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Measurements are presented of the generalized Ginzburg-Landau parameter v,(T) and the bulk
upper-critical field H„(T) as a function of temperature T near the critical temperature in Pb, .2 Bi Tl„,
where x = 0.015, 0.05, 0.10, and 0.15, and of H„(T}in Pb, „ In~, where y = 0.018, 0.53, 0.087, and 0.167.
These results, and previous measurements of ~2 in Pb-In by Farrell et al. , which are in disagreement with

weak-coupling theories are found to be in ageement with calculations by Eilenberger and Ambegaolar and

by Usadel which include both strong-coupling and electron-mean-free-path effects.

I. INTRODUCTION

We present in what follows measurements of the
generalized Ginzburg-Landau' 4 parameter Ka and

the upper-critical field II,& as a function of tem-
perature for some Pb alloys for which the elec-
tron-phonon coupling is too strong to be treated by
the weak-coupling extensions ' of the Bardeen-
Cooper-Schrieffer (BCS)5 theories. The measure-
ments are shown to be in general agreement with
xecent calculations, which include both strong-
coupling and electron-mean-free-path effects, by
Elienberger and Ambegaokar and by Usadel.

Elienberger and Ambegaokar have shown that
when calculating (dH,AT)r, the effects of strong-
coupling and of electron mean free path may be
factored. The strong-coupling factor does not de-
pend explicitly on the mean free path and is ex-
pressed in terms of the thermodynamic critical

field H, (T-T,) and the energy-gap parameter
b, (T - T,), which may be obtained from experi-
ment. Usadel. has shown a similar strong-
coupling factor exists for xz(T, ) in the dirty limit.

The Pb-Bi- Tl system was chosen for several
reasons: (a) Disordered substitutional alloys having
the Pb crystal structure exist over a wide range of
compositions, simplifying sample preparation. ;
(b) all the constituents have nearly the same mass
and, therefore, changes in the phonon spectrum and
electron-phonon coupling due to ionic-mass changes
should be minimized; (c) the Pbq 3„Bi,Tl, system
has a constant electron-to-atom ratio of 4, thus
creating a system of "artifical lead" with essential-
ly constant phonon spectrum and constant electron-
gas density, giving rise to a constant electron-
phonon coupling for the entire system; (d) tunnel-
ing measurements have been reported by Dynes
and Rowell for Pb& z„Bi„Tl„alloys.
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The Pb-In system was studied because previous
measurements by FarreQ et a/. have shown dis-
crepancies between measured and calculated val-
ues of ~(T,), and because the necessary tunneling
data have been reported by Adler et aE. '

II. EXPERIMENTAL METHODS

A. Sample Preparation

Pbz 2„Bi,Tl„alloys with x = 0. 015, 0.05, 0. 10,
and 0. 15, and Pb~ „In, alloys with y = 0.018, 0. 053,
0. 087, and 0. 167 were prepared for investigation.
All samples were polycrystalline cylinders +8 in.
in diameter and 2 in. long. The 99.999% pure
lead, bismuth, and thallium starting metals were
weighed, melted, thoroughly mixed, cast into —,'-in. -
diam cylinders and then quenched. The entixe pro-
ceduxe was done in an evacuated Pyrex container
using care to avoid contamination. The Pb-In sys-
tem employed 99. 999%%uo pure lead and indium as
starting materials. The metals were melted,
mixed, and quenched in a —,-in. -diam Pyrex tube.
The &-in. -diam ingot was then extruded into +8-in. -
diam samples. As a check to see whether results
obtained fromextruded samples are the same as re-
sults obtained from cast samples, a Pb 90Bi OSTl 05

sample was extruded in the same manner as the
Pb-In samples and the results compared with those
of the cast Pb.eoBi.o&T1.05 sample. The two sam-
ples showed no significant differences either in
their values of T, or z3(t). After each sample was
made and cut into a length of 2 in. , lt was sealed
in an evacuated Pyrex tube and annealed for periods
of time ranging from one to three weeks at a tem-
perature within 5 to 10 'C below the solidus line.

B. Temperature Measurement and Control

The temperature measurement and control for
both ac and dc magnetization measurements was
accomplished in the same manner. The tempera-
ture was measured using calibrated CryoCal
germanium resistance thermometers on each of
the pxobes. The calibrations of the two thexmom-
eters were checked against each other and by mea-
suring the critical temperature of 99.999% pure
Pb to be 7. 205+ 0.010 K, which compares with
7. 193+0.005 K reported by Frank and Martin.
Below 4. 2 K the calibrations were checked against
the He -vapor-pressure scale.4

Temperature control above - 4 K was accom-
plished by using an electronic regulator with a car-
bon resistance thermometer as a sensor and a wire-
wound heatex. The sample, pick-up coils, and
thermometers were all kept in thermal contact by
means of a copper sample holder. This sample
holder was suspended from @ small stainless-steel
tube and was otherwise isolated from the external
helium bath by a vacuum jacket. The tempera-

ture of the external helium bath was always kept
below the desired sample temperature. Heat flow-
ing out of the sample and sample holder through
the stainless-steel suspension tube was then con-
trolled by the wire-wound heater which was at the
base of this tube. Below -4 K the sample and
holder were immersed in liquid He and the tem-
perature controlled by pumping on the liquid hel-
ium. Temperatures in the range of 1.5 to 8 K
could be controlled to 0.001 K in this manner.

C. Magnetic and Resistivity Measurements

The ac permeability was measured by applying
a 210-Hz small-amplitude ac field with a primary
coil and measuring the voltage induced in the sec-
ondary coil containing the sample. The primary
and secondaxy coils were coaxial and measured
the middle 3 in. of the sample. A lock-in detector
was used to detect the induced voltage giving the
in-phase and out-of-phase permeabilities (p' and
p" ), as previously described. 's

The dc magnetization measurements were car-
ried out using a similar probe with the secondary
coil replaced by two 30000-turn coils wound with
No. 48 copper wire, one containing the sample.
The difference voltage induced in these coils by a
slowly changing external dc field was electronical-
ly integrated using a system similar to that de-
scribed by Fietz and giving the magnetization
directly on the Y axis of an X-Y plotter. The
X axis was driven by the integrated induced volt-
age of the empty coil and thus was proportional to
the applied field.

A superconducting solenoid provided the applied
dc magnetic fields for measurements above 1 kOe,
the current-field characteristic being determined
by calibration with NMR. This characteristic was
found to be reproducible within 0. 5% at fields above
1 kOe. Below about 1 kOe, the field was supplied
by a sixth-order liquid-nitrogen-cooled solenoid
which was free from ac ripple, noise, and hystere-
sis for work near T,. The current-field character-
istic of this solenoid was also determined by NMR
and allowed the field to be determined to within 1%

The dc resistivity of all samples was measured
just above the critical temperature using a stand-
ard four-lead method.

D. Determination sf T,

T, was obtained by measuring the in-phase com-
ponent of the. permeability p, ', using an ac-field
amplitude of 0.004 Oe. The permeability was found
to be independent of ac-field amplitude for small
amplitudes. The in-phase permeability p' goes
from 0 to 1 as the temperature is increased through
the transition temperature T,. The center of the
transition is taken to be T, The transitions had
a half-width of about 0. 005 K, which represents
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TABLE I. Experimental and theoretical values of (dH~~/dT) & calculated from other parameters listed as described
in the text. The + 15% error assigned to the calculated values of (dH~/dT)~ includes + 8% possible systematic error in
24~/k~T~ suggested by the different values obtained for pure Pb in Refs. 8 and 10.

Pb
Pbo. s82~0.ms

Pbo. s47lno. os3

Pbq. ~3Ino. os~

Pb0, 833+0,167

T,Q)
(+ 0.010)

7.143
7.086
7.040
6.929

p~(p+ cm)
(+ 3%)

1.43
4, 24
5.87

10.8

1.391
l.064
1.015
0.951

2d ~(0)
kgTc

4.36~
4.42~
4.42'
4.42~

4.42'

(Oe/K)dT

238
239
239
239
239

Measured

(Oe/K)
C

(+1%)

Calculated

c2 (Oe/K)
dT

(~ 15%)

210
480
640

1090

l.21
0.982
0.924
0.903

7.204
7.278
7.344
7.376

4.38b
4.37'
4.42'
4.46b

Pbo. s~Bio mP'lo ms 2.29
Pbo. soBio.oP'lo. os 7.62
Pbo.so»0. 10Tlo.io 15.62
Pbo.~o»0.~8'loj. ~s 23.04

*Prom Ref. 10.
Prom Ref. 8 multiplied by a factor such that 24/k&T, =4. 36 for pure Pb.

310
865

1637
2483

300
810

1530
2160

the temperature interval in which p,
' increased

from & to + of its normal value. A check of T,
was also made using the dc magnetization mea-
surements. This is determined by approaching
T, from below and noting the temperature at which
the magnetization goes to zero as the external field
is swept above and below zero. This determina-
tion of T, was accurate to within 0. 005 K and
agreed with the ac determination.

The T, results are shown in Table I.

III. RESULTS AND DISCUSSIONS

A. Determination of Kz (T) for Pb-Bi-T1 System

The experimental quantity [dM(T)/dH] s,~ is re-
lated to the generalized Ginzburg-Landau param-
eter xa(T) by the equation

For this work a triangular fluxoid lattice, p= l. 16,
is assumed. A typical dc magnetization curve
is shown in Fig. 1. Altogether about 20 different
isothermal magnetization curves were obtained at
temperatures ranging from 0. 15T, to 0. 98T, for
each of the Pb-Bi- Tl samples.

As call be seen from Fig. 1y it ls not permis-
sible to ignore the hysteresis. In order to obtain
(dM/dH)s, ~, the slope of the magnetization curve
at H,~ was taken for both increasing and decreas-
ing fields. The average of these slopes was then
used to calculate the values of xm(t) shown in Fig
2. The error bars show the extremes due to cal-
culating tcq(t) from the increasing and decreasing
slopes. For the Pbo ~OBia ~~T10 ~, sample, (dM/dH)„, a
became small, so that the very smaD slope of
(dM/dH)s, z in a decreasing field gave rise to a

very large xq(t) [a'z(f)- ~ as (dM/dH)s ~
- 0]. Er-

rors in xz(t) therefore became large for the higher-' samples. Errors in tcz(t) due to a nonzero demag-
netization coefficient, instrumentation errors, and
errors in determining the slopes, were less'than- 2%, and were therefore small compared to un-
certainties introduced by the irreversibility just
discussed.

The measured value of xa(T,) was determined by
extrapolating ~~(T) to T= T,. The results are shown
in Table II for all but the x = 0. 15 sample, where
errors were prohibitively large.

8. Determination of (dH~/dg )T

Values of H,m(T) for T-0. QT, were obtained from
the dc magnetization curves as indicated in Fig. 1.
These values could be determined to an accuracy
of 1-2%. For T &0. QT„ the dc fields become so
small that the dc drift in the magnetometer be-
comes too large for an accurate determination.
Therefore the values of H,z near T, were taken
from ac permeability data. The determination of
H,& from this type of data has been extensively dis-
cussed elsewhere. H,& coincides with a break
in the slope of both the in-phase and out-of-phase
permeabilities p,

' and p,
"as a function of applied

dc field at constant temperatures. This break
in the slope occurs provided the ac-field amplitude
is large enough to penetrate the surface sheath,
The ac-field amplitude used was on the order of
10 H,a. The values of H, q determined from this
method are precise to better than 1%. Values of
H,~ obtained from the dc and ac methods give the
same values in their region of overlap.

The measured values of (dH, z/dT)r, listed in
Table 1 were obtained from the slope of a H,m(t)

vs t plot as shown in Fig. 3.
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p = 10.92pJT, . (8)

O.O

0.0

0.80 O.IO O.IO

T= 4.938 K

I.O 2.0
H (koe)

I

3.0

FIG. 1. Typical magnetization curve.

I

4.0

Using measured values of p„and T, in Eqs. (4),
(7), and (8), values of P are calculated from
Eq. (3) and shown in Table II along with the ex-
perimental values of a,(T,). Values of Ko and X(p)
are also tabulated. As can be seen, the values of

are about 15% higher than the measured val-
ues of zo(Te).

D. Theroetical Determination of v& Including Strong Coupling

and Comparison with Experiment

Equation (3) is based on the weak-coupling theo-
ries. Usadel has recently calculated the strong-
coupling correction to tPB (T,) in the dirty limit
p- ~. He finds

C. Determination of p and z~c s for Pb-Bo-Tl Alloys

The Gorkov impurity parameter p can be calcu-
lated from

p= 8. 85x10 y'~ pelt'o, (2)

where the residual resistivity p„has been mea-
sured and is shown in Table II. y is the electronic
specific-heat coefficient in ergs cm IC, and Kp

is the Qinsburg-Landau parameter in the clean
limit. The renormalized Ginsburg-Landau k can
then be expressed in terms of p through the Mrkov
impurity function X(p) as

(9)

where tto (T,) and zo are values which have been
corrected for strong coupling. The strong-coupling
factor A„ is given by

tfH exet/dT PCS 2-
C

K dH BCS/dT ~exet
C

C

( 10)

The terms dH', *"/dT and &'*"are the experimental-
ly observed values of these parameters. Equation
(3) therefore becomes

K = Ae Ko/X(p) .
K = Ko/X(p), (3)

where K is a renormalized BCS parameter and
where

00 1

o (2n+ 1) (2n+ 1+ )
(4)

The expression for Kp given by Berlincourt and
Hake' is

IO—

I I
i

I I I

&- Pbo.m Bio.is T~o.is

Pbo.eo B'o.io o.io
0 Pbo.go Bio.os Tlo.os-cost
0 Pb B' Tl t

Ito= 1.61x10 Teyo o[N, (S/So)] (5)

Kp= 0, 0333Tc (7)

In this expression N, is the effective conduction-
electron density in electrons/cm, S is the area
of the Fermi surface, and Sp is the area of the
Fermi surface in the free-electron model. If this
equation is normalized by the pure-lead values,
and we assume that S/So is the same for all the
alloys as for pure lead, then

~o= (~o)pe [y/ypb] [N /(N, )pel oT,/(T, )» . (6)

For the Pb& 2„Bi„Tl„system, the number of elec-
trons per atom is constant, and the atomic density
is a constant to 0. 2%, so that N, =(N, )pe. Also,
since the electron density and the electron-phonon
coupling are nearly constant for the Pbq z„Bi„Tl„sys-
tem, y should be nearly the same for the alloys
as for pure lead. Making these assumptions and
using (T,)pe= 7, 205 K ype = 1, 69X10 ergs cm
K, and (Ko)pe =0. 24+0. 007 gives

I I

0.8 0,9 I.O
I I I I I I

O. I 0.2 0.3 0.4 0.5 0.6 0.7

FIG. 2. K2(t) vs t—= T/Tc . The error bars show the
extremes due to calculating i(.~(t) from the increasing and
decreasing slope (dM/dQ~ 2.



166 J. H. FEARDAY AND R. W. ROLLINS

TABI. . II. ~ parameters for the Pb-Bi-Tl system. The errors shown for each of the parameters are total errors re-
sulting from errors in experimental parameters. The + 9% error for ~2 is due to the + 4'f~ error in y plus an esti-
mated possible 5& systematic error in the pure-Pb parameters used in calculating the strong-coupling factor.

Sample

Pbp gYBip pf5Tlp pf5

Pbp gpBip psTlp p5

Pbo. goBio ioTlp fp

Kp

(+ 3%)

0.240

0, 242

0,245

P
(+ 6%)

3.47

11.43

23.23

x(p)

0.2380

0.0891

0.0466

1.01

2.69

5.15

Measured
~2(TJ

0.91 + 0.08

2.41 + 0.15

4.73 + 0.3

Calculated
~Bc(TJ
(~ 9%)

0.908

2.42

4.63

As a first approximation, the strong-coupling fac-
tor A„will be assumed to be the same for all the
alloys as for pure lead. This assumption will be
discussed later and shown to hold to within a few
percent. The pure-lead values which enter into
the correction factor are (- dH,'*~'/dT)r, = 238
Oe/K, '8 (6'*"/h )2r = 1.53, and (-dHs 8/dT)r
= 173 Oe/K. Equation (11) then becomes

K = (0. 899+ 0. 045}Ko/x(p). (12)

Using values of Kp and X(p) from Table I, values of
are calculated and shown. These values of
are well within the experimental limits of

zz(T, ).
Recent experimental results on Pb-In alloys

also show a discrepancy between the measured
and BCS values of ~. Thyrse values are shown in
Table ID. The strong-coupling correction factor
for these alloys is also constant to within a few per-
cent and equal to the pure-lead correction. Using
Eq. (12), values of ~ are calculated for the Pb-In
system and shown in Table IG. These corrected
values bring the theoretical and experimental val-
ues of a into better agreement for the Pb-In sam-
ples with less than 30-at. % In. For the higher per-
centage alloys, much better agreement is obtained,
but a discrepancy still remains. Some evidence
has been shown' to indicate a modification in the
electronic structure in the Pb-In system at 30-at. %
In which may be responsible for the remaining dis-
agreement.

E. Calculation of (dH„/dT)z and Comparison with Experiment
C

Eilenberger and Ambegaokar have calculated
the strong-coupling correction term to the BCS
value of (dH, zldT)r in terms of measurable quan-
tities. According to their calculations,

d~B CS 2
= 0. 93x10 k~(y/yp) Oe A/K,

T

where k& is the Fermi wave number in A ' and yo
is the free-electron specific-heat coefficient.

A new function f (p) is now introduced which is
defined by

( 16)

x '(p) -=f(p) p, ( 17)

where f(p) is evaluated from Eq. (4). Since X ~(p)

is very nearly proportional to p for large p, f(p) is
a weakly dependent function of p for all of our sam-

400—

300—

o 200-

IOO—

The renormalized BCS quantities in Eq. (13}can be
written as

d~B CS 2
= 2. 36x '(p) W [»dyos]' o /KA'

(15)

dH~~(T)
dT T

dH (T)
cR dT (13)

(14)
Tc

where 4& is the strong-coupling factor given by
CR

dHexPt/dT ~Bcs 2

a~&
—

tfHacs/dT n~yt

0 s i I

0.8 0.9
T/Tc

FIG 3 ~ H+2(t) vs t = T/Tc f the Pbq gyBip g5Tlp g5
sample as determined from both dc magnetization data
and ac permeability data.
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TABLE III. K' parameters for the Pb-In system. &0
and p values are calculated using Eqs. (2) and (6) from the
text with (Ko)p&=0. 24+ 0.007 and the values of y and T,
for Pb-In alloys reported in Ref. 9. The errors in the
parameters are the same as those in Table II.

Sample

measured calculated
&0 P & &2 (~o) &2 (T &)

(+ 3%) (+ 6%) (+ 4%) 4 10%) (+ 9%)

Pbo 85IQo 05

Pbo. eo»o. 1 o

Pbo. 80~0, 20

Pbo. Yolno. 30

Pbo. 60»0.40

P o 30 0 50

Pbo. oollio. 40

0.243
0.247
0.253
0.261
0, 267
0.275
0.282

5.11 1.38
9.33 2.31

15.96 3.83
22. 07 5.34
24.34 5.99
24. 17 6.12
21.04 5.52

1.25
2.17
3.50
4.22
4.52
4.62
4.15

1.24
2.08
3.44
4.80
5.39
5.50
4.96

aFrom Ref. 9.

ples. Therefore, any errors in p are only weakly
present in the values of f(p).

It is also necessary to relate & (&,)/&'*' (&,)
to measurable quantities. Since &(T)/&(0) vs
T/T, follows the BCS curve very closely for pure
Pb, ' we assume

~Bcs(T ) ~Bcs(0)
&exet(T )

=
~exet(0) ~ (18)

Since &(0) varies by less than 5% for both of our
alloy systems, Eq. (18) is assumed to hold for
both systems.

Substituting Eqs. (2), (6), (14)-(18) into Eq. (13),
it becomes

~dH~(T) 2)V*"(0)= 0. 0365
, T

C B c

x pg(p) &&
. (19)

dH~(T)

C

So, by introducing f (p), the parameters S/Ss,
y/ys, and kr all cancel out of Eq. (13). Equation
(19) is then the strong-coupling prediction in terms
of measurable quantities, with the exception of
f (p), which is a slowly varying function.

For a comparison with the preceding theoretical
predictions, the values of T„& "(0), p„, and
(dH,'"et/dT)r are needed. In this experiment p„
and T, were measured for both sets of alloys. For
the Pb-In alloys, &'*"(0)was determined from
specific-heat measurements. The measured val-
ues are shown in Table III and are used in Eq.
(19) to determine the calculated strong-coupling
values of (dH, s/dT)r . These calculated values of

C

(dH, sc/dT)r, along with the values of (dH, s/dT)r
measured in this experiment, are shown in Table
I. As can be seen, 24'~'(0)/kB T, is a constant
for the range of alloys considered, indicating that
the coupling is essentially constant. Likewise,
(dH,'*"/dT) r is constant, so that according to Eq.
(19), (dH, s/dT)z, tx f(p)p„. The calculated and

measured values of (dHes/dT)r show a maximum
C

difference of lo%%us, and are, in general, within 5%%uq

over the range of alloys. For the Pb-Bi-Tl sys-
tem 4'*' (0) was also measured by electron tun-
neling. These tunneling data, however, give a
pure-lead value of 24 (0)/kBT, = 4. 52. This value
is in disagreement with the value of 4. 36 found in
the Pb-In measurements. Therefore, the values
of 2& (0)/kBT, for the Pb-Bi-Tl system have been
renormalized so that the pure-lead values agree
for the two systems. These renormalized values
are shown in Table I. (dH, /dT)r is in the process
of being measured, but to a first approximation
it is assumed to be constant and equal to the pure-
lead value of 238 Oe/ K. " This assumption gives
a value of (dH„/dT)r in agreement with the mea-
sured value to within 3% for the PbLs&Bis stsTlp, sts
sample. The higher-impurity samples show pro-
gressively worse agreement. This remaining dis-
agreement may be due to the assumption that
(dH,'*"/dT)r is a constant. From Eq. (16), whichne-
glects strong coupling, it is expected that (dH,'*'

/
dT)r is proportionalto y times a strong-coupling

C

term. Since the strength of the coupling, as in-
dicated by 2&(0)kBT„ is increasing for increasing
impurity concentration, both y and the strong-cou-
pling term should cause an increase in (dH;*"/d T)r
of 5%%uo between the pure-lead value and that of
the highest impurity alloy, which would be suf-
ficient to bring the measured and calculated values
of (dH, s/dT)r into agreement for the Pb-Bi-Tl
system This. 5%%uc increase can be shown to cause
little or no increase in the value of K in Table II.

IV. SUMMARY AND CONCLUSIONS

The following conclusions may be drawn from
this work:

(i) The strong-coupling correction factor to the
Ginzburg-Landau parameter ~, which has been
calculated by Usadel in the dirty limit may be
applied with success to the general mean-free-
pith case. The correction factor brings about
agreement between the measured and calculated
values of ~ for the Pb-Bi- Tl system, with Gorkov
impurity parameter p ranging from 3. 5 to 23, and
for the Pb-In system for less than 30-at.

%%uO In in
Pb. For alloys with a higher In concentration, a
possible explanation for the remaining disagree-
ment may be due to a band-structure change above
the 30-at. % In composition.

(ii) The strong-coupling correction to the upper-
critical field at T„as calculated by Eilenberger
and Ambegaokar for the general mean-free-path
case, is found to bring the measured and cal-
culated values of (dH, s/dT)r into agreement for
the Pb alloys studied. Without the correction for
strong coupling, the disagreement is approximate-
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ly 20%, which is outside experimental error.
In summary, we have found the strong-coupling

calculations for tc and H,& near T, to be in agree-
ment with measurements on Pb-Bi- Tl and Pb-In
alloys. Since both of these alloys derive their
strong coupling from lead, it would be of interest
to have an independent check from some nonlead,

strong- coupling alloy.
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Using the Suhl, Matthias, and Walker two-band model, we have studied the thermomagnetic effects
in dirty type-II transition-metal (TM) superconductors, in flux-flow state, immediately below the upper
critical field and in the temperature region T~, ~ & T g T,„(=T,). It is found that there is an
anomalous increase of d-band thermomagnetic effects in dirty TM superconductors below H, , arising
from the existence of interband impurity scattering. This behavior is analogous to the d -band Hall
angle, recently investigated by Chow. For pure niobium, our results are exactly reducible to those of
Caroli et al. for a one-d -band superconductor.

I. INTRODUCTION

In recent years, the Suhl, Matthias, and Walk-
er~ (SMW) two-band model has been widely used to
study and explain various physical properties 8 of
superconducting transition metals (TM) such as
niobium and vanadium. In a recent publication,
we have successfully extended this model to study
the thermal conductivity of dirty TM superconduc-
tors. These investigations, including that of
Chow ' on specific heat, have confirmed that it is
pair breaking as a result of interband impurity

scattering which is responsible for the anomalous
changes in the various physical properties of these
TM superconductors. It was assumed that the s-
band density of states is much smaller than the d-
band density of states at the Fermi energy. In all
these investigations, it is assumed that the intra-
band BCS coupling constants g, and g„are nonzero,
while the interband BCS coupliag g,„ is assumed to
be zero.

Very recently, Chow has investigated how the
interband impurity scattering would influence the
Hall effect of the dirty type-II TM superconductors


