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The mass of a photon is derived. Frequencies of light are shown to represent infinitesi-
mal differences in speed just below c. Formulas of Newton, Einstein, Planck, Lorentz,
Doppler and de Broglie for relativity, frequency, energy, velocity-addition and wave-
forms of matter are all linked using simple mathematical terms into a single setof
formulas that all describe the same phenomena: matter, movement andenergy. The
physical laws governing the astronomically large are the same laws governing the mi-
croscopically small.
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1 Introduction

Is it possible that a photon has mass? We will see that the
proposition of a massful photon carries far more positive side
effects than the idea of a photon without. You will soon see
that the mathematics for a photonwith mass are greatly sim-
plified and reinforce the concept of relativity to a point of
being self-evident. The formulas contained in this paper ad-
here to the straightforwardness that the wisdom of Occam’s
Razor suggests: they are simple. We will use Occam’s Razor
as a guiding tool in this discussion.

This paper is organized into two sections. The first is a
brief overview that is intended to quickly communicate the
topics being discussed and make it clear where this dialogue

is headed. The second section repeats the same topics but
with full explanations and derivations of formulas. Both start
with a presentation of a set of formulas and then end with the
reconciliations and proofs. In a nutshell, this paper presents
simple, clear-cut mathematical links between formulas that
were previously considered unconnected. In the end we have
complete unification and a precise measurement of the mass
of the photon.

A high precision calculator is required to reproduce some
of the calculations presented here. A good tool can be found
by searching for “pari gp calculator” on Google. Try setting
it to about 100 significant digits.

2 Quick Overview

2.1 Overview of the Formulas

2.1.1 Rate of Time

Rate of time (rt) is the speed at which time passes for a frame
of reference. Two bodies travelling at two different speeds
have two different rates of time. The ratio between these two
rates of time, is afactor that essentially describeshow much
relativity exists from one point of view to the other. In other
words, this factor is the famous Lorentz factor.

rt =
√

c2 − v2 whereγ =
rt1

rt2
=

√

c2 − v12

√

c2 − v22
=

1
√

1− v2
2

c2

This “rate of time” view is an important concept in relativity
that is generally overlooked. We will use this idea extensively
in order to help derive the mass of the photon.

2.1.2 Velocity of Frequency

As demonstrated by de Broglie, all matter has a frequency
that increases with speed. If a photon has mass, then it is a
particle and its speed must be determined by its frequency.
Changes in speeds of light would vary by only tiny amounts
just belowc. The following formula will calculate the veloc-
ity of any photon or the frequency of any moving particle.
We will demonstrate that this formula converts into the exact
same Nobel Prize winning formula that de Broglie found for

1



Leonard Nelson

calculating the wavelength of any moving particle. Use these
formulas to convert between velocity and frequency:

v =

√

√

c2
(

1
f c2 + 1

) and f =
1

(

c4

v2
− c2

)

We will denote these formulas with the following functions:

fv( f ) =

√

√

c2
(

1
f c2 + 1

) and ff (v) =
1

(

c4

v2
− c2

)

2.1.3 Moderate Speed Additive Velocities

Einstein has a formula for adding two relativistic velocities. It
is based on Lorentz’s length contraction hypothesis. We can
completely duplicate this formula by instead using avelocity-
view of time dilation, which effectively describes the oddity
of time dilation as anexpanded speed- instead of a con-
tracted length (Lorentz), which is effectively the same thing.
In other words, it describes time dilation in terms of varia-
tions of speed instead of variations in distance - a perfectly
mathematically equivalent point of view, given thatt = d

v
.

This newly derived formula is based on a simple intuitive con-
struct. We arrive at Einstein’s same results by simply convert-
ing the two speeds (u, v) to theirproper speeds (i.e. “Proper
Velocity”), adding them together, and then converting thatre-
sult back to itsperceivedspeed. It’s quite simple. We “add”
the speeds together by increasing one of them by the ratio that
the speeds increased. Notice in the following formula that we
convert one speed (u) to proper velocity by multiplying it by
the Lorentz factor, then we increase it, then we reverse the
Lorentz factor to covert back into perceived speed.

Einstein: s=
v + u
1+ vuc2

≈

(

v
u + 1

)

γu

γ

Where all we did was include the Lorentz factor into what is
otherwise classical addition:

v + u →
uv
u
+ u →

(

v

u
+ 1

)

u

These formulas are equivalent. We later show exactly how
to derive Einstein’s additive formula from this formula. They
are the same formula, except that this one firmly reinforces
the idea that thevelocity-viewis the more accurate descrip-
tion of reality; not length-contraction because with the veloc-
ity view we can derive this formula in two easy sentences.
Occam’s Razor states that two competing theories that make
identical predictions, have only one idea that is true: the sim-
pler one. Our conditioning, however, compels us to stick to
what we already believe. If we were to rewind time back one
hundred years and be presented with both these views for the
very first time, which one wouldyoubelieve?

2.1.4 High Speed Additive Velocities

Einstein’s additive velocity formula is a replacement for a
previous formula developed by Fizeau. Fizeau performed ex-
periments on light that was travelling through water; there-
fore, Einstein’s formula describes how speeds add together
- when travelling through water. In order to use this for-
mula forhighspeeds of light that are travelling through empty
space, we must substitute “refraction of index” in for the ve-
locity of the light. This way, we can set it to “1” for light
in a vacuum. Note: you will see that when in vacuum, the
resulting percent change in “proper” velocity is preciselythe
square rootof the change in theperceivedvelocity. This is a
significant discovery because it unites the behaviour of mat-
ter with energy. Since energy is known to be tied to proper
velocity, Newton’snon-linearformula for changes in energy
(E = 1

2mv2) becomeslinear to match Planck (E = h f) be-
cause the square becomes nullified. Take Einstein’s additive
velocity:

s=
v + u

1+ ( vuc2 )

Substitute the light withrefraction of index:

u =
c
n

Which leads to:

s=
v + c

n

1+ v
cn

But, here is the trick. This new arrangement of the formula
is identical to Einstein’s; however, for light in vacuum, we
set the refraction of index (n) to “1” - which would imply
the light (cn) is travellingat “c” - which is impossible. If a
photon has mass, it could never go this fast; it has to remain
slightly less. We will substitute the variableL in place of
c to represent the speed of the light whereL ≈ c and L <
c. The variableL is equivalent toc except that it carries the
restriction that it cannot actuallyequal c:

s=
v + L

n

1+ v
cn

For all practical purposes,L = c. Our velocity of frequency
formula above tells us that the speed of green light would be:

L = .99999999999999999999999999999999∗ c

We will represent this formula as functions for adding and
subtracting speeds, using the following symbols:

u⊕ v and u⊖ v

So that:

⊕(L, v) =
v + L

n

1+ v
cn
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and

⊖(L, v) =
−v + L

n

1+ −vcn

Using these formulas, we can add two speeds (30m/s and
green light) and compare therate of change between per-
ceived and proper velocities and see that one is precisely the
square root of the other, telling us that changes in high parti-
cle speeds result in a linear increase of energy - just like with
Planck:
√

∆perceived= 1.000000050034613027991557005905284721565

∆proper= 1.000000050034613027991557005905284721565

This vacuum-addition formula suggests a direct connection
between Planck and Newton.

2.1.5 Energy of a Fast Moving Particle

When adding the speeds of fast moving particles, the resulting
percent change in proper speed is precisely thesquare rootof
what would be the change in perceived classical speeds. We
see this above with Einstein’s additive velocity formula, and
we know this must be true“if” a photon has mass and the
formulas for light and matter are describing the same phe-
nomenon because Planck’s linear (E = h f) formula must
reconcile with Newton’s non-linear (E = 1/2mv2) formula.
Now, energy is already known to be accurately tied to proper
velocity with the following formula which basically just mul-
tiplies the speed by the Lorentz factor to get proper velocity
(vγ), before converting it to energy:

E =
1
2

m(vγ)2

But, due to the square root effect of how theproper speeds
add, we can show with a little calculus that it takes exactly
twice as much energy to accelerate a particle that is travelling
at high speeds, losing the12 out of Newton’s kinetic energy
formula. We end up with this formula for the energy of high
speed particles, such as light:

E = mv2γ2

2.1.6 Mass of the Photon

Now that we have all these formulas, we can simply put them
all together to calculate the mass of a photon.

Newton : E = mv2γ2

Planck: E = h f

Lorentz:
1

√

1− v
2

c2

Velocity : v =

√

√

c2
(

1
f c2 + 1

)

Giving us the mass of a photon, using plain algebra:

m=
h
c4

where m is constant for all velocities and frequencies, and
equals about8.2 ∗ 10−68Kg.

2.2 Overview of the Proofs and Unifications

2.2.1 Unification 1: Planck with Newton

Now that we know the mass of a photon, we can use either
Newton’s formula or Planck’s formula for calculating the en-
ergy of any moving body - whether it be a particleor a wave.
Either formula will work for either task because they both de-
scribe exactly the same phenomenon.

Use Newton to find the energy of a photon (E = mv2γ2):

E =

(

h
c4

)



















√

√

c2
(

1
f c2 + 1

)



















2

γ2

Use Planck to find the energy of afast-moving body (E =
h f):

E = (mc4)

















1
(

c4

v2
− c2

)

















2.2.2 Unification 2: Everything with de Broglie

Above, we put all the formulas together and saw that they
nicely produced the mass of a photon; a simple equation.
Soon in the next section, we will put all the formulas together
again and reconcile with Doppler. Here in this section, we
will put the formulas together and perfectly reconcile with
de Broglie’s formula for the wavelength of matter - the basis
for quantum physics - using only simple algebra. Our new
formula for converting between velocity and frequencyis de
Broglie’s formula for converting between velocity and wave-
length, except that here we can now use it for light particles
as well.

Lorentz:
1

√

1− v
2

c2

Velocity : v =

√

√

c2
(

1
f c2 + 1

)

Photon Mass: m=
h
c4

Putting these all together gives us the final reduced equation:

λ =
h

mvγ
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Which is identical to de Broglie:

de Broglie : λ =
h
p
=

h
mvγ

2.2.3 Unification 3: Einstein with Doppler

We adjusted Einstein’s formula earlier for adding velocities.
This adjustment allows us to add velocities of particles trav-
elling atveryhigh speeds - speeds equivalent to light. Since
particles and photons are the same thing, we will now show
that Einstein’s formula for adding particle speeds produces
the same numbers that Doppler’s does for light. Start with
the Doppler formula:

f =
(

1−
vs

c

)

fo

This formula has variables for two frequencies, one (fo) for
the frequencybeforebeing reduced by the moving body (vs),
and another forafter ( f ). It describes the above scenario
where a person observes light shining back from a depart-
ing ship.
We now use our velocity of frequency formulafv( fo) to con-
vert that frequency into speed, and then use our additive ve-
locity formula for vacuum (⊖) to subtract the spaceship ve-
locity from the initial light velocity, and then convert that re-
sulting total speed back into frequencyf f (vt):

f = f f ( fv( f o) ⊖ vs )

And we find that:

f f ( fv( f o) ⊖ vs ) =
(

1−
vs

c

)

fo

These formulas are equal, confirming that both ourvelocity of
frequencyformula as well as ouradditive velocity in vacuum
formula are correct and that light is a particle with speeds just
belowc, unifying the laws of energy with the laws of matter.
The two formulas are equal to the following accuracy, for a
range of values off o andvs:

f o = 1Hz and vs = 30m/s

f f ( fv( f o) ⊖ vs) 0.9999998999307714405543842
(

1− vsc
)

fo 0.9999998999307714405543851

f o = 3000Hz and vs = 3000m/s

f f ( fv( f o) ⊖ vs) 2999.96997923143216631553811
(

1− vsc
)

fo 2999.96997923143216631553819

f o = 563519657894736Hz and vs = 296794532.42m/s

f f ( fv( f o) ⊖ vs) 5635198458646.608120297942918889
(

1− vsc
)

fo 5635198458646.608120297942918897

This is known as the “Champagne Formula” because it was
quite a celebration when it was discovered. It links matter to
energy.

2.2.4 Unification 4: Grand Unifying Formula: Matter
and Energy

Matter and energy are related in this way: to add high speed
velocities together, simply convert those speeds to their en-
ergy equivalents, add them, then convert back. The results
match both Doppler and Einstein’s in vacuum formula. The
velocity addition formula for light in vacuum we used above
(⊕⊖) can be completely replaced by a simpler velocity-view
version of the formula. This new formula illustrates how mat-
ter is related to energy. It also shows just why the square-root
effect occurs. This is a essentially a second version of our
Champagne formula. To add two high speed velocities of
particles that are travelling close toc, simply convert each
speed into its energy (via its proper velocity:E = m(vγ)2),
add them by using the factor of velocity change (v1

v2
+ 1), then

convert back into proper speed (va =
√

E
m) and back into per-

ceived speed (vp =
va
γ

). That’s it. The result is the same as
what we saw earlier with two other formulas, from Einstein
and Doppler. To start, set all mass values to “1” for simplicity
since the mass doesn’t affect anything here.

m= 1

So that the formula for kinetic energy is:

E = (1)v2γ2

E = (vγ)2

To add or subtract two high speeds by converting to energy
( and ):

(u, v) =

√

(

v
u + 1

)

(uγ)2

γ

(u, v) =

√

(

−v
u + 1

)

(uγ)2

γ
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And with thisnewaddition formula ( and ), we again rec-
oncile with Doppler:

f f ( fv( f o) vs) =
(

1−
vs

c

)

fo

And of course with Einstein:

f f ( fv( f o) vs) = f f ( fv( f o) ⊖ vs) =
(

1−
vs

c

)

fo

In other words, Doppler’s formula can easily be expressed in
terms of the velocity of particles and the connection between
matter and energy is simply that ofvelocityas particles take
on more characteristics of a wave as they gain speed - just as
de Broglie demonstrated with his Nobel Prize winning for-
mula back in 1929.

3 Detailed Derivations of Formulas

3.1 The Formulas

3.1.1 Rate of Time

“Rate of Time” is a crucial variable for working with relativ-
ity. The faster-flying twin has a clock that runs slower than
his stationary brother’s clock - implying that the faster twin’s
rate of time is less than that of the stationary twin. The re-
lationship between velocity and rate of time just happens to
be one involving a constant four vectors: three vectors of di-
rectionalvelocitycombined with one for rate of time. These
vectors have the same behaviour as Minkowski’s fourspace-
timevectors. Rate of time can be calculated simply by using
Pythagoras’s formula. We wrap this calculation up into the
following function frt (v).

frt (v) =
√

c2 − v2 where v =
√

vx2 + vy2 + vz2

Which simply calculates they component of the constant vec-
tor c for any given velocity, as shown in the following graph
(notice that the combination of all velocity and rate of time
vectors always equalsc):

By taking the ratio between the rate of time of the observer
(who has a velocity of zero) compared to that of the traveller,
we wind up with the Lorentz factor - which is the logical con-
clusion we wouldexpectto find when comparing two rates of
time. Here we see the Lorentz factor:

The observer has avelocity o f zero:

rt =
√

c2 − v2 (1)

γ =
rto

rtt
(2)

γ =

√
c2 − 02

√
c2 − v2

γ =
c

√
c2 − v2

(3)

γ2 =
c2

(√
c2 − v2

)2

γ2 =
c2

c2 − v2

c2 − v2 =
c2

γ2

v2 = c2 −
c2

γ2

v2 = c2

(

1−
1
γ2

)

−
v2

c2
=

1
γ2
− 1

1−
v2

c2
=

1
γ2

γ2 =
1

1− v
2

c2

γ =
1

√

1− v
2

c2

If you look closely at the graph, you will discover how
time is related to space. Rate of time is the mirror of veloc-
ity. Upon further investigation, the reason for Heisenberg’s
uncertainty principlebecomes evident. To judge the position
of something at a point in time, a camera could be used to
catch both the object that is moving as well as the object’s
local time that the picture was taken. When the photo is shot,
no matter how fast the shutter is on the camera, the object will
still be blurred to some extent in the photo because the object
was moving while the shutter was open. The exact position
cannot be determined - the position is somewhere within the
width of the blur. The slower the object is travelling, the less
blur and the more accurately the position can be determined;
however, at slower speeds the rate of time increases. The
higher the rate of time, for the same reason as with velocity,
the less accurately the exact time can be measured. The accu-

5



Leonard Nelson

racy of one measurement is always at the expense of the other.

3.1.2 Velocity of Frequency

The formula to calculate the velocity of any frequency of light
depends entirely on finding a connection between velocity
and frequency. If we can find a formula that has both fre-
quency (f ) and velocity (v) in it, then we’ll have our connec-
tion. Whatever this formula works out to be, itmust reconcile
with de Broglie’s formula for the wavelength of moving par-
ticles because that is exactly what we are doing - deriving a
formula that can calculate the wavelength of a fast-moving
photon particle, or any other particle of matter. To achieve
this, we are going to begin by working withfactors. We will
comparechangesin frequency tochangesin speed. These
factors are based on the following simple concept:

xf =
x+ ∆x

x
(4)

∴ xf =
xtotal

xinitial
(5)

so that:

xtotal = xinitial ∗ xf (6)

which means that a 10% increase inx results in a factor (xf )
of 1.1. Given this, we can describe a change in velocity like
this:

v f =
v + ∆v

v
=
vtotal

vinitial

And a change in frequency like this:

f f =
f + ∆ f

f
=

ftotal

finitial

Now, since the relationship between energy and frequency is
specified by Planck in this linear relationship:

E = h f

We know that a percent change in frequency leads to the same
percent change in energy:

E f = f f

Because (5):

E f =
Etotal

Einitial

E f =
h ∗ ftotal

h ∗ finitial

E f =
h ∗ ( finitial ∗ f f )

h ∗ finitial
where ftotal = finitial ∗ f f

E f =
h ∗ finitial ∗ f f

h ∗ finitial

E f = f f (7)

We now have the formula we need for the frequency side
of the connection we seek. Next, we play with the velocity
side of things. This will take a few steps. First, we see how
energy is related to changes in speed. Newton’s formula for
kinetic energy is nonlinear; the velocity is squared in order
to arrive at the energy. Given this, we know that a change
in velocity leads to that change squared in energy as we see
here:

E f = v f
2 (8)

Because:
Let v2 be the total speed resulting from a change inv1:

v2 = v1 + ∆v1

And from earlier (4):

v f =
v1 + ∆v1

v1

v1 + ∆v1 = v f v1

∴ v2 = v1v f

Now given Newton:

E =
1
2

mv2

We find our factor:

∆E = E2 − E1

∆E =
1
2

mv2
2 −

1
2

mv1
2

∆E =
1
2

m(v2
2 − v1

2)

∆E =
1
2

m((v1v f )
2 − v1

2) where v2 = v1v f

∆E =
1
2

m(v1
2v f

2 − v1
2)

∆E =
1
2

mv1
2(v f

2 − 1)

∆E = E1(v f
2 − 1) where E1 =

1
2

mv1
2

and f rom(4)...

E f =
∆E + E1

E1

E f =
∆E
E1
+ 1

E f =
E1(v f

2 − 1)

E1
+ 1 where ∆E = E1(v f

2 − 1)

E f = (v f
2 − 1)+ 1

E f = v f
2
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This relationship for the factor between energy and veloc-
ity is for non relativistic movement. When speeds are moder-
ately high, the energy is affected by relativity. It turns out that
the energy of a moving body is tied perfectly to the proper
velocity. Given this, we can show thatE f = va f

2 whereva f is
the change inactualvelocity (aka proper velocity).
Classical momentum:

p = mv

v =
p
m

Classical energy in terms of momentum:

E =
1
2

mv2

E =
1
2

m
( p
m

)2

E =
1
2

m

(

p2

m2

)

E =
1
2

(

p2

m

)

E =
p2

2m

Relativistic momentum:

Einstein: p = mvγ

Relativistic energy:

E =
p2

2m

E =
(mvγ)2

2m

E =
(m2v2γ2)

2m

E =
1
2

mv2γ2

E =
1
2

m(vγ)2

E =
1
2

mva
2 where va = vγ (9)

Relativistic energy change factor:

E f = va f
2 (10)

This relativistic factor is true because we already established
that E f = v f

2 (8) earlier and the relativistic energy formula
above is the same formula, except that we useva instead ofv.

In the next section, we find the connection. To begin,
please refer back to the “Rate of Time” graph shown earlier.
We mentioned that rate of time is themirror of velocity. This
“mirror” suggests that the vertical side of this graph is a sort

of reciprocal to the horizontal side. On the horizontal side,
however, we havetwo variables: velocity (v) andactual ve-
locity (va aka Proper velocity whereva = vγ). We now hy-
pothesize that there must also be another variable on the time
side of the graph, called “actual rate of time” (rta). Whether
or not this variable actually means anything in the real uni-
verse is irrelevant. We can calculate it anyhow and it is our
key to solving the puzzle. It will be calculated in a compara-
ble way to how ouractualvelocity is calculated.

Actualvelocity (va) is calculated by multiplying perceived
velocity (vp) by gamma. Gamma as we have seen earlier (2)
is the ratio between two rates of time:

γ =
rto

rtt

Where the observer’s speed is always zero:

rto =
√

c2 − 02 = c

γ =
c
rtt

So that actual velocity (va = vpγ) can be written as:

va = vp ∗
c
rt

Therefore, the mirror of this on the time axis would be:

rta = rt ∗
c
vp

(11)

The next section derives the relationship betweenactual
velocity and this newactual rate of timevariable. Finding
this is just a matter of using algebra to traverse the rate of
time graph above. The formula that is derived from this is:

va =
c2

rta

To do this, we will first define two new functions that we’ll
use extensively throughout the rest of this paper. One is to
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convert from perceived speed into actual, and the other is to
covert back again, from actual into perceived.
To convert into actual, it is simply (9):

va = fa(vp) = vpγ (12)

To convert back again to perceived from actual, the formula
is:

vp = fp(va) = fa
−1(va) =

√

c2va2

c2 + va2
(13)

Because:

S ince:

va = vpγ

And f rom(3) :

γ =
1

√

1− v
2

c2

=
c

√

c2 − vp2

Then:

va =
vpc

√

c2 − vp2

va
2 =

c2vp
2

(c2 − vp2)

va
2(c2 − vp

2) = c2vp
2

va
2c2 − va

2vp
2 = c2vp

2

va
2c2 = c2vp

2 + va
2vp

2

va
2c2 = vp

2(c2 + va
2)

va
2c2

c2 + va2
= vp

2

vp =

√

c2va2

c2 + va2

Then one more preparation. We can mirror a couple more
formulas because they all work the same on the time axis;
except that the variables are reversed. First, mirror ourfp()
function (13) that we just derived above.

sincevp =

√

c2va2

c2 + va2
then rt =

√

c2rta
2

c2 + rta
2

since rt =
√

c2 − vp2 then vp =
√

c2 − rt
2

Finally derive the relationship between actual rate of timeand
actual velocity:

va =
c2

rta
(14)

Because:

vp =
√

c2 − rt
2

vp =

√

√

√

√

√

c2 −



















√

c2rta
2

c2 + rta
2



















2

vp =

√

c2 −

(

c2rta
2

c2 + rta
2

)

vp
2 = c2 −

c2rta
2

c2 + rta
2

(c2 + rta
2)(vp

2 − c2) = −c2rta
2

c2vp
2 − c4 + rta

2vp
2 − c2rta

2 = −c2rta
2

c2vp
2 − c4 + rta

2vp
2 = 0

vp
2(c2 + rta

2) = c4

vp =

√

c4

c2 + rta
2

vp =

√

√

√ c4

c2

c2

c2 +
rta

2

c2

vp =

√

c2

1+ rta
2

c2

(15)

Now include our proper velocity (akaactualvelocity) (9):

va = vpγ

And f rom(3) :

va =
vpc

√

c2 − vp2

From above (15) :

va =

c ∗
√

c2

1+ rta2

c2

√

√

c2 −















√

c2

1+ rta2

c2















2

va
2 =

c2 ∗

(

c2

1+ rta2

c2

)

c2 −

(

c2

1+ rta2

c2

)

va
2c2 − va

2

















c2

1+ rta
2

c2

















=
c4

1+ rta
2

c2

va
2c2 − va

2

















c2

1+ rta
2

c2

















=
c4

1+ rta
2

c2

v2ac2

(

1+
rta

2

c2

)

− v2a

















c2

1+ rta
2

c2

















(

1+
rta

2

c2

)

=
c4

1+ rta
2

c2

(

1+
rta

2

c2

)

va
2c2

(

1+
rta

2

c2

)

− va
2c2 = c4

va
2c2 +

va
2c2rta

2

c2
= c4 + va

2c2

8
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va
2c2rta

2

c2
= c4

va
2rta

2 = c4

varta = c2

va =
c2

rta

rta =
c2

va

va =
c2

rta

Now that we have this relationship, we can turn that into a
factor - to see how muchactual rate of timechanges for a
change inactual velocity.

f rom (5) :

rta f =
rtatotal

rtainitial

1
rta f
=

rtainitial

rtatotal

f rom above (14) :

va =
c2

rta

and f rom(5) : va f =
vatotal

vainitial

va f =

c2

rtatotal

c2

rtainitial

va f =
c2 rtainitial

c2 rtatotal

va f =
1

rta f
where f rom above

1
rta f
=

rtainitial

rtatotal

(16)

With this, we will find that the connection between frequency
and velocity is this:

f =
1

rta
2

Because, we know that (10):

E f = va f
2

And we know that (7):

E f = f f

Therefore:
f f = va f

2

And since we also know that (16):

va f =
1

rta f

We can see that:

f f =
1

rta f
2

Given this, we now know the relationship between achange
in actual rate of timeandchange in frequency. Now here’s the
trick. We make a small leap and hypothesize that this means
the following formula is also true:

f =
1

rta
2

(17)

At this point, there is no guarantee that this formula is cor-
rect. We only know how one variablechangesin relation to
the other, not how they relate statically. We make this hy-
pothesis and then confirm it by simply putting it to the test. It
works.

With this connection, it is easy to derive the rest of the
velocity-frequency formula. The final formula converting be-
tween frequency and velocity is this:

v =

√

√

c2
(

1
f c2 + 1

)

Because:
From earlier we saw that our new variableactual rate of time
was (11):

rta = rt ∗
c
vp

And since we also know that (1):

rt =

√

c2 − vp2

We can see that:

rta =
c
vp

(√

c2 − vp2
)

Now by taking our hypothesis from above (17):

f =
1

rta
2

f =
1

(

c
v

√
c2 − v2

)2

f =
1

c2

v2
(c2 − v2)

f =
v2

c2(c2 − v2)

f c2 =
v2

c2 − v2

1
f c2
=

c2 − v2

v2

1
f c2
=

c2

v2
− 1

9
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1
f c2
+ 1 =

c2

v2

1
v2
=

(

1
f c2 + 1

)

c2

v2 =
c2

(

1
f c2 + 1

)

v =

√

√

c2
(

1
f c2 + 1

)

And the reverse of this to solve for frequency is:

v =

√

√

c2
(

1
f c2 + 1

)

v2 =
c2

(

1
f c2 + 1

)

1
f c2
+ 1 =

c2

v2

1
f c2
=

c2

v2
− 1

1
f
= c2

(

c2

v2
− 1

)

f =
1

(

c4

v2
− c2

)

These two formulas will be denoted with the functions:

fv( f ) =

√

√

c2
(

1
f c2 + 1

) = vp (18)

And:

f f (v) = fv
−1(v) =

1
(

c4

v2
− c2

) = f (19)

3.1.3 Moderate Speed Additive Velocities

Everything works better when we useproper velocity. All
the math becomes simple; the explanations become compre-
hensible and new solutions become possible. Proper velocity
is the equivalent but alternate variable that can be used in-
stead of the shrunken distance involved in Lorentz’s length-
contraction hypothesis. Time dilation can be interpreted in
either oftwo ways. Lorentz chose the length contraction ap-
proach. But, when less time passes for a particle than what
passes for us as it travels at a fast speed between two points,
it can be interpreted in the following two mathematical ways:
1) that there must be some sort of special shorter distance in
the particle’s world that I cannot see, or 2) the particle is trav-
elling faster at some specialspeedthat I cannot see. Either

of these two interpretations work mathematically. One is the
length-contraction hypothesis; the other is the velocity-view
of time dilation. There is no argument up front that can lean
towards one or the other of these two views - they areequiva-
lent. Only by following the tangent of each can we see which
view works better. The length-contraction hypothesis is a
nightmare. It carries all sorts of theoretical side effects, such
as the idea that mass must increase with speed, and that the
universe of a body in motionactually distorts and becomes
different than the world we live in. The length-contraction
math to describe relativity is complex and unintuitive. The
velocity-view, however, works gracefully. The math is much
simpler. And the explanation does not carry the nasty side
effects we see with the length-contraction hypothesis. For in-
stance, the speed that I “perceive” a body travelling, simply,
is not the speed that it isactually travelling. This idea is im-
mediately more plausible - because it suggests that the “dis-
tortion” of relativity (i.e. the odd size of the traveller’sworld)
is in my perception- rather than in theactual world of the
traveller. Secondly, the velocity-view shows that the reason
why more and more energy is required to accelerate a particle
as it gains speed, is because we do notseeit fully acceler-
ate. It actuallydoesaccelerate according to the energy that is
applied to it - maintaining a constant mass; we just don’t see
that actual speed change. Ourperceptionis distorted.

Take for instance, Einstein’sadditive velocityformula. It
is based on on the math of the length-contraction hypoth-
esis. The math is pretty complex, as it struggles to work
with speedswhen given only distance as a variable. With the
velocity-view, the math is simple. The following formula is
equivalent to Einstein’s additive velocity formula. The math
behind this one, however, is intuitive. Basically, just convert
the light speed to itsactualvelocity, add it to the second ve-
locity and then convert back to perceived speed. That’s all.
First, let us define the method ofaddingthat will be used here
and in later formulas. When adding two variables,v + u, we
can use thefactor approach and end up with this:

total = v + u

total =
vu
u
+ u

total =
(

v

u
+ 1

)

u (20)

which is afactor that is useful because:

f rom earlier (6) :

total = (uf )u
(

v

u
+ 1

)

u = (uf )u

∴ uf =

(

v

u
+ 1

)

(21)

We will use this method of addition for adding velocities in
the following formula but will multiply the factor (vu + 1)

10
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times theactual speed ofu (uγ), then convert back to per-
ceived speed by dividing again by gamma. Here is the new
velocity-view formula for additive velocities. Note: fromthis
point onward we make use of the earlier functions from (12)
and (13) fa(vp) and fp(va) for converting back and forth be-
tween actual and perceived speeds since it is a much more
workable notation.
We begin by increasingactualvelocity by the factor:

uatotal = uainitial

(

1+
v

u

)

(22)

But add in conversions to and from actual speed:

uγ(1+ vu)

γ
or fp

(

f a(u) ∗
(

1+
v

u

))

And see that it is equivalent to Einstein:

s=
v + u
1+ vuc2

≈ fp

(

f a(u) ∗
(

1+
v

u

))

For the above formula, there are no other steps to derive it.
We simply write it as we explained it; according to what is
intuitive, and then it just works. It’s simple. The velocityview
works far, far better than the length-contraction hypothesis.
We will use this symbol to denote this addition formula:

(u, v) = fp

(

f a(u) ∗
(

1+
v

u

))

(23)

Which can be used like this for addingv andu:

s= u v

An important observation to note here, is that the above
two formulas are notperfectly the same. In a formula be-
low, we will add an adjustment tomakethese perfectly the
same; however, it is more likely this new formula above (23)
is the more correct of the two. The formula above, is not
symmetrical. Reversing the two variables passed to it results
in a different answer. For reasons that are beyond the scope
of this paper to fully discuss, it is more likely that real addi-
tion of velocities is not symmetrical because in the real world
we are dealing with two bodies that are not symmetrical. All
calculations in this formula arerelative to the observeronly.
This formula cannot be reversed to calculate speeds relative
to other points of view. Here is a brief explanation. Wherever
there is velocity “addition,” there are alwaysthreeframes of
reference involved since withtwo frames you can only have
onespeed. Let’s name them for simplicity’s sake: “you”, the
“other guy,” and the “photon.” There are also always three
speedsinvolved: the speed between the other guy and the
photon(u); between the other guy andyou (v); betweenyou
and the photon(s). The speed between you and the other guy
is also the speed that corresponds to the “speed change” be-
cause that is the speed that that isaffectingthe photon. This

speed is normally a reasonably small change (i.e., well be-
low c). If we were to reverse the variablesu andv, we would
be implying that a small speed is being changeddrastically
to become a very high speed, requiring an entirely different
amount of energy than the other way around. It also implies
that the change in speed spans from our “moderate speed cal-
culation” to the “high speed calculation” as the particle ac-
celerates, requiring a much more complex formula (we will
discuss this transition shortly). In the real world, the variables
are not swappable.

For the sake of completeness, we will make a minor ad-
justment to this formula to make it symmetrical. When sym-
metrical, it is exactly equivalent to Einstein’s additive velocity
formula. In this example, instead of converting the perceived
speed to actual by using ourfa() function as we did above,
this time we will do it manually by multiplying the perceived
speed by gamma (which is the same thing:fa(u) = uγ); how-
ever, wealso multiply it by the gamma of the other speed
as well - making the formula symmetrical, even though the
gamma forv is generally insignificant (γ ≈ 1). This version
suggests that the total amount of “relativity” involved in the
addition is fromboth speeds combined. To make this more
readable, we add another function for the Lorentz factor cal-
culation (γ) where:

fγ(v) =
1

√

1− v
2

c2

= γ

So that the aboveasymmetricalformula (23) is written:

f rom earlier (12) :

u fγ(u) = fa(u) = uγ

∴ s=
v + u
1+ vuc2

≈ fp

(

u fγ(u)
(

1+
v

u

))

And thesymmetricalversion of this is:

including a gamma f orv : fγ(v) ≈ 1 sincev << c

s=
v + u
1+ vuc2

= fp

(

u fγ(u) fγ(v)
(

1+
v

u

))

We see that this formula is exactly the same as Einstein’s:

s= fp

(

u fγ(u) fγ(v)
(

1+
v

u

))

Let va = u fγ(u) fγ(v)
(

1+
v

u

)

∴ s= fp(va) (24)

va = u ∗
1

√

1− u2

c2

∗
1

√

1− v
2

c2

∗
(

1+
v

u

)

11
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va
2 = u2 ∗

1
(

1− u2

c2

) ∗
1

(

1− v
2

c2

) ∗
(

1+
v

u

)2

va
2 =

u2
(

1+ vu
)2

(

1− u2

c2

) (

1− v
2

c2

)

va
2 =

u2
(

1+ vu
)2

1− v
2

c2 − u2

c2 +
u2v2

c4

va
2 =

u2
(

1+ vu
)2

c4

c4 − c2v2

c4 − c2u2

c4 +
u2v2

c4

va
2 =

u2
(

1+ vu
)2

c4−c2v2+u2(v2−c2)
c4

va
2 =

c4u2
(

1+ vu
)2

c4 − c2v2 + u2(v2 − c2)

va
2 =

c4u2
(

1+ 2 vu +
v2

u2

)

c4 − c2v2 + u2(v2 − c2)

va
2 =

c4u2
(

u2+2vu+v2

u2

)

c4 − c2v2 + u2(v2 − c2)

va
2 =

c4u2
(

(v+u)2

u2

)

c4 − c2v2 + u2(v2 − c2)

va
2 =

c4(v + u)2

c4 − c2v2 + u2(v2 − c2)
And since f rom above (24)and (13) :

s= fp(va) = vaγ
−1 =

√

c2va2

c2 + va2

Then:

s= fp(va) =

√

√

√

√ c2
(

c4(v+u)2

c4−c2v2+u2(v2−c2)

)

c2 +
(

c4(v+u)2

c4−c2v2+u2(v2−c2)

)

s=

√

√

√

√

√

√

(

c6(v+u)2

c4−c2v2+u2(v2−c2)

)

(

c2(c4−c2v2+u2(v2−c2))
c4−c2v2+u2(v2−c2)

)

+
(

c4(v+u)2

c4−c2v2+u2(v2−c2)

)

s=

√

√

√

√

√

√

(

c6(v+u)2

c4−c2v2+u2(v2−c2)

)

(

c2(c4−c2v2+u2(v2−c2)) + c4(v+u)2

c4−c2v2+u2(v2−c2)

)

s=

√

(c6(v + u)2)
(

c4 − c2v2 + u2(v2 − c2)
)

(

c4 − c2v2 + u2(v2 − c2)
) (

c2 (

c4 − c2v2 + u2(v2 − c2)
)

+ c4(v + u)2)

s=

√

c6(v + u)2

c2
(

c4 − c2v2 + u2(v2 − c2)
)

+ c4(v + u)2

s=

√

c4(v + u)2
(

c4 − c2v2 + u2(v2 − c2)
)

+ c2(v + u)2

s=

√

c4(v + u)2

(

c4 − c2v2 + u2v2 − u2c2
)

+ c2(v + u)2

s=

√

√

c4(v + u)2

c2
(

c2 − v2 + u2v2

c2 − u2
)

+ c2(v + u)2

s=

√

√

c2(v + u)2
(

c2 − v2 + u2v2

c2 − u2
)

+ (v + u)2

s=

√

√

c2(v + u)2
(

c2 − v2 + u2v2

c2 − u2
)

+ (v2 + 2vu+ u2)

s=

√

c2(v + u)2

c2 + u2v2

c2 + 2vu

s=

√

√

√

√

√

√

(v + u)2
(

c2+ u2v2

c2 +2vu

c2

)

s=

√

(v + u)2

c2

c2 +
2vu
c2 +

u2v2

c4

s=

√

√

√

(v + u)2

(

1+ vuc2

)2

s=
v + u
1+ vuc2

3.1.4 High Speed Additive Velocities

Einstein’s additive velocity formula is for the addition oftwo
moderatespeeds; speeds well beyond those which we expe-
rience from day to day but well under that of light. Einstein’s
formula is a modern version of an equation that Fizeau de-
rived many years earlier. It calculates the combined speed
of water and of light that is travelling through it. What this
formuladoesn’tcalculate, however, are changes in speeds of
light that are travelling in vacuum.

We know from earlier on that Planck’s energy formula
changes linearly with changes in frequency (E f = f f ). We
also know that Newton’s energy of a moving body formula
will changeexponentiallywith velocity (E f = v f

2). If light
has mass, then these two formulas must be describing the
same thing; however, they have two very different behaviours:
linear versus nonlinear. We could reconcile these two equa-
tions if somehow it turned out that when two fast speeds are
added together, the formula looked like this:

E f =
(√
v f

)2
(25)

Where the speed change is first reduced to itssquare-rootbe-
fore being squared into its kinetic energy. This would result
in a linear relationship betweenv f and E f , just like we see
with Planck (7). This behaviour is in fact exactly how nature
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works. If we implement the refraction of index (n) into Ein-
stein’s formula and set it to 1 for vacuum, then actual speeds
increase by precisely the square root of the classical change
in perceived speeds. Have a look:
Start with Einstein’s formula and then swap out the light’s
speed with refraction of index:

s=
v + u

1+ ( vuc2 )

where u=
c
n

s=
v + c

n

1+
(

v c
n

c2

)

s=
v + c

n

1+
(

v
c

)

(

c
n

c

)

s=
v + c

n

1+
(

v
c

) (

1
n

)

s=
v + c

n

1+ v
cn

We can now specify the speed of the light (u) by instead
using the refraction of indexn. We will set n = 1 for vac-
uum; however, ifn = 1 thenu must equalc sinceu = c

n.
This cannot be. By the rules of relativity anything with mass
must always be less thanc. We must fix this formula to ac-
count for the fact that light travels slightly less thanc. We
will swap out thec and replace it withL whereL ≈ c and
add a restriction that it can never equalc such that:L < c.
L andc are effectively the same thing and the formula does
not change, except that we have implemented a restriction
on L. Our velocity of frequency formula from earlier (18)
tells us that the velocity of green light is extremely close to c:
L = .999999999999999999999999999999990127∗ c.
SwapL for c:

s=
v + L

n

1+ v
cn

where L≈ c and L< c

This formula will be denoted with a⊕ symbol. For subtrac-
tion, the⊖ symbol will be used:

⊕(L, v) =
v + L

n

1+ v
cn

(26)

⊖(L, v) =
−v + L

n

1+ −vcn

(27)

So that:
s= u⊕ v

Watch what happens when we compare the factor of veloc-
ity change between perceived and actual speeds. Take two

speeds,v andu (water and light) and add them together:

v = 30

u = .999999999999999999999999999999990127∗ c

u = 299,792,457.999,999,999,999,999,999,999,997,040,350,850,897

s= u⊕ v

s= 299,792,457.999,999,999,999,999,999,999,997,040,351,147,067

Now, have a look at the factors. Using equations from earlier,
we calculate factors for both theperceivedspeed change (uf )
andactualspeed change (ua f ):

uf =
utotal

uinitial
f rom (5)

∴ uf =
v

u
+ 1 f rom (21)

ua f =
uatotal

uainitial

f rom (5)

∴ ua f =
fa(s)
fa(u)

f rom (12)

And we see that the change in actual speed is precisely the
square rootof the change in perceived:

√
uf = 1.000000050034613027991557005905284721565

ua f = 1.000000050034613027991557005905284721565

In other words, the speed that the lightactuallychanges is the
square-root of the change we would see according to classi-
cal physics. For example, when light is shone forward from
a moving vehicle, where that vehicle is moving at 10% of
the speed of that light, theactualvelocity increases by about
4.9% (i.e.

√
1.10). We can also describe this by saying that

high velocity relativistic speed change is the square root of
classical speed change. Also, we might say, the speed change
in the frame of the traveller, when in vacuum, is the square
root of the speed change that is perceived from the frame of
the observer. This is demonstrated simply by comparing the
perceived speed change to the actual. The result is this rela-
tionship:

va f =
√
vp f (28)

And since we know (10):

E f = va f
2

Then what he hoped for in (25) is true:

E f =
(√
vp f

)2

E f = vp f

Which is for high speeds close toc in vacuum. It tells us that
energy changeslinearly with changes in the speeds we see
when dealing with light particles in vacuum. It means that we
have reconciliation of behaviour between Newton and Planck.
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We now have a formula for adding high speed velocities
of light particles. We also have a formula for calculating the
velocity for any given frequency. If light has mass then it is
just a particle like any other, and we should be able to use
Einstein’s additive velocity to do the same job as Doppler’s.
Changes in velocity and changes in frequency are the same
thing, and we already have partial reconciliation between the
behaviour (i.e. both formulas are linear in regards to the en-
ergy changes involved).

3.1.5 Energy of a Fast Moving Particle

The previous section demonstrated that the addition of high
speed velocities results in changes in actual speed that are
the square root of changes in perceived speed. There is also
an interesting mathematical pattern where taking the square
root of any smallfactor is the same as dividing the decimal
portion by 2(ex.

√
1.0000000000000008≈ 1.0000000000000004). This is

demonstrated here with some basic calculus but what it tells
us is that for speed changes, theactual speed change ishalf
the perceived change. It means it takes twice as much energy
to accelerate a high speed particle than it takes to accelerate a
low speed one. For this reason, there is twice as much energy
in a high speed particle than there ought to be given Newton’s
kinetic energy formula, and so the formula for high speed
kinetic energy close toc is:

E = mva
2

Because if we start with our speed change factor (21):

uf =
v

u
+ 1

But since for high speeds, the resulting actual change is (28):

ua f =

√

v

u
+ 1

Then the linear approximation for changes invu around zero
shows that:

Let f(x) =
√

x+ 1 where x=
v

u
f (x) ≈ f ′(a)(x− a) + f (a)

f (x) ≈ f ′(0)(x− 0)+ f (0)

f (x) ≈
1

2
√

0+ 1
(x− 0)+

√
0+ 1

f (x) ≈
x
2
+ 1

f (x) ≈

(

v
u

)

2
+ 1

Which is exactly half of a normal low speed energy change:

f (x) = x+ 1

f (x) =
v

u
+ 1

Leading to ourhigh-speedkinetic energy formula that re-
quires twice as much energy to accelerate a particle (where
v ≈ c):

f rom (9)

E = (2)
1
2

mv2γ2

E = mv2γ2 (29)

or

E = m(vγ)2

E = mva
2 (30)

3.1.6 Mass of the Photon

From the formulas we have described thus far, we are now
able to calculate the precise mass of a photon. We make use
of the following formulas to accomplish this:

Newton: E = mv2γ2 f rom (29)
Planck: E = h f

Lorentz:
c

√
c2 − v2

Velocity: v =

√

√

c2
(

1
f c2 + 1

) f rom (18)

Calculate the mass of a photon:

E = mv2γ2

m=
E
v2γ2

m=
h f













√

c2

1
f c2 +1













2

∗
(

c√
c2−v2

)2

m=
h f

(

c2

1
f c2 +1

)

∗
(

c2

c2−v2

)

m=
h f
c4

c2

f c2 −
v2

f c2 +c2−v2

mc4 = h f

(

c2 − v2

f c2
+ c2 − v2

)

mc4 =
h f(c2 − v2)

f c2
+ h f c2 − h fv2

mc4 =
h f c2

f c2
−

h fv2

f c2
+ h f c2 − h fv2

mc4 = h−
hv2

c2
+ h f c2 − h fv2

14



Leonard Nelson

substituting . . . v2 =

















√

c2

1
f c2 + 1

















2

=

















c2

1
f c2 + 1

















mc4 = h−
h
c2

















c2

1
f c2 + 1

















+ h f c2 − h f

















c2

1
f c2 + 1

















mc4 = h−
h

1
f c2 + 1

+ h f c2 −
h f c2

1
f c2 + 1

mc4 − h− h f c2 =
−h− h f c2

1
f c2 + 1

(mc4 − h− h f c2)(
1

f c2
+ 1) = −h− h f c2

mc4

f c2
−

h
f c2
−

h f c2

f c2
+mc4 − h− h f c2 = −h− h f c2

mc4 − h− h f c2

f c2
= −mc4

mc4 − h
f c2

− h = −mc4

mc4 − h = f c2(−mc4 + h)

mc4 − h = − f c2mc4 + h f c2

mc4 + f c2mc4 = h+ h f c2

mc4( f c2 + 1) = h( f c2 + 1)

m=
h( f c2 + 1)
c4( f c2 + 1)

Giving us the precise mass of a photon:

m=
h
c4

(31)

Wherem is constant for all velocities and frequencies, and
equals about 8.2 ∗ 10−68Kg which is right in the neighbour-
hood of where it ought to be given current conjecture of what
its maximum size could be. Note again that the velocity-view
of time dilation does not have the side effect where mass in-
creases with speed; mass is constant.

3.2 The Proofs and Unifications

3.2.1 Unification 1: Planck with Newton

Since a photon has mass, it is nothing more than a small parti-
cle of matter that is travelling very fast. Its structure relative to
a stationary observer transitions more and more into a wave
the faster it moves (de Broglie). We can now use Planck’s
(E = h f) formula for energy of frequencies interchangeably
with Newton’s formula for kinetic energy. We must always
use theactualvelocity of the particle in this formula and also
double the energy as we saw earlier due to the square root ef-
fect of velocity addition (E = mva2).

Newton (29): E = mv2γ2 = mva2

Planck: E = h f
Therefore: h f = mv2γ2

We can find the energy of a photon with Newton using (31)
and (18):

m=
h
c4

and v =

√

√

c2
(

1
f c2 + 1

)

For Newton’s formula (E = mv2γ2) where:

E =

(

h
c4

)



















√

√

c2
(

1
f c2 + 1

)



















2

γ2

And the kinetic energy of a particle with Planck using (31)
and (19):

m=
h
c4
→ h = mc4 and f =

1
(

c4

v2
− c2

)

For Planck’s formula (E = h f) where:

E = (mc4)

















1
(

c4

v2
− c2

)

















3.2.2 Unification 2: Everything with de Broglie

Earlier we figured out an alternative to Lorentz’s factor using
rate of timeand used this information to derive a formula for
calculating the velocity of any frequency. We then figured out
a perfectly equivalent and simple alternative to Einstein’s ad-
ditive velocity formula, after which we altered Einstein’sfor-
mula to work with particles in vacuum, illustrating asquare
root effect that we then used to alter Newton’s kinetic energy
formula for high speeds. Using these formulas, we derived
the mass of a photon using simple algebra. We will now take
all these formulas and verify their accuracy by showing how
they perfectly combine to produce de Broglie’s formula for
the waveform of matter - the basis for quantum physics. This
is an extremely significant proof of the accuracy of these pre-
ceding formulas. Our velocity-of-frequency formulamustbe
the same formula as de Broglie’s wavelength of matter for-
mula because they are measuring the same thing: matter that
is moving.

Using the mass of a photon and the velocity formula we
derived above, we arrive at de Broglie’s Nobel Prize winning
formula. Start with the following formulas.

Frequency of speed from above (19):

f =
1

(

c4

v2
− c2

)
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And mass of the photon (31):

h = mc4

And standard conversion from frequency to wavelength:

λ =
v

f

We end up with de Broglie:

λ =
h
p
=

h
mvγ

Because:

f =
1

(

c4

v2
− c2

)

f =
(v2)1

(v2)
(

c4

v2
− c2

)

f =
v2

v2c2
(

c2

v2
− 1

)

f =
v2

c2
(

c2v2

v2
− v2

)

f =
v2

c2
(

c2 − v2
)

f =
(γ)v2

(γ)c2
(

c2 − v2
)

f =
γv2

(

c√
c2−v2

)

c2
(

c2 − v2
)

f =
γv2

c3 (c2−v2)√
c2−v2

f =
γv2

c3
√

c2 − v2

But since:
√

c2−v2≈c when v<<c (see f ootnote∗):

f =
γv2

c4

f =
v(vγ)

c4

f =
v

(

c4

vγ

)

f =
v

(

(m)c4

(m)vγ

)

f =
v

(

h
mvγ

) where mc4 = h

λ =
v

(

v
(

h
mvγ

)

) whereλ =
v

f

λ =
h

mvγ

3.2.3 Unification 3: Einstein with Doppler

Given that matter and energy are the same thing and fre-
quency is equivalent to velocity, we should be able to use
Doppler’s formula for adding frequency interchangeably with
Einstein’s formula for adding velocities. Here we see the
Champagneformula:

f f ( fv( f o) ⊖ vs ) =
(

1−
vs

c

)

fo

We start with the Doppler formula for a body that is moving
away from the observer:

f =
(

1−
vs

c

)

fo

Which describes the following scenario:

Where we see green light shining back from a moving body
towards a stationary person. This light will be red-shifted
when observed by the person on the right. The initial fre-
quency of the light isf o while the observed frequency is re-
duced to f . Given that we are able to convert between fre-
quency and velocity, we can describe this same scenario in
terms of speeds. Here we havevo representing the velocity
of the light relative to the spaceship, andvp as the perceived
speed. Starting with our formula for converting frequency to
velocity (18):

vo = fv( fo)

We can redraw our diagram in terms of velocity:

And we can state the following about this diagram:

vp = vo⊖ vs

So thatvp is the resulting velocity of the perceived light (f ).
If we convert that resulting total velocity (vp) back into fre-
quency (19):

f = f f (vp)

Then we find that this is the same value from Doppler:

f =
(

1−
vs

c

)

fo

∗An electron’s speed (v) is about 6∗ 106m/s which is only 2% of light
speed resulting in an approximation (

√
c2 − v2 ≈ c) that is 99.98% accurate.
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Giving us the complete Champagne formula:

f f ( fv( f o) ⊖ vs ) =
(

1−
vs

c

)

fo (32)

These two formulas are equal to the following accuracy, for a
brief range of values off o andvs (note: in the next section,
we add athird equivalent formula to this list):

f o = 1Hz and vs = 30m/s

f f ( fv( f o) ⊖ vs) 0.9999998999307714405543842
(

1− vsc
)

fo 0.9999998999307714405543851

f o = 3000Hz and vs = 3000m/s

f f ( fv( f o) ⊖ vs) 2999.96997923143216631553811
(

1− vsc
)

fo 2999.96997923143216631553819

f o = 563519657894736Hz and vs = 296794532.42m/s

f f ( fv( f o) ⊖ vs) 5635198458646.608120297942918889
(

1− vsc
)

fo 5635198458646.608120297942918897

The higher the speeds are, the more accurate the calcula-
tion because these formulas are forhigh speeds only. Both the
Doppler formula as well as the additive-velocity-in-vacuum
formula contain the square root effect. Low speedsdo not
have this effect. There is a transition from the low-speed ad-
dition calculation to the high-speed addition calculationas
velocities increase, which we will discuss soon.

This Champagneformula significantly unites the laws of
matter with those for energy. It shows us that the Doppler for-
mula, as is it stands, isalreadyrelativistic and that there is no
need for an additional “relativistic” version. It reaffirms that
both our velocity-of-frequency formula is accurate as wellas
the additive velocity formula in vacuum. It demonstrates that
matter and energy are the same thing and that the Doppler
is tied via these formulas directly torate of time(1). Even
more notable, however, is that this tells us that time dilation
is not affected by gravity. If gravity affected time, then the
Doppler formula would be gravity-dependent - but it is not.
The Doppler formula is incredibly consistent for all light trav-
elling all across the universe, under all types of gravitational
influences. It works the same here on Earth as it does on the
moon and in all directions. It means that rate of time (aka
time dilation) is strictly tied to velocity. Velocity and rate
of time are the perfect mirror of each other and gravity has
nothing to do with relativity. This is a good time to note also
that the path of a massful photon does not requirespace to
bend in order for it to curve by a star (Einstein/Eddington).
The path of light bends near a star - because gravity pulls on
it like it pulls onall other matter. There is no longer any rea-
son to suggest that “space bends.” It should also be pointed
out that the formulaE = mc2 incorporates math for mass that
increases with speed, but as we have seen, mass is constant
across all velocities. The accurate formula isE = mva2 (30)

which, aside from the square-root effect for high speed veloc-
ity addition, is pretty much dead on to what Newton gave us
- except we now recognize that we must use theactualspeed
that an object is travelling, not the velocity we perceive (i.e.
use the velocity from thetraveller’s frame of reference, not
its speed relative to ours).

3.2.4 Unification 4: Grand Unifying Formula: Matter
and Energy

Thegrand unifying formulais essentially another version of
the additive velocity in vacuum formula we used earlier. In a
previous step, we replaced Einstein’smoderateadditive speed
formula with another that is based on the velocity-view of
time dilation (23). Now, we replace hishigh velocity (in
vacuum) formula with a new one that is also based on the
velocity-view. We will now havefive addition formulas in
total: two different typesof relativity-addition (fast speeds
versus low/moderate speeds), each with two formulas (length
contraction versus velocity-view) - plus the Doppler formula
as a third way of adding high speeds. This newgrand unifying
high speed formula, however, is intuitive and simple. We will
add two high speeds together simply by adding their energies
together. The resulting speed is the same result returned by
both Einstein’s high speed additive velocity (in vacuum) for-
mula as well as the Doppler formula. This formula makes
use of the earlier velocity-view addition formula technique as
well as the velocity of frequency formula and makes it very
clear just how matter and energy are related, as well as iden-
tifies exactly how the square-root effect takes place. This for-
mula brings everything together. This formula works like this.
For high speeds, particles are primarily in the form of a wave.
They are energy. Adding two energies together is a bit differ-
ent than adding the energies of two moving bodies together.
For energy,Et = E1 + E2, except that we will use a factor
to add the two speeds together like we did earlier with the
moderate velocity addition formula. To calculate the result-
ing speed of two high velocities, simply, convert the light’s
velocity into its actual speed (va = vγ), then convert into en-
ergy (E = mva2), then increase the energy in the same sort
of way we did earlier based on the factor of change between
the two perceived speedsEt = ( v1

v2
+ 1)E, and finally convert

back into actual and then perceived speed. For the following
calculations, we will assume a mass of 1. This simplifies our
math since mass has no relevance on the speed changes.
Add two speeds:

v ⊕ u

Convert to actual speed (12):

va = fa(u)

Convert to energy (30) (assumem= 1):

E = mva
2
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E = (1)va
2

E = va
2 (33)

Increase the energy by the factor of speed change (21):

Et = E
(

v

u
+ 1

)

(34)

Convert back into actual speed (33):

Et = vat
2

vat =
√

Et

And finally convert back into perceived speed to get the total
of the two speeds added together (13):

s= fp(vat)

All together:

s= fp













√

(

v

u
+ 1

)

fa(u)2













Or, in other equivalent more familiar notation:

s=

√

(

v
u + 1

)

(uγ)2

γ

We use these symbols for addition and subtraction using this
new formula ( and ):

(u, v) = fp













√

(

v

u
+ 1

)

fa(u)2













(35)

(u, v) = fp













√

(−v
u
+ 1

)

fa(u)2













So that with thisnewaddition formula ( and ), we again
reconcile with Doppler:

f f ( fv( f o) vs) =
(

1−
vs

c

)

fo

Where this formula reconciles withboth the Doppler as well
as the Einstein additive-velocity-in-vacuum formulas fora
range of values ofvs and fo:

f o = 1Hz and vs = 30m/s

f f ( fv( f o) ⊖ vs) 0.9999998999307714405543842
(

1− vsc
)

fo 0.9999998999307714405543851

f f ( fv( f o) vs) 0.9999998999307714405543845

f o = 3000Hz and vs = 3000m/s

f f ( fv( f o) ⊖ vs) 2999.96997923143216631553811
(

1− vsc
)

fo 2999.96997923143216631553819

f f ( fv( f o) vs) 2999.96997923143216631553814

f o = 563519657894736Hz and vs = 296794532.42m/s

f f ( fv( f o) ⊖ vs) 5635198458646.608120297942918889
(

1− vsc
)

fo 5635198458646.608120297942918897

f f ( fv( f o) vs) 5635198458646.608120297942918892

3.2.5 Doppler Formula Derived from Particle Velocity
Addition

Now that we have this velocity-view version of high speed
addition, notice here how it is actually the same formula as
the Doppler formula. Taking our formula from above (35):

(u, v) = fp













√

(

v

u
+ 1

)

fa(u)2













If we use useE for the energy involved (30) and (12) where
m=1:

E = m(uγ)2 = 1 ∗ fa(u)2

And cut back this calculation to leave the results as energy
without converting back into actual and perceived speeds (i.e.
the square-root above converts energy into speed and thefp()
converts it into perceived speed - remove these steps. See
earlier (34)):

Et =

(

1+
v

u

)

Eu

Now have a look at Doppler. We will mix Planck’s formula
into Doppler:

E = h f

f =
E
h

f = (1+
v

c
) fo

Et

h
= (1+

v

c
)
E fo

h

Et = (1+
v

c
)E fo

Now, if we consider that the speed of the light in Doppler’s
formula (c) is actually always less thanc for a photon with
mass, then this variable becomes the speed offo whereu =
fv( fo). And we have this:

Et = (1+
v

u
)E fo

Which is the same as our additive velocity formula.
Unification is really quite simple. Matter transitions into

energy with speed; therefore, to add two high speeds together
- add them as energy. Where this becomes a bit more com-
plicated is for particles travelling at speeds somewhere inthe
middle; belowhighspeeds but abovemoderatespeeds. These
particles are both part matter and part energy. Both our mod-
erate and high speed formulas need to work together, each
contributing its own share of the resulting total speed change
based on each’s relevance to the speed involved. In the next
section, we discuss this and provide an equation for approxi-
mating this transition between matter and energy.
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3.2.6 Transitioning from Matter to Energy

We have two types of formulas: addition ofmoderatespeed
velocities versus addition ofhigh speed velocities (energy).
As a particle increases in speed, it must transition between
these two equations. There is essentially a playoff between
these two formulas (22) and (34); one for change in actual
speed (for moderate speeds) while another for change in en-
ergy (for high speeds):

uat =

(

1+
v

u

)

ua

versus: Et =

(

1+
v

u

)

Eu

Earlier, we saw how to derive the formula for converting be-
tween frequency and velocity. As part of that, we discov-
ered the relationship between actual velocity and actual rate
of time (14) and then between frequency and actual rate of
time (17). From these formulas, we now propose that the
midpoint point where matter transitions into energy is at an
actual speed ofc2 (which is 299792457.9999999983321 in
perceivedspeed).

The graph of the Lorentz factor already has a well known
transition point where the line gets abruptly steep. There is a
drastic change to the slope right at about 212,000km/s. This
is the point where rate of time (1) equals velocityrt = v =√

c2 − v2 = cos(45◦)c. This point also happens to be where
theactualvelocity equals exactly “c” (i.e. vγ = c). This is a
very significant velocity where relativity starts to have a no-
ticeable effect. Here is the Lorentz factor - notice that it gets
steep whenva = c:

There is an another significanttransition pointat an actual
speed ofc2. In this case, bothactual rate of timeand fre-
quencyequal “one” (f = rta = 1). This is the point where
frequency and actual rate of time flip and cross each other at
a value of 1 and we again see a drastic change in the slope of
the graph but in this case it’s for actual-rate-of-time:

From (14) and (17):

rta =
c2

va

∴ rta = 1 whenva = c2

f =
1

rta
2

∴ f = 1 when rta = 1

And this is where the frequency of matter gains a foothold and
changes from less than one hertz to above it. It is proposed
here in this paper that this is thetransition pointbetween mat-
ter and energy. Above this speed, a particle is mostly energy
and in wave form. Below this speed, a particle is mostly mat-
ter and in solid form.

Given this central point, we will now propose anapprox-
imate formula for the gradual transition between matter and
energy. At this stage in time, there are no real observed data
points available to accurately determine how the moderate-
speed-additive-velocity formula transitions to the high-speed-
additive-formula. Eventually time will tell but for now we
will begin with this formula which combines both formulas to
produce the sum of two velocities by weighting each formula
according to the speed’s (u) position relative to the transition
point, where (va = c2 or f , rta = 1). This formula isonly an
approximation and only works for speed changes that are not
so large that they require a significant variation in the weight
of each formula as a particle accelerates. It is primarily use-
ful for speed changes somewhere between moderate and high
that don’t span a large change.

We start with the “weighting” formula and use frequency
as the main variable. We will first create twofactorsto repre-
sent the portion of matter versus the portion of energy that a
speed represents (fm and fe). The “transition” point is when
f = 1 so we obtain our factors for matter and energy by com-
paring each to 1 (wheref = f f (u) (19) ):

fm =
1
f

fe =
f
1
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Now figure out the percentage that each comprises of the
whole. We will usepm for the percent matter andpe for the
percent energy:

pm =
fm

fe + fm

pe =
fe

fe + fm

And finally apply each of the percentageweightsto each of
the corresponding formulas for moderate-speed “” (23) and
high-speed “ ” (35) velocity addition:

s = (u v) ∗ pm + (u v) ∗ pe

4 Conclusion

This paper began by proposing that a photon has mass. It
ends with a complete unification between classical physics,
relativity and quantum mechanics.

Let us summarize our findings. Proposing that a photon
has mass carries the following logical side effects thatmust
also be true:

• If a photon has mass then a photon is a particle.
– It has already been established that aphotonexhibits

dual wave/particle behaviour.
– It has already been established that aparticle exhibits

dual wave/particle behaviour.
• If a photon is a particle then it must travel less than c.

– By the rules of relativity, nothing can reach the speed
of c.

– Our velocity-view tells us thatc would represent anin-
finiteproper speed.

• If a photon is a particle then it must obey the same laws
as for matter.

– One set of laws must apply to all, particularly when
dealing with the same phenomenon.

• If a photon obeys laws for matter then Newton’s nonlin-
ear energy formula must reconcile with Planck’s linear
formula.

– Even though the laws for light are very different than
for bodies, theymustbe describing the same thing.

• If Newton’s formula reconciles with Planck’s then there
must exist a “square root effect” for changes in speed.

– Since Newton’s formulaE = 1/2mv2 squares the ve-
locity while Planck’s does notE = h f then changes
in speed must nullify that squaring of the velocity or
else these two formulas could never produce the same
results.

• A photon’s frequency must relate to its speed.
– De Broglie demonstrated that all moving matter has a

wavelength that relates to its speed; therefore, a photon
with mass must also have a frequency that relates to its
speed.

• If we have a formula to calculate a photon’s speed, it must
reconcile with de Broglie’s formula that calculates wave-
lengths of matter.

In addition to proposing that a photon has mass, we inter-
jected a mathematical equivalent of length contraction: the
“velocity-view of time dilation” which carries these logical
effects. From the idea of velocity-expansion instead of length
contraction:

• There are two speeds rather than two distances; one for
each frame of reference.

– A discrepancy in time can be explained by either dis-
tance or velocity (t = d/v).

– Ex: If you know that a distance is 120km and the speed
limit is 60km/h, but your friend drives the distance in
onehour, then you can conclude that either: the dis-
tance was shorter or that they drove faster.

– In length contraction, there are two variations of the
distance: one for the observer’s frame and another for
the traveller. In the velocity-view, there are twospeeds
instead.

• One of these two speeds we see, the other we do not.
– Like the distances, one of these two speeds is the one

we actually perceive from our frame while the other
is not visible since it is from another frame’s point of
view.

• The unseen speed of the traveller’s frame obeys the laws
of classical physics.

– This fact has long been established that “proper” veloc-
ity (v ∗ γ) conveniently obeys laws for momentum and
energy (E = 1/2m(vγ)2 andp = mvγ).

– In other words, the unseen speed from thetraveller’s
frame of reference is akey speed in the frame of the ob-
server. It is not simply a matter of “one speed to each’s
frame” but instead a matter oftwo relevant speeds per
frame - one that is accurate and one that is not, where
the one that is accurate is the one that is unseen.

• Mass does not increase with velocity when gauging by the
“proper” velocity.

– If we regard the proper velocity as the “actual” veloc-
ity while the speed weseefrom our frame as the “per-
ceived” speed (since the proper velocity is the one that
obeys classical laws), then mass is constant since there
is no limit of c for proper velocity, and the “missing”
energy of an accelerating particle can be attributed to a
distortion in perception.

• Relativity is a distortion in the perception of the observer
rather than an actual distortion of the traveller’s universe.

– There are two speeds: actual and perceived. All classi-
cal laws abide by the actual speed; therefore, the speed
we perceive isnot the speed to which physical laws ap-
ply and so, the speed weseeis not the “real” speed -as
far as all physical laws are concerned.

– We can describe this discrepancy in the perception of
all speeds that we see as a “distorted perception” of the
observer.

– The size of the frame of the traveller is unaffected by
their speed difference from the observer.

From all the points above, we were able to achieve the fol-
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lowing:

• Derived a new equivalent formula to Einstein’s additive
velocity - based on thevelocity-view of time dilation.

– This new formula is derived very simply, strongly rein-
forcing the velocity-view point of view.

– Effectively, convert speeds to their “actual” velocity;
add; convert back to “perceived.” Simple.

• Derived a new equivalent for the Lorentz factor.
– This is based on the concept that each frame has its

own “rate of time.” The Lorentz factor can be derived
by taking the ratio of two frames’ rates of time.

• Derived a formula that converts between frequency and
speed.

– By expanding on the “rate of time” concept, we find the
formula to find a photon’s speed from its frequency.

– This formula applies to light or any other particle.
• Reconciled this “velocity of frequency” formula with de

Broglie’s waveform of matter.
– Since “waveform of moving matter” and “frequency of

photon/particle speed” are the same thing, these two
formulas reconcile.

• Adjusted Einstein’s “additive velocities” formula to work
in vacuum and observed the required square root effect
that reconciles Newton with Planck.

– If a photon is a particle then the energy formulas of
Newton and Planck must work for either light or bodies
(E = 1/2mv2 andE = h f)

• Derived the high speed kinetic energy formula based on
the square-root effect (E = m(vγ)2).

– The square-root effect causes the 1/2 to drop out of
Newton’s energy formula for high speeds.

• Derived the mass of the photon.
– Using the “velocity of frequency” formula and the high

speed kinetic energy formula, we deduce the mass of a
photon (via simple algebra).

• Reconciled the “additive velocities in vacuum” and “ve-
locity of frequency” formulas with the Doppler formula.

– Adding high speed particle velocities is the same thing
as adding speeds to frequencies of light if light is a par-
ticle.

• Derived an equivalent of the “additive velocities in vac-
uum” formula but using the velocity view.

– This greatly simplified the formula. With this we see
exactly how matter is related to energy.

– Effectively, convert speeds to their “actual” velocity;
convert to kinetic energy; add; convert back to actual
speed; convert back to “perceived.” Simple.

– This formula reconciles with both Doppler and Ein-
stein’s in vacuum formula.

• Observed that the Doppler formula is strictly related to
the Lorentz factor and time dilation (aka “rate of time”).

– This tells us that since the Doppler formula does not
have a variable for gravity (G), gravity has nothing to
do with relativity.

– In other words, we derived two different formulas that
were based on relativity to reconcile with the regular
Doppler formula. Since measurements of changes in
light speeds (i.e. by using the Doppler formula) is en-

tirely unaffected by gravity, relativity is therefore unaf-
fected by gravity.

• Observed that mass is constant for all speeds.
– The mass of the photon does not have a variable forv

and is constant under all circumstances in formulas that
reconcile with Doppler and de Broglie.

– The velocity-view of time dilation does not carry the
bad logical side effect of a mass that increases with
speed, and this view clearly demonstrates itself to de-
scribe relativity better than the length-contraction view.

We have unified Newton with relativity and with quantum
mechanics and demonstrated that the same laws apply to the
astronomically large as they do to the microscopically small,
as they do to the fast as well as the slow, and as they do for
matter and as they do for energy. This paper summarizes one
of five chapters from the book, “The Theory of Infinity.”
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