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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 o£ the angle of rotation near the 2p state of an exciton in a 
Cu20 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 cp can 
be expressed in terms of the component of the gy­
ration vector G along the direction of the magnetic 
field H ( H II z) 

cp = (rtd/'A) Gz Is, (1) 

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

(2) 

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. [2- 4J 
Transitions to p states are forbidden; their inten­
sity is (a/r 0 ) 2 times smaller than the intensity of 
transitions to s states (a: lattice constant, r 0: ex­
citon radius). For Mott excitons ( a/r0 ) « 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 [2J: 

a[VJ= ~ r;:7/[y- i (w- 0)1!- Qm)l, (3) 
n;m=O.=l 

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

the magnetic quantum number, and TUW 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 

Here E 0 is the minimum value of the frequency of 
the main transition, Ki is that point in momentum 
space which corresponds to that transition, '~~ntm 

are the hydrogen-like wave functions of the exciton 
p state 

J~c (k) = J~c* (k) = e ~ d3ru~k(r)v"Uck (r) 

are the interband matrix elements of the current, 
evaluated using Bloch wave functions. 

Apart from the selection rules for the hydrogen­
like wave functions, T~ involves also the inter­
band selection rules for ( oJbc I Bka ) Ki' which must 
be established in each case from the symmetry 
properties of the crystal. 

Using the relation '~~ntm (X) = '~~rit-m ( x), we get 
from (4) 

(5) 

The first of these equations ensures that the On­
sager relations are satisfied, the second leads to 
the antisymmetry of Re u11v when there is no ab­
sorption. Assuming that I wn- w I .<. v > n we get 
from (3) and (5) 

. antis_ 2JC ( ~ ) _ · 4rc 'VI {Tnl} Q -le -- Gp.v- ->v,~ - --l- L..! m -.-----1-(-----:; • 
p.v w ' w n p.v "( -- w-w,z) 

(6) 

Substituting (6) into (1) and using the explicit form 
of ( B'llntm /Bxa )x=o we get for the angle of rotation 
near the line n = 2 
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where f3xy ,..., 1 is a component of an antisymmetric 
tensor. 

Obtaining an order of magnitude estimate of <p 
for the yellow exciton series in a Cu20 crystal 
( E = 10) we get <p ~ 0.5° for H = 103 G, I w- wn I 
,..., y,..., 10 Q, r 0 ~ 30 a, d = 500 J.l· The absorption 
coefficient in the yellow series is small (,..., 102 

em - 1) [51 and the intensity of the incident light will 
thus only decrease by a factor o( a hundred for a 
thickness of 500 J.l. 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 TUIP may turn out to be an important 
aid for interpreting exciton spectra. 

The authors express their deep gratitude to 
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