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It is clear that the relation between reduced
gap and temperature varies with pressure;
increasing pressure moves this relation clos-
er to the universal BCS curve for a weak-cou-
pling superconductor. From Fig. 2 one can
determine the relative shift of A(T)/kT o with
pressure at constant reduced temperature.

It is found that this shift is independent of re-
duced temperature, within the accuracy of the
experiment, and given by d In[A(T)/kT .]/dP
==-(5.6+0.6)X107°/bar, ¢ >0.55. As mentioned,
we also determined the gap at 7=2.0°K, i.e., ¢
~0.28. The relative shift of A(T)/kTC with
pressure at this temperature was obtained from
the shift in the extremum of @%/dv?; we found
a slightly smaller value, d In(A (T)/kT)/dP
=-(4.8£0.5)x107%/bar. At present, we do

not believe that the difference between the val-
ues in the two temperature ranges is signifi-
cant and therefore base the following discus-
sion on an average value given by

{dIn[a (T)/ch]/dP} s bioongt

=—(5.2+£0.6) X% 10;°/bar- (1)

The pressure dependence of T observed in
this experiment was

d lnTc/dP =-(4.9+£0.2)x10"%/bar, (2)

in good agreement with determinations on bulk
material.®»* From this it follows that

[d Ina(T)/dP ]t =const

=-—(10.1+0.8)x107%/bar, (3)

[d InA(T)/d InT ]

= congt = 2:06£0.3. (4)

It was further found that the reduced gap-tem-
perature relation for Pb, Fig. 2, can be obtained
from the BCS relation by scaling with a constant
factor; remaining deviations are of the order
3%. One can therefore, in good approximation,
describe the temperature-dependent energy
gap of Pb by a BCS relation, but assuming an
empirical gap ratio 2Ay/kT, deviating from
3.53. In the present experiment, we find for
this parameter 2A/kT.=4.47 (P=0) and 4.41

380

(P =2730 bar).

Hodder and Briscoe® recently reported a study
of Pb-insulator-Pb junctions that were mechan-
ically strained at liquid-helium temperatures,
They observed a reduction of the energy gap
with strain. Unfortunately, the volume reduc-
tion achieved in these experiments does not
seem to be very well known, so that a compar-
ison with our results is not possible. No infor-
mation on the strain dependence of T, is giv-
en, in fact this is calculated assuming a con-
stant gap ratio.

The main result of these experiments is that
the coupling strength in Pb, as measured ap-
proximately by the gap ratio, decreases with
increasing pressure (i.e., decreasing volume).
This effect was also observed as a reduction
in the phonon-induced anomalies in the tunnel-
ing characteristics. We believe that the cou-
pling strength is reduced due to the combined
effect of a reduction with pressure of N(0), the
single-particle density of states at the Fermi
surface (Ref. 3), and to the increase in phonon
frequencies with pressure. The effect can prob-
ably be understood in terms of the present strong-
coupling theory®7 along the lines indicated,
e.g., by Wu.® Similar effects have been report-
ed for Pb-based alloys by Adler, Jackson, and
Will® and by Claeson.! In these experiments
the coupling strength was reduced by changing
the density of states through alloiing.

From Eq. (4) it follows that in Pb the ener-
gy gap is proportional to the square of the tran-
sition temperature. We do not know of any rea-
son for this particular exponent, but expect
that this dependence goes over into the famil-
iar linear dependence at sufficiently high pres-
sures.

The present results can be combined with
published data on the pressure dependence of
the condensation energy at 0°K. Wada!® has
shown that, in general,

Hy3?/8m=N(0)I,

where Hj is the critical field at 0°K and 7/ is

a function of the renormalization factor and
of the complex gap function. In the weak-cou-
pling limit the function 7 goes properly over
into 7 =3A,2 to yield the BCS result. One can
then introduce the ratio /342 and use this as

an approximate measure of the coupling strength, 5,

similar to the use of the gap ratio 200/kT .
For Pb, I/34,2=0.83,% i.e., the condensation
energy is smaller then given by the BCS expres-
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