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Physics. - "Tlte viscosity of liquejiecl gflses. X. Tlte viscosity of 
liquid hydro,gen." By Prof. J. E. VERSCH~FHI.T. Communication 
N°. 153b from thp Physical Labol'atol'Y at Leiden. (Commu
nicated by Prof. H. KAMl!.RUNGH ONNES.) 

(Communicated in the meeting of November 2~ 1917). 
I , 

A pl'eliminary value having been obtained from the experiments 
descl'lbed in Comm. N°. 151g, a new series of meaStll'ements was under
taken in order to find a more accurate value of the quantity in 
question. 'rhe construction of the appamtus 10 be used fol' th is pllr
pose was based on the considerations refel'1'ing to similal'ity in the 
oscillatol'y motion of a SJ.-lhel'e in a viscotls fluid (comp. Comm. N°. 148e 
and N°. 151f). Taking in view the matet'ials available for this constmc
tion it appeared to be possible to construct -the appal'atus in such a 
manner, that the motion in liquid bydl'ogen would be approximately 
similar to the motion in carbon disulphide I) which was studied on a 
former occasion (Com~. N°. 151cl § 3), using a sphere of the same 
radius (2 cm.). In tbis case by equation (2) ofComm. N°. 151f(comp. 
aIso § 4 and the tabIe), assuming fOl' liqnid hydrogen the preliminary 
value of 'I = . 00011, the oscillating system bad to be given a 

, I 

moment of inel'tia of about 30 c.g.s. units and a time of oscillation 
of about 40 secs.; this would cOl'l'espond to a logarithmic decrement 

1'-1' 
of :07 and a value of'l~ =--'= . 011 2

) (therefore T-To= . 4.,1). 
1'0 

In I these new experiments a hollow exhansted glass sphel'e was 
used (weight 8.9 gems), blown by Mr. KESSEI,RJNG, glass-blower of 
the labol'atol'y, as nearly accurately rouud as was possible Z). 1'he 
sphere ended in a tube whicb had sel'ved in the blowing and was 

1) Originally similarity was lried with the motion in liquid air or ether (comp. 
Comm, N0, 15lf § 4), but of all the substances( included in this study of a possible 
similarily carbon disulphide was the most advantageous, because it made il possible 
to reach a comparatively high logarithmic decrement, without its being necessary 
to use too high 'a time of oscillation (comp, Comm. N0. 151f, § 4); the higher de
crement is then obtained by a smaller moment of inertia. 

~) The value of this quantity given in Comm. N°. 151f in the table is too small. 
S) The 'diameters measllred in different directions did not differ from the meau 

by more than S/1000' 

-, 
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aIso made use of fol' the suspension, the axis of tile tube represent
ing the axis of revolntion of the sphere. The equatorial radius of 
the sphere was 2.004~ ± 0.0025 ems. The sphere with its tube 
was sealed (accurately centred) to an oscillating system, eonsisting 
of a glass tube and a copper tube with disc, as in Oomm. N°. 149b 
§ 2, only thinner and lighter (weight 26.5 grms). This oscillatmg 
system to whieh aIso, as in the previous experimellts, a hollow 
cylinder beJonged which was put round the eopper tube and rested 
on the dise was suspended from a th in manganin wire ( . 04 mmo 
thiek and 55 ems. long). For the rest the apparatus was the same 
as in the preliminal'Y experiments with liquid hydt'ogen. 

As in the e"-periments with Jiquid air two hollow cylinders were 
used. The one (Cl) made of brass weighed 33.125 grms l= rn) and 
had the dimensions Re (extern al radius) = J .1915 ± 0.0017, Rl (m
ternal radius) = 0.3970 ± 0.0019, h (height) = 1 cm. about. lts 
moment of inertia was therefore 

/(1 = ~ m (Rlt~ + Rz2) = 26.12 ± 0.07. 

The olher one (Cs) was made from retort-eoal!) and covered with 
a thm Iayer of' varnish; it had very nearly the same dimensions 
as the former, weighed 7.26 grms. and had a moment of inertia 
/(2 = 5.77 ± 0.016• This value was not as in the pr6vious case 
derived direetly from the dimensions and the mass, but was deter
mined by oscillation-experiments in whieh the oscillating system, 
leaving ont the sphere, was fil'st loaded witb rhe one 
and then witb the other cylinder. The times of oseillation were 
measul'ed with a stop-wateh with an aceuracy of at least 
1/1000

2
). These same experiments gave for the moment of inel'tia of 

the syRtem without cylinder or sphere ](0 = 3.95 ± 0.01. SimiJarly 
by the oseill~tion-method the moment of inertia of the sphere at 
room-temperatul'e was found to be /(b = 20.26 ± 0.056

• ~) 

1) This -material was selecteo on the ground of its having the desired specific 
gravity (see rUl ther on). 

2) The chronometer had been pl'eviously compal'ed with the standal'd-clock and 
was found to fully gllal'antee an aCCLll'acy of ]/10: 0 in the time-readings. 

3) The times of oscillation at 15° O. and in vacuo wele as follows j 

System without sphel'e and without cylinder (weight: 26.5 gr.) I T = 14.46 sec. 

'." wilh" al ( 59.6 • ) I 40.16" 
" • O2 ( 33.8 • ) 22.75. 

with without" ( 35.4 • ) 35.89" 
with • al ( 68.5 " ) 52.0ü. 

" " O2 ( 42.7 • ) 39.97" 
These obsel'vations givl' as previously (comp. Comm. 149b IV § 5) a small 

I 
I 
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The oscillating system with sphere and cylinder C2 had therefore 
very nearly the same moment of inertia (and thus also the same 
time of swing) as the system without the sphere but with cylinder CJ' J) 

The oscillations of the system when immersed in liquid hydrogen 
were found to be actually strongly damped (ó = 0.1 about ): but 
the reg111arity of the damping left much to b~ desired, so much 60 

th at for a somewhat accurate calrulation of Ó only a few small 
portions seleeted f['om the series of observations could be utiIized. ') 
The most regular portion obtained, which was exclusivelJ used, 
was as follows: the elongations a, expresl:ied in 'radiants, were 
observed to the right (+) and to the left alternately; in the table 
are also given the naperian logarithms of the absolute values of 
the elongations. 

a = + 0.05180 

-I-

+ 

4925 
4685 
4460 
4230 

From these results it follows that 

log a = - 2.9599 
3.0108 
3.0607 
3.1101 
3.1632 

ó= 0.1012 ± 0.0003. 
\ r 

This is, however, not yet the logarithmie decrement Óo for infi-
nitely small amplitudes; in order to find it, we utilize equation c 
of Oomm. N°. 151d, § 3 found for carbon disulphide, which equation 
shows, in wh at 'mannel' the maximum-elongation depends upon the 

diminution of the moment of the torsional couple M with increasing load (tbe 
change amounts to . 00035 Mper gramme); Mo (couplewithoutload= . 752 ± . 002). 
From a few observations at different temperatures it appeared moreover, tbat 
with rising temperature the couple M diminished by . 0008 M per degree. 

1) This was the condition laid down in making cylinder C2 (comp. Comm.149b, 
iv, § 5); for this reason this cylinder was made of retort-co al (see no te on 
previous page), aftel' cylinder Cl had been \made before. In this case the condition, 
laid down before, that the system with or without sphere should have ab out the 
same weight, was not fulfilled; as a matter of fact it had been found, that the 
weight of the system has but very little influence on the torsional moment, and 
this was confirmed by tbe present experiments (comp. previous note). 

2) Indeed, with very small elongations no damping could be observed at all: 
the oscillating system did not come to rest, but 'continued to oscillate to and fro 
over a few seale divisions. sometimes more and sometimes less. This must 
undoubtedly be partly ascribed to not entirely avoidabIe conveetion-currents in the 
liquid, which was found to receive radiation to a not inconsiderable degree: when 
the apparatus was closed (as before the liquid was under constant pressure), the 
vapour-pres~ure rose at the rate of about 2 cms. mercury per minute, cprresponding 
to a temperature·rise of . 10 • . 
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time, and therefore also how the logal'itllmil~ decrement 
d log a -

Ó = - T-- changes with the amplitnde of the oscillations. For 
dt 

a = 0.05 approximately we thns tind ó= 1.052 óo, and hence 

00 = 0.0962 

with an aeeul'aey which may be taken at 1 %
, 1) 

Tbe time of swing of tbe oscillating system witll the sphere 
immel:sed in liqmd hydl'ogen (temperatme of the liquid about 20° K, 
the temperature of the room and thus also of the wire being 8.7° 0) was 

T = 40.20 ± 0.10 2) 

so that (see above) 
'1'0 = 40.20-0.44 = 39.8 3). 

The bydl'ogen was lmder a, pressure of 76.9 ems mereury; thus 
aceording to tbe latest data about tbe mpoUl' pressU\'e of bydrogen 4), 

the temperatUl'e of the liquid was: 20.39 + 260 = 20°.43 K. At 
that temperature the sphe're (accol'ding to the data supplied i1l Oomm. 
N°. 85) had a radius of 2.002 ems, and therefore a moment of inertia of 

20.26 X (2.002)2=20.23, so that the total moment of inertia of 
2.005 ' 

the oscillating system in the, experiment in liquid hydrogen was 

]( = 3.91) + 5.77 + 20.23 = 29.95. 

Fo!' tbe moment of the couple exerted on tbe sphel'e by tbe 
viseosity of the liql1id we now find (by equation 28' of Oomm. 
N°. 14~b). 

I 2(fo]( 
Ll = T = 0.1448. 

o 

In ol'der to determine the couple of the frictional forces on tbe 
not-immersed part of tbe oscillating system tbe sphere was, as 
previously, l'emoved and cy linder C2 was replaeed by cylinder Cl' 

1) T.his logarithmic decremrnt is considerably larger than what was expected 
fIom the similarity with carbon disulphide (see above). But it should be borne 
in mind that on account of the complicated structure of the oscillating system 
there can only be question of similarity in a very rough sense; for as regards 
the part which is not immet'sed in the liquid there is no question of similarity 
al all. For this reason the réduction of ~ [0 ~o is not so accurate as might 11ave 
been the case in the case of perfect similarity. 

2) As the decrement of the swings, this time of swing was subject to irregular 
variations (of a few tenths of a second). , 

3) This value agrees closely with that which is to he deduced from those men
tioned above taking into account the changes in the tempet'ature of sphere and 
wire. 

4) Comp. Comm. N0. 152a. 

Proceedings Royal Acad. Amsterdam. Vol. XX 
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U ndel' these conditions fhe result was 
ó~ = 0.0091 1) 

whieh gives (as l' = 40.06 and K,= 3.95 +- 26.:12 = 30.07) 

L', = 0,0137, 

80 that the torsionaI moment of the friction on the sphere alone 
amounts to: 

L' = L'l - L', = 0.1311. 

The densily of liquid hydrogen at the temperatm'e of obsel'vation 
(20°.43 K) being 0.0708 1

), it follows, acrording to equation (a) of 
Comm. N°. 148b, that 

1] = 0.000130 

with a degree of arcul'acy which may be placed at about 1°/Q: 

A further expel'iment was made from which a preIiminal'y vaIue 
could be derived for the viscosity of the hydl'ogén vapoul'. The 
oscilIations of the system carrying the sphere and cylinder C, were 
observed, while only a littJe liquid hydrogen was left on the bottom 
of the vessel, the sphere thus being just above the hql1id 8urface 
in the vajlour. In these circumstances' a damping was found wllh 
a decrement of 0.0128, whereas the sJstem without Ihe sphere and 
with cylindel' Cl gave Ó, = 0.0093 (at the same room-temperatul'e 
of 18° 0 and the same pressure of 76.9 cms). The decrement dne 
to Ihe friction on tbe sphere alolle is therefore ól = 0.0035; hence 
with T = 40, [( = 3U and f.t = 0.00119 . 

• 'fj = 0.000010 Z). 

1) This result was obtaineu from a few experiments at different room·temperatm·es 
and different pressures, so th at a reduction could be made to the same temperature 
(8.7° C.) and pressure (769 ems.) as in the experiment with the sphere in the 
liqllid. These experiments indICated a small increase of J with the tempel'alure, 
the change with pressure being insensibly small 

2) Comp. Comm. 137a. 
S) This preliminal'Y value agrees weil with that found by H. KAMERLINGH ONNES, 

C. DORSMAN and S. WEBER by the method of transpiration (Comm. N0. 134á). The 
accUl'acy of this result was further tested by a few observations made in ail' (at 
10° C). These gave for the system with cylinder O~ and sphere (the Jatter 
suspended in cl large vessel): J = .0448 alld for the system without sphere, but 
with cylinder q: J = .0154, so that for the sphere by itself: J = .0294, giving 
(l( = 30, T = 40, p. = .00126) 11 = .000177, in good agl'eemellt with knowll data 
(comp. Phys. Rev., 8, p. 738, 1916) . 

( 


