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From the classical equation of motion a conductivity tensor is derived for a bound electron in a dc external 
magnetic field. Then the conductivity for a circularly polarized wave is obtained, which is expanded in terms 
of the magnetic field. With the appropriate form of the oscillator strength for the interband transitions, the 
conductivity components are evaluated for the zeroth, first, and second power of the magnetic field over 
the two energy bands for the direct and the indirect transitions. The results are used to obtain expressions 
for the interband Faraday rotation and the Voigt phase shift in the limits of o><coff and a>>a>g, where w is 
optical frequency and cog the frequency corresponding to the energy gap. In the latter case oscillatory be­
havior is described by the expression near the frequency of singularities with a loss term in the form of re­
laxation time r. 

INTRODUCTION 

THE early interband magneto-optical phenomena 
investigated in semiconductors were the oscilla­

tory magneto absorption where it was only necessary 
to calculate the absorption coefficient in the presence 
of dc magnetic field. This has been carried out by a 
number of investigators1 by evaluating the absorption 
coefficient from the following integral: 

K f 
a(co,#) = — E dkzdk/ 

co nn' J 

X\M\*h(En,{kf)-En{k)-fio>), (1) 

where K is a constant, M the momentum matrix, z the 
direction of the magnetic field, and En>(k'), En(k) the 
eigenvalues in the presence of the magnetic field for 
the two sets of bands considered. This type of integral 
has been used to evaluate the coefficients for the direct 
allowed, the direct forbidden, and the indirect transi­
tions and applied to interpret the experimental results 
in several semiconductors.2 More recently, however, 
the investigations have been extended to reflection 
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phenomena in semiconductors3 and semimetals4 as well 
as to the study of the interband Faraday rotation5 in 
some of these materials. Theory of reflection from a 
metal in magnetic fields has been also treated by 
Dresselhaus and Dresselhaus.6 Furthermore, it has 
occurred to us that the interband Voigt effect which has 
recently been observed experimentally7 is amenable to 
analysis at the same time. In order to interpret these 
experiments, it was necessary to consider the dispersion 
associated with the interband transitions as well as the 
absorption. For the interband Faraday rotation this 
was first carried out by the use of the Kramers-Kronig 
relation which expresses the dispersive components in 
terms of the absorption.8 Similar results were obtained 
by Suffczynski.9 Subsequently, in this treatment and an 
earlier one involving the Kramers-Heisenberg integrals8 

with a magnetic field, only the scalar or diagonal quan­
tities were evaluated corresponding to a rotating frame 
of reference. This, however, did not give the proper 
symmetry relations for the Faraday rotation. However, 
in order to treat properly the magnetoreflection and the 
interband Faraday rotation and the Voigt effects, it 
is necessary to formulate the Kramers-Heisenberg in­
tegrals in tensor form in the presence of a magnetic 
field. The results then do possess the correct symmetry 
properties. 
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CONDUCTIVITY TENSOR RELATIONS 

If we consider an electron in the valence band as a 
classical oscillator with the oscillator frequency corre­
sponding to that of the energy associated with the par­
ticular interband transitions involved, then in the 
presence of a magnetic field we can write the equations 
of motion of this bound electron as follows: 

d2xk dxk drk eE 
\-(ak2ik+Vk 1 X o > c = — eiat. 

dt2 dt dt m 
(2) 

coA; is the appropriate oscillator frequency; r^ is the dis­
placement vector; E is the electric vector of the optical 
radiation; o>c=eH/mc is the cyclotron frequency; H is 
the dc magnetic field; and Vkdxk/dt is the damping term, 
where vk is the collision frequency. The index k corre­
sponds to the wave number of the electron. This equa­
tion can be solved for the velocity components which 
are expressed in terms of the electric field components 
and those of the magnetic field. If the coordinate system 
is so chosen that the magnetic field is taken along the z 
direction, then we can calculate the current vector for 
all these transitions as follows: 

J=ZeVkNk (3) 

where \ k is the velocity of the electron and Nk is the 
number of transitions corresponding to the wave 
number k, which depends on the oscillator strength. 
Substituting the solution of Eq. (2) into Eq. (3), we 
can derive 

J = * E , (4) 

where a is the complex conductivity tensor, components 
of which are given by 

Vxy~ ~&yx = i [ < 7 + ~ & - J > Vzz~ ^0-

Co is the conductivity in the absence of the magnetic 
field. The definition of the conductivities for circularly 
polarized waves are quantities which follow from Max­
well's equations when the rotating vectors are intro­
duced. This is done by putting the equations of motion 
in component form and then combining the x and y 
components to obtain the solution for JxzLiJy to obtain 
<r±. I t also follows from MaxwelPs equations that 
Or±== (Txx~fZ/lO'xy 

When this is done, the results become 

<r±=-E-
T h e n 

m k cojc2—o^dbcococ+^W/c 
(6) 

e2 ia)Nk(cok
2--oo2—iajvk) 

- E - — , (7) 
m * \o)k

2—c°2Jriwvk)
2—c<Aoc

2 

0)20)cNk 

m h (cok
2—o)2-hioovk)

2—co2ooc
2 

(Tzz=— ! £ ' 
iuNk 

m k a)k
2—oo2-\-ia)Vk 

(8) 

(9) 

Mathematically, it is simpler to evaluate the inter­
band transitions for <r± and then obtain <rxx and <rxy 

from these by the use of Eq. (5). To do this we shall 
further assume that Nk

+=Nk~=Nkz which is con­
sistent with the results of the quantum treatment to a 
first-order approximation for an isotropic band. For 
the purpose of this paper we shall further simplify our 
results in order to arrive at the appropriate expressions 
for the scalar or diagonal component of the magneto-
absorption which has been considered to date and to 
also calculate the Faraday rotation and the Voigt 
effect or phase shift between linearly polarized waves 
parallel and perpendicular to the magnetic field. Fur­
thermore, initially we shall ignore the relaxation term 
vk and solve for the "lossless" case. Later the loss will 
be reintroduced at the appropriate place. 

In the approximation that is appropriate for our 
problem, we shall assume that coc<<C!co even for high 
fields and we can, therefore, expand the conductivity as 
a function of magnetic field or coc. If we do this for vk—0, 
we obtain 

e2 / io)Nk ia)2wcNk iwzwc
2Nk \ 

* ± = - E ( =F + ). (io) 
m k W - c o 2 (co^-co2)2 (c^2-co2)3/ 

Then e2 io)Nk 
(o) = „. (0) = o. ^ — V 

u xx u yy ° zz Zw : 

m h uk
2—co2 

a). 

(2) = 

(1) =-£ 
C02O)cNk 

(2) = 

m k (co/c2—co2)2 

i<Juc
2Nk 

m k (o)k
2-~co2)3 

(11) 

(12) 

(13) 

We shall show presently that the above expressions of 
Eqs. (11), (12), and (13) are the terms associated with 
the diagonal or scalar magnetoabsorption or magneto-
reflection, the Faraday rotation, and the Voigt effect, 
respectively. 

From Maxwell's equations it has been shown that 
the complex indices of refraction (n—ik) can be repre­
sented in the most general form in mks units by an 
equation as follows: 

(?l-ik)2=K(l + (TeH/iu6), (14) 

where /c is the dielectric constant, aeff is the appro­
priate conductivity for longitudinal or transverse pro­
pagation, i.e., the Poynting vector is parallel or per­
pendicular to the magnetic field and e is the permit­
tivity. If we assume further that the conduction current 
is small compared to the displacement current, i.e., 
creff<coe, then we can write 

n-ik~Kll2(l+ae{i/2iue). (15) 

For longitudinal propagation, 

v QH—v ±~ cr xipriv xu. (16) 

For transverse propagation, 
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0ef f = o- j .=<r x x + axy
2/ (icoe+crxx)~<r 

s i n c e aXXy axy<^oo€. A l s o , 

o-eH = <ri\ = (rsz f o r E | | H . 

for Ej_H, (17) 

(18) 

From the definition of the Faraday effect, the angle 
of rotation per unit length 6 is given by 

6 = (o)/2c) (n+—fi-). (19) 

Substituting the results of Eqs. (12), (15), and (16) 
into Eq. (19), we obtain 

irl/2 
( 1 ) = 

K1/2e2 co2cociVfc 
(20) 

2ce 2cem * (co&2—co2)2 

Similarly the phase shift of the Voigt effect is given by 

8=(u/c)(nll-nl). (21) 

From Eqs. (15), (17), (18), (11), and (13), we obtain 
the following: 

$ = • 

K1'2 Kll2e2 coWNk 
tj. ( 2 ) = Y 
° xx — Z-i 

lice 2cem * (o)k
2—co2)3 

DIRECT TRANSITION 

(22) 

In evaluating the various quantities for the experi­
mental situations under consideration, we shall separate 
the phenomena according to the situation which in­
volves photon energies below the energy gap or those 
above, which usually involve oscillatory phenomena. 
When we do this, we have to consider the proper 
representation of the oscillator strength for the inter-
band transition. I t has been shown that this takes the 
form for the direct transition, 

fkk,= (l/m)(\Mkv\ V W O , (23) 

where Muw is the momentum matrix and is defined by 

Mkk,= (k\ve\k'), (24) 

where e is the unit vector along the electric field of the 
electromagnetic wave. a)kk> in the absence of a magnetic 
field is given by 

tokk' = a)g-{-M2/2fA = a)k, (25) 

where cog is the frequency corresponding to the energy 
gap, fx the reduced effective mass for two simple para­
bolic bands. When the quantization of the energy bands 
is considered in the presence of a magnetic field, then 
the energies corresponding to the transverse electric 
dipole transitions, i.e., for the circularly polarized 
fields, are represented by 

o)n
± = <ag+ («+|K*±7#+A£*2Au. (26) 

where coc* is the cyclotron frequency ooc*=eH/fjLC, yH is 
the splitting of the nth state due to the magnetic field, 
and y is a phenomenological factor which involves 
parameters of the conduction and valence bands and 
may be represented in terms of equivalent or effective 

g factors which have an orbital origin and can have 
anomalously large values and reversal in sign in the 
presence of spin-orbit coupling. I t can be given by 

y=i»B(gv+gc), (27) 

where \XB is the Bohr magneton, gc and gv are the effec­
tive g factors of the conduction and valence bands 
suitable to the splittings of the magnetic levels. Since 
this splitting is orbital in nature, the orbital splitting 
of the classical bound oscillators which were given by 
coc has to be replaced in the effective mass or band 
picture by yH in Eqs. (12) and (13) for the conductivi­
ties and in the evaluation of the expressions for the 
Faraday rotation. In order to sum up the contributions 
of all the electrons, it is assumed that the valence band 
is completely filled and the conduction band is empty. 
Nk=fkk>AV the number of transitions becomes a 
product of the oscillator strength and the combined 
density of states, AV=2w~sdsk for the two bands. Then 
the summation with respect to k and kf can be replaced 
by an integral over the bands since the states are quasi-
continuous. When all these steps are incorporated into 
the theory, the expressions for the three conductivities 
of interest for the two cases considered become 

<rxx«» = A 
\Mhk>\*dV 

ookk>(a)k,k>
2—o)2) 

-Ah, (28a) 

C0C0c 

/ « = — A 

and 

I Mkk> 12dV cococ 
= 4 — / i , (28b) 

Ukk'(ukk>2—w2) i 

(2) = : {03UC)2A 

where 

\Mw\WV 

ukk>(o)kk'
2—a)2y 

A = icce2/m2fi. 

-= (cowc)W2, (28c) 

In order to evaluate the above integrals, the computa­
tions are facilitated by the following relations which are 
satisfied by /o, I\, and 12: 

/ i = -

1 dh 

2OJ dco 

1 dh 1 / d2I0 1 dIQ\ 

4co dco Sco2\doo2 00 do)/ 

(29) 

(30) 

Using Eqs. (29) and (30) and the expression given by 
Eqs. (20), (22), and (28), it follows that10 

and 

5=-

o) dn 
—yH—, 
2c da) 

co (d2n 1 dn\ 

Sc W 

% 1 d n \ 

2 co dca/ 

(31) 

(32) 

10 The classical correspondence of Eq. (31) is given in T. S. 
Moss, Optical Properties of Semiconductors (Academic Press Inc., 
New York, 1959), Chap. 5, p. 85. 
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For photon energies below the gap, the density of 
states for spherical surfaces is 

6 & / = [ 2 / ( 2 T ) 3 ] « = (l/w2)k2dk, 

01kk> ~ OJg~{-?lk2/2fJ,. 
(33) 

For photon energies above the gap, the density of 
states is 

dv— {ix/TT2K)w*dkZj 

Ukk>:=o)Q+ ( ^ + | ) c o c * + M 2
2 / 2 / i . 

A. 6><C 

(34) 

If the integrals are carried out for the case of Eq. 
(33), the expressions for the appropriate quantities for 
the magnetoabsorption and magnetorenection, Faraday 
rotation, and Voigt effect become 

n=K^2+(B/^)[_2^2- K - c o ) 1 ' 2 - (c^+co)1'2], (35a) 

By Hi 

e=~ 
4ao 

( c o , + c o ) - ^ - K - c o ) - i / 

the frequency, or X~2 dependence. The Voigt effect, in 
turn, shows an co3 or A~3 dependence. These results can 
be directly obtained from the integrals of Eqs. (28b) 
and (28c) by letting co2>0 in the denominator. I t is also 
apparent that the low-frequency Faraday rotation in 
most semiconductors is primarily due to the contribu­
tion of direct transitions with low energy gaps. 

B . (D>G)0 

When the photon energies exceed that of the energy 
gap, then the transitions are quantized and show an 
oscillatory behavior. The expressions corresponding to 
those of Eqs. (35a), (35b), and (35c) become11 

£coc* 
n = Km £ p c ^ - 1 ' 2 - ( a^ -co ) - 1 ' 2 - (con+co)-1/2], 

2c02 n 

(37) 

ByHwc 

Scco 
X! 1 (co„+a>) 3/2— (co„—«)~ 

+ - P W « - (<o„-co)i«- K + c o ) ^ ] (35b) 

B(yH)*\ 

32cco 

10 
+ - [ ( a V + c o ) - 1 / 2 - K - W ) - 1 ' 2 ] 

CO 

32 
+ - [ 2 c o / / 2 - (co.-co)1 '2- (co.+co)1'2] k (35c) 

where 

B = -
e2(2^\Mkkf\

2K .1/2 

SwrnPefi?12 

These results apply to those experiments in a magnetic 
field in which the frequency of photons is below the 
energy gap. In particular for low frequencies, we can 
show that 

« = K 1 / 2 + £ / 4 C O , 8 ' 2 , 

5ByHa>2 B(yH)W (36) 

64ao„7/2 512O0,11'2 

The first result of Eq. (36) shows that the index of 
refraction at low frequencies is essentially a sum of 
terms similar to the dispersive tail of the single idealized 
direct transition represented here. When the density of 
states is large as in the case of the higher transitions in 
germanium, silicon, etc., near 2 eV and 4 eV, then the 
coefficient B is large. These are the transitions which 
then determine the dielectric constant in the infrared 
and lower frequencies. The Faraday rotation on the 
other hand shows a dependence on co2, the square of 

+ - [ - 2 c o . - 1 / 2 + (cow-co)~1/2+ (co.+co)-1'2] (38a) 

33(7#)2coc* , 
8== . £ ( W n _ w ) ^ / 2 + ( C | ) n _ w ) - 6 / 2 

64oo 

10 
+—[(cOn+Co) - 3 ' 2 - (CO^-CO)-3'2] 

3co 

32 
+ — [ - 2 c o n " 1 / 2 + (a> n-u)- 1 / 2+ (co.+co)-1/2] , (38b) 

3co2 J 

where 
co w =co 0 +(^+i )coc* , a)*=eH/fjLC. 

Each of the above expressions show singularities at 
the transitions between the magnetic levels of the con­
duction and valence bands. Actually in this region the 
most significant terms are those with singularities and 
in the narrow region above the energy gap the other 
terms can then be neglected. Then in order to properly 
represent the line shapes, it is necessary to introduce 
the damping term with a relaxation time. Hence, 

£coc* 

2c02 n 

ByHu* 
E r , 3/2_ 

4oo 

~B(yHyo>c* 

16oo 

dXn 

E r , 6/2_ 

(39a) 

Re(XM+;)-1 / 2 , (39b) 

- ReCX"„+*)-1/* (39c) 
dXn* 

11 Expression (37) for the diagonal term has also been obtained 
by L. I. Korovin, Soviet Phys.—Solid State 3, 1299 (1961). 
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where Xn— (con—co)rn a n d we have neglected the first 
der iva t ive in E q . (32), since t h a t t e r m is divided b y co 
a n d is, therefore, small compared to the t e r m with t he 
second der iva t ive . 

INDIRECT TRANSITION 

T h e integrals for eva lua t ing the indirect t ransi t ion 
differ from t h a t of the direct case in t h a t t hey have to 
be eva lua ted over bo th the conduct ion a n d valence 
b a n d s separa te ly since t he m o m e n t a a re no t conserved 
in the process of emi t t ing or absorbing a phonon . I n 
th is case then , t he double integrals t ake the fo rm: 

Fo r very low f requency: 

e=-DyHco2/12cco2, 

8=-D(yH)2to*/6ccog\ 
where 

e2{mvmc)^\Mkr\2K112 

D= . 

Fo r pho ton energies above the gap , w>co e±coPh, 

(43c) 

(43d) 

n=K l / 2 _ 
0 C 2" COnn'' 

• £ l n 
»»' w„ 

(44a) 

cr „<•»=> A 

COCOc 

(1) = A 

\Mhh>\Hvdv' 

cokk'(o)kk'2—oo2) 

Mkh>\2dvdvf 

o)kk'(o>kk>2—co2)2 

(40a) 0 = • 
DyEc I o)C2 ( conn>

2-—col co2 \ 
E Un + , (44b) 

O2 nn' \ W „ „ ' 2 C0„TC'2 —CO 2 / 

(40b) 8 = -
D(yB)* <**i*<*ei 

4c 

C0c2 / 0. 

£ 1 5 In-
CO2 nn' \ 

(2) = ' (MCYA 

J J COkk' 

Mkk>\2dvdvf 4to2 

(co,^2-co2)3 
(40c) 

where 
0)nn>2 — U2 (tOnn 

2co4 \ 

n ' 2 ~ C 0 2 ) 2 / ' 

(44c) 

where Mkw is now a p roduc t of a m o m e n t u m ma t r ix 
for an allowed t rans i t ion to an in te rmedia te s t a t e and 
a phonon ma t r ix from the in te rmedia te to the final s ta te . 
T h e phonon cont r ibu t ion is weighted b y the appropr ia te 
phonon dens i ty factor. Fo r energies below the gap , 
we have 

dv= (l/ir2)k2dk, dv'=(l/7r2)kf2dk', 
and 

mk' = cog+M2/2mv+M/2/2mcdzcoph, 

where coph is the phonon frequency. For energies above 
the gap where the quan t iza t ion of bo th the conduct ion 
a n d valence b a n d s h a v e to be t aken into account , we 
have to sum the integrals of bo th sets of one-dimensional 
b a n d s corresponding to the magnet ic q u a n t u m number s 
n a n d nf. I n addi t ion, t he dens i ty of s ta tes factor then 
becomes 

dv= {mv/'K
2:h)coc{

kdkz; coci*= eH/mvc, 

dvf= (tnc/ir
2fi)coC2*dk/ ; coC2*= eH/mcc7 

a n d 

oonn> = ccg+ ( ^ + | ) c o c i * + (^ /+J)w c 2*dba)ph. 

These resul ts also indicate an oscil latory behavior 
since the logar i thmic functions show singulari t ies nea r 
the energy gap or the energies corresponding to t he 
t ransi t ions be tween the L a n d a u levels. Consequent ly , 
near the singularit ies it is appropr i a t e to in t roduce a 
relaxat ion t ime rnn'- If only those te rms wi th singulari­
ties are re ta ined, t he F a r a d a y ro ta t ion and t h e Voigt 
phase shift in the oscil latory case can be represented b y 
the following expressions 5 , 7 : 

(41) 

o>kk' = o)gdtzO)Ph+ (?z+J)co c i*+ (n'+ |)coc2* 

+fik2/2mv-\-Uz
f2/2mc. (42) 

W h e n these are inser ted in the expression for the 
integrals of E q (34), we ob ta in the following resu l t s : 

-Dc0c l*C0c2* 
-_KU2 

CO2 

DyHoid+oort* 

2cco 

D(yH)^cl*wci* 

Sew 

E R e l n ( X ^ + « ) , (45a) 

2s Tnn' 

nnr dXn 

2Lt Tnn'1 

• R e l n ( X n » ' " H ) , (45b) 

where 

For co<co0±coph, 

DyHru2 co 
6= — I n — 

2c Leo2 co2-

COg Ctig — CO 

+—In +1 

5=-

COg+CO 

D(yH)2r cog
2 cog

2—co2 3cog cog-j~co 

4cco 
2 — l n -

.,2 
• - - l n -

2 co con—co 

(43a) 

(43b) 

X R e I n ( X n n ' + O , (45c) 

R e l n ( X ^ + i ) = | l n ( X ^ 2 + l ) . 

FORBIDDEN TRANSITION 

T h e t r e a t m e n t for the direct forbidden t rans i t ion 
becomes much more complicated t h a n t h a t for ei ther 
the direct or the indirect case, par t icu la r ly so for the 
quant ized oscillatory s i tuat ion. T h e q u a n t u m me­
chanical analysis has been carried ou t on the magne to -
absorpt ion 1 and the diagonal componen ts of the con­
duc t iv i ty tensor have been derived.8 A t present the 
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experimental situation of interest corresponds only to 
the nonoscillatory Faraday rotation near the energy 
gap.12 Hence, with the approximation | Mkw |2 ~ | Mi \ 2k2 

in Eq. (28), the Faraday rotation is given by 

CyHi 

O) I 
4 1 

+—[>,»/'- («,-«)"*- («,+«)»"] , (46) 
3co J 

where 
e2lif1 |2(2At)

5/2A:1/2 

c= . 
87TCfe7/2W2€ 

Expressions of this type with finite limits of integral 
can be evaluated to give curves similar to that given by 
Lax and Nishina8 to account for the interband Faraday 
rotation of ^-type Ge at low temperatures. 

DISCUSSION 

The semiclassical theory of the interband magneto-
optical effects has been developed in this paper to give 
the proper mathematical form for the Faraday rotation 
and the other related phenomena. The main objective 
of this work has been to obtain the optical frequency 
dependence of these phenomena near the singularities 
where these effects are of the greatest experimental 
interest. Qualitatively near these singularities the pres­
ent results do not differ greatly from the previous ones 
of Lax and Nishina. Mathematically, however, the 
latest results do obey the proper symmetry conditions. 
For mathematical simplicity, all of the expressions have 
been derived in terms of the idealized model of the two 
sets of simple bands with quadratic energy-momentum 
relations. Furthermore, in the limit of a weak magnetic 
field the dispersion relationship was expanded in power 
series of the magnetic field. This approximation is 
probably valid for fairly high values of the magnetic 
field. The semiclassical theory can be generalized with­
out such expansion, but further complexities are cer­
tainly expected. 

In the present work the orbital contribution was 
represented by the parameter yH in Eq. (26) which 
described the splitting of the quantized levels in a mag­
netic field. This parameter, of course, depends on the 
band parameter of both conduction and valence bands. 
In an actual case it can be evaluated for each magnetic 
level. Such evaluation has been made for the direct 
transition by Roth.1 However, no theoretical calcula­
tions have been made for the individual transitions for 
low quantum numbers where the effective g factors show 
anomalous properties as they have been observed ex­
perimentally by the oscillatory Faraday rotation and 
the Voigt effect.5,7 The rigorous quantum mechanical 
treatment of the dispersion theory in a magnetic field 
becomes rather complex even for an idealized model. 

12 A. K. Walton and T. S. Moss, Proc. Phys. Soc. (London) 
78, 1393 (1961). 

The theory apparently includes the terms13,14 in addi­
tion to those obtained from the semiclassical treatments 
given here. In well-known semiconductors the bands 
are often degenerate and complex in their mathe­
matical form. Consequently, the theory becomes even 
more involved. Boswarva, Howard, and Lidiard15 have 
given a quantum mechanical treatment of the interband 
Faraday rotation which does not agree with the results 
of this paper, nor with those obtained by Roth,13 nor 
those of Bennett and Stem.14 Furthermore, their results 
suffer from the fact that in the limit of zero frequency 
the Faraday rotation does not vanish. Hence, they 
insert a correction term which they justify on this basis 
to satisfy the requirement on the low-frequency limit. 
Nevertheless, in principle, it should be possible in the 
limit of high quantum numbers to justify the semi-
classical dispersion relations by the correspondence 
principle. This seems to be the case, since the expression 
in the integral of Eq. (28b) has the form identical to 
that derived by Rosenfeld16 for the Faraday rotation 
between the discrete levels in the paramagnetic ma­
terials. Hence, our result of Eq. (35b) is merely a sum­
mation of quasi-continuous set of levels distributed over 
the bands. Furthermore, the expression evaluated for a 
parabolic band for the Faraday rotation does obey the 
criteria set by BHL15 without any artificiality, namely, 
0occo2 as co—>0 and the proper Kramers-Kronig rela­
tions are satisfied. 

In addition, the results given here appear to explain 
the principal effects observed experimentally and fur­
thermore seem to account for the line shape of the 
oscillatory interband Faraday rotation5 and the Voigt 
effect in Ge.7 Also, the results given here are useful in 
making quantitative interpretation of the effective g 
factor for the individual transitions. 

Note added in proof. Since this paper has been sub­
mitted for publication, we have carried out a quantum 
mechanical analysis of the problem following the ap­
proach of Boswarva, Howard, and Lidiard15 with an 
important modification. We have shown that their re­
sults were incorrect. The quantum treatment in the 
limit of approximations developed in this paper, i.e., 
low frequency and small magnetic field, gives the same 
results as those obtained here for the Faraday rotation 
and very similar but slightly modified results for the 
Voigt effect. The details of this treatment will be subject 
to future publication. 
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