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ADbstract

Lorentz Transformation as interpreted within the context of Special relativity is mathematically
incorrect set of equations. This article presents the general case proof of invalidity, independent of

derivation procedure.

Author presents new solution named Triangle of Velocities, which islogically and mathematically
correct interpretation of the Lorentz transformation.



1. Triangle of Velocities
The linear equation set which is usually associated with transformation of coordinates,

x'=Ax+Bt
11

t'=Cx+Dt (+.3)

has very simple mathematical solution, and we will deriveit now. The key to solution is that these
equations do not contain information on how are x and x' axesoriented relative to one another.

The triangle in picture below isformed by two coordinate systems K and K ' which travel along
straight line at constant speed v relative to one another. Timeisreset in both systems as they pass
by one another (=0, t'=0 when x=0, x'=0).

To define the triangle we use the following setup: arbitrary distance MN is traveled by a material
point at speed v, and distance MO istraveled by aray of light at speed ¢ in the same amount of
time ¢. Theideaisto use speeds v and c¢ to define angle between the two systems.

Angle ¢ isdefined then with sincl):%:% . Because of trigonometrical identity

sin’p+cos’ p=1 wehave

2
cosp=4/1 _v_z (1.2)
c

Equation (1.2) will play key role in transformation of coordinates (1.1) asit tells us how lengthsin
K' relatetothosein K . First equation from 1.1. can be written as

X'=A(X—(——)t) (1.3)

For al eventsat originof K' wehave x'=0 and x=vt¢. By substituting thisin (1.3) we find that

speed of K' relativeto K is VZ—% , and (1.3) becomes:



X'=A(x—w) (1.4)

Thereis symmetry in that speed of arbitrary materia point in both systems must be the same, but of
oppositesign: NO/t=—OM [t'. Writing thisin differential form we have:

_dx_ B_ dx' d( Ax+ Bt)

YTaT AT Td T d(Cx+Dt) (15)
For all eventsat originof K, we have x=0, so (1.5) becomes

B_B _

A D or A=D (1.6)
Next, we can write second equation from (1.1) in the following form:

t' =A(t+Ex) (1.7)

where E=C/A . Tofindout E ,wewill create aclass of eventsthat involve rays of light. We
demand that transformation must be applicable to events for which the following is true:

x=ct (1.8)
x'=ct’ (1.9

These are valid eventsin triangle, as is demonstrated in examples following this derivation.
From (1.4), (1.7), (1.8) and (1.9) wefind £ =—? . Now our transformation becomes:

X'=A(X—vt)
v (1.12)

Inverseof (1.11) is:
X=A(X"+vt")

t=A(t +Lx") (1.12)
C

After substituting (1.12) into (1.11) wefind A= — . Note that we could have skipped using

(R
o2

(1.11) and (1.12) asthisvalueof A4 isimmediately obvious from the triangle and equations (1.2)
and (1.4) since x'=(x—vt)/cos¢ .

Finally we have solution known as “L orentz transformation”:
Y%

t——2X
X'= X—wt t = C
=TT (1.13)
1-Y 1- L
C Cc



1.1. Examples

Example 1. Triangle of velocitiesis defined with v=0.866 ¢ . What is the angle between adjacent
leg and hypotenuse?

2
We have seenin (1.2) that cosine of that angleis cosqbzdl —V—2:0.5
C

Therefore ¢p=arccos0.5=60"

Example 2. We can illustrate the case for which both x=c¢ and x '=c¢’ hold true. These lengths
are marked on the vertical line to the right.

ct

4

Thisfigureis properly scaled. To create it, the following was used: by substituting (1.9) into (1.5)
and (1.9) into (1.12) we find

With ¢=30°, using (1.2) we find 520.5, so above becomes x'=0.577x, t'=0.577¢. The

dimensionsare: x=ct=100mm , vi=50mm and x'=ct'=57.7Tmm .
Different valuesfor time ¢ and ¢’ simply meanthat in K' ray of light has smaller distance to
travel until condition x'=ct’ issatisfied, opposed to longer distance for which x=c¢ holdstrue.

Sofor x'<x, naturaly we have ¢'<¢ . Without knowing Lorentz transformation, these same
results can be obtained from the relations which are obvious from the figure:

vt+ct'cosp=ct or numerically: 50+57.7-cos30°=100.



2. Mathematical Invalidity of Lorentz Transformation in Special Relativity

2.1 Derivation of the Lorentz transfor mation

The Lorentz transformation in Special relativity is derived for two parallel coordinate systems K
and K' inrelative uniform motion, with clocks reset to zero as they pass by one another. We start
with assumption that transformation of coordinates must be linear:

X' =Ax+Bt

t'=Cx+Dt 1)
Another assumption which israrely stated explicitly is that this transformation is expected to work
for arbitrary events, completely unrelated to motion of coordinate systems themselves. An event is
any pair ( x,t), and goal isto find appropriate (x',¢").

First equation from (2.1) can be written as:

x':A(x—(—%)t) 2.2)

For al eventsat originof K' wehave x'=0 and x=v¢. By substituting thisin (2.2) we find that
speed of K' relativeto K is VZ—% , and (2.2) becomes:

X'=A(Xx—-Vvt) (2.3

Thereisasymmetry inthat speed v of K' relativeto K must be equal to speed of K relative to
K", but of opposite sign. Writing thisin differential form we have:

__B_ dx'_ d(Ax+Bt)
VAT Td . d(Cx+Dt) (2.4)

For all events at originof K, wehave x=0, so (2.4) becomes:

B_B _
A D oo A=D (2.5

Next, we can write second equation from (2.1) in the following form:
t'=A(t+Ex) (2.6)
where E=C/A . Thetransformation must be valid for all events traveling at the speed of light
relativeto originof K ':
X=(c+V)t (2.7)
X' =ct' (2.8)
Special relativity states the following for the speed of light:

ct+v=c (2.9)



By substituting (2.9) in (2.7) and using it with (2.3), (2.6) and (2.8) wefind E :—i2 :

c
Now our transformation becomes:
X'=A(X—vt)
t'—A(t—lzx) (2.10)
c
Inverse of (2.10) is:
X=A(Xx"+vt")
t=A(t' +Lx") (2.11)
C
- . . 1
After substituting (2.11) into (2.10) wefind A= >
%
1— 21—
C2
Finally we have solution
t——X
L X—=wt . C
X'= , t

=t =——— (2.12)
v v
\/ c? \/ c?

There are also some other derivation procedures, but they happen to be variations in style only, not
in essence, as can be seen in various literature and on the Internet.

2.2. Explanation of Errors

In the derivation of Lorentz transformation in Special relativity, seriouslogical errors were made.
Those are introduction of “invariant” number, use of weak induction to assume that transformation
is applicable to arbitrary events, and making assumption that procedure is applicable to parallel
systems, when procedure does not contain any information to support that claim.

We will examine these errorsin detail.
2.2.1. “Invariant” number

Asspeed v inthe transformation is different from zero, equation (2.9) meansthat ¢ isavery
special number for which arithmetic doesn't work. This of course is a nonsense, equivalent of
saying 2 + 1 = 2, for very special number 2.

(2.9) isrequired as without it the procedure would resolveinto x'=x—v¢, t'=t (whichisGalilean
transformation for parallel systems).

To avoid saying that for the number ¢ arithmetic doesn't work, it was given a special name —
“invariant” number. This“reasoning” is specific of Specia relativity only, since mathematics does
not know of “invariant” numbers.



The key difference of the derivation in physics textbooksiswriting (2.7) and (2.8) together as

x=ct
x'=ct’

where the key equation (2.9) isimplicit, and ¢ isimmediately called “invariant”, which masks the
error.

2.2.2. Inapplicability to arbitrary events

It is very important to understand that L orentz transformation is inapplicable to arbitrary events.
Equations (2.12) were derived only for the following classes of events:

x=vt with x'=0,
x=0 with x'=—vt’
x=ct with x'=ct’

All three conditions are equations of motion, and timein all of them istime required for certain
distance to be traveled.

Related logical error of Special relativity was making conclusion silently through confirmation
bias: aderivation for arbitrary events was desired, such that for any (x,7) we can find appropriate
(x',¢'), and after using procedure identical with triangle of velocities, obtained transformation
was silently assumed to work for any events.

In triangle of velocities, arbitrary events (e.g. alight bulb beingturnedonat x=1,7=0) are
meaningless as they conflict with meaning of time in above conditions, wher e time is always
associated with motion, and therefore cannot be zero for nonzero traveled length (x=v¢=0 or
x=ct=0,therefore x#1 when ¢=0).

2.2.3. Absence of information that K and K' areparalle

Asthe procedure starts, itissaid that K and K' are parallel to oneanother, and linear equation
set (2.1) islaid out as starting point of the procedure.

Prior to (2.7), procedure does not carry information on angle between the two systems (it can be
any).

We stated in (2.7) that speed of ray of light relativeto K is c+v. Thisistheonly placein
procedure holding information that the two systems are parall€l.

As(2.9) isusedin (2.7) it becomes x=ct. By replacing X=(c+V)t with x=c¢ information that
the two systems are parallel is discontinued, while at the same time making entire procedure
identical to the one used for triangle of velocities.



