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If we introduce this value of ¥ in equation (8) we gel
3
2:—5:1::2:1:272133;

whicl is enfirely consistent with the double proporiion.

Consequenily n="=06 s the only value 2.5 that is consistent with
the principle of the rational indices. 10 we extend the requirement
that cos ¢ must be rational to the case n <5 then the values n = 2,
3, 4, are also permissible for axes of the first kind, and the values

n=2, 4 for axes of (he second kind.
Gc’ill[ngen,’Novcml)cr 1907.

Physics. — “[sotherms of divtomic yuses and their binary mixtures.
V1. Lsotherms of hydrogen between —104°C. and —217°C.”
(Continued). By Prof. [l Kampruxceit Oxzus and C. Brask.
Communication N°. 100" from the Physical Laboratory at
Leiden.

(Communicaled in the meeling of November 30, 1907). -

§ 17. Survey of the determinations. Remark on the upparatus.

"The measurements mentioned in this Communication comprise in
the first place the supplementary delerminations to which we already
alluded in § 14 of Comm. N°. 997 (Sept. 1907). These are three
deteriinations at — 217° at a density ot about 170 times the normal one.

The obvious thing to do further was {o repeut the other determinations
of series II with the same piczometer arranged for the determinations
mentioned above, this piezomeler being one of aboul the same
dimensions as that of series II of Comm. N°. 97¢ (March 1907).
As a matler of fact a comparison of the values of pva oblained in
this series with those yiclded by the series 1II and IV teaches that
the former lic somewhat, though only slightly, lower than the lalter.
This may be due to a systematical crror as the filling in the later
sevies was accomplished with more precautions (compare § 5 of
Comm. N°. 979), In the series now given, jusl as in series IV, distilled
hydrogen was used.

Both the steel tubes on the stem of the piezometer and those on
the stem of the piezometer reservoir were soldered o the glass (cf.
§ 15 of Comm. N9 997). This ensures a gas-prool conncction with
the steel capillary. With. sealing wax it is difficult to make the
connection gas-proof, because somelimes the nut begins to slide off
when the flange is tightly screwed on.




(414)

§ 18.  Values of pva of series V.

In table XX the resulls of the determinations have been repre-
sented in the same way as in table XIT of Comm. N'. 97« The
femperatures al which the measurements were made were: —182°.774,
— 195°.16, — 204°.62, — 212°.91 and — 215°.94. In table XX the
reduction to the slandard temperatures of table XII has been
carried oul. It was effected by interpolation by means of virial cocffi-
cients, which were derived in § 12 of Comm. N'. 97¢, which cnabled
us to abandon the claborate method of § 8. The compulation of
ihe temperatures took place in the same way as in Comin. Ne. 95¢
(Nov. 1906). They may be rveduced to {he normal hydrogen scale by
means of table XVIII of Comm. N°. 97¢ (March 1907).

TABLE XX, H,. Series V. Values of pv,, .

No, ts ? Py dy
1 s 182081 | 48 431 | 032746 | 147.90
9 55.490 | 0.39857 | 168.91
3 62 889 | 0.33028 | 190 41
4 ) — 195027 | 42.304 | 0.27362 | 134.61
5 47782 | 0.21351 | A74.70
6 f 59,808 | 0 97360 | 193.0)
7] —20470 | 36.999 | 0.23165 | 150.72
8 41,958 | 093061 | 178 91 .
9 44,631 | 0.23001 | 194 04
10 | —o919082 | 92.035 | 0.10414 | 163.01
1 3 611 | 019270 | 179 61
192 37.975 | 019149 | 194 GG
13 | —ol7o41 | 98.955 | 0 17318 | 167.63
14 31,191 | 017152 | 181.85
15 33,180 | 0.17005 | 195.12

§ 19. Vulues of poa of series [V,

If in the samc way as in the preceding § the results of table
XIX of Comm. N°. 99« are veduced fo the standard temperatures
the values of the adjoined table are obiained. For — 139°.88 this
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TABLE XXI, H,. Series IV. Values of pv A
NO, ts P vy dy
1 | — 103°.57 | 98.447 0 63261 44,967
9 28.186 0.63702 59.944
3 48.7% 0.64198 75.807
b 58,368 0.64694 90.9292
5 | —139°.88 | 95.400 0.49459 51.368
6 33.774 0.49697 67.960
7 41,273 | 0.49967 82.600
8 48.338 0.30232 96.667
9 | — 1640 141 | 29,818 0.40065 56.952
~ 10 98.688 0.40164 71.427
11 34.387 0.40253 85.427
12 39 947 C.40376 98.936
13 | — 182081 | 20.496 0.32704 62.670
14 24.818 0 32699 75.898
15 98.506 | 0.32072 87.948
16 32.568 0.32675 99.673
17 | — 195097 | 18 527 0.27827 66.581
18 23.303 0.277% 84.055
19 T 97.887 0.27580 100.933
20 | — 2040.70 | 16.749 0.24036 69.084
, 21 90.403 0.23876 85.658
929 94.015 0.2369 101.367
93 | — 21208 | 15.416 0.20644 T4.679
94 18.038 0 20430 88.296
25 920.643 | 0.20928 102.051 |
9 | — 17041 | 14.635 | 0.1878 | 78.103 |
97 16.784 0.18491 90.766 i
28 18.833 0.18289 103.080 |
JER—

1y This temperature has been derved

thermomele

NO, 101«),
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reduciion has not been carried out, as it is better to take this ten
perature as giandard temperalure insiead of — 135°.71. Here, th
reduction would have {o be made for a comparatively large difference ¢
temperature, and would become inaceurate. It is, therefore, preferable t
leave the values of t{able XIX for this temperature intact, and .
necessary apply the reduction 1o those of series I, which are muc
lesz rveliable. The temperature — 164°.14 has been adopted as ney
slandard iemperature.

The determinations 5 and 9 as well as 14 and 18 of table XIZ
have been united (0 a mean.

§ 20. Coinnarison of the series L and II with the control-deter
minations. '

For reasons mentioned in § 17 the poinis of series I and II hav
been doubly determined in a mutually perfectly independent way
They can be easily compared with the control determinations ¢
IV and V by reducing them to the same density and temperature b
means  of virial coefficients. If in this way for —103°.57 Nos. 2,
and 4 ol series 1 {see {able XII) are-compared with 1, 2 and 3 ¢
series 1V (sec (able XXI), we find for the differences of puys fo
IV—1 vespectively : . '

-+.0.0000L , 4~ 0.00007 , — 0.00019
and for —139°88 for 1V (5,6) — 1 (2,3):
-- 0.00085 , — 0.00036.

Dealing in the same way with the series II and V (see table
XIT and XX}, we find respectively for the temperatures —182°.81
—195°.27, —204°.70, and —212°.82,

v (1.2) —11(2,8) = -+ 0.00007, - 0.00010
V(45,6 —11(2,3,4) = - 0.00012, 4 0.00026, 4+ 0.00017
V(7,8,9)  — 11(2 3, 4) = - 0..0020, + 0.00019, + 0.00034

V (10, 11, 12) — 11 (2, 3, 4) = -+ 0.00018, - 0.00008, - 0.00021 -

The differences are to be ascribed chiefly {o condensation o
impurities, as they diminish with increase of the temperature. Thi
was considered as sulficient ground to reject the results of the serie
I and II for the farther calculations as less veliable. This was alsc
done for —104°, though the series 1 and 1V harmonize very wel
for {his temperature. When we disregard the influence of {hs
probable condensation t{he very regular course in the sifuation o
the poinis is an indication about (he accuracy of the measurement:
(hemselves also for the other isotherms,
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So there remain (he delerminations of the series IIT, IV and V,
‘which, reduced to the standard temperatures, occur in the tables
X1, XX and XXI. Wiih these -data. the further caleulations have
been carried out. Plate I gives a survey of the situation.of the points

. , - : DA .
in the diagram of isolherms; on this plate T2 Yas been given as

.Il’l

function of the density. (7" absolute temperature). By I and II the
isotherms of 100°.20, and 0°, which will, be treated in the following
communication, are indicated, by the other Roman figures ascending
with decrease of temperature, those to —217°.41,

§. 21. Individual virial coefficients.

In the same way as has been explained in §12 of Comm. N°. 97«
the first .three virial coefficienis of the development into series con-
sidered there were calculated for every isotherm, by means of the
earlier and the new data. They have been put together in the
subjoined _{able. E :

TABLE XXII. H, Individual virial coefficients.

£ {1A 10° B, 10°C 5 \ 102D, l{ 108 E,

© — 103057 0.62%48 -+ 0.24409 305300 -+ 0.9143 — 0,648
-—139°.88 0.48765 1 011178 | - 04034 -+ 0.6753 —0.318
—164°.14 0.39891 -+ 0.00732 4 0.4148 + 0.4970 —0.208
—182°.81 0.33003 — 0.07947 -+ 0.3908 - 0.3809 — 0,088
—195°.27 0.28508 — 0.12309 -} 0.3165 -~ 0.2892 — 0,016
— 204°.70 0.25074 — 0.17328 -}-0.3398 -+ 0.2166 ‘+ 0.031
— 2i 9°.82 0.22103 —0.22271 -+ 0.3599 -+ 0.4514 4+ 0.066
— 27044 0.20424 | —0,24539 403558 | 04192 -+ 0.082

In the same way as in Comm. N°. 97¢ (he dilferences between
the observed values of pva and those calculated by means of the
found virial coefficients are pui together in a table, which we subjoin.
- The second column contains the differences for the points of the

hydrogen thermomeier (sec table XII of Comm. N°. 979), the following
columns refer {o the series IV, V and 1IT in the order given here,
the values being arranged according to the ascending deunsities for
cacli series. ' .

28*
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TABLE XXIII H..

Deviations from the formula.

¢, 105(0, —C)

—103° 57 | — 1 |48 —=1|—111 46

-139°.88i—2 418 | —15 04 4

—1640 14 0] —8|4+7{—06]|42

—1820 81 | — [ | —15 | 413 | 4+ 3 | 412 | —18  — 9 | J12

—195° 27 | — & | — 2| 495 | —11 | —16 048

—204° 70 | —18 | 4- 4 | 436 | 422 | —22 | —24 | —21 | 23

~219° 82 | —1h | 43| 412 J92 ! — 5| —10 | — & | —22 | 18
—2170 41 | 14 | 413 0| 4+15 ) —~21 1] —=3]—22]|—06|18

It appears that on the whole series
series V. The calculaled curves may
the series mutnally Undoubtedly thewr
than those of the separate determinations. In future we shall, therefore,
start from the vimal coefficients of XXII.

e

§ 22. Mouma of pva .
With the now avalable data the mimma of the pva curves were
now agamn determned for the lowest five temperatures, and as before
the coefficients P,, P, and P, of a parabola calculated. The columns
of fable XXIV have the same 1neaning as those of table XV of

Comm. N°. 97

IV gives higher values than
serve for the adjustment of
points will be more reliable

TABLE XXIV. H,. Minima of pv,.
|

£ Py ‘ dy ? 0-C

— 1820 8 0 320663 ’ 99 70 32 57 —0 29
— 1930 97 0 <7318 183 10 30 07 41 36
— 204° 70 0 22045 9238 27 34 67 —0 2
— 92190 §9 0 18782 287 99 84 09 —0 84
— 2170 41 0 16342 321 51 42 54 +0 19
0 30292 \ 0 0 —0 23
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For the caleulation of the coeflicients of (he parabola a sixth
poini was used which has been inserted al the bottom of the table,
and was obtained by means of the isotherm of — 164°.14. For this
femperature the value of 5, is very slight, and by means of inter-
polation the Bovre-point can be easily determined. For t{lus is found,
measured on the absolute scale:

G — — 165°.72
to which corresponds a value of pvy = 0.39292.
For the coefficients of the parabola we find:

P,= — 14.8370
P, =+ 676.563
P, = — 1624 31

The differences of the last colnmn are slight, except for —195°.27.
For this temperature Ca appears also o be too small (see table XXII).

Both deviations must be owing to the not quile accurale posiiion
of one or more of the points of the isotherms. From the diagran of
Plate I-it is already to be secn that the middle point of series IV
probably lies too high.

The parabola cuts the ordinate p =0 m two points where pvja is
respectively = 0.39330 and 0.02323, with which agree the absolute
temperatures :

T, —6.3 T, = 107°.5.

For the top of the parabola pvy = 0.20826, with which corresponds
a pressure of 55.61 almospheres. From this follows for the absolute
temperature of the isotherm which passes through the top:

T = 64°.2.

Physics. — “Isotherms of diatomic gases and their binary miztures.
VIL. Isotherms of hydrogen between 0° C. and 100° C.” By
Prof. H. Kameruixga Oxyps and C. Braak. Communication
Ne. 100° from the Physical Laboratory at Leiden.

(Communicaled in the meeling of November 30, 1907).
, .

§ 1. Swrvey of the determinations.

The reservoir of 5 cm.® of the piezometer of serics IV (Comm.
Ne. 997 Sept. 1907) was replaced by one of 10 cm.® With this
apparatus two isotherms were determined, in ice and in vapour of
boiling water. To obtain constant temperatures the same instruments
were used as in Comm. N° 60 (Sept. 1900). The water manometer
(c.f. § 8 of Comm. N°. 27 (June 1896)) was read, but the difference

Y




