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QN= 20 the cJimil111tion becomcs exLL'emcly smalI, pointing to con­
stanc)' at still lawel' cJellsities. Argon differs fL'om isopentane, how- " 
ever, in thiR l'espect tlw,t with argon at llighet, cJonsities fal' above 
I,JN = 265, the incl'case becollles still more rapid, while the behavioUl' ~ 

of isopentane woulcJ lead one to expect a c~minntion in the rate of 
increase. 

From bis observations llpon isûpentane YOUNG1
) deduced the following 

rule tOl' the behaviour of - . (
02P ) 
a 1'2 Q' 

(~~2) > 0 l 
v < ±Vk , 

(~~2) < 0 \ V>±Vk 
Tl1is rule has ah'eady been cOl\lÎl'med for a variety of substances, 

anel is, as far as' i ts sec0I1cl part is concerneel, a180 obeyeel by argon. 
For eat'boll dioxide, ethylene anel i8opentane, RRINGANUlIl toun~ 

thai (he quanti1.y aR = [T (~l~,l- pJ v2 is a minimnm f~l~ vabont 

3 
- Vk and at lemperatul'es about 10° above tk. If the law of COl're-
4 

spon ding states were strictly true this minimum fol' argon sbonlel be 
at QN = 380, and therefore outside the l'egion of experiment. Nothing 
can be done eonsequently beyond trying to judge fl'olll'extrapolation, 
if, anel whel'e, i,he minimum exists. If fol' this pUl'pose we gmph 
al\ as a fUl1ction of QN at -122° and -116°, then extra]Jolatiol} 
towarels higher den si ties shows th at it is probable th at these curves 

3 
wonlel also exhibit a minimum for al'gon at v = 4' Vk • 

Physics. - "On t!te }Oectilinea1' diamete}' /07' al:qon." By E. MATHTAS, 

H. RAMIUU.INGH ONNms, and C. A. CRoMMmLIN. Comm. 131rt 
fl'om the phy~ical l .. üboratol'Y at Leiden, (Continueel). 

(Communicated in the meeting of November H1l2). 

§ 5. Results. 'fhe l'ealllts obtainod are g'iven in the following 
table 2) (p. 961): 

The calculated values of the ol'dinates of the eliameter gÏ\'en 'in 
this table have been obtaineel fl'om the equation 

Dpr = 0.20956 - 0.00 26235 tl)(). 

J) 1. c. 
S) For the notations, see Suppl. No. 23. 
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Tbe dit"tmetel' has been drawn thl'ough the points --175°.39 OIJI Kgr 

and - 131°.54 Om K.degr .. 

'~ltk~l:~ ~,~:~.I Q [kjr I Qvapr I D,r (0) I D ,r(C) I o-C I 

----I 

- 183.15 

- 175.39 

1.37396 0.00801', 0.69099 0.69006 + 0.00093 

1.32482 0.01457 0.66970 0.66970 

- 161.23 I 1.22414 0.03723 I 0.63069 0.63255 - 0.00186 

- 150.76 1.13851 0.06785 0.60318 0.60508 - 0.00190 

- 140.20 

- 135.51 

I 

CZH4 -- 131.54 

CZH4 - 125.17 

1.03456 0.12552 0.58004 0.57738 + 0.00266 

0.97385 I 0.15994 0.56690 I 0.56507 + 0.00183 

0.91499 0.19432 0.55466 0.55466 

0.77289 0.29534 0.53412 0.53794 i - 0.00382 I 
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9 6. Discilssion. The slope of t,he diameter is gi\'ell by 

bclr = - 0.0026235. 

This coeilicient is \'e1'y large, lal'ger than has been found fol' n.ny 
othel' substance yet investigaLecl with the exeeption of xenon, -fol' 
w!tich PA'f'l'mtSON, CHiPPS and WHY'PLAW-GRAY IJ have found -0.003055. 
Cornpal'ison of the val lies of this ('onstant fol' tlle two monatorui(~ 
sllbstances argon and xenon again reveaJs the influenco exerteclupon 
it b'y the va!ues of the critica! temperatIlre. 

With respect to the critica! density the following remarks lllust 
be made. If we assume that the diameter l'emaius rectililleal' l'igbt 
lip 10 tIJe critical point, we then tind 

(llld = 0.53078. 
U sing the eq uation 

the vn.!ue 
Ql(.s. = 0.509. 

wn.s previously founcl from the al':3'0n isotherms. 2) Thc tlifJ'el'euce 
bot.ween these two values is of the same order of magnifnc1e aud 
is in the same diJ'ecfion as Ihe diffel'ences found rol' other ~l1b~tances, 
carboll dioxide:l

), methyl chloride"), snlphlll' dioxide") amongst others. 
The fairi)' large devin.lion fl'om reetilineal'ity of t.he experimelllal 
diameter apparent iu tlle n'eigb bomhoocl of - '125°.17 Oin K gl'. agl'ecs 
weil witll Ihis belHl,vioul'. 

3.283 was the vaille previollsly I!) obütinetl tOl' the cJ·iti('al eoeffi­
cient on taking KId = K-l.: we now lind 

K4d = 3.J24 

w hieh is !l;eJ'erorü slightl.r greater tban t!lat fol' oxygen 7) (3.346) 
It~ thel'efol'e, we leave K jL1 = 3.13 fOL' heliul1l out of aceollIlt, oxygell, 
ttncl not/al'gon, is the snus(ance for ",hieh K-ld lies neal'est tlJe theo­
retica'! vallle, 2.67, dedneed 1'l'om VAN DBR WAALS'S cqllatiçm. 

J) PATTJ3HSON, CRIPPS anel WHY'l'rJAw·Gl~AY, Proc. H. S. fA.) 86 (1912), )J. 579. 
2) C. A. CROMMl~LlN: Proc. Dcc. HnO, OOJTIl1l. No. U8a, aml Thesis for lhe 

doctorale, Leiden HnO. 
a) W. H. KEESO~r. Proc. Jan. 190,1. COlUm. No 88; H. KAIIrERw:\GTl ONNES 

anel W. H. KJ~ESOl\r, Proc. l,'ebr. 1908. Comm No. 104·[t 
1) C. H. BRINKMAN, The!:iis for the eloctomte, Awslcrelam 1 U01,. 
IJ) E. CARDOSO, Al'ch. sc. phys et Nat. Genève. (4). 3.1,. (J912) p. 127. 
fl) H. KAMEULINGU ONNES and C. A. CRm[MI~LrN. Proc. l\Iarch l!.JU Comm 

No. 121a. 
7) E. MA'rnrAS anel tI. KAilrE[{LlNGH QNNES. Pl'ac. L~ebr. 1911. Com111. No .. 117. 
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TiJc densily of Ihe li(lUid at -- 18:3°.15 ngl'ees weil wilh the ngures 
giveu by BA1,y alld DONXAN 1). The dilfel'ence is less Ihan 1 %' 

AltiJongIl tbe deviaiions of Ihe diameier fl.'0111 l'Gctilineal'ity [tl'e 
snflicienlly small to enable one 1,0 say that al'gon obeys the law of 
tiJe diametcl', Lhey [tl'e still tou_ lal'ge, alld e'3pecia,lIy toD systematic, 
10 be due Lo CXpCl'illlental e1'1'OI·s. As is easil,)' seen hom the lable 
anu fl'om the aecompan,)'ing figl1l'e, the expel'imental diameter in the 
ncighbolll'hoocl of the Cl'itical point exhibits a CUl'VaLUre conca,ve 
towal'ds thc axis of temperatUl'e, while at bigher temperatmes it is 
convex towal'els the same axis. The same beluwioul' bas all'eady 
been observed in ot hel' 5ubstances, e. g .. cmbon dioxide ~). 

In fig. :3 are given the l'ec1l1ced c1ensity curves ancl diameters 1'01' 

elher (RAlIISAY and YOUNG 3)), isopen[ane (YOUNG I)), oxygell (MATIHAS and 
KAlIJEHLINGII ONNER U)), xc-non (PA'l"!'.ffi){SON, lJRIPPS ancl WBY'l'LAW-GRAY 6)), 
argon ancl helium (IZAlImRLINGH ONNI>:S 7)), the l'eclnctiori fi'om the 
expel'imenlal data liaS been made by means of the critical densit.y 
obtainecl from the diameier. 

011 a, pl'eViOllS occa::;ion it was shown by KAlIU~RUNGH ONNES and 
KlmSOl\f H) how the equalions of slale for diif'el'el1t sub::;tances deviate 
olie {'rom anothcl', alld how Ihese differences may find expl'ession in 
deviaLion fLll1etions. On doing this, ü appeal'::; th at sllbstal1l'es lIIay 
be al'ntllged in order so Ihal the devialiolls of succe::;sive substances 
graclually incl'ea::;e, while II aIso appeal's thaI, sllbslances of widely 
cl i vergen[ critical lempemtul'es arc t hen founcl 10 be in I he ordel' of 
t11eü' critical tempera! mes. The cxemplificatioll of thiD general pro­
per[,)' afrol'eleel b.r thc bellavioul' of the diametcr was notieecl b,)' one 
of us some time ago n) anci is broughl 10 ligh I, in fig. :3 in w11ich the 
clensi ty curves are seen to elle!o::;e' one al1ot11er. 

If Ihe law of cOI'l'esponcling ::;Iales wcre ::;lrictJy obeyed, lhen the::;e 
curve::; ongl1l, 10 coincitle exactly. Fl'olll lhe diagl'all1, ho wever, it is 
8een IhaL this is Ilol Ihe ea::;e. Tbe CLll'\'e::; euclose one anothel' 10) in 

J) E C. a. BALY l1,ud I". G. DONNAN, JOlll'l1. Chem. Soc. Trans. 81. (H112). p.911. 
2) H. lLUIERL1NGH ONNES anel W. H. KEESOl\l. Proc. Febr. 1908, C0111111. 

N0. 104a. J'. P. KU:,NÓI and W. G. HOBSON, Phil. Mag. (G).3. 1802. p. G24. 
;l) W. HAMSAY anel S. YOUNG, Pliil. TL·aus. 178, (1887) p. 57. 
1) S. YOUl'iG. Proc. pliys soc. LOllllon 1894/1895 p.' G02. 
5) Ic. 
Ii) J.c. 
7) H. KAl\IERLINGII O~NI!;S. Prae, Dec. l\) 11, COLl1L11. N°. 1~4b. 

S) Ene. MalI!. Wiss. V. ] O. Suppl. N°. 28. 
!J) K MA'l'UlAS C. n. 13U, (1904), p. 359. 
10) In UlC diagmll1 of Nl. 3G of Ene. MalI!. Wiss. V. 10. Suppl. NU. 23, is 

clearly showtl [he Slll'L'OUllding of the bounelal'Y curve fOl' helium by lhat fOl' iso­
pentane. 
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such a way that a complex moleculal' ::;ti'uCLlll'e and [', high critical 
ternperature (CirClllllstance::; w bieh are uSllally coexistent) cause divel'­
gence between thc branches of the curve, while simple molecular 
sh'uctu,re anel a low critical tempel'aLlll'e appeal' to caul:ie them LO 
contract, 

Looked at from tIlis point of view, it il:i of impol'tance LO note thaL 
the curves f'or xenon Hnd oxygen so cJosely cOl'l'esponcl thM there 
appea:rs no appl'eciable diffel'ence between the density curve::; in the 
diagl'~m, and they have accol'dingly been repl'esented by a single 
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cnr'vè. (The observatiollS fOL' xenon, howevel', extend only'to t = 0.7). 
The cause of this con espondence ean well be explained on the as­
sumption 1) thaJ t.he contracting inflllence of the simpIer molecule 
and the divol'ging inflllence of the compal'atively high critical tem­
pel'ature ( + 16°.6 C) have, at leal:;t in part, cancelled each othel'. 

Physics. -- J11a.qnetic 1'eSeal"Ghes, Vil. On pa1'a11Ut!/netism at low 
temperaÜlres (cont1:nued). By H. Iü~mRLINGH ONNES and 
E. .OOSTRRHUIS. Commllnication N°. 132e from the Physical 
LabOl'atory at Leiden. Communicated by Pl:of. H. KAl\1ERLlNGH 

. ONNES. 

(Communiêated in tb~ me~ting of December. 28, 1912). 

~ 9. Ol',ljstallizecl man,qrmes,e sl~lphate. The salt was procured from 
MEHCK as puri::;::;. pro analysi. The rel:lulti:l were 2): 

TABLE VII. 

Crystallized manganese sulphate MnS04.4H,O. (1). 

-.-,-----

Bath 1 ,I. 1. • 106 
1.. T.106 1 Limits of H I 

1--2-88-0-.7--K-.~.--6-6.-3~--1-91~1~--17-ooo---~A--ir-.----~---1 

169.6 111.5 

77.4 247 

70.5 

64.9 

270 

292 

18910 

19120 

19030 

18950 

8000- 17000 Liquid ethylene. 

I 

6000-16000 Liquid nitrogen. 

20.1 914 18370 11 

'--_: :_:_: __ --.:._:_~:_: ____ . :_~~ JI 400J-__ 16_ooo_~~_iq_U_id __ hY_d_r_Og_e_n--,Î 

Down to alld at nitl'ogen Lemperatures, 1.hi::; i:lubsta,l1ce follm'\'s 
pretty much the law of CURIE. 

1) See N'l. 34 ot' Ene. Math. Wiss. V. 10. Suppl. N0. 23. 
2) ,Prof. WEISS lJas killdly informed us lh at in lhe detel'minalion of stanclards 

of susceptibility in Zürich, for tb is substance % = 66.77.10-G at 14° 2 C. was 
found. 

63 
Proceedings Royal Acad. Amsterdam. Vol. XV, 
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