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Preliminary experiments on the dielectric constant of liqnid 
hydrogen were already earl iel' undertaken by G. BREIT and H. 
KAMERUNGH ONNJt;S I). We have now carl'ierl out these measurements 
with greater accul'acy, and also determined the dielectric constant 
of solid hydrogen. 

These meaSUl'ements were made by Ihe same method and wit.h 
the same al'paratus as was employed in the detel'lIIinatio/l of the 
dielectt'ic constant of liquid helium '); we may, therefol'e, refer 10 

this work for all pal'ticulars. 
The dielectric constant was calclllated af! ratio of the capadty of 

the condenser filled with liquid, resp. solid hydrogen to its capacity 
at the same tempel'atUl'e in vacuo. The accllracy of the measure
ment is abollt 0.1 I/I' 

In OI'del' to estimate the possible error which llIight arise throllgh 
the conduclion CUlTent in the filled condensel', we have apl'roximately 
determined the specific resistance of the liquid and the solid hydroge/l 
galvanomelrically. We obtained Ihe following results : 1 .3 X 101 Ohm 
fOl' liql1id hydrogen and more than 1011 Ohm fOl' solid hydrogen 
calclliated pel' cm' cross section and cm length. Hence both in 
liquid and in solid condition hydrogen is sllch a good insulatol', th at 
there is no call fOl' a correction 011 account of the conduction 
in Ihe condenser. 

The measurements were made with three different wa\'elengths, 
between 400 and 600 m. wavelength. FOI' every wavelength six 
measurements were made, and the arithmetical mean was taken 
ft'om these values; the final value was calclliated f)'om these means 
by the method of least squares. 

In the measurements at lhe temperatUl'e of the boiling point under 

1) These Proceedings 27, p, 617, Leiden Comm. No. I71a. 
S) M. WOLFKE and H, KAMERLINGH ONNES, these Proceedings !!7. p. 621; 

Leiden Comm. No. 171b, 
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atmospheric presslIre the glass vesseIl) containing the condenser 
was filled with liquid hydrogen, and tighlly e1osed. This vessel was 
placed in ft DEWAR vessel, also filled with liqnid hydrogen, which 
eould evaporate freely into Ihe air. A DEWAK "essel with Iiqllid 
air sel'ved as protection against the heat from ontside. For the capa
city of the condenser filled with hydrogen we ohtained ilJ Ihis way 
the following values in cm of the rneasuring scale: 

capacity: 210.2 2JO.4 210.6 210.3 210.5 210.1 

weight: 5.56 8.85 1.37 45.5 24.4 8.92. 

Taking Ihe given weights into account, we get as mean value: 

210.3. (1) 

Aftel' these measurements had been completed, tlle hydl'ogen was 
rerno\'ed from Ihe condenser vessel by means of a vacuumpump, 
and then tlle vessel was evacuated. In the same way as before, tbe 
capacity of the evacuated condenser was deterrnined; we obtained 
tbe following values: 

capa~ity : 

weight: 

171.7 
33.3 

171.9 171.8 172.1 

0.99 2.38 1.91 

with a corresponding mean vallle of: 

171. 7. I) 

171.5 
9.9 

172.0 
8.47, 

(2) 

The ratio of the two capacities (1) and (2) gives the required 
value of the dielectric constant of Iiqllid hydrogen: 

K- 210.3 -1225 
-171.7-' . (3) 

A second sAries of valnes measured in the same way gave the 
following value for the dielectric constant of Ihe liquid hydrogen 

K=1.224. (4) 

These two vallles (3) and (4) ditfel' less from eaeh othel' than 
0.08 '/,. We consider the first value (3) as more accurate, as in the 
second rneasurement the rletel"lnination of the capacity of the evacllated 
condenser did not irnrnediately follow tlre measurement of the capacity 
of the filled condenser, but was made later. The dielect"ic constant 

1) M. WOLFKE and H. KAMERLINGH ONNES, loc. cit. cf. fig. 3. 
,) The coincidence with the value found for lhe capacity of the evacuated 

condenser at atmosphere temperature, given in the preceding communication. is 
only accidental; d. also the following footnote. 
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of liquid bydt'ogen at tbe boilingpoint under atmospheric pressllre 
bas thus the following value: 

K = 1.225 ± 0.001. 
Besides those determinations we have carried out experiments on 

the dependence of the dielech'ic constant of liqllid and solid hydrogen 
on tem peratlll'e, 

For this purpose the DEWAR vessel containing the hydt'ogen bath, 
in wbich the glaBs vessel with the condenser was plaeed, was bl'ought 
In connexioll with a vacllumpump. Through sueking olf of the 
evaporating hydrogen the vapour pressul'e could he J'educed, and 
t hus the tempeJ'ature of the hydl'ogen bath conld be lowered. An 
arrangement regulating the velocity of the sucking oft' of the hydrogen 
vapour enabled us to keep the pressme and the temperatm'e constant 
tht'oughout a measuremen t. 

On account of t.he slight expansion of metals at low temperatures 
tbe capaeity of the evaeuated condenser was assllmed to be constant, 
and put. at the value 170.7 like the vallle found before. 1

) 

The temperallll'es eOrt'esponding to the measured pt'essUl'es of the 
hydrogen vapollt' in equilibrium with the liqllid phase have been 
taken fl'om the work of P. G. CATH and H. KAMERLINGH ONNES I). 

The temperatUl'es cOrt'esponding to the vapoul' pressures of the 
solid phase, were calcnlated from J. E. VERSCHAFFELT'S eqnation I). 

The meaSUl'ements of the dielectric constant in these experiments 
do not claim the same degl'ee of aceul'ncy as the earlier Olies, 
espeeially those of solid hydl'Ogen al low tempet'alllres are not very 
accut'ale. The measUl'ements had 10 be made ,'ery quickly, and 
thel'efore only two readings wet'e made fOt' each value, and there is 
no guarantee that temperature equilibt'ium bet ween the hydrogen 
bath and the intel'ior of the condenser had been sufficiently reached. 

Table I gives a survey of the resuIts obtained. 
lt follows fl'om the above values that the dielectric constant of 

liquid Itydrogen increases witlt falling tempemtUl'e to witltilI tlte neigh-

1) Viz. at the boiling point of helium, cf. the precedillg communication. The 
determinalions at the latter lemperalure have been pl'eceded by those al the boiling 
point of liquid hydrogen and have been folio wed by lhose at the lower hydrogen 
temperatures. Between the first and the seeond series of measurements the relative 
value of the capacity has changed a small amount (from 171.7 to 170.7), the 
apparatus having been modified somewhat in the mean time. 

I) P. G. CATH and H. KAMERLINGH ON NES, these Proeeedings 20, p, 1156; 
Leiden Comm. No, 152a. 

S) Fourlh Intern. Congres of Refrig. Londen 1924, Reports and Comm. First 
Intern. Comm. Intern. Inst. of Rerr. No. 2, p, 23; Areh. NéerJ. d. Sc. ex. et DRt. 

(III A) 8 (1924). 
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TABLE I. 

Bath Pressure 

I T. K of the bath 

0 
liquid hydrogen 755 mmo Hg 20 .33 K 1.225 

357 18.05 1.234 

80 14.64 1.241 

lolid 58 14.0 1.248 

42 13.5 1.224 

35 13.3 1.212 

32 13 .2 1.211 

bOU1'ltood Of the meltingpoint, where it 1'eacltes its highest value, aftel' 
whiclt it dec1'eases in solid ltyd1'o,qen ou furthel' decrease of ternpemture . 

This behaviour is of teil shown by the dielectric constant on 
transition of a slibslance from tlla liquid phase 10 tlle solid phase 1). 

We will also use the va.lues of tlle dielectric constant of hydrogen 
to test tlle CJ.AUSIUS-MosoT'rl formlila. Only the fil'st thl'ee ,'alup,s of 
Ille ta.ble, whicll refel' to Ihe liqllid state of hydrogen, can be used 
fOl ' t.his purpose. We derive the cOl'l'esponding densities of the liquid 
hydrogen bij inlel'polation from the resllits of E. MATHIAS, C. A. 
CROMMELIN and H. KAMI<:RLINGH ONNES "), and we th en calculate Ihe 
constallts of tlle CLATJSIUS-MosOTTI fOI'mula: 

](-1 1 
-- . - = const. 
](+2 D 

The calclllated val lies are recorded in the following tabIe. 

TABLE 11. 

I K-l 1 
T D K 

K+2 ' n 
0 

20.33 K 0.0709 1. 225 0.984 

18.05 0.0733 1.234 0.987 

14 .64 0.0765 1.241 0.973 

We see from tbis Ihal Ihe CLAUSIUS-MosOTTI formula is sat.isfieci 
to about 1 % in liquid hydrogen . 

1) Cf. H. ISNARDI, Zs . f. Phys. 9 (1922) p. 153. 
'J These Proceedings 29, p. 935; Leiden Comm. No. 154b. 




