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This 'value') is smaller than that found by direct measurement
at the smallest velocity of vaporization®): 110.2. It is possible that
this result indicates that the precantions taken to prevent condensa-
tion of the vaporized hydrogen within the calorimeter have not been
sufficient. In fact at a velocily of vaporization twice as great as
that at which the value mentioned above was found smaller values
were obtained, viz. 108.5 and 109.3 at 76.1 and 77.75 cm. pressure
respectively. '

!

Physics. — “Vapour pressures at very low reduced temperatures.
II. The vapour pressure of carbon dioride n the range
Jrom — 140° C. to about 160° C.” By Sorxus WrBEr. Com-
munication No. 137¢ from the Physical Laboratory at Leiden.

(Communicated by Prof. Kamerriner ONNEs).
(Communicated in the meeting of September 27, 1913).

AN

§ 1. In these measurements the heated-wire manometer deseribed
before was used *); it was calibrated by the aid of a set of pipettes
as shown in fig. 1. The manowmeter is sealed to the vessel P, at J
and is placed, together with P, and P, in a waterbath, in which
a temperature of about 20°C. is maintained by means of a thermostat.
This temperature is read on a mercury thermometer. The electric
connections are the same as in fig. 4 of the first paper. In order
to keep back mercury vapour or other vapours which might originate
in P, the tube / the volume of which is only 1°%, of the whole
volnme was placed in alcohol cooled to about — 100° C. by the aid
of liquid air. In a high vacuum the vapours given off by the grease
of the stopcocks will be condensed in /. I have tried to prevent
this flow of vapour to~/ while retaining the taps by interposing at

L) It may be noticed that this value nealy coincides with that calculated from the
vapour pressure measurements of DEwar (cf p. 441 note 1). The difference which
shows the value derived from the vapsur pressure measurements of TRAVERS and
JAQUEROD (cf. p. 441 nole 1) is due to the diverging cowse of their vapour
pressure cuive, cf. p. 444 note 1. [Added in the translation ]

9 Cf. p. 441 note 1.
%) H. KameruivéH ONNES and Soraus WEeBER, Comm. NO. 1370 (June 1918),
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(} and H glass valves as introduced by Karovovwve in T8prua-
Haeen’s mercury pump. ’

Fig. 2 shows one of these valves, a is aground
surface. Inside the glass tube a small piece of iron
is fastened: without a current through the electro-
magnet M/ the communication is open to the gas;
when the current is closed the vapours can only
diffuse through the narrow interstices left open at
a. The measurements seem to confirm that by the
use of these valves a better vacuum may be obtained.

The calibration was performed in the following
manner. By means of the high-pressure taps .D and
C some carbon dioxide was taken from the cylinder
A containing carbon dioxide which had been tho-
L ronghly dried and distilled several limes. This gas
Fig. 2. was solidified in £ by means of liquid air and sub-
sequently strongly exhausted with a Gagpr-pump. It was then distilled
into pipette p, and the pressure read with the manometer /. The
pipettes P,, p, and P, which communicated with the heated-wire
manometer were evacuated and the vacuum was measured with the
aid of this manometer, which had been previously compared with
an absolute manometer. The gas in p, was then distributed over p,,
P,, and p,. If stop-cock 3 is now closed and 4 opened, the gas in
p, is distributed over p, and P,, by which the pressure in £, in-
creases by a known amount. By connecting p, with P, and with P,
successively the pressure in P, again increases by an amount which
is known, at least if the dimensions of the apparatus are known.
They were: -

p, = 13.997 em®
P, =2108.15
po = 13464

-

- P, =25557

Each time when the pressure had been raised by a known amount
the loss of heat of the WorLastoxn-wire under definite conditions
was measured. The following table may serve as an instance of the
calibration: ¢ is proportional to the loss of heat per second and p
is the pressure in Dbaryes computed by means of the system of
pipettes. The inilial pressurve is taken as zero in the table ; in reality
it amounted to 0.029 baryes.
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TABLE I
» Ty
o oo 0.6731 )
5.059 0.8019 ,
10.099 0.9202
- 15.120 1.0551 )
20.122 1.1804
25.106 1.3044
30.070 1.4279 ,
35.016 1.5305
30.043 1.6724
44.851 1.7932
49.740 1.9132
54 611 2.0332
59.464 2.1522 .

§ 2 After the calibration was completed the manometer was put
into connection with a vapour pressure tube. Tlus tube was of the
form described in the previous communication. The measurements
were conducted in the following manner. The apparatus was first
exhausted as far as possible and was allowed to stand for some
days, until the walls did -not give off any more air. The vapour
pressure tube which was placed in a cryostal together with a ther-
mometer and a stirer was then successively surrounded by ethylene,
methane and oxvgen, and the vacuum was measured at temperatures
between —130° C. and —180° C. Carbon dioxide was then distilled
into the apparatus and the vapour pressure measured at a series of
temperatures. The difference between the two readings at each tem-
perature after correcting for the thermal molecular pressure gives
the vapour pressure of carbon dioxide.

In order to be able to obtan the corrections for the thermal
molecular pressure 1t is necessary to work with different tubes
suitably chosen. In this investigation two tubes were used, tube I
with a diameter of 1.75 ¢m. and tube II of 0.563 cm.

/
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The results of the measurements ave contained in table II

TABLEII
Pressure
Temp. Measured | Measured I II Calculated
7-273.09 tube I tube II corr. corT. acl\?(l)ir]czlib?g Tto
—134.61 1430.6 1430.6 1430.6 1430.4 1429.9
136.78 1001.2 1002.8 1001.2 1002.5 1002.0
138.69 720.0 720.6 719.9 720.2 719.3
140.63 509.2 510.8 509.1 510.2 508.7
143.07 324.7 323.9 324.6 323.1 324.2
145.44 207.0 204.2 206.8 203.1 206.70
148,27 117.72 119.7 117.42 118.0 117.30
151.46 48.42 50.30 47.90 47.86 47.84
155.00 28.33 30.65 27.70 28.21 27.56
158.55 12.92 14.69 12.34' 12.12 12.00
159.72 9.82 10 72 8.66 8.94 9.015
161 39 6.74 7.50 5.85 6.00 5.942
163.19 4.43 4.99 3B 3.71 3.131
164.03 3.63 4.07 303 2.98 2.993
168.83 1.222 1.288 0.806 0.797 0.790

The first column contains the temperature as determined by means
of a calibrated DI’t.-thermometer. The second and third give the
results of the measurements with the two tubes expressed in baryes,
the fourth and fifth the same numbers after correcting for the
thermal molecular pressure. For the measurements between —150°
and —3162° these corrections are somewhat nncertain, as they have
been determined experimentally for hydrogen and oxygen only.
Moreover the tubes had not been chosen as favourable as possible,
as will be clear from the following.

.

29
Proceedings Royal Acad Amsterdam. Vol. XVL
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The corrections are calculated by means of Knupsen’s formulae ').
In the previous communication 1t was shown that with {he degree
of accuracy of our measuremenis these formulae may be considered

2
as correct, if the region where approximately 1 < ﬁ<10is exclu-

ded. If BreirenBacH’s observations on the viscosity of carbon dioxide
are extrapolated by means of SuTHERLAND’s formula ) it may be
concluded that the corrections cannot be computed in the range
between 25 and 3 baryes for the wide tube and between 75 and 8
baryes for the narrow tube. Supposing that the mean free path is
known with sufficient accuracy it will be seen that between 25 and
8 baryes there is a range for which the correction, cannot be, cal-
culated. An additional tube of say 1 mm. diameter ought to have
been used. |

It appears further that below 3 baryes there is a range of pres;
sures, where the correction can be found for both tubes. With the
tormula which holds for this range the mean free path may be
determined by eliminating the unknown vapour pressure. The result
of this caleulation is found to agree within the limits of accuraey,
of the observations with the mean free path as calculated Wit]}
SuraernAND’s formula. In table II this shows by the close agr eement
between the vapour pressures under I corr. and Il corr. -

The conclusion seems therefore justified that the mean free path
of carbon dioxide 1s known with sufficient accuracy at these tem-
peratures, and that the corrections may be deduced by means of
K~upseN’s formulae with the exception of the range between 25
and 8 baryes.

Leaving this range out of account in the mean time we will now
discuss the formulae for those ranges where in our opinion they
are still applicable.

2R
1) - >10.
In this range we use the following formula theoretically: deduced
by KNUDSEN.

1) Martiy KNUDSEN. Ann. der Phys. 31 (1910), p. 205, 633 ;:33 (1910), p. 1435.

%) The exirapolation by means of SurHERLAND's formula is probably allowable
in, this case, as the range of reduced temperature is comparatively small. Over
larger 1anges of reduced temperature SuTnTRLAND's formula, does; not appear
to be applicable (H. Kameruingr Osnes C. Dorsman and Soprus Weser. Comm.
N 134¢ Macch 1919).



451

¢
14—
-~ T 973
0.00189 — 2 " g
c Ve,
14+ =
%= ~ (Z)
ar— p
1+ T Ve, .
R 4+ 32.07 -Wgh
(4]
14—
( 273 )"

\

The meaning of the symbols is the same as in KNUDSEN’s paper.
According to the theory the constants £, and %, are independent
of the nature of the gas. Experimentally this formula has been
confirmed for hydrogen and oxygen, and %, and £, appear actually
to be independent of the nature of the gas. The equation which
may be integrated in a fairly simple manner loses its validity for
small values of -2? . For carbon dioxide the formula was used with
the values of %, and %, which were found from the measurements
with hydrogen and oxygen. As shown by Table II the numbers
under I corr. and II corr. agree well with each other which may
be looked upon as a partial confirmation of the underlying suppo-

. . . . . 4 .
sitions. Fig. 3 gives a graphic representation of d—p according to the

7
different formulae. The abscissae give the pressures in baryes, the
ordinates % for the tube with 2 R = 0.563 cm. Curve / represents .
the relation’ a[ccording to f(z)%mula 1. For the corrections the formula
has not been used, when T<10 ; it depends, however, on the

degree of accuracy required, where the limit bas to be taken.
2R
@. 5 <1
d
In this case the following formula was used for d_g‘:

dgp 1 1 »p
dT 2 OR T
)

where p and A are connected by the relation p .2 = const.; this
constant is determined by the viscosity corvesponding to the tempe-
rature 7.

29"
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For sufficiently small values of - the formula reduces to

ip 1 . 7
Zg’:_i 1—0,_]— or after integration %:: ;.I_:
The limit for the application of formula [/ has been taken at

2R . . o
T:1, which gives about the same accuracy as in the former ecase.

- d
-The relation between p and EIZZ’ according to formula [I is also

given in fig. 3.
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2R .
3. 1< <10, .

In this region the formulae can probably only be used as rough
approximations. Curve I/I in fig. 3 has been obtained by reducing
the observations for hydrogen and oxygen to carbon dioxide by
means of the law of corresponding states. The values given by II7
have been used in this range for calculating the corrections. The
results under I corr. and II corr. agree fairly well with each other.
The observations are, however, not sufficient to draw conclusions
with regard to the value of thelmal molecular pressure in this
intermediate region.

This region has, therefore, not been sufficiently studied as yet
and new measurements in this range would be of the greatest
interest.

In table II column 5 under “calc. according to NErNsT” the pres-
‘sures are given calculated by the aid of Nerxst’s formula. In the
former paper use was made of the formula with the values of the
constants found by FaLck?), viz.

6000 1 0.00913

logp—=— ———.— + 1.75log T ————— T + 31700 . (I)
. 4.571

In order to obtain a satisfactory agreement at higher pressures

the constants had to be slightly modified as follows

6007.9 1 0.009008
TELT + 1.75log T T4 8.1700 . (J1).
p 1is here expressed in atmospheres.

The coefficient of log 7T and the chemical constant are unchanged,
and the other two constants have been only slightly altered. This
alteration can have no influence on Farck’s theoretical deductions.
The very low vapour pressures which we measured before with
the absolute manometer are also unchanged, as the term proportio-
nal to 7" has but little influence in that region. In that case
Nernst’s formula reduces to the vapour pressure formula according to
KircrrOFE-RANKINE-DUPRE *).

It can hardly be expected that formula [I should give vood
agreement at temperatures much higher than those given in table
II. At higher temperatures Farck finds greater deviations which,
however, he considers to be due to errors of observation. I have

logp =—

1) F. Farck: Phys. Z. S. 1908, p. 433.

%) H. KameruingH Onves und W. H. Keesom: Die Zusiandsgleichung Leiden
Comum. Suppl. N° 23_pag. 300.

-10 -



454

made only one measurement at temperatures higher than those given
in table 2. '

Temperatures p - Cale. by

T—273.09 cm. Hg form I7.
—129.29 0.3943 0.2536
—129.28 0.3948 0.2539

Although this measurement is the only one it may be considered
sufficient together with the observations.by Zereny and Swmita’) to
infer a considerable deviation from the formula at this tempevature.

In conclusion I am glad to record my gratitude to Prof. H. Kamer-
rined Onnes for his kind assistance and his ever ready interest in
my work.

Physics. — “On the magnetization of ferromagnetic substances:
considered in  connection with the assumption of a zero-point
energy”. By Dr. W. H. Kgrsom. Supplement N°. 32¢ to the
Communications from the Physical Laboratory at Leiden.
(Communicated by Prof. H. KamuruiveE ONNES).

(Communicated in the meeting of September 27, 1913).

~r

L. On the spontancous magnetization.

§ 1. Introduction. NErNsT®) was the first who suggested that
the quantum-theory has to be applied also to the rotations of gas
molecules. Since that time the measurements by Euckew ®) and those
by ScmeeL and Hrust®) have contirmed the anticipation expressed
by KameruneE OnNis®), that the decrease which according to that
application 1s to be expscted in the specific heat at constant volume
of hydrogen in the gas state, would already occur at reahsable
temperatures. By this result they have demonstrated very clearly
the necessity of that application. At the same time they have given

1) ZELENY u. SmiTH. Phys. Z. S. pag. 667, 1906. .

9 W. Nerxst. ZS. f. Elektrochem. 17 (1911), p. 270 W. Nemnst and F. A,
LINDEMANN, ibid. p. 825. Cf. also A. ExnsreIN, Rapports conseil SoLvay 1911, p. 432.

3 A. Euckex. Berlin Sitz.-Ber. 1912, p. 141. )

4y K ScueeL and W, Heuse. Berlin Sitz.-Ber. 1913, p. 44. Ann. d. Phys. (4)
40 (1913), p. 473.

§) Rapports comseil SoLvay 1911, p. 301. ZS, f. Elektrochem. L7 (1911), p.
826. Gf also H. Kampruwer Onnyes and W, H. Kgesom. Math. Enz. V 10,
Leiden Comm. Suppl, NO. 23, § 57 £.
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