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( 4...1:5 ) 

7. Some rUL'thel' de(ails COnCCl'Jl i lig lhc appal'alns mH,,)' finally be gi ven. 
The ll10unling aild lhe plales of lho 5 1lI.1ll. étu,lon tI,re by ,JOBIN, 

Thc inner sUl'l'accs or [hc p!:t[c::, al'C accuntLcly fla!. TlJe Olllol' Slll'

lit,ccs lIoed uIII,)' ol'dinar,)' IItt,tJlCStl, they arc illclincd nt all n,ng'lc or l' 
to lhe inner Olies, Thc [lla[cs of IIlc é[alon aJ'c vc1'lical, anti [lJe 
whole apparatlls iö eapablc of [ho Jlcccssm'y mljlls[IIlell[s in azi 11 lil 1 , 
whilc also a horizolllal slidillg IllotiulI pnrallel to thc \llatcs of thc 
étnloJl waö providcd 1'01', 

All image of lhe vaCUlIlll ll1bc was J'ol'llssed Ilpon 1h9 élaloll by 
ll1Ctt,!1S of an achl'omalic lcm; of 12 cm, foclIs, thc cll!tt,l'gcl1lcnl beilIg 
rom tillJe'3, All op[ical picecb WCI'C 1I10llli [cd II pOli dUlI bic T-picl'cs_ 
anel thcl'cfol'c rigidly COJllIcclcd, 

Thc figuJ'cs elcnd,)' illllictt,[c [haL I' UI' [ilc illYcsligaliul1 uI' ,hc IlH1gJlclic 
öcpm'atioll of lhc ycllo\\' 1lI0l'l'1II',)' lillCS, iL would Lw or 110 vn,lllc 
[0 usc tUl é[[doll of gl'ealcl' optiCtLi LIILelGlCSS of [hc plate of ail', On 
1110 COIi [nwy L110 c(I'ccLÏ \'c width of thc ycllow llIel'l'l1l'y lilles wlJeJl 
ulIticr llltt,gnctic illllucnec is l'athcr Int'gc, ba t1lt1L tllO limits of [he 
Illcthod in this case <wc being ra[lidly approachcd, 

Physics. - "[sotheJ'ms 0./ monlltumic fJases lt1ul tltei,' biurtJ'// mi,IJLltres, 
1. isotherJn,) of helütln belween + 100" C, mul - 2 L 70 C." 
C0ll1111unicalion N°, 102a fl'01l1 [he PllysictLl Labomlol',)' at 
l-1oiden, Dy Prof, H, KAMlmLINGlL ONNES. 

~ 1, On nCCOllnt or thc imporlnnl role, w hich VAN DElt ,VAALS' 
lheol'y pht,ys in IlJnlly clmplcl's or thel'modYlIamics, expel'imelltal dala 
COllccl'lling 'the oquatioll of slale of a sllbslance are of the gl'cate1' 
vnlue as lhe intemction of lhe molecules or ibis sllbstance confol'll1s 
tho beitel' to lhe hypothescs fl'om which VAN DER "VAALS slm'toel. 
Tlto lmowlcdgc of the eqllalion of slate or tbe monnlomic gases, 
whosc 1lI010cnios we musl consitlcl' as tho simplcsl 1'01' 1110 present, 
is of lhc gl'oalest impor(al1ce fl'om tIüs point of view. 

In COlllm, N°, 69 (April t901) on the isothol'ms of dia(omic 
gases anc! theil' binal'y mixt mos it was already obsen'ecl lhat tbe 
invesiigntion of ihe neL of isothe1'l11s of nl'gon and of hclium pl'omisecl 
still more importanl l'osulls t\mn Lhe complot ion or lhe neL or iso
lhel'ms of the gases fOl'll1erly ca.1lec1 pcrmanent, pal'ticllhwly or 
hyc1l'ogen, aL low lempomtmes, on whieb snbjeet 1ll~7 aLtontion lmcl 
been ehiofly fixecl since lhe cslablislllnolll or the Cl'J'ogen Inbom(OI',Y 
(cf. Comm, N°, 14, Dec, '94), 'Bul tIlO c1if'ficnlt.r or oblaining m'gon anel 
helium in so pUl'C tI, stalo allel in such lluanLitics as at'e 1'0ql1ireLllol' 
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1 he cletel'l1lina,lion of isolhennt>, 1'0I[l,l,doc1- t he c1elol'minatioll of 1 he 
oquatiol1 of slale of helillm anel al'gon fOl' a long time n,{'lm' Uomll1, 
N°. 69. 

Tho in vet>tign.tions Oll I ho ic,ol horOlt> ór lt.)'cli'ogon nL'O in progL'css, 
u,lId yioldod alroad,)' I'os\!lls laid dO\\'J1 IJl e0Il1Il111l1iealiollS N°. 78, 
97a , 99'1 allel "LOO\ wbieb, I hope., will &oon be followod by ot!Jel's. 
IJl the mcnJltime, lIowo"o1', also lhe dilIieuIly of oblaining plll'e helillm 
Imb ueen q II ile, 1 hat of obtain ing pUl'e a,L'góll neady ovC\'eollJe. '1'he 
sllc'eessf'ul pL'epa,ralÏon of pUl'e heliulll was elliell}' dne 10 lbc hydL'Ogell 
eil'C'llJnt 1011 (Oo111nl. N", 9oJ'!) ,neidilIg the l'cCj niL'ecl hq uid hycl L'Ogen. 
:)0 l!Je fb's!. l1leaSlll'elllenls fl'Ulll Ihe sel'ies ",hieh wi11 rof'ol' to Ihe 
Ill0Jlatomic gases a,nd [beir binal',)' mixtUl'es, can alL'encly uo eom
lHlwicaied. 

'['he,r eOlleCi'n Ihe Isolhel'ln<; of 'lIeIilltl1, ",bieh have now laken 
Lhe plnee oecnpiec1 b.r IlIe isolheL'lns 0[' hych'ogen bcforc Ihe hydL'ogcn 
was liquefiecl. A 1l101lg OtIWI'S UlO ISOt herllls 111 IlSt lend to t he 
calenlalion of the cL'itieaI Cjuaniilies fol' heliulll. Fl'Olll tbo 110W C~I1l-
11llll1iealed c!elcL'lnillaliol1& oUhe cOll1pl'essibilIty nlong diJrOl'enl Ïtlolbel'll1s 
al denslties wI\leIl Hl'e COll1pnL'nlively slllall nnd clifI'el' onl,)' slig1JfIy, 
the eL'itical tempcrallll'e can nlL'eudy be, cnlenlnled by npproÀimalioll. 

~ 2, 8w've!/ of tlw dete1'1ninattons. 
Tbis in \'esligation compl'ises some six delol'lll illatioJls or iElotllOl'Il1S, 

Tlte tempel'aiul'eEl nl whiell lbey wore maLie, wel'C kepi constanl anel 
deleL'll1ined in the sallle wnJ a'3 in the cleLel'lninmions of isOLhcl'll1s 
fol' hy(ll'ogen publiEllled in prececling Oomll11l11icalions N°. 97a (April 
1807), N°, 99a (Sept. 1907), N°. 100'1 (.Jn,ll. 1908). Tbo l'eadings of 
l!Je hycll'0gen therlllomeLet' were l'ednced to lhe absolule senlc b.r 
men.us of fOl'lllllla (4) of OOlllm. N°. 97" (Sept. 1907) WWl lhe new 
eoefikients of ~ 2 of 00m111. W. 101 h, The six telllpeL'nLul'es thns 
t'cclncoc1 10 wltich the isotherms l'erel', me: 

+ 100a.35, 20a .üO, 0" -103°.57, -182°.75 nnd - 216°.56, 
Besides the menElLll'emen(s at the two btantlnrcl tempemtul'es 0" C, 

ttl1ll LOOD 0. 1
) anel lhose nL 10\1' LempeL't1.lul'es n cleLel'll1inntion wus 

made al 20° 0, 10 oulain dt1.la 1'01' lho l'alclllalion of the qllnnLilyof 
gas in the stem of Lila piezomelel' ancl in lhe other p~U't:;, whiclt 

-l'emnin at Ihe ol'c1innr,)' tempel'all1l'c dUl'ÏlIg lito mensl1l'el11cnls. 
FOl' :1.\1 these isolhennd (he clcnsilies, tÜ wlncll lhe pL"'cSS1ll'C' ",ns 

, obsel'vecl, lie ahoul belweclI lhe same limil8 \Vhielt \Vere Eoet by tbc 
/ . 

1) The l('sulls alO" C, (md 100° C, are incompalihlc with lhose of RAMSAY nlld 
TRA v~,nb, which, jmlecd, show strungc devialiolls, 
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dimensions of the piezolllctel' anel by tbe manometer, The utmost, 
limits (\f tbe density al'e 25 allel 54 times the nOl'mal one, Tlte 
piezdmetet' anel {'nrlhel' allxilial''y appaL'atus wel'e pel'fectly the same 
HS have sel'ved fol' the cletel'minations of 0, BRAAK anc! me (see Comm. 
N0, 100b .Jan, 1908) with hyc1rogell at 0° O. and 1000 n. Tbe satis
factoI')' 1'esu1ls obtained then, enhance at the same time t.he l'elia
bility of tbe measurelllents considel'ec1 now. 

§ a. Re.wlt". jOl' L)VA· 

TIJe snbjoined table contains the l'esn!ts of the cletel'luinations. TIJe 
(il'st colnmn gives tlle nnmber of obsel'vation, the second the Lempe
mtme mettslll'ecl ahove 0" C. ou the absolute scale, Ihe thil'd the 
pL'esslll'e in atmospheres, t.be \wo following ones thc product pV.l, 
anel Ihe densily d.t, in which tbe volnme of the gas VA is expl'esserl 
lil tbe normal volnn1c Wmt ttt 0° C. anel 1 atmospbel'e) anel tlte 
c1ensity d.1 in tlte n0l'1na1 c1ensity (that at 0° C. Hnel 1 t1.tmosphet'e). -
(Compal'e, the cOl'l'esponding tables of the above mcntioned determi
nations of isotlJenns ol' lt,yc1l'ogen). 

The ca1cnlatioJl of these l'esul1s wa5 made as fol1ows: 
1"iL'SI tlte points ol' tI}() isotherm of 20° C. were ca1culntecl, (cf. 

Hiso ~ 8 of Comm. Nn.79 (April 1902)) anel IlJe eoeflicients AA Hl1c1 

IJ. I of thc cmve 
Bt CA 

]Jv.t=AA+-· +-" 
• 1).1 VA' 

(1 ) 

"'Cl'C detel'lllinecl b:r tltc ~ poillts by the Hid of the method of Jeast 
sllltaL'es. Fo1' (,:t a definitc vaille was assllmed, the c1ensities heing 
too small rOl,tllis coefticient to be detel'lllined witIL sn1tic'ienl cel'taint)'. If 
wc wrile. Y.\N m~H \VAAT.S' equatiol1 with tILe serond corl'ectlon fol' 

IILe siz.c of the 1ll01ccnlcs in the forl11 : 
R.T b-fl 5 1~1' De 

pr = Rl' -+- ---+ - --. - , 
V 8 v~ 

",1101'0 /; is Iile \'olUll1p of tbe gas tlllller the pl'C&SllL'O Jl at the abso
j lito tel1lpcml Ul'e '1, ex pL'essecl In I he theoretical nOL'lnal "olnl11e (see 
U01l11l1. NU. 7-1 ~ 8) anel if wc put Ibe va1ue of A.t HL 0°, A.to = 1, 
whicl! appl'oximatiol1 is allowed fol' OllJ' pmpose, wc {jnc1 (cf. 00111111. 

W'. 71 § :3) fOl' Ihc vnJnc CA1' of 0.1 al. '1' 

C '/ /'1' '" .11'= • \ r, 

whel'e H = 0.0036Hl!-J. 'l'he \'alue of b was (it'st estimated al 0.0005 
(ef. lite lIole 10 ~ 6 of Uomm. NU. 96" .lan. 1907), aftcl'wal'ds ,1\ 
0,0004:32, sec § 4. \Vilh thc cocfficients Jel and BA obtaincd fol' 20° 

80 
Proccedings Hoyal Acad. Amslerdam. Vol. x.. 
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TABLE I. He. VaJues of pv A' 

---/----11

----

NO. ij P 

2 

8 

5 

6 

7 

8 

9 

10 

11 

12 

13 

+ '100 0 .35 

-- 103° n7 

14 -- 182° 7~ 

15 I 

17 

18 

I!) 

- 2WO 5Cî 

42 574 

54 450 

1313 590 

27.589 

30.303 

53.708 

20.034 

38.n03 

50 240 

20.580 

24.100 

20.185 

:3 383 

13 7nl 

Hî 019 

18.189 

9 5134 

1 38725 

1 30314 

1 39020 

1.08GB\' 

1.00028 

1.00918 

1.01392 

1.01851 

1 02521 

o 03135 

o 632\)5 

0.535\)7 

o 03845 

0.33787 

0.338\)8 

() 34025 

0.21132 

10.302 021171 

11.44$ 1 021210 

30.1389 

39.091 

47.580 

25.343 

33.297 

i8802 

25.208 

::17 804, 

32 597 

38.075 

45.801 

52 288 

1 40 099 

47.2fJ7 

58.457 

45 250 

.19.GOG 

53.051 

in this way, ihe reLluctions 10 0" fol' ihe gas wllieh is ouiside the 
reservoir at a temperatme of 20° am! fol' a smal! part at Lhe lelU
pemLure of the room, \Vere ctu'l'iecl out in fh'st appl'oximation. With 
the thl'ee,.points which wel'e thus fonncl on the isotherlll of 0°, the 
vil'ial coefiicienis AA anel BA were ihen calcu!atecl aiso for this 
tem pera,tme. 

Front ihis follows AAo' the vaIlle of )WA fol' d==O by means of 
the formula: 

AAo = 1 - BAo - C.A ll • 

With the pressUl'e eoetlicient t"1'01l1 0' O. fOl' the sta,te of AVOGADIW, 

0,0036619 (cf. § 1 of Comm. W.101 0) 1'o11ows for 20°: 

.t1Á:'~lu = AAo (1 + 0,0036619 X 20), 



- 6 -

( 449 ), 

so thn,t, Oll the isothel'lll of' 200 H, fOllt'lh point is aeCjuil'cd, whiell 
l'enclel's the Rlope of the PVA line a gl'eat dcal mOl'e eertain (cf. the 
t'onelnsion of ~ 1 of Comm. N°. 101/'). 'fIlen the ealeulatiol1 of AA anel 
B", was l'epetltecl, tll1cl by the aid of thcpe eOl'J'eetccl coeHicieJl ts the 
isotherlU of 0° C. WtlS again ealellIt1,(eel, [l,ncl th i s ea,]ellIatiol1 by 
a,ppI'oxim[l,lion was continueel (ill it eausecl no longel' ally elmnge. 
In this way we found fOl' 20' C. (fol' 6=0.000422): 

pV_1~t1 = 1.07273 + 0.0005337 d. o + 0.000000125 (l20~' (3) 

vVith this fOl'll1nhl the 1'0l'l'ecLions havc been eaIcul[l,iecl fol' tbe 
detel'minations of isothel'll1s. For (he I'es!. the lattel' wel'e tl'ealecl [l,S 
in the preeecling ('ommnnieations. 

~ 4:. Indiviclual vil'irt! coef/icients. 
\Ve may aVtüI olU'seh'es of the d[l,t[l, of tuble T in Ol'del' to clel'ive 

rite C'oeffieicnts A.t antI 13_t by the aid of the methocl of leas!. sllmu'ps. 
G~t was assnmecl [l,ceol'eling (0 fOl'll1nltl (2) of the pl'eeeding ~. Fol' 
evel'y isothel'111 plu,d=o was calculn,teel, [l,nc! this \'[I,Ine was [l,c1cled 
to the othel's as if it conecl'necl a new obsel'veel poi nL This eaIenIa
tion was ellectec! by thc aid of the "alne A.tu = 0.9994:9, ",hieh 
ma,)' be cIel'ived fl'om the "aIne fOl' Uw eoetricients B_t anc! C.t tOl' 
O:l finally obtainccl in the ealcnIation by appl'oxin1i1tion ft'om ihe 
conclusion of the pl'ccecling ~. 'fabie Il eontains the vidal eoenicients 
;l.ncl at the same time Ihe diffel'enc'es between the gi\'en ]nd 's nncl 
tlle calcnlntecl Ol1es. These e!ifI'el'enees n1'e ill'l'angecl neeOl'ding 1.0 the 
1.lscending densities. S:) thc ti l'S!. ('oluml1 of' ljilI'el'ences l'e fe l'S to 
pV_t,d=O, the otlWl'S to Lhe data of tabie I in the tl.bove snceession. 

The enlcnIation of the B 1 's is still lllleel'tnin, becnnse fOl' 0.1 
estimntecl vaIues have been tlssnmed. Detel'mintttions ofp!).1 at gl'eatel' 
densities, whiclt will rendel' an independent cletermination of C.1 
possible, nl'e in pl'cpal'ation. 

Thnt tltc estimnliol1s or o.t m'e not too inilccllL'ille, may be macle pl'O
babIe ns folIO\vs. FOl' 100' fuIlo\Vs fl'om tabIe Il fJ_t IOJ~ = 0.000S73. 
On lhe supposilion's on whiel! VAN Dl<a~ 'V.tALS' eqll.,lliOlll'C3t." tlte \',l.lue 
of b ma,)' be "elerived fj'om the "aIne fOl' hYo tempCtc1tm'e.3 ot' 
B = RTb - 1(, with 13 = 13.1 (ftI,,) ane! then b = 0.0004:32 is f'ollnd, ' 
whieh does not dillel' mllch fl'om the vnlLle 0.000,5, wlliell was fil',St 
itssllmecl b.r \Vtl.y of es(imatioll on otller gl'ollnds. Thollglt the cnIcll
lation folIowcd here is vel')' nncel'tain, yet the foune! va] ue was 
prèfel'l'ed to the fh'st ec:;(Îl11alecl one, anel fol' th is reason the cn.lcu
lations whielt werc fit'st Il1nüe with 0,0005, have becn l'epCll.tccl wit h 
fhis new eSiimatioll, The diifcI'enees of Ihe l'eslllLs lie within Ihe 
lim ij, of CI'I'OI'S of obset'vatioJl. 

I! 
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.-----------------------------------------------------
TABLE 11. He. Individual virial coefficients, 

Deviations of the pv A from the calculated ones. 
I 
, ' 

105 (O-C) -'I 
I I 1 I I 1 I I I 

+100° 33 1.P0007 I +0 Hi:i I +'1 IG +10 1-21 I -10 +22 1 
I I - I 

+ 20° 00 J .117'.27.1 + 0 53.1 + 0 I;) - ~~ ,+31 - 30 + R I 

(JO 0 Oflfl71l I +0 ;')12 +0.12 -:lfl i +80 --7~) +I;')! [ 
1 I ! 

-103°.57 ° ü2U2ü I +0 :i37 +U 07 1 +11 I - 7 1 - :12 ' () 1 +':1.7 

-182° 75 O.:i.IOÜü +0 17ü +0 [Iq I 1 I - 1 -- 8 r + 8 ; 

:-210 ~ ~)O LO.200U:1 i +0.090 ,_ ~~~t _ 0J: ~_:_-~l ~~: __ I 
~ 5. J)ete),}/lin({,tion of t/te r:riticill tem /j{;l'rtt~t1'e ~l helium. 
FJ'Olll the data. of table 1I we ma.," ah'i\'e a.t a. th'st estimatioll 

coneel'lling thc cl'itica.1 tcmpel'ätlll'e of helium, ",hieh wil! be fonnd 
ti'om dctel'minations of isothel'J11S within Ihe now a.('cessible I'eg-ioll 
of tem pera.t mes. 

Extmpoia.tion pl'OVCS tha.t the Boru:-poinl \ViII lie in tlIe lleigh. 
bourhoocl of - 250° O. FOL' h,rcll'ogen -'166° was f'ounel fol' this. (cf. 
Comm. N°, 100(1

). If we a.ssume 30~ K. fOL' lhe critical tel1lpel'a.t\ll'e 
of h.rcll'ogen, th en follows rl'om lhis fol' helium 

_ TUJe = (30 "-. 

lf this valne of Tt.. i:::; n,doptecl, thc l'egioll of lelupen1.tltl·e - 217 0 

tó - J 830 for helium eOl'l'csponcls ",itlt that of O~ to + 200:1 foL' 
hycll'ogCll. 13y applying the la.w of t he eonespondillg sta.te:::; to tho 
slopes of the )lv.i-linea fol' the t wo substnnees in the neighbol1l'ltood 
of these equivalent lil1lits of temperatul'e, we ani\'e a.t n slightly 
lower "a.lne of the cl'itica.l tempemture viz: 

. 1icHe = 5°,3 I':. 
Th is vallIe too 1 t hink 1 ma.,r st ill cOllsider H,:::; l.l. highest I il11il fOt' 

(he, cl·itica.1 tempemLure of He, as it seems prolmiJlc 10 me, t1mL He 
wHl! respect to H~ \\'ill cleviate from the la.w of the corl'esponcling 
sta.tes in this sense tbaL the cl'Ïtiea.l· LempemLllI'e will be fonncllowet· 
than woulcl follow fl'om tlte a.pplicatioll of this 'la.w to eOI'l'esponcling' 
sta~es for va.lucs of the rcclucecl tempemtnre:::; ma.n)' times largel' tlmn 1. 

No\\' theL'e ('a.u only be qllestion of a. fil'st estima.tioll ba.scd on 
cletcl'mina.tiOl1& of isotlJel'J11s. The detel'mina.tiOl1 of t he 1S0\ herms .of 
-- 253° t1ncl -- 259°, ",hieh is in progress~ will, 1 hope, 800n lead 
10 a mOL'e I'eliablc estilllaLion. 

In eOllelllsioll I glacll.r express 1\1)' thanks {o Mr. C. BR.\,\K fOl' 
his a.ssista.nec in this investiga.tion. 

(Janl1ary 23, 1908). 

~---------------------------~-----


