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Abstract

This work seeks to examine whether there is a natural way for the formalism of special relativity
to embrace massless objects which move at the speed of light, by asking if the spacetime coordinates of
such objects can be transformed from one inertial reference frame to another. The result of using matter
waves as the embodiment of wave-particle duality in an attempt to include only the guiding principle of
guantum mechanics in the derivation of the Lorentz transformation equations is presented. This allows one
to incorporate the comoving velocity of an object into the transformation equations in a natural way. We
call the resulting transformation equations the general forms of the Einstein-Lorentz transformations
(GLT). The general forms of the Einstein-Lorentz transformations (GLT) are found to reduce to the usual
forms of the Lorentz transformation equations in spacetime, revealing that the velocity of an arbitrary
object in our spacetime is equal to c, the speed of light. We find as a result of the general reformulation
that mass is an apparent quantity, i.e., one that is represented by an indeterminate mathematical expression.
A method for dealing with such indeterminate quantities will be presented in a subsequent work.
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1.0Preliminaries

There is a problem with interpreting special relativity if the photon has a non-zero rest mass. This
is according to conventional wisdom in physics today. Indeed, the logical structure of Special Relativity
leads unfailingly to the conclusion that not only is the rest mass of the photon equal to zero, but the rest
mass of an arbitrary object is zero as well. This requires further clarification (V. Krasnoholovets, personal
communication). The primary focus of this work is to explore whether theresisral way for the
formalism of special relativity to embrace masskggcts which move at the speed of light. Or, in other
words, can the spacetime coordinates of such objects be transformed from one inertial reference frame to
another?

The relativistic transformation of space and time coordinates is embodied in the Lorentz
transformation equations. These equations were put into their current form around the beginning"of the 20
century, before the advent of quantum mechanics.

In our current era it is impossible to ignore the importance of quantum mechanics, primarily due
to its impact on technological developments in the fields of electronics and optics. From a theoretical
standpoint it has not been possible to find a completely satisfactory theory which unites special (or general)
relativity with quantum mechanics. This has led some distinguished physicists to question the validity of
the formal structure of quantum mechanics as a theory.

Seeking to retain only the fundamental guiding principle of quantum mechanics in order to avoid
possible flaws in its formal mathematical structure, we will make use here only of the concept of wave-
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particle duality. In particular, we will make use of the concept of a matter wave, as formulated by Louis de
Broglie. Using this idea, we will present the results of a rederivation of the Lorentz transformation
equations. The goal is to recast the Lorentz transformation equations into a more general form, one in
which these equations can sensibly embody transformations of the coordinates of massless objects which
are traveling at the speed of light.

A fact which is usually not emphasized in descriptions of objects contained in inertial frames of
reference is that there are three, not one velocities which are important for a discussion of relativistic
transformations. As always recognized, there is the relative velocity V between the observerOs frame O and
the moving frame OO. Less often recognized are the velocity u of an object in the moving frame 00O
measured with respect to an observer in O and the velocity ud of an object in the moving frame 00
measured with respect to an observer in O0. This last velocity, u®, may be referred to as the comoving
velocity, because proper observer in OO, i.e., one who is stationary with respect to the moving object,
moves with this velocity in the frame OO along with the object. When u® =0, u =V, and only the objectOs
velocity, u, needs to be considered in the relativistic transformation equations.

When Einstein checked the equations of special relativity to make sure that the postulate of the
constancy of the velocity of light was consistent with the principle of relativity, he considered an expanding
sphere of light, generated when the origins of O and OO are coincident. Even after separation, observers in
both O and OO saw an expanding spherical wavefront, confirming that the principle of relativity was
obeyed. However, a proper observer (uO=c) in 0O moving with the expanding spherical wavefront of light,
necessarily has a relative velocity V=c with respect to an observer in O. As a direct expression of the
postulate of the constancy of the velocity of light, u, must also be equal to c. So Einstein in essence
checked only this special case.

Let us not underestimate what Einstein accomplished. Nature seems to be correctly described
when one requires that u = c. In the special case when u=c, the general Einstein-Lorentz transformation
equations which we will derive in this paper give the same results as the usual Lorentz transformation
equations.So Einstein anticipated that the postulate of the constancy of the velocity of light remains
consistent with a more general expression of the transformation equations of special relativity, one which
is based on matter waves.

What happens when u is not ¢? Answering this question will lead us to a more general form of the
Lorentz transformation equations, one which will hopefully allow us to understand the transformation of
coordinates for massless objects with are traveling at the speed of light.

1.0a Introduction of the comoving velocity generalizes the Lorentz transformation equations.

In the one-dimensional Galilean transformation equations, there is no loss in generality from
assuming that, in a suitably chosen frame of reference, an object and a properly defined observer (i.e., one
moving with the object) are at rest. Any motion of the object can be subsumed under the relative velocity
which the objectOs frame of reference maintains with some other frame of reference with respect to which a
measurement is being made. This is because velocities add in a simple way. In the relativistic treatment,
however, velocity addition is not so simple. The true predictive power of the Lorentz transformation
equations, as usually written, is obscured by the fact that the velocity of an object and a properly defined
observer (i.e., one moving with the object) are assumed to be zero: any motion of the object is subsumed
under the-elative velocity between a movinfame of reference containing the object and some stationary
frame of reference from within which a second observer perceives that object and first observer have zero
velocity in the moving frame. This requirement is more restrictive than necessary. It is sufficient that the
second observer perceives that the object and first observer havelzgve velocity: a properly defined
observer in the moving frame candsnoving with an object having non-zero velocity. Thus, in general it
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is necessary to take explicit account of the comoving velocity when constructingy ¢émz

transformation equations, as distinct from the relative velocity between the two frames of reference. The
most natural way of doing this involves considering an object moving with velocity u to be a matter wave
having phase velocity v, and requiring that the principle of relativity be obeyed: i.e., requiring that the

form of the expanding matter wave be the same in two frames of reference that happened to be coincident
attime t = 0. This procedure will allow us to arrive at more general forms of the original Lorentz
transformation equations.

1.0b Deriving a more general form of the Lorentz transformation equations

When Einstein derived the Lorentz transformation equations in his paper, OOn the
Electrodynamics of Moving BodiesO, which appeared in AnnaleRhyesik in 1905, he did so by
postulating that the velocity of light c is unaffected by the relative motion between two frames of reference.
Then he imaginéth sphere of light expanding outward from the origin of two coincident coordinate
systems at time t = 0, with one coordinate system subsequently traveling away from the other with a
relative velocity V and showed that the light wave also formed a sphere when transformed to the moving
frame of reference, thus proving the compatibility of the principle of the constancy of the velocity of light
with the principle of relativity, which he expressed by the statement that Othe same laws of electrodynamics
and optics will be valid for all coordinated systems in which the equations of mechaniés hold.

In relativity theory, we are interested in how thecription of the behavior of a material object
differs between one reference system and another due to the relative motion of the two systems. From
guantum theory, we know that all material objects have a wavelike nature. Let us now rederive the
transformation equationsarting in @ manner similar to the way in which Einstein proved the consistency
of the postulate of the constancy of the velocity of light and the principle of relativity, but by considering
an expanding matter wave instead of a photon sphere. The postulate of the constancy of the velocity of
light is replaced by the fact that in any spacetime, the condition uAmust be satisified, where?is a
constant that characterizes the wavefront of an objectOs matter wave and which is proportional to the
objectOs energy, E. Thus, strictly speaking, we need only the principle of relativity to derive the general
transformation equatioris.

1.1 Why c?

The constancy of the velocity of light has been a long standing tenet of the laws of physics, as has
the role of the velocity of light as the ultimate speed limit. In this paper, it is shown that the importance of
¢ as a physical constant is determined by the particular spacetime in which we live, and the nature of the
measurements which we are able to make in that spacetime. In particular, one finds that when the
conditions of constancy of velocity and propagation with a velocity equal to ¢ are applied to a description
of the wavefronts of matter waves one arrives at a correct description of events in our spacetime manifold.
However, the generalization of the usual transformation equations leads to the conclusion that while the
speed of light has the role of a limiting velocity in our spacetime, it does not place an upper limit on the
velocity of an object moving in a general spacetime manifold.

1.2 What is spacetime?
A spacetime manifold may be defined as the set of all matter wave wavefronts which are

coevolving in space and time and which originate from sources which vibrate in phase with each other.
Since energy depends on frequency, as shown by EinsteinOs work on the photoelectric effect, and not on



amplitude of vibration, as intuition might suggest, it is apparent that the sources which define a given
spacetime manifold have the same energy.

Let us define a quantity, w, to characterize the wavefronts of the matter waves

W =4UV (1.2-0)
in which u is the group velocity of the matter waves and v is their phase velocity. Further, let us postulate

that the kinetic energy of each of the individual sources that together define a spacetime manifold is
proportional to the square of the velocity, w, characterizing the wavefronts which it contains.

T o« w? (1.2-1)

The frequency of vibration of each source corresponds to an amount of mass which is found from the
following equality

T=Amc=hv (1.2-2)
from which
Am = h_;’ (1.2-3)
C

Using this change in mass as the definition of a proportionality constant, one can write (1.2-1) in the form
of a new equality

T= (1.2-4)

We can replace h in (1.2-4) by use of the following relationships

\Y vmu
h="p =VP_ (1.2-5)
! !
So that
vmuw
T = > (1.2-6)
C
Finally, using (1.2-2) we find
vmuw
"mc = — (1.2-7)
Cc
Using the fact thaimy = 0 leads to the relationship
ct _
— =Vu (1.2-8)
W



Finally, using (1.2-0) we find that

c®=vu (our spacetime manifold) (1.2-9)

Note that equation (1.2-9) is limited to our spacetime manifold because of the use of equation (1.2-2) in the
derivation of (1.2-8). In general one would have

T="mw? (1.2-2a)
which leads to

w? =vu (general relationship) (1.2-9a)

We can find another important result. From (1.2-7) expressed using (1.2-2a) instead of (1.2-2) we
have

"mw?®=vmu (1.2-10)

Expanding, grouping terms with m, and factoring yields

2n

m(w?" vu) =mw? (1.2-11)

From the fact that = m/my we find

= (1.2-12)

Rearranging yields

wﬂ/l" %:O# u=v$0,orw=0 (1.2-13)

This resolves the conflict between Brown and Martin and MacKihrsimce the particle and phase
velocities are indeed the saeeept when u = 0.

In general T is given by
T =" mw? =(m-my)w? =muv- myuv (1.2-14)

we have from (1.2-10) that

'mw’ =muv (1.2-15)

Thus, one finds, consistent with (1.2-13) above that



T=0, (w=0) (1.2-16a)
T=muv, (u=v" 0, m, =0) (1.2-16b)

So an object traveling with respect to a frame of reference O withv >u =V =0 is measured in O to have
zero kinetic energy and an arbitrary rest mass, while an object traveling with respect to a frame of reference
O with V = u =v = c is measured to have kinetic energy

T=mc (1.2-17)

but a rest mass of zero. Thus the total relativistic energy, including the rest mass energy, is kinetic in
origin.

According to Adlet , OEinstein states explickithat the mass of a body is nothing else than the
energy possessed by the badyudged from a coordinate system moving with the body.O From (1.2-16a)
we thus see that all bodies, within the framework of Special Relativity, have zero rest mass. This would be
consistent with our conventional understanding of Physics if all bodies moved at the speed of light. We
will show that within the framework of special relativity, this is indeed the case.

We will be using equations (1.2-8), (1.2-9) and (1.2-9a) throughout this paper. The fact that w
now enters as a parameter in (1.2-9a) indicates that there exists a family of spacetime manifolds, forming a
space-time-energy continuum in which each spacetime is characterized by a particular value of w, or
equivalently, its associated energy.

1.3The general Einstein-Lorentz Transformation Equations (GLT)

The relationship expressed in (1.2-8) above allows us to now express the coordinate
transformation equations in a more general form. Let us now show how these equations are derived. We
must consider a transformation between two arbitrary reference frames in the space-time-energy
continuum.

When Einstein originally derived the Lorentz transformation equations, he did so by postulating
that the velocity of light c is unaffected by the relative motion between two frames of reference. Then he
imagined a sphere of light expanding outward from the origin of two coincident coordinate systems at time
t=0, with one coordinate system subsequently traveling away from the other with a relative velocity V.

In relativity theory, we are interested in how the description of the behavior of an event differs
between one reference system and another due to the relative motion of the two systems. From quantum
theory, we know that all material objects have a wavelike nature. Let us now rederive the transformation
equations in a manner similar to that used by Einstein, but by considering the expanding matter wave
wavefronts which define all of the events in a spacetime manifold, instead of a photon sphere. The
principle of the constancy of the velocity of light is replaced by the fact that, in general, condition (1.2-9a)
must be satisfied, and specifically for our spacetime

¢ =wivu=w’v'u' (1.3-1)

where the quantity*dransforms as a scalar

One can now proceed to derive the transformation equations that relate two arbitrary reference
frames in the space-time-energy continuum. Note that the space-time-energy continuum should not itself
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be thought of as an absolute frame of reference. The ability of two observers tallfvera vantage

point of the same spacetime manifold from within the space-time-energy continuum is an indication that
there in no absolute or preferred frame of reference. This is analogous to the existence of a spectrum of
frequency values for a photon: each frequency value corresponds to a possible physical repregentation
the same photon. An absolute space-time-energy continuum would be consistent with the condition of
global energy conservation in a spacetime manifold. However, Einstein showed that global energy
conservation was not a condition found to apply in his general theory of relativity.

The procedures used to obtain the transformation equations are readily available in such books as
the mechanics text by Mariband will not be provided here. The results of rederiving the transformation
equations are

REELAL (1.3-2)
N TTE |

n,'=n, (1.3-3)

Ns'=1s (1.3-4)

#iV .
—— " +iduvt
7] [ J— VUV !

. W (1.3-5)
., \Y%
= (1.3-6)

Vuv

It is convenient to expresgO in terms of tO. To get the final expression starting from (1.3-5)
requires some algebra, but letOs do it here to obtain the correspondence between the tO derived here and the
usual form of Lorentz transformation equations.

Substituting fom,0 yields

_iVn +ivuv t

T 'h

iWu'vt=Y = (1.3-7)
1-p

Solving for tO yields

V Ju i

n +

#
1 1 1 1
t'= Vuvy “\/‘# uv (1.3-8)

<

Using (1.2-9a) we find



=20 (1.3-9)

J1# 172

In order to use (1.3-2) and (1.3-9) it would be nice to express them in termsatifec tham,  If
we do this for our case of one-dimensional motion we find

D
= (1.3-10)
1 1_ﬁ2
X—ll(w-v) Xll— V.X1
t= WW - W Ww (1.3-11)

J1-B? 1-p°2

If one now requires that the velocity w of the matter wave wavefronts is thé fearak frames
of reference then

w =wO (1.3-12)

We can quantify, what we have meant by Ovelocity w of the matter wave wavefrontsO by stating the
relationship

w = wO= (uO ¥&3¥(u v)? (1.3-13)
which we recognize as a form of equation (1.2-9a). As expressed earlier by equation (1.2-9) it now follows

that w = ¢. This can be shown in the following way by using the Planck-Einstein equation and the de
Broglie equation

E=h! (1.3-14)
and
p :IE (1.3-15)
which we may rewrite as
E_m
h=—=—- (1.3-16)
! !
and
h=rp=YP VMU (1.3-17)

We find by setting (1.3-16) and (1.3-17) equal that
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! vu)_ 0 (1.3-18)

which leads one to conclude that

uv==2 (1.3-19)
Then it follows from (1.3-13) that

w=c (1.3-20)
This is true only for our spacetime, because of the use of (1.3-16) instead of (1.2-2a). (Using (1.2-2a)
instead of (1.3-16), one would arrive at (1.3-14), which is thus a general relationship. Relationships (1.3-

12) and (1.3-20) have the following effect on the transformation equationgX¥amx tO expressed by
equations (1.3-10) and (1.3-11). From (1.3-6)

p= X (1.3-21)
C
from (1.3-10)
X,'= X1 Wt (1.3-22)
VZ
1! —-
C2
and from (1.3-11)
t-—X;
t=—C (1.3-23)
V2
1- —
2

Equations (1.3-21), (1.3-22), and (1.3-23) correspond identically to the usual form of the Lorentz
transformation equations.

Thus we see one important role of c: it is the conversion factor between space and time
coordinates. This emerges in a natural way in the derivation of (1.3-22) and (1.3-23) as embodied in the
relation x =wt This leads us to a statement of condition one:

Condition One: The fact that the speed of light ¢ is the conversion factor between space and time
coordinates is an essential requirement for obtaining the Lorentz transformation equations from a
treatment based on the use of matter waves.

Sach$ has pointed out that the essential role of ¢ as the conversion factor between space and time in all
laws of Nature follows from the principle of relativity when the language of spacetime is used to express
the laws of Nature.



We also arrive at the conclusion that within a description of spacetime based on matter waves two
additional conditions are required to arrive at a form of spacetime coordinate transformation equations that
yield a description of events which corresponds to that obtained experimentally:

Condition Two: The velocity, w, which characterizes the matter wave wavefrontas defined by (1.3-
13)) that define a spacetimenanifold must be the same for all frames of reference: i.ew = W',

Condition Three: The velocity, w, which characterizes the matter wave wavefronts is equal to the
speed of light: i.e.,w =w'=c.

These last two conditions for matter waves correspond to the principle of the constancy of the velocity of
light for electromagnetic radiation in a vacuum.

1.4Form of the general Einstein-Lorentz Transformation Equations for an arbitrary spacetime
manifold

From equation (1.3-2)

ﬁ (1.4-1)

using the fact that w = wO we may write

Wt Vit
wt'= —W (1.4-2)

which leads to

=1 " V)
t'=—=——=t (1.4-3)
W 1II ! 2

noting that V/w = in the general formulation we find
1=
U= ( /32 t (1.4-4)

1-p
Sincet' =X
w

= T..’zw t (1.4-5)

Now, since wt =x



X, =—T—=X; (1.4-6)

From equation (1.3-11)

t'= = (1.4-7a)

W (1.4-7b)

t=—W__ (1.4-7¢)

NI

Equation (1.4-3) and Equation (1.4-7c) really are two forms of the same equation, but it is instructive to set
them equal to each other and rearrange as shown below

/

t-—x
%\(/V: )lz)t = \/1‘f"! 21 (1.4-8)
(W-Vk=tw-gx, (1.4-9)
Noting that tw = x we find
x, -Vt =x,1-8) (1.4-10)
x, ! x, @ )=Vt (1.4-12)
x, (@ @ ")=vt (1.4-12)
x,! =Vt (1.4-13)
X, = vt (1.4-14)
B
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If one divides (1.4-6) by (1.4-4) one recovers relationship (1.3-12)

w =wO (1.4-15)

An interesting feature which the reader may have noticed is that by using (1.4-4), (1.4-6) and (1.4-
14) even if one’s watch is broken it is possible for an observer in O to determineritre in O' because it
also corresponds to one@&ial position in O, andeven if one’s ruler is broken it is possible for an
observer in O to determine theation in space in O' because it also corresponds to#he in O.

o 1) .
V1" 12
(R Y,
=x Lt ]
X, TR (1.4-17)

From an examination of (1.4-4) and (1.4-6), we can define a generglizaitbdygento be given

(1.4-16)

by

(1.4-18)

(The reader may find it interesting to note that Field uses this quantity, which he, ¢allsrite down a
Omanifestly space-time exchange invariantO form of the Lorentz Transformation Efyations.

Then
t'= Venh X, (1.4-19)
\%
and
ugen V
x,' = ; t (1.4-20)
Noting thatp is given by (1.3-6) as
v
I = (1.4-21)
Juv
equation (1.4-19) becomes
o Lo X, (1.4-22)




and equation (1.4-20) becomes

x,' =1 uvt (1.4-23)

© gen

By using (1.2-9) if follows that whereas x c t represents the transformation between time and space
coordinates within given frame of reference in our spacetime manifold, the following equations represent
the transformation between the space and time coordinates @ffferent frames of reference in our
spacetime manifold

X, = —— (1.4-24)

X)' =Yg Ct (1.4-25)

Alex Green points out in a Usenet goshat the quantity (given in the present notation)
_UX
=— (1.4-26)
Cc

is the relativistic phase. This quantity may be obtained from (1.3-23) by setting tO = 0. From this quantity,
one can find an expression farwhich can be substituted into (1.4-22) above to yield

n 2

t'= SL\/Z_Vt (1.4-27)

Comparison with (1.4-4) and (1.4-18) yields
¢’ =1 (1.4-28)

uuv
Solving for u, one finds

u==*¢ (1.4-29)
where we have used the fact that

uv = ¢ (1.4-30)

in our spacetime to obtain this result, and where one should select the positive root from physical
considerations. The result (1.4-29) is specific to our spacetime because of the use of (1.3-23) and (1.4-30).
In general, if one starts with the general expression (1.4-16) one obtains

u=w"0,oru=0 (1.4-31)

Equation (1.4-29) is an important result, because it says that an arbitrary object in our spacetime is moving
at the speed of light. The great physicist P.A.M. Dirac anticipated this result in his well-known book on
Quantum Mechanics, stating explicitly for the case of the electron: Oa measurement of a component of the
velocity of a free electron is certain to lead to the result%®bac illustrates how this result can arise in a
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relativistic theory by making use of the uncertainty principle. Furthermore, he points out that there is no
contradiction with experiment because Othe theoretical velocity in the above conclusion is the velocity at
one instant of time while observed velocities are always average velocities through appreciable time
intervals. We shall find upon further examination of the equations of motion that the velocity is not at all
constant, but oscillates rapidly about a mean value which agrees with the observetf value.O

1.5 The general Einstein-Lorentz transformation equations for energy in our spacetime

The relativistic energy, T, of a particle in our spacetime may be expressed by using the following
equatior’

T2 = (md)? = p’c® + m? ¢ (1.5-1)
For our spacetime manifold, equation (1.2-2) holds, and (1.5-1) becomes
h%v? = p’c® + mp? ¢ (1.5-2)

We can generalize this expression by using the de Broglie equation

_h (15-3)
5 .
h2"2# h* uv=m,wuv
3 V=M, (1.5-4)

where we have also used (1.2-9) and (1.3-1). The dispersion relation for a matter wave is given by
"o=—Kk (1.5-5)

In this expression, the subscript n indicates quantization, which results from the assumption that the particle
(and consequently, its associated matter wave) is contained in a universe of finite dimension, i.e., boundary
conditions apply in such a closed universe. If both OendsO of the particleOs matter wave are required to be
nodes, we have the boundary condition of both ends fixed, so that

2r  nm
kn =}L—=T,n=l,2,3,... (15-6)
Thus the dispersion relation may be written
\Y
Po=—# v=" 1 (1.5-7)
n
By use of (1.5-7) equation (1.5-4) becomes
> b’
hy 2 - o v, = m, " w2vu (1.5-8)
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Multiplying the numerator and denominator of the second term in the above equatiparuly, yields

3 2
h n

h2nn2# 5
$ mu
n n

= m02W vu (1.5-9)

where we have used (1.5-3) to replagén the numerator, with p replaced by m u. One can now pull out a
factor of (Hfv) from the left side to yield

2% 2
h*" '8}# g ; =m, w’vu (1.5-10)
 mv

where we have also used (1.5-7). Dividing both sides by the quantity in parenthesis, and taking the square
root of both sides, one finds

m,w+/vu 1’1’1W2
hV — 0 — 0

n 1- h 1- h
A,mv A,mv

where we have used (1.2-0). Equation (1.5-11) is the correct expression for the relativistic energy of a
particle moving in an arbitrary manifold. In general, ioes not represent the same physical quatity as

mc?, but for our spacetime as described by special relativity this identification holds. In general h
represents the kinetic energy of an object. In our spacetime it follows from Condition Three that (1.5-11)
becomes

(1.5-11)

m,C

1#h

(1.5-12)

$ mv

For future use, it is informative to express (1.5-12) in terms of inertial mass When we quantize
the frequency in our spacetime, what we are really saying is that

2

h"1 h" =nh"_ =nm_c’=mc (1.5-13)
so that
—_ m()
m, =——0 (1.5-14)
n h
1
#m v
Recalling thak., is given by (1.5-3) with p replaced by m u, yields
m,
m, = (1.5-15)
u
1-—
A



which leads to an expression which is identical to the one obtained from EinsteinOs Special Theory of
Relativity when we use (1.4-30) and whepimreplaced by m

when one uses (1.3-13) instead of (1.3-19).

(1.5-16)

(1.5-17)

It is now clear that from the conclusion that rest mass is zero, and the conditions that link u with v
(1.2-13) and w (1.4-31), and from the fact that u = ¢ (1.4-29), along with the forms of the transformation
equation for mass (1.5-15) b (1.5-17), that mass is only an apparent quantity (i.e., represented by an
indeterminate mathematical expression). Now that we have understood this from our general
transformation equations, we can begin to work out an interpretation of indeterminate quantities that will
allow us to resolve the perplexing riddle of how to reconcile the logical need for zero rest mass with
physical observations. This process is begun in another paper. Below we summarize the general Lorentz-

Einstein transformation equations.

Table 1. General Lorentz-Einstein Transformation Equations

General form (GLT)

Form for our spacetime (w =u=v=c) (LT)

=V LoV

"~ Juv C
1ll! V

t':ut t—7X1
1|| !2 t|= C

2

| -V

Cc

1- X vt

X1'= ( ﬁ)xl X,'= 1 -

1-p° T

c

m= m02 m= m02

1 1-5

w c
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