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In the present note we examine the possibility of the occurrence of super-
conductivity in degenerate matter in stellar interiors. This is of interest
particularly in relation to the origin of magnetic fields. It appears that under
conditions which can occur in stellar interiors, superconductivity can occur.
In view of a number of rather uncertain factors, it is not possible to estimate
with any definiteness the conditions permitting superconductivity, but a
crude indication is provided by Table I.

The criterion for superconductivity is given by the relation

A = Fiwe— 1/, R € §

where A represents the ‘ energy gap’ and 8 depends upon the density of energy
levels on the Fermi surface and on the coupling constant between phonons
and electrons. o is the frequency of the lattice. If 7 denotes the critical
temperature for the appearance of superconductivity, we can rewrite (1) as

br = heoo— /8. O )

The parameter 8 can be expressed in terms of the electrical conductivity ¢ and
the electron concentration n. We have (Bardeen 1950)
‘ nhe?
B=

Tmmkro’
m and e denote the mass and charge of an electron and & is Boltzmann constant.
The electrical conductivity o of degenerate stellar matter is given by Lee (1950)

3 nhd 1
= 39q2 mi Z(L00¥310g2)’ - W
where Z is the atomic number of element constituting the star. This is some-
what different from an earlier result given by Kothari (1932).

The lattice frequency w is readily estimated when we recognize that the
degenerate matter in stellar interior constitutes a condensed state, i.e. it be-
haves as a ‘solid metal’ as distinct from plasma. This has been particularly
emphasized by Kirzhnitz (1960), we have

,n,i
w=neﬁ(5), Lo . .o . (5)

* Read at the symposium on ‘ Particle Physics ’,
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p being the density of stellar matter. Substituting the various parameters
in equation (2) we obtain Table I.

TaBre I
Z K p glem3
105 2:55 % 103
10 106 3:08 x 107
107 1:63 x 1029
105 215103
26 108 1'04 X 108
107 312 x 1014

Two values of Z have been taken: Z = 10 and Z = 26. It may be
noticed that because of the exponential factor in (2), the value of the density
for a given temperature is very sensitive to the value of the conductivity o.
A decrease by a factor 3 in ¢ would in the case Z = 26, for temperature of
10¢°K, alter the value of p from 1-04 3108 g/cm? to 3-45x 108 g/em3, and for
temperature of 107°K, alter the value of p from 3-12 1014 g/cm3 to 4-93 X 109
g/em3. For a given temperature superconducting state will occur for density
above that given in Table I.
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