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Critical phenomena from diamagnetic signal in high T, perovskites
J.V. Acrivos and M. Chen Lei, san Jose State University San Jose Ca 95192-0101

Abstract. Critical phenomena in nearly two-dimensional high T
superconductors are detected by induction measurements of the
shielding current produced by bulk quantization of flux ws H,,

1. Introduction.

The high T, superconductors are of type II and in fields H> Hgj
® ,05 Oe, the enhancement of the dlamagnetlsm as T—> To 1s 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 Hpz = 2Hpsin2wvpt
when Hm< 0.05 Oe are described el-
sewhere.l The magnitude of the in-
duced diamagnetic signal vs Hp,= 0
+5 Oe is measured in a resonant rf
circuit as a function of time as
the temperature T goes from 77 X
past T, as defined by the heat ca-
pacity Cp. Figure 2 shows the tem-
perature change vs time t and, as
T->Tq, dT/dt=6q/Cp -> 0, when &g
is the constant heat absorbed per
unit t. Samples (Fig. 1) are made
of 10 pm lamellae dispersed in 5
min. epoxy and cured in a magnetic
field of 9 T. The diamagnetic sig-
nal is enhanced as T—>T¢ in Fig. 2.
The field and the susceptibilitx
were calibrated by low field esr.

Hf:

Fig. 1 Sample' SEM of aligned lamel Lae.
a: YqBapCuz07, b: Tl _3CapBayCupy0y, and.
3.Results. c: Sample in laboratory axes.
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The diamagnetism in a superconduc- i\

| h
tor behaves as;3 ) éa Hh tﬂh
= =107 7*|To/ (Tc-T) |3, - (1) < “Hf ?j}“““nﬁ;Gs
and here Tg is determined by 4T/dt->0. c«\ M&g’ .:nﬁﬁ\v
The anisotropy in the diamagnetic sig~‘demﬁ;Jh Cl!
nal § vs a = Hy Hg (when Hg|| c-axis, MJ]i WWNWW
in Fig. 1) was measured with the rf i 14

¥
field 2H; sin2wvt both normal and pa- N ;b‘v HNN
rallel to the external field H;. The _jiq_ﬁ_*ﬁ
orientation dependence shown in Fig.3

indicates that S is a maximum for c| |

Fig.2 Meissner Signal vs T.
Vg = 400 Hz. H, is sWept every 2.6 s sbout ¢ 5 Oe,
T is measured by @ Cu-constantan thermocouple.
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Fig.3 orientation. dependence of Meissner Slgnal. athq | [Hy Ry, bzHq[Hy[Hy.
The dots give the calculated functions a-cosza, b:cos?2x. The date points are for different runs.

4. Discussjon.

The intercepted flux in a field B is in units of &g=h/2e:43

fn= ¥n/30 = fe + Li(circ)/%p = m, (2)
for a perfect superconductlng cylinder. £, = B. ng0/%g, Ng is the
outward unit normal to the enclosed area O and L is the self in-
ductance of the superconducting loop 1 in Figure 1. In a singly
connected superconductor m changes by 1 at fg=(m *i{) 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 loop, i(circ) = i sin/\¢ (where ig is the
critical current) is the tunnel current and the change in phase
angle required for the continuity of the wave function is /\¢ =
2n (m~fp) /N. Then £y becomes:43,

fn= fe - fg sin(2n(fy -p)/N), . (3)

fg = Lig/%p and the contrlbutlons to the inductance must include
the Josephson inductance, Lyic/®g¢ cos/\¢ =1/2w,> and that in the
loop of radius r (L =4710~7r In(r/a)=3%10"12 H when r= 1 pm and
ax®0.1 pum) 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/cm?. The system makes the transi-
tion /\m=t1 when i(circ) reaches the value *ig.%4

EXPERIMENTAL
The induced emf in units of &g/t is:4a apran, B2 vBMHzZ, Vo=
=dfp/dt==-(dfe/dt]/[1+2nfg/Ncos/\¢p], (4) 1.56kHz
dfe/dt=2[Hpwnpszcos (wvpt) +tHiwsycos (wt) ]/$¢ nh|h<sur
and both H; and Hy are determined by Hcgj. AVE. 20 SCANS
Other important sample parameters are sj
the area enclosing i(circ) normal to H,, Hy, tine—>

and sy, that normal to Hy in Fig. 1. The -oa,wvqu"wm¢0Juﬂ

periodicity /\H, is determlned in Fig. 4 FLUX D
when /\fe =/\Hz; =sz/%g9 =1 and depends on % fr fe”1= T,
the parameters N and fg. In the labora- o ;Lffm;;
tory axes shown in Fig. 1 Hz||c and, the DI
s, are in the a,b plane while sy is in a SR -
plane normal to a,b _with projections on 0.5 =
the (110) and/or (110) planes. A distri- E/A g A
bution of 0=3sz and of fg about an ave- N/ 3
rage gives rise.to a 1ine width /\Hpg = RN PP
50uT. The energy stored in the loop 1 is @ ‘ R
glven by:4 -0.2

= 1/2 Li2 - N$gig/2n cos/\¢ + K, (5) -1 o 1
where is a constant and as fp—>m: EXTERNAL FLUX fq

E=2A (fq - m)?2 -2]V! /A+ K (6) TFig.4 Eexperiment vs theory: N=2, fo=1/2a



where A=mdgic(2mfg/N + 1)/N and |V/A| =N/ (2w (2nfg/N +1) %) 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.®

A discontinuous interaction with the oscillating field occurs

when i(circ) reaches the value ti, then /\m=%1 at *(fg- m)=i+fg

=i+318Hyz//\Hz=0.7 in Fig. 4, i.e., the fine structure consists of
lines of opposite polarity when (n/2 + 2wfg/N) =2 m/N even if
2nfg/N <<1 when N22. The data in Fig. 4 obtain for N = 2, fg =
0.2. Then within the accuracy of the measurement fg is due to Ly
alone, i.e., fg = 1/2w, and A = 2.55icdqg, |V/A| = J2//3/m andg,
Fig. 4 shows the data together E and (fy - fe) vs fe.

The heat capacity change can be deduced
from Fig. 5 as T->Ts. The slope of the T oos— " TIME
vs t, dT/dt decreases at the transition '
temperature indicating that Cp is diver-
ging at that temperature.

dt/dT
5. Conclusions e
106 107.6
The critical phenomena observed in the © TUK)
Meissner signal is similar to that ob- :
served for the thermopower,’ and gives N
an accurate method for establishing Tc. o f
The orientation dependence of the Meis- = R
sner signal indicates that both H; and Hj 3 me !
determine the induced current which gives 3 #fﬂ?
rise to the peiodic signal in Fig. 4. The 3 f- | ~pw
differential calorimetry measurements con- § !
firm that the susceptibility diverges at Tc. § i
-~
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a:Meissner signal. b:t, dt/dT vs T.
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