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In this paper the phase-invariant clock hypothesis for accelerating systems suggested by F. V. Kowalski
@Phys. Rev. A46, 2261~1992!# is investigated in detail. It is pointed out that in Kowalski’s derivation of the
most distinctive result of the hypothesis, predicting no frequency shift between two spatially separated clocks
rigidly accelerating, there are a few points needing further discussion. In addition, it is shown that the gener-
alized phase-invariant clock hypothesis denies the existence of the usual twin paradox.
@S1050-2947~96!07205-8#

PACS number~s!: 03.30.1p, 04.20.Cv

In the current theory of relativity it is assumed that the
acceleration of a clock has no influence on the rate of the
clock, and that the rate of an accelerated clock is the same as
that of an instantaneously co-moving unaccelerated clock
@1#. This is usually referred to as the accepted clock hypoth-
esis ~ACH! or the accelerated clock principle. No observa-
tion causes one to suspect the correctness of this hypothesis.
However, alternatives, which assume that the rate of a clock
depends on its acceleration, have been proposed and investi-
gated@2–5#.

The phase-invariant clock hypothesis suggested by Kow-
alski @4# is very interesting. He assumes that spatially sepa-
rated clocks synchronized in an inertial frameSare still syn-
chronized when these clocks are accelerated rigidly into a
new inertial frameS8. Kowalski has discussed the possibili-
ties of experimental verification for this hypothesis. He con-
cluded that ‘‘It differs from the accepted clock hypothesis in
predicting no frequency shift between two spatially separated
clocks rigidly accelerating’’@4#. This confirmation may be
regarded as the most distinctive result of the phase-invariant
clock hypothesis. However, there are a few points in Kow-
alski’s derivation that need further discussion.

~1! Let us point out that Eq.~1!, Dn.La/Tc2, and Eq.~2!,
ntrailing2nleading.La/Tc2, in Kowalski’s paper should be cor-
rected. In his derivation of these two equations the following
condition is used: ‘‘These two clocks are now made to move
at a new velocityv1Dv in a timeDt, as seen inS. ’’ How-
ever, the times that spatially separated clocks take for the
same increaseDv of their velocities are different when they
are accelerated rigidly; the time for the leading clockDt l is
greater than that for the trailing clockDTt @6,7#. Which one,
then, should be used for the timeDt? It seems relatively
reasonable to takeDt5 1

2 (Dt l1Dt t). Thus Eqs.~1! and ~2!
of Kowalski’s paper should be corrected as follows:

Dn.
DN

Dt
.

LDv
Tc2Dt

.
Lā
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Let al anda denote the accelerations of the leading clock and
the trailing clock, respectively. Thus we have

ā5
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al1a
. ~4!

If calculations are carried out to second order inv/c, the
equationnreceived.nemitted@11aL/c2# in Kowalski’s paper can
be corrected as

n received.nemittedF11
v
c

1
v2

2c2G . ~5!

The last termv2/2c2 in Eq. ~5! originates from relativistic
effect; neglecting it, we get the same result as in the classical
case.

For the case ofv!c we have@6,7#
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Substituting Eq.~6! into Eq. ~4!, we get
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Substituting Eq.~7! into Eq. ~2!, we obtain
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Taking into account the motion of the trailing clock, one
can get the relation betweena andv ~v is the velocity of the
trailing clock at the time when it receives the light wave train
emitted by the leading clock!:
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Substituting Eq.~9! into Eq. ~8!, we have

n trailing2n leading.
1

T S vcD . ~10!

From Eqs.~5! and ~10!, it can be seen thatnreceived is
different from ntrailing if calculations are carried to second
order inv/c.

~2! ntrailing in Eq. ~2! of Kowalski’s paper is the frequency
of the accelerated trailing clock determined by an observer in
S, but nreceivedis the frequency received by an observer mov-
ing with the trailing clock, which is the same as that received
by a momentarily comoving unaccelerated observer; the two
frequenciesntrailing andnreceivedare given with respect to dif-
ferent frames. Even ifntrailing coincides withnreceived, the ob-
server in frameScannot conclude that ‘‘ . . . if the clocks are
a Mössbauer source and receiver accelerating as described
above then they will resonantly interact during the accelera-
tion.’’

~3! The conclusion that ‘‘The frequency received by an
observer moving with the trailing clock is the same as that of
a momentarily comoving unaccelerated observer . . . ’’ is to
be obtained on the basis of the ACH. It is not reasonable that
Kowalski uses this conclusion when he makes calculations
according to his hypothesis.

~4! Equation ~3! of Kowalski’s paper, TB.T* @1
1v B

2/2c2# is based on ACH. This equation should not be
used when calculations are carried out according to Kowal-
ski’s hypothesis.

In Kowalski’s opinion his hypothesis can be generalized
for arbitrary motion as follows: ‘‘spatially separated clocks,
synchronized in one inertial frame, maintain their synchroni-
zation in another inertial frame independent of the motion of
the clocks as long as their proper separation remains the
same when they come to rest with respect to each other in
any other inertial frame,’’ which is hereafter referred to as
the generalized phase-invariant clock hypothesis. Now let us
point out that the generalized phase-invariant clock hypoth-
esis denies the existence of the usual twin paradox.

Because the separationL between two spatially separated
clocks, the acceleration of the clocks, and the frameS8 that
they finally reach are arbitrary, we may consider the case in
which in the proper separationL50, one of the two clocks is
not accelerated and the frameS8coincides withS. That is, at
first the two clocks rest at the same point in an inertial frame
S, then one of them takes a round trip with arbitrary accel-
eration. This case is just that of the usual twin paradox. Ac-
cording to Kowalski’s generalized phase-invariant clock hy-
pothesis, if the two clocks are synchronized before they
separate then they are still synchronized after they rejoin.
Therefore, this hypothesis denies the existence of the usual
twin paradox. This is another distinctive result of Kowalski’s
clock hypothesis.
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