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Introduction: 

Understanding of being and time has always been interesting and difficult for mankind. 

Generally, there are three approaches of religion, philosophy and science to being and time. 

In this essay, I have reviewed physical being and time, because everything in nature is a 

physical entity. The question is what relationship is between being and time and whether in 

physics, being and time are separable? In this essay, I have answered these questions. 

In the early days; physics was a part of the philosophy. Before Newton, physics was 

descriptive and analytic, and physicists had not used mathematics yet, so physics was closer 

to philosophy than science. For this reason, Newton had named his book "Mathematical 

Principles of Natural Philosophy".
1
 

Still we are using philosophical concepts in the physics. One of these concepts is 

phenomenon. According to Kant
2
, it is vital always to distinguish between the distinct realms 

of phenomena
3
 and noumena

4
. Phenomena are the appearances, which constitute our 

experience; noumena are the (presumed) things themselves, which constitute reality
5
. 

Phenomenon of a physical event can be different for different observers. Even the fact of a 

physical event can be something different from the phenomenon of all observers. For 

example, thousands years everybody thought that the earth is the center of the universe, sun 

and the planets orbit around the Earth. The appearance of the solar system in the minds of the 

people is an Earth central system. Another phenomenon that is on everyone's mind at the time 

it was created, was that each object must be connected to a physical object or placed on it. 

The question was: Where is the earth standing? That's why some people thought the Earth 

was on turtle. For example; the Ptolemaic
6
 Model was based on common phenomena that 

earth was the center of the universe. But Copernicus
7
 system was based on himself 

phenomena (Figure 1).  

                                                 
1
 - principles of  natural philosophy; London 1687 

2
 - Immanuel Kant, (1724-1804)  

3
 - Phenomena 

4
 - Noumena 

5
 - Britannica Dictionary; [Online] available; http://www.philosophypages.com/hy/5g.htm 

6
 - Ptolemy (168 AD)  

7
 - Nicolaus Copernicus (1473-1543) 
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We are not seeing the world out of it. We are a small part of the world that we live in. 

Also, no picture covers all the landscape, the physical events are not in our minds, and we 

will process our personal phenomena in mind that usually are far from the reality. 

We describe a personal phenomenon, it will bring judgment and the others are compared 

with the phenomenon itself. In discussion, a common phenomenon will be created that is 

closer to reality. The history of science shows that even a common human phenomenon isn’t 

all reality. Physicists in order to make the joint phenomenon close together and prevent 

dispersion of votes and results used mathematical models. 

 

 

 

Fig 1; Ptolemy's model (left side) was based on general common phenomenon (opinion) that was 

thought earth was the center of universe. But Copernicus's model (right side) was based on his own 

personal phenomenon (opinion), this is why the majority of people opposed it. 

 

Therefore physicists used mathematics to describe reality. Kelvin
1
 said: "When you can 

measure what you are speaking about, and express it in numbers, you know something about 

it"
2
. 

Scientific theories do not show the laws of nature, but are our understanding of physical 

phenomena to explain the nature and closeness of the common phenomena to the dominating 

rules of nature. So no theory is perfect, even if expressed with mathematical formulas. 

 

Hossein Javadi 

March 07, 2015 

 

 

                                                 
1
 - Lord Kelvin (1824 -1907) 

2
 - Joseph Loscalzo "Can Scientific Quality Be Quantified?" Circulation, [Online] available; 

http://circ.ahajournals.org/content/123/9/947.full 
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Section 1 

 

Modern Physics 

 

 

Physical being and nothingness 

There are many ideas about the Being and Nothingness in philosophy
1
. Usually we do not 

use the word nothing in physics. For the first time, Empedocles
2
 established four ultimate 

elements which make all the structures in the universe: fire, air, water, earth. Aristotle
3
 later 

added a fifth element "ether" to describe the void that fills the universe above the terrestrial 

sphere (Figure 2). He believed the universe to be finite in size
4
 and matter was continuous. 

But Democritus
5
 postulated the existence of invisible atoms, characterized only by 

quantitative properties: size, shape, and motion. Physicists currently believe that the matter is 

made up of atoms. An atom consists of sub atomic particle and The Standard Model explains 

how the basic building blocks of matter interact, governed by four fundamental forces
6
. Also, 

vacuum is not an empty space in quantum mechanics. In modern physics, the classical 

vacuum of tranquil nothingness has been replaced by the quantum vacuum with fluctuations 

of measurable consequence
7
. So, the physical being is limited to explaining the fundamental 

particles and the quantum vacuum.  

 

Energy 

Energy is a property of objects, transferable among them via fundamental interactions, 

which can be converted into different forms but not created or destroyed. Work and heat are 

                                                 
1
 - "Nothingness" Stanford Encyclopedia of Philosophy, 2003, [Online] available; 

http://plato.stanford.edu/entries/nothingness 
2
 - Empedocles ( 490 B.C. – 430 B.C.) 

3
 - Aristotle  ( ٣٨٤  - 322 BC) 

4
 - The physics of the universe; http://www.physicsoftheuniverse.com/cosmological.html 

5
 - Democritus (460-370 B.C.) 

6
 - Andrea Romanino, "The Standard Model of Particle Physics", [Online] available; 

http://www.slac.stanford.edu/econf/C0907232/pdf/001.pdf 
7
 - Peter W. Milonni, "The Quantum Vacuum: An Introduction to Quantum Electrodynamics" Amazon, 

published 1993, abstract.  
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two categories of processes or mechanisms that can transfer a given amount of energy. There 

are many forms of energy, but all these types must meet certain conditions such as being 

convertible to other kinds of energy, obeying conservation of energy, and causing a 

proportional change in mass in objects that possess it.  

Common energy forms include the kinetic energy of a moving object, the radiant energy 

carried by light and other electromagnetic radiation, the potential energy stored by virtue of 

the position of an object in a force field such as a gravitational, electric or magnetic field, and 

the thermal energy comprising the microscopic kinetic and potential energies of the 

disordered motions of the particles making up matter. 

 

 

Fig 2; geocentric universe of Aristotle and Ptolemy 

 

 

Fig 3; Mass-energy equivalence and relation between momentum and wavelength   
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Mass-energy equivalence 

The mass-energy equivalence shows that a measured quantity of energy is equivalent to a 

measured quantity of mass. The equivalence is expressed by Einstein's equation E = mc
2
, 

where E represents energy, m the equivalent mass, and c the speed of light (Figure 3). 

 

Atomic models 

A model is a representation of a system in the real world. Models help us to understand 

systems and their properties. An atomic model represents what the structure of an 

atom could look like, based on what we know about how atoms behave. It is not necessarily a 

true picture of the exact structure of an atom. 

It is important to realise that a lot of what we know about the structure of atoms has been 

developed over a long period of time. This is often how scientific knowledge develops, with 

one person building on the ideas of someone else. We are going to look at how our modern 

understanding of the atom has evolved over time.  

Nowadays, we know that atoms are made up of a positively charged nucleus in the centre 

surrounded by negatively charged electrons. However, in the past, before the structure of the 

atom was properly understood, scientists came up with lots of different models or pictures to 

describe what atoms look like. 

Thomson's model of the atom: After the electron was discovered by Thomson
1
 in 1897, 

people realized that atoms were made up of even smaller particles than they had previously 

thought. However, the atomic nucleus had not been discovered yet and so the “plum pudding 

model” was put forward in 1904. In this model, the atom is made up of negative electrons 

that float in a “soup” of positive charge, much like plums in a pudding or raisins in a fruit 

cake.  

The discovery of radiation was the next step along the path to building an accurate picture 

of atomic structure. In the early twentieth century, Marie
2
 and Pierre Curie

3
 discovered that 

some elements (the radioactive elements) emit particles, which are able to pass through 

matter in a similar way to X–rays. It was Ernest Rutherford
4
 who, in 1911, used this 

discovery to revise the model of the atom
5
.  

 

Modern Atomic Theory: Models 

Rutherford atomic model, also called nuclear atom or planetary model of the atom, 

description of the structure of atoms proposed (1911) by Ernest Rutherford. The model 

described the atom as a tiny, dense, positively charged core called a nucleus, in which nearly 

                                                 
1
 - Sir Joseph John Thomson (1856 – 1940) 

2
 - Marie Skłodowska Curie (1867-1934) 

3
 - Pierre Curie (1859–1906) 

4
 - Ernest Rutherford (1871-1937) 

5
 - EVERYTHING MATHS & SCIENCE, [Online] available; http://everythingmaths.co.za/science/grade-

10/04-the-atom/04-the-atom-02.cnxmlplus 
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all the mass is concentrated, around which the light, negative constituents, called electrons, 

circulate at some distance, much like planets revolving around the Sun
1
 (Figure 4). 

In 1913, Neils Bohr
2
, a student of Rutherford's, developed a new model of the atom. He 

proposed that electrons are arranged in concentric circular orbits around the nucleus. This 

model is patterned on the solar system and is known as the planetary model. The Bohr model 

can be summarized by the following four principles (figure 4): 

1- Electrons occupy only certain orbits around the nucleus. Those orbits are stable and 

are called "stationary" orbits. 

2- Each orbit has an energy associated with it. The orbit nearest the nucleus has an 

energy of ��, the next orbit ��, etc. 

3- Energy is absorbed when an electron jumps from a lower orbit to a higher one and 

energy is emitted when an electron falls from a higher orbit to a lower orbit. 

4- The energy and frequency of light emitted or absorbed can be calculated by using the 

difference between the two orbital energies. 

 

 

Fig 4; Models of the atom 

 

In 1926 Erwin Schrödinger
3
, an Austrian physicist, took the Bohr atom model one step 

further. Schrödinger used mathematical equations to describe the likelihood of finding an 

electron in a certain position. This atomic model is known as the quantum mechanical model 

of the atom. Unlike the Bohr model, the quantum mechanical model does not define the exact 

                                                 
1
 - Rutherford atomic model  ,Encyclopedia Britannica; [Online] available; 

http://www.britannica.com/EBchecked/topic/514258/Rutherford-atomic-model 
2
 - Niels Henrik David Bohr (1885-1962) 
3
 - Erwin Schrödinger (1887-1961) 
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path of an electron, but rather, predicts the odds of the location of the electron. This model 

can be portrayed as a nucleus surrounded by an electron cloud. Where the cloud is most 

dense, the probability of finding the electron is greatest, and conversely, the electron is less 

likely to be in a less dense area of the cloud. Thus, this model introduced the concept of sub-

energy levels. 

Until 1932, the atom was believed to be composed of a positively charged nucleus 

surrounded by negatively charged electrons. In 1932, James Chadwick
1
 bombarded beryllium 

atoms with alpha particles. An unknown radiation was produced. Chadwick interpreted this 

radiation as being composed of particles with a neutral electrical charge and the approximate 

mass of a proton. This particle became known as the neutron. With the discovery of the 

neutron, an adequate model of the atom became available to chemists. 

Since 1932, through continued experimentation, many additional particles have been 

discovered in the atom. Also, new elements have been created by bombarding existing nuclei 

with various subatomic particles. The atomic theory has been further enhanced by the concept 

that protons and neutrons are made of even smaller units called quarks. The quarks 

themselves are in turn made of vibrating strings of energy. The theory of the composition of 

the atom continues to be an ongoing and exciting adventure
2
. 

 

Nuclear model: any of several theoretical descriptions of the structure and function of 

atomic nuclei (the positively charged, dense cores of atoms). Each of the models is based on a 

plausible analogy that correlates a large amount of information and enables predictions of the 

properties of nuclei. 

Nuclear models can be classified into two main groups. In those of the first group, called 

independent-particle models, the main assumption is that little or no interaction occurs 

between the individual particles that constitute nuclei; each proton and neutron moves in its 

own orbit and behaves as if the other nuclear particles were passive participants. The shell 

nuclear model and its variations fall into this group. 

In a second group, called strong-interaction, or statistical models, the main assumption is 

that the protons and neutrons are mutually coupled to each other and behave cooperatively in 

a way that reflects the short-ranged strong nuclear force between them. The liquid-drop 

model and compound-nucleus model are examples of this group. 

Other nuclear models incorporate aspects of both groups, such as the collective model, 

which is a combination of the shell model and the liquid-drop model
3
. 

 

The Standard Model of Particle Physics 

The universe is believed to consist of matter (4% atoms - 3.6% of which is in intergalactic 

gas - and 22% dark matter) and energy (74% dark energy). Dark energy uniformly fills all of 

space with a density of ����� grams per cubic centimeter, and is the source of a repulsive 

                                                 
1
 - James Chadwick (1891-1974) 

2
 - Atomic Structure, Periodicity, and Matter: Development of the Atomic Theory, [Online] available; 

http://www.abcte.org/files/previews/chemistry/s1_p6.html 
3
 - Nuclear model , Encyclopedia Britannica, [Online] available; 

http://www.britannica.com/EBchecked/topic/421734/nuclear-model 
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force causing the universe to expand. Energy (E) is regarded to be inter-convertible with 

matter (mass, m) by Einstein's famous equation 	 = ���, where c is the speed of light. 

The so-called Standard Model of particle physics (formulated in the 1970s) describes the 

universe in terms of Matter (fermions) and Force (bosons). Force is not independent of the 

fundamental qualities. Force can be expressed in terms of the fundamental qualities as Mass 

times Acceleration or (equivalently) as change of Momentum per unit Time. The Standard 

Model describes approximately 200 particles and their interactions using 17 fundamental 

particles, all of which are fermions or bosons: 6 quarks (fermions), 6 leptons (fermions), 4 

force-carrying particles (gauge bosons), and the Higgs boson. Unlike the force-carrying 

particles, the matter particles have associated antimatter particles, such as the anti-electron 

(also called positron) and anti-quarks
1
. 

There are four known forces, each mediated by a fundamental boson particle (gauge 

bosons)
2
. Standard model mathematics predicts the existence of the weak, strong, and 

electromagnetic forces. The weak and strong forces are only seen in atomic nuclei or other 

subatomic particles. Aside from gravity, all the macroscopically observable forces - such as 

friction & pressure as well as electrical & magnetic interaction - are due to electromagnetic 

force. 

Subatomic matter particles can be described as fundamental or composite. The 

fundamental matter particles are quarks & leptons. Protons & neutrons are composites of 

quarks, whereas an electron is a lepton fundamental particle. A proton is 1,800 times more 

massive than an electron. Quarks are never found alone, whereas leptons never form 

composites (unless an atom is called a composite). Neutrinos are electrically uncharged 

leptons that have a mass less than one-millionth of an electron, and can oscillate between 

three types: electron-neutrino, muon-neutrino, and tau-neutrino. Properties of fundamental 

particles include spin, electrical charge, color charge, and mass.  

Composites made of quarks or anti-quarks are called hadrons. Calling matter fermions and 

forces bosons is an oversimplification because composite particles can be fermions or bosons. 

A composite particle containing an even number of fermions (such as the carbon−12 nucleus 

with 6 protons and 6 neutrons) is a boson - and an odd number of fermions (such as the 

helium−3 atom, with 2 protons, 1 neutron, and 2 electrons) will result in a fermion. A simple 

table representing the most common forms of matter found on Earth would be: 

1- Matter: quarks & leptons 

2- Hadrons: composites made of quarks or anti-quarks 

3- Baryons: made of three quarks (composite fermions) (stable) 

4- Mesons: made of one quark & one anti-quark (composite bosons) (unstable) 

5- Leptons: fundamental particles 

The strong nuclear force acts on hadrons, but does not act on leptons (electrons are 

unaffected by the strong force). The weak nuclear force acts on both hadrons & leptons. 

Hadrons are "glued" together by gluons. The larger the number of gluons exchanged among 

quarks, the stronger the binding force. The most important baryons are the proton and the 

neutron. Unlike electrostatic forces that weaken with increasing distance, strong force (gluon) 

                                                 
1
 - For the purpose of this paragraph, Antimatter (fermions) is being regarded as a kind of Matter (fermions) 

2
 - Gauge bosons are elementary particles, the exchange particles of the four fundamental interactions of 

nature. They interact with other particles and so take influence in them. Actually, gauge bosons should be 

massless, which is true for photons, gluons and probably gravitons. 
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weakens with increasing closeness. But if a quark attempts to escape from a proton or neutron 

by moving outward, the strong force becomes so intense as to make escape practically 

impossible. Nonetheless, at extreme densities, quark-gluon plasmas have been observed, 

demonstrating that quarks can exist outside of confinement by protons, neutrons or mesons. 

Strong force due to gluon exchange between quarks only occurs within protons & 

neutrons. The force that holds the nucleus together (nuclear force) is due to "leakage" from 

gluon exchange resulting in an exchange of pion particles between protons & neutrons. 

Nuclear force acts nearly the same on protons as it acts on neutrons (independent of charge). 

Nuclear force is analogous to the van der Waals
1
 forces which hold neutral (uncharged) 

molecules together by electrical polarization effects. The strong nuclear force (strong 

interaction) is also called the "color interaction". Analogous to the two-valued electrical 

charge associated with electromagnetic force is a three-valued "color charge" associated with 

quarks & the strong force (gluons) that binds quarks together. The colors of the three-valued 

charge are called red, green and blue - not visual colors, but called a "charge" based on an 

analogy to visual colors. Just as combining electrical positive & negative charge results in a 

neutral electrical-charge, combining red, green & blue color-charge gives a neutral color 

charge (the analogy to visual color being that mixing the red, green & blue primary visual 

colors gives neutral white). Mesons are color-charge neutral because they combine red, green 

or blue quarks with anti-red, anti-green or anti-blue quarks, respectively. 

All quarks & gluons have color-charge, but leptons do not. All the hadrons (protons, 

neutrons, mesons) comprised of quarks, anti-quarks and gluons have neutral color-charge 

(analogous to most atoms having a neutral electrical charge). A quark can change color by 

emitting or absorbing gluons. If a red quark becomes a green quark it must have emitted a 

gluon carrying the colors red and anti-green. Quarks are constantly changing color-charge by 

exchanging of gluons with other quarks. The closer quarks come to each other, the weaker 

the quark color-charge change. 

Electromagnetic & gravitational forces vary as the inverse square of distance without limit 

(to infinity). But the strong & weak nuclear forces are short-range rather than inverse-square 

forces. Short-range forces only operate at very short range through exchange of particles. It is 

the non-zero rest mass of the short-range force-mediating particles which causes them to 

decay quickly and thereby limits their range. For the strong nuclear force the exchange-

particle is the gluon (nuclear "glue"). Unlike photons, which uniformly surround electrons 

forming a spherically symmetric shell, gluons clump together into tubes when linking quarks 

to quarks or to anti-quarks. (Agglomerations of gluons alone are called "glueballs"). Beyond 

a hadron separation of about 1.7 femtometers (10���), the strong nuclear force becomes 

negligibly small. In summary, the Standard Model consists of 17 particles. Twelve of the 17 

fundamental matter-particles are fermions: 6 quarks (Table1) and 6 leptons (Table2).  

The remaining five particles are bosons, four of which are physical manifestations of the 

forces through which particles interact. The fifth boson is the Higgs boson, associated with 

the Higgs field which gives mass to electrons, elementary quarks, Z&W bosons, and the 

Higgs boson itself. (Note that the strong nuclear force associated with the gluon particle gives 

mass to atomic nuclei, by binding together the three quarks inside protons and neutrons - and 

                                                 
1
 - The van der Waals force (or van der Waals' interaction), named after Dutch scientist Johannes Diderik van 

der Waals (1837 – 1923), is the sum of the attractive or repulsive forces between molecules (or between parts of 

the same molecule) other than those due to covalent bonds, or the electrostatic interaction of ions with one 

another, with neutral molecules, or with charged molecules 
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all attempts to include gravitons or gravity into the Standard Model have failed.) Gluons 

interact only with quarks and themselves, but all the other bosons interact with both leptons 

& quarks. Quarks carry both electrical & color charge, but leptons have no color charge, and 

only non-neutrino leptons have electrical charge
1
. 

 

Table1; Quarks 

Quark Symbol Charge Mass* 

Up U +2/3 1.7 - 3.3 MeV 

Top T +2/3 172 GeV 

Charm C +2/3 1270 MeV 

Down D -1/3 4.1 - 5.8 MeV 

Strange S -1/3 101 MeV 

Bottom  B -1/3 4.19 GeV 

 Or 4.67 GeV 

*These masses are estimates because quarks have not lasted or been found 

by themselves. 

 

Table2; Leptons 

 

 

Quarks changed what Millikan conclusions. Millikan got the charge of an electron correct, 

but an electron or proton's charge is not the smallest possible charge. Below is some of the 

currently known information about quarks (Figure 5): 

                                                 
1
 - Ben Best, "The Standard Model of Particle Physics", Ben Best , [Online] available; 

http://www.benbest.com/science/standard.html 
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Fig 5; if a particle is made of quarks, then it is a hadron. If it is made from an odd number of quarks it is 

a Baryon. If it is made from an even number of quarks, it is a meson. To date, only particles with three or two 

quarks have been confirmed and only protons are stable. That is all baryons and mesons, except protons decay 

and disappear quickly. 

 

Interactions and exchange particles 

The electron and nucleon interact by the electromagnetic force; the carrier of this is the 

virtual photon as it has different properties to ordinary photons. Take for example two 

electrons: They repel each other due to the electromagnetic force; we say that there is a 

mediator or exchange particle which is transferred between them, the photon
1
.  

Gravity force: Graviton is the exchange particle involved in the gravitation force 

interaction. 

Strong nuclear force: Gluons are the exchange particles involved in the strong nuclear 

force interaction. 

Weak nuclear force; Z, W
+
, W

-
 bosons are the exchange particles involved in the weak 

nuclear force interaction (Figure 6). 

 

 

Fig 6; Boson is the term for a particle with a even integers as spin (0, 1, 2). Spin being the intrinsic angular 
momentum of a particular particle. 

                                                 
1
 - Virtual photons, University of Oxford, [Online], available;  

http://www.physics.ox.ac.uk/documents/PUS/dis/virtual_photon.htm 
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Also, Vacuum energy (or zero-point energy) is an underlying background energy that 

exists in space throughout the entire Universe. One contribution to the vacuum energy may 

be from virtual particles which are thought to be particle pairs that blink into existence and 

then annihilate in a time span too short to observe.  

 

Uncertainty Principle 

The Heisenberg Uncertainty Principle states that you can never simultaneously know the 

exact position and the exact speed of an object. There is a minimum for the product of the 

uncertainties of these two measurements. There is likewise a minimum for the product of the 

uncertainties of the energy and time
1
 (Figure 7). 

 

Thermodynamics and entropy 

Thermodynamics is a branch of physics which deals with the energy and work of a 

system.  Thermodynamics deals only with the large scale response of a system which we can 

observe and measure in experiments. Small scale gas interactions are described by the kinetic 

theory of gases.  

 

 

Fig 7; Uncertainty principle 

 

There are three principal laws of thermodynamics: The zeroth law of thermodynamics 

involves some simple definitions of thermodynamic equilibrium. Thermodynamic 

equilibrium leads to the large scale definition of temperature, as opposed to the small scale 

definition related to the kinetic energy of the molecules. The first law of thermodynamics 

                                                 
1
 - For position and linear momentum; ∆x∆p > ћ

� and for energy and time; ∆E∆t > ћ

� , there ћ is the reduced 

Planck constant, ∆x , ∆p , ∆E  , ∆t  are uncertainties position, momentum, energy and time.  
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relates the various forms of kinetic and potential energies in a system to the work which a 

system can perform and to the transfer of heat. 

This law is sometimes taken as the definition of internal energy, and introduces an 

additional state variable, enthalpy. The first law of thermodynamics allows for many possible 

states of a system to exist. But experience indicates that only certain states occur. This leads 

to the second law of thermodynamics and the definition of another state variable called 

entropy. The second law stipulates that the total entropy of a system plus its environment 

cannot decrease; it can remain constant for a reversible process but must always increase for 

an irreversible process
1
. 

 

Physics of time 

Galilean Time: Galileo
2
 assumed that there is the physical existence of an absolute and 

global time in the universe
3
.  

Newtonian Time: Isaac Newton
4
 founded classical mechanics on the view that space is 

distinct from body and that time passes uniformly without regard to whether anything 

happens in the world. For this reason he spoke of absolute space and absolute time, so as to 

distinguish these entities from the various ways by which we measure them (which he called 

relative spaces and relative times). From antiquity into the eighteenth century, contrary views 

which denied that space and time are real entities maintained that the world is necessarily a 

material plenum. Concerning space, they held that the idea of empty space is a conceptual 

impossibility. Space is nothing but an abstraction we use to compare different arrangements 

of the bodies constituting the plenum. Concerning time, they insisted, there can be no lapse of 

time without change occurring somewhere. Time is merely a measure of cycles of change 

within the world
5
 (Figure 8). 

Einstein
6
 relativity; the length of any object in a moving frame will appear foreshortened 

in the direction of motion, or contracted. Events that occur at the same time for one observer 

could occur at different times for another. This new reality was that space and time, as 

physical constructs, have to be combined into a new mathematical/physical entity called 

'space-time', because the equations of relativity show that both the space and time coordinates 

of any event must get mixed together by the mathematics, in order to accurately describe 

what we see.  Because space consists of 3 dimensions, and time is 1-dimensional, space-time 

must, therefore, be a 4-dimensional object. It is believed to be a 'continuum' because so far as 

we know, there are no missing points in space or instants in time, and both can be subdivided 

without any apparent limit in size or duration. So, physicists now routinely consider our 

                                                 
1
 - What is Thermodynamics?, NASA, [Online] available; 

http://www.grc.nasa.gov/WWW/k-12/airplane/thermo.html 
2
 - Galileo Galilei (1564 – 1643) 

3
 - Z.E. Musielak, J.L. Fry, "Physical theories in Galilean space-time and the origin 

of Schrödinger-like equations", Elsevier, 2008, [Online] available; 

https://www.uta.edu/physics/main/faculty/musielak/info/MF1.pdf 
4
 - Isaac Newton (1643-1727) 

5
 - Newton's Views on Space, Time, and Motion, Stanford Encyclopedia of Philosophy, 2011, [Online] 

available; http://plato.stanford.edu/entries/newton-stm/#5 
6
 - Albert Einstein (1879-1955) 
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world to be embedded in this 4-dimensional Space-Time continuum, and all events, places, 

moments in history, actions and so on are described in terms of their location in Space-Time
1
. 

 

 

Fig 8; Newton's fixed space vs. Einstein's flexible spacetime 

 

Electromagnetism  

Electromagnetism is the study of the electromagnetic force which is a type of physical 

interaction that occurs between electrically charged particles. The electromagnetic force 

usually manifests as electromagnetic fields, such as electric fields, magnetic fields and light.  

Originally electricity and magnetism were thought of as two separate forces. This view 

changed, however, with the publication of James Clerk Maxwell's
2
 1873 Treatise on 

Electricity and Magnetism in which the interactions of positive and negative charges were 

shown to be regulated by one force. There are four main effects resulting from these 

interactions, all of which have been clearly demonstrated by experiments
3
: 

1- Law
4
 of Coulomb

5
; electric charges attract or repel one another with a force inversely 

inversely proportional to the square of the distance between them: unlike charges attract, like 

ones repel (Figure 9).  

2- Magnetic poles (or states of polarization at individual points) attract or repel one 

another in a similar way and always come in pairs: every North Pole is yoked to a south pole 

(Figure 10-A). 

3- An electric current in a wire creates a circular magnetic field around the wire, its 

direction (clockwise or counter-clockwise) depending on that of the current (Figure 10-B). 

4- A current is induced in a loop of wire when it is moved towards or away from a 

magnetic field, or a magnet is moved towards or away from it, the direction of current 

depending on that of the movement (Figure 10-C). 

                                                 
1
 - Dr. Sten Odenwald, "What is a space time continuum?" [Online] available; 

http://einstein.stanford.edu/content/relativity/q411.html 
2
 - James Clerk Maxwell (1831-1879) 

3
 - Wikipedia; http://en.wikipedia.org/wiki/Electromagnetism 

4
 - Coulomb's law  is given by � = � ����

�� , where ��, ��  are charged, k is constant and r is distance 

5
 - Charles-Augustin de Coulomb (1736-1806) 
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Fig 9; Electrostatics 

 

 

Fig 10; The key to the generation of electric current in a coil of wire is the change in the magnetic flux 

through the surface area of the loops of the coil. 
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Maxwell's Equations  

Maxwell's Equations are a set of 4 complicated equations that describe the world of 

electromagnetics
1
. These equations describe how electric and magnetic fields propagate, 

interact, and how they are influenced by objects. Maxwell took a set of known experimental 

laws (Faraday's Law, Ampere's Law) and unified them into a symmetric coherent set of 

Equations known as Maxwell's Equations. Maxwell was one of the first to determine the 

speed of propagation of electromagnetic (EM) waves was the same as the speed of light - and 

hence to conclude that EM waves and visible light was really the same thing
2
 (Figure 11).  

Heinrich Hertz
3
 proved the existence of radio waves in the late 1880s. He used two rods to 

serve as a receiver and a spark gap as the receiving antennae. Where the waves were picked 

up, a spark would jump. Hertz showed in his experiments that these signals possessed all of 

the properties of electromagnetic waves (Figure 12). 

 

 

Fig 11; Maxwell's Quaternion Theory 

 

With this oscillator, Hertz solved two problems. First, timing Maxwell's waves; Hertz had 

demonstrated, in the concrete, what Maxwell had only theorized - that the velocity of radio 

waves was equal to the velocity of light! (This proved that radio waves were a form of light!) 

                                                 
1
 - Maxwell’s equations in differential form can be written as follow, wehe E and B are electric and magnetic 

fields;  

1-     ∇ ∙ 	 = �   Gauss’ law (electric) 2-     ∇ ∙  = �  Gauss’ law (magnetic) 

3-            
! 
!" = −∇ × 	 

%ℎ'()*;    → 	 

4 -               
!	
!" = ∇ ×   

%ℎ'()*;   	 →   

 
2
 - Maxwell's Equations; http://www.maxwells-equations.com 

3
 - Heinrich Rudolf Hertz (1857-1894) 
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Second, Hertz found out how to make the electric and magnetic fields detach themselves 

from wires and go free as Maxwell's waves. 

 

 

Fig 12; Hertz's experiment and electromagnetic spectrum 

 

Radiation  

An electromagnetic wave as the name suggests is both an electric and magnetic wave. An 

electromagnetic wave consists of an electric field and a magnetic field at right angles to each 

other and to the direction of the motion of the wave. Because the electric and magnetic fields 

are at right angles to the direction of the wave, the electromagnetic wave is a transverse wave. 

Electromagnetic radiation is classified into types according to the frequency of the wave: 

these types include, in order of increasing frequency, radio waves, microwaves, terahertz 

radiation, infrared radiation, visible light, ultraviolet radiation, X-rays and gamma rays. 

Unlike other waves, electromagnetic waves to not carry energy by causing matter to 

vibrate. It is the electric and magnetic fields that vibrate. This is the reason why 

electromagnetic waves can travel in a vacuum where there is no matter. 

Electrons are charged particles that can produce both an electric and magnetic field. In 

order for electrons however to produce electric or magnetic fields they must be in motion. A 

charged particle such as an electron that moves back and forth creates both electric and 

magnetic fields. So, the source of all electromagnetic waves is charge that is changing speed 

or direction
1
. All matter is made up of molecules and atoms. These atoms are always in 

different types of motion (translation, rotational, vibration). The motion of atoms and 

                                                 
١
 - Math and Science Activity Center, THE ELECTROMAGNETIC SPECTRUM, [Online] available; 

http://www.edinformatics.com/math_science/electromagnetic_spectrum.htm 
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molecules creates heat or thermal energy. All matter has this thermal energy. The more 

motion the atoms or molecules have the more heat or thermal energy they will have. Heat can 

travel from one place to another in three ways: Conduction, Convection and Radiation. Both 

conduction and convection require matter to transfer heat
1
.  

Maxwell was best known for his formulation of electromagnetic theory. He is regarded by 

most modern physicists as the scientist of the 19th century who had the greatest influence on 

20thcentury physics, and he is ranked with Sir Isaac Newton and Albert Einstein for the 

fundamental nature of his contributions. In 1931, on the 100th anniversary of Maxwell’s 

birth, Einstein described the change in the conception of reality in physics that resulted from 

Maxwell’s work as “the most profound and the most fruitful that physics has experienced 

since the time of Newton.” The concept of electromagnetic radiation originated with 

Maxwell, and his field equations, based on Michael Faraday’s observations of the electric and 

magnetic lines of force, paved the way for Einstein’s special theory of relativity, which 

established the equivalence of mass and energy. Maxwell’s ideas also ushered in the other 

major innovation of 20th-century physics, the quantum theory. His description of 

electromagnetic radiation led to the development (according to classical theory) of the 

ultimately unsatisfactory law of heat radiation, which prompted Max Planck’s formulation of 

the quantum hypothesis - i.e., the theory that radiant-heat energy is emitted only in finite 

amounts, or quanta. The interaction between electromagnetic radiation and matter, integral to 

Planck’s hypothesis, in turn has played a central role in the development of the theory of the 

structure of atoms and molecules 
2
(Figure 13). 

 

 

Fig 13; an absorption line is produced when a photon of just the right energy is absorbed by an atom, kicking an electron 

to a higher energy orbit. The photon had energy = the difference in energy of the energy orbits. 

 

                                                 
١
 - What is Heat?,  EdInformatics, [Online] available; 

http://www.edinformatics.com/math_science/how_is_heat_transferred.htm 
٢
 - THE 100 MOST INFLUENTIAL SCIENTISTS OF All TIME, Edited by Kara Regers, Published in 2010 

by Britannica Educational Publishing (a trademark of Encyclopadia Britannica, Inc.) in association with Rosen 

Educational Services, LLC 29 East 21st Street, New York, NY 10010.  P. 199 [online] available; 
www.arvindguptatoys.com/arvindgupta/hundred-scientists.pdf 
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The De Broglie Wavelength 

Louis De Broglie
1
 had been impacted by relativity and the photoelectric effect, both of 

which had been introduced in his lifetime. The photoelectric effect pointed to the particle 

properties of light, which had been considered to be a wave phenomenon. He wondered if 

electrons and other "particles" might exhibit wave properties
2
. Although De Broglie was 

credited for his hypothesis, he had no actual experimental evidence for his conjecture. In 

1927, Clinton Davisson
3
 and Lester Germer

4
 shot electron particles onto a nickel crystal. 

What they saw was the diffraction of the electron similar to wave's diffraction against crystals 

(x-rays). In the same year, George P. Thomson
5
 fired electrons towards thin metal foil 

providing him with the same results as Davisson and Germer (Figure 14).  

 

 

Fig 14; De Brogle wavelength of electrons in atomic orbitals 

 

 

Complementarity principle 

Complementarity principle, tenet that a complete knowledge of phenomena on atomic 

dimensions requires a description of both wave and particle properties. The principle was 

announced in 1928 Niels Bohr. Depending on the experimental arrangement, the behaviour of 

such phenomena as light and electrons is sometimes wavelike and sometimes particle-like; 

i.e., such things have a wave-particle duality. It is impossible to observe both the wave and 

particle aspects simultaneously. Together, however, they present a fuller description than 

either of the two taken alone. 

In effect, the Complementarity principle implies that phenomena on the atomic and 

subatomic scale are not strictly like large-scale particles or waves (e.g., billiard balls and 

                                                 
1
 - Louis de Broglie (1892-1987) 

2
 - Energy of photon is given by � = .%� = ℎ/, and  0 = .% , % = 1/, we can write;  01 = ℎ or  0 = 2

3 , 
where E = energy, m = mass, c = speed of light, ν= frequency and h = Plank's constant (6.62607 x 10

-34
 J s) 

3
 - Clinton Davisson (1881-1958) 

4
 - Lester Germer (1896-1971) 

5
 - George Paget Thomson (1892-1975) 
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water waves). Such particle and wave characteristics in the same large-scale phenomenon are 

incompatible rather than complementary. Knowledge of a small-scale phenomenon, however, 

is essentially incomplete until both aspects are known
1
. 

 

The Bohr-Einstein debates 

Einstein: God does not play dice with the universe
2
. 

Bohr: Einstein, stop telling God what to do
3
. 

The 1927 conference on quantum mechanics was held to discuss how the many seemingly 

contradictory observations could be reconciled. Schrödinger and de Broglie showed up with 

their ideas. But the eight-hundred pound gorilla was Bohr. In what later came to be called the 

Copenhagen interpretation, Bohr proposed that wave equations described where entities like 

electrons could be, but, the entities didn't actually exist as particles until someone went 

looking for them. The act of observation caused existence. In Bohr's own words, the entities 

in question had no "independent reality in the ordinary physical sense." 

Einstein wouldn't have any of it. An electron was an electron, and just because someone 

wasn't looking at it, it was still there - wherever "there" happened to be. Late in the 

conference, Einstein rose to challenge Bohr's views. But that was only the beginning. Until 

Einstein's death some three decades later, Bohr and Einstein entered into spirited debates- in 

print and face to face. The debates were gentlemanly. Bohr and Einstein were friends and had 

great respect for one another. But they were also stubborn. "It is wrong to think the task of 

physics is to find out how nature is," said Bohr. Einstein disagreed. "What we call science," 

he said, "has the sole purpose of determining what is." 

The year was 1927, and physicists were puzzled. At question was the very nature of the 

extremely small. Were electrons, light, and similar entities waves or particles? In some 

experiments, the tiny entities behaved like waves, while in others they behaved like particles. 

That's just not possible in our macroscopic world. Sound waves don't behave like pebbles - 

and thankfully so, or your ears would be stinging right now (Figure 15). 

 

 

Fig 15: Fifth conference participants, 1927. Institute International  physivs Solvay in Leopold Park 

                                                 
1
 - Encyclopedia Britannica, [Online] available; 

http://www.britannica.com/EBchecked/topic/129874/complementarity-principle 
2
 - http://www.goodreads.com/quotes/2669-god-does-not-play-dice-with-the-universe 

3
 - http://www.goodreads.com/author/quotes/821936.Niels_Bohr 
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Through all its strangeness, Bohr's Copenhagen interpretation remains one of the most 

widely accepted worldviews of quantum mechanics. Other common interpretations are 

seemingly even more bizarre. But they all point to one, simple fact. Our universe, as any 

physicist will tell you, is a mysterious place. It teases us with unimaginable facts then leaves 

us to make sense of them. Perhaps someday, we will. But until then, we'll just have to savor 

the great mysteries that surround us
1
. 

 

Euclidean and Non-Euclidean Geometry 

In about 300 BC Euclid
2
 wrote The Elements, a book which was to become one of the 

most famous books ever written. Euclid stated five postulates on which he based all his 

theorems: 

1- To draw a straight line from any point to any other.  

2- To produce a finite straight line continuously in a straight line.  

3- To describe a circle with any centre and distance.  

4- That all right angles are equal to each other.  

5- That, if a straight line falling on two straight lines make the interior angles on the 

same side less than two right angles, if produced indefinitely, meet on that side on which are 

the angles less than the two right angles.  

It is clear that the fifth postulate is different from the other four. It did not satisfy Euclid 

and he tried to avoid its use as long as possible - in fact the first 28 propositions of The 

Elements are proved without using it. Another comment worth making at this point is that 

Euclid, and many that were to follow him, assumed that straight lines were infinite. 

Proclus
3
 (410-485) wrote a commentary on The Elements where he comments on 

attempted proofs to deduce the fifth postulate from the other four; in particular he notes that 

Ptolemy had produced a false 'proof'. Proclus then goes on to give a false proof of his own. 

However he did give the following postulate which is equivalent to the fifth postulate. 

Playfair's Axiom: - Given a line and a point not on the line, it is possible to draw exactly 

one line through the given point parallel to the line. 

Although known from the time of Proclus, this became known as Playfair's Axiom after 

John Playfair
4
 wrote a famous commentary on Euclid in 1795 in which he proposed replacing 

Euclid's fifth postulate by this axiom. 

Many attempts were made to prove the fifth postulate from the other four, many of them 

being accepted as proofs for long periods of time until the mistake was found. Invariably the 

mistake was assuming some 'obvious' property which turned out to be equivalent to the fifth 

postulate. One such 'proof' was given by Wallis
5
 in 1663 when he thought he had deduced the 

fifth postulate, but he had actually shown it to be equivalent to:- 

To each triangle, there exists a similar triangle of arbitrary magnitude. 

                                                 
1
 - Andy Boyd, "The Bohr-Einstein debates", [Online] available; http://www.uh.edu/engines/epi2627.htm 

2
 - Euclid (about 300 BC) 

3
 - Proclus Lycaeus (412 – 485) 

4
 - John Playfair (1748-1819) 

5
 - John Wallis (1616-1703) 



Physics: Being and Time 

Hossein Javadi 

 

24 

 

The first person to really come to understand the problem of the parallels was Gauss
1
. He 

began work on the fifth postulate in 1792 while only 15 years old, at first attempting to prove 

the parallels postulate from the other four. By 1813 he had made little progress and wrote: In 

the theory of parallels we are even now not further than Euclid. This is a shameful part of 

mathematics... 

However by 1817 Gauss had become convinced that the fifth postulate was independent of 

the other four postulates. He began to work out the consequences of a geometry in which 

more than one line can be drawn through a given point parallel to a given line. Perhaps most 

surprisingly of all Gauss never published this work but kept it a secret. At this time thinking 

was dominated by Kant who had stated that Euclidean geometry is the inevitable necessity of 

thought and Gauss disliked controversy. Gauss discussed the theory of parallels with his 

friend, the mathematician Farkas Bolyai
2
 who made several false proofs of the parallel 

postulate. Farkas Bolyai taught his son, János Bolyai
3
, mathematics but, despite advising his 

son not to waste one hour's time on that problem of the problem of the fifth postulate, János 

Bolyai did work on the problem. In 1823 János Bolyai wrote to his father saying I have 

discovered things so wonderful that I was astounded ... out of nothing I have created a strange 

new world. However it took Bolyai a further two years before it was all written down and he 

published his strange new world as a 24 page appendix to his father's book, although just to 

confuse future generations the appendix was published before the book itself. 

Gauss, after reading the 24 pages, described János Bolyai in these words while writing to a 

friend: I regard this young geometer Bolyai as a genius of the first order. However in some 

sense Bolyai only assumed that the new geometry was possible. He then followed the 

consequences in a not too dissimilar fashion from those who had chosen to assume the fifth 

postulate was false and seek a contradiction. However the real breakthrough was the belief 

that the new geometry was possible. Gauss, however impressed he sounded in the above 

quote with Bolyai, rather devastated Bolyai by telling him that he (Gauss) had discovered all 

this earlier but had not published. Although this must undoubtedly have been true, it detracts 

in no way from Bolyai's incredible breakthrough.  

Nor is Bolyai's work diminished because Lobachevsky
4
 published a work on non-

Euclidean geometry in 1829. Neither Bolyai nor Gauss knew of Lobachevsky's work, mainly 

because it was only published in Russian in the Kazan Messenger a local university 

publication
5
. Bernhard Riemann

6
, a student of Gauss, in a famous lecture in 1854, established 

established Riemannian geometry and discussed modern concepts such as curvature, 

manifolds, and (Riemannian) metrics. By giving a formula for a family of Riemannian 

metrics on the unit ball in Euclidean space, Riemann constructed infinitely many possible 

non-Euclidean geometries and provided the logical foundation for elliptic geometry, which 

states that through a given point not on a given line, no parallel lines exist. Visually, we can 

interpret this as lines curving toward each other. We cannot call Riemann; however, the sole 

                                                 
1
 - Carl Friedrich Gauss (1777-1855) 

2
 - Farkas Bolyai (1775-1856) 

3
 - János Bolyai (1802-1860) 

4
 - Nikolai Lobachevsky (1792-1856)  

5
 - J. J. O'Connor, E. F. Robertson, "Non-Euclidean geometry", 1996, [Online] available; http://www-

history.mcs.st-and.ac.uk/HistTopics/Non-Euclidean_geometry.html 
6
 - Bernhard Riemann (1826-1866) 
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inventor of elliptic geometry since his theory extends to all geometries, including the default 

Euclidean n-space
1
. 

 

What is non-Euclidean geometry? 

non-Euclidean geometry, branch of geometry in which the fifth postulate of Euclidean 

geometry, which allows one and only one line parallel to a given line through a given 

external point, is replaced by one of two alternative postulates. Allowing two parallels 

through any external point, the first alternative to Euclid's fifth postulate, leads to the 

hyperbolic geometry developed by Lobachevsky in 1826 and independently by the Janos 

Bolyai in 1832. The second alternative, which allows no parallels through any external point, 

leads to the elliptic geometry developed by the German Bernhard Riemann in 1854. 

 

Hyperbolic Geometry 

In hyperbolic geometry the two rays extending out in either direction from a point P and 

not meeting a line L are considered distinct parallels to L; among the results of this geometry 

is the theorem that the sum of the angles of a triangle is less than 180°. One surprising result 

is that there is a finite upper limit on the area of a triangle, this maximum corresponding to a 

triangle all of whose sides are parallel and all of whose angles are zero. Lobachevsky's 

geometry is called hyperbolic because a line in the hyperbolic plane has two points at infinity, 

just as a hyperbola has two asymptotes. The analogy used in considering this geometry 

involves the lines and figures drawn on a saddleshaped surface.  

 

Elliptic Geometry 

In elliptic geometry there are no parallels to a given line L through an external point P, and 

the sum of the angles of a triangle is greater than 180°. Riemann's geometry is called elliptic 

because a line in the plane described by this geometry has no point at infinity, where parallels 

may intersect it, just as an ellipse has no asymptotes. An idea of the geometry on such a plane 

is obtained by considering the geometry on the surface of a sphere, which is a special case of 

an ellipsoid (Figure 16). The shortest distance between two points on a sphere is not a straight 

line but an arc of a great circle (a circle dividing the sphere exactly in half). Since any two 

great circles always meet (in not one but two points, on opposite sides of the sphere), no 

parallel lines are possible. The angles of a triangle formed by arcs of three great circles 

always add up to more than 180°, as can be seen by considering such a triangle on the earth's 

surface bounded by a portion of the equator and two meridians of longitude connecting its 

end points to one of the poles (the two angles at the equator are each 90°, so the amount by 

which the sum of the angles exceeds 180° is determined by the angle at which the meridians 

meet at the pole).  

 

Non-Euclidean Geometry and Curved Space 

                                                 
1
 - Non-Euclidean Geometry, Urban Dictionary, [Online] available; 

http://www.urbandictionary.com/define.php?term=Non-Euclidean+Geometry 
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What distinguishes the plane of Euclidean geometry from the surface of a sphere or a 

saddle surface is the curvature of each (see differential geometry); the plane has zero 

curvature, the surface of a sphere and other surfaces described by Riemann's geometry have 

positive curvature, and the saddle surface and other surfaces described by Lobachevsky's 

geometry have negative curvature. Similarly, in three dimensions the spaces corresponding to 

these three types of geometry also have zero, positive, or negative curvature, respectively. 

 

 

Fig 16; Euclidean and Non-Euclidean Geometry 

 

As to which of these systems is a valid description of our own three-dimensional space (or 

four-dimensional space-time), the choice can be made only on the basis of measurements 

made over very large, cosmological distances of a billion light-years or more; the differences 

between a Euclidean universe of zero curvature and a non-Euclidean universe of very small 

positive or negative curvature are too small to be detected from ordinary measurements. One 

interesting feature of a universe described by Riemann's geometry is that it is finite but 

unbounded; straight lines ultimately form closed curves, so that a ray of light could 

eventually return to its source
1
. 

Einstein remarked of Riemann's contribution: Physicists were still far removed from such 

a way of thinking: space was still, for them, a rigid, and homogeneous something, susceptible 

of no change or conditions. Only the genius of Riemann, solitary and uncomprehended, had 

                                                 
1
 - non-Euclidean geometry, Encyclopedia, [Online] available; http://www.encyclopedia.com/topic/non-

Euclidean_geometry.aspx 
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already won its way by the middle of the last century to a new conception of space, in which 

space was deprived of its rigidity, and in which its power to take part in physical events was 

recognized as possible
1
. 

 

General Relativity 

The General Theory of Relativity was Einstein's stupendous effort to remove the 

restriction on Special Relativity that no accelerations (and therefore no forces) be present, so 

that he could apply his ideas to the gravitational force. If a space-ship is in a free fall, 

everything in it seems weightless.  

 

 

Fig 17; a freely falling frame in a gravity field is equivalent to an inertial frame with the absence of gravity 

 

A man inside a closed spaceship would not be able to tell whether his spaceship is freely 

falling or cruising at a constant speed in the interstellar space where no significant gravity 

exists. Any mechanical experiment he might do would give the same result in both cases. 

Also, the man in the closed spaceship would not be able to tell whether his spaceship is 

parking on the surface of a planet or accelerating at a constant acceleration in the interstellar 

space. Einstein suggested that this is not just a similarity in the behavior but actually the same 

physical states. In other words, a freely falling frame in a gravity field is equivalent to an 

inertial frame with the absence of gravity. Also, a static frame in a gravity field is equivalent 

to an accelerating frame with the absence of gravity
2
 (Figure 17). 

General Relativity and Newton's gravitational theory make essentially identical predictions 

as long as the strength of the gravitational field is weak, which is our usual experience. 

However, there are several crucial predictions where the two theories diverge, and thus can 

be tested with careful experiments. 

The orientation of Mercury's orbit is found to precess in space over time, as indicated in 

the adjacent figure (the magnitude of the effect is greatly exaggerated for purposes of 

illustration). This is commonly called the "precession of the perihelion", because it causes the 

position of the perihelion to move around the center of mass. Only part of this can be 

accounted for by perturbations in Newton's theory. There is an extra 43 seconds of arc per 

century in this precession that is predicted by the Theory of General Relativity and observed 

to occur (recall that a second of arc is 1/3600 of an angular degree). This effect is extremely 

                                                 
1
 - The Worlds of David Darling, [Online] available; 

http://www.daviddarling.info/encyclopedia/R/Riemann.html 
2
 - The Principles of General Relativity, [Online] available; http://www.rafimoor.com/english/GRE1.htm 
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small, but the measurements are very precise and can detect such small effects very well 

(Figure 18). 

 

 

Fig 18; Mercury's orbit is found to precess in space over time 

 

Einstein's theory predicts that the direction of light propagation should be changed in a 

gravitational field. Precise observations indicate that Einstein is right, both about the effect 

and its magnitude. We have already seen a spectacular consequence of the deflection of light 

in a gravitational field: gravitational lensing (Figure 19). 

 

 

Fig 19; direction of light propagation is changed in a gravitational field 

 

The General Theory of Relativity predicts that light coming from a strong gravitational 

field should have its wavelength shifted to larger values (a redshift). Once again, detailed 

observations indicate such a redshift, and that its magnitude is correctly given by Einstein's 

theory. The electromagnetic field can have waves in it that carry energy and that we call light. 

Likewise, the gravitational field can have waves that carry energy and are called gravitational 

waves. These may be thought of as ripples in the curvature of spacetime that travel at the 

speed of light. Just as accelerating charges can emit electromagnetic waves, accelerating 

masses can emit gravitational waves. However gravitational waves are difficult to detect 

because they are very weak and no conclusive evidence has yet been reported for their direct 

observation. They have been observed indirectly in the binary pulsar. Because the arrival 
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time of pulses from the pulsar can be measured very precisely, it can be determined that the 

period of the binary system is gradually decreasing. It is found that the rate of period change 

(about 75 millionths of a second each year) is what would be expected for energy being lost 

to gravitational radiation, as predicted by the Theory of General Relativity
1
. 

The stress–energy-momentum tensor is a tensor quantity in physics that describes the 

density and flux of energy and momentum in spacetime, generalizing the stress tensor of 

Newtonian physics. It is an attribute of matter, radiation, and non-gravitational force fields. 

The stress–energy tensor is the source of the gravitational field in the Einstein field equations 

of general relativity, just as mass density is the source of such a field in Newtonian gravity. 

The Einstein field equation or Einstein equation is a dynamical equation that describes 

how matter and energy change the geometry of space-time, this curved geometry being 

interpreted as the gravitational field of the matter source. Einstein tried to propound 

geometrical structures of space by mathematical equations. So, he used non-Euclidian 

geometry. There are three considerable notes on Einstein’s equations; 

1- Einstein Field Equations do not come from the equivalence principle directly. These 

equations are simply equations that are suitable for general relativity. 

2- There is a physical explanation for the path of light in a gravitational field. Although 

explaining the frames of reference is a physical conception, there is not any explaining of 

how gravitational field affects photons. 

3- Space-time is a continuously quantity in general relativity. But the changing of photon 

frequency and production of energy are quantized. That gravitational blueshift (or redshift) is 

a special case of gravitational field affecting the photon. My question is therefore: how can 

we explain the gravitational blueshift according to the relationship between photon energy 

and its frequency? 

4- Infinity in space-time: Assume that the observable universe would collapse due to 

gravity, is there any force that can counteract the gravity collapse in the universe? In other 

words, after the universe collapses, how and by which law (or force) will the universe expand 

again? A gravitational singularity or space-time singularity is a location where the quantities 

that are used to measure the gravitational field become infinite in the ways that do not depend 

on the coordinate system. These quantities are the scalar invariant curvatures of space-time, 

which includes a measure of the density of matter. For the purposes of proving the Penrose
2
–

Hawking singularity theorems, a space-time with a singularity is defined to be one that 

contains geodesics that cannot be extended in a smooth manner. The end of such a geodesic 

is considered to be the singularity. This is a different definition, useful for proving theorems. 

The two most important types of space-time singularities are curvature singularities and 

conical singularities. Singularities can also be divided according to whether they are covered 

by an event horizon or not (naked singularities). According to general relativity, the initial 

state of the universe, at the beginning of the Big Bang, was a singularity. Both general 

relativity and quantum mechanics break down in describing the Big Bang. My question is, if 

the universe collapses, will it reach infinite density and zero volume? Or is there a force that 

will counteract it? 

                                                 
1
 - Gravitation and the General Theory of Relativity, [Online] avalable; 

http://csep10.phys.utk.edu/astr162/lect/cosmology/gravity.html 
2
 - Roger Penrose (1931- ) 
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Black hole 

A black hole is a volume of space where gravity is so strong that nothing, not even light, 

can escape from it. In 1783, John Michell
1
 realized that it would be theoretically possible for 

gravity to be so overwhelmingly strong that nothing - not even light traveling at 186,000 

miles an hour - could escape. To generate such gravity, an object would have to be very 

massive and unimaginable dense. At the time, the necessary conditions for "dark stars" (as 

Michell called them) seemed physically impossible. His ideas were published by the French 

mathematician and philosopher Laplace
2
 in two successive editions of an astronomy guide, 

but were dropped from the third edition. In 1916, the concept was revived when German 

astrophysicist Karl Schwarzschild
3
 decided to compute the gravitational fields of stars using 

Einstein's new field equation. Schwarzschild limited the complexity of the problem by 

assuming the star was perfectly spherical, gravitationally collapsed, and did not rotate. His 

calculations yielded a solution aptly called a Schwarzschild singularity
4
. 

Work by Robert Oppenheimer
5
 and others then led to the idea that such an object might be 

formed by the collapse of a massive star. The term “black hole“ was itself coined in 1968 by 

the Princeton physicist John Wheeler, who worked out further details of a black hole’s 

properties. The most common black holes are probably formed by the collapse of massive 

stars. Larger black holes are thought to be formed by the sudden collapse or gradual accretion 

of the mass of millions or billions of stars. Most galaxies, including our own Milky Way, 

probably contain such supermassive black holes at their centers. 

Astrophysical theory allows black holes to come in many sizes, and the size of a black 

hole is simply proportional to its mass. Thus, a black hole with the mass of the Earth would 

be about an inch across, one with the mass of the Sun would be a few miles across, and one 

with the total mass of the Milky Way Galaxy would be about a light-year across. The larger a 

black hole, the lower its average density and it is conceivable that our entire observable 

universe is a supermassive black hole within a larger universe. 

Michell suggested that we might detect invisible black holes if some of them had luminous 

stars revolving around them. In fact, this is one method used by astronomers today to infer 

the existence of black holes. We have observed numerous systems in which matter, whether 

gas clouds or entire stars, is moving so fast that only the concentrated mass of a black hole 

could be responsible for it. 

While black holes strongly influence the space immediately around them, the notion that 

they behave like cosmic vacuum cleaners, sweeping up everything in the neighborhood, is a 

popular fallacy. If the Sun were somehow collapsed to form a black hole, the orbital motion 

of the planets would be unaffected. The central mass would remain the same, so the planets 

would feel the same gravity as before. What distinguishes a stellar black hole is its very small 

size and high density. This allows other bodies to get very close to the center of mass, where 

the gravity is extremely intense. But it does not increase the pull of gravity far away from the 

mass. When John Mitchell conceived of black holes in 1783, very few scientists in the world 

                                                 
1
 - John Michell (1724 –1793) 

2
 - Pierre-Simon Laplace (1749-1827) 

3
 - Karl Schwarzschild (1873-1916) 

4
 - A Brief History of Black Holes; http://archive.ncsa.illinois.edu/Cyberia/NumRel/BlackHoleHistory.html 

5
 - Robert Oppenheimer (1904-1967) 
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were mentally equipped to understand what he was talking about. It is not surprising that the 

concept sank into complete obscurity and had to be rediscovered in the twentieth century
1
. 

 

Fig 20; Anatomy of a black hole 

 

Singularity and the event horizon  

All matter in a black hole is squeezed into a region of infinitely small volume, called the 

central singularity. The event horizon is an imaginary sphere that measures how close to the 

singularity you can safely get. Once you have passed the event horizon, it becomes 

impossible to escape: you will be drawn in by the black hole's gravitational pull and squashed 

into the singularity (Figure 20). 

The size of the event horizon (called the Schwarzschild radius) is proportional to the mass 

of the black hole. Astronomers have found black holes with event horizons ranging from 6 

miles to the size of our solar system. But in principle, black holes can exist with even smaller 

or larger horizons. By comparison, the Schwarzschild radius of the Earth is about the size of a 

marble. This is how much you would have to compress the Earth to turn it into a black hole. 

A black hole doesn't have to be very massive, but it does need to be very compact! 

Some black holes spin around an axis, and their situation is more complicated. The 

surrounding space is then dragged around, creating a cosmic whirlpool. The singularity is an 

infinitely thin ring instead of a point. The event horizon is composed of two, instead of one, 

imaginary spheres. And there is a region called the ergosphere, bounded by the static limit, 

                                                 
1
 - John Michell and Black Holes, ASTRONOMY AT THE CUTTING EDGE,  

http://www.amnh.org/education/resources/rfl/web/essaybooks/cosmic/cs_michell.html 
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where you are forced to rotate in the same sense as the black hole although you can still 

escape
1
. 

 

The entropy of black holes 

Central to the idea of thermodynamics is the property of entropy, which can be related to 

the amount of physical information a system has (Figure 21).  

 

 

Fig 21; Hawking discusses the Black Hole Entropy Formula at the Perimeter Institute for Theoretical 

Physics. (June 2010) where , G is the gravitational constant, h (or rather h-bar) is Planck's constant, c is the 

speed of light, A is area, and M is mass. 

 

 For classical black holes, this is a problem, because if you toss an object into such a black 

hole, the object (and all its physical information) is lost forever. It is as if the information of 

the object was erased, which would violate the basic principle that information cannot be 

destroyed. Now you might argue that being trapped is not the same thing as being destroyed, 

but for information it is. If you cannot recover the information, then it has been destroyed. So 

it would seem that black holes "eat" information, even though the laws of thermodynamics 

say that shouldn't be possible. This is known as the black hole information paradox. 

Of course black holes aren't classical. When a bit of quantum theory is introduced, you 

find that black holes can give off energy through hawking radiation. It would seem then that 

Hawking radiation would provide a solution to the information paradox. The idea is that a 

black hole can trap an object and its information, but since black holes radiate via Hawking 

radiation (and gradually evaporate away because of it), the information is contained in the 

Hawking radiation and could (in principle) be recovered. 

This would be a bit like ripping a book to shreds. The book falls into the shredder, but all 

the little book-bits fall out of the shredder. If you could gather them all up and reassemble the 

                                                 
1
 - HubbleSite; [Online] available; http://hubblesite.org/explore_astronomy/black_holes/encyc_mod3_q3.html 
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book, the information of the book isn't really lost. But this leads to another problem, known 

as the firewall paradox. 

 

 

Fig 22; Near a Black Hole, something interesting can happen. If a member of the pair wanders too close to the Event 

Horizon, it may be trapped inside the Black Hole allowing its twin to escape and become a real particle. 

 

The original idea of Hawking radiation stems from the uncertainty principle in quantum 

theory. In quantum theory there are limits to what can be known about an object. For 

example, you cannot know an object's exact energy. Because of this uncertainty, the energy 

of a system can fluctuate spontaneously, so long as its average remains constant. What 

Hawking demonstrated is that near the event horizon of a black hole pairs of particles can 

appear (Figure 22), where one particle becomes trapped within the event horizon (reducing 

the black holes mass slightly) while the other can escape as radiation (carrying away a bit of 

the black hole's energy). 

Because these quantum particles appear in pairs, they are "entangled" (connected in a 

quantum way). This doesn't matter much, unless you want Hawking radiation to radiate the 

information contained within the black hole. In Hawking's original formulation, the particles 

appeared randomly, so the radiation emanating from the black hole was purely random. Thus 

Hawking radiation would not allow you to recover any trapped information. 

To allow Hawking radiation to carry information out of the black hole, the entangled 

connection between particle pairs must be broken at the event horizon, so that the escaping 

particle can instead be entangled with the information-carrying matter within the black hole. 

This breaking of the original entanglement would make the escaping particles appear as an 

intense "firewall" at the surface of the event horizon. This would mean that anything falling 

toward the black hole wouldn't make it into the black hole. Instead it would be vaporized by 

Hawking radiation when it reached the event horizon. 

It would seem then that either the physical information of an object is lost when it falls 

into a black hole (information paradox) or objects are vaporized before entering a black hole 

(firewall paradox). Basically these ideas strike at the heart of the contradiction between 

general relativity and quantum theory. 
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Just how this all might be resolved isn't yet clear. This is cutting edge theoretical physics, 

so we don't have a solution yet. But because the problem is central to our understanding of 

quantum gravity the controversy it's worth studying. 

Of course it should be stressed that these are theoretical paradoxes. While we're pretty sure 

Hawking radiation is real, it hasn't been observed. We have no way of observing any firewall 

either. We do know that black holes exist, and we have a pretty good handle on the dynamics 

of material near a black hole. We just don't yet understand exactly what happens when matter 

crosses a black hole's event horizon
1
. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                 
1
 - The entropy of black holes, Physics. Org, 2014, [Online] available; 

http://phys.org/news/2014-09-entropy-black-holes.html 



Physics: Being and Time 

Hossein Javadi 

 

35 

 

 

 

 

 

 

Section 2 

 

Cosmology 

 
 

Cosmology and cosmological equations 

For thousands of years, astronomers wrestled with basic questions about the size and age 

of the universe. Does the universe go on forever, or does it have an edge somewhere? Has it 

always existed, or did it come to being sometime in the past? 

A static universe is a cosmological model in which the universe is both spatially infinite 

and temporally infinite
1
, and space is neither expanding nor contracting. Such a universe does 

not have spatial curvature; that is to say that it is 'flat'. A static infinite universe was first 

proposed by Giordano Bruno
2
. When Isaac Newton discovered the law of gravity, he realized 

that gravity is always attractive. Every object in the universe attracts every other object. If the 

universe truly were finite, the attractive forces of all the objects in the universe should have 

caused the entire universe to collapse on itself. This clearly had not happened, and so 

astronomers were presented with a paradox
3
.  

In 1692, Newton wrote to Bentley
4
; It seems to me that if the matter of our sun and planets 

and all the matter in the universe were evenly scattered throughout all the heavens, and every 

particle had an innate gravity toward all the rest, and the whole space throughout which this 

matter was scattered was but finite, the matter on the outside of the space would, by its 

gravity, tend toward all the matter on the inside, and by consequence, fall down into the 

middle of the whole space and there compose one great spherical mass. But if the matter was 

evenly disposed throughout an infinite space, it could never convene into one mass; but some 

of it would convene into one mass and some into another, so as to make an infinite number of 

great masses, scattered at great distances from one to another throughout all that infinite 

space. And thus might the sun and fixed stars be formed, supposing the matters were of a 

                                                 
1
 -“The universe is then one, infinite, immobile.... It is not capable of comprehension and therefore is endless 

and limitless, and to that extent infinite and indeterminable, and consequently immobile”. Giordano Bruno, 

Teofilo, in Cause, Principle, and Unity, "Fifth Dialogue," (1588), ed. and trans. by Jack Lindsay (1962)  

2
 - Giordano Bruno (1548-1600) 

3
 - The Expanding Universe, Sloan Digital Sky Survey, [Online] available; 

http://skyserver.sdss.org/dr1/en/astro/universe/universe.asp 
4
 - Richard Bentley (1662-1742) 
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lucid nature. But how the matter should divide itself into two sorts, and that part of it which is 

fit to compose a shining body should fall down into one mass and make a sun and the rest 

which is fit to compose an opaque body should coalesce, not into one great body, like the 

shining matter, but into many little ones; or if the sun at first were an opaque body like the 

planets, or the planets lucid bodies like the sun, how he alone would be changed into a 

shining body whilst all they continue opaque, or all they be changed into opaque ones whilst 

he remains unchanged, I do not think explicable by mere natural causes, but am forced to 

ascribe it to the counsel and contrivance of a voluntary agent
1
. 

After the rise of modern astronomy, another paradox began to puzzle astronomers. In the 

early 1800s, German astronomer Heinrich Olbers
2
 argued that the universe must be finite. If 

the Universe were infinite and contained stars throughout, Olbers said, then if you looked in 

any particular direction, your line-of-sight would eventually fall on the surface of a star. 

Although the apparent size of a star in the sky becomes smaller as the distance to the star 

increases, the brightness of this smaller surface remains a constant. Therefore, if the Universe 

were infinite, the whole surface of the night sky should be as bright as a star.  

Obviously, there are dark areas in the sky, so the universe must be finite
3
. In contrast to 

Bruno's model, Albert Einstein proposed a temporally infinite but spatially finite model as his 

preferred cosmology in 1917, in his paper Cosmological Considerations in the General 

Theory of Relativity. Einstein wrote in his 1931 paper
4
; “In my original investigation, I 

proceeded from the following assumptions
5
:  

1. All locations in the universe are equivalent; in particular the locally averaged density of 
stellar matter should therefore be the same everywhere.  

2. Spatial structure and density should be constant over time.  

In 1922–24 Friedmann
6
 used Einstein’s general theory of relativity to formulate the 

mathematics of a dynamic (time-dependent) universe. In the Friedmann models, the average 

mass density is constant over all space but may change with time as the universe expands. 

His models, which included all three cases of positive, negative, and zero curvature, were 

crucial in the development of modern cosmology. Friedmann also calculated the time back to 

the moment when an expanding universe would have been a mere point, obtaining tens of 

billions of years; but it is not clear how much physical significance he attributed to this 

speculation. It may, however, still be considered a part of the prehistory of the big-bang 

                                                 
1
 - Joseph Joubert, "The Newton-Bentley Exchange", [Online] available 

http://ned.ipac.caltech.edu/level5/Sept02/Saslaw/Saslaw1_2.html 
2
 - Heinrich Wilhelm Matthias Olbers (1758-1840) 

3
 - The Expanding Universe, last reference 

4
 - O’Raifeartaigh C. and McCann B.” Einstein’s cosmic model of 1931 revisited: an analysis and translation 

of a forgotten model of the universe”, arXiv:1312.2192v2 [physics.hist-ph], 2014 

5
 - The Einstein cosmological equation may be written in the form: 456 − �

� )564 + )56Ʌ = 9:;
<= >56 Where 

456 is the Ricci curvature tensor,  4 is the scalar curvature, )56  is the metric tensor, Ʌ (Lambda) is 

the cosmological constant, ?  is Newton's gravitational constant, % is the speed of light in vacuum, and >56 is 

the stress–energy tensor. Einstein's static universe is closed and contains uniform dust and a 

positive cosmological constant with value precisely Ʌ@ = 4B?C/%�, where C is the energy density of the matter 

in the universe and %  is the speed of light. The radius of curvature of space of the Einstein universe is equal to: 

4@ = <
EF:;G   

6
 - Alexander Friedmann (1888-1925) 
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theory. Friedmann also considered the possibility of a cyclical universe
1
. Einstein originally 

thought Friedmann's work was in error but later published a retraction of his comment; 

similarly, in the Solvay meeting in 1927, Einstein was arguing against the solutions 

describing expanding universe. It appears that the community accepted the concept of an 

expanding universe largely due to the work of Lemaitre. By 1931, Einstein himself had 

rejected the cosmological term as superflous and unjustified. There is no direct record that 

Einstein ever called cosmological constant his biggest blunder. It is possible that this often 

repeated "quote" arises from Gamow's recollection:"When I was discussing cosmological 

problems with Einstein, he remarked that the introduction of the cosmological term was the 

biggest blunder he ever made in his life."By 1950's the view was decidedly against Lambda 

and the authors of several classic texts argued against the cosmological constant
2
.  

In 1927, Lemaître
3
 proposed an expanding model for the Universe to explain the observed 

redshifts of spiral nebulae, and forecast the Hubble law. He based his theory on the work of 

Einstein and De Sitter, and independently derived Friedmann's equations for an expanding 

universe. In 1929, Edwin Hubble
4
 provided a comprehensive observational foundation for 

Lemaître's theory. Hubble's experimental observations discovered that, relative to the Earth 

and all other observed bodies, galaxies are receding in every direction at velocities 

(calculated from their observed red-shifts) directly proportional to their distance from the 

Earth and each other. In 1929, Hubble and Milton Humason
5
 formulated the empirical 

redshift distance Law of galaxies, nowadays known as Hubble's law, which, once the redshift 

is interpreted as a measure of recession speed, is consistent with the solutions of Einstein's 

general relativity equations for a homogeneous, isotropic expanding space. The isotropic 

nature of the expansion was direct proof that it was the space (the fabric of existence) itself 

that was expanding, not the bodies in space that were simply moving further outward and 

apart into an infinitely larger preexisting empty void. It was this interpretation that led to the 

concept of the expanding universe. The law states that the greater the distance between any 

two galaxies, the greater their relative speeds of separation. This discovery later resulted in 

the formulation of the Big Bang model
6
.  

 

Big Bang Theory 

The Big Bang theory is an effort to explain what happened at the very beginning of our 

universe. Discoveries in astronomy and physics have shown beyond a reasonable doubt that 

our universe did in fact have a beginning. Prior to that moment there was nothing; during and 

                                                 
1
 - Freedmann, Encyclopaedia Britannica, [Online] available; 

http://www.britannica.com/EBchecked/topic/220163/Aleksandr-Aleksandrovich-Friedmann 
2
 - A brief history of cosmological constant, [Online] available; 

http://ned.ipac.caltech.edu/level5/Sept02/Padmanabhan/Pad1_2.html 
3
 - The Belgian Catholic priest Georges Lemaître (1894-1966) 

4
 - Edwin Hubble (1889-1953) 

5
 - Milton L. Humason (1891-1972) 

6
 - The Friedmann's equation is in the heart of the standard model of cosmology. We will deal with the 

original equation; HI� − 9
J B?CK 4� = −�%� , LH�

M
NM
N" K� − 9

J B?CO 4� = −�%�, Where I = (�
M) NM

N"   is Hubble 

"constant", ? is the gravitational constant , C is the universe mass density , % the speed of light and the 

parameter k is 0 , +1 or -1 . One can write C = CR(4R/4)J, where CR and 4R are the present day values of the 

density and radius of the universe.  
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after that moment there was something: our universe. The big bang theory is an effort to 

explain what happened during and after that moment.  

According to the standard theory, our universe sprang into existence as "singularity" 

around 13.7 billion years ago. What is a "singularity" and where does it come from? Well, to 

be honest, we don't know for sure. Singularities are zones which defy our current 

understanding of physics. They are thought to exist at the core of "black holes." Black holes 

are areas of intense gravitational pressure. The pressure is thought to be so intense that finite 

matter is actually squished into infinite density (a mathematical concept which truly boggles 

the mind). These zones of infinite density are called "singularities." Our universe is thought 

to have begun as an infinite small, infinitely hot, infinitely dense, something - a singularity. 

Where did it come from? We don't know. Why did it appear? We don't know.  

 

 

Fig 23; Big Bing and expanding universe 

 

After its initial appearance, it apparently inflated (the "Big Bang"), expanded and cooled, 

going from very, very small and very, very hot, to the size and temperature of our current 

universe. It continues to expand and cool to this day and we are inside of it: incredible 

creatures living on a unique planet, circling a beautiful star clustered together with several 

hundred billion other stars in a galaxy soaring through the cosmos, all of which is inside of an 

expanding universe that began as an infinitesimal singularity which appeared out of nowhere 

for reasons unknown. This is the Big Bang theory
1
 (Figure 23). 

                                                 
1
 - Big Bang Theory - An Overview, AllAboutScience.org, [Online] available; http://www.big-bang-

theory.com/default.htm 
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The Theory of Inflation 

In the corresponding theory of inflation, the Universe, because of properties of elementary 

particles not accounted for in the standard big bang models, expands for a fleeting instant at 

its beginning at a much higher rate than that expected for the big bang. This period, which is 

called the inflationary epoch, is a consequence of the nuclear force breaking away from the 

weak and electromagnetic forces that it was unified with at higher temperatures in what is 

called a phase transition. (An example from everyday life of a phase transition is the 

conversion of ice to liquid water.) 

 

 

Fig 24; According to the theory of inflation, the early Universe expanded exponentially fast for a fraction of 

a second after the Big Bang.  

 

This phase transition is thought to have happened about 10�J�seconds after the creation of 

the Universe. It filled the Universe with a kind of energy called the vacuum energy, and as a 

consequence of this vacuum energy density (which plays the role of an 

effective cosmological constant), gravitation effectively became repulsive for a period of 
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about 10
-32

 seconds. During this period the Universe expanded at an astonishing rate, 

increasing its size scale by about a factor of 10
50

. Then, when the phase transition was 

complete the universe settled down into the big bang evolution that we have discussed prior 

to this point. This, for example, means that the entire volume of the Universe that we have 

been able to see so far (out to a distance of about 18 billion light years) expanded from a 

volume that was only a few centimeters across when inflation began! (Figure 24).  

Solution of the Problems of the Big Bang by Inflation 

If this inflationary epoch really took place, it could cure all the problems of the big bang 

mentioned above. Briefly, 

1. The tremendous expansion means that regions that we see widely separated in the sky 

now at the horizon were much closer together before inflation and thus could have been in 

contact by light signals. 

2. The tremendous expansion greatly dilutes any initial curvature. Think, for example, of 

standing on a basketball. It would be obvious that you are standing on a (2-dimensional) 

curved surface. Now imagine expanding the basketball to the size of the Earth. As you stand 

on it now, it will appear to be flat (even though it is actually curved if you could see it from 

large enough distance). The same idea extended to 4-dimensional spacetime accounts for the 

present flatness (lack of curvature) in the spacetime of the Universe out to the greatest 

distances that we can see, just as the Earth looks approximately flat out to our horizon. In 

fact, the inflationary theory predicts unequivocally that the Universe should globally be 

exactly flat and therefore that the average density of the Universe should be exactly equal to 

the closure density. It is this prediction that we alluded to earlier when we said that there were 

theoretical reasons to believe that the density of the Universe was exactly equal to the critical 

closure density. 

3. The rapid expansion of the Universe tremendously dilutes the concentration of any 

magnetic monopoles that are produced. Simple calculations indicate that they become so rare 

in any given volume of space that we would be very unlikely to ever encounter one in an 

experiment designed to search for them. 

As if this were not enough, the theory of inflation also presents an unexpected bonus. 

A Bonus: Density Fluctuations as Seeds for Galaxy Formation 

In addition to (potentially, at least) solving the preceding problems of the big bang, the 

theory of inflation presents a bonus: detailed considerations indicate that inflation is capable 

of producing small density fluctuations that can later in the history of the Universe provide 

the seeds to cause matter to begin to clump together to form the galaxies and other observed 

structure.  

Problems with Inflation: Although inflation has many attractive features, it is not yet a 

proven theory because many of the details still do not work out right in realistic calculations 

without making assumptions that are poorly justified. Probably most cosmologists today 

believe inflation to be correct at least in its outlines, but further investigation will be required 

to establish whether this is indeed so
1
. 

 

                                                 
1
 - The Inflationary Universe, University of Tennessee, [Online] available; 

http://csep10.phys.utk.edu/astr162/lect/cosmology/inflation.html 
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The Geometry of the Universe 

Einstein showed that in General Relativity mass caused space to curve, and objects 

travelling in that curved space have their paths deflected, exactly as if a force had acted on 

them. In a Universe full of matter, both its overall geometry and its fate are controlled by the 

density of the matter within it (Figure25).  

1- If the density of the universe exceeds the critical density
1
, then the geometry of space is 

closed and positively curved like the surface of a sphere. This implies that initially parallel photon 

paths converge slowly, eventually cross, and return back to their starting point (if the universe lasts 

long enough).  

2- If the density of the universe exactly equals the critical density, then the geometry of the 

universe is flat like a sheet of paper and infinite in extent. 

3- If the density of the universe is less than the critical density, then the geometry of space is 

open (infinite), and negatively curved like the surface of a saddle.  

 

 

Fig 25; the three possible geometries for the Universe: In a Universe where the density of matter is high 

(closed Universe/spherical space), locally parallel light rays (blue lines) ultimately converge. In a Universe 

where the density of matter is low (open Universe/hyperbolic space), locally parallel light rays ultimately 

diverge. In a Universe where the density of matter is the ‘critical density’ (flat space), locally parallel lines 

remain parallel
2
. 

 

The expansion of the universe was long believed to be slowing down because of the 

mutual gravitational attraction of all the matter in the universe. We now know that the 

expansions accelerating and that whatever causes the acceleration (dubbed “dark energy”) 

cannot be Standard Model physics
3
. Regardless to reconsidering the relativistic Newton's 

second law, how can we resolve the dark energy problem? (See page 49).  

 

 

 

 

 

 

                                                 
1
 - The critical density for the Universe is approximately 10

-26
 kg/m

3
 (or 10 hydrogen atoms per cubic metre) 

and is given by: C< = JS�
9:; , where H is the Hubble constant and G is Newton’s gravitational constant. 

2
 - Critical Density, COSMOS, [Online] available; http://astronomy.swin.edu.au/cosmos/C/Critical+Density 

3
 - Gordon Kane, "The dawn of physics beyond the standard model", Scientific American, 2003  
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Section 3 

 

Reviewing Theories  
 

Reviewing theories 

There are various theories in physics, but nature is unique. This is not nature's problem 

that we have various theories; nature obeys simple and unique law. So, we should improve 

our theories. Many researchers believe that physics will not be complete until it can explain 

not just the behavior of space and time, but where these entities come from
1
. Let me repeat 

that where these entities come from? Where should we look for the origins of space and time? 

Where is the origin of space and time? The origin of space and time come of the grand 

cosmic scale? Come of the quantum level? Did come from before the Big Bang?  

In my opinion we should redefine a physical existence in real time and space, review the 

physical properties of the quantum vacuum and finally develop the old theories by combining 

real and virtual space-time concepts. 

Select an object. It is not important that what we have chosen, how we look at this 

physical existence is important. I choose a ball that is on the surface of room. I shoot the ball 

outside of room. What happens for ball's space? Nothing, ball and its space moves from 

room's space to salon. In fact space of ball moved with it. We cannot take space from the 

body or body from the space, object and space are intertwined with each other. Fill a glass 

with water, empty it and refill it with syrup. In this process; water with its space leaves the 

glass and syrup with its space enters into glass. We can never separate the physical existence 

from its space. In fact space is a part of physical existence. Also, time and physical existence 

are not independent. Ball is a physical existence; it is made up of some molecules with their 

spaces at t (time relative to other clock). Ball is a clock as the same as other physical 

existences. There are many atoms in the structure of ball, how can we prevent movement of 

subatomic particle in the ball? Never. Generally, mass (or energy), space, motion and time 

are intertwined and inseparable from each other. 

Motion is an intrinsic property of physical existence. But there is a problem about concept 

of acceleration in theoretical physics.  

                                                 
1
 - Zeeya Merali, "The origins of space and time", NATURE , 2013, [Online] available; 

http://www.nature.com/news/theoretical-physics-the-origins-of-space-and-time-1.13613 
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First of all, what we know about acceleration? And what is the definition of acceleration? 

In physics, acceleration is the rate at which the velocity of an object changes over time that in 

classical mechanics is given by Newton's second law with a=F/m. In special relativity an 

accelerating particle has a world-line which is not straight. This is not difficult to handle.  The 

4-vector acceleration can be defined as the derivative with respect to proper time of the 4-

velocity. It is possible to solve the equations of motion for a particle in electric and magnetic 

fields, for example. Accelerating reference frames is a different matter. In general relativity 

the physical equations take the same form in any co-ordinate system.  In special relativity 

they do not but it is still possible to use co-ordinate systems corresponding to accelerating or 

rotating frames of reference just as it is possible to solve ordinary mechanics problems in 

curvilinear co-ordinate systems. This is done by introducing a metric tensor
1
.  

However, Newton and Einstein define the acceleration regardless of the structure of 

particles (in classical mechanics and relativity). This definition belongs to Newton era or 

macroscopic level era. It should be noted that the interaction between large objects (e.g. 

collision of two bodies) under the action of the quantum layer (in fact sub quantum level) has 

been done. Thus, according to quantum mechanics and mass–energy equivalence = .%� , we 

must redefine acceleration. It means we should review the relativistic Newton's second law. 

There are a lot unanswered questions and complex concepts in theoretical physics that the 

standard model and relativity do not have answers for and the physicists believe that it is due 

to the inability of theories
2
.  

Standard model of particle physics describes the fundamental particles, fermions and their 

interactions with one notable exception graviton. Any imagination of space without gravity 

effect (or graviton from quantum mechanical perspective), is away from the physical reality. 

The vacuum of space is not empty. In fact, quantum theory predicts that it teems with virtual 

particles flitting in and out of existence
3
. In QED, charged particles can emit and absorb 

virtual photons. Although these virtual photons can’t be observed directly, but the uncertainty 

principle overcomes this problem (Figure 26).  

By using review of relativistic Newton's second law we can explain zero point energy and 

vacuum energy directly (without using the uncertainty principle). Also, it is a powerful tool to 

answer the unanswered questions and complex concepts in theoretical physics. According to 

the special relativity theory, nothing moves faster than light speed. Also, boundary between 

visible particle and invisible particles is light speed, where real space-time and virtual space-

time intertwine and interact with other. To do this, the following items are done; 

1- Review of quantum vacuum and reconsidering the relativistic Newton's second law.  

2- Describing the mechanism of virtual and real photon’s production in a quantum 

vacuum without using the uncertainty principle. There is much evidence
4
 that shows a 

quantum vacuum produces real photon
1
. 

                                                 
1
 - Philip Gibbs, "Can Special Relativity Handle Acceleration?" 1996, [Online] available; 

http://math.ucr.edu/home/baez/physics/Relativity/SR/acceleration.html 
2
 - Gordon Kane, "The dawn of physics beyond the standard model", Scientific American, 2003  

3
 - C. Wilson, et al., "Observation of the dynamical Casimir effect in a superconducting circuit",  Nature, 

479(7373), 376-379, 2011 
4
 - Bryan Clark, "Scientists create real photons from virtual ones", Gizmag, 2011, [Online] available; 

http://www.gizmag.com/scientists-create-real-protons-from-virtual-ones/20689 
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3- Review of physical events from quantum scales to cosmological theories by using 

reconsideration of relativistic Newton's second law. 

4- Describing physical being and time. It shows physical being and time are inseparable. 

In fact; every physical existence is a clock, some clocks have longer lifetime than others and 

some clocks are more regular than others. 

 

 

Fig 26; Notice the elimination of action at a distance, the interaction is due to direct contact of the photons. 

 

Reviewing fields and quantum vacuum  

Some physical properties of the quantum vacuum are: 

1- Gravity effect: A vacuum at least contains gravity effect that according to the 

quantum mechanics concepts; vacuum at least contains gravitons. 

2- Zero point energy: The Zero Point Energy (ZPE) is an intrinsic and unavoidable part 

of quantum physics. The ZPE has been studied, both theoretically and experimentally. The 

vacuum energy is a specific example of ZPE which has generated considerable doubt and 

confusion. Any object that changes the vacuum energy (electrical conductors, dielectrics and 

gravitational fields, for instance) distorts the quantum mechanical vacuum state
2
. 

3- Quantum Field Theory; In quantum electrodynamics all electromagnetic fields are 

associated with photons, and the interaction between the charged particles occurs when one 

charged particle emits a virtual photon that is then absorbed by another charged particle.  The 

                                                                                                                                                        
1
 - Charles Q. Choi, "Something from Nothing? A Vacuum Can Yield Flashes of Light", Scientific American, 

2013, [Online] available; http://www.scientificamerican.com/article/something-from-nothing-vacuum-can-

yield-flashes-of-light 
2
 - What is the zero-point energy, Scientific American, 1997, [Online] available; 

http://www.scientificamerican.com/article/follow-up-what-is-the-zer 
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photon has to be a virtual photon, because emission of a real photon would violate energy and 

momentum conservation
1
. 

4- Pair production; All fields must have what are called, vacuum fluctuations. Because 

of the quantum behavior of nature, one can interpret these vacuum fluctuations, in terms of 

particles and anti particles, as I have described. These pairs of particles occur for all varieties 

of elementary particles. They are called virtual particles, because they occur even in the 

vacuum, and they can't be directly measured by particle detectors. However, the indirect 

effects of virtual particles, or vacuum fluctuations, have been observed in a number of 

experiments, and their existence confirmed
2
. 

5- Hawking radiation; Virtual particle pairs are constantly being created near the 

horizon of the black hole, as they are everywhere.  Normally, they are created as a particle-

antiparticle pair and they quickly annihilate each other.  But near the horizon of a black hole, 

it's possible for one to fall in before the annihilation can happen, in which case the other one 

escapes as Hawking radiation
3
 (Figure 27). 

 

 

Fig 27; Virtual particle pairs are constantly being created near the horizon of the black hole 

 

6- Virtual and real photons; by changing the position of a mirror inside a vacuum, 

virtual particles can be transformed into real photons that can be experimentally 

observed
4
. 

7- Feynman diagram; Feynman diagram, a graphical method of representing the 

interactions of elementary particles was invented in the 1940s and ’50s by Richard Feynman 

                                                 
1
 - Elementary particles, Standard Model, [Online] available; 

http://electron6.phys.utk.edu/phys250/modules/module%206/standard_model.htm 
2
 - Stepen.W.Hawking, "Does God play Dice?", [Online] available; http://www.hawking.org.uk/does-god-

play-dice.html 
3
 - Ilja Schmelzer, Hawking Radiation, 1997; [Online] available; 

http://math.ucr.edu/home/baez/physics/Relativity/BlackHoles/hawking.html 
4
 - Virtual Photons Become Real in a Vacuum, Photonics, 2013, [Online] available; 

http://www.photonics.com/Article.aspx?AID=53136  
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(Figure 28). He introduced the development of the theory of quantum electrodynamics as an 

aid for visualizing and calculating the effects of electromagnetic interactions among electrons 

and photons, Feynman diagrams are now used to depict all types of particle interactions
1
. 

Feynman diagrams show the input and output of an interaction, but they do not describe how 

a particle such as electron produces its electric field.  

 

Fig 28; Feynman diagram 

 

Quantum mechanics is a very good set of mathematical models that show how many 

elementary forces work, but it does not explain how they work. We do not know how a 

charged particle produces an electric field (or virtual photons) in quantum mechanics. So, 

here some unanswered questions of quantum vacuum are raised: 

1- In quantum electrodynamics (QED) a charged particle emits exchange force particles 

continuously. This process has no effect on the properties of a charged particle such as its 

mass and charge. How is it explainable? If a charged particle as a generator has an output 

known as a virtual photon, what will be its input?  

2- How can we explain zero point energy in space (vacuum) without using the 

uncertainty principle? 

3- In quantum mechanics, the concept of a point particle is complicated by the 

Heisenberg uncertainty principle, because even an elementary particle, with no internal 

structure, occupies a nonzero volume. There is nevertheless a distinction between elementary 

particles such as electrons, photons or quarks, which have no internal structure, versus 

composite particles such as protons, which do have internal structure. According to the 

quantum mechanics that photon is an unstructured particle, how can we explain the 

relationship between the photon energy and frequency, and also pair production and decay? 

4- According to the fundamental particle physics and energy issues in the production and 

decay of matter–antimatter, we are going to find the common features between matter and 

energy. This can be done by considering the constant velocity of photon as a property that 

can be transmitted from matter into energy and vice versa. Also differences in the structure of 

mass and its relation with fields are explained. In this case we consider the length contraction 

(reduction in volume), relativistic mass and relativistic Newton’s second law. In fact, in 

special relativity the infinite speed in classical mechanics is replaced by the infinite mass. 

                                                 
1
 - Christine Sutton, "Feynman diagram", Encyclopedia Britannica, [Online] available; 

http://www.britannica.com/EBchecked/topic/205708/Feynman-diagram 
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Infinite mass is not observable (such as infinite velocity), how can we explain the limit of 

speed without infinite mass?  

5- The important concept in relationship between 'mass' and energy is c, regarding the 

phenomena of creation and decay of electron-positron pair, why do the related photons move 

at constant speed c in vacuum, but we could change the speed of matter and antimatter? What 

is the unique characteristic of matter which is convertible to photons that move with constant 

speed c (speed of light)? The idea that object/particle could not travel at superluminal speeds, 

originates from the structure of matter and the mechanism of interaction between field and 

mass; that with presenting a postulate we could generalize the constancy of speed from 

energy to mass. By gravitational blueshift, the energy of photon and consequently its 

frequency will increase. What is the mechanism of increasing in the photon energy that 

causes increase in its frequency? Are there more results than before in the energy-mass 

equivalence equation? 

6- QED rests on the idea that charged particles (e.g., electrons and positrons) interact by 

emitting and absorbing photons, the particles of light that transmit electromagnetic forces. 

These are virtual photons; that is, they cannot be seen or detected in any way because their 

existence violates the conservation of energy and momentum. If the electromagnetic field is 

defined in terms of the force on a charged particle, then it is tempting to say that the field 

itself consists of photons which cause a force on a charged particle by being absorbed by it or 

simply colliding with it - as in the Photo-electric effect
1
. The electric repulsion between two 

electrons could then be understood as follows: One electron emits a photon and recoils; the 

second electron absorbs the photon and acquires its momentum. Clearly the recoil of the first 

electron and the impact of the second electron with the photon drive the electrons away from 

each other. So they are repulsive forces. How can attraction be represented in this way? The 

uncertainty principle makes this possible. The attraction between an electron and a positron 

may be described as follows: the electron emits a photon with momentum directed away from 

the positron and thus recoils towards the positron. This entails a degree of definiteness in the 

momentum of the photon. There must be a corresponding uncertainty in its position - it could 

be on the other side of the positron so that it can hit it and knock it towards the electron. Is 

there a way to explain virtual photon (in fact interaction between charged particles) without 

using the uncertainty principle? 

7- In relativity, the upper limit of the linear the speed is speed of light. Is there a lower 

limit of non-linear speed for subatomic particles? For example, can the gravitational force 

stop the movement of electrons orbiting an atom? In other words, can the gravitational force 

prevent the movement of subatomic particles completely? 

When we look at fields, we usually think that each field has its own quantum properties. 

Whereas, two fields in a tiny slice of space, they act on each other and become entangled 

fields. A graviton can only be described with its quantum gravity properties, but a group of 

gravitons behave differently than an alone graviton in a tiny slice of space. To understand and 

explain the quantum vacuum, we should consider the behavior of a group of gravitons in a 

tiny slice of space. Also, in a real space that is called space-time, gravity field and 

electromagnetic field are entangled. In fact a group of gravitons and electric field and 

magnetic field are entangled. We should describe entanglement of fields in a tiny slice of 

space. 

                                                 
1
 - The photoelectric effect is the observation that many metals emit electrons when light shines upon them. 

Electrons emitted in this manner can be called photoelectrons. 
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Fields entanglement 

There is much evidence such as Compton’s effect, pair production, redshift and blueshift 

that lead us to accept photon has a structure. Let’s look at gravitational blueshift; when a 

photon is falling in a gravitational field, its energy and frequency increase. Regardless of the 

atmosphere, if we consider this event from the aspect of quantum mechanics, energy of 

photon increases in a quantum vacuum. In blueshift, three fields are entangled: gravity field 

that is made up of gravitons, virtual field that contains virtual photons and real 

electromagnetic field of real photon. So, there is an entanglement of fields in gravitational 

blueshift. Each field has its own space that is describable as follows:  

1- Real space-time: everything is visible or detectable directly in real space-time. 

Everything moves with speed v ≤ % in real spacetime. Light speed is the highest speed in the 

real spacetime.    

2- Virtual space-time: everything is detectable indirectly in virtual space-time.  It is called 

sub quantum energy (SQE) too. Every particle such as virtual particle is explainable in the 

virtual space-time. The virtual photons can go from one interacting particle to the other faster 

than light speed
1
. Every virtual particle moves with speed VSQE, so that VWX@ ≥ %.   

3- Non-obvious space (NOS); everything such as graviton isn’t directly (also indirectly) 

detectable in non-obvious space. Production of non-obvious space is sub quantum energies 

such as virtual photon, in fact gravitons convert to sub quantum energies and virtual photon is 

made up of sub quantum energies. Everything moves with speed V;; so that V; ≥ VWX@ in 

non-obvious space. Non-obvious space exists without passing time.  

 

 

Fig 29; photon, virtual photon and graviton are entangled in a tiny slice of space, they move with speed  

%, VWX@ > %, V; > VWX@ , and in real spacetime everything move with speed v<c 

 

It is notable that these spaces are indivisible of each other, they are closely intertwined. 

Any small slice of the available space is composed of above three spaces. Interaction between 

these spaces causes creation and annihilation the detectable particles (Figure 29). 

                                                 
1
 - S. Liberati, et, at., "Faster-than c Signals, Special Relativity, and Causality". Annals of physics, 298(1), 167-

185. 2002 
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Real photon (electromagnetic energy) moves on the boundary of the real and virtual space-

times, only. When virtual photons reach the boundary of real space-time, they become the 

real photon. When gravitons leave non-obvious space, they form the sub quantum energies 

and become the members of virtual space-time. 

While the concept of the massless photon is an assumption
1
, physicists have not stopped 

on assumption of massless. There are more attempts made to clarify the massless photon in 

theoretical and experimental physics. There are good theoretical reasons to believe that the 

photon mass should be exactly zero, there is no experimental proof of this belief. These 

efforts show there is an upper bound on the photon mass, although the amount is very small, 

but not zero. The tight experimental upper bound of the photon mass restricts the 

kinematically allowed final states of photon decay to the lightest neutrino and/or particles 

beyond the Standard Model
2
. Theories and experiments have not limited to photons and 

gravitons will also be included. For gravity there have been vigorous debates about even the 

concept of graviton rest mass
3
. So, let's close this window and open a new window on the 

concept of particle mass. There are two kinds of particles in physics;  

1- Some particles like the photon move only with the speed of light c, in all inertial 

reference frames. Let’s call these kinds of particles as Never at Rest condition 

particles (NRP).  

2- Other particles like the electron always move with the speed v<c in all inertial 

reference frames; they have rest mass, and could be called particles.  

According to the above definitions, photon and graviton are NRP, while electron and 

proton are particles.  

In pair production, a quantum energy (photon with speed c) falls from boundary of real 

space-time into real space-time (electron and positron with speed v<c), NRP converts to 

particles.  

In pair Annihilation; particles convert to NRP (physical existences move from inside of 

real space-time on the boundary of real space-time).  

 

Entanglement of spaces 

Since the 19th century, some physicists have attempted to develop a single theoretical 

framework that can account for the fundamental forces of nature - a unified field theory. 

Classical unified field theories are attempts to create a unified field theory based on classical 

physics. In particular, unification of gravitation and electromagnetism was actively pursued 

by several physicists such as Faraday
4
 and Einstein

5
. Einstein believed there was a link 

between the need to resolve apparent paradoxes of quantum mechanics and the need to unify 

                                                 
1
 - J. Field, "Einstein and Planck on mass-energy equivalence in 1905-06: a modern perspective", arXiv 

preprint arXiv:1407.8507, 2014 
2
 - J. Heeck, "How stable is the photon?" Physical review letters, 111(2), 021801, 2013 

3
 - A. S. Goldhaber, M. M. Nieto, "Photon and graviton mass limits", Reviews of Modern Physics, 82(1), 939, 

2010 
4
 - - Michael Faraday, “On the possible relation of gravity to electricity” Royal Society 1850.   Printed in vol. 

141 of the Philosophical Transactions (1851), pp. 1-6. 
5
 - Albert Einstein, “Neue Moglichkeit Fur Eine Einheitliche Feldtheorie Von Gravitation Und Elektrizitat”, 

Journal of the Prussian Academy of Physics, 1928 
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electromagnetism and gravity
1
. Classical unified field theories were unsuccessful, but we can 

unify quantum field theory with gravity by adjusting some concepts of quantum mechanics.   

Today’s physics is outspread between macro and micro worlds. General Theory of Relativity very 

well describes Macro world, while Quantum Mechanics very well describes probability in micro 

world. But problem occurs when we want to unify these two theories into the one that would be able 

to describe each phenomenon in the Universe.  

In standard model graviton is a massless with spin two. But same as photon, there are 

several experimental searches for massive gravitons that result an upper limits on the graviton 

mass
2
.  

To define graviton, let’s consider to a photon that is falling in the gravitational field, and 

revert back to the behavior of a photon in the gravitational field. When a photon is falling in 

the gravitational field, it goes from a low layer to a higher layer density of gravitons. We 

should assume that the graviton is not a solid sphere without any considerable effect. 

Graviton carries gravity force, so it is absorbable by other gravitons; in general; gravitons 

absorb each other and combine. When some gravitons are around a photon (or other particles) 

they convert to color charges and enter the structure of photon. Color charges around 

particles/objects interact with each other. 

There are many layers of gravitons around a photon. The first layer is close to the photon, 

so that its gravitons interact with charge and magnetic fields in the structure of photon. The 

second layer interacts with the first layer and third layer and so on. Therefore; when a photon 

is falling in the gravitational field of the Earth, two layers of gravitons are applied to it, first 

layer up (at high h) and second down (at high h-dh). In down layer, the density of graviton is 

greater than up, so the photon falls and its energy increases
3
. So, we can define graviton 

relative to electromagnetic energy. 

Definition of graviton; A graviton is an NRP belonging to the sructure of photon, with 

the constant NRP mass  .; that moves with the constant magnitude of speed of  |V;| > |%| , 
in any inertial reference frame, where c is the speed of light

4
.   

Graviton principle; Any interaction between gravitons and other existing particles 

represents a momentum of inertia I where the magnitude of V; remains constant and never 

changes
5
. 

Based on the principle of graviton, a graviton carries two types of energy generated by its 

movement in inertial reference frame
6
. One is transmission energy and the other one is non-

                                                 
1
 - Einstein's quest for a unified theory, This Month in Physics History, APS Physics; [Online] available; 

http://www.aps.org/publications/apsnews/200512/history.cfm 
2
 - S. Capozziello, et. at, "Massive gravitons from Extended Gravity to Effective Field Theories", arXiv 

preprint arXiv:1311.6319, 2013 
3
 - H.Javadi, et, at., "A new Definition of Graviton", General science Journal, 2008, [Online] available; 

http://gsjournal.net/Science-Journals/Essays/View/951 
4
 - .; given by; .; < . = 2\

<�    ∀ / , the relationship between energy and momentum of graviton given by; 

�; = ;̂V; = %_(`a'(a, in all inertial reference frame and any condition, it shows that the energy of graviton is 

constant, in any interaction between gravitons or with other particles.  
5
 - Therefore; ∇V; = 0 , in all inertial reference frame and any space. 

6
 - H. Javadi, et, at., "Interactions between real and virtual spacetimes", International Journal of Fundamental 

Physical Sciences (IJFPS), Vol 4,  No 4, pp 114-121, 2014 
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transmission energy and total energy of graviton �;  remains constant
1
. The space is full of 

gravitons. During the increase of gravitons’density of gravitons increase in space, the 

distance between them decreases, but they do not attach to each other, their paths change 

without decreasing the magnitude of V;. In interaction between gravity and photon in 

blueshift, energy of photon increases and in redshift decreases. In fact in redshift, gravitons 

leave the structure of photon and when a photon escapes from the black hole, the photon 

loses all its energy and there is not anything to leave the black hole. 

For identifying and understanding the mechanism of physical relationship between photon 

and graviton and converting gravitons into the sub quantum energies SQEs and vice versa, we 

must use the equations of Maxwell's electromagnetic theory to explain gravitons. When a 

photon in a gravitational field as ∆b falls, graviton’s density in the vicinity of the photon 

electric field changes the value of c?@, because the intensity of electric field changes as �;  

(E is the electric field arising from gravitons). Gravitons enter the structure of photon, and the 

intensity of electrical and magnetic fields which depends on photon increases. Two types of 

gravitons should enter the photon structure, so that they are able to increase the intensity of 

photon electric field without any charge effect. Thus the interaction between gravitons and 

photon, negative and positive ?�, ?dgravitons are produced and enter the photon structure. 

The photon moves in the same direction as the increasing intensity of the gravitational field 

does, and the photon electric field is perpendicular to the photon movement direction
2
. By 

changing the photon’s electric field, magnetic field also changes. In this case also, the 

gravitons are converted into magnetic carrier NRP ?e and enter the structure of photon.   

A large number of negative color charges and magnetic color do form sub quantum energy 

SQE. Magnetic color maintains color charges in a tube-like distribution, so negative magnetic 

color forms an appropriate negative electric field. In addition, the same happens for positive 

electric field in the opposite sense
3
.  A set of negative SQEs form the negative virtual photon 

that shown with f� and a set of positive SQEs form the positive virtual photon that shown 

with fd, and a real photon is made up of combining a couple of negative and opositive vitual 

photon that given by; fd + f� = f. The inverse of this process is gravitational redshift that 

SQEs leave the photon structure and convert to gravitons
4
.  

Gravitons move with linear speed c in the photon structure, and since they are also 

forming components of electric and magnetic fields, they have a non-linear speed. For 

simplicity, consider a photon is traveling in the x direction, every element in the structure of 

photon moves with linear speed c in the same direction as the photon and has non linear 

speed, so,|v;| , |v;g|, |v;h|, |v;i| > jVWX@j >  |%|. 
Sub Quantum Energy Principle: One SQE is a very small energy with NRP mass 

.WX@   that moves at jVWX@j > |%| relative to inertial reference frame and in every interaction 

between SQEs with other particles or fields the speed value of SQE remains constant.  

                                                 
1
 - Total energy of given by; �; = >; + k; = %_(`a'(a, where >;  is transmission energy and k;  is non-

transmission energy of graviton. 
2
 - These are explainable by ∇ × �; = − !;l

!"  and ∇ × m; = nRoR
!@p
!"   

3
 - H. Javadi, "Zero Point Energy and the Dirac Equation", General Science Journal, 2007, [Online] available; 

http://gsjournal.net/Science-Journals/Essays/View/950 
4
 - See last reference.  
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SQE principle shows the speed value of SQE remains constant and only the linear speed of 

SQE converts to nonlinear speed and vice versa
1
.  

 

Light speed principle; Beside the wave-particle duality of light, and having NRP mass 

that moves at speed v, also v=c in vacuum relative to inertial reference frame, it carries 

electromagnetic energy as well. In every interaction between light with other particles or 

fields the speed value of light remains constant
2
.  

Assume a beam of light enters the Earth's atmosphere from the vacuum, passes the air and 

enters the ocean, it will be reflected back through the air into the vacuum again. The air or 

water may be stormy, but when light enters the vacuum, it moves with the same constant 

speed c again. Because according to the definition and light speed principle, in every 

condition the speed value of light remains constant and only the linear speed of light converts 

to nonlinear speed and vice versa. In fact light speed refers to SQEs that light is made up of, 

for a good sample see the Fresnel drag
3
. Photon is a part of matter and has NRP mass . =

�/%� and a linear momentum q = ms before creation that after converting to photon carries 

the same mass that had in the matter and after absorption by a particle (e.g. an electron) the 

mass of photon is added to the mass of the particle. So the summation of transmission energy 

T and non-transmission energy S of photon is constant that depends on the number of SQE in 

the structure of photon.  

 

Review of relativistic Newton's second law 

At the beginning of the 20th century, Newton’s second law was corrected considering the limit speed c and 

the relativistic mass. At that time there was not been a clear understanding of the subatomic particles and 

basically there was little research in high energy physics. Moreover, the approach of relativity toward the 

physical phenomena is hyper structural and explains the observations of the observer while there is little 

consideration to the intrinsic entity of the phenomena. 

In classical mechanics the mass was assumed as constant. By considering relativity and 

the speed limit of light, in order to propose the speed limit, the Newton's second law was 

modified
4
. Due to the relativistic Newton's second law, no force is able to make an object/a 

particle move faster than light speed. It would be acceptable that the external force action is 

limited, but the reason is not due to the mass changes, but as presented in relativity, the 

                                                 
1
 - In every physical condition we have ∇VWX@ = 0 , in all inertial reference fame. So the summation 

transmission energy T and non-transmission energy S of SQE is constant;  �WX@ = >WX@ + kWX@ = %_(`a'(a. 

The relationship between energy and momentum of SQE given by; �WX@ = ŴX@VWX@ = %_(`a'(a, in all inertial 

reference fame and any condition.  
2
 - In every physical condition we have; ∇v = 0 , in all inertial reference frame and in vacuum v = c. So the 

summation transmission energy T and non-transmission energy of photon remains constant.  

�u2v"vw = �wWX@ = >wWX@ + kwWX@ = %_(`a'(a 
3
 - M. Fizeau, "On the effect of the motion of a body upon the velocity with which it is traversed by light". The 

London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 19(127), 245-260, 1860. 

4
 - In classical mechanics, Newton's second law is given by � = Nx

N" = . Ny
N" , and according telativity mass, 

relativistic Newton's second law is given by � = Nu
N" = N(ey)

N" = v Ne
N" + . Ny

N" 
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reason of the speed limit should be sought in the structure of matter
1
. According to the 

definition of the photon and SQE, Newton's second law could be reconsidered
2
. 

The relativistic mass used in high energies is just for showing the speed limit in quantum 

equations while for well-known subatomic particles always v < % , in this order, only the 

given energy by particles must be considered and there is no need to use the relativistic mass 

relation. We can better understand and explain the physical events by using the SQE 

properties. Through such a view of physical and astrophysical events, the explanation of the 

universe would be more real. According to the Sub-Quantum Energy Principle the speed 

value of all subatomic particles would be always constant and external force could only 

convert the SQE’s linear motions to nonlinear motions and vice versa. The speed of the 

created particles is a function of the internal interaction and the mechanism of creation of 

subatomic particles, and the external forces that exert on them. Thus light speed is constant in 

vacuum but it changes in air or water and as soon as it enters vacuum it travels at former 

constant speed. 

Moreover, concerning the speed of other subatomic particles, the reason behind the speed 

is a function of the internal interaction of the particles and the interaction among the SQEs 

within the structure of those particles. In Boucherer
3
 experiment, the reality is that an electron 

in acceleration gains energy and after exiting from the accelerator tunnel, because of collision 

with another particle or because of passing through a field that gives it negative acceleration, 

it loses the energy and in terms of mass it returns back to its former state (the inverse form of 

Compton effect)
4
. One could always use this experiment to prove relativity mass, but could 

not explain the real interaction between force and mass with relativistic mass. 

The source of all physical energies is electromagnetic energy that refers to SQE properties. 

When you shoot a ball, your foot acts on ball, your foot applies force on ball, while your foot 

is applying force on the ball, energy of your body converts to electromagnetic energy that is 

made up of SQEs, and SQEs are transfering with speed c from your feet to the ball. When a 

stone falls in the gravitational field on the earth, gravity works on stone. During the stone is 

falling, gravitons convert to SQEs and enter the stone structure, according to the momentum 

conservation law, sub atomic particle of stone and SQEs share their momentum, then it seems 

the linear speed of stone increases. We can describe all kinds of energy, also heat, 

thermodynamics laws and entropy by using the concept and principle of SQE. 

 

Sub Quantum Energy and Electrodynamics 

In particle physics, quantum field theory such as the Standard Model, describes nature in 

terms of fields. Each field has a complementary description as the set of particles of a 

particular type. A force between two particles can be described either as the action of a force 

field generated by one particle on the other, or in terms of the exchange of virtual force 

                                                 
1
 - H. Javadi, et, at., "New Discoveries and the Necessity of Reconsidering the Perspectives on Newton's 

Second Law" Journal of Nuclear and Particle Physics 2012, 2(3): 31-35, DOI: 10.5923/j.jnpp.20120203.02 
2
 - According to the properties of SQEs, definition and  principle of light speed, the Newton's second law 

could be rewritten as � = ±v N@
<� + . Ny

N".  

3
 - Alfred Heinrich Bucherer (1863-1927) was a German physicist, who is known for his experiments on 

relativistic mass. 
4
 - T. Padmanabhan, “Inverse Compton Scattering – Revisited”, J. Astrophys. Astr., vol.18, pp.87-90, 1997, 

[Online] available; http://www.ias.ac.in/jarch/jaa/18/87-90.pdf 
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carrier particles between them. The energy of a wave in a field (for example, electromagnetic 

waves in the electromagnetic field) is quantized, and the quantum excitations of the field can 

be interpreted as particles. In quantum electrodynamics (QED) a charged particle emits 

exchange force particles continuously. This process has no effect on the properties of a 

charged particle such as its mass and charge. How is it explainable? If a charged particle as a 

generator has an output known as a virtual photon, what will be its input? Now let's explain 

the mechanism of electrodynamics fields around the electron and positron. Theoretically a 

pure steady state spin current without charge current can induce an electric field
1
. 

Look at the electron and positron. Electron is in the center of a spherical space (Figure 30-

A). This spinning sphere-like electron is in a loop into gravitons. The electron has two 

opposite interactions on gravitons around itself, and converts them to ?� , ?d, so there is a lot 

of ?� , ?din area 3 (Figure 30-B) ?�s escape from electron's locality and ?ds move toward 

the electron and enter the area 2, near the magnetic field of electron spinning. Magnetic field 

(spinning electron) compresses positive gravitons ?ds and repels them.  

When ' ⊳= fd from the electron reaches area 2 around the positron, it combines with  

' ⊲= f� and they form a quantum energy, so that; fd + f� = f. This quantum energy is 

transferred to the positron, and positron accelerates toward the electron. 

This process repeats, when next fdreaches area 2, and positron accelerates again toward 

the electron, and so on. 

The same process happens for the electron, in fact a f� reaches area 2 of electron, it 

combines with fd, and real quantum energy appears and it is transferred to electron, then 

electron accelerates toward the positron
2
. 

 

 

A. Electron; Area3, ? convert to ?� , ?d, then  ?� moves to far and ?d moves to area2 

Area2: Spinning electron, magnetic field compacts ?ds  and repels virtual positive photon that 

shown by ' ⊳  

B. Positron; Area3, ? convert to ?� , ?d, then ?d moves to far and ?� moves to area2 

Area2: Spinning electron, magnetic field compacts ?�s  and repels virtual negative photon that 

shown by ' ⊲  

Where ' ⊳= fd  is a set of positive SQEs and  ' ⊲= f� is a set of negative SQEs 

Fig 30; around charged particles 

                                                 
1
 - Sun Qing-feng, et.al. "Spin-current-induced electric field", Phys. Rev. B 69, 054409, 2004 

2
 - H. Javadia, et at., "Sub quantum space and interactions properties from photon structure to fermions and 

bosons", Scientific Journal of Pure and Applied Sciences (2013) 2(5) 235-245 
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Note1: With the discovery of charged particles and electric fields, it was assumed that the 

charged particle and the surrounding fields are the same. Our examination shows that the 

electron produces positive virtual photon, emits and pushes the negative charges, because 

each negative charged particle behaves on the other, the same as electron and produces 

positive virtual particle. Likewise, positive charged particles such as positron, also provides a 

negative electric field that drives the positive virtual photon. 

Note2: Other forces, including the influence of the magnetic moment and magnetic 

positron have been ignored, although they are effective. 

Up to now, there is no way to explain the process that describes how particles produce 

exchange particles in quantum mechanics. According to the results of reviewing relativistic 

Newton's second law we can definitely say that the best way for unifying the interactions is 

generalizing interaction between charged particles to photon structure and vice versa. 

This new view on photon means that we can redefine the graviton and electromagnetic 

energy. Electromagnetic energy converts to matter and anti-matter such as charged particles. 

Charged particles use gravitons and generate electromagnetic field. This way of looking at 

the problem shows how two opposite charged particles repel each other in far distance and 

absorb each other at a very small distance.  

 

 

 

A. Magnetic field around two same SQEs. 

 

 
 

B. A photon is formed of � ⊳ +� ⊲ ,  but magnetic fields around ⊳ (s) and ⊲ (s) prevent them 

from this combination 

 

Fig 31; magnetic field and SQE 
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Virtual photon in the Structure of photon 

The attention to the inside of the photon structure is very useful and important for 

understanding QCD phenomena. Equivalence relation of mass-energy conception is beyond 

converting matter into energy and vice versa. Because what occurs at the core of the 

interaction between quarks in the proton structure is the logical result of interaction between 

the SQEs (or fd, f_) in photon structure. When you convert energy into matter, the properties 

of interaction between SQEs are also transferred from the photon to particle–antiparticle.  

We saw that the amount of the positron mass is equivalent to energy �k��  and the 

amount of the electron mass is equivalent to energy �k��.  Now we will see that how the � ⊳ 

(which are positive), stay together in the photon's space. This phenomenon is explainable by 

using Ampere's law and Larmor radius
1
. As two wires carrying electrical flow due to 

magnetic flux around the wires,  attract or repel each other, the same charged particles (or 

particles carrying the same electric field) are affected by their own magnetic fields, then they 

interact with each other. We assume that two same sub particles ⊳ are in a position that the 

magnetic fields of these two sub particles cause them to attract each other (Figure 31-A). In 

this case, a number of magnetic loops are formed around the sub particles ⊳ and prevent 

them from being dispersed and a quantum positive particle is formed. But a photon is not 

formed of same sub particles ⊳, there are equal numbers of ⊳  and ⊲ in the structure of 

photon (Figure 31-B). As two opposite charged particles interact with each other, these two 

particles also tend to combine together, but magnetic fields around � ⊳ '(� � ⊲ prevent 

them from this combination. It leads us to review The Dirac
2
 equation. 

 

Review of Dirac's equation by SQE 

The correct equation to use to relate energy and mass in the Hamiltonian
3
 of the Dirac 

equation is � = ±.%�. Here the negative solution was used to predict the existence of 

antimatter as the positron
4
. The high-energy photon f loses its entire energy when it collides 

with nucleus. Then, it makes a pair of electron f� = *� and positron fd = *d. So, Dirac sea 

of negative energy states is combined with sea of positive energy states (Figure 32).  

A photon has no charge and it carries electric and magnetic fields. These properties will be 

acceptable only when two opposite charged sub energies form a photon. Such an approach to 

photons and charged particles is accompanied by some questions which have to be answered. 

A charged particle as an electron has been formed of the same ⊲ , but why does it not decay? 

What are the interactions between components of the photon? For studying the photon 

structure, we cannot split or bombard it by other particles. But for explaining photon structure 

we can offer a model that is consistent with laboratory experiments and the experience.  

 

                                                 
1
 - De Guillebon L., et. al., "A gyro-gauge independent minimal guiding-center reduction by Lie-transforming 

the velocity vector field", arXiv: 1211.5792v2, physics.plasm-ph, 2013 and Francis F , & Chen. (1984). 

Introduction to Plasma Physics and Controlled Fusion: Plenum Press. 
2
 - Paul Dirac (1902-1984) 

3
 - In quantum mechanics, the Hamiltonian is the operator corresponding to the total energy of the system in 

most of the cases. 
4
 - Mayeul, A., "Dirac equation from the Hamiltonian and the case with a gravitational field", arXiv: 0512046v2, 

gr-qc, 2006 
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Fig 32; pair production  

 

Unification and SQE 

As we know in quantum mechanics the strong interaction is observable in two areas: on a 

larger scale (about 1 to 3 fm
1
), it is the force that binds protons and neutrons (nucleons) 

together to form the nucleus of an atom. On the smaller scale (less than about 0.8 fm, the 

radius of a nucleon), it is the force (carried by gluons) that holds quarks together to form 

protons, neutrons, and other hadrons particles. 

Thus far, physicists have been able to merge electromagnetic and the weak nuclear force 

into the electroweak force and work is being done to merge electroweak and quantum 

chromodynamics into a QCD-electroweak interaction. Beyond grand unification, there is also 

speculation that may be possible to merge gravity with the other three gauge symmetries into 

a grand unified theory. But there is no way to explain how particles produce exchange 

particles in modern physics. A new and different way (that I have suggested) for unifying the 

interactions is generalizing color charge from nuclear to photon structure. This new view on 

color charge means that we can redefine graviton and electromagnetic energy (Sub quantum 

energy). This look shows how two same charged particles repel each other in far distance and 

absorb each other at a very small distance.  

Generally, it appears that all known interactions between objects can be described with 

only negative and positive color charges. According to quantum chromodynamics, a proton is 

made up of two up quarks (u) with (+ �
J) charge and a down quark (d) with (− �

J) charge. 

How two up quarks with positive charged do not repel each other? Let’s show how two 

positive charged particles produce binding energy, in small distances.  

Suppose two positive charged particles A and B are at distance d from each other. At 

distance d, they overlap in area 2 (figure 33). Area 2 is full of  ?� , ?d, and convert to 

negative and positive virtual photon same as blueshift they produce real photon. There is a 

soup of ?� , ?d that convert to negative and positive virtual photons, they absorb each other 

and produce real photon. Consider that charged particles A and B are not motionless; they 

move and spin speedily, so color charges fall in soup of ?� , ?d before escape.  

 

                                                 
1
 - The femtometre "unit of measurement" is an SI unit of length equal to 10��� metres. 
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Fig 33; interconnect two positive charged particles 

 

Their movement direction is the opposite of A production. Therefore, in location2, 

positive color charges ?dfrom A and negative color charges ?�from B, have the same 

movement direction that is toward the B particle. They combine and convert to 

electromagnetic energy and transfer to the particle B. The same action happens for positive 

color charges ?dfrom B and negative color charges ?� from A; so, they form quantum 

energy that moves toward A. This is shown as ' ⊳ +' ⊲=  f. These are energies that form 

the binding energy between A and B. In a heavy nucleus, that contains a lot of protons, every 

quark interacts with each other and produces binding energy. Consider the center of stars, two 

hydrogen ions (protons) move toward each other, when their distance decreases, then 

locations2 of them interconnect and produce binding energy. 

 

Review of Freedmann equation by using the SQE 

Newton's second law and gravitational law are the fundamental laws of physics which 

apparently none of them cannot limit the effectiveness of another. The mass of an object in 

classical mechanics can be increased illimitably (universal law of gravity) and in general 

relativity, there is no limit to the curvature of space
1
. From sub-quantum energy view, the 

mentioned laws have limitations which cannot be investigated in quantum mechanics and 

relativity. But sub-quantum looking at the physical phenomena and reviewing Newton’s 

second law can help us to specify these limitations. Then we can see how each of these two 

laws (Newton's second law and gravity) to reach infinite value can prevent the other one. 

This review strongly can change our attitude to the singularity. SQE principle shows that in 

every condition the speed value of SQE remains constant and only the linear speed of SQE 

converts to nonlinear speed and vice versa, so that; jVWX@j = %_(`a'(a > |%|. It shows the 

summation of transmission energy T and non-transmission energy S of SQE is constant;  

�WX@ = >WX@ + kWX@ = %_(`a'(a.  

Let's look at a particle/object that is inside of a black hole. The gravitational field can 

greatly affect the transmission speed of SQEs - the constituents of electrons in the atomic 

orbital and even reduce the volume of atom. For example, the value of SQEs transmission 

                                                 
1
 - Senovilla, J., "Singularity Theorems in General Relativity: Achievements and Open Questions", arXiv: 

hist-ph/0605007, 2006, and  Kobayashi, T., Maeda, K.,"Can higher curvature corrections cure the singularity 

problem in f(R) gravity?", arXiv: 0810.5664v2 [astro-ph],  2009 
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speed inside the electrons is reduced by gravitational field and value of non- transmission 

speeds will increase. In the inertial system we show vWX@ as the total transmission speeds rate 

and kWX@ the total non-transmission speeds rate of a SQE, so we will always have vWX@ +
kWX@ = VWX@. Thus, according to the direction of external force which affects a article/object, 

the total non-transmission speeds rate is converted to the transmission speeds or vice versa. 

Now we can define an absolute black hole. But before that, it is necessary to describe a few 

terms(Figure 34); 

1- Sub quantum Divergence: If a particle/object falls in the gravitational field toward a 

massive body, the linear speed of its SQEs will be VWX@, we say that the object has sub 

quantum divergence. There is vWX@ = VWX@ in the sub quantum divergence. So; 

 

k�� − ��'(a�. ���*b)*(%*;  kWX@ = 0 →   vWX@ = VWX@ 

  

2- Sub quantum Convergence: If total transmission speeds of SQEs of a particle/object 

go to zero, vWX@ → 0 , we say that the object has sub quantum convergence. There is SWX@ →
VWX@ in the sub quantum convergence. So; 

k�� − ��'(a�. �_(�*b)*(%*;  vWX@ → 0, aℎ*(  SWX@ → VWX@ 

 

 
Fig 34; Sub-quantum Divergence and Convergence 

 

Definition of an absolute black hole: If a particle/object falls down into the absolute 

black hole, it will be involved in sub quantum divergence before reaching the surface of the 

absolute black hole.  
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Consider the absolute black hole swallowing more matter; its mass and thus its 

gravitational field intensity will increase. By increasing the mass, volume reduces, its 

constitutive SQEs are condensed and its transitional space will be limited.  

Definition of Singularity: An absolute black hole with very high density under the two 

following conditions reaches the singularity state:  

1) Its constitutive SQEs reach sub quantum convergence state i.e. kWX@ → VWX@. So the 

linear speed of everything on the surface of an absolute black hole goes to zero, vWX@ → 0 

2)  Due to the gravitational pressure, the average distance between SQEs of an absolute 

black hole goes to zero. 
Once the speed of SQEs reaches kWX@ → VWX@, the average distance goes to zero due to intensive 

collision. They are scattered around and the chain of scattering spreads everywhere inside the absolute 

black hole therefore the singularity occurs. The density is very high in the singularity state, but not 

infinite. In addition, the volume does not reach zero, but the average distance between SQEs reaches 

zero. Given above descriptions can easily explain counteracting Newton's second law and gravity
1
. 

Regarding the above issues, there are three basic limitations: transmission speed, non-transmission 

speed and density that are the reasons of creation of the observable universe and all physical events 

existing in it
2
. 

It is important that we note the speed of graviton shown with V; and explained before, its 

speed is faster than light speed, so that |V;| > jVWX@j > |%|.  It is very well consistent with the 

inflation theory. According to SQE, we are able to show there is not a zero volume with 

infinite density in singularity also before the Big Bang. So, regardless of reconsidering the 

relativistic Newton's second law, how can we resolve the dark energy problem?  

 

Thermodynamics, Entropy and SQEs 

The laws of thermodynamics describe the characteristics for the transport of heat and work 

in thermodynamic processes. In fact, the laws of thermodynamics have become some of the 

most important laws in all of physics and other branches of science connected to 

thermodynamics. They are often associated with concepts far beyond what is directly stated 

in the wording. Let's take a new look at thermodynamic laws and entropy according to the 

SQEs. 

According to SQE concept, heat energy (and also other energies) is the same as matter 

with high speed. In other words, energy transfers with speed of light c, and matter moves 

with speed of v, that v<c. So, speed of heat is c, too, because it is a kind of energy. According 

to the SQE, everything is made up of SQEs and a SQE has constant energy equal to: �WX@ =
                                                 

1
 - By using the Definition of Singularity relations, the Friedmann equation and then the Big Bang will be 

reviewed. So, the limit of linear speed in the universe is: vWX@ = VWX@  and the Friedmann equation can be 

written as; LH�
M

NM
N" K� − 9

J B?CO 4� = −�vWX@�  . But there is vWX@ = 0 and kWX@ = VWX@  on the surface of absolute 

black hole at the moment of Big Bang. So; LH�
M

NM
N" K� − 9

J B?CO 4� = 0 and 4 = 4R*��
�:;G "

. It shows the rapid 

expansion of the universe in the early moments of Big Bang. According to the Big Bang, because Newton’s 

second law counteracts gravity, the physical laws malfunction for moments, and after passing some time the 

physical laws will return to their normal conditions so the gravitons, also SQEs combine with each other and 

produce other particles, then Friedmann equation will be valid. 
2
 - H. Javadi, "Beyond the Modern Physics and Cosmological Equations" General Science Journal, 2014, 

[Online] available; http://gsjournal.net/Science-Journals/Essays/View/5651 
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>WX@ + kWX@, where >WX@ is transferring energy and kWX@ is non-transferring energy of  SQE. 

So, temperature of a system such as a gas depends on >WX@ of SQEs in the system. When a 

system takes heat, in fact transferring speed of SQEs (that system is made up of) increases. 

Why does a system emit heat energy? A system such as gas is made up of molecules or 

atoms, and atoms are not at static state in a system. They are moving or oscillating around 

each other. Also, atoms contain charged particles, and they absorb or repel each other. They 

are working on each other continuously. So, every system emits heat energy, and intensity of 

radiation is depends on its temperature. 

 

Thermodynamic basic-level state of a system and SQE 

Every system emits heat energy; in fact a system works on itself continuously that is 

positive work on the environment. Let's name it the "Inherent power of system". So, every 

system has an inherent power that is greater than zero P > 0. If a system loses its inherent 

power, it is at basic-level state of thermodynamics. In other words, a system would be at 

inherent power, if its inherent power was zero P = 0 (figure 35).  

 

 

 

Fig 35; Velocity and temperature of systems 

 

 When a system is at basic-level energy, its charged particles are not able to work on each 

other, so the system does not emit heat energy. When a system is at basic-level energy, then 

its temperature is absolute zero. Suppose a system is at basic-level energy, it contains n SQEs 

that are moving with velocity v1=0 in system. We give heat to it, in fact k SQEs with speed c 

enter the system, and particles of system absorb them. In a real environment the inherent 

power of a system cannot be zero, even in space, because there is cosmic background 

radiation in space. 

 

 

 



Physics: Being and Time 

Hossein Javadi 

 

62 

 

First law of sub quantum energy thermodynamics 

A system works on the environment with inherent powerP > 0. To stabilize or increase 

the internal energy of a system, we must give heat energy to system with power P′ ≥ p. 

 

The second law of sub quantum thermodynamics  

There is no actual physical process by which we can make the inherent power of a system 

P one-way. 

Consider that in an actual physical process the inherent power is not constant. Because 

there is incoming and outgoing heat energy for an actual system. 

 

Third law of sub quantum thermodynamics  

An actual physical system never approaches the basic-level energy. 

There is no physical process to take a system to the thermodynamic basic-level state.  

 

Entropy and sub quantum energy 

Entropy (∆k) of a system is equal to its inherent power (P), ∆k = P, so entropy of a system 

approaches zero only at basic-level thermodynamics.  

 

Time in physical being 

 It’s quite clear that Isaac Newton founded classical mechanics on the view that space is 

something distinct from body and time is something that passes uniformly regardless of 

whatever happens in the world. For this reason he spoke of absolute space and absolute time, 

so as to distinguish these entities from the various ways by which we measure them which he 

called relative spaces and relative times. On the other hand, Einstein's Special Theory of 

Relativity predicted that time does not flow at a fixed rate: moving clocks appear to tick more 

slowly relative to their stationary counterparts. 

But this effect becomes really significant only at very high velocities which approach 

the speed of light. Einstein generalized Special Theory of Relativity to include gravitation. 

In general relativity, space-time is curved by matter and not only distances stretch or shrink 

(depending on their direction with respect to the gravitational field) but also the flow of time 

appears to dilate. So, running clocks (proven by experiment) show the following results: 

1- In inertial frame when velocity increases, clock runs more slowly (Special relativity). 

2- In gravitational field a clock runs more slowly as gravity increases (General 

relativity). 

Quantum mechanics does not neglect the time either. In standard model, photon does not 

experience time. Some new theories suggest that time does not exist at the quantum level. 

The study of the quantum universe shows us that time does not exist. It shows us that time is 
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a function of relativity only and exists relative to some arbitrary point of reference
1
. 

Whatever else may be said about time, one thing is certain. It defies definition. The best we 

can say is that we all know what time is, intuitively. The Seventh Edition of Webster's 

Collegiate Dictionary tells us that time is "the measured or measurable period during which 

an action, process, or condition exists or continues." Of course, what the lexicographer has 

done here is to tell us that time is defined by its measurement and that measurement is of a 

period during which something occurs. He has not told us what time really is
2
. In fact it is the 

definition of a clock. What is the nature of physical time, really? 

 

The nature of physical time 

The nature of time in physics is that when does time appear? Which physical existence 

does not experience time? Photon experiences time, because in Compton's effect and in 

gravitational blueshift (and redshift) photon's energy changes so it experiences time. Virtual 

photon decays to color-charges and magnetic color, and also is made up of them, so virtual 

photon experiences time too.  

But graviton does not decay to other particles and moves with the constant amount  V; >
%, its energy remains constant (graviton principle), so, no time passes for graviton (the unit 

existence in universe). In other words, everything in universe (and even the universe itself) is 

made up of units that have not experienced passing of time. This conception is very important 

to understand the nature of time. What is time, really? 

For finding the answer of the above question, at first we should answer this question: what 

is a clock? The answer of the last question returns to this fact that everything is made up of 

energy, and converts to energy, too (� = .%�). Energy is formed of gravitons and no time 

passes for graviton. But everything behaves as a clock. In fact everything is a clock. A 

photon, an electron, an atom, earth, galaxy and even the visible universe, each one is a clock. 

Everything has a starting point in space with its lifetime. So, in general form everything is a 

space-time.  

Our experiences about time come from clocks. There is no time without a clock.  Newton 

thought there is a clock that shows absolute time in universe, and time is something that 

passes uniformly regardless of whatever happens in the world. Einstein showed running of 

clocks depends on velocity and intensity of gravity. From the viewpoint of an observer 

outside the black hole, time stops, but what stops, is a clock running. A man is a clock, and 

this makes us get an image of time different from a clock. No one is able to think about time 

without imagining a clock. Time without clock is never imaginable. Time is a name for a 

clock running the same as motion for an object's movement. We are able to resolve many 

historical problems of time by this conception about time and clock.  

 

Time Function 

The properties of graviton enable us to explain that how a clock is running and how it 

slows. Properties of graviton; V� = v� + s� = constant and  EG = TG + SG = constant  

show that transferring movement of graviton converts to non-transferring movement and vice 

                                                 
1
 - Quantum Theory Proves That Time Does Not Exist, WokenMind, 2013, [Online] available; 

http://wokenmind.com/quantum-theory-proves-that-time-does-not-exist/17/03/2013/ 
2
 - On the Nature of Time, [Online] available; http://users.wfu.edu/brehme/time.htm 
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versa. So, time function depends on (v, s) or (T, S). Everything is a clock and its time 

function is defined by t=t(s, v). When a clock is forming, its running depends on the 

conditions of perimeter. When a force acts on it, s and v do change. An inertial observer is 

able to explain running clock in inertial frame and gravitational frame by function t=t(s, v). 

There is a simple analysis about time dilation that is based on time function and work-energy 

theorem. This analysis allows every inertial observer resolves time dilation's problems so 

easily. 

 

Time function and work-energy theorem 

According to the graviton principle the transferring movement of graviton depends on 

intensity of external forces that apply on it. Usually an observer compares running of a clock 

with another clock or with its last situation. Suppose an inertial observer is seeing a clock at 

situation A, a force acts on it and clock goes to situation B, suppose the work of force is W, 

then; 

1- W > 0, clock runs slowly at situation B relative to A. 

2- W < 0, clock runs faster at situation B relative to A. 

3- W = 0, clock runs at situation B the same as A. 

  

Proof; 

In inertial frame according to work-energy theorem� = �� − ��, if W > 0 , then 

�� > �� and v� > v�. So, clock works more slowly than before. When W < 0, then �� < ��  

and v� < v�. For W = 0, v� = v� (See time dilation in special relativity).  

In the gravitational field W > 0, gravity force and displacement have the same direction.  

Clock goes from high h1 to h2, so h1 > h2, and clock runs slowly at h2, relative to h1. 

W < 0, so h1 < h2, clock goes upward and it runs faster at h1 relative to h2. W = 0, h1 = h2,, 

clock runs the same at h1 and h2. (See time dilation in general relativity).  

According to graviton principle, when graviton enters a clock, clock runs more slowly 

than before. If graviton leaves a clock, it runs faster than before (From the viewpoint of an 

observer outside the gravational field).  

From work-energy theorem and time function, it is concluded that any system which does 

negative work on itself, will not experience the passing of time. This is thermodynamic 

(arrow of) time. In other words, any system with entropy is a clock. The more the entropy of 

a system is, the faster its life-span will finish. Therefore we can define a coefficient of 

entropy-lifespan without dimension as follows: 

 

∆k − a = .
� 

 

In the above formula, m is the mass which the system loses as a result of entropy and M is 

the mass of the system. So the more a star’s radiation relative to its mass is (bigger than 

coefficient of entropy-time), the faster it will decay. 
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The entropy of fermions in the obvious world is zero, so in normal conditions they have 

infinite life-span. Photons’ life-time in the space is also infinite, because their entropy in the 

space is zero. However while they are escaping from a gravitational field, their life-span will 

decrease due to the gravitational redshift. A photon will lose all its energy while escaping 

from a black hole and its life-span will end. Virtual photons as long as they do not interact 

with other particles, they also have infinite life-time. Due to this reason, electric fields are 

constant, whereas gravitons with constant speed and energy will never experience passing of 

time. 

On the other hand, the entropy of a system is, spreading of information. A star radiates due 

to its inherent power which leads us to notice its existence and physical features. The 

information related to a star is able to be revealed through the photons which it emits. As for 

an electron, we can reveal and understand both its existence and properties when either we 

directly observe it by a real photon or we can reveal it through a virtual photon which is 

emitted by an electron. These revelations are related to the obvious world, but the information 

related to the existence and properties of fundamental particles are also spread by gravitons 

with a speed faster than light speed V; , V;h , V;g > %  , that is not observable to us. Therefore 

quantum entanglement is explainable in a non-obvious space. 

An important conclusion from this discussion will be as follows: 

In an obvious world, physical time does not exist independent of matter (energy). 

Whenever “time” is involved, one clock is associated, because the man has also a physical 

existence and consequently he is a clock, too. On the other hand a physical existence (able to 

being obvious) is made in its own space, and the moment it is created, its time starts. 

Therefore, man is a clock, too and when we talk about the nature of time, apart from 

comparing the rhythm of clocks’ movement, nothing else is explainable in physics. 

 

Conclusion  

At the beginning of the 20th century, Newton’s second law was corrected considering the 

limit of speed c and the relativistic mass. At that time there has not been a clear 

understanding of the subatomic particles and basically there was little research in high energy 

physics . 

The approach of relativity toward the physical events is hyper structural and explains the 

observations of the observer while there is little consideration to the intrinsic entity of the 

events. It has been attempted to show the necessity of reviewing relativistic Newton’s second 

law. Today Physics faces numerous problems and questions that without considering the 

internal structure of the particles would remain unanswered. The classical definition of 

energy that defines energy as the ability to do work, could not explain the interaction among 

the particles in high energies. The true understanding of physical entity of energy and the 

structure of photon enables us to understand the structure of matter  . 

Due to needing new approaches in solving physics problems, I have used the relativity to 

explain sub-quantum particles in the new sub-quantum space and through this viewpoint have 

analyzed and described the physical events by intervening classical mechanics. The 

limitations of Newton’s second law and gravity have been surveyed and the transformation of 

a black hole to the absolute black hole has been explained. I have described the singularity in 

the explosion state of an absolute black hole with regard to Newton’s second law.  
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Today, there is no way to explain the process that describes how particles produce 

exchange particles in modern physics. According to the results of  reconsidering relativistic 

Newton's second law, we can definitely say that the best way for unifying the interactions is 

generalizing interaction between charged particles to photon structure and vice versa. This 

new view on photon means that we can redefine the graviton and electromagnetic energy. 

Electromagnetic energy converts to matter and anti-matter such as charged particles. Charged 

particles use gravitons and generate electromagnetic field. This way of looking at the problem 

shows how two same charged particles repel each other in far distance and absorb each other 

at a very small distance . 

There are many ambiguities in modern physics that standard model is not able to answer. 

For solving these ambiguities we need to change our approach to fundamental particles. One 

of the greatest scientific achievements in the history is � = .%�. Is it logical to accept that an 

unstructured photon with zero rest mass is convertible to two fermions with non-zero mass 

and different charges? 

Attention to photon structure and using new definitions for graviton, charged and 

exchange particles, will change our perspective to modern physics. It also provides us with a 

new tool to be able to overcome physics problems in a better way. This approach will show 

us how particles are formed and when physical symmetries are broken spontaneously. 

With a detailed look at the sub-quantum space, we can investigate better the interaction 

between quarks in a very small space of proton. Using such approach to generate matter-anti 

matter, we can explain that how Bosons are generated from fermions and then we can provide 

a mechanism for the unification of forces. 

We can use the sub-quantum space to describe the nature of time in order to understand better 

the nature of space-time, and review of thermodynamics laws and entropy. As long as we do 

not review relativistic Newton's second law, physics does not stand on its actual position. 
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