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The rotation of the plane of polarization near an absorption line of a large-radius exciton is
considered. The angle of rotation depends on the effective mass and the exciton radius. An
order of magnitude estimate of the angle of rotation near the 2p state of an exciton in a
Cu,0 crystal gives a measurable magnitude for this effect.

ONE may expect an appreciable rotation of the
plane of polarization (Faraday effect) near exci-
ton absorption lines corresponding to transitions
to exciton p states.

For cubic crystals the angle of rotation ¢ can
be expressed in terms of the component of the gy-
ration vector G along the direction of the magnetic
field H(H Il z)

= (nd/A) G, /e, (1)

where d is the thickness of the sample, € the di-
electric constant when there is no magnetic field,
and A the wavelength of the light.[!? The vector
G, in turn, is defined as the antisymmetric part
of the dielectric constant GW(H):

(2)

GY = 6‘{}&\' 8}w~

The problem is thus reduced to evaluating the
antisymmetric part of the exciton dielectric con-
stant.

It is well known that the transitions to the s
states are allowed transitions for Mott excitons.? 4]
Transitions to p states are forbidden; their inten-
sity is (a/ry)? times smaller than the intensity of
transitions to s states (a: lattice constant, ry: ex-
citon radius). For Mott excitons (a/ry) < 1.

However, the s state does not change in the ap-
proximation which is linear in the magnetic field
and there is no Faraday effect. It is thus necessary
to consider the ‘‘forbidden’’ transitions to p states.

The exciton conductivity connected with the tran-
sitions to p states can in the first perturbation-
theory approximation in the magnetic field be ob-
tained from the general Eq. (16) of 21:

o= Tm/ly—i(0—w,—Qml,

n;m=0,%1

(3

where w is the light frequency, @ = eH/2Mc, M
the reduced exciton mass, w, the hydrogen-like
energy level, vy the width of the exciton line, m

the magnetic quantum number, and Tﬂrﬁl a tensor
the real part of which is connected with the oscil-
lator strength of the transition and the imaginary

part of which is responsible for the rotation of the

polarization plane
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Here E; is the minimum value of the frequency of
the main transition, Kj is that point in momentum
space which corresponds to that transition, ¥pnm
are the hydrogen-like wave functions of the exciton
p state
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are the interband matrix elements of the current,
evaluated using Bloch wave functions.

Apart from the selection rules for the hydrogen-
like wave functions, TmVn involves also the inter-
band selection rules for (8J)°/8ky)K;, which must
be established in each case from the symmetry
properties of the crystal.

Using the relation ¥pym (X) = ¥4 _m(x), we get
from (4)

Tov =Tw™

o = (Thh*. )

The first of these equations ensures that the On-
sager relations are satisfied, the second leads to
the antisymmetry of Re Ouy when there is no ab-
sorption. Assuming that |wp—w| R v > Q we get
from (3) and (5)
— it 2 (o — ) = —i %] 2 (T2 o=
(6)
Substituting (6) into (1) and using the explicit form
of (8¥pim /09Xy )x=¢ We get for the angle of rotation
near the line n = 2

w1 /d\/a\s Qw
o= 5 (06 Ty b @

152



THE FARADAY EFFECT FOR EXCITONS 153

where Bxy ~ 1 is a component of an antisymmetric
tensor.

Obtaining an order of magnitude estimate of ¢
for the yellow exciton series in a Cu,O crystal
(€ =10) we get ¢ 2 0.5° for H=10°G, |w-wp]|
~7vy~108, ry $30a, d=500u The absorption
coefficient in the yellow series is small (~ 102
cm 1) and the intensity of the incident light will
thus only decrease by a factor of a hundred for a
thickness of 500 u. The use of photomultipliers
makes it possible to observe intensities decreased
by a factor of a thousand.

One can thus estimate from the magnitude of the
angle of rotation the exciton radius, if its reduced
mass is known. Moreover, the selection rules en-
tering into T{H}“ may turn out to be an important
aid for interpreting exciton spectra.

The authors express their deep gratitude to
L. E. Gurevich, O. V. Konstantinov, and G. M.
Eliashberg for valuable discussions of this paper.

11,. D. Landau and E. M. Lifshitz, Elektrodina-
mika sploshnykh sred (Electrodynamics of Contin-
uous Media) Gostekhizdat, 1957, part II, Sec. 82.

2R. F. Kazarinov and O. V. Konstantinov, JETP
40, 936 (1961), Soviet Phys. JETP 13, 654 (1961).

3R. J. Elliott, Phys. Rev. 108, 1384 (1957).

‘D. S. Bulyanitsa, Vestnik LGU, No. 4 (1960).

%1, Pastrnyak, Opticheskie svoistva zakisi medi
(Optical Properties of Cuprous Oxide) Thesis,
Physico-Technical Inst., 1959.

Translated by D. ter Haar
42



