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ABSTRACT

Einstein’s time dilation and length contraction in his Special Theory of Relativity are,
in general, inconsistent with the Lorentz Transformation.

1 Introduction

It has recently been proven by Engelhardt [1] that Einstein’s
method of synchronising clocks in his Special Theory of Rel-
ativity is inconsistent with the Lorentz Transformation. I re-
cently extended this, proving that for any time ¢ > 0 in Ein-
stein’s ‘stationary system’ K there is always a place £* in Ein-
stein’s ‘moving system’ k where the time 7 therein is zero,
despite ¢ and T being synchronised according to Einstein’s
method [2]. This is in fact a special case, because to any
time ¢ > O in Einstein’s ‘stationary system’ K there is always
a place ¢* in Einstein’s ‘moving system’ k where the time
T = «t, where 0 < «. Furthermore, there is always a place in
Einstein’s ‘stationary system’ K where the length [, of a rigid
rod in his ‘moving system’ k equals the length [y of the same
rigid rod in the ‘stationary system’ K. These facts subvert the
foundations of Special Relativity.

In §1 of his 1905 paper, Einstein [3] defined the ‘common
time’ for the points A and B in a space:

“We have so far defined only an ‘A time’ and
a ‘B time.” We have not defined a common ‘time’
for A and B, for the latter cannot be defined at all
unless we establish by definition that the ‘time’
required by light to travel from A to B equals the
‘time’ it requires to travel from B to A. Let a ray
of light start at the ‘A time’ ty from A towards
B, let it at the ‘B time’ tg be reflected at B in the
direction of A, and arrive again at A at the ‘A
time’ t),.

“In accordance with definition the two clocks
synchronize if

tp— 1ty = t; —tg.”

Einstein [3, §3] then produced the Lorentz Transforma-
tion:
&=p(x—un,
{ =z,

T :,8(t - vx/c2),

n=4y,

B=1/+1-1v%/c?,
where x, y, z, ¢, pertain to the ‘stationary system’ and v is the
uniform rectilinear speed between the two systems of coordi-
nates in the direction of the positive x-axis.
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2 Einstein’s synchronisation of clocks

Einstein [3, §3] synchronised his clocks for both his ‘station-
ary system’ K and his ‘moving system’ k:

“...let the time t of the stationary system be
determined for all points thereof at which there
are clocks by means of light signals in the man-
ner indicated in §1 ; similarly let the time T of
the moving system be determined for all points
of the moving system at which there are clocks
at rest relatively to that system by applying the
method, given in §1, of light signals between the
points at which the latter clocks are located.

“To any system of values x, y, z, t, which com-
pletely defines the place and time of an event in
the stationary system, there belongs a system of
values &,n,{, T, determining that event relatively
to the system k.

Hence, for any given ‘event’, by his sychronisation
method, all points in Einstein’s ‘stationary system’ K have
the common time ¢ and all points in his ‘moving system’ k
have the common time 7.

3 Einstein’s time dilation

Recall that the ‘stationary system’ is K, with coordinates
X,Y,z,t, and that the ‘moving system’ is k, with correspond-
ing coordinates &,1,{, T.

“...we imagine one of the clocks which are
qualified to mark the time t when at rest relatively
to the stationary system, and the time T when at
rest relatively to the moving system, to be located
at the origin of the co-ordinates of k, and so ad-
Jjusted that it marks the time 1. What is the rate of
this clock, when viewed from the stationary sys-
tem?

“Between the quantities x, t, and T, which



refer to the position of the clock, we have, evi-
dently, x = vt and

(t - vx/cz).

T =

1
V1 —=1v%/c?

“Therefore,

e = NToR)E = 1 (1~ T2

“whence it follows that the time marked by the
clock (viewed in the stationary system) is slow by

1 — /1 —v2/c? seconds per second, ...” [3, §4]

Thus, clocks A and B are first synchronised when they
are both at rest with respect to the ‘stationary system’ K. At
this stage the system k is not ‘moving’ and the systems K
and k coincide, as shown in figure 1. Hence clocks A and B
then read the same ‘time’, for the ‘stationary system’ K. The
system k is then imagined to be moving with speed v along the
common X-axis of x and &, and when their origins coincide
(x = ¢ = 0) the time is ¢ = 7 = 0, again as in figure 1, except
that clock B is now fixed to the origin of coordinates for the
‘moving system’ k.
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Fig. 1: Initial conditions: the origins of the ‘stationary system’ K
and the ‘moving system’ k coincide, and ¢t = 7 = 0. The initially
synchronised clocks A and B are located at the common origin (x =

£=0).

After a time ¢ > 0 the system k has advanced a distance
x = vt so that clock A is at the origin of the ‘stationary system’
K, although it can be located anywhere in K, and clock B at
the origin of the ‘moving system’ k, as shown in figure 2.

Note that in both figures, clock B is located at & = 0.
Therefore, by the Lorentz Transformation (1), x = vz.

The ‘moving’ clock B indicates the time 7 at all points
in the ‘moving system’ k, according to Einstein’s method of
clock synchronisation, and clock A the time at all points in
the ‘stationary system’ K.

According to the Lorentz Transformation, the time 7 is a
function of both x and 7 when v # 0. Elimination of x for the

A x=vi B
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Fig. 2: Subsequent conditions: clock A reads time ¢ for the ‘station-
ary system’ K and clock B reads time 7 for the ‘moving system’ k.
Clocks A and B are separated by the distance x = v according to the
‘stationary system’ K. Clock B is always located at £ = 0. Clock A
can however be located anywhere in K.

‘stationary system’ K in the Lorentz Transformation (1) for
the time 7 yields,

Tzz—é. 2)

B
T=t/B=1tN1-12/c* 3)

and so when ¢ = 0, 7 = 0 too. Equation (3) is Einstein’s ‘time
dilation’. Note that it applies only at & = 0 of the ‘moving
system’ k, by an ad hoc mathematical restriction.

Setting 7 = ¢ in (2) yields,

If ¢ = 0, then,

(1-p)1c?
po

Thus for all # > 0 there always exists a place £&* # 0 where
7 = tin Einstein’s ‘moving system’ k, contrary to Einstein’s
‘time dilation’ and clock synchronisation method. When ¢ =
0, ¢ = 0, and then from either (2) or (3), 7 = 0 as well. The
case of r > 0 and 7 = 0 at a place & # 0 has already been
proven in [2]. However, the latter is really a particular case of
the foregoing, since for any time ¢ > O there always exists a
place £* in the ‘moving system’ k where T = «t, « being any
real number in the range 0 < k. Set 7 = «¢ in (2). Then, in
general, for any time ¢,

§=¢" = “)

(1 -«B) tc?
B

is a place in the moving system where 7 = «f. Setting k =

2, for example, yields T = 2¢ at & = (1 —28)tc?/yB in the

‘moving system’ k; in which case ‘time’ is not dilated, but

runs faster than .

&= ®)

K T &
0 0 tc? /Bv
1/2 t/2 (2 = B) tc?2pv
2 2t (1-2B)t2/vB
1/ /B 0



Hence the ‘stationary system’ K finds that for any time
t > 0, 7 has different values at different places in the ‘mov-
ing system’ k. Only at & = 0 does Einstein’s ‘time dilation’
equation hold. Thus, Einstein’s time dilation is, in general,
inconsistent with the Lorentz Transformation.

4 Einstein’s length contraction

According to Special Relativity a moving ‘rigid body’* un-
dergoes a length contraction in the direction of its motion. If
motion is in the X-direction then the length of the moving
body in that direction is shortened to Iy /1 — v?/c?, where [,
is the length of the body in the X-direction when the body
is at rest. In other words, if the length of a body in the x-
direction in the ‘stationary system’ K is [y, then according to
the ‘stationary system’ K the length of the very same body in
the ¢-direction of the moving system k is Ij = lo /1 — v?/c?.
However, at any time ¢ > 0 of the ‘stationary system’ K there
is always a place x* in K from which the length of the moving
body is the same as in the ‘stationary system’ K.
Einstein [3, §4] considered a rigid sphere of radius R:

“We envisage a rigid sphere' of radius R, at
rest relatively to the moving system k, and with
its centre at the origin of co-ordinates of k. The
equation of the surface of this sphere moving rel-
atively to the system K with velocity v is

i+l =R.

The equation of this surface expressed in x,y,z
at the time t = 0 is

2

(Vi=7e)

A rigid body which, measured in a state of rest,
has the form of a sphere, therefore has in a state
of motion - viewed from the stationary system -
the form of an ellipsoid of revolution with the
axes

+y2+ZZ=R2.

R+/1-10v2/c%,R,R.

“Thus, whereas the Y and Z dimensions of
the sphere (and therefore of every rigid body of
no matter what form) do not appear modified by
the motion, the X dimension appears shortened
in the ratio 1 : \/1 —v2/c%, i.e. the greater the

value of v, the greater the shortening.

“! That is, a body possessing spherical form
when examined at rest.”

*Although Einstein utilised rigid bodies, these bodies change their
lengths when they are in motion.

Einstein’s rigid sphere at rest “relative to the moving sys-
tem k” is illustrated in figure 3. Note that the radius of a
sphere at rest is R in all directions. Since Einstein’s rigid
sphere moves only in the X-direction, the radius R in that di-
rection is purported to shorten to R /1 — v2/c2, according to
the ‘stationary system’ K. This is easily seen by setting y =
z = 0 in Einstein’s equation for the “ellipsoid of revolution”,
from which it immediately follows that x = R /1 — v?/c2.
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Fig. 3: Initial conditions: a rigid sphere of radius R centred at the
origin of coordinates for the ‘moving system’ k. The sphere is at
rest with respect to k. In the k system the sphere has the equation
£ +n* + % = R%. When ¢ = 0 in the ‘stationary system’ K, the time
7 = 0 at the origin & = 0 but at & = R the time is T = —Rv/c?, by the
Lorentz Transformation.

It is evident from Einstein’s equation for “an ellipsoid of
revolution” that his ellipsoid is centred at the origin of coordi-
nates x = y = z = 0 for the ‘stationary system’ K. Hence Ein-
stein [3, §4] superposed the two coordinate systems for K and
k respectively, so that their origins coincide at the ‘stationary
system’ K-time ¢t = 0, illustrated in figure 4. In this case it
is imagined that the sphere is moving at a constant speed v in
the common X-direction according to the ‘stationary system’
K.

Note that Einstein set ¢ = 0 at the common origin of co-
ordinates, so that, by the Lorentz Transformation (1), & = SBx.
Consequently, at the common origin, x = 0 and therefore & =
0. Referring to figure 3, when ¢ = 0 at all time-synchronised
points in the ‘stationary system’ K, at ¢ = 0 the k-time is
7 =0, but at £ = R the k-time is T = —Rv/ 2, by the Lorentz
Transformation. FEinstein did not mention this. There is in
fact no single k-time associated with the K-time ¢+ = 0. If
t > 0, then & = B (x — vt) and the equation of the “ellipsoid of
revolution” according to the ‘stationary system’ K is,

(x — vr)?
(\/1 - 02/02)2

This ellipsoid is centred at x = vt,y = 0,z = O of the ‘sta-
tionary system’ K. The first term of equation (6) is not con-
stant, but varies with the ‘time’ 7. To avoid this awkward

+y* +25 =R~

(6)
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Fig. 4: Subsequent conditions: a rigid sphere of radius R centred
at the origin of both coordinate systems. The sphere is at rest with
respect to k but moving at a constant speed v with respect to K, in
the common X-direction. The ellipsoid is the ‘shortened sphere’
observed from the stationary system K. In the k system the sphere
has the equation &2 + 17 +¢? = R. In the K system it is not a sphere,
but an ellipsoid, with equation ﬁ +y* + 72 = R®. Here the
time ¢ = 0 at all time-synchronised points in the ‘stationary system’
K, but for the ‘moving system’ k the k-time is 7 = 0 at £ = 0 but
T=-Rv/c*até =R.

problem, Einstein set t = 0. However, it follows from the
Lorentz Transformation that for any time ¢ > O there is al-
ways a place x* in the ‘stationary system’ K, from which the
moving sphere of radius R in k, is a sphere of radius R in K.
In other words, there is always a place in K from which there
is no ‘length contraction’ of the moving sphere.

Since length contraction supposedly occurs only in the
direction of motion, consider a ‘rigid rod” of length /y in the
‘stationary system’ K, as shown in figure 5.
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Fig. 5: A rigid rod of length [, in the stationary system K, and in the
as yet stationary system k.

Take an identical rigid rod and place it with the very same
orientation in the as yet stationary system k. Now imagine the
system k to have a constant speed v in the positive direction
of the x-axis of K, as shown in figure 6.

Let the time 7 of the ‘stationary system’ K be reckoned
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Fig. 6: A rigid rod of length [, in the ‘stationary system’ K and of
length [ in the ‘moving system’ k as determined from the stationary
system K. The systems are offset here because rigid rods cannot
pass through one another.

from ¢ = 0 when the y and ;7 axes coincide. After a time ¢ = f,
the k system advances to a distance /o = vy from the origin
of the K system, i.e. the very length of the ‘stationary’ rod,
shown in figure 7.

Now, according to Special Relativity, the length of the
‘moving’ rod [j is the same at any time ¢ and place x of the
‘stationary system’ K, because length contraction is indepen-
dent of the value of ¢ and position of the rod in either system,
depending only on the constant relative speed v. However, ac-
cording to the Lorentz Transformation, ¢ = 8 (x — vf). Thus,
when ¢t = 0, & = Bx, and so l(’) = Bly. But when 7 = ) > 0,

&=B(x—uip) =B(x—-1l), @)
having set [y = vty. Setting & = [ yields,
lo=B(x—1). ®)
Solving this for x gives,
1 1
o _h(+p) _w+p) ©

B B

Thus, at any ¢t = tp > 0 such that [, = vt, there is a place
x* =y (1 + B) /B from which the length of the ‘moving’ rod
is exactly the same as the length of the ‘stationary’ rod. In
other words, when the ‘moving system’ k has traversed a dis-
tance equal to the length of the ‘stationary’ rod, there is a



Fig. 7: After time #, the k system advances a distance [, = vt.

place x* in the ‘stationary system’ K from which the length
of the ‘moving’ rod is the same as the length of the ‘station-
ary’ rod. In fact, there is always a place x* in the ‘stationary
system’ K from which the ‘moving’ rod has any correspond-
ing finite length. In general, if the length of the rigid rod in
the ‘stationary system’ is [y, then there is always a place x*
in the ‘stationary system’ K from which the very same rod,
when ‘moving’, has the length lg) = oly, where 0 < 0. Set-
ting & = ol in (7), the place x* in the stationary system is
given by,

s lo (o +p) _ (o +p)
B B

For example, set o = 2. Then x* = Iy (2 + ) /8. Hence, by
(N, Iy, = Bllo(2+pB) /B~ lo] = 2. In this case the ‘moving’
rod becomes extended, not contracted. Similarly, set oo = 1.
Then x* = [y (1 + ) /Band so [, = B[lo (1 +B) /B — ly] = lo.

(10)

a ly X

0 0 lo

12 )2 lh(1+28)/28
1 lo L(l+p)/B
2 2ly bh2+p) /B
B Blo 2ly

Note that only at x* = 2/ does Einstein’s ‘length contraction’
equation hold. Therefore, only at x* = 2R does Einstein’s
‘length contraction’ hold for his moving rigid sphere, not at
x = 0 or at x = R/B, or anywhere in between. FEinstein’s
length contraction is inconsistent, in general, with the Lorentz
Transformation.

5 Einstein’s twins paradox

With his ‘time dilation’ equation in the lag form,
T=1t- (1 -1 —U2/C2)t,

Einstein used the following approximation, when v?/c? << 1,

(1)

U2 1/2 1 02
2 (-t w
Putting (12) into (11) gives,
1
T= Etvz/cz. (13)

Then, on the basis of his ‘time dilation’, Einstein [3, §4]
first considered twin clocks, one located at a point A, the other
at a different point B, both in the ‘stationary system’ K. These
two clocks are synchronised according to Einstein’s method.
Consequently they initially read the same ‘time’ in K. The
initial situation is illustrated in figure 8, where A¢ and B¢ are
the clocks at the points A and B respectively.
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Fig. 8: Stationary clocks A¢ and B¢ at points A and B respectively
in the ‘stationary system’ K, are synchronised by Einstein’s method.
They therefore read the same time, just as any and all other synchro-
nised clocks in the ‘stationary system’ K, such clocks being able to
be introduced at will.

“If at the points A and B of K there are sta-
tionary clocks which, viewed in the stationary
system, are synchronous ; and if the clock at A
is moved with the velocity v along the line AB
to B, then on its arrival at B the two clocks no
longer synchronize, but the clock moved from A
to B lags behind the other which has remained
at B by %tv2 /c? (up to magnitudes of fourth and
higher order), t being the time occupied in the
Jjourney from A to B.” [3, §4]

The subsequently moving clock A¢ constitutes the ‘mov-
ing system’ k. To amplify, attach the coordinate system for k
to the moving clock Ac, as in figure 9.
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Fig. 9: Although Einstein does not say ‘constant speed’, owing to
the very setting of Special Relativity clock Ac moves at constant
rectilinear speed v towards point B to which clock B is affixed.
Ultimately clock Ac, at the origin of the coordinate system for the
‘moving system’ k, stops at point B and compares its ‘time’ reading
with the clock B¢. Points A and B, and clock B¢, constitute the
‘stationary system’ K.

The moving clock Ac stops at point B in the stationary
system K and compares its ‘time’ to the clock B, illustrated
in figure 10. According to Einstein they no longer indicate
the same time: clock Ac lags clock B¢ by the time 110?/c?.
However, as proven in §3 herein, for any time ¢ > 0 in the ‘sta-
tionary system’ K there is always a place £* in the ‘moving
system’ k where a clock located there maintains the very same
time as the clock Ac in the ‘stationary system’ K. Hence, Ein-
stein’s twins paradox is also generally inconsistent with the
Lorentz Transformation and his clock synchronisation
method.
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Fig. 10: Clock Ac stops at point B and its reading is compared to
that of clock B¢. According to Special Relativity the clocks are no
longer synchronised and so they read different times; clock Ac lags
clock B¢. This conclusion is however generally inconsistent with the
Lorentz Transformation and Einstein’s method of clock synchroni-
sation.

Einstein’s time dilation is reciprocal because Special Rel-
ativity is symmetric by its very definition. Indeed, concerning
his length contraction, Einstein [3, §4] asserted,

“It is clear that the same results hold good of
bodies at rest in the ‘stationary’ system, viewed
from a system in uniform motion.”

Consequently, the situations illustrated in figures 9 and
10 can be reversed, so that clock B¢ moves towards clock Ac
affixed at point A in system K, so that clock B¢ finally lags
clock A¢. This reversal is in fact merely a copy of the first
configuration, as an interchange of the A’s and B’s reveals.
However, since only relative motion is allowed in Special
Relativity, neither system can say which is really ‘moving’
and which is really ‘stationary’. All each system can con-
clude is that they approach one another or recede from one
another with a constant rectilinear speed, or that they neither
approach nor recede. In the latter case the two systems are
‘at rest’. In Einstein’s twin clocks scenario each system must
conclude that they approach one another with a constant recti-
linear speed v. Hence, each system must finally conclude that
its clock is the one that lags. That A¢ lags B¢ and B¢ lags
Ac is impossible. Einstein introduced an asymmetry into his
‘time dilation’. He also asserts,

“It is at once apparent that this result still
holds good if the clock moves from A to B in any
polygonal line, and also when the points A and B
coincide.” [3, §4]

The “polygonal line” violates a foundation of Special Rel-
ativity; that it applies only to uniform rectilinear relative mo-
tion. To move “in any polygonal line” dispenses with the
foregoing character of Special Relativity, and the presence of
‘rigid’ bodies. Moreover, it is only apparently possible be-
cause Einstein’s ‘time dilation’ does not depend upon posi-
tion, only the time ¢ and the relative constant speed v, because
he arbitrarily eliminated all positions other than & = 0 in the
‘moving system’ k. Figure 11 illustrates Einstein’s polygonal
line motion from point A to point B when A and B do not
coincide.

Note that as clock A¢ moves along the dashed polygo-
nal line on its way to point B, there is, according to Einstein,
time dilation on each leg travelled, determined by his equa-
tion 7 = r+/1 —v?/c?. As the latter is independent of posi-
tion, when clock A¢ reaches point B, it is no longer synchro-
nised with the clock B¢. However, in the ‘moving system’ k
in which clock Ac resides, there is always a place & where
7 = «t for any chosen value of «, because, by the Lorentz
Transformation, 7 is a function of both time and position. Ein-
stein’s motion of clocks along a polygonal line is generally
inconsistent with the Lorentz Transformation because 7 has
no particular value for the ‘moving system’ k. Furthermore,
owing to the symmetrical nature of Special Relativity, nei-
ther system can say which is really ‘stationary’ and which is
really ‘moving’: there is only relative motion. Consequently,
each clock experiences precisely the same effects as the other.
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Fig. 11: Clock A¢ moves to point B along a ‘polygonal line’ indi-
cated by the broken lines. On this course from point A to point B the
clock Ac acquires motion in the Y and Z directions as well as the
X-direction. This however does not affect Einstein’s time dilation
owing to his ad hoc elimination of position.

Hence, each clock must conclude that it lags, which is again,
impossible.

The case of polygonal motion between points A and B,
“when the points A and B coincide” is depicted in figure 12.
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Fig. 12: Points A and B coincide at the origin of the coordinate
system for the ‘stationary system’ K. The synchronised clocks Ac
and B¢ are identical twins, initially located at the origin of K, where
points A and B coincide. Clock A¢ then travels out along the polygo-
nal line from the origin and returns, at a constant speed v throughout.

In figure 12 clocks A¢ and B are initially at rest at the
origin of the ‘stationary system’ K, where points A and B
coincide. Clock Ac¢ then undertakes a polygonal journey at
constant speed v on each leg. FEinstein concludes from his
time dilation equation that when clock A¢ returns to the ori-
gin of the stationary system K, it is no longer synchronised
with clock B¢, and that it lags clock B¢. But once again, by
the Lorentz Transformation, the time 7 of the ‘moving sys-
tem’ is both time and position dependent in general. Conse-
quently there is always a place &* in the ‘moving system’ k

where T = «t, for any arbitrary « such that 0 < x. And since
Special Relativity is supposed to be symmetric, each system
must experience precisely the same effects of relative motion,
so that each clock finds that it lags the other, which is still
impossible.

Finally, Einstein [3, §4] invokes a “continuously curved
line” in place of the polygonal line, when points A and B
coincide; depicted in figure 13.

“If we assume that the result proved for a
polygonal line is also valid for a continuously
curved line, we arrive at this result : If one of
two synchronous clocks at A is moved in a closed
curve with constant velocity until it returns to A,
the journey lasting t seconds, then by the clock
which has remained at rest the travelled clock on
its arrival at A will be %tvz/c2 second slow.” 3,

§4]
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Fig. 13: Points A and B coincide at the origin of the coordinate sys-
tem for the ‘stationary system’ K. The synchronised clocks Ac and
B¢ are identical twins, initially located at the origin of K, where
points A and B coincide. Clock A¢ then travels out along the con-
tinuously curved line from the origin and returns, at a constant speed
v throughout.

The continuously curved line traversed by clock A¢ in
figure 13 produces the very same time dilation effect as Ein-
stein asserts for the polygonal line in figure 12. The continu-
ously curved line suffers from the same inconsistencies as his
polygonal line. In all cases Einstein’s time dilation and clock

synchronisation are generally inconsistent with the Lorentz
Transformation.

6 Conclusions

It is evident that the Lorentz Transformation has no physical
meaning because it does not assign any particular time to all



places within any given moving coordinate system. Its time in
one coordinate system depends upon time in another coordi-
nate system, and the position (be it of the one or the other co-
ordinate system). By his clock synchronisation method Ein-
stein attempted to ensure that time at all places within a given
system is the same, despite subsequently invoking the Lorentz
Transformation. By his time dilation method he attempted to
assign different times to different systems by virtue of uni-
form relative motion, generalised in such a way as to vio-
late the uniform rectilinear relative motion defined on Special
Relativity, owing to his ad hoc mathematical restriction on
position in the Lorentz Transformation. His method of clock
synchronisation is inconsistent with the Lorentz Transforma-
tion. His time dilation and length contraction are generally
inconsistent with the Lorentz Transformation, and also with
his ‘Principle of Relativity’,

“...the same laws of electrodynamics and
optics will be valid for all frames of reference for
which the equations of mechanics hold good.”

(3]

Special Relativity is inconsistent with the Lorentz
Transformation in general.
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