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Comment on “Phase-invariant clock hypothesis for accelerating systems”
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In this paper the phase-invariant clock hypothesis for accelerating systems suggested by F. V. Kowalski
[Phys. Rev. Ad46, 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.
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In the current theory of relativity it is assumed that the La
acceleration of a clock has no influence on the rate of the Virailing™ Vleading™ T -2 ()
clock, and that the rate of an accelerated clock is the same as
that of an instantaneously co-moving unaccelerated Cloc5vhere
[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. a= A_vz ZA_U 3)

However, alternatives, which assume that the rate of a clock At At +AL

depends on its acceleration, have been proposed and investi-

gated[2-5]. Let a; anda denote the accelerations of the leading clock and
The phase-invariant clock hypothesis suggested by Kowthe trailing clock, respectively. Thus we have

alski[4] is very interesting. He assumes that spatially sepa-

rated clocks synchronized in an inertial fra®are still syn- __ 2aa

chronized when these clocks are accelerated rigidly into a a= a+a )

new inertial frameS'. 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 separate
clocks rigidly accelerating’[4]. This confirmation may be
regarded as the most distinctive result of the phase-invariant 2
. . . v v
clock hypothesis. However, there are a few points in Kow- UL S [ N R,
. . . . . received— Yemitte c 202
alski's derivation that need further discussion.

(1) Let us point out that Eq1), Av=La/Tc?, and Eq.(2), s N o
Vtraning—V|eading”—‘|-a/T021 in Kowalski’s paper should be cor- The last termy /2_c in Eq. (5) originates from_relat|V|st|c .
rected. In his derivation of these two equations the followingeffect; neglecting it, we get the same result as in the classical
condition is used: “These two clocks are how made to movecase.
at a new velocity + Av in a timeAt, as seen ir5.” How- For the case ob <c we have[6,7]
ever, the times that spatially separated clocks take for the

If calculations are carried out to second orderiie, the
qQUAtioNVeceived™ Vemited 1+aL/C%] in Kowalski's paper can
e corrected as

: ®

same increasAv of their velocities are different when they La L2%a?
are accelerated rigidly; the time for the leading cldck is a=al 1- ?”L A (6)
greater than that for the trailing cloekT, [6,7]. Which one,
then, should be used for the timet? It seems relatively Substituting Eq(6) into Eq. (4). we get
reasonable to takAt=3(At,+At,). Thus Egs.(1) and(2) g Eal®) a-(4), we g
of Kowalski’s paper should be corrected as follows: La 3L2a2
a=a|l— EZ + 4—C4 (7)
AN LAv La
Av=—=T2a " T2 (1) Substituting Eq(7) into Eq. (2), we obtain
lLa La
and Vtrailing ™ Vleading™ T2 1- 22| (8
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Taking into account the motion of the trailing clock, one  (4) Equation (3) of Kowalski's paper, Tg=T*[1
can get the relation betweenandv (v is the velocity of the  +p 3/2c?] is based on ACH. This equation should not be
trailing clock at the time when it receives the light wave trainused when calculations are carried out according to Kowal-

emitted by the leading clogk ski’s hypothesis.
La o v In Kowalski’s opinion his hypothesis can be generalized
— = _( _) (9) for arbitrary motion as follows: “spatially separated clocks,
¢ c 2c 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
1/v same when they come to rest with respect to each other in
Virailing™ Vleading™ ?( ) (10 any other inertial frame,” which is hereafter referred to as
the generalized phase-invariant clock hypothesis. Now let us
From Egs.(5) and (10), it can be seen that,..ieqiS  POINt out that the generalized phase-invariant clock hypoth-
different from vy,ing if calculations are carried to second esis denies the existence of the usual twin paradox.
order inv/c. Because the separatidnbetween two spatially separated
(2) vyaiting IN EQ. (2) of Kowalski's paper is the frequency clocks, the acceleration of the clocks, and the fraghéhat
of the accelerated trailing clock determined by an observer ithey finally reach are arbitrary, we may consider the case in
S, but 1eceiveqiS the frequency received by an observer mov-which in the proper separatidr= 0, one of the two clocks is
ing with the trailing clock, which is the same as that receive%ot accelerated and the frarS&coincides withS. That iS, at
by a momentarily comoving unaccelerated observer; the tWeyst the two clocks rest at the same point in an inertial frame
frequenciesajing aNnd vreceiveq@re given with respect to dif- g then one of them takes a round trip with arbitrary accel-
ferent frames. Even ifiqiing COINCIdES Withvieceives the 0D~ gration. This case is just that of the usual twin paradox. Ac-
server in frameS cannot conclude that . . if the clocks are - qing to Kowalski's generalized phase-invariant clock hy-
a Massbauer source and receiver acceleratmg as descr'bﬁathesis, if the two clocks are synchronized before they
t&ilgr?\’/’e then they will resonantly interact during the aCCGIer""éeparate then they are still synchronized after they rejoin.
: Therefore, this hypothesis denies the existence of the usual

(3) The conclus[on that _The frequgncy received by an%win paradox. This is another distinctive result of Kowalski's
observer moving with the trailing clock is the same as that ol lock hypothesis

a momentarily comoving unaccelerated observe ” is to
be obtained on the basis of the ACH. It is not reasonable that

Kowalski uses this conclusion when he makes calculations This work was supported by the National Natural Science
according to his hypothesis. Foundation of China.

Substituting Eq(9) into Eq. (8), we have
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