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Attention is called here to the increase of the
molar rotation p with frequency v of the light which
is well represented by the simple relations

Cations: v =A’ps,

Anions: v =A”p”'] +B,

A”and A" are constants for a given ion which de-
crease from ion to ion along with their crystal
ionic radii.

Figure 1 shows the agreement of the measured
values with the above relations. The values of
Vp were calculated from the data of Okazaki! and
are also given in the table below.
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1
A. Okazaki, Proc. Phys. - Math, Soc. (Japan) 24, 40
(1942); see also J. Parkington, A Treatise on Physical
Chemistry (London, 1953) Vol. IV p. 604.

Translated by B. Goodman
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Distribution Function of a Non-ideal Bose
Gas at the Temperature of Absolute Zero

D. N. ZuBAREV
Mathematical Institute, Academy of Sciences, USSR
( Submitted to JETP editor June 24,1955)
J. Exper. Theoret. Phys. USSR 29, 881-882
(December, 1955)

HE distribution function for the momentum mole-

cules of an ideal Bose gas at the temperature
of absolute zero has a §7like character. All the
molecules of the gas lie in the lowest energy level
withzero momentum. For a non-ideal gas this no longer
holds even at absolute zero,owing to the interaction
of the molecule with the non zero momentum.

In the work of Bogoliubov and the author!, the
wave function of the lower state of a weakly non-
ideal Bose-gas was calculated. In the first approx-
imation it has the form

Py = €xp {1/2 2 (1 _7‘;2) Pkp_._k} , (1)
k

where

N
1 ] (2)
Pp = ﬁé}l exp {—i (k'rj)}:
b (Nv (k)  h2k:\-1 (3)
Ty 4m W) ’

v(k) = _ffb(r)el(k'r )dr = Fourier coefficient of energy
of interaction ®(r), N = number of particles, V =
volume of the system, m = mass of the particle.

The function ¢, corresponds to the zerovibrations
of the collective variables p,. By means of this
wave function it is possible to find the distribution
function for the momentum of molecules of a non-
ideal Bose gas. It is possible to show this in the
following way. The momentum distribution function
permits us to calculate the mean value of opera-
tors of the additive type; this depends on the mo-
menta of the particles. If one makes up an arbi-
trary function of additive type out of the particle
momenta:

d (4)
Zf r ,').

J=1
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then the determination of its average value leads
to the calculation of the integrals over the coordi-
nates of all N particles:

oo () 9pdry - - - Iy
(eidr ... diy

Nf= (5)

=N w(p)f(p)dp,

where w(p) is the unknown distribution function.

This problem from a mathematical point of view,
is similar to the calculation of a contour integral,
because we are able to apply the method of compu-
tation of integrals of such a type, given in reference
2. If the symmetry of function ¢, is taken into ac-
count, it is sufficient to calculate only one integral,
for example j = 1. It is convenient to represent the
variables p, in the form of a sum of variables p%

(which are constructed exactly as before, but which

do not include r,) and N-1/2¢ilir)), and then to ex-
pand the function in series of these terms. For cal-
culating the integral along Toseeelys it is convenient
to oonsider the p”, as auxiliary variables and take
into account their connection with 7, ,...,rx, as this
was done in referz nce 2. Finally, tﬁe desired inte-
gral is represented in a form of a single integral
over p. Comparing the coefficients for the arbitrary
function f(p)’ we obtain the distribution function

W (p). ;

Not stopping for details of calculation, which
will be given in a later paper, we set forth only the
final results of the computations. The distribution
function of molecules of a Bose gas of momentum

p = at the temperature of absolute zero has the
form

w(p)=C3(p) + (6)

v 3292
aap %)%,

v — 2

where v = V/N. The distribution function (6) was
obtained on the assumption of weak interaction be-
tween particles. It agrees with the distribution
function of a slightly non-ideal Bose gas, as de-
termined by Bogoliubov3, Here we obtained it by
another method, that is, we did not utilize a &-like

momentum distribution by way of a zero approxi-
mation.
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The quantity /\2k is connected with the correlation
function g (r)

g(r) =;:1 + iV Z (2 — qyreikn), (8)
k

which is not difficult to determine, if one takes into
account that the correlation function for the lower

state is proportional to the variation derivative

of the energy of the lower state for the interaction
functionl. It is possible to determine Azkfrom ex-
perimental data on the scattering of slow neutrons
in He II%; however, in this case it is impossible to
compute the small interaction.

1 N. N. Bogoliubov and D. N. Zubarev, JETP 28, 129
(1955); Soviet Phys. 1, 83 (1955)

2 D. N. Zubarev, Dokl. Akad. Nauk. SSSR 45, 757
(1954)

3 N. N. Bogoliubov, Izv. Akad. Nauk SSSR, Ser. Fiz.
11, 77 (194-7?

4 R. P. Feynman, Phys. Rev. 94, 262 (1954)
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Towards a Statistical Theory of Fission Width

V. G. Nosov
Academy of Sciences, USSR
( Submitted to JETP editor March 30, 1955)
J. Exper. Theoret. Phys. USSR 29, 880-881
(December, 1955)

N estimate of fission width has been obtained in a

series of works ' This letter presents the
possibility of examining the connection between
different rates of fission width, and also of de-
fining it more accurately and extending the field of
its applicability.

In the work of Bohr and Wheeler!, the rate was

obtained by application of the methods of classical
statistics:

D (1)

where D is the separation of levels; N* is the num-
ber of levels which are bound. By N* (E) is under-



LETTERS TO THE EDITOR

stood the number of levels with energy of excita-
tion not exceeding E. In the immediate neighbor-

hood of the fission energy Ef we have N* E—-Ef)

= 1 and, therefore,

As is known?®, the classical statistics are appli-
cable for the condition T >> fiw, where T is the
temperature and w is the vibration frequency of the
nuclear configuration, associated with fission. In
the region T << %w it is impossible to use the es-
timates (1) and (2). In this region, in order to
make an estimate of the fission width, valid in all
temperature intervals, we represent it in the form

I'f & (ho/27)w where w is the probability density
on the dividing degree of freedom of the energy, ex-
ceeding the fission threshold £ . We estimate

this probability, having applied a microcanonical
distribution® to the nucleus. This distribution
takes into account not only the law of conserva-
tion of energy, but also the law of conservation of
momentum—all states, compatible with the conser-
vation laws, being equally probable. Finally,we ob-
tain

- E,N* (E—E) @)

NE

As it was shown by Landau®, the density of lev-
els with fixed moment varies, in principle, accord-
ing to the law eS(E)w.herf S is the entropy. Since
dS/dE = 1/T, we have N(E)Z T/D" where D’is the
separation of the levels, which are bound. In view
of the fact that, near the threshold, NXE -—Ef) 21,

we obtain

Tj~ (ko [ TYD" [ 2m). (@)

In the classical region, T >> how, the estimates (3)
and (4) pass to that obtained by Bohr and Wheeler
(1) and 2’2, since in this case, as it is not difficult
to see, D" Z( T/hw)D. On the other hand,*in the
opposite limiting case T << hw we have D =D and
therefore,

Ty~ (ke T) (D] 2m). (5)
The actual vdues of the quantities hw and T for

heavy nuclei are not known with any accuracy. We
assume for computation that both these values are
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of the order of 1 mev; however, they can varyseveral
fold. From this point of view the estimate (2) must
be considered as the lower estimate of the fission
width.

If the full energy of the composite nucleus E sig-
nificantly surpasses the fission energy, then, as it
is not difficult to see from ¢3)

fo E
iad = eXp{~-T£}.

This rate was also obtained by Kramers 2, evidently,
it is not applicable in the immediate vicinity of the
fission threshold.

1 N. Bohr and J. Wheeler, Phys. Rev. 56, 426 (1939)
2 H. Kramers, Physica 7, 284 (1940)

3 L. Landau and E. Lifshitz, Statistical Physi
. . , h ,
State Technical Publication, 1951 rstea yswes

4
(19.‘3}7‘5 Landau, J. Exper. Theoret. Phys. USSR 7, 819
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Radiation of Molecules in tiie Presence of a
Strong High-Frequency Field

V. M. FAIn
Gorki State University
(Submitted to JETP editor July 11, 1955)
J. Exper. Theoret. Phys. USSR 29,878-880
(December, 1955)

THE absorption of high-frequency radiation in a

molecular gas was examined in references 1,2.
It will be shown in the present paper that, besides
the absorption (and saturation of levels) at a
frequency w = w; 4= (El— Ez)/h E(uO(E1 and E2 are
energy levels of the molecules), there appears a
radiation at a frequency Q [see Eq. (6)], which
depends on the matrix element of the dipole moment,
corresponding to the transition £ » E,, and on
the field potential of the frequency w.

We assume that the following conditions are
satisfied! 3: a) T < 1/w < 7, where T is the
duration of the molecular collision, and 7 is the
mean time between collisions; b) o —wy| < 1/7
and lw—_wmn! > 1/, where m, n =1,2; c¢) molecu-
lar collisionsre-establish the Boltzman energy





