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Abstract

In this paper, I show that the Special Relativistic effect of mass increase that
occurs within objects when they move at high speed can be explained using
Classical Physics principles. In my analysis, the wave nature of condensed mat-
ter and energy/mass equivalence are taken into consideration. The wave nature
of particles is modelled as the particle structure comprising three-dimensional
standing waves. When this is done, the difference in the energy sum of the
component waves that comprise a particle moving at a high speed, when com-
pared to those of a stationary particle, completely accounts for the mass in-
crease. Furthermore, the additional momentum of the wave components in
the direction of motion (the Longitudinal direction) is the cause of the iner-
tia, or effective mass, of the object being greater than that in the Transverse
direction (orthogonal to the direction of motion).
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1. Introduction

Relativists often object to the suggestion that a fast-moving object’s mass in-
creases (even though it was Einstein’s Relativity that originally introduced the
concept, however, later on the backed-away from the idea), stating that the mass
of any particle is invariant and only the energy and momentum of the particle
increase when it moves fast. However, their objection relates to the rest-mass of
the particle, the particle is not at rest, it is moving at high speed. So, the objec-
tion is really not relevant. The particle attains additional energy when in

high-speed motion and this energy has a mass equivalent which is the particle’s
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Gravitational mass and, in the case of the Transverse direction, its inertial mass
too.

The key to understanding Relativistic mass increase is the understanding that
solid matter particles are actually comprised of three-dimensional standing
waves [1]. When a stationary particle is accelerated to a high speed, the wave
function that comprises the particle can be thought of as being the sum of an
“upstream” and a “downstream” wave relative to the particle’s direction of mo-
tion through space. Each of the two waves (upstream and downstream) that
comprise a particle has a certain energy associated with it (depending on that
wave’s frequency) and the total energy of the particle is the sum of the energies
of the “upstream” and “downstream” waves. Once this total energy has been
calculated, then the mass equivalent for that energy can be calculated using the

famous equation:
E =mc? (1)

The three-dimensional standing waves that form particles are defined by wave
functions (solutions to the Classical and Schrédinger wave equations) [1] that
describe how their component waves evolve in Space-Time. However, to simpli-
fy the calculations we can use the standing wave inside a laser’s resonating cavity
as a model for a particle, as it is comprised of an “upstream” and “downstream”
wave that are summed, resulting in a standing wave. The laser is modeled here as
an ideal laser with no energy loss and perfect reflection at the mirrors. The fol-
lowing analysis shows how the Relativistic mass increase can be explained from
such a model.

The significance of this modeling is that the mass increase (which is different
in the longitudinal and transverse directions) can be fully modeled and ex-
plained using Classical Physics, with no reference to Relativity required. The
same Lorentz factor used in Relativity is used here too (I refer to dilated time
and contracted length, both of which result from the Lorentz Transformations),
but this had its origins prior to the emergence of Relativity and can be fully ex-
plained classically in the analysis of the light-clock thought experiment often
used to explain Relativity. Furthermore, this modeling gives additional credibili-
ty to the modeling of fundamental particles as three-dimensional Electromag-
netic standing waves, again using only Classical Physics. Lorentz outlined a sim-
ilar Classical explanation for the change in inertial mass based on Electromag-
netic considerations (although not with particles modeled as spherical standing

waves) in his work [2].

2. Classical Explanation for Relativistic Mass Increase

The proof that this approach can work mathematically follows:

For a stationary laser/particle, let:

& = The energy of the wave per unit length of the upstream/downstream
wave.

L, = The length of the laser’s resonant cavity (or particle) at rest.
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£, = The frequency of the upstream/downstream waves in the stationary laser.

Ey = The total energy of the waves comprising the particle (or of the laser’s
standing waves).

1, = The rest mass of the particle (or mass equivalent of the laser’s standing
waves).

As there are two waves inside the laser’s resonant cavity (upstream & down-

stream), the total energy of the waves inside the cavity is:
E, =2x(e, xLy) (2)

For a laser (or particle) that is moving at Relativistic speed [3], the following
equations apply:

Let e,, = energy per unit length of the upstream wave.

Let eqonn = energy per unit length of the downstream wave.

The frequency of the upstream wave is:

fup:foxC_v (3)
The frequency of the downstream wave is:
C

1:down = fO X C+V (4)

As the energy per unit length of a wave is proportional to the wave’s frequency
(eoc f ), then Equations (3) and (4) can be rewritten as:

The energy per unit length of the upstream wave is:

e, =€ X (5)
up 0 c—V
The energy per unit length of the downstream wave is:
€, =€ X (6)
down 0 C+V

So, the total energy of the waves inside the moving laser’s cavity (or compris-

ing a moving particle) is expressed:
Emoving = (eup x I‘moving )+ (edown x Lmoving ) (7)

where L is the contracted length of the laser cavity due to the laser’s Rela-

moving
tivistic motion.
‘moving

Lo =2 (8)
Ve

And y isthe Lorentz factor used by Special Relativity:

M T (©)

So, by substituting Equations (5), (6) and (8) into (7):

E =i(eo X

moving
Ve

+€, X

j (10)
c-v C+V
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€
EmovingzLoo[ ¢ + ¢ j

y \c—Vv c+V

ST E)

e

moving
L& [ 2¢?
Emoving = 2 2

E =

'moving

£ 2L0e0{ 1

moving J
_ 2L48, 1 } (11)

Em ving
e
C

Then substituting Equations (9) into (11) gives:

Emoving = 2008 ><7/2
I
Eroving = 21087 (12)
Finally, substituting Equations (2) into (12) gives:
Ennoving =7 % Eo (13)

Then by converting energy into mass equivalent (Equation (1)):

m =yxm, (14)

moving

This is the mass equivalent of the Relativistic energy increase that occurs to a

moving mass m.

3. Classical Explanation for the Transverse Relativistic Mass
Increase

From Equation (14) we see that the actual Gravitational mass equivalent of the
particle’s energy when moving at a Relativistic speed is y times its original rest
mass my. If a force is applied sideways to the moving particle (in the transverse
direction to the particle’s direction of motion), there is no increased wave mo-
mentum in the particle’s standing wave waves in that transverse direction due to
the particle’s motion, so the inertial mass of the particle will equal its mass due
to the equivalent energy it contains (its Gravitational mass). As inertia depends
on the rate at which the particle’s waves are made to move when a force is ap-
plied to them, the wave explanation for the transverse inertia is due to the time
dilation of the moving particle’s reference frame. All of the waves that comprise

the particle are traveling an optical path length that is greater than that of an
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identical stationary particle, by an amount equal to the amount of time dilation
in that moving particle (the light clock example often used to explain Time Dila-
tion in Relativity), which is y. So, any force propagating through the particle
(which it must do in order to make it move) will be traveling a further distance
(traveling at the speed of light ¢) than it would in a stationary particle. So, it will
take y times longer to do so, which results in the inertia being y times greater
also.

So, the transverse inertial mass (1m7) will also be:

m; =yxm, (15)

4. Classical Explanation for the Longitudinal Relativistic
Mass Increase

In the Longitudinal direction (relative to the particle’s direction of motion) there
is a different inertial mass to the mass of the particle based on that particle’s en-
ergy content. This is because the waves in the particle’s standing wave have been
Doppler shifted (due to the particle being in motion) to a higher frequency up-
stream wave and a lower frequency downstream wave (as we saw in Equations
(3) & (4)). The total momentum is the sum of the upstream and downstream
waves which are constantly bouncing backwards and forwards between the par-
ticle standing wave’s nodes. The nodes have equal but opposite waves impacting
them from both sides and so remain stationary, which has the effect of causing
each wave to reflect (as would happen to a wave on a rope where the rope is
fixed and not allowed to move). At each node, when a reflection occurs, a pres-
sure is exerted and an upstream wave is reflected to become a downstream wave
(and vice versa). To calculate the magnitude of the longitudinal inertial mass of a
moving particle, based on the knowledge that the particle is comprised of a
three-dimensional Electromagnetic standing wave, we must perform the follow-
ing calculations:
From Equations (5) & (6) we saw that:
The energy per unit length of the upstream wave is:
c
C—V

€, = € X

The energy per unit length of the downstream wave is:

€ =€, X
down 0 C+V

So, the total energy per unit length is:

c c
E . =|¢&x +8, X 16
: (0 c-v c+v) (16)

The total wave energy reflecting at the nodes each second is:

2 2
c c
E.c =[eO x +e,x } (17)
c—Vv C+V

But the relationship between energy and momentum (p) for an electromag-
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netic waveis E = pc, so:

cC—-VvV C+V

C C
SN -
However, as we saw with the transverse inertial mass explanation, time is
running slower by a factor of y for the moving particle, which means it takes y
times longer for the standing waves in the particle to communicate the momen-

tum change through the particle. This also adds momentum to the particle. So,

the total momentum will actually be:

p=7e, [L+Lj (19)

cC-v C+V

e[S, 570

c" =V c"—Vv

_(cP+ev  cP-cv
P=r8| 22t 2

c -V c"—Vv

2c? 5 5
P=re| =z 7 =ye,2y" =2¢eyy (20)

Also, from Equation (2), we saw that the total energy per unit length of stationary

particle is:

E, = 2e,C (21)

Thus,
P, = 2¢, (22)

So, comparing the longitudinal momentum with the momentum when at rest

gives:
2e,7°
2 (23)
Py 28,
Therefore [4], the longitudinal mass (m;) is:
m_=7’m, (24)

5. Conclusion

By modeling particles as three-dimensional Electromagnetic standing waves
(using only Classical Physics) we are able to understand and visualize how and
why the moving particle has different inertial mass in the longitudinal and
transverse directions. The derived equations (Equations (15) and (24)) match
the currently accepted equations for the inertial mass of a moving body, thus va-
lidate this aspect of the model. Some work has been done by others to simplify
this directional dependence of inertial mass into a simple mass formula that can
be used regardless of the direction of the applied force. This work employs a re-
lativistic subtraction formula to achieve this, but as a result, is not purely Clas-

sical in its treatment [5].
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