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AC susceptibility with superimposed DC magnetic field in a current
biased granular High Tc superconductor
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We have investigated the effect in AC magnetic susceptibility, xac = X' + j X"/, of both DC transport current,
Ji , and DC magnetic field, Hqc, in polycristalline HTSC. Two regimes are observed: at low DC fields critical
state is modified by the current self field; but as Hg. is increased, J. becomes dissipative (Vyc# 0) and x.. is

determined by the sample’s "resistance”.

1. Introduction

We have studied the effect in x4.(Hge) of a
superimposed DC current, which accounts for
the mutual influence of transport, J;, and in-
ductive, J, currents. Calculations were per-
formed for a thin slab of thickness 2d as-
sumed in critical state (CS), with local field
dependent intergranular critical current {1],

Jc(H.(x)) :l‘:(qu)T) (H(ﬂl+{10)_’ where a(T) is the
density of intergranular pinning forces, Hy a con-
stant that limits the critical current at zero field
and .55 is the effective permeability due to dia-
magnetism of grains [2]. The transport current
self field, H,, was assumed parallel to the DC
and AC applied fields, Hq. and H,,.

Fig.1 shows calculated screening capability, x’,
and AC losses, x’/, as function of Hy., for differ-
ent J;, arrows indicating when the asymmetric
AC field profiles fully penetrate the sample. The
system is driven out of CS when the boundary
conditions at +d can no longer be satisfied, and
x' saturates to p.yy -1 while x”’ becomes zero.
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Figure 1. Calculated x’ and x’' as a function of
Hg. for different J;.

2. Experimental

With a conventional experimental set up [3],
we have measured x,. of granular pure (S1) and
chlorinated (S2) LSCO samples, prepared as de-
scribed elsewhere [4]. Results were similar for
both samples.

Once the sample was cooled to 10 K +0.05 K
at zero field, a constant DC current, parallel to
Hg. and H,. was passed through the longest axis
of the sample with negligible self heating. As
Hg4. was increased, x40 and DC voltage, Vy., were
measured simultaneously, the latter with overall
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Figure 2. Measured x” as a function of H,, de-
creasing J; from (a) to (d).

DC voltage noise of 30nV. Applied H,. = 7 mOe
(v = 8 KHz) was comparable to H,, while esti-
mated Js at the y” peak was ten times simaller
than average J;, of the order of 1 A/em?.

Fig 2. shows experimental results where '’
displays a clear structure induced by J;. At low
fields, calculated and measured results show sim-
tlar features, but the presence of the second peak
is not predicted by CS calculations.

Fig.3 shows x” and Vy. as function of H4. for

X"(u.a.)

Figure 3. x” and Vj,. as a function of Hy,, for (a)
Ji = 18mA and (b) J, = 8mA.

different J;, where the structure in Y’ is corre-
lated with the onset of DC dissipation. Fig.4
shows x'" vs Vj./J;, indicating that the second
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Figure 4. " vs Vy./Jy for (a) J; = 18mA and
(b)Y J; = 8mA.

regime is dominated by a skin depth, although
DC response is uot ohmic. For the experiiucn-
tal parameters chosen and present resolution, the
influence of J; on Vy.(Hg.) for a fixed J,was neg-
ligible.

3. Conclusions

The critical state AC response as function of
DC applied field with superimposed D(! current
(Vie= 0, for low magnetic fields), resulted sur-
prisingly similar to calculations, where H {ixed
asyminetric boundary conditions not reprodiied
in experiments. When driven out of ('S by th
action of current (Vi #0), to a non ohunic dis-
sipative intergranular state, y,.. seems fixed by
the sample’s "resistivity”™. Both regimes are not
totally independent as is shown by the suporpeo-
sition of both peaks.

REFERENCES

l. H.Kim, Phys.Rev.Lett. 4 (1962) 306

2. J.R.Clem, Pysica CC 153-155 (1988) 50

3. P.Levy, H.Ferrari, V.Bekeris and . Acha. Phyvs
ica (7 214 {1993) 111

4. G.Polla, C.Acha, C.Duran, R.Baggio and M. AR
de Benyacar, Solid State Commun. 74 (1990) 457



