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5. The above application of tbe theory of similarity also shows, 

that, in making experiments with various liquids, as described in 
section 4: of Comrn. N°. 151d, by changing' K and To in all 
possible ways a double set of curves would be obtained forming a 
net-work which would be identical1y the same fol' all liquids t). By 
the equations (2) the elements belonging to the curves in one net 
could be calculated from those belongin"g to tbe corresponding curves 
in the othel'; conversely having obtained the nets for two liquids 
the values of f.1 and 'tI might be composed and in this man nel' these 
quantities (more especially 'tI) migtit be djtermined for olie of the. 
liquids. 

Possibly this method mayfind its practical application some time. 

Physics. - "1ïte t,iscosity 0/ liquefied gases. IX. Pl'eliminary 
determination 0/ t!te viscosity 0/ liquid 11.1Jdrogen." By J. E . 

. VKRSCHAFFELT and CH. NICAISE. (Communication N°. 151g from • 

lhe Physical Laboratory at Leiden). (Communicated by 

Prof. H. KAMERLINGH ONNJ<S). 

(Communicated in the meeting of February 24, 1917): 

1. The measurements were made with the same apparatus as was 
used for the determination of the viscosity of liquid air (see Comm. 
N°. 149b, IV), into which, however, some impl"O\'ements were intro
duced. In the first place, some Ilickel plated paper screells were placed 
under the cap to intercept lhe radiation of tbe cap; in the second 
place a small tinned hand-pump was introdllced ') ~nto the liquid, 
the rod of which passed through a small metal tube in \he cap and 
could be worked up and down by means of an india-rubber tube 
which made an air-tight connection with Ihe metal tube, by wbicb 
means the liquid could be stirred previously to eacb experiment, and 
ally slight differences of temperature or density could be equalized. 
Tbe thermometer and the syphon tubes were taken away, as being 
unnecessary in these expel"imenlg; the t.emperature was deduced 
from the atmospheric pressure (the liquid, which in this case poBSessed 

I) As an instance. with the same restrietion as in the experiments or seetion 3, 
curve 11 would also be found Cor water with K = 807 and T = 16.21. 

') or the pattern generally used in tbe cryostats of the laboratory (see ror 
instance Comm. Nl). 123). 



- 3 -

1085 

a Bufficiently high degree of purity, was boiling I) under a pressure 
which was kept constant to a few IIIms of mel'cury by the labol'a
ratory pumps, and was only a little higher than the atmosphedc 
pressure ')); the emptying of (he apparatus could be very quickly 
accomplished by the evapomtion of tbe li(JllÏd, after removing the 
external vacuum glass, which, as in the experiments with liquid air, 
contained liquid air. For the internal vacuum-vessel, which conta.ined 
the liquid hydrogen, a completely silvered gJass was taken, in which 
only two opposite windows were left open, so as to enable us to 
observe the beight of the Iiquid when fillillg the glass; as the 
external "essel was silvered with only a transparent strip left open, 
it was only necessary 10 turn this outside glass a little way in order 
to proteet ,the Jiqnid hydrogen practically completely from external 
radiation. 

2. Technical difficulties in connection with the use of liquid 
hydr'ogen and tlre much lower tcrnperature (± 20° K.) did not arise; 
the only thing was, that, as was to be expected, the damping of 
the oscillations was vel'y small (about 6 times les~ tban in liquid 
air) in consequence of which the internal friction of the sllspension 
wire acquit'ed a very high and unpleasant df'gree of importance. 
l'his friction, in fact, proved to be not only comparatively largel 
but to depend to a high degree upon accidental circumstances, 
difticuJt to estimate and control; consequently, although for each 
experiment separateJy an accurate logarithmic decrement could be 
dedu<,ed, on1y a very moderate agreement could be found between 
the various experiments I). In the first place it was f'ound that 
unstretching and re-stretching of the wire (by exchanging the cylinders 
C) altered tbe viscosity of the wire very greatly (usually incl'easing 
it); in the second pi ace tbe viscosity was a functiou of the time, 
which onJy decreased sJowly, in an approximately exponential manner, 
and required some days to become constant; in the third place tbe 
gas in which the wire was pla.c-ed pl'oved to have a great influence 
upon its viscosity; pumping a vacuum, filling with air, repIacing 

1) Tbe boiling. whieh was entirely superficial, without the formation of bubbles, 
took plaee very slowly, thanks to Ule sereens. 

t) The small dift'erenee of pressure bet ween the vapour pressure in the apparatus 
and tbe air prcssure outside, was read on the small open manomelerMa (see 
figure in Comm. NO, U9b). 

S) This is cJearly also the cause of the dift'erences whieh were observed in the 
experiments with liquid air (see Comm. N°. "149b V). This instability in the internal 
friction in tbe wire has given similar difficulties to previous investigators: see for 
ÎJlStanee ZEMPLÉN, Ann. d. Phys. 19, 802, 1906. 

69 
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air bJ hydrogen (this especially) or the reverse, caused a great 
increase in tlle friction 1), whiC'h, as we have said, graduallybecome 
less again '). 

Under these llnfavol1rable cirCllmstances, in order to be able to 
arrive at provisional resuHs with the apparatus as it was constructed, 
we were obliged to {'hange onr method of working to some extent 
and to demand a much smaller degree of aecuracy from the resnlts. 
The determination of tile times of oscillalion by registmtion, in 
particnlar (see Comm. N°. 149b, IV, § 4), was a compIication dis
proportional to Ihe arcuracy, and could be quite adequately replaced 
by a purely chronometric determination, by means of a stop-wateh, 
which showed l/ó th of a second J). Further, the sensibility ofthe wire 
to changes of condition made it necessar.v that the apparatus should 
l'emain unchanged dl1dng a wilole series 'of ex perimen ts, that is, 
that the cylinders should not be exchanged; as this did away with 
the use of the cylinders altogether (see Comm. N°. 149b, IV, § 5) 
tlte)' could just as weil be len out 4). We, therefore, contÎIlUed the 
work with a constant oscillating system; in consequence of which 
the friction of the gas upon that part of the appal'atlls not 
immersed in liquid had to be eliminated in a different way. 
We did this in the following manner: besides the experiments in 
which the sphere oscillated in tlle liquid, we aiso made expel'iments 
with the sphere just above the liquid osci/lating in vapour at a low 
tempel'ature; from the knowledge of the density and viscosity of 
Ibis vapour, by means of the fOl'mulae (24/) and (28) in ComlIl. 
N°. 148b, the retal'ding couple could be determined whieh the sphel'c 
experienced by the friction in the vapour; this couple could be 
sllbtracted from the total moment in the experiment in the vaponr; 
the difference we considered might be taken as giving the 
coupJe which the oseillating system exper'iences by friction in the 
expel'iments in the liquid, 

3. Aftel' several unsatisfactory attempts, we succeeded in 
cartying out in one day (July 12th HJ16) a series of reliable, and 

I) Presumably a conseql1ence of occlusion of gases by the melal wire. We have 
not used quarlz wires-yet, which probably would not possess this uopleasant peculiarity, 

') To avoid further trouble from these change,;; we len the apparatus always 
filled with hydrogen. 

a) By determining the duration of len oscillations T could still he delermioed 
to within about '01 sec. 

') The moment of inertia of tbe oscillating system was tbus, at ordinary tem
perature, K = 372·5 + 27'8 = ('00'3. Hereby t~e period of oscillation becomes 
smaller than before (17'22 sec.) it is true, but tbat was not a decisive objection. 
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as we think, mutually comparable observations. The logarithmie 
decrements (~ as observed are give~ in the following tabIe, which 
also contains the mean times at which the observations took place 
(the)' lasted about 4 minutes; each tïme 20 full oscillations were 
observed 1), as weil as the physical state of the substance which 
surroullded the sphere. 

1- 11u 25m a.m. vapour (~ =0'00393 
2. 11 40 

" " 
379 

3. 11 50 
" " 

370 
4. 12 15 

" 
liquid 682 

5. 12 25 
" " 672 

6. 12 40 
" " 663 

7. 2 15 p.m. vapour 340 
8. 2 35 , , 

" 317 
9. 2 50 

" " 
317 

We shall now give a short description of tbe course of the 
observations. Aftel' the apparatus had been tllled with hydrogen 
gas for a few days, we bega,n to cool it in the mOl'Jling of Jul)' 
12tll at abollt 10 a.m. and about 11 a.m. liquid was poured in, 
onl)' 80 far that the sphel'e did not yet touch the liquid, when 
three observations were taken in the "apour; it appears that the 
oecl'ement decreased rapidly, whicb seems to indicate a disturbance 
in the wire caused b)' the filling of the apparatus. About 12 o'cl. 

. mOl'e liquid was poured in until the sphere was entirely imm-er8ed ; 
again dn'ee observations were made, which gave a much largel' 
decrement, and this in the same wa)' decreased in the course of 
time, and to about the same degl'ee as in the vaponr. About 1 p.m. 
the external vaCllum glass was removed, so tbat the liquid 
hydrogen cOllld boil away pretty quickly; at about 2 p.m. tbe 
liquid had so far boiled away that the sphere projected completely 
out of the liquid; then tbe "acuum glass with liquid air was again 
put round the internalone, and three more observations were made 
in the ,'apour. 

From our observations it follows, that the transference of the 
sp here from tbe vapour into the liquid involves an increase of the 
logarithmie decrement by a mean vaine of 0'00319, while for the 

1) As we did not expect a gl'eater accuracy than 1 0/0 about, we considèred it 
useless lo raise the dégree of accuracy ror the separate results by lengthening , 
the series. 

69* 
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fdction of the sphere in "apoUl' 20° K. wUh ft = 0·0012 1) and 
'l = 0'000011 ') a decrement ó = 0'00015 was calcnlated. We 
conclude from this that the decrement cal1sed by the friction of the 
liql1id alone was ól = 0·00334. The liquid was under a mean 
pressure of 766 mms. mercnry; the temperature was thus 200 ·36K. a) 
and the density 0·0708~). From tbis it follows that 'I = 0'000117. 

This determination was made before the investigation of the 
suitabilitj of the met.bod was completed (see Comm. N°. 151d). 
From that investigation it appears _probable, that the value found 
for '7j was a few percent too high, but the data al'e wanting by 
which the necessary correction might be estimated. We therefore 
give as the approximate value of the viscosity of Iiquid hydrogen 

'i = 0'00011. ') 

Physics. -- "Cn'tical point, critical pltenomena and a few conden
sation-con.stants of air". By J. P. KUENEN and A. L. ÜLAHK. 
(Communication N°. 1506 from the Physical Laboratory of 
Leiden) .. 

(Communicated at the meeting of February 24, 1917). 

The critical temperature and pressure of air have been determined 
by OLSZEWSKI 8), W ROBLEWSKI i), and W lTKOWSKI 8). Their resl1lts do not 
agree amongst each ot11er as weIl as might he desired: 

OLSZEWSKI 
- tk -140° 
pk 39 atm. 

WROBLEWSKI 
about -140.°5 
" 37 à 37.5 

WITKOWSKI 
-- 141 0 

39 

The main object of our investigation was to obtain reliable values 
for the critical constants, incll1ding the critical density, which involves 
a detailed study of the condensation-phenomena in the critical region. 
WROBLEWSKJ noticed tbat air behaves differently near its critical point 

1) The vapour still beha yes approximately as an ideal gas. 
2) According to H. KAMERLINGH ÛNNES, C. DORSMAN and SOPHUS WEBER. 

Comm. Nti. 134a. 
... dp m.M 

S) NQrmal bOllmg pomt: 200,83 K., dt = 200 degree (see Comm. NO. 187d). 

") See Comm. N°. 137a. 
5) This valne agrees satisfactorily with thal calculated in Comm. N0. 148b on 

the basi~ of the law of corresponding states. 
6) K. OLSZEWSKI. C. r. 99, p. 184, 1884. 
7) S. v. WROBLEWSKI. Wied. 26, p. 134., 1885. 
8) A. W. WITKOWSKJ. Pbil. Mag. (5) 4J, p. 288, 1896. 
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