ANOMALOUS MAGNETIC MOMENTS

interactions and its inclusion is necessary. Be-
sides this in the evaluation of the matrix ele-
ments M, the authors replaced the inverse operator
K#V by a ‘“‘nonrelativistic’” approximation ob-
tained by neglecting quantities of the type k/M,
in comparison to 1. This is permissible in those
cases if A/ M| << 1 but for satisfactory agreement
between theory and experiment one must select
A/M| =~ 1. Consequently, the ‘‘nonrelativistic’
approximation as used by Kanazawa and Sugawara®
is inapplicable.

In conclusion, I use this opportunity toexpress
my gratitude to I. E. Tamm for suggesting this
problem and for his continuing aid, and to Iu. A,

Gol’fand, V. la, Fainberg and V. P. Silin for
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valuable discussions relating to this problem.
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Isothermal galvanomagnetic and thermomagnetic effects in isotropic semiconductors are
treated theoretically in the case of intermediate and strong magnetic fields.

NE of the most effective methods of investi-

gating the properties and parameters of semi-
conductors is the study of galvanomagnetic and
thermomagnetic cffects. A theory of these effects
has been developed by a number of authors!"7. Most
of the authors start with a quadratic dependence of

the energy on the momentum, and with weakness
of the magnetic field. Meanwhile, experinent has

revealed many cases in which it is not legitimate
to consider the effective magnetic field* ¢ small.
Even at room temperature, it is often necessary

to deal with intermediate effective magnetic fields
(4%~ 1), and sometimes even with strong ones

(:p2 >> 1). Thus, for example, at T = 300° K and
H =10* oe, ¢® ~ 1.5 for LigSe,and ¢* = 36 for InSh.
At low temperatures we quite often deal with inter-
mediate and strong effective magnetic fields.
Davydov and Shmushkevich3 obtained formulas for
the Hall effect and for the change of electrical
conductivity in the case >> 1, and Madelung® con-

* By ‘‘effective magnetic field’’ we shall understand
the dimensionless quantity = uH/c, which essentially

determines the effect of the magnetic field H on the
carriers of current in a semiconductor. Here u is the

mobility of the carriers, and c is the speed of light.

sidered the same phenomena in the case g 1, but
only for semiconductors with an atomic lattice.

The present work concerns the extension of the
theory to the region of intermediate and strong mag-
netic fields, for various types of interaction of the
carriers with the crystal lattice. We also determine
which features of the galvanomagnetic and thermo-
magnetic effects depend on the statistics and on the
scattering law. We consideronly i sothermal ef-
fects; for, as Tolpygo® showed, the adiabatic
effects differ little in magnitude from the isothermal.

1. SEMICONDUCTORS WITH CARRIERS OF A SINGLE
TYPE

Transport £ quations

The kinetic equation for the distribution function
f(r, p) of the carriers, in momentum (p) and co-
ordinate (r) space, has in the stationary case the
well-known form :

vyef vl = — U= W

Here v is the velocity of a carrier, F is the ex-
ternal force acting on it, fo( fk__]#_) is the equil-
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ibrium distribution function, € = e(p) is the energy
as a function of the momentum, T is the relaxation
time, and 1 is the chemical potential. In an iso-
tropic semiconductor, the energy and the relaxation
time are functions only of the magnitude p of the
momentum.

A carrier in a magnetic field H and an electric
field E is acted upon by the Lorentz force

=e(E +[p, H]/mc), where e is the elementary
charge and m is the effective mass of the carrier.

We shall, as usual, seek a solution of Eq. (1) in
the form

f=fo+px(pr,T)/m. (2)

Upon substituting F and f in (1), we obtain, after
a few transformations, the following equation for

x:
Xt e [H, %] ®

T

=—sle(B=Fver)—evin TR

eyInT = Yo-

If we introduce the notation o= H/H, B(p)
= eH 7(p)/mc, the solution of (3) can be written
in the form

X = Xo+ BlXor @] + B2 (xo, a}/(1 +82). (4)

The electric current density is

j=e{ 2t Loap—7ef 2

0
The density of the heat current transported by the

electrons is
0

Upon substituting (4) in (5a) and (5b), we get

zdf °dp. (5a)

- de (x,p)dp~ % dp. (5b)

m? de

Sp cdf,

j=e E—el ,VInT (6a)

+ [32']2075 —ely, vV InT, al
4 a(etyE—elyVInT, a);
Q—e/y,E—J,VInT (6b)
—l— [€J21 E —_J22 v ln T’ a]
+a(elyE—Ju,VinT,a).

Here
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E =E— (T/e) V: (/T),

4 (e H q—1§° pir? rdfy dp

?(T) mite T de 142
0

_ (ﬁ)"ﬂg P! dfs dp

3 c mquTE_Bé

J(/r‘ = —

(q =1, 2, 3). The expansion of the integrals Jar
in powers of ¢ and 1/ ¢ has the form:

i
uN 1

Jor =5~ 2 (—
=0

l
1 ) +1 aq+2z,r’?"+2’“l

for ¥ < 1,

g—2l—1

aq al.r (91 ©

N (=1

=1

Igr =
for o?>1.

Agialr = (J;zizl,r/Jz)o) (J;)o/Jllo)qﬂl;

' 4
Jggorr = — 3

oo

o \9x2l g v
XSP3(7> e’ d—?dP; u = eJy/Jloo
0

(N is the carrier concentration). It can be shown
that the following relations hold:

: b ¢ 4 df,
Jw=—"\ PG dp

0
:47:S p
0

The expansion of the integrals /

qdp =N, Jyy + o = I3

is, in general,
of asymptotic type. More explicitly, from some
term onward the coefficients in the expansion in-
crease without limit; therefore it is necessary to
break off the expansion at a term preceding the

smallest term of the series.

In practice, we limit ourselves to the terms pro-
portional to ¢(for ¢? << 1) and to cp‘l (for cp2 >>1).
This means that for ¢ = 1/5 or ¢= 5, for example,
the error in our formulas will not exceed 4%. Ac-
tually, the accuracy of the calculation is even
greater, since in the expansion of ]qr in each case

we neglected one term in the denominator.
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Galvanomagnetic Effects

Under the isothermal condition (VT =0)(6a)

takes the form

j = ety E + ¥y [E,a] + ey (Ea)a.  (7)

We consider a specimen in the shape of arec-
tangular parallelepiped. Let the primary electric
field be directed along the x axis; let the magnetic
field lie in the xz plane. Then wemay set
=cosf, a =0, «_ =sind, where 0 is the angle
between the magnetic and the primary electric
fields.

The conditions that there be no electric cur-
rent in the y and z directions give two equations
to determine the components £, and £, of the
electric field:

EJ 2 sin 6 (8)

J2) 4 T2, cos? 0 + JyoJasin? 0

Ey=

_ E, (‘,go — J10J30) sin 26
2(J% + J;O 082 0 + JygJs, Sin2 6)

z

The relative change of the electrical conductivity
o=j /E, in the magnetic field can be found by
substituting (8) in the expression for the x com-
ponent of current:

A ofoy = (J19d50 — Jgo) sin® 6/(Jfo (9)

+ J%,cos% 0 4 J )5, sin2 ),

where Ao = o is the electrical conduc-

0
tivity of the semiconductor in the absence of a

magnetic field. From (8) and (9) we get

—~0; 0

Ezz——(AG/GO)Ethg 6. (10)

T Hus in the general case of arbitrary statistics,
scattering law and dependence of the relaxation
time on the momentum, the (Hall) field Ey changes
its sign upon change of sign of the magnetic field
(0~ 6 +a). If the magnetic field coincides in
direction with the primary electric field, then the
Hall field reduces to zero. The (longitudinal-
transverse) field £ | does not change sign upon
change of direction of the magneticfield. E, re-
duces to zero in two cases: when H coincides in
direction with £_. The longitudinal-transverse
effect was first freated by the authors.®

Since Ez and Ao/oo are mutually dependent, we
shall henceforth give expressions only for Ag/o .
From formulas (8) and (9) it is clear that a]l three

567

of the effects considered have some anisotropy with
respect to the direction of the magnetic field. On
the basis of Schwarz’s inequality it can be con-
cluded that ];0 —J 10/ 30 £ 0; consequently, o

L o,.

The integrals that occur in formulas (8) and (9)
do not in general reduce to known functions; con-
sequently, it does not seem possible to give a
general description of the dependence of £ and
Ao/a,

concentration, and the temperature. We therefore

y
on the effective magnetic field, the carrier

restrict ourselves to a consideration of limiting
cases and of some special cases. To find the

temperature dependence of the effects, it is neces-
sary to assign a dependence of the distribution
function, therelaxation time, and the energy upon
the momentum and the temperature. We set*

=(p) = p*2m; fy(p, T) (11)
= N (2zmkT) ™" 'g—p*/2mhT,
©(p, T) = @ (T) pr—.

Upon substituting the expansions of the integrals

I1g0 140 and ] in (8) and (9), we get for p << 1

Ey=ansExsinb, As/oy = (b, — a2) ¢*sin2 6. (12)

When 6 = /2, these formulas agree with the
formulas derived by Tolpygo®. For ¢>> 1,

Ey _ sin 0 ) . (13)

’ . © X
cos? 6 +a, sin26 '

Ac (a;l — 1) sin26

S, cos? 6 + a,, sin? 0
an = 3V = [AT (n + 3/,)/412 (n/2 + 2);

by = 9aT (3n/2 + 1)/16T2 (n/2 + 2),
16
a, = %F(g’_ g)r(-’25+2>,

T'(n)= S xn—le—*dx.
0

* The right members of formulas (11) may be regarded
as the first terms of expansions in series of appropri-
ate functions; therefore, all the results obtained may
be considered approximations for more general cases.
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The mobility is
U= (4e/3]/ rm) D (T) (2kT/m)("_1)’2P (n/2 4 2)

where the form of ®(7) is determined by the nature
of the interaction between the carriers and the crys-
tal lattice.

From formulas (12) and (13) it is clear that the
Hall field, in both limiting cases, varies linearly
with the effective magnetic field; the relative
change of electrical conductivity increases in pro-
portion to ¢ in weak magnetic fields but approaches
saturation in strong fields. In the case of strong
fields, the peculiar anisotropy of both effects,
shown by formulas (14), should be noted.

Even with the assumptions (11), it still does
not seem possible to reduce the general expres-
sions for the galvanomagnetic and thermomagnetic
effects to known functions. This calculation can,
however, be carried out for a number of special
cases: (1) n = 0 (this corresponds to a semiconduc-
tor with an atomic lattice); (2) n = 1(this corre-
sponds to an ionic lattice at temperatures below the
characteristic temperature ); (3) n = 2(this corre-
sponds, according to Bloch’s scheme, to a semi-
conductor with an ionic lattice at temperatures
above the characteristic temperature ).

Jy=1— 2 — f1e'Ej (—
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We give the exact formulas for Ey and Ao/a0
in these special cases:

1) n=20

(14)
Jo 8in 6 .
EV = 9 9 o R X
(J§ 4 J3) cos? 6 4 J; sin? 6
Ac (1 —J}—1%sin2 0
o, (J2 + J2) cos? 6 + J; sin 26

2y n=1 (15)
Ey=¢0 E.sinb, Agjsy,=0;
3) n=2 (16)
2 (‘ﬂ%’r— t— t2J;) sin 6
E, = —
Y1002 3K m /4 — t2,)°] cos? O - 2427, sin2 0
Ac (262, — 182 — (3V 7 t/4—12],)?]sin? 6

oo (1424 (3V'w t/h — t2J5)?] cos® O + 242, sin20

In (14)-(16) and below, the following notation is
used:

£): Jy =t — 1+ |/ = 1%F (1)];

F(t) =1 —erf (1); erf(t):Vz Se— dx; I’l(——l)u\%dx 0<t < oo.

Forn=0,t=3yn /4 forn=21=8/3ry

Thermomagnetic Effects

Let a temperature gradient exist along the x
axis; let the magnetic field lie in the xz plane; and
let the electric current in the specimen vanish.Then

electric fields E; and Ez' appear in the directions
of the y and z axes, and the thermoelectric field

undergoes a certain increase E . We will compute

t

E;, E; and Ez'. From (6a) under the condition

j = 0 we get a system of equations for determina-

tion of the fields £, Ey and £ /; the desired field
E is connected w1th the quantlty E by the rela-
tion

Ex=Ex— (T/e)/r (&/T) + (Ju/eJ1o) V InT.

By solving this system, we find

Ex=—

J10 (J1ods1 — T1adsg) + 20 (J2od11 — J21d10) + J20 (Us1720 — T30921) sin2 6 dinf
eJio (o + 150 a7
Ty = J“ng- J“;J“ sing 2T Bl Flctg. .
e o+ 20 dx
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Thus the field E;, which determines the trans-
wverse Nernst-Ettingshausen effect, changes sign

with change of the sign of the magnetic field.
The fields £ and £, which determine, respec-

tively, the longitudinal Nernst-Kttingshausen ef-
fect and the longitudinal-transverse thermomag-
netic effect, do not change sign with change of the

sign of the magnetic field.
As the calculation shows, the anisotropy inherent

in the galvanomagnetic effects does not appear in
the thermomagnetic effects; in all further calcula-
tions, therefore, we will set 6 = 7/2.

We consider the limiting cases of weak and

strong effective magnetic fields. For ¢ <<1,
’ (12 b T (18)
Ei=(—n) (bﬁ’”-f) e ¥ ix
’ l—n &k dT
Ey=—gtmgeg-

These formulas agree with those obtainedin Ref. 5.
For ¢>> 1,

1—n
2

k

’ 1-—.. ’
E. = n kdT £ %

’ Ey=

’
e dx n

T
7 - (19)
Thus £ varies quadratically with the effective
field ¢ in weak fields and approaches saturation
in strong fields. E; increases linearly with ¢ in
weak fields and is proportional to 1/ ¢ in strong
fields. Therefore, in the intermediate field range,
i.e., for ¢~ 1, the function E;(q;) must have at
least one maximum.

We give the exact formulas for special cases:

Dn=0

[ PP 20+ 3V wt), ) 4 | 4T (20)
R R R
FL R 2Jy— 3V x 10y/4dT |
y == 8—- J2+12 [U'y
2y n=1 (21)
Ex=E,=0;
(22)
3y n=2
Ey—=—Fk[p_ 2t8), 4 (15V = 1/8) (3V = t/4— 12J) dT
e 1412 4 (3V = Hj4— t20,)? dx’
F _* 262 (3V'w /4 — 121, — 15V = 31,8 dT
y =

e 3%+ 3V m 114 — 12J,)? dx

SEMICONDUCTORS o969

Formulas (20)-(22) do in fact imply the presence
of a maximum in £ (¢) and of a region of satura-
tion in £ (¢). Graphs of the functions £ (¢) and
E;(¢) are given in Figs. 1 and 2.

16—
10
J
a5
!
2/
9 7 17 % mwy

F1G. 1. Dependence of the dimensionless field of the
longitudinal Nernst-Ettingshausen effect on the effec-

tive magnetic field. Curves 1, 2, 3 correspond to n
=0, 2, 4.

We consider the effect of a magnetic field on the
electronic part of the heat conductivity. We set
E " =FE/ =0. Under isothermal conditions dT/dy
= GT/az =0. Then from (6a) and (6b) we have

: o ~ dl
]x=e“J10bx~€Jn ;XT s (23)
od dinT
Qx:eJ]lbx—J21 —;;-‘

From the condition j, =0 wefind £/ =(J11/e]10)d
x In T/dx. The coefficient of heat conductivity
due to the current carriers is

Tiole — 12 (24)
Ty
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FIG. 2. Dependence of the dimensionless field of the
transverse Nernst-Ettingshausen effect on the effective
magnetic field. Curves 1, 2, 3 correspond to 1= 0, 2, 4.

In the limiting cases of large and small ¢ we get
for A the following formulas: for << 1,

(25)
L= (kT /e)uN {2 + n/2 — by (n* — n/2 + 2) ¢2};

for >> 1,

h= (B*T/e)uNan (3 —n/2)o™2.  (26)

Formula (25) agrees with the corresponding formula
of Ref. 5%,
From (25) and (26) it follows that the relative

change of the coefficient of heat conductivity,
(Ag=A)/A,, is a quadratic function of ¢ in weak
magnetic fields and approaches unity in strong

fields.

In special cases the coefficient of the electronic
part of the heat conductivity is determinedby the
expressions:

I
* We remark that in Ref. 5 an error crept into formulas
(34) and (34”) for the heat current: in the numerator of

the fraction, n? — n + 2 should be n? ~/n/2+ 2. The
same mistake was made by Avak’iants in Ref. 9.
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Hn=0 (27)
)= (k2 T/ e) ulN [(2t2 + 6) J]_ . 4] / Jl’

A=l (28)

3) n=2 o9

= (BT [ ) ulN [(6 + 2t%) J; — 4]/ 2J,.

A graph of the relative change of heat conduc-
tivity as a function of the effective magnetic field
is given in Fig. 3.

From formulas (18) and (19), £ and E; > 0 for
n<l;E’=E’=0for n=1 and £ and £/ <0
forn > 1. It is the absolute values of £ and E;
that are plottedin the graphs 1 and 2. It is evi-
dent from Fig. 2 that the maximum value of E in-
creases with increase of n. The graphs of the
function AN/A, () for different n’s differ from
one another only in theregion of intermediate effec-
tive fields (Fig. 3). The graphs for the case n =4,
which corresponds to scattering by impurity ions
and to polar conductivity at high temperatures,
were drawn on the basis of the asymptotic formulas.

2. SEMICONDUCTORS WITH MIXED CONDUCTION

Galvanomagnetic and thermomagnetic phenomena
in semiconductors with mixed conduction have a
number of peculiarities as compared with the same
phenomena in semiconductors with current carriers
of a single sign. The researches of one of us!?
have shown, for example, that the appearance of a
few percent of minority carriers can have an appre-
ciable influence on the character of the thermo-
magnetic effects.

In the case of mixed conduction, the electric or
heat current is defined as the sum of the electron
current and the hole current:

Q=Q,+Q. (30

=i+
Hereafter the plus sign will denote quantities per-
taining to holes, the minus sign to quantities per-
taining to electrons.
The calculation will be carried out on the assump-
tions (11)*, except that the following expression
will be assumed for f:

* Original: (12).
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! . m_ and N
folp, T) = N @mmkT) ™" exp {— g (w+ )} F

mass and concentration of the electrons or holes.It is also as-

+ are to be interpreted as the effective

where w is the width of the forbidden energy gap. sumed that the scattering mechanism is the same

for electrons and for holes, i.e., that n_ = n,=n.

10 e

& 3 ¢;/
i /%/
/
4 /
s
0 2 y s ; v w

FiG. 3. Dependence of the relative change of the elec-
tronic part of the heat conductivity on the effective mag-

netic field. Curves ], 2, 3, 4 correspond to n =0, 1, 2,
4.

Galvanomagnetic Effects With the interpretation (31), formulas (8) and (10)
may be carried over to the case of semiconductors
with mixed conduction.

We will obtain expressions for the Hall field and
for the relative change of electrical conductivity in
Jio = J 4 Jm, Jos (31) the limiting cases of weak and strong effective

magnetic fields. For ¢ << 1,

The expression for the total electron and hole
current retains the form (7), but the coefficient ]qr
must be redefined as follows:

=I5 — s J30 = I+ Jso.

Niuy@y — Nou_g_ : 392

E,=a, TN E,sinb, (32)

G—0 _ b, (Nyuy + N_u_) (N+u+<p3_ + N_u_o? )— a,zl(l\’+u+(p+—N_u~<p_)2 (12g (33)
So (Niuy -k N_u_)? sin*v.

For weak effective fields the Hall field, asin the change of electrical conductivity is proportional to
case of semiconductors with carriers of one sign, cpf_ , as in the case of semiconductors with carriers
depends linearly on ¢4; but it may change sign in of one sign; but for n = 1 it does not reduce to
its variation with the concentration and mobility zero.
ratios of the electrens and holes. The relative For ¢4+ >> 1 we consider two cases:

+— M) (Migy + Noog.)

N . E
(a) N+=?é N. v (N+—N }2 cos2 6 + a (Nifuy 4+ N_ju_) (N yuy + N_u_)sin2 0

E.sin 6, (34)
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gy, (Nauy + N_jul) (Nyny 4 Nou_) — (Np— N2
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T . ; - - . sin2 6. (35)
6, (Ny — N_)2cos? 6 + a,, (Nyjupg+-N_ju.)sin? 6 (Nyuy 4 Nou.)
In the case of strong effective fields, the ex-
pression for the electrical conductivity is of inter-
est:
s (Ny — N_)
O (Ny— N_)?cos?0 + a,, (Nyfuy + N_ju-) (Nyup+ N_u_)sin®6 (36)

For@=#n/2andn =0, 1 or 2, formulas (36) re-
duces to formulas obtained by Davydov and Shmush-
kevich®.

c

Py — P
b)Y N,=N_=N: E,=-7"—*
a!l

— Ik,
@,¢_sin €

(37)

Gy— C , eN(u, 4 u-)
— =1, 0=a,

G, ¢.¢-sin? 6 ’

en = (43V 7P L (/s —n) T* (2 + n/2).

From the forniulas for strong effective fields it
follows that the functions Ey( ¢4) and o(qy) are
different for different ratios between the concen-
trations of the electrons and of the holes. In the
case V. % N_, Ey(cp+) increases with increase

of the effective field; o( %, ) approaches saturation.

ForN,=N_, £ (¢4) and () decrease with in-
crease of the ef%ective field. Formulas (37) for

E_ and o are correct if 0 differs considerably from
zero. If 0 is small, it is necessary in deriving the
formulas to take account of terms of fourth order in
1/ g Then the functions Ey (@4) and a(cpi) will
have the same character as in the case N+ +N_.
Formulas (37) imply a very unusual type of de-
dendence of the effects on the angle between the
magnetic field and the primary electric field: upon
decrease of the angle 6 (provided ¢ differs con-
siderably from zero), the Hall field and the elec-

trical conductivity increase. The sign of the Hall

1

PRSI -
“E T (Nauy + Nouwlpf |

1 —n) {(bn — a‘

effect in case (a) depends mainly on the concentra-
tion ratio of the electrons and holes; in case (b),
on their mobility ratio.

In a conductor with mixed conductim, if the con-

centrations and the mobilities of the carriers are
simultaneously equal, then £ =0, and the elec-
trical conductivity is o = a,:ao/ cp2 sin? 0 in the
case of strong effective fields and o=0( 1-—bnq?
x sin? @) in the case of weak fields.

Thermomagnetic Effects
If in formulas (17) for £ and E; we make the

substitutions

Tu="1s (Ui~ JTp)w+ JH—J5,
=2 (o 4+ Tm) w -+ J5 + Ja,

T =Yo (Jh— o)+ T — T3,

and also use (31), we get the general expressions
for the longitudinal and transverse Nernst-Ettings-
hausen effects in semiconductors with mixed con-
duction. The relation between £ and £ stays
the same even for semiconductors with mixed con-
duction. Therefore, only the expressions for Ex'
and E’ will be considered below. We consider the
limiting cases of weak and strong effective fields,
on the supposition that =7/ 2:

For ¢4 << 1,

S

) (Nl g — N2 uP )

|

+ N, N_uu_ [bn (N,u +@i — N_u_cpz_) — %’i (Vau_—Nu)o +<p_]}

_N,N.uu ,,{[(4+2n) by — 28
— Nugh)—2ts

a;

a

J(N 2, —N_u &) 4-(4+2n)ba(N 83
) 3 w\dT .
(Nu_—N.u,) °P+'*?} k—}} dx (38)
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Ey=an g
y = 8n 5y (Nyuy I Noul)?

—@Bn+7)N,N_uu_ (o,
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{(1 —n) (N3 o, + Nu® o)

+.) (1 + 557 kT)}(fil

. (39)
For ¢ >> 1: (a) N+ N_
E;z_;“—")( 2y + N (N>t<z4;(<;v)+1z:+x;u-)( T ?)ZXT
b= e (0 PO+ 2,
— (11 ~m)N.N_(s, +@_)(1+“2n”)}‘%—‘; (40)

(BYN,=N_=N:
. 5k (c,—a,) (uy—u.) w \dT (41)
E.= e Uy + u- ( 5kT ) dx’
’ 5k P4+P- dT
E,— 5% we (14 .
g ¢ a, (9++9-) ( 5”) dx

The formulas for the thermomagnetic effects show
that for ¢, << 1, the longitudinal and transverse
Nernst-Ettingshausen fields depend on the effec-
tive field in the same way as in semiconductors with car-
riers of one sign. In the case of strong effective fields
the dependence of E and E on ¢y is different for
different ratios between the concentrations of the
WhenN+qéN__, the

dependence remains of the same type as in semi-
conductors with carriers of one sign. fN _=N_,
however, the transverse Nernst-Ettingshausen
field does not decrease, but increases, with in-
crease of the effective field; the longitudinal
Nernst-Ettingshausen field approaches saturation

electrons and of the holes.

but the saturation value is different from the satara-
tion value for N, # N_

Estimation indicates that formulas (37) and (41)
are applicable only when the electron and hole
concentrations are quite close to each other in
magnitude. Thus if we put ¢=15>> 1(by ¢ must
be understood the larger of the quantities ¢, and
¢_), the indicated formulas may be used when the
concentration ratio is not less than 0.96.

Finally, we give formulas for the electronic
part of the heat conductivity of semiconductors in
the limiting cases of weak and strong effective
fields.
general formulas for the case ¢, << 1, we give a
formula obtained on the supposition that w/kT >> 1,
by neglecting terms not containing w/kT or pro-

In view of the extreme unwieldiness of the

portional to it, and keeping only terms proportional

to (w/kT)?:
(42)

a Nyu, 9 + N—”—‘Pﬁ.l
" Niu, + N_u_ J>

w2  NyN_uu_ { 1
eT Niu, +N_u_

h=

>o__{(2+ )N +Nu)  (43)
(b e (14 )

)\0 is the electronic part of the heat conductivity in
the absence of a magnetic field. For ¢ >> 1,
+

, p2
n=a, BT {(3_ ) (%— + fi_u_> (44)
e P P
N N_u,u_ (6——n)2( 1 w2
Niuyo? + N_u_¢* 6—n kT> f

Thus different ratios between the electron and
hole concentrations, in the case of strong fields,
do not influence in an essential way the depend-
ence of the electronic part of the heat conductivity
on the effective field, as wastrue of the Nernst-
Ettingshausen fields.

We consider it a welcome duty tq express our
thanks to Kh. I. Amirkhanov and V. P. Zhuze for
their interest in the work and for discussion of its
results.

Note added in proof: Recently one of the authors
(F. G. Bass) hassucceeded in showing that on the
assumption of an arbitrary isotropic scattering law, an
arbitrary form of the collision integral, and any statis-
tics, the dependence of properties on magnetic field in
the galvanomagnetic and thermomagnetic effects, in the
limiting cases cpz >> 1 and @2 << 1, is the same as that
obtained in the present article under the assumptions
of formulas (11).
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