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3.2 Results and Discussion for aq and T 9

This section deals with the experimental analysis and results for the analog to Faraday’s
Induction Disc. The sample had a critical zero field transition temperature of T .= 88 K.
The transition temperature, defined as the peak of the dR(T,B=0)/dT curve. ( see figure
3.3a ). A transition temperature, TC(H), for the magnetic field resistivities is lefined as
dW(T,R)/dT, the following valucs for the 4 fields used are: 0.5 T — 87.5 K; 1.78 T — 86
K; 3.55 T — 84 K; 8.29 T — 81.5 K. The sample displayed negligible resistive broadening for
the different applied currents, with and without applied magnetic field. The broadening
due to the applied magnetic field, associated with the depinning of vortices, is indicated in
figure 3.3b, for all fields and an applied current of 100 mA.

According to the procedures set out in section 3.1, the 12 current/field configurations are
analysed to detern-ine aq(T) and T’ go(T)‘ The contact pairs were situated on four imaginary
perpendicular radial lines with varying distances between the two corresponding contacts.
Table 3.1 overleaf, gives the different radial distances as well as the d(R), D(R) functions
necessary for the analysis. Ir equation 3.6 the value of w, is found by extrapolating a
function describing the behaviour of the W(T) curves in the normal state. Instead of the
usual linear extranolation, a quadratic dependence of the form, A + BT + CT?, is fitted to
describe the data. It is found for this particular sample that the quadratic temperature
Jependence is a better approximation to the normal-state data ( see APPENDIX B ).
With regard to the normal state analysis in high—Tc materials, there is evidence that
thermodynamic fluctuations are present in the sample for temperatures as high as 2T o)
which can contribute significantiy to the shape of the metallic region'.34 For YBCO in
particular, the relative oxygen conient ( section 1.2.2.1 ) can produce significant changes in

the characteristics of the Ry(T) curve, ( normal-state resistance). Ausloos et a1% giscuss

the premature rounding of the re. ve curve close to the transition temperature
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Fignre 3.3 (a) dW(T,B=0)/dT for 30 mA, the three currents used displayed no

resistive broadening and hence T c(B:O) was taken as 88 K

i (b) The resistive broadening of the four fields used: 0.59, 1.78,

3.55 and 8.29 T with a current of 160 mA.
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Table 3.1

Dependence of d(R) and D(R) for the four contact

arrangements; A,B,C and D.
Ry r LoglRyfti | (Royf 1)
{20.05 mm) (#0.05 mm) (#0.10 mm?)
4.35 1.60 10002 16.36
4.50 2.25 0.6932 15.19
4.85 2.80 0.5494 15.68
4.80 3..0 0.3448 11.48
|
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and show how it can add to the curvature of the normal state resistivity. The resulting
normal state behaviour, wn(T) {or each contact pair is p-oportionak to the radial function
d(R) = 105(Rout /r). Figure 3.4 represents an exawple of thic depeudency where 2. straight
line is fitted to the four points. The correlation coefficient, r = 0.989, is an inaication of the
accuracy of the linear regrecsion. The slope of the straighi line corresponds to the other
parameters in equation 3.2. Applying equation 3.6 to the induced voltage data for each
contact pair, and with the fittcd data w,, 4 poiats zesult whon W(T), /w_.(T) is plotted as
a function of (Rou: = 1%),/w_(T), 1 <i < 4, for all the temperatnres. The straight lines
fitted for each temperature represent good fits with ~.rrelation coeificients between 0.89
and 0.99 for temperatures in the range 60 K < T < 100 K ( the regior of interest ). Figure
3.5 shows lines fitied to ihe data of the contact points at 5 different temperatures for 10
P{R) =z (R

mA and 0.59 T. The functional dependence of I' —1?), is therefore correct,

2
out

v]

since any incorrect form of D(R) would reult in curvature between the 4 points. The slopes
of the lines for each temperature are exactly I' W(T"J ,B), and exist in the interval, 0 ¢ T o <
r Pmax’ ( where I' omax is the peak value for each I ‘p(T,J ,B) ). The lines have slope of zero
in iwo cases: for low temperatures where vortices are pinned and no substantial vortex
rotation occurs; for temperatures > T : where the pair — breaking mechanisms are
maximised and dissipation only occurs due to quasi—particle scattering processes. Between
these extrema regions, the flux motion assumes a maximum value corresponding to the
largest contribution frem the inductive voltage. The intercept of the fitted line with the
R

out
contact pairs. Figure 3.6a depicts the results for the 100 mA current for two fields, 1.78 T

= r line gives values for aq(T). This value represents an averaged & for all four

and 829 T. Frox the behaviour of @y it is apparent that the half-maximum value
corresponds to a temperature, T (B) defined as dW(T,B)/dT ( see above ). The curves fur
aq(T) show no current dependence, ( figure 3.6b ), however, this may be due to the fact

that all currents used were within the low current regime.
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Figure 3.4 Functional dependence d(R) = Log[Rout/r], is illustrated by

plotting the temperature derivative of the normal-state
dwN(T)/dT, versus d(R) for each contact pair. For 10

mA J0.59 T, the correlation coefficient of the fit is, r = 0.989.




WL YRR

52

66

1.0
My
S e B i e S SEEa
-~ — -—-"
0.8 —
87K
M e S e e e e e R
i ¢ spitl
y 85 K
O R R e G e Skl
e e T B
0.2 — 84K —————— ]
...... SRR
ki R ;s 79K
_WW———-—"_’:-L'——-—
0.0 ‘ |
2.0 2.6 3.0 3.6
3
D (R/w,, [ m/Volt ]
Figure 3.5 W('I')/WN(T) VErsus (Rou‘: o f’)/WN(T) ik iR

five discrete temperatures. The intercepts of the lines with the

(Rout

in gradient of the lines is exactly the dependence of T v’(T),

= r ) axis yield the value for aq(T). The nocable change

varying between zero and some maximum value. The straight
line extrapolation for each temperature indicates the validity

of the D(R) dependence.
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(a) Temperature dependerce of g for 100 mA and¢ magnetic fields:
0T,{-];1.78 T, [+] and 8.29 T, [4].
(b) Current independence of aq(T) for 10 [-], 30 [+] and 100 mA [+].

This feature may be a resuit of low current densities used in the

study.
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The temperature depemndence of cr‘1 appears to drop exponentially as ihe temperature
decreases. In view of the BCS theory>® it is expected that just ovelow T(0), the
behaviour of aq(T) can be cescribed by, aq('l‘) ¥ 1 ~ A(T)/2KgT, where A(T) =
A(1-T/T )"/ as discussed in section 1.1.2. However it is evident from figure 3.6a that
the power—law behaviour is not applicable to the quasi—particle contribution in this
particular geometry. Alo.g with the assumption, that the intrinsic proximity weak—links
are the iufluencing factor for the characteristic dissipative processes, it is also concluded
that aq(T) is strongly dominated by these proximity boundarics. Hence. the quasi—particle
contribrtion is related to the proximity — induced depletion of the superconducting order
parameter nea1; a S-N-§ junctionnfs’s"’ Namely, aq(T) = exp[—dg/{(T)], where dg and
éT) = Eo-(l-t’)"ll 2, is the thickness and the coherence length of the superconducting
region of the S~N--S junction, respectively, ( t = T/T(C) ). Thiz exponential dependence
is used to fit the zero feld data for aq(T). Figure 3.7a shows thc Least Squares fit to the
100 mA data.

In the region of the exponential behaviour it is possible to estimate the parameters, dS and
T (0). By plotting Log[aq(T)] )? versus T2, ( see figure 3.7b ), a straight line of the form,
A — BT?, results. From the figure, the best fit through the data points yields a gradient,
B = [dg/¢ T (0))" and constant value, A = [dg/%,}* As mentioned above, the current
indeper.dence of aq(T) allows one to analyse any of the aq(’l’). In particular, for the 100
mA data it is found that dg » {16.1 # 0.1]-5,J and TC(O) = 87.9 + 0.3 K. It is interesting to
note that this method of estimating T (0}, produces a result similar to the peak of the
dW/dT curve, for zero field, ( see figure 3.3a ). Returniug to figure 3.7a, the fact that the
fit to aq('I‘) does not reach unity at T = TC(O), indicaies that there exists a region of

strong fluctuations in the vicinity of the zero field transition temperature.
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(a) Least Squares fit of aq(T) = exp[-dg/{(T)] ‘o the 109 mi dats.
The fact that the aq('l‘) data does not reach unity at T (0), indicates
that fluctuations are prevalert is the vicizity of T (0). Solid Line is
expoaeniial fit to data beiow T C(O).

(b) A plot of ( Log[aq(T)] )? versus T?, for 100 mA . The linear
regression produces av intercept, A = [dg/{ 0]’ with slope, B =
[dg/¢,T C(O)]’, which provides estimates of the superconducting layer,

dg = [16.1 + 0.1]- £ axd criticel temperatyre Tc(O) =879+ 08 K.
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With the knowiedge of &y it is possible to determine the inductive dissipation due to

0
determined. The same approach was used for the current/zero field configurations where

circulating vortices. ay is substituted back into equation 3.6 and an average for I' s

the exisience of mobile vortices is not expected. The analysis showed that the form of
equation 3.6 must become. W(T) = LA and that T e 0. The experimental results
verified that T’ @ was indeed zero, or within experimental noise throughout the temperature
region studied. Figure 3.8 is the results of T W(T’B) for two fields, and excitation current of
100 mA. The peak of cack T w(T,B) curve, shifts to the left on the temperature scale in
accordance with T (B). Also the magnitude of the magnetic field influences the area under
each ' curve, as the larger Lorentz force causes more vortices to circulate and hence,

@
generate a larger electric field. The peak values of I' _all appear to be of the same order for

all four fields; the 30 mA data displays the latgest‘pvariance in these peak values, (6 %).
The theory of conventional superconductors expects the values of I’ @ to drop abruptly to
zero after TC(B), as the concentration of vortices tends to zero. It is apparent from the
data that this is not the case for high-T c’s, where the shape of I’ ¢ is very symmetrical
about the temperature of transition. This can be attributed to the thermodynamic
fluctuations inherent in the Cu—-O planes of the sample. Although the dimensionality of
YBCO has been queried, the quasi—2D behaviour due to anisotropy and small coherence
length still makes the system favourable towards fluctuations of this kind. From the F¢(T)
curves for the different fields, it is evident that dissipation due to mobile vortices is still
observed for a temperature interval AT ~ FWHM ( full width at half maximum ) beyond
the critical temperature, TC(B). Figure 3.9 shows the current dependence of I' ¢ where the
respective curves are scaled to 100 mA for all three currents, ( the field is 1.78 Tesla ). The
average variation from the expected current dependence is 11.3 %. This current dependence
can be found in the relation for I‘O(J ,B) where it is directly proportional to I, ( figure 3.10,
is a plot of T O(J ,B = 8.29 T) versus I ). This dependence on I might indicate the behaviour

of the effective rate of rotation, Veff with the excitation current.
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in Section 3.3.
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