300)×10-9   
Smallest feature on ICs  3.0×10-9   
Size of a molecule  (0.1-5)×10-9   
Size of an atom  10-10   
Size of nucleus  10-14   
Size of proton  10-15 0.511 MeV/c2 10-27 
Size of electron  10-18 0.938 GeV/c2 10-30 
Size of quarks-min.  10-19 0.1 GeV/c2  
Size of quarks-max   175 GeV/c2  
Size of strings Planck length 10-35 Planck mass 10-10 
  

1. Present Universe: The size of the universe corresponding to distance one light second. 
2. Past (proximity) Universe: The size of the universe corresponding to one light day away. 
3. Future (intergalactic distant) Universe: The size of the universe corresponding to distances 

farther than a light day away. 
 
To illustrate the concept of the future universe, let us consider the case of the Summer 

Triangle. Astronomers routinely observe the position of a trio of stars, most popularly known as the 
Summer Triangle.  Historically, the Summer Triangle stars  were employed to identify the positions 
of several other celestial objects. The Summer Triangle is composed of three stars, Vega, Altair, and 
Deneb. This trio is predominantly visible in the northern hemisphere on a clear night sky. Based on 
the luminosity, the distances of these stars are: 16.8 light years for Altair, 25.3 light years for Vega, 
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and 3230 light years for Deneb. Because the information received from these stars is skewed in time 
to an extent, the real instantaneous position of any of these stars is impossible to determine. This 
example shows that travelling to even our neighbor star is a real challenge, even if one could possibly 
commute at the speed of light. 

 
Figure 13.3 Dimension of  objects in the Universe, distance scale and their mass range. 

From our discussion, it is evident that the volume of our universe is insurmountable, and 
added to this, the sizes of objects within the universe are extremely diverse. To give you an idea of 
this we have charted the length and the masses of the smallest imagined objects (strings) to the largest 
object, the physical universe itself  in Figure 13.3. For a quick recap, the data is summarized in Table 
13.3.  In addition to the factors discussed so far, we have to consider other possibilities that constitute 
existence of concurrent and parallel universes. We will describe the unidentified Multiverse in 
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Section 13.7. However, next we will expound the features of the Big Bang theory that initially 
claimed to solve the mystery behind the creation of universe. We will also state the limitations of the 
Big Bang theory and explicate how the Inflationary Universe Model, developed by Alan Guth and 
Paul Steinhardt, overcame these shortcomings. 

13.2 Big Bang Theory in a Nutshell 
 
Ever since humans learned to identify stars in the sky, they asked questions regarding where stars 
come from, and how the universe came into existence. The quest to seek answers to these questions 
began to lay the foundation on the theories about the origin of universe. The Big Bang Theory (BBT) 
is one such attempt that explicates what may have happened at the very beginning of time. Of all the 
theories put forth, BBT offered a promise to explain events which occurred during and immediately 
after the universe was formed, and did so with measured success. In this section, we will provide an 
overview of the BBT and disclose a common misconception about the theory. We will also describe 
the evidences that led experts to believe in BBT concepts. We will discuss in detail some of the 
problems faced by the proponents of BBT and the theory itself. The problems with BBT were so great 
that Cosmologists looked for solutions elsewhere, formulating new concepts of the Grand Unified 
Theory (GUT). To perfect the model, Astrophysicists suggested more refinements, developing an 
improved Inflationary Universe Model (IUM). We will describe salient features of IUM in Section 
13.7. Finally, in this section we will state limitations of BBT. 
 

The natural abundance of hydrogen, its widely scattered presence in the universe (74% by 
mass) had led astrophysicist to believe that the universe may have originated from a single big bang 
event; the BBT was born. Strangely enough, the theory was first proposed in 1927 by Georges 
Lemaître, a Belgium Roman Catholic priest who independently derived the Friedmann-Lemaître-
Robertson-Walker equations from Albert Einstein's equations of general relativity. However his 
views were not fully accepted until recently. In 1965, Radio astronomers Arno Penzias and Robert 
Wilson measured a 2.725 degree Kelvin (-454.765 degree Fahrenheit,-270.425 degree Celsius) 
Cosmic Microwave Background radiation (CMB), which is known to pervade the entire universe. 
This radiation, it seems, fit the idea of a remnant radiation that could be derived from a big bang 
emergence of matter and energy, supporting the tenet that the universe began from a spontaneous 
expansion event as the universe went through a symmetry transition phase. More evidence, through 
an experimental verification of Edwin Hubble’s law, was seen in the recessional velocity of galaxies 
proportional to their distances from Earth, suggesting that the universe had undergone inflation at an 
exponential rate from a common source location.  

 
Promoters of BBT predicted that the prior universe was comprised of matter having infinite 

density and super high temperature, existing as a singularity. As the universe left the singularity 
phase, the temperature rose to an even higher value of 1032 K at its epicenter, gradually falling away 
as radius increased. Cosmologists suspect that this temperature gradient caused a crystallization 
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process in which the energy materialized into quarks, imbuing them with their familiar electric and 
color charge properties. At this stage, the universe was a mixture of quarks possessing different 
flavors in a transparent plasma like state. The subsequent fall in temperature invigorated the DYA 
process (Drell-Yan annihilation) in which the hydrogen isotope protium was formed. Thus, large 
clusters of hydrogen regions were created everywhere in the universe at random. Later, giant clouds 
of hydrogen and helium compressed through gravity to form stars, black holes, and galaxies. 

 
 The name “Big Bang” is really a misnomer because there was no “bang” in the conventional 
sense as it relates to the starting point of the universe.  It was without light or any kind of matter. 
Photons of radiation and quarks did not exist. A common misconception about the Big Bang event is 
that it was a spontaneous explosion. In reality it was a rather quiet, but stupendously blossoming 
expansion of energy; matter was not in place to produce sonic energy waves. In 1970s, three British 
Astrophysicists, Steven Hawking, George Elis, and Roger Penrose published a paper on the origin of 
early universe. They extended Einstein’s theory of General Relativity that included measurements of 
time and space. According to their calculations, time and space had a finite beginning that 
corresponded to the origin of matter and energy in the universe. 
 
 Let us discuss the theoretical and experimental evidences that support the BBT model.  First, 
evidence came from the life cycle of celestial entities, such as stars, galaxies, dwarf stars, pulsars, and 
black holes, the details of which we studied in Chapter 9, Evolution of Solar Systems. At the dawn of 
twenty-first century, numerous astrophysicists recognized that celestial objects are at different stages 
in their life-cycle. Soon it was concluded that everything in the universe had a starting point and an 
inevitable end.   The universe itself is no exception with regard to evolution; it had a beginning too. 
However, the initial phase the universe underwent was rather unusual, insomuch as it evolved from a 
source point that had enormous amounts of energy, extreme high temperature, and a corresponding 
high pressure. The second evidence was provided by Hubble’s discovery in 1929. He prophesied that 
the universe is expanding based on observation. The galaxies appear to be receding away from each 
other at a speed that was proportional to their distances from the Earth. Hubble arrived at this 
conclusion because he noticed that the brightness of a Cepheid variable was decreasing at higher rates 
for more distant variables in our galaxy. We will discuss more details on Hubble’s observations and 
law in Section 13.4.  
 

The third evidence is the presence of Cosmic Microwave Background (CMB) radiation that 
permeates the entire observable universe. The BBT claimed that the temperature of the universe was 
extremely high initially and subsequently dropped to the current level of 2.725 degrees K due to 
expansion related cooling effects. Since radiation arriving from edge of the universe are the oldest 
forms and represent the age of the universe at the present 13.8 B light years, they are posited as the 
remnant from the primordial expansion of the universe. The discovery of CMB radiation in 1965 by 
Astronomers Arnos Penzias and Robert Wilson provided a confirmation of BBT. They shared a 
Noble Prize in 1978 for their discovery. 
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Figure 13.4 According to Big Bang model universe expanded from singularity and continues to expand. 

The final evidence is the great abundance of the lightest elements, hydrogen and helium. This 
points out that matter evolved from the sub-nucleonic particles, quarks and leptons. As the universe 
cooled at extreme high density, quarks and leptons condensed to form atoms of light elements. An 
astonishing fact that has been discovered recently shows that the percentage of helium, by mass in the 
observable universe, is higher than the mass of hydrogen. This fact further supports BBT inasmuch as 
helium synthesis during evolution could have been from a different process other than the result of 
thermonuclear fusion of hydrogen within stars. Although experimental data and facts discussed so far 
provides proof for the validity of BBT concepts, there are several problems faced by the theory as 
well as unanswered questions. We will enumerate the problems first then describe in detail how the 
shortcomings in the BBT were ameliorated by an improved Inflationary Big Bang Theory (IBBT) 
model suggested by well known cosmologists. 

 
Before we discuss the problems of BBT we will briefly describe the timeline and events that 

took place since the big bang event and the subsequent expansion of the universe to its present size. 
The timeline of the Big Bang is partitioned into five main phases. Some phases are further divided 
into many epochs. These phases are the singularity, the inflation and baryogenesis, the cooling, the 
structure formation and the cosmic acceleration phases. Among all the phases only the singularity 
phase is composed of several epochs. The information obtained for these epochs is classified as low 
accuracy, a guesstimate, due to the inherent high uncertainty in the measured data. Wikipedia gives 
an excellent overview on BBT model [X]. Figure 13.4 shows the approximate time intervals for the 
various epochs and phases. In Table 13.4, we have summarized important events that occur during 
each epoch.  

Success of the Big Bang Theory stems from three underlying assumptions. First it is assumed 
that the fundamental laws of physics are universal; independent of space and time, and the effects of 
gravitation are rightly described by Einstein’s theory of general relativity. This assumption is tested 
and verified by the observation that the value of the fine structure constant has not deviated over a 
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time frame comparable to the age of universe by more than one part in a hundred thousand. Also, 
general relativity has passed the stringent tests of explaining the formation and functions associated 
with solar systems and binary stars.  

The second assumption concerns the cosmological principle, which states that on large scales 
the universe is homogeneous and isotropic. This implies that any physical quantity, such as energy 
density, or density of electrons per unit volume of space, when averaged over large regions, the 
average values are uniform from place to place. Implicit in the assumption of homogeneity is the 
notion that the universe has no center and no edge. Furthermore, the space in the universe is filled 
with an expanding, intensely hot matter composed of elementary particles in equilibrium (perhaps 
quarks). The cosmological principle is derived from a simpler Copernican principle that there is no 
preferred observer or vantage point. The validity of the principle is confirmed by the uniformity of 
CMB radiations in all directions to a level of 10-5. 
 

Table 13.4 Events and timeline of Big Bang model  

Epoch name Time interval Event 

Planck (Singularity) time 10-43 s Smallest time unit, gravity separates from 
electronuclear force 

Grand Unification 10-36 s - 10-43 s Separation of strong force from electronuclear 
Inflationary era 10-32 s - 10-36 s Universe expands exponentially 
Electroweak (Primordial) 10-12 s - 10-36 s “Weak” force separates from electromagnetic 
Quark 10-6 s - 10-12 s Quark become confined within hadrons 
Hadron 100 s - 10-6 s Formation of H2 nuclei, neutrinos cease interact 
Lepton 1 s – 20 min. Lepton pair, particle & antiparticle annihilate 

Photon 20 min.–379 K years Big Bang nucleosynthesis, 70000 yrs. matter 
dominates, CMB radiations streams freely 

Steliferous era 379000-100 M years Dark ages, 10-17 million years habitable epoch 
Stars & galaxies form 100-400 M years First star shines 

 
 The final assumption is related to peculiarity of the initial state of the matter in the universe, 
the non-uniformity on smaller scales. The theory requires that some kind of distraction should occur 
that would change the state of the universe from a state of equilibrium to continuous expansion. The 
BBT is unable to explicate inhomogeneities, the drawback becoming even more pronounced as the 
model is extended to Planck time following the Big Bang. However, these assumptions allowed the 
BBT to formulate three important experimentally testable predictions. First, the model predicts that as 
the universe expanded the galaxies appeared to move apart from one another with a velocity 
proportional to the distance between them. Second, the model predicts that there should be a 
background of microwave radiation existing in the universe as a remnant of the intense heat of its 
origin. Third, the model leads to successful prediction for the synthesis of light atomic elements 2H, 
4He, and 7Li from baryons and leptons through a process called baryogenesis.  

 
It happened that all three predictions were experimentally verified. Hubble’s discovery that 

red-shifts for more distant galaxies were higher than nearby validated the first prediction. In 1964 
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Arnos Penziar and Robert Wilson discovered unexpectedly the cosmic background radiation in the 
microwave band. Their observation provided substantial evidence and proof of the second prediction. 
The presence of hydrogen and helium in high abundance permeating the universe sealed the victory in 
favor of the expanding universe model and the BBT. Despite the success of the BBT, it did not escape 
criticism and had some crucial problems which lacked cogent explanation. Let us discuss the 
problems of Big Bang theory next.  

 

13.2.1  Problems of Big Bang Theory 
 
As every successful theoretical explanation of the processes occurring in nature comes with hidden 
failures and problems, so does the BBT. In accord with the old saying, “Necessity is the mother of all 
inventions”, solutions were suggested by proposing improved models for the universe over the BBT. 
We will list the problems first and then explain how advanced theories solved some of the stated 
issues. The problems of BBT are: the horizon problem, flatness problem, missing mass problem, 

hierarchy problem, smoothness problem, and the magnetic monopole problem. 
 

The first problem arises as a result of difficulty in explaining the large scale uniformity of the 
observed universe. The uniformity pertains to the nature of matter found in different regions of the 
universe as well as the observed measurement of microwave background radiation (indicating that the 
temperature is extraordinarily uniform across all directions of the sky [2.7255K] to at least one part in 
10,000). The sameness of the CMB shows that the sources of radiations were in thermal equilibrium 
at the time the radiations were originated. In the standard BBT model the universe expanded so 
rapidly that it would be impossible for this uniformity to be sustain by any process in finite time. Not 
only is the temperature uniform in the universe, but the dispersal of matter found in the universe is 
alike generally uniform. This general uniformity of matter created a lot of confusion among 
astrophysicists. 
 

According to Einstein’s STR no information or physical entity can propagate faster than 
speed c. Therefore, at any given time there is a maximum distance, known as the horizon distance, 
that any kind of radiation could have travelled since the time they were created from a source. 
Calculations show that the sources of CMB were as much as ninety horizon distances apart at the time 
their radiations were emitted. The fact that sources of CMB radiations were separated by a distance 
greater than the size of physical universe results into a dilemma or one may call it a puzzle. The 
puzzle of explaining why the universe appears to be uniform in its entirety from a viewpoint that 
these sources had not been causally connected in the distance range existing that were beyond the 
horizon distance is known as the horizon problem. The only solution to this nontrivial problem was 
that the large scale uniformity in the model must be assumed as an initial condition. The solution led 
to the conclusion that just before the big bang, in the Planck epoch, the universe was composed of a 
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sphere of unknown size that had infinite energy density, an extremely high-density energy field and 
existing at an extremely high temperature, hence a singularity. 

 
The second problem concerns the energy density of the universe and the physical nature of 

the fabric of space within it. Even before Hubble formulated his famous law of expansion in 1927, 
Friedmann-Lemaitre-Robertson-Walker (FLRW) predicted the expansion of space in 1922. 
According to general relativity, the space of the universe can, in principle, be curved. The nature of 
the curvature depends on the energy density. Alexander Friedmann derived a relationship between 
spatial curvature and the density of matter in the universe by applying the Cosmological Principle to 
Einstein’s field equation. The calculated outcome of energy density from his equation depends on the 
so called FLRW, a three dimensional metric that must be of any one of the three kinds:  (a) A flat 
space  with energy density  = 1.0, designated as critical density c,  (b) a space within a spherical 
surface, and a volume with positive curvature having density greater than unity, and (c) a hyperbolic 
space with negative curvature having density less than unity. His equations were justified for a 
universe with a size larger than 100 Mpc. For convenience, the ratio of the energy density of the 
universe to the critical density is designated by the Greek letter . 
 

Table 13.5 Spatial Geometry of universe and energy density.  
 

Parameter 
 = /c 

Universe 
Type 

Spatial Geometry Volume/ 
apperent size 

Evolution 

> 1 Closed Positive curvature 
(Spherical) 

Finite 
(Converge) 

Expand & recollapse 
cyclically 

< 1 Open Negative curvature 
(Hyperbolic) 

Infinite 
(Diverge) 

Expand forever (expansion 
rate increasing) 

1 Flat Zero curvature 
(Euclidean) 

Infinite 
(Same) 

Expand forever (expansion 
rate decreasing, approach 0) 

  
(Adopted from “Inflationary Universe”, A. Guth and P. Steinhardt) 

 
It is evident that the physical dimensions of the universe are determined by the parameter . 

For the value of  =1, this represent a flat universe. A condition of unstable equilibrium could be 
evident as the value fluctuates between a value higher than one and a value lower than one. If it is 
exactly equal to one (1.0), it would remain so forever, leading to a flat universe. If  was slightly 
variant to 1.0 at an instant after the big bang, then a deviation from 1.0 would rapidly grow. The 
measured value of  at the present time is between 0.1 and 2. In order for  to be in this small range, 
its value one second after the big bang had to be equal one within one part in 1015 parts. The standard 
model did not offer any explanation as to why  is so close to one at an instant of time after the big 
bang. The failure of BBT model to explain why  began so close to one is called the flatness 
problem, first pointed out by R. Dicke and J. Peebles in 1979, at Princeton University. The 
consequence of variant values of  on the physical scope of universe are listed in Table 13.5.  
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It is interesting to note that the ultimate fate of the universe is related to the value of . If it is 
more than 1.0, the gravitational self-attraction will be sufficient to eventually halt the expansion and 
cause the universe to collapse. If  less than or equal to 1.0, the expansion of the universe will 
continue forever. Experimental measurements of hot spots in CMB radiations and the trajectory of 
visible light allow us to determine geometry of universe. A parallel light beams converge within a 
spherical universe and diverge in a hyperbolic universe. The hot spots in the Cosmic Microwave 
Background would appear actual-sized in a flat universe. They would appear larger than their actual 
size for a closed spherical universe, and appear smaller than their actual size for an open, hyperbolic 
universe. Once again it was suggested that initial the conditions at the onset of big bang were such 
that  was very nearly close to one (1.0). This peculiarity of the initial state of matter in the BBT 
model is also called the smoothness problem.  
 
 The third problem is related to a discrepancy in mass of a cluster of galaxies in the 
constellation Coma Berenices, determined by two different techniques. The problem eventually led to 
the discovery of dark matter by Fritz Zwicky and his collaborator Walter Baade. In particular, Zwicky 
compared the mass of the cluster calculated by the brightness and distance of all stars observed in the 
cluster to the mass determined from the Virial theorem. In the first method he added up starlight from 
observed stars in the cluster and used it to compute its mass which corresponds to the total mass of  
several luminous stars. The Virial theorem procedure, that is, the second approach, relates the average 
speed of the galaxies, the extent to which each galaxy is attracted to one another by their gravity. The 
self-gravitational force depends on the overall mass of the clusters.  To his astonishment, he found 
that the mass determined from the Virial theorem was ten times larger than the mass calculated from 
luminosity-based calculations. This is known as the missing mass problem. Zwicky was a very 
creative scientist. He declared that the missing mass was “dark matter,” and recognized its origin as 
from sources other than the mass of visible stars. In this way, he discovered a new family of celestial 
objects called neutron stars and black holes. Indeed, the mass of matter in black holes and neutron 
stars is dark matter, inasmuch as light and other radiations are not reflected by quarks, the primary 
matter within black holes and neutron stars. 
 
 Natural questions follow: What is the composition of dark matter? How much of the matter in 
the universe is dark? Although we do not know the exact nature of dark matter, we can make 
interpolative guesses about the matter through its apparent gravitational interaction. The sources of 
dark matter are black holes, brown dwarfs, and neutrinos. We studied in Section 10.3 that black holes 
are compressed stars made up of quarks. Since the range of the strong interaction force affected by 
quarks is very short, we cannot analyze black holes except by apparent gravitational effects. Brown 
dwarfs are dead stars, inasmuch as they never acquired enough mass to initiate fusion reactions, and 
they therefore do not contribute visible light to its surroundings.  Neutrinos exists in abundance; they 
have negligible mass and rarely interact with any matter. Still, the mass of black holes, brown dwarfs, 
and neutrinos are thought to provide only a small fraction of the mass necessary to solve the missing 
mass problem.  
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Today it is estimated that our universe has 4.6% matter of baryonic origin, 24% dark matter 
and 71.4% dark energy. Thus the bulk of the matter in the universe is dark, which nature at this time 
we cannot comprehend. Dark matter is mostly charge free and does not interact with the 
electromagnetic force. There are indirect evidences that dark matter may interact very weakly with 
normal matter through other varieties of forces other than the force of gravity. This reasoning leads 
many physicist to posit the existence of a new kind of matter, “Weakly Interacting Massive Particle” 
(WIMPs in short) for dark matter. One exciting possibility is that there could be a hidden connection 
between dark matter and the “God particle,” the Higgs boson. This brings us to the discussion of the 
hierarchy problem.  
 

 
 

 
 
 
 
 
 
 
 

Figure 13.5 Feynman diagram illustrating quantum loop corrections to a particle interaction (a) Basic 
interaction between two electrons through a virtual photon. (b) Another possibility; the virtual photon decays 
into an electron-positron pair and forms a loop. The pair annihilates then turns back into a photon. For energy 
computations, we should apply a correction that is called quantum loop correction. (Courtesy “Visions of the 
Multiverse”, by S. Manly, Career Press, Inc. 2011) 

The roots of the hierarchy problem dates back to the most fundamental characteristics of spin 
and the relationship between electroweak and gravity interaction. Each particular type of particle, a 
fermion or a boson, has a characteristic spin that is quantized. In the correct unit of measurement, 
fermions (electrons, muons, neutrinos, and quarks) can have half integral spins (0, ½, 1, 3/2, and so 
on). The particles ( photons, gluons, W, and Z ) with integral spins (0, 1, 2, and so on) are called 
bosons. This distinction is important because fermions and bosons have very different quantum 
behavior. A useful difference is that so-called quantum loop corrections for fermions and bosons enter 
calculations with opposite signs. We will explain what Quantum Loop Correction (QLC) is next, 
inasmuch as it is closely related to the hierarchy problem. At this point, it is important to know that 
quantum loop corrections and the symmetry properties of the universe are interconnected issues. 

 
Recall the QCD principles we outlined in Chapter 6. It is clear that the quantum picture of a 

particle or a quantum event is complicated by the fact that the uncertainty principle allows virtual 
particle pairs to appear and disappear for a brief moment during interaction. Any rigorous 
computations involving Feynman diagrams for the quantum process has to take into account all of 
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these virtual, quantum possibilities. Consider one such possibility, as indicated in Figure 13.5 (a). It is 
a basic Feynman diagram for an electron being scattered away (repelled) from another electron. The 
electrons are constantly exchanging a photon, which is the gauge boson that mediates the 
electromagnetic force. While the photon is exchanged, other events can happen as long as the 
requirements of the uncertainty principle are satisfied.  For instance, the process shown in Figure 13.5 
(b) is an alternate event, where the photon changes momentarily into an electron and positron, then 
quickly annihilates back to a photon. In this diagram, the loop (electron/positron creation and 
annihilation to photon) in the middle of the photon transit is called a quantum loop. The way in which 
this loop effects the calculation of particle energies in the end is called Quantum Loop Correction 
(QLC). There are many other possibilities the exist. Instead of an electron and a positron pair in the 
loop, it could be a muon and anti-muon, or a quark and an antiquark pair.   

 
A difficult aspect of the BBT Model is that the QLC that comes into play for the computation 

of the Higgs particle’s mass, naturally tending to make it very large by a factor of 2.0, at greater than 
123 GeV/c2. In fact, it is so large that it could create a missing mass discrepancy due to dark matter’s 
contribution to the mass of universe as a whole. Because of this it is necessary to fine-tune the 
quantum loop contribution to Higgs mass in an unnatural way in order for the Standard BBT Model 
to work. This troubling fact of mass ratio irregularity is known as the “hierarchy problem,” such as 
the one which exists among other such issues that we will identify in due course. The bottom line is 
that QLCs which are exchange states of the gauge boson (photon) in the Feynman diagram of particle 
interactions at high energies plays a prominent role in theoretical energy computations. The above 
trouble leads to the breaking of fermion-boson symmetry in the Standard Model of Fundamental 
Particles and Interactions, the net effect leading to lost super symmetry at low particle energies. 

  
A consequence of symmetry breaking is that the consistency in hierarchical structures of 

generations of particles in the fermion and boson families is destroyed. What this means is that unlike 
W and Z particles in boson family corresponding to quarks in fermion family, the counter members of 
lepton family are not observed in bosons. Further, the particle and antiparticle pairs are missing in 
bosons due to broken symmetry. For instance, there are no anti-W and anti-Z bosons, and anti-gluons 
and anti-photons. A solution is proposed to hierarchy and magnetic monopole problems in the 
Inflationary Big Bang Theory (IBBT) by Alan Guth. We will disclose more details on the IBBT 
model in Section 13.6. It was suspected that particle doubling existed at high particle energies 
prevailing at the onset of the big bang while symmetry was intact. Other issues related to the 
hierarchy problem are the vast discrepancies between the aspects of the weak nuclear force and 
gravity. The mass of the weak force carrier particle W and Z bosons ≈ 123 GeV/c2  is seventeen 
orders of magnitude smaller than  

 
Planck mass = √ħc/G = 1.2209 × 1019 GeV/c2 =  2.17651(13) × 10−8 kg.  
 
Thus, there is a huge hierarchy between the mass scales of W and Z particles and gravity. Further 
discussion on the hierarchy problem is outside the scope of this text book [B, C]. 



  Evolving Universe          693 
 

  

The final problem of the BBT is magnetic monopoles. They were strange, tiny particles that 
we do not see today having disappeared during the spontaneous expansion of universe after the big 
bang. It has been speculated that many magnetic monopoles were produced in the earliest stages of 
the big bang. Supposedly, the particles were responsible for exerting unipolar magnetic moment and 
force. When the behavior of a particle or an object is influenced by a magnetic monopole, it produces 
a magnetic field that closes the field lines on itself. For example, these objects possess a separate 
magnetic force exerted linearly from either the north or the south pole, as is demonstrated commonly 
by ferromagnetic material.  In order to study magnetic field characteristics of an isolated stream of 
electrons and to shed more light on magnetic monopoles, physicists have attempted to measure the 
magnetic moment of electrons by experimentation. They were not successful. However, magnetic 
monopoles have made headlines on the internet recently. It has been reported that  physicists were 
able to produce isolated magnetic monopoles in a laboratory [D]. Research continues to study the 
properties of magnetic monopoles created in laboratory. 

 
Alan Guth realized that if space inflated in the universe drastically after the monopoles were 

formed, their number would be reduced to a level that could not now be detected. In the 1980’s Guth 
thought that the inflationary model of the universe could potentially solve both the horizon and the 
flatness problem in cosmology, as well as the magnetic monopole problem. Therefore, the ideas of an 
inflationary of universe and the expansion of space were germinated. Alan Guth’s ideas and his 
expansion model of the universe received wider acceptance than previously when, as recently as in 
January of 2014, researchers at Amherst College in Finland created and photographed synthetic 
magnetic monopoles under laboratory conditions {a…]. We have a different school of thought as 
regards the expansion of space. We believe that neither energy nor space can be created or destroyed, 
inasmuch as this will contradict the basic law of conservation of energy. We will present our unique 
perspective on the expansion of the universe in the next section, as well as the inflationary big bang 
model of the universe in Section 13.6.  

 
 

13.3 Infinite or Expanding Universe 
 
 
The science that governs the creation and the fate of the universe is known as Cosmology. It is 
believed that the universe was formed as a result of single “Big Bang” event that happened 
approximately 13.8 Billion years ago. Moreover, it is conceived that our universe has been going 
through a continuous expansion phase since its inception. This fact was discovered by Hubble for the 
first time in the 1920’s, when he noticed that the light signals arriving from distant galaxies were 
redshifted, indicating that they were receding from us. Edwin Hubble quickly began to realize that the 
rates at which the galaxies were moving apart were increasing proportional to their distances from the 
earth. Subsequently, he divulged his findings within his famous law, expressing the relationship:  
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Hubble’s Law  v = H0 × d        (13.4) 

    
where v is the recessional speed of the galaxy, d is distance from the earth in parsec and H0 is 
Hubble’s constant whose value is 72 km s-1 Mpc-1 with an uncertainty of 10%. 
 

Simply stated in words, his law is “The rate of recession or z-shift is proportional to the 
distance of the galaxy from the earth in parsec”.  The spread in value of H0 is attributed to several 
factors. The value depends on the types of galaxies under consideration, and the method used for 
measuring distance. For instance a different value of  H0 is obtained for Type1a Supernovae than for a 
Cepheid variable.  Further, H0  varies if the distance is measured by Tully-Fisher Fundamental Plane 
(TFFP)  vs. the Spectroscopic Parallax. We will discuss further details on the sensitivity of Hubble’s 
constant in next section.  

 
Figure 13.6 Uniform expansion of space, size of observable universe versus age, Hubble’s view.  Indefinite 
expanding state without closure. 

Hubble elucidated the expansion of the Universe with an analogous inflation of a balloon. He 
alluded to the fact that the size of coins painted on the surface of a balloon did not expand with the 
blowing air inside the balloon. Similarly, objects within the galaxies in our universe do not expand, 
and distances among stars and planets local to a galaxy did not alter. The proponents of the expansion 
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theory argued that celestial objects within galaxies are held by their self gravity, which prevents any 
expansion at a local level. In effect, they are relying on the fact that the force of gravity has a 
dominant effect at relatively smaller distances within intra galactic regions, than does the force of 
dark energy amidst sparsely spaced galaxies. Use of another illustration is commonly used: the 
expansion of bread embedded with raisins throughout being cooked in an oven. Left outside a pan, 
the bread dough is heated and expands. However the raisins remain about the same size, but move 
proportionally away from one another as the entire loaf expands. 

 
Figure 13.7 Infinite space, Sky’s static-universe model, galaxies farther away move apart rapidly  due to 
mysterious force of dark matter. 

We repudiate these analogies of a balloon and bread with raisins because it adds unfortunate, 
dubious errors in Hubble’s proposed law. In reality, the picture of coins printed on the surface of an 
expanding balloon and raisins embedded in expanding bread dough will be expanding, too, if 
someone examines the surface of the balloon and bread more closely. We find that the fabric of the 
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space within our own galaxy does not experience expansion to any appreciable extent.  Therefore, 
Hubble’s theory of expanding Universe requires a refreshing, a critical review study. A result of 
Hubble’s law is that it has led Cosmologists to think that the universe emerged from a point energy 
source, expanding into the many vast celestial entities we see today by a single Big Bang event. 
 

We have a different idea as it relates to the origin and the creation of the Universe. Our belief 
is that the space in the universe always existed since antiquity. The Big Bang expansion theory of 
universe assumes that there was space into which the space of the universe is now expanding. From 
our point of view, at its inception the universe was unbound, untimed, and infinite. Meaning, the 
universe had no boundary and there is no known time when the universe came into existence. In fact, 
as we posit, the universe was composed of completely empty space without any form of energy, even 
lacking quantum fluctuations. In Figure 13.6 and 13.7, two different geometries of universe, Hubble’s 
expansion model and Sky’s infinite static universe model are revealed. 

 
As the time elapsed, various celestial objects in the universe were formed depending on the 

prevailing circumstances and conditions favorable to different celestial entities for both models of 
universe. Further, we believe that the distant galaxies, black holes, nebulae, quasars, and supernovas 
were born because of multiple events, and not one Big Bang event. One drawback of the Big Bang 
theory for creation of the universe is that it rules out the possibility that our universe is conceivably a 
part of a larger Multiverse. 

 
Figure 13.8 Relative abundance (estimated mass) of different types of matter and energy in observable 
universe. 

We affirm that the fabric of space itself cannot contract or expand, nor can it move. Only the 
matter and the objects within the space can change their volume and position. Therefore, we suggest 
that Hubble’s law requires an update, namely to assert, “All galaxies, supernovas, nebulae, black 
holes and other vast celestial objects in the universe are moving away from each other due to the 
mysterious force of dark energy”. The universe is open and infinite, about which its beginning and 
end is unknown. Galaxies that are farther away from us are receding at a faster rate than those nearby, 
inasmuch as they are closer to the concentration of dark matter. Our proposition is that a vast amount 
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of dark matter exists outside the realm of our observable universe that is responsible for pulling the 
galaxies apart, as is indicated by DMs in Figure 13.7. A major problem for creating a valid model for 
predicting the future state of the universe is the relative abundance of dark matter that is prevailing in 
our observable universe. It happens that Astrophysicists are unable to predict with assurance the 
characteristics of dark matter with the same confidence level as the  observed visible matter.  

 
At the present state of technology, it is estimated that only five percent of the matter in the 

universe is observable and perceptible. The rest of the 95% is composed of dark matter and dark 
energy, which properties and behavior are not known to us. In Figure 13.8, the percentage distribution 
of matter in the universe is displayed. It is evident that the majority of mass in the universe is dark 
matter, which is literally concealed except for its gravitational effect. Therefore, it is impossible to 
conclude with certainty that remote galaxies are receding due to the expansion of space or that they 
are attracted away by a mysterious force of dark matter occupying a region outside our visible 
universe. Neither the BBT nor any other advanced theory can provide any information or prediction 
about the nature of matter exterior to our observable universe.  

Table 13.6 Energy of particles, the early Universe as predicted by GUT 

Time after  
Big-Bang 

Temperature 
of Universe 

Energy in eV 
Smallest Particle 

Phenomena 

10-44 S 1032K 1019 GeV Gravity separates from GUF 
10-36 S 1028K 1015 GeV Strong separates from hyperweak 
10-35 S 1027K 104 GeV  
10-10 S 1015K 102 GeV EM separates from electroweak 
10-6 S 1013K 1 GeV  
2 S 1010 K   Universe transparent to neutrinos 
3 Minute 109 K   Helium produced in the Universe 
3 × 105 Years 6000 K   Universe transparent to light 
1 × 109 Years 18K   Galaxies form and stars shine 
5 × 1017 S 3 K   At present 

 
 We summarize the efforts of BBT theory and Hubble’s expansion model of the universe in 
the following way. Apart from the problems it has faced, the Big Bang Theory has raised many 
controversial questions that indicated contradiction of certain facts. It has suffered from an 
unanswered paradox, what we describe as thermal inertia discrepancy. For instance, concerning 1) the 
time line, 2) the temperature fall rate and 3) the energy of particles following the formation of the 
early universe, the BBT predicts an unrealistic cooling profile for the matter within the universe. In 
Table 13.6, we have delineated time lines, temperature, and particle energies, as projected by the 
Grand Unified Theory (GUT) after Planck time for the Big Bang event [27]. The GUT (of forces) is 
also known as the Theory of Everything, inasmuch as it claims the unification the effects of the four 
forces of nature, 1) the strong colour charge in quarks, 2) the strong electromagnetic, 3) the weak 
residual, and the weakest, 4) the gravitational force. From the data in the temperature column, it is 
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evident that it would require realistically a zero time constant and a zero thermal inertia for the 
universe in order for the temperature to drop to these values. It is not obvious that at these particle 
energies how the heat among the particles will be exchanged to realize such a high rate of heat loss. 

  
The energy from the Universe was depleted and dissipated into the environment as a result of 

a loss of temperature. There is no account for the energy loss from the early universe in the GUT. 
Moreover, there is no clear answer to the question of where the lost heat appeared or if it was missing. 
As we will see later, it takes almost 40,000 years for the light wave energy (photon described by 
Einstein’s theory of relativity) to escape from the Sun which resulting from thermonuclear fusion near 
its center. The lowering of temperature in the Universe, predicted by the GUT in the case of the Big 
Bang event, does not make sense in that timeframe. This fact seems to be substantiated by our 
example of the propagation of light and the radiation energy from the Sun occurring at such a slow 
rate. 

We have started on a new, or old (depending perspective), debate about the origin of 
universe. Although we are proposing a fresh outlook of a static universe, we do not wish to deny the 
BBT expansion model. All we have done is add the twist that energy and matter altered its state 
without the expansion of space in the creation of universe. Therefore, the ideas developed and 
verified in Hubble’s expansion theory are valid and can be applied to determine the age and the size 
of observable universe. We will next study how his ideas are implemented to estimate the lifespan 
and physical dimensions of the observed universe. Our objective is to explicate the connection 
between Hubble’s law and Doppler’s red shift  in computation of distances between the celestial 
entities we observe co-moving with the growth of our physical universe. 

 

13.4 A Case of Hubble Constant 
 
In the mid-1920s, a young scientist named Edwin Hubble made a remarkable discovery. While he 
was a tenant of the Mount Wilson Observatory in Pasadena, California as a staff member, he studied 
historic photographs of the Andromeda “Nebula”. The objects that he thought were supernovas he 
soon realized were Cepheid variable stars. By knowing the apparent brightness and the luminosity of 
the Cepheid variable stars, astronomers were  able to apply the inverse square law to determine the 
distance of the stars. Based on a close examination of the photographs of several Cepheid variable 
stars, he announced that our universe is composed of literally thousands of galaxies. Subsequently, he 
categorized galaxies into four broad classes based on their appearance. Hubble summarized his 
classification scheme in a tuning fork diagram [27].  
 
 In the decade of the 1920’s, Hubble and Humason discovered that most galaxies show a red 
shift in their spectrum. They also found that the more distant a galaxy was, the greater its red shift and 
the more rapidly it was receding from our own galaxy. In 1929, Hubble declared the result of his 
discovery into Hubble’s law that states: 
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Hubble’s Law  v = H0 × d        (13.5) 

    
where v is the recessional velocity of a galaxy in km/s, d is distance of the galaxy from the Earth  in 
Mpc and H0 is Hubble’s Constant in km/s/Mpc.  
 

A plot of data that demonstrates Hubble’s expansion law that describes the ratio of the speed 
of galaxies as to their distance from the Earth is displayed in Figure 13.9. Here, v is a radial 
component of the space velocity of a star because its space velocity is a vector at a direction that is 
not aligned with observer’s line of sight, but at an oblique angle. Therefore, space velocity has two 
components, a radial component and a tangential component. Strictly speaking, space velocity vectors 
in space should be represented by three orthogonal components, i, j, and k unit vectors, with reference 
to a plane that includes a reference star, such as the pole star and the star under consideration. We 
have left, as an exercise, for you to derive the relationship between space velocity and its two 
components, radial velocity and tangential velocity. 

 
Figure 13.9 Hubble’s law: The further away a galaxy is from us, the faster it moves away from us. 

 
We have repeated Hubble’s law because of its importance in the astronomical studies. NASA 

honored Hubble by naming the first orbital telescope laboratory after him, known as the Hubble 
Space Telescope (HST). The Hubble Space Telescope is the only telescope that is capable of 
producing images of astronomical objects from signals encompassing a broad frequency range in the 

 

H0 = 71 Km/Sec/Mpc 
H0 = Slope = V/d 
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spectrum, namely, the RF, the infrared, x-rays and the visible light waves being received from 
energetic cosmic entities. After the HST was launched and placed in Earth’s orbit, a defect of 
spherical aberration on the primary reflecting mirror of the telescope was discovered that significantly 
reduced its accurate focusing potential. As a result of this defect the captured images of celestial 
objects were blurred. To correct the defect mentioned, NASA sent astronauts on a mission to fix the 
problem by adding supplemental lenses to the primary objective lens; they succeeded.  

 
The main advantage of Hubble’s law is that it can be used as a distance indicator for remote 

galaxies. His law is combined with red shifting, which is often referred to as z-shift, using the 
Doppler’s effect to compute distances of celestial objects. The red shift for a receding object:  
 

z = ( – 0) / 0 =  / 0  (13.6) 
 
where z is the red shift of an object, 0 un-shifted wavelength of the shifted line and the wavelength 
of the spectral line actually observed. The classic formula for Doppler’s red shift is: 
 
 

z = v/c (13.7) 
 
By combining red shift expression (13.7) with Hubble’s law, one can compute the distance d of the 
galaxy as z can be indirectly measured from  with very high accuracy. 
 

d = z × c / H0       (km) (13.8) 
 
On the basis of his discovery, Hubble proclaimed that the universe is expanding indefinitely. 

We agree with his law that the recessional velocity of the remote galaxy is proportional to their 
distance from the earth, a virtual effect. We disagree with the conclusion that our universe is 
expanding uniformly because we believe that space is not expanding. The proponents of Hubble 
expansion theory illustrated the validity of the law by citing two examples. In first instance, a balloon 
was inflated that had affixed metal coin (pennies) to the surface of the balloon. Another example was 
of an expanding bread whose dough had resins. When the bread was cooked, the expansion of the 
bread caused increase in spacing between raisins due to expansion of dough. The raisins did not 
expand by any significant distance. The idea was to create situations resembling the expansion of 
space between galaxies while the space within the galaxies does not expand. 

 
Both analogies in Section 13.2 are admittedly not a perfect with expansion of universe 

because density of matter within galaxies varies by several orders of magnitude. In the coin example, 
it was claimed that the coins themselves did not expand on the surface of the balloon as they are rigid 
while the spacing between the coins uniformly increase by the inflating air pressure. In reality coins 
expand and increase in size to a lesser extent than the spacing between them. We posit a similar 
argument for second illustration of raisins in a bread dough while being cooked in an oven. Even 
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though dough among raisins expand in all directions size of raisins do not change appreciably that is 
only approximately right. The reason is all matter is made of composite particles which expands due 
to increase in temperature. The increase in size of matter and objects depends on coefficient of 
thermal expansion  

 
 In the case of universe, we believe that the distances among the galaxies increase in 

proportion to their velocity because they follow the energy conservation laws. The gravitational 
potential energy of each galaxy is balanced by the kinetic energy associated with galaxies surround 
the galaxy. Moreover, galaxies further away are pulled more quickly by the force of dark matter. We 
speculate that dark matter exists beyond the edge of the observable universe. Our analysis allows us 
to formulate a simple theorem for the state of every celestial object within our universe. Primary 
purpose of the theorem is to develop an understanding about the dynamics of the events that should 
occur during the expansion phase of the universe. Further, this theorem has potential to resolve 
conflict between anomalies of Hubble’s indefinite expansion model and Sky’s infinite space static 
model of the universe. 
 

13.4.1  Stability in the Infinite Universe 
 
Theorem 13.1 Stability in an Infinite Universe 
 
Our Universe is composed of a very dilute system of stars, galaxies and their constituents, which are 
in a constant state of motion. In order to balance the potential and the kinetic energy composition of 
these entities, none of them may exist in a “standstill condition” at any instance of time. Furthermore, 
the dynamic state of celestial objects establishes a unique set of space/time coordinates for all objects 
in the universe at all instances of time. 
 
Proof:  

An amateur astrophysicist knows that the planets of the solar systems orbit the Sun. The Sun 
orbits the center of the galaxy, the Milky Way, on a trajectory called an ecliptic with a period of 
220M years [27]. It is conceivable that the galaxy Milky Way, is moving and spinning in relation to 
the other galaxies. One cannot determine the orbital period of the galactic motions due to the 
distances separating the galaxies, being on the order of several million light years. However, it is 
observed that the galaxies are receding and, occasionally, approaching. The conclusion about the 
motion of various galaxies is based upon the measured Doppler’s shift of the wavelength of light and 
the radiation arriving from these remote galaxies.  

 
It is further observed that a few nearby galaxies, such as M31, are actually approaching and 

have a blue shift. As soon as one says that the universe is expanding it implies that the volume of 
space is created within the universe.  No astrophysicist has ever explained the details of the process 
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which creates the additional volume of space when the universe expands obeying the Hubble’s 
expansion rule. Further, the law of conservation of energy implies that energy and matter in the 
universe is neither created nor destroyed by any means but can only be transformed, conflicting with 
the idea of space expansion. Therefore, we believe that it is safe to state that the remote galaxies are 
moving away from the local galaxies. This proves the tenet about the static nature of the universe. 

 
From our stand point, the universe is open and infinite, and no one knows the boundary of the 

universe. We see a discrepancy in Hubble’s law about the expansion of the universe. Hubble’s law 
was originally proposed to characterize the velocity of recession among galaxies. We agree on the 
recession aspect of that law. We disagree that recession occurs because the universe is expanding. We 
stipulate that the galaxies are receding in order to balance the universe’s total energy composition and 
to preserve to its constituencies a continuous state of motion. Our beliefs are substantiated because of 
the uncertainty in the predicted value of Hubble’s constant (H0 = 70-80 km/s/Mpc), being as high as 
10%. Further, the spread in the value of H0 is found to depend upon the type of the celestial object 
that was used to measure the red shifting. For instance, the spread in value is H0 = 60-70 km/s/Mpc 
for a type 1a supernovae. The measured value of H0 by the HST is 72 km/s/Mpc, with an uncertainty 
of about 10% [27], which is considered satisfactory at the present time. Even though Hubble’s law 
brought a great deal of optimism in astronomical studies, much more research is needed to make 
advances in future astronomical discoveries.  

 
Let us explore the details on the uncertainty in value of Hubble constant. In normal 

circumstances an accuracy of 10% is acceptable for most parameters in intergalactic space 
measurements. However, Hubble’s constant directly effects the calculated value of distances of the 
very remote instances. Therefore, an error of 10% could result in a difference of thousands of light 
years of estimated distance. Uncertainty in the Hubble constant arises from two main underlying 
assumptions. First, the universe is considered homogeneous and isotropic. In reality, it may very well 
be non-uniform due to the existence of highly dense dark matter outside the visible universe 
enveloping it. The presumption of uniformity leads to forming a linear-nature view of expansion. 
Therefore, Hubble thought that it was sufficient to formulate his constant as a single value describing 
radial velocity as well as an object’s tangential, transverse direction for the motion of galaxies. 
Additionally, it is assumed that the space in the universe is expanding uniformly. However, the space 
within the local regions of the universe, such as our solar system and the distances between stars of 
the Milky Way galaxy appear to remain fixed.   

 
There is another source of error that is seldom discussed elsewhere. According to our 

prediction, distant galaxies are moving outward as they do because of dark matter’s enormous 
gravitational force. The acceleration due to dark matter, as well as any neighboring influences found 
in a local galactic group or groups, causes the trajectory of galaxies, on the whole, to be on a curved 
path. However the universe is vast so that the curved trajectory appears approximately linear on its 
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large scale geometry. Since we are dealing with unimaginable distances between stellar communities 
the computation of the Hubble constant is a nontrivial task. In principle, the Hubble constant is a 
slope on the graph of recessional velocities v pertaining to galaxies and stars, versus the distance d of 
these entities.  Velocity of recession is derived from a measured value, the wavelength of a shifted 
line of received signals and using the equation (13.4).  

 
Measurement of the distances of galaxies is not a simple task. In practice, it is very difficult 

to measure distances of galaxies from the earth with precision. Therefore, sophisticated techniques 
have been developed to determine the distance of celestial objects observed in the deepest regions of 
outer space. The techniques are based on two different principles: 1) the small angle formula, similar 
to stellar parallax, as discussed in Section 4.8, and 2) the relationship between apparent brightness 
and actual brightness, known as the distance modulus equation. Let us describe each of these methods 
in more detail next. 

 
The measurement using the small angle approach relies on a basic assumption that any galaxy 

of interest are of same type and are of the same physical size. For this purpose, it is expected that 
galaxies have a sphere of diameter D, a numerical value much smaller than its distance from the earth. 
In that scenario, we can measure the angular spread of two edges of the galaxy. Then we apply 
equation sin  = Diameter of galaxy/distance from the earth = D/d. For a small angle, sin  equals 
This equation gives the distance in parsecs if the angular separation is in arc seconds and the diameter 
of the galaxy is known in AU 

 

d = D/ parsecs       (13.9) 
 
A modification of the above technique was applied by Jim Herrnstein in 1990’s to measure 

the distance of spiral galaxy M106. He used the Very Long Baseline Array to observe a number of 
masers orbiting within a disk around the center of the galaxy. He determined the orbital speed of the 
masers from the Doppler shift of the masers at the edge of the disk, those that were moving directly 
towards the earth and those moving away from the earth. He also measured the apparent change in the 
position of the masers moving across the face of M106. The blue and red shift values allows us to 
compute the speed at which the masers rotate around the center from equation (13.4). From this value 
we can calculate distance travelled by the earth-approaching masers within certain time period. We 
can compare the distance with the angle through which these masers appear to move (change in 
position) in arc sec for the same time. Now we can determine the distance to the galaxy using 
equation (13.6). 

The second method is based on Inverse-square law of intensity. Inverse square relates to the 
apparent brightness of a stellar object, its luminosity, and the distance of the star from the observer.  
 

B = L/4d2        (13.10) 
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where B is apparent brightness in W/m2, L is star’s luminosity in Watts and d is the distance of the 
star from the observer in meters. For the star our Sun, it is known that dʘ = 93 million miles = 1 AU 
and luminosity Lʘ = 3.86×1026 W, we find the apparent brightness using (13.7),  Bʘ = 1370 W/m2. 
We can rearrange equation (13.7) and remove the factor 4 by taking the ratio between the star and 
the Sun. In that case, we get 
 
 d/dʘ = [(L/ Lʘ)/(B/ Bʘ)]1/2      (13.11) 
Astronomers can measure the apparent brightness of any stellar object by comparing the brightness of 
a signal received from the entity with a standard source of light, a candle. We can also calculate the 
luminosity of the star if we know its diameter and its surface temperature by applying the Stefan-
Boltzmann Law. 
 

L = D2
T4        (13.12) 

where T is surface temperature, L is the star’s luminosity,  D is the diameter of the star, and  is the 
Boltzmann constant. Again, taking the ratio of values for a star and the Sun’s case, we get 
 

L/Lʘ = (D/ Dʘ)2×(T/ Tʘ)4      (13.13) 
From equations (13.8) and (13.10), we can find the value of the distance of a star, given the surface 
temperature. The surface temperature of a star is obtained from a chart of temperature versus ratio of 
apparent brightness through a V filter and a B filter. This technique is called UBV photometry 
because different filters are used to find a peak in intensity of a star’s image as its light is passed 
through each filter. Each filter allows to pass different bands of wavelength; the ultraviolet (U), the 
blue (B), and the yellow-green (V, the visible) region of the signal spectrum.  
 

Often the distance of a galaxy is found by measuring the distance of a star in the galaxy. 
There is a mathematical relationship among a star’s apparent magnitude MA (a measure of its 
apparent brightness at d parsec), its absolute magnitude MT (a measure of its luminosity), and its 
distance d in parsec. It is possible to rewrite the inverse-square law to derive the so called distance 
modulus equation, which evaluates the distance of a star by its magnitude data. Before we describe 
the distance modulus equation let us formally define absolute magnitude and apparent magnitude.  

 
Distance modulus  is defined as the difference between the apparent magnitude MA and the 

absolute magnitude MT of an astronomical object. Both apparent and absolute magnitudes are a 
measure of brightness of luminous stars and are expressed on a logarithmic scale. Apparent 
magnitude MA is defined as the brightness of a star as seen from the Earth, a measurable quantity. On 
the other hand, absolute magnitude MT is defined as the brightness of a hypothetical star located at a 
distance of 10 parsecs. We can only indirectly arrive at a value of absolute magnitude as it is related 
to the absolute luminosity of a star at its current location.  One way to determine absolute magnitude 
is determining the star’s spectral type by observing its radiation spectra and then by reading the 
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luminosity values from an H-R diagram [Y]. The luminosity can be easily translated into absolute 
magnitude. Once magnitude information for a star is known, we can calculate the distance of the star 
from the distance modulus equation: 
 

MA – MT = 5 log10(d) -5      (13.14) 
The scale for magnitude was devised by Hipparcus, a Greek Astronomer, around the second 

century BC. His scale was based on how bright a star appeared to the naked eye, and it took the range 
of values of magnitude from 1 for the brightest star, to a value of 6 for those stars which were barely 
visible. Improvements in the light gathering capability of telescopes made it possible to observe stars 
with a lower value of brightness than previously, as well as observing stars much farther away. In 
1856, Norman Pogson formalized the system by defining a typical first magnitude star as a star that is 
a 100 times brighter than a typical six magnitude star. Thus, a first magnitude star is 2.512 times 
brighter than a second magnitude star and so on. Therefore, Pogson established a logarithmic scale for 
magnitude as 2.512, the fifth root of 100 (known as Pogson ratio 1: x5). 

 
With the advances in technology, telescopes with higher resolution were developed so that 

even fainter stars have been identified. Therefore, the range of magnitude was extended to 30 for the 
dimmest stars. In order to further accommodate and compare the brightness of stars which are nearby, 
such as the sun (magnitude -26.74), negative specifications for magnitudes were allowed. You should 
note that the magnitude system is only meaningful if magnitudes are compared when measured 
through the same wavelength band. Now, we are ready to derive distance modulus relation. From 
inverse square law, we have learned that intensity of light (B brightness) received from a point source 
is inversely proportional to the area that is a spherical surface. Thus,  B = L/4d2 where L is the 
absolute luminosity of the star and d is the real distance from the Earth. For a single star we can 
compare the brightness of the star as visible from two different distances. Therefore, 

 
BA/BT = (dT/dA)2       (13.15) 

where subscript A reflects brightness corresponds to the actual or real position of a star and subscript 
T refers to brightness that corresponds to a  star is at distance 10 parsec (dT). Alternately, to compare 
magnitudes we need to find the relationship between luminosity and distance to produce the same 
brightness. Again, utilizing the Inverse square law we get 
 

LA/LT = (dA/dT)2       (13.16) 
 
To establish a relationship between magnitude and distance we must first relate magnitude 

with the luminosity of stars. Since luminosity is linear while magnitude, by definition, is logarithmic, 
a difference of five magnitudes corresponds to a ratio of 100 in luminosity. Therefore, in general  
 

LA/LT = xM         (13.17) 



706          Chapter 13 
 

where M =MA – MT. For M = 5, substituting in (13.14) we get 100 = x5 or x = 2.512. Updated 
equation (13.14) looks like  
 

LA/LT = 2.512M       (13.18) 
Comparing (13.13) with (13.15) we get an expression between magnitude and distance. Therefore, 
2.512M = (dA/dT)2. Taking logarithm using base 2.512, M  = log2.512 (dA/dT)2 = 2.4999log10 (dA/dT)2 
by applying identity loga N = logb N/logb a. Therefore, MA – MT = 5 log10(dA/dT). Replacing  dT by 10 
parsec, MA–MT = 5(log dA – 1) = 5log dA– 5. We can solve for distance dA, as MA–MT + 5 = 5log dA 

or log dA = (MA–MT + 5)/5. Taking antilogarithm, we get the required result  
 

dA = 10(MA–MT + 5)/5       (13.19) 
The distance modulus equation is employed to validate the measured distance of a galaxy 

obtained from Hubble’s graph. Thus, the distance of any celestial entity can be determined by the red 
shift of a spectral signal received from the entity and the known value of the Hubble constant, 
assuming that linear relationship between velocity of recession and distance holds well for the object 
of interest. This concludes our discussion on Hubble constant and his law of the expanding universe. 

 
One of the excruciating puzzles in the universe is about the abundance of the light elements, 

hydrogen and helium. It is determined that out of 5% of matter that is visible in the universe, more 
than 4% is composed of free hydrogen and helium. A natural question to the curious mind is, from 
where, and how did these abundant gases come about? Therefore, in next section, we will address the 
origin of matter and explicate how the fundamental particles of matter acquired mass. 

 
 

13.5 Origin of Matter 

 
The origin of matter is one of the most difficult unanswered questions of science. By what process 
were the most fundamental particles, quarks, created from energy, and by what processes were they 
transformed into stable nucleons, that is, the protons, neutrons and electrons? We will posit an answer 
as to the process responsible for the formation of the very basic element of hydrogen. From our 
discussion in Section (13.4) it is evident that regardless the model used for the universe, we can draw 
an important conclusion that the distances between galaxies are increasing. This implies that these 
galaxies were closer to one another at past-times, and therefore, correspondingly, the universe was 
hotter and denser. It further implies that the energy of particles within the universe was higher than 
the energy levels possessed by particles today.  
 

Particle physicists of 21st century exploited this fact and built particle colliders that could 
replicate conditions which might have prevailed in post Big Bang Era. Their aim is to confirm and 
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refine the big bang model. However at the present state of progress in technology, they are unable to 
positively resolve particulates to the finest degree in this way, inasmuch as our ability to increase 
particle energies have an upper limit. The restrictions are caused by the unattainable resource 
requirements demanded to accelerate particles to the higher energy target level, as well as the 
required physical nature of the process to impart energy to these particles involved in the interaction. 
Therefore, much the information on the creation of particles derived from energy during the initial 
expansion phase of universe is highly speculative.  Still, it is possible to predict the order of events 
and the growth production of particles in the universe with high accuracy. 

 
At the root of everything, at the beginning of time, the universe was filled with an incredibly 

vast amount of energy stored within a field that was at an unimaginable high temperature and 
pressure that very rapidly expanded and cooled. At approximately 10-37 s after the commencement of 
this expansion, a phase transition caused cosmic inflation, resulting in an exponential growth in the 
size of the universe. The expansion of the universe led to a decrease in energy density and the 
universe was transformed into a plasma sea of quarks and gluons as energy condensed into the first 
sub nucleonic particles. When a sufficiently large fraction of energy condensed into elementary 
particles, the inflation of sea of quarks abated. The temperature of particles within the sea were so 
high that their random motion made the sea isotropic and homogeneous. Furthermore, particles-
antiparticles of all kinds were continuously created and destroyed in pairs by colliding episodes. 

 
At some point, the density of quarks and anti-quarks decreased so that quark and anti-quark 

pairs were separated. A characteristic of anti-quark and anti-matter is that if their energies are lower 
than a threshold energy they cease to annihilate. Instead, they are repelled, moving away from matter. 
This process is called baryogenesis, which led to the formation of dark matter, a derivative of 
antimatter. We believe that the entire supply of antimatter in the universe has been accumulated in the 
form of dark matter and it is that which is surrounding the observable universe. Our argument posits 
and explains the predominance of quark and matter over anti-quark and antimatter at the current time.  

 
As the antimatter separated the density of matter continued to decrease, resulting in a further 

lowering of temperature in the universe. In fact, the temperature and energy of typical particles in the 
universe was reduced to such an extent that it could no longer support unified forces. The universe 
went through a short symmetry breaking phase in which the four fundamental forces of nature were 
separated at times specified in the big bang timeline.  We predict that the separation of forces, the 
strong fundamental color charge, the electroweak flavor, the electromagnetic charge, and gravity had 
instigated the mechanisms through which the production of the hadrons, protons and neutrons, and 
the lepton, electrons, had occurred.  

 
At about 10-6 s, quarks and gluons combined to form W and Z0 bosons that eventually 

disintegrated to create protons, electrons and neutrons, via the Drell Yan Annihilation mechanism, the 
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details of which we revealed in Section 12.5 dealing with the quark fragmentation process. After 
these annihilations electrons were the lightest existing particles and were the least affected by forces 
such as the strong color force. Subsequently, an incredibly large number of energetic electrons 
radiated photon energy. Therefore, the energy density of universe was dominated by photon energy 
and the universe became transparent to bosons, as well as fermions.  

 
As more time elapsed (three minutes since onset of big bang, and at a temperature of a billion 

K), the cooling of the universe allowed for the formation of deuterium and helium nuclei by a process 
known as Big Bang Nucleosynthesis. Though simple nuclei were formed within the first three 
minutes after the big bang, thousands of years would pass before the first electrically neutral atoms 
were created. The majority of elements synthesized in big bang were helium and hydrogen atoms, 
with very small fraction of lithium. Giant clouds of these primordial elements later coalesced through 
self gravity to form huge stars and galaxies, and the heavier elements were synthesized within stars or 
during a supernovae explosions. In Figure 13.10, the stages in the synthesis of elements since the big 
bang event is shown. 

 
As the temperature of the universe declined due to energy dissipation within infinite space, 

the rest mass energy density of matter within islands of the universe began to gravitationally dominate 
instead of the photon radiation “pressure” previously dominating everything. After about three 
hundred seventy nine thousand years, nuclei and electrons combined into stable atoms of hydrogen 
and helium. Then radiations decoupled from matter and continued to propagate into space literally 
without resistance.  
 
 

 
 
 
 
 
 
 
 

 
Figure 13.10 Synthesis of hydrogen and helium atoms after Big Bang.. 

The remnant of this radiation is called the cosmic microwave background radiation. So far it 
might seem that Big Bang theory model has been successful answering several questions with regard 
to the origin of matter in the universe and apparent expansion. However, what gives the rest mass to 
particulates of matter in the most elementary form such as quarks, neutrinos, and leptons is a question 
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the answer of which is not known to date. We will disclose fascinating details on the inflationary 
universe model and Peter Higgs’ revolutionary ideas that provide an answer to the question in next 
section. Furthermore, recent estimates on the abundance of dark matter over visible matter have 
puzzled all Astrophysicists. The answers to questions “How the dark matter was created? and What is 
the origin of dark energy?” is still unknown; overall we are still, so to speak, ‘in the dark,’ but shall 
attempt to shed more light on this subject in Section 13.7. 

 
The discovery of composition of dark matter is extremely vital for Cosmologists in the new 

Millennium because it has potential to unfold mystery about the origin of the universe to its entirety. 
Therefore, we will disclose stunning details on composition of dark matter and the origin of the 
universe next. 

13.6 Roadmap to Inflationary Universe Model  
 
As stated earlier, one of the most intriguing question that puzzled the physicists of the 21st century is, 
What gives mass to matter.  Additionally, why is an element with a higher nucleon count not heavier 
than an element having a lower nucleon count, as a general rule. Likewise, particle physicists are 
unable to explicate why particles (and their conglomerates) possessing rest mass effects the force of 
gravity on other objects and particles. The first systematic attempt to answer these mass related 
questions came from the British theoretical physicist and Nobel Laureate, Peter Higgs in 1964, which 
attempt caused a paradigm shift in particle physics. Before we seek answers to pure scientific 
questions related to mass, it is very important to understand the concepts of symmetry breaking and 
phase transitions when one relates to theories that deal with the origin of the universe. The reason for 
this is that the ideas of the Higgs Mechanism, that supposedly solved complex issues of mass, could 
also solve problems of the BBT model by applying symmetry properties of the universe to matter. Let 
us discuss the details of this novel concept next.  
 
 Evidently, the composition of matter at grand levels alters only in the event a phase transition 
(or the state of system under consideration) spontaneously changes. A phase transition is known to 
causes modification in specific characteristics of constituent particles of an entity as a whole. Nature 
accomplishes the objectives of phase transition by compromising symmetry properties. A good 
example would be a fluid at high temperature may exhibit rotational symmetry, meaning that the 
molecules of the fluid look the same in all directions regardless of the sense, clockwise or counter 
clockwise, and the orientation of spin axis. In the cases of the temperature of fluids decreasing there 
may be the formation of crystals. In such cases, the speed of light through the fluid could vary 
depending on the direction of its path in relation to the axes of these crystals. Therefore, for the fluid 
and light system under review, rotational symmetry breakdown occurs due to the lowering of 
temperature.  We could state that the fluid becomes “anti-symmetric” due to its change in 
composition of matter within the fluid. It is conceived that the formation of quarks derived from 
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energy and the natural separation of forces described in the BBT may have occurred due to the 
transition of matter in the early universe to an anti-symmetry phase (condition). Let us proceed 
further by applying the concepts of phase transition and symmetry principles and develop the model. 
 
 The roots of Original Inflationary Universe Model sprung from fundamental ideas described 
in the Grand Unified Theory (GUT).  In this theory, a mechanism was used in which a set of fields 
are added for the specific purpose of breaking symmetry in order to derive benefit of change in the 
composition of matter during a phase transition in the universe.  This conceptual field is called the 
“Higgs Field,” and the break in symmetry occurs due to the Higgs mechanism, named after its 
inventor. Based on our knowledge of symmetry breaking, you may realize that it is imperative that 
the symmetry break feature must be an integral part of the model for our cosmos. Before we discuss 
details of the Higgs field and mechanism, let us introduce to you the taxonomy utilized in the 
discussion of fields. 
 
 We begin with the definition of a field. A field is an effective manifestation in a region of 
space that can be directly measured or indirectly observed by some means. In physics its value is 
specified as one number for a scalar field, its magnitude, consisting of two or more values, is 
specified for a vector field. For example, temperature values at different points in space is represented 
as a scalar field, whereas the strength of an electric (or magnetic) field and its direction is a 
specification of a vector EM field. The two terms, interaction and coupling are frequently used in 
analyzing field properties.  
 

The term interaction refers to any process in which elementary particles may undergo that 
may involve scattering, decay, annihilation, and particle creation in the presence of or occasionally in 
the absence of a field. Usually, when a particle interacts with another particle or a field some 
characteristics of the particle are changed. The extent of alteration in characteristic of a particle, due 
to its motion within a field, depends on the coupling that occurs between the field representing the 
particle and the surrounding interacting field. Also, the amount of gain or loss in energy (a 
characteristic) is often related to the strength of the field with which the particle interacts while in 
motion. An example of strong coupling would be the interaction between an electron (particle) field 
and an EM field the electron transverses. On the other hand, we note that an instance of non 
interaction and extremely weak coupling will occur when light (photons) passes through an EM field.  

 
The working principles which describe the operational effect of fields on particles are known 

as field theories. Two prime types of field theories are the Classical Field Theory (CFT) and the 
Quantum Field Theory (QFT). A best example of classical field theory is the electromagnetic field 
theory developed by James Clerk Maxwell in the 1860’s. This theory contained well defined 
mathematics to characterize the interactions between participating fields. In the early 20th century, the 
theory was refined to achieve consistency with QFT principles. In the classical picture, the energy of 
a field may increase or decrease by any amount. In the quantum field theory energy change must be 
quantized corresponding to the energy of a photon.  
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A photon represents an amount of energy that causes a minimal disturbance (or the smallest 
excitation) of an electromagnetic field at any given frequency. Contemporary physicists refer to 
photons as particles, but we will refer to them as quanta of propagating waves. This is because 
particles are inherently associated with the confinement principle and its properties. The Confinement 
Principle for entities implies that the properties of entities must be localized at any instant of time. 
Additionally, particles possess rest mass and exert the force of gravity upon other particles. Since 
photons do not have rest mass and do not exert the force of gravity, we have chosen to categorize 
photons as virtual particles. Next, we will describe details of Higgs Mechanism to reveal a strange 
connection between different types of particles and their masses. Interestingly, energy stored in the 
Higgs field plays a crucial role in the development of the Inflationary Model of universe. After 
reading next section, you will discover that though Higgs Mechanism successfully answered the 
question what gives matter its mass, it raised new questions and challenges. It is still unclear why 
density of some compound is lower than density of elements from which it is composed. We will 
discuss more on this topic in Section 14.5. 

13.6.1  Higgs Revolutionary Ideas 
 
The foundation of the Higgs Mechanism came from premises of the Grand Unified Theory, 
developed by Alan Guth and his collaborators. An essential ingredient of GUT is the phenomenon of 
spontaneous symmetry breaking. The rules of the symmetry breaking mechanism and phase transition 
in the particular case of the expansion of the universe are more complicated to understand than the 
rules governing the passage of light through crystals within a fluid, for example. In the fluid example, 
the formation of crystalline structure was driven by complex interplay between large numbers of 
electrons and atomic nuclei interactions via EM forces, as well as the confined motion of electrons, 
working according to the laws of QED. In the case of the Inflationary Model of universe, the motion 
of particles is governed by QCD principles, which controls the motion (in a very loose sense due to a 
subtle difference in the particle’s behavior) of an energy field or matter at high levels of energies (in 
excess of 1014 GeV).  
 
 The idea behind the Higgs mechanism is esoteric, inasmuch as it exhibits a field characteristic 
that possess a unique value within space, like a temperature field. In his mechanism, the universe is in 
a symmetry phase if the value of the Higgs field is zero, and develops a transition to an anti-symmetry 
phase if the value of the Higgs field is nonzero at any instance of time in phase transition. It is 
intentionally chosen by theorists that the state in which the Higgs field vanishes is not the state of the 
lowest energy density. We wish to portray a sense that the Higgs field no longer exists. There was a 
transition in fields commensurate to a sudden production of fundamental particles of distinct energy 
content in the universe.  In essence, all things in the universe changed as symmetry slipped into 
asymmetry. The lowest energy density is attained within the state for which the Higgs field has a 
nonzero value at one or more points in the space. We will discuss more on symmetry breaking and 
Higgs mechanism later when we reveal the details on the Inflationary Model of the universe. At this 
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time our focus is on exploring the stunning details on the Higgs mechanism and its interaction with 
massive fields. It is important to note that a field exchanges energy when the field interacts with a 
particle or another field. To understand the mechanism associated with a system of fields and 
particles, it is imperative that the principles of field theory and the behavior of particles, which are 
applied, are examined.  
 
 To analyze the effect of the Higgs field on particles and other fields we should apply QFT 
because interaction between a particle and the Higgs field is distinct in nature, a quantum 
phenomenon, though Higgs field itself is a scalar quantity. When we consider the motion of particles 
in the Higgs field, we find that the energy expression in QFT has three components: 1) self energy of 
excitation, 2) the interactions with coupled fields, and 3) the mass energy field. We will clarify our 
point with examples, e.g., the energy carried by an electron and neutrino. It is well known that an 
electron carries a charge, and therefore has inherent self-energy associated with it. There is another 
kind of energy of interaction that arises concomitant to an electron’s motion within an EM field. This 
is energy of coupling between the electron and the EM field that depends upon the speed of electron 
and strength of the field. The third component of energy gives rest mass to the electron as it interacts 
with the Higgs field. The details about which an electron interacts with Higgs field to acquire mass is 
a sophisticated mechanism about which you will later learn. The second example to be presented 
deals with the lepton family particle, the neutrino. The neutrinos are charge-less, inert particles. They 
do not interact with matter and have no coupling interaction whatsoever with an electromagnetic 
field. Moreover, neutrinos interact very weakly with the Higgs field and, therefore, have zero rest 
mass.  
 In the above discussion of energy associated with fields, we made reference to the terms “rest 
mass” and “Higgs field.” There is a common misconception among amateur readers that somehow the 
Higgs boson gives particles their mass through the Higgs Mechanism. In reality, there are no Higgs 
bosons floating around in the universe. However, the interaction of other fields with the field of the 
Higgs boson (the field’s source exciter) gives rise to the mass-energy terms in QFT equations and, 
hence, provides the mass property to the entity creating those other fields. This unique Higgs concept 
of mass manifestation by elementary particles as a result of their interaction with Higgs field raises 
many interesting questions. For instance, what was the mass if any of elementary particle before it 
interacted with Higgs boson and Higgs field? Also, should we classify an elementary particle as a 
virtual or a real particle before it encountered Higgs field.  The answer to these questions depends on 
where and when Higgs field came into existence during the evolution phase of the universe known to 
us today.  Let us explore how Peter Higgs came up with the ideas of the Higgs field concept and its 
interpolated God particle. 
 
 The revolutionary idea that brought fame to Peter Higgs is about inheritance of mass by 
particles of matter. He postulated that particles that have local concentration of matter acquired mass 
upon their interaction with the Higgs field. Since mass is a property associated with all particles in the 
universe, he suggested that the Higgs field permeates the universe and labeled it as a massive field. 
Qualitatively, he signified that this massive field is a field such that when excited by its native 
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particle, the Higgs boson, any particle that would interact with the field would inherit mass 
characteristics and exhibit gravity effect. Quantitatively, he predicted that the presence of the Higgs 
boson would  set the Higgs field in excitation since primordial times, soon after expansion of the 
universe, the inflationary epoch. On March 14, 2013, at CERN, confirmation was made of the 
existence of the Higgs Boson and it validated Higgs premise. Thus, it was established that the mass 
and energy of a particle in QFT is indeed due to the interaction of the field associated with the particle 
as it couples with the non-zero vacuum state of the Higgs field.  
 
 Next we will explain why different elements in the periodic table have different masses. A 
characteristic of the Higgs field that is different from other fields is its vacuum state does not have 
field value of zero. A consequence is that when we figure out the details on the interaction of the 
Higgs field with other fields, we get additional energy terms in energy equation of QFT. The 
difference in masses of particles in the Standard Model of Fundamental Particles and Interactions 
arises because the coupling strength of each particle is different within the Higgs field. We suspect 
that the coupling between particles within the atomic configuration which are composed of 
elementary particles and Higgs field depends on the quantum number and energy states of the 
particles. In fact, the mass contribution due to orbiting electrons in elements with higher atomic 
numbers has two signs, a positive coupling and a negative coupling with the Higgs field due to the 
differences in the spin states of electrons. Therefore, elements with the highest atomic number count 
are not necessarily the heaviest elements. Thus, different elements in the periodic table have peculiar 
mass numbers which do not reflect the mass computed from a nucleon count. For the same reasons 
the density of complex compounds of atoms is unique and not related to the density of constituent 
elements. In the next section, we will expound the relationship between Higgs Mechanism and 
Inflationary Universe Model. 
 

13.7  Inflationary Universe Model 
 
We have assembled some background necessary to formulate the details of the Inflationary Universe 
Model. However, we require additional information so that we can integrate symmetry, phase 
transition, and Higgs mechanism from the GUT to formulate the IUM theory. Therefore, after a recap 
of important aspects of GUT, we will draw a detailed picture of the IUM. As with every theory, the 
first attempt in the development of the IUM theory suffered from flaws. The model was subsequently 
upgraded to fill the voids in the original model. We will compare features of both the original and 
new models of the IUM to see how they fit to form a unified model for the evolution of the universe. 
 

As we discussed earlier, a basic idea of the GUT is that, at present time, the four forces of 
nature are separated due to broken symmetry. According to the GUT, originally the forces were 
composed of a single unified force since primordial times while symmetry was intact. The GUT also 
implied that there was no difference in the behavior of quarks, neutrinos, and electrons at high 
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particle energies (excess of 1014 GeV) post big bang singularity era, inasmuch as the GUT had 
restored the symmetry. At this stage the particle energies of quarks were such that they were moving 
freely, not confined by their color charge force. As our example illustrated (refer to section 13.6), the 
lowering of the temperature of a fluid caused a change in the state of matter from a liquid to a solid, a 
phase transition event. The fluid analogy was applied successfully to explicate the apparent excess of 
matter over anti-matter in the universe by combining the BBT model with the GUT model. The 
combined resultant model formed from these also supported other issues, such as the conservation of 
baryon numbers and the estimated long lifetime of protons in excess of 1032 years. 
 

However there were serious problems caused combining GUT with big bang picture within 
Cosmology. In the GUT universe a large number of defects were formed during the transition of the 
universe from the symmetry phase to the broken symmetry phase due to a sudden drop in 
temperature. The defects were primarily of two types, the point-like defect and the surface-like defect, 
because the four forces within the universe were unified prior to the big bang when the universe was 
composed essentially of quarks.  The point-like defects resulted in the creation of magnetic 
monopoles and predicted that their masses were sixteen orders of magnitude greater than the mass of 
protons. The surface-like defect caused domain walls within regions of space. The consensus was that 
a domain of correlated broken-symmetry phase cannot be much larger than the horizon distance, the 
size of universe at that time. Otherwise, the gravitational attraction would slow the expansion of 
universe, ceasing its expansion only 30,000 years after the big bang, foregoing the continuous 
expansion observed now even after 13.6 billion years. Therefore, it was decided that the next 
generation of theories must incorporate some mechanism by which would drastically suppress the 
production of magnetic monopoles and domain walls.  

 
In our fluid analogy, when the fluid crystallized, the crystals in different regions will have 

different orientations of crystallographic axes. The domains of these various crystal orientations grow 
and coalesce, and it would be favorable to smooth the misalignment along their boundaries. However, 
the smoothing is often imperfect and the localized defect remains. As it relates to the GUT, the 
smoothing is not an option insomuch as the time elapsed was very short. Also, in the case our fluid, 
the orientations of crystal axes were finite in number and were unique due to the finite size of 
crystals.  In the case of the GUT, there could be an infinite number of axis orientations for domains 
that could repeat over vast distances and, therefore, not be unique. Despite these difficulties, 
physicists were ready to formulate the Inflationary Universe Model. Their first step was to inherit the 
principles of broken symmetry and the Higgs Mechanism from the GUT. Let us describe the fine 
details of the IUM next.  

 
For the Inflationary Universe Model, it was assumed that initial conditions were arbitrary. 

The early universe included a region of space that had indefinite size (volume) and was composed of 
an energy field of extremely high density 10120 J m--3. The energy field was inherently quantum in 
nature insomuch as the energy contained within the unit volume of space can be expressed in 
increments of the smallest unit. For such a field with a quantization of energy, it was realized that  
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that type of any energy transaction would be discrete, abiding by Heisenberg’s uncertainty principle 
as applied to packets of energy. In the quantum field theory it is convenient to express energy within a 
field by energy density when the field is not stationary, rather when distributed throughout space. 
Therefore, we define energy density as energy contained in a given volume of space divided by the 
volume. The IUM assumed that the energy field within the early universe existed for a time long 
enough that the Higgs field was zero everywhere and symmetry was not overturned. 

 
Our understanding of thermodynamics tells us that the state of perfect symmetry cannot 

prevail for an indefinite time while the energy field is in motion. The expansion of the energy field 
makes it thermodynamically favorable for the Higgs field to attain a nonzero value, bringing the 
system to its broken-symmetry phase in a runaway phase transition event. In order to analyze phase 
transitions and energy transfer mechanisms it is very helpful to express the effect of the energy field 
in terms of temperature. Therefore it was conceived that before the exponential inflation of universe, 
the energy field was at its highest temperature of 1033 K. In the broken symmetry phase, the universe 
cooled and its temperature dropped to 1027 K. (This phenomenon is known as super-cooling, which 
process is quite commonly employed in condensed matter physics in superconducting.) As the region 
of space super-cooled, it attained a peculiar state of false vacuum. What is the difference between a 
false vacuum and a true vacuum? 

 
During super-cooling, the temperature, and hence the thermal component of the energy 

density, would rapidly decrease while the energy density of the state would be concentrated entirely 
within the Higgs field. (A good explanation for energy states and the energy density of the Higgs field 
is provided by Guth and Steinhardt [22], which is outside the scope of this text book.) The vacuum 
states are best understood from a three-dimensional plot of the energy density of the Higgs field.  In 
this diagram, three-dimensional space is depicted as a cross-section in two dimensions and the value 
of the Higgs field (energy density) at each point is displayed on a vertical axis. The plot shows the 
value of the Higgs field at a specific instant of time. The plots would be in transition as a function of 
time, but on paper we can only plot a snapshot consisting of values at various successive points in 
time. A zero value of the Higgs field implies a false vacuum and a large energy density. In classical 
field theory such a state would be stable, but in the quantum version the false vacuum is not 
absolutely stable. The state corresponding to a non-zero value of the Higgs field is called a true 
vacuum, inasmuch as it is the state of the lowest possible energy density.  
 
 A natural tendency in a thermodynamic system is that energy is distributed from a high value 
to a low value. However, in the case of the Higgs field system, the state with a lower energy density 
generating a true vacuum is separated from higher energy density state producing a false vacuum by 
an interfering energy barrier. It happens that the Higgs field within a false vacuum lacks the energy to 
cross the barrier. In the classical sense, the transition of a false vacuum state to a true vacuum state is 
forbidden, but in quantum theory, the Higgs field in the false vacuum state could tunnel through the 
energy barrier via quantum fluctuations in the energy field. This was suggested by Coleman of 
Harvard University.  
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As per Coleman’s ideas, the region of space made this transition, it nucleated a bubble of the 
broken symmetry phase. The bubble would then start to grow at a speed of light, converting the false 
vacuum into a true vacuum, the broken-symmetry phase. In QFT, these fluctuations in the values of 
the Higgs field around  their false vacuum value are interpreted as the presence of a Higgs particle. 
The most peculiar aspect of the false vacuum is probably its pressure, which possesses a large 
negative value. The negative pressure is so high that it leads to a bizarre effect of a gravitational force 
that is repulsive in nature. We suspect that this vast amount of negative potential energy exists in dark 
matter located at the outskirts of the visible universe. As a result of the negative pressure of the Higgs 
field producing  false vacuums within dark regions of space,  the universe has been expanding at an 
accelerating rate.  
 
 In the inflationary universe model, the period of accelerated expansion is called the 
inflationary era. According to the model, the era and the expansion ended around 10-32 s and the 
diameter of universe increased from 1025 m to 1050 m. It is assumed that after this colossal expansion 
the transition to a broken symmetry phase finally occurred. The energy density of the false vacuum 
was then released, resulting in a tremendous amount of particle production, i.e., quarks. The region 
was reheated to a temperature of 1027 K. In thermodynamics the stored energy released is known as 
latent heat. It was expected that from that point on the entire region of space would continue to 
expand and cool at the rate described by the standard big-bang model, as it would happen in any other 
thermodynamic system. Since inflation took place in steps leading to smooth transitions from 
singularity to false vacuum (symmetry intact), and subsequent true vacuum (broken symmetry) 
phases the favorable condition for stable state of matter was naturally achieved. The art effect was    
the universe was homogeneous before the inflation and remained homogeneous after the cosmic 
expansion. Therefore, the cosmological problems of big bang theory model were successfully 
resolved by IUM.  
 
 The horizon problem was avoided inasmuch as the observed universe evolved from a region 
that was much smaller in diameter than the corresponding region posited in the standard BBT model. 
Before the inflation began the region was much smaller than the horizon distance defined in BBTM, 
and the radiations within the region had time to produce uniformity and reach thermal equilibrium. 
The small homogeneous region of space then inflated to become the presently vast, observed 
universe. Microwave background radiation arriving today from all sources in the sky indicates that 
they were once in causal contact. They manifest a homogeneous nature of the universe because 
measured  values of CMB shows variations in their values less than 1 part in 10,000 at a temperature 
of 2.725 K. Similarly, flatness and other problems were resolved by the IUM model. Despite this 
success, the Original Inflationary Universe Model (OIUM) had a crucial flaw: under the 
circumstances described during the inflation, the phase transition itself would create inhomogeneities 
much more extreme than observed today.  
 

Two years elapsed following the tantalizing invention of OIUM that was clearly imperfect. It 
did not provide satisfactory answers to a number of cosmological issues. Near the end of 1981, a new 
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approach was developed by A. Linde of the P. N. Lebedev Physical Institute in Moscow, and P. 
Steinhardt of the University of Pennsylvania. The new approach came to be known as the New 
Inflationary Universe Model (NIUM). It avoided all problems of the OIUM while maintaining its 
success. The essence of the model utilized a special form of the relationship that described field 
energy distribution of the Higgs field. In this relationship there was no barrier separating the false 
vacuum from the lower energy true vacuum states. Instead, the false vacuum lay at the top of a flat 
plateau of energy where the gradient is smooth. The rest of the details of the new model were 
assumed identical to the original model. The most important difference in the new approach is the 
way in which the phase transition in the universe would take place. Instead of repeating information 
of the original model, we will compare the superior features of new model with the original model 
and state the differences.  

 
In case of the new approach, quantum fluctuations, or small residual thermal fluctuations, the 

Higgs particle defined earlier would cause the Higgs field to deviate from a zero value with ease 
inasmuch as the profile of energy density function is smooth, a flat plateau. Due to the lack of an 
energy barrier, the value of the Higgs field would increase steadily from zero. In the neighborhood of 
a false vacuum, the energy density curve is flat where Higgs field has vanished. Furthermore, in the 
new model, not only would the Higgs field values vary with time but there would also be a variation 
in spatial location.  
 

There were several different broken symmetry states that were distinguished by the 
combination of Higgs fields that acquire nonzero values. Since the fluctuations that drive the Higgs 
field from zero are random, different regions of the primordial universe would be leading toward 
different broken-symmetry states. The Higgs field would, however, be approximately homogeneous 
over small regions. It is conceived that individual broken-symmetry state may have led to the 
formation of a different universe. This supports the theory that our universe is a member of several 
universes separated temporally  in time and separated spatially in space. We will describe different 
types of universes in Section 13.8. It should be obvious to you that except for real universe known to 
us all other varieties of universes should be considered as imaginary universes. The main reason is 
that we are unable to sense the edge of universe that is known to us. 

Table 13.7 Inflationary universe model (IUM): False and True vacuum  conditions. . 
 
 

State of Universe Energy of 
Higgs field 

Time after 
Big Bang 

Energy of 
particles  

Symmetry Temp. Horizon 
distance 

Singularity, unknown  Unknown 10-44 s >1019 GeV Intact 1034 K 10-56/-38* m 
False vacuum (IUM) Zero 10-34 s 1014 GeV Intact 1027 K 10-30/-30* m 
True vacuum (IUM) Nonzero 10-32 s 1002 GeV Broken 1022 K 1025/-27* m 
 BBM & IUM tracks Nonzero 10-30 s 1001 GeV Broken 1025 K 1025/-27* m 
Present conditions Nonzero 1018 s 1001 GeV Broken 2.725 K 1050/25* m 
 
 Marked entries  are for standard BBT  model and unmarked are for inflationary model 
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The distance across a typical homogeneous region in the universe is called the ‘correlation 

length’. The correlation length before inflation is expected to have been approximately equal to the 
horizon distance, which at the start of the phase transition would be about 10-26 m. Once the Higgs 
field, within such a homogeneous region, began to deviate from zero, the region would evolve toward 
one of the stable broken symmetry states and would inflate the universe by a factor of 1050 or more. 
The size of the region after inflation would then be greater than 1024 m. In the original model, the 
universe was composed of bubbles of regions that were bounded by sharply defined domain walls in 
which the horizon distance was smaller than the sphere shaped bubbles that had formed. In the new 
model, the boundaries among the regions would be diffused due to gradual transformation to the 
broken symmetry phase, being nearly uniform throughout the entire region of space. Additionally, the 
horizon distance would always be larger than the correlation length, ensuring uniformity at the large 
scale. In Table 13.7, various conditions for false vacuum and true vacuum states during inflationary 
epoch are explained. Also, we have listed corresponding values at the time of the singularity and for 
the present time. The changes in the horizon distance clearly indicates that the inflationary model 
overcame all the problems faced by original Big Bang model.  
 

                   
Figure 13.11 The effect of changes in Higgs field on the composition of the universe, Inflationary theory. 
 

In Figure 13.11, the variation of energy density in the universe and the value of the Higgs 
field versus time, a brief period after singularity, in which the greatest amount of inflation occurred is 
shown. It is our prediction that the vast amount of energy in the universe was condensed into a sea of 
quarks when the universe experienced a super-cooling due to phase transition in the Higgs field 
values, increasing from zero to nonzero, resulting in a break in symmetry. 
  

After studying Section 13.1, you may have been helped to realized just how unimaginable our 
universe is in its sheer size. A natural question that has always confounded the astrophysicist 
community is, Is there more than one universe that exists, paralleling us concurrently? Scientists 
considered a variety of possibilities since the time Einstein formulated the concepts of relative 
space/time through the principles of GTR and STR.  In fact, his theories indicated time travel within a 
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realistic scenario, the concept which augmented the idea of multiple universes separated by time 
windows that possibly may share the same space or could be in an entirely different realm of space. 
We are providing a stunningly different view of the pieces of the cosmic puzzle in next section. 

 

13.8  Unidentified Multiverse 
 
In this section, we will introduce to you the concepts of the unidentified Multiverse. Thoughts of a 
Multiverse concept became a popular topic of discussion ever since scientists imagined time-travel. 
The idea of time-travel leads to a belief that more than one universe could prevail as the time-traveler  
traverses time and experiences different events than events encountered by people in present universe. 
From cosmologist’s point of view the Multiverse is the hypothetical sets of finite or infinite possible 
universes that together comprised of everything that exists; the entirety of space, time, matter, our 
own real universe, and the energy as well as the physical laws and constants that describe them. The 
various universes within the Multiverse are sometimes referred by a different terminology, namely, 
parallel, concurrent, and alternate universes.  
 

Identifying and validating the reality of multiple universes is not a trivial challenge inasmuch 
as the Multiverse could be hidden within the unobservable dimensions of string theory and could be  
spatially displaced to unreachable regions of  space separated from each other by vast distances. Also, 
Multiverse could be temporally displaced to different causal realities. The last variety of the 
Multiverse require additional explanation. It is possible that the temporally displaced universe is 
riding on a different clock, also having different laws of physics and constants. The matter and space 
in such a universe could observe interesting but different physical realities, e.g., an inverse cube 
relationship between forces and the distance of particles with which the forces interact, rather than the 
inverse square law within our universe. The structure of the Multiverse, the configuration of each 
universe within it, and the relationship among various constituent universes, is a subject matter of the 
highest of speculations. The main reason for this is we cannot perform any experiments to gather data 
on specific parameters to verify posited predictions. Another reason is, the structure of a “universe” 
depends on the hypothesis considered.  

 
The theory of the Multiverse concisely means that besides our own universe there are 

multiple universes that are similar but different than our own universe. The advances in quantum 
mechanics and quantum interpretation of particle behavior have a heavy influence on the hypothesis 
which distinguishes one type of universe from the other. Therefore, cosmologists Max Tagmark and 
Dr. Brian Greene have devised a classification system that categorizes an ensemble of varieties of 
theoretical Multiverse. According to Tagmark’s classification scheme, a hierarchy of levels of a 
Multiverse is such that each subsequent level could be understood by expanding upon previous levels. 
American string theorist Brian Greene categorize nine types of parallel universes based on his Brane 
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Theory. We will now describe distinguishing characteristics of different universes categorized by 
Max Tagmark and Brian Greene. 

 
Max Tagmark’s classification includes four levels of a Multiverse, which are enumerated as 

Level I: Space-time separated beyond the horizon Multiverse; universes share the same laws and 
constants, Level 2: Spatially separated bubble Multiverse; universes have different dimensions and 
constants, Level 3: Dimensionally separated many worlds Multiverse, based on quantum mechanical 
outcomes in the mathematical Hilbert’s space, and Level 4: Faith based mathematical Multiverse. 

 
 The level 1 Multiverse is theorized by the fact that the space in the cosmic reality appears to 
be flat and vastly larger than the observable universe which is consistent with the observed uniformity 
and linear geometrical behavior. Accordingly, we conceive that the universe is of infinite volume, 
containing an infinite number of Hubble regions, all having the same physical laws and constants to 
ours, but different in the initial conditions. Because there are infinitely many universes, their span is 
far beyond the cosmic horizon. Therefore, it is expected that there will eventually be Hubble 
universes with identical configurations. This means that these distant parts of the cosmos will never 
be a segment of our observable universe and are forever causally disconnected from us. This 
conclusion follows directly from Cosmological principle: It is assumed that Hubble field of our 
universe is not unique or special. This view of the Multiverse is exemplified in Figure 13.12. 
 
 In inflationary universe cosmology it is hypothesized that the process of hyper-expansion is 
eternal and inflation never stops. It is probable that inflation ends in some domains while continuing 
elsewhere. Each of the regions where expansion halts it forms a bubble with potentially differing 
dimensionality and constants. Each bubble might become a level 1 universe in its own right. An 
ensemble of all the bubble universes constitute a level 2 Multiverse. In a level 2 Multiverse, each 
bubble may experience distinct, spontaneous symmetry breaking, resulting in different properties, 
such as the values of physical constants. This level of the Multiverse also includes John Wheeler’s 
oscillatory model universe and Lee Smolin’s fecund model universe. 
 

One of the several mainstream interpretations of quantum mechanics is Hugh Everett’s Many 
Worlds Interpretation (MWI). In the MWI of quantum mechanics, reality is a universal wave function 
within a Hilbert space containing a number of possible realities that emerge as distinct branches of the 
evolving universal wave function. These concepts of different emergent realities can be thought of as 
parallel universes. The complete set of quantum realities within the universal wave function forms the 
level 3 Multiverse. According to Tagmark, universes in the Multiverse of level 1 and level 2 are a 
subset of (inclusive) universes in Multiverse level 3. The only difference between level 3 and level 1 
is where the human being’s twin resides. In level 1 they live everywhere in three dimensional 
Euclidian space. In level 3, they live in another quantum branch of infinite dimensional Hilbert space. 
Likewise, all level 2 bubble universes with different physical constants can, in effect, be found as 
“worlds” created by “splits” at the moment of spontaneous symmetry breaking in a level 3 
Multiverse. 
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Figure 13.12. Multiverse: One of the endless possibilities. 
 
Many scientists have faith in an external reality and the existence of a theory of everything 

(TOE). Therefore, a Multiverse based on mathematical hypothesis has been proposed by Tagmark. In 
this case, faith in an external reality and a TOE lead to the idea that a fully consistent and self-
contained mathematical description can correspond to a different universe. The individual universes 
in this Multiverse can function on completely different principles and have different underlying 
constants. By definition of the level 4 Multiverse it is evident that any conceivable parallel universe 
theory can be described that encompasses all other ensembles, and therefore brings closure to the 

 

 



722          Chapter 13 
 

hierarchy of the Multiverse. A level 5 description is not necessary. Next, we will briefly describe nine 
types of universes categorized by Brian Greene. 

 
The Multiverse scenarios suggested by Dr. Greene are quilted, inflationary, brane, cyclic, 

landscape, quantum, holographic, simulated, and ultimate. Let us succinctly discuss the ideas behind 
his classification of the Multiverse. After reading his classifications you would think that between 
Max Tagmark and Dr. Brian Greene the classification of the Multiverse is comprehensive, but we 
think there is another category of Multiverse. We will disclose the details on novel type of the 
Multiverse at the end. 
 

1. The quilted Multiverse is analogous to the “beyond the horizon” Multiverse that relates to the 
level 1 Multiverse of Tagmark. The Multiverse of this type is spread over an infinite space, 
and therefore every possible event will occur an infinite number of times. However, the 
limitation of our sensing speed (the speed of light) prevents us from information exchange of 
the regions of space that are causally disconnected. 
 

2. The inflationary Multiverse is composed of various pockets that are similar to the bubble 
universes of the level 2 in Tagmark’s classification. New universes are formed when the 
inflation field collapses within individual pockets that may have different laws and constants 
produced by a difference in symmetry breaking conditions. 

 
3. The brane Multiverse concept has been spawned by the M-theory and states that universes 

are composed of a three-dimensional brane that exists among many others on a higher 
dimensional brane. The theory tells us that two three dimensional structures, called bulk 
brane, are separated by an extra dimension that collide creating initial conditions of the big 
bang within each bulk. As the brane move apart after the collision, the matter within each 
brane expands and cools creating conditions similar to what we observe today. This type of 
Multiverse belongs to level 1 Tagmark classifications and is referred to by Dr. Steven Manly 
in “Visions of the Multiverse” as Ekpyrotic Multiverse. 

 
4. A different cyclic Multiverse, other than the oscillating “Big Bang-Big Crunch” model, has 

been proposed. This model combines concepts of string theory as well as elements of both the 
Oscillating Big Bang and the Ekpyrotic Multiverse models. In this model dark energy 
accelerates the expansion of a universe to such an extent that matter density effectively drops 
to zero. During the course of expansion, the universe inevitably collides or merges with a 
similar universe. At some point the hyper-expanding universe reverses direction and each 
much smaller region of causally of isolated realities within the original expanding universe 
contracts into a big crunch, and then bounces back to form a new big bang. This is as if the 
original universe expands into a big quilt and fragments, with each quilt shrinking and 
forming a new universe, and the cycle continues forever. 
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5. The idea of landscape Multiverse is originated from string theory’s Calabi-Yau shapes in M-
dimensions. Quantum fluctuations drop the shapes to a lower energy level vacuum, creating a 
pocket of the universe with a different set of laws than the laws we are accustomed to. This 
happens not by chance because constants required to keep support of the landscape universe 
are within tolerances that defy chance occurrence completely.  

 
6. The quantum Multiverse category refers to the Many World Interpretation of Tagmark’s level 

3 Multiverse. Dr. Greene suggests that a new universe is created when diversion in an event 
occur on the basis of probabilistic behavior of the event due to its quantum nature.  

 
7. The holographic Multiverse is derived from the Holographic principle, which states that the 

description of a volume of space can be thought of as encoded on a boundary to the region-
imagined as a light-like boundary, a gravitational horizon. The principle was first proposed 
by Gerard t’ Hooft and it was given a precise string theory interpretation by Leonard 
Susskind who combined the ideas with the supposed property of quantum gravity. Another 
physicist, Kip Thorne, observed that gravity may emerge from a lower dimensional 
description of string theory, what would now be called as the holographic way. In simple 
terms, the theory states that the surface area of a space can gravitationally simulate the 
volume of the space. 

 
8. The simulated Multiverse exists on complex computer systems that simulate entire universes. 

There are several advantages of this definition of Multiverse. Since it is highly probable that 
we are not the only intelligent life in the universe, it is possible that there might be beings that 
are vastly more intelligent and capable than we. Such beings might have developed 
techniques to simulate universes, their stars, black holes, life, consciousness, and all on super-
powerful computer. The simulation might be so extensive that it allows simulating life and its 
behavior on a simulated universe possessing different laws and constants. Welcome to the 
world of The Matrix of simulated universes. 

 
9. The ultimate Multiverse contains every mathematically possible universe that function under 

different laws of physics. In physics and cosmology, the Mathematical Universe Hypothesis 
(MUH), is a speculative “Theory of Everything” (TOE) proposed by cosmologist Max 
Tagmark. His MUH implies: our external reality is a mathematical structure and the physical 
universe is mathematics in a well defined sense. The hypothesis also suggests that worlds 
corresponding to different sets of physical constants and initial conditions, or altogether 
different equations may be considered as equally real. Tagmark elaborated MUH into the 
Computable Universe Hypothesis (CUH), which posits that all computable mathematical 
structure exists in Godel’s sense [Z].  

 
It is evident that every individual person’s outlook affects the environment and the universe 

that the person resides differently. Therefore, the physical universe observed by us that exists in 
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reality is complex both in psychological and physiological sense. However, the complex nature of the 
universe is referred to with the physical dimensions of the universe at the present time. The physical 
dimensions describing the states of objects in the universe consists of real components as well as 
imaginary components. For instance each of the coordinates x, y, z and t in any frame of reference has 
a real value and an imaginary value (Section 4.6).  The real components of dimensions of objects 
represents a state of the universe as being real that correspond to the probability of unity for that state. 
The imaginary components of the dimensions of objects corresponding to a probability of less than 
one represents a hypothetically imaginary universe. 

 
 The state of universe and the trajectory of objects in the universe can be considered as in a 

quiescent condition, and the state of the universe is completely determined by Einstein’s GTR as per 
uniqueness of the gravity theorem, Section 8.5. When all living entities are either dead or when they 
did not exist GTR constants have stable definite values.  In reality, the condition and the state of the 
universe is continuously affected by actions of living beings. For example in a baseball game a 
pitcher throws a ball and a batter swings bat at the ball, affecting the outcome and state of the 
universe differently. Therefore, the state of the universe is perturbed by the forces of action from 
living entities besides the natural forces, such as the forces of gravitation, electromagnetism, and 
nuclear. So far we have discussed the factors which effect only real components of dimensions, as 
related to the motion of objects in the universe. 
 

Let us consider other interesting possibilities, such as the state of the physical universe being 
perturbed by the imaginary space, imaginary time, and the divine universe. The divine universe is 
purely faith based and there is no general proof that confirms its existence. Therefore, we will refrain 
from discussing the divine universe here, inasmuch as the issue is addressed in theological studies. 
Now, let us look at time travel from another viewpoint. According to postulates of Skylativity® theory 
the time is an invariant dimension. Therefore, time travel and the time offset of the universe is not 
feasible in a conventional sense. However, according to the principles of quantum mechanics, one can 
always compute the probability for a perturbed state of the universe being displaced spatially as well 
as temporally. Furthermore, in the Multiverse, beyond event horizon with infinite space, it is possible 
that spatially and temporally displaced identical universes could exists simultaneously. In this 
scenario, time travel may be feasible. Therefore, the general equation for the state of the  Multiverse 
should be represented by a complex function describing the models of many worlds (universes). 

 
It is apparent that understanding the scope of the Multiverse and the determination of the state 

of all universes in a Multiverse is an extremely difficult problem. Furthermore, it is very difficult to 
determine the parameters of the mass and the volume of the physical universe inasmuch as the 
composition of dark matter and dark energy is unknown. Despite these problems, there is a bright side 
and a hope to find the exact solution for the state of a Multiverse at any snapshot of the dimensional 
realm. If we represent the state of the Multiverse in complex domains, Einstein’s field equation 
provides a solution for the state of the real Multiverse, whereas Schrodinger’s equation could be 
applied to formulate a solution for the state of an imaginary Multiverse. The isolation of real domains 
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from imaginary domains is a great blessing in this model of the Quantum Multiverse that facilitates 
identifying different components of the Multiverse. 

 
WHAT IS NEXT? CHAPTER 14: SPACE EXPLORATION  

 Astronomy in 21st Century 
 Salient Features of Modern Telescopes 
 Particle Detector Design and Construction 
 Astronomer’s Toolbox 
 Space Exploration in Future 
 Future of Astronomy 
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13.9 Summary 

DEFINITIONS 
Astronomical Unit (AU): It is average distance of the Earth from the Sun which is exactly equal to 
149.5979 million kms or 93 million miles. The maximum distance of the Earth’s orbit from the Sun  
(at aphelion) is 152.1 million kms and the minimum distance of the Earth’s orbit from the Sun (at 
perihelion) is 147.1 million kms. The AU is primarily used as a convenient yardstick to specify 
distances within our solar systems. 
   
Light year: It is a unit of length that is most frequently used to measure distances of stars and other 
celestial entities on a galactic scale. International Astronomical Union had defined a light year as the 
distance traveled by light in vacuum in a Julian year (365.25 days or 31.5576×106 s) which is equal to 
9.461 trillion kms  or 5.8786 trillion miles 
 
Parsec: It is the largest unit of distance for measuring distances of celestial objects outside the solar 
systems. Parsec is defined as the perpendicular distance at which an observer’s line of sight located at 
1 AU subtends a parallax  angle of 1 arc s. 
 
Big Bang Theory: The theory about origin of universe that has been generally accepted since the 
1960’s. The theory claims that the universe began approximately 10 to 20 billion years ago in a state 
of enormous temperature and energy density.  It has since expanded, and cooled to its present state, 
and continues to expand. 
 

Grand Unified Theory: It is a model in particle physics in which at high energy, the four gauge 
interactions of Standard Model which define the gravitational weak, electromagnetic weak and strong 
and residual strong interactions or forces are merged into one single force. 
 
Horizon problem: It is a problem with standard cosmological model of big bang about large scale 
uniformity observed in the universe today. It points out that different regions of space were causally 
disconnected  because of exponential inflation and information transfer rate is limited by the speed of 
light. BBT model did not explain uniformity of temperature, Cosmic Microwave Background 
radiation from different regions of space separated by vast distances. Varying Speed of Light theory  
Skylativity® solves this problem. 
 
Flatness Problem: It is a cosmological fine tuning problem within the BBT model of the universe. 
The problem arises from the observation that some of the initial conditions of the universe appears to 
be fine-tuned to ‘special values’, parameters such as critical density of matter and energy very close 
to unity,  departing from one by one part in 1062 parts at the time inflation began.  Small deviation 
from this value would have had massive effects on the flat nature of universe at current time. 
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DEFINITIONS (CONTINUE) 
Hierarchy problem: On microscopic scale it is found that  gravity is 1040 times weaker than 
electromagnetism. The roots of weakness of gravity can be  traced to the large value of Planck mass 
or the smallness of Newton’s gravitational constant relative to the characteristic strength of weak 
interactions which set the energy scale of particle physics. Also, strong force is 1032 stronger than 
weak force, why? The disparity of scale of particle physics and gravity is known as hierarchy 
problem. The modern particle physicists solved the problem through Higgs Mechanism. 
 
Missing Mass Problem: Observed excess abundance of dark matter in the universe and galaxies over 
the visible matter (95% vs. 5%) is characterized as missing mass problem. At present, the 
composition of dark matter is unknown (composed of weakly interacting massive particles WIMPs.) 
but it’s prescience is detected by gravity effects. 
 
Magnetic Monopole Problem: A magnetic monopole is a hypothetical particle that is an isolated 
magnet which exhibits the effect of only one magnetic pole either North or South. Current 
understanding of elementary particle physics indicates that inflationary universe model and theory 
should have produced very massive magnetic monopoles, yet magnetic monopoles are not found. The 
disappearance of monopoles in the modern universe is called magnetic monopole problem. 
 
Singularity: Region of spacetime where physical variables become infinite, such as energy density, 
tidal forces, pressure, and world line of observer terminates. 
 
Inflationary Universe Model: According to the theory of inflation, the early universe expanded at an 
exponential rate for a fraction of a second after the Big bang. Cosmologist believes that the most of 
the matter in the universe was created during this period. This model solved all problems of BBT. 
 
Spontaneous symmetry breaking: It is a mode of realization of symmetry breaking in a physical 
system,  where the underlying laws are invariant under a symmetry transformation the system as a 
whole changes under such transformation, in contrast to explicit symmetry breaking. 
 
Phase transition: A change in the physical nature of the system that results in discrete transition of 
the system  to another state. 
 
Quantum Loop Corrections (QLC): Quantum picture of a particle or an event is complicated by the 
uncertainty principle that allows virtual particles to appear and vanish for a brief time during 
interaction. Therefore, any rigorous computation involving Feynman diagrams for quantum process 
should account for various possibilities. For instance, a photon in transition can fragment into electron 
and positron pair that quickly annihilate to a photon. Electron and positron pair in transit forms a 
quantum loop in Feynman diagram. The way in which this loop effects the calculation of particle 
energies in the end is called quantum loop correction. 
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DEFINITIONS (CONTINUE) 
Red shift: The light from distant stars and more distant galaxies has distinct spectral feature, a 
characteristic of atoms of gaseous matter around the stars. When these spectra are examined, they are 
found to be shifted towards the red end of the spectrum. A redshift of light occurs whenever stars 
move away from the observer else blueshift is observed. 
 
Brightness or Apparent Magnitude: It is measure of brightness of celestial entity as seen by an 
observer on Earth adjusted to a value it would have in the absence of atmosphere. The brighter the 
object appears the lower the value of its magnitude. 
 
Luminosity or Absolute Magnitude: Absolute magnitude is a measure of a celestial object’s 
intrinsic brightness, its luminosity. It is a hypothetical apparent magnitude of an object at a standard 
distance of  exactly 10.0 parsec from the observer, assuming no astronomical extinction of starlight. 
 
Distance Modulus: It is the difference between brightness (ideally corrected from the effects of 
interstellar absorption) and the luminosity of astronomical object. It is related to distance in Parsec. 
 
Baryogenesis: In physical cosmology, baryogenesis is a generic term for the hypothetical physical 
processes that produce an imbalance between matter and antimatter thus creating abundant amount of 
matter in the very early universe. 
 
Nucleosynthesis: Primordial Nucleosynthesis is the process that creates new atomic nuclei from pre-
existing nucleons, primarily protons and neutrons. The first nuclei were formed about three minutes 
after the Big Bang. Nucleosynthesis requires a high speed collision, which can only be achieved in 
nature at very high temperature. 
 
Interaction: It is a particular way in which matter, fields, and atomic and subatomic particles affect 
each other through a reciprocal action. Word interaction refers to any process that elementary 
particles can undergo which may involve scattering, decay, annihilation, and particle creation in 
presence or occasionally in the absence of a field. 
 
Coupling: In physics two systems are coupled if they are interacting with each other. Usually, when a 
particle interacts with another particle or a field some characteristics of the particle are changed. The 
extent of alteration in characteristic of a particle due to its motion in a field depends on the coupling 
between the field representing the particle and the interacting field. 
 
Classical Field Theory: The study of distribution of energy, matter, and other physical quantities 
under circumstances where the discrete nature is unimportant and may be regarded as continuous 
function of position. 
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DEFINITIONS (CONTINUE) 
Quantum Field Theory: The branch of quantum physics that is concerned with the theory of fields 
that is a theoretical framework for constructing quantum mechanical models of subatomic particles 
that accommodates discrete quantities associated with interacting particles. 
 
Higgs field: The Higgs field is an energy field that exist everywhere in the universe which gives mass 
to a particle or an object when it interacts with the field.  
 
Higgs boson: It is a native particle to Higgs field which interacted with the field in primordial times 
during exponential inflation of the universe after big bang that left the Higgs field in an excited state.  
 
Higgs Mechanism: The revolutionary idea from Peter Higgs that all particles in universe acquire 
their mass property as they interact with Higgs field. The quantity of mass associated is determined 
from the extent of coupling between the Higgs field and the interacting particle. The idea was 
validated when CERN confirmed existence of Higgs boson in March of 2013. 
 
Quantum Multiverse: The Multiverse is a theoretical framework in modern cosmology and high 
energy physics which presents the idea that there exist a vast array of potential universes which 
manifest their reality in some way.  There are number of types of potential universes –the many world 
interpretation (MWI) of quantum physics, brane worlds predicted by string theory, and complex 
universe. 

 
CONCEPTS AND PRINCIPLES 
Hubble’s Law  “The rate of recession or z-shift is proportional to the distance of the galaxy from the 
Earth in Parsec”. 
    v = H0 × d 
where H0 = 70 km/s/Mparsec is Hubble constant, d is distance in mega parsec and v is in km/s 
 
Stability in Infinite Universe  Our Universe is composed of a very dilute (widely scattered 
celestial objects) system of stars, galaxies, nebulae and supernovas which are in a constant state of 
motion caused by tug of war between the forces of gravity and dark matter. Therefore, in order to 
balance the potential and the kinetic energy composition, none of the objects in the universe can stay 
standstill at any time. Further, the dynamic state of celestial objects establishes an unique set of space 
time coordinates for all objects in the universe at all instances of time. 
 
Inverse Square Law  In physics, it is a physical law stating that a specified physical quantity or 
intensity is inversely proportional to the square of the distance of the source of that physical quantity. 
Examples are computation of intensity of light, and forces of gravity among objects. 
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ANALYSIS MODEL FOR PROBLEM SOLVING 
     

 Hubble’s law is combined with Doppler’s principle to find distance of stars and galaxies. 
Compute redshift by measuring shifted wavelength  of radiation from the source  
 
 Redshift  z = (0)0      then   d = z × c/H0  
 
where 0, unshifted wavelength of spectral-line 
  

 Estimate distance of stars using distance modulus equation in two forms. 
 

Logarithmic form: MA – MT = 5 log10(d) -5 and Exponential form: dA = 10(MA–MT + 5)/5  
 
For both formats, the apparent magnitude MA is obtained by comparing the measured 
brightness of starlight with a standard source of light, a candle. The absolute magnitude MT is 
determined by comparing luminosity of object with the Sun. First surface temperature of the 
star is measured by UBV photometry technique. Then absolute brightness (luminosity LT) is 
read from temperature vs. luminosity chart. We can calculate distance modulus  and 
distance from  

 
 = MA – MT  = 2.5 log10 (LT/BA)      and     dA= 10(+5)/5 

 
 
APPLICATION 
 

 Estimate parameters size, age, composition and the origin of the universe.  
 Determine distances of remote galaxies and distant stars from the Earth 
 Seek answers to questions. What are the sources of dark matter and dark energy? 
 Why remote giant galaxies are moving away from the Milky Way at astronomical rate? 

 
Exercises 
 
Questions 
 
 
A heart () denotes objective question and a question with a diamond ()  requires analysis. 
Answers to all questions () and (), and problems () and () are included at the end of exercises. 
 

1. Define the terms: Astronomical unit (AU), light year, and Parsec, which are frequently used 
to specify and measure distances of celestial objects stars and galaxies from the Earth. 
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2. State the experimental evidences that supported validity of Big Bang Theory model for the 
origin of the universe. What are the major problems faced by Big Bang theory? 

 
3. How was the Big Bang different from an ordinary explosion? Where and when in the 

universe did it occur? What is the cosmological principle? How is it justified?  
 

4. What does it mean when cosmologist say that we live in expanding universe? What is really 
expanding? What is meant by “the observable universe”?   

 
5. What is a main difference between “Hubble’s Inflationary” universe idea and “Beyond the 

Horizon” infinite universe suggested by this author? 
 

6.    Which of the following is not a problem with Big Bang theory model?  
 

(A)  Horizon  
(B)  Flatness  
(C)  Hierarchy  
(D) Missing mass 
(E) Point like and surface like defects 

 
7.   Which of the following parameters are essential for estimation of distance of remote stars 

from the Earth? 
 

(A)  Surface temperature only 
(B)  Brightness, Luminosity, and surface temperature 
(C) Apparent magnitude and absolute magnitude 
(D) Distance modulus 
(E) B or C or D 

 
8. State Hubble’s law of expanding universe. Explain how his law is employed for estimating 

distances of far away stars and galaxies. 
 

9. What is the inverse-square law? Use it to explain why the electromagnetic and gravity forces 
were unified prior to exponential inflation of universe in primordial times. Explicate the 
effect of inverse square law applied to light intensity computation by citing a simple example. 
 

10. Why is the magnitude scale called a “backward” scale? What is the difference between 
apparent magnitude, absolute magnitude, and distance modulus?  How it is applied for 
computing distances of stars and galaxies? 
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11. Would it be possible for a star to appear bright when viewed through a V filter or a B filter, 
but dim when viewed through a U filter? Explain.  
 

12. Explain why the color ratios of a star are related to the star’s surface temperature. Which 
gives a more accurate measure of a star’s surface temperature, its color ratios or its spectral 
lines? Explain.  

 
13. What are the most prominent absorption lines you would expect to find in a spectrum of a star 

with a surface temperature of (a) 25,000 K (b) 2800 K and (c) 5800 K (Same as the Sun)? 
Why stars at different temperature emit light of different colors even though they have 
essentially the same chemical composition. 
 

14. If a red star and a blue star both have the same radius and both are at the same distance from 
the Earth, which one looks brighter in the night sky? Explain why.  
 

15. You wish to determine the temperature, diameter, and luminosity of an isolated star. Which 
of these physical quantities are required to know the distance to the star? Explain.  

 
16. Derive the equation relating to proper motion, radial velocity, and tangential velocity.  

 
17. How much dimmer does the Moon appear from Neptune than from Earth?  

 
18. Define the terms: Symmetry breaking, phase transition, energy density, quantum field theory, 

coupling, baryogenesis, and Nucleosynthesis. 
 

19. Describe succinctly Higgs Mechanism. How all kinds of known matter acquire rest mass? 
Explain the role of Higgs mechanism in inflationary universe model. 
 

20. List major differences between original inflationary universe model and new inflationary 
universe model. 
 

21. Discuss various categories of Multiverse described by Cosmologists Max Tagmark and  
Physicist  Dr. Brian Greene. What is so unique about Quantum Multiverse model proposed 
by this author? 
 

22. What is the composition of dark matter? How it is different from visible matter? What is the 
cause of dark energy? Explain reasons for abundance of  both dark energy and dark matter 
over that of visible matter in observable universe.  
 

23. There is a strong possibility, a connection may exist between Higgs Mechanism and the 
mystery of dark matter? What experiment would allow to investigate the premise? Explain. 
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Problems 
 
A spade () indicates that solution of the problem demands research outside this text book.  
A club ()  denotes that solution of the problem requires substitution of values in a formula 
 

1.  For a galaxy moving away at 80% the speed of light, calculate the value of  the redshift z 
using Hubble’s Law.  
 

2.  The star Sirius has apparent magnitude -1.44 and another star Tau ceti has apparent 
magnitude +3.49. Which star appears brighter? From this information alone what can you 
conclude about the luminosities of these stars? Explain.  

 
3.  Suppose that a dim star were located at Five million AU from the Sun. Find (a) the 

distance to the star in parsecs and (b) the parallax angle of the star. Would the angle be 
measurable with present-day techniques?  
 

4.   Vega, the fifth brightest star in the night sky is located in constellation Lyra, has a parallax 
angle of 0.13 arcsec. How far away is the star?  
 

5.  Barnard’s star, a low mass red dwarf has a proper motion of 10.36 arcsec per year and a 
radial velocity of -111 km/s. (a) What is the star’s tangential velocity? (b) What is the star’s 
actual speed relative to the Sun? (c) Is Barnard’s star moving toward the Sun or away from 
the Sun? Explain. Assume that Bernard star has a parallax angle = 0.546 arc s 

 
6.  How far away is a star that has a radial velocity of +246 km/s, tangential velocity of 40 

km/s, and a proper motion of 0.08 arcsec/year. Find the space velocity of the star. 
 

7.  The space velocity of Aldebaran star in constellation Taurus is 188 km/s and its radial 
velocity is 54 km/s. Find the star’s tangential velocity.  

 
8.  Stars Deneb and Mimosa are both equally bright as observed from Earth. Deneb is 800 pc 

away while Mimosa is 80 pc (approximately) away. Which star has the greater luminosity 
and  how many times greater? Why actual value of luminosity is lower than calculated value? 
 

9.  Stars X and Y both have the same luminosity, but X is 40 pc from Earth while Y is 10 pc 
from Earth. Which star appear brighter as seen from Earth? How many times brighter is it?  

 
10.  Suppose two stars have the same apparent brightness, but one star is 20 times farther away 

than the other. What is the ratio of their luminosities? Which one has higher luminosity? 
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11.  The solar constant, equal to 1370 W/m2, is the amount of light energy from the Sun that 
arrives on 1 square meter of the Earth’s surface in 1 second. What would the distance 
between the Earth and the Sun have to be for the solar constant to be 10 W/m2.  
 

12.  The star Regulus has an apparent brightness of 5.2 × 10-12 that of the Sun. It is 25 parsec 
away from the Earth. What is the luminosity of Regulus? Give your answer as a multiple of 
the sun’s luminosity.  
 

13. The star Ross 248 has an apparent magnitude of +12.3 and a parallax angle of 0.316 arcsec. 
(a) Determine the absolute magnitude (b) Find the ratio of the luminosity of the star to the 
sun’s luminosity.  
 

14.   The blue star Deneb in the constellation Cygnus has a surface temperature about 1.5 times 
that of the Sun. Its luminosity is about 200,000 Lʘ. How does the Deneb’s radius compare to 
the radius of the Sun.  
 

15.   The Aldebaran star is of spectral type K5 and has a luminosity of 370 Lʘ. What is the 
star’s approximate surface temperature? How does its radius compare to that of the Sun?  
 

16.   Canopus is an F0 I star with a luminosity of 15100 times that of the Sun. The apparent 
magnitude of Canopus is -0.72. Determine the approximate distance from the Earth to 
Canopus in parsec.  
 

17.   Type 1a supernova resides in a distant galaxy. The distance modulus for this galaxy was 
determined to be +25. What is the distance of the galaxy from the Earth in parsecs? 
 

18.   The average radial velocity of galaxies in the Comma cluster is 7200 km/s. (a) Find the 
distance to the cluster using H0 = 70 km/s/Mpc. Provide your answer in Mpc and light years. 
(b) What would be the difference in the answer if the Hubble constant had a smaller value? 
(c) Explain what would happen if Hubble constant had a larger value.  

 
19.   A certain galaxy is observed to be receding from the Sun at the rate of 30,000 km/s. The 

distance to this galaxy is measured by distance modulus  and found to be 4.8×108 pc. What is 
the value of Hubble constant?  
 

20.   When we observe a quasar with redshift z = 0.7, how far into the past are we looking? If 
light from quasar reach us instantaneously, would it still look like a quasar? Explain. 

 
21. What redshift would be observed for an object receding from the Sun at 98% of the speed 

of light? Compare its values calculated using Doppler shift and relativistic shift equation. 
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22.   The quasar C-273 has a redshift z = 4.34. At what speed does this quasar appear to be 
receding from us? Express your answer in km/s and as a fraction of the speed of light c.  

 
23.   Suppose that an astronaut discovers a quasar with a redshift of 7.0. At what speed does 

this quasar appear to be receding from him? Express your answer in km/s and as a fraction of 
the speed of light c. Neglect the speed at which his spacecraft is travelling in space. 

 
24.   The lensed galaxy A1689-zD1 has a redshift z = 7.5. The light from this galaxy includes 

the Lyman-alpha spectral line of hydrogen, with an unshifted wavelength of 121.6 nm. 
Calculate the wavelength of detected photon on the Earth arriving from the galaxy. In what 
part of the electromagnetic spectrum does this wavelength lie?  
 

25.   The dark energy density parameter A is related to the value of the cosmological constant 
 by the formula A = 2c2/9H2

0 Determine the value of  if A = 0.7 and the Hubble 
constant is H0 = 70 km/s/Mpc. Assume usual value for the speed of light c.  
 

Answers to objective questions 
 

6. (E)  7.    (E)     

 
Answers to selected problems 
 

1. Z = -0.2  2.  Sirius is brighter than Tau ceti    3.(a) 24.183 Pc (b) Parallax .041 arcs  
4. 7.69 Parsec  5. Tangential velocity 89.9 km/s and space velocity = 142.85 km/s   
6. Distance 105.49 Parsec and space velocity 249.23 km/s 7. Tangential velocity 180 km/s 
8. Deneb is 100 times more luminous than Mimosa.  Deneb is the farthest and a fainter star than 

Mimosa. Absolute magnitude measured by other methods  indicate a ratio of 10. 
9. Star Y appears 16 times brighter than star X  10. Luminosity of farther star, 400 times greater  
11. 11.7 AU 12.  Luminosity of Regulus = 138.28 Lʘ   
13.  (a) Absolute magnitude  of the star 14.8  and (b) Luminosity  = 1.066 × 10-4 Lʘ  
14. 1006.23 Rʘ  15. Temperature 4500 K and radius 12 Rʘ 16.   95 Parsec  
17. 1 mega-parses 18.  102.86 mega-parsecs =  335.3143×106 lyrs 19.   H0 = 66.67 km/s/Mpc 
20. Observe 9.78 billion years back in time 21. Doppler shift z = 1.98, relativistic z = 8.95 
22. 2.79×105 km/s = 0.932 of light speed 23. 2.9056×105 km/s = 0.969 of light speed 
24. Wave length  = 1033.6 nm infrared 25. 1.8×10-52 m-2 
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In this final chapter we will study the application of the concepts related to radiation and 
gravity physics for successful deployment of space exploration projects. In lieu of this we shall 
explicate the principles behind the operation of four generations of telescopes that have employed 
different wavebands for signal reception in order to expand their viewing capabilities. It has been 
determined that there is a strong connection between the cosmic expansion of matter and the energy 
of particles prevailing at any stage of the expansion. We studied the details of particle colliders in 
Chapter 12, and we will extend our study by learning the construction of particle detectors built for 
the identification of the next generation of particles. For the past quarter of a century there have been 
significant advances in space technology as regards to deployment of satellites. Few satellites were 
designed to carry a telescope as a payload. Now, however, we have many telescopes orbiting the 
Earth, snooping our skies around the clock. We will discuss their role in the future of space 
exploration. In the last section we will fill the analytical background information necessary to 
complete an understanding of astonomical principles. 
 

In Section 14.1, we will explore different methods employed to study celestial objects in the 
universe. Significant advances in space technology at the end of the 1960’s and the success of Apollo 
missions landing humans on the Moon’s surface fueled an effort for a systematic study of stellar 
objects in the sky. This was a starting point for deployment of space-based telescopes placed at high 
orbiting altitudes where Earth’s atmosphere did not interfer with signals other than the visible 
wavebands. We will discuss the salient features of some techniques used to perform astronomical 
studies and compare the merits of various methods. In order to achieve our objective we will include 
some examples of telescopes operating in each waveband. We will characterize our comparisons for 
each technique on the basis of signal nature (waveband), the source of signals, the energy levels of 
particles responsible for the creation of signals, the temperature of the corresponding stellar source 
and the discoveries made on specific missions.  
 

In Section 14.2, we shall discuss the essential features of the Herschel Space Observatory 
launched by ESA, the Chandra X-ray Observatory from NASA, the Kepler Satellite Mission from 
NASA, the Hubble Space Telescopes from NASA, and the James Webb Telescope, a joint mission 
NASA, ESA, and CSA for assembly of different components. Also, we will describe construction 
details of land-based telescope facilities, such as the ALMA Radio telescope, the Keck telescope and 
the MAGIC in the Canary Islands. In our discussion, we will also include details on detectors and the 
types of recording devices employed in the design of  these telescopes. Since the general flow of 
information of all types of telescopes is similar, we will expound on the principal components in the 
development of a typical telescope system and its signal (information) flow by using the ALMA 
telescope as an example. Also, we will explicate the principle behind the Very Long Baseline 
Interferometry(VLBI) that allows us to increase the viewing (information gathering) capability as 
well as the range of telescopes. We will also tabulate the specifications and lifespans of these 
telescopes, and their discoveries.  
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Recall that during our study of black holes in Chapter 10 we realized that they are composed 
of quarks, the existence of which fundamentals have been confirmed by particle colliders.  Therefore, 
in Section 14.3 we will discuss the issues in the designing of sophisticated contemporary detectors 
that could have the potential of finding exotic particles, i.e. the graviton and so-called Weakly 
Interacting Massive Particles (WIMPs).  WIMPs are believed to be what comprises dark matter, 
which is a very hot topic of research in modern astronomy. We will explicate the salient features of 
the ATLAS detector and the Silicon Microstrip detector in LHC (Large Hadron Collider) at CERN, 
and the Super Kamiokande neutrino detector in Japan. 

 
Computations related to the beginning of Cosmos and the distances of celestial entities on 

astronomical scales involves the application of complex principles, such as Wien’s law of Black Body 
Radiation and Doppler Effect. Therefore, in Section 14.4, we will describe the tools used by 
astronomer’s that allows us to analyze sophisticated data acquired by advanced telescopes, those of 
which transmit and receive signals in various wavebands. First, we will describe the Small Angle 
Formula that allows us to estimate the actual size of a celestial object from its apparent size. Then, we 
will describe a coordinate system that is in place to specify space coordinates of stars and the period 
of rotation of planets around the Sun. Next, we will describe a step by step process to determine the 
velocity and distance of stellar objects by performing a spectrum analysis of received signals emitted 
from an object under study. Finally, we will explain the concepts of magnification for an optical 
telescope and the angular resolution of telescopes in general. Also, we will compare magnification, 
light capture ratio, and angular resolution of telescopes located around our globe. 

 
In Section 14.5, we will explicate the novel concepts of exploring space in the future. In 

particular, we will emphasize the use of extending the Very Long Baseline Interferometry (VLBI) 
technique to space-based telescopes. The principle is extensively employed in ground-based 
telescopes in order to expand the viewing range of the night sky. Further, it is confirmed that 
gravitational waves exist and should be detected, inasmuch as it could tell us much about the origin of 
the universe. We will comment on the current status of detection of gravitational waves. Also, we will 
explain why it is difficult to detect gravity waves in the first place. Moreover, we will explore the 
extent to which we can research dimensions known to us, and speak to the scope of research in 
dimensions unknown to us, such as the dimensions inherent in string theory.  We will also explore the 
so-called life-force.  

 

14.1 Astronomy in 21st Century 
 
Our knowledge of the absorption characteristics of Earth’s atmosphere near its surface (altitude 
approximately less than 20 km)  indicates to us that many kinds of energy waves, except radio and 
visible light (some infrared) frequency signals, arriving from distant sources are blocked by Earth’s 
atmosphere. In Figure 14.1, the response of Earth’s atmosphere to signals of different wavelengths is 
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compared. Hence, until 1945 astronomical research was confined within a small interval of 
wavelengths of 300-800 nm, with a corresponding black body radiation characteristic temperature 
range of 3000-10000 K. However, advances in space technology after the decade of the 1960’s 
allowed us to place telescopes at high altitudes where the atmosphere is transparent to signals of other 
wavebands. Thus, for the first time in the history of astronomy experts were able to perform 
measurements related to the properties of celestial objects by identifying signals in the waveband 
outside the visible range, wavebands such as X-ray, Gamma waves, Ultraviolet, and the full-range of 
the infrared spectrum. In the following we will systematically study the  discoveries made in the 
different categories of astronomy and their features.  

 
Figure 14.1 Transparency of the Earth’s atmosphere to radiations of different wavelengths.  

 

During this study our focus will be to compare signal characteristics of land based and space 
based missions, radio, x-ray and gamma wave, ultraviolet, infrared, cosmic ray, neutral hydrogen 
and molecular line, and optical. Also, we will discuss issues pertinent to the design of telescopes for 
each type of astronomy, and landmark discoveries made in past 50 years of the astronomical 
revolution. For a quick glance we will tabulate the results of our study. 

 

14.1.1  Radio Astronomy 

 
We begin with radio astronomy. Radio waves were the earliest type of signals detected after visible 
light to be observed by surface based telescopes, inasmuch as the atmosphere is transparent to radio 
waves. In the 1950’s, experimental evidence suggested that the sources of radio waves were 
synchrotron radiations emanating from ultra relativistic electrons spiraling out within magnetic fields 
produced by giant radio lobes extending far beyond the edge of parent galaxies. Subsequent research 
in 1960’s and 1970’s established that the sources of strong magnetic fields were the active nuclei of 
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large galaxies.  These galaxies expelled energy in the form of relativistic plasma jets within in a 
magnetic field. Simple calculations show that the quantity of energy necessary to power this source of 
radio emission must be energy equivalent to the rest mass energy of about 100 million solar masses. 
Let us look at some of the important discoveries made by radio astronomy and their significance. 
 
 The first discovery revealed a major new component of the Universe that had been previously 
unknown – relativistic plasma. It was found that supernovae were a source of relativistic plasma. 
Further studies in late 1950’s led to discovery of a new class of galaxy known as N-galaxies which 
have very bright star-like nuclei structures, within which there is a great deal of high-energy activity. 
The culmination of these studies resulted in the discovery of quasi-stellar radio objects (QUASARs) 
in the early 1960’s. A remarkable feature of quasars was that the “normal” starlight of the galaxy was 
completely overwhelmed by the intense, non-thermal optical radiation from the galaxy’s nucleus. For 
this reason these objects can be spotted at very large distances and provides an important diagnostic 
tool for cosmology. Further, the discovery of the double quasar 0957 + 561 provided convincing 
proof for multiple images created by refraction effect suggested by Skylativity® theory. Formerly, the 
images were thoughr to be caused by gravitational lensing effect postulated by Einstein’s General 
Theory of Relativity. In either case, these two quasars appear to be separated by only 8 arc sec and 
have identical spectra.  These are actually apparent images of a single background quasar with its 
light rays deflected by an intervening galaxy lying along the line of sight to the quasar.  
 

The third discovery was of the Microwave Background Radiation by Penzias and Wilson in 
1965, of which importance we have already discussed in Chapter 13 regarding the origin of the 
universe. The inherent radio waves of CMB radiation detected by modern telescopes are isotropic, 
meaning they are detected possessing the same intensity in all directions of the sky to a very high 
degree of precision and having an almost perfect black-body spectrum. The fourth discovery was 
made by Hulse and Taylor in 1970 of the close binary pulsar PSR 1913 + 16. This discovery was of 
particular significance inasmuch as accurate measurement of the arrival times of the pulses from the 
pulsar have shown that the system is losing energy at exactly the rate as computed by the principal 
energy loss processes of gravitational radiation by a rotating pulsar system. More recently, another 
pulsar was discovered with a period of 1 ms that has extraordinary stability. The fractional period of 
change, T/T, amounted to less than one part in 1013 over a period of one year. Therefore, pulsars 
provide astrophysicists a perfect natural clock and an ideal laboratory for many subtle tests of general 
relativity. 

 
Apart from the discoveries stated, one of the greatest predictions of modern radio astronomy 

was made by van de Hulst during the Second World War. He worked out which emission and 
absorption line were particular to each atom, ion and molecules that might be detected emanating 
from astronomical sources within the radio waveband. The most remarkable was that of neutral 
hydrogen line, which should emit at a 21 cm wavelength because of the minute change in energy 
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when the relative spins of the proton and electron within a hydrogen atom is altered. Although this is 
considered a highly forbidden transition, having a spontaneous probability for a given hydrogen atom 
of only once in twelve million years, the relative abundance of hydrogen in galaxies made it possible 
for detection. The line provides an excellent measure of the velocity fields inside galaxies. Analogous 
to neutral hydrogen lines, it was discovered that many molecular lines can be detected in the 
interstellar medium from the optical spectra of stars. In fact, the presence of ammonia, water vapor, 
and ethanol were identified through their molecular line emissions in the centimeter, millimeter, and 
sub-millimeter waveband. 

 
Figure 14.2 Radio telescope array at Atacama in Chile.  (a) Operation of a Radio telescope. (b) Atacama 
Compact Array (ACA) is a subset of 16 closely separated telescopes, four  12 meter and twelve 16 meter in 
diameter that combine the signals using VLBI principle to form a 66 meter diameter dish telescope. 

 
The above discoveries were made by land-based telescope facilities. Gratefully, the 

atmosphere is completely transparent to radio waves. In 1948 the world’s largest optical telescope at 
the time, the Hale Telescope, was built on the Palomar mountains in California. It has a mirror 5.1 m 
in diameter. Ever since the first telescopes appeared in 1600’s, the Galileo era, astronomers 
recognized that the larger the primary mirror or objective lens, the more light it can gather, and the 

          

          

(a) 

(b) 

Gamma waves 
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greater the detail it can resolve. Therefore, modern telescope technology utilizes sophisticated 
techniques, such as increasing the effective size of the primary reflector by combining segments of 
mirrors, as in the case of the Keck Telescope at Mauna Kea, Hawaii. Also used is a liquid primary 
mirror created by a slowly spinning pan of mercury as in the Zenith Telescope at Vancouver, Canada.  
 

In addition to expanding the physical size of the primary, a revolutionary technique called the 
Very Long Baseline Interferometry (VLBI) is employed in radio astronomy, which involves 
combining the signals from a detected source received by the objectives of several well-separated 
telescopes. In Figure 14.2, a Radio Telescope designed to work at a sub-millimeter wavelength has 
been built at the Atacama desert facility is displayed. The telescope array produces a 66 m dish that 
comprises sixteen 12 m and 7 m diameter antenna disks.  The natural extension of the VLBI 
programmers is to locate one of the elements of the VLBI array in space. Thus, very long baselines 
are obtained providing much more information gathering capability by the extended aperture plane. 
This is achieved because the satellite moves in its orbit relative to the stationary ground based 
telescopes. This is the goal of the proposed ESA QUASAT mission. Besides radio, signals of 
millimeter and sub-millimeter wave bands are considered for space exploration. However, sub-
millimeter wavebands can only be studied from space. To deploy research in the sub-milimeter 
regime the ESA in Europe is planning to sponsor a project known by the acronym FIRST (Far-
Infrared Space Telescope), and NASA in the USA to sponsor a project LDR, meaning Large 
Deployable Reflector. For both of these projects, large sub-millimeter telescopes will be placed in 
space. Next ,we will discuss infrared astronomy. 

 

14.1.2  Infrared Astronomy 
 
 
Telescopes for observing the sky at infrared wavelengths presents a unique opportunity, inasmuch as 
it offers a tantalizing view of the universe, supplementing the one seen in visible light. However, the 
development of infrared astronomy poses two distinct challenges. The first challenge is for infrared 
detection (range 30-350 m) is the Earth’s atmosphere. It is opaque to the infrared, which relegates 
observations to satellites outside earth’s aymosphere. This difficulty is overcome by the growth of 
sensing technology that detects signals of a wavelength within the range of 1 m to 1 mm. For 
convenience, the range is further subdivided into two partitions, 1) the 1 – 30 m, in which 
observations can be successfully made from the surface of the Earth, and 2) the 350 m – 1mm range 
the can be investigated by telescopes in space. The second problem is that the telescope and Earth’s 
atmosphere are strong emitters of infrared radiations. For instance, their radiation at room temperature 
(300 K) corresponds to a black-body radiation which peaks at wavelength of 10 m. Hence, under 
normal conditions the strength of signal from an astronomical object is so weak in comparison with 
the background radiation that it cannot be detected by an array of sensors on a telescope.  
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 To circumvent specified problems the normal procedure is to compare the signal from the 
source with the signal within the proximity of the telescope. It is assumed that even if a telescope is 
placed above the Earth’s atmosphere, there is background radiation emitted by the telescope and the 
satellite. Therefore, in order to minimize the effect of radiant heat from the telescope it is necessary to 
cool the telescope and its mirror to the lowest possible temperature. This was thereby done to 
suppress the effect of background radiation in the case of the Infrared Astronomical Satellite (IRAS) 
from NASA in 1983-83 (10 months, from Launched on January 25, 1983 to November 22, 1983) that 
was designed to explore the 10-100 m waveband. Fortunately, cooling telescopes in space is a small 
problem due to the low ambient temperature in space when the telescope becomes cooled to 4 K.   
 

Let us look at two important features of infrared astronomy. First, there is a great deal of dust 
in the interstellar galaxies in the form of atoms and molecules that are debris of supernovae. These 
dust grains become transparent to the infrared waveband, and hence it is possible to investigate deep 
inside the regions of space otherwise obscured at optical wavelengths. For instance, optical waveband 
signals arriving from the center of the Milky Way to Earth are attenuated by intervening dust by a 
factor of 1012, whereas at the infrared wavelength of 3 m the intensity is decreased by a factor of less 
than ten. Second, at wavelength longer than approximately 3 m, dust grains become strong emitters 
rather than absorbers of radiation. Therefore, signals from the deepest regions of space are readily 
detected at the 3 m infrared wavelength. 

 
Figure 14.3 View of Kepler Spacecraft with major components and subassemblies.  (a) Keppler Spacecraft. (b) 
Goldilock planets discovered by Keppler. 

Considering the advantages of infrared astronomy, ESA launched the Herschel Space 
Observatory on May 14, 2009, and NASA launched the Spitzer Space Telescope facility on August 
25, 2003. Among the greatest accomplishments of infrared astronomy were discoveries of the Trifid 
and the Helix Nebulae, and the discovery of brown dwarfs. After looking at the success of the Spitzer 
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project, NASA launched the Kepler Spacecraft to discover Earth-like planets orbiting other stars 
within our Milky Way galaxy. The mission was designed to survey local regions of space, which 
survey discovered more than sixty Earth-sized exoplanets that are known to have near habitable 
conditions. The spacecraft was launched on March 07, 2009 and continues to operate to date. In 
Figure 14.3, a photograph of the Kepler spacecraft with main components is shown. 

          
Figure 14.4 Exoplanets discovered by Kepler Spacecraft and their sizes compared with the size of the 
Earth and other planets in our solar system. . 

 
Other than the scientific advantages of infrared astronomy beyond rest of the astronomies, 

advances in detector technology has had a huge impetus on the future of infrared techniques. 
Development of sensitive semiconductor materials with narrow band-gaps, such as indium 
antimonide (InSb) and arsenic-doped silicon (Si:As), have revolutionized the sensing process. Further 
new materials for detectors, such as cadmium-mercury telluride (CMT), have increased sensitivity 
thresholds by ten. In addition to the higher sensitivity of new materials, 2-dimesnional arrays of 1024 
detectors have been employed in the design of both the imaging and the spectroscopy apparatus to be 
carried in space on telescopes orbiting the Earth. We will learn more about infrared telescopes in 
Section 14.2. Next we will study salient features of Optical Astronomy 

 

14.1.3  Optical Astronomy 
 
Despite advances in various astronomies, optical astronomy is by far the most popular technique 
employed with land based telescopes in directing space research, for several reasons. Prior to 1945, 
essentially optical astronomy was performed using photographic plates as sensors. For the period of 
the 1960’s thru 1990’s plates were steadily replaced by electro-optical detectors, i.e. charged couple 
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device (CCD) arrays.  The CCD detectors have achieved favorable rating in replacement as they are 
more efficient (quantum efficiency of 60-70% specified near the red end of optical spectrum, 500-100 
nm) in comparison with photographic plates that have an efficiency of less than 10%. Furthermore, 
CCDs have a linear response to the intensity of incident radiation, whereas photographic plates are 
non-linear in their saturation response at high levels of brightness.  A significant advantage of 
photographic plates over electro-optical sensors CCDs is that plates have a large field of view. Thus, 
photographic plates are useful when very wide field images of very long spectra have to be obtained. 

 
Figure 14.5 The Hubble Space Telescope in orbit shortly after serviced by Atlantis Shuttle mission in 2009. (a) 
Major components and subsystems  aboard HST. (b) Two of the many dazzling images of celestial objects  
taken by HST during past 25 years; The Eagle Nebula (M16) “Pillars of Creation” photograph captured by 
Wide Field Camera 3 (WFC3) and The Ant Nebula (Menzel 3)  image captured  by Wide Field and Planetary 
Camera 2 (Courtesy NASA JPL, Pasadena, CA). 
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What is the present status of optical astronomy in the era of the new astrophysics? The 
consensus is that it will continue to play a central role in space research. The fundamental reason 
behind this is that a large fraction of matter in the universe is composed of stars with masses within 
about ten solar mass and they emit a large portion of their energy in the optical waveband. Since stars 
are assembled into galaxies, the basic building blocks of universe, the stars are the best targets for 
studying the evolution and history of the universe. Furthermore, stars have long life times, they are 
the most readily observable objects in the universe, and often the distance of galaxies and nebulae can 
only be estimated from optical observation. Thus, whenever observations are made in a new wave-
band, it is often correlated with objects detected in optical wave-bands in the same region of the 
space. 
 A distinct advantage of the CCD array sensing is digital data such as sky subtraction and 
wavelength calibration can be subsequently processed by procedures that can be performed on 
computers very quickly, whereas analyzing data from photographic plates is a slow process. 
Furthermore, the field view is increased by using 1000×1000 picture elements of CCDs to alleviate 
the view size advantage of photographic plates. An obvious benefit of the optical band is that the 
atmosphere is completely transparent to signals of the entire visible spectra even on the surface of the 
Earth.  

 
Figure 14.6 Other noteworthy land based telescopes of Optical astronomy.  (a) Mount Wilson telescope in 
Pasadena, CA. (b) Mount Palomar Observatory on Palomar Mountains in San Marcos, CA  home for Hale 
telescope with 5.1 m diameter mirror and Samuel Oschin telescopes.  
 

Keeping all factors in mind, astrophysicists from NASA and ESA launched the Hubble Space 
Telescope on April 24, 1990 into space. The HST was designed from the outset to establish Earth’s 
true place in the universe, and is currently considered the most valuable tool for studying distant 
galaxies. It has made countless discoveries of unidentified objects in our solar systems as well as 
other star planetary systems and have identified many stellar objects of the Milky Way. A unique 
feature of HST is its onboard instrumentation that has the capability to detect signals from stellar 
objects in different wavebands while analyzing them simultaneously. Therefore, different images of 
same object can be produced from its data and compared for accuracy. In Figure 14.5 (a), a 
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photograph of Hubble Space Telescope in orbit shortly after it was serviced by the Atlantis Shuttle 
mission in 2009 is displayed. Also, spectacular images of the Ant Nebula and Eagle Nebula are 
shown in figure 14.5 (b). 
 

Besides HST in space, several land-based telescopes were built for optical waveband 
observation. Among all facilities, the Keck Observatory in Mauna Kea, Hawaii is the most popular 
that hosts Keck I and Keck II telescopes. A key component of both telescopes is the 10 m diameter 
mirror that is composed of 36 individual mirror segments, 1.8 m in diameter each. The segments are 
just 75 mm thick and are ground from a glass ceramic, a composite material called Zerodur that is 
coated with reflective aluminum. The telescopes are located at an elevation of 4215 m in order to 
minimize the effect of variation of the refractive index imposed by the atmosphere on received 
signals. Recently, in May of 2015, two major discoveries brought a great deal of fame to the Keck 
observatory. It was there that the first quadruple quasar was observed. Four rare, active black holes 
were observed situated in close proximity to one another and within an ultra diffused (fluffiest) 
galaxy. The quartet of black holes resides in one of the most massive structures ever discovered in the 
distant universe. The “fluffiest galaxies” are as wide as our own Milky Way galaxy – about 60,000 
light years, yet harbor few, only  1% as many, stars.  
 

In addition to the modern Keck I and II, two other telescopes, the Mount Wilson Observatory 
in Pasadena, CA and the other, the Palomar Observatory on the Palomar Mountains in the San Diego 
area deserve attention. These land-based telescopes in California are important because they 
discovered the first brown dwarf star and a dwarf planet called Eris. Both telescopes, the one at 
Mount Wilson Observatory (built around 1920s) and the other at the Palomar Mountains (built around 
1940’s) are the oldest telescopes that have served for the nearly a century and have made several 
crucial discoveries.  In Figure 14.6, photographs of the telescopes at Mount Wilson in Pasadena, CA 
and at Palomar Mountain in San Marcos, CA are displayed. Next we will explore features of 
Ultraviolet Astronomy. 

 

14.1.4  Ultraviolet Astronomy 
 
Ultraviolet astronomy is the observation of Planck waves at UV wave lengths between approximately 
10-350 nm. Shorter, higher energy wavelengths are studied by X-ray sensing devices while the longer 
wavelengths are examined from data gathered within the visible regime. Radiation at UV wavelength 
is completely absorbed by the Earth’s atmosphere, so observations must be performed by telescopes 
located above the atmosphere in space. In view of this fact, UV spectrographs were carried on the 
International Ultraviolet Explorer (IUE) mission that was launched on January 26, 1978, a 
collaborative project of NASA, the UK Science Research Council, and the ESA. When the mission 
ended in September 30, 1996, it was considered the most successful astronomical satellite project 
ever achieved. Astronomers made over one-hundred four thousand observations using the IUE 
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consisting of objects ranging from solar system bodies to distant quasars. Among the significant 
results of the data from IUE were the first large scale studies of stellar winds and accurate 
measurements of the Supernova 1987A. 
 

Exploration in the  UV waveband is important inasmuch as a wide range of common 
elements could be studied due to the fact that their strong resonance transition falls within the UV 
spectral region. Among these absorption spectral lines, the lines of deuterium are of great 
cosmological significance. It is believed that deuterium was synthesized at the same time as 
hydrogen, perhaps in the early stages of the hot Big Bang. Also, active galaxies and quasars are 
particularly strong emitters of the UV waveband due to the invisible radiation emanating from 
deuterium nuclei. Therefore, the UV waveband is explored in concert with optical astronomy, such as 
the HST.  The HST may be thought of as a super-IUE with about 30 times the collecting area with the 
capacity for deep imaging, using both a wide-field planetary camera and a faint object camera. 

 
 The UV waveband (120-300 nm) is extensively studied by the IUE, but the shorter UV 
wavelengths ( < 120 nm) remain unexplored. There are a couple of reasons why this is a relatively 
difficult waveband for astronomical observations. First, there is a technology issue of constructing an 
efficient telescope due to the fact that most materials are strong absorbers of incident radiations that 
are shorter than 120 nm. There are few usable materials out of which spectrograph mirrors with 
normal incidence optics can be constructed. Pure Aluminum is one possible material, but because of 
oxidization, the mirror would have to be coated with aluminum in space. Second, the interstellar gas 
is opaque to radiation of wavelengths less than 91.2 nm, which restricts targets available for study. 
Next we will study features of X-ray astronomy. 
 

14.1.5  X-ray Astronomy 
 
 
X-ray astronomy is a branch of astronomy that deals with observation and detection of X-rays 
emanating from astronomical objects within the .008-8 nm waveband. X-ray radiation is absorbed by 
the atoms and molecules of gas in Earth’s atmosphere, so for instruments to detect X-rays they must 
be taken to high altitudes above the atmosphere on rockets, or must be stationed on satellites. The first 
systematic effort to map the sky utilizing X-ray astronomy was performed by a dedicated X-ray 
satellite UHURU Observatory, launched in 1970. Two remarkable discoveries resulted from the 
UHURU mission. The monitoring of variable X-ray sources by detectors on the mission had 
established the fact that X-ray emitters are eclipsing binary star systems. In a number of these cases, 
the X-ray binaries were found to be ‘pulsating’ X-ray sources. Subsequently, they were identified as 
pulsars, and some of them exhibited a rotating magnetic field, as is manifested in neutron stars 
(Chapter 10). The source of energy for X-rays is the in-fall of matter being transferred from the 
primary star of the binary to the secondary star through a process known as accretion. 
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Figure 14.7 NASA’s Flagship mission, Chandra X-ray Observatory. (a) Modules in Chandra X-ray 
Observatory (b) Remarkable discoveries from the Flagship mission:Eagle Nebula, Supernova remnant RCW 86, 

Tarantula Nebula and black hole at the center of galaxy SN 1979C.(Credits: J. Vink et al.) 

Other discoveries made were in extragalactic astronomy, where the nuclei of active galaxies 
appeared to be disposing of variable X-rays due to the emissions of ultra relativistic gas. It is deduced 
that X-rays are associated with the diffused hot gas forming in clusters within galaxies that have 
temperatures within the range of 107–108 K. The emission process is thermal free, Bremsstrahlung 
(meaning “Braking Rays,” produced by an abruptly deflected high energy electron by an atom) that 
was confirmed by the observation of very highly ionized iron lines from a gas cluster. It is estimated 
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that the mass of hot intergalactic gas has as much mass as that of visible matter in the clusters; i. e. 
about 1014 solar masses. The mass of clusters form a deep gravitational potential well in which the 
temperature of its gas rises to such a degree that it emits X-rays. Inspired by the success of the 
UHURU mission, the Einstein X-ray Observatory (HEAO-2) was launched in 1978. It provided a 
sampling of high resolution images of many X-ray sources, as well as making very deep surveys in 
small regions of sky. 

 
Visualizing the successes of the Einstein X-ray Observatory mission, NASA launched the 

Chandra X-ray Observatory on July 23, 1999, a telescope specifically designed to detect X-ray 
emissions from objects within very hot regions of space that included such objects as exploded stars, 
clusters of galaxies, and matter surrounding black holes. The observatory orbits the Earth above the 
atmosphere for sensing X-rays from a variety of energy sources, otherwise these emissions would be 
absorbed by the atmosphere. The observatory was designed so that instruments can be upgraded or 
repaired for improvement in resolving power at a later date. Therefore, the observatory rotates around 
the Earth in an elliptical orbit at a distance of 133,000 km at its apogee and 16,000 km at its perigee. 
The Smithsonian's Astrophysical Observatory in Cambridge, MA, hosts the Chandra X-ray Center 
that operates the satellite, processes the data, and distributes it to scientists around the world for 
analysis. 

The Chandra X-ray Observatory (CXO), NASA’s flagship mission, was formerly known as 
the Advanced X-ray Astrophysics Facility (AXAF) and is, by far, the most sensitive observatory, 
capable of detecting X-ray sources at a 100 times fainter perspective than any other previous 
telescope. Because of the observatory’s immense power, it has made some of the most remarkable 
discoveries of white dwarfs in local galaxies, information of the nature of dark matter and dark 
energy, and of unique events found in clusters of remote galaxies. In Figure 14.7 (a), modules of the 
Chandra X-ray Observatory is shown, and in Figure 14.7 (b), remarkable photographs of discoveries 
made by the mission are included. Next we will describe the nature of Gamma Wave Astronomy. 
 

14.1.6  Gamma and Cosmic Waves Astronomy  
 
Gamma wave astronomy is the astronomical observation of Gamma rays, the most energetic form of 
Planck waves, having photon energies within the range of 100 KeV – 1 TeV. Gamma waves in low 
energy ranges MeV are generated in solar flares, a common local event in our solar system. However, 
at high energy ranges of several GeV, sources in association with intergalactic nuclear activity amidst 
interstellar gas are found. Gamma ray emissions from the plane of the Milky Way were first detected 
by the OSO III satellite (Orbiting Solar Observatory) in 1967. Following this event, the SAS-2 
satellite (NASA’s second Small Astronomy Satellite) discovered the diffuse gamma ray background, 
and the COS-B satellite (9 August 1975 to 25 April 1982) provided a detailed map of galactic gamma 
ray emissions. Together the satellites shared discovery of pulsars in the Crab and Vela supernova 
remnants and the quasar 3C 273. It is determined that at high photon energies in excess of 100 MeV, 
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the principal emission mechanism is the decay of neutral pions created by collisions between the 
nuclei of atoms of interstellar gas and cosmic ray protons. 
 
 Another fact discerned was that at lower energies, a non-thermal inverse Compton process, a 
Bremsstrahlung (“Breaking Rays”), made predominant contributions to the background gamma-ray 
emissions. Two important Gamma Wave lines were discovered by the HEAO-C satellite, one being 
the electron-positron annihilation at 511 KeV and the other a 1.809 MeV line of radioactive 
aluminum. Recently, ultra high energy ( = 1011-1012 eV) gamma-rays are detected by a remarkable 
ground-based technique. Unlike optical light and x-rays, gamma waves cannot be captured and 
reflected from the mirrors of a telescope. The high energy gamma photon will pass right through such 
a device. Instead, gamma ray telescopes use a process called Compton scattering, wherein a gamma 
wave strikes an electron and looses energy, analogous to a cue ball striking an eight ball in the game 
of billiards. Gamma rays at these energies initiate a small electron-photon cascade in the upper 
atmosphere due to an absorption of energy by the electron. In the collision event electrons gain so 
much energy that their velocities exceed the speed of light within air (super-luminous), and 
consequently, they emit optical Cerenkov radiation. The optical light emitted by these showers is 
detected at sea-level by simple telescope arrays. 

 
Figure 14.8 Gamma Wave Space Observatory FGST mission. (a) Launch vehicle Delta II 7920 H  rocket. (b) 
Panoramic view of the Earth and the Sky from Fermi Gamma Wave Space Telescope.(Credits: NASA) 

Cosmic ray astronomy is a natural extension to Gamma wave astronomy insomuch as the 
energy of a cosmic ray may exceed Tera electron volts. Though the name Cosmic ray suggest that 
they are some form of radiation, in reality they are subatomic particles travelling at a speed that is a 
significant fraction of the speed of light. A Cosmic Ray Observatory is a scientific installation built to 
detect cosmic rays from space. The cosmic rays typically include protons, electrons, photons, and 
some heavier nuclei, as well as anti-matter particles. About 90% of cosmic rays are protons, 9% are alpha 

https://en.wikipedia.org/wiki/Alpha_particle
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particles, and the rest are other particles. Although Cosmic radiations were discovered as long ago as 1912 by 
Hess, the astrophysical understanding of the origin and propagation of these particles had to wait until the 
1960’s when it was possible to place particle detectors in space carried on a satellite. The observatories 
launched in the 1960’s established many crucial facts about the particles detected in the cosmic radiation 
regime. First of all, it was confirmed that the energy spectra of cosmic ray particles are exactly the same as the 
typical spectrum of high energy particles inferred to be present in both Galactic and Extragalactic non-thermal 
radio sources. Second, within the region of the energy spectrum that is unmodulated  by the propagation of the 

particles to the Earth, the energy spectra of cosmic ray particles (  1009 eV) can be described by the 
transport equation in simplified form 
 
 N (E) dE = K E– dE        (14.1) 
 
where N is number of nuclei or particles received by a detector through an injection process, E is the 
energy of particle and  ≈ 2.5.  This relation is applicable for protons, electrons, and nuclei with 
energy in the range of 109-1011 eV.  

 

Figure 14.9 Twin Telescopes at MAGIC Observatory (a) Each telescope has image gathering area of 236 m2 

and is situated in La Palma at Canary Island . (b) The Crab Nebula Pulsar Shrugs: a composite image of center 
of the Crab Nebula; where red represent radio emission, green corresponds to emission in optical waveband, 
and blue region is a formation from X-ray emission.(Credits: MAGIC, HST, CXC, NASA, and NSF) 
 

The direct relation implies that the relativistic gas could be present in interstellar space for 
two reasons. First, the galactic cosmic-ray emissions are attributed to the decay of neutral 0 created 
in the collision of a cosmic ray proton and atomic nuclei. Second, the synchrotron radiation of cosmic 
ray electrons are detected in the radio waveband. Further studies on chemical composition of the 
cosmic ray sources reveal that they are similar to the abundance of the elements found in the Sun. 
Thus, observations of cosmic rays are significantly important to the high energy astrophysics 
community. They are the only particles that we can detect that have traversed a probable distance of 
ten million light years. Furthermore, they are among the rarest of particles by virtue of the fact that 
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they went through accelerated events, such events as supernovae explosions that may have created 
pulsars in the recent past.  

 
Considering the value of information that can be obtained from Gamma wave and cosmic ray 

astronomies, two missions were deployed for research. The first mission was the Fermi Gamma Ray 
Space Telescope (FGST) on an Observatory that was launched on June 11, 2008 by NASA. The 
mission formerly known as Gamma Ray Large Area Telescope (GLAST) is a joint venture among the 
agencies of NASA, US DOE, and the government of France, Germany, Italy, Japan, and Sweden. The 
FGST includes two scientific instruments, the Large Area Telescope (LAT) and the Gamma wave 
Burst Monitor (GBM). A panoramic view of the Earth from the FGST in space, Figure 14.8(b), and 
the launch vehicle Delta II rocket, Figure 14.8 (a), are displayed.  Among the greatest landmark 
discoveries of the FGST missions were the detection of Gamma wave and X-ray bubbles around the 
Milky Way galaxy that span about a 25,000 light years distance above and below the center of the 
galaxy. The second discovery was of the Pulsar in the CTA 1 supernova remnant that is known to 
sweep the Earth every 316.86 milliseconds and is about 4600 light years away. 

 
Figure 14.10 Portfolio of NASA’s Astrophysics missions and roadmap. 

 
A major application of IACT is in monitoring Cherenkov radiations created from showers of 

Gamma wave bursts from Active Galactic Nuclei (AGNs). Since Gamma wave bursts travel vast 
distances of millions of light years and are easily detected by telescopes on the Earth, Cherenkov 
radiations provides a convenient way for tracing the origin of the universe. Several cornerstone 
discoveries were made by the MAGIC mission. The most  striking discoveries were Crab Nebula and  
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NGC 2031 & 1512 
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supernova SN 1987 A 
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107-1012G Hz 
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1M-1B K, 2 K Chandra x-ray observatory/NASA-S 07/23/99-86487/5999-1.2 M 
Tarantula nebula, Dwarf & 
Centaurus A galaxies, and 
supernova remnant 

Gamma Wave/ 
1009-1014G Hz and  > 

20 M – 300 G/ 
/1A-0.1mA 

>10B K, 2 K Fermi Gamma Ray Telescope (LAT)-S 06/11/08-536/553-detector 
Scintillator Calorimeter 

Pulsar, MW gamma and x-ray 
bubbles, greatest GRB 

Cosmic ray > 
1013G 

25 G-30 T/ 
1mA 

>10B K, STP MAGIC Telescope, La Palma 
Canary IS-L 00/07/09-2.2-17 M Crab Pulsar, Quasar 3C279, 

Cerenkov radiation 
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the quasar 3C279. We will discuss more on the construction and performance issues of MAGIC in the 
next section. In Figure 14.9 (a), a telescope pair at MAGIC Observatory on the Canary Islands is 
displayed, and a composite image of Crab Nebulae is shown in Figure 14.9 (b). 

 
So what have we learned so far from our discussion on different astronomies? Considering 

the diversity of sources and detectable signals from astronomical objects, astrophysicists must take 
advantage of the entire range of the energy spectrum to resolve the mysteries of cosmological 
problems. For example, black holes can only be assessed indirectly by the interplay of gravity on 
objects nearby. Therefore, the existence of these obscured entities must be validated by performing 
detection observations for signals on different wavebands. In Table 14.1, we have compared features 
and accomplishments of various astronomies for your ready reference. Furthermore, in Figure 14.10, 
a roadmap of missions by NASA in the full spectrum waveband is displayed. We will now investigate 
the built-in features, the construction and specifications, of telescopes designed for space exploration.  

 
 

14.2  Features of Modern Telescopes 

 
 
In this section we will describe unique features of telescopes placed in space, as well as those that are 
situated on the surface of the Earth. Features of telescopes are categorized by their construction and 
the array of instruments they utilize. For telescopes on the Earth, the viewing area is set by the 
aperture, the size of its objective lens or mirror. Even so, with land based observatories, the mapping 
of the sky is limited by the horizon distance.  Hence, new techniques have been continuously 
developed to extend the field (viewing range) of  telescopes. 
 

 In the case of space-based telescopes orbiting the Earth, orbits of these satellites are 
intentionally designed to follow a specific trajectory. Further, the trajectory is adjusted for 
compensating any variations and drifts in instruments.  It is then possible to map entire sky from 
space-based telescopes. Moreover, in space the effect of the refractive index variation on images of 
objects is completely eliminated. To alleviate the horizon restriction on land-based observation, very 
long baseline interferometer technique is employed using multiple participating research facilities. 
Several telescope facilities operating on the same waveband are employed on different continents 
around the globe. The composite information and imaging these produce are collated into one product 
derived from different observatories synchronized in time. However, the VLBI is only useful for 
detection of radio wavebands, inasmuch as Earth’s atmosphere is opaque to other wavebands, as 
before mentioned. We will now explore the intricate construction details of telescopes of land-based 
observatories, namely the ALMA, Keck and MAGIC, as well as the space-based missions of the 
HST, CXO and the JWST. Also, we will compare performances of each of these telescopes.  
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14.2.1  ALMA Radio Telescope 

 
The field of view of stationary telescopes on the surface of the Earth is expanded in two ways. First, 
we can use a larger aperture lens or mirror and further increase the size of mirror by building a large 
mirror from many small mirrors, a composite mirror.  In the case of a composite mirror we can 
achieve greater information gathering capability by increasing the size and a desired (shape) focal 
length. Furthermore, we could improve clarity of images by adjusting the position of smaller mirrors 
in a composite setting. In such a design the small mirrors are of same size and are fabricated from 
light weight material such as aluminum. In astronomy employing the VLBI technique to gather data 
from many telescopes some thousands of miles apart, scientists combine the data to form one 
composite image.  Both methods discussed are extensively employed for mapping stars, nebulae, and 
galaxies in the sky as they examine the signals within the entire spectrum of wavelengths. This 
system works well in space as well as on land-based designs.  

 
Figure 14.11 ALMA Radio telescope (a) Principle behind the operation of a Radio wave  telescope. (b) Signa 
flow in a typical telescope system design and functional description of principal modules.  
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In general, telescopes of all wavebands operate on a very similar basic principle. The front 
end of the telescope is composed of a radiation sensing mechanism, such as an antenna dish, as used 
by radio wave astronomy, a large parabola shaped mirror for observation of visible light, a CCD array 
spectrometer for X-ray imaging, and aluminum coated mirrors in the case of gamma wave detection. 
The information sensing apparatus is followed by a high resolution camera section to keep a 
permanent record of the raw data gathered, producing an unaltered image of the received signal. Next 
the signal is transferred to an amplifier that feeds the data to a computer. The computer processes the 
data and displays it on a monitor. All signal data are stored on a mass storage digital medium, a disk 
or tape. A simplified view of the operating principle is depicted in Figure 14.11 (a) and a flow chart 
of the telescope data collating system is shown in Figure 14.11 (b). Often the computer produces a 
feedback signal to modify dish orientation for improving the quality of the image. Let us learn more 
on design considerations and performance of the ALMA telescope.   
 

At the start, the ALMA project was designed to operate at wavelengths of 0.3 to 9.6 mm. 
ALMA consists of fifty 12 meter antennas and a “Atacama Compact Array (ACA),” which is 
composed of four 12 meter antennas and twelve 7 meter antennas. By spreading these dishes over a 
distance of up to 18.5 km, ALMA achieves the resolution equivalent of a telescope with a dish of 18.5 
km in diameter. The resolution of ALMA is better than that of the Hubble telescope by a factor of 
ten! Quantitative data reports for ALMA indicates a spatial resolution of 10 milli-arc seconds (10-7 
radians) and demonstrates capability to image sources that are arc minutes to degrees across at one 
arc second resolution. The real value of Radio astronomy is realized by its ability to detect the 
presence of very cold sources, those that cannot be sensed at other waveband signals. Recent 
discoveries of molecules of HCN and dust within comets ISON and LEMMON, as well as the images 
of proto-planetary formation in the constellation of Taurus has justified the investment on the project. 
Next we will discuss features of Keck telescopes in Hawaii. 

 

14.2.2 KECK Telescope 

 
Throughout history new technologies have evolved to increase and sustain the desired growth of a 
telescope’s aperture, or its information gathering capability. Formerly, lens with large diameters were 
extensively employed to increase the signal gathering area in their design. However, it is impossible 
to support lenses of a diameter greater than a meter due to weight limitations. Furthermore, a lens will 
absorb some ingathered radiation, which leads to chromatic aberration. In contrast, reflector 
telescopes made with highly reflective ingathering mirrors can be supported with relative ease. These 
are engineered to track objectives by compensating for Earth’s axial and orbital motion in real time. 
But single-mirror reflector designs also have limits. One disadvantage large monolithic glass mirrors 
demonstrated was that it took long periods of time to adjust to temperature changes the night would 
bring, affecting their ability to remain focused. Keeping in mind these specified limitations, Keck 
telescopes were designed to extend their performance beyond any other land based observatory. 
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Figure 14.12 Keck telescope, Mauna Kea Hawaii (a) Details of components and path of light through Keck  

telescope. (b)  Photograph of Keck telescope in operation showing spider frame which supports telescope tube. 
 

The technique of maintaining the desired shape of a mirror surface is called active optics. The 
Keck observatory is situated at an ideal location, at the summit of Mauna Kea, Hawaii at altitude of 
4215 meters. At this height the air is thin, the sky is dark, being well isolated from city lights where 
observations can be made within both the optical and infrared wavebands. Also, the Keck telescope’s 
unique design employs 36 individual glass mirror segments, which together, under the control of a 
computer, maintain a single precise hyperbolic surface accurate to within a millionth of an inch. The 
position of the each of the 36 mirror segments is adjusted twice a second. 
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The resolving power of each telescope is improved by a technique called Adaptive Optics, 
which serves to “un-twinkle” the stars. The method uses a small computer-deformable mirror in the 
telescope’s final primary light path, just before it enters the camera and other instruments. Based on 
the electronic inputs generated from a bright “guide star” through the mirror, near the target being 
observed in the sky, signals fed to the instruments are freed from the real-time deformations caused 
by the turbulence in the Earth’s atmosphere. The adaptive optic technique is nearly as good as placing 
the telescope in space, inasmuch as the refractive index variations are practically eliminated from the 
observed signals.  

 
Additionally, a second telescope, the Keck II, virtually identical to Keck I, was built to permit 

interferometric observations, using both telescopes. The idea was to achieve a resolving power of a 
telescopic system that is equal to a single telescope with an aperture of the distance between the two 
Keck telescopes; 85 meters. In Figure 14.12 (a) construction details of the primary mirror and 
assembly of the structure of one of the Keck telescopes is displayed. Also displayed is the 
comparative size of the telescope and a human in Figure 14.12(b). We will describe path of incoming 
light at various reflecting points in the design, and the accomplishments of the Keck observatory.  

 
The path of incoming light passes through five stages before it enters imaging electronics. 

1. Light arriving from a target is reflected by the concave surface of the hyperboloid 
primary mirror, converging on the convex secondary mirror. 

2. It is then reflected by the secondary to the tertiary mirror. 
3. Next the light is reflected by the tertiary and achieves focus at an instrument at one of 

two possible Nasmyth focal points, or… 
4. with the tertiary mirror removed, focus is achieved at an instrument behind the 

primary mirror at the Cassegrain focal point. 
5. Finally, a provision is made for mounting four additional instruments through 

Elevation Ring structure, where instruments can be mounted on platforms. Light can 
be focused on any of the four instruments by rotating the tertiary mirror.  

For processing data, the instruments on the Keck telescopes are designed to operate in the 
visible wavelength range between 0.3 to 1.0 micron, the infrared band between 1.0-27.0 microns, and 
adaptive optics in the range between 1.0-5.0 micron, the infrared signals. A primary advantage of 
land-based observatories compared to telescopes in orbit, is the mass restrictions on instruments that 
are mounted on the assembly. Land-based assemblies have far fewer restrictions. Therefore, Keck 
telescopes have a plethora of spectrographs and cameras employed to observe and analyze the stream 
of data routinely gathered. The spectrographs are Multi-object Spectrographs designed for Infrared 
Exploration (MOSFIRE) and the Deep Extragalactic Imaging Multi-object Spectrograph (DEIMOS). 
Together they can gather the spectra of 1200 objects at once from 130 galaxies in a single exposure. 
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The telescope has another OH-Suppressing Infrared Imaging Spectrograph (OSIRIS) for use with the 
Keck I adaptive optics system that operates near infrared wavelength.   

 
The observatory has two spectrometers, the High Resolution Echelle Spectrometer (HIRES), 

which breaks up incoming light into component colors, and the Near Infrared Spectrometer 
(NIRSPEC) that studies the motion of stars within radio galaxies at a very high redshift.  
Furthermore, the telescope carries Near Infrared Cameras (NIRC and NIRC-2) so sensitive that they 
can detect a single Candle flame on the Moon. The two instruments combined, with use of baseline 
interferometry, give an effective angular resolution of 5 milliarcseconds at 2 m, and up to 25 
milliarcseconds at 10 m signal wavelength. Some of the great discoveries by the Keck Observatory 
include the first evidence of brown dwarfs, the Goldilock planet Gilese 981g, the fluffiest galaxies, 
and a quasar quartet. Next, we will discuss construction issues and the performance of a Gamma 
Wave  telescope, MAGIC.  

 

14.2.3 MAGIC Telescope 

 
The MAGIC telescope, with its mirror surface of 236 m2, is the largest and the most advanced 
Cherenkov telescope in the world. It can boast the largest threshold and the highest sensitivity in the 
-wave energy domain of 200 GeV. The basic concept of MAGIC is that it offers a large surface for 
information gathering that records the Cherenkov light produced by cosmic -rays by a camera with a 
much higher sensitivity than previous systems of this type. This is achieved, in part, due to a larger 
aperture, sporting a reflector 17 meters in diameter, and a camera with better light sensitivity than 
previously employed, as well as a high signal-to-noise ratio. Its composite reflector surface has 974 
individual mirrors (49.5×49.5 sq cm), each quartz coated on a diamond milled aluminum plate 
surface, reflecting more than 85% of light at  = 300-650 nm. 
 

The surface is the external face of a very light-weight sandwiched material honeycomb, 
mechanically robust and incorporating an internal heating system in order to avoid dew and ice 
formation. The mirror tiles are fixed on 1 m2 panels that ride on an active mechanical orientation 
system. The active mirror control system, attenuated by the use of precise laser assessors on each 
mirror panel, permitting real-time correction for the mechanical distortion of the system. The laser 
assessors are directed by a computer program that simultaneously adjusts the position of all segments 
to maintain a perfect parabolic shape. By these means distortion caused by temperature variations and 
other causes is precisely compensated.  

 
The gathered Cherenkov light is reflected by the aforementioned mirrors directly into a 

camera located on a focal plane where the laser-pointer assessors also reside. The camera occupies a 
cylindrical volume of 1.2 m diameter and a 0.5m depth that is entirely built of aluminum that holds a 
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hexagonal matrix of about 580 photo-sensor cells optimized to make the most of incoming light. Each 
cell is fabricated from a light concentrator of a special kind, a “Winston Cone”, designed to optimize 
the light transmission to a hemi-spherical photocathode. This optimization allows light rays to cross 
the photo surface more than once, increasing photoelectric conversion efficiency up to 30%. This 
efficiency is further increased by treating the external surface of the photocathode with a special 
wavelength-shifting lacquer that re-emits the light towards the photo-sensor peak quantum efficiency 
wavelength and, at the same time, traps the light rays, increasing the photoelectric conversion 
probability.  
 

 
Figure 14.13 Views of MAGIC telescope during its construction phase. (a) The parabolic shaped surface 
reflector is the largest of its kind built for any astronomical application, reflector area 236 m2. (b) A front view 
of the MAGIC camera showing inner and outer pixel light concentrator arrays, Barcelona Spain. 
 

The photo-sensors are composed of a matrix, an array of 576 multialkaline photocathode 
photomultiplier tubes (PMT). Each PMT is integrated into a pixel that includes a high speed, low 
noise transconductance amplifier, a system of anode current monitorization, and a complex, high-
voltage distribution and regulation system. Each pixel provides high-precision fast pulses of less than 
2 ns  (at full width of half-maximum), with less than a quarter of the photoelectron noise and over 60 
db dynamic range. The high speed and precision of these pulses is crucial in discriminating the 
Cherenkov signal generated from -waves and the signals from the ambient light and cosmic-ray 
background. The camera has two sections: a high-resolution inner section equipped with 0.1 in. 
diameter photomultipliers, and an outer section with 0.2 in. diameter photomultipliers, resulting in a 
total field of view of almost 4.  A cutout view of the MAGIC telescope during its construction phase 
is displayed in Figure 14.13 (a), and the front view of the camera is shown in Figure 14.13 (b). Let us 
touch the bases on the performance aspects of MAGIC Observatory next. 
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Figure 14.14 The sensitivity of MAGIC telescopes is compared with that at other installations. (a) The expected 
and the measured sensitivities are compared with the Crab Nebula flux (Courtesy of Oxford Journals, Volume 
46, Issue 6). (b) A front view of the MAGIC telescope with laser pointers on, to adjust the position of individual 
mirrors. 

At present, the generation of instruments, both on the ground as well as in space, has allowed 
the observation of -waves within the whole energy spectrum from one GeV up to hundreds of TeV, 
except for the energy interval between 20 thru 200 GeV.  MAGIC was the first initial design 
constructed with instruments for the observation of -waves within this energy interval (20 – 200 
GeV) to fill the gap in the research. The Cherenkov telescopes could observe objects with a redshift 
up to z = 0.1. MAGIC I and II telescopes were specifically designed to observe radiations from 
Active Galactic Nuclei (AGN) with a redshift of z = 3.0. We have compared the benchmark and 
capability of MAGIC with other similar telescope in Figure 14.14 (a). From the figure it is evident 
that the measurement of flux from the Crab Nebulae matched the expected goal with a great success. 
After more than one year in operation of the telescope verifying improvements by many scientific 
measurements and observations of well established sources (eg. Crab SNR and Markarian AGNs) 
Astrophysicists were satisfied. Next, we will describe fascinating space-based observatories, namely, 
the Hubble Space Telescope, the Chandra X-ray Observatory, and the future generation of telescopes 
as exemplified by the James Webb Telescope and the NuStar mission. 

 
 

14.2.4 Hubble Space Telescope 
 
The Hubble Space Telescope (HST) is a magnificent telescope that was launched in to low Earth orbit 
in 1990 with intentions to upgrade onboard instruments for specific purposes of improving 
performance at a later date and for repairs. Although Hubble is not the first space-based telescope, it 
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is one of the largest and the most versatile inasmuch as it came into operation at the right time and in 
right place where it continues to remain in operation, and remains so until perhaps 2018 or later. 
HST’s splendid performance is primarily attributed to the plethora of payload instruments it carried. 
Hubble space telescope includes five main types of instruments: a Faint Object Camera (FOC), a 
Wide Field/Planetary Camera (WFPC), a Faint Object Spectrograph (FOS), a High Resolution 
Spectrograph (HRS), and a High Speed Photometer (HSP). Let us explore the details of each of these 
instruments. 
 

The Faint Object Camera was built by ESA as an instrument designed to operate in the 
optical as well as the ultraviolet wavebands. The camera is capable of capturing images over a broad 
spectrum from the ultraviolet to the near infrared wavelengths. The FOC is equipped with two 
different detector systems. The incoming signal is filtered to isolate specific wavelengths, which 
would then be passed on to designated detectors for processing and recording . The data is 
subsequently digitized for transmission to the Earth in the 122 nm to 550 nm wavelength range. The 
FOC was developed for viewing a narrow field of faint objects at vast distances, in contrast to the 
Wide Field and Planetary Cameras, constructed to observe a large field. The instrument was proposed 
by professor James Westphal of the California Institute of Technology and was built by NASA’s JPL. 
The device is made up of two separate cameras, each employing four 800×800 pixel CCDs 
manufactured by Texas Instruments in Dallas, TX. The Wide Field Camera was designed to capture 
panoramic views of distant sources, while the Planetary Camera was created to capture higher 
resolution images of planetary objects within local star systems. The cameras operate on a signal band 
within a 115 nm to 1000 nm range.  

 
Analogous to conceptual setup of planetary camera’s, the HST has a pair of spectrographs; 

faint object and high resolution which analyze characteristics of incoming light to determine an 
object’s physical and chemical properties. The FOS was built by Martin Marietta. It was designed to 
break down information from light gathered by HST into chemical composition, temperature, 
magnetic field and other properties of source objectives. The instrument uses a pair of digicon red and 
blue detectors capable of operating in either a high resolution or low-resolution mode. It can make 
spectroscopic observations across a broad spectrum of radiations between a near UV to a near IR 
range. However, it typically functions within the 115 nm to 850 nm signal range. The High 
Resolution Spectrograph was manufactured by Ball Aerospace & Technologies Corp. A primary 
difference between FOS and Goddard High Resolution Spectrograph (GHRS) is that the latter is 
focused strictly on UV spectroscopy within the 115 nm to 320 nm wavelength range. 

 
The final variety of instrumentation is the High Speed Photometer (HSP). HSP was designed 

and built at the University of Wisconsin, Madison. The instrument had no moving parts (except for 
the filter wheel) and was capable of performing very high speed photometric measurements between 
the near UV to the optical wavelength. It was equipped with four image dissector tubes and a 
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selection of 23 broad-band and narrow-band filters that can screen signals ranging from 120 nm to 
750 nm. Its aperture offered three different fields of view, a 0.4 arc second, a 1.0 arc second, and a 
10.8 arc seconds. The instrument was capable of making up to 100,000 measurements per second.  
Since the instrument had no moving parts, directing radiations from the target objective through the 
correct set of filters and apertures required only aiming the entire telescope that could take more than 
30 seconds. 

 
Figure 14.15 Inside the Hubble Space Telescope. Five family of instruments: Faint object camera, Wide field 
and planetary camera, Faint object spectrograph, High resolution spectrograph and High speed photometer. 
  
 The major feature of the Hubble Space Telescope is that it can be repaired in space. This 
turned out to be a great asset when the mission suffered its first setback. Immediately after the 
telescope was placed in orbit, it became obvious that there was a flaw in the construction of its main 
mirror that prevented the optical system from focusing properly. The causal problem was traced to a 
spherical aberration defect caused by an incorrectly ground edge on the mirror. The result was the 
light that was being reflected by the aberrant edge of the mirror onto the secondary mirror did not 
coincide with the light being reflected from the primary’s central area, clouding the image being 
reflected to the secondary. To alleviate the problem, on December 02, 1993, the Space Shuttle 
Endeavour conducted the first ever servicing mission. The initial primary goal of the mission was to 
correct the flawed optics and the faulty mirror. Instead of repairing the mirror in space, NASA 
officials decided to replace it with a new unit that incorporated corrective optics, as well as other 
enhancements that included better UV performance and the use of more advanced sophisticated 
detectors. The Astronauts of the mission also replaced the HST’s solar arrays, gyroscopes, and 
magnetometers, and upgraded onboard computers. 



Space Exploration          765 
 

 After the great success of the first servicing mission for Hubble, NASA decided to launch 
four other Hubble service missions over a period of a dozen years starting in the year 1997. The 
second servicing mission involved replacing the FOS with the next generation of spectrographic 
instrumentation called the Space Telescope Imaging Spectrograph (STIS). They also replaced the 
HRS with an instrument called the Near Infrared Camera and the Multi-Object Spectrometer 
(NICMOS). The STIS is a combination spectrograph and camera, designed to operate on a broad 
spectrum of radiation from the near IR to the UV wavelengths. It was equipped with special two-
dimensional detectors capable of collecting 30 times more spectral data and 500 times more spatial 
data than the previous spectrograph on the HST.  
 
  The third servicing mission (SM3) was an unscheduled emergency repair mission that was 
executed following the failure of three of HST’s six gyroscopes. The wisdom of splitting SM3 into 
two phases became evident. For Christmas, in the year 1999, Hubble received a face-lift: six new 
gyros, a more powerful main computer, another solid-state data recorder, a more sophisticated FOS, 
an improved battery system, and better guarding thermal insulation. In March of 2002, the second 
phase of SM3, Astronauts aboard the Space Shuttle Columbia replaced the FOC with a new device 
called the Advanced Camera for Surveys (ACS). The ACS featured a large detector area and three 
cameras capable of recording wavelengths from the UV to the near IR. The Wide Field Camera, 
equipped with a 16-megapixel detector that operates in the 350-1100 nm spectral range, is designed to 
search for galaxies that date back to some of the earliest times of the universe. The High Resolution 
Camera (HRC) within ACS is designed to take the finest detailed high resolution images of celestial 
objects, such as galaxies, star clusters, and gaseous nebulae.  SBC, the Solar Blind Camera increases 
its sensitivity to UV light, particularly in the 1150 to 1700 Angstrom range, using a Multi-Anode 
Microchannel Array (MAMA), similar to the one used in the STIS.  
 
 The final Hubble servicing mission SM4 commenced when on May 11, 2009. The Space 
Shuttle Atlantis took off for the last trip to HST. The Atlantis Astronauts replaced Hubble’s failed 
primary data gathering unit called the Science Instrument Command and the Data Handling Module 
(SIC&DH). Also, the crew installed two new instruments, the WFC3, which replaced WFC2, and the 
Cosmic Origin Spectrograph (COS). In addition to this, they repaired the STIS and the ACS. Further, 
the crew replaced all six of the HST’s nickel-hydrogen (NiH2) batteries, installed a refurbished fine 
guidance sensor and a new outer blanket layer of insulation panels. They also installed a device called 
the Soft Capture and Rendezvous System (SCRs), which will allow a future manned or robotic 
mission to recover the HST when it reaches the end of its life. Let us disclose the top seven scientific 
triumphs of the HST in the past 25 years. 
 
 HST resolved a compendium of seven facts as it relates to Cosmology, and provided 
thousands of stunning images of glorious entities within the vastness of the universe. During its 
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lifetime, Hubble Space Telescope had made so many discoveries that it is difficult to select its 
greatest. But we will try to identify the seven most valuable areas which had the highest impetus.  

1. Hubble Space Telescope helped to establish the nature of Dark matter and Dark energy. Our 
common sense knowledge tells us that gravitational attraction of all the matter in the universe 
should cause cosmic expansion to slow down. However, Hubble’s law posits the observation that 
the universe is expanding at an accelerating pace. Present studies indicate that a mysterious force 
caused by Dark energy repels vast galaxies away from each other that fuel expansion of the 
universe at an ever increasing rate. It is speculated that Dark energy is contained in empty space, 
a sort of false vacuum (Section 13.7). Another possibility, it is suspected that Dark energy arises 
from Dark matter which is comprised of Weakly Interacting Massive Particles (WIMPs) the 
existence of which is not confirmed. 

 
2. The Hubble constant is a measure of the current expansion rate, and its value is inversely 

proportional to the age of universe. Observations made from HST determined value of Hubble 
constant, expansion rate, and the age of universe. The current best estimate for the Hubble 
constant is 73 km per sec per Mpc 1%. 

 
 
Figure 14.16 Cosmic star formation rate density vs. Redshift z, the age of universe. Orange data points 
correspond to dust extinction corrected model from Bouwens et al. (Courtesy Dan Coe et al. The Astrophysical 
Journal Volume 762, Number 1). 

3. It revealed information on the rate at which stars are formed. The space telescope has carried out 
several deep observations of small regions of sky. Each deep field in Hubble’s view exposed 
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thousands of galaxies. Given that the cosmos appears to be homogeneous and isotropic – the 
same at every location and in every direction – implies that the observable universe holds a few 
hundred billion galaxies. One key result is the interpolation of how fast the universe as a whole 
creates new stars as a function of distance, or cosmic time. The data taken by the space telescope 
suggests that star formation rates peaked at a redshift of around 2 degrees which corresponds to a 
look-back in past time of 10 billion years. The result implies that the star formation rate was at its 
highest near the beginning of time, about 400 million years after the universe was born, 
corresponding to a z-shift of 2.0 (Figure 14.16). 
 

4. HST confirmed that at the center of most galaxies black holes exist. The space telescope has 
shown that essentially every galaxy that has a bulge of stars at its center hosts a supermassive 
black hole. These black holes range in mass from perhaps as low as few tens of thousands of solar 
masses as in the case of dwarf galaxies, to a few billion solar masses as in large galaxies. More 
significantly, Hubble observations revealed a strong correlation between the relative speeds of the 
stars in the galaxy’s central bulge (the velocity dispersion) and the mass of the black hole. The 
conclusion is the velocity of dispersion depends on the mass of the bulge.  The relationship has 
vital implications for understanding galactic evolution. It demonstrates that a galaxy with a black 
hole at its center do not evolve independently. Rather, the masses of the stellar bulge and the 
black hole grow in conjunction. Hubble has also directly photographed a host galaxies with 
quasars, validating unambiguously that the engine driving quasars resides at the center of 
galaxies. 

 
5. The most phenomenal contribution by Hubble arrives in the form of a clear separation between 

the dark matter and the hot ordinary gas present in colliding galaxy clusters. Data from HST 
indicate that the ordinary gas in the clusters of galaxies collide when they are sufficiently close 
and form shock waves while the dark matter passes through without any EM interaction. Hubble 
has observed the separation phenomena in the Pandora’s Cluster (Abell 2744), the Bullet Cluster 
(1E 0657-56), and the MACS (J0025.4-1222). Scientists consider this to be the best evidence for 
the weakly interacting nature of dark matter. Understanding nature of dark matter is important, 
and yet a most difficult problem. 

 
6. As its name implies, dark matter neither emits nor absorbs electromagnetic radiation. We can 

infer its presence only through its gravitational effects. It is found that on the scale of a single 
galaxy, stars and gas clouds move too rapidly for the gravitation of visible matter alone to hold 
them bound in their galactic orbits. The same argument is valid for galaxies moving within 
clusters, which would have disperse quickly without dark matter’s shepherding force. Dark matter 
constitutes about 85 percent of the universe’s mass and provides a supporting framework on 
which nature erects its visible large-scale structures. Hubble experts employed Einstein school of 
thought, the phenomenon of gravitational lensing. They believed that the gravity of dark matter 
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surrounding a galaxy cluster would distort light from more distant objects which allowed them  to 
create the largest three-dimensional detailed map of dark matter’s distribution in the universe. 
From Skylativity® perspective, the dark matter would shepherd gas atom molecules and fine dust 
to remain in orbit around the galaxy cluster. The atmosphere of galaxies in cluster would in turn 
become a refracting medium through which background radiations would pass and are detected 
and analyzed to create detailed map of the universe. 

 
7. Re-ionization in the early universe is one area in which Hubble’s capability to detect luminosity 

of fainter objects is tested to its limits and is beyond the resolution of the instruments it carries. A 
few minutes after the Big Bang, the universe was filled with a hot plasma composed mainly of 
protons and free electrons, the ionization era. As the cosmos expanded and cooled, it reached a 
point some 380,000 years later at which it went through a phase transition. Protons and electrons 
combined to form neutral hydrogen atoms. With the electrons atomically trapped, the universe 
became transparent to light and radiation. The phase transition marked not only the birth of the 
cosmic microwave background but also the beginning of the dark ages. During the dark ages no 
source of light yet existed. When the universe reached an age of about 100 to 200 million years, it 
started forming stars, its reionization era. One of the key questions in modern cosmology is the 
identity of the main energy source responsible for reionization.  

 
 Astronomers think that these earliest stars produced UV radiation that, perhaps with the 
help of X-rays emitted by binary pulsar systems reionized the cosmos. By the time the universe was 
about a billion years old, this reionization was complete. It is conceived that by reaching back in time 
when the universe was about 500 million years old, the various Hubble deep fields have explored the 
galaxy population well into the reionization era. Assisted by some reasonable assumptions about the 
fraction of photons capable of ionizing hydrogen atoms escaping from infant galaxies, and the 
clumpiness of the intergalactic medium at these early times, the following conclusion is drawn. The 
studies showed that if stars forming galaxies would have fully ionized the universe, the population of 
these stars must extend to luminosities fainter than Hubble can detect. The task to find answers to the 
reionization energy source is left to the upcoming James Webb Space Telescope (JWST), because it 
will be able to explore radiation arriving from such faint objects. 
 
 In the final category, Hubble’s discoveries apply in analyzing the atmospheres of so-called 
Exoplanets that have Earth like atmospheres and other significant biosignatures. The biosignatures 
include molecules such as oxygen, ozone and water vapor within Exoplanet’s atmosphere. Further 
signs of life produced by plants (photosynthesis) and other biological processes occurring (bacteria 
acting as catalysts) are looked for on exoplanetary targets. Observations of transitioning exoplanets 
having orbital planes lying edge-on to our line of sight have been detected possessing several 
biometric atoms and molecules in their atmospheres. Here is how the contents of atmospheres on 
exoplanet’s are studied. 
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During a primary eclipse, when a transitioning Exoplanet slides in front of its star, a small 
fraction of the star’s light must pass through the planet’s atmosphere. Analyzing the spectrum of this 
stellar light has reveal the presence of certain elements in that gaseous envelope, a signature. This is 
how Hubble discovered sodium in the atmosphere of a planet cataloged by the name HD 209458b. In 
another set of observations the telescope detected hydrogen, carbon, oxygen, and water vapor in a 
planet’s atmosphere. Hubble also detected water vapor in the atmosphere of HD 189733b. 
Furthermore, Spitzer researchers have detected water vapor in an exoplanetary atmosphere during a 
secondary eclipse, when the planet slides behind the star. In this technique, physicists compare 
signatures of the combined light of the star and of the planet (when the planet is in the view, in front 
of the star) and the light of the star alone (when the planet is behind the star). The difference in 
signature allows to identify the emissions characteristics of the orbiting world’s atmosphere. Both 
Hubble and Spitzer have also discovered clouds in the atmospheres of several exoplanets including 
Kepler-7b, and GJ 1214b.  

Next we will study the construction details of a proto-generative observatory, the James 
Webb Space Telescope (JWST). An exclusive look at the nuts and bolts of the world’s largest space 
telescope is presented by K. Haynes in Astronomy [U]. The James Webb Telescope was designed to 
be a unique masterpiece of its kind in modern times, modularly designed and built by a consortium of 
experts from several nations. Every module is critically tested repeatedly to eliminate the possibility 
of failure inasmuch as it will be located far away from the Earth, removing our capability to easily 
reach it for service and repairs. You might be inclined to think that the JWST will be the last 
generation of telescopes in space. However, astronomers are already planning to deploy a High-
Definition Space Telescope (HDST), as a successor to the JWST. The HDST reception capability will 
span 12m diameters. That is twice the size of the JWST. While JWST will focus on the infrared 
portion of spectrum, HDST will have capability to operate in the IR, optical and UV spectrum. 

14.2.5 James Webb Space Telescope 

JWST is considered truly a new generation observatory of its kind. It has several enhancements 
compared with its predecessor, the HST. The launch of the observatory is scheduled in 2018, and will 
send the largest off-planet telescope ever constructed into space. We will review the construction of 
the JWST and we will state the objectives of the mission and discuss the capabilities of the numerous 
payload instrumentation that it will carry into space. The telescope is designed to scan the sky in the 
near to mid infrared wavebands, allowing it to study very distant galaxies and emissions searching for 
the first radiation in the universe invisible to human eyes. Let us look at the salient features of the 
telescope. 
 It is the intention of the sunshield of this complex telescope that it reflect the infrared 
radiation (heat) of the Sun and Earth away from the sensitive instruments that are required to operate 
at sub-cryogenic temperatures for detection of very low amplitude signals from remote objects. 
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Another worrisome aspect of the JWST mission is it will be launched into a region of space identified 
as the second Langrangian point, or L2. The Webb will lie around a million miles from the Earth, 
which will make it virtually impossible to have any access for a servicing mission in the future. 
Therefore, scientists and engineers will test and retest every component and subsystem in each and 
every stage of manufacturing and assembly, doing their best to assure that JWST will survive beyond 
its expected minimum mission life time of 5½ years. 

 
Although the Webb telescope is an international venture, NASA bears overall responsibility 

for the mission. The scope’s iconic primary mirror is composed of 18 individual mirror segments 
each weighing 20 kg. A robot arm will lay the segments side by side to produce a full mirror of 6.5 m 
diameter giving it an appearance of an enormous honeycomb. The mirror rests on a sturdy spine 
known as a backplane. Webb’s backplane will support 3400 kg of telescope optics and instruments. 
Also, it will hold the mirror itself in space and meet the requirement of a steadiness down to 1/2000, 
the diameter of bond wire (approximately of size one thousandth of an inch) on a microchip. The 
backplane is composed of advanced composite material that does not warp at extremely low 
temperatures. Satisfying weight considerations the mirror segments are coated with a strong but light 
weight beryllium material, making the mirror’s overall weight just a tenth of Hubble’s. Its special 
construction allows it to align the 6.5 meter mirror to a precision of 1/10,000 the thickness of human 
hair. Furthermore, the wave-front sensing and control system will align the 18 separate mirrors 
continuously so that they maintain the desired overall shape in cold temperatures. 

 
Figure 14.17 Model of James Webb Space Telescope, the designated successor to Hubble Space Telescope that 
will explore the era of first stars,  trace the assembly of early galaxies, and examine the details on birth of stars.   
 

Webb’s design required eight brand-new technologies, all of which required their own 
development and testing. At the heart of Webb’s design is the Integrated Science Instrument Module 
(ISIM) that carries four scientific instruments: the Fine Guidance Sensor/Near-Infrared Imager and 
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Slitless Spectrograph (FGS/NIRISS), the Mid Infrared Instrument (MIRI), the Near Infrared Camera 
(NIRCam), and the Near Infrared Spectrograph (NIRSpec). A crucial element to the success of the 
Webb mission is its sunshield, used to passively cool the telescope. The shield is coated with a special 
silicon that reflects the heat away from the five-layer telescope. Once the JWST aims at an object, the 
relatively weak IR signals arriving from the target hit its segmented hexagonal mirror. The mirroring 
will focus these weak rays on low noise detectors for creating an image of the source. 
 
 At this time it is premature to describe the performance and capability of JWST’s 
instruments, inasmuch as many of these instruments are in their developmental stage. However, it is 
anticipated that it may finally be possible to find the answer to one of the greatest questions of all 
time: Is there a life elsewhere in our universe? The JWST will house a total of 18 primary mirrors, 
making it a hundred times more powerful than the HST. Hence, the new telescope will be able to 
observe very remote objects emitting faint signals. Scientists are expecting to find and document new 
planets.  Collectively, the 18 mirrors produce primary mirror with effective diameter 6.5 m, as 
previously stated, giving the telescope an aperture area of 25 m2 and an optical resolution of 0.1 arc-
seconds. Although projects like the JWST mission costs billions of dollars, it is worthwhile since 
several of the innovations developed after the inception of the project have made their way to other 
projects with resounding successes.  
 

Next we will discuss the details of the pioneer missions; the Chandra X-ray Observatory and 
the NuStar Project, whose telescopes operate within the X-ray band. It turns out that black holes and 
neutron stars are prime sources of x-rays and are not observable within any other wavebands since 
they do not emit signals at infrared, visible or ultraviolet frequencies. The design of detectors to sense 
and create images of objects releasing x-rays poses a unique challenge. Therefore we will discuss the 
details of Chandra Spacecraft, its telescope and payload of scientific instruments to a great extent in 
the following section. 

 

14.2.6 Chandra Observatory and NuSTAR Mission 
 

For thousands of years Astronomers used only their eyes to survey objects in the sky. Although 
human eyes and telescope lenses are tremendously valuable tools they may gather astronomical data 
from only one type of electromagnetic radiation, namely visible light. Astrophysicists quantify the 
energy of radiation in units called electron volts, eV. Visible light has an energy range of 1.6 eV to 
3.4eV.  As space technology evolves new detectors, such as the Charged Couple Device (CCD), were 
developed to detect higher energy radiations other than visible light. During the past two centuries 
spanning from the years of the 1800’s through the year 2000, astrophysicists have learned to detect 
infrared, ultraviolet, micro, radio, x-ray, and gamma waves. Scientists had managed to study all forms 
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of radiations. However, they have had problems resolving clear images of high energy X-rays (energy 
range 3 keV to 79 keV) through Earth’s atmosphere, it being generally opaque to X-rays. 
 
 Let us ask a very important question; Why do we need to explore space using X-rays? We 
could answer the question in the following way. The neutron star and the black hole are some of the 
most difficult objects in the sky to observe. Black holes lack emissions of visible light and are 
therefore invisible by their very nature. While neutron stars, while have intensely glowing surfaces, 
are so tiny that they are impossible to spot unless the a pulsar jet associated with it channels its 
radiation towards us. However, the presence of a companion star to either a black hole or a neutron, a 
binary system would render detectable emissions. In that scenario, the intense gravity of these 
monsters may be strong enough to extract matter from a companion star onto itself. Matter spiraling 
toward the center of, say, a black hole form an accretion disk that is heated to millions of degrees, 
causing it to emit X-rays. These X-rays are detected by the project champion designers of Chandra 
and NuStar. Next we will discuss the hardware and telescope system of Chandra, and the scientific 
instrumentation it carried into its elliptical orbit.  
 
 Chandra’s hardware is comprised of three main parts: the spacecraft that deployed it into 
space, the telescope system that detects x-ray signals from remote sources, and the scientific 
instruments that record and analyze signals for imaging. The spacecraft provides the support structure 
and conditions necessary for the telescope and the scientific instruments to function as an 
observatory. The telescope system consists of four pairs of mirrors and their support structure. 
Scientific instruments operate to record as accurately as possible the wavelength, position, and energy 
of the incoming x-rays in order to make an x-ray image and study other properties of the source, such 
as temperature. Let us describe the operations of each component system in more detail next.  
 
 

14.2.6.1  Chandra’s Spacecraft 
 
The spacecraft provides motion to the observatory for positioning. Chandra has two different sets of 
thrusters: one for propulsion and the other for momentum unloading. The propulsion thrusters were 
used immediately after launch to help propel Chandra into its final orbit, which is elliptical and at a 
very high in altitude. The momentum unloading thrusters are periodically used to apply torque to 
Chandra and, thereby, lower the accumulated momentum in its reaction wheels, which are used to 
control Chandra's altitude. To control the temperatures of critical components, Chandra's thermal 
control system consists of a cooling radiator, insulators, heaters and thermostats. It is particularly 
important that the temperature near the X-ray mirrors be well controlled to keep the mirror in focus. 
The temperature in many parts of the spacecraft is continually monitored and reported back to 
mission control. 
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There is no single operating temperature of Chandra; there is a great deal of variation. One of 
the coldest parts of the spacecraft is the Advanced CCD Imaging Spectrometer (ACIS) focal plane, 
regulated at -120 C. It gets passively cooled by the ACIS radiator facing straight out into cold space 
and is colder than -120 C. The High Resolution Mirror Assembly (HRMA) is held at a very stable 
temperature, at a balmy 71 F to within about a 1 degree F (+ −). Other parts of the spacecraft have 
wild temperature swings, For instance, the Fine Sun Sensor (which is mounted on the sun-facing 
exterior of the spacecraft) goes from around 30 F to nearly 200 F, sometimes within a few hours! 

 
Chandra's electrical power comes from its solar arrays. This energy is then stored in three 

banks of batteries and distributed in a carefully regulated manner to the Observatory by the electrical 
power system. The solar arrays generate approximately two kilowatts of power for the heaters, 
science instruments, computers, transmitters, etc. Located at the front of the spacecraft where 
radiation enters the telescope, the Sunshade door is one of the most basic and important elements of 
the spacecraft system. The pointing control system has gyros, an aspect camera, Earth and Sun 
sensors, and reaction wheels to monitor and control to very high accuracy where the telescope is 
pointing at any given moment. It is as if you could locate the bulls-eye on a target one kilometer (0.6 
miles) away to the precision of three millimeters--about the size of a pinhead. This system can also 
put the Observatory into various levels of inactive, quiet states known as "safe modes" of operation 
during emergencies. 

 
The communications, control, and data management system is the nerve center of the 

Observatory. It keeps track of the position of the spacecraft in its orbit, monitors the spacecraft 
sensors, receives and processes commands from the ground for the operation of the Observatory, and 
stores and processes the data from the instrument so that it can be transmitted to the ground. Chandra 
has two low gain antennae, either one of which may be used for two-way communications with 
Chandra's Operations Control Center (OCC). All ground commands to and from Chandra, along with 
telemetry data, are sent through a set of three NASA ground stations constituting its Deep Space 
Network.  The information is routed through one of these antennae, typically about once every eight 
hours. The data are transmitted from the Deep Space Network stations to the Jet Propulsion 
Laboratory and from there transferred to the Operations Control Center at the Chandra X-ray Center 
(CXC) in Cambridge, MA. 

14.2.6.2  Telescope System 
The Chandra telescope system consists of four pairs of mirrors and their support structure. Design of 
mirrors in X-ray telescopes is very different from optical telescopes. X-rays with high energy 
penetrate into a mirror analogous to a bullet slamming into a wall. Just as bullets rebound when they 
hit a wall at a grazing angle, likewise X-rays will ricochet off mirrors. Therefore mirrors have to be 
exquisitely shaped and aligned nearly parallel to incoming X-rays. Thus they look more like glass 
barrels than the familiar dish shape of optical telescopes. Imagine making the surface of the Earth so 

http://eyes.nasa.gov/dsn/dsn.html
http://eyes.nasa.gov/dsn/dsn.html
http://eyes.nasa.gov/dsn/dsn.html
http://chandra.harvard.edu/about/asc.html
http://chandra.harvard.edu/about/asc.html
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smooth that the highest mountain was less than two meters (78 inches) tall! On a much smaller scale, 
the scientists and engineers at Raytheon Optical Systems in Danbury, Connecticut accomplished a 
great deal when they polished and ground the four pairs of Chandra mirrors to the smoothness of a 
few atoms. Then Optical Coating Laboratories, Inc., in Santa Rosa, California  painstakingly cleaned 
the mirrors to the equivalent of at most one speck of dust on an area the size of your computer screen. 
After that they were coated with the highly reflective and rare metal, iridium. 
 

The successful grinding, polishing and coating of the Chandra mirrors were historic technical 
accomplishments. They are the smoothest and cleanest mirrors ever made. The mirrors were moved   
across the country from Danbury, Connecticut to Eastman Kodak Company in Rochester, New York.  
There they were assembled into a support structure called the high resolution mirror assembly and 
aligned with exquisite precision. The alignment of the mirrors from one end of the mirror assembly to 
the other (2.7 meters or 9 feet) is accurate to 1.3 micrometers (50 millionths of an inch), or about one 
fiftieth the width of a human hair! The successful completion of the high resolution mirror assembly 
at Eastman Kodak in September 1996 was one of the major accomplishments in the development of 
Chandra. 

 
In November of 1996, the telescope system was put aboard a C5 military transport aircraft, 

flown to Huntsville, Alabama, and delivered to the Marshall Space Flight Center. There the telescope 
system and the scientific instruments were put through thousands of individual tests in an X-ray 
calibration facility especially constructed for this purpose by the Chandra support team at Marshall 
Space Flight Center. The tests were completed in May of 1997, which showed that Chandra could 
produce X-ray images 25 times sharper than previous X-ray telescopes. The telescope's resolution is 
equivalent to being able to read the text of a newspaper from half a mile away. After the telescope 
was calibrated, it was flown to TRW (now NGST) in Redondo Beach, California. There the telescope 
system, instruments, and spacecraft were put together and tested for space-worthiness. Finally, in 
1999, the whole observatory was flown to Cape Canaveral and placed on the space shuttle for its final 
ride into space. 
 

14.2.6.3  Scientific Instruments 
The Chandra X-Ray Observatory combines the information gathering mirrors with four scientific 
instruments that capture X-rays from astronomical sources. The incoming X-rays are focused by the 
mirrors to a very fine spot (about half as wide as a human hair) on the focal plane, about 30 feet away. 
The focal plane instruments, the Advanced CCD Imaging Spectrometer (ACIS) and the High 
Resolution Camera (HRC) are well matched to capture sharp images formed by the mirrors and 
provide information about the incoming X-rays, their frequency, position, energy and time of arrival. 
Two additional instruments provide detailed information about the X-ray energy, a Low Energy 
Transmission Grating Spectrometer (LETG) and a High Energy Transmission Grating (HETG) 
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spectrometer. A payload of sophisticated instruments carried by the Chandra X-ray Observatory is 
displayed in Figure 14.18 

 
Figure 14.18 Scientific instruments on Chandra X-ray Observatory: Advanced CCD Imaging Spectrometer 
(ACIS), High Resolution Camera (HRC), Low and High energy Transmission Grating (LETG and HETG), and  
High Resolution Mirror Assembly (HRMA).   
 

The spectrometers are grating arrays that can be inserted into the path of the X-rays just 
behind the mirrors where they redirect (diffract) the X-rays according to their energy. The X-ray 
position is measured by HRC or ACIS, so that the exact energy can be determined. The science 
instruments have complementary capabilities to record and analyze X-ray images of celestial objects 
and probe their physical conditions with unprecedented accuracy. The High Resolution Camera 
(HRC) is one of two instruments used at the focus of Chandra, where it detects X-rays reflected from 
an assembly of eight mirrors. The unique capabilities of the HRC stem from the close match of its 
imaging capability to the focusing power of the mirrors. When used with the Chandra mirrors, the 
HRC can make images that reveal detail as small as one-half an arc second. This is equivalent to the 
ability to read a newspaper at a distance of half a mile.  

 
The primary components of the HRC are the two Micro-Channel Plates (MCP). They each 

consist of a 10-cm (4-inch) square cluster of 69 million tiny lead-oxide glass tubes that are about 10 
micrometers in diameter (1/8 the thickness of a human hair) and 1.2 millimeters (1/20 an inch) long. 
The tubes have a special coating that release electrons when the tubes are struck by x-rays. These 
electrons are accelerated down the tube by a high voltage, releasing even more electrons as they 
bounce off the sides of the tube. By the time they leave the end of the tube, they have created a cloud 
of approximately thirty million electrons. A crossed grid of wires detects this electronic signal and 
allows the position of the original X-ray to be determined with high precision. With this information 

http://hea-www.harvard.edu/HRC/HomePage.html
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astronomers can construct a finely detailed map of a cosmic X-ray source. The (HRC) is especially 
useful for imaging hot matter in remnants of exploded stars, and in distant galaxies and clusters of 
galaxies, and for identifying very faint sources. 

 
The Chandra Advanced CCD Imaging Spectrometer (ACIS) is one of two focal plane 

instruments. As the name suggests, this instrument is an array of charged coupled devices (CCD's), 
which are sophisticated versions of the crude CCD's used in camcorders. This instrument is especially 
useful because it can extrapolate X-ray radiation into images and at the same time measure its energy. 
Thereby scientists can create images of objects using only X-rays produced by a single chemical 
element, giving them the capability of comparing, for example, the appearance of a supernova 
remnant rendered in radiations produced by oxygen ions against that of neon or iron ions. It is the 
instrument of choice for studying temperature variations across X-ray sources such as those found in 
vast clouds of hot gas within intergalactic space, or the chemical variations across gaseous clouds left 
by supernova explosions.  

 
The HETGS and LETGS are two instruments aboard Chandra dedicated to high resolution 

spectroscopy. Each spectrometer is activated by swinging an assembly into position behind the 
mirrors. The assembly holds hundreds of gold transmission gratings: when in place behind the 
mirrors, the gratings intercept the X-rays reflected from the mirrors. These gratings diffract the 
intercepted X-rays, changing their direction by amounts that depend sensitively on the X-ray energy, 
much like a prism separates light into its component colors. One of the focal plane cameras, either 
HRC or ACIS, detects the location of the diffracted X-ray, enabling a precise determination of its 
energy. A grating is able to diffract as it has a regularly spaced pattern of reflecting surfaces. 
Analogously, music CDs act as a type of grating. The grooves diffract, so that when light falls on the 
shiny side of the CD, a rainbow effect is seen. As the CD is tilted through different angles, different 
colors come into view. 

 
The gratings take advantage of Chandra's sharp mirror focus and matching detector resolution 

to produce high resolution X-ray spectroscopy. Since the grating spectrometers can measure energy to 
an accuracy of up to one part in a thousand, they are used in the study of detailed energy spectra, 
distinguishing individual X-ray lines. This enables the temperature, ionization and chemical 
composition of X-ray sources to be explored. LETG grating is a freestanding gold grating made of 
fine wires or bars with a regular spacing of 1µm. The fine gold wires are held by two different 
support structures, a linear grid with 25.4µm and a coarse triangular mesh with 2 mm spacing. The 
gratings are mounted onto a toroidal ring structure matched to the Chandra mirrors. The LETG 
gratings are designed to cover an energy range of 0.08 to 2 keV. 

  
The HETG gratings have a much finer period, 0.2µm or 2000Å for the high-energy gratings, 

and 0.4µm or 4000Å, for the medium energy gratings. In order to distinguish between them, the two 

http://www.astro.psu.edu/xray/axaf/
http://www.sron.nl/divisions/hea/chandra/short.html
http://space.mit.edu/HETG/
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types of gratings are oriented at slightly different angles, so that the X-rays are diffracted in an "X" 
pattern at the focal plane. Since the size of the gold grating bars is smaller than wavelength of visible 
light, special fabrication techniques are required to make them. The gratings take advantage of the 
fact that the gold bars are partially transparent to X-rays, so that the diffraction is more efficient, and 
more X-rays are captured in the high resolution spectrum. The HETG gratings are designed to cover 
an energy range of 0.4 to 10 keV. 

 
The focal plane instruments are mounted on the Science Instrument Module (SIM) for 

operating in normal mode. The SIM contains mechanisms to move the science instruments in and out 
of the focal plane for different purposes. The science instruments are controlled by commands 
transmitted from the Operations Control Center in Cambridge, Massachusetts. A preplanned sequence 
of observations is uplinked to Chandra and stored in the onboard computer for later execution. Data 
collected by observations with Chandra are stored on a recorder for later transmission to the ground 
every eight hours during regularly scheduled Deep Space network contacts. The data is then 
transmitted to the Jet Propulsion Laboratory and then to Operations Control at the Chandra X-ray 
Center (CXC) in Cambridge, MA for processing and analysis by scientists. Next we will describe ten 
major discoveries made by Chandra. 

1. Astronomers used images from Chandra to determine properties of dark matter and the associated 
mysterious “force” of dark energy that is speeding up cosmic expansion. They calculated masses 
of 86 galaxy clusters from the temperature and density of X-ray emitting gas. They found that 
growth in the structure of galaxy clusters have diminished in the past five billion years. 

 
2. With X-ray images from Chandra scientists have found that every large galaxy hosts a 

supermassive black hole at its center that swallows up nearby stars while blowing off radiation 
due to immensely energectic atoms acted upon by immeasurably high forces of gravity. In the 
process, black holes of several galaxies create cavities or bubbles of gas that extend outward for 
hundreds of thousands of light years initiating shock fronts. These centrally placed supermassive 
black hole not only affect the events occurring within the galaxy it resides, but also affects the 
galactic cluster to which it belongs. Chandra perceived a cavity in Perseus A (the active galaxy 
NGC 1275, also a well-known radio source), affected by black hole that extend it in length 
30,000 to 300,000 light years from its center. Astronomers believe that the cavity was formed due 
to shock waves that propagated a bubble. The bubble was created as the black hole pumped out 
large amounts of energy into its environment, heating gas that resulted in hindering the star 
formation and growth in the galaxy. 

 
3. An up close look in X-ray by Chandra revealed that giant galaxy clusters “collide” with one 

another. When you look at a galaxy cluster in visible light you see thousands of galaxies made up 
of billions of stars, each cluster a large conglomeration. But when you examine them in x-rays 
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you see high energetic glows of gas in the inter galactic space, the interim between each galaxy in 
the cluster. The mass of this hot gas is more than seven times the mass of matter within individual 
galaxies of the cluster. Dark matter complicates the mass distribution, which grows the mass of 
galaxies through the collision and merging processes of small clusters. When two or more 
clusters merge, their gases interact via electromagnetic forces. The gas will then lose energy and 
slow its velocity relative to the galaxy and dark matter within.  

 
4. Astrophysicists in Cambridge, MA compared the mass of X-ray emitting gas with the mass of 

clusters, which did not match. The offset provided direct proof that the total mass is dominated by 
dark matter. This discovery from Chandra also proved that the mysterious invisible mass of dark 
matter did not interact with itself. When the clusters merged, the individually associated 
structures of dark matter passed through one another. This is more evidence of the value of 
Chandra’s contribution confirming theoretical discoveries in conjunction with visible light 
sensing telescopes. 

 
5. Regarding the discovery of the structure of supernova remnants, astronomers may observe how 

supernova material interacts with the diffused interstellar medium. When a massive star explodes 
it creates a hot, high velocity jumble of matter. With Chandra’s resolution we can see exactly how 
complex and clumpy the mess is. It turns out that the supernova reaches temperatures hot enough 
to fuse heavy elements. The blast ejects heavy element-rich material into space, revealing the 
blast’s dynamics. Gas glows at millions of degrees and emits X-rays. In this situation, each 
different chemical element gives off a specific wavelength of radiation. Astronomers collect the 
radiations, separating them into identifiable constituent wavelengths to determine the elements 
within the object of interest. In this way, researchers have mapped relative abundance of oxygen, 
silicon, sulfur, magnesium, iron, and other materials within supernova remnants. All of these 
observations provide researchers details about a stellar demise, assisting them to piece together 
the life of the original star. 

 
6. In 2001, a Chandra Observatory astronomer discovered the first case of a pair of monster black 

holes at a galaxy’s center, NGC 6240. It is believed that the pair came into existence as a result of 
the merger of two galaxies. Astronomers have discovered a dozen binary systems of black holes 
since the first one they had found in 2001. The nearest binary system to Earth lies about 160 
million light years distance in the spiral NGC 3393. The black holes in the spiral are 490 light 
years apart from one another. 

 
7. Chandra gave scientists the first definitive X-ray detection of the supermassive black hole called 

Sagittarius that lies at the center of Milky Way galaxy. Also, they found that the black hole’s 
flares produce bursts of energy one time daily on an average. Astronomers have seen faint pulses 
of light arriving on the Earth a few hundred years after a large initial burst. Some of the original 
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blast’s light deflected off debris near Sagittarius A and headed to our planet on a different path. 
These echo signals took a slightly longer journey on the way to the Earth.  

 
8. The Chandra X-ray Observatory permits us to follow the evolution of a young supernova 

remnant. Since October of 1999, Chandra has been watching the debris at the site of the February 
1987 stellar explosion known as supernova 1987. The shock wave from the supernova explosion 
at the outskirts of the Tarantula Nebula in the Large Magellanic Cloud, a nearby dwarf galaxy 
near the Milky Way, is heating up cold gas within the ‘inner ring’ material around the explosion 
site. Chandra’s X-ray vision allowed astronomers to probe the high-energy activity on the young 
Sol-like stars.  In 2003, the Chandra X-ray Observatory (CXO) found 28 Sol-like stars between 
the ages of one million to sixteen million years that experienced much more intense x-ray flares 
than our Sun. These high energy outbursts affect the surrounding disks of gas and dust that 
eventually form planets.  

 
 Astronomers combine what they have learned through X-ray observations from the CXO with 

knowledge gleaned from other types of radiation. For instance, infrared observations show clouds 
of dust and gas around stars in disks of material that will ostensibly form planets. Researchers can 
also estimate the masses of those stars from the infrared radiation data because the younger stars 
are more intense X-ray sources. Scientists can make age and mass comparisons of stars based 
upon whether they are surrounded by disks of dust and gas or not. It turns out that such disks will 
not be present around stars five to 10 times as massive as the Sun within a few million years. 
However, those disks around stars more similar to our Sun last a great deal longer. Thus, 
combining X-rays and the infrared data we begin to get an idea of the lifetime of disks around 
stars of different masses. 

 
9. Scientists detected high-energy x-ray radiation emanating from all directions that uniformly 

lighted the sky in 1962. Soon after Chandra was launched it discovered that a plethora of galaxies 
spewed forth large amounts of x-rays. Astrophysicists considered two possible causes for the 
event. The first one posited that large amounts of hot gas spread throughout the cosmos. The 
other posited that a number of individual sources produced x-rays which were at the center of 
Active Galactic Nuclei (AGN), each harbouring a nuclear super-massive black hole (SMBH). 
Decades of x-ray output with increasing energy ruled out a diffuse x-ray background. However, 
radiation from AGN output accounted for only 20 percent of the overall observed signal. In 1999, 
Chandra’s ability to detect finer details painted a more accurate picture and accounted for more 
than 80% of x-ray background. It turned out that hidden black holes were throwing tons of x-rays 
out into the universe creating x-ray background.  

 
10. This discovery is about a black hole’s speedy wind. Chandra observed that a black hole of size 

ten solar masses named  IGR J17091-3624 is stealing matter from its companion star and 

https://en.wikipedia.org/wiki/Tarantula_Nebula
https://en.wikipedia.org/wiki/Large_Magellanic_Cloud
https://en.wikipedia.org/wiki/Dwarf_galaxy
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funneling gas into a disk surrounding the black hole. Chandra estimated that the disk is blowing a 
wind at three percent light speed, which is ten times faster than any such wind seen so far. The 
black hole and its stellar companion are linked together by a gravitational lock. The star is 
blowing away its outer layer of gas which the black hole is happily swallowing. The accreted 
matter forming a disk around the black hole glows hot, emitting ultraviolet radiation. The 
interaction between ultraviolet radiation and nearby matter causes it to glow in x-rays, allowing 
Chandra to observe it for x-ray astronomers to analyze that region.  

 Table 14.2 Comparison of ground based and space based telescopes 

 
 
After the enormous success of Chandra, NASA launched the Nuclear Spectroscopic 

Telescope Array, acronym (NuSTAR), in apace on June 13, 2012. The equipment on NuSTAR was 
designed to explore hard x-rays in wavelengths of 0.01nm to 0.5 nm with an energy range of 5 keV to 
80 keV employing significant enhancements. NuSTAR consists of two co-aligned Wolter telescopic 
devises that have grazing capability in the x-ray waveband. Unlike visible light telescopes that utilize 
mirrors or lenses functioning on normal incidences, NuSTAR has to employ grazing incidence optics 
due to the afore-mentioned fact that x-rays are absorbed by or penetrate through sensing aparatus 
without creating images at a focal point. Therefore, focusing optics on NuSTAR consists of 130 
concentric shells coated with 400 ultra-thin layers of specialty materials alternating between Pt/SiC 
(high density) and W/Si (low density), tilted at less than 2 incoming incident radiation. The result is 
an observatory that provides a tenfold higher resolution, 9.5 arc seconds with an image collecting area 
of 2 mm and focal length extending to a distance of 10.5 meters. The primary purpose of the 
NuSTAR mission was to investigate the invisible, energetic universe by analyzing ultra-luminous X-
ray sources [U].  

 
Let us look at some of the major discoveries made by NuSTAR. Though detection of x-rays 

coming from accretion disks allow us to locate the presence of a black hole, x-rays don’t tell much 
about its nature, such as its mass and rotation rate.  However, observations from NuSTAR will help 

Telescope Name  
Attribute/Features  

ALMA 
Radio 

Keck I & II 
Optical 

MAGIC 
Gamma ray 

Hubble HST 
Optical & IR 

 James JWST 
 Optical & IR 

Chandra 
X-ray CXO 

Launch Vehicle/Status 
Date/Life years 

Ground/C 
03/2013 

Mountain /C 
01/23/93-96  

Ground/C 
99 Ph1-05 Ph2 

STS-31 Disc./C 
04/24/90-20 C 

Ariane 5 ESA/F 
10/2018-5.5-10 F 

STS-93 Columbia/C 
07/23/99-10  

Altitude/Orbit km 5 km 4.215 km 2.2 km 559 km 1.5 million km A139000-P15999 
Mirror/Lense Dia & FL Ant.12,7m M 10m,17.5m M 17 m-1.03m M 2.4 m–57.6 m M 6.5 m-131.4 m M 1.2 m–10 m 
Construction: Coating 66D:Rh,Ni 36 hex: Al HC-974S:SiO2 Parabola:Al,MgF HC-18S:Be Barrel: Indium 
Resolution ang./spec. 10 marc-s 5-25marc-s VLBI:.05 0.4-10.8 arc sec.   0.1 arc sec. 0.5 arc sec 40-2000 
Instruments: Camera VLBI:  NIRC 1-2 PMT: 576 FO & WFP NIRCam High Resolution 
Spectrometer 16km disk HIREC NR NICMOS MIRI ACIS CCDs 
Transmission grating NR DEIMOS NR NR ISIM LETG & HETG 
Spectrograph NR MOSFIRE  NR FO & HR FGS & NIRSISS DNA 
Signal Energy keV
Wavelength nm 

DNA 
3m-30cm 

1 meV – 2 eV 
0.3-27 m 

20-200 GeV 
300-650nm 

1 eV – 3 eV 
115 nm – 1000 nm 

1 meV – 2 eV 
0.6 m-28 m 

0.1 keV-80 keV/ 
0.0015 – 0.017 nm 

 
Status: C – current, F – Future, Instruments NR – not required by design, and Signal energy DNA – data not available 
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astronomers to estimate the population of black holes in the universe. One of NuSTAR’s targets is our 
Sun lying in our own neck of the woods. It is the Sun’s corona, a region of thin multimillion degree 
plasma that produces miniature solar flares that is source of interest to NuSTAR project members. 
Experts believe that the high temperature within the solar corona is caused by x-rays within 
nanoflares that can be studied by NuSTAR during a solar eclipse.  

 
This completes our discussion on various telescope missions. For your ready reference, we 

have compared features of telescopes in Table 14.2. This completes our discussion on telescopes. In 
Chapter 12 we discussed the properties of quarks and the role played by particle detectors 
characterizing them. In the new millennium the evolution of particle detectors have successfully 
resolved several anomalies related to cosmic reality. Therefore, we will describe in detail the design 
of three types of particle detectors next. 

 
 

14.3  Particle Detectors and Cosmology  

It is elementary knowledge that conditions prevalent at the inception of the universe do not exist at 
the present time. However, there is a great deal of success in duplicating the environment within 
particle colliders which, in theory, closely correspond to conditions of the universe when originated. 
Also, from the inflationary universe model that we studied, Section 13.7, it is evident that several 
kinds of low energy particles may have evolved from high energy particles as energy condensed into 
matter due to spontaneous symmetry breaking caused by a phase transformation event. In the quest to 
derive the origin processes of the universe, cosmologists and particle physicists work together 
designing experiments that ostensibly replicate the conditions that existed in the post Big Bang era. 
Specially, particle colliders provide a way to produce and analyze a variety of particles. In this 
fashion several fundamental particles had been discovered during the 20th century at CERN in 
Sweden, and the Fermi-lab in Chicago. The functional unit in the particle collider that detects and 
helps identifying characteristics of particles is called, simply, a particle detector. The design of 
particle detectors depend on the types of particles to be investigated. In this section we will study the 
principle and operation of five different types of detectors and their derivatives. A hierarchy of 
detectors functioning on different principles is displayed in Figure 14.19 for your perusal. 

 Modern particle detectors consist of layers of sub-detectors, each designed to look for 
particular properties or a specific type of particle. Five most commonly used are 1) Particle trackers, 
2) Calorimeters, 3) Hadron identifiers, 4) Čerenkov detectors, and 5) Muon detectors using PMTs. 
Accelerators at CERN boost the speed and energy of particles before they are made to collide within 
the detector’s sensor range. Particles produced in these collisions normally travel in straight lines, but 
in the presence of magnetic fields their trajectory is curved.  
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Figure 14.19 Classification of particle trackers based on operating principles.  (a) Ionization current 
proportional to total energy of particle in a drift chamber. (b) EM Calorimeter and Scintillation counter. How do 
they work? (c) Silicon microstrip detectors. (d) Cerenkov radiation detector. (e)  Muon and neutrino detectors.   
 

Physicists exploit this bent trajectory to their advantage, calculating the particle’s momentum 
and determining the sign of its charge. It is found that particles with high momentum travel in straight 
lines, whereas those with low momentum move in tight spirals within the detectors. This basic 
principle is used in the design of particle trackers, inasmuch as high-energy charged particles leave an 
ionization trail within a gas volume without losing any significant amounts of energy from their total 
energy. Furthermore, the track is long enough (0.2 mm) to measure both their initial direction and 
their deflected path imposed by the magnetic field. For reason of fact that the tracks of the decayed 
product in an accelerator emerge from a single point, a “vertex”, we shall call particle trackers Vertex 
Detectors. In this way, we can measure the sign of charge and the momentum of these charged 
particles using a combination of a tracking chamber and a strong magnet. From there the particle is 
passed through an ionization chamber to measure the total energy of the particle, allowing us to 
calculate the velocity of the particle. 

The first generation of ionization chambers included the proportional counter, the ionization 
counter, and the Geiger-Müller tube counter. An ionization chamber in its simplest form is a device 
for tracking charged particles that consists of a cylindrical metal tube filled with an appropriate gas. A 
thin wire at the center of the tube acts as an anode, which maintains at a positive potential. The tube 
itself serves as a cathode that produces a radial electric field. The idea is that any electron liberated 
within the gas by an ionization process will drift towards the anode wire, gaining energy from the 
electric field. If its energy exceeds the ionization energy of the gas, fresh ions are liberated. A chain 
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of such processes induced by the particle of interest results in an “avalanche” of electrons at the 
anode. This avalanche can be sensed as a current proportional to the energy deposited in the gas by 
the original particle, hence the name proportional counter.  

 
A modern refinement of the proportional counter has led to the development of a drift 

chamber. This chamber contains many anode wires, each surrounded by a grid of cathode wires 
analogous to the proportional counter. Theory tells us that each anode wire collects ions from the 
space between itself and the closest set of cathode wires. The speed of the subject high-energy 
particle (which causes ionization) is very close to the speed of light c, which is much greater than the 
relatively slow moving ions ( high “drift time”).  The drift time depends on the accelerating potential 
on the anode and the minimum distance of the ionization track to the anode from the point of ion 
origination. Since the ionizing particle travels at the speed of light, its time of passage through the 
known length of chamber can be accurately determined. Also, the time of arrival of ionization at the 
anode wire can be measured by the change in anode current. Therefore, the drift time can be used to 
calculate the nearest approach to the line of ionization, and thus the path of the initiating charged 
particle is reconstructed. In a drift chamber, the inter-wire spacing can be several centimeters, while 
the spatial resolution of the tracks can be as low as 100 microns. Next, let us look at the operating 
principle of a Calorimeter. 

 
All charged particles lose energy when they pass through matter because they collide with the 

nuclei of atoms and ionize them. During the process of ionization, electrons with energy on the order 
of tens of Mega-electron volts are liberated. Since electrons are of very low mass, their paths are 
readily deflected by the electric fields of atoms through which they pass. This causes them to emit 
radiations and thus lose energy. Each radiation quantum typically creates an electron and positron 
pair. This pair, in turn, loses energy by radiating more quanta and the cycle repeats until the energy 
drops below the threshold of ionization. Therefore, in general, whenever an electron traverses a dense 
medium, it loses energy quickly, producing a “shower” of electron-positron pairs along its path. A 
device to measure the energy of an EM shower is called an electromagnetic calorimeter. 

 
In a calorimeter, the energy deposited by all particles in the shower is equal to the initial 

particle energy. Therefore, the total energy of a particle can be found if we measure a signal 
proportional to the ionization of all shower particles. Two types of electromagnetic calorimeters are 
most common: the first kind is composed of inorganic material, such as cesium iodide crystals, which 
emit light when excited by ionizing particles. The second type consists of thin plates of a dense 
absorber, such as lead separated by layers of gas or liquid sensitive to ionization so that path length of 
the ionizing particle is sampled. The signal developed is proportional to the energy of the incident 
electron or a gamma wave. In Figure 14.20, a cutout section of ATLAS detector within the Large 
Hadron Collider at CERN is shown that depicts the layered nature and physical placement of particle 
trackers. 
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Figure 14.20 A cutout section  of ATLAS detector at LHC, CERN depicting hierarchical placement of particle 
trackers.  

There is another phenomenon that causes the loss of energy from electrons as they passes 
through solid materials. In materials containing certain compounds known as scintillator charged 
particles lose energy by exciting the scintillate molecules, raising them to a higher energy state above 
their ground state. When these molecules make a transition back to their ground state, light quanta are 
emitted; the material is forced to scintillate. In some of the plastic materials containing scintillation 
compounds, both the passage of a charged particle and the amount of energy it deposits can be 
measured by capturing the scintillation light in a phototube. This device is called a scintillation 
counter. Similar to electron trackers (EM calorimeter), hadron calorimeters are designed to detect 
neutrons, pions, kaons, and protons. Since a hadron has a much higher mass than an electron a very 
dense material is required to absorb energy from a hadron. So hadron calorimeters are usually made 
from dense materials such as steel or uranium. Next, we will describe Silicon Microstrip Detectors 
(SMD) which are very compact detectors and therefore serves their purpose diligently.  

 
Modern microelectronic techniques allow us to build the silicon microstrip detector. In such a 

detector charged particles pass through a reverse biased P-N junction diode fabricated from a 
polycrystalline silicon matrial. A collection of charges, electrons and holes are released in a channel 
that is formed within a depletion region of the reverse biased diode. The modulation of charges in the 
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channel by incident particles creates a signal that is amplified by a frontend microcircuit. Spatial 
resolution of the signal is improved by segmentation of diode arrays. How do SMDs work? In the 
SMD charged particles traverse through a thin crystal of silicon that has a narrow channel which is 
doped with impurity atoms.The energy of the charged particles is transferred  to electrons of impurity 
atoms and frees them to migrate. An appropriate voltage is applied across the crystal so that the 
migrating charges will produce signals on metal electrodes. The signals are suitably amplified by 
sensitive electronics off the diode plates which are digitized and recorded. In Figure 14.21, Silicon 
Microstrip Detector module within the ATLAS detector in LHC at CERN is displayed. 

 
Figure 14.21 Silicon Microstrip Detector module in ATLAS detector.  (a) ATLAS Inner tracker assembly and 
(b) Frontend ASIC ABCD3T (Courtesy Lutz Feld, at Freiburg University).  
 

On SMDs, the electrodes are closely spaced strips, typically 20 to 40 microns apart with 
amplifiers attached to each strip. The large number of strips allows experimenters to record the 
passage of many charged particles through each detector which decreases the capacitive load to the 
input signal of the amplifiers. The SMD signal collection takes just few nano-seconds, therefore it is 
compatible to the transition time of high speed particles through the detector. Next we will discuss 
another method to deduce the speed of a particle, vis a vis the presence of Cerenkov radiation. 

 
Cerenkov radiation occurs when the speed Vs of a charged particle exceeds the speed of light 

in a given medium, i.e., if Vs/c > 1/n, where n is the refractive index of the medium. The radiations 
are emitted in a cone of angle , the direction of incident particle is along the axis of the cone. The 
angle   is related to refractive index of medium in accordance with equation (7.38) cos   = c/(Vs×n) 
that we studied in Section 7.8. A Cerenkov detector is made by employing a transparent material, 
such as water with a very high purity, with optical devices, such as photo-multiplier tubes to measure 
angle . Analogous to this is the mach cone, a sonic phenomenon created by an aircraft flying at 
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supersonic speeds (see Figure 14.22). Next we will describe detector systems that identify hadrons, 
muons and neutrinos.  

 
In order to explore the origin of the universe Cosmologists analyze and characterize energy 

sources and the particles created at the inception of the universe. It is known that muons, hadrons, 
gamma radiation bursts and neutrinos from remote natural sources could provide a wealth of 
information on this matter of cosmic inception. Hence, Astrophysicists wish to identify particles that 
arrive to earth from celestial objects far, far away, from a time long ago. For that purpose they have 
designed special muon and neutrino detectors. Before we explicate the concepts of these detectors, let 
us understand why muons and neutrinos cannot be detected by conventional ionization chambers and 
calorimeter detectors. 

 
Figure 14.22 Relationship between angle of a Cerenkov radiation cone and sonic cone manifestation that 
accords with super luminous and supersonic speeds, respectively..  
 

Muons and hadrons are much more massive than the electrons. Therefore, they are deflected 
a tiny distance by the electric fields of atoms that they pass by, and it is impossible to measure their 
momentum. Hadrons lose energy passing through matter as they interact with the nuclei of the atoms 
in the same manner as electrons. However, relatively speaking, heavier material is required to absorb 
energy from a hadron than the energy carried by photons or electrons. Therefore, hadron calorimeters 
use steel or uranium in their sensing structure. Similarly, a muon is heavier than electron, and hence 
cannot be deflected by the natural electric field of atoms. Therefore, muons do not manifest a 
showering within the electromagnetic calorimeter and are, therefore, not detected. Furthermore, 
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muons are not affected by the strong force; hence they travel large distances through steel before their 
energy is depleted through ionization processes.  

 
Unlike muons and hadrons, neutrinos are not deflected by the electric fields inasmuch as they 

are electrically neutral. Consequently, neutrinos do not interact with the atoms of any matter. In fact 
they are so unobtrusively small that trillions of neutrinos pass through our planet’s crust every second 
without any interaction. Therefore, researchers in past were faced with a challenge of identifying the 
sources of the neutrino because neutrinos accompany the solar wind as well as often detected from 
supernovae explosions in remote galaxies. Fortunately, particle physicist have discovered that 
neutrinos within a specific eigen energy state interact with molecules of water. This formed the basis 
for the design of a neutrino observatory, the Super-Kamiokande, near Hida, Japan. We will expound 
the details on muon and neutrino detectors next. 

 
Figure 14.23 Super Kamiokande neutrino detector .located at  Mount Ikenoyama in Japan. Cerenkov radiation 
emitted from interaction of neutrino flux  with ultrapure water is detected by 11,000 photomultiplier tubes 
which sense Cerenkov light of 390 nm wavelength at 22% percent efficiency. 
 

Astrophysicists were not as fortunate in detecting neutrinos was the case of detecting hadrons 
and muons. It is the peculiar nature of neutrinos, a rare characteristic, to have a high percentage of 
lack of interaction with matter. This makes it nearly impossible to detect them. Billions of dollars are 
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invested by three nations who have built detectors functioning on entirely different principles at 
separate sites. We discussed in some depth the details of these detectors in Section 7.8. The first was 
constructed by the Brookhaven National Laboratory at the Homestake Gold Mine in Lead, South 
Dakota. The second was by the Sudbury Neutrino Observatory located in Sudbury, Ontario Canada, 
and the third was the Super Kamiokande neutrino detector located inside Mount Ikenoyama in Japan. 
Instead of repeating the details of these detectors we will compare the varying features and 
accomplishments of these detectors in Table 14.3. Notice that these detectors were specifically 
designed with an aim to resolve the Solar Neutrino Puzzle (SNP) issue. To give you an idea of the 
size of these detectors, in Figure, 14.23 we have displayed a photograph of the underground facility of 
Super Kamiokande detector located in Hida, Japan.  

Table 14.3 Summary of features of detectors which resolved Solar Neutrino Puzzle  

 
By this time it will be clear to you that astronomical observations are made over very long 

periods. Further discovery of the dynamic nature of celestial objects demands that the measurements 
be performed at different times and at different locations on Earth and correlated for consistency in 
order to achieve extremely high accounting accuracy. For that reason, several standard approaches 
and techniques are developed and employed to specify locations of objects and to identify them 
correctly. We will describe the tools necessary to perform astronomical research utilized to draw 
valuable, accurate conclusions in the next section. We will include definitions for terms that may be 
new to some students. 

 

14.4  Astronomer’s Toolkit 
 
In everyday life we have need of technicians of all sorts who carry a repair kits that may contain 
necessary tools for repair work. These technicians may even install replacement items for parts that 
have broken down. Analogous to this is the Astronomer who also uses a technical toolkit. 
Astronomer’s tools for investigation are their telescopes and the quantitative/qualitative principles 
upon which these tools are based. The astronomer’s tool box is organized to include two distinct types 
of tools. The first category performs qualitative analysis and deals with identification of celestial 
objects. This tool involves the use of telescopes with the highest magnifying power making possible 
the determination of the precise position of stars in the sky. Repeated observations made by 

Observatory Name/Site Year built/ 
Mine-depth 

Fluid  
type/Quantity 
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Sudbury, Ontario Canada 
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Detect Cerenkov 

Super Kamiokande Detector/  
Mount Kamioka, Hida Japan 

 1983-2008O/ 
Mozumi-1 km 
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50,000 tons 

11,000 Cathode 
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Detect Cerenkov 
5K muontauon 
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telescopes for stellar objects from different location on the Earth and at different times allows us to 
specify and assure the position of the stars in relation to other stars with a higher accuracy. We will 
later describe a unique space coordinate system that facilitates the recognition of thousands of stars.  
 
 Other kinds of tools perform quantitative analysis on objects found by the first type of tools. 
Quantitative analysis involves sophisticated measurements and computations. This analysis allows us 
to estimate the size of celestial objects, their mass, diameter, absolute brightness and chemical 
composition. The first three parameters are calculated from direct measurements and principles 
outlined in this section. Chemical composition is determined by studying the spectra of radiations 
emitted from a particular object. Color characteristics of received signals from stars permits us to 
calculate surface temperature of the star. We shall begin our discussion with the small angle formula 
that translates observed angular size of an object to its linear size. 
 

14.4.1 Small Angle Distance Formula 
 
The Small Angle (distance) Formula (SAF) relates linear size of a celestial entity (its diameter D) 
with its apparent angular size  and distance d between  an observer and the entity. Angular size of an 
object describes a fraction of the sky that an object seems to cover. In three spatial dimensions it is 
measured in the units of Steradians, and in the two dimensional aspect it is specified in radians or 
degrees. For instance, the angular diameter of the full Moon is approximately ½. Occasionally, the 
angular measurement is used to describe how far apart two objects are in the sky. The small angle 
formula is based on a simple principle that angular size of an object decreases as we move farther 
away. The idea is that an arc of a given length in a circle subtends smaller angles at the center as the 
radius of the circle increases; in expression form, thus: 
   

D = d/206,265       (km) (14.2) 
 

where D is the actual size of an object in km, d is the real distance of the object in km, and  is the 
apparent angular size of the object in arcsecs.  

 
Figure 14.24 Small angle distance formula, parameters (a) Angular size, (b) linear size, and (c) distance. . 
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The factor 206,265 arises as  is in arcsecs, and a circle has 360 × 3600/(2) = 206,265 arcsecs. In 
Figure 14.24, various parameters related to SAF are displayed. Next we will explicate terms 
employed in describing coordinates of celestial objects in space, namely right ascension and 
declination.   
 

14.4.2 Stellar Coordinates and Orbital Period of Planets 
 
Specification of location of objects in space is a highly complex issue. The main reason is the Earth 
orbits the Sun and the celestial sky surrounding the Sun appears to move in a direction that is counter 
to the sense of the Earth’s rotation. From this angle, the Sun and stars revolve around the Earth. In 
fact, the Sun appears to trace out a circular path. The trajectory of the Sun is known as the ecliptic and 
the sphere which radius is equal to the distance of the Earth from the Sun is called the celestial 
sphere. Since the orbital period of the Earth does not change from year to year (less than 4 
microseconds), the location of the celestial sphere is considered very stable. Therefore, coordinates of 
all celestial objects are specified in relation to the celestial sphere based on a geocentric model in 
which the Earth at the center of the universe is considered stationary. For the same reason, the entire 
sky appears to be rotating around us from east to west as the Earth rotates from westward to eastward 
on its axis. On modern star charts, the whole sky is divided into 88 regions, each of which is called a 
constellation. Each constellation contains several groups of stars. Stars in all constellations appear to 
rise and set due to the diurnal motion of the sky as the Earth orbits and rotates on its axis.  

 
Figure 14.25 Terms necessary to understand coordinates of objects in the Sky:  Celestial sphere, ecliptic, 
celestial equator, Vernal Equinox, Autumnal Equinox, Winter Soltice and Summer Soltice. 
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Based on geocentric theory, as opposed to heliocentric theory where the Sun resides at the 
center of solar system, the motion of the sky and the Sun as observed by an astronomer on the Earth is 
indicated in Figure 14.25. From this figure we can conclude that the apparent location of 
constellations are altered during the course of the night and from one night to the next. It is important 
that space coordinates of stellar objects and their predicted positions must be accurate over very long 
periods of time; centuries despite the relative motion of galaxies. Therefore, a system has been 
developed based on a pair of number coordinates, right ascension and declination. The declination of 
an object is like the latitude specification for an object on the Earth. It is angular distance, north or 
south of the celestial equator, measured along a circle passing through both celestial poles. Right 
ascension corresponds to the longitude locative measurements for an object on the Earth. 
Astronomers measure right ascension from a unique point called the vernal equinox. Two imaginary 
reference lines, the Celestial Equator and the Celestial Meridian are established on the surface of of 
the celestial sphere analogous to the Equator and Meridian on the Earth.  

 
It so happens that the Earth’s axis of rotation is not normal to the plane of the Earth’s orbit 

around the Sun. Instead it is tilted approximately 23½ away from the plane. The Earth preserves this 
tilt as it orbits the Sun with the Earth’s north pole pointing toward the north celestial pole. Therefore, 
the plane of the celestial equator (horizon) is inclined to the ecliptic plane by the same angles as the 
Earth’s tilted motion. Both planes intersect each other along a line of equinoxes, Vernal and 
Autumnal. The points at which the Sun crosses the intersection of the planes is called the Vernal 
Equinox (“Vernal” is from the Latin for “Spring”, March 21) and Autumnal Equinox about 
September 22 in Fall. Both locations are called the Equinoxes (from the Latin for “equal night”) 
because when the Sun appears at either of these points, day and night are each about 12 hours long at 
all locations on Earth.  
 

Analogous to equinoxes there are two other locations on the ecliptic that are significant to 
astronomers for observation of celestial objects. The point on the ecliptic farthest north of the celestial 
equator is called the Summer Soltice (“Soltice” is from the Latin for “solar standstill”). As the Sun 
passes near summer Soltice, the closer you get to the north pole, the shorter the winter days and 
longer the winter nights. In fact, anywhere within 23 ½ of the north pole (that is north of latitude 90 
- 23½= 66½ N) the Sun is below the horizon for 24 continuous hours at least one day of the year. 
This imaginary circle inscribed around the Earth at  66½ is called the Arctic Circle. During the same 
time, the region around the south pole is inscribed by the Antarctic Circle at 66½ south latitude, 
where the explorers enjoy 24 hours of continuous sunshine at least for a day. The situation is reversed 
between north pole and south pole as the Sun passes through the farthest southern point on the 
ecliptic, the Winter Soltice. 
 

The universal use of right ascension (R. A.) and declination in a coordinate marking system 
for stars is important because they tell an astronomer anywhere on earth precisely where in the sky 
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the stars are located at any time. The right ascension of an object is the angular distance of the object 
from the vernal equinox eastward along the celestial equator to the circle employed in measuring its 
declination. The RA is measured in units of time hours, minutes, and seconds. The declination is 
specified in units of angle measure, degrees, minutes and seconds. For example, the space coordinates 
of Polaris (the North star or the Pole star) for the year 2015 are R.A. = 02h 31m 49.09s and Decl. + 
+89 15’ 50.8”. A plus sign in front of declination degrees indicate that an object is north of the 
celestial equator while a negative sign indicates that the star is in southern hemisphere of the celestial 
sphere. For reference purpose, the Earth’s north and south poles are projected into space to 
corresponding poles on celestial sphere.  From the declination position of Polaris it is evident that it is 
less than 1 away from the north celestial pole, that is why it is called the Pole Star. Polaris is also 
called the North Star because it is located directly over the Earth’s north pole. 
  

You will find it interesting to know that different stars will take the position of Polaris after 
several centuries. The Moon not only orbits the Earth but, with influence from the Sun, causes a very 
slow change in the Earth’s rotation. The combined gravitational force from the Sun and the Moon 
affects the Earth’s rotation because mass-shifting bulging of ocean tides. The equatorial diameter of 
the Earth is 27 miles larger than the diameter measured from pole to pole. The orientation of the 
Earth’s axis of rotation gradually changes due to the gravitational pull of the Sun and the Moon (See 
Figure 8.11). Over time, earth’s rotation appears something like a spinning top that has a precession 
wobble in the motion of its axis. This results in the earth’s axis of rotation to trace out a circle on the 
celestial sphere. Year after year the earth’s axis of rotation gradually changes its orientation so that 
the north and the south celestial poles alter their position relative to the more “stable” stars. 
Therefore, in the declination positional measurement of stars the year the star was observed is 
included. 

Another point of interest is born in the fact that an observer from any location on the Earth 
cannot see the entire sky. The point in the sky directly above (overhead) an observer’s head anywhere 
on Earth is called that observer’s zenith.  From any site on the Earth, an observer can view only the 
upper half of the celestial sphere, the other half is concealed by the planet itself. Therefore, for an 
observer in the northern hemisphere, the north celestial pole and Pole Star is always seen above the 
horizon. As the Earth rotates from west to east, and as the celestial sphere appears to turn from east to 
west, stars in the proximity of the Pole Star never rise or set. These stars are called circumpolar stars. 
The region of sky in the celestial sphere that exhibits the circumpolar stars is defined by the projected 
image of the sky for all observers located at 35 north latitude, that is, the observers situated on the 
earth’s surface 35 north of the equator. For instance, observers from Los Angeles, USA  in the 
northern hemisphere cannot see the circumpolar stars of the southern sky, and observers from 
Sydney, Australia cannot see circumpolar stars of northern sky around the Pole Star.  
 

Yet another effect of the peculiar motion of the earth and other planets around the Sun may 
amuse you further. It is the difference in the way daily time is measured with reference to the position 
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of the earth in relation to the Sun and the period of orbits of the planets. The difference arises as to the 
length of an apparent solar day varying from one time of year to another because the Earth’s orbit is 
not a perfect circle, but is an ellipse. The Earth moves more quickly along the orbit when it is near the 
Sun than when it is farther away from it. Hence, the Sun appears move more than a one degree per 
day along the ecliptic in January when the Earth is nearest the Sun and less than one degree per day in 
July, when the Earth is at the farthest point from the Sun. Therefore, to keep track of apparent solar 
time and to obtain more accurate measurements, astronomers use the Meridian. The crossing of the 
meridian by an object in the sky, such as the Sun, is called a meridian transit of the object (the Sun). 
To overcome the effect of variation in the speed of earth’s orbit on observed time, astronomers 
invented a virtual object called the mean sun that moves along the celestial equator at a uniform rate. 
In this scenario, the mean sun is sometimes slightly ahead of the real sun in the sky and sometimes 
behind. Because the mean sun moves at a constant rate in relation to the Earth, it serves as a very 
stable time reference. A mean solar day is the interval between successive meridian transits of the 
mean sun that is exactly 24 hours long.  
 

Since the Sun rises and sets at different times in different parts of the world, Time Zones 
were invented for coordination of commerce, transportation, communication, and consequently the 
GPS system. In local time zones, all clocks on computers and smart phones and watches are set to the 
mean solar time for a meridian of longitude that runs through the center of the zone.  Though it  is 
preferred to account for and locate stars based on theoretical time marking of our clocks, astronomers 
seldom use them. Instead, they utilize sidereal time based on the apparent motion of the stars. This is 
done for many reasons. The optimum time to observe a particular object in space is when the object is 
on or close to the upper meridian. Of course, this depends on the particular object being studied. For 
objects within the proximity of zenith, the distortion effects of the Earth’s atmosphere is minimized 
inasmuch as light from the subject objects are at a small angle of incidence. Distortion due to 
refraction effects increases as you view objects closer to the horizon.  

 
In this situation there is a problem: If we have knowledge of the location of a specific object 

on the celestial sphere, the question as to when that object be on the upper meridian will be important. 
To solve this problem astronomers employ sidereal time rather than solar (ordinary) time. The solar 
time and the time displayed on ordinary clocks are related to the position of the Sun, while time on 
sidereal clocks are based upon the position of the vernal equinox, the location from which the right 
ascension of a stellar object is measured. Additionally, like solar time, sidereal time also depends on 
where you are on Earth.  

 
A solar day is the time between two successive upper meridian crossings of the Sun, whereas 

a sidereal day is the time between two successive upper meridian passages of the vernal equinox. 
Because the Earth orbits the Sun, it must make one complete revolution–plus about 1–to get from 
one local solar noon to the next. This extra rotation corresponds to 4 minutes of time, which is the 
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amount by which a solar day exceeds a sidereal day. Therefore, one sidereal day equals 23 hours, 56 
minutes, 4.091 seconds, as opposed to an exactly 24 hour solar day. For similar reasons, a solar, 
tropical (calendar) year is of different duration than a sidereal year.. The sidereal year is defined to be 
the time required for the Sun to complete one rotation and return to the same position with respect to 
the stars on its ecliptic orbit; this is equal to 365.2564 mean solar days, or 365 days, 6 hours, 9 
minutes, 10 seconds. On the other hand, the tropical calendar year is defined as the time needed for 
the Sun to return to vernal equinox. This period equals 365.2422 mean solar days, or 365 days, 5 
hours, 48 minutes, 46 seconds. 
 

Since the vernal equinox’s space coordinates are R.A. 0 hour, 0 minutes, 0 seconds, and its 
Declination is 0, 0’, 0”, crossing the upper meridian at midnight sidereal time (0:00), any object 
crosses the upper meridian when the sidereal time is equal to the object’s right ascension. This is the 
main reason why astronomers measure right ascension in units of time rather than degrees. One of the 
side effects of the Earth’s orbital motion around the Sun is on the determination of the planet’s orbital 
period. We must take care in our calculations, because the Earth from which we observe time is also 
in motion. Realizing this in first half of the sixteenth century, a gifted Polish mathematician carefully 
distinguished between two different orbital periods of other planets. He first categorized Mercury and 
Venus as inferior planets because their orbits were closer to the Sun than the Earth’s. The rest other 
planets such as Mars, Jupiter, and Saturn, that had orbits larger than the Earth’s were recognized as 
superior planets. He then classified the orbital period of planets by the nomenclature Synodic period 
and sidereal period. The Synodic period of a planet is defined as the time interval between two 
successive identical configurations of the planet as seen from the Earth. The sidereal period is the true 
orbital period of a planet, the time it takes the planet to complete one full revolution around the Sun 
relative to the stars.   
 

The Synodic period of a planet can be computed by observing the position of the planet in the 
sky, but the sidereal period has to be evaluated inasmuch as stars in background traverse the celestial 
sphere at different rates according to difference in their space velocities and according to their 
position away from the Meridian. Furthermore, referring the superior planets, the farther a planet is 
from the Sun, the longer it takes for the planet to travel around its orbit. This is not only because a 
planet must traverse greater distance to complete a larger orbit but it also moves more slowly 
inasmuch as the force of the Sun’s gravity upon them is less than upon planets in closer orbit (inverse 
square law). To derive a relationship between the sidereal period of a planet and the Synodic period, 
we can apply a straightforward geometric method of determining the relative angular distance 
travelled by the planet using trigonometric rules. During a given time interval the angular distance 
covered by a planet is equal to the rate at which the planet moves around its orbit, times the length of 
the time interval. Thus, during a time S, the Synodic period, of an inferior or superior planet, the 
Earth covers an angular distance of (360/E)×S. In the same time interval the planet covers an angular 
distance of (360/P)×S.  Notice that the inferior planet gains one full lap on the Earth, and hence 
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covered 360 more than the Earth. On the other hand, the superior planet has lost one complete lap on 
the Earth and covered 360 less than the Earth. Thus, (360/P)×S = (360/E)×S  (360), positive (+) 
sign for inferior planets and negative (–) sign for superior planets, and dividing each term of this 
equation by (360)×S, we get 
 

1/P = 1/E  1/S       (km)  (14.3) 
 

Incidentally, if we compare the physical properties of planets in our solar systems, we find 
that they fall into two classes.. Three inner planets Mercury, Venus and Earth, plus Mars, that have 
hard rocky surfaces with mountains, valleys, and craters, are categorized as terrestrial planets. The 
outer five planets are called Jovian planets. These planets present surfaces of obscuring cloud 
formations in their atmospheres, mostly being made of gaseous and/or liquid substances. Next we will 
discuss an application of the Doppler Effect in conjunction with Black Body Radiation laws to find 
the radial velocity and distance of astronomical objects. 
 

14.4.3 Analyzing Motion of Stars 
 

Stars and objects in space can move in any direction, albeit their trajectory depends on the net force of 
gravity from all other objects (gravitational influences) in the universe. Generally speaking, analyzing 
motion of the objects in the sky is a non-trivial problem, because objects with a high concentration of 
dark matter, such as black holes and neutron stars, do not emit radiation in the optical waveband. 
Very soon you will learn that in order to measure velocity and distance of a stellar object it is 
imperative that we determine the surface temperature of the object using the principle of photometry. 
It happens that the photometry experiment and observation can only be performed on objects that 
radiate signals in the visible wavelength range. Therefore, first we will outline steps necessary to 
measure velocity and distance of stars that emit visible light.  Then we will expound the basic details 
of each step to achieve our objective.  
 
 We wish to emphasize that the space velocity of a star describes how fast the star is 
approaching or receding from an observer and in what direction it is moving. Hence space velocity V, 
a vector that has two components parallel to the line of sight Vr, and an orthogonal component Vt that 
is a tangential component, perpendicular to the observer’s line of sight. The radial component is 
determined by the Doppler shift principle and the tangential component is determined by its proper 
motion that is the number of arcseconds  the star appears to move per year on the celestial sphere. 
There are six steps crucial for establishing position of stars in the Universe; they are 

1. Estimate surface temperature of star under consideration from a chart of surface 
temperatures versus color ratio bv/bB, the ratio of the star’s brightness through a V filter 



796          Chapter 14 
 

and through a B filter. The ratio is small for hot, blue stars but large for cool, red stars. 
This method is based on photometry principles which require further clarification. 

 
2. Apply Wien’s displacement law of Black body radiation. Using surface temperature of the 

star from step 1, compute the unshifted wavelength o corresponding to the peak intensity 
signal received from the star.  

 0 = 2.898×10-3 T-1             m     (14.4)

3. Measure the Doppler shift in the observed signal using very sensitive spectrum analyzers 
(Doppler shift effects to entire band of signals emitted from the star). Calculate the radial 
component of space velocity in km/s. The radial velocity is related to the wavelength 
shift by the expression 

( – 0)/0 = Vr/c       (14.5) 
 

 
4. Next evaluate the distance d of the star from the Earth by using radial velocity found in 

step 3 and by applying Hubble’s law. 
 

d = Vr/H    ly        (14.6) 
 

5. With the knowledge of the distance of the star and its proper motion, the star appears to 
move from year to year on celestial sphere, we can calculate its tangential velocity in 
km/s by using this relation  

 
Vt = 4.74 d     km/s       (14.7) 

 
where  is  is the number of arc seconds the star appears to move per year tangentially on 
the celestial sphere. 

 
6. Finally, space velocity V is calculated by applying Pythagorean theorem to radial and 

tangential components.  

V = (Vt
2 + Vr

2)1/2     km/s      (14.8) 

 The color of a star as seen from the Earth depends on its surface temperature. For example, 
the estimated temperature of Vega star is around 8000-10000 K, and it appears blue even when seen 
through the necked eye. In contrast to Vega, Betelgeuse and Bernard’s Star appear reddish in color 
because their surface temperature is in the range of 3000-4000 K. It can be confusing when we talk 
about colors of stars and the red or blue shift of the stars. It is right when we say that a light from a 
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star is red shifted if the star is receding from us and is blue shifted if it is approaching us. However 
even for the fastest moving stars, the change in color due to a red or blue shift is so small that it 
requires highlty sensitive instruments to detect any change in its coloration. Therefore, the color of 
stars seen by our eyes and telescopic aids are of their true color. Now let us explore, what the color of 
a star and its peak emitted wavelength has to do with surface temperature and photometry of a star. 

Inspection of Figure 12.26 reveals that the intensity of light from a relatively hot star (Vega in 
diagram) peaks at shorter wavelengths, so it appears blue. The intensity of light from a cool star 
(Bernard’s Star in diagram) peaks at longer wavelengths, and hence looks red. For a star with an 
intermediate temperature, such as our Sun, the intensity peaks nearer the yellow region of the visible 
spectrum. This gives our Sun a yellow color. What does it mean? The astronomers can estimate a 
star’s surface temperature by measuring the color of light emitted by the star.  In order to achieve this, 
the star’s light is focused through an eyepiece of a telescope and passed to one of a set of different 
color filters. The filtered light is collected on a CCD and the process is repeated with each of the 
filters in the set. The image of the star will have a different brightness through each colored filter. By 
comparing the brightness of each sample astronomers can determine the wavelength at which the 
star’s intensity curve peaks, and hence they can infer the surface temperature of the star. Let us look 
at the whole process in more depth. 

Figure 14.26 Relationship between surface temperature and intensity peak  of emitted radiation. Star’s  color 
depends on whether the intensity curve has a peak at short-wavelength (blue) or long-wavelength (red) color. 
 

 Photometry is a process in which an astronomer first measures the brightness of a star 
through U, B, V, R, and I filters separately.  The U filter is transparent to ultraviolet light, the B filter 
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allows violet, blue, and green light and opaque to other colors, the V filter passes green and yellow 
light and blocks other colors, the R filter allows red light , and I filter passes infrared portion of 
spectrum.  Since, U, B, and V were most commonly  used filters in earlier times for brightness 
comparison  of stars, the technique to measure surface temperature of a star is called UBV 
photometry.  The wavelength range over which the standard U, B, V, R, and I filters are transparent to 
EM signal spectra is displayed in Figure 14.27. The measured data from different filters gives 
brightness numbers bv, bg, bv, br and etc. for several stars which are then used to compare the intensity 
of starlight in different wavebands by taking their ratios.  

 
Figure 14.27 Response of  standard U, B, V, R, and I filters to radiation spectrum. Relative signal strength from 
various filters for a typical blue star is also shown. 
 

 We have computed the values of the brightness and color ratios for several stars having 
various surface temperatures, summarizing them in Table 14.4. If a star is very hot, its radiation is 
favored toward the shorter wavelength in the blue color range, as figure 14.27 indicates for a typical 
B-type star. This makes the star naturally appear dimmer through a V filter than through a B filter. 
Therefore, a hot star bV is less bright than bB, the ratio bV/bB is less than 1. One such star is Bellatrix 
that has a surface temperature is of 21,500 K.  Alternatively, if a star is cool by comparison, its 
radiation peaks at long wavelengths.  The cool star will appear brightest through an R filter, but 
dimmer through a V filter, and dimmest through a B filter. Hence, for a cool star, bV is greater than 
bB, and bR is greater than bV. In effect, the ratio bV/bB is greater than 1. The star Betelgeuse is in this 
category that has a surface temperature of 3500 K  and a ratio bV/bB of 5.55 as seen in Table 14.4.  
We have plotted the data from Table 14.4 in Figure 14.28 indicating position of hot and cold stars in 
relation to our Sun. 
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We have learned how the color of a star’s light helps astronomers to determine its surface 
temperature, distance, and the velocity of star in space. In order to establish other properties and the 
composition of stars astronomers must analyze the spectrum of their light in more detail. Thus, a 
technique of stellar spectroscopy was born in the early Nineteenth Century when a German 
instrument maker, Joseph Fraunhofer, attached a spectroscope to a telescope and observed stars. It 
came to be known as Astronomical Spectroscopy (AS). It is used by astronomers to study the EM 
radiation spectrum of light emerging from stars and other celestial objects. AS allows us to derive 
many of the properties of distant stars and galaxies, their chemical composition, temperature, density, 
mass, distance, velocity, and luminosity using Doppler shift measurements.   

Table 14.4 Surface temperature versus Color indices of selected stars  

 
Fraunhofer discovered that the spectra of stars, like our Sun, possess a sequence of dark 

absorption lines. The absorption lines found in the stellar spectrum are created because cooler gas 
atoms lie between an observer and the hot glowing object star. The absorption lines are created when 
the light and radiation from astar flows outward through the upper layers of a star’s atmosphere. The 
atoms in the cooler, less dense atmosphere absorb radiation at specific wavelengths that depend on 
the type of gas and vapor of elements are present and whether or not the atoms are ionized. In this 
way it was determined that some stars have dominant absorption lines that announced the presence of 
heavier elements such as calcium, iron, and sodium. Yet other star’s spectra possessed broad 
absorption lines caused by molecules of compounds such as titanium oxides, acetylene, and acetone.  

 

 

Star Surface 
Temp. (K) 

bV/bB 
max/min 

bB/bU 
max/min 

Apparent 
color 

Distance 
Light years 

Bellatrix ( Orion) 22,000 -0.21 -0.86 Blue-white 25010 

Regulus ( Leons) 12,480200 -0.11/0.86 -0.36/0.51 Blueish-white 79.30.7 

Sirius (Canis Majoris) 9,940 0.0 -0.05 Blue-white 8.60.04 

Vega ( Lyrae) 9,602180 0.0 -0.01 Blue-white 25.040.07 

Megrez ( Ursae Majoris) 9,480570 0.075 0.067 Pale yellow 58.40.3 

Deneb (Cygni) 8,52575 0.09 -0.23 Blue-white 80266 PC 

Altair ( Aquilae) 6,900-8,500 0.22 0.09 Yellow white 16.73.05 

Sun 5,800 0.656.005 1.17 Yellow white 1 AU 

Aldebaran ( Tauri) 3,910 1.54 1.90 Orange 65.31.0 

Barnard’s Star (Ophiucus) 3,134102 1.713 1.257 Red dwarf 5.978.002 

Betelgeuse ( Orionis) 3641-3140 1.85 2.06 Red 643146 
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Astronomers employed these diversities of stellar spectra to categorize them into different 
spectral classes. A popular classification scheme came into existence in the late 1890s assigning every 
star a letter classification from A through O, each according to the strength of the hydrogen lines in 
star’s spectrum. Stellar spectroscopy provided a very powerful tool that enabled astrophysicists to 
infer many physical and chemical properties of stars and to thus classify them into a logical sequence 
[27]. By studying the absorption spectra of stars, observers were able to accurately determine the 
surface temperature and chemical composition of thousands of stars. Astronomers had collected a 
wealth of data about the stars using this method, however they were unable to calculate the size of 
stars. Astronomers, like all scientists have a desire to analyze their data  in order to find patterns and 
trends that accurately highlight underlying principles.   

 
Figure 14.28 Surface temperature of stars  vs. color ratio bV/bB: Data from  photometry experiments. 

 

 To analyze the properties of stars at an increasing level, astronomers had determined that a 
particular graph of stellar properties show that stars fall into just a few selected classes. They also 
found that most stars have about the same chemical composition and that two properties, namely their 
luminosity and surface temperature, differed significantly from one star to the other. Naturally, the 
question arose as to what we may interpolate based upon the relationship between the luminosities of 
stars versus their surface temperature. The first postulated response to this question was provided by 
the Danish astronomer Ejnar Hertzsprung in 1911. He noted a regular pattern emerging when the 
absolute magnitude of stars (luminosity) had been plotted against their color and surface 
temperatures. Similar results were predicted by an American astronomer, Henry Norris Russell, in 
1913. In recognition of their work, graphs of this kind are known as Hertzsprung- Russell diagrams or 
H-R diagrams.  
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On a typical H-R diagram (See Figure 14.29), each dot represents a star whose spectral type 
and luminosity were measured separately.  The most luminous stars are near the top and the lower 
luminosity stars are at the bottom. Hot stars of spectral classes O and B are towards the left side of the 
chart and cool stars of spectral class M are toward the right. Close inspection of H-R diagram reveals 
that the temperature scale on the horizontal axis increases towards left. The most striking feature of 
the H-R diagram is that the dots of stars are not scattered at random over the graph but are grouped in 
a few identifiable regions. Description and analysis of H-R diagrams for stars in entire night sky is 
fairly extensive and beyond the scope of this text [27]. Therefore, we will list very important 
applications of H-R diagram in the context of stars appearance, surface temperatures and comment on 
stages of life cycles of stars.  

 
Figure 14.29 A Hertzsprung-Russell (H-R) Diagram. On this diagram, the luminosities of stars are plotted 
against their spectral type and surface temperature. Sizes of famous stars are compared with the size of our Sun.  



802          Chapter 14 
 

 An obvious application is that we can identify stars with extremely high temperatures from 
the relatively cold stars. The H-R diagram is divided into three primary sections. Stars with surface 
temperatures that range 30,000-10,000 K,  that are of the classes O, B, and A, belonging to the 
leftmost part of the diagram. These stars are in their infancy, the protostar phase of their life-cycle. In 
the middle section classes F, G, and K are stars with surface temperatures ranging from 10,000-4500 
K, and are plotted within the main sequence phase. Our own Sun and stars like it belong to this 
category. Some of these stars are so large they are also classified as giants and super giants. The third 
section of stars are to the right of the class M having surface temperatures that range from 4,500 to 
1,500 K, and are in their terminal phase of life. As time elapses, cold stars experience a decrease in 
their surface temperature.  Many of them, upon further lowering of surface temperatures, are destined 
to become white or brown dwarfs. 
 
 You may recall in Section 9.1 we learned that the life span of stars depends on its size 
(radius) and mass. Therefore, one of the major applications of the H-R diagram is to determine the 
radii of stars. Even with the best telescopes stars will still appear nothing more than dim points of 
light. On a photographic CCD image the brightest star images are larger than dim ones. These 
apparent sizes have little to do with indicating the actual size of the star. To compute the actual size of 
a star, astronomers combine the information about its luminosity (which is determined by its distance 
and apparent brightness) and its surface temperature (determined by its spectral type). Calculations 
show that some stars are very much smaller than our Sun, while others are millions of times larger. 
Next we will present details of a systematic way to evaluate the radius of a star by means of its 
apparent brightness and surface temperature. Also, we will document the process in the form of a 
flowchart. 
 There are two key principles employed in the determination of a star’s radius, the inverse 
square law and the Stefan-Boltzmann law. The Stefan-Boltzmann law relates to the radius of a star 
with its surface temperature and its absolute magnitude, its luminosity. The inverse square law allows 
the computation of the luminosity of a star from its apparent brightness, provided that distance of the 
star from the Earth is known. In the following we will summarize the steps necessary to find the 
radius of a star located anywhere in the sky if it is observed successfully. 

1. First we will directly or indirectly measure distance d of a star. If the star is local 
to our own galaxy Milky Way, we can apply stellar parallax techniques to find its 
distance. In that case d = 1/p parsec where p is the parallax angle in arcsec. If 
the star is located in deep outer space, we will be required to use photometry, 
Doppler shift, and Hubble’s expansion law to calculate its distance as explained 
earlier. 

 
2. Next we should calculate the luminosity of the star by using the Inverse quare 

relationship between luminosity and apparent brightness.  



Space Exploration          803 
 

L = 4d2b       (14.9) 
  

where b is the apparent brightness and d is the distance of a star in metric units. 
For very dim stars it is very difficult to measure apparent brightness. Therefore, 
often luminosity L is read from H-R diagram as the spectral class and surface 
temperature can be found with very high accuracy by analyzing the absorption 
line spectra of signals received from the star. 

3. Finally, we can calculate the radius of the star by using the Stefan-Boltzmann 
law, which states that the luminosity of a star equals the energy flux F which is 
proportional to the fourth power of absolute temperature multiplied by the total 
number of square meters on the star’s surface. A star’s luminosity L is the 
amount of energy emitted per second from its entire surface. We expect that the 
shape of most stars is very close to a sphere, hence the surface area A = 4R2, 
where R is the radius of the star, we can calculate R from 

   L = 4R2
T4  m    (14.10) 

 
where L is the star’s luminosity in watts, R is the star’s radius in meters, T is the star’s 
surface temperature in Kelvin’s, and  is the Stefan Boltzmann constant + 5.67 × 10-8 Wm-

2K-4. The entire process is streamlined as outlined by a flowchart in Figure 12.30. 

 

Figure 14.30 Flowchart to determine radii of stars located anywhere in the sky.  
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Last, but not the least, we will introduce to you two terms: Magnifying Power and Angular 
Resolution. These are essential specifications for all telescope astronomy. For Astrophysics experts, 
the magnifying power of a telescope is obviusly important, inasmuch as it magnifies distant objects so 
that they can be viewed with greater detail that would otherwise would be impossible. Analogous to 
magnifying power is the related terminology, Light-Gathering Power. This compares the amount of 
light gathered by a telescope as comparatively gathered by a human eye. As opposed to magnifying 
and light-gathering power, angular resolution determines the minimum separation between two 
celestial objects that a telescope can resolve. Therefore, it is preferred that magnifying power and 
light-gathering power specifications should be as high as possible for any telescope, whereas angular 
resolution should be numerically as small as feasible by design. Next we will explicate these terms in 
greater detail and then express them in terms of measurable quantities. 

 
All lenses used in telescopes are based upon the same physical principle of light propagation 

that we studied in Chapter 6. Light travels at a slower rate of passage in a dense substance, and the 
direction of light can change according to Fermat’s principle (Section 6.3), which causes the 
refraction phenomenon. Telescopes exploits this property of light and creates a magnified image of 
object. A typical refracting telescope is composed of two lenses, an objective that focuses the image 
of distant object to its focal point. The other lens is the eyepiece that is responsible for magnification. 
Thus, when a parallel beam of light passes through the objective lens it converges creating a sharp. 
compacted image of the source. The image developed by objective is magnified when viewed through 
eyepiece. In the construction of telescope there is a feature of adjusting the distance of eyepiece to the 
objective to bring objects (at different distances) into focus. Let us formally define magnification 
now.  

 
Figure 14.31 Simplified picture of lens arrangement in a refracting telescope.  The eyepiece magnifies the 
image formed by the objective in its focal plane. 
 

The magnification, or magnifying power, is the ratio of an object’s angular diameter observed 
through the telescope to its naked-eye angular diameter. For a refracting telescope the magnification 
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of the final image seen through eyepiece depends on the focal length of both of its lenses. By 
definition, magnification can simply be computed from 
 

 Magnification M = Fo/Fe      (14.11) 
 

where Fo focal length of objective and Fe is focal length of eyepiece. 
 

A blurring of an image may occur when viewed by a telescope on the Earth due to 
atmosphere or to a defect in the lenses of the telescope. Simply magnifying a blurred image may 
make it appear larger but it will not make it any clearer. Therefore astronomers do not emphasize 
magnification so much as the light-gathering power of a telescope. To them, higher light gathering 
power means brighter images, more information, which provides an ability and potential to observe  
finer details. The light-gathering power of a refracting telescope depends on the diameter of the 
objective lens; it does not depend on its focal length.  We prefer to designate light-gathering power as 
the Light Capture Ratio (LCR) of a telescope, inasmuch as it is indeed the ratio of the light gathering 
area of its objective lens to the light gathering area of a human eye. Therefore, the light capture ratio 
of a telescope is evaluated by the equation (14.11) as follows. 
 

   LCR = (Do/De)2     (14.12) 
 

where Do is the diameter of the objective in millimeters and De is the diameter of the pupil in a 
human eye. For a completely dark adapted human eye the diameter of the pupil is about 5 to 9 mm in 
size. Various parameters required to compute magnification and light capture ratio are displayed in 
Figure 14.31.  

Let us talk briefly about the defects of lenses of telescopes. There are two major types of 
defects encountered; Spherical Aberration and Chromatic Aberration. The spherical aberration defect 
occurs in both kinds of telescopes, the refracting lens variety and the reflecting mirror type. The 
defect occurs due to imperfections in the curvature of lens or in the shape of the mirror. In modern 
times this defect is almost eliminated, even in the case of the largest telescopes with an objective lens 
or mirror. To alleviate this problem, often the objectives of large reflecting telescopes are constructed 
from small segments of mirrors mounted on adjustable frames. The position of each tile of mirror is 
adjusted by computerized controls tracked by lasers. A defect was discovered in the mirror of Hubble 
Space Telescope that required repair by an astronaut crew of NASA’s space shuttle program. The 
second kind of defect, chromatic aberration, occurs because different colors of light are focused at 
different distances when light passes through the objective lens. This problem can be corrected by 
making a composite lens in objective that has second lens with lower chrominance.  
 

This brings us to the definition of angular resolution of telescopes. Angular resolution, or 
spatial resolution, specifies the ability of any image forming device, such as an optical or radio 
telescope, or an eye to discern far away objects that are positioned at a small angular distances into 
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individual images. A factor that limits angular resolution is the diffraction phenomenon caused by the 
tendency of light waves to spread out when they are confined to a small area due to their wave nature. 
In a telescope imaging system, the objective lens’ circular aperture acts similarly to a two 
dimensional version of the Single Slit experiment. Light passing through the lens interferes with itself 
creating a ring shaped pattern because the wavefront of transmitted light is spherical in shape over the 
exit aperture. Without going into rigorous detail let us state and expression for angular resolution 
next. 

 
Figure 14.32 Angular resolution of a telescope is its ability to resolve closely spaced objects. (a) Single point 
source of light (b) Two point sources separated by a distance greater than telescopes angular 
resolution and (c) Case of distance smaller than angular resolution, a telescope shows single image. 
 

The angular resolution of an optical system can be estimated from the diameter of aperture 
and the wavelength of light by the Rayleigh criterion. Two point sources are regarded as just  
resolved when the principal diffraction maximum of one image coincides with the first minimum of 
the other (See Figure 14.32). If the distance is greater the point sources are considered well resolved, 
and if it is smaller they are regarded as not resolved. Rayleigh defended his criteria for point sources 
of equal strengths. For the case of circular apertures this diffraction translates into  

 

  = 1.22 /Do  radians     (14.13) 
 

where  is the angular resolution in radians,  is the wavelength of light in meters, and Do is the 
diameter of the objective lens in meters. Since 1 radian = 57.3 = 206265 arcseconds 
 

  = 2.51643 × 105 /Do  arcseconds   (14.14) 

      

 

Rayleigh’s Criterion 
Two point sources are resolved from each other 
when  they are apart by at least a distance which 
corresponds to radius of diffraction  pattern disk. 

 (a) (b) (c)  
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The angular resolution can be translated into spatial resolution S m by multiplying the angle in 
radians with the distance to the image of object equal to focal length of objective. Therefore, spatial 
resolution S is 
 

  S= 1.22 Fo × /Do  m    (14.15) 
 
For your ready reference we have summarized magnification, light capture ratio, and angular 

resolution of several telescopes in Table 14.5. The specifications developed for refracting telescopes 
holds well and even more favorably so to reflecting telescopes for many reasons. First of all reflecting 
telescopes are composed of concave mirror that does not suffer from Chromatic aberration which 
plagues refraction design. Second, the light from source objects do not pass through any lens. 
Therefore, defect within concave mirror has no effect on the image that is observed. There are few 
problems with reflecting mirror type telescopes. A reflecting telescope must be designed to minimize 
spherical aberration defect. A common way to eliminate spherical aberration is to polish the mirror 
surface to a parabolic shape. Main disadvantage of paraboloid shaped mirror is the astronomers no 
longer have a wide-angle view. Another problem with reflecting mirror telescope is the image forms 
in the front of mirror that requires some kind of access, a secondary small mirror and a eyepiece. The 
secondary mirror does not cause a black spot or hole in the image. However, it makes the image bit 
dimmer by reducing the total amount of light that reaches the primary mirror. Next, we will describe 
the unresolved issues of quantum physics and suggest direction of research in future. 

 
Table 14.5 Comparison: Magnification, LCR, and angular resolution of telescopes 

 
 

 
n: number of telescope mirrors and  for eyepiece NA – not available 

Telescope Location Year 
built 

Mirror/Lens 
Do:n-De(m) & 

Fo-Fe(m) 

LCR 
and 

Area m2 

Magn. 
Power 

M=Fo/Fe 

Angular 
resolution 
marcsec./ 

Keck I & II Mauna Kea, Hawaii 1993/1996 10.0:2-0.1 
17.5-.001 9676-76 17500 40-400/ 0.1-

1.0 m 

Chandra X-ray Space 1999 1.2:4-NA 
10.0-NA NA NA 500/10 keV 

1.4-170 A°  

Hubble Space 1990 2.4-NA 
57.6-.02 NA 2880 

400/1-3 eV 
.115-1.0m 

LBT Mount Graham, AZ 1996/2004 8.4 :2-NA/9.6 111 NA IR 
Subaru Mauna Kea, Hawaii 1998 8.2/15.0-NA 53 NA 230 
VLT UT 1-4 Cerro  Parnal,Chile 1998/2000 8.2:4/15.0 NA NA 1-50 
Gemini North 
Gemini South 

Mauna Kea, HI 
Cerro Pachon, Chile 1999/2000 8.1:2-NA NA NA 22.5k-87k 

Giant Magellan Las Companas, Chile 2021 8.4: 6-NA 368 NA  
Georgia Tech      250/500 nm 
Hobby-Eberly MDO, TX 1998 9.2/ 13.1-NA 77.6 NA 900 
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14.5  Space Exploration in Future 
 
Science will be exhausted when any civilization reaches the limits of interaction with dimensions 
known at a particular instant in time. At this point in the timeline, human civilization has reached the 
edge of exploration of space and time dimensions. As mankind has evolved over the centuries, the 
most glorious inventions have been wrought through constant innovation when an individual thinks 
“outside of the box.” To make further progress, we must unfold the mystery of communicating with 
unknown entities by piercing through strange dimensions. It is possible that our civilization will be 
confined as far as searching through outer space for extraterrestrial life and dimensions. Let us 
illustrate our ideas by citing a hypothetical example of an ant civilization on a sphere. 

 
The situation of human civilization is analogous to an ant civilization supposedly resident on 

a giant sphere. For our purposes we will assume that a huge sphere with sufficiently large mass is 
magnetically or gravitationally suspended in space.  If the mass of the vast sphere is made by its 
designers great enough, it would impose enough force of  gravity on object lying on its surface so that 
it cannot fly off, such as an ant. Now the ant, with their limited thought processes can freely move on 
the surface of the sphere on a perceived x an y plane without ever realizing that movement in a z 
direction is possible. It does not matter how many times the ants circumnavigate the surface of the 
sphere, they will remain in that state. Essentially the ant civilization is trapped, and their motion is 
restricted to an x and y grid for their eternal time. The situation of an ant civilization is displayed in 
Figure 14.33. Similar to an ant organization, we are completely free to move in x, y, and z direction in 
space and are confined to moving at a fixed rate in our time dimension. We described this example to 
show that there is inherent limitations on the future growth in scientific research that could possibly 
unveil other dimensions.  

 
When we think of exploring other dimensions, a natural human tendency is to build upon a 

knowledge base that is previously experienced. The bias of earlier information bases refrain us from 
even seeing things from a new perspective. Keeping these facts in mind let us identify key projects of 
research in the scientific arena that will provide answers to the following intriguing questions 
sometime in future.  

1. What are the causes for the force of gravity inherent in celestial objects and for the force of 
dark matter amongst the vast galaxies?  

2. According to present estimates, more than 70% of matter in the universe is composed of dark 
energy. What is the source of this dark energy? If dark energy is associated with dark matter, 
why is its presence is not detected in our local universe? 
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3. What is the relationship between mass and atomic number, and density and atomic number of 
all the elements in Periodic Table? Why does Higgs interaction not track with an increase or 
decrease of mass number and charge number when it relates to density? 

4. Why do quarks of different flavors interact with Higgs field in a particular way so that they 
exhibit different values of their masses? 

5. Why does quantum entanglement work? Can we apply it to increase communication speed 
above the speed of light c?  

6. Does life exist on other planets like on the Earth in dimensions known to us? Can we exist 
and survive in other dimensions as an individual entity? 

7. What lies outside the scope of the observable universe? How might it effect the state of the 
current universe and its fate? 

 
Let us seek the answers to these questions with the knowledge that you acquired studying this 

text book, and others as you grow.  The first two questions deal with two mysterious forces, of which 
causes seem to interconnect. The force of gravity, which manifests itself as an attractive agent among 
objects of mass of all sizes, stars of the size of millions of solar masses, galaxies spanning thousands 
of light years, and nano-particles, a quark having a diameter of 10-18 m. The other force of dark matter 
prevails among galaxies in an unique fashion. Its repulsive nature forces all galaxies to move apart at 
an astronomical rate and apparently led the universe in an indefinite expansion mode. We believe that 
a common link must exist for these two forces because they both exhibit an effective force in the form 
of an agent pushing objects towards one other and pulling apart objects, as in case of the dark energy 
force. Therefore, for research purposes many experts around the globe suggest that we should probe 
gravity waves. We think that more effort and thinking is needed than simply probing gravity waves. 

 

Figure 14.33  Analogy between  civilization on Earth and  a hypothetical 
  ant civilization trapped indefinitely on the surface of a sphere. 
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 A striking fact about gravity waves is that its footprint is continuously overwritten by new 
wave patterns because all the objects within this universe are in constant states of motion. As a result 
of the isolation and detection of gravity waves from any one source is an extremely formidable task. 
Unlike gravity waves,  imprints of light waves  and other radiations are preserved because light from 
a source does not interact with that which is from another source, and a photon of light never attains 
the same space-time coordinates. Therefore, all the effort to sense gravity waves has been 
unsuccessful in the past untill recent discoveries at LIGO observatory on February 11, 2016. On the 
other hand, the roots of our universe is traced back to primordial times, inasmuch as astronomers are 
able to detect and measure the intensity of the Cosmic Microwave Background radiation. The 
radiations, as described on Kelvin temperature scale, is measured at 2.72548 K, with an accuracy of 
five parts per 10,000 were originated some 400 million years after the universe was created (You may 
recall our discussion, Chapter 13). Therefore, common sense tells us that the scientific community 
should not emphasize research for detecting gravity waves. Instead, we should investigate the reasons 
for the dark matter and the force arising from dark energy, and invest our resources in that direction. 
However, we should also discover the explicit causes for gravity. 

Figure 14.34  Chart of density versus atomic number of elements within Periodic Table. Density peak occurs 
for the elements which have s1 or s2 and p1 states for electrons in their atom’s configuration. 

Answers to third and fourth questions face the same degree of difficulty as the answer to the 
first two questions, inasmuch as both issues are equally obscure. There is a synergy among the 
relationship between mass and density of matter and particles and the forces of gravity and dark 
energy. Furthermore, Newtonian mechanics validated that gravity is dependent on masses of two 
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objects and the distance between them. Also, gravity is universal, meaning it is observed among 
particles and objects of all size and shapes everywhere. However, dark energy is observed among 
large congregates of matter, galaxies and nebulae, but not present with objects of small size. Nor is 
the presence of dark matter positively detected thus far. We believe that answers to these questions 
tests the ingenuity of astrophysicists and their reasoning capabilities. We applied our common sense 
and logical reasoning to come up with possible answers. 

We investigated charts of density variations of elements in the Periodic Table versus their 
charge number (see Figure 14.34). A close examination of this chart reveals that an increase and 
decrease in density forms a pattern corresponds to the specific quantum number configuration 
assignments of electrons in element’s atomic structure. We suspect that matter with some type of 
electron configuration interacts with the Higgs Field more strongly than other configurations. For 
instance, the atoms of elements with one and two electrons in outermost shell of quantum number 
assignments exhibit  the highest density and form compounds that are denser than elements with other 
quantum number assignments. The idea requires additional research and data to support our 
observation.  It is even more difficult to seek answers for the fourth question. We believe that the 
mass of individual quarks depend on the extent of interaction with the Higgs field. It is conceived that 
color charge on a quark determines the strength of its coupling to the Higgs field and, in turn, its 
mass. The topic requires further research which may require substantial manpower, resources and 
financial commitment.  

We already studied about the answer to question five in Section 11.5 with lot of details. 
Response to the second part of this question is, yes. However the act of reading the state of an 
entangled photon destroys the value of the entangled property associated with the particle. Therefore, 
the use of the entanglement property allows us to implement a “read once” type of messaging system. 
This could be a very interesting premise for communication with probes intended for travelling to 
deep regions of space.  

In the wake of seeking an answer to the sixth question, space agencies around the globe have 
invested vast amounts of monetary and manpower resources in the past scores of years. In fact, the 
Kepler Spacecraft was launched and is orbiting in space with the purpose of identifying planets that 
orbit other stars like our Sun, on which earth like-dwelling conditions may prevail. In Section 14.1.2, 
we learned that several Goldilock  planets were discovered by the Kepler Mission.  

 One of the inherent limitations of space agencies who are spending effort in search of extra- 
terrestrial life is that they search for life forms existing in dimensions known to us. A natural 
tendency of the human race is to explore space for life in our space and time dimensions. Obviously, 
we cannot imagine performing a search within unknown dimensions, inasmuch as we have not 
established yet if the dimensions and their entities exist in reality.  In quantum physics every event 
has a finite non-zero probability. Hence, it is possible that life entities without physical bodies exist. 
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What if this kind of life species already exists on Earth and scientists have not developed processes to 
interact with them. In light of this, we discussed in Section 4.6 imaginary dimensions. This is an 
extraordinary topic, and further discussion of it is outside the scope of a physics text book like this. In 
regards to this we can only state that the quest for finding other forms of life, extraterrestrial (ET) life 
in known dimensions, the travelling of the human species in indeterminate dimensions will remain 
alive until prerequisite goals of advancement are accomplished. 

Analogous to question six, a seventh question is impossible to answer at this time. The reason 
for this is we can only speculate what is outside the theoretical edge of the visible universe. 
Furthermore, it is not clear whether the universe is of finite size and if it does have a boundary. 
Therefore, before we can make progress it is imperative that we verify the existence of dark matter 
and dark energy within the deepest regions of the universe. It is probable that dark matter is 
associated with even more massive quarks than we have found. We suggest that a good starting point 
would be to look for particles in a supercollider that exhibit characteristics of dark matter, such as 
particles that repel each other due to color charge force, instead of imposing an attractive influence. 
Much more research is essential to resolve these many questions. 

14.6  Final Thoughts 
 
Physics the way we view it in the 21st Century is drastically different than the way we used to view it 
a score of years ago. The advancements in the audio-visual communication technologies making 
accessible wireless networks utilizing personal computers and hand held smart phones, iPads and 
iPhones have enabled enormous amounts of information to be exchanged, more than it was ever 
imagined before.  We predict that future of physics is extremely bright. The results of technological 
revolution being experienced by expert users for a plethora of tasks and accomplishments is done to a 
remarkable level of power and accuracy. People can navigate through application websites and see 
fancy, colorfully attractive images of objects on electronic gadgets in ones hand from a great variety 
of sources around the world on various mediums. Furthermore, search engines, such as Google, 
Yahoo (Yelp), and Bing enhanced the search capabilities of every educated person on our planet, 
enabling them to access state of the art, updated information on any topic from anywhere within a 
short time period, fewer than 10 seconds in most instances. Also, the ability of the masses to perform 
financial transactions on mobile hand held devices over WIFI connections, and their interaction with 
a variety of applications, each one custom designed for a product or a service, has changed the model 
for doing any kind of business.  
 

The integration of internet resources with television network programming has further 
elevated the exposure of technology to masses of people around the world. Specifically the viewing 
capability of news programs and reports around the clock, twenty four hours a day, have significantly 
impacted the viewing audience and life styles of people to a greater extent than prior years. Another 
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technological advance worth mentioning is the impetus of full computerization of classrooms with 
integrated internet resources, using the audio visual interface among the students and the instructors 
in Schools and Universities. On the social media side, applications such as Facebook, Twitter, 
Spacebox and LinkedIn have dramatically improved personalized communication among user groups 
for  employment and relationship considerations. The progress and the inventions from the science of 
physics has had a great deal to do with the success story of information technology industry. Still, 
several tribulations related to the principles behind the operations of fundamental scientific 
phenomena remain unsolved. 

 
One of the all time challenges of physical science is to know the reason for gravity that 

affects objects of all sizes in the universe, large or small. No one has successfully provided answer to 
this question with complete satisfaction. We would like to posit a question.  Can we separate the force 
of gravity from the objects comprised of material particles? The answer is negative. There are 
moments in which physicists are confronted with experimental and theoretical limits that compel 
them to abandon their trust in their knowledge. The mystery of the force of gravity is a prime 
example, an enigma for which progress can only be made by inventing a radically different concept.  

 
Several theories have been proposed in the past as regards the fundamental reason for the 

mechanism of gravity, but no concrete proofs of the validity of such theories has been found. One 
such possibility was disclosed by Professor Ingo Leubner in a RPCN Chapter meeting in Rochester, 
New York. He presented the view that when energy is transformed into a particle with non-zero rest 
mass, anti-energy is created. According to him the force of gravity persists to balance the difference 
between the energy and the anti-energy that created the mass. His explanation is an interesting 
thought but poses another challenge of finding and detecting anti-energy. Also, his explanation lacked 
physical significance associated with concepts of the anti-gravity and the anti-energy. We believe that 
his idea of anti-gravity and anti-energy may have some value, inasmuch as it hints a connection 
between anti-energy with dark energy and anti-gravity with dark matter.   

 
So far we have seen, when one bridges classical mechanics with quantum mechanics, almost 

all of the phenomena occurring in nature are successfully explicated without any gaps. However, the 
strange behavior of particles, such as the mystery behind the entanglement phenomenon, remains 
unanswered.  As it relates to entanglement, we had an interesting conversation with the Professor of 
Physics, Dr. Munawar Karim at St. John Fisher College. His explanation was interesting because he 
mentioned that a pair of particles exhibiting entanglement are connected with standing waves. 
Therefore, the properties of particles separated by vast distances are linked through wave energy. The 
linkage allows the change in value of a specific property within a local entity cause an instantaneous 
corresponding change in value of the same property within a remote member of the pair to the same 
extent. Though entanglement opens a new window of opportunity for the achievement of 
communication at super luminous speeds, a “read once” restriction limits the scope of its application.  
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Throughout this book, we have attempted to answer many difficult questions by applying 
sound logic and composition of facts. We arrived at these answers from an information base that is 
consistent with the prevailing proven theories and the ideology of leading experts in the field of 
astrophysics. In order to solidify our theories and concepts, we did extensive research on the subject 
matter of every topic by navigating hundreds of papers published on internet and videos posted on 
YouTube. For readers benefit, we have carefully listed the internet address of reference material on 
specific topics at the end of each chapter. Also, we have developed questions and problems on subject 
matter in each chapter to test knowledge you have received by studying the chapter. Further, we have 
included several multiple choice objective questions that will enable readers to assess their grasping 
of the concepts presented in all chapters. The answers to the objective questions are included at the 
end of exercise section in every chapter.  

Having said that, completing a project of this magnitude and creating a textbook as this has 
turned out to be even tougher task than running a Boston marathon race. We are proud to say that 
producing a textbook on Light Wave physics and Astronomy has been a remarkable and difficult 
endeavor that I, and my friend and editor Michael Hall, have undertook. It is our privilege to share 
distinct views on the most valuable subjects of Astrophysics and Cosmology. The subject matter in 
the book successfully resolves some controversy in areas of gravitational physics, light wave physics, 
black hole physics, and physics of cosmic expansion. We sincerely hope that you enjoyed studying 
the material presented in this book and reap benefits from the knowledge you have gained. I am 
highly obliged for the responses from so many students and professors who had often unselfishly 
provided feedback on the ideas projected in this book. Please write, submitting a blog, or contact us 
via any of the social media channels, or on the website http://www.Skylativity.com. We will do our 
best to respond to your inquiries.  

WHAT IS NEXT? SEEK ANSWERS TO THESE SPLENDID QUESTIONS   

 What imparts force of gravity to objects? 
 What is the relationship of atom’s electron configuration with density of matter? 
 Why density of compounds are higher than mass of elements forming compounds? 
 What is dark matter? Where is it? 
 Can other forms of life exist in unknown dimensions? 
 What is the shape of Cosmology in Future? 

 
 
 
 
 
 

http://www.skylativity.com/
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http://www.keckobservatory.org/recent/entry/astronomers_baffled_by_discovery_of_rare_quasar_quartet  
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G. The electromagnetic spectrum 
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H. Radiation astronomy/Gamma rays 
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http://www.dailygalaxy.com/photos/uncategorized/m16_4.jpg  

M. Chandra x-ray: Clues to the Growth of the Colossus in Coma 
http://www.nasa.gov/mission_pages/chandra/multimedia/coma-cluster-growth.html  

N. Chandra x-ray observatory: About Chandra, Chandra at a glance 
http://cxc.harvard.edu/cdo/about_chandra/  

O. HUBBLE SITE: Quick facts about Webb (NASA) 
http://webbtelescope.org/webb_telescope/technology_at_the_extremes/quick_facts.php  
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T. Astronomy UCR 
http://astro.ucr.edu/members/graduate-students/alavi-2/research/  

U. Meet the next generation space telescope by Korey Haynes 
Astronomy, May 2016 
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http://iopscience.iop.org/0004-637X/762/1/32/article 
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http://spiff.rit.edu/classes/phys301/lectures/other_tel/other_tel.html  

X. The Physics of Particle Detectors 
http://www.amazon.com/Particle-Detectors-Cambridge-Monographs Cosmology/dp/0521675685  

Y. Doppler Effect and Sonic Booms 
http://philschatz.com/physics-book/contents/m42712.html   

Z. Formula for this class 
http://onlinephys.com/astroformula.html   

AA. Harvard University Astronomy Lab and Clay telescope 
http://www.fas.harvard.edu/~astrolab/photomBetelgeuseRigel_spu21.html 

BB. Stellar spectroscopy, UNIS Starbase 
http://www.ph.surrey.ac.uk/astrophysics/files/spectroscopy.html  

CC. Lecture 26: Telescopes 
http://www.astronomy.ohio-state.edu/~pogge/Ast161/Unit4/telescopes.html 

DD. NASA Jet Propulsion Laboratory, California Institute of Technology: Latest in Space 
 http://www.jpl.nasa.gov/news/features.cfm 
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FF. Liz Kruesi, “10 Chandra’s biggest discoveries”, Astronomy July 2014 
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14.7 Summary 
 
DEFINITIONS 
 
QUASAR: Quasi-stellar radio sources are active galactic nuclei of remote galaxies which are 
extremely luminous and the most energetic sources of radio and visible light waves.  
 
VLBI: Very-long-baseline interferometry  (VLBI) is a type of astronomical  interferometry that is 
used in radio astronomy in which a signal from astronomical radio source is collected from several 
sparsely located telescopes on Earth and information of the signal is combined to form image of the 
source. In this arrangement effective signal gathering area and power is amplified  by antenna disks  
of several telescopes. 
 
Astronomical Unit (AU): It is average distance of the Earth from the Sun which is exactly equal to 
149.5979 million kms or 93 million miles. The maximum distance of the Earth’s orbit from the Sun  
(at aphelion) is 152.1 million kms and the minimum distance of the Earth’s orbit from the Sun (at 
perihelion) is 147.1 million kms. The AU is primarily used as a convenient yardstick to specify 
distances within our solar systems. 
   
Light year: It is a unit of length that is most frequently used to measure distances of stars and other 
celestial entities on a galactic scale. International Astronomical Union had defined a light year as the 
distance traveled by light in vacuum in a Julian year (365.25 days or 31.5576×106 s) which is equal to 
9.461 trillion kms  or 5.8786 trillion miles. 1 ly = 63,421.077 AU 
 
Parsec: It is the largest unit of distance for measuring distances of celestial objects outside the solar 
systems. Parsec is defined as the perpendicular distance at which an observer’s line of sight located at 
1 AU subtends a parallax  angle of 1 arc s. 
 
Angular size: Angular diameter or apparent size is the angle through which an eye or a camera lens 
must rotate to look from one side of circular object in the sky to the other side from a given point of 
view. Angular size is measured in radians or degrees. The most common unit is arcseconds.  
 
Ecliptic: The apparent trajectory of the Sun on celestial sphere due to Earth’s orbit around the Sun 
leading to virtual motion of stars in the background sky. It forms basis for an unique ecliptic space 
coordinate system. It is an imaginary line of intersection Earth’s orbital plane celestial sphere. 
 
Linear size or Small Angle Distance formula (SAF): It is very powerful and simple formula that 
relates to actual diameter of a celestial object with observed angular size and its distance from an 
observer on Earth. 
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DEFINITIONS (CONTINUE) 
 
Celestial Sphere: The celestial sphere is an imaginary sphere of radius 1 AU with the Earth located 
at its center. The poles of the celestial sphere are aligned with the poles of the Earth. The celestial 
equator lies along the celestial sphere in the same plane that includes the Earth's equator. 
 
Diurnal Motion: Diurnal motion is an astronomical term referring to the apparent daily motion of 
stars around the Earth, or more precisely around the two celestial poles. It is caused by the Earth's 
rotation on its axis from west to east, which results into apparent motion of celestial bodies in night 
sky from east to west so that every star moves on a circle called diurnal circle. 
 
Right Ascension: Right ascension (abbreviated RA; symbol α) is the angular distance (the arc) of the 
celestial equator measured eastward from the vernal equinox to the foot of the great circle passing 
through the celestial poles and a given point on the celestial sphere, expressed in time hr:min:sec. 
 
Declination: In astronomy, declination (abbreviated dec; symbol δ)  is the angular distance expressed 
in degrees, of a star, planet, and etc, from the celestial equator measured north (positive) or south 
(negative) along the great circle passing through the celestial poles and the body.   
 
Vernal Equinox: One of two points at which the ecliptic intersects the celestial equator and it is the 
time occurring about March 21 when the Sun crosses the plane of the Earth's equator, making night 
and day of approximately equal length all over the Earth. 
 
Autumnal Equinox: The point at which the Sun's path crosses the celestial equator moving from 
north to south and when day and night are of equal length is called the autumnal equinox as it occurs 
about September 22. 
 
Summer Solstice: It is the time at which the Sun is at its northern most point in the sky 
(southernmost point in the S hemisphere), appearing at noon at its highest altitude above the horizon. 
It occurs about June 21 in Northern hemisphere, the longest day. 
 
Winter Solstice:  It is the time at which the Sun is at its southernmost point in the sky (northernmost 
point in the S hemisphere) appearing at noon at its lowest altitude above the horizon. It occurs about 
December 22 (June 21 in the S hemisphere), the shortest day. 
 
Zenith: The highest point on celestial sphere that is vertically above an observer at given location on 
the Earth and is directly opposite to nadir at that point. 
 
Circumpolar: The stars form an observer at given latitude in one of the Earth’s polar region does not 
appear to move below the horizon during its diurnal motion. 
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DEFINITIONS (CONTINUE) 
 
Terrestrial Planets: A terrestrial planet (telluric or Earth like planet) or rocky planet is a planet that 
is composed primarily of silicate rocks or metals. Within the Solar System, the terrestrial planets are 
the inner planets closest to the Sun, i.e. Mercury, Venus, Earth, and Mars. 
 
Jovian Planets: The gas giant planets whose surface is mostly composed of thick cloud of gases are 
called Jovian planets. Four planets Jupiter, Saturn, Neptune and Uranus falls into this category. 
 
Radial Velocity of a Star: Radial velocity (proper motion) is the component of the motion of a star 
away from or toward the Earth along its line of sight, expressed in miles or kilometers per second and 
determined by the shift in the wavelength of light emitted by the star. 
 
Tangential Velocity of a Star: It is the component of the linear motion of a star with respect to the 
Sun, measured along a line perpendicular to its line of sight and expressed in miles or kilometers/sec. 
 
UBV Photometry: UBV photometric system, also called the Johnson-Morgan system, is a wide band 
photometric system for classifying stars according to their colors. It is the first known standardized 
photoelectric system in which the photometric measurement of the color index of a star, is taken by 
using ultraviolet, blue, and visual  yellow) filters. 
 
H-R Diagram: The Hertzsprung–Russell diagram, abbreviated as H–R diagram or HRD, is a scatter 
graph of stars showing the relationship between the stars' absolute magnitudes or luminosities versus 
their spectral classifications or effective temperature. 
 
Magnifying Power (Magnification): The magnifying power, or extent to which the object being 
viewed appears enlarged, and the field of view, or size of the object that can be viewed, are related by 
the geometry of the optical system. For telescopes Magnification = Fo/Fe 
 
Angular Resolution: Angular resolution or spatial resolution describes the ability of any image-
forming device such as an optical or radio telescope, a microscope, a camera, or an eye, to distinguish 
small details of an object, thereby making it a major determinant of image resolution. 
 
Light Gathering Power: A telescope's light gathering power is directly related to the diameter (or 
aperture) of its objective (the primary lens or mirror that collects and focuses the light). The larger the 
area of objective, the more light the telescope collects. 
 

CMB: The Cosmic Microwave Background radiation, or CMB for short, is a faint glow of light that 
fills the entire universe, falling on Earth from every direction with nearly uniform intensity. 
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CONCEPTS AND PRINCIPLES 
UBV Photometry Principle   Appearance of a star, its color when observed from the 
Earth depends its surface temperature.  The wavelength 0 at which the intensity of light emitted 
from the  star peaks and is related to its temperature by Wien’s law except at very low temperature.  
Therefore, ratio of intensity of light from the star as it passes through different  filters allows 
astronomer to predict spectral type and luminosity class for the star. Compute unshifted 0 by using 
surface temperature read from absolute temperature of stars versus color ratio graphs. 
 
Stefan-Boltzmann Law  It states that luminosity  L of a star is directly proportional to the 
fourth power of its surface temperature expressed on absolute scale times total surface area. The 
proportionality factor  is called Stefan-Boltzmann constant. The law allows to compute radius of 
light emitting star. 
 
Inverse Square Law   In physics, it is a physical law stating that a specified physical quantity or 
intensity is inversely proportional to the square of the distance of the source of that physical quantity.  

 
ANALYSIS MODEL FOR PROBLEM SOLVING    

 For stars within Milky Way galaxy, astronomers can estimate distance d of a star  in units of 
parsec by measuring Stellar Parallax, angle  expressed in arcsec.  The relationship is 

 = 1/d                 arcsec  

 Small Angle Distance Formula (SAF)  SAF relates diameter D of a celestial object 
with its apparent angular size  and its distance d from an observer on Earth.  

          D = d/206,265               km 

 Sidereal period P in days of any planet in our solar system is computed from 
 P-1 = E-1  S-1 
where E is Synodic period of Earth’s orbit and S is the Synodic period of the planet. Positive 
sign for inferior planets and negative sign for superior planets. 
 

 Magnification or magnifying power of a telescope M is ratio of focal length Fo of objective to 
the focal length Fe of eyepiece  
M = Fo/Fe 
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ANALYSIS MODEL FOR PROBLEM SOLVING (CONTINUE) 

 For stars located in deep regions of outer space, Hubble’s law is combined with Doppler’s 
principle to determine space velocity V km/s and  distance d of stars and galaxies. 
 
  Redshift z = (0) 0 = Vr/c  
 
where 0 is unshifted wavelength of star’s spectral-line found from photometry,  is observed 
shifted wavelength and Vr is radial velocity of the star. 
 
From Hubble’s law distance d = Vr/H0 light years or parsec. From proper motion of stars, 
tangential component of velocity of a star is computed.  
 
  Vt = 4.74 × d   km/s  
 
where  is the number of arc seconds the star appears to move per year tangentially on the 
celestial sphere.  
 
Finally  from Pythagorean theorem space velocity is calculated.  
 
  V = (Vr

2 + Vt
2)1/2  km/s  

 
 For stars located anywhere in sky Stefan-Boltzmann law provide a means to calculate radius R 

in meters of star by the knowledge of its luminosity L and surface temperature T in Kelvin. 
 
First absorption line spectral analysis is performed on radiation spectrum of signals from star to 
determine spectral type (temperature T) and luminosity of the star. Next luminosity L is found 
from H-R diagram for the star. Then, we use Stefan-Boltzmann law to find radius of the star  
 
   L = 4R2

T4 m. 
 

 Light Capture Ratio LCR or Light gathering power is proportional to the area of objective lens 
and is compared with area of human eye or eyepiece.  
 
  LCR = (Do/De)2  
 
where Do is diameter of objective and De is diameter of eyepiece. 
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ANALYSIS MODEL FOR PROBLEM SOLVING (CONTINUE) 

 Angular resolution of telescopes is determined from Rayleigh Criterion.  
 
 = 1.22 /Do radians = 2.51643 × 105 /Do arcseconds where wavelength in meters. 

 
 Angular resolution is converted into corresponding Spatial resolution Sby multiplying  

with focal length of objective. S= 1.22 Fo × /Do m 

 
APPLICATIONS  
 

 Calculate distance (space coordinates) and radii of stars in the Universe. Radius of a star is 
estimated from Stefan-Boltzmann law, if luminosity and surface temperature of a star is 
known. Essential steps: 
 

1. First, for stars local to Milky Way, distance is measured by using Stellar Parallax technique. 
If a star is located in deep outer space, distance is evaluated by Hubble’s law and Doppler 
Shift Formula. Luminosity is found from either H-R diagram or from Inverse Square law. 

2. Next, apparent brightness of the star is measured by comparing star-light with the light from a 
standard source such as a Candle. 

3. Then we can plug in distance of a star and star’s apparent brightness in Inverse Law equation 
to determine luminosity of the star. 

4. After that surface temperature of the star is read from UBV photometry data or by performing 
spectrum analysis on absorption line spectra of star-light. 

5. Finally radius of star is computed from Stefan-Boltzmann law. L = 4R2
T4 m 

 Calculate radial Vr and tangential Vt components of space velocity of stars in the Universe. 
Essential steps: 

1. From photometry data numerical value of unshifted wavelength corresponding to 
peak intensity of a star light is determined. 

2. Then, Doppler shift (z-shift) is measured for captured signal form target star by a 
very sensitive spectrum analyzers.  The z-shift is utilized to calculate radial 
component Vr of space velocity of the star in km/s 

3. Next by analyzing proper motion of the star on celestial sphere, tangential component 
Vt is  determined. 

4. Finally Pythagorean composition of velocity components Vt and Vr is performed to 
arrive at a value of space velocity V. 
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Exercises 
Questions 
 
A heart () denotes objective question and a question with a diamond ()  requires analysis. 
Answers to all questions () and (), and problems () and () are included at the end of exercises. 

1. Explain why Astronomers design telescopes in different wavebands for observation of 
celestial objects in the Universe? State different wavebands in which various telescope 
operate for exploring space. Also, explain, why some telescopes are situated near the surface 
of the Earth while others are rotating in orbits several millions of kms away from the Earth? 
 

2. Keck I and II and primary mirrors of several telescopes share a common feature, their mirrors 
are constructed from small segments. Explain the reasons for honeycomb structure of frames 
and mirrors. 
 

3. Why formation of image and detection of signals from x-ray sources is more difficult task 
than observation of light? What special features are embedded in the design of Chandra x-ray 
observatory to achieve desired resolution in the image of neutron stars?  
 

4. List the instruments carried by Chandra Spacecraft and briefly explain their purposes. 
 

5. What kind of defects occur in fabrication of mirrors and lenses for large telescope systems? 
What went wrong immediately after Hubble Space Telescope was placed in its orbit? How 
HST project members and Engineers at NASA remedy the situation? 
 

6. Describe different categories of particle detectors used for detection of particle in Large 
Hadron Collider at CERN? Why the detectors are organized in layers analogous to layering 
structure found in onions? 
 

7. What is a key difference between angular size and the linear size of an object in the Sky? 
Why small angle distance formula plays very important role in  astronomical measurements? 
 

8. Define terms: Celestial sphere, ecliptic, diurnal motion, zenith, circumpolar, light capture 
ratio, magnifying power, angular size and linear size.  . 
 

9. Explain differences between (a) Angular size and angular resolution (b) Terrestrial and 
Jovian planets (c) Summer soltice and winter soltice (d) Vernal and autumnal equinox (e) 
Right ascension and declination (f) Magnifying power and light gathering power (g) Radial 
and tangential components of space velocity. 
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10.  Which of the following measurements is useful for calculation of radial velocity of stars? 

(A) Photometry ratios bV/bB  and bB/bU   
(B) Photometry ratios and Doppler’s shifted  wavelength 
(C) Distances of star from the Earth  
(D) Radii of stars 
(E) None of the above 

 
11.  Which of the following parameters are essential for estimating radii of stars? 

 
(A) Surface temperature only 
(B) Luminosity, and surface temperature 
(C) Surface temperature, distance, and apparent brightness 
(D) H-R diagram and surface temperature 
(E) B or C or D 

 
12. Explain briefly how photometry is used to determine surface temperature and unshifted 

wave-length of light arriving from stars of the deepest regions of the Universe. 
 

13. Why absorption line spectra analysis and H-R diagram are very important concepts? 

Problems 
 
 
A spade () indicates that solution of the problem demands research outside this text book.  
A club ()  denotes that solution of the problem requires substitution of values in a formula 
 

1.   The Senator Byrd Radio Telescope in Green Bank West Virginia has a dish diameter of 
D=100 meters. It is designed to detect radio waves with a wavelength of = 21-centimeters. What 
is the angular resolution, , for his telescope in (a) degrees?  and (b) Arc minutes ?  

 
2.   The largest, ground-based optical telescope has the D = 10.4-meter Gran Telescopio Canaris. 

If this telescope operates at optical wavelengths ( = 600 nm), what is the maximum resolution of 
this telescope in (a)  microradians?  and (b) milliarcsecond? 

 
3.   An astronomer wants to design an infrared telescope with a resolution of 1 arcseconds at a 

wavelength  of 50 micrometers. What would be the diameter of the mirror? 
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4.   State expression for relationship between angular resolution and observed wavelength of 
signal in design of  a telescope in units of arcseconds. Given that 1 radian = 206265 arcseconds.  
 

5.   A biologist studies de-forestation by measuring loss of plant matter with data from a satellite 
camera that has a pixel resolution of 10-meters/pixel. For the camera in the orbit of the satellite 
the resolution corresponds to an angular resolution of 10 arcseconds. To measure the loss of plant 
life, she detects the reflection by the ground of chlorophyll, which is the most intense at a 
wavelength of 700 nanometers. What is the diameter of the camera lense that will ensure given 
resolution for the camera in orbit of the satellite? 
 

6.   Construct a graph that shows the diameter of lens or mirror that is needed to obtain a 
resolution of 1 arcseconds from far-ultraviolet wavelengths of 200 nanometers to infrared 
wavelengths of 10 micrometers. From orbit, a human subtends an angle of 1 arcseconds, and 
emits infrared energy at a wavelength of 10 microns. How large would the camera have to be to 
resolve a human by his heat emission? 

 
7.   A spherically symmetric point source emits sound waves with uniform power of 1256 W. At 

what distance will the intensity be just below the threshold of pain? (Assume threshold of pain 
intensity I = 1 W/m2.)  
 

8.   Often on highways with traffic in two directions there is a need to resolve lights from tail light 
of a  vehicle in front and head light of an oncoming truck. What is the distance at which a driver’s  
eye can in principle resolve the lights from the trucks  if they are separated by distance d = 1.0 m?  
Take the pupil of the eye to be a circular aperture of diameter D = 3 mm and the relevant 
wavelength  = 500 nm.  
 

9.     The surface temperature of any star can be found by analyzing signals captured and plotting 
intensity I() versus the wavelength . Given that  I() = 162hc/[5(ex – 1)] where x = hc/ 
Find an equation to find surface temperature of a star. 
 

10.   Cerenkov radiation is observed from a beam of 1 GeV electrons travelling through air of index 
of refraction  = 1.00029. Find the half angle of the light cone of radiation.   

 
11.    Consider a plane transmission diffraction grating. Let s be the spacing between ruled lines, m 

be the order number, and  the observation angle. Find the angular dispersion d/d for incident 
light of wavelength . 
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12.    The observing deck in which an astronomer positions himself at the prime focus of the 5 m 
telescope on Palomar Mountain is about 1m in diameter. Calculate what fraction of the incoming 
starlight is blocked by the deck. 

 
13.    Compare the light gathering area of the Subaru 8.3 m telescope in Mauna Kea, Hawaii with 

that of the Hubble Space Telescope (HST), which has a 2.4m objective mirror. What advantages 
does HST have over Subaru? 

 
14.    A city observer has a Nexstar evolution 8 telescope that has a aperture of 20 cm in diameter 

with a focal length of 2 m. What magnification he will get when he uses an eyepiece whose focal 
lengths are (a) 40 mm and (b) 13 mm ? (c) What is the telescope’s diffraction-limited angular 
resolution when used with orange light of wavelength 600 nm?  

 
15.    After correction of spherical aberration defect in HST by NASA’s Space shuttle Endeavour 

mission in 1993, HST took a picture of the galaxy M100 that is about 70 million light years from 
the Earth. If the angular resolution of HST image of M100 is 0.1 arcsec, what is the diameter in 
light-years of the smallest detail that can be discerned in the image? (b) At what distance would a 
U.S. Quarter (diameter 2.43 cm) have an angular size of 0.1 arcsec? Provide your answer in kms. 
(Hint: Use the small angle distance formula).  

 
 

Figure Problem 14.6 
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Answers to objective questions 
 

10.   (B)  11.  (C)     

 
Answers to selected problems 
 

1. (a) Resolution 0.14°  (b) 8.4 arec min. 2.  (a) 0.070 microradians (b)  14.52 millarcs     
3. 12.58 m 4.   = 251643 /Do 5.  3.52 cm 6.  2.5 m (Figure Problem 14.6)  
7. 9.998 m   8.  5 km  9.  T = 0.201 hc/max 10.  /2 = 1.379° 
11.   tan /  12. 0.04 or 4%  13.  Subaru gathers 12 times more light than HST 
14.  (a) 50x  (b)  154x   (c)    = 0.755 arc sec 15.  (a) 33.9 lyrs  (b)  50.12 km 
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APPENDIX - A: Complete Energy Spectrum (Planck Wave Model) 
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APPENDIX - B: EM Spectrum Frequency Chart (Classical Model) 
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APPENDIX - C: Feynman Diagrams (FD), Standard Forms 
 

        
    

(a) Essential elements of a FD               (b) Scattering of light by light (Delbruck Scattering) 

 
(c) FD for different interactions require at least two vertices 

 

                         
 

(d) One loop diagram for Uni-cycle events. (e) Loop diagram representing fluctuations in  
Ex. Hawking radiation, lamb shift, and         vacuum. Electron positron pair annihilate and 
anomalous magnetic dipole moment.            rematerialize through quark  fragmentation. 
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APPENDIX - C: Feynman Diagrams (FD), Fusion processes 
 
 

 
 
Above sets of FD represents every possible way Higgs boson of Standard Model may 
have been produced at Tevatron collider, Fermilab and at LHC, CERN. Each diagram 
is identified by particles participating in the fusion process. For instance WH means 
fusion of W and H bosons, and etc. From the details of FD, physicist estimated mass 
of Higgs boson 126 GeV/c2. 

 
 More examples. 

             
 
Beyond the Standard Model, Top Decays into muon and leptons 
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APPENDIX - C: Top pair production and decay [Examples (a) to (d)] 
 

 Beyond the Standard Model Top Processes  [Examples (e) and (f)] 
 

 
 

      

                        
 
 
 

(a) (b) 

(c) (d) 

(e) (f) 
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APPENDIX - D: Glossary 
 
 
Aberration constant: The ratio of velocity of an inertial frame moving at v m/s with respect to a reference 
frame at rest and the absolute speed of light c is defined as the aberration constant.  It is denoted by  = v/c, 
where c is speed of light that has a constant value for both systems.  
 
Absolute Stationary Frame (ASF): A frame of reference is ASF if and only if  in any pair of inertial systems, 
the distance between the point of interest and the observer is invariant with respect to time.  

Absolute Standard Time (AST): It is defined as time period of one cycle (1/frequency) of a wave signal 
emitted from an atomic clock’s electron resident in the outer most orbit of a cesium atom maintained in 
undisturbed state and in the absence of gravity effects from other objects. 

Absorption Spectra: Dark lines superimposed on a continuous spectrum. 
 
Accretion: The gradual accumulation of matter in one location, typically due to the action of gravity. 
 
Accretion disk: A disk of interstellar material surrounding a celestial object with an intense gravitational field, 
such as a black hole. The matter in the accretion disk eventually spirals into the attracting black hole and adds to 
its mass. 
 
Accelerator: A machine used to accelerate particles to high the speeds (and thus high energy, as compared to 
their rest mass energy) 
 
Alpha decay: A radioactive substance with rich proton nuclei if unstable it decays by emitting an alpha particle, 
4
He

2
 nucleus into daughter nuclei whose mass number A is lowered by 4 and atomic number  Z is lowered by 2. 

 
Alpha particle: The nucleus of a helium atom, consisting of two protons and two neutrons. 
 
Angular frequency ( It is defined as the rate at which a phase of a rotating vector is advancing per unit of 
time that is measured in rad/s.  

Angular momentum: Angular momentum is a conserved quantity, which is used to describe rotational motion 
much like momentum for linear motion. Rotational motion can be orbital motion of two bodies around one 
another or the rotation of a rigid body. The intrinsic angular momentum of a particle is called “spin.” In 
quantum mechanics, angular momentum and spin are quantized quantities: They can only have certain discrete 
values measured in multiples of ħ, which is Dirac constant numerically equals Planck’s constant h divided by 
2. 

Angular Resolution: Angular resolution or spatial resolution describes the ability of any image-forming 
device such as an optical or radio telescope, a microscope, a camera, or an eye, to distinguish small details of an 
object, thereby making it a major determinant of image resolution. 

Angular wave number (k): It is defined as the number of waves that can be circumscribed on the perimeter of 
the circle in space domain. 

Angular size: Angular diameter or apparent size is the angle through which an eye or a camera lens must rotate 
to look from one side of circular object in the sky to the other side from a given point of view. Angular size is 
measured in radians or degrees. The most common unit is arcseconds.  
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Annihilation: A process in which a particle meets its corresponding antiparticle and both disappear. The energy 
appears in some other form, perhaps as a different particle and its antiparticle (and their energies), perhaps as 
many mesons, and perhaps as a single, neutral boson, such as a Z0 boson. The produced particles may be any 
combination allowed by conservation of energy, momentum, electric, magnetic and other charge types and by 
other rules. 

Antifermion: The antiparticle of a fermion. See also antiparticle. 

Antimatter: Material made from antifermions. We define the fermions that are common in our Universe as 
matter and their antiparticles as antimatter. In the particle theory, no a priori distinction exists between matter 
and antimatter. The asymmetry of the Universe between these two classes of particles is a deep puzzle for 
which we are not yet completely sure of explanation. 

Antiparticle: A charged particle and its antiparticle have the same mass but opposite charge, spin and other 
properties such as lepton number and baryon number. 

Antiquark: The antiparticle of a quark. An antiquark is denoted by putting a bar or apostrophe over the 
corresponding quark symbol (d’, u’, s’ etc.). 

Approachin systems: Two inertial systems are defined as approaching systems if displacement between the 
two systems is decreasing with time at a constant rate. 

Atom: Fundamental building block of matter, consisting of a nucleus (comprising protons and neutrons) and an 
orbiting swarm of electrons. 

Astrophysics: The physics that studies astronomical objects such as stars and galaxies. 

Astronomical Unit (AU): It is average distance of the Earth from the Sun which is exactly equal to 149.5979 
million kms or 93 million miles. The maximum distance of the Earth’s orbit from the Sun  (at aphelion) is 152.1 
million kms and the minimum distance of the Earth’s orbit from the Sun (at perihelion) is 147.1 million kms. 
The AU is primarily used as a convenient yardstick to specify distances within our solar systems. 
 
Autumnal Equinox: The point at which the Sun's path crosses the celestial equator moving from north to south 
and when day and night are of equal length is called the autumnal equinox as it occurs about September 22. 
 
BASS: Boulder Astronomical Space Society 
 
B Factory: An accelerator designed to maximize the production of B mesons. The properties of B mesons are 
then studied with specialized detectors. 

Balmer Series: The wavelength of emitted spectral lines from hydrogen atoms is called Balmer lines or Balmer 
Series. The emission takes place corresponding to electron orbit transition from any state for principal quantum 
number n > 2 to n = 2. For values of n from 3 to 6, lines in visible light spectrum are emitted. For values of n 
larger than 6, lines in ultraviolet region of spectrum are emitted.  
 
Baryogenesis:  In physical cosmology, baryogenesis is a generic term for the hypothetical physical processes 
that produce an imbalance between matter and antimatter thus creating abundant amount of matter in the very 
early universe. 
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Baryon [BARE-ee-on]: A hadron made from three quarks. The proton (uud) and the neutron (udd) are both 
baryons. They may contain additional quark-antiquark pairs. 

Baryon-antibaryon asymmetry: The observation that the Universe contains many baryons but few 
antibaryons: a fact that needs explanation. 

Baryon number: It is a quantum number assigned to elementary particles that is equal to the sum of baryon 
numbers  in a system of subnucleonic particles. Baryons have a baryon number of +1, while antibaryons have a 
baryon number of -1. Quarks and antiquarks have baryon numbers of + 1/3 and -1/3, respectively (baryons 
consists of three quarks). Leptons and mesons have baryon number zero. 

Beam: The particle stream produced by an accelerator usually clustered in bunches. 

Beta decay: A radioactive substance if unstable it decays by emitting a beta particle, a positron or an electron  
into daughter nuclei whose mass number A is unchanged and atomic number  Z is increases by one if electron is 
emitted and decreases by  one if positron is emitted. 
 
Big Bang Theory: The theory about origin of universe that has been generally accepted since the 1960’s. The 
theory claims that the universe began approximately 10 to 20 billion years ago in a state of enormous 
temperature and energy density.  It has since expanded, and cooled to its present state, and continues to expand. 
 
Binary system: Two stars orbiting each other. 
 
Binding energy: It is the energy required to disassemble a whole system of particles into parts. 
 
Black body: A hypothetical perfect radiator that absorbs and re-emits all radiations falling upon it. 

Black body radiation: A type of energy radiation within or around a body in thermodynamic equilibrium with 
its environment, or emitted by a black body held at a constant temperature. 

Black hole: An object whose immense gravitational field (belief) entraps anything, even light, that gets too 
close (closer than the black hole’s event horizon). 

Blueshift: A decrease in the wavelength of radiations emitted by an approaching source of light. 

Bohr orbits: In the model of the atom described by Niels Bohr, the only orbits in which electrons are allowed 
to move about the nucleus. 
 
Boson [BOZE-on]: A particle that has integer intrinsic angular momentum (spin) measured in units of h’ (spin 
= 0,1,2…..). All particles are either fermions or bosons. The particles associated with all fundamental 
interactions (forces) are bosons. Composite particles with even number of fermion constituents (quarks) are also 
bosons. 

Bottom quark (b): The fifth flavor of quark (in order of increasing mass), electric charge -1/3 

Brane: Any of the extended objects that arise in string theory. A one-brane is a string, a two-brane is a 
membrane, a three brane has three extended dimensions, etc. More generally, a p-brane has p spatial 
dimensions. 
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Brewster’s angle: The angle of incidence on a glass surface at which unpolarized light from a non-coherent 
source is reflected to produce polarized light. 
 
Bright fringe: When a beam of monochromatic light is passed through two narrow slits the out coming beam 
projected on a screen forms bands of lighted and darkened regions. The bright bands (fringes) are the places on 
the screen where the beams are in phase and enhance intensity due to superposition of crests in the waves. 
 
Brightness or Apparent Magnitude: It is measure of brightness of celestial entity as seen by an observer on 
Earth adjusted to a value it would have in the absence of atmosphere. The brighter the object appears the lower 
the value of its magnitude. 
 
Calorimeter: A device that can measure the energy deposited in it (originally, devices to measure thermal 
energy deposited, using change of temperature; particle physicists use the word for any energy-measuring 
device). 

Celestial Sphere: The celestial sphere is an imaginary sphere of radius 1 AU with the Earth located at its 
center. The poles of the celestial sphere are aligned with the poles of the Earth. The celestial equator lies along 
the celestial sphere in the same plane that includes the Earth's equator. 
 
Centrifugal force: It is the inertial force that drives object in UCM away from center of circle in the absence of 
centripetal acceleration. The magnitude of centrifugal force is equal to centripetal force but its direction is 
opposite. 
 
Centripetal acceleration: For object performing UCM, a constant centripetal acceleration is supplied by 
centripetal force towards the center of circle to prevent the object from leaving the orbit. 
 
Cepheid Variable: A type of yellow, supergiant, pulsating star. 
 
CERN: The major European international accelerator laboratory Center for Electronics Research in Nuclear 
Physics which is located near Geneva, Switzerland. 

Cerenkov cone: It is caused by particles entering the water (any liquid) at speeds greater than the speed of light 
in water (the liquid). As the particles slow down to the local speed of light, they produce a cone of light similar 
to a sonic boom created by an aircraft travelling at supersonic speeds. 
 
Cesium beam tube (CBT): The housing for QTS which utilizes the principle of hyperfine splitting of electron 
energy states in isotopes of Cesium-133 atoms 
 
Cerenkov radiation: When highly radioactive objects are observed under water reactors, they appear to be 
layered with an intense blue light called Cerenkov radiation. 
 
Chandrasekhar limit: The maximum mass of a white dwarf. Scientist from India invented a concept that 
progenitor  stars with less than 1.4 solar mass will collapse to White dwarf star.. 
 
Charge: A quantum number carried by a particle. This quantum number determines whether the particle can 
participate in an interaction process. A particle with electrical charge has electrical interactions; one with strong 
charge has strong interactions, etc. 

Charge conservation: The observation that electric charge is conserved in any process of transformation of one 
group of particle into another. 
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Charm quark (c): The fourth flavor of quark (in order of increasing mass), electric charge +2/3 

Chirality: Feature of fundamental particle physics that distinguishes left from right-handed, showing that the 
Universe is not fully left-right symmetric. This feature occurs as a result of random law of nature and entropy of 
random process is always increasing. 

Circumpolar: The stars form an observer at given latitude in one of the Earth’s polar region does not appear to 
move below the horizon during its diurnal motion. 
 
Classical Field Theory: The study of distribution of energy, matter, and other physical quantities under 
circumstances where the discrete nature is unimportant and may be regarded as continuous function of position. 
 
Closed Universe: A universe with positive curvature, so that its geometry is analogous to that of the surface of 
a sphere. On this type of surface the shortest distance line is not straight. 
 
CMB: The Cosmic Microwave Background radiation, or CMB for short, is a faint glow of light that fills the 
entire universe, falling on Earth from every direction with nearly uniform intensity. 
 
CNO cycle: A series of nuclear reactions in which carbon is used as a catalyst to transform hydrogen into 
helium. 
 
Coherent sources: Two sources of light are coherent if the phase difference between their waves is constant.  
 
Collider: An accelerator in which two beams travelling in opposite directions are steered together to provide 
high-energy collisions between the particles in one beam and those in the other. 

Colliding-beam experiments: Experiments done at colliders. 

Comet: A small body of ice and dust in orbit about the Sun. While passing near the Sun, a comet’s vaporized 
ices give rise to a coma and a tail. 

Color: A property possessed by quarks and gluons. A ‘threefold type’ of charge similar to electric charge, 
believed to be the source of strong force between quarks described by QCD theory. 

Color charge: The quantum number that determines participation in strong interactions; quarks and gluons 
carry nonzero colour charges. 

Color matter: Essentially, any matter that provide response to some kind of radiation in the form of reflection 
and refraction is classified as color matter which is relatively easy to observe and detect. 

Color neutral: An object with no net colour charge. For composite made of colour-charged particles, the rules 
of neutralization are complex. Three quarks (baryon) or a quark plus an antiquark (meson) can both form 
colour-neutral combinations. 

Complex mass (Skylativity® Theory): The total mass (Mt) of a particle or an object is characterized by a 
quantity called Complex mass that is based on its energy content.. It is represented by a complex phasor with a 
static or fix component, eternal mass corresponds to intrinsic energy known as rest mass Mr. The imaginary 
component Mi that is descriptive of state of kinetic and potential energy associated with the mass is called 
virtual mass. Symbolically 
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Mt = Mr + j Mi 

The real mass defines the current location of center of gravity for the mass and the imaginary mass determines 
the future position of the center of gravity. 
 
Complex dimensions: Four new dimensions, it, ix, iy, and iz are created from known dimensions, a temporal 
dimension time and spatial dimensions x, y, and z based on probability of finding particle at an imaginary 
location. Complex dimensions are the sum of real dimension and imaginary dimensions. 
 
Compound (Concomitant) event: It is an event that can be broken down into several steps of simple 
independent events that are possibly simultaneous. 

Confinement: The property of the strong interactions by which quarks or gluons are never found separately but 
only inside color-neutral composite particles, protons and neutrons. 

Conservation: When a quantity (eg. Electric charge, energy, or momentum) is conserved; it is the same after a 
reaction between particles as it was before. 

Constellation: A configuration of stars in the same region of the sky. 

Constructive interference: The interference is constructive if two waves are in step with each other and 
combine to reinforce. In that case amplitude of the resulting wave is the sum of amplitudes of the combining 
waves. 

Cosmic microwave background radiation: Microwave radiation suffusing the Universe, produced during the 
Big Bang and subsequently thinned and cooled to 2.7K temperature as the Universe expanded. 

Cosmology: The study of the history of Universe. 

Coupling: In physics two systems are coupled if they are interacting with each other. Usually, when a particle 
interacts with another particle or a field some characteristics of the particle are changed. The extent of alteration 
in characteristic of a particle due to its motion in a field depends on the coupling between the field representing 
the particle and the interacting field. 
 
Coupling constant j: It is a number which is the probability amplitude for an electron to emit or absorb a 
quantum of radiation. The value of this number is -0.1, a shrink to about one tenth and half a turn of rotation. Its 
value measured by an experiment is referred as the “charge” of electron e. 
 
Crystal: A material in which atoms are arranged in orderly rows. 
 
Curled-up dimension: A spatial dimension that is crumpled and wrapped  into a tiny size, thereby inhibiting 
direct detection and therefore does not have an observably large spatial extent. 
 
Dark energy: Briefly, it is a theoretical repulsive force that counteracts gravity and causes the expansion of 
universe at an accelerating rate. In essence, dark energy is a hypothetical form of energy that permeates space of 
universe and exerts a negative pressure, which would account for the differences between the theoretical and 
observational results of gravitational effects on color matter. 
 
Dark fringe: The dark bands (fringes) are the places on the screen where the beams are out of  phase and 
reduce intensity to zero due to superposition of crests and troughs in the waves by interference. 
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Dark matter: Dark matter is matter that neither emits nor scatters light or other electromagnetic radiation, and 
cannot be directly detected by electro-magnetic sensors. We suspect that dark matter does not have electrons. 
The matter inside black hole is this type which makes them unobservable. Dark matter is particularly elusive as 
it does not emit, absorb or reflect light, but makes itself apparent only through gravitational attraction. 
 
De Broglie wavelength: Louise de Broglie hypothesized that every object of mass m and momentum p = mu 
has wave properties, with a de Broglie wavelength given by = h   p. Davisson and Germer measured 
wavelength of an electron in their famous electron diffraction experiment. 

Decay: A process in which a particle disappears and in its place two or more different particles appear. The sum 
of the masses of the produced particles is always less than the mass of the original particle. (The mass-energy is 
conserved, however.) 

Decay rate R:  It is defined as the number of disintegrating nuclei of a radioactive substance at any time after 
the commencement of the decay process. It is an exponential process and it is proportional to the number of 
undecayed nuclei present at some time.  
 
Declination: In astronomy, declination (abbreviated dec; symbol δ)  is the angular distance expressed in 
degrees, of a star, planet, and etc, from the celestial equator measured north (positive) or south (negative) along 
the great circle passing through the celestial poles and the body.   
 
Degeneracy: The phenomenon, due to quantum mechanical effects, whereby the pressure exerted by a gas or a 
particle does not depend on its temperature. 
 
Degenerate electron pressure: The pressure exerted by degenerate electrons.  

Destructive interference: The interference is destructive if two waves are out of step and combine to cancel 
each other. In that case amplitude of the resulting wave is the difference of amplitudes of the combining waves. 

Detector: Any device used to sense the passage of a particle. Also, the word detector is used for a collection of 
such devices designed so that each serves a particular purpose in allowing physicists to reconstruct particle 
events. 

Diffraction: When light passes through a narrow slit, it deviates from a straight line path and enters the region 
that is ordinarily forbidden. This divergence of light path from its initial line of travel is known as diffraction. 
This does not violate Huygens’s principle. 
 
Dimension: An independent axis or direction in space or spacetime. In a broader sense it represents a property 
of an entity that elicit its uniqueness, such as mass, length, time, charge, and etc. The familiar space around us 
has three dimensions (left-right, back-forth, up-down) and the familiar spacetime has four (the previous three 
axes plus the past-future axis). Superstring theory requires the Universe to have additional spatial dimensions. 
 
Dirac’s Equation: Paul Dirac derives an equation that combines quantum mechanics and special relativity to 
describe the electron; it is found to also require the existence of corresponding positively charged particles. 
Dirac, together with Schrӧdinger, is awarded Nobel Prize in 1933. 
 
Dirac, Paul : See Dirac’s equation. 

Distance Modulus: It is the difference between brightness (ideally corrected from the effects of interstellar 
absorption) and the luminosity of astronomical object. It is related to distance in Parsec. 
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Diurnal Motion: Diurnal motion is an astronomical term referring to the apparent daily motion of stars 
around the Earth, or more precisely around the two celestial poles. It is caused by the Earth's rotation on its axis 
from west to east, which results into apparent motion of celestial bodies in night sky from east to west so that 
every star moves on a circle called diurnal circle. 

Down quark (d): The second flavor of quark (in order of increasing mass), electric charge -1/3 

Doppler effect: The apparent change in wavelength of radiation due to relative motion between the source and 
the observer along the line of sight. 
 
Drell Yan annihilation: Collision of matter and antimatter particles; electron and positron, and quarks within 
proton and antiproton, thereby producing a high energy and high momentum photon, and W or Z boson through 
annihilation and quark fragmentation process. 
 
Dynamic mass: The portion of mass of an object that represents quantity of energy contained in the object 
because of dynamics. This is a fictional or imaginary component of the total mass of the object. (See also 
eternal mass.) 

Ecliptic: The apparent trajectory of the Sun on celestial sphere due to Earth’s orbit around the Sun leading to 
virtual motion of stars in the background sky. It forms basis for an unique ecliptic space coordinate system. It is 
an imaginary line of intersection between Earth’s orbital plane and celestial sphere. 

Ed Diameter of the Earth: Equatorial diameter of Earth used to express sizes of other members of solar 
system.     1 Ed = 12756 km = 7927.91 miles 

Eigenvalue: The angular momentum of a particle along Z axis is known as the eigenvalue. 
 
Eightfold way and Tenfold way: Classification scheme for elementary particles baryons and mesons 
collectively called hadrons, established in 1960, forerunner of quark model. 
 
Einstein rings: Sometimes multiple images of a star are observed which form a ring of four images. It was 
believed that multiple images are created due to bending of light caused by the effect of gravity from a nearby 
black hole on light from the star. Einstein discovered the rings and hence the name.  
 
Electromagnetic interaction: The interaction due to electric charge; this includes magnetic effects, which have 
to do with moving electric charges. 

Electron [e-LEC-tron] (e): The least-massive electrically charged particle, hence, absolutely stable. It is the 
most common lepton, with electric charge -1. 

Electron Volt (eV): Unit of energy. Typically 1- 10eV is the amount of energy per atom involved in chemical 
reactions. 1 eV is the energy gained when an electron is accelerated by a potential of one volt. 
 
Electroweak interaction: In the standard model, electromagnetic and weak interactions are related (unified); 
physicists use the term electroweak to encompass both of them. 

Elastic collision: A collision between two objects is deemed as elastic if the total kinetic energy of the system 
as well as the total momentum of the object is conserved, meaning that the values of kinetic energy and 
momentum before and after the collision will remain constant.  
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Entanglement: The impossibility of expressing certain quantum mechanical states of a system with two or 
more parts as a conjunction of definite quantum states of separate parts. 
 
Entropy: A measure of the disorder of a physical system, the number of rearrangements of the ingredients of a 
system that have its overall appearance intact. 

EPR: Abbreviation of A. Einstein, B. Podolsky and N. Rosen, who presented an argument in 1935 that the 
quantum mechanical description of certain composite physical systems cannot be complete. 
 
ESRO: European space research organization. 
 
Escape speed: It is the minimum speed at which an object must be launched  from the surface of a planet that 
allow its  exit from the planet’s gravitational field to infinite distance. The definition implies that if launch 
speed is lower than escape speed the object will orbit the massive planet.  Also higher the launch speed larger is 
the orbit radius. 

Euclidean Topology: A geometrical surface with property that the shortest distance between two points on the 
surface is a straight line. It is based upon postulate of mathematician Euclid which states that only one line can 
be drawn through a given point which is parallel to a given line. For a Non-Euclidean surface the shortest 
distance is a curved line. 

Eternal mass: That portion of mass of an object that determines the position of center of gravity for the object. 
(See also rest mass.) 

Event: What occurs when two particles collide or a single particle decays? Particle theories predict the 
probabilities of various possible events occurring when many similar collisions or decays are studied. They 
cannot predict the outcome for any single event. 

Event horizon: It is a spatial boundary of an imaginary surface around a black hole, enclosing the space from 
which no light or other radiation can escape a black hole’s gravitational grip.  

Exclusion principle: Wolfgang Pauli’s principle which states that no two fermions can exist in the same state 
at the same place and time. Many of the properties of ordinary matter arise because of this rule. Electrons, 
protons, and neutrons are all fermions, as are all fundamental matter particles, quarks and leptons. 

Far Infrared: The part of the infrared spectrum most different in wavelength from visible light. 

Fermilab: Fermi National Accelerator Laboratory in Batavia, Illinois (near Chicago). The lab oratory was 
named after particle physics pioneer Enrico Fermi. 

Fermion [FARE-mee-on]: Any particle that has odd, half-integer (1/2, 3/2,….) intrinsic angular momentum 
(spin), measured in units of h. As a consequence of this peculiar angular momentum, fermions obey a rule 
called the Pauli Exclusion Principle, which states that no two fermions can exist in the same state at the same 
place and time. Many of the properties of ordinary matter arise because of this rule. Electrons, protons, and 
neutrons are all fermions, as are all fundamental matter particles, quarks and leptons. 

Feynman diagrams: Pictorial representations of mathematical expressions for the quantum field theoretic 
predictions of the scattering of elementary particles. Broadly speaking, the lines in a diagram describe the path 
of a particle and the vertices correspond to particle interactions that are located at a space-time point.  
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Field particles (virtual): The virtual particles which mediate interaction through forces to real particles are 
known as field particles. Four fundamental forces in nature are identified, the nuclear strong color charge, the 
electromagnetic strong, the weak residual, and the weakest gravitational. Corresponding mediating particles are 
gluons, photons, W and Z bosons, and graviton.  

Fission: A nuclear reaction in which nucleus of heavy atom of radioactive matter splits into nuclei of atoms of 
light matter. 

Fixed-target experiment: An experiment in which the beam of particles from an accelerator is directed at a 
stationary (or nearly stationary) target. The target may be a solid, a tank containing liquid or gas, or a gas jet. 

Flavor: The name used for different quark types (up, down, strange, charm, bottom, top) and for the different 
lepton types (electron, muon, tau). For each charged lepton flavor, a corresponding neutrino flavor exists. In 
other words flavor is the quantum number that distinguishes the different quark/lepton types. Each flavor of 
quark and charged lepton has a different mass. For neutrinos, we do not yet know if they have a mass or what 
the masses are. 

Flatness Problem: It is a cosmological fine tuning problem within the BBT model of the universe. The 
problem arises from the observation that some of the initial conditions of the universe appears to be fine-tuned 
to ‘special values’, parameters such as critical density of matter and energy very close to unity,  departing from 
one by one part in 1062 parts at the time inflation began.  Small deviation from this value would have had 
massive effects on the flat nature of universe at current time. 

Freeze out: As the Universe expands and cools, the probability of any collision-driven process decreases, 
because the rate of necessary collision decreases. A process can be ignored when the average time between 
collisions is long compared to the age of Universe at that time. Such a process is then said to have frozen out. 

Frequency (): It is defined as the number of the crests or the troughs that are passing through a point in space 
domain per unit of time interval. Maximum displacement of an electron (particle causing the radiation wave) 
relative to its mean position is called its amplitude A. 

Fundamental interaction: In the Standard Model, the fundamental interactions are the strong, electromagnetic, 
weak, and gravitational interactions. At least one more fundamental interaction (Higgs) is in theory; it is 
responsible for fundamental particle masses. Five interactions types are all that are needed to explain all 
observed physical phenomena. 

Fundamental particle: A particle with no internal substructure. In the Standard Model, the quarks, leptons, 
photons, gluons, W+ & W- bosons, and Z0 bosons are fundamental. All other objects are made from these. 

Galaxy: A collection of stars held together by gravitational forces. 

Gamma decay: Often a nucleus which undergoes radioactive decays, the alpha and the beta decays leaves the 
nucleus in an excited state. Subsequently the nucleus experience a transition to an intermediate lower energy 
state. During this transition a high energy gamma ray quantum is emitted. 

General relativity: The theory of gravitation formulated by Einstein. 

Generation: A set of one of each charge type of quark and lepton, grouped by mass. The first generation 
contains the up and down quarks, the electron, and the electron neutrino. 
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Geodesic: A path or a line of shortest distance joining two points in space (or space-time) is a geodesic. A 
geodesic is a straight line if the surface is flat. A geodesic on the surface of a sphere is a great circle. In General 
theory of relativity, freely falling particles follow geodesics paths in space-time.  
 
Gluon [GLUE-on] (g): The carrier particle of strong interaction. 

Greenhouse effect: The trapping of infrared radiation near a planet’s surface by the planet’s atmosphere. 
 
Grand unified theory (GUT): Any of class of theories that contain the Standard Model, but go beyond it to 
predict further types of interactions mediated by particles with masses of order 1015GeV/c2. At large energies 
compared to this mass (times c2), the strong, electromagnetic, and weak interactions are seen as only different 
aspects of one unified interaction. 

Gravitational interaction: The interaction of particles due to mass-energy. 

Gravitational redshift: The increase in the wavelength of a virtual particle photon as it climbs upward in a 
gravitational field. 
Graviton: It is a hypothetical particle that is mediating force of gravitation among all objects in real Universe. 
Physicist predicted this particle’s existence and included in Standard Model of Fundamental Particles and 
Interactions to unify five forces of nature and formulate TOE. 
 
Ground state: The state of an atom, ion, or molecule with the least possible energy. 
 
Group speed of a wave (vg m/s): It is defined as the speed at which the crest or the trough on an envelope 
wave moves in relation to space that is formed on a single wave packet constructed by superposing many waves 
in space domain. 

GTR:  Einstein’s general theory of relativity. 

H-R Diagram: The Hertzsprung–Russell diagram, abbreviated as H–R diagram or HRD, is a scatter graph of 
stars showing the relationship between the stars' absolute magnitudes or luminosities versus their spectral 
classifications or effective temperature. 

Hadron [HAD-ron]: The composite particles other than field particles are classified as hadrons. They interact 
with all four fundamental forces and are of two types, baryons and mesons. Hadrons are made up of real 
particles, quarks and virtual particles gluons, which determine properties of hadrons. They are not elementary. 

Half-life: The half-life of a radioactive substance is defined as the time interval during which half of a given 
number of radioactive nuclei randomly disintegrate. 
 
Hawking radiation: A form of radiation believed to emanate from black holes, emerging from the region just 
beyond the black hole’s event horizon. Pairs of virtual particles and antiparticles, created naturally in the 
vacuum fluctuation near the black hole, are split apart, one particle falling into the black hole and the other 
radiating away. 
 
Heisenberg uncertainty principle: In quantum mechanics, the position x, and the momentum, p, of a particle 
do not have well defined values simultaneously. The uncertainty, or statistical spread, in their measured values 
satisfies the relation x × p ≥ ћ/2. 
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Heterogeneous or non-linear: At affine scale universe is heterogeneous (not uniform) in which trajectory of a 
particle and a wave entity follow a geodesic based on Einstein’s principles of GTR. 
 
Hidden variable theory: One of the class of physical theories which deny that the quantum state of a physical 
state is a complete specification. The hidden variables are those components of the hypothetical complete state 
which are not contained in the quantum state.  
 
Hierarchy problem: On microscopic scale it is found that  gravity is 1040 times weaker than electromagnetism. 
The roots of weakness of gravity can be  traced to the large value of Planck mass or the smallness of Newton’s 
gravitational constant relative to the characteristic strength of weak interactions which set the energy scale of 
particle physics. Also, strong force is 1032 stronger than weak force, why? The disparity of scale of particle 
physics and gravity is known as hierarchy problem. The modern particle physicists solved the problem through 
Higgs Mechanism. 
 
Higgs boson: It is a native particle to Higgs field which interacted with the field in primordial times during 
exponential inflation of the universe after big bang that left the Higgs field in an excited state.  
 
Higgs field: The Higgs field is an energy field that exist everywhere in the universe which gives mass to a 
particle or an object when it interacts with the field.  
 
Higgs Mechanism: The revolutionary idea from Peter Higgs that all particles in universe acquire their mass 
property as they interact with Higgs field. The quantity of mass associated is determined from the extent of 
coupling between the Higgs field and the interacting particle. The idea was validated when CERN confirmed 
existence of Higgs boson in March of 2013. 
 
Horizon problem: It is a problem with standard cosmological model of big bang about large scale uniformity 
observed in the universe today. It points out that different regions of space were causally disconnected  because 
of exponential inflation and information transfer rate is limited by the speed of light. BBT model did not explain 
uniformity of temperature, Cosmic Microwave Background radiation from different regions of space separated 
by vast distances. Varying Speed of Light theory  
Skylativity® solves this problem. 
 
Hubble’s law: The observation, first made by E. P. Hubble in the 1920’s, that distant galaxies are receding 
from us with a velocity proportional to their distance; one infers that any two galaxies are receding from each 
other with a velocity proportional to their separation.  
 
Hyper-space: It is defined as the n dimensional coordinate system that is occupied by imaginary Universe (time 
travel related) in the imaginary space-time domain. 
 
Imaginary time: The imaginary component of time ti is defined as the probability of finding a particle Pi at the 
event of interest in the locality of the region xi corresponding to xr where the particle was found after 
imaginary time ti multiplied by the time for which the probability was projected i. e. tr.   
 
Imaginary Multiverse: It is defined as the state of all objects inside several imaginary Universes which are 
intangible and occupy imaginary (probabilistic) space-time coordinates. Trajectory of all objects in imaginary 
Universe are probabilistic in nature. 
 
Inelastic collision: A collision between two objects is inelastic if the total kinetic energy of the system shows 
difference following the collision, but the total momentum of the system is conserved. When two objects stick 
together after the collision, the collision is called perfectly inelastic. 
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Incoherent  sources: Two sources of light are incoherent if the phase difference between their waves changes 
at random. 
 
Inflationary Universe Model: According to the theory of inflation, the early universe expanded at an 
exponential rate for a fraction of a second after the Big bang. Cosmologist believes that the most of the matter 
in the universe was created during this period. This model solved all problems of BBT. 
 
Infrared STM: Infrared spectroscopy is utilized to determine type of molecules of a substance by observing 
reflected infrared spectrum as lasers are fired on crystals of a sample. Differences in the frequency of reflected 
signals reveal the type of material. The method cannot discern the details on the atomic structure of molecules. 
A technique in which the STM is combined with Infrared spectroscopy that monitors current variation (peak) by 
the measurement of reflected infrared radiation from a crystal surface that is in turn effected by a resonating 
frequency of a tunable laser. 
 
Inner-space: It is defined as the space within atom’s nucleus where protons and neutrons reside that is under 
the influence  of strong fundamental force which bind quarks and gluons to form the baryons. 
 
Inertial frame: A frame of reference is defined as an inertial frame if and only if worldlines of all particles in 
the frame vary linearly in all four dimensions. All inertial frames are considered to be moving at constant 
velocity with respect to each and have zero acceleration.  
 
Infrared radiation: Electromagnetic radiation of a wavelength longer than visible light but shorter than radio 
waves. 
 
Integrated system: An energy model of a system is integrated if, within the system, energy crosses the 
boundary of the system during some time interval due to interaction with the environment, such that the internal 
energy of the system (temperature, enthalpy) is modified. This results in a change in the system’s total energy.  
 
Interaction: A process in which a particle decays or annihilates or it responds to a force due to presence of 
another particle (as in a collision).  It is a particular way in which matter, fields, and atomic and subatomic 
particles affect each other through a reciprocal action. Word interaction refers to any process that elementary 
particles can undergo which may involve scattering, decay, annihilation, and particle creation in presence or 
occasionally in the absence of a field. 

Interference: It is a process in which two or more energy waves of the same type (sound, light, 
electromagnetic, and etc.) and equal frequency combine to form a resulting wave. 

Interference pattern: Wave pattern that emerges from the overlap and the intermingling of waves emitted 
from different locations. 

Isolated system: In a isolated system, energy does not cross the boundary of the system upon interaction with 
its environment.  For this system, the total energy of the system remains constant. If it were the case that only 
conservative forces acted on an isolated system, we can apply the work-kinetic energy theorem if the only 
change in the system is in its speed. 
 
Isotope: Any of the several forms for the same chemical element whose nuclei all have the same number of 
charges protons but different number of neutrons.  
 
ITU: International Telecommunication Union Standards, formerly CCITT, produces global telecommunication 
standards and defines tariff & accounting principles. 
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Jet: Depending on their energy, the quarks and gluons emerging from a collision will materialize into 5-30 
particles (mostly mesons and baryons). At high momentum, these particles will appear in clusters called “jets” 
that is, in groups of particles moving in roughly the same direction, centered about the path of original quark or 
gluon. 

JPL: Jet Propulsion Laboratory 
 
Jovian Planets: The gas giant planets whose surface is mostly composed of thick cloud of gases are called 
Jovian planets. Four planets Jupiter, Saturn, Neptune and Uranus falls into this category. 
 
Kaon (K): A meson containing a strange quark and an anti-up (0r an anti-down) quark, or an anti-strange 
quark, and an up (or down) quark. 

Keppler laws: Relationships between motion of the planets and the location of the Sun. 1) Planets move around 
the Sun in an elliptical orbits with the Sun at one focus, 2) Planets sweeps out equal areas in equal times as they 
orbit the Sun and 3) The orbiting period of a planet is proportional to a3/2, where a is the semi-major axis of the 
elliptical orbit. 
 
Laplacian determination: Clockwork conception of the Universe in which complete knowledge of the state of 
the Universe at one moment is completely determines its state at all feature and past moments. 

Laser:  Light amplification by stimulated emission of radiation (LASER or laser) 

Length contraction: It is related to the reduction in length of rods in different inertial frames. Measured length 
of a rod by a ruler in the first inertial frame appears to be longer than that measured in the second inertial  frame 
by the same ruler and vice versa. This effect is known as Length contraction. 
 
Leptons: The elementary particles without structure and composition are called leptons. They interact via only 
three forces, electroweak, electromagnetic strong, and gravitational weak. Six kinds of leptons exist: the 
electron, the muon, and the tauon, and three corresponding neutrinos. Among six leptons, three neutrinos are 
considered truly elementary. 

Light clock: A hypothetical clock that measures elapsed time by counting the number of round trip journeys 
completed by a single photon (hypothetical particle) between two mirrors. 

Lightlike displacement: A displacement in relativistic spacetime interval is Lightlike if the spacetime interval 
of relativistic geometry has a zero value. The displacement of a particle travelling at the speed of light remains 
invariant in relation to time. 
 
Light Gathering Power: A telescope's light gathering power is directly related to the diameter (or aperture) 
of its objective (the primary lens or mirror that collects and focuses the light). The larger the area of objective, 
the more light the telescope collects. 
 
 
Linear size or Small Angle Distance formula (SAF): It is very simple formula that relates to actual diameter 
of a celestial object with observed angular size and its distance from an observer on the Earth. 

Longitudinal wave: When the vibration plane of an energy carrier wave is in the direction of propagation of 
the wave, it is called a longitudinal wave. 
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Lorentz transformations: Equations that relate the measurements of different observers who are moving 
relative to each other at high speeds. 
 
Lorentz contraction: Feature emerging from the special relativity, in which a moving object appears shortened 
along its direction of motion. 

Lepton (LEP-tahn): A fundamental fermion that does not participate in strong interactions. The electrically 
charged leptons are the electron (e), muon (), tau (), and their anti-particles. Electrically neutral leptons are 
called neutrinos (. 

LHC: The Large Hadron Collider at the CERN laboratory in Geneva, Switzerland. LHC collide protons with 
protons at a center-of-mass energy of about 14 TeV. When completed in year 2005, it will be the most powerful 
accelerator in the world. It is hoped that it will unlock many of the remaining secrets of particle physics. 

Light year: It is a unit of length that is most frequently used to measure distances of stars and other celestial 
entities on a galactic scale. International Astronomical Union had defined a light year as the distance traveled by 
light in vacuum in a Julian year (365.25 days or 31.5576×106 s) which is equal to 9.461 trillion kms  or 5.8786 
trillion miles. 1 ly = 63,421.077 AU 
 

Lifetime: The time between the creation and the decay of a type of particle. The lifetime of an individual 
particle cannot be predicted. We can just measure an average (or mean) lifetime by observing the random decay 
in a sample of a given type of unstable particles. 

Linac: An abbreviation for linear accelerator, that is, an accelerator that is straight. 

Luminosity or Absolute Magnitude: Absolute magnitude is a measure of a celestial object’s intrinsic 
brightness, its luminosity. It is a hypothetical apparent magnitude of an object at a standard distance of  exactly 
10.0 parsec from the observer, assuming no astronomical extinction of starlight. 

Magnetic moment: It is defined as the response of an electron to the external magnetic field. The theoretical 
value derived from QED considerations is designated by letter s and the experimental value is called e. The 
best value for s today is 1.001 159 652 181 13 (86) and value for e  is 1.001 159 652 180 73 (28). 

Magnifying Power (Magnification): The magnifying power, or extent to which the object being viewed 
appears enlarged, and the field of view, or size of the object that can be viewed, are related by the geometry of 
the optical system. For telescopes Magnification = Fo/Fe 
 
Main sequence lifetime: The total time that a star spends burning hydrogen in its core, and hence the total time 
that it will spend as a main sequence star. 
 
Magnetic Monopole Problem: A magnetic monopole is a hypothetical particle that is an isolated magnet 
which exhibits the effect of only one magnetic pole either North or South. Current understanding of elementary 
particle physics indicates that inflationary universe model and theory should have produced very massive 
magnetic monopoles, yet magnetic monopoles are not found. The disappearance of monopoles in the modern 
universe is called magnetic monopole problem. 

Maser:  Microwave amplification by stimulated emission of radiation (MASER or maser) 
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Mass (Current Theory): The mass (m) of a particle is the mass defined by the energy of the isolated (free) 
particle at rest, divided by c2. (This is very slightly correct. The majority of particle mass consists of protons and 
neutrons. Baryon rules states number of protons and neutrons is unaltered in any mass to energy conversion 
process.) When particle physicists use the word “mass” they always mean the “rest mass” (m) of the object in 
question. The total energy of a free particle is given by  E = (p2c2 + m2c4)1/2  

where p is the momentum of the particle. Note that for p = 0 this simplifies to Einstein’s E = mc2. For a general 
particle with mass and momentum it can also be written as E == mc2, where  = (1-v2/c2)-1/2.  

ME mass of the Earth: It is used to express sizes of other members of solar system. 1 Em = 5.9724×1024 kg 
 
Maxwell’s electromagnetic theory: Theory uniting electricity and magnetism, based on the concept of the 
electromagnetic field, devised by Maxwell in the 1880’s; shows that visible light is an example of an 
electromagnetic wave. 

Meson [MEZ-on]: A hadron made from an even number of quark constituents. The basic structure of most 
mesons is one quark and one anti-quark; some of multiples of this. 

Meissner effect: The phenomenon in which a metal cooled through its superconducting transition temperature 
in the presence of a magnetic field completely expels the field. 
 
Metric: Mathematical variable that captures all the geometrical and causal structure of spacetime which is used 
to define notions such as time, distance, volume, curvature, angle, and separating the future from the past. 
 
Metric tensor: The fundamental mathematical object in the study of general relativity that describes the 
deviation of Pythagoras’s theorem in a curved space.  
Microwave: An electromagnetic wave with wavelength in the micrometer range. 

Microwave background radiation: Thermal radiation with a temperature about 3K that is apparently 
uniformly distributed in the Universe; the radiation, discovered by A. A. Penzias and R. W. Wilson in 1964. It 
is believed to be a redshifted remnant of the hot radiation that was in thermal equilibrium with matter during the 
first hundred thousand years after the Big Bang. 
 
Michael Faraday’s rotation: An experiment performed by Faraday to demonstrate electromagnetic wave 
nature of light by detecting changes in the polarization of light waves in response to passage of light through a 
controlled magnetic field.  
 
Minkowski space-time: Space and time considered together, with special importance attached to the progress 
of a light flash, and to the light-cone and the ‘interval’. 
 
Missing Mass Problem: Observed excess abundance of dark matter in the universe and galaxies over the 
visible matter (95% vs. 5%) is characterized as missing mass problem. At present, the composition of dark 
matter is unknown (composed of weakly interacting massive particles WIMPs) but it’s prescience is detected by 
gravity effects. 
 
Monochromatic radiation: A radiation is monochromatic if it is of a single wavelength. It is achromatic if it is 
composed from signals of different wavelengths. 
 
Muon [MEW-on] ():The second flavor of charged lepton (in order of increasing mass),with electric charge -1. 
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Muon chamber: The outer layers of a particle detector capable of registering tracks of charged particles. 
Except for the charge-less neutrinos, only muons reach this layer from the collision point. 

Neutral: Having a net charge equal to zero. Unless specified otherwise, it usually refers to electric charge. 

Neutrino [new-TREE-no] (): A lepton with no electric charge. Neutrinos participate only in weak and 
gravitational interactions and, therefore, are very difficult to detect. Three known types of neutrino exist, all of 
which are very light and could possibly even have zero mass. 

Neutron [new-TRON] (n): A baryon with electric charge zero; it is a fermion with a basic structure of two 
down quarks and one up quark (held together by gluons). The neutral component of an atomic nucleus is made 
from neutrons. Different isotopes of the same element are distinguished by having different numbers of 
neutrons in their nucleus. 

Neutron Star: A compact star in which the internal pressure support is provided by neutron degeneracy 
pressure. Their masses can not exceed roughly the mass of the Sun because of the Chandrasekhar limit. Their 
radii is about 10 km and the densities are about 1018 kg m-3.  
 
Newtonian geometry: A geometry in spacetime is called Newtonian if the spacetime interval for the geometry 
is described by two distances, spatial dl and temporal dt, here dl2 = dx2 + dy2 + dz2.  
 
Newton’s universal theory of gravity: Theory of gravity declaring that the force of attraction between two 
bodies is proportional to the product of their masses and inversely proportional to the square of the distance 
between them.  

NP incomplete: A problem whose solution requires infinite computational resource for real time computation 
of results. NP complete problems may be solved with finite resource in real time. 

Nuclear fusion: Nuclear fusion is a nuclear reaction in which two or more atomic nuclei collide at very high 
speed and fuse together to form a heavier nucleus and release energy. The temperature required to produce 
fusion is on the order of 10 million degrees K.  

Nucleon: A proton or a neutron; that is, one of the particles that makes up a nucleus. 

Nucleosynthesis: Primordial Nucleosynthesis is the process that creates new atomic nuclei from pre-existing 
nucleons, primarily protons and neutrons. The first nuclei were formed about three minutes after the Big Bang. 
Nucleosynthesis requires a high speed collision, which can only be achieved in nature at very high temperature. 

Nucleus: A collection of neutrons and protons that forms the core of an atom (plural: nuclei). 

Observable universe: That portion of the universe inside the cosmic particle horizon. 
 
Orbital magnetic quantum number m and l: Quantum mechanics is applied to the hydrogen atom by using 
potential energy function U(r) = -kee2/r in the Schrödinger equation. The solution of this equation yields wave 
functions for allowable states and allowed energies. The allowed function depend on two additional quantum 
numbers orbital magnetic quantum number m and orbital quantum number l. The value for l are integers in 
range from 0 to n-1 and the value for m are integers in range –l to +l. (Also see principal quantum number) 
 
Open Universe: A universe with negative curvature, so that its geometry is analogous to  that of a saddle-
shaped hyperbolic surface. 
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Parity: The operation of studying a system of quarks and related sequence of events reflected in a mirror 
according to QCD rules. 
 
Parsec: It is the largest unit of distance for measuring distances of celestial objects outside the solar systems. 
Parsec is defined as the perpendicular distance at which an observer’s line of sight located at 1 AU subtends a 
parallax  angle of 1 arc s. 1 pc = 3.2616 light years. 

Particle accelerator (collider): Machine for boosting particles speed to nearly at light speed and smashing 
them together to probe the structure of matter within the particles. 
 
Pauli exclusion principle: A principle of quantum mechanics stating that no two electrons have the same 
position and the momentum. 
 
Pair production: The creation of a particle and its antiparticle from energy. 
 
Particle: A subatomic object with a definite mass, volume, and charge that manifests force of gravity on other 
particles, and does not permit other particles to occupy its position without resistance (inertia). 

Path integral formalism (PIF): It is a procedure (rules) to determine the probable number of light quanta that 
will be reflected from mirror and refracted through a glass surface, given the probability amplitude of light 
incident to the surfaces of a glass plate. 

Perturbation theory: Framework for simplifying a difficult problem by finding an approximate solution that is 
subsequently refined as more details initially ignored are systematically included. 

Perihelion: The point in its orbit where a planet or comet is nearest the Sun. 
 
Period (T): It  is defined as the time interval between two successive peak events of a travelling wave front in 
the time domain.  

Periodic table: A listing of the chemical elements according to their properties, invented by Dmitri Mendeleev. 
 
Photon [FOE-than] (): The carrier particle of electromagnetic interaction. 

Phase: When used in reference to matter, describes its possible states, solid phase, liquid phase, gas phase. 
More generally refers to the possible descriptions of a physical system as features on which it depends 
(temperature, string coupling constant values, form of spacetime, etc.) are varied. 

Phase speed of wave (vph m/s): It is defined as the speed at which the crest or the trough of the wave, which is 
a fixed point on the wave, moves in relation to the space.  

Phase transition: A change in the physical nature of the system that results in discrete transition of the system  
to another state. 

Photoelectric effect: Phenomenon in which electron are ejected from a metallic surface when the surface is 
exposed to light. 

Photosynthesis: A biochemical process in which solar energy is converted into chemical energy, carbon 
dioxide and water are absorbed, and oxygen is released.  
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Pion [PIE-on] (): The least massive type of meson, pion can have electric charges +/- 1or 0 

Planck energy: About 1,000 Kilowatt hours, the energy necessary for probing to distances as small as the 
Planck length. This is the amount of typical energy of a vibrating string in string theory. 

Planck length: About 10-33 centimeters, the scale below which quantum fluctuations in the fabric of spacetime 
would become enormous. This is the size of a typical string in string theory. 

Planck mass: About 1018 times the mass of a proton; about 10-5 times the mass of a gram; about the mass of a 
small grain of dust. This is the typical mass equivalent of a vibrating string in string theory. 

Planck constant: Denoted by the symbol h’, Planck’s constant is a fundamental parameter in quantum 
mechanics. It determines the size of the discrete units of energy, mass, spin, etc. into which the microscopic 
world is partitioned. Its value is 1.05×10-27 grams-cm/s s or 6.626 × 10-34 J.s. This constant characterizes a basic 
particle into integral multiples of parameters mass, energy etc. 

Planck tension: About 1039 tons. This is the tension on a typical string in string theory. 

Planck time: It is the time required for light to travel, in a vacuum, a distance of 1 Planck length. The unit is 
named after Max Planck, who was the first to propose it. Also, it is known as the time at which the size of the 
Universe was roughly the Planck length. Expression for Planck time: 

  
where: 

is the reduced Planck constant (sometimes h is used instead of in the definition.)  
G = gravitational constant, c = speed of light in a vacuum, s is the SI unit of time, the second.  

The two digits between parentheses denote the standard error of the estimated value. 

For processes that occur in a time t less than one Planck time, dimensional analysis suggests that the effects of 
both quantum mechanics and gravity will be important under these circumstances, requiring a theory of 
quantum gravity.  

Planck waves: The energy radiation waves such as the visible light, the infrared radiation and, waves at and 
above the corresponding frequency range are categorized in this book as Planck waves.  Max Planck established 
that energy carried by these waves is computed by formulae E = h ×  J. Further according to the principles of 
Skylativity® theory, these waves are non electromagnetic in nature as opposed to Radio Frequency waves which 
are electromagnetic. 

Plasma: A gas of charged particles. 

Polarization: It is related to a radiation quantum and is defined as its phase angle in space-time compared to 
some reference in time and space. 
 
Polarized light: Light that is transmitted or reflected such that vibration plane of the energy wave is at a fixed 
angle to a reference plane that contains the line of propagation. The radiation is unpolarized if the angle of 
vibrating plane changes with respect to the reference plane.  
 

http://en.wikipedia.org/wiki/Light
http://en.wikipedia.org/wiki/Vacuum
http://en.wikipedia.org/wiki/Planck_length
http://en.wikipedia.org/wiki/Max_Planck
http://en.wikipedia.org/wiki/Planck%27s_constant
http://en.wikipedia.org/wiki/Gravitational_constant
http://en.wikipedia.org/wiki/Speed_of_light
http://en.wikipedia.org/wiki/Vacuum
http://en.wikipedia.org/wiki/SI
http://en.wikipedia.org/wiki/Second
http://en.wikipedia.org/wiki/Bracket
http://en.wikipedia.org/wiki/Standard_error_(statistics)
http://en.wikipedia.org/wiki/Quantum_mechanics
http://en.wikipedia.org/wiki/Gravity
http://en.wikipedia.org/wiki/Quantum_gravity
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Positron [PAUSE-i-tron] (e+): The antiparticle of the electron. In 1931, Paul Dirac realizes that the positively 
charged particles required by his equation are new objects (he calls them “positrons”). They are exactly like 
electrons; in particular, they have the identical mass, but positively charged. The positrons are first example of 
antiparticles. 
 
Poynting Theorem: In electromagnetism a vector, equal to the cross product of the electric-field strength and 
the magnetic-field strength (mks units) whose outward normal component, when integrated over a closed 
surface, gives the outward flow of electromagnetic energy through that surface. 
 
Poynting Vector: The vector obtained in the direction of a right-hand screw from the cross product (vector 
product) of the electric field vector rotated into the magnetic field vector of an electromagnetic wave. 
 
Primordial black hole: A type of black hole that may have formed in the Big Bang. 
 
Precession of the Earth: A slow, canonical motion of the Earth’s axis of rotation caused by the gravitational pull 
of the Moon and the Sun on the Earth’s equatorial bulge. 
 
Principal quantum number n: The Bohr model for atoms described the spectra of atomic hydrogen and 
hydrogen like ions without taking into consideration the effects of gravity. The model was based on a fact that 
electron in stable atom can exist in only discrete orbits such that angular momentum of the electron Lpe is 
integral multiples of h/2. i.e. Lpe = n × h/2 Often n is referred as principal quantum number because the value 
of n are integers in range from 1 to ∞. 
 
Principle of equivalence: Core principle of general relativity declaring the indistinguishability of accelerated 
motion immersion in a gravitational field (over small enough regions of observation) Generalizes the principle 
of relativity by showing that all observers, regardless of their state of motion, can claim to be at rest, so long as 
they acknowledge the presence of a suitable gravitational field. 

Principle of relativity: Core principle of special relativity declaring that all constant velocity observers are 
subject to an identical set of physical laws, and that therefore, every constant velocity observer is justified in 
claiming that he or she is at rest. This principle is generalized by the principle of equivalence. 

Proper time: A time interval measured with a clock at rest with respect to an observer. 
 
Proton [PRO-than] (p): The most common hadron, a baryon with electric charge (+1) equal and opposite to 
that of electron (-1). Proton has a basic structure of two up quarks and one down quark (bound together by 
gluons). The nucleus of a hydrogen atom is a proton. A nucleus with electric charge Z contains Z protons; 
therefore, the number of proton is what distinguishes the different chemical elements. 

Proton-proton chain: A sequence of thermonuclear reactions by which hydrogen nuclei are built-up into 
helium nuclei with a release of energy. 
 
Quantum: The smallest discrete amount of any quantity (plural; quanta) into which something can be 
partitioned, according to the laws of quantum mechanics. For instance photons are the quanta of radiations. In 
physics it stands for energy of quantity h Planck’s constant. 

Quantum Chromodynamics (QCD): QCD is a theory of strong interaction, a fundamental force describing 
interaction between quarks and gluons which make up hadrons such as the proton, neutron and pion. Also, QCD 
stipulates the laws of joining quarks and antiquarks to form baryons and mesons.  
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Quantum determinism: Property of quantum mechanics that knowledge of the quantum state of a system at 
one moment completely determines its quantum state at future and past moments. Knowledge of the quantum 
state, however, determines only the probability that one or another future will actually ensue. 

Quantum Electrodynamics (QED): It is a relativistic quantum field theory of electromagnetic forces that is 
considered as strong interaction between electrons and protons ruled by special relativity. 
 
Quantum entanglement: A termed used in quantum theory that describes the way in which particles/matter 
can become correlated such that they interact predictably with each other regardless of how far apart they are in 
spacetime.  

Quantum geometry: Modification of Riemannian geometry required describing accurately the physics of space 
on ultramicroscopic scales, where quantum effects become important. 

Quantum gravity: A theory that successfully mergers quantum mechanics and general relativity, possibly 
involving modifications of one or both. String theory is an example of a theory of quantum gravity. 

Quantum Field Theory: The branch of quantum physics that is concerned with the theory of fields that is a 
theoretical framework for constructing quantum mechanical models of subatomic particles that accommodates 
discrete quantities associated with interacting particles. 
 
Quantum Multiverse: The Multiverse is a theoretical framework in modern cosmology and high energy 
physics which presents the idea that there exist a vast array of potential universes which manifest their reality in 
some way.  There are number of types of potential universes–the many world interpretation (MWI) of quantum 
physics, brane worlds predicted by string theory, and complex universe. 
 
Quantum Loop Corrections (QLC): Quantum picture of a particle or an event is complicated by the 
uncertainty principle that allows virtual particles to appear and vanish for a brief time during interaction. 
Therefore, any rigorous computation involving Feynman diagrams for quantum process should account for 
various possibilities. For instance, a photon in transition can fragment into electron and positron pair that 
quickly annihilate to a photon. Electron and positron pair in transit forms a quantum loop in Feynman diagram. 
The way in which this loop effects the calculation of particle energies in the end is called quantum loop 
correction. 
 
Quantum mechanics: Framework of laws governing the universe whose unfamiliar features such as quantum 
uncertainty, quantum fluctuations, and wave particle duality become most apparent on the nanoscopic scales of 
atoms and subnuclear particles. Alternately, The law of physics that apply on very small scales. The essential 
feature is that energy, momentum, and angular momentum, as well as charges comes in discrete amounts called 
quanta. 
 
Quantum time standard (QTS): A calibrated instrument that measures standard time with an accuracy of 1 
part in 1015 of a second by applying the principle of microwave absorption through the hyperfine transitions of 
electron orbits in Cesium-133 atoms, which are extremely stable. 
 
Quarks [KWORK] (q): The particles that combine to form hadrons are called Quarks. Quarks have fractional 
electric charge and come in six flavors: up and down, top and bottom, charm and strange. Each meson contains 
two quarks, a pair of quark and antiquark, and each baryons contains three quarks. Quarks and antiquarks in 
mesons and baryons obey symmetry rules. 
 
Quark star:  A hypothetical celestial object whose density is between the density of a neutron star and a black 
hole or possibly the density of black holes. It is plausible that the compact exotic star is the remnant of a 
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massive neutron star with all particles within it reduced to strange quarks. These are ultra-dense phase of 
degenerate matter to form inside a particularly massive neutron star. 
 
QUASAR: A star like object with a very large redshift. This is an extreme form of active galactic nucleus in 
which the luminosity of the nucleus far exceeds the luminosity of the underlying galaxy.  As a result, these 
objects have a stellar appearance on the photographic plates. The first members of this class were discovered 
through the optical identification of extragalactic radio sources and hence the origin of the name “quasi-stellar 
radio source’ abbreviated to quasar. The quasars are the most luminous objects known in the Universe. 
 
Radial Velocity of a Star: Radial velocity (proper motion) is the component of the motion of a star away from 
or toward the Earth along its line of sight, expressed in miles or kilometers per second and determined by the 
shift in the wavelength of light emitted by the star. 
 
Radio Frequency: This is the frequency at which the atomic population is coherently transferred from one state 
to another by a resonant radiation field; it is named after its discoverer I. Rabi. It plays central role in atom-field 
interactions. These are oscillations of free mobile electrons and holes. 
 
Radio astronomy: The astronomy associated with radio observations of celestial objects. The wavelength 
extends fro low radio frequencies (10 MHz, = 30 m) to centimeter and millimeter wavelength. At the low 
frequency of the range, the limit is imposed by the Earth’s ionosphere and at the upper end by water vapor 
absorption in the atmosphere. Within this waveband, many sophisticated radio telescope systems have been 
constructed. 
 
Radiation source: Light and all radiation sources are reverberation of electrostatic charge fields among protons 
and electrons which exists within the inner space of atoms. The reverberation of the field is created by 
vibrations of electrons. 

Real particle: It is characterized by a definite rest mass Mo, occupies a definite volume of non-zero value,  
possesses an unique center of gravity, and exerts a force of gravity on another particle with rest mass M. 
 
Real Universe: It is defined as the state of all objects within physical Universe that is tangible and occupy real 
space-time coordinates. Trajectory of all objects in real Universe follow Einstein’s geodesics which are 
solutions to Einstein’s field equation. 
Red Giant: A large, cool star of high luminosity. 
 
Red shift: The light from distant stars and more distant galaxies has distinct spectral feature, a characteristic of 
atoms of gaseous matter around the stars. When these spectra are examined, they are found to be shifted 
towards the red end of the spectrum. A redshift of light occurs whenever stars move away from the observer 
else blueshift is observed. 
 
Relativistic geometry: A geometry in spacetime is called Relativistic if the spacetime interval for the geometry 
is described by a single distance metric, spacetime ds, where ds2 = c2dt2-dx2-dy2-dz2. 
 
Receding systems: Two inertial systems are defined as receding systems if displacement between the two 
systems is increasing with time at a constant rate. 
 
Residual interaction: Interaction between objects that do not carry a charge but do contain constituents that 
have charge. Except for those chemical substances involving electrically charged ions, much of chemistry is due 
to residual electromagnetic interactions between electrically neutral atoms. The residual strong interaction 
between protons and neutrons, due to the strong charges of their quark constituents, is responsible for the 
binding of the nucleus. 
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Resonance frequency fr in QTS: It is the tuned frequency of microwave fp at which the detector current ID 
exhibits a peak, a resonance feature centered around fr. Fine tuning of the oscillator and the clock is achieved by 
a phase sensitive detection of ID and the subsequent integration to voltage UR. The voltage tunes  LO that is a 
voltage-controlled, temperature-stabilized quartz oscillator. 
 
Retrograde motion: The apparent westward motion of planet with respect to background stars. 
 
Retrograde orbit: An orbit of a satellite or planet around a planet or a star that is in the direction opposite to 
which the planet or the star rotates. 
 
Retrograde rotation: A situation in which an object (such as a planet) rotates in a direction opposite to which 
it orbits around another object(such as the Sun). 
 
Rest mass: See eternal mass. 

Riemannian geometry: Mathematical framework for describing curved shape of any dimension. The geometry 
plays a central role in Einstein’s theory of general relativity. 

Right ascension: Right ascension (abbreviated RA; symbol α) is the angular distance (the arc) of the celestial 
equator measured eastward from the vernal equinox to the foot of the great circle passing through the celestial 
poles and a given point on the celestial sphere, expressed in time hr:min:sec. 
 
Rydberg Constant: In 1885 physicists J. Balmer and J. Rydberg experimentally determined wave lengths for 
hydrogen atoms by applying an equation that closely matched an expression for frequency from Bohr’s 
theoretical model for hydrogen atom. The empirical relationship between wavelengths and electron transition 
quantum numbers had a fitting parameter symbol R∞ or RH that is universally known as Rydberg constant 
whose value is 1.097373×107m-1 
 
Scanning Tunneling Microscopy (STM): A high resolution microscope operating without using light or an 
electron beam instead the traversing of an ultra-sharpened metallic tip over a surface is monitored that reveals 
the sample’s atomic and molecular detail. A contactless current flow is measured in a circuit between the 
scanning tip and the atoms of the sample surface. The current is found to be proportional to the density of 
electrons in the region.  

Schrödinger equation: Equation governing the evolution of probability waves in quantum mechanics. In a 
more general context it describes the time evolution of the state of a quantum system. It is an equation that 
describes the propagation of the waves associated with subatomic particles. 

Schwarzschild radius: It is a radius of a sphere of value such that when all the mass of an object is compressed 
within that sphere the escape speed from the surface of the sphere would be equal to the speed of light c. 
 
Schwarzschild solution: Solution to equation of general relativity for a spherical distribution of matter: one 
implication of this solution is the possible existence of black holes. 

Scintillation: A charged particle traversing matter leaves behind it a wake of excited molecules. Certain types 
of molecules will release a small fraction of this energy as light. This light can be detected by a phototube in a 
detector. 

Second law of thermodynamics: Law stating that total entropy always increases. 

Sidereal year: The orbital period of the Earth around the Sun with respect to the stars. 
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Sidereal period: The orbital period of the one object about another as measured with respect to the stars. 

Singularity: Region of spacetime where physical variables become infinite, such as energy density, tidal forces, 
pressure, and world line of observer terminates and in which no life could exist in theory. 
 
Skylativity® Theory: Revised theory of everything proposed by this author which describes characteristics and 
properties of all types of radiations and reveals facts about their origin. Also, it discloses the reasons for the 
forces of gravity and for the forces of dark matter. The theory combines the principles of QCD with classical  
QED with remarkable consistency. It facilitates unification of all forces of nature (strong color charge, strong 
EM, weak residual, and weak forces of gravity) at grand scale distance of Billions of light years in the outer-
space of universe and at nanoscale  distance of fractions of femtometer  in inner-space of atoms. 

SLAC: The Stanford Linear Accelerator Center in Stanford, California 

Solar constant: The average amount of energy received from the Sun per square meter per second, measured 
just above the Earth’s atmosphere. 
 
Solar corona: Hot, faintly glowing gases seen around the Sun during a total solar eclipse; the uppermost 
regions of the solar atmosphere. 
 
Solar eclipse: An eclipse of the Sun by the Moon, a passage of the Earth through the Moon’s shadow. 
 
Solar neutrino problem (SNP): It was discovered that the measured solar neutrino flux arriving from the Sun 
on the Earth was one third and one half the number predicted by Standard Solar Model. The discrepancy 
between the estimated neutrino flux and the observed flux was called Solar Neutrino Problem. 
 
Space: A space is a physical entity that exist which is capable of storing and transporting other physical entities 
such as matter, energy and information without resistance. 
 
Spacelike displacement: A displacement in relativistic spacetime interval is Spacelike if the spacetime interval 
of relativistic geometry has a negative value. In spacelike displacement events information exchange in real 
time is impossible.  
 
Spacetime: A four-dimensional combination of time and the three dimensions of space. 
 
Spin: Intrinsic angular momentum of a particle, given in units of h’, the quantum unit of angular momentum,  
where ħ == h/2 == 6.58×10-34 J s. Spin is a characteristic property for each type of particle. 
 
Spontaneous emission: It is a electron orbit transition event in which an electron in orbit makes a transition to 
a lower energy state, emitting quanta of radiation. 
 
Spontaneous symmetry breaking: It is a mode of realization of symmetry breaking in a physical system,  
where the underlying laws are invariant under a symmetry transformation the system as a whole changes under 
such transformation, in contrast to explicit symmetry breaking. 
 
Spring tide: An ocean tide that occurs at new moon and full moon phases. 
 
Stable: Does not decay. A particle is stable if no processes exist in which the particle disappears and in its place 
two or more different particles appear. 
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Standard Model: The electromagnetic and weak forces are now considered to be manifestations of a single 
force, the electromagnetic charge force. The combination quantum chromodynamics and quantum 
electrodynamics, the electroweak theory is called the Standard Model. 
 
Stefan’s Boltzmann law: A relationship between the temperature of a blackbody and the rate at which it 
radiates the energy. 
 
STR:  Einstein’s special theory of relativity. 

Stellar parallax: The apparent back and forth motion of stars in relation to background of further remote stars 
caused by Earth’s orbital rotation surrounding the Sun is known as Stellar Parallax. The stellar parallax is 
measured as angular displacement, angle in units of arcsec. 
 
Stimulated absorption: It is a electron orbit transition event in which an incoming quantum of light is 
absorbed raising the electron to a higher energy state. 
 
Stimulated emission: It is an electron orbit transition event in which an incident quantum of radiation causes 
an excited atom to make a downward energy transition emitting a quantum that is identical to incident quantum. 
 
Strange quark (s): The third flavor of quark (in order of increasing mass), carrying electric charge -1/3. 

String coupling constant: A (positive) number that governs how likely it is for a given string to split apart into 
two strings or for two strings to join together into one—the basic processes in string theory. Each string theory 
has its own string coupling constant, the value of which should be determined by an equation; currently such 
equations are not understood well enough to yield any useful information. Coupling constant less than 1 imply 
that perturbative methods are valid. 

String theory: Unified theory of the Universe postulating that fundamental ingredients of nature are not zero-
dimensional point particles but tiny one-dimensional filaments called strings. String theory harmoniously unites 
quantum mechanics and general relativity, the previously known laws of the small and the large, which are 
otherwise incompatible. It is often used a short form for superstring theory. 

Strong interaction: The interaction responsible for binding quarks, antiquarks, and gluons to make hadrons. 
Residual strong interactions provides the nuclear binding force. 

Subatomic particle: Any particle that is small compared to the size of the atom. 

Summer Solstice: It is the time at which the Sun is at its northern most point in the sky (southernmost point in 
the S hemisphere), appearing at noon at its highest altitude above the horizon. It occurs about June 21 in 
Northern hemisphere, the longest day. 
 
Superluminous speed: Motion that appears to involve speeds greater than the speed of light. 
 
Superconductivity: A phenomenon occurring in some metals at very low temperatures, in which the electrical 
resistance drops to zero and the metal shows many other anomalous properties. 
 
Supernova: An old star that has burnt most of its hydrogen collapses due to gravitational attraction, but then 
explodes from the onset of nuclear burning of more massive elements. 

Synodic month: The period of revolution of the Moon with respect to the Sun; the length of one cycle of lunar 
phases. 
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Synodic period: The interval between successive occurrences of the same configuration of a planet. 
 
Synchrotron: A type of circular accelerator in which the particles travel in synchronized bunches at fixed 
radius. 

Symmetry: Any situation in which certain properties of particles or forces are equivalent. 
 
Tachyon: Particle whose mass (squared) is negative; its presence in a theory generally yields inconsistencies. 
For instance tachyons are believed to have the speed above the speed of light. 

Tangential Velocity of a Star: It is the component of the linear motion of a star with respect to the Sun, 
measured along a line perpendicular to its line of sight and expressed in miles or kilometers/sec. 

Tau [TAOW] lepton: The third flavor of charged lepton (in order of increasing mass), with electric charge -1. 

Terrestrial Planets: A terrestrial planet (telluric or Earth like planet) or rocky planet is a planet that is 
composed primarily of silicate rocks or metals. Within the Solar System, the terrestrial planets are the inner 
planets closest to the Sun, i.e. Mercury, Venus, Earth, and Mars. 

Tevatron Collider: An accelerator at Fermilab that collides protons and antiprotons with center-of-mass energy 
of 2 TeV (2000 GeV). 

Theorem: Particle wave separation: Theorem citing difference between real particles with rest mass and 
center of gravity vs. virtual particles with zero rest mass and without center of gravity. 
 
Theory of Everything: A quantum mechanical theory (Unified field theory) that encompasses all forces and all 
matter within a single all encompassing framework.  
 
Thermonuclear fusion: The combining of nuclei under conditions of high temperature in a process that 
releases substantial energy. 
  
Tidal forces: A gravitational force whose strength and direction varies over a body and thus tends to deform the 
body. The force that arises due to gravitational field on a pair of massive objects which are  inhomogeneous. 
The tidal force name is derived from the tides generated in the seas of the Earth as a result of the gravitational 
pull of the Moon and the Sun.  
Time dilation: It is related to time measured by clocks of the same length within different inertial frames.  
Measured time by a clock in the first inertial frame appears to be faster than that measured in the second inertial  
frame by an identical clock and vice versa. This effect is known as Time dilation. 
 
Timelike displacement: A displacement in relativistic spacetime internal is Timelike if the spacetime interval 
of relativistic geometry has a positive value. Communication in real time is feasible for events displaced by 
timelike intervals.  
 
Top quark: The sixth flavor of quark (in order of increasing mass), with electric charge 2/3. Its mass is much 
greater than any other quark or lepton. 

Total solar eclipse: A solar eclipse during which the Sun is completely hidden by the Moon. 
 
Track: The record of the path of a particle traversing a detector. 

Tracking: The reconstruction of a “track” left in a detector by the passage of a particle through the detector. 
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Transverse wave: When the vibration plane of an energy carrier wave is normal to the direction of propagation 
of the wave, it is called a transverse wave.  

True speed of light (TSL) c:  It is defined as the distance travelled by light in one second time measured by a 
standard clock from a point source located in ASF where the distance between the point source and the observer 
remain constant with respect to time.   
 
Tuning fork diagram: A diagram that summarizes Edwin Hubble’s classification scheme for spiral, barrel 
spiral, and elliptical galaxies. 
 
UBV Photometry: UBV photometric system, also called the Johnson-Morgan system, is a wide band 
photometric system for classifying stars according to their colors. It is the first known standardized 
photoelectric system in which the photometric measurement of the color index of a star, is taken by using 
ultraviolet, blue, and visual  yellow) filters. 
 
Uncertainty Principle: The quantum principle, first formulated by Heisenberg, that states that it is not possible 
to know exactly both the position x and its momentum p of an object at the same time, xp > ½ ħ. It can be 
written as E t > ½ ħ where E means the uncertainty in energy and t means the uncertainty in life time of a 
state (see virtual particle). 

Such uncertain aspects of the microscopic world become even more severe as the distance and time scales on 
which they are considered become ever smaller. Particles and fields undulate and jump between all possible 
values consistent with the quantum uncertainty. 

Uniform Circular Motion (UCM): Motion of an object travelling at constant speed tracing a circular path is 
classified as UCM. A centripetal force is required to retain the object in circular orbit. 
 
Unit time: It is defined as the duration of 9,192,631,770 cycles of microwave light absorbed by the hyperfine 
transition of Cesium-133 atoms in their ground state undisturbed by external fields. 

Up quark: The least massive flavor of quark with electric charge 2/3. 

Vernal Equinox: One of two points at which the ecliptic intersects the celestial equator and it is the time 
occurring about March 21 when the Sun crosses the plane of the Earth's equator, making night and day of 
approximately equal length all over the Earth. 

Vertex detector: A detector placed very closed to the collision point in a colliding-beam experiment so that 
tracks coming from the decay of a short-lived particle produced in the collision can be accurately reconstructed 
and seen to emerge from a “vertex” point that is different from the collision point. 

Virtual pair: A particle and antiparticle that exist for such a brief interval that they cannot be observed. 
 
Virtual particle: It is an entity which possesses energy, lacks rest mass, occupies indefinite volume in space, 
and does not project the force of gravity, but may or may not project other types of force such as the magnetic 
force. We stipulate that  light energy is composed of virtual particles, quanta of radiation. 
 
VLBI: Very-long-baseline interferometry  (VLBI) is a type of astronomical  interferometry that is used in radio 
astronomy in which a signal from astronomical radio source is collected from several sparsely located 
telescopes on Earth and information of the signal is combined to form image of the source. In this arrangement 
effective signal gathering area and power is amplified  by antenna disks  of several telescopes. 
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VSL: Varying the speed of light theory proposed by Portuguese physicist and Cambridge University Professor, 
João Magueijo, in 1995 

W+/- boson: A carrier particle of the weak interactions. It is involved in all electric-charge-changing weak 
processes. 

Wave Entity: Wave entities such as the radiation waves are characterized by their self mobility and possess 
zero rest mass. Contradictory to waves, particle entities have non-zero value of rest mass and a unique center of 
gravity. 
 
Wavefunction (x): The mathematical object in quantum theory which determines probabilities of different 
results of experiments. It is a complex quantity, so it has an amplitude (whose square gives the probability) and 
a phase-angle. The phase angle has no direct physical interpretation, but is important in interference effects, 
where two wave-functions are added together. 
 
Wavelength ( Wavelength defined as the minimum distance between two successive crests or troughs of a 
sinusoidal energy signal in space or time domain. 

Weak interaction: The interaction responsible for all processes in which flavor changes, hence for the 
instability of heavy quarks and leptons, and particles that contain them. Weak interactions that do not change 
flavor (or charge) have also been observed. 

White dwarf: A low-mass star that has exhausted all its nuclear fuel and contracted to a size roughly equal to 
the size of the Earth. Mass < 1.4 Mʘ Radius 1000 km, supported against gravity by quantum-mechanical 
degeneracy pressure of electrons.   
 
Winter Solstice:  It is the time at which the Sun is at its southernmost point in the sky (northernmost point in 
the S hemisphere) appearing at noon at its lowest altitude above the horizon. It occurs about December 22 (June 
21 in the S hemisphere), the shortest day. 
 
Wien’s displacement law: A relationship between the temperature of a blackbody and the wavelength at which 
it emits the greatest intensity of radiation. 
 
Workfunction: it is defined as the minimum quantity of energy required to remove an electron (completely) to 
infinity from a metal surface. 
 
Worldline: In space-time, the history of a particle is represented by a worldline. The position of the particle in 
space at any particular time t is found by slicing space-time t and seeing where the slice cuts the worldline. 
Alternately, the trajectory of a free particle in 4-dimensional spacetime is called the worldline. 
 
Wormhole: A tube-like region of space connecting one region of the Universe to another. In view of the fact 
that our Universe has no boundaries (infinite) existence of wormhole does make sense. It is a fictional entity. 

Zeeman effect: A splitting or broadening of spectral lines due to a magnetic field. 
 
Z0 boson: A carrier particle of weak interactions. It is involved in all weak processes that do not change flavor. 

Zenith: The highest point on celestial sphere that is vertically above an observer at given location on the Earth 
and is directly opposite to nadir at that point. 
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Unique features of Skylativity®… 
 
Unique physics of light and Astronomy, a brand new title from Matrix presents new concepts about the origin of radiations and 
the forces of gravity within inner space of atoms. Further, extraordinary details as regards to propagation of radiant energy waves 
in outer space, distance span within galaxies as well as outside galaxies are described with  higher accuracy than ever in the past. 
There were fundamental gaps left in the scientific theories proposed by several physicists of the twentieth century. Through years 
of extensive  research, the author has developed a Skylativity® theory, which clearly fills the voids in various theories such as the 
theory of relativity from Einstein, the classical electromagnetic field theory from Maxwell, and Feynman’s fascinating theory of 
light and matter.  The Skylativity® theory principles are based on the study of scientific phenomena of radiation emissions and 
the existence of gravity. Several issues are resolved by investigating the composition of entities associated with specific 
phenomenon. For instance, highlights of selected Chapters are: 
 
 Radiation is reverberations of electro-static (ES) charge fields… Chapter 2 Quantum Theory of Radiation QTR 

 
 Revised theories of relativity…Chapter 3 Fundamentals of Skylativity® Theory 
 
 Path integral formalism, the full story…Chapter 6 Feynman’s Fascinating Theory 
 
 The forces of binding energy among electrons and protons constitute gravity…Chapter 8 QTG 
 
 Finite forces of gravity within black holes (singularity erased)…Chapter 10 Mystery of Black holes  
 
 Atomic spectroscopy, a means to chase quarks…Chapter 12 Quark Structure of  Nucleus 
 
 Competing theories about the origin of the universe and dark matter…Chapter 13 
 
 Characteristics of telescopes for space exploration in the twenty first century…Chapter 14 
 
This 900 page text book has more than 200 colorful figures and 40 tables. Further, it contains 400 questions and problems which 
test the understanding of concepts and principles studied by professionals and students. Also, it contains more than 150 questions 
of which more than 60 questions are quick quiz variety for which answers are stated in multiple choice format. Quick quiz variety 
of  questions enables the readers to assess their proficiency in the subject matter of the book in a expeditious way. 
 

Review for “True physics of light, beyond relativity, Second edition” by Shailesh Kadakia, BE, MSE 
Reviewed By Francis Ben, PhD (The University of Adelaide, Australia) 01/09/2014 

“Shailesh’s book tackles the difficulty of understanding light as an entity in physical science. It presents arguments 
(both in words and mathematical forms) that highlight the limitations of Albert Einstein’s theory of relativity.  It 
attempts to address the misconceptions a lot of people have about the attributes of light. The book is a move forward 
from the physics that ‘everyday’ people have come to encounter during their schooling days (assuming that they 
chose to study physics at upper secondary levels).The contents of the book are almost too controversial, but in a 
good way as challenging existing theories and postulates is a way forward in the field of science. New ideas such as 
the notion of ‘skylativity’ and the integration of gravity at quantum scales are presented, and have been substantiated 
by a good number of backing information including mathematical expressions and equations. If the new ideas 
presented in this book become widely accepted in the physics community, its impact on educating our  youth with 
physics will be dramatic – it will virtually change every single physics/physical science textbook used in schools. 
 
The book was clearly designed for university students who are studying physics. The concepts and arguments are clear enough to 
understand. The graphics and illustrations add to the appeal to read the textbook. This book has a very good potential to gain 
wide acceptance in the school/university market.” 
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