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1. It is known [1] that the energy spectrum of the conduction electrons
in a metallic plate placed in a parallel magnetic field # differs significantly
from the energy spectrum of the bulky sample. Besides the magnetic Landau
levels, there exist [2] magnetic surface levels due to the electrons skipping
along the surface of the metal (see Fig. a). The dependence of the magnetic
surface levels on H exhibits characteristic features, but these turn out to be
inessential [3, 4] when the thermodynamic properties of metals are considered.
(A more detailed analysis of the literature [3, 5 - 7] concerning this ques-
tion can be found in [47.)

When considering the contribution of the magnetic surface levels to the
thermodynamic quantities, it is necessary, as demonstrated in [3], to take into
account the deviation of the magnetic surface levels from their quasiclassical

(s)

values. The surface part of the magnetilc moment M is written in the quasi-

classical approximation in the form

Ms) =g g3 G UL (1)
quas quas

Calculations EM] using the exact values for the magnetic surface levels have
shown that oll) = 0. Analogously, the ?ughor calculated the next term in the
expansion (1), and it turned out that o 2) =9 Thus, the electrons skipping
over the surface of the metal (Fig. a) make no essential contribution to the
thermodynamic properties of the

metals. As will be shown below, a x
an appreciable contribution to N’ e’ e’ N
the thermodynamic gquantities 1is a
made by electrons that are tan- i
gent to the surface of the

metal (see Fig. Db). ’ ]

2. Assuming a quadratic iso- 7
tropic dispersion law € = p%/2m
of the conduction electrons in <2)
the plate we obtain for the ther- e
modynamic potential Q(H, T) in the
temperature region T << €p
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where EF is the Fermi level, e the electron charge, S the area of the surface
bounding the volume of the plate V, lH = VAc/eH is the characteristic magnetic

length determining the region of the localization of the wave function of the
electron in the magnetic field,

1/3

S (B 5y, a2 ey
A 8nt 4 (( 2)+ " (3) r(?)r(_(;)x (3)
x il-k-’” sin(%— + l—';)]- 0,78 - 10-2,

and QOSC(H, T) is the part of the thermodynamic potential that oscillates with
changing H.

Confining ourselves to an examination of the smooth part in the dependence
of the thermodynamic quantities on H (for an analysis of the oscillations of

the thermodynamic quantities see [3, 1]), it is convenient to write the mag-
netic susceptibility X in the form
X = Vx™ 4 5xls) (")

Since x = -32Q/93H?, we obtain from (2) and (4)

(v) l .2 "‘_F-
XV == PR Vo (5)
and
o /YT
( ) - A ___H—llz.

where x(v) is the Landau diamagnetic susceptibility [8] in the case of a bulky

metal and x(s) is the surface part of the magnetic susceptibility. Analogous
expressions are obtained from (2) for the specific heat C = -T32Q/3T2.

The foregoing formulas (2) - (6) hold in magnetic fields H >> Hc’ where
HC = he/eL? is the intensity of the field at which QH = L. For plates of
thickness L * 10™% cm we have HC Vv 0.1 Oe. In weak fields H < Hc’ the mag-

netic susceptibility x has a more complicated dependence on L and it cannot
be represented in the form of two terms proportional to the volume V and the
area S of the boundary surface, respectively.

The surface part of the magnetic susceptibility X(s) is determined mainly
by the electrons tangent to the boundary surface of the metal and located near
the limiting points on the Fermi surface (Fig. c). Since the distance between
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the quantum energy levels is AeH << €F, large quantum numbers become signifi-

cant, so that we can use in the calculation the quasiclassical approximation
for the energy spectrum. The quantum energy spectrum of the conduction elec-
trons 1s determined under the assumption that the electrons are specularly re-
flected from the boundary of the sample. The specular-reflection condition is
sufficiently effective, since the main contribution to the effect under con-
sideration is made by electrons that are tangent to the surface of the metal
and thus have a sufficiently large wavelength, corresponding to the motion of
the electron along the normal to the surface of the metal.

The values X(S) obtained in this paper describes the contribution of the
boundary surface of the metal to the Landau diamagnetism (see Fig. d). Where-
as in the calculation of the diamagnetic susceptibility of metals the presence
of the metal boundary leads to the appearance of additional terms of the order
of XF/L (see [9], XF is the Fermi wavelength of the electron), in the case of

Landau diamagnetism the influence of the boundary is more significant and
causes the appearance of additional terms of the order of
SX(s) /Vx(v) ~(Hc/ H)1/2.

In conclusion, I am deeply grateful to I.M. Lifshitz and M.I. Kaganov for
valuable discussions and a number of critical remarks, which turned out to be
very important in the performance of the present work.

[1] A.M. Kosevich and I.M. Lifshitz, Zh. Eksp. Teor. Fiz. 29, 743 (1955) [Sov.
Phys.-JETP 2, 646 (1956)].

[2] I.S. Khaikin, ibid. 39, 212 (1960) [lg, 152 (1961)1].

[3] I.M. Lifshitz and A.M. Kosevich, DokI. Akad. Nauk SSSR 91, 795 (1953).

(4] S.S8. Nedorezov, Zh. Eksp. Teor. Fiz. 60, 1938 (1971) [Sov. Phys.-JETP 33,
1045 (1971)1.

[5] M.C. Steel, Phys. Rev. 88, 451 (1952).

[6] R.B. Dingle, Proc. Roy. Soc. A219, 463 (1953).

[7] A.L. Fal'kovskii, ZhETF Pis. Red. 11, 181 (1970) [JETP Lett. 11, 111
(1970) 1.

[8] L. Landau, Zs. Phys. éﬂ, 629 (1930).

[9] S.S. Nedorezov, Zh. Eksp. Teor. Fiz. 51, 868 (1966) [Sov. Phys.-JETP 24,

578 (1967)1.

PURELY ROTATIONAL SPECTRA OF NONPOLAR MOLECULES IN THE VIBRATIONAL GROUND
STATE

M.R. Aliev

Institute of Spectroscopy, USSR Academy of Sciences
Submitted 22 October 1971

ZhETF Pis. Red. 14, No. 11, 600 - 602 (5 December 1971)

Fox [1] has shown recently that in spite of the fact that the methane
molecule (point group Td) has no dipole moment in the ground electron-vibra-

tional state, this molecule can have a rotational spectrum of dipole transi-
tions in the ground state as the result of vibrational-rotational interaction;
the intensity of the strongest line of such a spectrum can be, under certain
conditions, much higher than the intensity of the collision-induced rotational
spectrum of methane. It is shown in the present communication that as a re-
sult of the effect of first-order centrifugal distortion, purely rotational
spectra of dipole molecules in the ground state can be possessed not only by
methane [1], but also by all nonpolar molecules belonging to the point groups
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