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The temperature and frequency dependence of surface-resistance data obtained in the vor-
tex state of superconducting Pb-In alloys are analyzed. Measurements near H,, indicate the
normalized slope s3=(Hy/R,) 8R/8H | 5 _tends to go to zero as the critical temperature is
approached. The data are accounted fo‘i‘2 qualitatively if the frequency dependence of the flux-
flow conductivity (dynamical fluctuations) is retained in the expression for the microwave
current. There is no exact quantitative agreement, and the possibility of a strong-coupling

correction is suggested.

In a recent paper, ! henceforth to be called I, we
made a comparison between experimental surface-
resistance measurements near H,, in type-II su-
perconductors and the microscopic flux-flow the-
ory.? At low temperatures the agreement between
theory and experiments was excellent, and the
Kk»(¢) parameter deduced from the surface-resis-
tance measurements agreed with magnetization
data obtained from the same samples.® Near T,
however, systematic deviations were observed
and attributed to dynamical fluctuations of the vor-
tex structure. These fluctuations are contained
in our flux-flow expression for the conductivity
04(H, w), and if we retain the frequency dependence
of 0, in the calculation of the surface resistance
R(H,w), we can account for the deviations ob-
served. It is the purpose of the present note to ex-
amine this claim in some detail.

For the microwave current j, we found in I
[Eq. (11)]
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If we derive the conductivity o4 (H, w) as in.I but
keeping terms in w/¢y(¢), we find
Wy _1
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where x =w/2¢€,(t). An expression for the surface
impedance Z near H_, can then be derived as in I,

2

and from it we calculate the normalized slope
s3(4, w), finding

1+x(¢)
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s3(t, w)=s3(t,0) (3)
s3 (¢, 0) was found in I and for our samples reduces
to

s5(t,0)2 0. 862[k4(0)/ky(t)]". @)

The factor f(x) = (1+x)/(1 +x%) describes the extra
absorption arising from the dynamical fluctuations
and has its most pronounced effect near 7,. In
that region
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FIG. 1. Normalized slope s3 () at H,, of the surface
resistance of a Pby, g3 Ing 17 alloy at frequencies of 9.5,
23, and 55 GHz. The curves are calculated as per Egs.
(3) and (4) of the text.
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FIG. 2. Same as Fig. 1 for a Pbg, 5 Iny, 5, alloy at
2.4 GHz.

s =sie028 o, (5)

At low temperatures, s (¢, w)- s} (¢,0), which gives
excellent agreement with experiments as reported
in I.

Figures 1-3 show the calculated and measured
slopes s} (t, w) for our samples. * The agreement
is qualitatively good; but the measured data do
not have the peak corresponding to the region
0<x <1, where f(x) >1. In that region our theory
predicts that the combined absorptions by flux-
flow and fluctuations should be less than the ab-
sorption arising from flux-flow alone. This fea-
ture cannot be concluded from the experimental
data. The increase in absorption [corresponding
to a decrease of s3 (£, w) in our figures] and its
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FIG. 3. Same as Fig. 1 for a Pbj g9In, o alloy at
2.4 GHz.

frequency dependence, however, are quite well
reproduced when x >1. At present we do not know
what prevents a better agreement between experi-
ments and theory except to suggest that this may
be a strong coupling effect, such that x=w/2¢€,(t)
may have to be replaced by x* = w/2¢€¥ (¢), the as-
terisk indicating a renormalized quantity. With

a ratio €¥/e,=2. 2 the agreement between mea-
sured and calculated s (¢) is very noticeably im-
proved. This can be seen in Fig. 1 by comparing
the experimental data at 23 GHz with the calculated
curves at 23 and 55 GHz.

In conclusion, we have seen that the microscopic
theory of flux-flow explains the observed surface
resistance very well at low temperature and that
the dynamical fluctuations give a qualitative fit
to the observed behavior near 7.
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