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Ir wc intl'odllCC t!tis vn,luc of 1.1' in equation (8) we gel, 
3 

2 : 2 : 1 ='cl : Z2 : Za ; 

whic11 is en/il'el,)' conSii:l!cnl witlt IIte double pt'OpOI'liol1. 
C'ow;equentl// n = 6 is tlw Ol/.Z/I va/ue > 5 tlu/t is cunsislmt witlt 

t!te JlI'incil)7e of t!te mtionaf indices. H we ex/end the l'eqllil'ellleJlt 
tIUL! cos 1.1' must ue ral,ional to the case n < 5 tIJen Ihe values 11 = 2, 
:3, 4, [l,t'e ulso pel'lllissibie rOl' axes of Ihe fit'st kind, fLllll the val lies 
n = 2, 4 fol' axes of the secOJld kind. 

Uiiltin!len,'" NovellI bel' 1907. 

Physics. - "fsothel'lns of dil/lomic !I(/se, ((lul theil' óinlt!',I1 mi,vtlll'es. 

VI. IsVtltèl'l1IS ol h,~dl'0!Jen betIIJeen -JOJO C. and -2l7° C." 
(Co111inuecl). By Prof. Il. K.\ilmRLINüTI O~NBS anel C. BlL\,\K. 

Communication N°. 100-' l'!'Om the P11ysica1 Labol'atory at 
Leiden. 

CC:ommunicaled in lhe meeting of November 30, J U07). -

~ 17. Survey uf tlte detel'minations. Remar/.; on the apl)a1'((tlls. 

-'1'11e measurements mentioned in this COl1l111llllicatioIl comprise ill 
the OJ'st place the supplementaL'y c1eterminations to wIJ ich we alread.r 
allmled in ~ 1'4 of Comm. NU. 99 rt (Sept. 1907). These arc thl'ee 
deterllliJlations at - 2170 al a densi/y of about 170 times the nOl'lnal onc. 

'l'he obvioLlS thing to do flll'lher wat:) to repeat the oLher determinatioJls 
or series II witlt the sallle piezometel' al'runged 1'01' the detel'minatiom; 
llleJltioned n.bo\'e, this piezoll1etel' beillg OlIe of about the sallie 
dilllcnsions as that of seL'Ïes II of COnlll1. N°, 97(( (March 1907). 
As a matter of fnct a compm'iRon of the values of PVA oblained in 
th is series with thosc yiclded by the series lIL and I V teaches that 
t he 1'ol'luel' lic SOlllew hat, thongh onl..,. slightly, 10wel' (han (he latte I'. 
'fhis ma)' be due to a s.,ystematical error as tbe fillillg in the latel' 
sel'ies v,ras accomplishell witlt more prccautiol1s (compare ~ 5 of 
Cornm, NU, 97a). In the series now given, .lust as in series IV, distillcd 
hydrogen w'as nsecl. 

Both the sleel tubes on the stem of the piezometel' and those on 
the stem of Lhe piezometer reservoir \Vere _ soldel'ecl to the glass (cf. 
~ 15 of Comlll. NU:. 9~a). This enSlll'es a gas-pl'ooi' eonnection with 
the steel capiJlal'y, ·Wïlli. sealing wax it is dillicult 1.0 make the 
connection gas-pl'OOr, because sometill1cs Ihe nul begins to slide ofl' 
when the flaug'e is tightly sCl'ewed on. 
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~ 18. Values of }JVA oj series V. 
In table XX the l'esu1!b of the cletel'lllintttions have been repl'e

sented in thc same way as in talde XU or ÛOltllll. NU. 97a
• Tlte 

tempenttlll'e:; aL ",bieh thc l1ICttblll'ements wCI'e made were: -182°.74, 
-195'.16, - 204°.62, - 212°.91 aJHl -- 215°.94. In tabie XX ihe 

\ l'cdudlOn to Ihe slaudal'cl lempemtlll'cb of table XII ha:; been 
eal'l'ied ouL. H wa:; eJfedecl l>.r illicl'polnllOll lJy mcans of viriaJ coem
cicnlb, whieh were del'iveü in ~ 12 of ÛU!1lll1. NII. 97°,. ",hieh cnabled 
uS to abandon the elabol'alc mcthod of ~ 8. The compnlalion of 
the tcmpel'atul'cs to ok place in Ihe ballle way ttS in ûOnlm. RO. 95e 

(Nov. J 906). Tlte." ma)' be l'edllecd 10 thc 1101'111al hydl'ogen scale by 
ll1eans of table .x.VllI of Û0ll1111. W. ~)7b (i\lal'ch t907). 

TABLE XX, H~. Series V. Values of pv A . 

NO. 
! 

ts 
i 

p 
I 

pVA l dA 

I 
\ 

- 182°.81 .18 .131 o 327.16 Iq7 .00 

2 I 
53.,W9 0.32857 1û8.01 

3 I 02 889 0.33028 JOO .11 
I 

<1 
I 

- 105°:!.7 42.304- 0.27302 1~"dH 

5 , .17.7tl2 0.27351 174..70 
I 

I 
0 I 

52.808 o 27300 lU3.01 

7 I - 204°.70 3G.mJ9 0.2.31û5 '15ü.72 

8 41.258 o 230G1 

I 
178 91 

!) .14.fi31 0.23001 lOl 01 
1 

10 - 212°.R2 :12.035 0.18'" 14 1 O:ï .f)1 

11 34 011 o 19270 170 OJ 

12 37.'27"5 o 191"'9 !!.lil GO 

13 -217°,lt1 28.055 o 17318 1û7.Gil 

I 
14 31.1!)J o 17152 

1 

181.85 

I L 15_~_ I 
33.180 0.17005 

I 
195.12 

~ 19. V({Z1tes oj ]JVA of series [V. 
It' in the ~ttlne wa.)' as iu Ilte pl'eccding ~ the l'esulls of lable 

XIX of 00 111 nl. N°. 99(/ al'e l'cc1l1ced 10 Ihe stnndnl'cl tempemtlll'es 
the vttlucs uf Llte ndjoinccl tnble nrc ObltÜllCd, 1"01' ~ 1:39°,88 ,Lhis 
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TABLE XXI, HJ • Series IV. VaIues of pv A' 

-- 139°.88 

p 

28.M7 

38.186 

48.724 

58.3G8 

25.406 

33.774 

41.273 

48.:5:58 

-- 1610 14 I) 22.818 

28.688 

34.387 

- 204°.70 

- 217°.41 

39 917 

20.496 

24.818 

28.50G 

32.568 

18 527 

23.303 

27.837 

lG.749 

lfi."IG 

18.038 

20.G43 

1".635 

o G32G1 

0.63702 

0.64198 

0.G4694 

0.49450 

0.49697 

0.4V067 

0.30232 

0.40065 

0.40JG4 

0.40253 

û.4037G 

0.32704 

o 32699 

0.32672 

0.32675 

0.27827 

0.27724 

0.27580 

0.24036 

0.2387G 

0.23691 

0.20644 

o 201.30 

0.2022f3 

0.18738 

44.907 

59.1:144 

75.897 

90.222 

51.3G8 

G7.9GO 

82.600 

90.607 

5Ll.9i2 

71.;'27 

8:5.427 

98.936 

62.670 

75.898 

87.248 

99.673 

66.581 

84.055 

100.933 

69.684 

85.658 

101.3G7 

74.679 

88.206 

102.051 

78.103 

IG.784 0.18401 90.76G 

18.8:5:1 I 0.'18289 I 103.080 I ___ ~=--'--___ .---!... ____________ - ___ I 

1) This lcmpcl'alul'e lt,lS been del'lved fl'om lhc COJllIMl'ison of tlic l'csistunce 
lllCllllUlllelel IVllh lhe llydlogcn l!tCl'lllomelel' of July 3, '07 (scc lable I, Comm. 
N0. 101 a). 

28 
Pl'oceedinss Hoyal Acad. Amsterdam. Vol. X. 
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l'CdllCiioll has Ilot beon cal'ried out, as it is better to take this ten 
pemllll'c a:; sinmlctl'll tempel'atul'e insLeacl of ~ 135°.71. T-Iere, tb 
l'edl.H,'tion \\'01111.1 II<1,,'e to be made fol' a comparatively lal'ge difference ( 
tcm pemlllL'c: è1l1d w ollld become inaccul'ate. It is, thet'efol'e, preferabIe t 
leaH~ tllc "allle~ of table XIX fol' this temperatul'c intact, and 
llCCC:::Siu'y upply lllc l'eduction' ,to -those of series I,' which are muc 
less l'eliablc. Tltc lemperature - 164°.14 has been adopted as ne, 
sl<1mhll'd iempemlul'e, 

The dctel'mlll,llioll::: 5 H,])(l 9 as weIl as 14 ttnd 18 of table XC 
ilm'c becll llllüed to t"\; meau. 

~ 20. (;oili!./(7/'i80Jl of the series I anc! IJ witlt the c01.ztrol-dete1 
111 111 ({ t /0 (U; , 

F01' rcasons II1clItioned iri ~ 17 the points of series I anel II hav 
beclI dOllbly dClcl'lllined in a ll1utually perfectly independent wa) 
'ne," eè11l be ei1~i Iy comparetl with the con trol determinations ( 
J r Hlld Y h.'" l'edlleillg them to the same elensity anel temperatul'e b. 
lllcall:= or vil'ial eücf'fi~ients. If in this way fol' -103°.57 Nos. 2, 
Hlld -I: Ol' scl'Ïe~ 1 (,;(~O lable XII) a1'e- compared with 1, 2 alul 3 c 
:::cl'it'::; J Y ;sec t.llJ!e XXI), we find 1'01' t.he cliJf'el'ences of ]JVA fo 
1 r,--l I:e:::pceti ,'el," : 

+ .,O.()()()()1 + 0.00007 : - 0.00019 
alltl 1'0.1' -'- J:W-:J,88 rOl' IV (5,6) - I (2,3): 

-- 0,00085 - 0.00036. 

Dcalillg in tltc :::<l111e way with the series II anel V (see table 
:.\11 alJd XX;, ,,'e fillC1 l'espectively fol' the temperatures -'182°.81 
-:U)5c .27, ,- 204".':"0: anel -212°.82, 

V (.1. 2) -- 11 (2,3) = + 0,00007, + 0.00010 

\" (4" 5, Ij) - II (2,3,4) = + 0.00012" + 0.00026, + 0.00017 

V (7, 8, 9) - Ir p, 3,4) = + 0:,0020, + 0.00019, + 0.00034 

\' (10, 11,12) - 11 (2,3,4) = + 0.00013, + 0,00008, + 0,00021 

The cliiferences a,l'e LO be aseribecl chiefly lO conelensation 0 
impurities, as tlley dilllinish with incl'ease of t.he temperature. Thi 
was considered as sufïieient gl'ouucl to l'~ject the results of the seri~ 
I allel 1I 1'01' the fm'Uler ca,lcnlations as less reliable. rrhis was n.ls( 
clone 1'01' -104°, thOllgh the series 1 anel IV hal'monize very wel 
1'01' this temperatlll'e. vVhen we clisl'egal'd the influence of thl 
probable condensa,tioll the very regnJm' course in (he sitllation 0 
the points is all inclication abont the a,cclIL'acy of tllc 111 efisnrem en I: 
thcmselves a180 '.cOl' the oUter isothel'ins, 
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Sa thel'e remain Ihe deLel'll1inations of the sel'ies IIT, IV alld V, 
,which, l'eClllCed to Ihe sLandal'd tempemtlll'es, OCClll' in the tables 
XII, XX anel XXI. With these· data. the fUl'thel' calcnlations ha\'e 
been ccu'l'ieel out. Plate I gives a sUl'vey of the situatioll ,of the points 

in the diaoOTtUn of isotherl11s;, on this l)late pVA has been. g'iven as 
. '1' 

func('ioll of tlJe density. (1' absolute temperatlll'e). By I anrl Il the 
isotherl11s of 100°.20, a,nd 0':>, which wiIL be 11'eatec1 in the following 
communication, are indicatedJ by the otl;cl' Roman figures aseendil1g 
With decl'ease of ternpel'athl'e, those to -217°.41. 

~. 21. lndivid~tal vil'ial coe.Oïcients. 
In Lhe same way as has been expJained in ~ 12 of Comm. W. 97a 

tbe fil'st, thl'ee vidal coefficients of the development into series con· 
sidol'ed thel'e we re calculatecl fol' every isotherm, by meal1S of the 
eudiel" anel the Ilew data. They have been put togethel' in tlle 
sub.ioined , tabie. I 

- '1\)5°.27 

-204.0.70 

T ABLE XXII. H~ Indivi 

0.62')48 

O.487G5 

0.39891 

0.33003 

0.28508 

0.25074· 

I 0.22'10:1 

I ,0.20424' 

+0.24409 

+0.H175 

+0.00732 

-O,Oiü4ï 

- 0:12309 

I -0:17328 

. -0.2227-1 

I. -0.2.\1\3\1 

dual viriaI coefficients. 

I. 106 CA \ '1012 D A 
1 '101s EA I ..... I 

+0.5300 +0.9113 -0.648 

+0.4034 + 0.û753 -0.378 

+ 0.4'148 +0,4·970 -0.208 

+0.3908 +'0.3809 -0.088 

+ 0.31G5 +0.2892 -O.OlG 

+0.3398 +0.2·16û +0.03'1 

+0.3599 +0.15-14 
I 

+0.066 

+0.3558 . +0 .. 1'122 
I 

+0.082 

In the same way as in Con;m. N°. 97a the c1ilfel'ences between 
the obsel'ved values of ZJV A anel thoso calcnJated by, meuns of the 
founcl vil·ia.l coefficients al'e put togethel' in a. tabIe, which we sllb.Join, 

The secóllcl column contains tho dilfel'ences fol' the points of the 
hydl'ogen thol'mometer (seo lable XII of 00111111. N°. 97a), the f'ollowing 
columns }'ofol' to the series IV, V a,nd III in the order given here, 
thc valuos being [\,l·l't1.nged n,ccol'ding (0 tho ascCllcling dClIsitÎes rOl' 

eaeh i:>eries. 
28* 

. ~ 
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TABLE XXIII H.. Devlattons from the formula. 

t s W(OI-Ct) 

~571-1 +8 -I -11 ~61 
I -1::190 .88 1- 2 +13 -15 0 +4 

1-104.0 14 0 -3 +7 -u +2 

-1820 81 - 1 -15 +13 +3 +12 -15 I -- 9 +12 

-195° 27 -4. -2 +25 -11 -16 O! + 8 

_204.° 70 -18 +4. +30 +22 -22 -2'[ -21 +23 

_212° 82 -14 +3 -10 - ~j. -22 +18 +12 +221 - 5 
I 
/-2170 4.1 -14 +13 o 1 +15 1- 2 I + 1 1 - 31-~2 I - G I +18 I 

It appears that on the wl101e series IV gives higher va1ues than 
sel'Jes V. The calclliated eurves may serve fol' the ac1,Justment of 
the :;el'les mutually Undouhtedly th0u' pOllltS wIIl he more relrable 
than those of the be parate determ1l1atIons. In future we shall, thcl'efore, 
start from the vil'lal coefficlents of XXU . 

./ 

§ 22. jlJinimrt of pv1\ • 

vVIth the now HNal1able data tile llumma of the lJVA Cl1l'ves were 
now aga1l1 detel'lllmed fol' the la west fh e temperatul'es, and as befol'e 
the coefficlents Po, PI and p. of a parabola ca1cula,ted. The COllllllll& 
of table XXIV ha.ve the Game ll1eaning as those of table XV of 
Comm. N°. 97a . 

TABLE XXIV. H2• MInIma of pv A' 

ts pVA dA P O-C 

- 1820 81 o 32663 99 70 32 »7 -029 

- 19?0 27 o :7318 183 JO 30 07 +13G 

- 204.0 70 o 22945 238 27 ')4. G7 -021 

- 212.0 82 o 18782 287 gil 54. 09 -084 

- 2170 4\ o 163-12 321 ~I "2 51 +019 

o '3021)2 0 0 -023 
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For tlte ('~LlclllnLioll of t1lC coefticicIIt& of the pal'fLb 0 Ja, n F-ixtb 
poiJlt was Ilsed which hns been insel'ted at the 00(/0111 of the tab Ie, 
allc! was obtaineel b,)' mean& of the isotherm of - 164°.14. Fol' this 
temperature the "aIue of BA is very slight" and by mea118 of intel'
poIatiOl1 the ROYL1<i-lJoint. ca,n be easily detel'mll1ed. Fol' tIns is found, 
measured on the absolute Rcale: 

e = - 165°.72 

to which cOl'l'esponds a vaille of PVA = 0.39292. 
For tbe f'oefficients of the pambola we fiud: 

Po = - 14.8370 

P 1 = + 676.563 
p~ = - 162431 

The diffel'ences of the In"l column are &light, except fol' -195°.27. 
For this temperaLlll'e CA appeal's also to be toa & 111 all (see table XXII). 

Bath deviations must be owing to tho not quite aCf'Ul'ate posi1iou 
of one Ol' more of the poillts of the isothenl1s. From the chagl'all1 of 
Plate I . jt is alreacly to be seCll thai the midelle point uI' series IV 
probably lies too high. 

TIle pamboJa cuts the ol'c1iJ1<tte p = 0 1J] two points where PVA is 
l'e5pectively = 0.39330 anel 0.02323, with which agree the absolute 
temperatures: 

1\ = 6.3 1'~ = 107°.5. 

FOl' the tóp of the pal'aboJa ZJV A = 0.20826, witb which corresponds 
a pressllre of 55.61 atmosphel'es. From this fo11ows fol' the absolute 
temperatlll'e of lhe isotherlU which passes through the top: 

l' = 64°.2. 

Physics. - "Isothel'ms of diat01l1Îc .qases anc! tltei1' bina1'y mi,vtzwes. 
VII. botherm.\· of hydro,gen betIIJeen O'J C'. (md 1000 C'.') Br 
Prof. H. KAl\IERLINGH ONNES anel C. BRAAK. Comll1umcation 
N°. 100b from the Physical Labol'ator,)' at Leiden. 

(Communicated in the meeting of November 30, ] 907). 

~ 1. Szt1'vey .of tlte dete1'171inations. 
The reservoir of 5 cm. ~ of the piezometer of series IV (Comm. 

N°. 99(( Sept. 1907) was replaced by one of 10 cm. 3 'Vith this 
apparatus two isotherffis were determineiJ, in ice alld in vapour of 
boiling watel'. To obtain constant tel1lpemtl1l'cs the same instl'uments 
were usecl as in Comm. N°. 60 (Sept. 1900). The water manometer 

\ (c.t'. ~ 8 of Oomm. N°. 27 (June 1896)) was l'eael, but the diffel'ence 


