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Magnet i zat i on measurements a re used to separate the i n tra- and l n te rg ra i n  
cr i t i ca l  cu�ren�s o f  dense YBaC�O ce rami cs .  Transport ( i n te rg ra i n )  cr i t i ca l  
curren ts agree we l l  wi th those· deduced from magne t i za t i on .  An emp i r i ca l  re l at i on 

be tween the a. c.  suscept i b i l i ty and i n t ra- and i n te rg ra i n  cr i t i ca l  currents i s  
es tab 1 i shed . 

I n  genera l e i the r magne t i zat i on or U- 1 characte r i s t i c  i s  used to dete rmi ne 

the cr i t i ca l  cu rrent of a superconductor .  For the convent i onal superconductor 

both me thods y i e l d  p ract i ca l l y  �he same resu l ts . The same �ethods are a l so used 
for the new h i gh temp�rature (HTC) superconductors but so fa r no d i rect compar i son
between the resu l ts obtai ned wi th d i ffe ren t methods has been reported . Here we 

report the ma i n  resu l ts of the deta i l ed i nves t i gat ion of the magnet i za t i on ,  a . c.  
suscept i b i l i ty and U- 1 characte r i s t i c  for two dense ce ram i c  YBaCuO samp l es .  

Re l i ab l e  res u l ts both for i n t ra- and i n terg ra i n  c r i t i ca l  currents are obta i ned . 
I n  add i t i on an emp i r i ca l  re l a t i on enab l i ng the dete rm i nat i on of cr i fl ca l  cu r ren ts 

from the a . c . suscept i b i l i ty measuremen ts is obtai ned . 

The samp l e  p repara t i on and characte r i zat i on was reported ear l i er / 1 -3/ .  

The rod shaped samp l es ( typ i ca l l y  l Ox lxl mm3) S 1 3-3 aryd  S 1 3- 1 had the dens i ty
0 . 9 1 and 0 . 92 of the i dea l dens i ty .  The magnet i zat i on was measured i n  the 

temperature range 70-90 K wi th the a . � .  suscept i b i l i ty setup /4/ buth wi th 0 . 1 Hz 
a. c. cu rren t supp l i ed to the p r imary co i l .  The t ransport cr i t i ca l  current was
measured �t 77 K on l y  wi th the pul se method (w i dth l s ) .  The vo l tage sens i t i v i ty
of these meas uremen ts (1 JJV) cor responds to res i s t i v i ty few t i mes sma l l e r  than
of coppe r at 77 K.

The magne t i zat i on hysteres i s  for samp l e  S 1 3-3 at tempe ratu res 87 K and 78 K 
a re shown I n  F i gs l a  and l b  respect i ve l y .  The correspond i ng cr i t i ca l  curren.ts 
ca l cu l a ted irom the Bean 's . mode l /5/ for the cy l i nd r i ca l  geolJ!etry are shown I n
the l ower parts of the same f i gures . At h i gher  magne t i c  f i e l d  and - temperatures 

the samp l e  behaves as an assemb l y  of i nd i v i dua l g ra i ns �  Thus F i g .  l a  shows the 
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i n trag ra i n  c r i t i ca l  curren t .  I ndeed the va l ue 3xl o4 A/cm2 ob ta i ned by us i ng the
ave rage g ra i n s i ze (5 ),Im) ag rees we l l  w i th the resu l ts obta i ned for YBaCuO 

monocrys ta l s  at the same tempe rature.  
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Fi g . 1 Magne t i zat i on and c r i t i ca l  cu rren ts for S 1 3-3.  

At l owe r temperatures and for magne t i c f i e l d  l owe r than the l ower c r i t i ca l  

f i e l d  o f  a s i ng l e  gra i n  the hys te res i s  ( F i g .  l b ) i s  due to i n terg ra i n curren ts 

and hence ref l ects the bu l k  cr i t i cal  current (J . ) .  Th i s  cu r rent i s  seve ra l  
C l  

orders of magn i tude lowe r thrn the i n t rag ra i n  eone . The sourc e o f  th i s  reduct i on

shows up c l ear l y i n  the magnet i c f i e l d  dependence of J • (F i g s  l b  and 3) . Both
C l  

the i n i t i a l  ( s i n  aH ) /aH dependence /6/ and the exp ( -bH) va r i at i on at h i ghe r 

f i e l ds i mp l y  that the Josephson- l i ke weak l i nks l i m i t the curren t f l ow th rough 
the samp l e .  The or l g i n ( s ) of these weak l i nks i s  probab l y  the an i sot ropy of the 

compound /7/ and/or the change i n  st ructure at the g ra i n  boundary /8/. 

The ap l i cabi l i ty of the Bean ' s  mode l .fQr a comp l i cated a r ray of Josephson 
j unct i ons i s  not obv i ous.  Therefore , a d i rect compar i son between J c i  and the
t ransport c r i t i ca l  current (Jct ) i s  apparen t l y  des i rab l e . The zero f i e l d  c ri t i ca l ·

curren t (U- 1 characte r i s t i c) for samp l e  s- 1 3-3 i s  s hown i n  the i n set  to F i g . 2 . 
The compar i son showed that at 77. 3 K Jct i s  about 50% h i gher than J c i · H i gher

va l ue . o f  J ct may i nd i cate some norma l conduct i on part i c i pat i ng in th i s  va l ue .

(�ote that res i s t i v i t i es of our samp l es at 77. 3 K a re certa i n l y  l owe r  than that 
of copper ,  but not necessar i l y  ze ro) . The compar i son between J t and J .  for

C C l  
samp l e  S 1 3- 1 ( i nset to  F i g .  2 and F i'g . 3 )  y i e l ded a s i m i l ar resu l t (J about. et 
1 . 5 t i mes  h i gher than Jc 1 ) .  For that samp l e  we a l so measured the f i e l d  dependence
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of J t (Fi g .  2 ) . The var i at.i o�') of J t ·and J I w i th f i e l d for samp l e  S 1 3- 1  are
C • · C . C 

shown toge�her  i n  F i g . 3 .  P r���J cal l y  the same f i e l d  depende�ce of Jct �nd Jc i
�upports the ap l i cabi l i ty o f  Bean ' s  mode l for the eva l ua t i on o f  the bul k 

·· cr i t i ca l  currents i n  YBaCuO �erc:mfc!i .
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F i g .  2 U-.1 cu rves of S 1 3-1 for d i fferent f i e J ds .  I nset:  .tJ-J cu rves for 
S 1 3-3 (fu l l l i ne) and S 1 3-1 (dashed l i ne) . 
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F i g .  3 F i e l d  dependence of normal i zed t ranspor t (+) and· i n tergra i n - . (-)  
cr i t i ca l  curren t for S1 3-1 . 
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We demons t rated earl i er /2/ that the a . c .  suscept i b i l i ty can be used to 
separate the i n t ra- and i n tergra i n (bu lk )  d i amagoet i c  sh i e l d i ngs and a l so to 
access the s t rength of the i n terg ra i n  coup l i ng ( v i a i ts f i e l d  dependence) i n 
ce rami� superconductors . Furthemore the effect of magnet i c  f i e l d  on the i n ter­
gra i n  features of the i n i t i a l  suscept i b i l i ty ( f i rst step in i ts rea l part and 
the correspond i ng max i mum i n  the i mag i nary part) i s  the same for al l we l l  
s i n tered · cerami cs and the i r powders whereas i ts effects on the i n tergra i n  
features (second step· and max i mum) depend sens i t i ve l y  on dens i ty and prepara­
t i on cond i t ions of a g i ven compact .  S i nce the imag i nary part of a . c .  suscept i ­
b i l i ty ref l ects the a . c . l oss (magne t i zat ion hysteres i s ) i t  can be used to 
determi ne the penet ra t i on f i e l ds for g ra i ns and bu l k  and hence for the eva l ua t i on 
of correspond i ng cr i t i ca l  currents through the use of the Bean 's mode l . The 
compar i son between the magne t i zat i on �nd a . c .  suscept i b i l i ty resu l ts  showed 
that the i nsert i.on of magnet i c  f i e l d  at  wh i ch the re l evant max i mum i n  the 
l mag i nary · suscept i b i l i ty occurs at the g i ven temperature in the Bean 's formu l a
/5/ I ns tead of the ful l penetrat i on f i e l d  y i e l ds ,  w i th i n  a factor c l ose to 
un i �y ,  correct va l ues of the I n t ra- and i n te rgra i n cr i t i ca l  currents .  The refore 
a�.  suscept i b i l i ty a l one can y i e l d  the accurate s i ze and temperature dependence 
df the i n tra- and i n tergra i n  cr i t i ca l  currents in YBaCuO superconductors . 
DetaJ l ed account of th i s  work w i l l  be g i ven e l sewhere. 
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