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which tunneling could be used to detect radiation. 4

A theoretical calculatione yields a value for 7 of
0.43 x10 7 sec, which is consistent with our ex-
per imental results.

The sensitivity of this experiment is being in-
creased by operating at lower temperatures and

by producing junctions with a lower resistance,
so that electrons may be injected into the super-
conductor more rapidly.

The author is grateful to J. Bardeen, J. R.
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questions. He thanks I. Giaever, H. R. Hart, and
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CALCULATION OF THE QUASIPARTICLE RECOMBINATION TIME IN A SUPERCONDUCTOR*
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The previous Letter' gives an experimental up-
per limit for the average time required for quasi-
particle recombination in a superconductor. Bur-
stein, Langenberg, and Taylor' have calculated
the contribution to the recombination rate from
photon emission, and obtain a result which is
much too small to account for the experimental
results. ' It is therefore of interest to calculate
the recombination rate due to phonon emission.

Using the BCS theory' in the limit in which k&T
is small compared with the gap parameter, b, ,
the recombination rate I k for a quasi-particle
in the state k is given by

x l p(k, k') l'f- 5(E-+E- -I~- ), (1)2~- ' k' k k' q, A.
'

q, X

f-=[e px(E /k T)+1] ',
k k 8 (4)

I v (k, k', x) (' = C 'q'/p m' (K=0)

where p is the mass density and C& is the Blochm
lnteractlon constant Also we set ~q A =Skq and
we work in a, box of unit volume. Replacing the
summation in Eq. (1) by an integration with re-
spect to q, k'' and the azimuthal angle, we find

and v(k, k', X) = phonon-electron matrix element.
Here e- is the Bloch single-particle energy in thek
normal state measured relative to the Fermi en-
ergy FF, and cu-

&
is the frequency of phonons of

wave vector q and polarization X.
Due to the complexities of the band structure

in lead and uncertainties of the phonon-electron
matrix elements we choose a spherical band model
with deformation potential phonon-electron matrix
elements,

where q =k -k'+K (K =reciprocal lattice vector),

) p, (k, k') l =2 1+

E- = (e-'+ a-')'+,
k k k

m4' C'r=, S, , de
k ~p @'k S ' k' k"

m F A. A.

where k& is the Fermi momentum. For states
of interest Fk= Ak so that the coherence factor
p, is approximately unity.

Due to the complicated band structure of lead
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