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On the energy loss in Cerenkov radiation
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It IS shown that tho oloctromagnotic fipld energy associated with a charge-particle moving 
with uniform velocity since infiiuto remote past in an infinitely extended homogeneous 
inodium is constant. The usual expression for the rate of loss of energy of a particle 
calculated from the total Toynting flux is shown to bo negative of tho volume integral 
of cE .j

I n t r o d u c tio n

u
In the problem of Coroiikov radiation emitted by n charge-particle moving in a 
homogenoouB medium with uniform velocity greater than the phase velocity of 
electromagnetic waves in tlie medium, it is txsually assumed that the jjarticle 
is moving since infinite remote past. In order to obtain the energy emitted by 
the particle per unit time one calculates the total Poynting flux across a surface 
enclosing Ihe particle. The total flux is taken to be tlie rate of loss of cneigy 
per unit time. As the i>article is moving from infinite remote past, if we take an 
overall picture of the eloctremagnetic field associated with tlie particle, wo will 
find that tho field quantities are moving in tho forward direction with the same 
uniform velocity as that of the particle. Since the medium is homogeneous and 
isotropic the total field energy does not change with time, so long as hystei isis losses 
are neglected; of course, the total field energy, as in case of a point particle, may 
bo infinite. As a matter of fact, the total flux across the bounded region is nothing 
but the volume integral of ~~cE j  The Pojmting theorem states
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du
dt -\-^.cExH == ~cEJ-

whore u is the energy density

u =  ^ e .e + 4 - h .h .

(1)

... (2)

I f  the total energy,
V  =  I v d r  -  (3 )

(the integral being over the entire apace, is indopendont o f time), one obtains on 
integrating equation (1)

I cExH ^ds— — j c.EJdr, . . .  (4)
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111 the following sootion, it is explicitly shown that the usual expression for the 
rate of energy loss of the particle in the Cerenkov radiation, which is calculated 
from the total flux of the Poynting vector, is nothing but the right hand side of 
the above equation. In section 3, it is shown that with the usual expressions for

u
£  and H due to a particle emitting Cerenkov radiation the total Held energy XJ 
(equations 2 and 3) is independent of time, i.e,, dVjdt ^  0. It needs to be ompha- 
siziid that this is true so long as the particle is assumed to move with uniform 
velocity from infinite remote past in an infinitely extended homogeneous medium. 
Ill the last section, we have tried to i>oint out the difference between the energy 
flowing across a given section and the energy loss of the particle.

2. T h e  E x p r e s sio n  for  th e  V olume I n te gr al  of cEJ.
Lei the charge-current due to a particle moving with uniform velocity v in 

a homogeneous isotropic medium with dielectric con,stand e and permeability /z, 
be given by

q =  q^d{r~-vt), j  ^  q. (5)

The expressions for E aud / /  due to the particle moving since infinite past are

E =  I  vXvX («)

where

and

0

H =   ̂ vxE,
C

r * =  - T  - 1 -
_  C?‘

E fl

?o f 1 (
(27t)3 J e

l » l

(7)

(8)

V . - )

(9)

(Iwanenko & Sokolov 1953; Sen Gupta I9G5, 1968). With these expressions let 
us now calculate the volume integral of cE j

‘ ‘ - I  ^  ■■■ ™
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The first term in the bracket does not contribute (considered as an improper 
integral), as the presence of the factor k-v makes it an odd function o f {k>v-)lv. 
Tho second term may be written as

Sn̂ I ... (II)

i) >  0, from equation (8), v >  u i.e., the case of fierenkov radiation, the 
expression (11) becomes

On writing ta for k-v one obtains finally 

- c \ E . j d r  =  ^ ,

... (12)

(13)

On taking account o f the dispersion of the medium the upper limit o f the above 
integral is such that u{w) >  ?; as o> >  It is exactly the same as the ex
pression which is usually quoted foi- the rate of loss o f energy by the particle 
calculated from the total Poynting flux (Iwanenko & Sokolov 1953). Hence, 
we obtain equation (4), which in turn implies that d U ld t  —  0  from equations (1) 
and (3). In case of non-dispersive medium the integral on the right hand side 
of (13) is unbounded which is also expected as E  on the left hand is the self-field 
and diverges strongly at tho position of the charge.

ii) < 0  i.c., V <  u, tho integral (11) has no contribution. Hence, the 
volume integral of E j  is zero. It is also well known that the total Poynting flux 
across a surface enclosing the charge is zero. Thus, we obtain again dUldt =  0.

3. The Total Field Energy

The field quantities may be better expressed in spherical polar coordinates, 
with the instantaneous position of the particle as pole and the line o f flight of the 
particle as axis. Thus,

r  =  ^0^7“ _____________________
27rev» „3 /it®  ̂ cos®

(14)

i) 7® >  0. The expression for the field energy (equations (2) and (3)) integrated
U

over the region of Cerenkov cone is

[1 =  lim f
47reu« J J

”  7J

dB
B̂

sin® 6 (15)
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where cos — uyjv. The upper limit o f R integration does not contribute, the 
lower limit is divergent but independent of time Again, the upper limit of d 
integration is divergent but independent of time.

ii) 7  ̂ ■< 0 : The expression (15) is similar, with only change of upper limit 
of 0 integration which is now n. Thus, in both the cases

(16)

Hence, the total field energy is constant, though, it is unbounded. This diver
gence is due to the self-energy which depends fdso on the particle velocity and the 
electromagnetic properties of tin? material medium. The fact that the total energy 
IS independent of lime is also expected from simple ground as has been noted in 
the introduction. As the particle is moving with uniform velocity from infinite 
past, the field quantities are only translated vdth the same uniform velocity 
with the evolution of time, 8inco the total energy, which is obtained by inte
grating over the whole space, is invaiiant with respiiict to this translation, it 
remains the same.

In the conclusion, wo wish to point out that the total Poynting flux gives only 
the flow across the surface. It is not proper to take this as the rate of loss of energy 
by the particle duo to the radiation. Because the particle cun only lose energy 
to the field and we have shown the total field energy duo to a particle moving 
with uniform velocity [v <. u ox v <. u) since infinite past, is constant. On the other

u
hand, in the usual formulation of the Cerenkov radiation, the particle is assumed 
to bo moving with uniform velocity from infinite past and it is said to bo losing 
energy. Those two statements are in general contreadictory They are agreeable 
only when the rate of loss of the energy of the particle is zero as wo have shown 
above. It seems a reformulation of the problem of energy loss of the particle 
IS necessary.
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