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It is shown that the ac susceptibility method allows to study in details the bulk superconducti
vity of as well homogeneous and inhomogeneous materials, such as high-Tc superconductors. 
Shielding and Msiss.ier effects at T c can be distinguished by a carefull analysis of x' and x" 
components of the susceptibility. 

Since the discovery of the new high T c 

superconductors (1), the active search Tor 
superconductivity in new materials consists 
mainly in "superconducting test" of the every 
day elaborated compounds. 

In this respect, the AC magnetic susceptibi
lity measurement technique is one of the most 
widely used. The success of this cethod is due 
to its simplicity and versatility (no cons
traints on the samples shape and volume), it 
gives a rapid determination of T c, the tempera
ture of eventual superconducting transition 
which has to be confirmed as a bulk transition 
by the classical methods of the art i.e. speci
fic heat and Melssner effect experiments. 

Based on an electrodynamic treatment of su
perconductors in quasistatic field, it was 
shown in ref. (2) that the x"-peak of the ima
ginary component of the susceptibility X at Tc 

is related to the development of bulk supercon
ductivity. Scepticism about this interpretation 
has been raised in ref. (3). So we shortly 
develop the physical conditions under which the 
X"-peak can be observed and the meaning of the 
X"-peak temperature. After ref. (2), these con
ditions are the following : 

a) A non reduction of the amplitude of the 
field in the bulk of the sample : this is 
satisfied at T « T e where \ U , (A is the 
penetration di;pth and L, is the mean size of 
the sample in orthogonal direction to the 
field). 

b) A non reduction of the order parameter 
(or equivalently the density of cooper pairs 
n f) in the region of the field penetration : 
this is satisfied essentialy in type II super
conductors where the coherence length t << A. 

The a and b conditions, if realised, offer a 
situation where kinetic energy absorption pro
cess by the induced supercurrents is efficient 
and this leads to an increase of x" level over 
X"n in normal state. WhenA*A(o) (its low 
temperature limit) the field is completely ex
cluded and x" falls to zero. We should Insist 
that the condition (a) implies that already in 

the normal phase, the experimental conditions 
(given the resistivity p (Q cm) of the material 
and the field frequency f) are fixed such that 
6 (cm), the normal state skin depth, is large 
compared to the sample mean size 
L 5 (S ^ 5000 "ip/f ). The case of pure Sn where 
this last point is not realised is given in 
figure (1). In most cases, we are dealing with 
alloys (i.e. with standard type II superconduc
tors) of high resistivity the x"-peaks are 
observed for a large range of frequencies (for 
which 6 is still greater than L s ) . The cases of 
thin films and small size particles 
(L$ ~ A (o)) are of special interest. They lead 
to smooth or even nun observable x"-peaks, when 
unconnected particles or films parallel to the 
field are considered. A x"-peak must bo obser
ved in the case of connected particles (weak 
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FIGURE 1 - X'-X" behaviour around 7( for pure 
Sn sample. The x"-peak is smout.ied (the condi-
tion 6 > L. is not satisfied) ref. (11) 

normal links or junctions . . . ) . In this last 
case (multiconnected small sl?e particles), one 
should no more confound T c with the temperature 
of the x"-peok which we call now T e* to diffe-
renciate it from T e. The confusion is justi
fiable only when the field amplitude is vanis-
hingly small. As an illustration of the case of 
coupled superconducting particles, we consider 
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the x" behaviour of single crystals (4) and 
polycrystaJs (5.6) of the YBa 2Cu 30 7 . 5 high Tc 

superconductors, see figures (2) and (3). The 
température T* is fixed by the c r i t i c a l proper
t i e s of the links and more precisely by their 
c r i t i c a l current density. 
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FIGURE 2 - x" behaviour for an YBaCuO single 
crystal. Notice the T j , s given by the x"-peaks 
due to a platelike structure with a staircase 
oxygen distribution ref. (5). 

FIGURE 3 - X" behaviour for an YBaCuO poly-
crystal notice the intergrain and intragrain 
T*, s. The lower T* x"-peak correspond to tran
sition from low scale (grain size) to large 
scale (sample size) shielding. 

We should mention that a first x"-peak at T c 

rust be observable if the particle size 
L s >> X (o), a situation currently observed in 
sintered VPaCuO polycrystels (5.6). The descri
bed mechanism is not only limited to the case 
of inlergranular weak coupling in YEaCuO poly-
crystals. It is also present in twinned YBaCuO 
single crystals (4), the twin boudaries are 
playing the role of the weak links between the 
different twins which form the crystal. It is 
clear that T* is very sensitive to the field 

amplitude and the relation T*(Kac) allows a 
deep understanding of the development of the 
superconductivity through the twining boun
daries in YBaCuO grains and single crystals 
(8). Finally, if we consider the x' part of the 
ac susceptibility, which is directly fixed by 
the shielding level, the objections raised in 
ref. (3) concerning the quantitative evaluation 
of the relative volume of superconducting phase 
in a sample, are well grounded. 

The well known problems of closed l^ops 
(multiconnected shape superconductor) shielding 
and demagnetizing effects which amplifie the 
diaraagnetic signal make any estimation of the 
superconducting volume non reliable. Meanwhile, 
adéquat experimental configuration can avoid 
the problem of closed loops (9) (hy, as exam
ple, cutting or poudering the saœple in way to 
open out the presumed closed circuits). Quanti
tative estimation based on x' can be done in 
sone favorable cases (4) but we can always 
accept the X' estimations as an upper limit 
ones of superconducting volume in samples. 

In conclusion, the x"-peak has a precise 
physical meaning i.e. the cross over from bulk 
to surface limited supercurrent developments. 
This implies necessary progressive expulsion 
(Meissner effect) of the field but doe9 not 
allow a quantitative estimation of the exten
sion of K'issner effect. Scale effect conside
rations 6.e important in the understanding of 
the x" many peaks observation as well as the 
presence of extended barriers and disorder in 
the studied materials. 

If the density amplitude of the induced cur
rent i D necessary to screen out to field is 
higher than what can be sustained by the link, 
this later will be avoided and screening will 
occur only over particle scale near T . Norrril 

• zones will develop over and on each side of the 
H n k because of equatorial field enhancement 

i (or even generation) due to diasagnetic inter
actions (7). At lower temperature, links will 
have their critical current density to increase 
and shielding currents can now be sustained by 
the links. The screening, and so superconducti
vity, develop over the whole sample which is 
now an effective superconducting medium with 
critical current density limited by the proper
ties of the links. This large scsle shielding 
effect happens precisely at T*. 
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