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A theory of galvanomagnetic effects is considered for the case when the predominant mecha
nism of electron scattering is spontaneous emission of optical phonons (of frequency w0). 

The elastic scattering mechanisms (by impurity and acoustic phonons) are assumed to be 
weak. A situation of this type may be encountered at low temperatures T « w0• The elec
tric field strengths are bounded by the condition E- « E « E+, where the characteristic 
field strengths E+ and E- are related to the predominant and elastic scattering, respec
tively. Owing to the condition E « E+, an electron which has acquired an energy E = w 0 

during the acceleration emits almost immediately an optical phonon and stops moving. 
Together with the condition T « w 0 this means that almost all electrons are in a 
"passive" momentum-space region as defined by the condition E ( p) < w0• Since E » E-, 
acceleration of an electron from E '= 0 to E = w0 is not interrupted by elastic scattering and 
hence the dynamics of motion of an electron along the trajectory inside the passive region 
is not masked by collisions with the lattice. For those values of E/H for which the topology 
of the trajectories in the passive region changes, the dependence of the current on E and H 
possesses singularities (function and derivative discontinuities). 

INTRODUCTION 

THE most effective scattering mechanism in pure 
semiconductors in which a strong interaction takes 
place with optical phonons (of frequency w0) at 
low temperatures T < w0 may be the spontaneous 
emission of these phonons (described by a relaxa
tion time T + = T 0). The remaining scattering 
mechanisms (by impurities or by acoustic phonons, 
and also compound scattering by optical pho-
nons [i, 2l) are almost elastic (corresponding to a 
relaxation timeT-= T). Assuming that T+ « T-, 

let us determine the characteristic fields E~ 
from the conditions eE~T± = p0 , where Po 
=-../ 2mwo; here, obviously, E0 « E;. We confine 
ourselves to the field interval E0 « E « E; [3l. 
Owing to the condition E « E;, an electron 
which has acquired under the influence of the 
field an energy E = w0 emits an optical phonon 
almost instantaneously and therefore comes 
practically to rest. For this reason, a small 
fraction of the electrons, ( E/Et )2/ 3, is located 
in the active region E > w0 • On the other hand, 
owing to the condition E » E0, the stopped 
electron acquires an energy E == w 0 after a time 
TE ~ PoleE « T-, that is, without having time to 

experience elastic scattering. Therefore the dy
namics of the electron-motion over the trajector
ies in the passive region E ( p) < w 0 is strongly 
pronounced, and the distribution acquires a 
"needle-like" directivity [4, 5], being concentrated 
near the principal trajectory passing through the 
point p == 0 [3]. An increased distribution aniso
tropy was observed also experimentally [S, 7J. 

Under the foregoing conditions, galvanomag
netic phenomena in crossed fields have a singu
larity at a magnetic field value H0 = ( 2mc/ Po) E, 
when the main trajectory becomes closed [3]. The 
meaning of this singularity lies in the fact that 
when H > H0 the electron that is stopped after 
emission of an optical phonon cannot acquire an 
energy E = w 0 when it becomes accelerated in the 
electric field E. This hinders the emission of 
optical phonons and results in a "cutoff" of the 
dissipative effect. 

We develop in this paper a theory of galvano
magnetic phenomena under these conditions for 
an arbitrary electron dispersion law (with one 
minimum). In addition, unlike [3l, we consider the 
influence of elastic scattering within the passive 
region, a scattering important when H > H0• 

If the dispersion is anisotropic, H0 depends on 
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the orientation of the fields E and H relative to 
the equal-energy surfaces. Therefore, in the 
presence of several anisotropic minima, the singu
larities of the galvanomagnetic phenomena should 
be observed at several values of the magnetic 
fields. These effects, however, are made com
plicated by the redistribution of the electrons be
tween the minima, which takes place in strong 
electric fields [a]. This question will be considered 
by us in a later paper. 

We note that if we orient the fields E and H 
in the same manner relative to all the minima, 
then they can be combined into one. In n-Ge this 
takes place when H II [001] and E II [100], but in 
n-Si this is impossible. 

Galvanomagnetic effects in strong electric 
fields were considered, for an anisotropic dis
persion law, by a number of workers [S-! 31, but 
only for the case when elastic scattering is the 
dominating mechanism. 

1. KINETIC EQUATION 

We shall assume that the optical phonon is 
emitted instantaneously ( T 0 = 0 ), once the elec
tron acquires an energy E = w0• Then all the elec
trons are in the passive region Q defined by the 
condition E ( p) < w 0• 

The stationary distribution function f ( p) 
(normalized to the concentration n) in the region 
Q is governed by the following kinetic equation: 

a 
at/(p) = F(!IP)+ S(flp) + fJ(p)/(f) = 0. (1.1) 

Here the field term F describes the motion under 
the influence of the electric and magnetic fields: 

F (/I p) =- div J (/I p), 

J (/I P) = f (p) J){p), p (p) = eE + ~ [v (p) H], (1.2) c • 

where J is the "current" in momentum space, 
connected with the motion over the trajectories in 
this space under the influence of the fields with 
"velocity" p. The scattering inside Q is de
scribed by the term 

S(!IP)=~ (dp')/(p')W(p',p)-/((p)), (1.3) 
Q 't p 

where the lifetime for this scattering is 

- 1-=5 (dp')W(p,p'). (1.4) 
't (p) Q 

The last term describes optical-phonon emission 
such that the electrons are stopped, that is, they 
end up at the point p = 0. In this term 

*[v(p)H] = v(p) x H. 

I (f) = ~ dcr In (!I P) (1.5) 
:E+ 

there is a flux of electrons that reach, under the 
influence of the fields, the boundaries I: of the 
passive region Q, that is, they acquire an energy 
E = w 0 and become capable of emitting the optical 
phonon. I:+ is that part of the surface I: where 
the projection of J on the outward normal is Jn 
> 0. Integrating (1.1) over Q and noting that the 
scattering S conserves the number of particles 
inside Q, we find, using (1.5), that 

/(p) = 0, p E ~-, (1.6) 

where ~- is that part of I: on which Jn < 0. 
Since scattering inside Q is rare in the field 

interval under consideration, we put, assuming S 
to be small, 

f{p)= jO(p)+f'(p), (1. 7) 

where f' is a small correction. Substituting (1. 7) 
in ( 1.1) and discarding small terms of second 
order, we get 

F(fl p) + fJ(p)/(1°) = 0, (1.8a) 

P(!'IP) + fJ(p)/(1') = -S(flp). (1.8b) 
These equations are conveniently solved by intro
ducing a coordinate system connected with the 
trajectories in momentum space [l4J, namely s
path length along the trajectory, and a-parame
ters defining the trajectory (integrals of motion). 
In the new variables ( dp) = g ( as ) ( da ) ds is the 
volume element, g ( a ) = f ds g (as ) is the density 
of states near the trajectory, and n (as) 
= g (as) f (as) is the distribution function. The 
velocity of motion along the trajectory is 8 (as) 
= I p ( p) I. Henceforth a will correspond to the 
principal trajectory passing through the point 
p = 0; this point corresponds to s = s. The other 
trajectories are called secondary. The values 
s = s+ and s = s_ correspond to the points of inter
section of the trajectories wit the surfaces ~+ and 
~ -· In this notation we have 

1 a . 
F(flp) = --(-) -[n(as)s(as)], 

g as as 

1 
6(p) = --fJ(a- a)cS(s- s). 

g(as) 

(1.9) 

(1.10) 

The Reavis ide step function will be denoted e ( s). 
The character of the solution of the system 

(1.8), as will be shown below, depends on the 
topology of the trajectories inside the region Q. 

When H = 0 all the trajectories are straight lines 
starting at I:_ and ending at I:+· With increasing 
H, they become curved, and for sufficiently large 
H some trajectories may close inside S"l. From 
the point of view of the topology, the following two 
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circumstances are of importance: (i) the principal 
trajectory closed in Q, and (ii) there are second
ary trajectories closed in f.!. The point is that 
closed trajectories are "traps" of a sort, and an 
electron falling on such a trajectory is incapable 
of emitting an optical phonon. The special position 
of the principal trajectory is connected with the 
fact that all electrons that have emitted optical 
phonons end up subsequently on the principal tra
jectory. The part of the region ~2 occupied by the 
closed trajectories will be denoted rlc. and that 
occupied by open trajectories rla. The three re
sultant topological situations are illustrated in the 
figure (using for simplicity the usual dispersion 
law). 

a c 

Topology of trajectories in the passive region in the pres
ence of a magnetic field: a-no closed trajectory; b-there are 
closed trajectories but the principal trajectory is open; c-prin
cipal trajectory closed. 

Before we proceed to solve (1.8), it is con
venient to introduce beforehand the quantities that 
will be encountered. The period of revolution on 
the closed trajectory a is 

"rF(a) = ~ _!:!____ 
s(as) 

(1.11) 

The period of the acceleration cycle on half of the 
principal trajectory (if the latter is not closed) is 

"+ 
A r a3 

-rF(a)= .l --:-~. 
~ s (as) 

(1.12) 

The probability of transition between trajectories, 
averaged over the points of the initial trajectory 
a and summed over the points of the final trajec
tory a', is 

W(a, a')= S _ _____!!! __ ~ ds'g(a's')W(as, a's'). (1.13) 
i:F(a)s(as) 

If the trajectory a is closed, then the integration 
with respect to s must be understood in the sense 
of (1.11), and TF has also the same sense. If a 
pertains to a principal unclosed trajectory, then 
integration with respect to s and Tp must be 
understood in the sense of (1.12). Integration with 

respect to s' must be understood as P ds' ... if 
s+ 

the trajectory a' is closed and as J ds' ... if it 
s_ 

is open. 
The lifetimes on the trajectory a with respect 

to going off to closed or unclosed trajectories, 
that is, into the region rlc or rla, are as follows: 

-(1 ) = ~ (da') W(a, a'), 
"tc a g 

- 1-= ~c (da')W(a, a'). 
"ta(a) ga 

(1.14) 

(1.15) 

The total lifetime on the trajectory a is 
1 1 1 -=-+-· -r(a) "tc(a) 't'a(a) 

(1.16) 

The number of electrons on the trajectory a is 

n(a)=Sdsn(as). (1.17) 

The integration with respect to s in the last 
formula must be understood in the same way as 
the integration with respect to s' in (1.13). We 
denote, in addition, by na and nc the number of 
electrons in rla and rlc, and by n and n the 
number of electrons on the principal trajectory 
and on all the secondary trajectories. 

2. SOLUTION OF KINETIC EQUATION 

We now proceed to solve (1.18), considering 
separately the different topological cases. 

All trajectories open. Integrating (1.8a) from 
s_ to s with allowance for (1.6), and determining 
I ( f0 ) from the normalization condition, we get 

A ~ 1 
no(as) =nb(a-a)e(s-s) ,. . . 

't'F(a)s(as) (2.1) 

Principal trajectory open. Integrating (1.8a) 
along a closed trajectory, we have 

1 
n°(as) = n°(a) a E Qc. (2.2) 

-rF(a)s(as)' 
The tilde denotes here that the distribution per
tains to the secondary trajectories. Integrating 
the same equation along an open trajectory, we 
obtain 

(2.3) 

The quantities n ° ( a ) and n ° are not determined 
by (1.8a), since they are invariants of the operator 
in the left side of ( 1. 8). To determine them we 
must consider the conditions under which the next 
approximation, (1.8b), can be solved. Integrating 
(1.8b) along a closed trajectory, we get 

~ dsg(as)S(f0 ias) =0, aEQc. (2.4) 
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Integrating the sum equation over the entire 
region Qa we get 

~ (da) ~ dsg(as)S(f0 ias) =0. (2.5) 

Substituting (1.3) in the last two formulas and 
using the notation introduced above, we obtain a 
system of equations with which to determine 
n ° ( a ) and n °: 

~ (da')n°(a')W(a',a)- no(a) +,:;0W(~,a) =0, (2.6a) 
o 't(a) 

c 

~ (da') ffO(a:) - nO = 0. 
o, 'ta(a) 'tc(a) 

(2.6b) 

Principal trajectory closed. Integrating (1.8a) 
along an unclosed trajectory with allowance for 
(1.6) we get 

(2.7) 

Integrating the same equation in the entire region 
Qc we find that I ( f0) = 0. From this we get 

1 
n°(as) = n°(a) a E Qc. (2.8) 

'tF(a)s(as) '· 

Integrating (1.8b) along a closed trajectory, we 
obtain 

~ ds g( as)S (!0 I as) =- b (a- "a)I (!'). (2.9) 

Integrating the same equation over the entire 
region of Qa with allowance for (1.6) we get 

!(!') = ~ (da) ~ dsg(as)S(!0 ias). (2.10) 
Qa 

Eliminating I ( f') from the last two equations and 
substituting in the resultant equation the expres
sion for S as given by (1.3), we obtain an equation 
for the determination of n ° ( a ) : 

i no(a) 
' (da')n°(a')W(a', a)--(-.. 't a) 

o, 
~ I nO(a') + b(a- a) J (da')--,- = 0. 

o, 'ta(a) 
(2.11) 

It is natural to seek a solution of this equation in 
the form 

(2.12) 

where n° is the distribution over the secondary 
closed trajectories. Substituting (2.12) in (2.11) 
and separating the singular and regular parts, 
we obtain two equations that coincide formally 
with (2.6). 

Equations (2.1)-(2.3), (2. 7), and (2.8) show that 

in the zeroth approximation (that is, when TF = 0 ), 
the distribution n ( as) differs from zero only on 
the closed trajectories (if they exist) and on half 
of the principal trajectory (if it is unclosed). This 
is physically obvious, for only such trajectories 
are "stable" relative to the emission of optical 
phonons, no emission takes place at all on closed 
trajectories, and on the principal trajectory emis
sion leads to a return to the middle of the same 
trajectory. Such trajectories (or their parts) will 
be called invariant. The number of electrons on 
them is an invariant of the fast process comprising 
motion under the influence of the field and emis
sion of optical phonons. An electron which is on 
an invariant trajectory (for example, as a result 
of elastic scattering) is "carried away" instan
taneously (within a time TF) by the field to the 
surface ~+, emits an optical phonon, and ends up 
on the principal trajectory. 

The distribution of the electrons along the in
variant trajectories is determined by the quantity 
s ( as ) : The probability of finding the electron at 
point s is inversely proportional to the velocity 
with which it "jumps through" this point while 
moving along the trajectory. 

The distribution of the electrons among the 
invariant trajectories is determined by Eqs. (2.6) 
and (2.11), which are (as always in such cases) 
balance equations for the invariants of the fast 
process relative to the slow processes. For this 
reason, they contain the probabilities (1.13) aver
aged over the fast process of motion along the 
invariant trajectory. From this point of view 
there is an elementary interpretation for Eq. 
( 2. 6a), which is the balance equation for the parti
cles on the secondary closed trajectory a. In the 
interpretation of ( 2. 6b), which is the balance equa
tion for the principal trajectory a, attention 
should be called to the following: The terms 
representing departure contain not the total de
parture probability, but only the probability of 
departure to the closed trajectories in Qc, since 
an electron entering into Qa returns immediately 
to the principal trajectory. The arrival terms 
contain the probability of departure from the 
closed trajectory in Qa, since an electron that 
enters Qa ends up immediately on the principal 
trajectory. 

We note also that (2.6) and (2.11) are homo
geneous with respect to W, and therefore the 
distribution of the trajectories does not depend on 
the intensity of elastic scattering. This is con
nected with the fact that we are considering a sta
tionary mode. 
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After f0 has been obtained, f' 
from (l.Sb): 

is determined 

1 8 

n1 (as) =-.- ~ds1 g(as1)S(JOias1 ), 
s(as) 8 

ii1 (as) = Cn°(as), a EQc, a= a. (2.13) 

The constant C is determined from the normali
zation condition and it is obvious that C < 0. 
From (2.13) we get the following estimate for the 
"background" on the secondary trajectories: 

, 1 /o l'F 
n ~-:-Po-~ -no~ no. (2.14) 

s 1: 1' 

We see from this that I C I ~ TFh « 1, that is, 
scattering inside Q causes the distribution on the 
invariant trajectories to decrease somewhat in 
amplitude but without change in form. 

3. GALVANOMAGNETIC PHENOMENA 

To calculate the current, it is convenient to 
represent it in the form 

j =e) (da)n(a)v(a), (3.1) 

where we have introduced the average velocity on 
the trajectory 

v(a) =-1- ~ dsn(as)v(as). (3.2) 
n(a) 

If we consider the distribution n (as) in the 
zeroth approximation then, as seen from Sec. 2, 
averaging over the distribution along the trajec
tory can be replaced by averaging over the time 
for motion along the trajectory. Because of this, 
the quantities v ( a ) can be calculated in pure 
dynamic fashion. The average velocity for the 
principal trajectory (if it is unclosed) will be de
noted v(a) = va; it contains the components VaL 
and vaT parallel and perpendicular to H. The 
average velocity for the closed trajectory, as 
shown in [!4], is 

v(a) = vL(a) + vT(a), 

E 
vT(a) = vvd, Vv = c H, d = [eh], (3.3) 

where the unit vectors e and h rletermine the 
directions of E and H. The inr'* pendence of VT 
of the form of the trajectory makes it possible to 
calculate jT without knowing the detailed distri
bution of the electrons over the closed trajector
ies, and knowing only their total number: 

h = enaVaT + encVD =en [(1- 'l'])VaT + 'l']Vv], 'I']= nc/n. 

(3.4) 

Knowledge of this distribution is essential for the 
calculation of jL. If all the trajectories are open, 
then rJ = 0; if the principal trajectory is closed, 
ry = 1; if only the secondary trajectories are 
closed, then 0 < ry < 1. Therefore the function 
rJ ( E, H) should have discontinuities (of either the 
functions or the derivatives) at those values of E 
and H for which the topology of the trajectories 
changes. Similar discontinuities are possessed by 
the n (a) distribution. 

The discontinuities of rJ lead to discontinuities 
in the dependence of j on E and H. The charac
ter of these discontinuities depends on the details 
of the dispersion law and on the singularities of 
scattering within Q. Unfortunately, the integral 
equations of the preceding sections cannot be 
solved for any realistic scattering law. Therefore 
it is instructive to consider the special case when 

w I 1 I (p, p ) = 1:Q =canst, p, p E Q. (3.5) 

Such a scattering, of course, is not elastic. 
We then get from (1.13) 

1 i g(a1 ) 

W(a,a) = -;-~· 

and from (1.14)-(1.16) 

1 1 1 1 

'tc(a) 1' Q 
--=--, 
1'a(a) 1' Q 1:(a) 1' 

(3.6) 

(3. 7) 

Under these assumptions, the system (2.6) can be 
easily solved, and we obtain 

n(a)=ng(a)/Q, ;;.=nQa/Q. (3.8) 

From this we get 

nc = n = nQc/Q, na = n, '11 = Qc/Q. (3.9) 

In solving (2.11) in the form (2.12) we obtain 
similar expressions n( a), n, and n. Now, how
ever, 

nc = ;_ + n = n, na = 0, '11 = 1. (3.10) 

These results show that in all three topological 
cases the distribution of the electrons over the 
trajectories can be represented in the following 
manner: first, all the electrons are uniformly 
distributed over Q, and then those of them which 
turn out to be in Qa fall on the principal trajec
tory. 

Thus, for a scattering of type (3.5) the singular
ities of ry ( E, H) are determined by the ratio 
Qc ( E, H )/Q. It is obvious that when closed sec
dary trajectories appear the function rJ is contin-
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uous, for in this case Qc increases from zero, 
so that in such a change of the topology only a 
discontinuity of the derivatives of the function 77 
is possible. When the principal trajectory is 
closed we have Q cl 0 < Q, and in general Q al 0 = Q 
-Qclo is of the order ofQclo; therefore, in this 
change of topology the function 77 has a discontinu
ity whose magnitude is the order of the value of 
the function. 

The results are valid, in order of magnitude, 
also in the case when W( p, p') is not constant 
but has no higher-order singularities. The elastic 
scattering considered by us has a singularity at 
E ~ E 1 • Actually, however, the absence of singu
larities of W( a, a') is significant; when E is 
sufficiently strong the trajectories cross many 
equal-energy surfaces, and the elastic singularity 
becomes insignificant after averaging in (1.13). 

An exception is soft scattering, which has a 
singularity at p ~ p'. In this case W (a, a') can 
have a singularity at a ~ a', that is, a noticeable 
transition probability exists only between closely
lying trajectories. When the principal trajectory 
is open and is far from the region s:"lc, the transi
tion from the principal trajectory to .nc is diffi
cult; at the same time, the transition from s:"lc to 
the principal trajectory is not difficult and can be 
effected via the trajectories lying on the boundary 
of the regions s:"lc and s:"la, since falling into s:"la 
is equivalent to a transfer to the principal trajec
tory. In this case we should have nc « n. There
fore for soft scattering 7J = 0 if the principal tra
jectory is not closed and 7J = 1 if it is closed. 

The foregoing can be corroborated by calcula
tion is one chooses the probability of the soft 
scattering in the form 

1 I , 12 
W (p, p') =- (2:rtA2)-'i' exp{- p- p } (3.11) 

-r 21.,2 ' 

where the average change of momentum in the 
scattering is A « p 0• In this case, for the ordinary 
dispersion law we can calculate the probability 
W( a, a') and estimate the times T c ( & ) and 

T a (a') which enter in (2.6b). It turns out here 
that 

~ ~ Aexp{- (p )2}, 
"rc(a) A 

<~)~A. (3.12) 
"t'a (a i 

We have indicated only the dependence on A as 
A -- 0; the angle brackets denote averaging over 
s:"lc; p is a certain momentum of the order of p 0, 

indicating the removal of the principal trajectory 
from the region s:"lc. It is clear from (3.12) and 
(2.6b) that as A -- o we have n°/n° - o, that is, 
that all the electrons are on the principal trajec
tory. 

4. PARABOLIC DISPERSION LAW 

Let us consider a parabolic dispersion law with 
an effective-mass tensor ill; we introduce the 
following average masses: state-density md, 
cyclotron mh, and ohmic me: 

md3 = m 1mzm3, 

(4.1) 

The indices 1, 2, and 3 denote here projections on 
the principal axes of the tensor m. 

The electron trajectories in momentum space 
are best determined from the following condi
tions [i 4): 

s'(p)::-= s(p)-pvn= const, Ph= ph= const. (4.2) 

For a parabolic dispersion law the surfaces 
E* ( p) are ellipsoids which coincide with the 
equal-energy surfaces, but are displaced by a 
vector PD = mVD. Therefore the trajectories con
stitute a two-parameter family of ellipses of 
equal eccentricity, the planes of which are per
pendicular to h; the centers of all the ellipses lie 
on a straight line passing through PD in the direc
tion of mh. 

The topology of the trajectories inside Q, as 
can be readily shown from elementary geometrical 
considerations, is determined by comparison of 
VD with vo = ( 2w 0/m0 )112, where m 0 = m£/me. 
If VD > v 0, then the line of centers passes outside 
the region Q, and therefore there are no closed 
trajectories in the passive region. When VD = v 0, 

the line of the centers is tangent to the surface 
~; when VD < vo, the line of centers crosses Q, 

and there are closed trajectories in the passive 
region. The principal trajectory is closed if VD 
< v0/2. 

The average velocity on the principal trajec
tory can be readily calculated from the equation 
of motion; this yields 

(+) (-) 
Va = Va +va , (4.3) 

where 

(+) . h 

Va = 1/zvomh(m-1e)L(x), (4.4a) 

<-> 1 m~t2 h 

Va = /zvo-3[e, mh]T(x), 
md · 

(4.4b) 

and we have introduced the functions of the dimen
sionless parameter 

X 
L(x)= . , 

arc sm x 
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T(x) =~-1"1~x2 Vo Vo H 
X=-=--~. (4.5) 

2vn 2c E x arcsm x 

Here v+ (a) is that part of the average velocity 
which is even relative to inversion of the mag
netic field. It contains components that are longi
tudinal and transverse with respect to e, but the 
transverse component is connected not with the 
Lorentz force but with the anisotropy of the 
crystal and determines the Sasaki effect (1!;]. 

Connected with the Lorentz force is the odd term 
va<->. The average velocity on the closed trajec
tory with parameters a = ( E*Ph) is 

r,nh2 ~ 
v(a) = vvd +-(Ph- vv(hr.nd) )h. (4.6) 

md3 

To calculate the current jT it is necessary to 
know 1J ( E, H), which at given values of e and h 
is a function of 1J ( K ) • The change of topology 
corresponds to the points K = Y2 (appearance of 
closed trajectories) and K = 1 (closing of the 
principal trajectory). Therefore the discontinui
ties of jT for specified field directions corre
spond to definite E/H ratios. 

To calculate the character of the discontinui
ties, and also the current jL, we assume the ap
proximation (3.5). It is easy to verify that in this 
case (3.8) corresponds to 

f(p) = njQ, P E Qc. (4.7) 

Therefore the average velocity of all the electrons 
in Qc corresponds simply to the "center of 
gravity" of this region and is calculated in the 
form 

yielding 

v~+)= 0, 

(-' 1 mh2 ~ 1 
Vc = -v0-[e,mh]-. 

2 md3 x 

Elementary calculation yields also 

- 3 {( 1 )''• 1 ( 1 )'j, Qc-- 1-- -- 1--
2 4x2 3 4x2 

It follows from (4.10) that 

(x-+1). 

(4.8) 

(4.9a) 

(4.9b) 

(4.10) 

(4.11a) 

(4.11b) 

We see therefore that 1J ( K) has a discontinuity 

of the function when K = 1, and a discontinuity of 
the third derivative when K = Y2• Bearing this 
remark in mind, and also comparing (4.9) and 
( 4 .4), we find that when K = 1 the component j ( + >, 
which is even with respect with the magnetic-field 
inversion has a discontinuity, while j (-> is con
tinuous and has a maximum with a discontinuity of 
the first derivative. These singularities can be 
observed on the gauss-ampere characteristics 
(dependence of j on H at fixed E), where the 
discontinuity and the maximum correspond to a 
certain critical field 

Ho=- E ( v0 )-1 
2c ' 

(4.12) 

which depends through v 0 on the orientations of 
H and E relative to the ellipsoid axes. 

The qualitative character of the dependences 
f ·(+> d.<-> H. 'd 'h o J an J on comc1 es w1t the charac-

ter of the dependence of the dissipative and Hall 
currents in the isotropic model shown in Fig. 3 
of our earlier paper [3]. It is apparently difficult 
to observe experimentally the weak continuities 
at K = %. 

The physical cause of the discontinuities at 
H = H0 is as follows: When H > H0 the electron is 
under the conditions of a strong magnetic field 
after emitting the phonon, since it executes 
WffT » 1 revolutions before it is scattered inside 
Q, When H < H0, the electron executes an incom
plete revolution before the next scattering act. 
Thus, when H = H0 a transition takes place from 
a weak magnetic field to a strong one, and this 
transition occurs jumpwise, unlike the ordinary 
situations. 

The authors are grateful to 0. N. Chavchanidze 
for a valuable remark. They take this opportunity 
to thank I. M. Lifshitz and the participants of the 
Khar'kov Municipal Seminar for a discussion of [31 
(which took place after its submission for publica
tion). 
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