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

The obtained results for the products of the corresponding coor-
dinates of the 9 points are forms of the 7224 degree.

Observation: In quite the same way we can determine the
eighth point common to three surfaces of the 2% degree passing
through 7 given points. 'We tihen obtain for the products of the
corresponding coordinates of the 8 points expressions of the 56t degree.

Physics. — J. C. SCHALKWIIK: “Precise Isothermals V. The iso-
thermal of hydrogen at 20°C. up lo 60 atmospheres. (Com-
munication N® 70 (3¢ continuation) from the Physical Labo-
ratory at Leiden, by Prof. H. KAMERLINGE ONNES).

§ L. The small number of observations made with hydrogen, of
which the most important are those by Reewavrt (Mém. de I'Ac.
XXI) going up to 28 Atm. and those by AmaaAr, of which the
published results begin only at 100 atm., together with the small
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reliability of the values, which can be derived from them for VAN
DER WAALS' quantities @ and b made me resolve to contribute to
the investigation of the isothermal of hydrogen, which has for many
years been under consideration in the Physical Laboratory at Leiden
(comp. Comm. N° 14 by KamerciNgE Oxnes, Proceedings of
December 29t ’94) and to do this by again experimenting upon
this gas at the ordinary temperature.

The apparatus, methods and investigations discussed in the Pro-
ceedings of Oct. 29t 98, June 24th ’99, Dec. 29t ’00, Jan. 26th
‘01 and May 25t ’01 (Comm. Nos, 44, 50, 67 and 70) allow us
to make such a precise determination of pressure and volume that
we can a priori count upon the possibility of determining the values
to be ascribed to @ and & by observations at pressures up to 60 atm.

The hydrogen has been prepared as described in Comm. N°, 27,§ 5
(Proceedings of May 30t ’96) and N° 60 § 22 (Proceedings of
June 30t '00). The four piezometer tubes were simultaneously filled
at the apparatus, and were six times entirely exhausted by means of
the mercury pump and heat, and then filled again.

§ 2. The normal wolume. To calculate each isothermal deter-
mined by means of a piezometer it is of the highest importance to
know the normal volume. It seems that in most of the measurements
of other observers its determination has left much to be desired;
but KamerrineE ONNES™ arrangement of the piezometer tubes allows
us, as will be seen from this section, to attain the degree of accuracy
desired.

Before being placed into the compression apparatus the piezometer
tubes were brought into the watsr bath (represented Comm. N°. 50,
Pl. 2, fig. 5) between the two brass walls of which water at 20°C.
from the thermostate 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
also an air tight connecting tubel) to the barometer, which tube

1y This connecting tube could not easily be made at the lower end, as the inner
copper vessel was standing loose on three corks, and a long tube reaching from the
stopper to the hottom could not be used, as round the steel flanged tube cemented
on the glass tube only half a centimeter space was left. (In order to prevent during
the experiments the leakage of mercury, the hard red cement of MTNDELEJETF at the
lower end was replaced by soft black cement, which moreover was covered at the
jnside with an india rubber solution). In order to ascertain, that this connecting
tube did not interfere with the attainment of equilibrium of pressure, the measurement
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in order to prevent convection currents was bent entirely downwards
outside the bath. The standard barometer has been mounted in an
other room, and the connecting tube led thither under the floor;
it was read by Mr. BoupiN while I simultaneously made a measu-
rement of the difference in level of the mercury in the U-tube of
the piezometer. It is this latter determination which most renders
uncertain the measurement of pressure. For the diameter of the
U-tube is only about 8 m.m., so that with the greatest height of the
meniscus that occurs viz. 1.66 m.m. the depression becomes 0.69 m.m. 1)
and a difference in diameier 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 depression of 0.06 m.m. If moreover we take into
account that the height of the mercury in the limbs of the TU-tube
is read through a water-layer of 6 c.m. thickness, it is obvious that
in the measurement mentioned an error may enter, which greatly
diminishes the accuracy of the measurement of pressure otherwise
to be expected in the normal volume; this may certainly explain
the faet that the difference between the largest and the smallest

values of the normal volume with tube IV amounts to even

3.300
which under otherwise similar circumstances leads us to expect an

accidental difference of 0.22 m.m. in the measurement of pressure.
Only from many wmeasurements 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, for the mean error then appeared to be 167660°
The volume occupied by the gas during these measurements was
measured in entirely the same way as described in ithe Proceedings

of May 25% 01 (Comm. NO. 70, 2°d continuation).

e e e et

for the determination of the normal volume of one of the piezometer tubes was made
in four ways: 1ot with the connecting tube; 214, the connecting tube being disconnected
from the waterbath; 3:4, the connecting iube being disconnected from thebaroms ier;
42, without the connecting tube. These four kinds of observations agreed to

A §
within 3055

4 1n order to judge in how far the depressions occurring in my measurements agree
with those given in MENDELESEFF and Gurkowsky's table I have measured directly
some depressions for the given width of tube, These gave values which sometimes
differed mutunlly 0.05 mm., and of which the mean was about 0.03 mm. higher
than in the table. To determine the influence of moisture, I lightly breathed into the
tube; this grently diminished the depression, while the height did not perceptibly
decrease,
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The temperature within this water bath was not so regular and
constant as that of the water in the experiment described in the
Proceedings of May 25% ’01 (Comm. N°. 70, 1%t continuation) as
owing to the much greater beight of the water bath, its difference
in level with the mixing vesse] was much smaller so that the water
currents became much weaker, Moreover the piezomeler tube was
not in the water itself, but in the inner reservoir and it was
impossible to stir the air in that enclosed space. To form a judg-
ment of it I give here the temperature readings on April 5t 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 aguinst the U-tube; the
corrections of the thermometers have been applied. [

Thermometer. Calenlated
Time, ; mean
No. 134. No. 135. No. 29. | temperatare.
4.10 20°.01 20°.07 20°.015 20°.03°
4.25 200,01 20° 08 20° 00 20°.02
4 53 190.99 20°.03 19° 97° 19°.99%
5.07 190,98 20°.01 19°.97° 190.98°

Most days were however more favourable as for instance on
May 7% 1900.

Time. 2,06 | 2.21 | 2.32 | 2.43 2.55'3,51 4.06 | 4.19 | 4.27 | 4.42 | 4.51

Mean temp. [|20°.0220°.02/20°.01{20°.01(20°.01

20°.01120°.02/20°.02/20°.02120°.03/20° .04'

I give here for one of the tubes viz. NO. IV, the results of the
measurement of the normal volume; the volume is expressed in c.c.
and the pressure in c.m. of mercury at Leiden.
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Date. Time. Volume P;%Ffué‘f Product. Deviation.
4 April. 4.10 174.265 74.074 12908 0 —~ 1.2
T 4.25 .258 079 08 8 — 0.4
5 4.10 A4 .138 10.6 + 1.4
;o 5.98 e 128 07.8 — 1.4
v 4.53 .12t 142 09.7 + 0.5
v 5.07 .18 151 11.0 + 18
6 4.25 030 182 09.8 -+ 0.6
. o 4.39 027 A74 08.3 — 0.9
vy 4.53 .026 A76 08.5 — 0.7
» 5.17 024 A72 07.7 -~ 1.5
7 3.29 016 .181 08.6 — 0.6
o 3.47 019 A94 11.2 + 2.0
v or 4,02 .019 196 11.6 -+ 2.4
PR 4.33 .019 .182 09.0 — 0.2
9 . 3.29 107 149 09.8 4 0.6
w o 3.50 .106 140 08.2 — 1.0
voon 4.20 A07 140 08 3 — 09

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

mean error 122 which is of the value.

1
10.000

In order to derive the normal volume from the value found I
assumed that for the reduction of about 74 c.m. to 75,9467 c.m.
(the height of the mercury at Leiden for 1 atm. at 45° northern
latitude while the comstant of gravitation at Leiden is taken as
981.3181) and at 45° northern latitude as 980.63 %)) Boyie's law
3.071)'66) while I have
taken «=0.0036613 for the co-efficient of expansiomn.

was sufficient (the deviation is of the order of

1) Dexrrorees and Bourerois 1892.
2} Also accepted in GUILLAUME’s #Thermométrie.”
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In the following table the normal volumes found have been come«
bined and also the relative mean errors have been given -

Tube. I A. II A. 11L Iv,

Norm Vol 162.215 126 025 132.135 158.380 _
Mean error. | 1 : 13000 1 : 11000 1 : 12000 1 : 10000

§ 8. The measurements at higher pressure. After the piezometer
tubes have been placed in the compression apparatus and this has
been connected with the open manometer, the heights of the mer-
cury in them were read by means of a cathetometer of the Société
Génevoise. Both rest on the same common foundation, isolated
from the floor, and made by bridging over the firm pillars in the
observation room with iron rails and stone slabs.

To insure a constant temperature, the apparatus for the regular
current of water at comstant 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 then be rea-
sonably certain that the temperature measured with the thermometer
agreed with that of the hydrogen and that 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 read on an aneroid, of which the correction had been care-
fully determined. We took into account that the aneroid had been placed
lower than the mercury in the manometer tube 4. (Comm. 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
were so small that they could not be discovered by means of soap
solution. Hence the corrections which must be applied for the
motjon of the mercury owing to those leakages are very small; with
a view to these corrections however all the readings must be made
as symmetrically as possible and the time must be always noted
for the mean mercury height both in the open and closed mano-
meters. I will give here one observation (comp. the table of readings
in the Proceedings of May 25% ’01, Comm. N° 70), of which the
calculation will be carried out as an instance.

\
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)

Reading on Aug, 25ih 1900. Tube IIIL

e

Time, 3 52
Barometer. 75.97¢
Open Manometer.
Thermometer 4 1, ty t, 17 b 1] 1y
Reading 19°.6 119°.35(19° 28/19°,55/19° 32
Corrected, 19°,47(19°,.22/49°.0719°,4519°.24 Ty =19°.31
Msnom.tube A Br | B | B | Biv | By | Byr | Bva | Bvig
above L. to r. [|276.83] 5,02 | 6.27 | 1.97 | 0.77 | 3.32 | 2.11 | 2, 2.27 }:}.-_—300.32
Time. 4.00
below r. to 1. {{28.26( 5.83 { 6.03 ' 4.15 ] 3.61 (10.15 7.38 | 8.28 ) 7.9 E;=81.59
Piezometer.
Thermometer 19°,888
Corrected. 19°.785
Time. 4.07
Cathetom. reading Reading of level Tem‘(})erature.
top mex. in tube 60 852 T 19°.1
levelk 150 « gggg; 525 v
mar 9 . . ]
top men. in meas- 31.422 3.0 "
uring glags, ) :
level in meas.gl, 31.284 3.15 u
Time. 4,118
Barometer. 75 98
Open Manometor.
Thermometer %) ta ty ty tg ts t; tg
Reading 19°.5 119°.35149°.3 [19°.53/19°.28
Corrected. 19° 47]19°,23149°, 12)19°.43)19° 20 T, =19°31
Manom tube A Br | Bux | Bur | Brv | By | Bvr | Bvx | Bvia
below 1. to r. {|28.27] 5.86 ( 6.04 | 4.21 | 3.70 {10.25| 7.57 | 8.43 | 8.10 23:82.43
Time, 419 _
above r. to I. l276.52| 5.00 ( 6.18 | 1.89 l 0.66 l 3.49 1 1.9111.89 | 246 {| £7=299.40
L
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For the way in which we derive from this the pressure at 4 p.m
and 4.19 pm. I refer back to the Proceedings of May 25% 01
(Comm. N° 70 § 4); only the barometer height must be added to
this, and it must be taken into account that the aneroid 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 25% °01, Comm. N° 70 § 2. G.).

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

The pressure now measured is that of the lower reservoir of the
last manometer tube in use; the 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 neglected.

In measuring the excess of pressure, caused by the difference in
mercury level in the piezometer tube and in the level-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 assume that the mercury in the steel
flanged tube 10 c.m. below the water bath has reached the temper-

August 25th TABLE 1.

Corrected Barom, Reading Corr. Tempera-| Corr. for [ Corr.
Time. | mere. height | at level of for height
open manom. | meroury. level glass. depress. bure, temp. levelgl.
2.40 2639.47
2.48 75.91 31.448. | 0.110 | 19°.3 | — 0,098 | 32.23
3.00°) 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
£.00 | 2633.59
£.07 75.95 31.426 0.107 | 19°.4 | — 0.097 | 32.22
449 | 2631.83 "
4.26° 75.96 31.423 0.114 | 19°. | — 0.097 [ 32,21
4.38°|  2630.50




(115 )

ature of the room; this height co-incided with the zero of the
cathetometer scale.

The preceding table gives the mercury heights to be summed for
the measurements on Aug. 25% 1900. (Comp. p. 000).

From the corrected mercury position in the open manometer
reduced at the time of the observation augmented by the height of
the barometer at the level of mercury and the corrected position of
the level glass, the corrected height in the piezometer tube must
be 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 hydrogen, while the influence of the pressure on that
co-efficient could be left out of consideration owing to the small
deviation of the temperatures measured from 20° C.

The pressure now measured is the one immediately above the
mercury and hence the mean pressure of the hydrogen is lower.
The greatest difference (when the mercury is at the lower end of the
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 the pressure the following calculation:

August 25th TABLE IL

Reading ) Corr. ] Temp. |Corr. for {Corrected|| Corr. Pressure l;\.;;es;\aroe
Time. of for Pressure, of in atm
piezom. | depr. | of H. | temp. |reading. |l compr. H at 20° 45° NLo,
I
2,40

2,48 | 60.907 {0,145 | 19,78 | —0.193] 60.829 || 0.00 | 2685.55 | 2687.52| 35.387
3.00°
3.09 | 60.897 {0.127 | 19.78° {—0.193 | 60.831 (| 0.00 |268%.15 | 2686.12 | 35.368
3,908
3.28 | 60.881 [0.117 | 19.78° | —0.193 | 60.805 || 0.00 | 2682 63 | 2634.60 | 35.348
3.40
3.48 | 60.868 (0.123| 19.78> |—0.193 | 60.798 || 0.00 |2681.06 | 2683.03| 35.327
4.00
4.07 | 60.850 |0.125 | 19.785 | —0.193 | 60.782 || 0.00 |2679.55 | 2681.52 | 35.307
419 !
4.26°) 60.825 |0.126| 19.78 | —0 193] 60.758 .} 0.00 |2677.96|2679.93 | 35.286"
4.38° \

-10 -
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I have purposely given this series of observations as it appears
from the foregoing table that there must have been a leakage on
that day, which could however not be detected by means of soap
solution; the observations on other days show a2 much smaller decrease
of pressure; as for instance on July 11t when the pressure at 2.44 p. m.
amounted to 36.898 atm. and at 4.35 p.m. to 36.871 atm. And
yet it will appear that the decrease 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 25% 1901 “The calibration of piezometer-tubes”. The following
table has been calculated in the way described there.

August 25th. TABLE IIL

Mark 50.9
Section 0.1264

Correetion for elastic expansion of glass 0 0009

Lﬁ::l Height| Mean | g oguce| Mean Corrected| Specifie-
Time.| | der | Of {height Volume

mark. |menl)| men. length | section Volume | volume.
2,40
2.48 | —0.02£[0.057|0 029 | 32 213 |0.12690 | 4 0878 | £.0887 | 0.030944
3.00°

3.09 (=0 006{0.06%/0.033| 32 227 " 4.0896 | 4.0905 | 0.030958
3.205
3.28| 00080 058/0.030| 32.244 ’ 4.0918 | 4.0927 | 0.030973
3.40
3.48 | 0,026/0.061]0.032| 32 260 " 4.0938 | 4 0947 | 0.030989
4.00
4.07 | 0.04610.062|0 032 32.280 " 4 0963 { 4.0972 | 0 031008
419
4.26°) 0.064]0.063|0.033 32.297 v 4 0985 | 4,0994 | 0.031024
£.38°

2) In Comm. N° 67 § 7 I neglected to draw attention to the scale of reciprocals
devised by Boys to facilitate the drawing of curves by their curvature.

-11 -
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The correction for the thermal expansion of glass may be neglected
on account of the small deviation of the temperature from 20° C.

For the caleulation of the product of the specific volume and the
pressure in atmospheres at 45° northern latitude the following table
is obtained. -

August 25th TABLE 1V

Time l Pressure Specific P,
Atm, 45° NL. volume
1 .

2.40

2,48 35.386 0.030944 1.0949°
3.00°

3.09 35,368 0.030958 1.09492
3.90°

3.98 35.346 0.030973 1.09483
3.40

' 3.48 35,927 0.030989 1,0947¢
£.00

£.07 35.307 0.031008 1.0948
4.19

£.26° 35,986 0.031024 1.0947°
5385

/ Mesn | - 35.337 0.030983 1.09484

§ 4. Resulfs. 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 for every 2 atm., from 16—32
for every 4 atm. and from 32—64 atm. for every 8 atm. The
values of PV for 4-8 atm. are not given here because when the
apparatus was taken to pieces it appeared that the reservoir of
tube 74 had burst, so that the determination of the normal volume
was valueless.

8
Proceedings Royal Acad, Amsterdam. Vol. IV.

-12 -
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I have tried to express the values found by a formula, and for
this I have chosen the following expression:

PV=c 4 fd+yd, Y

where d == 1/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 «, # and ¢ from 16 mean
values derived from 107 measurements, where the equation which
is obtained when V =1 is taken to be absolutely correct 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
ReeNAULT's coefficient of expansion ¢ = 0.0036613, which does not
agree with CHAPPUIS’ coefficient of tension (# = 0.0036626. If the
latter is taken to be correct, we obtain the following table, for
which the mean errors have been derived by means of the weights
from the mean errors of the observations to be given subsequently.

Value. Weight Mean crror.
1.072,58 6,909. 0.000,003
0.000,6678 6,914, 0.000,003
0.000,000,98 10,421,200, 0.000,000,08

The following table 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 «, 2 and 7.

1) As appems from a development in series borrowed from AMacar's results, the
term with 4 would be 0, while the term with d* has little influence below 60 atm.

-13 -
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Date. Time | Tube. Denxsity. PXV. Deviation.
23 April 1901 | 3.48 1IA 6.2403 1.0767¢ | —0.0000°
» » > | 4.00 » 6.2399 T4 0
» » > 4.10 » 99 | - 07
» » » | 4.22 » 9 |+ 01
» » » 4.31 » 87 72| — 0¢
On an average. 6.239%4 1.07675 | —0.0000°
15 Aug. 1900 | 2.53 IIA 8.2352 107768 | — 47
» » » 3.03° ] 45 | - 37
» » » 3.16 » 52 6| — 4
» » » | 3.9 » 45 ® - 37
» » » | 3.36 » 38 8| — 27
» » > 3.47 » 25 9| — 1
» b 3.57 » 25 9| — 17
B » 3.25 » 447 8| — 21
» oy » 3.35 » 47 8| — 21
» » » 3.45 » 33 80¢ | — 07
» » » 3.55 » 33 0| — 07
» o» » 4 05 » 27 | — 07
» » » | 416 » 20 18 | - 03
» » » | 426 » 20 18| -+ 0
» »  » 4.35 » 13 18| 4 0s
On an average. 8.2385 1.0779° | —0 0002°
16 Aug. 1900 | 2.57 1IA 10.5775 1.0797% | - 02
» » » [ 3.09 » 64 8 | + 13
> »  » | 3.20 » 64 R 0
» » > 3.30 » G4 )+ 0:
> » » 3.44 » 64 | 4+ 0
» » » | 3.55 » 64 T+ 0
On an average. 10.5766 1.0798° | --0.0600°
8*

-14 -
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Date, Time. | Tube. Density, P X V. | Deviation.

17 Aug. 1900 | 3.04 L 12.8353 1.0813¢ | 08
» » '» | 3.18 » 20 5 4 2

» » > 3.32 » 287 6 { - 38

» » » | 3.48 » 71 6% | - 3

» » » | 3.88 » 54 5 | + 28

» »  » | 414 » 2 5 4+ 28

On an average. 12.8285 1.0815% | --0.0002¢

21 Aug. 1900 3.45 ; 1II 13.0097 1.08147 | - 01
» » 4.00 » 78 5t - L

» » » 4,14 » 60 51 - 15

» »  » | 4927 » 42 6! -+ 17

v o» » | 441 » 25 6 2

> » 0y £.57 » 07 0 4 97

a7 2 2,44 » 70 2 [ — 98
> » » 2.56 R 66 18| — 8

» » D 3.08 » 66 17| — 96

» » » | 3.22 » 49 2| — 14

» » » | 3.3 » 39 92 | — o)

> 3.48 » 37 0] — 38

On an average. 13.0053 1.0813° | —0.0000¢

18 Aug. 1900 | 2.45 | 1L A 15,2835 | 1.08298 | — 03
» » » | 3.0 » 788 30 4 07

» » 3.2 » 88 298 | — 03

» » » | 3.35 » 65 30| 4 07

» » » 3.49 » 18 ® 0 4+ 7

» » » | 4.04 » 695 N R 3

» » » 4.19 » 48 5 | - 57

On an average. 18,2748 1.083i* | --0.00018

-15-
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Date. Time. | Tube, Density. P X V.| Deviation.

22 Aug. 1900 | 3.25 III 16.6803 1.0838% | — 17
» » P 3.37 » 775 8| — 13
» »  » 3.49 » 56 8| — 10
» » » 4.00 » 39 8| — 1¢
» » > 4.11 » 31 7| — ar
» 9 » 4.24 » 692 ™| — 24
On an average. 16.6750 1.0838! | —0 00012

23 Aug. 1900 | 3.87 III 21.2988 1.08769 | + 38
» » » | 4.03 » 52 7 4+ 4
» » 4.26 » 15 6| 4 4
» > 4.41 » 866 ™!+ 90
On an average. 21.2930 1.0876% | -}0.0004%

24 Aug, 1900 | 3.00 111 25.408 1.09087 | - 6°
» » 3.2t » 398 51 + 3z
» > » 3.39 » 92 1?7} — 0°
» » » | 3.56 » 87 8991 | — 28
» > » 412 » 80 9 — 2
» » 4.29 » 75 9 — P
On an average. 25.390 1.0902! | -}-0.0000¢

r98 June 1900 | 4.56 1V 26.524 1.09120 | - 22
29 » p 4.05 » 624 1| 4 0°
» » > 4.51 » 04 3] -+ 26
30 » » 2.46 » 77 on| — 15
» » 3.17 » 66 3| - 1+
» » > 3.54 » 50 | + a7
» ¥ £.28 » 37 3| + 2t
5 July » | 4.11 » 86 1| 0:
» > > §.42 » 71 2 - 08
On an average. 26.704 1.0012% | -}-0.00013
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oo Date. Time | Tube. Density. P V.| Deviation.
i 7 July 1900. | 2.29 | IV 29.956 | 1.00317 | — &
| » »  » | 2.47 » # 3| - 1s
; » > » | 3.09 | o 37 00| —
» oy » 3.28 | o> 35 ®| - _¥

) » » 3| 34| o 20 ] - @
» » 3 | 359 ] 04 7] - @
) > » v | 4.16 » 887 10| — o2
» » » | 4.34 » 73 b L R 2
On an average. 29.919 1.0931° | —0.00027

o 25 Aug. 1900 | 2.48 11 32.316 1.0949% | — 28
' > » . | 3.09 » ot g | — g
: » » » | '3.28 » 286 8 ) — g6
; > 3 > | 348 | 10 N I
‘ > » » | £07 | > 50 8| — 8
» » 4.26 » 53 - 4

On an average. 32.276 1.0948% | —0.0003¢

11 July 1900 | 2.4% v 33.656 1.0962° | J- 12

» > v | 840 | » 46 £l 4+ 2
2 » » 3.30 » 47 ) + 31

» 2 2 | 3.52 » 44 2t | L 0¢

> w v | 443 | » 37 $| £ ¥

» » » | 4.3 » 34 2| - 03

On an average. 33.644 1.0963% | -1-0,00042

12 July 1900 2.88 1y 40.254 1.10088 | — 23

» » » | 3.05 » 1 g — 0

' ; » » » | 3.28 » 167 8 — 07
] " a | 881 » 23 o — o
On an average. 40.189 1.1009r | —0.0001°

L}
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~

Date, Time. | Tube, Density. P XX V.| Deviation,

13 July 1900 | 4.34 v 47.218 1.1063 | o
» » » | 459 » 165 5 | - 2

On an average. 47,192 1.10645 | —-0.0001s

14 July 1900 | 3.01 v 54,127 1417 | - 18
» » D 3.26 » 069 6 - 12

LI 3 b6 » 3.987 6 | - 10

» 2 422 » 23 R S I 03

» » > 4.53 » 836 1f ] — 1°

On au average. 53.988 1.4145° | -}-0.0000

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

Number of{Number of{Numbher of[Sum of the{Sum of the| Mean error
obser- positive | negative positive | megative in 1
vations. | deviatious. | deviations. | deviations. | deviations. | measurement.
Tube 11 A 39 22 17 0.00342 | 0.00328 0.0002¢
» III 34 12 23 0.0036°% | 0.00534 0.0003®
» IV 34 20 14 0.0030° 0.0028¢8 0.00020
Total 107 54 53 0.0f01° | 0.0118° 0.0002:
|

The fourth tube gives the best agreement. With the value found
for the mean error in one measurement, to which I had given the
weight [, I have also calculated the mean errors in the table for
the values of @, # and y.

§ 5. We might caleulate values of vAN DER WaALS' o and b
from the values of @, /7 and+, supposing that his original equation
of state would hold for the same temperature within the limits of
pressure mentioned. It is obvious that then the values of & and &
must be corrected, because the terms with higher powers than the
second power of density were neglected. If we want to calculate
these corrections of @ and b by means of the method of least squares,

-18 -
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we meet with the difficulty that the terms containing the second
powers of those corrections cannot be neglected in comparison with
the terms containing the first power, because although each of these
are much larger, they yet partially neutralize each other. A calcula-
tion in which the terms mentioned were kept, did not give a good
result. Therefore by means of the value of 4, derived by approxima-
tion from &, 4 and y, viz. b=0.0009, I have calculated the cor-
rection term, which vaN DER WaALs’ formula requires in addition
to the terms used, viz. RI1'4* d® (1—0bd), subiracted this value from
PV and have equalized the derived value to o' -+ A3'd - ¢'@% from
which is found:

&' = 107258,
A = 0.000670,
7' = 0.00000088,

By putting:
e' = RT,
f' = RTb—a,
y' = RTV,
we find:

a=0.00030, m;=0.00004%,
b =0.00091, mp=0.00004,

Finally let us compare our results with those of Re¢waULT and
Amagar. The values determined by me are indicated in the figure
by circles, those found by REGNAULT by squares; in this I have
supposed that at the lowest pressure REGNAULT’s result and mine
were the same; after this the other points have been drawn.

From a development in serics, calculated from AmacaT’s obser-
vations at 0° 15°4 and 47.°3 C., we find by means of interpolation:

0.000719 + 0.00000067

PVype = 107252 4 — 3

If we substitute 7 =0.01129, AMAGAT's greatest volume at
15°5 C. we find PV = 1.1414 (PV7y;° 5 = 1.1290), while from
the values of &, # and ¥ we obtain PV,p° = 1.1394 and from the
original equation of VAN DER WAALS with the given values of
@ and &: PVgpe = 11401,

-19-



*oN

wxai b

£73

osor¥
b3

sbor

ovbot

"Al ‘lop mwpimswy peoy jefoy sBurpaasoag

W

S

94

&y

i

s
.

129

5

]
.

15

£s

W

‘sessgdsomiw 09 o3 dn D o8 W

slbirr

Ao
TEpe—
weld
. =
-
salet \.S_.\-
-
} o sioy
asled o
<] |« 1A :
T
>y | | vit” ~
stlow "S. " ko s
o W Y
\ -
¥, o
¥ '
wee} M 20
r
" |
saa S| 00
i L o
g aw\v\ m
olger
\\ -
w5 Aok
¢
e
s0b0'F

ey “NIIMNIVHDE O '

-20 -



