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TasLE I. Characteristics of various fast carbon thermometers.

1 dR
Solution R/,Rz;s —
RdAT
77K 42 1 7TK 42 1
Aquablak B 4.17 262 2100 0.018 0.303 1.18
K 430 30.1 2360 0.016 0.300 0.965
G 14 3.56 5.63 0.005 0.086 0.250
M 1.35 5.5 10.3 0.006 0.090 0.270
Aquablak B& 1.48 5.12 9.2 0.007 0.106 0.382
Aquadag (1:1)
Aquablak K& 2.08 9.6 19.2 0.007 0.105 0.412
Aquadag (1:1)
Aquablak B& 335 26 152 0.013 0.150 0.735

Aquadag (3.1)

order of 10*Q and vet obtain greater sensitivity than from
straight solutions of Aquablak G or M. Although higher
concentrations of the smaller sizes when mixed with
Aquadag had a greater sensitivity, the relative resistance
change rapidly approaches the value found for the smaller
particle size. If, however, it was desired to have a ther-
mometer sensitive above 4.2 K, then a mixture with a
higher concentration of the smaller particle size would give
suitable sensitivity and an operable resistance. Thus in
temperature intervals in which standard size carbon
blacks have either too low a sensitivity or too high a
resistance, a mixture of particle sizes can be made which
will enhance the sensitivity or reduce the total resistance.

Since the thermometers are constructed by painting or
spraying aqueous solutions onto the sample, the resistance
of the thermometer will change with the moisture in contact
with the carbon surface. It was found that the total re-
sistance of a given thermometer was reproducible to
thermal cycling to within 109, when kept in a vacuum.
There was little change in the sensitivity for a particular
thermometer from thermal cycling. Care taken in making
the carbon surface to be of equal width and length from
the same solution insures the construction of thermometers
with equivalent resistances and sensitivity.

*Work supported in part by the U. S. Army Research Office
(Durham).
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NOTES

High Pressure Performance of an
Nb;Sn Ribbon Solenoid*

R. W. Fastt
Plivsical Sciences Laboratory, Universily of Wisconsin,
Stoughton, Wisconsin 53589

(Received 4 March 1969; and in final form, 12 February 1970)

LEVITATED superconducting hoop, operated in

an isochoric (constant volume) environment, is being
studied for possible applications in plasma confinement.
Magnetic fields of 20-30 kG are desired at the surface of
the multi-doughnut cryostat. In order to provide extended
experimentation times, Nb;Sn hoop coils operating in a
thermal environment initially at 4.2 K and rising to about
10 K are required. The corresponding pressure rise in an
isochoric vessel is 6 atm or more. The behavior of an Nb;Sn
ribbon solenoid at elevated temperatures and pressures has
been studied.

The solenoid was wound of RCA Nb;3Sn 2.3 mm ribbon,
clad with 0.05 mm copper per side. The solenoid had a bore
of 2.86 cm, an outer diameter of 9.53 c¢m, and a length of
6.35 cm. It was layer wound with Mylar-copper-Mylar
interleaving between layers, with a total of approximately
2500 turns. Quench parameters at 4.2 K and 1 atm were
I=170 A, H=61.5 kG, and J (coil) =20 600 A/cm?.

The temperature dependence of the quench current at 1
atm was ascertained by charging the coil to a given current
then inducing a temperature rise by lifting the coil out of
the surrounding liquid helium bath. The temperature was
monitored with a calibrated germanium resistance ther-
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Fic. 1. Quench current vs temperature for NbySn ribbon solenoid.
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mometer, accurate to only £0.25 K due to magnetore-
sistance effects. The quench current vs temperature data
are shown in Fig. 1. The warmup times from 4.2 K to
quench varied from about 1 min at 152 A to 20 min at 55 A.
It can be seen that at 10 K the magnet could be operated at
50 A or about 309 of the quench current when submerged
in normal boiling liquid.

In the high pressure studies the coil was welded inside a
stainless steel bomb. The bomb was a 10.2 ¢cm diam cylinder
with end caps and communicated with room temperature
through a 2.5 cm X 0.8 mm wall stainless tube. A ball valve
closed the system and allowed insertion of the LHe transfer
tube. A Bourdon tube measured gauge pressure. The bomb
was precooled by a surrounding LHe bath, filled with LHe,
the coil charged, the system closed, and the bomb lifted
out of the bath to start a temperature increase. The
pressures just before quench were 4+-7 atm at the lower
temperatures and above 20 atm at 14.8 K. The resulting
data are shown in Fig. 1. The effect of the high pressure is
to increase the quench or operating current at any given
temperature. Specifically, the operating current at 10 K
and 7 atm is about 120 A or 709, of the quench current
when refrigerated by normal boiling liquid. This improved
performance is thought to be due to increased heat transfer
characteristics of supercritical helium.

The attainment of high current density will enable us to
choose a more advantageous trade-off between the hoop
minor diameter, the value of the confining field, and the
cost of superconductive material.

* Research supported by the U. S. Atomic Energy Commission.
t Present address: National Accelerator Laboratory, Batavia, Ill.

Pressure Dependence of the Electrical
Resistance of Strain Gauges

J. E. HANAFEE
Franklin Institute Research Laboralories,
Philadel phia, Pennsylzania 19103

(Received 22 January 1970; and in final form, 11 February 1970)

LECTRICAL resistance foil and wire strain gauges are
often used for measuring forces in mechanical testing

of solids in a hyvdrostatic pressure environment. Some ctiort
has been expended in determining the effect of hydrostatic
pressure on load cells made up of these gauges, and this
has been reviewed by Hanafee and Radclifie! A large
portion of the work has involved studies of the geometrical
and mechanical problems of the foil, backing, cement, and
shape of the material upon which the gauges are mounted.

A critical factor is usually ignored, viz., the pressure
dependence of the resistivity of the metal used for the foil
and wire. Since there are differences in the behavior of load
cells under hydrostatic pressure, as determined by calibra-
tion under hydrostatic pressure by dead weight loading,!
spring loading,> Bridgman or split tensile specimen
method,’# and a differential pressure chamber technique,*
it would be important to ascertain the effect of hvdrostatic
pressure on the resistivity of the alloys used for strain
gauges.

It is the purpose of this letter to describe such a study on

two alloys widely used in strain gauges. The first alloy,

Constantan,® was in the form of a 3502 foil gauge with
epoxy backing. The second alloy, Nichrome V,° wasin the
form of a 120 Q wire strain gauge with no backing. A 50/30
mixture of #-pentane/iso-pentane was used as the pressure
transmitting fluid in a piston—cylinder pressure unit which
was fitted with eight electrical leads exiting from the
pressure chamber. The large number of electrical leads
permitted the four lead method for resistance measurement
and the specimen potential was continuously recorded. The
hydrostatic pressure was continuously monitored by a
calibrated manganin coil incorporated in an ac bridge; the
rate of pressure application and release was between
0.17-0.22 kilobars/min.

The results are shown in Table I. For the Constantan
alloy the experimental accuracy of the R/R, values was
estimated to be =0.002. The change in resistance for
Constantan was essentially a continuous decrease up to
1.29, at the maximum test pressure of 10 kilobars and a
return to the original room pressure value upon pressure
release. For Nichrome V, upon increasing pressure up to
5 kilobars there were small fluctuations in specimen resis-
tance introducing uncertainty in R/R, values of _g o570,
However, as pressure was increased above 3 kilobars up to
the maximum pressure of 10 kilobars and during the
decrease of pressure from 10 kilobars to room pressure,
these fluctuations disappeared. Because of the very small

TaBrE I. Pressure dependence of electrical resistance of two
strain gauges.

R/Ry

Constantan Nichrome V

Increase Decrease Increase Decrease

Pressure (kilobars) pressure pressure pressure  pressure
Room pressure 1.000 1.000 1.000 0.999
1.0 0.999 0.999 . 0.999
20 0.998 0.998 Y 0,999
3.0 0.998 0.998 L 0.999
+.0 0.997 0.997 sey 0.999
5.0 0.997 0.997 -~ 0.999
6.0 0.993 0.993 0.998 0.999
7.0 0.992 0.992 0.9958 0.999
8.0 0.990 0.990 0.998 0.999
9.0 0.990 0).O88 0.998 0.999

10.0 0.988 0.988 0.999 0.999
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