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For the pressure coefficient B. TisuL?) gives
y=—1,44.10-% at T'=273° K.
From our measurements we find
y=—225.10-% at I'= 90° K.
and y=—17 .10-5 at I'= 20°3 K.
so that the pressure coefficient has become somewhat greater at the
lower temperatures. The increase obtained between 273° K. and 90° K.
changes again to a diminution. The accuracy of the measurements
is still too small to allow us lo aitribute any significance to this
diminution at the lowest lemperatures.
If we consider the decrease — Aw in the resistance for p = 100 atm.,
we find thal it approximates to zero at the lower temperatures. Thus
we find for Pby:

273° K. for p=100atm. — A w=0,017 .
20° K. ,, .., . -— A w==0,008
2003 K. ,, ,, . — A w=20,001.
Physics. — “Isotherms of monatomic substances and of their binary

muctures. XIV. Calcwlation of some thermal quantities for
argon”. By H. Kameruven Onngs and C. A, CroMmrniv.
Comm. N°. 133¢ from the Physical Laboratory at Leiden.

(Communicated in the meeting of November 30, 1912).

The empivical reduced equation of state for argon, VIL. A. 3,
published some time ago *), enables us to calculate a number of ther-
mal quantities which are essential to a knowledge of monatomic
substances in general and of argon in particular. These quantities
may also be obtained graphically. Calculation by means of an equa-
tion whbich fits the experimental resulls over the whole region of
observation allows, however, a much greater accuracy to be attained.

| tl l lt [)e .) ¢ i ve vaiues Of e ”'
n 1e hresel p o (a]’) ’ (a ,ryg) >

dy, 04 0 0 L
(%)2’_—: r (é%l’ (525)1; T (5-)7/— P, (AMAGAT’S pression inie-

1) E. Lisewn: Upsala Univ. Avsskrift 1903.
9 H. KamerLizgE Oxnes and (. A, CRrROMMELIN, Proc. June 1912, Comm.
Nu, 198,

%) Alveady indicaled in Sappl N°. 28, note 492, p. 146, Preliminary values
obtained by C. A, CrommeLiv for some of the quantities here discussed have
already been published by E, H. Awacar. G. R 9 April, 1912,
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. 9
risure 1)), and of ReiNngaNuM’s ¢, ap = [’I’ (ajj) — p] »*, calculated
v

as functions of the temperalure and of the density from equation
VII. A. 3%). The temperature is expressed in Krnvin degrees and
is calculated from 0°C.; the pressure is expressed in international
atmospheres *).

The importance of a knowledge of these quantities especially as
fonctions of the tfemperature has already been repeatedly insisted
upon ‘) so that we need say nothing further here upon that point.
We shall only say that according (o the chief vax DER WaALS equation
with constant ay, by and R\, (ai) . (§E> and ay should be inde-

07/, \0v/7
2

0
pendent of the temperature, and consequently (6_1]%) should vanish,

so that the deviations which they all show may be taken as a
measure of the degree fo which argon deviates from the simple
assumptions regarding molecules accepted by Vax pEr WaaLs in deve-
loping his principal equation.

Agreement, al least approximate, with the chief vaN DER WaALs
equation wonld first be expected in the monatomic substances, and
therefore the investigation of these guantities for argon as well asa
comparison of the results with those for substances of more complex
molecular structure is of the greatest importance.

Consideration of the quantity introduced by RuiNeaxum ®).

— | 629 . Oou
= 7(z), 2 == (&),

enables us to see that, as far as the mutual actions of the molecules
is concerned, the assumptions upon which van pErR Waars founded
his chief equation with constant a, , by ,and R, must undergo some
modification such as has recently been introduced by vaN pEr WaALS in
the various developments of the consideration of apparent association. If
we retain for the moment the most immediate assumption suitable for
monatomic sabstances sach as argou, that the atoms are incompressible,
then changes in ar would be wholly due to deviations of the molecular

1) E. H. Awmaear, numerous papers in ithe C. R. collected in “Noles sur la
physique et la thermodynamique”. Paris 1912,

%) For the nolalions used in this paper see Enc. math. Wiss. V. 10. Suppl, Nv, 23,

3) Enc. math, Wiss. V. 10. Einheiten. a.

Y M. RuNearuy, Diss. Géttingen 1899, Ann. d. Phys. (4), 18 (1905) p. 1008,
Suppl. Nv. 23, p. 140 sqq.

§ M ReiveaxuM. Diss. Gittingen 1899,
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TABLE L

1240

5136

ol +200 | 00 200 | —a00 | —6o0 | —700 | —soe | —a00 | — 1000 - 110° | — 118° | — 116° | — 1190 | — 1220
20| +0.0764 | --0.0766 | -4-0.0768 | 4-0.0770 | 4-0.0773 —+0.0775 | 4-0.0777 | 40.0779 | 4-0.0781.| +0.0784 | +0.0785 | --0.0786 | +0.0787 | +-0.0788
40 1589 1595 1603 1612 1624 1630 1638 | - 1646 1655 1665 . 1669 1672 1676 1680
60 2471 2485 | 2501 2521 2545 2559 2575 2503 2614 2637 2644|2652 2660 2668
80 34000 3431 3457 3490 3531 - 3556 3584 3615 3650 3690 3703 3711 3731 3745
100 4517 4578 4615 4657 4704 4759 4821 | 4841 4861 4883 4904
120 5700 5857 5034. 6022 | 6051 6080 6110 6141
140 7113 7202 1331 7371 1411 453
1160 ‘ 8473 8627 8678 8730 8783 8837
180 ’ " 1.0030 1.0093 1.0159 ©1.0227 1.0296
200 | 1580 1662 1741 1833
220 3142 3243 3348 3453
4913 5041 5172 |
260 6683 - 6839 6998
280 8568 8757 8951
300 2.0580 | 2.0817] 2.1053
320 2760 | 3044 3329
340 5 5467 5810




T.ABLE IL

. 0
: ;(W,; ~

log| 4200 | 0o | —200 | —a00 | —60> | —w00 | —s0o | —ooe-| —1000 | —1100-| —1180 | 1160 | —1100 | 1220
£ 20 |—0.90001—0.00001—0.00002|—0. 00001 |— 0. 00002/ 0. 00001 0. 00003 —0. 00002|— 0 00002|—0. 00003|—0- 00002| - 0 00003—0.00003—0. 00003
s + .3 -8l 4 3 6 6 8 9 10 11 12 12 13
60 6| 7 o 107 - 14 5 17 - 19| a1 24 - 260 26 o1 28
80 10, 12 15 P DR P B 35 37 . 43 - 43| w4 48
100 ' | zl 3 39 44 5100 58 66l 68 69 2 M
120 o o 63 8. 82 93 011 . 100 102, 106
4ol = - ' 1 126/ 130 135 138 141
160 L S 144 65~ m| 17 179! 182
180 ' = o : 210} 216 223 228 232,
200 . SR : : 211 20, 285 288
220 - _ ' g 334 344 353 358!
1240 | e _ o | 420, . 432 a8
260 : ‘ . ‘ y : 3 s12) | 526 536]
280 ] o 6200 640, 653
Js00| : : . ' , ™8 . T 195
320 . : : ' ) 899 935 963
340 : : ) _ : , , 1079 1125 1165..
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TABLE III

ouw " Op
55)17_ 5T)u—-P
On | + 100 0° —20° | — 400 | —60° | —70° | —80° | — 60° | — 100° | — 110° | — 113° | — 116° | — 119° | — 1220
20|+ 1.150 |4 1.198 | 4 1.254 |4 1.314 |+ 1.381 |4 1.417 |4 1.454 |- 1.494 |4 1.533 | 1.579 |4 1.593|4 1.604|4 1.620|- 1.635
40| 4.525] 4.703| 4.905! 5.134| 5.388| 5.523| 5.670{ 5.826] 5.990 6.163 6.218 6.273 6.331 6.387
60, 9996 10.37 | 10.79 | 11.27 | 11.82 | 12.12 | 12.43 | 12.77 | 13.14 13.52 13.64 13.76 13.89 14.01
80! 17.44 | 18.05 | 18.75 | 19.55 | 20.46 | 2098 | 21.53 | 22,11 | 2274 23.42 23.63 24.84 24.06 24.217
100 20.79 | 31.15 | 31.92 | 32,75 | 33.65 | 34.62 35.65 35.98 36.31 36.64 36.97
120 45,91 | 47.18 | 48.55 50.03 50.49 50 95 51.42 51.90
140 64.38 66.38 67.00 67.63 68.27 68.90
160 81.94 84.54 85.35 86.18 87.00 87.83
1180 104.4 105.4 106.5 107.6 108.6
200 127 2 128 5 129.8 131.1
220 150.5 152.2 153.8 155.4
240 177.4 179.4 181.4
260 « 204.4 206.9 209.3
280 233.2 236.1 239.1
300 T | 263.8 267.4 270.9
320 296.5 300.7 305.1
340 ’ 331.3 336.4 341.7




f TABLE IV.
o (O ,
aRN = 3 1 (a'/"),_ PN

ox| + 200 0° | —200 | —40° | —60° | —70° | —80° |'— 900 | — 100° | — 110° | — 1130 | — 1160 | — 1190 | — 1220
20/-4-0.002875/+-0.002906{+ 0. 003134+ 0.003285( 4 0 003453--0.003541|+0.003636/+0. 003735|+ 0003833\ 0. 003046 1-0.003083|+-0.004011| 4 0. 004050/-1-0.. 004088
40 2828 2940 3066 3208 3367 3452 3543 3641 3743 3852 3886 3921 3957 3092
60 2171 2880 2997 3131 5262 3366 sas4| 358l 3640|3756 3180 3823|3857, 3803
80 2125 2821 2030 3054 3197 3278 3363| 5485  sss4] 3650 3692 3125 3150 3793
100 i 2070|3115 3192 3275 3365 3462 ss6s| o508 8631 8664l 3697
120, 3188 3276 3372 3474 3506 3539 3571 \ 3604
140 3285| 3387 3418 3451 48 516!
160 3201 3302 3334 3366 as00 3431,
180 3223 3255 30871 3319, 3352
200 3180 3212 3245 32718
220 3110 3144 3177 3211
240 3081 3115 8150
260 3024] 3060 3006
280 2074 3012 3050
+1300 2931 2971 3011
320 2895 2037 2079
340 2866 2010 2056




TABLE V.

07, %
Yy — (2
(av )T (OT’)v '

On | +20° 0° —20° —40° —60° —170° —80° —90° —100° | —1100 | —113> | —116° | —119° | —1220

20 |-0.092931—0.00273,—0.00506|—0.00233/—0.00426!—0 , 00203/—0. 00579|—0 . 00366'—0.00346 —0.00489|—0.00320/—0.00471|— 0.00462|— 000453

40 879 819 1012 699 1279 1219 1543 1648 1731 1794 1761 1885 1849 1964
60 1759 1912 227 2331 2083 3046 3283 3479 3635 3914 4162 4084 4160 4231
80 2031 3271 3796 4196 5114 5071 5793 6408 6404 7013 6884 7226 7242 7252
100 6293 1458 7921 8496 9338] 0.10039] 0.10764 0.10836, 0.10839 0.11094 0.11181
1120 0.12165] 0.13366] 14193  15167] 15520  15709] 15717, 16016
140 " 19213 20540 208120 21207 21264 21304
160 24025' 26910 27375! 271401] 27582 27498
180 . 34249 34570, 35031 35133 35053
200 . 43334|  43828)  43016] 43514
220 ' 53470; 54039  54304| 54090
240 ' 65978 66567 66177
260 80430  81051] 80984
280 | 91306 os618l  ose62
300 1.1750 | 1.1942 | 1.2012
320 1.4122 | 1.4407 | 1.4550
i340 1.6950 | 1.7335 | 1.7602
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forces from the simple initial asswioptions made by vax DEr Waals.
Such changes in ay might originate from three causes: change in’the
ftw, in the by or in the R, of the chief equation, as a rvesull of the
radins of the sphere of action being but slightly greater than that
of the molecule, a circumstance ') revealed in apparent association.

Since
ik 3
p (2 — (%
012 ), Oov Jop )

: opYN . . .
the guestion as to whetber (Oﬁj) is independent of the temperature

2

01,2) =0, i> most inlimalely connected with the
v

0%p
and therefore (—7

0 .
question as {o whether (g—v) =0 or not. For a long time this
v /)1

m

question remained undecided on account of the lack of experimental
data. We mnow know that, at least for a nuniber of substances,

~

op

(é) i in general a function of the temperature, and thal therefore
v

PP does not vanisl

S i .

577 ), oes not vanish

If we now compare the behavionr of argon with respect to

01
Youne *)*) deduced from his observations upon isopentane that

opY . . :
(L,) with that of isopentane we find correspondence in many respects.
v .

op o e .
(E—)Zj) decreases with falling temperature forvr < 4.6 c.c. ; at greater
v

volumes up {o vy=400c.c. it increases with falling temperature,
while it remains practically constant at still greater volumes. For
argon, for whicl the volumes are expressed in terms of the normal
volume as unit, il the law of corresponding slates were accurately
obeyed these volumes would correspond to vy =0.00377 and
vy =0.328 or gy =265 and ox=3.05.

The argon observations embraced by VII. A. 3 lie entirely within
these limits, and from Table I we see that argon agrees witl
isopentane within the region of observation. Over the entire region

op -
(aij‘) falls with increasing temperature. At the lowest argon density
v

1) This civeumstance causes a change in by also, cf. H. Kamrruwves Oxnos and
W. H. Kceson, Suppl. NO 23, Nr. 47,

?) M. Rurseanum, Diss. Gitlungen. 1899, pg. 42.

%) S. Youxna, Proe. phys. soc. Londen 13 (1895), p. 602.
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oy =20 the diminution becomes exiremely small, pointing to con-
stancy at still lower densities. Argon differs from isopentane, how-
ever, in this respect thal with argon at higher densities far above
on = 265, the increase becomes still more rapid, while the behaviour
of isopeniane would lead one to expect a diminufion in the rafe of
increase. -

From his observations nupon isopentane Youne') deduced the following

i . 0%p
rule for the behaviour of [ = |:
1%/,

0%*p )
0
(aTﬂ>u<i‘vk > ’
0%*p g
— 0
(OT")u > i N <

This rnle has already been condrmed for a variety of substances,
and is, as far as-its second part is concerned, also obeyed by argon.
For carbon dioxide, ethylene and isopentane, Ruiveéanum found

: o (OP . . :
that the quantity ar == — |— p | v* is a minimum for v about

071" Jo
3 o .
7 and at femperatures about 10° above #. If the law of corre-

sponding states were strictly true this minimum for argon should be
at gn = 380, and therefore outside the region of experiment. Nothing
can be done consequently beyond trying to judge from’extrapolation,
if, and where, the minimum exists. If for this purpose we graph
ag as a function of oy at —122° and —116°, then extrapolation
towards higher densities shows that it is probable that these curves

would also exhibit a minimum for argon at » = vk

Physics. ~— «“On the rectilinear diameler for argon.” By E. Maraias,
H. Kamuruinen Oxnwnes, and C. A. Crommeriy. Comm. 131a
from the physical Laboratory at Leiden. (Continued).

(Communicaled in the meeling of November 1019),

§ 5. Results. The results obtained are given in the following
table ) (p. 961):
The calculated values of the ordinates of the diameter given 'in
this table have been obtained from the equalion
])pp = ().20956 — 0.00 26235 {ag)-

H 1l e
?) Por the notations, see Suppl. No. 23.
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