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I. INTRODUCTION

Since the discovery of high-temperature superconduc
ceramics in 1986 by Bednorz and Mu¨ller,1 physicists have
actively studied the behavior of these new materials. A
result of these studies, some properties of such materials
now measured in the undergraduate laboratory. A super
ductor may be characterized by two important properties:
expulsion of magnetic field~Meissner effect! and zero elec-
trical resistance.2,3

In some educational and scientific laboratories, it is
easy to measure electrical resistance as a function of
1024 Am. J. Phys.65 ~10!, October 1997
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perature, because it is necessary to build4 or to buy
expensive5 devices that control the temperature from roo
temperature to 77 K. For example, Fortin built an easy a
cheap cryostat,6 but it requires making some parts with m
chine tools, while Chenet al. introduced the ceramic sampl
slowly and directly into the open Dewar that contains liqu
helium or liquid nitrogen,7 but his method only allows one to
check if the sample becomes a superconductor, furtherm
the sample holder is difficult to build.

In the present work, a simple method was used to vary
temperature of high-Tc superconductors from room to liqui
1024© 1997 American Association of Physics Teachers
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nitrogen temperatures. The electrical resistance was m
sured as a function of temperature using a standard f
point technique.

II. EXPERIMENT

A superconducting Y1Ba2Cu3O7 sample was made from
Y2O3, BaCO3, and CuO powders.8 Powders were mixed an
then calcined at 900 °C. Thereafter, they were regrou
compacted, and sintered at 950 °C in air for 24 h. T
sample was further oxygenated in air at 450 °C for 12 h.

To measure the electrical resistance, electrical con
leads made of 34 AWG copper wire9 were attached to the
sample~S! with silver paint @Fig. 1~a!#.10 The temperature
was measured with a copper-constantan type ‘‘
thermocouple,11 which was attached with Crycon grease b
tween the sample and the copper sample holder disks.12 The
thermocouple voltage, compensated with an electronic re
ence~ER!,13 was transformed into temperature units throu
the controlling personal-computer~PC! software. The 10-mA
current source (I ) was homebuilt. The voltage drop acro
the sample (VR) and the thermocouple voltage (VT) were
measured with two Keithley-177DMM microvoltmeters co
nected with an IEEE-488 protocol to the controlling PC. F
each temperature, the electrical resistanceVR /I was calcu-
lated.

The system that controls the sample temperature@Fig.
1~b!# consisted of three Pyrex beakers: beaker~1! was a
500-ml liquid nitrogen container, beaker~2! was a 150-ml
beaker for heat exchange between the sample and the l
nitrogen bath,14 and beaker~3!, which had a volume of 5 ml
supported the sample and the copper sample holder. Th
perconductor sample and the copper sample holder d
with dimensions of 12 mm diam and 4 mm thickness, w
in good thermal contact.

The controlling PC was programmed to measure
sample resistance and the temperature every 10 s. After
tiating the PC, liquid nitrogen was poured into beaker~1!
until beaker~2! was covered. When liquid nitrogen went in
beaker~2!, part of it evaporated generating an over-press
that limited the amount of liquid in this beaker, and favor
the heat exchange between the sample and the wall of be
~2!. Beaker ~3! avoided the thermal contact between t
sample and the liquid nitrogen deposited at the bottom
beaker~1!. The low thermal conductivity4,15 of Pyrex en-
sured slow sample temperature changes. This experime
arrangement hinders the formation of ice on the sample.

Fig. 1. ~a! Superconducting sample~S! and electrical leads.~b! Diagram
showing the position of the three Pyrex beakers~1!, ~2!, ~3!, and the sample.
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III. RESULTS

Figure 2 shows the electrical resistance of a supercond
ing sample as a function of temperature measured with
experimental arrangement described above. The curve
similar to that reported by Ellis3 and Wuet al.16 From room
temperature to 95 K, the sample had metallic behavior. T
superconducting transition temperatureTc was around 91 K;
below this temperature the electrical resistance was zero.
all temperatures, electrical resistance and temperature va
had absolute uncertainties less than 2%.

IV. CONCLUSIONS

An easy and inexpensive method to measure electrica
sistance as a function of temperature is shown. In t
method, using no more than 2l of liquid nitrogen, the
metal–superconductor transition of high-Tc superconductors
can be measured. This experiment was developed to en
the laboratory associated with teaching a course on mod
physics.
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WHY I BECAME A SCIENTIST

The first reason why I am a scientist is that I have parents who believed I could do anything. ...
The second reason I became a scientist was that I loved doing the science. ... That brings me to the
third reason that I am a scientist, which is that I was allowed to experience laboratory research
relatively early in my career as an undergraduate student. ... The fourth reason why I am a scientist
is that I was always a very good student. ... The reason I survived as a scientist is that I don’t mind
a good fight.

Shirley M. Tilghman, ‘‘Why I became a scientist,’’ AWIS Magazine24~1!, 10–11~1995!.
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