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Two identical stopwatches moving at the same speed will elapse the same time after moving the
same distance. Start one stopwatch later than the other stopwatch. The time difference between
these two stopwatches will remain constant after both stopwatches have elapsed the same time.
Such time difference will remain constant while both stopwatches are under identical acceleration.
Therefore, the elapsed time in an accelerating reference frame is identical to the elapsed time in
a stationary reference frame. Consequently, a physical system that exhibits Reflection Symmetry
in its motion demonstrates that the time of a moving clock is independent of the relative motion
between the clock and its observer.

I. INTRODUCTION

In 1887, Woldemar Voigt was working on an elastic
theory of light. Voigt[1] proposed a time transformation
for a moving system. In 1900, Joseph Larmor[2] found
a space-time transformation different from Voigt’s time
transformation and proposed that time runs differently
in different reference frame.

As early as 1895, Hendrik Lorentz[3] also indepen-
dently proposed a space-time transformation similar to
Voigt’s time transformation. Based on the hypothesis
of length contraction, Lorentz eventually developed his
space-time transformation into Lorentz Transformation
which was presented in modern form by Henri Poincare[4]
in 1905.

Lorentz Transformation claims that time in a moving
reference frame elapses differently from time in a station-
ary reference frame. In this paper, Reflection Symmetry
will be the primary tool in a rigorous examination on
time in a moving reference frame.

II. PROOF

Consider one-dimensional motion.

A. Difference In Time

A stopwatch moving at a constant speed will elapse
certain time after moving a certain distance. Two iden-
tical stopwatches moving at the same speed will elapse
the same time after moving the same distance.

Let the first stopwatch W1 start N seconds earlier than
the second stopwatch W2. After moving an identical dis-
tance, both W1 and W2 elapse the same time. Therefore,
the time difference between W1 and W2 is still N seconds.
The time difference between W1 and W2 is independent
of the distance they have travelled.

Put both W1 and W2 under identical acceleration at
the same time. After moving an identical distance, both
W1 and W2 will elapse the same time.

Proof 1.Therefore, the time difference between
W1 and W2 is always N seconds which is inde-
pendent of the distance travelled and of the speed
of both W1 and W2.

B. Reference Frame

Consider two reference frames moving relative to each
other. Let both W1 and W2 be stationary in one ref-
erence frame F1. Let the observer be stationary in the
other reference frame F2.

Let F1 be stationary relative to F2. Start W1 N sec-
onds earlier than W2. The time difference between W1
and W2 is N seconds in both F1 and F2.

Put F1 under acceleration relative to F2.
As stated in Proof 1, the time difference between W1

and W2 is N seconds in F2. The time difference between
W1 and W2 is always N seconds in F1 because both W1
and W2 are stationary in F1.
Proof 2.Therefore, the time difference between

W1 and W2 is N seconds in both F1 and F2,
independent of the relative motion between F1
and F2.

C. Time in different reference frames

Let F1 be stationary relative to F2. Let both W1 and
W2 be stationary in F1. Start W1. The time of W1 is
T1 in both F1 and F2. Wait N seconds to start W2. The
time of W2 is T2 in both F1 and F2.

T1 − T2 = N (1)

Put F1 under acceleration relative to F2. The time of
W1 is T1 in F1 and is T3 in F2. The time of W2 is T2
in F1 and is T4 in F2.

As stated in Proof 2, the time difference between W1
and W2 is always N seconds in both F1 and F2.

T1 − T2 = N = T3 − T4. (2)

Rearrange variables in equation (2) to get

T4 − T2 = T3 − T1 = C (3)
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The time of W2 in F1 differs from the time of W2 in
F2 by a number C.

T4 = T2 + C (4)

N is an arbitrary number. Therefore, C has to be con-
stant in time during acceleration.

Put F1 under deacceleration relative to F2. At the
moment when F1 becomes stationary relative to F2, the
time of W2 in F1 is identical to the time of W2 in F2.

T2 = T4 (5)

D. Reflection Symmetry

Let W2 be stationary in F1. Let F1 be stationary rel-
ative to F2. Reset and start W2. At the same time, put
F1 under constant acceleration A relative to F2. After
F1 has moved a distance D relative to F2, the time of
W2 is T6 in F1 and is T8 in F2. From equation (4), The
time of W2 in F1 differs from the time of W2 in F2 by
C.

T8 = T6 + C (6)

Put F1 under constant acceleration -A relative to F2.
After F1 has moved another distance D relative to F2,
F1 becomes stationary relative to F2. At this moment,
the time of W2 in F1 is identical to the time of W2 in
F2. The time of W2 is T2 in F1 and is T4 in F2.

T2 = T4 (7)

T8 is the time of W2 in F2 when F1 has moved half of

the total distance 2D relative to F2. Reflection Symme-
try requires that

T8 = T4
2 (8)

T6 is the time of W2 in F1 when F1 has moved half of
the total distance 2D relative to F2. Reflection Symme-
try requires that

T6 = T2
2 (9)

Derive from equation (6), (8) and (9) to get

T4
2 = T2

2 + C (10)

Derive from equation (7) and (10) to get

C = 0 (11)

The time of a moving stopwatch in F2 is identical to
its time in F1 at any moment.

Therefore, the time of a clock is unique to all reference
frames.

III. CONCLUSION

The elapsed time in a moving physical system is iden-
tical to the elapsed time in a stationary physical system.
The relative motion between these two physical systems
is irrelevant to the elapsed time in both systems.

The time of a moving clock to an observer at rest is
identical to its time to an observer in motion. The time
of a clock is independent of the relative motion between
the clock and the observer.

For more than a century, the speed of light has been
a mystery to physicists. Some of them, such as Voigt
and Lorentz, proposed several time transformations to
explain the constant speed of light. This paper presents
a rigorous proof that all these transformations are in-
valid for physics. Although mathematically consistent,
Lorentz Transformation describes the reality and time
incorrectly.

For one-dimensional motion, time elapses in exactly
the same rate in all physical systems.
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