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A b ~ 1  

I t  is shown explicitly thai  the  loss o f  kinetic eneL~, o f  a higt~y r e l a ~ % l m  particle 
~ x - ~ t k ~  field is, ~ ~ L  a t  Me ees~ o f  both P.~ t r~nsve~e and l~61ud/r~.] m o l i ~ .  
Aiso, M r'~l~afion p r c N e m s  it  ~ convenient  and ~ppr~F~iate to make a Lorentz tmns~ 
fo rmaLi~  i~tO a~ inertia] fr~rae Jn which the ~scele~ t~xI particle is momentar i ly  aI res*. 

This note isln response to a recent arficIe in this#alma1 by Sen Gupta 
(1970). In that article and in an earlier short communic~_~o~ Se~ Oup~a 
(1970) had derived an exact integral for a genes! class of electromagn~fi~ 
field. This integral, in the case of  synchrotron radiation, implies the icrngi- 
tudinal velocity of the particle to be constant. From that hes the_ 
loss of  kinetic e~ergy ofa pamcie in magnetic field is only at the cost of  its 
t ran .~rse  motion. This statea~ent i~ m c ~ n t ~  to what we obtained in an 
earlier p a ~ r  (Shen, 1970)i The  d/sc~pancy axises. Scr~ Gup:a  asserts, 

because ~he instantaneous rest frames assor~aled wffh the accelerated 
!mrticle are not  inertial frames, so some o f  the Lorenrz trar:,~ormarions 
used in Shen (I970) to simplify caIculatio~'s are not justified. 

That ti~e longitudinal velocity of  a radiating par, Acle is an invariant in a 
constant magnetic field is entirely cora.~cL We had, ahhough in a !ess 
elegant way, also arrived at this result (equation 5-3 of Shen (~ 970)) ~'his, 
however, does not imply the longitudinal momentum, and so the longi- 

tudinal energy, to be also constant (Shen, 1971),The momentum p is given 

by LTnv, where ~ is the energy of  the par~ic!e in unit of its rest mass. When a 
particle loses energy through radiation, its longitudinal mome.~tum 
decreases Lhrough the decrease o? 7. From p_~=ymv• p~ =~mv~ and 
v~ = constant we have 

dp { dT l ? 
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Ci~mb/nat/o~ ~r O ), ~)~ and (3).gives 

hence 

f~ (5) 
~ d  

d p , / d p •  for f l -+ I (6) 

Oniy in the non-~el~tbc'istic ~ e  does ~,.he radiatio~ d ~ w  all of its energy 
~9m fne transverse component of the m ~ ,  w h ~  ~ .'.be ultra- 
~ia~,~,~,e case the rati9 of  the !ongkudinM energy !oss ~v-the tra:~ ,erse 

" ; ' " , e a i ~  of~he or, orgy ~e:ss is equal to ttle ratio of  the i n:ha~ v,~'e respev~:'ve 
e~mpov,~a~, which also means t~at the part~c~ ~ pi~cl;_ a~gle ma;.nm;.e.s its 
inltial vaiam ~mti! the particle becomes non-ultra-re!ativistic, q~here is no 
inconsistency bet~er~ my conclusion ~hat a~ ul_rra-.rela~ivist~e partic~ 
injected randomly imo a strong magnetic field will l o~  most of its energy 
through radiation and that  the particWs energy cvanno~ ~, less ,&an 
mo C~(I - v  ,~/C2) -~/~. For example, a particle of  initial ener~* 1000too C ~ 
and initial pitch angle of 30 ~ will reduce its energy to 2too C ~, not to a 
substantial portion of its initial energy. 

The other point raised by Sen Gup~a ~s '&at wh~her it ~s appropriate to ~- 
make a Lorentz transformation of the field and other relevant quantities 

- t o  t.he .qnsta~-~taneous rest frame of the particle. Since zhe par6c!e is a~ 
acceleration, the. 'in.;tantaneous rest frame' fs not, contended Sen Gupta, 
a~ inertiat frame. The transformation may be justified ar small acceleration 
but is no Ionger valid in the st~My of strong radiation for which acceleration 
is necessarily large. T'm;s is a rather interesting point. However, the instan- 
taneous rest frame applied in Shen (1970) is not a frame attached ~o the 
particle. It is a frame which moves Mth a (uniform) velocity equal, in 
magnitude and directioe, to the velocity of  the particle at the instant of 
cons{derafion. The partlde, although motionless (or nearly motioMess if 
an infinitesimal t ime  apart from ~he instant), has nevertheless been 
accelerated in this instantaneous rest frame. (Otherwise, how can one 
expect the particle to radiate in this frame?) The instantaneous rest freme 
~s by definition ar~..merua,, frame h'respective of  the magnitude of the 
accelerations, and the transformation tNcks used in Shen (1970) are 
strictly valid. Such a choice of coordinates, we want to emphasize, is 
effective on!y when/he considera.tion is limited to the motion of the particle 
as a whgieSTf" the particle possesses m~erna~ s~ructures tspm, mr examp/e 3 



aad one war~t~ to st~dy the effect of exterlv~l fi,ld oft these ~ e r ~ a |  protx't- 
~es,. *:~n lhe equ~i~ns ofmoticm which gove~  the cha.~gc of l  hese proper-. 
tie," must b~ exp~-ess~d m the frame attached to the E~rticle. This frzme is 
ofc,3~rse hog zn ~m-rtia! f r ~ e .  As Thomas first po~n~ed out. h~ the d.crivafi o~ 
of~he prec~siori effect bearing his ~ame, lt~e paznicte's frame rota~:es whh 
respect to the instantaneous ~nertial frame r~th zn ~ngular wet~ity 

ot ' lhe  pm~cte in the observer's frame of reference. F m  the synchro~.rm~ 
problem the computation become unnecessarily compL;eat,,5 if one wants 
~o carry, them out in tt~e particle's frame. Still, it can be ezsqy sh~wrt ff~rt 

....... ~ t  p a ~ e  s ~rarae = | 7 . |  inslantaneot~s inertial frame t + (7)  
k 1 kaa / 

resulting in no practical difference even in tSe m~erm.edia~e steps.. 
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