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A method is developed for calculating the components of the electric conductivity ojx of an electron gas
in a spatially homogeneous electric field of frequency v, with allowance for the polaron effect, when the
principal role in the scattering is played by the interaction of the carriers with the thermal vibrations
of the lattice. This approach is a generalization of the Feynman method to the case of arbitrary intensi-
ties of the constant magnetic fields H. The influence phase &, which describes the potential (real part)
and dissipative (imaginary part) properties of the phonon subsystem, is simulated in the zeroth approxi-
mation by functionals that are quadratic in the velocity, with complex tensor coefficients that take into
account the anisotropy of the problem and are determined from the condition that the first corrections
to the admittance vanish. By way of examples we present calculations of the longitudinal and transverse

magnetoresistance, and also of the polaron masses.

We consider in detail cyclotron resonance of piezo-

electric polarons in CdS. It is shown that the absorption depends on the orientation of the magnetic and
electric fields relative to the principal axis Cs of the crystal. It is established that the anisotropy that
depends on the direction of the field H is stronger than that dependent on the direction of the electric
field. The anisotropy of the former type was observed in experiment, and agreement was obtained

with the experimental data.

E LECTRON-PHONON interaction in semiconductors
leads not only to scattering of the carriers but also to
renormalization of their energy and mass (the polaron
effect). The mobility of optical polarons of large radius
(in the continual approximation) was calculated by a
number of authors!!~31 under different assumptions
concerning the value of the electron-phonon-coupling
parameter. A consistent quantum theory of the conduc-
tivity of the polaron was developed by Feynman.t®? The
component of the electric conductivity tensor o¢y,(v) of
the electron-phonon system, placed in a spatially-homo-
geneous electric field of frequency v, was expressed in
terms of the response function (admittance), for the cal-
culation of which a special technique of continual inte-
gration was used. The polaron effect was imitated by a
fictitious particle coupled elastically to the electron. In
such an approach, however, it is possible to take into
account only weak magnetic fields, since the functional
of the action of the polaron in the magnetic field cannot
be reduced to an-integrable form.

In this article we present a method for calculating the
electric-conductivity tensor ¢ ik of polarons in a homo-
geneous magnetic field of arbitrary intensity. The pola-
ron effect is taken into account in the weak-coupling ap-
proximation, which is realized in most cases of practi-
cal importance.

1. ELECTRIC CONDUCTIVITY TENSOR IN THE
REPRESENTATION OF CONTINUAL INTEGRATION

The components of the tensor ¢x(v) for an aniso-
tropic medium in a weak spatially-homogeneous electric
field of frequency v are expressed in terms of spectral
representations of the response function Gji(v) (admit-

tance):
Ou(v) = evGau(v),

(1)
Gih(V) = 5 e~ G,-h (t) dt, G,h(t) = % j‘ e G,-k(v) dV. (2)

—co

According to the Feynman method,!®? the components
Gik(v) can be calculated with the aid of a specially cho-
sen function g(v):
k 9?
G (v) = 27 3%, 05, % () le—e— - (3)
Without stopping to discuss the method of choosing
the trace g(t) and representing it in the form of a con-
tinual integral with respect to the electronic variables
only, we present the general formulas that will be
needed in what follows:
g(t—ao)=Sp Iexp [%F(r, r) ]Dr Dv’ dr,. dr,’. (4)
Here Dr is the symbol of continual integration over the
electron trajectories;

g

F(r,r')=S.(r)— 8/ (r')+ D (r, 1), Se(r)=5L,(r,i',t)dt (5)

(8’ is expressed analogously in terms of L’), S, is the
action of the electron, described by the Lagrangian

3
. 1
L= Y —mPr—ZiditerB, 1=1,23=2,y,3/(6)

il

where mf}’ are the diagonal components of the mass
tensor of the band electron, e is the absolute charge of
the electron, A = (0, r H, 0) is the vector potential of
a constant and homogeneous magnetic field. The elec-
tric fields E in L¢ and E’ in Lg are chosen with field
coefficients ¢ and ¢:

E(s) =&8(c —s) + t8(v —s), E'(s) = 28(0 —s) — t8(v —s).(T)

The phonon subsystem makes a contribution in the
form of the influence phase &(r, r’), which is a func-
tional of the electron trajectory; for an aggregate of
phonon harmonic oscillators interacting with the elec-
tron, in an approximation linear in the oscillator coor-
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dinates, the phase can be calculated exactly:[® 41
O(rr)= Emﬂ(r, r) (8)
i

(¢ is the wave vector and j is the number of the branch
of the lattice vibrations),

; , e
exp [—ﬁ Oy(r, 1’) ] =Sp j'exp [’EJ (Lu— Lx;')dt]
o
7 7
-0 (quiry Qo) Dgu; D gz Agyr. (9)

In (9), p(q, q') is the density matrix of the phonon sub-
system at the initial instant of time t’— «, when the
lattice oscillators can be regarded as not interacting
with the electron, and LK]- is the Lagrangian of the pho-

non oscillator, on which an electron with a force v,
acts:

(10)

The calculation of the integrals in (9) leads to the fol-
lowing result:f3?

1 ¢
0= [ [ dtds [ys(0) = v O] {[¥s(5) + 1/ (5) ] (0 — 9)

i[9 () — v (5)] A (0ui £ — 5)}, (11)
(2 )‘/z sinur, %>=0
Y“"_”"’(Z? {cosxr, e <0 (12)

The form of vyj for different interaction mechanisms
will be specified more concretely later on;

(o 'sinet, t>0
J(o,t)= { o 2o (13)
1 Mio 1
Ao, t)= E;cth (——2 )cos o, A= ik (14)

Substituting (11) in (8), we obtain, with account taken
of (12)

@O (r,v) = —;-ZJ' j—(g;’:—)-; fvus]? f! dtds{[cos(x,r,—1,)

—cos(#, 1/ — 1) ] f(@un t —$)
+[cos (%, 1 — 1) — cos (%, v/ — r.) ] f* (@, t — ) },
flo,t) =J(a, t) +i4(0, t).
Formulas (1) and (3) together with (4), (5), and (15)

determine the exact values of the components of the ten-
SOr Ojk-

(15)

2. METHOD OF APPROXIMATE CALCULATION

It is impossible to carry out continual integration in
(4) with the functional (15). Feynman’s approximationt??
consists of replacing the phonon system with a fictitious
particle elastically coupled to the electron. After elimi-
nating its coordinates, one obtains a trial functional that
is quadratic in the electron variables. Continual inte-
grals with functionals of this type can be evaluated,!®?
but when the magnetic field is taken into account this
method turns out to be suitable only in the case of small
H, when (4) can be expanded in powers of H.

We call attention to two circumstances that explain
the choice of the approximation suitable for all H and
describing the polaron effect: integration in (4) with the

Lagrangian (6), but without &(r, r’), can be carried out
exactly; allowance for the influence phase leads to a
renormalization and dissipation of the electron energy.

The polaron effect can be described by replacement
of the mass. Further, we note that the dissipation func-
tionf®? leads formally to the appearance in the action of
a term in the form

LYin ..

. :‘: Fife dt.
Consequently, both effects can be taken into account by
making the following substitution in the action (5):

(16)

m:(:)(smﬁMik(l bt iAik) = M,

So(r)= | ( —lz—mmf,-i',. - Teﬂru‘z + er{Ei) dt; (17)
t ik
here Mji and Aji are the sought parameters of the
trial action S,.
We write g(7 — o) in the form

g(rt—o)="Sp J.Dr Dr’ dr,. dr,/ exp [-%—Fo(r, r’) ] [ 1

=R () E—rr] )

. L
=g,(1—0) [1+—ﬁ‘<F——Fo>o+7(—;7‘ <(F—Fo)2>o+‘...]

=g(t—0o)+g(t—o)+g(t—o)+...

In (18), F, =S, — S}, and {...) is the continual mean
value:

(T (r, ) )= gioSp J- T(r,r")exp [%Fa(r, r’)] Dr Dv’ dr,, dr,/, (19)

In normal coordinates that diagonalize the kinetic en-
ergy in (16), g, and all the mean values are calculated
exactly.

The parameters of the trial action are obtained from
the condition that the corrections to

© h a*
Gy = ?a—gé—;go .
vanish. We shall find them in the first approximation in
the constants of the electron-phonon coupling IVKj [2
from the equations
2

G () = o 5y 1) e = 0. (20)
In the calculation in g,, we can replace S, by Se.

Let us calculate the trace g, with the trial actions
S, and S}, in which we neglect mj) with i # k, i.e., we
take into account the non-diagonality of ¢k, which is
connected only with the magnetic field (the Hall conduc-
tivity). This non-principal simplification is justified by
the fact that usually the mixed components o are
small when H = 0.

The result of the integration in g, with respect to r,
and r, can be written down immediately, by using for-
mulas (9) and (11), as for oscillators with zero frequen-
cies perturbed by the forces

Vi(t) = ——E\ (1) — Bora(2),

e
N t) = :El,(t)— (T’c.zl(t)v
v ( 7 4

Vmu myy
e R 2 Ir2
Y3(t)= —El‘(t)a 'Ysl(t)——— e__Es/(t), 6)02= EH . (21)
M3 Mss C*mayma,
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The functional obtained in this case, as seen from (21),
contains the terms 1,(t)i,(s), and after integration by
parts it reduces to a quadratic form with frequency &
and forces

2 () = —Ez IEt(t’)x
"

My

V() = —— By (1) 4

Yma: Ymy

(22)

jdt’E ().

—o0

After integration with respect to r, and certain trans-
formations, we obtain ultimately

g(r—o)=git— o) [[& ¢ —o),

(23)
i=1
where
0 2ie*
g (1 — 6) = exp {-’—i—l’%—_-_[geil(m.-,-, T — 0) + i4 (0, 0) ];} ,
gxgo)(1—0)=eXp{ i [£z — €84] 71 (@, T — 0) }f; (24)
MmysMaz
Wi =0, =1, 2, w33 = 0,
(1= t), t>0
Lo, = Temeh =0 (25)

The function J, appears in connection with allowance
for the magnetic field. In the limit as H, — 0 we get
J, =0 and g'=1,

Substituting (23) in (3), we obtain

GL (v) = Tnl.-](m“’v)’

i

L (v)=—G (v)=— 1@ v),

My Mo,

io 1
Jg(m,v)=——TJ(m,v), J(o,v)= oyt (26)
Now, in accordance with the definition (1) we can read-

ily obtain formulas for the components of the tensor
o jk*

- (27)

vy =2 [ mes v‘(i—iA--)] L£i, il=1,2;
i Mu “(1 — lAu) i, ) i 9y 9 &y

ie? 1
- 1. 28
A T Py (28)
emo.[ m?
o)== out) =~ S o

—vt (1 —iAu) (1 — ida) ]_‘;

we = eH [ mec.

In the final formulas (27)—(29) we assume, to simplify
the notation, that the band mass is isotropic: m{2’
=mg’ =mg’ = m.

We present the real parts of ¢jk in the limit v = 0;
these describe galvanomagnetic phenomena in a con-
stant field:

Re oy = My [1 il=1,2, i%l (30)
‘l.'ufsz(.t).:2 THTzzQZ ! T ’
2,
Reow=222, Ly, (31)
33 Tii
R ez -1
= — R _——— ————— .
€0y, e 0y o + oo ] H (32)

here Q2 = wg m%M,;, M,,.
We obtain also the real part of ojj(v) when v~ we
and the cyclotron-resonance conditions 7v > 1 are

P. POKATILOV

satisfied:
Re o =
_ez‘rii (9 A% 7 + Vi’ ( )

M (Qz - 'Vz) T e + (14 QzTii/VZTu) (QzTuTzz + VZTuz)

Formulas (30)—(33) and the corresponding classical
expressions are outwardly similar. The essential dif-
ference lies in the fact that the ordinary masses and re-
laxation times are replaced in (30)—(33) by the polaron
masses Mjj and by the functions 7jj that depend on the
magnetic field.

3. CALCULATION OF THE PARAMETERS OF THE
TRIAL ACTION

To obtain Egs. (20) in explicit form it is necessary
to calculate the quantity g,= ii~'g, (F — F),. It is easily
seen that all the mean values in (F — F;) can be ex-
pressed in terms of generating functions of the type

W (8, m) = Cexpli (, Er (£) — nr (5))]o- (34)
(The remaining necessary functions ¥‘2, ¥‘® and ¢%¥
are obtained from (34) by replacing r(t) and r(s) by

other pairs from the set r(t), r(s), r’(t), and r’(s).) We
then carry out, for example the transformation

<J'r1 t)dt> =

In (35) it is first necessary to differentiate with respect
to s, then integrate with allowance for the delta func-
tion. The quadratic form (35) is connected with ¥{":

@)ri(s)e.  (35)

Cra()ra(s) Yo = I (81 [ =n=o- (36)

"% GEOM

The calculation of ¥ is analogous to that of g, and
leads, in particular, to the result

PO m) = ¥ (& ) I[*Y“’(g, ), (37)
where .
In ‘F.-?)'(E, n)= i’:’:— {Ei :‘;dv e~ (Ee™ — ne™) ] (0w, v)

+ G de eV (Ee~™ — ne~™*) [V (0u,v) + 2id (0u, ’V)]}

lﬁ”- Id [E+ n* — 2Encos v(t — 5) ] [/ (0, ) + {4 (0 V) ];
(38)
W (& )—'—j dv{—e™ (Loxa
- Laa) (Ee™™ — me™™) [Ji(0e, v) + 2idi(0v) ] (39)
+ 7" (e — €2%1) (Ee™ —ne™) ]y (0,v)};
A(0,v) = —=[8(0— )+ (0 + v)lcthm%"
A, (0,v) =2%[a(m—v)——6(m—|5v)]cthihﬂ (40)

0i=0., =12, @3 = 0.
Further, the contribution of the first term of formula
(15) to g,, denoted G‘l“(r— 0),is given by

G(l)l(r ) 2e5 0(: 08 go(t 0) Z Eg(zn)alvm [ﬂ
SSdtdsf(wm,t—S)[‘Y“’(i 1)+ ¥L (=1, —1)] e—z—o- (41)

—c0
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From the definition (18) of g, it follows that when ¢

=€ =0 the trace is g, =1 and 0g,/d¢; =9g,/a&; = 0.
Since g for ¢ =€ =0 is the trace of the equilibrium
density matrix, it follows that g(e =¢ =0) = g,(e = £ =0)
=1 and g,(€ =¢ =0) = 0. Therefore in formula (41) it
is necessary to differentiate only ¥‘*’, Substituting (37)
in (41), carrying out the necessary transformations, and
changing over to the spectral representation, we obtain
(we write out only G{’( u))

G (v) = 2m2§ AR IR

+ 204 (06 ¥) ] — #2T1 (0e, V) [T1 (00, v) + 20, (00 V) ] }

X Idt f(@xs t) (cos v — 1) exp ( jdu(1 — cos ut)

X (e[ (0, %) F14(0,%) 1+ .2 [ (0o v) + id (0,11} (42)

We calculate analogously the remaining terms in G{3’(v)
(there are ten of them, four from the averaging of the
phase and six from the kinetic energy)

Using the exclusive form of Gﬁk(v), we get from (20)

m—M; i | Vi) ®
m ’V‘IT.( 2-’. (2m)* mv? mx,sh(vkhm,.,/Z)
det(1~e"“‘)lmcosmx,(t— };ﬁ )ex [— D(t)]
= jdt(i — e ™) Im S«(2),
’ (43)

Miooc __cos o (t — iM/2)
b “—[ cth sh(Miou2) ]
Mo,  (0d— iMo/2)?
+_[ 2 T Mo, ]

Separating in (43) the real and imaginary parts, we ob-
tain the components of the effective-mass tensor and of
the relaxation time:

M, 1
H = — , 44
—=1—1Im .ofdt(i cos vt) Sii(2), (44)
1 .
— =vIm | dtsinvt Si(t). (45)

Tii e
The function Sji(t) has no singularities in the com-
plex t plane in the region 0 <Ret =<« and 0 <Im t
=< M. We therefore replace the integrals in (44) and
(45) along the real axis by integrals from 0 to irli /2
along the imaginary axis and from iAh/2 to iXi/2 +
along a line parallel to the real axis. The section of the
contour from iAxh /2 + « to « makes no contribution.
The integral in 711 over the section 0— iAi /2 is equal
to zero, since Sjj(it) and idt sin ivt are real functions.
Thus, the final expressions become

Mm” =1 _shLS dtsinvt S;; (t +—— A )
Ah/2 ’
+ § dt (chvt — 1) S, (it), (46)
[]
1 A T iR
—“=vsh—2‘!vdtcosvt3;.(t+——')- (47)

As A— « (T —0) and v =0, the first integral in (46)
vanishes, but at finite values of A this integral is the

principal one. Therefore, with increasing temperature
the polaron correction changes from positive to nega-
tive.

Formula (47) gives the relaxation time with allow-
ance for the inelasticity. In the elastic approximation
it is necessary to set cos wgjt equal to unity in
Sij(t +ixn/2).

4, LONGITUDINAL AND TRANSVERSE MAGNETO-
RESISTANCE

The longitudinal magnetoresistance is given by the
formula

1 M

P33 = — = ,
O3s3 €33

from which it is seen that the different scattering meéch-
anisms are additive. Let us consider some particular
cases.

For a deformation interaction of the carriers with
acoustic oscillations

(48)

at temperatures that are high relative to the active pho-
non Mwgj/2 <1 and in weak fields Miwc/2 <1 we

|vas] 2 = a®%? [ p

have
pss(H) = PH(O) [ (M;i)zl ) (49)
Mss 02m’/2 hw. \*
U 12:/2_:1 f;x'/’::)wz(xzw ) ' (50)

Here a, is the constant of the deformation potential, p
is the density of the medium, and w is the longitudinal
velocity of sound. The value of p.3(0) coincides with
that obtained by Davydov and Shmushkevich.[¢3 The
correction to the mass (50) at H = 0 vanishes, in agree-
ment with the result of Krivoglaz and Pekar.[”?

There is no difficulty in calculating pg, for the cases
of piezoelectric interaction with acoustic oscillations at
Mwgj/2 <1 and Mwe/2 <1 and with longitudinal opti-
cal oscﬂlatlons at Aiw/2>1 and Aiwe/2 <1, where w
is the limiting frequency of the optical osc1llat10ns The
expression for pg3(0) for the piezo-interaction coincides
with the result obtained in [81; for the interaction with
the longitudinal optical osc111at10ns the results agree
with those of [31,

In the case of strong fields Miwe/2 > 1 and high
temperatures )«th]-/Z < 1, for piezo-interaction of
electrons with lattice vibrations described by the con-
stants

2,2 . ; i
[0]? = 167%e (Bae)',  Bued — Birnkixnen ) (51)
Sozp w?
where Bj kp are the piezo-moduli, we have
2 Mym' Mimc 9
Psx—zv o K21 7t (5 )
Buex
2 j (Buex)? sin © do de,
*ow;t
Ma;_ i— /2 m'he?)\\ " ).ﬁ(l)c s
m 16 & ( 2 ) (53)

The main relation pg, « T*/2 coincides with that given
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by Adams and Holstein.!®1 We note that the dependence
of the polaron mass on H may change pg, in CdS (by
about 30% at T~1°K) and can lead to a decrease of pg
with increasing field.

For the optical interaction

4nce’o 4. 2@’ R
o=

=aq
% m'ly?

(54)

[vw]* =

(where a is the Frdlich interaction constant) the case
of importance is that of low temperatures axhw/2 > 1.
Interest attaches to strong fields we ~ w, in which os-
cillations of the longitudinal magnetoresistance, which
were investigated by Gurevich and Firsov, '] were
observed.!*1 The non-oscillating part of p,, is given
by

Pgs = Vﬁy-:;—mam:oc Moy (55)
The linear increase of p,y with H (a similar depend-
ence is obtained for strong fields in the deformation in-
teraction, see (64) with v — 0) is in agreement with the
experimental results.[*] The value of Mg, is given by
formula (3) of [*2), The oscillating part of Apg, is small
and is given approximately by i

S = 4230 (M0

e').

AMijo — o, | Ao — o, 56
2 K‘( 2 ) (56)

’

Here K;(z) is the Macdonald function. Formula (56)
gives a maximum at w, = w, in agreement with the
conclusions of Gurevich and Firsov[!!] for the case
when the scattering by the optical oscillations plays the
principal role.

The transverse magnetoresistance p | = oulo?, +03%,)
in the case of strong fields w7 > 1 is determined in
the isotropic approximation as follows:

(67

Considering different interaction mechanisms, we can
obtain from (57) the results of Adams and Holstein[®1
and of Gurevich and Firsov,[!®] refined by allowance
for the polaron mass M,,, which depends on the temper-
ature and on the field. We shall discuss in greater de-
tail the case of the interaction with optical oscillations,
wherein p; experiences resonant oscillations. As a re-
sult of neglecting the dispersion of the optical phonons
and other mechanisms that limit the heights of the oscil-
lations, p (H) diverges logarithmically at the points

we = w/N. In the case Miw¢/2 > 1 we have

pL= 04/ 01" = My [ €141,

1 Muo. a Mo 1
= (M) { K, (— —_—
: 2¥n  e* sh(Miw/2) (Aa) { ( 2 ) + 2 ch(Aiw./2)
Mo — o] 1 (Mo —20]
XK (=3 )+ Toh (A ha2) °( 2 )+"'}'(53)

For Miw/2 <1 (high temperatures) we have p |

© HT*/?, just as in 3, If we > w and Miw/2 > 1, then
py~ Aiwe exp (—Ahw), which agrees with formula (38)
of Gurevich and Firsov,[!3]

It is interesting to note that M,, also has resonant
peaks at the points w, =w/N, but of delta-like charac-
ter. Taking into account the cutoff due to the broaden-
ing of the levels,[?? we obtain

A. A. KLYUKANOV and E. P. POKATILOV

My 4, __ ¢
m Va

Mo, (M) i 1 T
el ' W2 Mg A (@ — Nog)e] |
(59)

5. CYCLOTRON RESONANCE OF POLARONS

The cyclotron resonance is described by formula
(33). We consider the piezoelectric interaction, since
there is no complete agreement between the theoretical
papers[14717, 201 gnd the experiment of Baer and Dex-
ter.[83 The decrease of the effective mass m*
= eHpyax/cv, determined by measuring the shift of the
maximum of the band in CdS, was first observed by
Sawamoto.[*®? Later Baer and Dexter observed an
anisotropy, connected with the orientation of the mag-
netic field, in this effect. It turned out that at H 1Cy
(Cs is the hexagonal axis in CdS), the shift of the maxi-
mum is smaller than at H L C,. Mahan and Hopfield['*]
attributed this shift to the piezopolaron effect, but in
calculating M they neglected the influence of the mag-
netic field and the anisotropy. Larsen!!®? calculated
M,, in the approximation T =0 and obtained M;; > m.
Saitoh and Kawabatal?®? ysed the Kubo formula and em-
ployed the Mori method to calculate the correlators.
But ¢, as obtained by them contains sums over the
quantum numbers of the electronic states; since these
sums are difficult to calculate, Saitoh and Kawabata
confined themselves to the zeroth Landau band, a pro-
cedure that is valid only in the case of the strong in-
equality Aii w, >> 1, and obtained M;; ~ m. Miyake['"!
used the temperature Green’s functions method, but
put k; =0 in the calculation and went beyond the accu-
racy of the method, taking into account the corrections
in the energy denominators.

The present authorst®J obtained the correct order
of magnitude of the shift of the maximum of the cyclo-
tron resonance (CR) band, but could not obtain the
weaker anisotropy effect. Furthermore, for a compari-
son with {1 they used the experimental values of T.
We note that unlike the galvanomagnetic phenomena, in
which the polaron change of mass is weakly pronounced,
experiments on CR are of particular interest for pola-
ron theory, since M and 7 are measured independently,
respectively from the shift of the maximum and the half-
width of the CR line.

In the discussed experiments of Baer and Dexter!®1
m =0.2mg, v =4.26 x10" sec™?, T =1.3°K, and \fy/2
=1.25, corresponding to intermediate magnetic fields.
Two calculation methods are possible, starting from the
strong-field approximation, when Sj;(t + ili/2) is ex-
panded in powers of cos wet/cosh (\iwe/2), and of rela-
tively weak fields, when the expansion of the quantities
cosh (\Miwe/2) — cos wet and cosh (Aiwe/2)

— cosh we(t — A1/2) in Sjj(it) is carried out with respect
to we. The first approach calls for summation of many
terms of the expansion, which is equivalent to inclusion
of many Landau bands. In the second approach it was
sufficient to retain two terms of the series, thereby en-
suring an accuracy of ~1%.

The energy of the effective phonon is Ahwl™*~ 0, 1,
12 =chi/eH and it can be assumed that the phonon tem-
peratures are high. In the elastic approximation we ob-
tain
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m— M i —  e'm'h 2sh(AMiow./2)
—  — =16Y2
T Vin R AV REP ) ( Lo, )

m VT

{ B3l (2) 4 2Bass (Boui + 2B0.0) L2 (2)

1 : @ +(5a,n + 2ﬁ1.13)21§? (I)] ®
+ ;}:{'[ﬁi,l! Iﬁ (z) + zﬁi,l!(ﬁ!,u - ﬁa,u - ﬁl,u)lu (x)

+ (Bs,ss — Bs.11s — ﬁi.m)zlf? (z)] } )

l=12=uzy; z=1—2sh (Mo./2)]Mo. (60)

In the case C¢liHIlz we have 1 — rﬁ/m =1-M,,/m
and 1/7,, = 1/722, since I{M =M -1¢

IO(z) = *fesfi (V) Fr5(x) — *fonsfo(v) Fas(2),
10(z) = */sssf1 (V) F1.2(2) — *fsesfa(v) Faz(),

1(3)(1) = “/.’Mﬁfi(v)F!,i (1) —‘M/znfz('\’)Fz,i(x),
I(‘)(.Z‘) = ﬂs/sxﬁfﬁ (V)Ft,o(z) - na/zstfz('\’)Fz,o(I)a (61)
where
_ 2m+1 3 R .
Fi,m(x)"—ZFi(_z_,?‘,'z—',I),
Mo, 2m+1 5 .13 .
ra@ =g () A (T 5 ),

oF; is the hypergeometric function.
The real and imaginary parts of the function f are
equal to

Re fi(y) = ey shy[L_.(y) — L.(y)] — (1 — Yam) %%,
Re fo(y) = Yamsh y (2y(L-1(y) — Li(y)) — (L(y) — Lo(y))]
— (*fs —*/sm) y?,
Im f,(y) = y sh yK.(y),
Im f.(y) = sh y[2yK.(y) — K,(y) ],

Lp(y) are Struve functions and I(y) are Bessel func-
tions of imaginary argument. The second terms with f,
in (61) determine the corrections for H, which under
the conditions of the Baer and Dexter experiment turn
out to be of the order of 1%.

At the experimental configuration C4lly L H we have
1/1,, <1/7, and 1 —M;;/m < 1 - M,,/m. The functions
I take the form

1) @
l(t = s/sal(‘)y Iy =

(62)

y=»Mv/2,

URCERS OB AEt/N CERUN CREM CX
11(‘) = IO /IO 131,I) - 33/ IO,
= IO 4 3O, I =IO 4 [ IO o],

FALES) CRIUN CREUN CRRUA O} (63)
Substituting (61) and (63) in (60), we obtain 1 — M;j/m
and 1/7j; which are needed for the calculation of ¢ ij
from (33). Owing to the indicated relations for
1 —Mjj/m and 1/74j, the values of ¢jj, generally
speaking, are not equal to each other, and this reflects
the anisotropy of the absorption.

Substituting the numerical values of the parameters
of CdS (taken from the work of Pokatilov!?'1), we have
plotted (see the figure) ¢,,(H) for the case C4lly L H,
E1C4 (1) and 0,,(H) for the cases C lly LH, E 11x (2)
and Cg I1H, E liIx 1 C4 (3). The position of the maximum
and the form of the absorption band in case (2) agree
well with experiment {87 (dashed curve in the insert).
For case (3), the maximum position indicated in [
agrees with curve 3. There were no measurements
made in variant (1).

Thus, we can state that the results of the calculation
agree with the available experimental data. In addition
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o, arb. un.

Plot of o(H) in accordance with
formula (33): curves: 1—0,,, H1Cq,
2—0,,, HLCq,3—0y; =04, HIl Cq.
Insert: solid line—theory, dashed—ex-
periment.

L L 1
Z 3 4 J 6
H, kOe

to the experimentally observed relatively strong aniso-
tropy of the directions of the magnetic field H 1C; and
H 1 C,, calculation predicts a weaker anisotropy at a
fixed magnetic field H 1 C4, and in an electric field
ENCg; and E 1 C4 (curves 1 and 2).

In conclusion, we call attention to certain oscillatory
effects in a longitudinal alternating electric field. At
large values v74, > 1, according to (28), we have ¢,
~ M,;v274,. Calculating 1/7,, with allowance for the
acoustic scattering, we can obtain a formula analogous
to (55), but with an argument v — Nw. in place of
w — ch:

1 __( 2 )v, matosh(AMv/2)  Ao.
T \m p VW AtAY: 2
AV ARv
x { 2 K (2_)
1 Mi|v — o]
+.
2ch (Ao /2) 2
AMi|v — o] 1
XK ( 2 ) T G (o)
Ay — 20| Mi|v— 20|
X K, cete 64
k() (64)

Formula (64) was obtained under the assumption of a
relatively strong field Miw./2 21, and high tempera-
tures of the active phonons Mwg; < 1. It gives oscilla-
tion peaks 04, at v = Nw;. A similar calculation with
scattering by optical phonons leads to the appearance of
oscillation maxima at the points v ¥ Nwe +w =0. In
the limit as v — 0 we obtain the oscillation of the lon-
gitudinal magnetoresistance, obtained by Gurevich and
Firsov!!] and referred to in connection with for -
mula (55).
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