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Physics. ~ "Note on the insulrtti11,q powe1' of liquid ai?' /07' M[Jlt 
potential., anel on tlw Kmut electl'O-optic e.tlect of li'luid ai!'," B,Y~ 

Prof. Zm~M.\N. 

1. In a series of expel'iments undèHakon in order to look 
for an ülfIuence of an oleckic field on radiation frequenc.}', an 
account of which I ~ntelHl to publisll mlher soon, a smal! condensor 
consisting of metal plates innnel'sed in liquid ail' was made usc of. 
A selectively absorbiug cl'ys1al 1he optica! bebaviour of whielt was 
to be studied, when nndel' electl'ic inQnence, was introdnceel 

, behveell tJle pla/cs of tlte conclenser. A nrst qnestion 10 be answel'ed 
l'elates ta the val ne of the clcctl'ic forces whielt can be snstailled 
by liquicl aiJ'. rrhe fact that 1,he diclcC'll'ic constantE> of \"[1.1'iOn8 liquid 
gases conid be measlll'eel by LTNDH 1), DEWAR anel FLEIIIING 2), anel in 

" the Leyden Iabol'atol'y by HAS1NÓI-ItU. ~), pl'o\'es t hat the gases in
vestigatecl, among which figure a,180 oxygen anel Iiquiel air, are good 
insulators, The methoeIs of l1leasurement nseel only involve, howevel', 
low voltages. HASI!NÖHRL gives for the spêwklengtll at the terminal:; 
of his secondal'y wil'e 0.05 m.m, The small condenser in Fu~hmw 
anc! DEWAR'S expel'iments IS chaegeel willt 100 ,'alts. Tlte excellent 
insulating power of liqnid air nnclel' still l1luch higher potentiais, 
is illustratec1 in a f:iepal'aie experiment clue io ihe last na.med 
physicists, but which only ea.me 11 11 cl Cl' my noLice while writing 
the present paper 4). I 

Tüe high potentials in Hl,}' expcl'ill1entE> wel'e obiainecl b.r means 
of a motol'-dl·jven inflnellce machine. 111 orde!' to keep the potentials 
as constant as possible, the al'l'allgemellL givell in the snb,joinecl figure 
was usecl; it is,t he Olle often employed in analogoLls Îll vestigatiuns. The 
condenser plator, are connected 1,0 tbe illside anc! ontside sUl'faces I)f 
a J.Jeydell jal'; be(ween the l1laehine anel the jal' a "er.)' high resi:;-

1) LINDE. Wiedeman Ann. 56, p. 546. 1895. 
2) FLEMING aud DEW AR, Proc. R. S. London. p, 858'. Vol. 60. 1896. 
3) HASENÖHRL. Leiden, Communications nO. 5il. These' Proc. lI, p. 211. 
~) ~ As a lurlhel' lnslance of the very high insulating power or liquid air, we 

may mention fhat we charged the small conc1enser when immersed in liquid air 
wilh a Wimshurst elcctl ical machine, anel, aftel' inslllating lhe conc1enser aed 
waiting a few moments, closed lhe terminal., of the conclensel' by u wire, A smuU 
spal'k was seen at the COl1tacts. We have constl'uc\ed a little Leyden jal', the 
dielectl'ic of ",hieh was liquid air, an~ the coatings \he aluminillm pbtes, Tbis 
liquid Leyc1en jat' held ils chul'ge perfectly." 1. c. p. 361. 

Il would have been possible in tlw light of lllis experiment to shOl,ten some-
what out' §§ 1-4. ' " I 
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tance is introduced, Two fine points Ol' two bl1\1dles of fine necdles 
shunt the machine, By val'ying the disj[tnce between the pointR Ol' 

the needIes the potential ran be regnlated to n glyen value, 
2, Tbe E.mall condenser wns placed inside all unsilvel'ed DEWAR 

w 

l.i'ig, 1. 

vacuum vessel of 5,5 cm, in teL'l1itl diametel', The plaies were Of 
4,5 cm, length, 1 ('111, width, theiI' distance being 3 mm, They were 
solelered to coppel' wil'es, covel'eel by glass over their enth'e lengtIl. 
The wit'es passeq throngh the ehonite cover of the vacnUll1 vessel, 
theiL' distance being 2,5 cm, It was immediately clear th at liqllid 
ail' was a vel')' perfect iJlsulatol', Lond, lwilliant spUl'ks could be taken 
by means of a dischal'ging l'od fl'om the \vÏL'es in the lleighbourhood 
of the ebonite cover, The potelltial could be estimateel by means of 
a spark micrometer, Potentials of 30,000 Volt::: wel'e obtained; this 
gives, the elistance of the conelellsel' phl,tes being 1/, cm" nll electric 
force of 90,000 VOlt/C111 , This vallle, ltowevel', does nol inclicate the 
maximum electl'ic intensity in liquielnit" nol' the one always obtainable, 

3, AfteL' continlling the obsel'vations for n short time the illtensity 
of the spar!\:s in the micrometer mpieny diminished, Even aftel' 
removing the micrometer' none Ol' only pOOL' little spat'ks coulf! be 
got ft'om tue wil'es en lering the vaeulun vessel. It seemed pl'obable j hu t 
the moistme of the atmosphel'e aftel' condensing on the ebonite cover 
pl'oduced a conducLing layel' \V hieh pl'eventee! an)' cOllsiclerable e!if
ferencc of potential bet ween [he wil'es, A small box of glass anel ebonite 
was placed on tile ebolllle covet' nne! the ail' of the box drieel by 
means of some chlol'ide of calciUll1, Tile l'esnlt \vas exIl'emely satis
faetol'.)'. rrhel'c was now no elilïiclllty of maintaining vcry high poteH
tials fol' hams, 
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4. Next tö tbe externa,l pel'tlll'bations resulting fi'om n deposit on 
the ebonite ('over, iwo oUter callses of irreglllarities, Ol'igillalillg in~ 

the \ liquiel air may be mcntionecl. Olie is e1lle 10 small cl'}'stals of 
ice anel solid carbon dioxide present in the liquicl air. These smalI. 
cl'ystals are attracted by tbe electl'icë.tlly~chal'ged pIntes, thc liqnicl 
air beeoming !:tt the same time very Ll'anSpal'ent. A c1ischa,l'ge between 
tbe plates is much favoUi'cel by the crystal~. As i?001l as the plate& 
aré 11l1eharged the crystals dispel'se mto the liquid. If the air is 
fl'eeel 1'1'0111 these crystals by filtration 1), lhen there is siill anothel' 
canse of elistllrbanC'e, viz. the genen"ltlOl1 of gas in the liqnid air. 
The small bnbbles take tlleÏl: orlgin fl'om OIlC Ol' two pomts of ihe 
inner sllrfacc of l!te vessel, anel the sllceeeclll1g bubbles farm a file 
llloving irl'ee,nlarly throngh t1lc liqllJel. As long ae; the small bubbles 
l'emain olltside the'spaee between the condenser plates they clo noi 
interfere witll tbe voltage attainable between lhe plates. If, by some 
hydl'odynal1lical nccident, a gas bubble arJ'ives bet ween tbe plates 
theu' c1ifference of poten tial llllmeclJntely gOCi:> clOWIl, Llte dischal'ge 
taking place nnclel' intense ebullitioll of lhe liquid. 

The general conclusion to be drawn from these eonsideralioll8 is, 
that fol' attaining high polentials the liqnid air must be eal'efully 
ft'eed from jmpurities anel thai the visible genemtion of gas must 
be redured as fal' as possible; the DlmAH \'acnum vessel must be 111 

exrellent eondition. 
5. Aftel' being s~tiisfiecl thai it was posoible to maintain hIgh 

potentials fOl' a considerabie tllne, I iL'ied 1,0 provB still more con
v1I1cingly that large elecil'ie farces exist 111 the interiOl' of ibe 
liqnid air. Fol' il were possible, thongh mlhel' improbable, thaL a 
snrface layer existed at tlie surface of the condensel' plates so 
that thel'e is a large potential gTadiellt in the neighbonrhood of the 
plates, but only a small one in the liql1iet air. If we succeed, howevel', 
to cliscover the Kl<~RR electro-optie effect in liquid air, we havc 
pl'oved at the same time the exisience of large electdc forees in the 
interiol' of the liquid. 

6. It was 1,0 be expeeted ihaL the eleciric tlonble refraction of 
liquid air shall be small. l~erently R. LElSER 2) succeeded in measu
ring the KEUR electro-optie constant of several vapoUl's anel gases. 

Notwithstanding his methocl was very sensitive he dicl not sueceecl 
in establishing an effect, even if tbe gases werè under a pressure of 2 
atmospheres, for nitrogen, oxygen, rat'bon monoxyde anel nitric oxid. 

1) The liquid air, which I bad the pleasure to receive many times from the 
Leyden cryogenic laboralory, was remal'kably transpal'ent. 

S) R. LEISER. Physikalische Zeitschr. p. 955. XII. 1911. 
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The same vaccnum vessel with immersed condenser referl'ed 10 
above (~~ 1-.J:) was also made nse of for experimcnts concel'ning 
eleciTlc double ]'efraction of liqllid ail'. Tbe optical arrangemen t is 
partially identical with the one rerently descl'ibed 1) and figured below. 

~ ~ ~: -~ ~ 
K 

Fig. 2. 

The lig'ht of an arc lamp B, traverses the nicol N l , then the 
compensator, the vacnum vessel with rondenser, the nicol N~ and 
is finally analysed by means of a low elispersion spectroscope. An 
image - of the black band exhibited by the compensator between 
crosseel nicols is ]wojected u pon the slit of the spectl·oscope. In the 
former experiments referred to the spectroscope was absent. 

1 he prismatic analysis had the foJlowing meanin':!,·. As is weIl-lmown 
the absorption spectrnm of oxygen exbibits cOllspicuons bands. Tbey 
are strongly developed by the 5.5 cm. of 1iquid air. As tbe vacuum 
"essel is not elosed, and as the boiling-point of nitrogen is 10wel' 
than that of oXJ'gen, the former gas e\'aporates moro qnickly a,ncl 
the percentage of oxygen of the residua1 gas becomes gmdually 
high. The wavelengths of the OÀygen bands have been measured 2) 
by OJ-,SZEWSKI, LIVgINC+ and DEWAR, anel BACOEI. The most conspicuons 
hands, in the most luminous part of the spectrum, are at 581-573 
anel a,t 481-478. It seemed possible that the electric double refrac
ti on could have a eonsiderable vaille in the neighbourhood of the 
a,bsorption 1ines, being insensib1e in the other parts of the spectrum. 
In that case an effect would become apparent only by spectral 
analysis. In the cases of magnetic donble refraction and of magnetic 
1'OI[tlion of the plalle of polal'isation in sodium VapOlll' the absorption 
lines indeed are lines of exception. 

7. Beforè com rnunicating the resuIts of the investigatioll fol' double 
refl'action, a difticulty in the observation must be mentioneel, lt is 
clue to the strained cOJldition of the imperfectly annealed wn!ls of 
the vessel, causing il'regnlar double l'efraction. As the four glass 
walls to be traverse el by the light are all strained. it is not a matter 

1) P. Zr.E\rAN and C. M. HOOGE~BOOM. These Pl'oceedings November 1911. 
2) IÜ.YSER. Hallllbuch. Band IH. S. 357 

44 
Proceedings Royal Acad. Amstel'dam. Vol. XLV. 
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of' sllrprise that it is only aftel' some trials tilat a part of the glass 
wa,ll is fonnd remaining dark between crossed nicols. But c\'en Ihen 
the dark banel, which is so extl'emeIy sellsitive to &lIlall rraces of 
double l'efi'action, may be invisible. It is rather easy (0 project on 
(he slit the black band of an ordinary BABINET-compensator. These 
compensa~ol's however proved 10 be not sensitive enough. At last 
we founcl a small part of the walls of the vacuum vessel whieh 
was in a state of ease, and admitted an observation to be mad~ 
with a bal' onIy slightly loaded. Pl'obably some compensating device 
migbt be llsed wHh aelvantage (see ~ 9). 

In the fielel of view of the spectroscope now appeal's the con
tintlOUS spectrum with (he vertical absorption lines dlle to oXJ7gen 
anel with an approximately llorizontal banel, which must cbange its 
position by eventual double l'efraction. 

8. With th is optical arrangement it was observeel that by the 
graelual charging of the Leyden jat' the 110rizontal band was displacecl 
downwal'ds; at a dischal'ge of the liquid air conclensel' the band 
jumped back in its original j)osition. 

The double refraction is clearly visibl~ along the whoie spcc
(rum. In tile neighboUl'hood of tbe absol'ption bands no singulal' 
behavioUl' of the l'efl'action was obsel'veel. The changes in (he 
neighbourhood of the absol'ptiol1 bands certainIy were not very 
large in comparisol1 witb tbe whole amount of double l'ef1'action. 
lt is intm'csting to compare this l'esult with observations of ELIAS 1) 
concerning 1Jutgnetic double refraction in a concentl'ated solution of 
erbium nitrate. Also in that case only very small atlomalies were 
obsel'\'eel in the neighbourhood of the absorption lines. 

Pl'obably (he absence of any large anomaly is in both cases due 
io the want of steepness of the curve representing (he index of 
fibsorption as a fllnetion of the freqllency. 

9. In order to fix the sense of the electric double l'efmction in 
liqnid ai.!' anel to attempt at a 1'ough approximation of its oeder of 
'magnitucle the following experiment was made. Aftel' the removal 
of the vaCUUlll vessel (see fig. 2.) a thin strip of glass wns intra
clueed in (he beam of' light. 

BJ' compl'eSsillg tlle strip in a vertical dir'ection the dark band in 
the spectroscope moves clo'vnwal'els. Oomparison of this result with 
~ 8 sho\vs that the electro-optie effect of liqnicl air is positive, like 
ctl.l'bon disnlfide, 

The magnitude of t11e c1isplacement in the case of the experiment 

1) ELIAS. Vel'hanc1l. deutsch physik. GeseUschaft. S, 958. 191 'J. 



- 7 -

( G.'55 ) 

wilh an electl'ie field of 50.000 Volt/cm. is comparabie wilh that 
caused by thc applicalioll of 1000 gl1l'S. on a strip of 15 mm, width. 

Accordtng to WERTmnM (MascaL't. Traité d'Oplique T. 2, p. 2321 
a load of 7 10 15 kilograms, say 10 kilograms pel' millil1letre of 
width pl'oduces a l'eJa.ü\·e diffel'ence of phase of 1/2 Î., S,O that with 
the sfrip uncler consicleration a load of 140 kilogram mes wonld be
requil'ecl. 1) The estimatecl phase difference is therefore of the order 
of 1/ l ).1140, the electric force being 50.000 Volt lcm. Prom these 
data would folIo\\' a value 1'01' the I{]wR electro-optic constant of 
liquid air (oxygen) about 20 times smaller than that of carbon 
bisulficle. 

Rence it need not astonish us thnt nobocly has as yet succeeded in 
measUl'ing fhe mentioned constant fol' oxygen undel' Gltmosphel'ic 
pl'ess11I'e. Our l1umerical eletermination for liquid air has to be 
repeated with a better vacuum vessel. It must not be overlookecl 
that tbe pl'ececling obsel'vations (§ § 6-9), though satisfactol'j' so far 
as Ihey go, intenel nothing more than establishing the existence of 
an effect and its order of magnitude; wo see in its existence a very 
direct proof that liquid air is a suusiance, which repl'esents exiremely 
closely an ieleal liquicl in&ulatol'. 

Physics. - ., Cont1'iblüion to the theol'Y ot binaJ'Y mitlJtul'es." XVII. 
Sy Prof, J. D. VAN DER WAALS. 

Tlte concentmtion of the gas ph ase between that 0/ two 
coe.vistin.q liquid phases. 

In tlle preceding contributions I discnssed some forms of the 
curve for tbe course of T, x-figures of t11e plaitpoints. Leaving the 
cases in which closed figures OCCLll', or those in which these curves 
do not extencl to x = 0 and x = I, on one siele, I ha\'e only to eletll 
witb the cases beginning in the point .1]=0 and T Tk1,. anel teL'lIli
nalmg at m = 1 tU1el '1'= Tk~. As such a curve must have a gra
dual anel continllOllS course, and as no double points and cusps can 
OCClll' in it, the course is always comparatively simpIe. Thu.s in the 
case ü'cated in Contl'ibution XIII, anel drawn already in 1905 (These 
Proc. VIII p. 184) only a highest and alowest vaille occur in fig. 3. 
Some particnlal'ities are, howevel', not pel'fectly accurate in this 

dT 
figure. So both in the highest and in the 10west point - must be 

d:v 

1) c.r. RA\'[,;;;IGIL Phi\. Mag (6) 4.. p. 678 HJ02. 

"'=4* 


