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installing the couples 50 that heat will not flow along the wires
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or oudtijunction thermopiles are very well suited for mm.;ur-
ing small ¢ diff , for le the t

ture d;ﬁemnce Petween the two streams of a heat exchanger,
There is a special thermocouple material that has been used
recently at very low temperatures. This is gold with an ad-

mixture of 2.11 atomic-percent cobalt. A thermocouple using -

this material with copper as the other element has a much
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of the ﬂlf.rn'xocouple'wim. Another thermocouple of the
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Sometimes the gold-cobalt alloy is paired withan alloy of silver
wu'.h.0:87 atomic percent gold to avoid the good thermal con-
ductivity of the copper. Table 1 gives the thermal emf of
these materials, These are the emf of representative specimens
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realize the International temperature scale from —183 to

630 C. Other pure metals, including copper, nickel, gold, lead

B T T LI
. 5‘_",#":_‘., and indium have been used. At room temperature the resist-
. - - ﬂ(.“') xee t:f a pure metal wire is approximately proportional to
' e * At quite low temperatures the
2o -ma'm"mv(snrmx;n\ Slmnge of resistance d with ¢ peand finally
:'.Zm""'".:‘. . e mes almost, independent of & and ding}
ae| g ames - useless as a thermometer material. The soft heavy elements
2ol Tersoox such as lead and indium maintain a useful ¢ o0
£ 6,5 ¢ = SURFAGE EMISSVITIES efficient of resist to lower t The resi
g ~ coil should not be_subjected to mechanical strain because this
g e ] may cause thenresx_mnce to chinge. [n the standard platinum
£ 1 ther rains are minimized by having the coil sy
£ — =6y i i g the oo "
I £ ‘2= 006 ported in notches in the edges of a mica cross. Some rather
s, glogg t.l;ertllz::metem have been made by winding the wire oo 8
o : :
) Sy coppes e same material, for example copper wire on 3
" ] | s a-soe Some semiconductors such as carbon or germanium with a
X o i Fodm very small amount of indium (e.g. 0.0005 atomic percent),
. - - ——_z ) bave high temperature coefficients of resistance at very low -
. 11 | o - 002 temperatures. These are most useful below 20 K where the
. n = p tal resist ther has d d sensitivity.
o I . I At temperatures below 4 K some germanium resistance ther-
) £ [ BT 58 0.9 75 mometers were found to double their resistance when the

AREA RATIO-A/A,

Fig. 8 . ... Rudiction Heat Transfer

tempe.mbure was lowered one degree. Semiconductors have
negative tempersture coefficients. For moderately low tem-
peratures commercial thermistors, semiconductors made

onics - 685
Table 3 .... Accommodation Coefficients Table 4 . ... Structural Support Materials
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ining its ic susceptibility. The susceptibility is 1 Hayase Stclie o, o
tel ional to the reci I of the absok s
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temperature (Curie’s relation), thus the sensitivity of the
ratur s e e

ther p
ture. There are deviations from the Curie relationship at
very low teraperatures but these can be corrected for and
the true thermodynamic temperature determined if the
susceptibility is first measured at a higher temperature where
the thermodynamie temperature is known.

Liquid-in-glass thermometers filled with propane or a spe-
cial mixture of pentanes can be used down to liquid oxygen
temperatures or slightly below. The principal precaution in
using such a thermometer is to make sure that the liquid has
drained. This is best accomplished by immersing only the
bulb at first, leaving the thermometer stem warm, then after
2 few minutes the i on is completed
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THERMAL INSULATION

High Vacuum Reflective Insulation

In most well-designed Dewar vessels, heat transfer- will
occur predominantly by radiation and can be calculated by
using well-known adaptations  of the Stefan-Boltsmann
formula, provided the emissivities of the surfaces enclosing
the vacuum jacket are known. Table 2 gives minimum re-
corded values of emissivities of selected materials. Figa. 8 and
9 give radiation heat transfer for two sets of boundary tem-
peratures that are of special importance in cryogenics. These
data and the formula from which they were calculated apply
for parallel plane, coaxial cylinder or concentric sphere con-

Good-reflecting surfaces are achieved in prastice by such
means as application of aluminum foil, ch 1’ deposition
of silver, or electro deposition of silver or gold. In. Dewar
.vessels built of copper or aluminum,-only a cleaning or

lishing of the structural metal is required. Whatever the
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materials used to obtain low emissivities, it will be important
to remove surface contaminants such 48 oxides or films of oil
or grease. There will be some advantage in using cleaning
procedures, such as solvent cleaning and electropolishing, that
avoid work-hardening of the metal. -

In Dewar vessels for the lowest boiling liquids, helium
(7 R) and hydrogen (37 R), it is customary to intercept the
radiation from the warm boundary by a shield cooled with
fiquid nitrogen (140 R). In such vessels a significant portion
of the heat exchange between shield and inner container may
be from conduction by residual gas in the ted space. In
a hydrogen Dewar vessel the residual gas is likely to be hydro-
gen, rel d from solution or inm in the ral
metals or resulting from' decomposition of diffusion pump

fluids. In & helium Dewar vessel sucl} hydrogen is condensed

on the heli led surface, and residual gas can only result
from leaks in the helium vessel. = .. R
Gaseous heat conduction at low pr is'calculated us~

ing" adaptations of the Knudsen formula. In these formulas
there appears the accommodation coefficient, a factor ex-
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