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critical phenomena from diamagnetic signal in high Tc perovskites
J. V. Acri VOS and M. Chen Lei, Sari Jose State University San Jose Cs 95192·0101 

Abstra9t. Critical phenomena in nearly two-dimensional high Tc
superconductors are detected by induction measurements of the
shielding current produced by bulk quantization of flux vs Hz. 

1. Introduction.

The high Tc superconductors are of type II and in fields H> H01
� .05 Oe, the enhancement of the diamagnetism as T-> Tc is used 
to determine the transition temperature which is also detected 
by the discontinuity in the heat capacity as measured by differ
ential calorimetry. 

2. Experimental.

The sample (Figure 1) preparation 
and signal detection at 'v = 8 MHz,
field modulation Hmz = 2Hmsin2�vmt 
when Hm< 0.05 Oe are described el
sewhere.1 The magnitude of the in
duced diamagnetic signal vs Hz= o 
±5 Oe is measured in a resonant rf
circuit as a function of time as 
the temperature T goes from 77 K 
past Tc as defined by the heat ca
pacity Cp. Figure 2 shows the tem
perature change vs time t and, as 
T->Tc, dT/dt=6q/Cp -> o, when Sq
is the constant heat absorbed per
unit t. Samples (Fig. 1) are made
of 10 µm lamellae dispersed in 5 
min. epoxy and cured in a magnetic 
field of 9 T. The diamagnetic sig
nal is enhanced as T->Tc in Fig. 2. 
The field and the susceptibility 
were calibrated by low field esr.2 

3.Results.
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Fig. 1 Sample: SEM of ;1Ugned lamellae. 
a: Y1BazC�O,,, b: Tl_3CazBazCuzOx, and. 
c: Sa(!Fle in laboratory axes. 
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The diamagnetism in a superconduc- · / 

1 I 
I 1 tor behaves as: 3 J; lr.: )ii = -10-7*!Tc/ (T0-T) Ii, · (1) � t�;/ _'.;>H, 1\ 1 

2�6 s 
and here T0 is determined by dT/dt->O. <0"'\ ll�t> 

'H',\�''\l· The anisotropy in the diamagnetic sig- \.,,f:i;Uf,:. , . 1 :J�1r . 
1;1a1 � VS ct = Hz 
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orientation dependence shown in Fig.3 --.., ___ ....:.J.�if�n�1�,t.e__:--r-;;;;��----..l':c.�� 
indicates tllat S is a maximum for c I I : 

<. 0- __. 

B = k Hz+Hmz + 2 i/k H1sin2�vt. \ 
Fig. 2"· Meissner Signal vs T. 
Vm = 400 Hz, Hz is sw�pt every 2.6 s about± 5 Oe, 
Tis measu�ed by� Cu-coristantan thermocouple . 
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Fig. 3 Orientation dependence of Meissner Signal: a:H 1 f I HJ.Hr b:H11Hz.lllv
The dots eive the calculated functions a:cos2a, b:cos2za. The data points are for different runs.

4. Discussion.

The intercepted flux in a field Bis in units of •o5h/2e: 4a

fms •mfto = f� + Li(circ)/to = m, (2) 
for a perfect superconducting cylinder. fe = B.JloO/io , no is the 
outward unit normal to the enclosed area o and Lis the self in
ductance of the superconducting loop 1 in Figure 1. In a singly 
connected superconductor m changes by ±1 at fe=(m ±½) and i(circ) 
changes discontinuously giving rise to a a saw tooth current vs 
the external flux. When there is a Josephson junction in the 
path of the current 1oop, i(circ} = ic sinL,1� (where ic is the 
critical current) is the tunnel current and the change in phase 
angle required for the continuity of the wave function is L,1� =

2�(m-fm)/N. Then fm becomes: 4a , b

fm= fe - fs sin(2'1T{fm -m}/N), . (3)
fs = Licl�o and the contributions to the inductance must include 
the Josephson inductance, !:,Jic/fo cosL,1� =1/2�, 5 and that in the 
loop of radius r (L ;4w10-7r ln(r/a)�3*10-1� H when r� 1 µm and 
a�o.1 µm) and, the contribution from the self inductance is of 
the same order as that from the Josephson inductance only if 
the current density is �106 A/cm2 . The system makes the transi
tion �m=±l when i(circ) reaches the value ±ic.4 

The induced emf in units of �o/t is: 4a

-dfmfdt=-(dfefdt]/[1+2�fsfNoos��], (4)
dfefdt=2[Hmwmszcos(wmt)+H1wsxeos(rt)J/to 
and both H1 and Hm are determined by Hcl· 
Other important sample parameters are Sz 
the area enclosing i(circ) normal to Hz, 
and sx, that normal to Hx in Fig. 1. The 
periodicity L.1Bz is determined in Fig. 4 
when Afe =AHz �sz/•o =1 and depends on 
the parameters N and f5• In the labora
tory axes shown in Fig. 1 Hzl le and, the 
Sz are in the a,b plane while sx is in a 
plane normal to a,b_with projections on 
the (110) and/or (110) planes. A distri
bution of O=�sz and offs about an ave
rage gives rise.to a line width L.1Bms =
50µT. The energy stored in the loop 1 is 
given by: 4

E = 1/2 Li2 - N+oic/2� cos�•+ K, (5) 
where K is a constant and, as fm->m: 

E = A (fm - m) 2 -2Jv12;A+ K (6)
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Fig • 4 Experiment vs theory: N=Z, f A'"1/Z11 



where A=wtoic(2wfs/N + 1)/N and IV/Al =N/(2w{2wfs/N +1)l) gives 
the interaction potential introduced by the Josephson junctions 
when a pair of free electrons moving in a ring in the state m 
are mixed with the states m±l by the scattering potential v.6

A discontinuous interaction with the oscillating field occurs 
when i(circ) reaches the value ±ic then Am=±l at ±(fe- m)=½+fs 
=½+½6Hz/AHz=0.7 in Fig. 4, i.e., the fine structure consists of 
lines of opposite polarity when (w/2 + 2wfs/N) � w/N even if 
2wfs/N <<1 when N�2. The data in Fig. 4 obtain for N = 2, fs =

0.2. Then within the accuracy of the measurement fs is due to LJ 
alone, i.e., fs = l/2n, and A = 2.55icto, IV/Al= /2//3/n and, 
Fig. 4 shows the data together E and (fm - fe) vs fe. 

The heat capacity change can be deduced 
from Fig. 5 as T->Tc. The slope of the T 
vs t, dT/dt decreases at the transition 
temperature indicating that Cp is diver
ging at that temperature. 

5. Conclusions

The critical phenomena observed in the· 
Meissner signal is similar to that ob
served for the thermopower, ? and gives 
an accurate method for establishing Tc· 
The orientation dependence of the Meis- f 

sner signal indicates that both Hi and Hz : 
determine the induced current which gives ! 
rise to the peiodic signal in Fig. 4. The J differential calorimetry measurements con- � firm that the susceptibility diverges at Tc,� 
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