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AC Susceptibilities of Granular Superconductors
—Magnetization and AC Susceptibility—

Yushi FUKUDA*, Wataru YUMOTO *, Tadahiro AKUNE', Nobuyoshi SAKAMOTOT

Abstract: In-phase x/, and out-phase x.. components of n-th harmonic components of AC suscep-
tibility under measuring parameters of a DC magnetic field By., an amplitude B, and a frequency
S of the superimposed AC magnetic fields give a substantial information of the superconducting
characteristics. In low-T, metallic superconductors, x] and x} show a smooth transition and sin-
gle peak. High-T, oxide superconductors with anisotropic and grainy structures show a deformed

complex characteristics.

After introducing the theoretical deviation by a simple Bean model, AC susceptibilities are
numerically analyzed using the y-model developed by Irie and Yamafuji which gave a fine descrip-
tion of magnetic field distribution in the superconductor. It shows a more clear insight of the
dependence of susceptibilities on the DC magnetic field and the pinning parameters.
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Fig. 1 Field distribution with decreasing field with
large amplitude.
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Fig. 2 Field distribution with increasing field with
large amplitude.
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Fig. 3 Field distribution with increasing field with
small amplitude.
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Fig. 4 Computed AC susceptibilities x' and x" as a
function of AC field B, normalized by Bg.



86 TUHESER T %

BTSRRI 43 5

T/T,

Fig. 5 Computed AC susceptibilities x' and x" for
B./B,0 = 0.08 as a function of temperature T re-
duced by the critical temperature T.
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Fig. 6 Field distribution in the case of decreasing AC
field with (a) small and (b) large amplitude.
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Fig. 7 Field distribution in the case of increasing field
with (c) small and (d) large amplitude.
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Fig. 8 Field distribution in the case of increasing AC
field with small amplitude.
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Fig. 9 Computed AC susceptibilities for various «
of 0 ~ 1.0 as a function of AC field B, normalized
by Bp. With decreasing vy, x" peak gradually shifts
to low field. Curve for v = 1 corresponds to that of
Bean model.
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Fig. 10 Computed AC susceptibilities x’' and x"
for various v of 0 ~ 1.0 as a function of tempera-
ture T reduced by the critical temperature 7., where
B, /Bgo = 0.08.
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Fig. 11 Computed AC susceptibilities for v = 0 as
a function of AC field B, normalized by B,. With
increasing Bg. from 0.1 to 3, x" gradually shifts to
low field.
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Fig. 12 Computed AC susceptibilities for v = 0 as
a function of temperature T reduced by the critical
temperature T,. With increasing Bqy./ Bpo from 12.5
to 125, x" peak gradually broadens and shifts to low
field.
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Fig. 13 Computed AC susceptibilities for various
Byc/Bpo of 200 ~ 20000 as a function of AC field B,
normalized by B, where v = 0.5. With decreasing
Bac/Bpo, x" peak gradually shifts to low field.

0 T/T, 1

Fig. 14 Computed AC susceptibilities for various
Bac/Bpo of 12.5 ~ 1250 as a function of tempera-
ture 7" reduced by the critical temperature 1., where
v = 0.5. With decreasing Bqc/Bpo, X" peak gradu-
ally broadens and shifts to low field.
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