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AC susceptibility with superimposed DC magnetic field in a current 
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We have  inves t iga t ed  the  effect in AC magne t ic  susceptibi l i ty,  X ~  = X' + J X", of b o t h  DC t r a n s p o r t  cu r ren t ,  
Jt  , and  DC m a g n e t i c  field, Hac, in polycr is ta l l ine  HTSC.  Two regimes are observed:  at  low DC fields cr i t ica l  
s t a t e  is modif ied  by the  cu r r en t  self  field; bu t  as Hac is increased,  Jt  becomes  diss ipat ive  (Vac¢ 0) and  X ~  is 
d e t e r m i n e d  by the  s ample ' s  " res i s t ance" .  

1. I n t r o d u c t i o n  

We have studied the effect in Xac(Ha¢) of a 
superimposed DC current, which accounts for 
the mutual  influence of transport,  Jr, 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], 

_ ~(r) 1 where c~(T) is the Jc(H(x)) --Dell(T)(H(x)+Ho)' 
density of intergranular pinning forces, H0 a con- 
stant that  limits the critical current at zero field 
and Pelf 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, Hd¢ and H~ .  

Fig.1 shows calculated screening capability, X', 
and AC losses, X', as function of Hdc, for differ- 
ent Jr, arrows indicating when the asymmetric 
AC field profiles fully penetrate the sample. The 
system is driven out of CS when the boundary 
conditions at =t=d can no longer be satisfied, and 
X' saturates to Peff -1 while X" becomes zero. 
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Figure 1. Calculated X' and X" as a flmction of 
Hd~ for different J,. 

2. E x p e r i m e n t a l  

With a conventional experimental set up [3], 
we have measured Xac of granular pure (S1) attd 
chlorinated ($2) LSCO samples, prepared as de- 
scribed elsewhere [4]. Results were similar for 
both samples. 
Once the sample was cooled to 10 K +0.0,5 K 
at zero field, a constant DC current, parallel to 
Hdc and Hac was  passed through the longest axis 
of tile sample with negligible self heating. A~ 
Ha, was increased, X~ and DC voltage, Va,., were 
measured simultaneously, the latter with overall 
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Figure 2. Measured X" as a function of f]d:, de- 
creasing J, from (a) to (d). 

DC voltage noise of 30qV. Applied H ~  = 7 mOe 
(u = 8 KHz) was comparable to H~, while esti- 
mated Js at the X" peak was ten times smaller 
than average J t ,  of the order of 1 A / c m  2. 

Fig 2. shows experimental results where )," 
displays a clear structure induced by Jr. At low 
fields, calculated and measured results show sim- 
ilar features, but the presence of the second peak 
is not predicted by CS calculations. 

Fig.3 shows X" and V& as flmction of Hal: tbr 
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Figure 3. X" and ~]: as a flmction of Ha¢, for (a) 
Jt = 1 8 m A  and (b) Jt = 8 m A .  

different Jr,  where the structure in X" is corre- 
lated with the onset of D(: dissipation. Fig.4 
shows X" vs Vd~/dt,  indicating that the second 
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Figure 4. -~," vs Vd: /J t  [br (a) ,It = 18mA and 
(b) at = 8rnA.  

regime is doJninated by a skin depth, alth,,u:<l, 
D(: response is uot ohmic. For the experim,.i, 
tal parameters chosen and present resolution, lh,. 
influence of a~ on ~ ( H a ¢ )  for a fixed , / ,was ,,,~g- 
ligible. 

3. Conc lus ions  

The critical state A(; response as functi(,n ,,f 
1)(: applied field with superimposed I)( '  curr<ll 
(k~,~= 0, for low magnetic fields), resulted sur- 
prisingly similar to calculations, where H,li×(',l 
asymmetric boundary conditions 1101 repr,,du,,,t 
in experiments. When driven out of (:S I~\ Ih, 
action of current ( ~  ~0), to a non Ohlllic (li> 
sipative intergranular state, 'ta,- seems tixe~l by 
the sample's "resistivity". Both regimes at,' ~.,i 
totally independent as is shown by the sup,.r},,, 
sition of both peaks. 
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