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Physics. — “On the measurement of very low temperatures. XIX.
Dertvation of the pressure coefficient of helium for the inter-
national heliumthermometer and the reduction of the readings
on the heliumthermometer to the absolute scale”. Communi-
cation N°. 1020 from the Physical Laboratory at Leiden. By
Prof. H. KasrrriNnen ONNES.

§ 1. Pressure coefficients of helium. As the absolute zero is known
with sufficient accuracy — from the Leiden observations on hydrogen
may be derived Tyoc.=273°10 K. ') a value which, becaunse it
agrees with other determinalions, is probably mnot far from the
true one — we may by means of the virial coefficients B4 for
helium at 0° C. and 100° C., determined in the preceding communi-
cation (1029), derive the pressure coefficients of helinm at different
densities for this range of temperaiure. For the pressure coefficient of
the wnternational helium thermometer *) 1. e. the mean relative pressure
coefficient from 0° C. to 100° C. for helinm with the density

Q° ( —100° (.
belonging to the zero pressure of 1000 m.m. r l or for
shortness ;e,, the formula

‘ 100
A4y X 0.36617 + (Bajoooc — Baooc) =
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yields

He . = 0.0036613.

If one considers that according to table II of Comm. N°. 102«
the isotherm of 0° gives rather large values for Obs.—Comp.,
then it seems that the isotherm of 20° C., where the Obs.—Comp.
are only small, are more reliable for the derivation given above.

3) In Comm. NV 101¢ the value 273°.08 1s found, but as will be explained in
Comm. NO. 102/, an erratum to Comm. NO. 976 XV, the pressure coefficient
0.0036627 for hydrogen at 1090 mM. mus! be restored instead of 0 0036629 which
was derived in the above mentioned communication and used for a certain time.
It is lo be noted that the diflerence introduced by this recalculation is not greater
than the other observalional errors. The small differences between some numbers
of this communication with the Dutelr text are the consequence of this correction.

%) The scale of the hydrogen thermometer of constant volume at 1000 m m.
zera pressuve is generally called the scale of the normal hydrogen thermometer
(this was also done in Comm. N°. 97b). As 0°C. and 760 m.m. are accepted as
the normal state for gases, it seems to me preferable to call e scale just mentioned
the scale of the infernational hydrogen thermometer. In the same way we must
Speak of the internalional helium thermometer.
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0°C.—100°C.
Therefore 1 have calculaied [ ty ]1000 mm. by means of the
data for 20° C. and 100°.35 C. With neglection of the deviations from
the absolute scale for the hydrogen thermometer at 20° C., B4, ooc.
was determined by means of rectilinear extrapolation. This gave

BA, 00 C. = 0.03499,
whence )
Ag, = 0.99950.

With these new data we derive from formula (1) of this section

e, = 0.0036616.

From the data for B4 of table II of the preceding Comm. and
Teoc.=273°10 K we may determine in the way mentioned in § 2
of Comm. N° 970 the corrections of the readings of the helium
thermometer of constant volume with a given zero pressuve to
the absolnte scale. They have been calculated for a zero pressure
of 1000 m.m. and are combined in table 1 where the remaining
columns have the same signification as the corresponding ones of
table XVI of Comm. N°. 97¢.

TABLE 1. Correction of the international helium
thermometer to the absolute scale.

6 108. B . (af), (a8),

1000.00 | + 0.492
0°@ | +0.513
0°@) | + 0500

— 103057 | 4054 | 4000034 | — 0° 006

—182.75 | 40532 | 400158 | 4 0.002

— 916 56 | +0.463 | 4-0.022 | 40 010

The corrections indicated with (a) are derived by means of the
values of B5.ooc. from the direct determination, for (J) we have
used the value which is recalculated with B e00 (comp. the preceding
Comm.). It is probable that on account of what has been said in the
preceding section those of column (b) are the most reliable.

§ 3. Determinations of other observers.
For a comparison with the results of the two preceding sections
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we can only use the determinations of Travers, SinrEr and JacQUERrOD.!)
They have found:

1st . for the pressure coefficient of the heliumn thermometer at 700

000 —10L°C
m.m. zZero pressure [ o 00 = 0.00366255 which agrees with
0°C—100°C

00036628 for L @ ), and

2nd_ for the difference between the indications ofthe helium thermo-
meter Iy, and the hydrogen thermometer ¢, (each of about 1000 m.m.
zero pressure) at the boiling point of oxygen (fi5, — #ize)—1s0° ¢ = 0°.10,
and at that of hydvogen (fi, — t1.)—sse°c == 0°.20, which differences
are so considerable that CarreNDAR *) concludes thence that the correc-
tions of the helium thermometer to the absolute scale are negative.

The two results which strongly deviate from mine may be readily
explained if one adopts that the determination of the coefficient of pressure
variation of helium by Travers, SeNTER and JacQuEeroD has not yielded
the true value. For if the differences in indication found by them
between their helium- and their hydrogen thermometer are reduced by
means of the corrections of each of these thermometers to the absolute
scale which are given in Comm. 100+ and in Table I of this Comm., to
the difference in readings on the absolute scale, which are found at
the same temperature by means of the hydrogen thermometer which
gives fg, and by means of the helinm thermometer which gives
Oi1e, there remains at — 182° a difference

(O11, — Oe)—182° = 0°.10 — 0°.049 — 0°.002 = 0°.05
while by extrapolation of the corrections found to — 217° for — 252°
one would find
(Bn, — Oud)—ssee = 0°.20 — 0°.12 — 0°,02 = 0°.10.

When calculating the temperatures fr, and #p. the investigators

mentioned have taken the pressure coefficient of the helium ther-

He
mo;neter ( au) to be equal to that of the hydrogen thermometer
t Tiavers

at the same zero pressure (for 1000 m.m. therefore 0.0036626
according to our value of Comm. N°. 60). If the corrections applied
by me are right that pressure coefficient must therefore, at — 182°
in order that &y, — fg. =0 be diminished by 0.0000010 so that

e
‘0, = 0,0036616

1) Phil Trans. Ser. 4. Vol. 200 p. 105—180. Kuewex and Rawspaw. (Proc. Roy
Soc. Vol. 59) have made a determination, which, being only intended to show
whether the helium behaved normally, is not made to the high degree of-accuracy
which is required for a comparison with isothermal deéterminations.

4 Phil. Mag. [6] 5. 1908,
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and in order 81, —8y, at — 252° by 0,0000013 {o that
He
/ = 0,0036614. )

'

The first value which has been derived without extrapolation and
which is therefore the most reliable, appears to agree perfectly with
the one derived by me from the isothermals in § 1.

With regard to the method of derivation followed here we may
remark that it allows of a fairly large accuracy. Though the certainty
of the determinations of temperature on which it is based may be
doubted {o the absolute value, yel the only difference which comes
into account here is known with sufficient certainty. The caleu-
lation mentioned above therefore not only gives an explanation of
the too large differences found by Travies, Senter and JacQuiroD,
but is also a welcome control for the coefticient of pressure variation
of helium found in section 1.

Physics. — “The absorption spectra of the compounds of the rare
earths at the temperatures obtainable with lquid lydrogen,
and their change by the magnetic field”, by JeaN BEcQUEREL
and H. Kameruwenr Onnms. Communication N°. 103 from the
Physical Laboratory at Leiden.

§ 1. Introduction. The investigations of one of us (J. B.)') proved
that the absorption spectra of the compounds of the rare earths,
cooled down to the temperature of liquid air, may serve to acquire
new data for the nature, the number, and the motion of the electrons
which play a part in the formation of these spectra. So it seemed
to us of grcat importance to continue these investigations at the
temperatures obfainable with liquid hydrogen, which are so many
times lower and seem particularly adapted *) to reveal the forces which
the ponderable substance exerts on the elecirons. ‘For this purpose
the apparatus used at Paris for the observation of the spectra were
conveyed 1o the cryogenic laboratory at Leiden, so that we were
enabled (o obtain some three hundred of spectrograms which re-
present the observed phenomena. The study of these photographs
will take a long time; we shall therefore confine ourselves on ihis
occasion to the comwmunication of some facts which immediately draw
the attention. -

1) Jean Breequerce, Radium IV. 9, p. 328 and IV, [1, p. 885 (1907).

2) H. Kameruneu Onnes, The imporlance of accurate measurements at very low
temperatures, Gomm. of the phys. lab. of Leiden Suppl. no. 9, p. 25 sqq. (1904).




