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An Apparatus for Heat Capacity Measurement in the
Liquid-Helium Temperature Region

Masahide Matsuura, Kenji Kawasaki

An apparatus for measuring specific heat capacity of solids from liquid-helium tempera-
ture 4.2K up to ~200K has been constructed. For the measurement, the thermal relaxation
method was adopted, instead of the conventional Nernst, pulse heating, or ac methods.
When the present method is compared with other ones, the advantages are: small amount
of sample required, relatively short measuring time, easy operation, and relatively high ac-
curacy of measurement, The minimum amount and dimensions of sample are typically
about 30 mg and 100 um thick, 10 mm in diameter. The measuring time for each measure-
ment is as short as 3 min. Experimental results for sapphire and KBr single crystals are
shown, and their agreements with the existing data are excellent. As an example of polymer,
the specific heat capacity of polyethylene has been measured, and the preliminary data are
presented,
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Table 1  Classification of the experimental
methods of the heat capacity

measurement at low temperature,
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Fig. 1 Schematic diagram of heat capacity
measurement by thermal relaxation
method,

Cg. hat capacity of the sample, Tg: tem-
perature of the sample, T} temperature
of the thermal bath, K;: thermal con-
ductance between the sample and the
thermal bath,

Thermal conductivity within the sample
and heat capacity of the thermal bath
are assumed to be infinitely large,
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Fig. 2 Response of the sample temperature.
(a) The sample is heated stepwise by the
flow of heat P.
(b) The temperature of the sample in-
crease gradually and then levels out,
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Fig. 5 Schematic diagram of the cryostat.
1: liquid nitrogen, 2: liquid helium, 3:
sample chamber.
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Fig. 6 Schematic diagram of the sample cell.
1: silicon diode for temperature control,
2: thermal bath, 3: heater, 4: sample,
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Table 2 Specification of the amplifier.

in 100 or 500

aj

& accuracy 0.1%, *50 ppm/K
internal offset 150 uV

voltage < *10 uV/K

compensation full scale: 3V or 2V or IV
voltage resolving power: 1/2!° of full

scale

manual setting or
GB-IB control

sensor current 10 £0.05 uA

Table 3
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Coefficients of polynominal equations for the calculation of the tem-

perature from the sensor voltage. “TEMP” represents the temperature
range of the fitting, “N” is the degree of the polynominal. “Zu’’ and
“Z,” represent the upper and lower limits of the voltage in the fitting
range, A(1), A(2) ... A(N) represent coefficients of the polynominal

equation, /=10 uA

TEMP. 325 > T > 1101 > T > 299 > T >11.6 > T > 14
Z1 .292059 .845292 1.093568 1.99117
Zu .938789 1.129562 2.214020 2.74998
N 13 13 14 12
A 312.268466 76.217663 18.495591 7.484126
A -117.563242 -53.315971 -9.393014 ~5.495999
A(3) -.178525 1.017141 1.186468 —.148360
A —.026987 2.119591 —1.108457 —-.268811
A(5) —.606695 1.325027 .9135137 —.147497
A(6) .184966 575564 —.644240 —.060675
A .158358 .076129 424654 —.05379%4
A8) —.138797 —.340809 —.271043 —.035601
A®) —.013744 .005980 220618 —.018059
A(10) .063622 —~.228788 —.211525 —-.019057
A(1D -.017726 .151012 107733 —.008628
A(12) -.025180 —-.056203 —.092488 -.013990
A(13) .021859 .078711 .036775
A(14) —.043385
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[nput parameters of polynominal equation.
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Fig. 11 Subprogram for conversion of the
potential across the sensor to the tem-

perature,
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Fig, 12 Variation of the sample temperature
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Table 4 Thickness (d), density (p), specific heat capacity (c), thermal conduc-
tivity (k) and computed internal relaxation time (7;4¢) of the sapphire
and KBr single crystals at 5K and 200K,21)—23)

Al, O, (SAPPHIRE) KBr
T/K 5 200 5 200
d*/m 3x 1074 10~
p*[kgm-? 4.075 x 10° 2.755 x 10°
¢/Tkg 1K 1171 x 107 4,993 x 10 0.8333 4.186 x 10?
K/Wmt K-t 410 130 6
Tint/S 1.0x 107* 2.2x 107 1.9x 107 1.9 x 107!
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Fig. 13 Temperature dependence of the specific
heat capacity of a sapphire single crystal.
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