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Abstract    We deduce that the speed of light is constant in all inertial frames of reference 
because both time and space are discretized.  To provide a theoretical basis for this discreteness, 
we postulate our space to be an ocean of the “Gamma elements” having extremely small size and 
energy (or mass) density.  The relativistic relationship between time and space with respect to 
the constant speed of light is then determined by the process of light propagation in this medium.   

The theory finds light energy propagating as “elemental waves” with the phase velocity, c.  
Here a photon is no longer a particle traveling with the velocity, c, but a Gamma element 
transforming into a Planck element, an energized state carrying an angular momentum, h, with a 
frequency, v, substantially behaving like a particle with the energy, Eph = hν, traveling with the 
velocity, c.  The lifetime of each Planck element is on the order of the elemental time, tp.  A 
possible mechanism for this transformation is proposed by the use of the quantum field process 
involving a vector boson transforming between a massive state (Planck element) and a massless, 
charged state (Gamma element.)  We note that the vacuum state in the quantum field theory is 
approximately equivalent to the Gamma element state.   

A visualized space-time and photon models are presented and the Compton experiment and the 
double slit experiment are re-validated by the theory.  In particular, the Compton scattering 
suggests a case that may help to verify the theory by an experimental measurement.  
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1  INTRODUCTION 
According to the quantum field theory of the Standard Model, photons are the quanta of an 

electromagnetic field [1-3] with energy E = hv.  (h is the Planck constant, v is frequency.) They 
are also massless gauge bosons with spin one.  While mathematically expressed, this picture is 
hardly visualized.  Still to explain is how a particle can vary its internal energy, hv, as a function 
of v while the velocity is kept constant at c.  Does a photon have a hidden structure?  It is 
desirable to elucidate the hidden structure, if any, of a photon to better explain how light works: 
how light is a wave and a particle at the same time or when it is a wave and when a particle, and 
how it changes the energy.   

We are clearly having difficulties with combining the quantum mechanics and special 
relativity since our conclusions are often contradictory.  For example, photons possess 
momentum and energy but are massless hence nothing (zero rest mass) acquires a kinetic energy 
when moving at the speed of light.  The space is a field with a vacuum state but without a 
medium, light waves propagate without a medium, and the electromagnetic and the gravity fields 
occur without a medium.  Some fundamental issues that are related to these difficulties perhaps 
include the following. 
First Issue: 

That the speed of light is constant regardless of the frame of reference has been experimentally 
proven [4], which is a bedrock principle of the special relativity [5].  It is a cause, not a result, of 
the Lorentz transformation hence of the Maxwell’s equation for the electromagnetic field.  But 
we have no understanding why the speed of light should be constant regardless of the frames of 
reference.  How is it possible that the speed of light be constant regardless of the frames of 
reference? 
Second Issue: 

At present we assume the space is empty, a “vacuum,” so that the photons can travel through it 
with the speed of light.  But light retains the wave characteristics which require a medium.  
Feynman [6] explains the situation as following: the electromagnetic field can carry waves; 
some of these waves are light, but that at higher frequencies they behave much like particles, and 
that quantum mechanics unifies the idea of the field and its waves, and the particles all into one.  
Wilczek [7] expands this and includes a vision of the primary ingredient, the “grid,” that fills our 
space and time, is alive with quantum activity albeit spontaneous and unpredictable, contains 
material components, gives space-time rigidity, causes gravity, and weighs.  Both descriptions 
are close to a revival of aether, but the luminiferous aether hypothesis has been put to 
hibernation by the special theory of relativity which does not require such things.  Conjectures 
for the existence of the aether has persisted throughout the physics history [8] and our 
characterization of space is far from complete as testified by these historical developments.   
Third Issue: 

We quantize light and quantize everything, but the space-time continuum is considered given 
[9].  To the author’s knowledge, we have never questioned the continuity of space and time itself 
even while the quantum theory is being developed.  What is the basis for assuming our time and 
space (or distance) are continuous quantities with limitless resolution?  
2  THE DEFINITION OF TIME AND DISTANCE 
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Newton’s laws for the gravity and optics were built on an absolute space and time which does 
not require an observer’s participation.  The theory of relativity, however, was derived by 
requiring that a phenomenon obey the same law of physics regardless of any reference frames.  
In his thought experiments, Einstein relied on an observer for a clock and an observer in an 
accelerating elevator that led to new definitions on simultaneity and gravity, respectively.  We 
find that how an observer sees drives the laws of the physics, so the use of an observer can be a 
powerful tool for discovering a physics principle.   

In this vein, we ask what the space and time is to an observer which is us or more generally all 
life.  We now critically examine the notion that the time and distance are continuous and that we 
have an innate ability to detect them on a continuous basis.  It is then reasoned below that the 
discrete nature and the very definitions of time and distance to an observer may be the reasons 
for the constancy of speed of light. 

We first examine how we hear and see, i.e., perceive the frequency (tones) of sound and the 
frequency (color) of light, albeit within a limited range.  In both cases, the simplest way of 
achieving this is to count the number of waves (or wavelengths) of reference sound and 
reference electromagnetic waves, respectively.  The same may be true with time and distance.  
We can measure the distance and the time by counting the number of waves taken for a 
reference light to travel between any two points.  We can now postulate that our internal bio-
clock functions in this simple way and indeed we function and age based upon such bio-clocks.  
It is unthinkable that we have any way of perceiving time and distance on a continuous basis 
without limit to the resolution. 

Our next task then is to find the reference light.  While any electromagnetic waves can be our 
reference light for the purpose of measuring the time and distance, we must find the most 
fundamental one, if any, to provide a measure for the smallest time and length scale.  (We ignore 
the Planck scales for the moment for the reasons to be apparent below.)  Among all observed 
electromagnetic wave spectrums, the gamma-rays possess the highest energy levels hence the 
highest frequencies and the shortest wavelengths.  Although there is no known limit to the 
energy levels for the gamma-rays [10], the observation so far may suggest otherwise, because to 
this date we have not observed any gamma ray energy higher than approx. 10 TeV [11].  
Accordingly we postulate that we are reaching, if already we have not, a cutoff energy level, so 
we know approximately (or within several orders of magnitude) the shortest wavelength our 
nature provides, and that there are fundamental elements associated with it.  We will call them 
Gamma elements which must then be the media for the propagation of electromagnetic waves. 
3  ELEMENTAL SPACE-TIME 

Our space is postulated to be an ocean filled with “Gamma elements” having extremely small 
mass, energy, and dimensions.  It is a conjecture at this time, only to be justified if such a 
postulate helps explain the difficult problems of our physics with no contradiction to any of the 
observed phenomena.  Light propagates through the Gamma elements by energizing them with a 
process involving spins and relativistic boost of internal energy.  (A plausible process is 
discussed in Section 4.2.)  The Light propagation through Gamma elements defines the relative 
space and time.  The Gamma elements are a form of matter, but we have never directly observed 
their existence because their density is extremely low, having no kinetic energy, no spin unless 
energized.   

Much about the Gamma elements must be learned by future research, including their 
relationship with observable matters and their roles for the quantum and gravitational fields.  
Some of them are discussed in the following.  Here it suffices to assume that each Gamma 
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element occupies a cubicle of space with a linear dimension lp and a volume lp3.  In this sense, it 
is similar to Wilczek’s grid.  Then the distance between two neighboring Gamma elements is 
also lp.  Furthermore, the time required for light energy to propagate from one Gamma element 
to the next is the elemental time interval, which we will denote tp.  Thus tp and lp are the 
elemental units of time and length, respectively, and lp/tp ≡  c defines the speed of light 
propagation.   

In this respect, the Gamma element space differs from the absolute aether space although both 
share a requirement that they are the media of “light wave” propagation.  There are also many 
historical conjectures that support the presence of aether for various reasons.  A summary list 
may be found in [8].  Never before, however, to the author’s knowledge it was suggested to 
explain the constancy of the speed of light. 

In the following we will show the two conditions of special relativity, the principle of relativity 
and constancy of the speed of light, are both captured by the assumption that our space-time is 
discretized and that lp/tp ≡ c by definition in all inertial frames.  We will call the latter the 
principle of elemental space-time (EST), or simply the EST condition.  This asserts that the 
elemental length and time are the smallest units of length and time, respectively, and that we, the 
observers, merely count the number of lp and tp to perceive the distance and time, respectively.  
The magnitudes of lp and tp may change by the relativistic effect but their counts don’t, hence the 
constancy of the speed of light.  (This will be formulated in Section 3.2.) 

To explore this further, let us build a bridge between the continuum physics and the elemental 
space-time.  Now let ns be the number of the Gamma elements energized per “second” by light, 
i.e., 1 second = nstp.  The distance traveled by light in one second is then nslp. The speed of the 
light propagation then is calculated to be  

p
p

ps
ps

t
l = tn

lnc  , (1) 
which is constant in all inertial frames.  

When a Gamma element is loaded with light energy, we shall call it the Planck element.  The 
lifetime of a Planck element is  ≈ tp.  The following analysis which we will call “discretizing”  
transforms an equation having the measurement units meter (m), kilogram (kg), and second (s) 
to one having the elemental units lp, Mp, and tp according to the principle of the elemental space-
time. (Mp will be defined later.)  First we explicitly write an equation to include the customary 
units, converts the customary units to the elemental units, and then apply the EST condition.  It 
is not a mere dimensional analysis but an exact analysis.   

Let c (m/s) = co m/s where c0 is dimensionless number.  We then have one light-second length 
= c0 m = ns lp.  We will also frequently use 1 m =   nm lp where nm = ns/c0. Let h = h0 kg m2 s-2 s and ν = ν0 s-1 where h is the Planck constant, ν the frequency, and h0 and 
ν0 are dimensionless numbers. The energy of a “photon” (denoted by the subscripts ph) with the 
frequency ν is [12] 

 hph E  (2) 
= hoν0 kg m2 s-2 

= hoν0 kg (nmlp)2(nstp)-2 
= hoν0 kg (nm/ns)2 (lp/tp)2. 

But nm/ns = 1/c0,  lp/tp = c, thus E ph = (hoν0/c02) kg c2. 
One recognizes that h0ν0/c02 kg is a mass, hence let Mph ≡ h0ν0/c02 kg = hν/c2, then  
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 .2cMh phph  E  (3) 
This derivation at once shows (1) the wave-matter equivalence and (2) the energy-mass 

conversion.  How did we get this equation so easily?  This shows the power of the EST principle, 
lp/tp=c which simplifies the mechanics of special relativity.  (In this paper, we shall denote mass 
to be M to distinguish it from the length unit meter denoted by m.  This is necessary since we are 
including physical units in our discretized equations.)  Thus from the Planck relation and the 
elemental space-time model, we have derived the mass of the photon to be Mph = hν/c2.  This 
contradicts our standard treatment that the photons travel with velocity c, are massless, and their 
energy is all kinetic.  The above result indicates that a photon’s mass is not a zero.  Such a 
prediction was made previously by De Broglie [13] and we will back it up again in the following 
sections by a re-interpretation of the relativistic energy-momentum relation.   
3.1  Estimate of Elemental Properties 

For brevity, here we shall drop the subscripts “ph” from the designation of photon energy and 
photon mass, respectively.  The Planck-Einstein relation E = hν states that the energy of light is 
discretized.   We can rewrite Eq. (3) as  

 .)()( 2cMh  E  (4) 
This explicitly states that the energy of a photon is a function of frequency and its mass then is 

also a function of frequency.  Since ν0 is a positive integer, one recognizes that the elemental 
energy, Ep, is obtained when this is the smallest, i.e., when the frequency is one per second, 

 ,)1( s
h

p EE  (5) 
This states that the energy of light may be converted to mass, a function of frequency ν with an 
elemental value when ν =1: 

 sc
hMM p 2)1(  . (6) 

Mp is the mass of a Gamma element when loaded with the light energy.  For distinction, we 
shall call an energized Gamma element to be the Planck element.  Mp may be considered to be 
the rest mass of a Planck element having a lifetime of tp.  Its value may be calculated from the 
above,  

kg 1037.7 51pM . 
We can also write for the energy of a Planck element, 
 2cM pp E . (7) 
Thus according to the present model, a photon is a Gamma element located at a point beating 

ν0 times per second, i.e., Planck elements each with lifetime tp appearing ν0 time per second.  
Mathematically, however, a photon may be visualized as a ν0 number of Planck elements 
arriving to a point in series with the velocity, c, or even single particle with energy hν arriving 
with the velocity, c.  A difficulty with the idea of a photon being a single particle with energy, hν, 
and traveling with the velocity, c, is that, by the energy-mass equivalence expressed in the above 
equation, the mass of photon changes every time ν changes.  An elementary particle like photon 
must not change the mass, hence we must declare the mass of a photon is zero.  Indeed, the 
definition of photons as massless particles always traveling with the velocity c and having 
momentum and energy with spin one, underlies the description of all elementary particles in our 
Standard Model. 
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Whereas the mass of the Planck element is deduced from the Planck constant, we don’t find an 
experiment from which to deduce the values lp and tp.  We note, however, lp must be a true lower 
bound, cutoff wavelength of electromagnetic waves.  We are now led to assuming such lower 
bound cutoff wavelength (or the upper bound cutoff frequency) exists and that it may be 
deduced from known measurements.  We find the smallest electromagnetic wavelength that has 
been experimentally observed or projected comes from the ultrahigh energy gamma rays [14-16] 
in the range, 

λγ-ray ≈ 1 x 10-19 m ‒ 1 x 10-25 m. 
We then deduce 

lp = 1 x 10-19 m ‒ 1 x 10-25 m 
hence 

tp = lp/c = 3.34 x 10-28  ‒ 3.34 x 10-34  s. 
(We exclude the cosmic rays as they are not the electromagnetic waves [17, 18].)  We note that 

these elemental units, lp, Mp, and tp, have origins and values unrelated to the conventional Planck 
units [19] although their dimensional relationships are the same [20]. 
3.2. Compatibility with the Lorentz Transformation 

By using the EST principle, lp/tp =c, we can easily derive the discretized Lorentz 
transformation as the same can be readily derived from the conditions of special relativity, i.e., 
the principle of relativity and c=constant in all inertial frames [21].  In the following, we only 
show what form the Lorentz transformation must take once discretized by the EST.  Let the first 
inertial frame S’ move relative to another inertial frame S with the velocity, v, in the x-direction.  
The coordinates, x, y, and z, are interchangeable with xi, i = 1, 2, 3, respectively.  S then moves 
with the velocity -υ in the x-direction relative to S’.  A particle P is described by the observer in 
S’ as P(ct’, x’, y’, z’) and by the observer in S as P(ct, x, y, z),   

 ),,,(),,,( 3213210 xxxctxxxxx   (8) 
and  

 ),,,(),,,( 3'2'1''3'2'1'0'' xxxctxxxxx  . (9) 
The Lorentz transformation describes the relationship between these two coordinates as 

following [1,2, 21]: 
  xx ' , (10) 

where  

 


















1000
0100
00
00




, (11) 

β=v/c, and 211   . 
The inverse relationship is 
  '1 xx  , (12) 

where 
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To discretize the above, let us first recognize that the Gamma elements must fill space in an 
isotropic and homogeneous manner.  We assume the elemental length lp to be independent of 
directions, for from lp/tp = c we get lp to be proportional to tp, an elemental time that we assume 
to be independent of directions.  Hence we can discretize the space-time coordinates: x = nx lp, y 
= ny lp, z = nz lp, ct = cnt tp = nt lp,  x’ = nx’ lp’, y’ = ny’ lp’, z’ = nz’ lp’, and ct’ = cnt’ tp’ = nt’ lp’ 
where nx, ny, nz, nt, etc. are dimensionless integers, or  

  nlxnlx pp       ,'''  (14) 
By discretizing and rearranging Eqs. (10) and (12), we get  
           , ''1''  nlnlnlnl pppp

  (15) 
or 

       '1'''      , nlnlnlnl pppp
  (16) 

For the velocity of light, c, to be constant in all inertial frames, we must have n’x = nx and this 
is possible only if 

   '1'      , nnnn  . (17) 
We then have 
 ''      , pppp llll    (18) 

and by dividing both sides by c,  
 ''      , pppp tttt   . (19) 
According to the EST, the above results, Eq. (17)-(19) can be interpreted as following.  A 

Lorentz transformation between two elemental space-time frames consists of the γ-boost of the 
size of the Gamma element in an isotropic and homogeneous manner and the unboosted Lorentz 
transformation of the number of Gamma elements.  

The invariant, spherical wave-front relationship [1, 5], 
 222222'2'2'2'2'' or  zyxtczyxtcxxxx   , (20) 

reduces to a discretized form, 
 .or  22222'2'2'2'''

zyxtzyxt zynnzynnnnnn    (21)
4  ELEMENTAL SPACE-TIME MODEL FOR LIGHT 

Light manifests both the wave and particle characteristics, e.g., interference and diffraction vs. 
photoelectrons and Compton scattering.  So long as the empty space is literally empty, however, 
these two characteristics are difficult to harmonize, for waves require a medium for propagation 
and particles require a free space to travel.  The quantum mechanics does this, in Feynman’s 
words, by unifying the field, its waves, and particles all into one.  The keys to this unification 
include the uncertainty principle and the massless particles.  In this section, we shall present a 
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light model in the Gamma-Planck element space-time to show it is naturally consistent with the 
wave-particle characteristics of light and may be easily visualized.   
4.1  Energy Momentum Relation for Light 

In this section, we extract some of the prerequisite from an author’s previous paper [22].  We 
can write the relativistic energy–momentum relation in terms of the total energy, E, and 
momentum, P, of a particle,  

 42222 cMcPE   (22) 
where c is the speed of light and M the mass of the particle [23-25].  

If we define 2McE , the internal energy (many authors call this the rest energy) and 
MP  to be the non-relativistic momentum, we can then call E  2McE  to be the 

relativistic total energy and P  MP  to be the relativistic momentum where 2
211 c

   
is the Lorentz factor, v is the velocity of the particle.  

The energy-momentum relation, Eq. (22), may then be rewritten,  
 42

2
222 1 cMc PE , (23) 

in terms of the internal energy, non-relativistic momentum, and mass. We note that the equations 
(22) and (23) are of the same form except the mass M is replaced with M/γ, a relativistic mass or 
the mass normalized by the Lorentz factor, with 0 ≤ 1/γ ≤ 1.  The 1/γ appears as a 
normalization factor; for instance each of the electron’s orbits in an atom has a particular angular 
velocity and radius hence a characteristic γ and 1/γ values.  It, therefore, provides us with crucial 
information for the behavior of the particle.  For any particle moving at the speed of light, Eq. 
(22) blows up but Eq. (23) behaves well and states that the kinetic energy dominates and the 
effect of mass goes to zero.  This is the case for photons; the mass of a photon needs not be zero.  

According to De Broglie [26], all matters have wave characteristics and their wavelength and 
frequency are, respectively, 

 
.
and ,

h
cP
P
h

M

M







 (24) 

We then have 
 22222 )Mc(hE M   . (25) 
The above λM and νM represent relativistic matter waves and must not be confused with λ and ν 

of the electromagnetic waves.  We can use the latter to rewrite the above equation, 
 222222 )(MchE    (26) 

where γ is due to the group velocity, υ.  The presence of the γ on the right hand side makes it 
consistent with the left hand side which is γ-boosted (E=γMc2).  

Furthermore we can rewrite the above equation as 
 

 222222 1 )Mc(h)Mc(   , (27) 
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and when the particle velocity is the speed of light,  v = c, we get 
 hMc  2E . (28) 
This recovers Eq. (4), the energy equation for photons. 
The above leads us to the mass of a photon,  
 2c

hM  . (29) 
In the limit when ν=1/s, we get 
 sc

hM p 2 , (30) 
in agreement with Eq. (6).   

In the standard interpretation of the photon, which derives from Einstein assumptions for 
photons,  

 
hP   (31) 

and 
 PcE  . (32) 

Eq. (22) then tells us 
 0M  (33) 

and 
 hE  . (34) 
It states that a kinetic energy is created from the zero rest mass M, i.e., something is created 

from nothing by moving the nothing at the speed of light.  It is clear this awkward situation 
arises when a photon is assumed to be a particle traveling with the speed of light.  Once it is 
understood per the EST that a photon is not a traveling particle, we can then easily accept that its 
rest mass is given by Eq. (29), and Eq. (34) should be replaced with Eq. (28). 

To enable this, we must redefine photons, light waves, and the uncertainty principle for the 
light.  From Eqs. (2) - (7), one sees that the energy of a photon is a function of the frequency ν 
and that a photon with the energy E = hν is a single Gamma element vibrating or spinning with a 
frequency, ν, equivalent effectively to the ν0 number of the Planck elements in series each 
carrying an energy E p = h s-1.  The corresponding mass of the Planck element is Mp = E p/c2 = 
hs-1c-2, and the mass of the photon is then M = hν/c2.  It is natural for a stationary particle to have 
the internal energy and the corresponding mass.  It is to be noted that a stationary particle with 
the internal energy is effectively the same as a hypothetical zero mass particle traveling with the 
speed of light having the same amount of kinetic energy, as in our standard treatment of photons.  
The present model, however, gives us a clearer picture of the internal workings of the photons. 
We will discuss this in more detail in the following sections.  We will apply this photon model to 
the Compton scattering (see Section 5.1) to visualize the interaction between an x-ray and an 
electron. 

De Broglie [26] first deduced Eqs. (24) by relating the mechanics for matters with optics but 
the same equations seem to have never been harmonized with photons.  Despite the 
incorrectness of the photon being interpreted as a single particle traveling at the speed of light, 
an elemental wave propagating with the speed of light - the EST interpretation of light - is 
indistinguishable from a hypothetical photon particle traveling with the speed of light in most 
cases.  In fact, mathematically one may treat any waves propagating with some phase velocity as 
particles with zero mass but with non-zero kinetic energy traveling with the phase velocity.  
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4.2  Application of the Quantum Field Theory to Photons in the Gamma Element Space  
Following the treatise in [1], we can define a four vector potential, 
    3210 ,,,, AAAAAVA   , (35) 

where V is a scalar potential, A  is a vector potential, and   
 ),( JcJ   , (36) 

where ρ is the charge density, J  is the current density.  The Lagrangian density for the Maxwell 
field may be written 

  AJcFF 1
16

1 L , (37) 
where Fμν is an electromagnetic field tensor,   

  AAF  . (38) 
We can then write the electromagnetic field equation or the Maxwell equation with a source 
current, Jν, 

 01
4
1   JcF . (39) 

In the free space then, 
 0 F . (40) 
With Lorentz gauge,  
 0  A , (41) 

the above becomes wave equations, 
 0  A . (42) 
The wave nature of a free photon is then given by the solutions of the above in the form the 

vector potential wave, 
 )()( sxikaexA   , (43) 

where a is a normalization factor or the amplitude of the vector potential wave, )(s is the 
polarization vector with s = 1, 2 for the two spin states, xk   ≡ kμxμ where kμ = pμ/ħ, pμ = (E/c, 
p), with a constraint pμ pμ =0, or cE p  and p0 = E/c.  The bold face indicates a three vector. kμ 
is the four wave number, pμ is the four momentum.  By the Lorentz condition, Eq. (41), we have 

 0p , (44) 
and in the Coulomb gauge 

 0     ,00  pε , (45) 
we may select two independent polarization vectors 

 )0 ,1 ,0(     ),0 ,0 ,1( )2()1(   , (46) 
By defining an integer variable n = (n0, n1, n2, n3), we can discretize Eq. (43)  
 )()( snkil paexA    ; (s = 1, 2) (47) 

or 
 )(')( snikeanA   ; (s = 1, 2) (48) 
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where plaea ' is the amplitude of the elemental vector potential wave.  This equation expresses 
the discretized nature of the EST model of light with the dimensionless integer four-vector 
space-time variable, n, replacing the continuous four vector space-time variable, x.   In Fig. 1, the 
above four-vector potential wave propagating in the medium of Gamma elements is depicted in 
Aν (ν=1, 2) and n3 space.  In a companion paper [27], the author showed by an alternate 
formulation of the quantum fields that the bosons transform between a massive and massless 
states when A0 = constant and Ai = 0 for i = 1. 2. 3.  This is the Coulomb gauge condition except 
A0 = a non-zero constant is selected instead of zero, which is also admissible for gauge 
invariance.  This suggests a mechanism for the Planck element being created by the 
electromagnetic waves transforming the “massless” state of the Gamma element, a scalar boson, 
into the massive state, i.e., the Planck element, at each node during the propagation.  These 
Planck elements are also shown in Fig. 1.   

 FIG. 1 Gamma Elements are the Medium for the Electromagnetic Waves (or the Vector 
Potential Waves in the above); it is suggested that a Planck Element is “Created” at Each Node. 
In applying the quantum field theory to the Gamma element space of the present theory, we 

note that the vacuum state in the quantum field theory is approximately equivalent to the Gamma 
element state, hence the massless state and massive state of a photon are equivalent to the 
Gamma element and Planck element, respectively.  We also note that the vector potential waves 
or corresponding electromagnetic waves by themselves are not observable entities.  Only by 
manifestation of the Planck elements the light rays become observable (or measurable.)   
4.3  Modeling of Photons 

The photoelectric effect and Compton scattering are explained by assuming light to be a single 
particle with energy hv, i.e., a photon.  But from the EST we deduced a photon is a single 
Gamma element vibrating or spinning with a frequency, ν, or equivalently Planck elements 
arriving with the same frequency.  Can the photoelectric effect and Compton scattering be 
explained by such pictures of a photon instead of being a single particle with energy hv?  To 
answer this, consider a few thought experiments.   

Let us first imagine a pair of billiard balls, A and B, of the same size and mass. Ball A travels a 
distance, L, with a momentum PA=P before colliding with the stationary ball, B.  Assuming an 
elastic collision, 100% of the momentum of A is transferred to B by the collision; we then have 
PB=P and PA=0 after the collision.   

We now extend this experiment by replacing the ball A by an N number of identical balls A1-AN aligned in series and each is (1/N)L distance apart from its neighbor.  We push the first ball 
to impart the momentum, P, initiating a sequence of the first ball striking the second, the second 

: PLANCK ELEMENT 

n3
Direction  of 
Propagation

A1, A2
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striking the third, etc., and finally the Nth ball, AN, striking the ball B which now takes the full 
momentum PB=P.  For an observer who is with ball B, the ball AN is indistinguishable from the 
ball A of the previous experiment because the effects of the two cases to B are exactly the same: 
a ball of the same mass arriving at the same speed striking the ball B with the same momentum.  
To this observer, the ball A is as if it traveled all the way through the space before striking the 
ball B.    

We now further extend the above experiments.  Let us spring mount each of the N balls, A1- AN, so that each has a zero potential energy position to which it instantly returns after striking 
the ball ahead.  Now we can push the first ball, A1, repeatedly with a frequency ν so that the 
momentum P arrives to B for a total momentum, νP.  For an observer who is with ball B and 
who cannot see very far or very quickly, the only thing he perceives is the ball AN striking the 
ball B with a frequency ν.  Since he cannot distinguish the ball AN from the ball A, this is the 
same to him as the balls identical to A traveling through the distance, L, and striking the ball B 
with a frequency ν for a total momentum νP.  In short, this last thought experiments describes a 
wave propagation through the medium of billiard balls; yet the observer with the ball B may 
believe the ball A travels all the way along the distance, L, and this happens with a frequency, v. 

From the above analogy, light propagation may be visualized as following: light is energy 
propagating through the Gamma element space at a constant phase speed.  The light energy 
transmits from one Gamma element to the next, for instance by imparting spins.  We shall call 
the energized Gamma element to be the Planck element since the energy of the latter is constant 
and deduced from the Planck constant.  The energy of light is determined by the frequency of 
this occurrence.  For this model, a photon is no longer a single particle with the energy hν 
traveling with the velocity c, but a Gamma element energizing with a frequency, v, to become 
each time a Planck element with the energy Ep = h/s, and propagating with the phase velocity c, 
behaving effectively like a series of particles.   

So far we have used E = hν to be the energy of a photon, but for clarity here we shall again 
denote the energy of a single photon as Eph, i.e., Eph = hν.  With the above definition, we can 
write Eq. (5) as, 

 .)( sh pph  EE   (49) 
From the above and Eq. (6), we can also write 
 sMM pph  )(  (50) 

for the mass of a photon Mph. Since a light ray is a stream of the photons, each being a packet of ν0 number of Planck 
elements, we may generalize the above to obtain the energy of the light ray, or more generally 
the energy of electromagnetic waves, to be expressed as 

 snEnhn p ),(E  (51) 
and the mass of the same as 

 snM),n(M p   (52) 
where n, the measure of the intensity of light, is the average number of photons carried by the 
ray in a second.  

In this way we visualize a light ray to be the n number of photons, each photon being a Planck 
element stream with a frequency, ν, or a single Gamma element energizing with a frequency, ν,  
behaving like a particle, or a “light quantum” as first characterized by Einstein [12].     
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 FIG. 2 An Elemental Space-Time Model for Light 
 

From this and the elemental space-time model, we can finally construct a simple and 
straightforward light model that helps to visualize the wave and particle characteristics.  This is 
shown in Fig. 2.  For clarity, the accompanying vector potential waves shown in Fig. 1 are not 
included in Fig. 2.  

Here the elemental space-time is represented in non-dimensional units: nx = x/lp for space 
(horizontal axis) and nt = t/tp (= ct/lp) for time (vertical axis).  Only nx = 1 – 100 and nt = 0 – 25 
are shown to fit in this page.  We show light propagating in x-direction (horizontal axis) with the 
distance represented as nx = x/lp and time (vertical axis) represented as nt = t/tp (= ct/lp).  In this 
dimensionless nx - nt space, a Gamma element is represented as an empty square and a Planck 
element as a square filled with .   

Illustrated as an example is the space-time model for an ultrahigh energy Gamma-ray with the 
wavelength λ=24lp and the energy )24/( plnhcE , with n = 5 or 5x the intensity of a photon. 

This electromagnetic ray displays the frequency and wavelength that are characteristic of a 
wave.  Thus the model visualizes both the particle behavior and wave nature of light.  
Nevertheless, this wave is unlike the solid or fluid waves whose energy is related with their 
usual amplitudes [28, 29].  Rather, the energy of each light ray is related with their frequencies 
only.  The mass and energy of the Planck elements determine the particle behavior and their 
frequencies or wavelengths determine the wave behavior.  The present model of light may be 
called the “elemental waves,” to distinguish it from normal solid and fluid waves.  Complex rays 
may be manifested as a combination of simple rays.  The behavior of the elemental waves will 
be further discussed in Section 5. 
4.4.  A Model for the “Empty Space” 

According to the elemental space-time model, the “empty space” is an ocean of the Gamma 
elements.  In the language of the quantum field theories, the Gamma elements must be a spin 
zero massive boson.  When excited, they become Planck elements and must have spin one since  
they are the elements of photons.  If we freeze a volume of the space at any given time and 
represent it in two dimensions, it will look somewhat like Fig. 3.  Again for clarity, the 
accompanying vector potential waves shown in Fig. 1 are not included in Fig. 2. 
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 FIG. 3 An Elemental Space-Time Model for the “Empty Space” with Electromagnetic Waves in 
Random Directions (Represented in the nx - ny Plane.)  The Density of Planck Elements over the 
Gamma Elements is Exaggerated. 
 It represents the space by nx = x / lp and ny = y / lp coordinates, counting the number of the 
Gamma elements in the horizontal and the vertical directions, respectively.  Each lp x lp square 
represents one Gamma element and each Gamma element filled with a circle represents a Planck 
element (signifying that the latter is an energized former.)  The Planck elements represent the 
spatial distribution of light rays propagating in random directions, for in space electromagnetic 
rays are observed in every direction including the cosmic microwave background and from stars 
which are presumably infinite in numbers.  The density of the Planck elements shown in Fig. 3 is 
exaggerated to illustrate the space model with a small number of the Gamma elements, only 50 x 
50.   

In Fig. 3, the highest energy gamma rays are represented by the horizontal ray with the 
wavelength λ = lp (those with all the Gamma elements along the path energized to become the 
Planck elements.)  In general, light rays with energy E = nhν = nhc/λ can be represented by (n, 
λ).    

Hence represented in this figure randomly are the ultrahigh energy gamma rays (1, lp), (1, 2lp), (1, 4lp), (1, 5lp), (2, 4lp), and (5, 24lp), etc.  Light rays having higher wavelengths or more 
complex rays that may be constructed by the combination of simple rays may not be represented 
here both due to the size limitation and for clarity. 
5  THE DUAL NATURE OF LIGHT 

In this section, we will reinterpret the Compton scattering and the double slit interference from 
the viewpoint of the elemental space-time.  It will be shown that the dual nature of light is a 
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natural consequence of the elemental space-time and light model.  We follow the original 
calculation by Compton, rather than the more complete quantum electrodynamics (QED) 
calculation since the former is easier to visualize the photon structure.  The latter does not offer 
any visualization of the photon structure.  Here we ignore the spins, which is acceptable in the 
average sense.   
5.1  The Particle Behavior of Light – Compton Scattering 

For Compton scattering, both the QED and the original calculation by Compton [2, 30] 
produce the relationship between the wavelengths of the incipient X-ray before and after the 
scattering  

 ),cos(cM
h

e
'   1  (53) 

or by the corresponding frequency relationship 
 ,)cos(

'



 11
1  (54) 

where 
λ and ν are the wavelength and frequency of the incident primary X-rays (or γ-rays,) 

respectively,  
λ' and ν’ are the wavelength and frequency of the scattered X-rays, respectively 
Me is the mass of the electron, and 
θ is the scattering angle,  

and  
 .cM

h
e 2
    

The above equation is derived by assuming that both the X-ray photons and electrons are 
single particles and that their energy and momentum are conserved before and after collisions.  
Since the energy of the incident waves is hν and the energy of the scattered wave is hν’, with hν > 
hν’, the problem is the inelastic collision between the photon and the electron with the photon 
losing the energy by the collision.  It is noted that for a given direction, θ, the change in 
wavelength,  

  ' , 
is constant and does not depend on the frequency of the incident waves.  In particular, for θ =90° 
it is given by 

,m 10 x 2.43)90( 12- cM
h
ec  

where λc is known as the Compton wavelength.  Since it is constant, the change in wavelength is 
noticeable only when it is not negligible compared with the wavelength of the incident 
electromagnetic waves.   

In view of the present elemental space-time, the above equation may be derived by the 
conservation of momentum of an electron and the incident X-ray Planck element before and 
after the collision.  In this way, the EST light model provides visualization to the phenomenon. 
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FIG. 4 Illustration of the Compton Scattering 

(Not to Scale) 
 

Fig. 4 illustrates the travel of five Planck elements, P1 - P5 in the x-direction until the leading 
Planck element P1 collides with an electron and then continues at an angle θ after the collision.  
The distance between the adjacent Planck elements of the incident X-ray is the wavelength, λ.  
At time t = 0, the leading Planck element P1 collides with the electron and scatters at an angle θ 
with respect to the x-direction.  The collision causes the electron to move by the amount with the 
x-component Δλ.  P2 then arrives at the electron at t=λ’/c rather than t = λ/c. After scattering, P1 
is followed by P2 with the λ’ rather than λ distance apart.  This is a geometric constraint for the 
change of the wavelength.  We now need to express the x-velocity of the electron, uex, in terms 
of the properties of the incident and scattered waves.  Referring to Fig. 4, the electron recoils by 
the distance with the x-component Δλ during the period of 1/ν0 seconds.  The electron moves by 
(λ’ – λ) every cycle of the incident wave, hence the total movement in one second by the electron 
must be ν0 times (λ’ – λ).   

Hence the x-velocity of the electron, uex, is 
 λνs

νλuex  0  (55) 
or for every cycle the x-velocity increment is 

 s
uu exex





0

. (56) 
The X-ray Planck elements impinge upon an electron in the positive x-direction and scatters in 

the direction θ, θ being the angle of the scattered beam with respect to the positive x-direction.  
The wavelength of the primary beam (i.e., before the collision) is λ and that of the scattered 
beam (i.e., after the collision) is λ’.  The apparent velocity of the Planck elements must be c both 
before and after the collision.  By the classical two-body problem, the x-component of the 
momentum imparted to the electron by a Planck element that scatters at an angle θ can be shown 
to be 

x
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 cMP ppx  . (57) 
The same Planck element after the collision with the electron has the momentum in the θ 

direction 
 cMP pp  . (58) 
Notice that the mass of the Planck element is unchanged and the effective speed of the Planck 

element is always the speed of light according to the EST.  The conservation of momentum for 
the two-body problem in the x-direction requires 

 )cos(cMuM pexe  1 . (59) 
With sc

hM p
1

2  , from Eqs. (56) and (59) we then find 
 )cos(cM

h
e

'   1 . (60) 
Thus we see that the Compton scattering occurs as a result of the elastic collision between the 

X-ray Planck element and the moving electron.  We have derived the Compton scattering 
equation by considering the geometric constraint of the Planck element and non-relativistic 
momentum conservation of the momenta of both this Planck element and the electron in the x-
direction. 

It is interesting to note that Compton compared the inelastic photon-electron collision problem 
with the classical Doppler effect - scattering of a ray by an electron moving in the direction of 
the incident ray.   The classical Doppler principle provides the problem with exactly the same 
form of solution.  The above solution is shown to hold as well when we consider the relativistic 
effect, for we can write Eqs. (56) and (59), respectively, 

 s
ucos)u( exe


 

0
 (61) 

and 
 )cos(cMcos)uM( pee   1 , (62) 

where  
 21

1
   

and  
 c

ue . 
We now calculate the velocity of the electron after the collision by considering both the 

momentum and energy conservation.  It is more convenient to write the momentum equation in 
the direction, φ, of the movement of the electron.   

We note  

290 θ  
for the collision that is elastic.  The momentum conservation in this direction is given by 

  coscMuMuM pee'ee' 2  (63) 
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while the energy conservation is given by 
 222 2 cMcMcM pee'    (64) 

where 
 2'

'
1

1
   (65) 

and  
 c

ue''  , (66) 
i.e., β, γ are before the collision and β’, γ’ are after the collision.  By using 

 
0


ep MM   (67) 
where  

 s
0  , 

 
we get 

 
0

02
2

2














sin
' . (68) 

For the EST model, the collision of a photon with the electron means repeating the collision of 
the Planck elements from P1 to Pν0 or in the above from β(1)=0 to β(ν0).  Since ν0 is a large 
number, for instance for an X-ray with λ=0.022Å, ν0 = 1.36x1020, the value to which β’ 
converges, if it converges, would be the maximum value.  To obtain the converged value of β or 
βmax, we only need to let β’ = β and solve the above.  The result is 

 2sinmax
  , (69) 

hence  
βmax ≈ 1 for θ = 2π. 

If we treat the photon as a single particle, for elastic collision we only need to replace α/ν0 with 
α and use the initial values β = 0 and γ = 1, to obtain 

 

 21
2sin2

  (70) 
For λ = 0.022Å, this gives us 

βmax = 0.69 for θ = 2π. 
This compares with the maximum velocity predicted by the inelastic single particles collision 

model,  
βmax = 0.82 for θ = 2π, 

or the effective velocity deduced from the Doppler effect model 
βmax = 0.52 for θ = 2π, 

both given by Compton [30].   
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Thus the single particles collision models predict the velocity of the electron to be no more 
than βmax = 0.82 while the present EST Planck element-electron collision model predicts it to be 
nearly the velocity of light.  If we were to perform a single photon and a single electron collision 
and measure the speed of recoiling electron, and find the speed of the electron can be more than 
those predicted by the single particles model above, we would confirm the correctness of the 
EST model of photons. 
5.2  The Wave Behavior of Light – Double Slit Interference 

The vector potential waves shown in Fig. 1 are not observable quantities, but instead the 
Planck elements are.  For these elemental waves, the constructive and destructive interference of 
the usual waves by the in-phase, out-of-phase additions of amplitudes is not possible.  The 
presence of usual amplitudes, however, is not a necessary condition for interference patterns.   

 

 FIG. 5 Illustration of the Double Slit Interference as Moiré Pattern (Not to Scale) 
 

A Moiré interference pattern is not generally considered as true wave phenomenon, but it is 
how light visually manifests the interference behavior.  A Moiré interference pattern appears 
when two grids of slightly different wavelengths and frequencies are overlaid in parallel or when 
two grids of the same wavelength and frequency are overlaid at an angle.  Let us consider a 
double slit interference pattern of light.  Fig. 5 shows a plane wave passing through a double slit.  

The Planck element spherical waves emanating from the double slits form a Moiré interference 
pattern (on the detecting plate which is not shown) to manifest the observed double slit 
interference.  For clarity of the interference pattern, only the Planck elements and no Gamma 
elements are shown.   

The two grids need not be in place simultaneously to visually form a Moiré pattern.  Since the 
human visual system holds onto one image for about one-fifteenth of a second, each of the grids 
only need to repeat more than 15 times per second for our naked eyes to see an interference 
pattern.  The experiment by Tonomura, et. al. [31] showed single electrons passing through a 
double slits one electron at a time build up an interference pattern when recorded over time.  
This accumulated grid interference proves that a constructive or destructive amplitude 
superposition is not necessary for light to manifest wave behavior.  It is consistent with the 
present elemental wave model.   
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6  THE UNCERTAINTY PRINCIPLE 
To derive the uncertainty principle applicable to light, let us discretize the Planck constant:  

ppskg tMc
cnNhss

mkghh 20

2
02

2
0  . 

Thus we get, 
20

20
c
h

nNh
ctM

skgpp  . 

But tp= lp/c, kgc
hM p 2

0
0 , and 

0

2
0

h
c

M
kgN

p
kg  , hence we get, 

hlcMn pps )( . 
By recognizing Mpc as the momentum of a Planck element, or Pp = Mpc, we then have 
 hlPn pps )( . (71) 
Noting that ns/s is equal to the frequency, νγ, of the highest energy Gamma ray from which we 

deduced the Gamma elements, we recognize that nsPp= νγsPp is the momentum of the highest 
energy Gamma ray photon.  In general, one would try to measure the momentum and position of 
an event with a light ray having a frequency, ν, and the photon momentum, P.  Let the 
wavelength of this ray to be λ.  By discretizing the wavelength, λ = nλlp where nλ is the number 
of the Gamma elements in the wavelength, and nλ = ns/(νs), the above may be rewritten, 

hlnsP pp ))((  , or 
 hP  , (72) 

in agreement with Eq. (29) which is a special case of Eq. (24).  This is the same as the familiar 
equation for the uncertainty principle [32, 33],  

 hxP  , (73) 
where ΔP and Δx are the uncertainties of the momentum and the position, respectively.  They are 
identified as the momentum and the wavelength, respectively, of the photon of the light ray.   
Thus the present theory of the elemental space-time predicts the Heisenberg’s uncertainty 
principle pertaining to light in its exact form.  The interpretation is as follows.  Referring to Figs. 
1 & 2, if an observer fixes his observation location arbitrarily, a Planck element which is the 
light particle may be or may not be in that location.  If he waits there, however, for a time, at 
most t=λ/c, the Planck element will emerge.  Once the observer sees this Planck element, he can 
then predict where it will be in the next moment as a function of tp and ultimately, the 
uncertainty will be within h/ns, for we may rewrite Eq. (71) as 

 ppp hlP   (74) 
where hp = h/ns.  Instead of Eq. (73), we now have  

 phxP  . (75) 
hence one can predict the momentum of the Planck element and its location within the 
uncertainty of hp. or with an almost certainty as hp is such a small number compared to h.  We 
will call this the time-discretized uncertainty principle or the EST uncertainty principle.  Note h 
= ho joule-sec, then hp = ho joule-tp, hence the measurement should be performed within the time 
duration tp to obtain this accuracy.   
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Einstein’s strong concern [9] on the quantum mechanics was that if the uncertainty principle 
and the statistical nature of the quantum mechanics is to become the foundation of the physics, 
“we must give up the hope and we shall never get any inside view of these important alterations 
in the single systems, in their structure and their causal connections” and by doing so “we must 
also give up, by principle, the space-time continuum.” The EST model has answers to these 
concerns posed by Einstein.  They are briefly: (1) space-time is now discrete in the units lp and tp, (2) we have the inside view of the uncertainty, and (3) yes, the uncertainty is still there because 
of the wave characteristic of light but only initially. Afterwards, the quantum states of light may 
be predicted within the reduced uncertainty as given by Eq. (75), which is to say almost with 
certainty because hp is so much smaller than h, with the only uncertainty being within the 
discreteness of space-time.  
7  THE COSMOLOGICAL CONSTANT 

By 1920 several years after publishing his formulation of the general theory of relativity, 
Einstein addressed [34], “According to the general theory of relativity, space is endowed with 
physical qualities; in this sense, therefore, there exists an aether. According to the general theory 
of relativity space without aether is unthinkable; for in such space there not only would be no 
propagation of light, but also no possibility of existence for standards of space and time 
(measuring-rods and clocks), nor therefore any space-time intervals in the physical sense. But 
this aether may not be thought of as endowed with the quality characteristic of ponderable media, 
as consisting of parts which may be tracked through time. The idea of motion may not be applied 
to it.”  It is remarkable the characteristics of the Gamma element space described in this paper 
were predicted almost exactly by Einstein almost a century ago with regard to the general theory 
of relativity.   

In the previous archive paper [35], the author presented a model for our Universe that 
convincingly suggested an equivalence of the dark energy, the cosmological constant of 
Einstein’s general relativity [23, 36], and the Gamma elements of the present light model.  By 
extracting from that paper [35], we write the stress energy tensor of the vacuum according to the 
general relativity as  

   gG
cT )vac(

8
4 (μ, ν = 0, 1, 2, 3), (76) 

where gμν is the metric tensor, and Λ is the cosmological constant.  The time-time component of 
the above is given by  

 G
cρvac 8

4  (77) 
where ρvac is the vacuum energy density and have the same quality as the energy density of 
Gamma elements, ργc2.  (ργ is defined as mass density.) 

Hence by equating ργ = ρvac/c2,   we get  
 2

8
c

ρG   (78) 
where Λ has a dimension of [1/m2].  In this way, we can establish the equivalence of the energy 
of Gamma elements and the energy of the cosmological constant even though they originate 
from very different motivations. 
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Now according to the measurements by NASA WMAP project [37, 38], only 4.6% of the 
Universe is due to the baryonic matter; the rest are approx. 23.3% due to cold dark matter and 
approx. 72.1% due to dark energy, or in terms of mass density,    

ρu0 (Universe)   ≈ 9.90 x 10-27 kg/m3 
ρa0 (observable matter-baryonic and all others)  
                         ≈ 0.46 x 10-27 kg/m3 
ρdm (dark matter) ≈ 2.31 x 10-27 kg/m3 
ρde (dark energy) ≈ 7.14 x 10-27 kg/m3. 

Similar results have been reported also by the Planck collaboration [39, 40].  Observable 
matter includes baryonic matter and radiation including the cosmic microwave background 
(CMB) radiation [41].  With the linear dimension of the Gamma element estimated in Section 
3.1, the number of the Gamma elements in 1 m3 volume is then calculated to be  

Nγ = 1.00 x 1057 - 1.00 x 1075 
From this and the dark energy density, the mass of a Gamma element, Mγ   is estimated to be  

Mγ = ρde/Nγ = 7.14 x 10-84 kg - 7.14 x 10-102 kg. 
This compares with the mass of a Planck element given by Eq. (6).  The kinetic energy boost 
factor or the Lorentz factor for the Planck element from the Gamma element must then be 

γp = Mp/Mγ = 1.03 x 1033 - 1.03 x 1051. 
Of course spins are not a linear motion and the Lorentz factor is not strictly applicable, but it 

indicates the average circumferential linear velocity caused by the spin motion is near the speed 
of light, as it should be to transmit the light energy at the speed of light.  The correspondence 
between the presence of dark energy as observed, the presence of the cosmological constant in 
the general relativity, and the presence of the Gamma elements hypothesized by the present 
elemental space-time is remarkable.   

It is known that all baryonic materials have spins.  In particular, photons have spin one with 
the spin angular momentum, h, which is exactly the angular momentum of the Planck element.  
We are led to believe the Planck elements have spins but the Gamma elements have no spins.  
Light propagates through the Gamma elements which acquire the light energy by spinning. The 
supposed spin-zero property of the Gamma elements must have some correspondence with that 
of Higgs Boson [42-45] which is the only known particle to have zero spin, yet the latter occurs 
at a far greater energy and mass scale.  The mass of a Higgs boson is reported to be approx. 126 
GeV/c2 or 2.25 x 10-25 kg [46, 47] vs. estimated Gamma element 7.14 x 10-84 kg - 7.14 x 10-102 
kg, a whopping discrepancy on the order of 1059 - 1077.  Thus, the Gamma element which has the 
characteristic of spin zero boson is not identified as the Higgs boson, the only spin zero boson 
experimentally confirmed to exist.  A possible existence of alternate Higgs bosons is discussed 
in an author’s companion paper [27]. 
8  SUMMARY AND CONCLUDING REMARKS 

The EST model of the space-time brings the aether back, the primary motivation being to 
explain why the speed of light is constant in all inertial frames of reference and so only this time 
the aether is not absolute, but comprised of material elements having energy and corresponding 
mass.  We call them Gamma elements.  They transmit light and define the very concept of our 
time and space (or distance.)  Time and distance are discretized, with lp/tp = c, the speed of light 
propagation, which explains why the speed of light is constant regardless of the frames of 
reference.  An energized Gamma element is a Planck element having spin angular momentum 
defined by the Planck constant and their size is on the order of the wavelength of an assumed 
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cutoff, the highest energy γ-rays.  A photon is now understood to be a single Gamma element 
vibrating or spinning with a frequency, ν, or equivalently a series of Planck elements 
propagating at the phase velocity, the speed of light.  The particle properties such as the 
photoelectric effect and Compton scattering, and the wave properties, such as diffractions, 
interference, and polarizations, are natural consequences of the EST model of light.  The rest 
mass of the photon is M=hν/c2.  The uncertainty principle is another natural consequence of the 
EST model as a result of the wave behavior of light.  After an initial uncertainty, however, the 
quantum state may be predicted to an almost certainty within the limit only restricted by the 
discreteness of the space-time.  The EST model is shown to be consistent with the key 
experiments demonstrating wave-particle duality of light and to provide an inside view of the 
uncertainty principle.  Planck elements are consistent with all electromagnetic and quantum field 
theory properties of photons.  It may be said the Planck elements rather than the notional 
photons are the quantum of the electromagnetic field. 

Along the lines of Feynman and Wilczek quoted in Section 1, the following may be said with 
regard to light. 

The Gamma element space is an electromagnetic field that can carry the light energy as waves, 
but also effectively like particles, and that the quantum mechanics unifies the idea of the field 
and its waves, and the particles all into one, albeit the definition of the waves and particles must 
be more inclusive, the uncertainty principle may be refined, and the probability density 
distribution of the quantum wave equation may be reinterpreted as the real distribution of Planck 
elements.  The Gamma element space fulfills the vision of the primary ingredient, the “grid,” 
that fills our space and time, is alive with quantum activity with almost certainty, contains 
material components, gives space-time rigidity, and weighs.   

Note that the gravity is omitted from the statement: whether the Gamma elements are the cause 
of gravity or medium of gravitational field must be investigated in the future, but we have 
conjectured an equivalence of the dark energy, the cosmological constant of Einstein’s general 
relativity, and the Gamma elements of the present space-time model for light.   

We have introduced some new terms; elemental space-time, EST principle, Gamma element, 
Planck element, discretizing, and elemental space-time waves, etc. for the present theory.  The 
term “Gamma element” emphasizes the discrete nature of the specific material filling our space. 
The term “Planck element” distinguishes itself from the “Planck particle” which refers to the 
notional particle associated with the conventional Planck units.   
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