
704 LETTERS TO THE EDITOR 

3 Kocharian, Aivazian, Kirakosian, and Alek
sanian, J. Exptl. Theoret. Phys. (U.S.S.R.) 30, 243 
(1956); Soviet Phys. JETP 3, 350 (1957). 

Translated by H. Kasha 
206 

MAGNETIC DOUBLE REFRACTION OF 
MICROWAVES IN PARAMAGNETICS 

F. S. IMAMUTDINOV, N. N. NEPRIMEROV and 
L. Ia. SHEKUN 

Kazan State University 

Submitted to JETP editor January 10, 1958 

J. Exptl. Theoret. Phys. (U.S.S.R.) 34, 1019-1021 
(April, 1958) 

THE rotation of the plane of polarization of the 
H11 wave was studied at a frequency of 9375 mega
cycles in a circular waveguide filled with a para
magnetic salt. The directional dependence of the 
external static magnetic field H0, applied perpen
dicularly to the direction of propagation of the 
radio wave was investigated. As a polarizer, we 
employed a smooth transition of a standard rec
tangular wayeguide to the circular ( d = 23 rom ) . 
For an analyzer, we used a rotating turnstile junc
tion, two arms of which were connected to a 
matched load, while at the two others were placed 
crystal detectors with approximately equal charac
teristics, connected in opposition by a bridge cir
cuit. Balancing of the system was observed on a 
type M-95 galvanometer. Because of the small 
values of the angles of rotation observed, the me
chanical rotation of the turnstile junction was em
ployed only for calibration of the scale of the gal
vanometer. 

2. It was established that the angle of rotation 
Alf! does not depend on the sign of H0, but does 
depend on the angle lf! which the field H0 forms 
with the magnetic field H of the radio wave before 
establishing it in the paramagnetic according to the 
law AI/! ..... sin 2l/J, so that the maximum effect was 
observed for lf! = 45°. As an example, we have 
shown the curve of the specific rotation of a pow
dered specimen MnCl2H20 in the Figure. 

3. The observed laws can be understood if we 
assume that the rotation of the plane of polariza
tion takes place as a consequence of the anisotropy 
of the magnetic susceptibility JL. There is then a 
difference of the phenomenon under consideration 
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from the ordinary (optical) Cotton-Mouton effect, 
which is determined by the anisotropy of the con
stant E. 

It is known that the tensor of the high frequency 
magnetic susceptibility of a paramagnetic magne
tized along the z axis has the form: 

{x} = f i~ ~io ~], 
l 0 0 Xz 

where x, o, Xz are complex quantities dependent 
on H0, the frequency of the radio wave w and 
the relaxation time T in the paramagnetic. A cal
culation carried out by one of the authors shows 
that in the case of wave propagation perpendicular 
to the applied field, the rotation angle (for not very 
small lf!) is given by 

/':,.ljl = - (mu V~c) l {X"- X~} sin 2ljl. (1) 

Here l is the thickness of the layer of the para
magnetic, x" and x~ are the imaginary parts of 
X and Xz. The calculation is carried out for free 
space; E was considered real. As is known, X" 
and x~ are the absorption coefficients for the 
cases H0 J. H ("perpendicular field" ) and H0 n H 
("parallel field" ) , respectively, and do not depend 
on the sign of H0. 

4. Some of the qualitative regularities pointed 
out in Sec. 2 have already been observed by other 
authors. 1•2 As concerns the form of the curve 
Alf! ( H0), it was not observed in sufficient detail. 

For H0 = 0, AI/!= 0, since X" =X~· It is also 
known that at frequencies of the order of 10 kilo
megacycles, x" has a well-defined maximum at 
yH0 = w and practically disappears for yH0 > 
( 2-3) w, while X~ decreases slowly and mono
tonically with increase in H0• 3 This suffices to 
explain the observed form of the curve in the Fig
ure. A quantitative estimate on Eq. (1) shows ex
cellent agreement with experimental data. 

5. At the present time, the theory does not give 
precise expressions for X" and X~ in solids. In 
order to obtain some estimate s>f these quantities, 
we can make use of the theory for a paramagnetic 
gas, consisting of monatomic atoms with spin!. 
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We found that in this case, 

x" = ~~ { wIT rw IT } . " - - wIT 
• 2 (w0- w)2 + T 2 + (wo + w)2 + -.-2 • Xz- Xo w2 + -.-2 

(2) 

( Xo = static susceptibility). 
We note that the thermodynamic theory of Sha

poshnikov evidently leads to the same formulas 
(see Ref. 4). If we consider that T increases with 
increase iii H0, 3•5 then it is shown that the simple 
equations (2) provide both a qualitative and a quan
titative description of the experimental results. 

6. Considerations carried out above show that 
the magnetic double refraction of microwaves in 
paramagnetics ("the microwave effect of Cotton
Mouton") is closely connected with the paramag
netic absorption in perpendicular and parallel 
fields and, together with the paramagnetic reso
nance rotation,6- 9 enters into a series of phenom
ena which can now be united under the general title 
of "paramagnetic resonance." 10 

A more detailed explanation of the results ob
tained will be published separately. 
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LET us consider a nucleus having the form of an 
ellipsoid of rotation and one that is opaque for in
cident nucleons. The kinetic energy of the deuter
ons must be sufficiently large in order that the 
wavelength of the deuteron be many times smaller 
than the radius of the nucleus. We shall neglect 
the effect of the Coulomb field of the nucleus in 
this note. 

With the help of a·method developed by Akhiezer 
and Sitenko, 1 the following expression is obtained 
for the amplitude of elastic diffraction scattering 
of deuterons on a nucleus with a fixed orientation 
of its axis w: 

f (x, w) = 2rtik {~tan- 1 ~ Q (x', w) 

1\dg 2p -t!2g-~'ln l 
-b2j JZg-~'l tan Zp u(g, w)O(x'-g, w)J, 

(1) 
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cos-&= x; t = x' [~2 (x) cos2 (<p- ¢) + sin2 (<p- ¢)]''•; 

qx) = [(-FY (l-x2) +x2J"'. 

Here a, b = semiaxes of the ellipsoid, while a 
refers to the axis of rotation; w = ( (), cp ) = angles 
defining the orientation of the nucleus in space; 
J1 (t) is the Bessel function of order 1; K =trans
verse momentum obtained by the deuteron upon 
scattering; K = k(); ( (), cp) = direction of the mo
mentum of the scattered deuteron; K' = Kb; p = 
b/Rct = 2ab. 

Equation (1) is simplified when the radius of 
the nucleus is much larger than the radius of the 
deuteron and the scattering angles are small 
( p » 1, p » K'). In particular, the forward scat
tering amplitudes are 

f (0, w) = ik~2~[ I + ~ E ( -i, V~2 ~ 1)] , (2) 

where E is the complete elliptical integral. Av
eraging over the various orientations of the nucleus, 
we obtain the total cross section of all nrocesses: 

crt = ~krc Im f (0, w) = 2rtb2 (I + !_ - ~) 
\ 6 15 

+ rtbRd (I + -fJ - ~) 
(3) 




