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Expressions are derived for the electromagnetic field components and the total energy losses 
are determined for a charged particle moving in an anisotropic gyroelectric and gyromagnetic 
medium. 

l. The energy losses of a charged particle moving 
in an anisotropic dielectric medium have been con
sidered in a number of papers.1- 3 Sitenko and Kolo
menskii4•5 generalized this work for the case where 
the medium has optical activity besides the aniso
tropy ( gyroelectric, anisotropic medium). Later 
Pafomov6 discussed the Cerenkov radiation in an 
anisotropic ferrite, using a method which was first 
applied to the problem of Cerenkov radiation in an 
anisotropic dielectric by Ginzburg.1 That paper 
also contains a discussion of the simplest case of 
twofold anisotropy (anisotropic E and J.1.). In the 
present paper we determine the components of the 
electromagnetic field and the energy losses of a 
charged particle moving in a medium with twofold 
anisotropy (anisotropic E and J.1.), using the 
Fourier method;5 moreover, the medium is as
sumed to be gyrotropic with respect to its elec-
tric and magnetic 7 properties. 

This problem may be of interest for the use of 
anisotropic ferrodielectrics to generate micro
radiowaves. 

2. The electromagnetic field arising in the 
medium during the motion of the point charge q 
with velocity v is determined by the Maxwell 
equations: 

1 as 1 1 ao 4r. 
curl E = - c Tt, cur H =car+ c qv o (r- vt); 

div B = 0, div D = 4r.q1l (r- vt). (1) 

We shall find a solution to this system of equa
tions by the Fourier method in writing 

E (r ,t) = ~ ~ E (k,(l)) eik • r-iwldkdc•>, (2) 

etc. Using the relation between the Fourier com
ponents 

D1 (k,w) = Z;k (<u) E~e (k,w), 
(3) 

we obtain the following equation for the Fourier 
components of the electric field intensity: 

where 
Til"' = 11.2Stab 'Sk[mX.a Xmfl-bi + 'Cfk ' 

n2 = k2c2fc•J2 , x; = k;(k, 

and EikZ is the completely anti symmetric .unit 
tensor of third rank. 

The solution of Eq. (4) can be written in the 
form 

(4) 

We obtain for the total energy loss per unit length 
due to the remote collisions the expression 

00 km (6) 

<D = 1 -- T- 1v·vko -v·x·--1 1--·k2dkd~ d P . q2 ~ ~' ~ , ( n ' dw 
-- di · 2rr2v ik ' \ c I I 1 w2 • 

-CO 0 41t 

where km is the maximal value of k, which is of 
order 1/b, where b is the minimum parameter 
of remote collisions. 

3. We apply (6) to the motion of a point charge 
in an optically-active uniaxial crystal, for which 
the tensors for the dielectric constant Eik and 
the magnetic permeability J.l.ik have the form 

(
s1 , - is2 , 0 ) ( p.1 , - ip.2 , 0 .) 

Sik = i82, 81, 0 ; :.Lik o= l;.L2, [.L1, 0 
0, 0, 83 I '0, 0, [.L3 , 

(7) 

For the tensor JJ.if (the reciprocal of the magnetic 
permeability tensor J.l.ik) we obtain* 

(
a, -- ib, 0) 

:.~,;:;/ ~ ib, a, U ; 
0, 0, g (8) 

*We assume here that (a) we can choose a coordinate sys
tem in which Eik and /lik have the form (7), which is, of course, 
the case for the simplest media, 6 and (b) the reciprocal tensor 
11~~ exists for all frequencies. 
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In this case the tensor Tik has the form 

(
- n2 (x;a + x~g) + E1 , 

Ttk = n2 (xlx2g- ibx~) + iEz, 

n2 (x1x3a + ibx2x3), 

n2 (x1x2g -f- ibx~) -· iE2, 

- n2 (x~a + gxi) -1- E1 , 

n2 (xzxaa- ibxlxa). 

n2 (x1x3a- ibx2x3)') 

n2 (x2x3a + ibx,xa) 0 

- n2a (I -- x~) + E3 

(9) 

To find the reciprocal tensor we have to divide 
the minors corresponding to the elements Tik by 
the determinant of this tensor: 

(10) 

<D (%) = E 1 ag sin4% + E1a2 cos2% sin2% + s0u2cos41} (11) 

+ s3ag cos2% sin2%- E)J2 cos4 %- s1b2 cos2 % sin2 %, 

n;,2 = {(aEi + gs1E3 - aE~) sin2 -& -~- 2 (aE 1 - bs2) s3 cos2 1t (12) 

± [ (Eia- s~a -- E1E3g)2 sin 4 1t -+ 4a (a-- g) s~s~ cos4 1t 

+ 4b2~1 E3 (s~- s; + s1s3 ) cos4& -1- 4gs1s3 (as2s,l- bs 1S:l) cos2S 

n1,2 are the refraction indices for the ordinary 
and extraordinary waves, and J. is the angle be
tween the optical axis of the crystal and the direc
tion of propagation of the waves k. 

4. We apply formula (6) to the first, simplest 
case: a charge moving along the optical axis. In 
this case we have 

-oo n 11 

+-ag] cos2&-t- n2 [(E1g- 2as1 + 2s2b) cos2&- s1gj _J_ si- s;} 
, , il (n~ cos .'t -- 1) sin ,')d{}n'dnwdw 

/ (Jl (.'t) In"___: ni (.'t)j In" n~ (.'t)] • ( 13) 

where we have introduced the variable n = kc/ w 
instead of k. 

As in reference 5, we choose a coordinate sys
tem in which the z axis is directed along the op
tical axis of the crystal. The particle moves along 
the z ·axis. In integrating over the angles we take 
account of the o function, where the integration 
over n is, of course, restricted to the region from 
1/{3 to nm = kmc/w. The integration yields 

co 

- ~~- = - ~:- Rei ~ {(ag- s1 ~2g) ni + (a2 - ag- b2) j ~2 
0 

+ (s1g- 2as1 -1- 2bE2 ) + (si-s~) ~2 } {s1ag~2 (n~- n~W1 

~<In {(n;,~2 - n~~2)/(l-n~~2)}(ud(tl, 

where 

(15) 

+ b2s1(b2s1 - 2a2s1 _L 2ags3 )]'i'}j2s 1ag~2 

are the values of the refraction indices in the di
rections of maximal radiation determined from 
the equations 

The right hand side of (14) is different from zero 
only in two cases: (a) when the argument of the 
logarithm is negative, and (b) if the expression 
under the integral sign has poles, i.e .. , for frequen
cies such that E1> e:2 , and e:3 are simultaneously 
zero. Thus we obtain 

d£ q2 I {( 02 · ., • ( -· . b2)' ---· - dz = -- C2) ag- E1;> g)nj -~ a-- ag -- ~ -

where 

{ 2 = [ {(ag- a 2 ) -i ag(!- s:~;s,) + b2 

+ [a2(gsa/s1 - I )2 - !- b2(b2 - 2a2 - 2agE3/s1 )]'i•} j2ag~2 j.., _.., ... 

The integration in the first two terms of (16) 
goes over the frequency regions determined by the 
inequalities · 
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(17) 

respectively. We note that (16) goes over into the 
corresponding expression of the paper of Sitenko 
and Kolomenskii 5 for a = g = 1 and b = 0. In this 
case the third term, which comes from the mag
netic anisotropy, vanishes. 

In the case of an anisotropic magneto-active 
ferrite we obtain ( t::2 = 0, t:: 1 = t:: 3 = 1 ): 

d{Jjdz = (qjc) 2 ~ (1/~2 - lja) (J)dru. (18) 

If f.J-2 = 0 (anisotropic ferrite), formula (18) goes 
over into the corresponding formula of the paper 
of Pafomov. 6 

5. In order to determine the character of the 
losses (16) we have to compute the energy flux 
through the cylindrical surface surrounding the 
trajectory of the charge. For this purpose we 
must determine the fields E and H arising in 
the medium during the motion of the charge, after 
which we make use of the Poynting theorem in the 
usual manner. 

We omit these rather cumbersome calculations 
and remark only that, under the assumption that 
E1> E2, and E3 do not have any common roots, 
the losses on account of the Cerenkov radiation 
are represented by the first two terms in formula 
(16). 

6. We now consider the second case: a charge 
moving perpendicular to the optical axis of the 
crystal. We choose the directions of the axes as 
in reference 5; the z axis is directed along the 
optical axis of the crystal. The particle moves 
along the y axis. We then obtain 

" 00 2rt JIL 

d§) . q0 ( \" ( En2 - F 
- dY = t 27t2c2 ~ j ~ An•+Bn2+C ndndrp(J)dru, 

-en 0 II~ 

where 

A = ~2{(ag- a 2 + b2) (s1 - s3) sin 4 rp 

(19) 

+ [(a2 - ag- b2) s1 + ag (s3 - s1)1 sin2 tp + agst}; 

B = [(W>i + gstsa- as~) + 2bs2e3 - 2as1e3 ] ~2 sin2 rp 

- [(a2 - ag + b2) s1 

+ ag (sa- Et)l sin2 rp -- 2 (ag- a2 + b2) (s1-s3 ) sin4 rp; 

C = ~2 (EiEa- E~E3 ) 

- [(asi + gs1Ea- as~) + 2bs2s3 - 2as1s3 ] sin2 <p 

+ ~-2 (ag- a2 + b2 ) (s1 - s3 ) sin4 cp; 

E = (ag- as1~2) cos2 rp -:- (a2 - b2 ) sin2 cp- ~2 sa sin2 rp; 

F = (ag-a2 + b2) sin2 7 

r.p is the angle between the x axis and the projec
tion of k on the zx plane. 

From (19) we obtain for the energy losses the 
expression 

(20) 

where 

The conic surfaces corresponding to the ordi
nary and extraordinary waves are complicated 
(dependence on r.p ) • The field intensities on the 
different generatrices of these surfaces are not 
the same. The integration in (20) can in principle 
be carried out to the very end if Eik and Eik are 
given as functions of the frequency. 

In the special case a= g = 1, b = 0 formula 
(20) goes over into formula (26) of reference 5. 

The authors express their sincere gratitude 
to G. R. Khutsishvili for valuable advice and com
ments. 
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