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Lo®[|1] > |E|>20 (Vo /| n ).

Finally, we may note in forming potential wells
it is possible to make simultaneous use of fields
at different frequencies;1 then, in averaging Eq.
(1) over a sufficiently long time interval the po-
tential ® in Eq. (3) will be of the form

© = (*/4) D\ (|En|/ on)?

Thus it is possible to create three-dimensional
potential wells from one-dimensional and two-di-
mensional wells. This possibility is of interest,

in itself, as a means of focussing rectilinear beams
of charged particles.?? /
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THE theory of electron motion with an arbitrary
dispersion law E (k) within a crystal located in a
uniform magnetic field was developed in Refs. 1 —
3. The magnetic susceptibility x of an aggregate
of such electrons oscillates with changes of the
magnetic field strength H (the de Haas —van Al-
phen effect). When the isoenergetic surface in
k-space that is determined by the equation E (k)
= const is closed, the period of these oscillations
is determined!’? by the magnitude of the extremal
section S,, of the isoenergetic surface by a plane
perpendicular to H. When the surface E (k) =
const is an open surface such as a corrugated cyl-

inder with the magnetic axis perpendicular to the
cylinder axis, the oscillations are generally deter-
mined not by extremal sections but by the “bound-
ary” sections which are discussed below.

The figure shows part of an open surface and
its intersection with the plane k; = const (H = Hy).
When kj; is greater than some value ky, the tra-
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jectories (the curves which bound the section) are
closed, and when |kg| < ky, they are open. We
use the term “boundary section” for that obtained
with the plane k; =kp. The energy spectrum of
electrons in closed trajectories; i.e., with |kg|

> ky, is almost discrete (slightly broadened dis-
crete levels), and when |kg] < kp it is almost
continuous (small gaps in a continuous spectrum?®).
Close to the boundary section the width of the gaps
is of the same order as the width of the allowed
bands (formed from discrete levels?®).

Because of the (exponential ) smallness of the
discontinuities (gaps) when lk3| < kp, the ex-
tremal section makes a very small contribution
to the oscillating part of the state sum (1). The
principal contribution comes from the boundary
section.

The number of electron states with energies
from zero to E will be!™3

4o
1 roo1
Zoge(E, H) = 2n%a, 2 2 2mip
@& p=—co

kg max asl20cg
X S dks Sexp{—%ipn(kl,ks, E)}dk,. (1)

—hgmax 0

Here a, is the lattice constant, oy = Vhc/eH, k;
is a continuous parameter describing the broaden-
ing, and o« is the spin quantum number. For sec-
tions S (in a single cell of k-space) close to the
boundary section the following dispersion law was
obtained in Ref. 3:

al 1 1 . cos (2maZk, / ay)
nNe=——8——-—— arcsin ———-— ’
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A= — 2afe™® (ks — ko) Rar V Ryz [ %1,
€= Valaz [a (K1), 3)

ol = — 0%y [ Oxlp, Rn' = — 0%,/ OKS.
Here k,}, is the value of k; on the boundary of
cells in k-space (for the boundary section kqp
and Ry vanish but their ratio remains constant).
Substituting (2) in (1), integrating over k; and
dropping small quantities, we obtain for the inte-
gral in (1)

hs max

—ipo2
o NI e, )
ao _kSmax
where
ko = (e2/ 2W0§R31) V"lb/ Ry,. (5)

For the calculation of (4) it is necessary to
know the dependence of the area of a section S on
x = (kp — k3 )/ko. Assuming that in the vicinity of
the “isthmus?” shown in the figure the surface (a
corrugated cylinder) can be replaced by a one-
sheet hyperboloid, we obtain this dependence in the
form

S=38,—(1/mg) xIn|ax|;

a= (/4% (@y/ a)*V Rz [ 10- (6)

The integral (4) with the single parameter |Ina|
was calculated numerically, assuming |Ina|~ 1
-10.

Passing from the state sum to the thermody-
namic potential 2, we obtain

y—
ang M;[[;

1 3
Use= iV Retmar (LF fmar)

. ( 1 aS, 2)
®  cos (pag'S, (%) —v) cos wa (J.(,Ho—c pag ™

X 29,
p=1 p3 sinh| TP%, G_C kT)

_ 3p|lna|+ 9= T
Y = arc tan pllna|f6x 2’

which differs from the usual potential (for closed
surfaces) as follows: (1) The period of the oscil-
lations is determined not by S,, but by Sp and
the phase vy is weakly dependent on the magnetic
field; (2) the factor |8%Sy,/ok} [=1/2 of the ampli-
tude is replaced by

1 1 3n EN

aRa (Ina)? (l + |Inaj ) I/R_xa :
This denotes multiplication of the amplitude by
a/ 2. so that the oscillating terms in x will con-
tain H™! instead of H™3/2, In absolute magnitude

the amplitude is generally smaller by the factor
€71 than for electrons in closed trajectories. But
when, for example, we have a field H ~ 10? oersted
and thus € ~ 1072, the reduction by the factor

€™ can be concealed by other factors.

Other oscillatory effects such as oscillations of
the resistance (the Shubnikov —de Haas effect),
oscillations of the thermoelectric power or of the
Hall field, etc. will also be determined in the pres-
ent case by boundary and not by extremal sections.
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Lifshitz for discussion of this work.

T1. M. Lifshitz and A. M. Kosevich, Dokl. Akad.
Nauk SSSR 96, 963 (1954); J. Exptl. Theoret. Phys.
(U.S.8.R.) 29, 730 (1955), Soviet Phys. JETP 2,
636 (1956).

2G. E. ZiPberman, J. Exptl. Theoret. Phys.
(U.S.S.R.) 32, 296 (1957), Soviet Phys. JETP 5,
208 (1957).

3G. E. ZiP berman, J. Exptl. Theoret. Phys.
(U.S.S.R.) 33, 387 (1957), Soviet Phys. JETP 6,
299 (1958).

Translated by I. Emin
45

CONCERNING THE THEORY OF RAYLEIGH
SCATTERING OF LIGHT IN LIQUIDS

V. L. GINZBURG

P. N. Lebedev Physics Institute, Academy of
Sciences, U.S.S.R

Submitted to JETP editor October 19, 1957

J. Exptl. Theoret. Phys. (U.S.S.R.) 34, 246-247
(January, 1958) ‘

IN a recently published article, S. M. Rytov! de-
velops a theory of scattering of light in liquids
under the assumption that this scattering is due
entirely to fluctuation deformations ug,pg and to
fluctuations of the temperature 6. Actually, only
the fluctuations of ugpg and © are considered in
Ref. 1, when it is indicated at the same time that
the theory includes all internal processes in the
medium and describes the entire spectrum of the
scattered light. Next, it is emphasized, in the re-
marks on p. 518 of Ref. 1 [p. 404 in the transla-
tion ] that the spectral amplitudes of the fluctua-
tions of any internal parameter can be expressed
linearly in terms of ugg and ©, and there is no
scattering by isotropic fluctuations which cannot
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up the crystals as infinitely long unidimensional or
two-dimensional atom complexes, bound together
by “small” forces of one nature, whereas in the
complex itself the atoms are bound by “big” forces
of another nature.

6. The difference between the typical molecular
crystals (e.g., the CHy or CgzHg crystals) and the
heteropolar molecular crystals (such as the NaCl,
HgCl, or PbS crystals) lies: (1) in the degree of
molecularity B8; (2) in the nature of the forces in

1143

forces. The quantity B is defined as the ratio of
the intramolecular energy U2 = D (D is the en-
ergy of dissociation of the diatomic molecule into
ions) to the intermolecular energy U®€ per bond.
For the substances for which B is given below, it
is possible to take U®€ = 2S/[. Example:
B =300 (CHy), 200(HC1), 22(HgCly), 10 (NaCl)

taking /=12 in all four cases.

Translated by I. Polidi
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