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The results obtained for the thermo-e1ectric forces of Pb and Sn at 
liquid helium temperatures and higher 1) together with the assumption 

made probable by those results. that the THOMSON-heat a is zero in the 
supraconducting state 2). render the establishment of an absolute scale for 
thermo-e1ectric forces possible. 

The TH OMSON theory gives the formula 

de al 02 

dY - T - T' (1) 

which on account of the N ERNST theorem gives ?y integration 

T T 

e=.[~ dT -.[idT . (2) 

o 0 

The integrals may be called the absolute thermo-e1ectric forces per 
degree for each of the two metals. and they are of course of more interest 
than the thermo-electric force of the coupIe. 

It is obvious from (2) tha t if the integral is known for one metal. it may 
he determined for any other metal at any temperature by measurement of 
the thermo-electric force against the first. To get the value of the integral 
for that one metal. it is . however. necessary to know the values of alT 
continuously from T down to the lowest temperatures. Fortunately the 
measurements seem to give such a knowledge with a fairly good degree 
of accuracy. 

Below the critical point of Sn at 3.72 0 K alT is by assumption zero for 
Sn as weil as for Pb . From 3.72 to 7.2 0 K it is zero for Pb. and may be 
calculated for Sn and for the special silveralloy wire called "normal" in the 
Communication mentioned 3) by the aid of equation (1) from the thermo
c1ectric forces against Pb . Above 20 0 K alT is known for the normal from the 
direct measurements of the TH OMSON heat made by BORELlUS. KEESOM and 
JOHANSSON 4) and may be calculated for Pb and Sn fro m thc measurements 
of Comm. N °. 217c. All these values have been determin~d graphically 

') G . BORELlUS. W . H. KEESOM. C. H. jOHANSSON and j. O. LINDE. These Proc . 
34. 1365. 1931. Comm. Leiden N O. 217c. 

2) Cf. § 3 Comm. Leiden N O. 217 c. 

3) Cf. Comm. Leiden NO 217 c § I. 
4) These Proceedings 31 . 1046. 1928. Comm. Leiden NO. 196a. 
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and are shown in Fig . 1 by the full lines. Between 7.2 and 20° K ther~ 
is an interval. where no values could be directly calculated from our 
measurement. As will be seen from the diagram in the case of Sn the gap 
can. however. quite easily be filled up by connecting the curves on its 
sides. As to Pb and the normal the shape of the curves between 7.2 and 
20° is rather unfit for a graphical interpolation . The dotted lines in the 
figure were derived from the thermo-electric forces against Sn according 
to equation (1). At the critical points the curves are simply drawn as if 
there were a discontinuity in defdT. though in fact we only know. thilt 
there is a rapid change. As however the curves are obtained here by 

graphical derivation this detail will have no influence on the result of the 

TABLE I. 

Numerical values to Fig . J. 

"- 108 volt 
T 

per (degree)2 I 
OK. 

Sn31 
I 

Pb31 
I 

Normal 

<3.7 0 0 -

3. 7 -1.7 0 +0 . 1 

5 1.9 0 0 . 1 

6 2 .3 0 0. 2 

7 2. 55 0 0 .2 

7.2 - - 14.3 0 .2 

10 3.3 15.0 I. iS 

12 .5 3. 75 i .2 3.5 

15 i .O 0.6 3.55 

17 . 5 i.O 0.3 2 . 17 

20 3.8 0.37 1.55 

30 2.9 +0 . 18 0 .80 

I 
iO 2.15 - O.Oi 0.25 

I 50 0.86 0.09 - O.Oi 

I 60 0.51 0 .05 - 0 .03 

70 0.-44 0.13 +0.03 

80 0.36 0 . 15 0.10 

90 0.2i5 0 .385 0 . 155 

I 
100 0.19 - 0.21 



12 

graphical integration in the following. The numerical values connected with 
Fig. 1 have been collected in Table I. 

Fig. I. 
a 
T 

de.b. 
for Sn31. Pb31 and silveralloy-normal in volt p~r (degree)2. 

dt 

The curves in Fig. 1 have been graphically integrated, and the absolute 
thermo-electric forces per degree 

T 

eab. =.[ ~ dT (3) 

o 

th us obtained are given in Fig. 2 and Table 11. The even form of these 
curves as compared with the curves in Fig. 2 of Comm. N0. 217c, see~s 
to confirm the correctness of the graphical interpolation for Sn between 
7.2 and 20° K and also demonstrate the usefulness of the absolute scale. 
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Fig. 2. Thermo-electric force in volt per degree for Sn310 Pb3• and silveralloy
normal in th~ absolute thermo-electric scal~. 
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TABLE Il . 

Thermoelectric forces in microvolt per degree in the absolute the-rmo-electric scale. 

OK I Sn31 
I 

Pb31 I Normal 
I I I 

< 3.7 ° ° +0 .01 

3.7 0 0 0.01 

5 - 0 .023 0 0 .01 

6 o Oi2 0 0.01 

7 0 .067 0 0 .01 

7.2 0 .073 0 0 .01 5 

la 0.155 - O. iO 0.030 

12 .5 0 .25 0 .685 0 .096 

IS 0.3is 0 .735 0 . 185 

17.5 0.445 0. 74 0 .26 

20 0.5is 0 . 75 0 . 305 

30 0.885 0. 74 o i2 

ia 1.13 0. 73 0 .i7s 

50 1.285 0. 74 0.i8 

60 1.3i 0 .745 0.i75 I 

70 I. 39 0.75 0.i7s 

80 I.ii 0.76 0.i8 

90 1.465 0 . 795 0 . i95 

100 1. 485 0 .835 0.51 5 

I 

With further use of the measurements of BORELlUS. KEESOM and 
JOHANSSON on the THOMSON heat of the normal the e abs of this wire are 

calculated further up to 3000 K and are given in table 111 for the same 

temperatures as are used in our interpolated tables for thermo-electric 

forces per degree in the earlier papers 1) . We es ti mate the error in these 

absolute thermo-electric forces at room temperature at about -+- 0.1 micro
volt per degree. 

') These Proceedings 33. 17 and 32. 1930. Comm. Leiden NO. 206a and b. 



TABLE 111. 
Thermo-e1ectric force in microvolt per degree for the silveralloy-normal in the absolute 

thermo-electric scale. 
T 

(eabs = J; dT) 
o 

OK 
I 

oe 
I eab.s 

11 

oK I oe 
I 

eab• 

2 - 271.1 +0 .005 73 . 1 - 200 0.i8 

i 269.1 0.01 83.1 190 0 . i9 

6 267 . 1 0 . 01 93 . 1 180 0.50 

8 265 . 1 0 .01 5 103 . 1 170 0.52 

10 263 . 1 0 .03 113 . 1 160 0 . 5i 

13.1 260 0 . 12 133 . 1 1i0 0.61 

18 .1 255 0 . 27 153 . 1 120 068 

23 .1 250 0 . 355 173 . 1 100 0.76 

28 . 1 2i5 0 . i05 193.1 80 0.8i5 

33.\ 2040 0 . 41 213.1 60 0 .93 

38.1 235 0 . i65 233.1 iO 1.02 

i3.1 230 0.i8 253.1 20 1.11 

I 53.1 220 0.i8 I 273 . 1 0 1. 20 

I 
63 . 1 210 0 . i8 

I 
293 . 1 +20 1.295 I 

We at last wish to point out that the possibility of using the 
measurements on the supraconductors for the establishment of the absolute 
scale was not quite dear to us at the time as the measurements were 
performed. The results are therefore not in details the most convenient for 
this purpose. It is probable that the scale can be more exactly determined 
by measurements on an extended number of supraconductors. 

Summary. 

T 

The authors introduce eab. =.J' ~ dT (a = THOMsON-heat) as the 

o 
thermo-electric force per degree of a metal in the absolute thermo-electric 
scale. They calculate this quantity for tin , lead , and the silveralloy-normal 
they used, on the basis of their measurements of the thermo-electric forces 
and of the THOMSON-hea t, of the assumption that a = 0 in the supra
conducting state, and of an interpolation for tin between 7.2 and 20° K. 


