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desirable to see whether the Mossbauer effect is 
sensitive to the composition and state of the sol­
vent. 

The authors sincerely thank D. A. Kochkin for 
preparing the polymer samples, and Yu. M. Kagan 
for continued interest and discussion of the results. 
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THE width of a resonance line is usually defined 
in terms of the corresponding relaxation time. 
However, for cyclotron resonance, the Fermi­
liquid interaction exerts an appreciable influence on 
the width of the line. It is evident from previ-
ously derived formulas [1] that when w ~ w1, i.e., 
when r ~ 60, we have WTeff ~ g (where w1 

~ vw0/c, r -Larmor radius of the electrons, 

o0 ~ c/w0, w0 -plasma frequency of the electrons, 
v -velocity, g ~ jGdS/v, G(p,p') -correlation 
function); for g ~ 1, resonance is in fact non­
existent. Since Aubrey and Chambers [2] observed 
in experiments on bismuth (where, o/r ~ 2 and 
WT,..., 370 for ''holes") that the width of the reso­
nance curve was of the order of unity (and not 
10-2 which it should have been from wT) then, 
evidently, appreciable interaction takes place in 
bismuth, with g ~ 1. As far as we know, this is 
the first instance in which it has been possible to 
evaluate the order of the Fermi-liquid interaction 
in metals. It stands to reason that more detailed 
research would permit the function G (p, p') to 
be clarified in greater detail. [1] 

In this connection, it is of interest to determine 
how the Fermi-liquid interaction manifests itself 
during resonance over the entire frequency range. 
Since resonance calls for WT » 1, the depth of 
the skin-layer is o ~ o0 ,..., c/ w0 and does not de­
pend on WT and r,..., v/w. Consequently, two cases 
are possible: 1) sufficiently low frequencies, w 
« w1, where cyclotron resonance [ 1] takes place 
(this range may not be attainable for semimetals 
and semiconductors because of the small w1, 

which corresponds to w1T « 1); 2) sufficiently 
high frequencies, w » w1, which is the range of 
diamagnetic resonance. 

Let us set down, without derivation, the results 
in both these frequency ranges. In the cyclotron 
resonance range [1] we have: 

1 { CJJI (w/w1)2 (quadratic dispersion) 
Veff ~--~ ' 

Teff Wt (wfwt)3 (non-quadratic dispersion) 

and in the diamagnetic resonance range: 

1 { w1 (quadratic dispersion) 
Veff ~--~ · 

T eff Wt (Wt/W) (non-quadratiC disperSiOn) 

It is clear from the above that the relative reso­
nance width 1/wTeff• due to the Fermi-liquid in­
teraction, has a maximum at w ~ w1• 

Let us explain the cause of the Fermi-liquid 
suppression of resonance, which has no connection 
with any real attenuation, and its smallness in almost 
all cases despite the fact that the interaction itself 
is not at all small. The point is that the Fermi­
liquid interaction leads to an additional spatial dis­
persion w = w(k) as compared to a Fermi-gas, 
where, it is easily seen, w = kvz + qSJ (it is essen­
tial to notice that the level spacing 6SJ does not 
depend on k ), where Vz -average velocity of elec­
trons within the metal, S1 -Larmor frequency. 

The averaging over k, which takes place in the 
impedance with account of the anomalous skin­
effect, leads to a suppression of the resonance. 
However, the ''broadening" of the resonance is 



446 LETTERS TO THE EDITOR 

not small for kr "' r I 6 "' 1 alone, since the spatial 
dispersion is weak in normal skin-effect* as a re­
sult of the inequality kr « 1 and it is therefore 
possible to expand w ( k); in anomalous skin effect, 
on the other hand, resonance is possible only in 
the magnetic field parallel to the metal surface, 
when Vz = 0 and w is finite as k- co (see [1]), 

so that w(k) can be expanded in powers of 1/kr. 
We are grateful to E. M. Lifshitz for valuable 

comments. 

*In diamagnetic resonance in an inclined field, the 
Doppler effect produces a supplementary attenuation 
with 1/r eff- w1 (quadratic dispersion or resonance for 
nonquadratic dispersion on a section off center) or 
1/Teff- w1(wJw) (resonance on a central section). 
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A calculation of the equilibrium of a cold ideal 
Fermi gas in its own gravitational field made by 
Volkoff and Oppenheimer [1, 2] led to the following 
result: for a small number of neutrons (N < 0.35 0) 
there is a single solution, for 0.35 0 < N < 0. 750 0 
there are two solutions, and for N > 0.75 0 there 
is no solution at all (the symbol 0 here means 
the number of neutrons in the s tm). 

It was assumed that the unique solution for 
N < 0.35 0 is absolutely stable and that for such 
a value of N collapse is impossible. We shall 
show that this is not true. 

By prescribing a sufficiently large density we 
can obtain for any given number N of particles a 
configuration with mass as close to zero as we 
please, and clearly less than the mass of the static 
solution. Such a configuration obviously cannot go 
over into the state of equilibrium (into the static 
solution), and consequently can only contract with­
out limit. 

Let us take an arbitrary spherically symmet­
rical distribution of motionless matter. We denote 
the particle density by n and the energy density 
by E ( E includes the rest mass of the particles); 
n and E are connected by the equation of state. 

The metric is given by the expression (we 
everywhere set c = 1 ) 

ds2 = ev dt2 - e}.dr2 - r 2 (sin2 8 dqJ2 + d82). (1) 

As is known from the equation for A. (cf. [3]) it 
follows that 

r 

e-1-(r) = 1- ~~ e (r) r 2 dr, 
0 

(2) 

where b = 87l'k. The mass of the star is given by 
the expression 

00 

M = 4n ~ e (r)r 2 dr, 
0 

(3) 

and the number of particles by (dw is an invariant 
volume element) 

00 

N = ~ ndw = 4n ~ n (r) eA/2. r2dr. 
0 

(4) 

Let us take the distribution of motionless mat-
ter given by the formulas 

e=afr2 , r<R; e=O, r>R. 

Then 

e-A= 1-abRjr, r>R. 
R 

N = 41-c \' nr2 dr. 
f1-ab ~ 

0 

M = 4naR, 

For an ultrarelativistic gas 

(5) 

(6) 

(7) 

e = 1i (3jn2)'1•n'l•, n = (n2j3)'/• (efli)'l•. (8) 

Substituting Eqs. (5) and (8) in Eq. (7), we get 

N = const a'I•R'I•f Y 1 - ab, 
R = const N'!.a-'f, (1 - ab)'l•, M = const N'!.a'lz (1 - ab)'l•. 

(9) 

It follows from this that M - 0 for a - 1/b, what­
ever the value of N. * This proves the assertion 
made above. 

For a rough estimate of the energy barrier 
which separates the equilibrium solution with 
M ::::: Nm (m is the mass of the neutron) from 
the collapsing state, let us find the maximum M 
from Eq. (9). We get 

Mmax-:::::; N'l•vnJk. MmaxfNm~ N-'/, Vhfkjm~ NJNcr, 
(10) 

where mNcr is of the order of the maximum mass 
for which a solution exists, i.e., of the order of the 
mass of the sun. Consequently for systems con-


