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Abstract

The moving light clock system was analyzed with respect
to the orientation of the wavefront of the light pulse observed
in the moving and stationary frames of reference. The plane
wavefront of the light pulse was oriented horizontally in both
the frames. The wavefront observed in the stationary frame
was not perpendicular to the direction of the light pulse propa-
gation. This showed different characteristics of the light pulse
than that assumed in the Lorentz factor derivation. Accord-
ing to the horizontal orientation of the wavefront, velocity ¢
was determined as the vertical component of the light pulse
motion observed in the stationary frame. Application of this
velocity distribution in the Lorentz factor derivation showed
the same travel time for the light pulse observed in the mov-
ing and stationary frames of reference. The moving light clock
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system was therefore found to be unsuitable for the Lorentz
factor derivation and illustration of time dilation and shown to
illustrate the relativity of the observation of light rather than
the relativity of time.
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Figure 1: The moving light clock observed in the moving (a) and
stationary (b) frame of reference.

1 Introduction

The Lorentz factor plays a fundamental role in relativistic calcu-
lations. It can be derived in several ways [1, 2, 3, 4, 5, 6, 7, 8, 9, 10,
11, 12, 13, 14], nevertheless, the method of the moving light clock
[15] is used in many textbooks and relativity courses. Therefore, it is
important to analyze all aspects of the applicability of this method.

Two frames of reference are considered in this derivation. Frame
S is stationary and frame S’ moves along the x-axis of frame S with
uniform velocity v. The light clock is arranged vertically in frame S’
(Fig. la). It consists of two mirrors between which the light pulse
emitted in frame S’ travels in vacuum back and forth. An observer in
frame S’ observes the distance traversed by the light pulse between
the mirrors as ¢’ and the travel time as ¢t'. An observer in frame S
(Fig. 1b) observes the distance as d and the time as t. According to
the postulate of invariance of the speed of light, the light pulse travels
in vacuum with velocity ¢ regardless of the frame of reference. Thus,
distance 3’ can be expressed as ct’ and distance d as ct. Since distance
d is greater than ¢’ then ¢t > ct’ and hence ¢t > t'. This means that the
time in which the light pulse travels the distance between the mirrors
is longer in frame S than in frame S’. By equating distances y’ and y
we have ct’ = /(ct)? — (vt)? and we can calculate the Lorentz factor
v=1/y/1—0v%/c2.

This paper is intended to analyze the moving light clock system in
relation to the orientation of the wavefront of the light pulse observed
in the moving and stationary frames of reference.

Concepts of Physics, Vol. VI, No. 2 (2009) 165



Tomasz T. Watek

—

—_

Figure 2: The orientation of the wavefront of the light pulse in the
moving light clock system observed in the moving (a) and stationary
(b) frame of reference.

2 Orientation of the wavefront of the light pulse
in the moving light clock system

The light pulse applied in the moving light clock system trav-
els the distance between the mirrors without dispersion and remains
unchanged in form. It means that the light of the light pulse is col-
limated. Therefore, the light pulse traveling between the mirrors in
vacuum can be characterized by a plane wavefront which is perpen-
dicular to the wave normal and to the direction of the light pulse
propagation. This characteristic of the light corresponds to a laser
beam and hence the light pulse applied in the light clock is usually
described as a laser pulse. According to the principle of relativity, this
characteristic of the light pulse must be valid in any inertial reference
frame.

The light pulse observed in frame S’ travels vertically between
the mirrors and its wavefront is parallel to the surface of the mirrors
(Fig. 2a). The horizontally oriented wavefront will also be observed
horizontally in frame S (Fig. 2b), because the speed of relative mo-
tion of frame S’ is zero in the direction y. Hence, coordinates y’ and y
of any point of the wavefront must have the same values as observed
in both the reference frames. From the same reason, the horizontal
orientation of the mirrors is not influenced by the motion of frame
S’

It can be seen that the orientation of the wavefront of the light
pulse observed in frame S is not perpendicular to the direction of the
light pulse propagation (Fig. 3a). The light pulse therefore does not
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Figure 3: The orientation of the wavefront of the light pulse emitted
in the moving light clock system (a) and in the stationary frame of
reference (b), as observed in the stationary frame.

correspond to the characteristics of laser light traveling in vacuum.
Such a situation, where the wavefront of the light pulse is perpendic-
ular to the direction of propagation, occurs for the light pulse emitted
in the stationary frame of reference along path d, independently of
the moving light clock system (Fig. 3b). In both the cases the orien-
tation of the wavefront is determined by the orientation of the emitter
during emission. The distances traveled in both cases are the same,
but the light pulses cannot be considered identical because of the
different wavefront orientations.

This shows the complex character of the light pulse motion ob-
served in the moving light clock system in frame S. In this case the
motion of the light pulse cannot be treated as an independent mo-
tion. It is a visual summation of two independent motions — the light
pulse moving in relation to frame S’ and frame S’ moving in relation
to frame S. Therefore, it cannot be said that the light pulse travels
distance d in frame S with velocity ¢, as it is assumed in the Lorentz
factor derivation, because the light pulse observed in frame S does
not correspond to the characteristics of the light pulse traveling in
vacuum. We can only state that the motion of the light pulse and
the motion of frame S’ form in frame S an image of the light pulse
characterized by the wavefront oriented not perpendicularly to the
direction of propagation and moving along path d.
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Figure 4: The velocity distribution of the light pulse emitted in the
moving light clock system (a) and in the stationary frame of reference
(b), as observed in the stationary frame.

3 Velocity distribution in the moving light clock
system

Since the plane wavefront of the light pulse traveling in vacuum
is perpendicular to the direction of propagation, and the light pulse
propagates in vacuum with velocity ¢, this means that velocity ¢ is
perpendicular to the wavefront of the light pulse. It shows that the
orientation of velocity c¢ is closely related to the orientation of the
wavefront. Because of the principle of relativity, this relation must
be valid in any inertial reference frame.

For the moving light clock system observed in frame S, this means
that velocity c is the vertical component of the motion of the light
pulse (Fig. 4a). The component velocity v is in this case not related
to the motion of the light pulse. It is a result of the movement of
frame S’ in relation to frame S only, and any change in velocity of
frame S will affect it.

This velocity distribution differs from the assumptions of the
Lorentz factor derivation, where velocity c is supposed to occur along
path d (Fig. 1b). Such a situation, where velocity ¢ is oriented along
path d and is perpendicular to the wavefront of the light pulse, oc-
curs for the light pulse emitted in the stationary frame of reference,
independently of the moving light clock system (Fig. 4b). In this
case the component velocity v is related to the motion of the light
pulse only — no movement of any reference frame in relation to frame
S can influence it.
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4 Discussion

The analysis of the orientation of the wavefront of the light pulse
in the moving light clock system shows that the horizontally oriented
wavefront observed in frame S’ will also be observed horizontally in
frame S (Fig. 2). The light pulse observed in the stationary frame
is characterized by the wavefront oriented not perpendicular to the
direction of propagation. This shows the complex character of the
light pulse motion observed in frame S. The motion observed in
frame S along path d is a visual summation of the motions of the
light pulse in relation to frame S’ and frame S’ in relation to frame
S.

According to the horizontal orientation of the wavefront in frame
S it can be seen, that the velocity distribution with vector ¢ oriented
vertically (Fig. 4a) should be applied in the Lorentz factor derivation.
In this case we have ct’ = y/(vqt)? — (vt)2, which leads to ' = ¢. It
means that the travel time of the light pulse is the same in the moving
and stationary frames of reference. The occurrence of velocity vg
greater than ¢ does not mean exceeding the speed of light by the light
pulse in this case, because the motion observed in frame S along path
d is not an independent motion of the light pulse.

Both the complex character of the observation of the light pulse
in frame S and the velocity distribution resulting from the horizontal
orientation of the wavefront of the light pulse show that the moving
light clock system is unsuitable for the Lorentz factor derivation and
illustration of time dilation. The analysis presented in this paper
suggests that the moving light clock system presents an argument for
the simple emission theory rather than the special relativity theory,
and illustrates the relativity of the observation of light rather than
the relativity of time.

5 Conclusions

The plane wavefront of the light pulse in the moving light clock
system is oriented horizontally both in the moving and stationary
frames of reference. The light pulse observed in the stationary frame
is characterized by the wavefront oriented not perpendicular to the
direction of propagation. It shows different characteristics of the light
pulse than that assumed in the Lorentz factor derivation.
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The horizontal orientation of the wavefront observed in the sta-
tionary frame of reference allows to determine the velocity distribu-
tion of the light pulse with vertically oriented velocity c. Application
of this velocity distribution in the Lorentz factor derivation shows
that the travel time of the light pulse is the same in the moving and
stationary frames of reference.

The analysis of the moving light clock system in relation to the
orientation of the wavefront of the light pulse shows that the moving
light clock system is unsuitable for the Lorentz factor derivation and
illustration of time dilation. The moving light clock system illustrates
the relativity of the observation of light rather than the relativity of
time.
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76310 Rehovot, Israel

Waek [1] rejects one result predicted by Special Relativity while
adhering to the rest of the theory. This is bound to fail, as I show
below. I then show that a consistent application of the relativity of
simultaneity restores the validity of all SR’s results.

1 Rejecting One Result Predicted by SR amounts
to Rejecting the Entire Theory

Waek makes a dissenting prediction about the Einstein-Langevin
clock [2], namely, that it will not work: The light-ray will bounce
between the two mirrors at the same rate whether the clock is at
relative rest or motion. This prediction, as Waek himself concedes,
allows light to appear as moving faster than c. Yet he denies con-
tradiction with relativity, reasoning that “the motion observed in
frame S along path d is not an independent motion of the light pulse
(p. 169).”
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This reasoning is semantic rather than physical any moreover does
not avoid the violation of relativity. The latter demands light’s veloc-
ity to be measured to be the same in all reference frames. Moreover,
the violation becomes straightforward once the upper mirror is re-
moved prior to the light-ray’s arrival, thereby allowing the ray to
reach a non-co-moving observer. In this case, if Waek is correct, he
can file a patent for sending information faster than light!

2 The Crucial Question: Should the Wave Plane
be Horizontal?
Waek’s analysis center’s around one argument:

Therefore, the light pulse traveling between the mirrors in
vacuum can be characterized by a plane wavefront which
is perpendicular to the wave normal and to the direction
of the light pulse propagation. [...] According to the
principle of relativity, this characteristic of the light pulse
must be valid in any inertial reference frame (p. 166).

Here lies the paper’s error. The two postulates of special relativity
are:

1. The laws of physics equally hold for all inertial reference frames.

2. Light’s velocity must be the same in all reference frames.

The application of these postulates to the Einstein-Langevin clock
gives time dilation. More specifically, it guarantees just what Waek
tries to dismiss. The observation of a slanted light wave-front by the
moving observer is just another well known result of special relativ-
ity: Simultaneity is not invariant under coordinate transformation.
Indeed, the observer co-moving with the clock observes a horizontal
wave-front hitting the mirror all at once, while the moving observer
observes a slanted wave front of which different parts hit the mirror at
different times. This effect follows from the Lorentz transformation
for the time coordinate:

vs

= (1)

Vi-&

Adherence to this basic relativistic argument leaves SR, together with
all its predictions, intact.

174 Concepts of Physics, Vol. VI, No. 2 (2009)



Comment

Acknowledgement

I wish to thank Boaz Rubinstein for his very helpful comments.

References

[1] T. T. Waek, Unsuitability of the moving light clock system for
the Lorentz factor derivation. Old and New Concepts of Physics,
vol. VI no. 2 (2009)

[2] P. J. Nahin, Time Machines 2nd ed. Springer, New York (2001).

Concepts of Physics, Vol. VI, No. 2 (2009) 175



Reply

Authors’ response

The referee suggests that the argumentation presented in the com-
mented article is not valid just because it differs from the most com-
mon interpretation of relativity. Actually, such was the intention of
this paper — to present and discuss some new aspects of the problem.

As the referee states, the crucial question is whether or not the
plane wavefront of the light pulse is oriented horizontally in both the
reference frames.

The referee expressed an opinion that the wavefront is oriented
horizontally in frame S’, but not in frame S — in frame S it is supposed
to be slanted. Further, that the light pulse observed in frame S’ hits
the surface of the mirror all at once, whereas in frame S different
parts of the light pulse reach the mirror at different times. This
argument can be countered not only by pointing to the orientation
of the mirrors which are observed horizontally in both the reference
frames, or by the fact that the orientation of the wavefront in vacuum
is determined by the orientation of the emitter during emission — this
argument may also be questioned as follows.

The moving light clock system can be modified so that selective
reflection mirrors are applied, which reflect only the light with a wave-
front parallel to the mirror surface. When the modified light clock
remains stationary in relation to frame S, the observers in both the
reference frames agree that the plane wave of the light pulse reaches
the mirror parallel to its surface (Fig. 1a). In this case the reflection
will occur and the observers will observe the light pulse traveling back
and forth between the mirrors. However, when the light clock starts
moving along the z-axis of frame S, we can consider two possibili-
ties with regard to the observation of the wavefront in frame S — the
first one with the slanted wavefront (in accordance with the referee’s
opinion) (Fig. 1b), and the second one with the wavefront oriented
horizontally (in accordance with this paper) (Fig. 1c).

In the first case, the wavefront of the light pulse reaches the mirror
in frame S not parallel to its surface (Fig. 1b), and consequently the
reflection cannot occur. This means that any motion of the light
clock, even with only minimal velocity, should exclude the reflection
of the light pulse in frame S. At the same time, the observer in
frame S” will observe the light pulse as reflecting between the mirrors,
because the angle of incidence of the light pulse observed in frame S’
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Figure 1: The moving light clock with selective reflection mirrors,
as observed in frame S: (a) the light clock remaining stationary in
relation to frame S; (b) the light clock moving in relation to frame
S, with the wavefront oriented not horizontally (in accordance with
the referee’s opinion); (c) the light clock moving in relation to frame
S, with the wavefront oriented horizontally (in accordance with the
commented paper).

(

cannot be influenced by any motion of the light clock in relation to
frame S. Thus, the assumption of the non-horizontal orientation of
the wavefront leads to a paradoxical situation where the light pulse
can be observed in one frame of reference but not in the other.

The exclusion of reflection observed in frame S does not occur in
the second case, in which the horizontally oriented wavefront reaches
the mirror parallel to the surface (Fig. 1c). In this case the motion of
the light pulse and its reflection can be observed in both the reference
frames. In fact, the reflection takes place in frame S’, and in frame
S it is only an observation. The commented article focuses on the
character of this observation and the resulting effects.

Considering the above, the plane wavefront observed in the mov-
ing light clock system can be oriented horizontally in both the mov-
ing and stationary frames of reference. Therefore, the argumentation
presented in this paper remains valid, and it seems interesting to dis-
cuss further the aspect of the light pulse wavefront orientation with
reference to the relativistic motion of the light clock.

Tomasz T. Walek
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