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Physics. - "Supplement to C01nmunication N°. 95rt f?'on'b-. t!te 
Pltysical Lab01'cä07'Y of Leiden, on the comparison of the 
tl~eJ'nw-element cOn'Jtantin-steel with the ltyd?'ogen t1le1'l1wmetér" . 
Dy Prof. H. KAMERUNGH ONNES and C. A. CROMMELIN. . . 

§ 14. COl'l'ected l'epl'esentation of the obsel'va'tiom by a jive te1'l11, 
fo'/.·mula. 

As appears. from note 1 the calculations in § 12 were made with not 
perfectly accurate values of the temperatul'e at - 1820 and in the 
same w<:ty the mean errors w.ere derived from the assumption of 
those less arcurate values. 1) 

lf the correct values of those tempel'atures for the caiculations' of 
the deviations 1V-R1 , TiV-R~, Hl-R s' 1fT-R~ in Table VIII, are 
used, the mean errors in micro volts become: 

fol'. f01'IIHlla_ (BI) .± 3.0_ 
(BIl) ± 3.4 

instead of 

(BIlI) ± 2.8 (2.5 without - 217°) 

(BIV) ± 2.1 

(BI) ± 2.8 

(BIl) ± 3.2 

(BlII) ± 2.6 (2.1 without - 2 J 7°). 
(BIV) ± 1.8 

which wouid also have been obtained if the ouservations at -182° 
were excludecl. 

Now it was necessary to examine whethel' a repetition of the 
adjnstment wouid climinish these mean errors. It appeal'ecl convincingly 
that this was not possible to an apPl'eciable degree fol' (BI), (BlI), 
(13111). It appearecl possible fol' (BIV) 19 distribute the errors more 
equR.lly. However, ihis only l'educed the sum of sqnares from 26,57 
to 2f?,14. 

Instead of the coefiicients a o b 4' Cp e4 and'f4 (see § 12) we gei then 

a'4 = + 4.32513 e'4 = + 0.023276 

b'4 = + 0.409153 /'4 = - 0.0025269 

c' 4 = + 0.0015563 
The deviations are given in Table IX under TfT-R'4' 

1) The COl'rection amonnted to 00 ,081 in tempemtul'e Ol' to 1.7 microvolt, in 
cleclromotive force. 

I 
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§ 15. Reptesentation of the ob.Qe1'vations by means of a jour 
term j01'nzula. 

We have now quite carried out the calculation of a fOl'mula of 
the form 

. (C) 

announced in note 2 of § 11, by the method of E. F. v. D. SANDE 

BAKHUYZEN, which proved to facilitate matters greatly again. 
Fom solntions (G) were found, viz. (GI), (GIl), (GIlI) repl'esenting 

the observations down to - 253°, whereas in (GlV) onlyagreement 
down to - 2170 has been sought fol'. . 

The coefficients in millivolts are the following: 

1 2 3 4 

a + 4.30192 + 4 30571 + 430398 + 4 33031 

IJ + 0.357902 + 0 366351 + 0.363681 + 0.421271 

c - 0.0250934 - 0 0192565 - 0 020071 + 0 018683 

e + 0 0257/J.62 + 0 0270158 + 0.0270044 + 0 035268 

The reslduals have been given in tenth parts of micro volts in 
Table IX under W-RCI, W-RClI, W-RClll, W-RCIV. 

Just as with the five term fOl'muIa, the residu al at - 1820 

appeared also no\" greater thau the othel's. 
In calrulation 3 it was tried io distribute the errors more equally, 

but the sum of squares appeared now to have ll1creased. 
The mean errors are if we ll1rlude the observations down to 

- 2530 fol' (GI), (GIl), (GlII), and only those down to - 217° fol' 
(CIV), fol' 

lGI) 
(GIl) 

(GIlI) 
(GIV) 

± 3.0 
± 2.9 
± 3.0 
± 2.3 

If -182 0 is excluded, they become: 

(GI) ± 2.7 
(CIl) ± 2.6 

(GIV) ± 1.8 

The mean errors of (GI), (GIl), (CIlI) must be compared with 
those of (B I) and (B UI), those of (GIV) with th08e of (B IV). 
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This cóinparison teaches that the four term formula fol' tUe repl'esen­
tation of the obsel'vations may be considered to be almest equivalent 
to the five term fOl'mllla, and that therefore (tbis l'emark is in hal'­
mony with note 2 of ~ 13) for the calibration to - 2170 the lowest 
number of temperatures fol' which obsel'yations are required, amounts 
to Jour. That three are not sufiicient was already proved in ~ 11. 
This appears also clearly, whell the mean error is determined, which 
rises to ± 7.6 microvolts for the three term formula. 

TAB I.; E IX. 

DEVIATIONS OF THE CALIBRATION-FORMULAE FOR THE 

THERMO-ELEMENT CONSTANTIN-STEEL. 

I II In IV V VI VII ' 

NO, W-R4' W-ReI IW-RClI I :-RCIII IW-RcIV 

0 

I I 22 29 82 12 + 20- + 15 + 18 19 

24 and 20 5875 + 16 + 30 + 26 + 29 + 4 

21 and 23 8S 15 + 14 + + 1 + 1 + 1 

1 and 17 - 1(13 70 6 29 28 30 20 

16 and 18 - 13986 + 26 24 31 17 

19, - 158 83 10 10 10 18 10 

3, 11 and 5 [- 182 73] + 26 + 46 + 44 + 35 + 34 

4,28 alld 6 - 195 19 + 2 + 23 + 21 + 12 + Il 

12,27 and 7 - 204 70 20 g 11 19 18 

26,14,13 anti 8 - 212 85 + 24 + 21 + 21 + 13 + 21 

29, 15 aod 25 - 217.53 15 30 29 37 23 

30 - 252 93 + 280 0 + 20 + 20 + 150 

31 - 259 24 + 485 + 115 +141 + 143 + 313 


