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TABLE 1. Characteristics of various fast carbon thermometers. 

Solution 

Aquablak B 
K 
G 
~I 

Aquablak B& 
Aquadag (I :\) 

Aquablak K& 
Aquadag (1 :1 ) 

Aquablak B& 
Aquadag (3.1) 

17K 

4.17 
4.30 
1.4. 
1.55 
U8 

2.08 

3.35 

RIR"s 

-t.2 

262 
30.1 
3.56 
5.5 
5.12 

9.6 

26 

1 dR 

RdT 

1 iiK 4.2 

2100 0.018 0.303 1.18 
2360 0.016 0.300 0.965 

5.63 0.005 0.06 0.250 
10.3 0.006 0.090 0.270 
9.2 0.007 0.106 0.382 

19.2 0.007 0.105 0.412 

152 0.013 0.150 0.735 

order of 1()4 Q and yet obtain greater sensiti\'ity than from 
straight solutions of Aquablak G or :\1. .-\\though 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 sensitivin' or too hiO'h a • t> 

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 themlOmeter 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 \-'lithin 10% when kept in a vacuum. 
There was little change in the sensitiyity 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 consLruction of thermometers 
with equivalent resistances and sensiti\'ity. 
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A LEnTA TED superconducting hoop, operated in 
an isochoric (constant volume) environment is bein IT , t> 

studied for possible applications in plasma confinement. 
yragnetic fields of 20-30 kG are desired at the surface of 
the multi-doughnut cryostat. In order to provide extended 
experimentation times, Nb3Sn 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 Nb3Sn 
ribbon solenoid at elevated temperatures and pressures has 
been studied. 

The solenoid was wound of RCA NbaSn 2.3 mm ribbon, 
clad with 0.05 rum copper per side. The solenoid had a bore 
of 2.86 cm, an outer diameter of 9.53 cm, and a length of 
6.35 em. It was layer WOllOd with Mylar- copper-Ylylar 
interleaving between layers, with a total of approximately 
2500 turns. Quench parameters at 4.2 K and 1 atm were 
1= 170 A, H =61.5 kG, and J (coil) =20600 A/ cm2• 

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 heliwn bath. The temperature was 
monitored with a calibrated germanium resistance ther-
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mometer, accurate to only ±O.25 K due to magnetore
sistance eiTects. The quench current vs temperature data 
are shown in fig. 1. The wamlUp times from 4.2 K to 
quench varied from about 1min at 152 A to 20 min at 55 A. 
It can be seen that at 10 K the magnet could be operated at 
SO A or about 30% of the quench current when submerged 
in nomlal boiling liquid. 

In the high pressure studies the coil "vas welded inside a 
stainless steel bomb. The bomb was a 10.2 em diam cylinder 
with end caps and communicated with room temperature 
through a 2.5 cmXO.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 -1-7 atm at the lower 
temperatures and above 20 atm at 1·t8 K. The resulting 
data are shown in Fig. 1. The etlect 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 70% of the quench current 
when refrigerated by normal boiling liquid. This inlproved 
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 adyantageous trade-off between the hoop 
minor diameter, the value of the confining field, and the 
cost of superconductive material. 
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ELECTRIC:\L resistance foil and wire strain gauges are 
often used ior measurin~ forces in mechanical testing 

of solids in a hydrostatic pressure ellyironnll:nl. Some effort 
has been expended in determining the etTect of hydrostatic 
pressure on load cells made up of these gauges, and this 
has been reyiewed by Hanake and Raddific.1 A large 
portion of the work has in\"oln:d studies of the geometrical 
and mechanical problL'ms of the foil , backing, cemcnt, and 
shape of the material upon which the gauges arc mounted. 

_-\. critical factor is usually ignored, viz., the pressure 
dependence of the resistivity of the metal used for the foil 
and wire. Since there are ditTerences in the beha\·ior of load 
cells under hydrostatic pressure, as detemlined by calibra
tion under hydrostatic pressure by dead weight loading,! 
spring 10ading,2 Bridgman or split tensile specimen 
method,a·4 and a differential pressure chamber technique,4 
it would be important to ascertain the effect of hydrostatic 
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,S was in the foml of a 350 Q foil gauge with 
epoxy backing. The second alloy, Xichrome \",6 was in the 
form of a 120 Q wire strain gauge with no backing .. -\. 50/ 50 
mixture of n-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 
pem1itted 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 1. For the Constantan 
alloy the experimental accuracy of the R/ Ro values was 
estimated to be ±0.OO2. The change in resistance for 
Constantan was essentially a continuous decrease up to 
1.2% 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 Huctuations in specimen resis
tance introducing uncertainty in R/ Ro values of _o .oos-Hl·ooo. 
However, as pressure was increased above 5 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 \"Cry small 

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

Constantan 

Increase 
Pressure (kilohars) pressure 

Room pr.~ssure 1.000 
1.0 O.I)l)() 
2.0 0.9<)S 
3.0 0.998 
·to 0.9<)7 
5.0 0.<)<); 
6.0 0.9<)3 
i .O 0.C)l)2 
8.0 o.<)<)() 
1).0 O.<)()o 

10.0 0.98S 

Decrease 
pressure 

1.000 
(J.()')!' 

O.IJ,)S 
O.9l)8 
O.I)<)i 
O.QI); 
D.I)')3 
()1)'J2 
0 .9')0 
tl .9X:-; 
O.I)SH 

R I Ro 

:\ichrome V 

Increase 
pressure 

I.(X)() 

0.9,).'i 
O ,l)t)S 

(J .'J')S 

o. t)'J/\ 
O.'J')I) 

Decrease 
pres 'un! 

U.I)I)<) 
0.1)1)1) 
O.!)()!) 

O.!)')I) 
0 .9<)<) 
o . <)<)<) 

0 .<)<)<) 
Ol)t)!) 

(ll)t)<) 

(J.')t)t) 

O.')t)1) 
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