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.
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PURELY ROTATIONAL SPECTRA OF NONPOLAR MOLECULES IN THE VIBRATIONAL GROUND
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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

Dy» Dpgs Daps Sy» T, and Ty
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A nonpolar molecule has no rotational spectrum in the ground state only
if no account is taken of the centrifugal distortion in the calculation of the
matrix elements of the dipole-moment operator (or, equivalently, no account is
taken of the dependence of the dipole moment on the rotational state), for in
this case the total matrix element of the dipole moment takes the form of a
product of the dipole moment, averaged over the vibrational wave function, by
matrix element of the direction cosines of the axes of the moving coordinate
system relative to the axes of the fixed system:

<0, J,KTluy,i0 45K, T*>

= 2 < 0ip 0> <, K, TIAz 100K T >, (1)

Here J an® K are the quantum numbers of the total angular momentum and its z-
projection, I are irreducible representations of the point group of the mole-
cule, ”z is the operation of the Z-projection of the dipole moment in the fixed

system, and U, (@ = x, y, z) is the operator of the a projection of u in the
moving coordinate system. Since the ground vibrational state of all molecules
belongs to the fully-symmetrical representation, and none of the dipole-moment
components for unpolarized molecules belongs to the fully-symmetrical repre-
sentation, the factor <O|ua|0> in (1) vanishes for all nonpolar molecules.
However, if we calculate the wave functions in the left-hand side of (1) with
allowance for the centrifugal distortion, for example by the contact-trans-
formation method [2], then we obtain already in the first approximation in
place of (1)

<0, J, K, T |pz|0,J5 K, >

1
= — 33 (3 Ih)"(afy/w:“)(aua/aqn). x
2 1 aB,y
x <4, K, T{Az PgP |47 K\ T >, (2)

where IZ and Ig are the principal moments of inertia, aEY (B, vy = x, y, 2) are

the first derivatives of the components of the inertia tensor with respect to
the normal coordinates, w are the oscillation frequencies, (au/aqn)e are the

derivatives of the dilpole moments, and PB and PY are the components of the angu-

lar momentum. In order for the matrix elements (2) for a nonpolar molecule to
be different from zero, it is necessary to satisfy two fundamental conditions:
1) the molecule should have at least one normal coordinate of symmetry type

Fn’ the derivatives with respect to which do not vanish for at least one com-

ponent of the inertia tensor and one component of the dipole moment; 2) the
direct product of the irreducible representations T and T' should contain a
certain irreducible representation PZ’ in accordance with which there is trans-

formed U, or, equivalently [3], the product of the polar-vector component TZ
by the axial-vector component RZ.

It can be shown with the aid of group-theoretical methods [3 ~ 5] that
the first condition is more stringent than the second and excludes from con-
sideration all nonpolar molecules with the exception of those belonging to the

point groups Dn’ D2d= D3h’ SM’ T, and Td. Thus, the first condition is satis-

fied only for those molecules for which at least one of the normal vibrations
is active both in the infrared spectrum and in the Raman-scattering spectrum.
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It can be shown that the second condition is also satisfied for the indi-
cated point groups. The selection rules and the formulas for the intensities
of the transitions can be easily obtained from expression (2) by known methods,
and are therefore not given here.

The quantities aBY
-1,8y h
=L A

in (2) can be calculated from the matrix formula aBY =

s Where L is the matrix of the forms of the oscillations, the elements

of the column matrix ABY depend on the structural parameters of the molecule
[2], and the quantities (Bu/aqn)e can be obtained from the intensities of the

infrared absorption ground bands.

The estimates in [1] for methane and our estimates for the boron trichlo-
ride molecule show that the spectra considered here can be observed in the
microwave and the long-wave infrared regions of the spectrum.

A detailed description of the investigation with the results of the num-
erical calculations, and also questions pertaining to induced centrifugal dis-
tortions by rotational spectra of nonpolar molecules in excited vibrational
states will be published separately.
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Simonov and Calogero (see, e.g., [1]) have recently derived the necessary
asymptotic conditions for the saturation of nuclear forces and have shown that
they impose rather stringent limitations on the nuclear forces. In any case,
practically none of the presently known NN potentials satisfy these conditions.
This means that when a number of nucleons A is sufficiently large, the system
collapses and the binding energy per nucleon increases with inecreasing A.

In this article we wish to call attention to the fact that the asymptotic
saturation conditions need not always be related to saturation in real nuclei.

The figure shows three pos-
sible plots of the binding energy
per nucleon € against A. Curve
1 corresponds to the case when
the asymptotic behavior with re-
spect to A sets in already in the
region of real nuclei. It was ob-
tained for the well-known Volkov
potential [2]: for He"* and 0!'® it
gives more or less good results,
and collapse takes place already
starting with ca"*® (see [3]). If
the NN potential leads to an e(A)
plot of type 1, then one can state h A L
quite definitely that it is not i w 4w

s{Al, MeV
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