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Determination of the intergrain critical-current distribution for polycrystalline
(Tl,Pb)(Ba,Sr)zCazCu3O» superconductors from ac-susceptibility data
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The intergrain critical-current-density (J„)distribution and intergranular volume fraction of ceramic
superconductors were determined from ac-susceptibility measurements. The sample was melt-treated
polycrystalline (Tl,pb)(Ba, Sr)zCazCu, O [Tl (1:2:2:3)]high-T, (-119K in zero field) superconductor for
fields up to 80 K Oe and temperatures between 30 K and T, . Experimental conditions were chosen so
that the data could be analyzed with Bean s critical-state model associated with an extended version of
the effective-medium model for the material s magnetic-shielding properties. Within this context equa-
tions relating the statistical distribution of intergrain critical currents in the sample with the measured
susceptibility were derived.

I. INTRODUCTION

During the past three decades dc and ac magnetization
(M) and susceptibility (y) measurements have become a
standard tool for the evaluation of transport properties of
superconductors. The concept of a critical state and its
use in the interpretation of ac magnetization data in
terms of a critical-current density (J, ) were introduced
by Bean. ' In the early 1970s, ac Aux profile techniques
were introduced by Campbell and Rollins, Kupfer, and
Gey with the same purpose. For homogeneous materi-
als, Aux profile techniques have the advantage of being in-
dependent of any particular version of the critical-state
model, since the pinning force may be directly evaluated
from the flux profile as a function of distance from the
sample surface. With the advent of high-temperature su-
perconductors, however, this advantage has been lost in
view of the heterogeneous microstructure and magnetic
properties of polycrystalline samples. In their analysis of
the application of the Aux profile technique to ceramic
superconductors, Kupfer et al. gave an interpretation of
the data which required determination of the dependence
of the average volume fraction of intergranular material
upon the position corresponding to the change of slope in
the profile. It is clear that determination of such a depen-
dence can only be roughly made, in view of the irregular
shape of the grains and the heterogeneous properties of
the intergrain material. The Aux profile technique as it is
applied nowadays gives no detailed information about the
actual distribution of intergranular transport properties
of the samples. It appears that knowledge of such a dis-
tribution as a function of field and temperature would be
of great interest for researchers involved in materials
manufacture.

Susceptibility data for polycrystalline samples are com-
plicated to analyze quantitatively. The fraction of inter-
granular material, shape, size, and demagnetization fac-
tors of the sample and grains, anisotropy of current Aow
inside and between grains, Aux-pinning properties of the
grains and intergrain material, and volumetric distribu-
tions of superconducting parameters and coupling prop-

erties between grains are all primary factors that
inAuence susceptibility data. In order to decrease the de-
gree of complexity involved the problem should be ap-
proached using the most favorable experimental condi-
tions to avoid becoming overwhelmed by the excess of
variables and fitting parameters needed to interpret the
data. Particularly complex situations, as far as data in-
terpretation is concerned, arise for dc fields (represented
as H) on the order of the ac ripple field (with maximum
amplitude represented by h) or smaller, or at tempera-
tures ( T) and dc fields surrounding the irreversibility line
for weak-pinning materials. In such cases the critical
currents are dependent not only upon the dc field, but
also on position and the ac ripple field amplitude, and
Aux-creep effects, difficult to describe in a precise way,
sometimes must be taken into account. These difficulties
prevent an unequivocal analysis of the data since many
assumptions are necessary. To keep assumptions to a
minimum, as well as to determine as many as possible of
the necessary parameters from experiment, careful choice
of the experimental conditions is required.

In this work the intergranular critical-current-density
distribution function and intergranular volume fraction
of a polycrystalline (Tl,Pb), (Ba,Sr)zCa2Cu30
[T1(1:2:2:3)] superconductor sample were determined
from standard ac-susceptibility measurement techniques.
Based on the restrictions outlined in the previous para-
graph, the measurement conditions were chosen with
H )&h in all cases. As long as the dc field H is kept con-
stant during a set of experiments, its magnitude is expect-
ed to determine the value of the intragrain and intergrain
critical-current densities (J,g and J„,respectively), as in
the original Bean experiment. '

The demagnetization factor for the prism-shaped speci-
men studied is about 10%, but for simplicity demagneti-
zation corrections were neglected in the analysis. Under
such conditions the Bean critical-state model equations
for a long cylinder in an axial field were assumed to be
applicable. Although the specimen may be modeled as a
long cylinder for calculational purposes, the supercon-
ductor grain contribution to the measured susceptibility
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depends strongly on their shape, especially when these
grains are sparsely distributed. ' Most papers have fol-
lowed Clem's approach of taking the grains as long
cylinders with a zero demagnetization factor. In the
analysis of the present data it became clear, however, that
such an assumption, as expected, did not remain true as
the superconductor volume fraction (f ) decreased at high
temperatures. In order to obtain a quantitative fit for
high-temperature data (around and above the peak in the
plot of susceptibility versus temperature) some correction
was therefore needed. A better fit to the experimental
data was obtained by assuming the grains were cylinders
in a transverse field instead. For such an orientation the
demagnetization factor for elongated grains saturates
quite rapidly at about —,

' as the length becomes greater
than the diameter. At lower temperatures the grains
were assumed as closely packed, and no demagnetization
correction is needed as a result of pole cancellation on
contiguous neighboring grain surfaces.

Since the specimen is not homogeneous, with the pres-
ence of normal phases and weak links between supercon-
ducting grains, the material must be modeled as an
"effective medium. " The efFective-medium concept has
been made quantitative for ceramic superconductors by
Clem, and later by several others. ' The measured
susceptibility is then regarded as a linear combination of
the intergrain and intragrain contributions. In this ap-
proximation, which is designated the conventional model,
the medium consists of just two phases, one of them nor-
mal with uniform transport properties, and the other, a
superconductor. Such a hypothesis, however, has limited
validity if the transport properties assume a wide range of
values. In order to determine such a distribution from
the data, an extended effective medium model was
developed in this paper. The measured intergrain suscep-
tibility then results from an average taken over the distri-
bution of intergrain transport properties.

Section II describes the characteristics of the sample
and the measurement technique. Section III presents de-
tails of the conventional and extended versions of the
effective-medium model. Section IV presents the experi-
mental results and their discussion.

II. MATERIALS AND METHODS

The measurements were carried out for a melt-treated
multiphase (Tl/Pb)-(Sr/Ba)-Ca-Cu-0 bulk sample, with
nominal atomic ratio of (0.5/0. 5)-(1.6/0. 4)-2-3 [Tl-
(1:2:2:3)], and dimensions 1 X 1 X 5 mm. The
manufacturing conditions have been described else-
where. " X-ray analysis showed that the major constitu-
ents were Tl-(1:2:2:3),Tl-(1:2:1:2),and BaPb03, after par-
tial melting and annealing. Further scanning-electron-
microscopy —energy-dispersive -x-ray (SEM-EDX)
analysis revealed the formation of (Ca, Sr)2Cu03 after the
partial melt. The grain size of the Tl-(1:2:2:3)phase was
50—200 pm. A typical micrograph displaying features of
the microstructure is shown in Fig. I.

For the ac susceptibility measurements an HP-4192A
impedance analyzer was utilized. A probing ac ripple
field of maximum amplitude h [h(ac)=h cos(2m.vt)] ad-

10
FIG. 1. SEM micrograph showing a large Tl-(1:2:2:3)grain

with other phases embedded in it.

justable between 0.04 and 4.2 Oe was imposed onto the
sample. The frequency adopted in all measurements was
v=500 Hz. dc fields applied parallel to the long axis of
the sample could be set between 0 and 80 kOe, either by
using a low-field bobbin immersed in liquid nitrogen, or
by using a high-field, Hitachi-made superconducting
magnet.

Since the kind of equipment used here is commonly
available in other laboratories, it was thought beneficial
to include a more detailed discussion about the relation
between the output of the impedance analyzer and
g=g'+ jy". The impedance analyzer measures the volt-
age ( V) in a pickup coil ( A) with the sample inside and
compares it with the voltage in an empty cancel coil (B)
wound above the pickup coil along the probe rod. The
equipment basically yields two sets of data. It gives the
gain "A —8" as ("mod" denotes modulus)

20 log, o( mod [ V„]/mod [ V~ ] ),
and the phase angle between the signals A and 8,

P =a tan[ g4vry" /(1+—g4my') ],
where

mod [ Vz ] /mod [ Vz ]
= [( 1+g4~g') + (g4m'g" ) ]'

and g is an experimentally determined parameter propor-
tional to the ratio between the coils mutual (with sample)
and self-inductances, and proportional also to the ratio
between h and the current in the coil. ' For the present
experiments g =0.0384 was determined from the full
scale of A —B= —0.34, corresponding to assuming
4vry'= —1 and 4m'"=0 at low T in zero field. (No
demagnetization corrections were included in y. ) There-
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fore, by neglecting small corrections dependent on gy'
and taking cos(P)=l, for the present conditions
4iry"= —26 tan(P) and 4m''=3( A B—), with tan(P)=P
since the angle P was always very small.

The susceptibility terms y' and y" are the respective
coe%cients in cosine and sine of the fundamental har-
monic ( v =500 Hz) in the Fourier expansion of M/h (for
full expressions see Ref. 6). In the actual fits to the exper-
imental data, simplified expressions for y' for cylinders at
h (h (see Sec. III A) were adopted (taking the same ap-
proach as Gotoh et al. did for slabs. '

) In this approach
y' is taken as the ratio M(t)/h at the end of the first
quarter cycle of the ripple field sweep. The complete ex-
pression requires the integration of M(t) cos(2irvt) over
the whole cycle. In the absence of other sources of error
the effects in the overall fit to the data resulting from this
assumption are relevant only at very low ~y'~, a situation
that corresponds to high temperatures. However, under
such conditions the necessity of intragrain-related correc-
tions ends up compensating for the effects of the
simplification. The use of simplified expressions is advan-
tageous since it leads to linearization of the expression for
y' for h )h* [see Eqs. (2) and (4)], allowing the straight-
forward determination of the intergrain critical-currents
distribution from the derivatives of 4~y', as shown in
Sec. III B. This also permits the analytical integration of
Eq. (4), which would be impossible with the complex full
expressions for h & h ', thus the fitting procedure is facil-
itated.

Two different kinds of experiments were carried out, as
described below. Type (i): These were carried out under
field-cooled (FC) conditions. The field H is applied above
T„and the sample is cooled to =20 K. The g data are
then recorded while slowly heating the sample up to T, .
The analysis covers data obtained at H = 10 and 80 kOe,
for h =0.21, 1.05, 2.1, and 4.2 Oe for each dc field. Type
(ii): These were carried out under zero-field-cooled condi-
tions (ZFC) by cooling without a field down to 77 K, ap-
plying H and ramping h at constant T=77 K from 0.04
up to 4.2 Oe (h sweep experiments).

The fraction f and the J, 's can be determined at a
given temperature from the data of experiments (ii), inter-
preted either by the conventional or extended effective-
medium models. A single experiment of type (i) does not
reveal much about the parameters of the model since the
temperature dependence of the parameters is not known.
However, if several experiments of type (i) are carried out
adopting a different h for each run, the data obtained can
effectively simulate a sequence of experiments (ii) yielding
the fraction f and the J, 's in the whole range of tempera-
ture at a given H. By choosing several temperatures on
the y' versus T plots, four values of y'(h) are obtained at
each T and H. These data can be fit by the Bean model
associated either with the conventional effective-medium
model, or with the extended version, as described in the
next section, to obtain the parameters f and J„.The ex-
tended model allows determination of the intergrain
critical-current distribution at each T and H from the g
and y" versus h plots. This avoids the necessity of guess-
ing such temperature dependences from particular fiux
pinning or flux-creep models.

III. EFFECTIVE-MEDIUM ANAI. YSIS

A. Conventional eft'ective-medium model

4vry'= —,'[irJ, D/(Sh)] —for h ~ h*,

4~y"= I4[Sh/(~J, D)]—2[5h/(~J, D)] I /(3ir)

(2b)

for h (h*, (3a)

4~y" = [4[mJ,D/(Sh)] —2[irJ, D(/hS)] I/(3ir)

for h ~h' . (3b)

Here D is either the diameter of the sample or of the in-
tragrain current loops, J, is either the intergrain or in-

tragrain critical-current density, and h =aJ&D/5 is the
field amplitude corresponding to full penetration either of
the sample or loops. For long cylinders in a transverse
field the only correction needed is to multiply Eqs. (2)
and (3) by 2, to account for the demagnetization factor —,'.
Practical units are used, with the current densities in
A/cm, magnetic field in Oe, and length in cm. In prac-
tice, the high values of J,~ make Eqs. (2) and (3) ir-
relevant for the grains for most T & T„sinceg~ =0 and

4myz = —1 in such conditions.
Attempts to fit this model to experiments have shown

that the conventional approach has very limited applica-

As discussed in Sec. I, the sample may be regarded as
an infinite cylinder in an axial field. The sample is as-
sumed to contain a volume fraction f of superconductor
grains and inclusions within them. In the conventional
approach the complementary f„=1 f fra—ction of inter-
grain material has uniform properties. The intergrain
critical-current density J„,which is actually distributed
over a broad range of values, shields the bulk of the speci-
men against the penetration of the ac field along the in-
tergranular regions. The intragrain current density J,g
shields the bulk of the grains against the ac field penetra-
tion. The magnitudes of both current systems are
effectively imposed by the much greater dc field H. Fol-
lowing Refs. 7—9, it is possible to write

47' = ( 1 p)4ir—g~ +p4irg;,

where y, g, and y; are the sample, intragrain, and inter-
grain complex susceptibilities, respectively, and p is the
effective permeability of the specimen. The high value of
the Ginzburg-Landau parameter ~ inakes B=H (cgs
units) in view of the sinall value of the reversible magneti-
zation which is inversely proportional to ~, so that p
does not need further correction of the form dH/d8,
which is relevant for conventional superconductors. '

The permeability p may be taken as equal to f„sincethe
grain size is large compared to the London penetration
depth at most temperatures.

As already discussed, the Bean model for cylinders is
expected to apply in such conditions. The relevant ex-
pressions for y' and y" are (Refs. 6 and 13 for slabs)

4iry'= —1+Sh /(irDJ, ) ——,
' [5h /(irDJ, )]

for h (h*, (2a)
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bility since it requires assuming that the broad distribu-
tion of the J„values is represented by a 5 function. The
J, figures obtained may be misleading since they are not,
in general, related to the actual distribution, but instead
to an idealized sharp distribution. In the next subsection
an extended model is developed in which the existence of
a distribution of intergrain properties is taken into con-
sideration.

this case the existence of a distribution of intragrain
critical-current densities N (hs') must be accounted for,
since it overlaps N(h'). In order to correct Eq. (4) for
such overlap the last term on the right must be replaced

h2
4m'' =2 f N (x) —1+—— dx

X

B. Extended effective-medium model

Here a model is introduced that accounts for a distri-
bution of intergrain critical-current densities J„., or, in
other terms, of full penetration fields h *=wJ„D/5,for a
sample of diameter D. At high temperatures the intro-
duction of an intragrain current density distribution is
also necessary.

A long cylindrical sample is divided into a series of
imaginary slices cut perpendicularly to the long axis, with
each slice having a different h* within a distribution
N(h') in units of Oe '. The thickness of each slice can
be considered as the average grain size. In order to apply
the Bean model the properties within each of the sections
are considered homogeneous. ' At low temperatures the
intragrain J, is very high, so that full grain shielding is
assumed over a wide range of conditions. Equation (1) is
thus rewritten in the form

max h h 2
4m''= N(x) —1+—— dx

h 3X

4m'" =

—f N(x) dx
min

1 —f N(x)dx
min

f„"N()'," 2x
h

X

(4)

+ f N(x) 2h
2

dX
X

(5)

The integration over x accounts for contributions of
the whole distribution of h* to the measured y. The pa-
rameters h;„andh,„denote the lower and upper limits
of the distribution, respectively. Equations (4) and (5) as-
surne h;„&h&h,„.If h &h;„,there is no full field
penetration down to the center anywhere in the sample
and only in integrals from h (replaced by h;„)to h

remain. If h &h,
„

the ripple field can reach the center
of the sample everywhere along the axis and only the in-
tegrals from h;„to h (replaced by h,„)remain. In Eqs.
(4) and (5) the expressions for 4m'' and 4m'" in Eqs. (2)
and (3) are adopted. The last term on the far right in Eq.
(4) is the intragrain susceptibility contribution, and the
integral of N(x) between the limits of the distribution
gives the total fraction of intergrain material f„,which
has been included as part of N. N(h) may thus be ob-
tained by successive approximations so that both the g'
and g" data may be fitted.

At high temperatures the assumption of very high hg*

(=m J,gD /5) does not remain valid for the grains. In

—f Ns(x) dx
g-min

and Eq. (5) must include the intragrain y" given by

4myg' = f N(x) 2x
h

X

( )
4h 2h

dX
X

Here h;„andh, „arethe limits of the 1V distribu-
tion. The major effect of these intragrain terms is the ad-
dition of a tail to the N distribution. In Eqs. (6) and (7), h

is the maximum amplitude of the ac internal field h(ac) at
a grain surface. This should differ from the applied h by
a factor nX4—mM(h), where n is the demagnetization
factor of the sample. ' Such a small correction has been
neglected in the analysis since its effects do not seem to be
strong enough to inhuence the measured data in a visible
way.

At given 0 and T the measured susceptibility is only a
function of h. It is thus possible to deduce an analytic ex-
pression for N (h ) at low temperatures by repeatedly tak-
ing partial derivatives of Eq. (4) to obtain„,a'(4~y ) h' a'(4~~ )

Bh' 2 ah' (8)

Equation (8) gives the distribution of intergrain critical-
current densities [since J„=Sh/(mD)] obtained from ex-
perirnentally determined susceptibility data for full grain
shielding conditions and low f„.In particular, N(0)=0
if the distribution goes down to h;„=0. Since the
method is based upon susceptibility measurements and a
slice with h =0 gives no contribution since its volume is
completely permeable, the method gives no information
about sections of the sample containing no interconnect-
ed superconducting parts. This might result in error if
the volume of fully permeable material increases strongly
with T or H since the calibration is done at low T and
zero field. However, there is no evidence for the necessi-
ty of corrections in g; it is taken as constant for all the
measurement conditions.

The derivatives needed in Eq. (8) may be obtained by
fitting the y' data and taking the derivatives of the fitting
equation expression. However, since many different ex-
pressions may produce good fits to y', in order to get the
best N(h) the first approximation for the distribution
must then be inserted into Eq. (5) to check whether it can
fit the y" data as well. Once corrections are made the
new N(h) is reinserted into Eq. (4) and the new theoreti-
cal g' are compared with the g' data. Proceeding in the
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IV. EXPERIMENTAL RESULTS AND DISCUSSION

A. Interpretation of susceptibility data in terms
of distributions of current density

Figure 2 shows some of the plots of y' and y" versus h
for h-sweep experiments carried out at 77 K and H be-
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iterations, the method should converge in a few steps
yielding an optimized distribution function consistent
both with y' and g".

All the results from the low-T data analysis reported in
Sec. IV. assumed a distribution function of the form
X(h')=f„kh*X exp( —kh'), with k and f„~zero be-
ing obtained from the fits, with hm;„=0and infinite h m».
When intragrain corrections were necessary, a similar ex-
pression for Xs(h *) was assumed, with the form
(1 f„)—kgb* X exp( —k h*). It was verified that other
expressions with slower high-h decays may be adopted
for X, but these require taking some cutoff h,„beyond
the present experimental range, thereby introducing a
further fitting parameter that can be avoided by assuming
exponential decay.

tween 26 and 500 Oe. The fits provided by the extended
effective-medium model are also shown. Figure 3
displays the corresponding distribution functions for five
different values of H. The h* scale may be regarded as a
J„scaleby noting that, for D=0. 1 cm, h*=1 Oe corre-
sponds to J„=16A/cm . It appears that as H is in-
creased the distribution gets more concentrated at low
h', with f„increasing from 0.3 to 0.39. The distribu-
tions, however, may not be very precisely determined at
high h* due to the maximum h =4.2 Oe not allowing
measurements at higher fields. Therefore, the possibility
of a long low-N tail cannot be eliminated. Then there is
no need for inclusion of intragrain-related corrections in
order to get good fits, since h for the grains appears to
be quite high at 77 K and low H.

Experiments of type (i) were carried out for h =0.21,
1.05, 2.1, and 4.2 Oe, at H=10 and 80 kOe. Figure 4
shows the g' and y" versus T data for H =10 kOe. The
data in Fig. 4 may be adopted to obtain the values of
X(h *) in the whole range of T by choosing several tem-
peratures and fitting each set of four points to Eqs. (4)
and (5). To illustrate the method, Figs. 5 and 6 present
fits and distributions for T=40, 60, 77, and 100 K and
H=10 kOe. For the 77-K case an alternative distribu-
tion of the form h/(a +h ) was also tested. It can pro-
vide a good fit to the y' and y" data and it is also
displayed in the figure. This latter distribution has a long
low-N tail and a cutoff h,„of5.3 Oe was adopted in the
integrations. The fit to the 100-K data required the in-
tragrain corrections be made. This allowed a very good
description of the y" data, although the corresponding y'
fit was not so precise.

The degree of accuracy in the fitting procedure clearly
depends on the form of the distribution function adopted.
The same function h/(a +h ) used in the alternative fit
to the 77-K, 10-kOe data was tried at higher T but prob-
lems arose with the convergence of the integral of
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FIG. 2. g' and y" data and fits to the data from the extended
effective-medium model for (a) H=26 Oe, T=77 K; and (b)
H=5000e, T=77 K.
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Oe.
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TABLE I. Main results of the analysis. In the lines with two
k values the second one corresponds to k~ (see text).
(J„)=32/k A/cm'.

0 (Oe) T (K) f„(%) k (1/Ge)
&J„)

A/cm

26
50
76

200
500

10000

80 000

77

40
60
77

100

60
80
84

31
29
30
36
39
37
38
45
75

55
63
92

0.35
0.9
1.25
1.25
1.25
0.9
1.2
1.7

10, 0.7

0.72
12, 1.9
13, 0.6

91
36
26
26
26
36
27
19
3.2

44
2.7
2.6

ZFC

FC

to an actual E versus J curve yields J, ;„=I,/3, that is,
N(J) ends up distorted so that low-J, contributions are
erased. Since the interpretation of the ac-susceptibility
measurements proposed in this paper accounts for the ac-
tual parallel How of shielding currents in the sample, it
appears that the N(h*) calculated in the previous sec-
tions do not suffer from the same limitation.

To supplement the present work the authors have cal-
culated realistic V versus I curves for thin polycrystalline
samples based upon the knowledge of the distribution of
J, for the boundaries. By assuming N (J, )
=k J, exp( —kJ, ) the simulations have shown that the
onset of a clear departure from the V=O baseline takes
place for J,=1.5/k, so that it was shown that distribu-
tions of J, may be found that are consistent both with
direct V versus I data as well as with ac susceptibility
measurements.

Another interesting issue is whether or not Aux creep
affects the transport properties of Tl-(1:2:2:3). Apparent-
ly thermally activated depinning is negligible even at the
higher temperatures and fields tested. The high-
ternperature y' and y" data for 10 and 80 kOe are not
strongly dependent on h, which might be an indication of
viscous Aux drag effects. ' Nevertheless, the present
analysis has been able to relate such weak h dependence
to the existence of a J, distribution, entirely within the
critical state model framework. It is important to note
that the dominance of fl.ux creep would make the y" data
reach values about 81%%uo higher (cf. Ref. 14) than for the
critical state. In a related study ' on a Bi2Sr2CaCu2O
single-crystal correction factors in the range 1.3—2 had to
be applied to the measured g" data in order to make
them compare with the calculated curves from a Aux-
creep model. It is very likely that such data and others of
the same nature might be better interpreted by assuming
a distribution of J, s (even for crystals) and a critical state
model rather than Aux-creep models.

V. CONCLUSIONS

Measurements of the intergrain critical-current-density
distribution have been carried out in a Tl-(1:2:2:3)sam-
ple. The method involved a combination of the effective-
medium model with the Bean critical state model. At
each temperature the only parameters needed for the fit
were f„and the characteristic decay range of the distri-
bution, 1/k. Equations relating the distribution N(h*)
with the real and imaginary parts of the ac susceptibility
were derived. At 77 K the range of h* covered by the
distribution decreased rapidly from about 10 Oe (160
A/cm2) for H=26 Oe and saturated at about 3 Oe (48
A/cm ) at high fields. At 77 K the fraction of intergrain
material f„varied from 31%%uo at 26 Oe (ZFC conditions),
to 45% at 10 kOe (FC conditions), until reaching about
90 Jo at 80 kOe.

At high temperatures and fields the superconductor
grains became isolated by thick normal grain boundaries.
Under such conditions their demagnetization factors
must be taken into account, and their full contribution to
y' and g" must be calculated in detail. These high-
ternperature —high-field data were fairly well described
just by considering the grains as long cylinders in a trans-
verse field, with a demagnetization factor of —,'. In all
cases the sample was well represented as a long cylinder
in an axial field.

By varying the temperature at 10 and 80 kOe the dis-
tributions were shown to remain concentrated below a
maximum J„of=100 A/cm, with f„progressively in-
creasing as T increased. At the highest temperatures the
distribution of intragrain h *'s overlapped the intergrain
distribution forming a long low-N tail.

In general, the method has proved capable of giving an
acceptable, consistent account of both g' and g" data for
all conditions tested, which included most of those
relevant for practical applications. The results of the
present paper clearly showed that the critical-current
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density in a high-T, superconductor was distributed over
a relatively wide range of values. Although attractive for
its simplicity, the idea of representing such a distribution
by a single number may be misleading if the statistical de-
viation from this average is not known. The present
method provides a simple theoretical-experimental

framework upon which the distributions can be deter-
mined from ac-susceptibility measurements.
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