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Abstract

It is shown explicitly that the loss of kinetic energy of & highly relativistic particle in
magnetic Beld is, in generzl, at the cost of both its transverse and longitudinal motion,
Alse, In radiation problems 1t s conveniznt and appropriate to make 2 Lorentz trans-
formation into an inertial frame in which the accelerated particle is momentarily at rest.

This note is in response to a recent article in this journal by Sen Gupta
(1970). In that article and in an earlier short communicauoy Sen Gupia
* {(1970) had derived an exact integral for a general class of elecizomagastic
field. This integral, in the case of synchrotron radiation, implies the longi-
itudinal velocity of the particle to be constant. From that he concludes the
loss of kinetic energy of 2 particle in magnetic field is only at the cost of its
iransverse motion. This statement is 1 contrast to what we obtained in an
earlier paper (Shen, 1970). The discrepancy a:tises, Sen Gupta asserts,
‘because the instantaneous Test frames associated with the accelerated
particle are not inertial frames, 80 some of the Lorentz trandformations
used in Shen {1970) to simplify calculations are not justified.

That the longitudinal velocity of a radiating particle is an invariani ina
constant magnetic field is entirely correct. We had, although in 3 less
elegant way, also arrived at this result fequation 5-3 of Shen (1970} This,
however, does rot imply the longitudinal momentum, and so the longi-

tudinal energy, te be also constant (Shen, 1971).. The momentum p is given
by ymwv, where y is the energy of the parricle in Lnit of its rest mass. Whena

particle loses emergy through radiation, its longitudinal momesntum
decreases through the decrease of y. From p L =ymy,, py=ymy, and
= constant we have
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Combination of (1}, (2), and (3) gives
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Oniy in the non-relativistic vass does the radiation draw alf of its energy
from the transverse compﬁngﬂf of the moticn, wheress in the ultra-
relativistic case the ratic of the longitudinal energy toss to the Gransverse
energy foss is equal to the ratio of the ipitial valuss of the twe respective
eomponents, which also means that the particle’s pitch angle maintains ite
initial value nntil the particle becomes non-ultra-relativistic. There is no
inconsistency betwecn my conclusion that an wiragelativistic particls
injected randomly into a strong magnetic field will lose maost of its energy
through radiation and that the pamcl:’s energy cannoi be less than

me C¥(1 — v, 2/C3)~ V2, For cxample, 2 particle of initial energy 1000m,C?
;end initial pztch angle of 30° will reduce its energy te 2m, C?, not toa
substantial portion of its initial energy.
The other point raised by Sen Gupta s that whether it is appropriate io
make a Lorentz transformation of the field and other relcvant guantities
~to the ‘instantaneous rest frame’ of the particle. Since the particle is at
acceleration, the ‘instantaneous rest frame’ is not, contended Sen Gupta,
an inertial frame. The transformation may be justified ar small acceleration
but is no longer valid in the study of strong radiation for which acceleration
is nccessarﬂy large. This is a rather interesting point. However, the instan-
taneous rest frame applizd in Shen (1970) is not a frame attached to the
particle. It is a frame which moves with 2 {uniform} velocity equal, in
magnitude and direction, to the velocity of the particle at the instant of
consideration. The particle, although motionless {or nearly motionless if
an infinitesimal time apart from the instant), has nevertheless been
accelerated in this instantaneous rest frame. {Otherwise, how can one
expect the particle to radiate in this frame?) The instantancous rest frame
is by definition an jnertial frame irrespective of the magnitude of the
accelerations, and the transformation tricks used in Shen (1970) are
strictly valid. Such a choice of coordinates, we want to emphasize, is
effective only when the considerati on is limited to the motion of the pa rm:L,
as a whole, If thé particie poOssesses iniernal structures wpm, for t:mmp
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and one wanls 1o study the effect of external ficld on these intorual proper
ties, then the equations of motion which povern the change nf these preper-
ties musi be expressed in the frame attached to the particle. This frame is
ofcourse notaninertial frame. As Thomas first pointed out in the derivation
of the precession effect bearing his name, the particie’s frame rotates with
vespeci to the instantaneous inertial frame with 2n angular velocity
&y = {7 — DIF » 8)/r?], where 7 and & are the velneity and aceeleration
of the particle in the observer’s frame of reference. For the synchroiron
problem the computation become unnecessarily comglicated if one wants
to carry them out in the particle’s frame. Still, it can be eawly shown that

"

e LI »
. { iff} particle’s frame = (ié } instantaneous inertial frame | 4+ G(i) )
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vesulting in no practical difference even in the miermediate steps.
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