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ABSTRACT

The resistance of superconductor has to be measured at different temperatures. This resistance,
being very low, requires 4-wore measurement technique to eliminate lead resistance. Four
electrical contacts were made in a line on the surface of the specimen. The current was passed
through the two outer connections and voltages measured at two inner points of contact. The
voltage measurement was taken for two opposite directions of current and then averaged so asto
cancel any thermal effects the temperature was measured by chromel-alumel thermocouple. The
sample, in a pallet form was mounted on a Cu sheet and in thermal contact with it. One end of
thermocouple was attached to the Cu sheet. The sample assembly was kept in a glass tube which
in turn was cooled in a Dewar flask. Dewar flask was half filled with lig. N2 so that a thermal
gradient sets up in the space above liquid nitrogen. The temperature of the sample was varied by
changing the position of it in this space.
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INTRODUCTION

The resistance of superconducting sample is tylgié@lv ohms to ideally zero ohm. Therefore
low values of resistance require 4-wire measurentectinique to eliminate lead resistance
which mars the low resistance measurements in Bepmeethod [1].

Errors from thermally induced voltages appearing ttuformation of thermocouple at the point

of contact of electrical leads with sample can stluse errors in the measurement loop. Some
control of thermal gradient is possible if coldatigan be used before taking the measurements.
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The use of a.c. signal for resistance measuremeamtba useful in rejecting thermal voltages
which are d.c., but then stray inductance and dtgyexe can cause errors in system. We used 4-
probe quasi d.c. technique. Two measurements ¢tdg®lwere taken by reversing the current
direction manually after few seconds’ interval dhd amplitudes of the measured voltages were
averaged. Actually the reading should be notedjailibrium temperature; but in real systems,
one rarely waits for temperature to attain full égtium, hence connections to the sample (other
connections can be made using Cu wire only) wilvitably cause a thermocouple to form. If
the temperature difference of the two thermocoufdéswo points of contact) does not change
during the two voltage measurements, the thermbhge will remain cancelled in quasi d.c.
technique, but as already said above the voltagesotl completely cancel and an error term
enters in the calculation for resistance. The @eon is a function of the change in temperature
difference between the two thermocouples over tifités error term can be limited by making
sure that voltage readings are taken close togétheesmall time interval this time interval can
also be kept to a very small fraction of the sangoleling ratio by proper design of cryostat and
using cold trap.

2. Design of the system: 4-probe quasi

d.c. method for resistance measurement was usetisimethod 4-probes are attached at four
points in a line on the sample surface. Currepassed between two outer contact points and the
voltage is measured between the other two poirgsisRance is calculated using equation R=V/I.
Cryostat was designed for cooling the sample walthlw Tc of the material. Details of design of
the system and experimental procedure are disclssed:
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(EXAGGERATED VIEW)

unting: The sample wasounted as shown in fig.1.

A copper coated bakelite sheet (epoxy resin canlasused) was take and cut to the size (18x40
cm?2) and unwanted Cu was etched away after makiegdgsired pattern with paint. A portion
of bakelite was removed for sample mounting andbthieelite sheet was mounted on a 2mm
thick Cu sheet with screws. The sample was moume@w sheet with electrical insulation in
between (Cu sheet makes a good thermal contactthgtample). The connections with the Cu
lines were made with bare Cu wires using silvenpaind again the connections were taken out
from other ends of Cu lines for passing current aotlage measurement. Chromel-alumel
thermocouple was used for sample temperature nexasut. One end of thermocouple was
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attached onto the rear Cu sheet and the other essdkept at room temperature. The whole
mounting assembly was pushed inside the Pyrex gldses of 60 cm length and connections
were taken out.

(i1) Cryostat design: Dewar flask 0f280x(30)2 mm2 capacity was taken for storing leg. N
flange made of Perspex sheet was fixed to the @alya@th neoprene o-ring in a groove to
isolate it from atmosphere. A groove of size otKlalia. And 6mm thickness was cut in the
bottom flange and attached permanently to the moiithe flask with araldite. A hole of 32 dia.
was made and a quick coupling made of brass atfaichéhe top flange for holding the glass
tube (used for sample mouning. The top and botlangés brought together with the neoprene
o-ring in between with screws. A thin glass tubes\va#so provided to connect the flask to the
rotary pump for evacuation in order to get tempeestiown to below 770K.

MATERIALSAND METHODS

The sample was mounted and kept inside the gldms fthis tube is closed with sop cork to
isolate it from atmosphere. D.C. current of 10 nedue was passed between two outer points on
the sample surface and voltage readings were tikemo opposite directions of current flow
on 5 % digit Keithley voltmeter.

The glass tube was pushed inside Dewar flask tihrdbg flexible brass coupling and the
measurement of the voltages at constant curremntdiom room temperature to 500K by
pushing the tube further down gradually with théphef quick coupling (of brass) as shown in
fig.2.
The low temperature (< 770K) was attained by eviéieg@ewar flask by rotary pump.
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RESULTSAND DISCUSSION

A superconducting sample
Bi2Cal.5Sr1.2Cu206+ was taken and a graph of Resistvs temperature was plotted (fig. 3.).

Thermocouple readings are directly plotted on »saXhe critical temperature comes out to be
90)K. Thermocouple readings can be converted topéeature readings using standard
conversion tables and correction factor addeddfdther end of thermocouple is kept at room

temperature.

Because the removal of gases above lig. N2 lewgkd® down boiling point of it ad thus
temperature below 770K can be attained. Insteagushing down or pulling up the tube for
changing the temperature, a heater can be usetivailtincrease evaporation rate and hence the
consumption of lig. N2.

Bizfa[,; SY}‘ C"‘LOG-!‘S
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FIGUVRE 3.

CONCLUSION

In the present system, Data Acquisition Systan be used [2]. The graph R vs T is shown
in fig. 3. which does not show sharp transitiomat This indicates that the sample is not pure.
Also, because the sample was not kept in vacuuengfibre condensation due to moisture on
sample surface prohibits proper measurements.sltals been thought that if the sample has
been used several times, the repeated cycles thgead cooling may spoil the property of
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superconductor but it is not evident yet.
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