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Abstract 

Progress made under DOE Contract No. ER-78-S-02-4938 has 
been in two areas. 1) The design, construction, and testing 
of a helium temperature cryostat along with its associated 
electronics has been essentially completed. 2) Measurements of 
the electrical resistivity of Nb-Th filamentary eutectic composites 
have been initiated. 
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For the past eight months, most of the work performed under 
Contract ER-78-S-02-4938 has been devoted to the construction of 
a low temperature cryostat and associated electronics. Recently 
we have reached the stage where it is possible to begin making 
electrical resitivity measurements on a sample of Nb-Th filamentary 
eutectic composites. , The details are as follows: 

A helium temperature vibration isolated cryostat has been 
constructed for use in these experiments. The cryostat is mounted 
on cement slabs which are an integral part of a large pit in the 
basement of the physics building. This support acts as a low pass 
filter for vibrations from mechanical pumps and other sources 
which would tend to cause sample heating. Pumping lines are 
connected to the cryostat through bellows to further isolate the 
support from vibrations. 

A stainless steel demountable vacuum can isolates the main 
body of the cryostat from the surrounding liquid helium. Within 
the vacuum can there are helium-4 and helium-3 pots which can be 
pumped on to obtain lower temperatures. Electrical leads enter 
the vacuum can through a 4K feedthru. The electrical leads are 
thermally anchored at the helium pots as well as at several other 
points before coming out of the cryostat. A copper sample holder 
is provided which is sufficiently versatile to hold all the various 
samples for the different types of measurements which will be 
performed in this study. 
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A superconducting magnet of Nb-Ti wire has been wound using 
the vacuum can as a form. The magnet provides a fairly uniform 
field of ~250 gauss/amp over a large volume (of ~3V diameter). 
The wire can carry up to approximately 4 0 amps for a maximum 
field of 10KG. This will be sufficient to drive the Nb-Th sample 
into the normal state - at least very close to the transition 
temperature. 

The residual resistance ratio of the Nb-Th samples is -10 
giving a typical normal state resistance of order milli-ohms. 
This means that a conventional nanovoltmeter is sufficiently 
sensitive to measure the electrical resistance of the samples 
near the transition temperature. However, to measure the very 
small electrical resistance of the sample as it is going through 
the superconducting transition a SQUID (superconducting quantum 
interference device) voltmeter has been mounted on the cryostat. 
Lead shielded leads have been installed between the SQUID (which 
is immersed in the 4K helium bath) and the sample holder. The 
lead shielding, which also surrounds the sample, serves to screen 
out magnetic fields which could induce eddy currents in the 
SQUID circuit. 

The SQUID system has been checked by using it to measure 
the resistance of a portion of copper wire at helium tempera
ture. We will be making measurements on a sample of Nb-Th 
eutectic composite within a few weeks. 
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To measure and control the temperature of the sample, 
germanium resistance thermometers will be used. To achieve a 
high resolution in temperature measurement an Anderson type, 
four-terminal resistance bridge with very small intrinsic noise 
has been built. The design of the input circuit of the bridge 
has been modified so as to prevent loading of the input signals 
with the result that the quadrature signal need not be adjusted 
for each new resistance measurement. 

A temperature regulator has also been constructed which 
controls the current sent to an electrical heater on the sample 
holder. By monitoring the output of the temperature measuring 
bridge in a feedback loop the temperature of the sample holder 
can be held constant to within a few parts per million. This 
regulator will be particularly useful for making thermal 
conductivity measurements where one end of the sample will be 
held at a fixed temperature. 

Making electrical contact to the Nb-Th is somewhat difficult 
due to the thick Th oxide layer. We have developed a technique 
of scraping away the Th and using In solder to attach the 
electrical leads. These leads will also serve as a place to 
mount electrical heaters and thermometers for future thermal 
conductivity measurements. This has the advantage of keeping the 
geometrical factor constant so that a comparison of the two types 
of measurements is possible. 
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The electrical resistance versus temperature has been 
measured for a sample of Nb-Th eutectic composite using a > 
conventional nanovoltmeter. The results are shown in Fig. 1. 
This sample had been drawn down so that the filament diameter 
was ~576A. AS this was only a preliminary measurement, the 
sample had not been annealed and so considerable strain was present 
due to the mechanical drawing. The most interesting result of the 
measurement is that the effect of superconductivity (i.e. a 
reduction in the electrical resistivity) is seen as high as 10K 
while the transition temperature of pure Nb is only -9.1K. In 
addition, since only ~10% of the volume of the eutectic composite 
is Nb, one would expect a decrease in the strength of superconduc
tivity due to the proximity effect. The fact that a reduction in 
resistance is seen at such a high temperature is encouraging 
because that is just the effect one would expect from thermo
dynamic fluctuations. This measurement was made by J. Klump, a 
graduate assistant. To gain a better understanding of what is 
occurring in the sample, the next measurements will 
1) go to lower temperatures (the voltmeter was not sensitive 

enough to detect any resistance below 8K). 
2) measure samples of larger and smaller filament diameters 
3) anneal and remeasure a sample, and 
4) measure a sample of similar filament diameter, but which had 

been drawn down by a lesser amount to determine what, if any, 
are the effects of the mechanical strain. 
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The principal investigator devoted about 25% of his time to 
this project during the months of September 1978 - February 1979. 
During the months of June, July and August 1978 the principal 
investigator worked essentially full time on this project. It 
is anticipated that he will devoted about 25% of his time to the 
project between now and the end of the contract year. 
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Fig . 1, 

Resistance versus Temperature for a sample of Nb-Th 
eutectic composite. The filament diameter is ~576°v 




