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Implications of New Data on the Heat Capacity of Tungsten

for the Powdered’Cerium Magnesium Nitrate Temperature Scale *

~ N. E. Phillips, T. L. Thorp, T and B. B. Triplett?

Inorganic Materials Research Division of the
B Lawrence Berkeley Laboratory,
University of California, Berkeley, California 94720

The tungsten critical field data obtained by Black, Johnson and
Wheatley on the OMN temperature scale are reanalysed, using a new
-value of y. The analysis requires A # 0 at T < 4.5 mK, and positive

temperature-independent values of A are ruled out.



A rumber of properties of He? and of dilute solutions of He’ iane“
have been measured on a magnetic temperaturebseale T* that is based on
the susceptibility of a eylinder of powdeted NN (cerium magnesium
nitrate). 1 The difference between this scale and the thermodynamic
scale T, is usually represented by A=T - T* Black Johnson, and
Wheatley (BJW) have.reported measurements of the critical field for
superconductivity in tungstenVOn the same seale to T* = 2 mK, and it
has been p01nted out that the data can be used to test values of A

derived in other ways. The test is based on the thermodynamic relation

2 _ g2 . y T2 . _—
H? = H (41_rY/V)VTV W
which,holdsvfor T < O.S'T . CT is the critieal temperature, Hc is the
cr1t1ca1 field and H, 1s its value at 0 K V is the molar volume, and

Yy is the coeff1c1ent of the electronic heat capac1ty ) The test is

“most useful if an accurate 1ndependent value of Y is available, and the

purpose of th1s letter is to report on the 1mp11cat10ns for the T*

scale of a new calorimetrlc Y Value

~ The heat capac1ty of tungsten has been measured between 0.35 and
25 K and analy51s of the data gave vy = 1.008 *+ 0.010 nU/mole K2. 4
This value agrees to within the comblned estlmated uncertainties w1th

several other values,5 but is con51derab1y higher than the value 0.90

mJ/mole K2 obtalned by f1tt1ng the H_ data between 3 and 4.5 mK to

Eq.(l) with A - (The critical field of tungsten has also been
measured to 5 5 mK u51ng a y-ray anisotropy thennometer 4 The H,

values are higher than those obtained by BJW but the difference could



be produced by different concentrationsvof magnetic impurities in the
two samples and the new data are interprcted as confimmation of the
' temperature dependence reported by BJW). |
- In Figs. 1(a) and (b), the ”c ‘data obtalned by BJW below T* = 4.5
v mK are plotted as Ht ‘vs. (T*+a)? for five choices of A(T). Strarght
lines with the slope required by EqL(l)'are‘included for comparison. ;
As shown in (a), the assumption 4 = 0’1eeds'to a significant discrepancy
between the Ht data and Eq. (1), even in the renge T* = 3 to 4.5 mK.
Positive, emperature independent values of A increase the discrepancy
as shown for A = 0.4 mK, also in (a). Black3 has already noted the
1ncon51stency of ‘the tungsten H data with the p051t1ve constant value
of A 1nf_erred6 from the temperature dependence of the heat capacity of
OMN, and the inconsistency is erenumore apparent when the calorimetric
Y value is useduinlthe comparison. - In fact, positive values of A can
be consistent with Eq.(1) and the H. data only if A decre’a'ses‘ with
increasing T-more rapidly than T";-~0ne relation.for A(T) thatdgives
positive values and reasonable agreement with Eq.(1), AT? =9 mK®, is
represented in (b). On the other hand, it is_possible to find'a’
| negative constant.value of A, - 0.4 mK, that is in reasonable accord
with Eq. (1), as shown in (a)v'. - B | _' | | o |
webb Giffard and Wheatley7 have determined A by comparing a OIN . _ é;
thermcmeter w1th a Johnson noise thermometer They found A = 0. 4 mK
at T* = 2mKand A =0 * 0.12 nK for 8 < T* < 20 mK A qualitatively

similar'temperature dependence for A that is cons;stent Wlth Eq.(l) ' §§



is (A+0,2)T2 = 3.5 mK®, represented in (b). This felation:agrees with
the noise thermometer data to within approximately 0.1 mK in the tempera-
ture interval included 1n Fig. 1 (the only region in which the H cdata
give a useful test of A) but gives A = -0.15 and -0.20 mK at 8 and 20 mK,
respective 17 . | |

In summary, reanalysis of the tungsten H C'data using the calorimetric
Y value confirms that positive temperature indép‘end_ént values of A can be
ruled out and shows that A # 0 at temperatures as high as T* = 4.5 nK.
The Hc data do not determine a unique A(T) relati_on (the criterioﬁ of .
conformity.to the BCS expression fqr H c is not use_ful because. of the
possible influence of magnetic impurities4) but they are consistent with
A(T) relations quélitatively similar to that detemined by noise thermo-
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Figure Caption

Flgure 1 The critical field of tungsten as rcported by Black, Johnson
and Wheatley, plotted as H_ 2 ys. (T*+A)? for different A(T)
relations.  The straight lines have the slope required by

Eq.(1) and the calorimetric y value.
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information, apparatus, product or process disclosed, or represents
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