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Dr. R. SISSINGH. Measurements concerning the 
elliptic polarisation of light. 

In the dissertation the method, first used by JAMIN 
in his r.areful observations on the light reflected from 
metals and afterwards several times by QuiNCKE, has 
been as much as possible refined. 

The method has been applied to the subjects indicated 
briefly in the titles of the various chapters. 

I. Method of observation. The chief changes made in 
JAMIN's method of measurement by means of BABINET's 
compensator are: 

1 .  Arrangements to the compensator for the precise 
adjustment of the various pieces. 

2. Combination of the observations in order to eliminate 
the remaining errors and those arising from faults in 
the Nicols. 

3. Dispositions made in order to cause that the beam 
of light is always reflected by the same part of mirror and 

4. to determine precisely the angle of incidence. 
I refer to the original for a description of the means 

by which a parallel beam was obtained and the prin
cipal position of the Nicols were determined. If the 
principal planes of the wedges of quartz of the com
pensator are not carefully adjusted by means of the 
above mentioned mechanism so that they are per
pendicular, anomalous phenomena are observed, which 
are elaborately treated. 
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The error of the perpendicular positions amounted in 

the measurements to about 5'. 
The errors are completely eliminated by means of 

the used method of measurement. By means of a flint 
prism the light of the sun or of the electric arc was 
developed into a pure spectrum. 

The homogeneousness of the beam of light was 
2172 of the spectrum between B and G, the divergency 
2.3', the accuracy of the 

re!lexion re!lexion 
fl'om metal mirrol' from !lint glass 

(coeff. of ellipticity 0,08) 
de termination of the phases. 

>> of the 
reestablished azimuths . 
angle of incidence. 

The part of the mirror 
2.7 X 0.57 m.m2• 

}, 
0.05

4 

6' 
1' 

used in the 

0.005;, 

3' 
1'. 

observations was 

2. Re{lex1:on from silver in air. The observations 
made with 3 silver mirrors in order to verify CAUCHY's 
formulae gave for angles of incidence, correspond ing to: 

A difference of Difference of phase Ratio of amplit. 

I Mean. 
phase of about observed-calculated. 0 bserved-calcu I. 

3 + 0.016, + 0,013, + 0.013 )., -2', +19', +2' -J.. + 0.0114 8 + 0.003 +1' 
(Wavelength) 

1 + 0.004, - 0.003, + 0.007 
+0.001 ·� -4', -5'. +16' )., 

4 - 0.007, + 0 002, + 0.008 +0', -12', +12' 
+ 0.004, + 0.003 +2'. -1' 

1 + 0.016, - 0.003, + 0.006 
)., 

-7.5' , +6', -6'.5 - J.. + 0.0064 8 

Mean. 

+5' 

+1' 

-3' 

These values, especially the reestablished azimuths 

are in better agreement with the formulae of CAUCHY 

than those observed by JAMIN and QuiNCKE. The for

mulae of NEUMANN and VoiGT for metallic reflexion 

aive precisely the same numerical values for the dif

�erence of phase and the ratios of the amplitudes, 

hence it is impossible to decide experimentally between 

the rival theories. 
3. Also in the case of reflexion from silver in water 

the theory of VoiGT gives the same values as that of 

CAUCHY. 
4. Reflexion from soft iron. The formulae of CAUCHY 

were derived from the electromagnetic theory of light 
. 1 + 4 7r &1 

by Prof. H. A. LoRENTZ supposmg that 
1 

+ 4 7r 02 
may be put 1, &1 and &2 being the components of the 

magnetic polarization in air and in the metal. In the 

case of strongly magnetisable metals however this sup

position is not allowed. Hence one should expect in the 

casfl of iron a deviation from the laws of reflexion. 

However it appeared, that the reflexion from soft iron 

is represented by CAUCHY's formulae with the same 

degree of accuracy in the case of iron as in that of 

silver. 
5. The variation of optical constants with temperature. 

In the electromagnetic theory of light the optical con

stants of a metal are dependent on its resistance. Now 

the resistance changes with temperature, hence one 

should suppose that also the optical constants must 

vary with temperature. 
Observations, however, made at ordinary temperature 
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and up to 120°, gave no evidence as for a variation 
of the optical constants with temperature 1). 

6. Influence of a change of the surface of transparent 

media on the reflexion. Observations with a prism 
made by STEINHEIL were undertaken in the first place 
with a view to test more accurately as had been done 
till now CAUCHY's reflexion formula; the agreement 
was very good. However the refractive index, calculated 
according to CAUCHY's theory from the angle of prin
cipal incidence and the principal azimuth, differed 
no less than 6% from the value determined by the 
minimum deviation method. This difference pointed to 

the presence of a surface-layer, formed on the old 
prism, long out of use. It was found impossible to 
remove the layer by W AIDELE's process (using heated 
coalpulver), hence it did not exist of condensed gases. 
The prism being however recently polished, a satis
factory agreement between the refractive index as 
calculated from theory and as determined by the re
fraction was observed. 

Remarkable enough CAUCHY's and GREEN's formulae 
represent fairly well the reflexion from transparent 
bodies with a transparent surface-layer, the refractive 
index being calculated from the angle of principal 
incidence and the principal azimuth. This may be seen 
from the following table in which the results are entered 
for angles of incidence corresponding to: 

' ) Cf. ZEEMAN. Communications etc. No. 20. 

15 
-A 32 

7 
-A 16 

Observed-Calculated 

difference of phase 

according to CAUCHY. 

-0.013, 

-0.007, -0.005; 

;;_, 3
8 A -0.005, -0.007, -0.003, 

;::: g! = 

\ 

+0.002; 

1 
T A -0.000, -0.000; -0.000, 

1 

+0.008; +0.010. -0.002, 
+0.007; -0.003. -0.006, 
-f-0.024: -0.000, +0.010; 

S A +0.003, -0.001, -0.002, 

-0.000; 

1 
16 A -0.004, -0.004; 

1 
32 A -0.013, -0.009; 

;.; = 0 ;::> < 
0 

7 

Mean Observed-Calculated 

reestablished 

azimuth according 

to CAUCHY. 

-·0.013 -0.024 -10', 

-0.006 -0.0185 -2', +6', 

-1'.5. -4', +7', 

-0.003 -0.012 +6'; 

-1'.5, +1'.5; -0', 

+2'; +3'. -4'.5, 
+4'; -2', -3', 

0.000 0.000 +8': -0', -0'; 

-1', -1', -2', 

0.000 -0.010 +4', 

-0.004 -0.022 -6', -10'; 

0.0105 -0.032• -5', -4'; 

Mean 

-10' -5' 

-0' 0' 

-4'.5 

-�· -14'.5 

-4(.5 -10'.5 
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Dr. L .  M. J. STOEL . .Measurements on the in

fluence of temperature on the viscosity of fluids 

between the /.;oiling-point and the critical state. 1) 

Most investigations hitherto made on the viscosity 
of l iquids deal with the influence of substances in solu
tion. In a few cases only the effect of temperature 
and pressure was examined. WARBURG and VON BABO 2) 
excepted, who investigated the viscosity of carbonic 
acid about the critical temperature, there are no observa
tions, as far as I know, about the viscosity of l iquids 
above the boiling-point. 

The aim of my investigation was to ascertain the 
change of viscosity of a liquid between the boiling-point 
at the atmospherical pressure and the critical tempe
rature; in order to fill up the gap between the examin
ations of the liquid state below the ordinary boiling
point, as made by several investigators on one side and 
those of the critical state by WARBURG and VON BABO 
on the other. The l iquid I chose was methyl chloride, 
which boils at - 23° C under the pressure of the atmos
phere, and the critical temperature of which is 143° C. 

1) Dissertation, Leiden, Febr. 189 1 .  The investigation has been 
published in extenso also by prof. GR.A.ETz, Physikalische Revue 
I, p. 5 1 3, 1892.  

2) Wied. Ann. 1 7, pag. 390, 1882. 
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The apparatus consists 
chieily of two vertical glass 
tubes b g and in (as shown 
in the fig.) at a small d istance 
from each other, connected at 
the top and at the bottom 
forming thus a long-drawn 0. 
The whole apparatus is made 
of thick glass, the inner dia
meter of the branch in being 
about 2,5 ml\1. while the  other 
branch contains a wide reser
voir e g of 7 mM. diameter 
and a capillary tube b d of 
0,2 mM. bore and 55 cM. 
l ength. From h downward 
goes a tube, the open end of 
w hich is fitted into the press
ure-cil inder of a Cail letet
apparatus, so that mercury 
can be forced into the instru
ment from below. To this 
purpose the just mentioned 
pressure-cilinder is connected 
with a second vessel con
taining mercury, on the sur
face of which a high pressure 
can be applied by means of 
compressed carbonic acid or 
air; the use of compressed air 

necessary as the pressure 

l 
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of saturated vapour of methyl chlorirle near the <.;ritical 
point a!Tiounts to 65 atmospheres. 

From the top of the 0-�haped tube upwards goes 
a vertical tube k l m, whieh is at first left open and 
provided with a special arrangement o m for cleaning 
purposes and for exhausting the air and distilling 
methyl chloride into the apparatus (the tube being 
cooled by a mixture of solid carbonic acid and alcohol) 
but afterwards is closed by melting it at o. 

The part k l has the same diameter as e g, its bulk 
being about twice that of the whole 0-shaped appara
tus, as it must be able to contain the whole quantity 
of liquid in the apparatus. 

The apparatus described is placed within a glass cylinder 
of the same height, which forms part of a circulation
arrangement in w hich absolute alcohol, cooled within a 
spiral by a mixture of solid carbonic acid and alcohol, 
is made to circulate, or water of the desired temperature 
or finally heated glycerine. By this method experiments 
coulrl be made between - '23° C. and + 123° C. 

At the beginning of an experiment the level of the 
mercury stands just below the 0-tube, that of the liquid 
methyl chloride stanch; a little way in the reservoir k l, 
while the upper part of the apparatus contains only 
the vapour of the liquid. Now, when the mercury is 
forced up, it soon rises into the tube in; by regula
ting the supply of mercury, its level is kept at one of 
the marks a or c, while the mercury introduced from 
below slowly forces up the methyl chloride from the 
resenoir e g through the capillary tube to k l . 

At e, f and g marks have been engraved to which 
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reading-microseopes with cmss-wires are focused ; with 
the aid of a registering-instrument the moments are 
recorded at which the rising mercury-level reaches 
these marks ; tenths of seconds can thus be measured 
with accuracy and even hundredths can be estimated. 

As in the upper part of the apparatus always remains 
a space filled with vapour, the pressure at the top of the 
capillary tube is only a little greater than the maximum 
vapour-pressure at the temperature of the experiment. 
The excess of pressure at the bottom is m easureu by 
the height of the mercury-column in the tube in. 

ln the manner, indicated by WARBURG for his expe
riments on carbonic acid, I investigated the in!luence 
which the compressibility of the methyl chloride and 
the variation of viscosity with change of density can 
possibly have in my experiments and the corrections 
required by them. In this investigation it became clear 
to me that by neglecting these corrections an error 
can be made of 0,5% at the utmost. The formula by 
which, taking no account of these corrections, the coef� 
ficient of viscosity can be calculated, is as follows : 

g 7r r 4 ( (}' - so) T log e 
(/.- = 

8 q l A 
in which g = acceleration of gravitation. 

r = radius of the capillary tube. 
(}' = density of mercury. 
s " of methyl chloride. 
T = time of passage of the l iquid. 
e = base of the Nep. log. 
q cross-section of the reservoir e f g. 
l l ength of the capillary tube. 

aA H- h . A aa = l H _ h: ' If we denote ' 
J 
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by H the constant height of the mercury in the branch 

1� n cl uring each experiment and by h, and h2, the 

height of the marks g and e, measured from an arbi

trary horizontal plane. 

The expression here given for fl- must be corrected 

for the differences which the pressures show from the 

values they should have according to PoiSEUILLE's law. 

By the great difference in diameter of the reservoir 

e f g and the tube in there remains an uncertainty 

in the recorded pressures, caused by capillary depres

sion, so that the difference of the pressures from those 

following from POisEUILLE's law cannot accurately be 

determined from my experiments. lf this were the 

case, it would be possible to calculate absolute values 

for the coefficient of viscosity from the reeorded times 

of passage and the dimensions of the apparatus. These 

we might also obtain by using the same tube for ex

periments with a fluid of known viscosity. 

But even without this, the non-corrected times of 

passages T give a sufficient idea of the variations of 

the internal friction with temperature. 

Expressed in seconds they can with sufficient accuracy 

be represented by the empirical formula : 

l o g  T 
896 - T 

250 

in  which T denotes the absolute temperature. This 

appears from the following table, taken from my dis

sertation. 
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T T Difference 
T- 273 

(observed) (calculated) in percents. 

-28° 408.50 401.79 + 1.7 p.Ct. 
-20.75 379.91 375.t:l4 + 1.1 
-'11.3 339.41 344.51 1 5  
+ 0.75 305.72 308.32 - 0.8 

10.8 280.2l 281.06 -0.3 
19.0 259.81 260.62 - 0.3 
27.8 236.17 240.33 - 1.7 
35.9 220.9!::15 223.05 -0.9 
45.2 204 595 204.74 - 0.1 
55.8 186.58 185.69 + 0.5 
66.6 169.99 168.11 + 1.'1 
75.2 157.59 '155.31 + 1.5 
85.1 143.46 141.78 + 1.2 
93.15 133.38 131.64 + 1.2 

104.3 120.88 1'18.80 + 1.8 
110.7 112.68 '112.00 + 0.6 
122.95 97.06 100.04 -3.0 

,: 
The times of passage I observed also satisfy approx-

imately the relation: 
1 f/, pa = Const.., 

in which (/, IS the coeffici ent of viscosity when the 
l iquid is under the pressure of its own vapour and p 
the vapour-pressure. 

li 
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Dr. J. P. KUENEN. Measu?·ements concerning 

the surface of VAN DER WAALS for mixtures of 

carbonic acid and methyl chloride. 

The appearing of VAN DEn W AALs's theory 1 ), for the 
application of which experimental material is wanting, 
suggested to me to determine a series of isothermal 
lines for three mixtures of carbonic acid and methyl 
chloride between 25° C. and ·160° C. in order to cal
culate the constants, which vAN DER WAALS uses, and 
with them to execute the construction of the surface 
of free energy, which was introduced by him. HoweYer 
it was imvossible to use the characteristic equation 
of VAN IJER W AALS, which. as is well-known, can, with 
simple substances even, represent the observations 
within narrow l imits only. With the first equation of 
CLAUSTUS 2) the isothermals for methyl chloride and 
one of the mixtures could be rendered very well ,  for 
the other two approximately only. The constants cal
culated are the following (the letters are those of 
CLAUSIUS) 3): 

1 ) Arch. NeerL 24 p. 1 -56 . Zeitschr. Phys. Chem. 5. p. 133-1 73 . 
2) Wied. Ann. 9. p. 14. 
3) The values are slightly modified according to later results ; 
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K {3 b R 
CH� Cl 6.555 0.00·1 65 0.00135 0.003750 

� C Bs Cl (4.94) 0.00'138 0.00110 0.003738 

-t C H3 Cl -4.020 0.001 63 0.00098 0.003721 

tCJ:-13 Cl (2.86) 0.001'1 7 0.00085 '0.003705 

C02 2.116 0.00095 0.00087 0.003684 

The values in brackets for two of the mixtures are 
only  mean values of those, which hold good for the 
different temperatures 1). 

By using these equations we can calculate the l ines 

of free energy for the different temperatures and so 

execute approximately the construction of VAN DER 

W AALS's surface ; in order to obtain some accuracy it 

will be necessary to extend the observations over fur

ther intervening m ixtures, since the manner in which 

in CLAusms's equation the constants depend upon the 

constitution of the mixture is not known. The know

ledge of such a thermodynamical surface for a mixture 

is of the greatest importance for the study of the 

coexistence of two or three phases. These phenomena 

(condensation) were studied quali latively only as yet ; 

the results partly agree with those of former investiga

tors, ANDREWS and others . 
The oTeat influence of retardation, also in the homo-a . 

d gencous condition (imperfect mixing), was in vest1gate 

cf. Arch. Neerl. 26 p. 61 ,  68, 69. In tho equations for methyl 
chloride and for carbonic acid some more small modifications 
have heen made. 

'l �ee my treatise in Arcb. Neerl. 1. c. 

5 

at large and at last for the greater part neutralised 
by the appl ication of a stirring-apparatus, consisting in 
a small piece of iron within the tube, in which the 
mixtures were investigated, which piece could be moved 
during the experiments by an electromagnet gliding 
round the tube. Thus agreeing results were obtained 
and the experiments did not take more time than was 
necessary . 

The flattening and disappearing of the l iquid surface, 
which at definite temperatures was observed by former 
experimenters, was also seen Ly me. However from 
VAN DER WAALS's theory we may conclude another 
way of condensation, w hich m ust take the place of the 
disappearing of the liquid surface and which may be 
called retrograde condensation i with it the quantity 
of the denser p hase at first increases till a maximum 
is attained, and then diminishes and at length dis-· 
appears. The fact, that observation has given the 
disappearing of the surface instead of this retrograde 
condensation till now, can be explained by the retar
dation, which in the case of two phases becomes of 
important influence. I am going tq test this explana
tion by aid of my stirring-apparatus mentioned above, 
and, as independent from this theoretical reasoning 
I sometimes observed the climinishing of the fluid phase 
by compression, I soon hope to be abie to obtain al l 
the successive stages of the phenomenon as described 
above. 

The critical temperatures of the mixtures investigated 
do not agree with PAWLEWSKI's law, as indeed was 
not to be expected. 

JIJ 



6 

The fol low ng values were found : 
Obs. Calc. 

C H3 Cl 143.0 143.0 

t C H3 Cl 123.0 117.8 

! C H3 Cl 97.1 90.9 

t C H3 Cl 65.4 62.0 

if C H3 Cl 46.0 45.1 

c 02 31.0 31.0 

At last from the equations some Tables were calcu
yated for the deviations from DALTON's law and for the 
increase of pressure by mixing at constant volume. 

Dr. J. P. KUENEN. On ?'et-rograde condensation 
and the criticaL phenomena of mixt11res of two 

substances. 

In my dissertation ,Measurements concerning the 
surface of VAN DER WAALS for mixtures of carbonic 
acid and methyl c.hloride. Leiden '1892" 1) I discussed 
a case, which occurs pretty often with mixtures of two 
substances, namely that by compression during the 
condensation, i .  e .  in those conoitions, in which two 
phases are in equilibrium, tbe surface between the two 
phases gradually becomes !latter and at length dis
appears entirely. This  is the well-known phenomenon, 
which w·as successively observed by CAILLETET 2), VAN 
DER W AALS 

3
), ANDREWS 4) and others and also during 

my investigations under certain circumstances. I suc
ceeded by aid of VAN DER W AALS's theory in discover
ing the probable cause of it and to open the prospect 
of an early experimental confirmation. The following 

1) ef. the above communication. 
2).Com pt. Rend. 90, p. 2 1 0 .  
3) The continuity o f  the liquid and gaseous states. Phys. 

Memoirs etc. I 3, p. 472. 
4) Phil .  Trans. 1 78, p .  53. 
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may serve to recall these facts and to complete them. 
Examining how, according to the theory, the conden

sation must take place, and ascribing to tbe first plait ') 
the peculiar form, which it must probably have for 
temperatures between the critical temperatures of the 
two ingredients 2), I concluded, that at a given tempe
rature we can arrange the mixtures in three groups 
according to 1 he nature of the condensation: for the 
first group, consisting of those mixtmes, which contain 
the largest quantity of the substance of the lower critical 
temperature, a separation in two coexisting phases is 
impossible. For a second group the condensation has 
the ordinary aspect, that is to say, the relative quantity 
of the denser phase regularly increases with decreasing 
volume, till the other phase has disappeared ;  these 
mixtures contain the largest quantity of the substance 
possessing the highest critical temperature. Between 
these groups there is a third, for which the relative 
quantity of the denser phase at first increases by com
pression, attains a maximum and then again diminishes 
and disappears: with expansion the same phenomena 
but in opposite order are to be observed. This kind of 
condensation I proposed to call "retrograde condensation". 

The limits, within which this group of mixtures in con
tained, may be easily indicated : one limit is formed by 
a mixture, m which the prop0rtion of ·the ingredients 

') For the names used here compare : Communications etc. 
n ° .  7, p.  4. 

2) vid. VAN DER WAALS I. c. The case of other possible 
cases is discussed· in my paper Arch. Neerl. I. c. , Zeitschr. 
Phys. Ch. I. c. 
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is that of the plaitpoint, the other limit by a mixture, 
whose plane parallel to the tj,;, u plane touches the 
con node curve. From this we may derive, how on the 
other hand for one giveu mixture the nature of the 
condensation must alter with the temperature. Above a 
definite temperature, the ct·itical tempeTature or rather 
the temperature of the critical point of contact, separa
.tion is impossible ; beneath another l ower temperature, 
which [ call the plaitpaint-temperature of the mixture, 
the condensation is normal; between these we m ust find 
retrograde condensation. If we consider the difference 
in density and proportion of the coexisting phases we 
find, that this difference will be very slight at the end 
of the condensation close to the plaitpoint-temperature, 
both above and bfmeath it and that, according as the 
temperature diverges from it, this difference will increase. 
So the very small quantity of liquid, which is formed 
close by the critical temperature may show a considerable 
difference from the vapour-phase : a flat surface is uot 
to be expected there. The well-known property of the 
critical temperature of simple substances, that above it 
no two phases can coexist, here belongs to the tempera
ture of the critical point of contact and in this respect 
the critical point of contact is to be compared with the 
critical point of simple substances. In the plaitpoint 
however we meet with the property of the coexisting 
of two identical phases 1). Consequently with mixtures 

1) The phenomena described here are modified a little by 
the influence of gravitation, as in the case of simple substances 
was· first pointed out by Gouy (Compt. Rend. 115, p. 720. 
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tll8 properties of the critical point are so to say diviued 
over two points, the plaitpoint and the critical point 
0f contact. 

The observations were partly in contradiction with 
all this; especially retrograde condensation harl never 
been observed: instead of it the flattening and disappear
ing of the liquid surface. As the cause of this deviation 
from theory I suggestecl the influence of retardation, 
which with mixtures may already modify the phenomena 
in the gaseous state and shows itself clean�r still, 
when two phases are present . This retardation, the 
result of slow diffusion, is not to be mistaken for the 
thermodynamical retardation, which may delay for a 
time tile appearing of the first small quantity of a new 
phase 1). 

It is possible to point out a little clearer, why retar· 
dation may have such a great influence under the given 
circum::;tances, and thereby render the explanation 
more accurate. We may best express the influence of 
rAtanlation by saying, that \Vith increasing pressure the 
two phases are compressed separately and that then 
by interchange at the surface and by d iffusion equi
librium will be slowly occasioned. In the case, we are 
referring to, a particularity shows itself, namely that 
both the phases, when compressed, remain in stable 

cf. Communications etc. no. 8, p. 10). The flattening and dis
appearing of the surface will not be possible exactly at the 
plaitpoint-temperature only, but also at temperatures a l ittle 
above and beneath it, the limits of which will depend a. o.  
upon the length of the tu be employed. 

1) cf. BLihlCKE, Wied. Ann. 36 , p. 91 6. 

I 

1 1  

equilibrium, because the corresponding points o f  the 
connodA curve are both situated at the liquid side of 
the plait, and therefore pass into the stable part of the 
surface. As the phases are not in equilibrium with 
each other, probably a continuous transition between 
them will be formed, which reveals itself in the rlisap
pearing of the surface observed. Of course this rea
soning holds good for temperatures lying not too far 
beneath the plaitpoint-temperature as well as for tem
peratures ranging between it and the c..:ritical tempera
ture. The disappearing of the surface with insufficient 
mixing may therefore not only take the place of retro
grade but also of normal condensation. The fact, that, 
if one of the two points is situated at the vapour
side of the plait, this point with compression must 
enter the semi-stable or even the unstable part of the 
surface and so immediately give rise to a new separa
tion and an increase of the liquid p(lasA, must be con
sidered as the reason, why retardation causes less 
marked abnormalities there. It is also to be bome in 
mind, that here the difference between the phases 
becomes greater as a rule. 

Some days ago I have succeeded, by aid of my stir
ring-apparatus mentioned before, entirely to confirm 
the theoretical predictions and the explanation of the 
ordinary phenomena. \iVith the utmost care a new 
mixture was , prepared : the process was conducted in 
such a manner, that the possibility of decomposition 
of the methyl chloride during the closing of the tube by 
the blow-pipe was excluded. Moreover the apparatus 
was made of glass and copper only, so that probably 
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the gases were very pure. The proportion of the car
bonic acid in the mixture amounted to 0.41 . 

If, during the condensation, I did not stir and only 
waited some time before the rearl ings were taken, between 
varying l imits of temperature, depending upon the time 
of waiting, (circa ·100° C-107° C) the separating surface 
could be effaced by pressure. The movement of the 
piece of iron within the tube changed the phenomenon 
entirely. as the theory had predicteJ. Beneath 102° C 
the condensation was normal. A t  102.5° C and 103° C 
the observations were dubious ; at 103.5° C retrograde 
condensation was already discernible thouah very ' . 0 
indistinct still .  The difficulty of the observations in this 
neigbourhood is caused by the nearly complete simila
rity of the phases. A small change of temperature 
may cause considerable deviations and a too sudden 
change of pressure, which ofte"n occurred with my regu
lator of pressure, was sufficient to make the line of 
demarcation disappear at once again�t my intention. 
ln these cases I succeeded far better in producing the 
opposite phenomenon, which occurs with expansion. 
Though exact numbers were not to be obtained at 
103.5° C, the existence of the retrograde condensation 
at that temperature was not lioubtful 1). At '104° C the 
phenomenon could be fol lowed entirely, also at 105° C 

and 100° 0. The critical temperature was fixed at 
106.5°. The difference between the phases c lose to 
106.5° C was very marked : the focal lines, which are 
to be observed in a glass tube, had a different breadth 

' )  103° C = plaitpoint-temperature. 

'1 3  

i n  the two phases and the surface was much more 

curved than at l ower temperatures, entirely in accor

dance with · theory. The fol lowing numbers were 

obtained at 105° C; the volumes are expressed in an 

arbitrary unit, the pressures in atmosferes. 

Vol. Vol. of the liquid . Pressure. 

1 17.9 0 73.3 

99.6 3.9 77.2 

81 .2 8.2 81.8 

81.0 8.6 81.8 

78.6 7.6 82.4 

77.3 4.3 83.1 

75.3 4.7 83.3 

75.4 2.8 83 .5 

74.3 2.5 83.8 

74.0 0 83.8 

We may call the succession of volumes and pres
sures pretty regular, considering the great diffi cultifls 
of the observations. 

The limits, between whicl1 retrograde condensation 
takes place, are much narrowflr than those of the 
ordinary phenorpenon (disappearing  of the liquid surface). 
This agrees with what was pointed out before, viz. that 

the l imits become wider by the influence of retardation. 

The results of former experimenters especially of 
ANDREws, who describes his experiments most accura-

l !  
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tely, are also quite in accordance with the explanation 

laid down here. That an i nvestigator l ike A.NDREWS 

has not seen the true state of affairs is due to his 

want of a theory, without which the critical phenomena 

of mixtures would not have been d isentangled easily. 

11 
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Dr. P .  ZEEMAN. Measurements o n  !{err's pheno

menon in the case of re(lexion (rom the polar 

stwface o(' a magnet made ol iron, cobalt and 

nickel. 

Dr. SrsswGH measured the 8 mplitude and the phase 
of the new magnetk component, which appears wl1en 
light falls obliquely upon an i ron mirror. magnetized 
tangentially (aequatorial rellexion). In order to avoid 
further complications the inc ident light was polarized 
either in or at right angle::; to the plane of incidence 

The comparisou with Prof. LORENTz 's theory taught 
him that at d ifferent angles of incidence existed a 
constant difference amounting to about 85" between 
the observed and calculated phases. I will call thi::; 
difl'erence of phase SrssrNGH's phase S.  In the continu
ation of the inquit'Y it seemed indicated to consider 
(a) in the first place whether the reflexion from a 
normally magnet ized mirror (polar rellexion) can Le 
described by this theory. 

(b) Further, to examine the exi::;tence of the relation 
required by the theory between polar and aequatorial 

reflex ion. 
(c) The influence of the colour of the reflected light 

on the phenou:ena was in  the last place a point of 
research. Although these researches are not yet (June '92) 

3 

closed , it may be perhaps of i nterest to give a preli
minary communication. 

As to point (a) there is someth ing to be leamecl from 
KAz's en Rram's observations calculated by Dr. SrssrNGII. 

It follows from the observations of KAz,  accepting values 
for the ordinary optical constants, that there exists a 

difference of phase between theory anrl experiment 
amounting to about 6H 0• This value is derived from 
the observations at t ! J e  angles of incidence 80°, 61�0, 60°, 
these giving the most acrmrate result. 

A difference of phase S = 750 follows from Rwm's 
observations at 6 angles between 44° 1 8' and 87o ,  l ike
wise accepting values of the optical constants. 

From the experiments of both these observers result 
very irregular oscillating values of the quotient of the 
calculated and observed amplituclo 's. 

As to the second point (b) it is impossible to draw 
any conclusion from a comparison of the aequatorial 
and the polar observations of KAz and RIGHI, as they 
give not the magnetizations made use of in their expe
riments which are moreover insufficient as follows from 
the just named anomalies. 

We have refflrred to the third poiut ( c) .  Observations 
made by Rwm, but they cannot be exactly compared 
with the theory as there is no statement of the optical 
constants of his mirror for the not aecurately defined rays. 

Hence the desirableness of new measurements. There
fore I have made experiments on the reilexion from 
the pole of an iron mirror ; I have found that also in 
this case there exists a SrssrNGH's phase S, the preli
minary value of which is about 80° .  
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This fol lows fr·om measurements relating to :� mirrors, 
the optical constants, I and H, of which were found 
for light of refrangibility D :  

A. I =  76° 20' 
B. 73° 59' 
c. 76° 13' 

H = 27° 40' 
28° 45' 
27 ° 39' 

The difference of phase just named following from 
our measurements is : 

iu the case of mirror A, S = 80° 47' 
B. 79° 58' 
c. 80° 30' 

As to our second point (b) the relation between aequa
torial and polar reflexion, I have found till now what 
follows. 

Accorcting to theory, at i = 51 ° 22' the magnetization 
being the same, the amplitudo's fl-aeq and -f.l-put have the 
following relation : 

(.1.-aeq = 0, 194. 
f.l-pol 

From SISSINGH's aequatorial and my polar measure
ments follows : 

(.1.-neq = 0,294. f.l-po/ 

In SISSINGH's case the magnetization was 1400. C.G.S. 
and in my measurements 850 C.G.S. hence : 

f.l-aeq = 0,1 79. 
(.!-pot 

5 

by the proportionality of f.!, and magnetization, as proved 
by nu Bms. 

The difference is about 8%. 
Point (c) : the dispersion of the phenomenon is inves

tigated for 3 colours at an angle of incidence i = 51 ° 22' 

and polar reflexion. The light was made monochromatic 
bij means of a Hilger-Christie spedrosc.:ope. The optical 
constants of the iron-mirror were determined for the 
same colours. Variations of the mirror-surface were 
control led by repetitions of this determination. Also 
the in variability of the light used was especially 
controlled. ln this manner it was found (m being the 
phase) : 

m - 1 80° 
from observations. from theory. 

for red light w. I. ).1 = 0,618 f.!, 39° 8' - 29° 58' 
bl l } 0 460 53° 10' - 24° 58'. » ue >> w. . ·2 = , fl-

According to theory the dispersion ought to be + 5°, 
the calculation being made with the determined optical 
constants. Hence it follows that SISSINGn's phase has 
a d ifferent value for various colours and hence results 
the existence of a magneto-optic dispersion of the 

phase ; the dispersion of the phase from blue to red 
is + 1 4° 2'. 

To the present ti me measurements on rellexion from 
magnetized cobalt from which phase and amplitude 
mio-ht be calculated did hot exist. Therefore I com-a 
menced with measurements on l ight reflected from the 
pole of a magnet made from a solid piece of cobalt. 
For 3 colours the optical constants were found as 
fol lows. 
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Al = O,ti18 (.!, 
A2 = 0,540 (.!, A3 = 0,460 f/-

[ = 76° 33' 
75° 20' 
73 ° 44' 

H = 30° 49' 
31 ° 23' 
31 ° 27' 

At i = 60° my measurement::; again give a magneto
optic dispersion of the phase ; the change of the mag
neto-optic amplitude with colour may be calleJ magneto
optic dispersion of the amplitude . 

The results are the fol lowing : 
m - 1800 /'-

colour obscn ed calculated · obsen. Al 22° 33' - 18°  39' 2,30 X 10· 3 
;..2 32° 30' - ·J 6o 53' 2,41 X 10· 3 
;.3 33° 55' - 16°  5G' 2, 18  X 10· 3 

t'- obsel'v. 
cal cul .  !:;;, /'- calcul. 

2 77 A 41 o 1 2' 0 83 X 
lO- 3 ' ' il 

2,44 A 49° :23' 0,99 X " . 
2,03 A 50° 51 ' 1 ,07 X " 

F h 2 "  or t e constant A = '1' E1 h N. vide theory. The 
h itherto given and yet following amplitudes relate to 
the in tensity of magnetization I =  700 C.G.S. 

Inferior in  exactness is a determination at i = 50o : 

47° 30' 

At i = 7"2° ,  phase not very exact : 

/.2 45° 5' - 6° 44' 1 ,96 X 10·3 2,02 A 51 ° 49' 0,97 X �-3 
On a mirror of electrolytically deposed nickel was 

found at i = 50o : 

A =  0,589 (.!, 1 1 ° 40' - lOO  30' 1 ,20X·10·3 

Dr. P. ZEEMAN. Measurements on Kerr's pheno

menon in the case of re(le.xion ft·om the polnr 

surface of a magnet made of cobalt at different 

angles of incidence. 

Not long ago appeared a t heory of KERR'::; phenomenon 
by GoLDIIAMMER (\Vied .  Ann. Bd . 46). 

Ile introduces into his theory the d i fference of phase 
S, the existence of which Dr. SISSINGH deduced from 
h is observations on light re1l�cted from tangentially 
maanetized i ron. GOLDBAMMER's ;J is = - S. Thfl for-o 
mulae arrived at are the same as those given in  LORENTZ's 
theory ; only the exprAssion for the phase d i ffers with 
a constant quantity - ;J, Somewhat later also DRUDE 
gave a ve 1·y comprehensi ve memoir on the same sub
ject ( Wiecl Ann. Brl. 46). JJRUDE also communicated at 
the same occasion some observations made by h im, on 
the re !lexion from tangentially magnetized cobal t  and 
i ron (aequatorial re11exion). I calculated as wel l from 
these observations as from LORENTz's theory the phase 
and amplitude of the magneto-opt ical component. The 
values auopte(l for the optical constants, the principal 
incidence and principal azimuth  are for cobalt those 
determined by DRUDE ; for nickel the usually given ones. 
From 0RUDE's observations on aequatorial rellexion on 

t; 
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cobalt and nickel I deduce, m being the phase and 1.�., 
the amplitude at the angle of incidence i :  

m - 1800 
observ. calcul .  

Cobalt. 

,� 
observ. 

r� obse1·v. 
calcul. s. r� calcul. 

35o - 77°  24' - 89° 3' 2,80 X 10· 3  0,450 A 1 1 39' 6,20 X 
10

-3 

60° · - 25° 27' - 79° 42' 0,56 X 10· 3 0,629 A 54° 15' 0,90 X � 
75o - 12 ° 56' - 67° 1 '  0,54 X 10- 3 0,574 A 54o 5' 0,95 X , 
83o - 12° 57' - 54° 9' 0,50 X 1 0- 3  0,389 A 41 o 12' 1 ,30 X ,  

Nickel. 
60o - 48° 22' - 79° 14' 0,65 X 10· 3  0,595 A 30o 52' 1 ,08 X , 
65° - 46° 3' - 76 °  16' 0,84 X 10- 3  0,592 A 30o 12' 1 ,42 X , 
75° + 11 o 41 ' - 660 19' 0,30 X 10-3 0,5 1 2 A  730 0,59 X ,  
80o 8°  42' -- 58° 11 '  0,17  X 10-3 0,420 A 49o 29' 0,40 X , 

A being the constant from LoRENTz's theory. 
The results of this calculation don't show anything 

of a constancy of S. 
At first sight one would rather think that these ob

servations contradict that constancy. However DRUDE's 
observations are so called minimum-rotations, where
by the errors of measurement influence to a mu�h 
higher degree on the value of SJSSINGH's phase, than 
when null-rotations are made. Yet the discordances 
among the results might give rise to some doubt as 
to the exactness of my preliminary conclusions com
municated to the Academy, June 25, '92. The continu
ation of the investigation however has wholly convinced 
me of the constancy of S, in the case of polar reflexion 
from cobalt. For my purpose I have made measure-

9 

ments with white light at 3 angles of incidence, always 

control ling the invariability of the mirror and el imina
ting the errors, that might arise from deviations of the 

light by the passing through the Nicols ; besides I ever 

employed the method of the null- as well as that of 

the minimum-rotations. A suffident accorrlancy of the 

result of both methods was always found. For the 

calculation of the result in every especial case that 

method was used, which gives for the required quantity 

the result least affected hy errors of measurements. 

· The final results, reduced concerning the amplitude, 

at the magnetization I =  430 C .G .S . are the following 

with our usual notation. 

Reflexion from the pole of cobalt mirror I =  430 C.G.S. 

m - 1800 ,� 1-' observ. 

observ. calcul. observ.  calcul. S. r� calcul.  

45° 20° 34' - 28° 47' 1 ,58 X 10- 3  2,76 A 49° 2 1 '  0,57 X �1-3 
60° 27 ° 40' - 2 10 49' 1 ,50 X 10-3 2,71 A 49° 29' 0,56 X , 

730 37 ° 55'
. 
- 11 o 43' 1 ,17 X 10-3 2,18 A 49° 38' 0,54 X , 

Hence it follows that SrssrNGH's d ifference of phase 

is nearly constant within wide l imits of the angle of 

incidence. Also they wholly confirm the value formerly 

given (Cornm. to the Academy of June 25 '92. p.  2. supra). 

The theory of KERR's phenomenon also requires the exact 

numerical value of SrssrNGH's phase. According to DRUDE's 

theory, containing only one magneto-optical constant in  

the  differential-equations, contrary to  GoLDHAl\JMER's 

theory with two constants, one might. calculate (as 

was remarked by GoLDHAMMER) SrssrNGH's phase from 

2 o - � = 7f etc. In this formula - � = S and o is the 

i-' ' 'i . :1 
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quantity fi rst introduced by Ersr.:NLOHR and cal l ed r in  LORENTz's theory F b 1 
h . 

. or eo a t GoLDHA MMER employed t e prehmary value S 50 o ' t h  h
. 

h 
· 

. 
= Wl w IC I fi . h d h 1m cw· d A 

urms e 
. 

Ie · nn. Bd. 47• P· 347) .  He calculates that accord�ng to DRUDE's theory this should be 600 and ac�ordmgly concludes that DRUDE's theo ry is i . Th1s 1 · · 

n en or. cone uswn IS wholly confi rm ed b th . 
measurements. 

Y e now gtven 

_-

Dr. P. ZEEMAN. On a subjective phen omenon in 

the eye. 

When being engaged in measurements on KERR's mag
neto-optic phenomenon, 1 noticed, observing with the 
compensator of l::labinet, a phenomenon, the cause of 
which l ies in the eye. Siuce the phenomenon seems yet 
to be unknown in physiology, I wish to commuuicate 
it here. 

Soon I noticed that the complicated apparatus, with 
which J at fi rst saw the appearance, is  not necessary for 
the observation. The l ight neerls not to be polarized, 
only a slit is  wanted intensely i l luminated, while the 
surrounding of the field is dark na-light being very 
efficacious 

W heu observi ug with a telescope one sees, especial ly  
during the first moments after sudJen l_y bringing the  eye 
before the eye· piece, not only the il lumiuateJ slit but 
also a blue-violet line of l ight soon fading. 

The phenomenon may be observed as well by looking 
suddenly with unassisted eye at the slit. The l ine 
resembles to the outline of a pear, the axis of which 
is  perpendicular to the centre of the sl it .  To the right 
eye the pointed part of the hue, i. e. the stem of the 
pear appears at the right side of the sl it, the curved 
part falling somewhat at the other side. 
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With the left eye one sees a figure symmetrical to 
the described one awl observing with both eyes the two 
figures may be seen simultaneously. The inner part of 
the line is  dark as a rule. It is very remarkable that 
not only yellow light but all colours of the spectrum 
give the same violet l ine. It is even possible to observe 
the appearancP, looking at eit lwr of the 3 hydrogenium
l ines, and only using a common spectroscope of Desaga, 
the s l it  being sufficiently widened With the red line the 
experiment is easy, but with the other rather difficult. 
The observation succeeds very wel l  with yellow or with 
white l ight. We can even observe the phenomenon, 
though somewhat indistinctly, if  we look at a slit made 
between our two stretched hands, while a lamp is 
placed behind. 

1'1 
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Dr. E. C. DE VRIES. Measurements on the influence 
of temperature on the capillary elevation of e ther 
between the critical state and the boiling-point of 

ethylene 1 ). 

� 
Taking into account the law of corres

ponCiing states and denoting hy � VAN DER 
WAALS's reduced temperatmes, these obser

� J- vations gi ve approximately the rate of variation 

of the surface-tension for all substances be

tween 0 = 0,366 and 0 = 0,9772. The measure-

/K ments of the elevations were made by means 

of a thick glass tube, closed by melting, an d 

fil led m a vacuum with such a quantity of 

ether that at the critical temperature the 

disappearance of the meniscus could be ob

serve(! about the m iddle of the tube. In the 

closed tube is  placed a thin cappillary tube in 

which the rise of the liquid is measure d .  In 

order to keep it  in a central position the thick 

1:: f -
-; t-

wider tube is narrowed m fit places. The 

') Short account of my dissertation published 
under the same title. Leiden , 1 893. 

I 

! i 
I 
: ! i ! 
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bottom by which the capillary tube is supported is 
inclined , so that the tube is open below. The thick 
tubes with which at first several auxiliary apparatuses 
are connected by melting them together and the 
capillary tubes they contain are cleaned with the utmost 
care , for which purpose they are repeatedly rinsed and 
boiled with various liquids which are carefully made 
dust-free in apparatuses purposely constructed and which 
can only arrive into the principal tube and accessory 
auxiliary tubes connected with them by melting. 

The cleanness obtained in this way was so great that 
by the retardation of ebullition , shown by water and 
alcohol , more tubes burst by overheating the water than 
when boiling them with concentrated sulphuric acid.  

The result 0f all the precautions taken in cleaning 
the glass-walls and in getting rid of every (also gaseous) 
foreign admixture in the ether was a complete constancy 
of the capillary elevation in this tube even after repeated 
heating and for months afterwards , in the same way 
as EoTvos obtained in his method the inval'iability of 
the capillary constants by closing his tubes in a vacuum. 
The tube destined for the experiment was placed in a 
wider one containing methyl-salicylate which is suspended 
in a vapour-bath heated by the vapours of ethyl-alcohol, 
amyl-alcohol , terebene or aniline or in a l iquid-bath or 
finally in an apparatus for boiling liquid ethylene. 

The utmost care was taken in  maintaining a constant 
temperature during a very long time, because otherwise 
drops of liquid settle easily in the capillary tube or 
vapour- bubbles are formed by which all observation is 
rendered impossible. 

,. 

J. 

I 
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The arrangement for maintaining a constant tempera

ture also permits the capillary tube to be seen in an 

illuminated part of the field of the telescope , the 

small meniscus being otherwise difficult to observe. The 

arrangement for the observations at higher temperatures 

is described in the academical thesis ; about the contriv

ance for the observation in the ethylene which boils 

at - 102° , I shall ask permission for a fol lowing com

munication to your Section. 
The capillary tube being placed in  a wider tube which 

would give a capillary elevation itself, it is necessary 

to correct the observed rise , a correction however for 

which only an approximate value could be given. 

The results of the measurements , corrected as well 
as possible , are 

Pv-pd 
VAN DER WAALS's Capillary rise S u rface-energy 

temperature reduced temperature (relative) ( relatiVe) 

0 193°.6 1 0 0 

1 .ti1 182.92 0.9772 2.R1 4.52 

2.38 159.3 1 0.9265 8.5\J 20.45 

2.96 125.58 0.8542 16.09 47.54 

3.505 7 1 .8 0.754 26.10 91 .48 

3.965 19.56 0.627 38.44 152.41 

4.57 -102. 0.366 63.69 29 1 .07 

From -100° to + 160° the capillary rise h can be 
satisfactorily represented by a linear function of the 
temperature , according to 

h = 1 - 0,004960 t I ! i 
� I 
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in which the rise at 0° is put 1 , while the curve by 

which h is graphically represented as a function of the 

temperature evidently ends logarithmically near the . 

critical temperature. The wal ls of the tube were found 

to be wetted at all  temperatures , i n  opposition to 

RAMSAY's statement. By using RAMSAY and YouNG's clata 

on the density of the liquid Pv and of the vapour

E 
p abov 

0° ( for the critical temperature they found also . , 

which agrees perfectly) and an interpolation- ormula 

deduced from PIERRE's formule and a determination of 

the density at -71 ,05 by Dr. KuENEN 

0 P 
= ·1 + 151 72 X 1 0 -- 7 t + 22.55 X '10 _ 7 t2 + 0,21 19 X 

p 

10- 7 t3 + 0,00470 X 10 - 7t4 

by which the density at -102° can be found by extra

polation , we can calculate the relative value of the 

s urface-energy H given in the last column. EoTvos's 
for mula (Wied . Ann. 27) does not agree with these 

re sults. From the data in his  paper we can calculate 

the relative value of the surface-tension of ether at 

1 20°, 62°, 0°, which he determined by another method 

not dependent on the angle of contact. If we were 

allowed (the density of the vapour Pv and the way in  

which the  inlluence of  the vapour is  taken into account 

not being mentioned at all) to multiply this surface

tension by Pv - Pr1 h is measurements would approach 

nearer t.o those of ours. Tf H is graphically represented 

as a function of 0 ,  the curve , near the critical tempe

rature , proves to tmn its convex side to the T-axis in  

1 .. , 

. 

... 

7 

such a way that by a regular continuation of this part 

it might end touching the T-axis: Undoubtedly an ac
curate knowledge of its form in this part is of high 

theoretical importance. An investigation thereof is now 

bRing undertaken. 

-
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Dr. J. P. KUENEN. Some expet>iments about the 

connections between the two plaits ·in the surface 

Of VAN DER WAALS (or mix·tures. 

As a continuation of my researches about the critical 
phenomena of mixtures of two �ubstances 1) some new 
experiments were made.  During my observations of 
the mi:xture of 3/5 methyl chloride and 2/5 carbonic 
acid, oc�asionally on the fluid, which appears with 
small volumes, a small quantity of a second fluid pha�e 
had become visible , which was separated from the 
fOl'mer by an indistinct and gradually (by stirring even 
i mmediately) disappearing memscus. This gave rise 
to the question �  whether it might be possible to acquire 
such circumstances of temperature aud volume, where
n methyl chloride and carbonic acicl should show threE' 

ocexisting stable phases. The possibil ity thereof was 
not excluderl : for Prof. VAN DER WAALS in this treatise 
on the theory of mixtures 2) laid particular stress on 

1) Arch. Noerl. 26 .  p .  369-390 ; Zeitschr. Phys. Chem. 1 1 . 
p. 38--48 ; Corn m. Lab. of Physics. Leiden n ° .  4. 

2) Arch. Neerl. 24. p. 54-56 ; Zeitschr. Phys.  Chem. 5. p. 
1 72-- 1 73. 
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the connection between t l 1 e  situation of the plaitpoint 1) 
of the gas-1luid plait in the surface on the side of the 
small volumes and the existence of the second plait, 
which indicates the not mixing of the substances in 
the liquid state. In fact this plaitpoint P2 would pro
perly speaking belong to the second plait, which would 
in this case constitute one whole with the first plait, 
w!1ereas the plaitpoint of the first plait P 1 would but 
become visible on the binode curve 2), when the tem
perature had neared the critical temperature of the 
most volatile component. (conf. the figure in Prof. 
v. D. WAALL's tre

.
atise 3), " here the form of the spina

de curve indicates the approach of a second plaitpoint 
i. e. of P '). Below that temperature therefore two 
plaitpoints might be found, that is to say the possibility 
of three phases for al mixtures the ratio's (x) of which 
are contained within the triangle formed by the three 
phases. When the temperature sinks  below the critical 
temperature of the above mentioned component and 
accordingly the plaitpoint P1 fal ls outside the surface, 
sti l l  a coexistence of three phases for mixtures within 
certain limits will remain possible, if  only the p lait
point Pt has not l ikewise fal len outsioe the surface or 
disappeared altogether. In this way we have got the 
case of two substances, which do not mix in the l iquid 

1) Plaitpoint = tacnodal point ; cf. KoRTEWEG, Arch. N 6erl. 

24. p. 57. Wien . Sitz. Ber. 98. Ha, p. 1 1 54 ; MAXWELL, Theory 

of Hea.t. p .  205-206. 
2) Binode curve = condode curve = node-couple curve cf. 

KoRTEWEG l.l. c.c. ; MAxWELL l. c. ; v. o. W AALB I. c. 
3) v. D. WAALS 1 . 1 .  c.c. 

l 
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state within certain l imits of quantity (as ether and 
water) and will probably do so even less at lower tem
peratmes. 

In orde to investigate whether this is the case with 
methyl chloride and carbonic acid the afore mentioned 
mixture was accurately observed The results obtained 
in my former paper prove that the surface for these 
two substances has at any rate no two plaitpoints i n  
the neighbourhood of  the critical tAmperature (100°  C.-
1 06.50 0.) The mixture was now investigated at lowAr 
temperatures nearing the critical temperature of car
bonic acid, but here two stable l iquid phase were not 
obtained either. The fact that no three phases were 
found is no proof at al l  of the non-existence of the 
triangle, because it is very probable  that by the l arge 
quantity of CH3Cl in the mixture its tf·U plane does 
not pass through the triangle. But even after a great 
part of the CH3Cl had been removed from the mix
ture nothing l ike a dividing into two liquids appeared. 
Besides the non-existence of the triangle is renJereJ 
probable by observations at low temperatures down 
to - 35° 0 which always showed complete mixing in the 
l iquid state. 

So with methyl chloride and carbonic acid the plait
point P2 would appear not to exist above - 35� C and 
the existing plaitpoint (above 3 1  o C) should be consid
eretl as actually belonging to the first plait (so as P1 ) ,  
whilst according as the temperature fal l s  towards �to 
it moves to the side of the large volumes and at 31 o 
co'incides with the critical point of carbonic acid. 

In connectiOn with the question here investigated 

1': 
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it seemed that great importance was to be attached 

to an observation of WROBU�WSKI 1) with a mixture 
of 5/6 carbonic acid aml 1/o air (the same mixture, 
which was olso investigated by CAILLETET 2) ) ; at com
pression and sub. equent expansion at 0" C he obser
ved two liquid and one gaseous phase 3). If this 
observation were correct , the surface for these two 
substances wou ld contain the above mentionecl tl'ianu·le 0 
at 0 '  C (at this temperature air may be considered as 
a simple substance). The same mixture was now in
vestigated by me with the aid of my electro-magnetic 
stirring-apparatus 4) and produced in the first place 
entire confirmation of preYious results about the 
critical plenomena of mixtures in general. For the 
critical temperature l obtained 19° C, for the plait
point-temperature 15°6 C, between both 'retrograde 
condensation. GAILLETET found at first 5) 20o C 
as the critical temperature, afterwards 6) there sti l l  
was r.onJensation at 25" C. The reason of these con
siderable differences between the two numbers is to be 
found in the phenomena of retardation, the influence 
of w hich was d iscussed in my treatise already eiteJ 7). 

' )  a. o. Wied Ann. 26. p .  1 34- 1 35. 
2) Compt. Ren<l. 90. p. 2 10. 
3) WROBLEWSKI observed the same phenomenon with liquid air. 
4) Arch. Neerl. 26. p. 372 ; Zeitschr. Phys. Chem. 1 1  l .  c. ; 

Corn m . etc. n o  4 .  
5 )  Compt. Rend. 90. p .  2 1 0. 
6) JunN, Compt. Rend. 96.  p .  1 45 1 .  
7) Arch. Neerl. 26. p .  371 .  sqq ; Zeitschr.  Phys. Chemie 1 1 .  

p .  40. sqq. 

7 

The e fforts in consequence of WROBLE''VSKr's inYesti

gatio l t  to obtaiu the thl'ee phases near 0 '  C were in 

vain however ; though very often a secoucl,  even a thi r· l 
men iscus was formed, it soou appeared that these 

statrjs were transient and d isappearecl by stirring. This 

pro\·es that the triangle Lioes not extst at the chosen 

temperatures. 

In oruer to find a case at last, in w hich the fluirl-

p lait migh t be expected and woul rl make its influence 

felt  even between the critica l temperatures, a treatise 

of DEWAR ') was referred to, who compressed carbonic 

acid in the presence of several substances. One case , 

in ''vhich DEwAR states that lif!uid carbonic acid was 

clearly visible on the other fluid was that of carbon 

disulphide : no particulars are given about the quantity 

used. I began by repeating this experiment. ln a 

tube f i l led with . pure carbonic acid a thin layer of 

CS2 was brought. By a treatment with mercury and 

distillation the csl had been purified to a colourless 

fluid of an agreeable smell, which did not attack the 

mer<.:ury at all. When the mixture was compressed 

the second layer of l iquid showed itself on the cs2 : 
at low temperatures especially the phenomenon was 

very clear ; as soon however as the small piece of iron , 

within the tube, was moved, it became evident, that 

equilibrium did not exist, and the substances mixed 

completely ; in fact in the vicinity of the meniscm; 

mixing-phenomena were to be observed from the be-

1 ) Proc. R. S. of L.  30. p .  538. 
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ginning. TmLORIER '), as I found out afterward::;, 
already states in opposition to DEwAR that C02 and 
cs2 are miscible in all proportions. 

The investigations into the connection between the 
two plaits are now being carried on with carbonic acid 
and water. 

The results communicaterl here show clearly, how 
great the influence of retardation may be and of how 
great a significance careful stirring is for those experi
ments. 

1 ) Ann, Ch. et Phys. 60. p. 430. 

Dr. L.  H. SIERTSEMA. The dispersion of the 

ma,qnetic rotation in oxygen. 

The dispersion of the magnetic rotation fol lows in 

most substances pretty much the same law that governs 

the natural rotation, viz. that the rotation varies inver

sily as the square of the wave-length . The strongly 

magnetic substances form an exception to this law. 

In solutions of i ron-salts and a few others the disper

sion is, according to BECQUEREL ' ), much greater, the 

rotation varies inversely as the fourth power of the 

wave-length. In i ron, nickel and cobalt the rotation, 

according to KuNDT 2) and LOBACH 3), increases with 

the wave-length. A lso with the phenomenon of KERR, 

which is c losely connected with the foregoing, KuNDT 2), 

RIGHI 4), Du Bors 5) and ZEEMAN 6) found anomalous 

1 ) H. BECQUEREL, C. R. 83. p. 125 (1 876) ; Ann. de Ch. et de 
Ph. (5) 12. p. 68 (1 877). 

2) KuNDT, Wied. Ann. 23. p. 228 (1 884). 
3) Loucu, Wied. Ann. 39. p. 34 7 ( 1890). 
'•) Rwm, Ann. de Ch. et de Ph. (6) 9.  p. 136 ( 1 886). 
0) Du BOis, Wied. Anu. 39. p. 25 ( 1890). 
6) ZEEMAN, Dissertatie Leiden ( 1 893) ; Verslag Kon. Akad. v. 

Wetensch. Amsterdam Oct. 1 892 en FeLr. 1893.  
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dispersion. Oxygen seems to stand between these two 

groups. BECQUEREL 1) found the dispersion in this case 
to be very slight ; the rotation for red \Yas somewhat 

larger than for green, but be himself thinks the meas

ured angles of rotation too smal l  to establish this with 

suHicient certainty. W ith other measurements of the 

magnetic rotation in oxygen m ade by KuNDT and 

RoNTGEN 2) no dispersion was d etermined 

This peculiar beari n g  of oxygen deserves to be more 

accurately investigated, not only for the fact itseH; but 

also because several theories have been publ ished of 

late, explaining all optical phenomena with the electro

magnetic theory of light.  For w hen in this way the 

optical properties of a mbstance are brought into con

nection with the magnetic, it is by the very deviations, 

which the strongly magnetic substances show, that we 

can test these theories. 
·w hen, as voN HELMUOLTZ 3) pro ves, the orrlinary 

dispersion in the electro-magnetic theory of light can be 

explained by introducing i nto the formulae quantities 

which are related to the molecules (electric m oment, 

friction), it is  probable that these considerations, when 

we take the magnetic properties of the molecules i nto 

account, can also explain the magnetic rotatory dis· 

persion. In th i s  case the optical behaviour of a magnetic 

1) H. BECQUEREL, Ann. de Oh. et de Ph. (5) 21 p. 289 ( 1880); 
Journ. de Ph. ( 1 )  8. p. 1 98 ( 1 879) ; 9 p. 265 ( 1 880). 

2) KuNDT und RoNTGEN, Wied. Ann. 8.  p. 278 ( 1 879) ; 1 0. p. 
257 ( 1 880). 

3) VoN HELMnowz, Wied. A un.  48. p. 389 ( 1 893). 

1 1  

gas, whose molecular stmctu re i s  certainly much more 

simple than that of a metal, will  be of great impor

tance to the theory. 

For this  reason it  is  very desirable, that the magneLic 

rotatory dispersion of oxygen should be more narrowly 

in vestigated.  Some prel iminary results of such an in

vestigation wil l be commun icated h e re. 

Tlw arrangement of the apparatus resembles, m its 
main features, that of K UNDT and Ri\NTGEiS . The gas is  

enclosed with a polarisator atl ll an analysator iu a long 

tube under h igh pressure. and the rotation is obtained 

by fixing one end of the tube, and turning the otbAr. 

so that torsion is given to the tube. The tube lies in 

a long bobbiu,  through \'\- I J ich circulates tbe magnetising 
current. 

The apparatus differs from that of KuNDT and RoNT

GEN in so far that instead of tourmalines n icols are 

used for polarisator an<l analysator, an d that mono
ch romatic l ight is  used sufficiently inten�e to point  at 

the black l ine, which can be observed in the field of two 

nicol s  with perpendicular principal planes 1). l\loreover 

the magnetic potential difference at the extremities of 

the bobbin with a current of 70 amp. is 315000 C. G. S. 

units, whereas this quantity only reached 90000 C .  G. S. 

with the bobbins of K uND'f and RoNTGEN. This appara

tus not only shows greater rotations than those of KuNDT 

and RoNTGEN but also enables them to be measured 
much more accurately. 

The copper tube, which contains the gas, is 2 M. long, 

1) LrPPICn, Wion. Sitz.-Ber. 85. II. p. 269 ( 1 882). 



I 

t :r I � 

I, 

12 

3 cM. wide. To the ends are fastened large pieces of  
coqui lle-bronze, in which are placed the nicols. These 
pieces are closed by flanges, in which a piece of 
glass is inclosed by a nut. The thickness of the walls 
is calculated for a pressure of 200 atm., with threefold 
certainty. The tightness of the joints is obtained by 
rings of lead, which caused no peculiar difficulties. 
Only at the glass-pieces we had to take care, by means 
of a little paper ring, that metal and glass did not 
come in contact with t-ach other. In order to obtain the 
greatest i ntensity of l ight, the nicol which is used as 
analysator must be so large, that all the light, proceed
ing from the tube, can pass through it. Owing to this 
the endpiece at this side of the tube assumes rather 
great dimensions. When,  as will be shown hereafter, 
iron and steel are excluded, the best material for the 
construction of these pieces is r-oquille-bronze, which 
excels by its peculiar toughness and homogeneity. The 
described pieces were constructed in  the utmost per
fection in the cannon-

.
foundery of the Hague by the 

fl'iendly  care of the concerned authorities. 
The endpieces are lodged in supports of bronze, so 

that the greater one is fixed in  a six-angled frame, 
and the smaller one can be turned. To the latter piece 
is fastened a long rod, by means of which rotations 
can be given to this pieee with the aid of cords and 
l ittle pull ies. The angles of rotation were measured 
with mirror and scale. 

The nicols are provided with perpendicular ends, and 
are chosen so as to show the black line very d istinctly. 
They are fixed in tubes, so that the gas can pass very 

-

... 
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ea'iily o n  a l l  siJes. Wheu this was not attendecl to, the 

nicols were observed to move at the entering of the 

gas. The black line remains very distinct at high pres

sures. Only once. when the apparatus had been left 

fi lled during 4 to 5 days, under a pressure of 1 00 atm., 

in  order to try the tigh tness, the nicols h ad ceased to 

transmit the light, and an examination showed that the 

layer of Canada-balsam had become untransparent. 

When this had been repaired, the gas was let out 

after every experiment, and never remained longer 

than half a day in the apparatus ;  in this way the 

nicol s  remained perfectly transparent. The tubes in 

which the nicols are held, can turn in a ring, which 

can be adjusted with screws in  the endpiece, in such 

a manner that it is exactly perpendicular to tl1e ray 

of light. 
The nicols are carefully adjusted in perpendicular 

positions before closing the apparatus. 

Through the tube passed paralle l  monochromatic 

l ight, proceeding from an arch-lamp of 30 amp., or 

from the sun. In a telescope behind the tube is obser

ved the image of the slit in the collimator, which 

makes parallel the monochromatic light. ln a spec

troscope of DESAGA, placed behind the tube, instead 

of the telescope, the light covers 3 to 4 divisions, 

whereas the whole visible spectmm covers 90 di

visions. There were also made some observa tions 

according to another method, in which is sent 

paralle l  white light through the tube ; this was 

resolved into a spectrum after leaving it. By this 

metlwJ the absorption-banJs, observed by LivEING 
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and fJEWAR '), could be used to determine the wave
length. 

The magnetising- bobbin consists of two equal parts, 
placed one behind the other, each part 1 M. long. 
They consist of a brass tube, 6 cM. wide, provided 
with 1langes, on which are wound 12 to 13 layers of 
copper wire, of 6 mM. thick. The total number of wind
ings on both bobbins is 3600, the total resistance 
nearly ·t Ohm. The current of 70 amp. which can 
circulate through this bobbin was produced by a dynamo 
of 75 Volt. The space between the bobbin and the tube 
enables us to prevent the transition of heat. Without 
this precaution the heating is soon great enough to 
excite currents in the gas in  the tube, which render 
the image confused ; and all subsequent pointings im
possible. All the parts of these bobbins, as well as the 
whole apparatus, w hich contains tlte gas, are made of 
coppBr or bronze, and wholly free from iron. The 
magnetic field is in  this way proportional to the in
tensity of the current, which is of great i mportance 
for its calculation and measurement. We find for the 
magnetic potential-JiiTerence with 70 amp., calculated 
by the known formula 4?rin 320000 C. G. S., where
as from a determinations of the rotation in water is 
deduced 314000 C. G. S . 

.. With this apparatus were made some preliminary 
experiments with oxygen out of the commercial iron 
cylinders, at a pressure of about 100 atm.,  which gas 
appeared to contain 94 °/0 pure oxygen. From these 

t) LrvEING and DEWAR, Phil. Mag. (5) 26. p. 286 � 1 888). 

. 

-
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experimeuts it fol lows that, contrary to tbe resul t  o f  

BECQUERI�L mentioned before, the constant of magnetic 

rotation in oxygen decreases regularly with increasing 

waYe-lengths, and that for violet it is twice as large 

as for red. It agrees tolerably well with the constant, 

which can be deduced from the determinations of 

KuNDT for white light. 
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Dr. P. ZEEMAN. Compa1'ison of measurements on 

the t'eflexion of light from the polar surface of 

a magnet with ihe the01'ies of GoLDHAi\IMER and 

DRUDE. 

According to DRUDE (Wied. Ann. Bd. 49, p. 696. 1893) 
the  formulae of h is theory on the magneto-optic 
p henomena are a particular case of the results of 
GoLDIIAl\fi\IER's theory ') , that is to say, that GoLD
HAMi\1ER's complex constant b is in DRUDE's theory a 
real quantity. Hence it follows, that SISSINGIJ's phase 2) 
may be calculated in the manner given by GoLDIIAi\Ii\1ER 
and also fol lowed by DRUDE 3). 

It was communicated to the Academy 29 October 
1892, that my measurements on the reflexion of pola
rised light from the polar surface of a magnetized 
cobalt-mirror 4) are not in accordance with this view. 

DRUDE's theory gives the following values ·of SISSINGH's 
phase for. 

' ) GoLDIIAMMER, Wied. Ann. Bd. 46, p. 7 2. 1 892. 
2) ZEEMAN, Archiv.  Neerl. T. XXVII. p. '254, 1893 and Diss. 

Leiden 1 893. p. 3 .  
3 )  DRUDE, Wied. Ann. Bd. 48 ,  p. 1 24.  1 893. 
') Vide also ZEE�IAN,  l. c. p. 296. 

ll 
fi:; 
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iron 
(D-light) 

76°1 o' 
I have found 80o 

4 

cobalt 
(reu l ight) 
6 1 °26' 1 )  

45°32' 

nicl<Pl · 

(D-light) 
60° 
30° (preliminary 

determination). 

It is wholly impossible to attribute the discordances 
to errors of measurement. 

It seems however that DRUDE is not convinced by the 
calculation of SrssiNGH's phase from the observations 
aud still prefers to calculate the rotations with mean 
values of the magneto-optic constants, deduced from 
the observed rotations. In the following communication 
I wil l  make use of the latter manner of calculation. 
The refutation of DRUDE's remarks on my measure
ments (Wied. Ann. Bd. 49 p. 490. 1893) is hereby 
simplified. 

DRUDE himself pays in his theory a particular 
attention to the angles of incidence, whereby, the 
incident l ight being polarised perpendicula1· to the 
plane of incidence, the so-called null rotation of the 
polarisator is = 0. (tf.'o 1" = t/-' 0 ;a = 0) 2). At angles of 
incidence, greater or smaller than those just named, the 
sign of the rotations is opposite. The value of that 
particular angle is indeed a very suitable criterium for 
the exactness of the proposed theories. 

From DrwnE's theory in the case of polar reflexion 

1) In a communication to the Academy of Amsterdam 29 
Oct. '�2 this value was erroneously given 80°. 

2) Vide for notation. SrssrNon. Phil. Mag. A pril 1891 .  
ZEEMAN, I .  c. p .  262. 

5 

it follows. when the calculations are made with the 
values of the optical constants as given by him, that a 
reversal in the sign of the rotations may be expected 

for iron at the angle of inc. i = 67°6' (D. light) 
» cobalt >> » » » » i = 64°50' » 
» nickel » » >> » » i = 60 35' » 

Wholly different GOLDIIAl\lMER's theory gives a reversal 
of sign 

for iron at i = 64° (S = 80°) 
J> cobalt » i = 50° (S = 49°5°) 
» nickel » i = 35° (S = 36°). 

In the calculation the values of SISSINGH's phase 
closed in brackets were made use of. In the case of 
iron the value of S is known from SrssiNGn's measure
ments on the reflexion from the aequatol"ial and from 
my measurements from the polar surface of a magnet. 
In the case of cobalt my polar measurements give the 
value ; wherea:; for nickel, accepting according to 
analogy that also in this case the value of SrssiNGII's 
phase will be found nearly constant within. wide limits, 
I determined a preliminary value of S = 30° (deduced 
from observations at the angle of incidence i = 50°) .  
If the value of S were = 32°, then there must be 
at an angle of inciuencfl of 10° a reversal of the 
null rotations, whereas for values of S, · Jess than 31°, 
there cannot be according to GoLDIIAMMER's theory a 
reversal, when the incident light is polarised perpendi
cular to the plane of incidence. 
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An accurate determination of SrsSINGII's phase for 
nickel was therefore much wanterl. Some measurements 
made by Mr. WIND in the Leiden laboratory, point to 
the fact, that S is nearly equal to 36° and that ;fJ 0 tp = 0 
at about 35° . This re5uft confirms GoLDHA;\DIER's 
theory, but it  is impossible to account for it  by DRUDE's 

For 0-light ;fJ 0 Lp must be =- =  0 for 
i ron cobalt 

according to DRUDE's 
theory at 67o6' 64°50' 

whereas observations gave 63 ° (Rmm) �>'1 °,5 (ZEEMAN) . 

What has been said above wholly confirms my for
mer 1 )  resul t  about DRUDE's theory. 

Not only that particular rotation, treated above, but 
also the rotations at other angles, are duly predicted 
by GOLDHAMMER's theory. No doubt there is a m isun
derstanding on the part of DRUDE in his considera
tions 2) on this point. 

He makes the supposition, that the rotations as ob
served by me,were made at the same magnetisation. The 
contrary was however l .  c . 3) expressly stated. 1 have, 
using the proper magnetisations, recalculated the rota
tions according to DRUDE's and GownAMMER's theories. 
The tables exhibit the rotations, reduced to the same 
magnetization in minutes, the result of the 2 theories 

1) ZEEMAN, l:  c. p.  296. 
2) DRuDE , Wied. Ann. Bd. 49. p. 690. 1 893. 
3) ZEEMAN, Dissertation p. 40 and p. 43 and Archiv. Neer l .  

p .  288, 293. 

7 

(G and D) and the diiferences between observation an<l 
theory. The notation of the minimum and null rota
tions is the same as that used and quoted in the be
ginning. The angle of incidence is indicated by Q.  

la lp I ,j,m I I - ,j,m 0 - ,jllp 
obscrv. D 

0 
,jlla 

difT. OiJ8CL'V, D difT. q> obvcrv. l D difi. ubserv. l D diff. 

45o + 1 5.0 + 13.9 1 + 1 .'1 + 1 1 .8 1+ 10.6 + 0.8 
60° + 1 6.2  + 1 4.2 + 2.0 + 1 0.3 + 8.9 + •1 .4 
73o + 11 2 + 1 4.1 1 - 2.9 + 6.1 1+ 6.1 + 0.8 

- 1 .4 - 1 3.4+ 1 2.0 + 1 7.5 + 28.6 - 1 1 .1 
+ 3 2 - 2.2 + 5.4 + ·1 3.4 + 1 7.3 - 3.9 
+ 5.3 1+ 3.0 + 2.3 1+ 9.5 + 12.3 -- 2.8 

</> 
45o 
60o 
730 

GoLDIIAl\niER's theory gives : 

,jlm - ,jlrn 0 0 
la lp - ,jllp ,jlla 

observ. l G di tf. obscrv. l G difT. observ. l G d ifT. obscrv. G 

+ 15.0 + '15.6 - 0.6 + 11 .8 + 1 2.1 - 0.3 - 1 .4 - 1.4 - 0.0 + 1. 7.5 + 17:1 
+ 1 6.2 + 16.7 - 0.5 + 10.3 + 1 0.5 - 0.2 + 3.2 + 3.0 + 0.2 + 13.4 + 12.9 
+ 1 1 .2 + 1 2.5 - '1.3  + 6.9 + 7.2 - 0.3 + 5.3 + 5.8 - 0.5 + 9.5 + 1 0.1 

Again it fol lows, that great diiferences remain be
tween DRUDE's theory and observation. Witb GoLD
HAMMER's theory there is no discrepancy between 
tbeory and observation, especially w hen it is considered ,  
that t h e  measurements were made in the first place 
for the determination of the phase, whereby there is 
no influence of possible errors in the determination of 
t l te magnetization 1). 

Undoubtedly now the determination of the phase at 

1 )  ZEEMAN, I. c. p. p. 1 4  and 27.  

difT. 

+ 0.4 
+ 0.5 
- 0.6 

jt 
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normal incidence from a normally magnetized mirror 
becomes of great interest, in order to decide whether 
SrssiNGII's phase has the same value at all incidences. 

This investigation, of great importance to judge on the 
exactnes of the description of the phenomena by GoLD
HAMMER's theory, is therefore prepared in the physical 
Laboratory of the Leiden University. Dr. J. P. KUENEN On the abnormal phenome?ta 

near the critical point. 

Various phenomena are seemingly opposed to A�DREws's 
clear conception of the connection between the l iquid 
and the gaseous states of matter and the signification 
of the critical point 1 ). In the first place the disappear
ing and reappearing of the l iquid surface at other 
volumes than the critical volume, the P-xplanation of 
which phenomenon STOLETOW 2) finds in the smallness of 
the difference between the indices of refraction. A cc urate 
observation of the phenomenon suffices to render this 
hypothesis improbable : at a given moment indepen
dent of the i l lumination the surface is seen to lose its 
clearness and to change into a layer of transition, as 
with two liquids mixing. l\Ioreover the disappearing
temperature would not alter with the volume, which 
on the contrary it does (vicl. below). 

CAILLETE1' et HAUTEFEUILLE 3) and CAILLETET et CoLAR
DEAU 4) conclude from their experiments with a solution of 
iodine in carbonic acid, that the liquid and vapour 

1 ) cf. RA�!SAY Pr. R. S. of L .  30 p. 323. 
2) Physik. Revue II Juli 1 892. p. 44. 73. 
3) C .  R. 92 p. 840, 1 086. 
'•) c. R. 108 p. 1 280. 
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still exist above ANDREws's critical temperat ure, but 
acquire the p ro perty of m ixing together. IJ owe\'er the fad 
is sufliciently explained by the slow diiTusion of the iodine 
through the carbonic ac:i d ; there is no necessity of 
adopting the inlluence of diiTerences of temperature as 
STOLETO"' 1)  does . 

· They con fi nnecl tlJe experiment by anotiwr with an 
O-tube, 2 )  on which PELr.A'l' 3) based his d istinction between 
tbe real Critical tem perature, at vvhich the densities 
agree and the lower temperatu res, at w hich the surface 
disappears. The problem was further examinee! experi
mental l y  by ZAl\IBIASI, 4)  who began by confirming the 
experiment w ith the 0-tube with ether. Then he found, 
that the disappearing temperature increased accorJing 
as the quantity of l iquid was smaller. DE HEEN ") on 
thA contrary finds that the temperature is lligher the 
smaller the quantity of vapour is.  

New light h as been thrown upon the problem by 
GouY's 6) extensive and accurate i nvestigation, in which 
he sl tows that a d istinction should be made between 
the elat final of the substance and the elats vm·iaules, 
Lliffering from it. Ue furthered th e establ ishment of 
equi librium by repeatedly turning the Natterer-tubes 
filled with C02 and thus found that the d i sappearing 

1 )  1 .  c. p.  63. 
2) c. R. 108 p. 1 284. 
3) J ourn. de Ph. (3) 1. p.  225. 
4) Atti Ace. Line. (5) I. 2. p .  423. 
5) Bull. Ac. R. des Se. de Belg. (3) 24. p. 96. 
6) C. R. 1 1 6 p.  1 289. J une 1 893. 
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Of the S U rface in the etat final is Observed within \'Cl 'J' 
narrow l imits of density only (0.431:\ and 0.�70 ; critical 

density = 0.464 Amagat) and that with densities outside 

these lim its, the d isappearing is  possible only when the 

equilibri um h as not yet been attained.  1 )  the fact, that 

even in the etat fin al the surface disappears at different 

volumes a nd not merely at th e critical volume, as 

follows from ANDREws's theory, GouY 2) ascribes to t h e  

inlluence of gravitation. The truth of t h i s  conclusion 

is evident : it will easily be seen, that within certain 

n arrow limits near the critical volume the surface may 

disappear at cliiTerent heights in the tube and always 

exactly at the criUcal tempemtUI'e, 3) whilst there, where 

the surface is disappearing, we find the critical pressure 

and the critical density. 

Two earl ier observations by DE HEEN 1) are in accor

daltCe with GouY's experiments . One tu�e i n  wh1ch the 

surface had disappeared was reversed and then cooled, · 

whereas another tube remained in its former positi on. 

In the latter the surface reappeared nearly at the 

same point, where it had formerly d isappeared, in the 

forme r h owever a c loud spread through the tube. In 

1 )  The limits of the phenomenon are very wide in this case , 
as with the experiments with ether. Here it was observed by 
ZAMBIASI and DE HEEN within the volumes 2,6 and 6,2, whereas 
the critical volume amounts to 4,0 ( ccm per gram). 

2) l. c. ancl .C. R. 1 1 5  p .  720. 
3) The disappearing-temperatures seem indeed to have shown 

but minimal differences in Gouy's experiments too ; vid. the 
final points of the two curves. 

4) l .  c. 24 p. 277  and 25 p. 1 4 , 1 5 .  

I 
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a second experiment a tube was heated at :35o C .  for 24 
hours : at cooliug a cloud spread through the tube, 
which was dissolved into a thin liquid layer upon the 
mercury, though the surface had disappeared at a much 
higher point. In the former ease the etat final was 
brought  about by reversion of the tube, in the latter 
by time. 

Before being acquainted w ith Gouy's work and DE 
BEEN's last experiments I had concludeJ from the 
experiments which were known at that time, that with 
the disappearing of the surface we had to do with retar
dation ') , anc.l have succeedeJ in showing in a way di iTe-

. 
rent from GouY's that the deviations from theory vanish 
if  the substance is well mixed . To this end I mac.le use 
of my electromagnetic stirring-apparatus, employed by 
me in my investigation of mixtures 2). As I pointed 
out in my treatise and was also shown by DE HEEN's 
experiments, the cooling (resp. expansion) proves an 
excellent means to distinguish homogeneous from not 
homogeneous states. The critical volume of the carbonic 
acid investigated by me ar:qounted to ± 35, expressed 
in an arbitrary unit . When the volume was less than 
34 and the substance was rendered homogeneous b ij 
stirring above 31  o C. , slow decrease of temperature pro-

1 )  With the volume 2.9 ZAliiBIASI saw the meniscus rise slowly, 
which is typical for a retat·ded process ; when the 0-tube was 
cooled an equal quantity or an unequal was observed in the 
branches, according as the temperature fell at once or after 
being raised to 1 96 C. etc. The influence of time was lllready 
noticed by RA)ISA Y I. c. 

�) vid. Arch. Ncerl. 26 p 354-422. Z. Phys. Ch. 1 1  p. 38. 
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rlnced at about 31 o C. a cloud through the tube and 

then the  liquid surface at the top of the tube, with 

volumes l arger than 36 also a cloud a1 1 r l  then the sur

face close to the mercury. The lim its within which the 

surface could  disappear in case of stability, are there

fore no wider than 34 and 36, which r l istance about 

agrees with Gouy's. 

No doubt the same result will be attained with ether, 

if care is taken to establish stabi lity. 

How to explain this retaruation ? Theoretically in a 

simple substance retardation may be admitted only, if 

one of two possible phases is entirely wanting or forms 

itself with d ifficulty, whereas observation shows, that 

as soon as the phase begins to form the most stable 

equilibrium is established in a very short time, some

times even in the manner of an explosion. Here how

ever we have to deal with the fact that the evapora

tion or condensation regularly lag behind, which 

reminds us of phenomena of diffusion of two sub

stances. No doubt therefore we may assume retardation 

as soon as we ascribe some influence to the slight impu

rities of our so-called pure substances. 1) 

Indeed from this point of view the phenomena may 

be easily explained.  Only it should be borne in mind, 

that the amount of retardation and the direction in 

') As regards ether, vid. 'l'AMliiANN. W. A .  32 p.  683. GouY 

says I. c. : "Il y a lieu d'examiner si ces differences entre l'ctat 

final et ]es etats variables ne SOnt pas dueS lL la presence d'nn 

peu d'air melange au C02 " cf. HANNAY, Pr. R. s. of L. 30, 

p.  478-489. 
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which it works Llepend on tbe nature of the impuritre�. 
in as much as some w i l l  for

. 
the greater part br found 

in the l iquid other in the vapour. M oreover the special 
circumstauces of the experiments - Cas width of the tubes 
rate of change of temperature, m o bility of the tubes) 
will  inlluence the results , so much that agreement ot 
the re�ulb of d i fferent experimentators is not even pro
bable (vid. ZA:\IBIASI and DE HEEN) 1 ) .  

Suppose for instance some ai r is  mixed with the ether : 
it will for the greater part be present in the vapour. 
If the volume is below v�c, the liquid wil l  i ncrease at risf� 
of temperature partly because it expands partly because 
the v apour condenses. The latter process will now be 
retarded by the presence af air. Slowly according as 
the air is absorbe!l by the l iquid and spreads through 
it by di iTusion equi l ibrium will  be  attained. The l iquid 
remains beneath its normal quantity ; the densities also 
lay behind.  Meanwhile thA tube is  heated above the 
temperatul'e, at which all should be homogeneous ;  this 
may eall forth a condition, i n  which the free surface 
between the phases is  impossible. We may say, that 
the separating surface disappears, as soon as we attain 
a continuous transition between the two phases without 
unstabl e  states, as the l atter occasion_ the formation of 
a free surface. 2) It is clear that a similar state of con
tinuous trallsition will be attained as we approach a n  
ordinary case o f  diffusion of gases. 

1 )  Consequentl y it is  impossible to draw PELLAT's line (l. c.) 
2) vid. v. D. WAALS. Thermodynamical theory of capillarity 

etc. Kon Acad. Amsterdam I, no 8.  1893. 
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It should be remembered in the first place, that by 

i m purities mixed with the l iquid the evaporation of the 

liquid wil l  be  _chiefly retarded (with vo lumes larger than 

v ") ; in  the second place that as a ru le  the i m [Jurities 

wil l be so slight, that the deviations of the disappearing

temperature will  be small,  and even that the final state 

after diiTusion need not necessarily di iTer considerably 

from the state of the pure substance. If we keep al l  

this  well i n  mind, - the facts, which can be decuded from 

the retardation of  diffusion occasioned by i mpurities, 

agree so well with observation, that we have a right 

to maintain this explanation as long as its insuff iciency 

has not been proved otherwise. 1) New theories about 

simple substances seem to me at present superfluous 

for the explanation of the critica l phenomena. 

Now that the great influence of retardation has once 

been establ ished, we shou ld be very careful in the accep

tance of results, which have not been proved to be 

exempt from that influence. DE B EEN's 2) conclusion, 

that vapour-density is a quantity dependent on the 

quantity of hquid in contact with the vapour, cannot 

be accepted as prO\'ecl .  In the first p lace we point out, 

that the vapour-densities calculated especially  when 

they turn out so much greater, are obtained by the 

division of two small magnitudes and therefore must 

of necessity be uncertain. Besides the retardation in 

1) The details of the experiments with the 0-tube and the 
other experiments mentioned are likewise in accordance with 
the explanation laid down here. 

2) I.  c. 24 p. 267-285. 
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those cases must have J iminished the  quantity of l iquid 
am! will so have caused a too great value for the den
sity. The experiment with the U-tube 1) too proves 
nothing but that absolute homogenity is very slow in 
coming : from the experiments we may only conclude, 
that the iniluence of thA retardation is perceptible even 
at temperatures far below the critical. 

1) 1. c. 24 p.  278. sq. 
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Dr. C. H. WIND. Measurements regarding the 
Sissingh magneto-optical phase difference in the 
case ol polar re(lexion from Nickel. 

Through SISSINGH's experiments 1) concerning equato
rial reflexion on i ron magnets, attention has been drawn , 
for the first time, to the fact, that there is a difference 
between the phase of the magneto-optical  component 
in the I\ ERR eiTect, as deduced from observation, and 
that derived from the theory of LoRENTZ 2), which dif
ference is nearly constant within ample l imits of the 
angle of incidence. GoLDRAMi\IER 3) has inserted it in 
his theory. On the other hand ZEE\\IAN 1) has shown that 
the same constant phase di.ITerence occurs in the case 
of polar reflexion on iron too, and. that it also exists 
in polar reflex ion on cobalt. My investigation shows, 
or makes it at least very probable, that this is like
wise the case for n ickel and consequently confi rms the 
opinion, that Sis:::>TNGH's phase diiTerence has a physical 
meaning. 
. 

For my experiments the apparatus as composed and 

1) SrssrNGH, Phi!. Mag. 1891 ; Arch. Neerl. 27 .  1 893. 
2) LoRENTZ. Versl. on Meded. Kon. Akad. v. Wetensch., Amst. 

II, 1 9 ; Arch. Neerl., 19. Of. VAN LoGIIEM, Dissertation, Leiden. 
3) GoLDHAMMER. Wied. Ann. 46, p. 7 1 ,  1892. 
4) Vid. Communications N'.  5, 8, 1 0, and citation 1) p. 3 .  

described by ZEEMAN 1 ) was made use of - only a few 
alterations of minor importance were made. 

As to the electro-magnet the eore ending in a trunc
ated cone, to the top of whieh the mirror was attached 
by means of canadian balm, had a diameter of 12 mM. ; 
a special expRrimental examination 2) , made beforehand ,  
had proved this thickness to  be the most desirable. 
The mirror (a circular l i tt le  d isc, 1 1/2 ml\1. thick ,  5 ml\1. 
diam.) , though no donbt the best among a great number 
manufactured for the purpose of pure nickel (as i t  is 
produced in cubes by TrommsdoriT at Erfurt), was not 
quite flat ; with the aid of a m icroscope there could 
be d iscerned scratches, porous spots, and flll'rows of a 
more or less regular shape, which to a certain extent 
sucmested a crystalline and fibrous structure of the 50 
metal . As long as the surface was unimrJaired its optical 
constants were nearly equal to those given by _DRUDE 3) 
for pure n ickel ; during the experiments, however, they 
vvere subject to continual changes, which , i n  some 
instances, when the mirror wa::; too much heated, became 
very com;iderable. This was what especially occurred 
cl urino· the first series of observations (the angle of h 
incidence a being 39°4') ; in the second and third series 

(a = 55° and a =  75°) the intervals between the sepa
rate observations were taken so long, that the tem
perature of the m irror couhl not rise higher than 60", 

1) ZEEMAN. Dissertation. Leiden, 1 893 ; Arch. Neerl. 27, p .  
252. 1 893. 

2) cf. ZEEMAN. Diss., p. 10. 
3) DRUDE. Wied. Ann. 39, p. 522. 1 890. 
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resp. -1.oo Celsius, and here the above changes of the 
optical constants, which were continually watched durinO' 
the experilllents, proved of no importance. As for th: 
rest the mean of the optical constants at the heo·innino-o 0 
and at the end of the observations was made use of 
for the calculation of the results, the influence of the 
changes in the surface of the mirror may be taken to 
be sufficiently eliminated. In this respect the first series 
left much to be desired. 

In the first and the third series of observations, null
and minimum-rotations were measured at every one of 
the eight corn binations of principal positions of the n icoJs, 
which are possible 1), as was in some cases done by 
SrssrNGH; in the second series only at four of them, 
two in which the plane of polarisation was parallel 
two in which it  was perpendicalar to the plane of inci� 
dence. yYhether all systematic faults, which may be 
caused by imperfect condition of the nicols and other 
parts of the apparatus, are really quite eliminated, even 
when the observations are made at the eight combina
tions menti01wd above, is a quaestion, which cannot be 
taken as to have enttrely been settled by SISSINGH's 
examination on this head 2). I should rather think a 
very elaborate investigation to be required in order to 
state the degree, in which this elimination may be 
considered as to be attained by the method of obser
vation. 

All the measurements have been made with yellow 

1 )  SrssrNGH. l .  c. ; KAz. Dissertation .  Amsterdam 1 884. 2) SrssrNGll. Dissertation. Leiden, 1 885. 
' 
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light (wave-lengths from 564 to 614 r.�- fl-). The strength 
of the magnetic field was detArmined by the same 
method as applied by ZEEMAN ' ) . To derive from this 
the intensity of magnetization of the mirror, a special 
magnetic examination of the n ickel used would have 
been necessary, for wb icll there was at the moment no 
opportunity and no time. With the known data regard
ing the magnetie qualities of n ickel , it would ensue 
from my observations, that the way, in which the 
amplitude · of the magnetic component in the KERR 
eiTect depends upon the angle of incidence, is not cor
reetly described by the theories of LoRENTZ or GoLD
IIA;\11\fER. It may be mentioned here, that the measure
ments of SrssiNGII and ZEEMAN seem to show a deviation 
from these theories in the same sense as mine. As, 
however, the determination of the intensity of magneti
zation is no easy matter and becomes especially very 
incertain for nickel, this deviation must not be consi
dered of much importance for the present, though we 
might feel inclined to  refer it to  the crystalline structure 
of the metal, suggested above. If it had been my 
intention to compare theory and experiments with res
pect to the amplitude of the magnetic component, I 
should have preferred leaving the  position of. the »sub
magnet/' as wel l  as the current power in the magnetic 
coil unaltered at different angles of incidence, in order 
to avoid the difficulties just mentioned as much as 
possible. Uowever, at this examination as at ZEE�IAN's 
the SrssrNGH phase d iiTerence was prominent, and to 

1 )  ZEEMAN. I. c. 

I 
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determi ne it no knowledge of proportions of magneti
sat ions at d i fferent  angles of incidence is  required, 
seeing that the va luf'  of this difference i s  d Pcl ucted 
from the proportion of rotations at one an t t  the same x .  

In order to determine this proportion a s  minutely as 
possible the magnetization at each angle of incid ence 
should be raised as m uch as possi ble. This  end cou l rl 
be reached only in a different degree for each separate 
angle of inci den ce, seeing that when this angle de 
creased , the d istance of the  sub-magnet, that  is t h e  width 
of the ai r-gap in the magnetic circuit, had to  be made 
larger. Though in this way compansou of the ampl i
tudes was rende1 ed rather valueless, i t  h ad to be sacri
fied, i n  order tbat greater precision for the determination 
of the phase might be acquired. 

In communicating my measu rPmen ts I make use of 

the  1 1 otations, as employed by SISSINGH and ZEE�IAN ') .  

I .  

Angle of in cidence x = 39° 4' ; Strength of magnetic 

f ield � 1 90 C.G.S. : 

W011, = 1 ',9() ± 0,22 ; -.f;0111 = -- 1 0' ,1 '1 ± 0,3G" ; 

• .,.,0iu = 0',50 ± 0, 'J 5 ; I/J0i)l = 1 2',90 ± 0,1 () ; 

• .,.,1 1 1 1)1 = 9',95 ± 0,2 1 ; "-""'" = - 1 2',50 ± 0,235 ;  

¥-- "';,, = - 0'88, ± 0,'1 8 5 ;  t/--"'ip = 12',3 1 ± 0,30. 

1) SrssrNGIT. l. c. ; ZF.r.MA. 1\ .  I. c. 

I\ 
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Mean values : 

-.f;0;11 = - 0,'731) ± O,·J::P ; "t-0;11 = 1 1 ',25 ± 0,1 9 " ; 

·J-"";,, = - 9',9 1 ± 0,1 4 ;  w"';,, = 1 2',40 + 0,19. 

Before KERR-observat ions : 

Principal angle incidence I =  75°:32', 
Principal azimut 11 = 3 1  °�6' ; 

A fter Kt<:RR·observations : I =  73° 13', H = 34°9'. 

The formulae for the calculat ion of m; become : 

·.1111 . 
tg. m"'; = - 3.589 - 3,27-l_ 1 111'P , 

'T' Ill 

So we d erive from the ·.b"' : m '" ; = 26° 50' ± 3° 52', 
1 03 f.J./11; = - ·I ,339 ± 0.37 " ; 

and from the tf.-o : m0; = 1 4° 30',5 ± 1 1 ', 
1 0 3 (.1.0; = - 1,276 ± 0,0235• 

l\Jost probable values, as resulting from this series of 

observations : 

m; = 1 4° 32' ± 1 1 ',103 f.!.; = - 1 ,2935 ± 0,020. 

The circu mstance that so l i ttle weight i s  to be attached 

to the f inal values resulting from the min i m u m-rotations 

agrees with the fact, that a variation or  on ly 0',8 in 

1) ,j�01p being positive the sign of the mean value of o/0ia 
should be, according to the relation o/ia = - o/11, (ZEE�IAN. Arch. 
Neerl., p. :.l68, 286. 1 893). 

' 11 

11 
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the value of one of the minim um-rotations would transfer 
m"', into m",. Besides th is, on recently developed gmunds 
�he null-rotations should be p referred to determine 
the p!tase . 

Calculatecl after Prof. LoRENTz's theory : 

m; =- - 23" 30',5. 

II. 

IX = 55° , Strength of m agnetic field 9560 C.G.S. 

1/-'"t}J = 5',37 ± 0,26 ; l/-'0ta = - 7',09 ± 0,46 ; 

-.J-;0;11 = - 5',355 ± 0,325 ; l/-'0;p = 7',785 ± 0,325 ; 

·.f-- "1 1p = 10',09 ± 0,23 ; ·.V"' la = - 14',54 ± 0,3 1 5 ;  

l/-'1'1;a = 1 0',485 ± 0,235 ; '<f;"';p = 13',�2 ± 0,20. 

Mean values : 

l/-'0;a = - 5',36 ± 5,21 5 ; 1/-'0;11 = 7'59 ± 0.29 ; 

l/-'"1 ia = - •10',29 ± 0,17 ; -.J-;"' ;1, = 13'88 ± 0,195• 

Mean values : I =  74" 34',3 ; H = 31° 53' . 

The formulae for the calculation of m; become : 

to·. m"' · = - 1 470 - 1 348 
·-i- "' ;p o t , , 
1/-'"\u

, 

cotg. mo = 1 470 - 2 351 
·.J,-0;11 

' ' ' .t.o . '+" lf1 

Derived from the �/-''" : 

m"'; = 1 9° 0',5 ± 2° 1' ; '103 fhm = - 1,368 ± 0,01 45• 

Derived from the tf;0 : 
m0; - 1 7° 43' ± 28',5 ; 10 3  f.J-0; = 1 ,333" ± 0,035. 

9 

Most probable values, derived from tbe observations :  

m; = 1 7° 47' ± 28' ; 103  fh; = - 1,350 ± 0,013. 

Calculated after the theory : 

m; = - 18° 36'. 

Ill. 

IX = 75°, Strength of m agnetic field 1 2470 C.G.S. 

'.f--01p = 6',16 ± 0,13 ; l/-' 01a= - 6',445 ± 0,195 ; 

·.f--0ia = - 6',09 ± 0,195 ; ·.f;;11 = 6',61 ± 0, 155 ; 

1/-'"' 11• = ()',25 ± 0,15 ; W "'ta = - 8',1 2 ± 0,255 ; 

1/-''"ia = - 6',28 ± 0,15 ; '<f;"1;1, = 8',01 ± 0,27 5•  

Mean values : 

l/-'0ia = - 6',·1 2  ± 0,12 ; tfl11ip = 6',53 ± 0,12 5 ;  

�/-'"' ;" = - 6',265 ± 0,105 ; w"' ;,, = 8',07 ± 0, 1 9. 

Mean values : 1 = 75°58' ; H = 30°57',5. 

The formulae for the calculation of m; become : 

�/-'Ill 
tg. m"' = -- 0 0881 - 0 6038 ---..!E. l ' ' , /Jl ' ¥' io 

Derived from the w"': 

I 
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Derived from the  t/J0 : 
m''i = 3·1° '10 ± 37',5 ; 103 (.l.ui = - 1,031 - 0,016. 

Most probable values, derived from the observations. • 

m; = 32° 24' ,5 ± 30' ; 103 ,!/,; = - 1 ,0355 ± 0,011 .  

Calculated after the theory : 

m ; = - 4" 44' 

Resuming the results we have : 

Angle of m duduced from 1no1Js. = 1ntheor. 
incidence. observations theory. S.v; 

30° 4' 14° 32' ± 11 '  - 23°30,'5 38°2,'5 ± 11 '  
55° 17 °  47' ± 28' - 18°3o' 36°2if ± 28' 
75° 32° 24,'5 ± 30' 4 ° 44' 37°8,'5 ± 30' 

Taking into consideration that the observations at 
39° 41 ' have been influenced by considerable variations 
of the optical constants and that for that reason the 
values taken into account for them are certainly not 
exact, there are sufficient grounds to conclude from the 
above measurements to the probability of the existence 
of a SrssrNGII phase difference, which is nearly constant 
with in ample l imits for the angle of incidence. The 
experiments agree so much the better with the assump
tion of a constant phasA difference as in the method of 
determining the optical constants (calculating them 
according to DHUDE's approximating formulae from cp 
and h measured at an angle of incidence not very 
much difTerring from I) the theoretically calculated 
phase may easi ly deviate 10' from the value which 

j: 

H 

would have been found with the aid of correct optical 
constants, and the coefficients in the equations, which 
serve to derive f.!. and m from the rotations observed , 
are l ikewise not very exact. 

If in determining the numerical value of the SrssrNGH 
phase rii fference we don't take into account the results 
of the observations at 39°4', which are by far the least 
reliable, also because the "Sub-magnet" was not so 
wel l centred during these experiments as during the 
other series� we find : 

Sxi = 36°44' ± 20,'5 for D-light, 

whereas ZEEMAN had derived a preliminary value of 
30° from measurements on a nickel mirror, e lectro
lytically plated on K UNDT's platined glass. The most 
probable error given at thA value of Sxi, as only cal
culated from the single orientations of the Nicols, cannot 
give an exact measure for the accuracy of the results 
obtained. By reason of the sources of error mentioned 
above, the degree of accuracy obtain eo is somewhat less. 

The conclusions, which ZEE:MAN 1) derived from thA 
numerical value of SNi after his preliminary determina
tion, hold good at the value more carefully determined 
by me. 

1 ) ZEF.:\IA.N. Arch. Neerl., 27, p. 296. 1 1393. 
Vid. also : Communications 5, 8 aml 10 .  
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Dr. P. ZEEMAN. The phase in the case of polar 

re(lexion from cobalt and nickel and the angle nf 

reversal of the null-rotation ·.f-;0 tp according to 

theory and experiment, (with a diagram) .  

I n  a former communication 1) I pointed out t h e  great 

difference between DRUDE's theory and my observations 

on co balt, especi ally as to the angle of incidence at 

w hich the null  rotation ·.f-;011, = ".f-;0;" is = 0 and the 

direction of rotation is reverse d .  Now -.f.;01p = 0 only 

means that the phases of the magneto-optical compo

nent (m) and of the metallic reflexion (<D) are of the 

same numerical magnitude. Let a line be d rawn repres

enting the p hase of the metallic reflexion at every angle 

of incidence. Let also l ines be drawn repre senting the 

phase of the magneto-optical component according to 

observation and theory, then the intersections of t h ese 

lines give us the observed and calculated angles of the 

reversal of the sign. 

Besides, the d iagram gives a very clear representation 

of the whole cou rse of the phase in the rival theories, 

clearer indeed than any table can give. Therefore, I 

th ought i mportant the actual drawing of these curves 

1 )  Verslagen Afd. Natuurkunde, 29  Oct. 1 893. These commu
nications no. 8 . 
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for cobalt and n ickel, partially using the al ready known 
data, partially now determining what was wanted. 

Experiments on cobalt and nickel are best fitted to 
distinguish between the rival theories, because the value 
of SrssrNGn's phase for these metals is much lower than 
for iron. 

Cobalt . Fig. 1 represents : 

1 .  The phase <t> of metallic rellexion,  calculated ac
cording to the formulae of CAUCIIY. 

2. The phase mb + S ofthe magneto-optical compo
nent 1) as calculated according to GOLDIIAMM�R's 2) theory. 

3. The phase m accord ing to DRUDE's theory. As 
this theory immediately gives the rotations 3), I calcu
lated those ones in the first place and hence derived 
the phases according to known relations. 

4. The observed phases, as determined by my former 
observations 4) . This l ine in the case of cobalt so nearly 
coinr.icles with line 2, that it is not drawn in the figure. 

The data for the construction of the diagram are 
given in the fol lowing table : 

i <t> mb + S 

1 8°3S' 
36"42' 
75°18' 

(GOLDIIAMMER) 

20°43' 
27°31' 
37°47' 

(Observ.) 
20°34' 
27°40' 
37°55' 

1) ZEEMAN. Arch. Neerl. T. 27.  p. 296. 1893.  
2) GoLDHHIMER. Wied. Ann. Bd.  46.  p. 72.  1 892. 
3) DRUDE. Wied. Ann. Bd. 46. p. 401.  1 892 ,  
'') ZEE�IAN. J .  c .  P· 293, 

m 
(DRUDE) 

1 1  °39' 
20°44' 

5 

I have adopted for S the value 40°30', which I have 
o·i ven on a former 1 )  occasion. b 

cl'  According to the figure the said reversal accor mg 
to DRUDE takes place at i about 64°,5. 

According to observation and GoLDHAMMER's theory 
the result identically is i = 49°24'. 

The course of the p hase wholly d ifTers according to 
GOLDHA:\IMER and DRUDE, but as was already remarked, 
the observed l ine of the phases coincides with that one 
derived from GoLDHAl\IM�R's theory. 

The tl!eory of Prof. LOREN'l'Z, of which GoLDIIAMMER's 
is  a modified form, gives a line for Lhe phases, quite 
paral lel to GoLDIIA �fMER's l ine, but with ordinates dif-
fering to the amount of SrssrNGH's phase. 

. 
In fig. 2 and 3 I have yet given the representatiOn 

of a table, in my former communication 2), showing the 
observed null- and minimum-rotations and those derived 
from GoLDUAMMER's and DRUDE's theories. Evidently 
from these figures we find the same values of the point  
at  which the  reversal takes place. 

Nickel. The observations of Mr. WIND on the reilexion 
from n ickel don't extend to the region, wherein tf,;o,,, 
becomes nul l .  Hence for my purpose an extension of 
his measurements was necessary ; also it was desirable 
to repeat the observations at i = 39° 4', because, accord
ing to the communication of M r. \V rND, different causes 
of error may have falsified his results obtained as that 
angle of incidence. 

1)  ZEEMAN. l .  c. p. 293. 
2) Verslagen Afdeel. Natuurk. 29 Oct. '93, Communication n °. 8. 
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Now I will communicate the results of my measure
ments on white l ight, using my former notations. For 
diiTerent particular� as to the precautions used, the 
method of observations etc. ,  I refer to the publication 
cited in no 5. 

I. 

angle ofincidence i = 39o 4' intensity of the field H = 2190 
C. G. S. 

Mean : tfJ0tp = + 2,9' ± 0,24' tf;0111 = -- 6,1 '  ± 0,24'. 
Mean I =  75° 211' H = �H 043' for l ight of refi'angibili ty D. 

The formula for uetermining m1 becomes 

cota m1 = 2 '194-4 6 1 4  tfJolJI 
5 ' l ·.po1" 

Most probable value derived from the observations 
m =  go 1 7' ± 24' 103 (4 = - 0,975 ± 0,050. 

Prof. LoRENTz's theory gives : 

m1 = - 26° 44'. 

II. 

angle of incidence i = 25° intensity of the field H = 2190 
C. G. S.  

Mean : tfJ01p = + 0,5' ± 1 ,0' tfJ0La = - 8,6' ± 0,9'. 
Mean : I =  75°10' H = 31 °15' for light of refrangibility D. 

The formula for determining m1 becomes : 

cotg mt = 10,445 - 10,997 tfJotp �0lo 

7 

Most probable value derived from the observations 

m = 5° 9' ± 43' '103  f4 = - l ,OO ± 0,1:2. 

According to Prof. LoREN'rz's theory. 

mt = - 30° 29'. 

I al�o endeavoured to perform null rotations at smaller 
angles of incidence. However I did not finish these 
series, because at i = 22° the probable  error of the mean 

of tfJ0t, amounts to about ± 3. 1 '  
)) tfJo[Jl )) )) )) ± 2,7'. 

Hence a determination of the phase in this manuer 
is of no value for the determination of SrsSIN(HJ's phase. 

Resuming the now obtained resu lts and those found 
by D r. WIND at the angles 55° and 73° we have : 

angle m 1nb s 
of incidence. observed. calcul. 

25° 5°9' ± 43' -· 30°29' 35<>38' ± 43' 
39°4' 9°'1 7' ± 24' - 26°41-' 36°1 '  -:!:: 24' 
55° 17°47' ± 2S' - 18°36' 36°23' ± 28' 
75° 32°25' ± 30' - 4°44' 37o9' ± 30'. 

The final result for SrssrNGH's phase becomes, if the 
dillerent. weights of the observations are taken into 
account. 

Ss; = 36°21 ' ± 1 5' for D-light. 

In fig. 4 the same 4 curves for nickel are drawn, 
vvhich were given above for r.ohalt. 

The circles, the centres of which are on the curve 4 
give the probable error in m. 

-
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The points of the curves are determined by the num-
bers given in the fol lowing table. 

i et> mu + S  mw m 
(GOLDHAMMER) (Observ.) (DRUDE) 

25° 5°30' 5°52' 5°9' ± 43' 2°58' 
39°4' 14° 19' 9ot7' 9° 1 7' ± 24' R045' 
55° 34°14' 17°45' 17°47' ± 28' 26°5R' 
75° 84°58' 31°37' 02°25' ± 30' 1 1 5°7'. 

The intersection of DRUDE's line with the line <I> 
gives the reversal of the rotations at i = 63°30'. 1) 

Observation however gives this reversal at about i = 24°. 

According to GoLDHAMMER's theory this should be 
at about i = 26°. The difference between the 2 last 
numbers however does not surpass the limits of the 
errors of observation, because at i = 25° was found 
'>/J01p - + 0,5' ± 1 ',0. Hence ..po,P may very well become 
null at 26°. 

The investigation which I am carrying on, concerning 
the l ight normally reflected from thA polar surface, will 
decide this point and also the constancy of SISSINGH's 
phase. But, whatever may be the result of this inquiry, 
now already we may state that GoLDHAMl\'IER's final for
mulae ·describe the phenomena in a very satisfactory 
way, the remaining differences being of a d ifferent order 
of magnitude than the differences between observation 
and DRUDE's formulae. 

1) This value differs so mew hat from that given in the assembly 
of the .A.cad. of 29 Oct. '93, then being made use of DRUDE's 
more severe formulae. 

This difference of course does not influence our results. 
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Dr. J. P. KUENEN. Some experiments 'tegarding 

the anomalous phcnon1-ena near the critica l point 

In a former communication on the same subject 1) 
I was led to the conc.Iusion, that the phenomena near 
the critical point observeu by different experimenters 
do not lead to the acceptin� of a new theory about 
vapour and liquid of a simple substance, that the ordi
nary theory, which may be called the ANDREWS-VAN 
DER WAALS theory, is in harmony with all observations, 
if only the influence of impurities, of retardation, con
nected with it, and gravitation is taken into account. 
Since then some new investigations about the critical 
point have been published, of which especially those of 
BATTELLI 2), GALITZINE 3) and WESENDONCK 4) ueserve to 
be mentioned. For the greater part these observations 
are the same or of the same kind as those described 
by ZAMBIASI, DE HEEN, GouY etc. before, and to those 
therefore refer the considerations laid down in my 

1) Verslagen Kon. Akad. van Wet. Afd. Natuurkunde 1 893/ 
1 894 Oct. p. 85-90. Communications etc. n°. 8. 

2) Ann. Ch. et Phys. (6) 29 p. 400-432. 
3) Wied. Ann. 50. p. 521 -545. 
4) Naturw. Rundschau 9. 209-212 .  
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former pape1 1 ). In the meantime an important note 
has appeared by RAMSAY and YouNG ·), in which de
pending on experimental labour of years they unreserved
ly declare, that the anomalies do not belonO' to the 0 
real conduct of bodies and can be entirely explained 
by disturbing circumstances (differences of temperature, 
impurities etc.). The importance of this note is still 
more enhanced by the fact, that RAMSAY had been the 
first, starting fmm observed irregularities, to set up a 
new theory 3) and now, with his col laborator YouNG ' 
declares his observations to have been caused by the 
presence of impurities. 

In the 5th paragraph of his paper GALITZINE de
scribes a new experiment, which he supposes to confi rm, 
what he calls »die neueren Anschauungen iiber die 
Molekularvorgange in  Fliissigkeit und Dampf ' having 
in view the theories as brought forward by DE IIEEN 4)·, 

') In WEsENDONCK's paper for instance an observatiou is de
scribed, the explanation of which seems to be easy. A Natterer
tube heated quite above the critical temperature and therefore 
apparently quite homogeueous, showed mixing-phenomena (striae, 
cloudy appearance) by being turned at constant temperature. 
When it is considered, that in consequence of gravitation the 
density and, if some impurity is present, also the composition 
of the mixture varies regularly with the height in the tube, 
the observed fact can but appear quite natural. 

2) Phil. Mag. (5) ;n p. 2 15- 2 1 8. Vid. Young, 1'rans. Chem. 
Soc. 59, p. 1 28. 

3) Pr. R .  Soc. of L.  30 p. 323. 
4) Physique Comp. 1 888. Bull. Ac. r. de Belg. passim. o. a. 

24 p. 28 1 .  

L 
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BATTELLI 1) a. o. Into an U-shapetl tube he introduces 
two quantities of ether separated from each other by a 
column of mercury ; one is entirely liquid at ordinary 
temperatme, the other in part vapour. This tube is  
heated beyond the critical temperature and the volu
mes occupied by both quantities are measured .  With 
three tubes investigated in this manner GALITZIJ\'E finds 
large di fferences of density between both branches of 
the tube, diminishing with rising temperature, but at 

1 5° or 20° C above the critical temperature still amount
ing to 20% ; the larger density he always finds at the 
liquid-side of the tube independently from the relative 
height of the mercury in the two branches of the tube. 
These differences were not of a transitory nature, but 
did not change in the course of 1 '/2 hour, and are 
supposed by GALITZINE not to be connected with the 
presence of air, as he derives from the faet, that ad
mittance of air at the vapour-side of the tube did not 
change the phenomena to a large extent. It does not 
seem to me to be superrruous in  connection with this 
experiment rigorously to formulate the >lneueren An
schauungen" and to see, which form they must assume, 
in onler not to be inconsistent w ith GALITZINE's and 
other experiments. This is necessary, because the theo
ries of DE H EEN, BATTELLI a. o .  cannot be said to 
have been developed very precisely, so much so that, 
as will appear, they lead to results contradictory to 
observeu facts, which they are supposed to explain. If 
starting from GALITZINE's experiment we accept his 

' ) Ann.  Oh. et  Ph.  (6) 25 p. 38. 26 p. 394.  29  p. 239,  400. 
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explanation of his observations as right,  we are led to 
the hypothesis, that at least two di fferent kinds of 
ethermolecules exist, of which one Is l ighter and chiefly 
present in the vapour, the other denser and for the 
greater part existing in  l iquid ether. We may now 
make two different suppositions. The first is, that these 
two k inds of ethermolecules (liquid- and vapourmole
cules) can pass into each other, that is  to say that the 
l iquidmolecules are to be considered as compounds of 
vapourmolecules, as is also admitted by DE I-TEEN 1). 
The hypothesis in this form we will cal l Hypothesis I .  
This Hypothesis I i s  not inconsistent with the ANDRE:ws
VAN DER WAALs's theory taken in  a general sense. Many 
observations of late show the probability, that in many 
cases the transformation of a vapour into a liquid consists 
for a part in the formation of such complexes of mole
cules. The formation of these complexes can commence 
in the homogeneous state already and will especially 
take place to a large extent quite above the critical tem
perature, where the density changes so rapid ly. Unat
tacked however remains, if not the form and the deriva
tion of vAN DER WAALS's formula, still the existing of a 
system of unambiguously determined isothermal l ines, the 
property that one point of the p-v-diagram represents on ly 
one state of equilibrium with determinetl p, v, and T, in 
w hich exists a defini te proportion between the number 
of simple molecules and complexes of molecules. In this 
way it at once appears, that the hypothesis I .is unable 
to perform, what it is meant to do, viz. to explain 

1) l .  c. "molecules liquidogcucs". 

...... 

7 

GALI'l'Z INE's experiment and on the other hand, that his 

experiment cannot confirm the hypothesis ,  taken in this 

manner. For according to this theory differences of 

density as found by GALITZINE in the homogeneous state 

at the same temperature and pressure, ought to dis

appear gradually, as the stable condition is attained, in  

which the  same proportion of  simple and compound 

molecules is  found at both sides. The contrary has been 

observed by GALITZINE, as was mentioned above. We 

come to the same conclusion as to other anomalous 

phenomena, which are supposed to be explained by 

hypothesis I, as for instance the small slope of the l ines, 

which i ndicate the coexistence of two phases in the 

p-v-diagram, a well-known phenomenon, recently again 

observed by BATTELLI 1) , who even from h is observations 

calculates the relative number of compound molecules. 

The application of the thermodynamical rule for deriving 

the possible phases from the system of isothermal  l ines 

(Gm
.
Bs) must in this case take place in the ordinary 

way and at definite temperature only one pressure and 

one possible composition of both coexisting phases is 

found.  In absolute contradiction with this same conclu

sion is  one of DE HEEN's 2) experimental results, viz .  

the difference of density of saturated vapour in  the 

presence of more or less l iquid ,  which fact he maintains 

to be entirely explained by the new theory ! A clearer 

l) Ann. Ch. et Ph. ( 6) 25 p .  66. 29 p. 242. BA.TTELLI's opin

ion that the curvature of the straight line at the end is 

con
1
uected with the course of the theoretical isothermal line 

(J. J. TROMSON) , also arises from a misconception. 
2) I. c. 24 p. 28 1 .  
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proof of the unsatisfactory way in whicl t  the theoretical 
question has been treated by the originators of the 
>meueren Anschauungen" is hardly possible ' ) .  

If  therefore i t  is thought necessary as by DE I-IEEN 
and others for the explanation of the anomalous pheno
mena observed to call to assistance the hypothesis of 
the compound molecules, only one way lies open viz. to 
suppose, that the two different kinds of molecules are 
difTerent in nature and cannot pass into each other. We 

call th is : Hypothesis H. According to this supposition 
vapour-molecules issuing from the vapom of ether might 
solve into l iquid ether and perhaps be condensed into 
the fluid state, but the liquid originating thus would not 
be l iquid ether but only condensed vapour of smaller 
density than real liquid ether. On the other hand ether 
might evaporate, but this vapour would not be vapour 
of ether, but evaporated l iquid of larger specific  gravity 
than real vapour and other properties, which the ex
perimenter should learn to distinguish from those of ordi
nary vapour. Between these extremes in both liquid and 
vapour different modificatiom; would be possible, formed 

' )  Independently from the questions discussed here it might 
be asked, whether this Hypothesis I would not have the advan
tage of explaining the retardation without the infl uonce of 
impurities being admitted : the di l'iding of the liquid-molecules 
into the vapour-molecules might take some time. It is to ·be 
observed however, that this time ought to be extremely long 
(Gouy sometimes had to keep his tubes at constant temperature 
during a whole week !) for which supposition no analogue 
exists ; whereas the fact cannot astonish us, if we regard the 
phenomenon as caused by diffusion. 

L 
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by m1xmg the two sort:-; of ether-molecules, for which 

therefore the laws of rnixlnres would hold good. The 

hypothesis in  this form, which admits two kinds of ether, 

which must be called chemically different. would perhaps 

succeed in explaining some observed facts aiHl GALITZINE's 

result among them, but who would l ike to accept it 

with its consequeuces stated above ? Of thesA t\VO kiuds 

of ether (anJ the same would be the case with many 

other substances) with properties di ffering so widely 

nothing has ever been discovered in the most trust

worthy experiments ') and RAlii8AY and YouNG therefore 

do not hesitate to <leclare in their note, that the exper

iments, which compel to the a<..:cepting of such an hy

pothesis (as GALTTZINE's experiment) must be ascribed 

to experimental errors, a statement against which 

GALITZINE and DE Ih :EN 2) have protested without delay. 

However with regard to GALITZINE's experiment, \\'h ich 

is  perhaps the most surprising, we may not content our

selves with doubt, however j ustified it may be ; imme

diately after the publication of GALITZINE's paper l set 

myself to repeat the iuvestigation, in order to find out, 

under w hat circumstances such results could be obt;lined. 

For discovering difTerences of density, as found by 

GALI'l'ZINE, his method being a differential-method seems 

to be verv fit .  

It seemed of h igh importance to fo l low GALlTZnm's 

method as faithfully as possible and to take all precautions 

') REGNAULT's observation (Mem. de l'ac. 26, p. 375, 824) 
has not been confirmed. 

2) Phil. i\Iag. (5). 27. p. 423, 424. 

I 
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necessary for making a pure experiment. GALITZINE 
states, that in h is tubes in consequence of his manner 
of filling them some air was probably left. This quantity 
will probably not have been very small 1° because the 
l iquid at the liquid-side never divided. (at least nothing 
of the kind is mentioned) not even when the mercury 
was higher at that sitle, 2° because the phenomena flid 
not alter by the admitting of a large quantity of air. In 
order to avoid the presence of air and other impurities 
as much as possible, the following disposition was chosen ') .  
The U-shaped t ube F (vid. Plate) (inner ciiameter ± 3.5 
mm.) is closed at one end (liquid-branch of the tube) ; the 
other end is  connected to a T-tube a small sphere E 
being between them. Both open ends of the T-tube 
are provided with conical glass ground joints : by aid 
of one (A) at the end of the long horizontal tube 
the apparatus may be connected to a mercury-pump : 
to the other joint B a sphere C fil led with ether 
may be connected. This joint is made tight by aid 
of the small globe D, which is filled with mercmy : in 
this v•ay the use of grease is avoided. The direction 
of the U-tube is nearly perpendicular to the T-piece 
anJ therefore horizontal ; in this way by turning the 
apparatus round the first joint (A) the U-tube under
goes small changes of position near the horizontal tlirec-

1 )  The description given here pertains to the last tube exam
ined, the results of which w ill be given further on. The treat
ment of former tubes only differed in details ; where it seemed 
to be necessary experience obtained with other tubes has been 
added to tho description. 

H 

tiou without the sphere C deviating too much from the 
vertical position ; the turning of the tube i s  necessary 
dming the boiling of the mercury and the ether. The 
liquid-branch and a part of the vapour-branch are now 
fil led with the quantity of pure mercury required, and 
the mercury is made to boil in an atmosfere of nitroo·en t".l 
at tlw mercury-pump. The sphere is then provided with 
a quantity of pure ether distilled from pure sodium ; 
and some fresh souium is added : then the ether i s  cooled 
to -80° C, made to boil at the air-pump and then 
distilled into the U-tube by cooling this unti l  tbe whole 
tube and the sphere E are ful l .  Then it is made to boil 
again, until the vapour-bubbles formed can be made to 
disappear entirely in a moment and at last the tube is 
sealed under the surface of the ether at G ;  the quantity of 
liquid remaining in the tube was chosen so that it nearly 
occupied its critical volume at the critical temperature, 
which I succeeded pretty well in doing as a rule. In 
the tubes, which were. filled by cooling with soliJ car
bonic acid , it sometimes happened, that some ether was 
found between the mercury and the glass. It soon ap
peared that the cause was to be looked for in the freezin cr b 
of the mercury, which contracts in soliJifying. After-
wards the temperature of the cooling liquid was kept 

above - 40° C and the phenomenon did not show itself 
any more. 

The U-tube being ready the quantity of ether iu the 
vapour-branch was measured. All measurements at orcl in
ary temperature were made the tube being placed 
in a vessel with water. The readings were taken with 
a cathetometer. The perpendicular position of the tube 

I 
I I 
l 
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was controlled continually 1) and the glass vessel was 
especially chosen so, that errors arising from the refrac
tion of the glass might not influence t il e  results too much. 

In order to make the tube ready for the measure
ments a part of the liquid must be transported to the 
liquid-branch. Notwithstanding the care, witl1 which 
the glass, mercury and ether had been treated, it some
times happened, that this operation clirl not go on very 
easily because of a sort of sticking of the mercury to 
the glass. This was very troublesome, because the ut
most care had to be taken, lest a part of the Yapour 
should also be introduced into the l iquid-branch. Probably 
the reason of it was to be looked for in the surface of 
the glass, which by repeated heating, cleaning, boiling 
of the mercury etc. was peelmps decomposed a little and 
therefore obtained other capillary properties, which sup
position was conlirmrd by a faint bluish co lour in the 
wille part of the tube, as is sometimes observed in old 
bottles. Nothing l ike a chemical action between the ether 
and the mercury could be discovered. 

An important fact, which appeared without exception, 
consists in the presence of some permanent gas in the 
vapour-branch of the tube. The ether introduced i11to 
the liquid-branch remained undivided at first notwith
stan<ling the greater level of the mercury on that side, 
in consequence of the ether being almost absolutely 
without gas : hy hitting the tube or heating it the ether 

1)  To a slope of 2 .4° corresponds a.n error of 0.001 in a measu
rement of a vertical distance : the error cannol have amounted 
to that in my experiment8. 

. , 

" , 

could be made to divide and then at the vapour-side 
a pressure of 5 or more mm.  became manifest. While by 
inclining the tube the ether at the l iqui< l-side could be 
reunited in a moment, the same could not be done at 
the vapour-side, without warming the tube at the other 
side, though before the sealing of the tube the vapour

bubbles disappeared in a moment. The hypothesis I 
cannot explain this, because the difference of pressure 

did not disappear of itself. Moreo\'er the wole of the 

ether is got from boiled liquid ether and therefore can

not contain many vapour-molecules (speaking in the 

language of the nnc� Hypothesis). Should not decompos

i tion of the ether be supposed to be the reason of this 

phenomenon ? As far as I know, this probability has not 

been taken into account til l  now, though in many and 

manifolcl experiments the same thing must have hap

pene<l 1). Chemical analysis might verhaps decide this 

question (cf. p .  26, 27). The quantities of gas as calculated 

from the cliJTerences of pressure expres�ed in weight

proportion are exceedingly smal l ,  and do not exceed 
0 00002 or 0.00003. 

The ether being transporte( l ,  the quantities on both 
sides were measurecl at ordinary temperature, first with 
undividerl, then with d ivided l iquid, by means of whirh 
a calibration of the ends of the tube was obtained. 

1) For instance with Natterer-tubos filled with ether. The 
products of the decomposition of ether by conduction through 
a glowing tube are : ethylene, aldehyde, hydrogen, water, 
methane. The decomposition of methylchloride by the sealing 
of the tube was formerly establishetl by myself by means of a 
deposit of carbon. (Arch. Ncerl. 26. p. 360.) 
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For the observations at high temperatures a combin
ation of a vapour- and a liquid-bath was made use of 
viz. glycerine being heated by purified methylic salicyl
ate boiling under different pressures. The bath resem
bles that of GALITZINE and is in principle the same as 

the one used before by myself ') and by Dr. E. C. DE 
VRIES 2 ) for his experiments on the capil larity of ether. 
It seems superfluous to describe it more extensively . !he U-tube was fixed to a glass rod which was put 
mto the glycerine and fixed in a stand. In this way 
no inequality of temperature by conduction of heat 
was to be dreaded,  as with a metal bar. Moreover the 
position of the tube was now independent from the 
small displacements of the liquid-bath resulting from 
changes of pressure in the vapour-bath. The thermo
meters used (0.2° 0) have been compared to a standard
thermometer, which has been controlled by the Phys. 
Techn. Reichsanstalt in Berlin. 

Dming the heating the following difficulty arose : 
GALITZINE does not mention the dividing of the liquid 
in the liquid-branch of the tube and it seems as if 
during the heating such a thing did not take place, 
not even with the tube in which the level of the mer
cury was highest at the liquid-side. With my tubes 
however the liquid always divided at a temperature 
far below the critical temperature though hardly any 
gas was present in the liquid-braneh. Happily this 
point does not seem to be of high interest : for, as the 

I ) c. f. Arch. N eerl. 26. p. 363 sqq. 
2) Dissertation. Leiden 1 893. p. 1 7  sqq., 3 1 .  

1 

1 5  

deviations found b y  GALITZINE have been proved by 

himself not to depend on retardation, the condition of 

the ether in  both branches can only depend upon their 

original contents and not upon the history of the sub

stance between the original and the final condition . 

therefore it cannot make any difference, whether th� 
ether has divided or not during the heating. Rut in 
order to anticipate the objection, that here at least a 

difference between GALITZINE's and my experiments 

exists, by means of the fol lowing device the liquirl at 

the liquid-side was kept undivided. Through a thin 

copper tube situated quite above the liquid-branch of 

the tube within the glycerine bath a stream of water 

is conducted. By this means the glycerine above and 

around the ether cools a little and the small difference 

of temperature arising from that is sufficient to prevent 

the d ividing of the liquid . Comparison of readings, 

with or without dividing liquid, proves the validity of 

the above reasoning ; the readings do not differ more 

than must be a;:;cribed to the uncertainty of the method. 

Example : volume of the ether in the mpour-branch 

v,., in the liquid-branch Vt (expressed in mm.  of the 

tube at 15° C.) 

liquid undivided divided 

at 223.3° C. 
Vu 40.46 40.50 
Vt 44.32 44.24 

at 206.5° C. 
Vv 40.73 40.70 
Vt 44.:l4 44.25 

The agreement is even better than might be expected. 

Henceforth it appeared unnecessary to prevent the 
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l iqui ll from dividing and the tube was l eft alone during 
the heating. 

It therefore appears (as GALITZINE found) that the 
condition of the substance above the critical tempera
ture in the circumstances of the experiment is not 
m uch i nfluenced by retardation and so does not cha�ge 
much with time. This I proved separately by puttmg 
a small stirring-rod within the vapour-branch of the 
tube and by testing the influence of stirring ' ) .  Here 
aaain no chan.Q:es could be established with certainty. 0 V 

d • Observation of the position of the surfaces unng a 
lon er time confirmed this result. Only i n  the beginning 
afte�· the temperature had been reached now and then 
a small displacement of the mercury was observed, 
but it  i s  very probable, t hat this d isplacement must be 
ascribed not

. 
to retardation but to the time \Vanted for 

the establishment of a stable condition within the hath. 
l\loreover the displacements were much smaller at least 
at high temperatures than the differences to be d is
covered by this investigation. 

Tracina the different sources of errors I find 
1o the

n 
di.ITerences of temperature. Approaching the 

critical temperature from above, the position of the 
mercury becomes more and more suscept�b

.
le to varia

tions. At one or two degrees above the cnt!Cal temper
ature a mean value may be given in the Tables, but 
the exact value is uncertain . This is the effect of small 
variations of temperature in the glycerine-bath, which 
sometimes under unfavourable circumstances could be 

' )  c. f. Arch. Ncorl . 26. p. 372. Communications etc. n °. 4. p. 5. 

1 7  

observed with the thermometer, though a s  a rule the 
thermometer throughout the whole bath at d ifferent 
heights did not show any differences. In order to get 
an idea of the influence of a difference of temperature 
between the two branches, I have calculated for some 
temperatures by the aid of 0LAusms's formula ') for 
ether the difference of temperature corresponding to a 
definite difference of volume at constant pressure, the 
volume being nearly equal to the critical volume. Thus 
I found : 

At 10o above the critical temp. for 1% diff. of vol.  0.17°  diff. of temp. 
)) 5" )) )) )) )) )) 1 °/o )) )) )) o.·l t "  )) I) )) 
)) 1 °  )) )) l) )) l) 3?/0 )) )) )) 0.05° )) » » 

[t is evident, how sensitive a differential-thermometer 
a GALITZINE-tube is near the critical point. During my 
experiments at 5° above the critical temperature some
times variations of 1% occurred, but gPnerally they 
were not larger than 0.5%. At higher temperatures 
changes of the position of the surfaces could not be 
established with certain ty. Near the critical point varia
tions of 3% and ¥'/o occurred ; all these variations cor
respond to di.ITerences of temperature of 0.05° -- 0.1 °  C. 
As a rule however even at these lower temperatures 
the mean values obtained at one temperature agree 
pretty well. Moreover the observations were always 
made in two positions of the tube, differing 180°, by 
means of which possible constant differences oftempera
ture bet�veen the two sides of the bath could be 

1) W ied. Ann. 1 4. p. 701 .  
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eleminated. There exbted �ome chance of such constant 
differences, as the inner tube, in consequence of the 
continual low pres�ure within the vapour-bath and the 
giving way of the rubber stopper, had shifted a l ittle 
from it� coaxial position and the stream of the  vapour 
consequently had not the same strength on a l l  sides. 

2°. The uncertainty of the form of the liquid surfaces. 
The form of the surfaces was not to be observed easily 
in the glycerine.  The heights measured on different 
occasions above the critical temperature lay between 
1 .1 7  antl 1 . 26, by w hich in the correction ( - 1/3 of 
the height) an error of 0 02 is possible i .  e .  ofless than 
0.1 % in the volumes. The influence is more important 
at ordinary temperature. Not only the readings were 
as changeable as at high temperatures, but besidAs the 
influence on the small columns of ether to be measured 
is much greater : an error of 1/2 % is not impossible 
there. 

3o. Enclosing of drops of liquid between the mercury 
and the glass. 1t was impossible entirely to collect the 
liquid or to determine by eye the quantity enclosed ; 
but tl Je size of the vapour-bubbles formed at high tem
perature was very small. A part of the small differen
ces between the volumes read at different time proceeds 
from this source of errors. 

4°. Variation of the section of the tube. From a 
provisional calibration it appears that the mean value 
of the section on both sides differed 0.8 %· The varia
tions on one side are smaller, but m ust have had 
some influence on readings at different heights of the 
tube. 
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5°. Besides we must recall here t h e  error ansmg 
from the walls of the glass tubes used as baths on the 
lengths measured, together with the errors of reading, 
dependent from different il lumination and different 
pointing of the teleseope. The influence of these causes 

together m ay have amounted to 0.5 m m. in a single 

reading · it was eliminated as well as possible by repeat

ing the measurements with different  positions of the 

tube. 
From the foregoing we conclude, that errors of 1/2 

and 1 % can be entirely explained by the errors of the 
method, but that the deviations especial ly in the final 
values wil l  be smaller as a rule. 

The results obtained with my last tube will be com

municated here completely : they agree qualitatively 

with those afford ed by former tubes. The volumes are 

expressed in the volume of 1 mm. of the tube at 15°. 
Corrections have been appl ied for the quantity of va

pour, for the liquid surface�, for the expansion of the 

glass, for the volume of the two ends of the tube, for 

the errors of the thermometers, for the expansion of 

the ether. 
Vu = volume in the vapour-branch. 
v1 - » » » liquid-branch. 

V - v,, + Vt . 
I. Volume of the ether at 15° C, before the transport 

of a part of the liquid to the liquid-branch. 
Vv - V= 29.75 mm. 

11.  Volume of the ether at 15° C, after a small quant
ity having been transported to the l iquid-branch : 
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Vv = 2:-3.68 Vt = 6.10 V = 29.78 (undivided liquid i n  liq. br.) 
Vu = 23.64 Vt = 0.09 V = 29.73 (divided >> >> >> >> 

Mean value : Vu = 23.66 v1 = 6.09. 

Ill.  Volume of the ether at 15° C, after a larger quant
ity having been transported to the liquid-branch : 

Vv = 14.18 v ,  = 15.72 V = 29.90 (undivided) 
v, = 14.06 v, = 15.68 V = 29.74 (divided) 

Mean value : v, = '14.12 v1 = ·15.70 

IV. Volume of the ether at 15°.C, again with a small 
quantity in  the liquid-branch : 

Vv = 23.04 Vt = 6.68 V = 29.72 (undivided) 
Vv = 22.97 v, = 6.68 V = 29.65 (uivided) 

Mean value : Vv = 23.01 v1 = 6.68 

The proportion of Vv and Vt represents the proportion 
of the quantity of ether present iu both branchAs. The 
differences between the corresponding volu mes may give 
an idea about possible errors. 

Before com municating the complete results obtained 

at high temperatures, we m ust say a word about the 
expansion of the glass and the mercury. This expansion is 
revealed by the fact, that the sum of the entire volumes 
at both sides (outside the mercury) is different at high 
and low temperature. We found for this volume outside 
the mercury : 

I. Before the transport of liquid at 15° C 86.69 

l l . 1'L series at 15° · C  86.76, 86 56 mean : 86.66 

at 222° C 84.22 

Difference for 207° C 2.44 

I 

; 
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Ill. 2nr1 series at 15° c 86.90, 86 66 mean : 86.78 

at 223° C 84.45 

Difference for 208° C 2.33 

lV. 3rd series at 15° c R6.7 1 ,  86,77 mea n : 86.74 

at 2':23° C 84.1 1 

Difference for 208° C 2.63 

Mean difference for 208° C 2.47 

This diminution of length contains the apparent ex

pansion of the mercury, diminished by the linear expan

sion of th e p;lass. By calculation I obtain for this quantity 

circa 2.50, agreeing very well with the quantity derived 

from observation. 
The results obtained with the tube are laid d own in 

the following Tables, in w h ich : 

volume at the vapour-side expressed in m m  of the tube at 15° C. 

>> >> >> liquid-side >> >> » >> >> >> >> >> 

6 = difference of pressure between v and l expressed 

in mm. of mercury . 

riv and u1 = calculated densities on both sides. 

A = their difference expressed in percents. 

I. 1 st series. At high temperatures pressure higher 

at the vapour-side (6 positive). 

Temp. Vv Vt 

1 94.5 66.79 1 8.00 
198.9 67.34 17.43 

203.0 67.40 17.31 

207.6 67.46 17 .21 

221 .6 67.31 17.22 

1 5.0 23.66 6.09 

V,. 

v, 
I 

L__ A (%) 
3.7 I 1 7.2 0.255 0.244 -4.5 

3.86 1 8.5 0.253 0.252 -0.6 

3.89 1R.6 0.253 0.253 +0.2 

3.9:l 18.8 0.252 0.255 +0.9 

3. 81 18.7 0.253 0.255 +0.6 

3.88 +7.4 0.72 0.72 
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l l. 211Ll series. A t  high temperatures pressure higher 
at the l iquid- side (...l negative). 

Temp. v,, Vt v,, .:l A (%) Vt O'v O't 
'194.7 47.74 37.50 '1 .273 -20.9 0.2 1 3  0.30 1 +35 
195.0 45.53 39.67 1 .148 -25.3 0.223 0.285 +24 
'196.7 41 .80 43 1 9  0.968 -32.5 0.240 0.262 +8 
202.4 40.80 44.'14  0.924 -34.5 0.249 0.256 +2.8 
206.5 . 40.71 44.24 0.920 -34.6 0.250 0.2555 +2.3 

223.3 40.48 44.28 0.914 -:-35.1 0.25'1 0 255 +1.7 
15.0 14.12 '15.70 0.900 + 3.4 0. 72 0.72 

III . 3'1 series. At high temperatures pressure h igher 

at the vapour-side (� positive). 

Temp. Vv Vt 
v, ...l A (%) O'v O'f Vt 

1 94.5 65.48 19.25 3.40 1 G.t 0.253 0.250 -1.3 

1 96. '1 65.74 18.90 3.48 15.5 0.252 0.2515 +1.0 
•1 99.1 65.71 ·18.98 3.46 15.3 0.252 0.253 +O.r) 

205.9 65.67 18.96 3.46 15.4 0.252 0.254 +0.6 

222.7 65.52 1 8.90 3.47 '1 5.2 0.253 0.2545 +0.6 
1 5.0 23.01 6.68 3.44 +9.3 0.72 0.72 

For the critical temperature I {ound circa 1 94 3o C 
While intending to discuss the above results i n  another 

paper, I wbh to give here the general conclusion to 
be drawn from the foregoing tables. 

While GALITZINE finds large differences of density 
between the two branches of the U-tubes, which at 
15° C above the critical temperature sometimes amount 
to 20 %, such differences here onl;r occur in II and 
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even there only quite near to the criti<..:al tem
.
perature. 

At 3o c above the critical temperature the <hffer�n
.
ces 

b th 8 'J/ al readv at 10" C above the cntlCal 
are en ea ;o J ,  
temperature beneath 3 %, at 15° C beneath 2%. In 

the other cases I and H I  the d ifTerenr,es are very sma� l .  
Moreover GALITZINE always finds the de nsity larg�st 1

.
n 

the liquirl-branch of the tube wh0reas th� dens1ty IS 

here found l argest in  the vapour-branch m I and
. 
Ill 

near to the critical temperature. The difierences ther�fore 

found here are of a different magnitude awl somet1mes 

of a di lferent direction to those in GALITZINE'S exper-

iments. 

• 



Dr. J. P. KUENEN. Further experiments t·egard
ing the anomalous phenomena near the critical 
point. 

In inspecting the three Tables I, II and III of m y  
former communication 1) o n e  is  strurk a t  once by the 
di fference between the Tables I, III on one and II  on 
the other side. W hile i n  II  the values of A,  i .  e .  the 
difference!' of density expres:;ed in p ercents, are- always 
positive an d proportionally large, in I . and Ill these 
differences are small  and in tbe beginning negati ve. 
The fact, that � i .  e.  the  d ifference of p ressure has a 
d i fferent sign in II from that in I and IJI leads to the 
supposition that these quantities A en � are connected 
together. But one glance is suiricient to see, that the 
explanation of the di fferences of density in t h is way 
cannot be complete. The value of A in proportion to 
that of 6 is much too high for that in the second 
series compared with the I st aud ijd series, while 
besides the positive values of A in I and Ill don 't  
agree with that suppositon 2) . Closer inspection shows 

1 ) p. 20-21.  
2)  These positive values are smaller thau percent ; as the 

possible enors in my results wore estimated to be as large 
as that, I do not think m uch worth ought to be attached to 
these positive nu m hers. 

• 
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us, that an i n fluence must have existed to make the 

density at the liquid-side too large. It l ies at hand to 

look for that influence in the presence of the permanent 
gas, "·h ich was discussed in the above communication . 

In order to test this idea l transported the greater part 
of the gas to thfl liquid-branch and repeated the mea
surements (v and l indicate the same sides of the tube 
as in I ,  II and III). 

IV. 4th series .  At h igh temperature pressure higher 

at the vapour-side (.6 positive). 

Temp. Vv Vv 6 A (%) t't Vt rr, rTt 
•195.0 64.65 20.09 3.22 1 3. 1  0.264 0.21 8 -1D 
1HG.O 06.09 18.65 3.G4 1 6.2 0.�58 0.235 -9.5 
198.0 66.67 1 8.03 3 .70 17  5 0.256 0.243 -5 

207.6 67.21 1 7.33 3.88 -18.6 0.254 0.253 -0.5 

223.0 67.14 1 7.2'1 3.90 1 8.7  0.254 0.254 +0. 1 
1 5.0 23.70 6.08 3.90 -6.ti 0. 72 0.72 

Taken on itself the Table now obtai ned confirms the 

general concl usion . stated at the end of the former 

paper, i .  e.  that the differences of density become im

perceptible at. 10° C above the critical temperature. 

What regards the in1l uence of the gas, the meaning of 
this Table becomes most evident bij comparing it to L 
Accidently the quantities at ordinary temperature were 

exactly the same in I ancl IV and the differences between 
the A's must therefore entirely be ascribed to the fact, 

that in I the gas was for the greater part present at 

the vapour-side, in lV at the liquid-side of the tube : 
h ence it appears� that a small quantity of gas, espec-
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ial ly quite above the critical temperature, has a great 
influencR upon the volume viz. increases it very remark
ably 1 ) .  This conclusion is  confirmed by comparison 
with II. In both TI and IV the gas was in that branch 
of the tube, where the preswre at high tempm·ature 
was smn.l lest. Both causes (difference of density anrl 
gas) therefore acted in the same direction and accord
ingly the values of A are l arge (naturally of di fferen t 

sign) . 
In order to show how sma l l  the quantities of gas are, 

that can produce differen ces as those between I and IV, 

I h ave, ad mitting that in Ill no gas was present at the 
liquid-side of the tube, calculated from the values of � 
at ordinary temperature the proportion of the gas to 
the ether expressed in the volume of the vapour and I 
h ave found : 

I 
x,. 0.000086 
Xt 0.000026 

II 
0.0000138 
0.0000015 

lii 
0.000095 
0.000000 

IV 
0.000029 
0.000247 

Solution of the gas into the  ether is not taken into 

account here. 
I h ave not st:w..ceeded in calculating from the �·s 

observed and the x's given above numerical values 
of A agreeing with those observed. This may for a 
part have been caused by disturbing circumstances in 
the experiments (viz. a small  impurity of a different kind 
etc.) but by the uucertainty of the calculations as well, 

1) The L,.'s were smaller in IV than in I ;  hence the A's 
ought to have been smallest in IV ; the conclusion about the 
influence of the air is thereby strengthened still more. 
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for � h ich uc:;e had to be made of CLAusws·� formula for 
ether and of DALTON's l aw for the m ixtures. lt is im
probable that the course of the isorthermal l ines qui te  
above the critical temperatu

.
re should be rigorously 

renclered by CLAusrus's formula. It is a known fact. that 
this formula, though in a less degree than VAN DER 

W A ALs's equation , gfmerally gives wrong Yalues for the 
crit ical volume, which fact of course is very nearly 
connected with the course of the isothermal l ines. I t  
i s  equally doubtful,  w hether DALTON's law h olds good 
for these small impurities quite near the critical point. 
I must therefore be content with the follo\\'ing conclus
ion : GALITZIN�'s experiment e.1:·ecuted with nearly gas

less ether, furnishes diffeTences of density for the greater 

part to be explained by the differences of pressure and 

the gas still p1·esent. The remaining differences a1·e of 

uncertain origin and at 10° C above the critical temper

atuTe amotmt to nearly .2 °/0 in one case only, to less 

than 1 °/r in the othPr cases. 

We must add a word about the · origin of the per
manent gas and its influence on the determinations of 
volume. In the former communication I Yenturcd to bring 
forward the hypothesis, that thP gas is  originated by 
the seal ing of the tube. The same opinion is expressed 
by RAMSAY and YouNG in a recent note in the Philo
sophical Magazine ') . I haYe since been able to confirm 
this by d irect experiment : a tu be of GALITZii\'E, of which 
the glass had been drawn into a very thin point in  
consequence of which it had to be  heated only  a small 

' ) Phil . Mag. (5). 37. p. 503 -504-. 
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time during the sealing, was fll l ed in the manner ex
plainer [ before. This time in fact the quantity of gas 
appeared to be very small : the difference of pressure 
amounted to ·1 .4 mm Otily. Now the point of the tube 
was heated for some time, in consequence of which the 
difference of vressure had now increased to circa 5 mm. 
It does not seem possible to explain this otherwise than 
by decomposition of the ether. 

The result obtained above as to the larp,e influence 
of small quantities of gas is highly important for differ
ent experiments near the critical point. It cannot be 
derived fom these experiments, how large the influence 
is of a definite quantity of gas in case of a direct deter
mination of the critical volume. It is a remarkable fact 
however, that the direction of the slow movemen t of the 
l iquid surface in the neighbourhood of the critical tem
perature as · also observed by GA Lrt'ZINE 1) from which 
he concludes : llln der Nahe des kritischen Punktes sinrl 
d und p keine constanten Groszen : p nimmt mit der 
Zeit und nach mehrmaligem Erwarmen tiber re hinaus 
ab und d zu" (p density of the liquid, d of the vapour) 
agrees, with what might be expected from the results 
obtained here, if this movement was to be explained by 
a slow solution of some gas from the vapour-phase into 
the l iyuirl.-phase. This circumstance gives aid to the 
opinion, expressed in my former papers on this subject 2 ), 

1) Wied. Ann. 50 p. 540. 
z) Communications etc. n °. 8, n °. 1 1 .  This opinion is also 

confirmed by some recent experiments of VJLLARD1 C. R. 1 1 8.  
p. 1 096. 
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that the anomalous phenomena near the critical point 

depeud on the presence of' some permanent gas. 

In connection with the . result obtai ned above we are 

led to suppose, that large differences of density, as ob

tained by GALITZINE, may be the consequence of a large 

qnantity of a gas in the vapour-branch of the tube. It 

was mentioned before 1) that the presence of much gas 

in the tubes, investiga�ed by GALITZIN I•;, was very pro

bable, because his observations did not change by ad

mitting air into the tube . In order to establish this point 

with certainty the new tube, mentioned above, was 

investigated at high temperature ; afterwards the point 

was broken, a l arge quantity of air was admitted by 

cooling the tube, the point was closed again and the 

measurements were repeated . The values of A are laid 

down in the following Tables. 

a . .  Before ad m. of air. b. After ad m. of air. 

Temp. .6. A (%) Temp. .6. A (%) 
197.3 -8.6 +2.3 197.9 -6 +32 

199.6 - 8.9 +1.4 207.3 0 +18 

202.3 -9.6 -0.2 :l23.2 +4 + 8.8 

204.1 -9.2 +0.5 1 5 .0 ? 
223.5 -9.4 +0.2 

15 +1 .4 

In table a Xv amounts to 0.000014, a very small value. 

In b x,, cannot be determined in the same way because 

.6. is unknown. Table a entirely confirms our former 

1 )  c. f. the former communication p. 9. 

L . .  l l ���--------------------------------------------------------
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result ; Table b proves our supposition about the in
fluence of a large quantity of air  to have been right. As 
by accident � was very small i n  this  case, the large 
values of it must entirely be uerived ii·om the influence 
or the air. This result j ustifies tbe supposition, that 
GALl'rZINE's numbers, being of the same magnitude 
anu the same direction, must at least for the greater 
part be explaineu by the presence of gas (air ?) in the 
vapour-branch of his tubes. 

QKue-ne-n. <S'L-i-tica..f -point ( 2 5 ®lle-i 1894} 
�Owvmun. £a{,O'L. of �{1_1}0-ico £e-ioe-n §)l 0 .  11. 
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Dr. M . DE HAAS. Measurements concerning the 

coe/7icient of viscosity of methyl chlm·ide in absolute 

measure between the boiling point and the critical 

state. 1) 

Although the change of the coefficient of viscosity of 

methyl chloride with the temperature between the boiling 

point anu the critical state has been examined by Dr. 

L. M. J. STOEL 2), yet only relative n umbers were found. 

My intention was to derive i n  two ways absolute values 

for the coefficient of viscosity from the times of d is

charge then obtained. In the first place by determining 
the u imensions of the apparatus, anrl deri ving from 

them the constants i n  the formula for p., (\vith which 
we design the coefficient of  v iscosity), calculated for 

his experiments by Dr. SToEL 3). Secondly by using 
the same apparatus for experimen ts w i th a liquid 

whose coefficient is known from other experiments. 

The execution of this purpose however was rendered 

impossible by the breaking of the original apparatus. 

Nevertheless the knowledge of the absolute values was 

1 )  Published in extenso Dissertation, Leiden, 1 894. · 

2 )  Dissertation, Leiden, 1 89 1 .  Verslagen Kon . Acr·d .  van Wet. 
Amsterdam, 28 Febr. 189 1 .  Physikalische Revue 1 892, N ° .  5. 
Corn m. Lab. of Physics Leiden,  N ° .  2. 

3) Communications etc. N ° .  2, p. 6. 
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particularly desirable for testing the 
law of corresponding states. This is 
the reason why I repeated Dr. STOEL '::; 
observations in such a way, that tbe 
absolute values of the coef!lcient o f  
viscosity might b e  established. In con
structing another apparatus I avoided 
at the same time a difficulty in 
the m ethod applied by Dr. SToEL 1). 
As the tube in which the methyl 
chloride was p ressed upward and 
the other branch of the 0-shaped 
tube , had a d ifleren t diameter , i t  
was i mpossible to find the  pres
sure , under which the methyl 
chlorid e was really p resser! through 
the capi l lary tube, unless a most 
uncertain correction for the capil
larity was applied, which appear::; 
having been r at her considerable in 
D r. STOEL's experiments. So I con
structed the tube in such a manner 
that t i Je parts p q and 1·  s whereon 
the marks a and c are engraved, 
outained the same diameter as eg. 
With this remodelled apparatus, 
measurings were done with water as 
discharging liquid , which were ex
tended beyond 1 00° . The results 

') Communications etc. NO. 2. p. 7. 

.. 

were compared with those obtained by SLOTTE 1) for 

the temperatures between 20 ° and 90° ,  anrl with those 

of Mi.i.TZEL 2 )  and others for the ord inary temperature. 
Sufflcient agreement being found it  appeared that the 
apparatus was fit for absolute determinations. The 

following results we obtainerl from the experiments 

with water beyond 100° C. : 

Temp. f/-
124 ° .0 0. 002232 

14·2° .� 0.00 1 925 

153 ° .0 0.00 1t505 
The experiments on methyl ehloride were now re

peated, and some modif icat ions were made i n  the 

manner of cleaning and til l ing the tube, as weli  as in the 

circu lation of the bath. Dr. STOEL a lready men tione<l 

that his results had sti l l  to be corrected for the 

deviation of the observed pressures from the law of 

PoiSEUILLE. I n  repeating his experiments I paid partic

ular attention to the in11ueuce of the deviations aml 

in calculating the results I took it i nto account. 
First of all it is foun d  by the app l i cation of the 

formula of REYNOLDs :') that the ve locity of the methyl 

ch loride in the capi l lary tu be does not reach the 

»critica l"  value (at which the motion in the whole 

tube ceases to be in acconlance with the suppositions, 

which are made in deducing POISEUILLE'::; law) in 

l )  Wicd.  Ann.  20 p. 257,  1 883 ; Ofversigt of F i nska Vetcnsk. 

Soc. Forhand l .  32, p. 1 16,  1 890, v ide a l so Beibl. 16 ,  p. 1 82, 1 892. 
2)  Wicd . Ann. 43,  p. 1 5, 1 89 1 .  
3) Phil.  Trans. 1 886, p. 1 67. 



the observations below 130°, while according to 

WILBERFORCE 1) this should not be the case i n  any of 

my experiments. The greatest velocity attained i n  
the experiments was 80 c.M. a second. 

The correction, which should be applied here , is 

caused by the loss of energy, in consequence of irreg

ular m otion at the ends of the capillary tube. The 

complete discussion of this correction is impossible in  

the absence of  a solution of  the  equations of  m otion of  

a viscous fluid for this case. HAGENBACH 2), REYNOLDS 3), 

H ouBA 4), CoUETTE 5), WILBERFORCE 6) and others 7) have 

given different expressions for the rlev iation of the pressure 

from the law of PorssEUILLE ; all of them agree i n  this, that, 

in order to find the pressure, that should exist if 
the law of PorsEUILLE was fulfilled , they diminish 

the pressure really measured with an amount propor

tional to the square of the mean strength of current 

and to the density of the liquid. In accordance with the 

principle of the mechanical s imilarity the hypothesis 

was made, that for my experiments the deviation would 

in the same way depend on the strength of current 

and the density. As with this apparatus the pressure 

1 ) Phil. .M:ag. 3 1 ,  5• Ser. 407, 1 89 1 .  
2 )  Pogg. Ann. 1 09, p .  385, 1 860. 
3) Phil. Trans. 1 883, p .  981 .  
') Dissertation, L eiden 1 883, p .  96. 
5) Ann. de Chim. et de Phys. 6• Serie, T. 2 1 ,  p .  500, 1 890. 
6) l. c. pag. 408. 
7) Vide for instance the theoretical investigations of BoussrNESQ, 

C. R. 1 1 3, p. 9 and 49. 

7 

and conser1uently the strength of current changes every 

moment, the correction of the pressure m ust be inserted 

into the equation of motion ; after integration we obtain 

the fol lowing result, that in order to fine! the true 

coefficient the uncorrected coeff icient of viscosity has 

to be dimi nished by a term i n versely proportional to the 

time of discharge and proport ional to the density and 

a constant C' 1). By making two observations at each 

temperature with different pressure, we get the same 

number of values for C'. The fact, that C' was found 

almost constant at different temperatures, shows us 

that we are entitled to  the hypothesis mentioned above. 

In  this way we found : 
Temp. c· 

50° 0.00367 

60° 0.00349 

70° 0.00374 

80° 0.00336 

goo 0.00340 

100° 0.00325 

As the greatest val ue, the correction attains in  

these experiments, amounts to  about 3 percent, this 

result is sufficient to calculate the correction. By means 

of graphic interpolation the following values 2) or (/., 
were derived fro m  120 times of discharge observed, 

1 ) This quantity is not really constant but may still be a 

function of REYNOLD's number ( D: v ) as is supposed by WrL

BERFORCE. 
2) The values differ slightly from those given in the Reports 

of the Academy of Amsterdam according to later results. 
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whil e  STOEL's numbers for the density of methyl 
chloride were made use of:  
Temp. Uncot·r. r.�, X 1 0 6• Corr. X 101. Corr. f/- .X 106• 

10° 2032 86 2023 
20° 1 833 93 1834 
30o 1671 100 1661 
40° 1 5::!2 1 07 1521 
50° 1411 1 1 3  1400 
60° 1301 120 1 289 
70° 1 196 1 26 1 183 
80° 1 097 ·133 1084 
90o 1 001 1 40 987.4 

1 00° 9 1 1 .1 1 4·8 896.3 
1 10° 822.8 1 56 807 .2 
1 20° 73t5.4 1 63 720.1 
1 30° 651 .6 1 72 634.4 
1 36° .8 590.6 168 573.8 

T 

The formula f/, = C e B (in which T represents 
the absolute temperature, and C and B are con!';tants) 

given by Dr. STOEL as an approximate formula, not 
diiTering too m uch from his  uncorrected observations 1), 
represents with the same differences the corrected 

vaiues I found ;  only beyond 120° greater deviations 
are fou n d .  

') Communications etc. No .  2 p.  7 .  

� 

Dr. H. KAMERLINGH ONNES. The coefficient 

of' viscosity for fluids in carresponrtiag states. 

The foregoing communication gives the coefficient 

of viscosity of methyl chloride in  abso lute value. These 

results enable us to test near the critical ten1pe

rature the relation between the coenJ.cients of viscosity 
of two fluids at correspond ing temperatures, which I 
have deduced ') from the theorem, that corresponding 
states are to be considered as mechanical ly simi lar 

forms of motion. 2) 
This relation is : 

where f/- represents the coeff icient of viscosity, M the 

molecular weight, m the volume of the molecules 

and T" the critical temperature, whil8 the indices 1 

') Theorio dllr vloeistoffen, Verb. der Kon. Acad. v. Wetensch. 

Amsterdam, 188 1 ,  tweede stuk, pag. 8. Beibl. 5, p. 718, 1 88 1 . 
2) Compare for further applications of this theorem : vAN DER 

WA.A.Ls, Thermodynamische Theorie der Kapillaritat u uter Vor
aussetzung stetiger Dichteanderung. Ztschr. f. phys. Chemie 

XIII. 4. Zusatz 2, 31 4. 
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and 2 refer to the d ifferent fluids. A s  in  this case we 

m ay put : 

T "  
m = const. X p " ' 

(r�t. representing the critical pressure) ,  we have : 

V11I1 V1112 
(hi (h2 l/ T 

- v-·rr-'· l  "2 
4 T p lq "2 

The latter formula is more fit for calculation, because 

the values given for critical pressures are generally 

better to be relied upon then those for critical volumes. 

It  fol lows from the consideration on which this 

relation is fouwled, that it wi l l  probably be best real

ised near the critical state. 
Beside methyl chloride there is  but one liquid of 

which the coefiicient of viscosity near the critical state 

is  known, viz .  carbonic acid, by the i nvestigations 

made by WARBURG and VoN BABO 1 ) .  If we call fl-,. and 

fhm the coefficient of viscosity for carbonic acid and 

m ethyl chloride, we ought to have according to the 

above m entioned relation : 

fhrn = 44.63 42.01 
or : 

const. 

') Wied. Aun. 17 ,  p. 390, 1 882. 

l 
,. 

11 

According to t he experiments and calculations of 

Dr. M. DE HAAS we find : l )  

Corresp. Temp. fh'c I 

fl·:m fl- m 
ac. j Methyl chl. 

fl-'c 44.63 . 42,01 Carbon. 
50 I '107°0 5,09!) 4,589 0,1 -H 0,109 

10° 113°8 4,697 4,267 0, 1 05 0,102 
15° 120°6 4,222 3,887 0,097 0,0!)3 
20" 127°5 3,9'25 3,628 0,088 0,086 
25° 134°3 3,444 3,302 0,077 0,079 

. lt results from this, that neat· the critical tempera

ture the agreement is sufficient, and that the d i ll'er
ences are not greatee than with other applications of 

the law of the corresponding states. 

1) In this table 1;.,� and fl-;1 denote the " specific" coefficient 
of viscosity , i. e. they are expressed in the _..!__ th. part of the 

l O O 
coeff. of visc. of water at 0°, taken as uuit. 
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Dr. H. KA MERLINGH ONNES.  On the coefll

cient of viE;cosity of liquids in corresponding 

states according to calculations by Dr. M. DE HAAS. 

Contin ui1ig the investigatiou,  the results of which 

were comm unicated m the session of 27 January 

1H94, Dr. M. D E  IlAAS has calculated thP. co8ff1cient 

of viscosity for a number of substances at the 

corresponding temperatmes 0.5H T�o ( T,. denoting 

the critical temperature) an rl besides the quantities 

IY'p4 ,, C - f/.-
M 3 r,: (in which f/.- denotes the coeflicient of 

v iscosity, p1. the critical pressure, JI the molecular 

lV--2-
weight of the substance) and C' == p., --� 

(in w hich 
V M T" 

m,. represents the critical mol ecular volume) which 

according to the thesis : that corresponding states are 

mechanically equivalent for all substances, should bave 

the same value in  corresponding states. The resul t  of 

the calculations is  laid down i n  the following table : 

Hydrocarbons. 
Benzene 
Toluene 
Metaxylenc 

0.58 '1\ -2731  p�o m I 11. I C I C' 

52.7 4 7 .9 1 92.2 1 23.6 0.58 1 2.3 
7 1 .4 40. [ 1 14.5 18.8 0.48 1 .9 

I 85.3 (H) I 38.0 1 34.5 ! 1 8.5 I 0.48 1 .8 

�-1 

I 

Ha logen Compounds. 
Methyl chloride 
�Iethyl iodide 
Ethyl bromide 
Propyl chloride 
Propyl iodide 
Butyl iodide 
Benzene chloride 
Benzene bromide 
Allyl chloride 
JUhylene chloride 
Ethylideuc chloride 
Chloroform 
Tetru-chlormethane 

Ether 
Ethyl sulphide 

CH3Cl 
CH3J 
C2 H5Br 
C3H7 Cl 
C2 II;J 
C1 ,li9J 
C6H5CI 
C6II5Br 
C3II5CI 
C2H, Cl2 
C2 ll1, Cl2 
CII Cl3 
C Cl4 

Ethereal salts. 
Ethyl formate C3H602 
Propyl formate C� .fi8 02 
Isobutyl formate C5H1 002 
Methyl acetate C3H602 
Ethyl acetate C4H802 
Propyl acetate C5H1 002 
Normal butyl acetate C6H, 2 02 
Isobutyl acetate C6 H1 2 02 
Methyl propionate C, H802 
Ethyl propionate C5 H, 0 02 
Norm. propyl prop. C6 H1 2 02 
Isobutyl propionate C7II , 402 
Methyl butyrate C5 H1 0 02 
Ethyl butyrate C6H12 02 
N orm.propyl butyrate C7I-l1 1, 02 
Methyl isobutyrate C5H1 002 
Ethyl isobutyrate C6H 1 2 02 
Norm. prop. isobutyr. C7 H 1 1, 02 
Ethyl valerate C7H, ,, 02 
Amyl valerate C1 oH2 002 

1 3  

0.58 T�.--273 Jh m I 11. 

- 3 1 . 7  65.0 50. 1 1 1 6.2  
33.2 lll) 67.4 26.0 
22.2 76.7 2 1 . 3 
1 3.5 49.0 89.6 1 20.9 
65.3 (II) 4±.8 1 03.0 23.� 
85.0 (11) 39.8 1 25.0 27.3 
94.5 (H) 44.7 1 09.4 2 1 . 5  

1 1 7 . 1  (Jl) 1 1 -!.7 1 25.4 
24.9 82.3 1 9 .0 
52.6 53.0 82.3 30.7 
30.3 ;) o.o 86.0 25.9 
38.5 54.9 82.1  26.5 
49.5 45.0 99.3 37.2 

c 
0.38 

0.50 
0.44 
0. 50 1 
I 

0.47 

0.62 
0.54 1 0.4

8 
0.68 

C' 

1 .5 
1 .6  
1 .6  
2.1 
1.6 
2.0 
1 . 9  
1 .9 
1 .8 
2.4 
2.2 
1 . 9  
2 .7 

- 2.2 I 35.6 l 1 02. 1 l 1 6 . 1  
3 7 . 3  (H) 1 1 3.2 20.5 I 0.48 1 .8 

2 .2 

20.5 
36.6 
46.7 ( II) 
20.4 
29.5 
49 . 1  
62.7 
54.7  
35.7 
43.3 
62. 1 
70.2 
46.6 
58.5 
74.7 
44.0 
50.8 
68.6 
55.7 
7 1 .6 (H) 

48 .7 ! 80. 1 1 22.5 
42.7 1 99.0 1 24.0 
38.3 1 23.3 27.0 
57.6 79.5 22.9 
4 1 . 1  98.7 22.4 
34.8 [ 1 1 8.9 22.2 

1 39.0 24.7 
3 1 .4 1 40.0 24.7 
39.9 97 .9 1 22.9 
34.6 1 1 7.9 25.3 

1 39 0 25.3 
1 24.4 25.2 

0.55 

I 0.60 
0.67 
0.57 
0.5 7 
0.59 

0.66 
0.60 
0.67 

36.0 1 1 7 . 1  22.9 (R) 0.59 
30.2 1 38.0 23.0 0.63 

1 47.0 24.7 
1 1 8 . 1  24.2 

30.1 139 .7  24.8 0.68 
1 60.0 25.5 
1 56.6 26.7 

2 l .3 12 ! 4.7 i 36.4 (R) ! .04 1 

2.2 
2.4 
2.8 
2.2 
2.2 
2.2 
2.5 
2.5 
2.2 
2.5 
2.6 
2.3 
2.3 
2.4 
2.5 
2 . 1  
2 .6 
2 .7 
2 .8 
4.1  
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0.58 T�c-273 

Acetic aldehyde C2 III, O - 9.4 (H) 
Acetone C4H60 24.2 

Water H20 99.9 
Bisu lphiue of carbon. C 82 44.9 

Fatty acids. 

Formic acid C H202 8 1 .5 
Acetic acid C2H402 7 1 . 8  (Il) 
Propionic acid CaHsOz 82.4 
Butyric acid C,H802 81 .5  
Isobutyric acid C4 Il8 02 76.7 
Valeric acid C)l l o02 80.4 
Capronic acid C6III 2 02 1 1 3.0 

Alcohols. 

Methyl alcohol c I-!40 24.5 
Ethyl alcohol C2 ll60 26.6 

PI• m (.1. I c 
53.6 19 .2 I 0.56 52 .2 74.3 2 1 .2 

1 1 95.5 1 1 8.7 1 6.0 I 0 .33 ! 77.0 62.0 1 7.0(W) 0.31 

1 1 5 . 1  4 1 .21 37.9 (R) 0.68 1 
76.4 59.1  35.3 0.73 
58.2 80.4 1 3 1 .3 0. 7 1  
48.0 99 0 38.3 0 .91  
46.6 1 100.0 3U 0.82 
40.1 1 1 7.0 1 47.2 (R) 1 . 2  
37 .2  1 40.0 44.3 (R) 1 . 1  

73 .7 40.5 33.7 (R) 0.96 
64.5 58.5 6 1 .9 (R) 1 . 6 1  
5 1 .7 75.9 95.8 2.53 

C' 

1 .9  
2 . 1  

1 .0 
1 .3  

2.6 
2.8 
2.8 
3.& 
3.2 
4.0 
4.3 

3 . 1  
6.0 
9 .7  Normal propyl alcoholC3 H80 34.2 

Isopropyl alcohol C3H80 2 1 .4 53.0 77.0 1 30.3 3.37 1 3 .5 
Normal butyl alcohol C4Il1 00 
Isobutyl alcohol C4H1 00 
Allyl alcohol C3I-I60 

5 1 . 8  
39.0 48.3 
43.0 

96.0 80.0 
96.0 129.0 3.2 
70.9 54.7 

The critical temperature has been taken from the 

Annuaire du  Bureau des L.onp;itudes anrl from HEILBORN (H) .  

Under p, are given the specific 1 ) coefficients of viscosity 

calculated fi·om the results of PRIBRAM and H ANDL, RELL
STAB (R) and WYKANDER (W) and from the formula 

of GRAETZ ; under m the quotient of the molecular 

weight and the density in corresponding states, part

ially calculated with the aid of vAN DER W AALS 's  law. 

Remarkable is  the large deviation shown by the 

1) Vide note on p. 1 1 .  

8 .2  
13 .5  
5 .3  

•• 

15 
fatty acids and stil l  more by the alcohols. In these 
anomalous 

. 
series of bodies we also remark a tendency 

to reach lugher values for C and C' with greater mole
cular weight and this the more as the class divero·es 
more itself. With water and bisulphide of carbon h�w
e
.
ver, we find a value which differs i n  a direction oppo

Site to the fatty acids ami alcohols. 
The logarithmic gradients of the coefficient of vic;

cosity are dealt witb in Dr. DE IlAAS's dissertatio�. 
They show the desirableness of further determination 
of frictional coefiicient above the boiling-point. 





' 

• 
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