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Comment on ‘‘Čerenkov effect and the Lorentz contraction’’
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In a recent paper@Phys. Rev. A55, 1647~1997!#, Pardy has proposed an experiment to measure the Lorentz
contraction starting from the zeros of the power spectral density of the Cˇ erenkov radiation emitted by two
bunches of electrons. It is shown that this is not the case since all the calculations and results are relative to the
laboratory systemS. The Lorentz contraction would be measured only if the rest lengthl 05g l in the system
S8 comoving with the two bunches of electrons could be performed.

PACS number~s!: 03.30.1p, 41.60.Bq
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In an interesting and stimulating paper, Pardy@1# has de-
rived the power spectra formula of Cˇ erenkov radiation in the
case of a system of two~bunches of! equal charges. The
framework used is the source theory devised by Schwin
Tsai, and Erber@2#. Pardy has also investigated the modi
cation of the spectrum of the two-charge Cˇ erenkov radiation
because of the radiation correction in the photon propaga
We disagree only with the claim that the knowledge of t
spectral formula can be used to verify the Lorentz contr
tion of the relativistic length. Actually, the experiment pr
posed by Pardy implies measurements in a single refere
systemS, whereas the Lorentz contraction implies measu
ments in two reference systems, one in the laboratory sys
S and the other inS8 at rest with the two~bunches of!
charges moving with velocityv with respect toS. Let us
clarify this point.

Pardy @1# proposes to use either a linear or a circu
accelerator to accelerate two bunches of electrons to a
tivistic speedv. The distancel between the two bunche
measured in the laboratory systemS does not depend onv
since, if the motion for the two bunches is the same~in
steady-state conditions!, the positionx2(t) reached at timet
by bunch 2 is simply related to thatx1(t) of bunch 1 by
x2(t)5x1(t)1 l . The situation is completely different from
the case of an accelerated rigid body~according to Born@3#!,
where the Lorentz contraction acts. For example, a rigid
accelerated longitudinally contracts toward the pointP of
application of the external force andP moves as a pointlike
particle having the same massm as that of the rod and acte
upon by the same forceF @4#. Consequently, a rod pushed b
F accelerates, on an average over the velocities of its po
less than the same rod pulled by the sameF @4#. On the
contrary, free particles keep the same distancel if accelerated
by the same field. The rest distancel 0 measured byS8 mov-
ing with the final speedv of the two bunches of electron is

l 05~12v2/c2!21/2l 5g l . ~1!

Thus, Lorentz’ contraction is real, as supported by Pardy@1#
and Rindler@3#, in the sense that ifl and l 0 are the lengths
measured in the laboratorySand in the comoving systemS8,
respectively, Eq.~1! always remains valid. The point is tha
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the rest lengthl 0 remains the same for a rod before and af
its acceleration, i.e., if initially measured inSwhen at rest in
S, and then inS8 when at rest inS8. For free particles the
behavior is different. If they are subjected to the same ac
erationa(t), it is

x2~ t !2x1~ t !5 l 1E
0

t

dt8E
0

t8
dt9a~ t9!

2F01E
0

t

dt8E
0

t8
dt9a~ t9!G

5 l , ~2!

as recognized by Pardy himself@Eqs. ~48! and ~49! of Ref.
@1##. In this case what remains the same is the lengthl before
and after the acceleration if measured in the laboratory s
tem S. Now, since the rest lengthl 0 ~measured inS8) satis-
fies Eq.~1!, l 0 is larger than the initial distance between t
two particles~or bunches of particles!. Consequently, if an
inextensible thread were connected with the two partic
the thread would break. This is an old relativity proble
presented in the 1950s to some Nobel Laureates in phy
Since most of them gave the wrong answer, Dewan and
ran @5# gave the right answer considering two identica
constructed rockets initially at rest in an inertial frameSand
connected with a silk thread. At a prearranged time b
rockets are simultaneously~with respect toS) fired up, so
that their velocities with respect toS are always equal~even
though they are functions of time!. This means that with
respect to Sthe distance between the two rockets does
change@see Eq.~2!# even when they speed up to relativist
velocities. Consequently, the thread~assumed to be taut a
the start! cannot contract and breaks. This correct predict
was not understood by Nawrocki@6# and was further clari-
fied by Dewan@7# and definitely by Romain@8# on the basis
of the nonconservation of simultaneity between sepa
events. This last relativistic property has been shown
Mansouri and Sexl@9# to be a consequence of the intern
synchronization of the clocks~belonging to thesamerefer-
ence system!. If one uses the external synchronization, the
is conservation of the simultaneity in special relativity a
the relevant transformations are those of Tangherlini@10#.
But in this formulation, the bodies in motion with respect
S ~which is the single system that has performed aninternal
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synchronization while all the other systems perform anex-
ternal synchronization by means of local coincidences
their clocks with those ofS) undergo the Lorentz contrac
tion. Consequently, the thread tends to contract and bre
because its ends are kept at the same constant distancel 0.

The calculations performed by Pardy@1# of the power
spectral radiation emitted by the Cˇ erenkov mechanism of th
two-charge system present some zeros for angular freq
ciesvn given by

v0 ,
vna

2v
5

2n21

2
p, n51,2,3, . . . , ~3!

where the lengtha5uau is defined in Eqs.~11! and ~12! of
Ref. @1# as the distance between the two bunches in the la
ratory systemS. In fact, the current densityj is defined as
02610
f

ks

n-

o-

j5ev@d~x2vt !1d~x2a2vt !#. ~4!

It follows that thea value derivable from Eq.~3!, i.e.,

a5
~m2n!2pv

vm2vn
, ~5!

must be equal tol and not, as written by Pardy in his Eq
~28!, to g21l .

We conclude that Pardy’s proposal to use the Cˇ erenkov
power spectral density relevant to two bunches of electr
to measure the Lorentz contraction would be correct onl
the rest lengthl 0 in the systemS8 comoving with the
bunches could be measured.
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