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double walled eopper box lined with thiek feIt, the in nel' and the outer 
wan being provided with plate·glass windows in order to enable us to 
take readings along the whole seale of the tube (comp. Pl. II fig. 4). 
1'he spaee betweeD the two walls was filled with water and the 
com,tancy of thc temperature was pIOmoted by stirring. 

The tube to be calibrated l'csts on a wooden ring aDd the lengthening
piece with stopcock, welded on to the upper-reservoir, paf:.sea through 
aD india rubber stoppel' cut in two. The point of the manometer
tube through which tIJe mercUl y flows is protected from variations 
of temperature hy a copper felt-lined cap fastened to the box by a 
bayonet·adjustment; this cap can easily be l'emoved (for a short 
time) whenevel' we wa,nt to let a quantity of mercury flow out from 
the tube. 

The readings for determining the normal volume are made whila 
the manometel· tube is placed in a double-walled box as described 
above, (comp. PI. n fig. 5) but in which thc windows we re only 
smaH, as wo wanted to raad only the position of the mel'cury in 
the U-tubes and of the thermometer. These readings and that 
of the standctrd barometer (the box communieating with the atmo
sphere by a small tube) yield a perfectly accurate determination of 
the normal volume, which is of the grealest impoltance for the 
investigation of the isothel'mal lines. 

Physics. - Prof. VAN DER WAALS presents on behalf of Mr. N. 
QUINT GZN. a paper on: »TlIe detel'mination of isothel'mals 
(01' mixtures of H Cl mul C2Hç :' 

Introduction. 

At the commencement of this investigation there we re but few 
observations made, which might be uscd for testing Prof. V.A.N DER 

WAALS'S theory on the behuviour of mixtures of two substances. 
At that time Mr. Kl!ENEN was the onIy one who had examined 
some mixtures and his observatiolls agreed with that theory. In 
order to add to the material on this subject (to which all:io Mr. VAN 

DER LEE, Mr. VERSCHAFFI:LT, Mr. HARTMAN have siDce contributed), 
I have examined mixtures of HOI and O2 Ho. 1'110 results of the 
determinations of the isothermals and a short dcscription of thc 
experiments foIlow; I hope soon to publish some furthcr details and 
a calculation of volume contraction etc. 
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Tlte substancBS. 

From tbe thoory folIows t11at somo mixtures, when being condensed 
at a CeI tain temperature wj]} show tho phenomenon, indieated as 
retrograde condensation second type. Mr. KUENEN ha,d not been 
able to ob serve this phenomcnon; therefore it was desirabIe to select 
substances, in which at least theoretically, the phenomenon of r. c. 
II was to be found. 

As Mr. KUENEN statE'S in Phys. Soc. (13) 10, 1895, this is the 
case with same mixtures, if the component that has the higher 
vapoul'-pressures, has aIso the higher critical temperature. We settled 
therefore on HOI and 0,2 HG, because each of these substances has 
also a critical pressure which may be easily attained. 

H Ol was obtained by adding drops of concentrated sulphurous 
acid to pure HOI, to which some Fe2 S04 had been added. When 
the gas obtained in this way, was dried, it was very pure, as appeared 
from the slight increase of pres&ure (at 12° about 0,2 atm.), when 
condensed and from the agreement of the critical data wUh those 
found by ANSDELL. 

In order to obtain ethane, acetate of sodium was subjected to 
electrolysis; tbe gas which was developed, was condensed at a Iow 
temperature (about -50°), the vapourphasis was removed, and from 
the liquid phasis a quantity of gas had been collected. Though this 
method is the same as had furnished good resuUs to Mr. KUENEN, 
I have not succeeded in making the gas as pure; this O2 Ha pre
sented in being condensed at 21°, an inerease of pressure of 1,4 
atm. As bowever the values for the critical data as found hy me 
(crit. temp. 31°,88; crit. pressure 48,94 atm.) did not differ much 
from those found hy Mr. KUENEN for hlS ethane (crit. temp. 31,95 
à 32,2; crit. press. 48,64 à 48,91) and as moreover it is difficult 
to obtain perfectly pure ethane, as clearly appears from the obser
vations of others (DEWAR, OLSZEWSKY and HAENLEN found resp. 
for crit. temp. 35°, 34° and 34°,5 and for crit. press. 45,2; 50,2 
and 50 atm.) I resolved to continue the observations with the ethane 
I bad obtained. 

The Method. 

']'he rompressibility of the two substances mentioned and aiso that 
of four mixtures (prepared in a mixing-apparatus made completely 
of glass), was compared with that of dry air, free from carbonic acid, 
at temperatmes wllich were the same for the two sub stances and for 
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the mixtUlcS. TlJe gas was eompressed in a calibruted t!lbe of 
CAILLETET, on whieh the mm. were marked, and thc thickwalled 
part of which was p1aced in a waterbath of about 35 L. After this 
water had reaoherl the desired tempcwture, the temperaturc was kept 
constant by means of an alternating cllrrent, which passed through 
two tubes filled with a solution of NH4,Cl, whieh were p1aced in 
the bath. Moreover in this bath wele founlt the coil, serving to 
move the electro-magnetic stirrer in the CA.ILLETET-tube, and a stirrer, 
kept in motion lIy the flow of water. -' 

Thc tcmperatures between 15° ano 35° WClC lead from a thermo
muler, ,,,hich was dividcd in 1/2Uo; the othcrs fiom thermometers 
with a divisioll of 1/10° ; now, and then the thermometers were te:::.ted 
by meallS of a norm,ü thermometel', which had been compared with 
an air thermometer at the Reichsan&taJt. 

Thc pressures were calculated by making' use of the table which 
Mr. AlIIAGA.'l' gives for the compl'essibility of air in Ann. de Ch. et 
de Phys. 6e série 1898. 

The Results. 

It appeared a1ready in the obseryation of the first mixture, that 
I, na more than Mr. KUENEN, should succec 1 in obscl'ving thc retro
grade condensation 211d type. For thc Clitical tempemtUie of the 
point of tungency and of the plaitpointcul've ware 80 near each 
other, that I could scarcely state a ddference between these tempe
ratures. Moreover, a160 in these mixture" the phenomenon of a 
maximum pressure and a minimum critical remperature appeared, 
which, made the region, where r. c. 1I was possible, still more limited. 
(See KUENEN, experiments on mixtures of N2 0 and C2 Ha etc. 
Zeitschr. für phys. Chem. XXIV, 4, 1897). 

lhls maximum preSSlll'e oct'urs when x = 0.44 ano this minimum 
critical temperature when x=O,62 (etha1l8 is considered as the solved 
substance, N2 0 as the solving slIbstance), as appcars from the gra
phieul representation, in which the course of the plaitpointcllrve, of 
the CUl'ves of the vapour pressure of thc simple substances and the 
border-curves of the mixtures are indteated. '1'hi8 diagram, drawIl 
up accol'ding to the initial and flnal points of condensation, occur
ring in the tables, is i'ounded on the following tables. 
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ROl O2 HG Mbdure 1. x= 0,1388 

t Pa t pa t pa pb 

14,55 38,03 13,2 32,21 13,7 40,42 42,33 

21,3 44,25 21,3 38,75 21,3 48,11 49,97 

30,23 53,82 25,4 42,19 25,4 52,74 54-,48 

41,45 68,47 30,23 46,92 30,23 58,36 59,93 

51,3 84,13 31,88 48,~4 41,45 74,37 75,26 

43,1 77,51 

Mixture Il . .'11=0,4035 Mixture 111. x=O,6167 Mixture lV. 11'=0,7141 

t pa pb t Pa pb t Pa Pb 

14,1 45,72 46,94 14 43,96 45,83 14,5 42,18 44,60 

21,2 53,36 54,25 21,3 51,64 53.18 21,3 49,08 51,10 

25,4 58,42 59,19 25,4 56,55 57,57 25,4 53,87 55,25 

30,23 64,80 65,11 27,25 59,15 27,33 56,49 56,92 

30,43 65,30 27,25 59,30 27,37 r,o,81 

30,53 65,42 
The results of the detet'minn.tions of the isoLhel'mltls are rep re

sented in the tables fIOm A. to F. The following remarks may be aàdeel : 
Thc values represent the observatiom" so that thc COll'l'ctions, 

which might be drawn from the graph:cal representation, have not 
been applied. 

Tho isothel'mal of 25°,4 fol' HOI and that of 52°,5 fot, mixtures II arc 
not given, as the farmer was most likely not reliablo, anrl n.'3 the 
latter could not be detcrminerl, berause the CAILLETgT-tube was broken. 

When thC' substancf' was dividod into heterogencoufl pllases, the 
,'apour-volnmes thcn prf's~nt werp also l'opeatedly measul'l'd ; they 
are, howevel', lpss (trCllt'ute than the total voJnmes on acrount ofthp 
uncertainty of the correction, which is to be mac1p for the meniscus. 
All volumes arc <,xprpssod in thC' throl'ctical normal volume (i. e, the 
volume at 0° and 1 atm. multipliec1' with (1 + (1) (l-b» as unity; 
IDoreover the volumes, at w hieh for the ti rst ti mc 1 iq uid is to be 
observrrl, arc unrlerlinml, and thosc at whirh thr vapom phasis dis
arren l'S, a rr clou hly 11 nrI<'l'li ned. 

'rhe pressures are expressed in atlllospheres, the error will seldom 
exceed lhooo, at least for the lower pressures. 
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A. Hydrochloric acid. Vo = 54,348 eMs. 

Temp. Tot. "Vol "Vapou!' "Vol Pressure. Temp. 'l'ot Vol Pressure. 0,0 0,0 0,0 

14°,55 1890 38,03 - 30°,23 2liO 39,08 

1738 1717 38,09 (coutin) 2112 39,81 

1615 1584 38,09 2077 40,29 

0902 0796 38,09 , 2041 40,74 

0420 0258 38,14 1990 41,36 , 
0190 38,21 1930 42,16 

0189 38,25 1820 43,84 -
1733 45,20 

21°,30 2157 37,18 
1628 46,85 

2149 37,25 
1505 48,94 

2122 37,58 
1402 50,75 

2105 37,81 
1230? 53,82 

2086 38,01 -
0219 53,95 

2065 38,23 
0207 54,10 

2043 38,46 -
2023 38,09 41 °,45 23i7 39,32 

1897 40,21, 2200 41,14 

1885 40,38 2069 4305 

1801, 41,45 1951 H,78 

1792 41,04 1810 46.64 

1780 41,81 fi12 1,8,88 

17/0 4:2.74 15~1 51,17 

1086 43,07 H31 54,01, 

1615 44. 1261 58,47 

44,16 1603 1148 61,20 

41,25 1566 1027 64,18 -
44,47 0194 0913 66,96 

-
0830 68,47 -30°,23 2318 37,44 
0239 68,63 

2269 37,96 -
2220 38,50 
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Temp. Tot Vol Pressure. Temp.j Toto,J°l. Pressure. 
0,0 

, 

1 
51° 3 I 0414 8i,13 52°,5 1986 47,05 

crit . .poiu1 - (colltiu) 1801 50,34 
52°,5 2106 31,22 

1638 53,72 
2546 39,08 

1450 58,28 
2358 41,45 

1260 63,42 
2168 H,14 

1075 68,88 

B. Etbane. Vo = 54,491 c~{3. 

= 
'I'emp. Tot Vol. VapoÖ,Ó V 01'1 Pressure Temp. Tot. Vol Ivapourvo\. Prcssul'e. 

0,0 0,0 0,0 

23°,2 1968 
I 

32,21 _ 25°,4 1822 37,02 -
1818 1781 32,29 1599 39,19 

1599 Hi21 32,36 1414 40,88 

\ 1321 1178 32,.18 1265 42,10 

1032 082-2 32,72 1255 42,19 -
0725 0443 33,05 0880 0696 42,56 

0~3f. 0072 33,53 0665 0362 42,89 

0387 33,71 0477 0067 43,29 

0368 33,89 0430 43,54 - -
21°,3 1876 35,26 30°,23 1783 38,86 

1i81> 36,01> 1599 40,86 

1692 3li,91 W4 4288 

1599 37.70 1228 .u,88 

1506 38,38 1042 46,39 

H88 38,59 01>19 46,90 

1479 38,66 0940 46,!J:J -
1469 < 3H,72 0930 4G,9.!. 

- 14G4 38,75 0498 47,76 
\ - -

0526 0173 39,76 

0404 40,13 

== I 
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- -
'l'emp. 'rot. Vol. I P 0,0 ressurc. l'elllp I Tot .. Vol. 

0,0 Pl'essurc. 

31°,38 0759 48,26 41°,45 1210 50,48 

31°,63 0759 48,79 (contill.) 1191 50,73 -
31 °,63 0563 49,06 1172 51,05 -
31°,83 0669 48,95 

31°,86 0697 48,93 
52°,5 17e6 45,45 

31°,88 0688 4.8,94 
1767 45,64 

crit j,0int. 1749 45,87 
3 °,73 0473 

I 
54,U 

1730 46,14 

41°,45 1785 1 42,13 1711 46,50 

1767 4:!,3t 1526 49,73 

1748 42,63 1507 50,02 

1730 42,83 1489 50,26 

1711 43,10 1470 50,68 

1526 45,74 1228 55,47 

1qo7 45,99 1210 55,81 

B89 46,23 1191 56,11 

1470 46,52 1173 56,65 

1228 50,12 

O. M i x tu reI. Vo = 54)989 eM3. 

x =:.: 0,1388. 

'l'ot. Vol V npOlll' Vol. Pl'CSSUl'e 'l'emp. 'l'ot Vol. ,IVnpourVol 
0,0 0,0 0,0 I 0.0 

2019 I 37,20 13°,7 1110 103i 

1957 37,86 (con tin ) 0868 0759 

1897 38,5{ 0617 0465 

18iO 39,22 0348 OOJ5 

1783 39,91 0217 

172.5 40,41 0213 - - \ 
170i 40,42 

15i8 11)29 40,60 
21°,3 2132 

1367 13::H 40,72 
2020 

j I f897 

Pl'c&sure. 

.W,96 

41,21 

41,51 

41,90 

42,13 

42,33 

37,84 

39,20 

40,74 
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Temp I Tot. Vol. 
0,0 

vnpOUrV01.1 p 0,0 leSSUl'e. Temp Tot Vol. Vapo~ó Vol I Pl'fSSUl'e. 0,0 

2to,3 1783 
1 - 42,27 30°,32 1032 58,36 

, -
(contin.) 1655 44,11 (colltin ) 0808 OH2 58,78 

tlH8 45,66 0479 0312 59.38 

1428 4i,48 025:.1 
( 

59,93 
= 

1382 48,11 
251>9 31,10 - .41°,45 

1061 48,48 
2406 38,79 

0760 0642 48,86 
212t 41)~0 

0150 0274 49,52 
20:31 43,88 

0227 49,97 - 1854 46,71 

25°,4 2270 37,19 1675 50,07 

2145 38,63 1511 53,36 

2020 40,27 13\6 57,81 

1893 41,94 1136 62,25 

- 1773 43,65 0953 67,09 

1655 45,43 0853 69,93 

1540 47,29 01H3 74,37 -
1419 49,34 0515 74,72 

1300 51,41 0425 74,95 

1212 - 52,74 0313 75,26 

0961 0907 53,10 

! ! 43° 1 ! 0.120 77,51 
0643 0515 53,57 pI. p. t. 
OW8 0216 53,96 52°,5 2735 

1 

37,15 

0236 lH,48 2690 37,62 

= 2ti31 39,48 

30°,23 2369 37,10 23-\.2 41,96 

2232 38,71 211.6 44,78 

2041î 40,98 1959 47,92 

1863 43,54 1769 51,63 
/ 

1707 45,99 1585 55,55 

1569 48,3 { H06 60, tt 

1404 5t,35 1 1:!34 65,06 

1257 5.1.,25 1049 71,03 

1255 5.f.,28 0878 77,0J, 
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21°,2 

25°,4 
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D. M i x tu reIl. Vo = 55,887 eMs. 
x = 0,4035. 

Tot Vol. VapourVol. Pressurt:. Tcmp. Tot Vol. VapourVol 
0,0 0,0 0,0 0,0 

I I 
o:!~~ 

2116 36,29 25°,4 0511 
~ 

1918 38,51 (contin.) I' 2,332 I 
1745 40,63 

-;0,23 ! 
1573 42,81-

2H4 

1398 45,11 
2235 

1345 45,72-
2059 

-
0949 0847 45,86 

1867 

0609 0404- 46,10 
1698 

0282 46,94 
1528 

- 1341 

2241 36,55 1162 

2056 38,67 0865 

1867 41.03 0610 -
1(;97 43,41 0528 0378 

15~3 45,98 0465 0178 

1340 48,95 0417 
I -

1161 51.79 

1045 53,36 
30",H 0439 --- 30°,53 0171 

0839 06117 53,1î7 plattp. 

Ot89 0254 53,76 30°,58 0488 
0306 1î4,25 41°,45 2537 --
2294 36,83 

2355 

2098 39,16 
2173 

1914 41,60 
1976 

1754 43,87 
1799 

1583 46,59 
1641 

1401 49,73 
1461 

1208 53,18 
1292 

1039 56,18 
1105 

0877 58,42 
0872 - OSS:.! 

0732 06'7 6S,.f8 

Prcssure. 

58,72 

59,19 

I 36,52 

38,56 

40,83 

43,50 

46,21 

49,20 

52.80 

56,46 

62,20 

64,80 

64,99 

65,10 

65,11 

65,30 

65,42 

61î,45 

37,29 

39,46 

41,83 

4.t.,75 

47,70 

50,80 

54,60 

58,58 

63,49 

70,2' 

78,02 
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E. M i x t ure lIl. Vo = 54,207 eMs. 

a; = 0,6167. 

'l'cmp. I Tot. Vol. I, Vapour Vul 
0,0 I 0,0 Pressure T mp I Tot. Vol. !VapourVol 

e. 0,0 I 0,0 

14.0 2015 36,53 25°,4 1778 
, 

1854 38,28 (contin.) 1550 

1651 40,61 1306 

1490 , 42,56 1122 

1355 - 43,96 0926 

1177 1121 4~,17 0799 -
0969 0850 44,43 0662 0517 

0520 0216 
0775 0588 14,70 

0416 
0531 0266 45,13 = 

0361 
0327 
= 

45,83 

0317 54,33 27°,25 2271 

0305 66,94 2152 

21 0,31 
1928 

2j60 36,69 
1734 

1974 38,81 
1554 

1786 41,18 
1336 

1612 43,53 
1119 I 

1422 46,18 
0893 

1213 48,73 
0772 

1015 51,64 - 0714 
0857 0768 51,92 

0684 
0662 0159 52,27 .... 

0666 
0484 0184 52,75 

0629 
0365 53,18 
= 0612 
0337 63,01 -

I 69,15 
0583 0525 

0326 
0562 0460 

25~,4 2245 I 36,72 0546 0296 

2. 34 ! 39,14 pl. p. 0'40 0296? 

Pl'cssurc. 

42,50 

45,83 

49,65 

52,66 

55,39 

56,55 

56,87 

57,17 

57,57 

64,38 

36,79 

38,f6 

40,96 

43,61 

46,40 

49,97 

53,65 

57,14 

58,35 

58,68 

58,88 

58,91 

59,10 

59,15 

59,19 

59,23 

59,28 

59,30 
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Temp. I Tot. Vol. 
0,0 Pressure. Temp. 'l'°t,oVOl.l.I:'ressure. 

27°,25 0498 59,34 41°,45 2i13 41,85 

(coutin) 0469 59,IH (colltin.) 1920 44,70 

0439 60,06 1740 47,67 

0406 61,56 1553 51,26 

0384 63,98 1372 54,99 -
0366 67,80 1192 59,26 

27°,30 0587 59,21 1185 59,40 

0564 59,25 1045 62,97 

0814 69,11 
30°,23 2337 36,73 

0579 76,07 
2188 38,42 

0469 81,32 
2174 38,60 

1984 40,96 52°,5 2665 31,20 

1795 43,63 2445 39,80 

1618 46,35 2195 43,18 

1432 49,60 2006 46.07 

1256 52,70 1830 49,13 

1057 56,11 1817 49,42 

0796 60,57 1624 53,38 

0493 63,64 1391 58,9t9 

0365 74,91 1192 64,42 
I I 

1017 70,19 
41°,45 2518 36.89 

0854 76.19 
2285 39,63 I 
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F. M i x t ure IV. Vu = 54,305 c1.\13. 

x = 0,714:1. 

Tomi). I Tot. Vol jV<lPOUl VOI./l'lC<surc I Temp I Tot Vol. IV<lPourVOI./1 l'rcssUlc 
I 0,0 0,0 ,. I 0,0 1 0,0 

14°,5 1895 37,13 25°,4 H26 f6,5~ 

tiJ;) 3~,81 (culltlll.) 1:l37 i9,35 

159ti 40,31 1052 51,8i 

H51 4I,!I~ 0853 53,87 -
JH8 il,96 0709 ObH 5-1,26 

H22 .a,18 0586 03to 51,72 -
1153 1072 i2,6.i- om 55,25 -
0882 07to 43,15 I I 27°,33 0530 56,92 
0611 031,7 i3,77 = 
0(j06 033:1 13,78 

27°,3~ olm b6,f9 -
0%7 

I 
41.,60 

27°,31> 08/1 55,69 

-- 27°,37 0576 02ilP 56,8i 
pi p. 

2'°,3 206/i 37,t5 27°,39 0(1)1 06,62 

1905 38,85 0615 56,68 

1709 41,26 0621 06,75 

1539 43,43 0590 56,87 

1357 45,81 27°,40 0617 56,83 

1079 i9,08 
I I 

-
0838 070iS i9,62 

30°,23 2266 37,03 

, 
058::l 0300 50,H 

2U95 38,90 

OUl5 51,10 
1û13 41,20 

- 17Jf 43,96 

25",1- 2H2 37,24- Hil2 46,56 

19H 39,17 1361 49,51 

JiH 41,69 

1589 .H,20 
1 



- 15 -

( 52 ) 

1.'emp. I Tot "Vol. Pressure rl'c~n~ Tot. Vol. l>ressure. 
I 0,0 0,0 

30°,23 1182 52,51 .{f0,45 1179 58,tO 

(contru ) 0993 55,61 (contiu.) 0993 61,47 

0797 1>8,24 0800 67,27 

0360 60,i8 0371 73,93 

0399 68,04 
52°,5 2613 37,10 

41°,45 2445 37,29 2428 39,1>9 

2285 39,12 2168 43,03 

2100 I 4.1,48 1921 46,90 

1910 44,18 1662 51,70 

I 1727 47,04 1187 63,13 

1545 50,42 0936 7t,t2 

1362 54,08 
1 

0758 77,77 

Physics. - "1'lze elemental'y tlteal'!f of the ZEEMAN-effect. Reply 
ta an abjection of POINCARÉ." By Prof. H. A. LORENTZ. 

§ 1. In a recent article in L'Éelairage Électrique 1) POINCARÉ 
comes to the conclusion that the well known theory of ZIm~fAN's 
phenomenon, according to which every luminous particle contains 
either a single movable ion, or a certain number of such ions whose 
vibrations are mutually independent, can account for the doublet 
which is seen along the lines of force, but is unable to explain 
the triplet which one observetl jn a direction perpendi<,ular to these 
lines. This resu1t is obtained by tl'eating, not the emission but the 
absorption in the magnetic field, and it is curious that the same 
mode of reasoning has led VOIGT 2) to formulae implying the existence 
of the triplet. I believe this discrepancy to be due to POINcARÉ'a 
erroneously omitting the term 

1) }'OINOARÉ, La théorie cIe LORllNTZ et Ie phéllomène cIe ZEE~IAN, Éclairnge Élec
trique, T. 19, p. 5, 1899. 

2) VOlGT, Ueber den Zusammellhnng zwischen dem ZnEl1fAN'Schen ulld dem l!'A-
RADAy'schen Phanomen, Gottinger N,whrichten, 1898, Heft 4, p. 1. 


