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An analysis is made of the Cerenkov radiation of electric dipoles and magnetic dipoles in an 
isotropic non-gyrotropic medium with spatial dispersion. The Cerenkov radiation of a cur­
rent loop in such a medium is also considered. 

THE Cerenkov radiation of a charged particle in a 
medium with spatial dispersion has been consid­
ered by a number of authors. t,2 In the present 
paper we consider the Cerenkov energy losses of 
particle bunches for particles with dipole moments 
(electric and magnetic) in an isotropic non-gyro­
tropic medium with spatial dispersion. It is as­
sumed that the bunch radiates as a point particle 
with dipole moment corresponding to the entire 
bunch. We also consider the Cerenkov radiation of 
a closed current ring in a medium of this kind. 
These analyses are desirable for investigating the 
possibility of excitation of new kinds of waves 
(which arise when spatial dispersion is considered) 
by means of the Cerenkov effect. 1 

1. In frequency regions which lie close to one of 
the natural resonant frequencies of the medium, we 
can use the well-known reciprocal dispersion ex­
pansion* 

(1) 

Then, the Cerenkov radiation loss for an electric 
dipole with arbitrary orientation is given by 

w3 dw { P~ v2 } c2 _ dF =-~ p2 +-(- n2 - 1) (1-·-) Jl + f.l.n4Jl czv .L! z 2 cz t 2 2 ~ t ' 
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Cerenkov radiation is excited at a frequency w 
only when 

v > cj n;(w) 

(2) 

(3) 

(4) 

and is distributed over two cones which are defined 
by the condition 

cos%;=cjz;n;(w) (5) 

( J'i is the angle between the direction of motion of 
the dipole t and the radiation direction). 

*In the present paper we use the notation of references 1 
and 3. 

tThe direction of motion is taken along the z axis. 

Ginzburg has shown1 that when (3 > 0 one of the 
roots of Eq. ( 3) is always smaller than unity and 
the radiation condition ( 4) is not satisfied for it. 
In this case the Cerenkov radiation is distributed 
over the surface of one (ordinary) cone. When 
f3 < 0 the radiation condition ( 4) is satisfied for 
both roots and the radiation is distributed over the 
surfaces of two cones. 

It is of interest to consider the intensity distri­
bution of the Cerenkov radiation over these cones. 
Let I1 be the intensity of the radiation for the 
"ordinary" cone and I2 the intensity for the "new" 
cone; then we have 

. (6) 

When E~ I f31 « 1 and n~ » n~, for a dipole which is 
oriented along the direction of motion we find 
I2/I1 « 1, that is, the Cerenkov radiation is almost 
completely concentrated in the "ordinary" cone. 
For a dipole which is perpendicular to the direc­
tion of motion we have I2/I1 ...., 1. 

2. In considering the Cerenkov radiation of mag­
netic dipoles we will distinguish between current 
dipoles and "true" dipoles; 4 "true" magnetic di­
poles are dipoles formed from magnetic poles. 

For the frequency region in which the expansion 
in ( 1) applies, we have for a current magnetic 
dipoles 

(7) 

while for a true magnetic dipole 
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The intensity distribution of the Cerenkov radiation 
over the cones is different for the current and true 
dipoles. If E~ I f31 « 1 we have Idi1 "' 1 for any 
orientation of a current dipole. For true magnetic 
dipoles 12/11 ...... 1 for a moment oriented along the 
direction of motion and 12/11 » 1 for a moment 
oriented perpendicularly to the direction of motion. 
This difference in the radiation distribution over 
the cones for current and true magnetic dipoles is 
due to the fact that moving true dipoles are not 
equivalent to moving current magnetic moments if 
E ¢ 1. 4 

We now give the expression for the Cerenkov 
radiation loss of a current loop which moves 
through a medium of this kind where it is assumed 
that the plane of the current loop is perpendicular 
to the direction of motion. If (1) applies we have 

Sn2a•J2wdw ( n.w v 2 ) 
dF = 2 ° :2}Ii a -'- I - --.:__2 Jl + n4~ J-I, 
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l l (9) 

where a is the radius of the loop, 10 is the cur­
rent strength in the loop, and 11 is a Bessel func-

tion. It is apparent that for a point current loop 
(a- 0) Eq. ( 9 ) becomes the formula for the 
Cerenkov radiation of a magnetic dipole. 

In frequency regions of the Cerenkov radiation 
which are remote from resonance frequencies of 
the medium it is not necessary to take spatial dis­
persion into account. 

The authors are indebted to N. M. Polievktova­
Nikoladze for her interest in this work. 
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