
- 1 -

Huygens Institute - Royal Netherlands Academy of Arts and Sciences (KNAW)
 
 
 
Citation:
 
Siertsema, L.H., Determinations of the refractive indices of gases under high pressures. Second
communication. On the dispersion of air and of carbon dioxide, in:
KNAW, Proceedings, 15 II, 1912-1913, Amsterdam, 1913, pp. 925-931 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This PDF was made on 24 September 2010, from the 'Digital Library' of the Dutch History of Science Web Center (www.dwc.knaw.nl)

> 'Digital Library > Proceedings of the Royal Netherlands Academy of Arts and Sciences (KNAW), http://www.digitallibrary.nl'



- 2 -

" 
925 

tangents conjugated to oae11 other in ihis way are in C'orl'cspondence 
(4,4). By pl'ojecting the paü's of this cOl'l'espondence out of a line 
a, the pencil of plalles (17) is al'l'anged in a cOl'l'espondence (12,12). 
As each coincidency fUl'nishes a line 71 = Ro 8 0 resting on a the 
developróle undel' discussIon is of o7'del' 24; it has Q3 and (j~ for 
fOU1jold CU1'ves. -

Any ehord 7''1· of !l meeting (j3 belongs to the complex, for in 
the common point of 7'" and (j~ the point& Pand 8 coineide. The 
chord& I' of Q3 cuiting a line l gen entte a serail of order fuur with 
(J 3 as llodal cllrve; so tile locus ot' the chol'ds l' is a. sCl'oll of order 12. 
On the lattel' surrace {l3 is a si.?lo1d curve, for thl'ougb any of its 
points pass the common edges of the two cone& pl'ojectillg Q3 and 0 3. 

80 the complex (p) contain& two scrolls of order twelve, the 
generatrices of which are chords of one of the curves Q3,03 and 
secants of ihe other. 

Let p~' be a chol'd of Q.l not meeting 0 3 ; th en the tangent 1'0 in 
one of the poilJts Bo common to !l and thai chord must contain 
the poin t P. I f P moves along: that tangent, S describe& a curve (Jo 3 ; 

the cone pl'o,jecting the latter curve out of Bo has 6 edges in common 
with that of whieh !,J3 iR dil'eclol' CUl've. 80 any point of (13 bears 
6 rays pij.. As an arbitl'al'y chord I' can be cut by chords p*' in its 
points common to Q3 anI)", sa all in all by 12, the locus of the 
chords lUlder discl1ssiol1 1::, of ordeL' 12. 

80 the complex contains two s(,l'olls of orde7' twelve, bnilt. up out 
of chol'Js of one of (he curves Q3,03• 

Physics. - "Detel'minations of tlw 1'efl'active indices of .l/ases under 
hi.qh pl'essw'es." Ser.ond eommunication, "On the di8pel'sion 
of ail' und of cal'bon dio.vide." By Prof, 1;, H. SmHTSJI1l\IA. 

(Comrnunicated by Prof. H. KAlIIlmLINGH ÓNNgS). 

(Commullicatcd in the meeting of Novembet· 30, 1912). 

4, Tlte dispersion of ai1'. 
This lIas alt'eady been repeatedly cletermined uoth fol' the visible 

spectrum _ and for the ultra-red and ultra-violet l'l1ys. The l'eslllts, 
howevel', di vel'ge C'onsiderably, and, moreover, the dü:.pel'sion has 
never been measured under high pl'essnre. 

Tlu'ongh the kindlless of Pl'Ot'. KAlIIERLINGII ONNES compressed air 
was plar.ed at 111y disposal with whieh dispersion detel'millations were 
made in exactly tlle same way as those for hydl'ogen described in 
a fOl'l11el' p,tpel', 
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r;l Lhe following Tuble ît1'e gi ven the l'esnlts of i1ll'ee sel'ies of 
obsel'vîttiol1s. 1"01' the meîtning of t he s)71nbols employed l:efel'ence 
may be made to thc corl'esponding Tîtble for hyelL'ogen publisheel in 
the paper just rnentioned. 

Ai/'. 

Pressure Tem-
)b= 0.546 

kb 
) a= 0.644 )c= 0.509 )d=0.472 ) e= 0.436 Jj = 0.405 

in pera-

atm. ture. 
(mean) IZa kc kd IZe kj 

kb kb IZb kb IZb 

71.4 12.75°C. 823.521 0.84350 1.07697 1.16423 1.26722 1.37179 

71.4 12.90 821.23 0.84346 1.07702 1.16418 1.26724 1.37176 

70.6 13.19 810.84 0.84352 1.07697 1,1642) 1.26718 1.37175 

66.4 13.42 759.81 0.84350 1.07697 1. 16419 1.26727 1.37183 

48.7 13.58 559.27 0.84352 1.07698 1.16421 1.26716 1.37177 

31.9 13.67 359.50 0.84339 1.07701 1.16417 1.26725 1.37171 

67.7 9.25 790.70 0.84345 1.07697 1.16415 1.26723 1.37187 

67.6 10.15 787.92 0.84349 1.07698 1.16419 1.26735 1 \37191 

66.2 10.35 766.84 0.84353 1.07695 1.16414 1.26724 1.37184 

49.2 10.75 567.32 0.84351 1.07698 1.16411 1.26723 1.37178 

32.2 10.95 367.70 0.84350 1.07695 1.16414 1. 26721 1.37175 

101. 9 12.75 1170.71 0.84343 1.07698 1.16418 1.26729 1.37203 

101.8 12.80 1168.50 0.84340 1.07û99. 1.16412 1.26732 1.37204 

100.0 13.03 1147.43 0.84338 1.07700 1.16419 1.26732 1.37204 

82.8 13.39 947.50 0.84337 1.07699 1.16415 1.26729 1.37207 

65.5 13.89 745.71 0.84339 1.07704 1.16427 1.26728 1.37206 

39.6 13.96 446.50 0.84328 1.07697 1.16415 1.26725 1.37199 

The vallles obtainecl fol' the variolls gas densities are pl'etty weU 
eOnf::itallt, jllst as was found to be Ihe case with hyclL'Ogen. The· 
deviatiol1s are not tl,ny mOI'e one way than the ot lier, anel we can 
thel'efoL'e C'ollrlnde t.hal. the dispcl'sion of ail' is constant up to 
pl'eSSlll'ei:l of about 100 atm, 

/ 
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The mean vallles are: 

, ka kc lCd lCe /~r 
leu leb leb ,h 7c~ 

0,8-13-:15 1,07698 1,16417 1,26725 '1,37188 

± 1,7 ± 0,6 ± 1,0 ± 1,2 ± 3,1 

Hence we get fol' (he elispel'sion constants 

n-l 
) (vac,) 

c=--
n - 1 

b 

a 0.64403 0.99446 ~ 0.000020 

b 0.54623 

I 
c 0,50873 1.00304 ~ 0.000006 

d 0.47234 1.00669 ~ 0.000009 

I 

e 0.43597 1.01145 ~ 0.000010 

f 0.40478 1.01662 ~ 0.000023 

In ordel' (0 be able (0 conlpare these with' t!Je l'esults obtained 
u.)' othel' obsen'cl',s, dispel'sion com,tants fol' the wave-Iengths I used 
have been obtained fl'om t.he l'eslIlts given by lVlASCART 1), KAYSl';R 
anel H,UNGI'; Sj, PElnmAU ~), ':?(iJJI,EI';L 1), HI!HüHANN "), RU;N'l'SCIILJilH 6), LomA 7), 
Koon s), CU'l'RBERTSON qj, and GRUSOHKI~ 10), 0ithel' by gl'aphical intel'­
polation 01' by calculatioll f~'om dispel'sion fOl'l11ulae given by them; 
these l'esldts arc collccted in the foÜowing TabIe. 

COl'l'eSponelencc between the pl'csent l'esnlts anJ those gi ven by 
PI';RRI~AU anel by Koon is quite good both witlt hycll'ogen allel with 
air. O]11y at ). = 0,6-:1-:1 does Koon find 1:1, gl'eat~;· dispel'&ion fol' both 
gases. Fol' aÏl', the agreement with HWtJU1\NN and wit)) CU'l'IIBgU'l'SON is 

also ver.y good. 

1) E. MASCAP.·l'. Ann. de l'éc. norm. (2) 6 p. 60 (1877). 
2) H. KAYSr.R allli J. RUNGE. Ann. d. Physik 50 p. 312 (1893). 
3) k". Pr.RRr.AU. Ann. d. Ch. et de Ph (7) 7 p. 325 l1896). 
4) K. SCHE8L. Verh. d. D. phys. Gcs, 9 p. 27 (1907), 
6) IC H8R~[ANN. Vcd]. d. D. phys. Ges. 10 p. 477 (1908). 
6) H. C. R8N'fSCHLER. Astt·ophys. J. 28 p. 357 (1908). 
7) S. LORIA Ann. d. Physik. (4) 29 p. 619 (1909). 
8) J. Kocu. Nova acta reg. soc. Scipnt. Upsaliensis (4) 2 NI, 5. p. 40 (1909). 
9) C. [tnd M. CU'l'Ill3ER'l'SON, Proc. n. S. (A) 83 p. ] 53 (HJ09f10). 
J") G. GRuscmm. Anll. d. Physik. (4) 34 p. 807 (1911). 
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CIJ al ..... ;l I: <IJ 0 L. C :a IJ) - :2 E L. &:"0 ~ al äj t'd ...::: t'd al 1:: <IJ 
U <IJ <IJ U .t: U U 

J :>.CC L. ...::: E .l!l <IJ -t IJ) 
t'dal::! L. u 0 ~ .0 IJ) 

t'd 
~ ~ <IJ L. C ~ ..c ;l 

<IJ ::E 0.. en <IJ <IJ L. 

::r:: ~ ;3 r,::) (j) 
U 

0.644 0.994910.9952
1
0.994610.9948

1

0.9946 0.9947
1

0.995510.9947
1
0.994610.9945 

0.546 1 1 1 1 1 1 1 1 1 1 1 

0.509 1.0029 1.0027 1.0030 1.0028 1.0024 1. 0023 1. 0029 1.0030 1.0034 1.0030 

0.472 1.0067 1 . 0060 1 .0064 1.0063 1.0054 1.0070 1 .0066 I, 0~171 1.0067 

0.436 1.0103 1.0106

1

1.0116 I.C089 1. 0116 1.0114 

0.405 1.0152 1. 0143 1.0166 
1 

The following intel'polation fOl'mula was calculated Ilsing the method 
of least squares: 

_ n-l _ (0,0056376 0,00005401) 
c - --- 0,98086 1 + -t À 

l1ó- 1 1. 2 4 

in which i. is the wave length in microns. 
The degl'ee of accmacy of this fOl'mula i8 evident from the following 

tabIe' 

I 
J (air) I '(,aij I '(obs) I ~ X 10' 

a 0.64385 f 0.99451 0.99446 5 

b 0.54608 " 1 1 

c 0.50859" 1.00303 1.00304 -1 

d 0.47221 » 1.00672 1.00669 3 

e 0.4358~ " 1.01144 1. 01145 -1 

f 0.40467 " 1.01660 1. 01662 -2 
. 

5. The dispel'sion of carbon dioxidl), 
In the following table m'e given reslllts of tVI'O series of measure­

meJltg made with carbon dioxide. Tlle gas lIsed fol' tlle tit'st series 
was only dl'ied over calcium chloride, and contained about 96% of 
carbon dioxidA. Tile gas llsed for the second series was, in addition, 
distilled sevel'al times, and it r.ontained 98~ 10 of carbon dioxidf3. The 
meaSUl'ements were made in exactly the same fashion as in the case 
of hydrogen and of air. 
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Cm'bon dioxide. 

Pressure Tem-
Jb= 0.546 

kb j a= 0.644 , ,~ 0.5,,[, d~ 0.47' )e= 0.436 )j=0.405 

in pera-
(mean) k - kc kd ke kj 

atm. ture. a 

kb kb kb kb kb 

45.2 12.95~C. 1180.44 I 0.84286 1.01733 1. 1649911. 26864 1.37388 

45.5 13.47 1185.20 0.84288 1.01733 1.16503 1.26867 1.37397 

43.7 13.99 1084.33 0.84290 1.07735 1 16501 1.26867 1.37392 

41.5 14.34 983.51 0.84289 1.01735 1 16505 1.26863 1.37387 

38.6 14.58 882.68 0.84288 1.01735 1 16503 1.26864 1.37384 

37.9 11.94 883.19 0.84289 1 01735 1.16503 1.26869 1.37380 

35.1 12.33 783.79 0.84289 1 01736 1.16507 1.26861 1.37379 

31.9 12.39 684.53 0.84284 1.07'730 1 16502 1.26865 1.37381 

31.6 10.99 685.93 0.84286 1.01733 1.16504 1.26867 1.37390 

28.0 11.09 586.93 0.84286 1 07739 1.16503 1.26870 1.37393 

24.1 11.28 486.18 0.84284 1.01741 1.16496 1 2686Y 1.37390 

24.1 11.75 487.03 0.84287 1.07737 1.16499 1.26864 1.37385 
I 

20.0 11.83 387.11 0.84281 1 01735 1.16496 1.26861 1 37393 

46.8 14.00 1281. 62 0.84276 1.01735 1 16501 1.26876 1 37395 

46.9 14.17 1278.52 0.84275 1.01735 1.16497 1.26875 1.37404 

46.5 14.25 1248.50 0.84276 1.01735 1.16498 1.26876 1 37405 

41.4 14.75 997.38 0.84278 1.01734 1.16496 1.26872 1.37395 

34.2 15.00 748.64 0.84280 1.01732 1.16501 1.26874 1.37397 

24.8 15.21 498.73 0.84279 1.07732 1.16497 1 26874 1.37395 

Just as with the other gases there is here no definite dil'ection to 
be recognized in the diffet'\lnces, so that we may again conclude that 
in th is case the dispersion is independent of the gas pl'essnre up to 
the satul'ation pl'essure. 

The mean \'alues are: 

0,84284 
± 1,2 

1,07735 
±0,6 

1,16501 
± 0,8 

1,26874 
± 1,2 

1,37391 
± 1,7 

from which folJow these values fol' the dispel'sion conl:itants: 

I 

'I 

I ~ I, 
I ~ 

I 

• I 

I [ 
I 
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) (vac) 
n-l I c=--
nb- l 

a 0.64403 0.99374 J: 0.000014 

b 0.54623 1 ~ 

c 0.50873 1.00339 J: 0.000006 

d 0.47234 1.00742 J: 0.000007 

e 0.43597 1.01259 J: 0.000010 

f 0.40478 1.01813 J: 0.000013 

In tbe ne1..1 U.bIe these l'esnlts a1'8 compal'ed Witll vnlnes obtained 
(,ltber by gmplllcal interpolation Ol' by calcnlatioll fl'ol1l lllterpolation 
fOl'lllulae from (lie observaJiolls of PBRREAU 1), R[~N'rSCnLER J), KoCR 3), 
S'l'UCU:U'l' 4), anel GRusOm,E") MASOAl{'f'S 0) l'eSl1Its, whieh slJow il'l'egu­
lal'ities ",hicb wel'e not COnfil'llled by snbsequeJlt ob&el'vel's, are not 
incll1cled. 

) 

I 
Perreau IRentschler I Koch 

I 
Stuckert I Gruschke I Siertsema 

0.644 
1 

0.9936 0.9938 0.9917 0.9929 0.9937 

0.546 1 1 1 1 1 1 

0.509 1.0033 1.0020 1.0031 1.0051 1.0033 1.0034 

0.472 1.0072 1.0053 1.0071 1.0110 1.008~ 1.0074 

0.430 1.0096 1.0127 1. 0173 1.0126 

0.405 1. 0154 
I 

1.0181 
I I 

Tlle agreement with PERHBAU anel Koen is goocl, allel ",]th G[WSCHhl~ 
not qUlte so goocl. REN'l'&CHLl<m'S l'esults cleviate consiclembly, jn&1 as 
",i/h air, anel so toa do STu01I.J!,l{'r's. 

Tbe intel'polation fOJ'lllula calcnlalecl as befol'e beC'Olnes 

c=--=O,9781 1 + --------, n-1 7 ( 0,0067868 0,00000(14) 
nb-1 1. 2 '),1 

1) ~'. PERRDAU Ann. de eh. et de Ph. (7) 7 p. 345 (1896). 
2) H. C REN'l'&OHLIlR Astrophys J. 28 p. 357 (1908). 
J) .T. KooH Nova acta reg. soc. seient. Ups ah en sis (4) 2 No. 5, p. 46 (11:109). 
1) L. S'rUCK1~R'r. Zeitsehr f. Eleldt oehemie 16 p. 67 (HnO). 
5) G. GRUSOHKE. Ann. d. Ph. (4) 34 p. 810 (1911). 
&) E. lVIASCAR1'. Ann. de l'ée. norm. (2) 6 p. 61 (1877). 
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ill whieh ). repl'esents t11e wave-length iJl all'. Tt gl\Ies the following 
c1iifel'ences between obsel'ved and calculated values:' 

) (air) c(cal) c(obs) 105t, i 
- -

a 0.64385 IJ 0.99379 0.99374 5 

b 0.54608 " 1 1 

c 0.50859 IJ 1,00338 1.00339 -1 
I 

d 0.47221 IJ 1.00745 1.00742 3 

e 0.43585 IJ 1.01258 1.01259 -1 

f 0.40467 IJ 1 1.0181,1 1. 01813 
1 

-2 

In this case, too, the theOl 'etIcn.l dispersion fOl'lTIula 1) 

1/2-1 ~Ne12 
=:i 

n2 +2 oml (V l
2 _v2

) 

even wlth only one el'lTI in tbe SUlll, gives quite. good agl'eelllent. 
As with hyclrogen we obtain from it: 

1 1 

n-1 1./ J'b 2 

0=-------
Ilb--1 1 1 

anel, taking J. as the ,,,ave-lellglh iu vacuo, we cn.leulate J. = 0,07982 tI. 
Thc following lable gi ves an lelea of the degl'ee of cOl'I'espollcIence: 

) 
C(cal) I C(obs) I 105 6. 

(vac.) 
I 

a 0.64403 0.99391 0.99374 +17 
b 0.54623 1 1 

c 0.50873 1,00334 1.00339 - 5 

d 0.47234 1.00741 1.00742 - 1 

e 0.43597 1.01258 1.01259 - 1 -

f 0.40478 1.01823 1. 01813 , + 10 
I 

A snbseljueni papel' will deal willt tlle [l,bsoluLe v[l.llles of the 

l'efl'active illdices of air aml of carbon dioxide. 
-------

l) These pl'oceedings Hll1-12 P 602, 
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