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X7,S X7,9 X7,l0 

X7,S X 710 
Xl :1'2 a'S Irq = X7,9 X7,IO XS,lO + XS,9 

X7,lO X9,lO 
X7,lO XS,IO X 9,IO 

XI ,a XI,s X1,IO 
X I,1 XI,IO 

Yl'!h . YSY9 = KI,s XI,IO Ka,lO + Ka,6 
Xl,lO X6.10 

XI•IO Xa,lO KS,IO 

X I,2 XI.4 XI,7 
X 1,2 XI,7 

Zl Z2 . ZSZ9 = X I,4 X I•7 X2,7 + X2,4 
X I,7 X4,7 

X I,7 X2,7 X4•7 

by which the coordinates of the ninth point are expressed in the 
coordinates of the 8 other points of intersection. 

The obtainE'd results for the produets of the corresponding coorM 

dinates of the 9 points are forms of the 72nd degree. 
Ob ser vat ion: In quite the same way we can determine the 

eighth point common to three surfaces of the 2nd degree passing 
through 7 given points. We then obtain for the produets of the 
corresponding coordinates of the 8 points expressions of the 56th degree. 

Physics. - J. C. SCHALKWIJK : u Precise Isotlterma ls V. Tlte iSOM 

thermal of hydrogen at 20° O. up to 60 atmosplzeres. (Com
munication N°. 70 (3d continuation) from the Physical IJaboM 

ratory at Leiden, by Prof. H. KAMERLINGH ONNEb). 

§ 1. The smaH number of observations made with hydrogen, of 
which the most important are those by REGNAULT (Mém. de l'Ac. 
XXI) going up to 28 Atm. and those by AMAGAT, of which the 
published results b('gin only at 100 atm., together with the smaIl 
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relîabiJîty of tbe values, which can be derived from them for VAN 

DER WAALS' quantities a and b made me l'esolve to contribute to 
the investigation of the isothermalof hydrogen, which bas for many 
years been undel' consideration in the Physical Laboratory at Leilen 
(comp. Comm. N°. 14 by KAMERLINGH O.NNE:S, Proceeding::! of 
December 29 th '94) and to do this by ogain experimenting upon 
thio gas at the ordinary temperatul'e. 

Thcl appal'atus, meth(1ds and in vestigations discussed in the Pro
ceedings of Oct. 29 tll '98, J une 24tll '99, Dec. 29tll '00, Jan. 26th 

'Ol and May 25th '01 (Comm. Nos. 44, 50, 67 and 70) allow us 
to make such a preC'ise determination of pressure and volume that 
we can a priori count upon the possibiJity of determining the values 
to be ascribed to a and b by observations at pressures up to 60 atm. 

The hydrogen has been prepared as described in Comm. N°. 27, § 5 
(Proceedings of May 30th '96) and N°, 60 § 22 (Proceedings of 
J une 30th '00). The four piezomett'r tubes were simultaneously fiUed 
at the appal'atus, and were six times entirely exhausted by means of 
the mel'cul'y pump and heat, and then filled again. 

~ 2. Tlte normal volume. To cal cu late each i80thermal deter
mined by means of a piezometer it is of the highest importance to 
know tbe 1I0rmal volume. It 8eems that in most of the measurements 
of other observers its determination has left much to be desired; 
but KAMli:RLINGH ONNES' arrangement of the piezometer tubes allows 
us, as will be seen from this section, to altain the degree of accuracy 
desired. 

Before being placed lnto the compression apparatus the piezometer 
tubes were brought inta the water bath (represented Comm. N°. 50, 
PI. 2, fig. 5) bet ween the two brass walls of which water at 20° C. 
from tbc thermos ta te flowed during continual stirring. The inner 
copper vessel was closed at the upper end by means of an india 
rubber stopper, through which a thermometer had been passed and 
alsu an air tigbt connecting tube 1) to the barometer, which tube 

1) This connecting tube could not easily be made at tbe lower end, as the inner 
copper vessel was stnnding 100se on three corks, and a long tube reaching from the 
stopper to the bottom ('ould not be used, as round the ste!:'l fiangecl tube cemented 
on the glass tube only half a centimeter spnce wns left. (In order to pre vent durillg 
tbe experiments tbe leakage of mercury, the hard red cement of MnNDELEJErF at the 
lower end wns replaced by soft black cement, which moreover was covered at the 
inside with an mdia rubber solution). In order to asc!:'rtnin, that tbis oonneoting 
tubE' did not interfere with tho nttaillment of equilIbrium of pressure, the measurement 
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in order to preV'ent convection currents Wa'l bent entirely downwards 
outSlJO the bath. The standanl barometer bas been mounted in an 
other room, and the eonnecting tube led thither under the fiool'; 
it was re ad by Mr. BOUDIN while I simultaneously made a measu
rement of the difference in level of the meroury in the U-tube of 
the piezometer. It is tb is latter determinatioJl which most renders 
uncertain the measuremel!t of pressure. For the diameter of the 
U-tube is only about 8 m.m., sa that with tho gJ'eatest height ofthe 
meniscus that occurs VIZ. 1.66 m.m. the depression becOlnes 0.69 m.m. 1) 

and a difference in diame1er of 0.1 m.m. gives here already a difference 
of 0.03 m.m., while a difference in height of 0.1 m.m. gives a 
difference in depl'ession of 0.06 m.m. If moreover we take into 
account that the height of thc mercury in the limhs of the U-tube 
is read through a water-layer of 6 e.m. thickness, it is obvious that 
in the measurement mentioned an enor may enter, which greatly 
diminishes the accul'aCy of/ the measurement of pressure otherwise 
to be expected in the r:ormal volume; this may eertainly explain 
the faet that tho difference between the largest and the smallest 

values of the norma! volume with tube IV amounts to even 3.~00 
which under otherwise similar circumstances leads us to expect an 
accidental differellce of 0.22 m.m. in the measurement of pressure. 
Only from many measurements and repeated mountings - of tube 
IV 17 were made on 5 different days and every day the apparatus 
was mounted anew - we can learn the normal volume with sufficient 

1 
accuracy, fol' the mean error then appeared to be 10.000' 

The volume occupied by the gas during these measurements was 
measured in entirely tho same way as described in tbe Proceedings 
of May 25th 101 (Comm. N°. 70; 2nd continuation). 

for the determinntion of the normnl volume of one of tl1e piezometer tubes was made 
in four ways: lat. with. the connecting tube; 2nd• the connecting tube being disconnected 
from the waterbath ; 3r:l. the connecting tube being clisconnecte(l from thebnrome ter; 
4th• without the connecting tube. These four kinds of ob~ervatiolls agreed to 

'th' 1 1VlIn-. 
8000 

I} ln oraer to judge in how far the depressions occurring in my mensurements agree 
with those given in MENDFlLEJEFr and GU'l'KOWSKY'S table I ha1'e measured dÎl'ectly 
some depressions for the gÎl'en width of tube. These gave values whiclt sometimes 
differed mutunlly 0.05 m.m., au(L of wltich the menn was l\bout 0.03 m m. higher 
thlln in the tabie. To determine the influence of moisture. I lightly breathed into the 
tube; this grently diminishpd tlle depresbion. wMle the height did not peroeptibly 
decrease. 
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The temperature within this water bath was not sa regular and 
constant as that of the water in the experiment described in the 
Proceedings of May 25th '01 (Comm. N°. 70, lat continuation)_as 
owing to the much greater height of the water bath, its difference 
in level with the mixing vessel was much smaller sa that the water 
currents became much weaker. Moreover thc piezomeier tube was 
not in the water itself, but in tbe inner reservoir and it was 
impossible to stil' the air in that enclosed spa ce. Ta farm a judg~ 
ment of it I give here the temperature readings on April 5th 1900, 
the temperature of the room being 14°C. The thermometers were 
suspended against the piezometer tube, N°. 134 at the higher end 
near the small reservoir, N°. 135 in the middle against the steel 
flanged tube and N°. 29 at the lower end against the U-tube; the 
corrections of the thermometers have been applied. 

I Thermometer. / Calculated 
Time. I 

/ \ 

I mean 
No. ]34. No. 135. No. 29. temperature. 

4.10 20°.01 20°.07 20°.016 20°.035 

4.25 20°.01 20°05 20°00 20°.02 

4 53 19°.99 20°.03 19° 97G 19°.995 

5.07 19°.98 20°.01 19°.976 19°.985 

Most days were however more favourable as for illstance on 
May 7th 1900. 

Time. 112.0612.21 12.3212.43/2.1)513.1>1 /4.0614.1914.2714.4214.~ 
Mean temp. 11200 .021200 .021200 .011200 .011200 .011200 .011200 .021200 .021200.02\200.03\200.0&1 

I give here for one of the tubes viz. N°. IV, the results of the 
measurement of the normal volume; the volume is expressed in e.c. 
and the preseure in e.m. of mercury at Leiden. 
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Date. I Time. 
11 

Volume I 
Preseure 

I Product. I Oeviation. 20° C. 

4 April. 4.10 174.261) 74.071 12908 0 - 1.2 

11 11 4.21) .258 .079 08 8 - 0.4 

5 11 4.10 .141 .138 10.6 + 1.4 

Q u 4.21) .128 128 07.8 - 1.4 

11 11 4.53 .121 .142 09.7 +0.5 

• 11 5.07 .118 .151 11.0 + 18 

6 , 4.25 .030 .182 09.8 + 0.6 

• 11 4.39 .027 .1ï4 08.3 - 0.9 

11 » 4.53 .026 .176 08.5 -0.7 

» 11 5.17 .024 .172 07.7 - 1.5 

7 " 3.29 .016 .181 08.6 -0.6 

• 11 3.47 .019 .194 11.2 + 2.0 

H , 4.02 .019 .196 11.6 +2.4 

H • 4.33 .019 .182 09.0 - 0.2 

9 • 3.29 .107 .149 09.8 +0.6 

• It 3.50 .106 .140 08.2 -1.0 

11 11 4.20 .107 .140 08 3 - 0.9 

The last column headed "Deviation" gives tbe difference between 
the mean value and the observed value; from it we calculate the 

mean error 1.22 which is 10.~OO of the value. 

In order to derive the normal volume from the value found I 
assumed that fOf tbe reductioD of about 74 e.m. to 75,9467. c.m. 
(the height of the mereury at Leiden for 1 atm. at 45° northern 
latitude while tbe constant of gravitation at Leiden is taken as 
981.318 1) and at 45° northern latitude as 980.63 2» BOYLE'S law 

was Buffieient (the deviation is of the order of 50.~OO) while I have 

taken Cl: = 0.0036613 for the co-efficient of expansion. 

1) DEFFORGES aud BOURGEOlS 1892. 

2) Also accellted in GUILLA.UME'S I/l'hermométrie." 
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!n the follawing table the normal volumes faund have boen eom .. 
bined and also the relative mean errors have been given -

!11
Ube. IA. II A. ll!. 

Norm Vol. 162.215 126 025 132.135 158.380 -

Mean error. 1 : 13000 t : 11000 1 : 12000 1 : 10000 
I 

§ 3. The measurements at highe/' pre,s,su1'e. Af ter the piezometer 
tubes have been p]aced in the compression apparatus and this has 
been connected with the open manometer, the heights of the wer
eury in them were read by means of a cathetorneter of the Société 
Génevoise. Both rest on the same cornwon foundation, isolated 
frorn the fioor, and made by bridging over the firm pillars in the 
observatian room with iron rails and stone slabs. 

To insure a constant temperature, the apparatus for the regular 
current of water at constant temperature was put in motion at 10.30 
a. m., and the water bath was constantly stirred, the apparatus was 
put under pressure at 12.30 p. m. and the measurements began at 
2.30 p. m. and were continued uninterruptedly till 5 p. m. without 
anything being changed in the apparatus; we might th en be rea
sonably certain that the ternperature measured with the thermometer 
agreed with that of the hydrogen and th at equilibrium of pressure 
existed between the open and the closed manometers. For these 
measurements the height of the barometer must also be known, 
this was road on an aneroïd, of which the correction had been care
fuUy dE'termined. We took ioto account that the aneroïd had been placed 
lower than the mercury in the manometer tube A. (Oomm. 44 fig. I). 

It will hardly ever be possible to avoid very small leakages in 
the connecting tubes; in the measurements taken into account they 
ware so sm all that they eould not be diseovered by means of soap 
solution. Hence the corrections which must be applied for the 
motion of the mereury owing to those leakages are very smaH; with 
a view to these corrections however all the readings must be made 
as symmetl'ically as passible and the time must be always noted 
for the mea.n mercury height both in the open and closed mano
meters. I will give here one observation (camp. the table of readings 
in the Proceedings of May 25th 'Ol, Comm. N°. 70), of whieh the 
calculation will be carried out as an instanee. 
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Bending on Aug. 25th 1900. Tube 111. 

Time. 
I1 

3 52 
11 

Barometer. 
\\ 

75.97& 
11 . 

11 
Open Manometer. II 

Thermometer I t9;~6 t ta t t6 ts t, ts 
Reading t9°~35 111° 25 W~55 19° 32 
Corrected. 1190.47 19°.22 !9° .07 19° ,41) 19° .24 T1 =f9°.31 

Manom.tube I A Br Brr Brr HIV Bv BVI BVII BVIII 
abDve 1. to r. 1276.53 5.02 6.27 1.97 0.77 3.32 2.11 2.06 2.27 ~~=300.32 

Time. 
\\ 

VlO 
1I 

below r. ta 1.1128.2615.8316.03/4.11) /3.61 lfO. 15 1 7.88'1 8.28 / 7.90 II ~~=81.ö9 

11 
Piezometer. 

11 

Thermometer 19° .886 

Correoted. 19° .786 

Time. 
11 

4.07 
11 

Cathetom. reading Readin& of level I Te,erature. 
top men. in tube I 60 85) .7 1 0.1 
level, {/ {/ 60.787 1.35 , 
mark 50.9 60.832 1.5 • 

I 
top men. in meas· 3l.422 . 3.0 11 uring gl11BB. 
level in mesB.gl. 31.284 3.15 /I 

Time. 
11 

4.H& 
11 

Barometer. 
11 

75985 

11 

11 

Open ManOJlleter. 
\\ 

Thermometer t t. t, t. t6 ts t7 ts 
Reading 19°1.5 19°-.35 19°.3 19°.53 19° .28 
Corrected. 19° .47 19° .22 \9°.12 19°.4'3 19° 21l T~=19°31 

Manom tube A BI Bn Bm BIV Bv BVI I Bvu BVlll r: = 82.43 below I. to r. 28.27 êi.86 6.04 4.21 3.70 10.25 7.5718.43 8.10 

-
'rirne. 

" 

4.19 -
I1 -

above r. to I. 11276.52/5.00 16.1811.891 0.66\3.19\1.91 \ 1.8912.1,611 E~= 299.40 
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For the way in which we derive from this the pressure at 4 p.m 
and 4.19 p.m. I refer back to the Proceedings of May _2óth '01 
(Comm. N°. 70 § 4); on1y the barometer height must be added to 
this, and it must be taken into account that the aneroïd was- on 
the same height as the zero of the measuring rod suspended beiween 
the limbs of tube A.. The correction for the compression of the 
mercury was applied to pressures above 32 atm. (Comp. Proceedings 
of May 25th '01, Oomm. N°. 70 § 2. G.). 

To obtain the pressure at 4.7 p.m. I Itssumed that the pressure 
varied proportionally with the time. 

The pressure now measured is that of the lower res.ervoir of the 
last manometer tube in use i tbe mercury height in this agreed 
always within a few centimeters with the height in the level-glass 
of the piezometers. The correction for the hydrostatical pressure 
in the gas, which transfers the pressure, may then be lleglected. 

In measuring the exc('ss of pres6ure, caused by ths difference in 
mercury level in the piezometer tube and in the leve]-glass, we 
must bear in mind that the temperatures of those columns are 
generally different. However the error is sure to remain within the 
limits of observation if we Ilssume that the mercury in the steel 
flanged tube 10 e.m. below the water bath has reached the temper-

A.ugust 2óth TA.nLE I. 

Corrected Barom. Reading Corr. Tempera- Corr. for I Corr. 
l'ime. merc. heigbt at level of for I height 

level glass. I depresB. ture. temp. levelgl. lopen manom. meroury. 

2.40 2639.47 I 
2.48 75.91 31.418 . 0.110 19°.3 - 0.098 32.~3 

3.005 2638.36 

3.09 75.92 31.418 0.110 19°.3 - 0 098 32.24 

3.205 2636.63 

3.28 75.93 31.427 0.115 19°.2 - 0.098 32.19 

3.40 '2635.09 

3.48 75.94 31.429 0.114 19°.1 - 0.097 32.21 

4.00 2633.59 

4.07 75.95 31.426 0.107 19°.1 - 0.097 32.22 

4.19 2631.83 

4.266 75.96 31.423 0.114 19°. - 0.C97 32.21 

4.386 2630.50 I 
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ature of the room j this height co-incided with the zero of the 
catbetometer scale. 

Tbe preceding table gives tbe mercury beigbts to be summed for 
thc measurements on Aug-. 25 th ] 900. (Comp. p. 000). 

From the corrected mercury position in tbe open manometer 
reduced at the time of the observaiion augmented by the beight of 
the barometer at tbe level of merenry and tbe corrected position of 
thc level glass, the correcterl height in the piezometer tube must 
he subtracted and to this we must apply the correction for the 
compression of the mercury; the pressure then found is that of the 
hydrogen at the temperature measured; in order to reduce this 
pressure to 20° C. I have assumed 0.003663 for the co-efficient of 
expansion of hydl'ogen, while the infiuence of the pressure on tbat 
co-efficient could be 1eft out of consideration owing to tbe small 
deviation of the temperatures measured from 20° C. 

Tbe pressure now measured is the one immediately ttbove the 
mercury and hen ce the mean pressure of the hydrogen is lowel'. 
The greatest di:ffenmce (when tbe mercury is at the lower end oftbe 
stem) however remains when p is the mean pressure in atm. below 
0.000004 p atm.) which therefore may be neglected in comparison 
with p atm. 

And hence we obtain for tbe pressure the following calculation: 
August 25th TABLE H. 

\ Reading Corr. 'reIup. COIr. for Corrected Oorr. fressure Pressure 

'l'iIllC., . of for Pressure. of at 20° 
in atm. pwzom. depr. of H. temp. reading. compr. H at 200 
45° NL. I 

I 
I 2.40 

2.48 60.907 0.115 19.78s -0.193 60.829 0.00 2685.55 2687.52 35.387 

3.005 

3.09 60.897 0.127 19.785 -0.193 60.831 0.00 268~.15 2686.12 35.368 

3.205 

3.28 60.881 0.117 19.785 -0.193 60.805 0.00 268~ 63 2684.60 35.3.tS 

3.40 

3.48 60.868 0.123 19.785 -0.193 60.798 0.00 2681.06 2683.03 35.327 

4.00 

-toOi 60.850 0.125 1!J.78" -0.193 60. 782 1 0.00 2679.55 2681.52 35.307 

4.19 I 

4.265 60.821S 0.126 19.786 -0 193 
, 

60.758 , 0.00 2677.96 2679.93 35.286 . 

4.385 
I I I 



- 11 -

( 116 ) 

I have purposely given this series of observations as it appears 
from the foregoing tabJe that there must have been a leakage on 
that day, which could ho wever not be detected by means of soap 
soll1tion; the observations on other days show a much smaller decrease 
of preflSUre; as for instanee on J uly 11 th when the pressure at 2.44 p. m. 
amounted to 36.898 atm. and at 4.35 p. m. ta 36.871 atm. And 
yet it will appear that the dem'easo of pressure mentioned has had 
no disturbing influence on the equilibrium, since the product of 
volume and pressure, bearing in mind the degree of accuracy attained, 
may be considered as sufficiently constant. 

For the measurement of the volume I refer back to the Proceedings 
of May 25th 1901 "The caJibration of piezometel'-tubes". The following 
table has been calculated in the way descri bed there. 

August 2óth. TABLE 111. 

Mark 50.9 

Section 0.1264 

CorrecttOll for elastic expausioll of glass 0 0009 

level Height Mean I Reduced Meau I Corrected Specific-
Tlme. men. of Volume under height I 

Jeugth secttoll I Volume volume. mark. men 1) men. 

2.40 

2.48 -0.024 0.057 o 029 32 213 0.12690 4 0878 4.0887 0.0309H 

3.00-

3.09 -0006 0.06{ 0.033 32 227 • 4.0896 4.0905 0.030958 

3.205 

3.28 0008 o 058 0.030 32.2H , 4.0918 4.0927 0.030973 

3.40 

3.48 0.026 0.061 0.032 !l2 260 " 4.0938 4 0947 0.030989 

4.00 

4.07 0.046 0.062 o 032 32.280 11 4 0963 4.0972 0031008 

4- 19 

4.266 0.064 0.063 0.033 32.297 N 4 0985 4.0994 0.031024 

4.38' 

1) In Comm. N°. 67 § 7 1 neglected to draw nUention to the scala of reciprocnls 
devised by Boys to fncilitnle the drnwing of curves by their curvnture. 
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The correction for the therm al expaIlsioIl of glass may be neglected 
on account of the small deviation of the temperature from 20° O. 

For the calculation of tlle product of the specific volume and the 
pressllre in atmospheres at 45° northern latitude the following table 
is obtained. 

August 25th TABLE IV 

\ 

Pressure 

I 
Specific 

'l'ime P X V. 
Atm. 45° NL. volume 

I 

2.40 

2.48 35.386 0.030944 1.09496 

3.005 

3.09 35.368 0.030958 Ul9492 

3.20b 

3.28 35.346 0.030973 1.09483 

3.40 

3.48 35.327 0.030989 1.09476 

4.00 

4.07 35.307 0.031008 1.09482 

4.19 

4.265 35.286 0.031024 1.09473 

4.385 

Mean I - 35.337 ! 0.030983 l 1.09484 

§ 4. Results. In the manner described above I have calculated 
every time the mean value for one pressure i. e. from 4-8 atm. 
for every atmosphere, from 8-16 fol' every 2 atm., from 16-32 
for every 4 atm. and from 32-64 atm. for every 8 atm. The 
values of P V for 4-8 atm. are not given here because wh en the 
apparatus was taken to pieces it appeared that the reservoir of 
tube I A had burst, sa that the determination of the normal volume 
was valueless. 

8 
Praaeedings Raya! Acad. Amsterdam. Vol. IV. 
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I have tl'ied to expl'ess the values found by a formula, and fOl' 
this I have chosen the following expression : 

where d = I/V stands for the density of the gas with regard to that 
at 0° C. and 1 Atm. at 45° northern latitude. By means of the 
method of least squares I have calculated a, fJ alld r from 16 mean 
values derived from 107 measurements, where the equation which 
is obtained when V = 1 is taken to be absolute!y COJ'rect and where 
the weight 1 is given to all measurements, while it was taken into 
account that the normal volume had been determined by means of 
REGNAULT'S coefficient of expansion a = 0.0036613, which does not 
ag ree with CHAPPUIS' coefficient of tension (:1 = 0.0036626. If the 
latter is taken to be correct, we obtain tbe following tabIe, for 
whieh the mean errors have been derived by means of the weights 
from the mean errors of the observations to be given subsequentIy. 

Value. Weight Mean error. 

((. 1.072,58 6,909. 0.000,003 

f3 0.000,6675 6,914. 0.UOO,003 

" 0,000,000,98 10.421,200 . O,OOO,OOO,(J8 

The following tabla gives the densities measured at different dates, 
the product PV corrected for the correct coefficient of expansion and 
its deviation from the values calculated from a, fJ and r. 

l) As !lppe!lJ's from n development in series borrowed from AMAGA1"S results, thc 
term with !l3 would be 0, while the term with d4 has little infiuence below 60 atm. 
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Date. Time 
1 

Tube. 
11 

Density. I p X v. I Deviation. 

23 April 1901 3.48 lIA 6.2.f.()3 1.07673 _0.00006 

» » » 4.00 » 6.2399 ' 79 
+ 01 

» » » 4.10 » 99 71 - 07 

» » » 4.22 » 91 79 
+ 01 

» » » 4.3t » 87 72 - 06 

On an average. 
11 

6.2394 I t .07675 \ -0.00003 

15 A.ug. 1900 2.53 IIA 8.2352 1 G7768 - 47 

» » » 3.036 D 45 78 - 37 

J) J) !) 3.16 » 52 68 - 47 

» » » 3.26 » 45 78 - 37 

» » » 3.36 » 38 88 - 27 

» » J) 3.47 » 25 98 - I l 

» » j) 3.57 » 25 98 - 17 

28 » » 3.25 » 447 88 - 27 

» » » 3.35 » 47 88 - 27 

» » » 3.45 » 33 808 - 07 

» » » 3.55 » 33 08 - 07 

» » )j ,f. 05 » '1:l CJ8 - 07 

D D » 4.16 » 20 18 
+ 03 

» J) » 4.26 » 20 18 
+ 0' 

» » » 4.35 » 13 18 
+ OJ 

On an average. 
11 

8.2385 
1 

1.077951 -00002·' 

16 Aug. 1900 2.57 HA. 10.5775 1.07978 
+ 03 

» » » 3.09 D 64 8B 
+ 13 

D » » 3.20 » 64 78 
+ o~ 

» » » 3.30 » IH- 78 
+ 03 

» » D 3.44 » 64 78 
+ OS 

» » » 3.55 » 64 78 
+ 03 

On an average. il 10.5766 ! 1.07980 I +°.00005 

I 
8* 
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nate. I Time. Tube. 
!! 

Density. px v.\ Deviajion. 

17 Aug. 1900 3.04 IIA 12.8353 1.08138 
+ 08 

» » I » 3.18 » 20 58 
+ 28 

» » » 3.32 » 287 68 
+ 38 

» » » 3.45 » 71 68 
+ 38 

» » » 3.58 D 1î4 58 
+ 28 

» » » 4.14 » :lli 58 
+ 28 

On an average. ~ 12.8285 I 1.0815R I +°.00028 

21 Aug. 1900 3.45 III 13.0097 1.08147 + 04 

» » » 4.00 » 78 51 
+ OS 

» » » 4.14 » 60 58 
+ P 

» » » 4.27 » 42 6° + 17-

~ » » 4.41 » 25 68 
+ 2; 

» » » 4.57 » 07 7° + 27 

'Zl J) » 2.44 » 70 20 - 28 

» » » 2.56 ,» 66 18 - 25 

» » » 3.08 » 66 17 - 26 

» » » 3.22 » 49 29 - 14 

» » » 3.36 » 39 22 - 21 

» » » 3.48 » 37 1° - 38 

On an average. 
11 

13.0053 I 1.081391 -0.00004 

18 Aug. 1900 2.45 HA 15.2835 ' 1.08298 - OS 

» » 1) 3.00 » 788 308 
+ 07 

» » » 3.21 » 88 298 - 08 

» » » 3.35 » 65 308 
+ 07 

» » » 3.49 » 18 2B + 27 

» » » 4.04 » 695 38 
+ 37 

» » » 4.19 » 48 58 
+ 57 

On all averIlge. 
11 

f5.'Zl48 I 1.083i9 ! +0.00018 
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( 121 ) 

Date. I Time. I Tube. I I>ensity. I l! X V. Deviation. 

22 Aug. 1900 3.21l III 16.6803 1.08382 - 17 

l> l> » 3.37 l> ~71l 86 - 13 

» » » 3.49 » 116 87 - 1" 

» D » 4.00 » 39 83 - 16 

» » » 4.11 l> 3t 72 - 21 

» » l> 4.24 » 692 75 - 24 

On an aveJ'age. 
/1 

16. 67110 I 1.08381 \ -0000t8 

23 Aug. 1900 3.57 In 21.2988 1.0876° + 35 

» » » 4.03 » 112 7° + 46 

» l> » 4.26 » 11l 66 + 41 

» » » 4.41 » 866 76 + Ilo 

On an average. 
1\ 

21.2930 
\ 

1.08768 
\ +0.00043 

24 Aug. 1900 3.00 III 21l.408 1.09087 + 6" 

» » » 3.21 » 398 ilO + 32 

» » » 3.39 » 92 P - O· 

» l) 1> 3.1l6 » 87 8991 - 26 

» » J) 4 12 » 80 94 - 22 

» » » 4.29 » 71l 91 - 25 

On an average. 
1\ 

21l.390 I 1.09021 I +0.00004 

I 

28 June 1900 4.1l6 IV 26.1l24 1.09120 + 22 

29 » E 4.01l » 624 14 + O' 

» » » 4.1l1 " 04 30 + 26 

30 » » 1 2.46 » 777 Ol - 15 

» » » 3.17 » 66 30 + 1~ 

» » » 3.1>4 » ilO 41 + 27 

» » ~ 4.28 » 37 34 + 21 

5 Jllly » 4.11 » 86 t" + O~ 
-

l> » » 4.42 » 71 24 + 08 

I 
1\ \ 

1.09123 
\ On an average. 26.704 +0.00013 

I , 

• 
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, 
",l 

- ( 122 ) 

" 
Date. I l'ime Tube. 

\\ 
Density. PXv·l Deviation. -

7 July 1900. 2.29 IV 29.956 f .09317 - 29 

» » » 2.47 l) 41 3° - ,. 
» » » 3.09 II 37 06 - 38 

» » » 3.21, » 35 09 - _ 3~ 

b » l) 3.44 » 20 18 - 2· -
» » » 3.59 » 04 17 - 2· 

II » II 4.16 » 887 19 - 22 

I l> » » 4.34 » 73 14 .- 25 
',' 

On an average. \\ 29.919 r 1.09316 
\ -0.00027 

I 25 Aug. ]{lOO 2.48 1lI 32.316 1.09496 - 23 

, . I » » 3.09 » 01 9° - 2B 
I 
I » » » '3.28 » 286 81 - 38 

» II II 3.48 » 70 71 - 4' 

» » » 4.07 J) l:îO S·, - 34 

II » » 4.26 » l:î3 71 - 42 

On an average. 
!( 

32.276 I 1.09482 1 -0.00034 

U July 1900 2.4f. IV 33.656 1.09629 + 12 
, 

» » » 3.tO » 46 48 + 32 

D » » 3.30 » 47 4' + 31 

» » » 3.52 » 44 22 + 06 

» ft » 4.13 » 37 3s + f1 

I » » :IJ 4.35 » 34 23 + OS 

i Ou au average. 
Il 

33.644 I 1.09634 1 +a. OO()t8 

12 July 1900 2.43 IV 4O.2l:î4 1.1()()88 - 23 

» l> II 3.05 » ft 98 - Ol 

i » » » 3.28 » 167 93 - 01 

i 
3.5t 23 91 » » l) » - 06 

I 

On au average. !l 40.189 j 1.t0091 I -0.0001 11 
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( 123 ) 
i 

Date. I 'rime. I Tube. II Densi1y. I PX v.! Deviation. 

13 Ju)y 1900 4.34 IV 47.218 1.10634 + Ol 

» » » 4 59 » 165 56 + 28 

On all average. 
I1 

47 .192 , Uq645 
\ +0.0001' 

14 July 1900 3.01 IV 54.127 1. 11179 + 18 

» D D 3.26 » 069 6B + 12 

n » » 3 56 D 3.987 60 + 10 

» D » 4, 22 » 23 4B 
+ O~ 

~ » » 4.5:; » 836 19 - 19 

On au avel'age. 
11 

53.988 
1 

1.1115\ I +0.00001 

The agreement is satisfactory; it may be judged from the 
following tabie: 

I obser- positive negative positive negative in 1 
)NUmber orrumber oflNumber oflsum of thelsum of thel Mean error 

vations. deviations. \ deviations. deviations. deviations. measurement. 

Tube 1I A I 39 22 I 17 0.00342 0.OO3:.!8 I 0.00024 

» IJI I 34 12 22 0.00368 0.00534 0.00032 

» IV 
f 

34 I 20 14 0.00309 0.00288 0.00020 

Tatal I 107 I 54 I 53 i
l 

0.01019 I 0.01150 I 0.00025 

. 
The fOUl,th tube givefl tho best agreem~nt. With the value found 

fol' the mean error in one measurement, to which I had given the 
weight 1, 1 have also calculated the mean errors in the table for 
the, valuès of a, (i and r. 

§ 5. We might calculate values of V A.N DER W AALS' a and b 
from the values of a, /~ and 'r, supposing that his origiual equation 
of state would hold for the same temperature within the limits of 
pressure mentioned. It is obvious that then the values of a and b 
must be corrected, because the terI!l~ with higher powers than the 
second power of density were neglected. If we want to calculate 
these corrections of a and b by means of the method of least squares I 
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( 124 ) 

\Ve meet with the difficulty that the terms eontaining the second 
powers of those eorreetions cannot be neglected in comparison with 
the terms containing the first power, because although eaeh of these 
are much larger, they yet partially neutralize eaeh other. A ealcula· 
tion in "hlCh the terms mentioned were kept, did not give a good 
result. Therefore by means of the value of b, derived byapproxima. 
tion îrom a, (i and r, viz. b = 0.0009, I have caleulatod the cor· 
reetion term, which VAN DER W.A.ALS' formula requires in addition 
ta tbe terms usod, viz. R'1' b3 d3 (l-bd), subtraeted this value from 
PV and have equahzed the derived value to a' + (1'd + r'd2, fram 
which is found: 

By putting: 

we find: 

a' = 1.07.:158, 

fi' = 0.000670, 

r' = 0.00000088. 

a'=RT, 

fi' = RTb-a, 
r'=RTb2, 

a = 0.00030, 

b = 0.00091, 

ma = 0.000042, 

mb = 0.00004, 

Finally let us compare our results with those of REGN.A.ULT and 
AM.A.G.AT. The values determined by me are indic.lted in the figure 
by circles, those found by REGNAULT by squares; in this I have 
supposed that at the la west pressure REGNA.ULT'::; result and mine 
were the samt!; af ter this the other points have been drawn. 

From a development in serios, caleulated from AMAGAT'S obser
vations at 0°, 15°.4 and 47.°3 C., we find by means ofinterpolation: 

5 
0.000719 0.00000067 

PV200 = 1.072 2 + V + V2 • 

If we substitute V = 0.01129, AMAGAT'S greatest volume at 
15°.5 C. we find PV20 0 = 1.1414 (PV]5° 5 = 1.1290), while from 
the values of a, /j and r we obtain PV20 0 = 1.1394 and from the 
original equation of 'VAN DER W.AALS with the given values of 
Cl and b: P V200 = 1.1401. 
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