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beeome _ very mueh the same and the cUl'vature - and th ar is the 
definitive phototropic curvatnre of Phycomyces - only appears aftel' 
the maximum of the accelel'atioll of growth, because the growth· 
reaction of the less illuminaled anterior wall diminishes somewhat 
more rapiJly than th at of the posterior~ wall. , 

To be on the safe side I will not extend the scope of these facts 
fllrther than to the positive phototropism of Phycomyces, but of this 
phenomenon I think, that proof has now been furnished, that the 
appearance of these cUl'vatures is the 1'esult of an asymmetrical modi. 
ncation of tlw growth of diffe1'ent sic/es of the cel', causecl by the 
asymrnetl'ical illttmination of these sides; that f01' tAis case thel'efor~ 

DE CANDOJJL}]' s simple and ancient t!teory - more particuJarly in 
contradiction to the later conception of SACHS - is I'eestablisliecl and 
wit!t t!ds a the01'y pf a pel'ception of t!te light-di1'ection itselJ is 
superjluous. 

In the meantime I do not wish io generalize, but only to await 
the results of further investigations, which are being continued in 
val'ious directions, on Phycomyces and on the root and stem of higher 
plants. Only, in my opinion, for no single one of these cases can 
any decisive proof in thE( literature be found against DE CANDOLIJE'S 
theory. 

Finally I desire to express my great indebtedness fol' the facilities 
afforded me in tlle Laboratol'J' of the TULER Foundation, for carrying 
out these experiments - and jt is no mere formality, that I tender 
my thanks especially to the conservator, Jhr. Dr. G. ELIAS, for his 
assistance and interest in the arrangements for this investigatio'il' 

Bam'lem, Dec. 1013. 

Physics. - ".J..lfaynetic resem,c1zes. X. Apparatus lor tlte general 
cryomagnetic investigation of substances of small susceptibilfty." 
By H. KAMERLINGIl ONNES and ALBERT PERRIER. Communication 

N°. 139a from the Physical Laboratory at I.Jeiden. (Oontinued). 

(Communicated by Prof. H. KAMERLINGH ONNES.) , 

§ 7. SO'lt1'ces of er1'01'. Sensibility. Accuracy. Disturbing rnag'(l.etic 
injl'llences. The action of the magnet upon the carrier without the 
experimental tube appeared to be negligible, even wh en the lower _ 
end of the carrier was l'educed to the temperature of liquid hydrQgen. 
The action up on the coil of the carrier was also jmperceptible evep 
when a mnch stronger Cllrrent i1/l was passed through this coil than 
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WaS used In onr experiments 1). Moreover, even if it should be ot 
any importance, it would be eliminated by the above indicated 
method of observation. The influence of the stationary coil upon the 
higher conducting spring is _pl'obably not negligible, but it cannot 
cause any errors, as neithcr in the calibration nor in the observations 
is anything ehanged in this spl'Ïng. 
. It mayalso be mentioned that by the manner in whirh the ron
ductors are arranged, in eonnection with the onJer in which 
readings are taken, any influence of the electro-magnet or the 
rheostats upon the ammeters or of these upon each óther, are elimi
nated. These influences are moreover very small. 

Capillary action. At first we were rather uneasy about the capillal'Y 
action between the rods of the floats and the mercury surface, and 
between the carriers of the experimental tube and the surf ace of 
the liquid in the bath. ,The l'egular return of the carriers to the 
same zero, proved th at no disturbances fl'om thëse causes oCènrred 
in our experiments. We had always given great care to keeping the 
mercury surface as pnre as possible. 

Vibrations. Vibrations of the ground have a very mJlll'lOUS effect 
upon the observations, as they are reproduced in the appal'atus, 
greatly magnified, and are likely to cause troublesome swinging of 
the floating carrier. Vibrations in the micL'Oscope caused by the 
dbration of the ground, which tl'oubled us at first, eould be avoided 
by fixing the microscope more firmly. 
T~e earl'Ï~r is moved by every change of the forces that act 

upon it, which causes vertiral oscillations of great amplitude. To 
damp these, glass wings are attached to the floats, so that aftel' 2 
or 3 swings they come to rest: Fin ally , the vapour bubbles 
that eonstantly rise in the bath, eau se small v.ertieal moyements of 
the carrier, which are more marked, the greater the density of the 
liquid gas is. Against theEle vibrations the comparatively large inert 
mass - about 200 grams - of the carrier combined with the 
damping just mentioned, proved to be the best ~xpedient. The 
dam pinK could as a matter ot' fact have been made much greateL', 
without any difficuIty. But it was bettei· not to go any further, as it 
would have made the movements of the apparatus aperiodic, and 
a few swings were very useful to bring the inflllence of the capil
lary actioll up on the carriers each time to the same value. 

1) When the axis of the coil faUs exactly in the plal1e of symmetry of the ):lOles 
alld goes through the middle of the il1terferrum this force is strictly zero. 
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SOlwees of error in the etv'[Jerimentrd objects themselves. 
For the calculation of the specitic magnetisation, we need fo know 

tbe mass pel' unit of !engtlt of the substance witI! which the e}'
pel'imental tube is filled The total mass which the tube contains 
can be asceC'tained as accurately as 'y'e wish, but the length over 
which it is spread in the tube, owing to the irregnlarity of the 
extl'emihes Call110t be determined more a,ccurately than within 
0.2 to 0.3 m.m. 

Flll'ther, it is assumed in the eaIclliation that it is eVE'nly distt1-
buted over the whole tube which calmot be strictly accuJ'ate,owing 
to slight differences in diameter and slight diffm'ences in tbe _degree 
of closeness which is attained in filling to different heigbts, bilt this 
error is certainly smalI, and only inflnences the absolute vaine of 
the calculated susceptibility; if the same experimental tube is llsed, 
in the same position at the variOllS temp~ratures, tbis error has no 
effect upon the 7'elatt1)e re~ults, which are the principle object of 
onr research. 

The l'elative l'esults may however become inaccurate, if between 
two expel'Îments at different tempel'atures, some anisotropic gl'ains, 
which together form all isott-opic mass, each take a different direction, 
e. g. sa th at the line of greatest snsceptibility in tbem approarhes 
the direction of the lines of fo]'ce, &ince the mean susceptibility of 
the group wil! thereby be changed. We ran avoid t hat this happens 
unnoticed, by taking the observations at 10w temperature between 
two obsel'vations at ol'dinary tempel'àture. To answer the more 
general question in how far an apparent isotropy can be obtained 
with snbstances wbich are in reality anisotropic, by pressing tbem 
in a more Ol' 1ess finely gl'anulated condition into tubes of 5 to 8 m.m. 
we can, without rhanging the conditions in any other respect. repeat 
the experiments aftel' having brought the experimental tube into 
anothel; direction relatively to the 1ines of force, by turning it on 
its axis: In donbtflll cases we applied this method. 

Nwnel'ical data: The coUs described, can carry currents of 
6 amp. (ij) and j ,5 amp. (im) l'espectively, for a quarfer of an hour ; 
the force which they then exert upon each other is about 25 grams. 
In 1he given arrangement this may therefore be regal'ded as the 
limit of the fOl'ce which can be measured with the apparatus. Under 
favourable circumstances (little vibration) a change of 0,001 gram. 
in the force acting upon the carrier can be observec1. Generally 
speaking, the pam-magnetic substances e~amined caused attmctions 
of a few grams, sometimes even more. The accnracy of the resu1ts 
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is therefore more limited by the aec11l'acy of tlIe am meters, than by 
that of the apparatlls itself. With two of the am meters, in eaeh of 
which we constantly adjusted on one of the scale divisions, it was 
possible to bring the relative sensibility to within a thollsandth. The 
third was almost eqllally accurate. In the relative measllrements of 
the suseeptibility ealculated, we ean thllS rely in general upon an 
aecuracy of 0,2 to 0,3 0

/ 0 , The absolute accuracy suffers somewhat 
from the fact that we are not eertain of the hornogeneity of the 
experimental object (see above); but it is principally Iimited by thé 
accuracy of the determination of the magnetic field, the square of 
which OCCllrs in the formula for the snsceptibility, and not by that 
of the apparatus. 

There is one more important factor to be considered, viz. the 
constaney of the tempel'ature of the bath. Distul'banees in this will 
have a different effect with different substances, as the change in 
the sllsceptibility with the temperature is vel'y unequaJ for different 
substances, especially when we approach the absolute zero. 

In our experiments in general we did not observe any disturbances 
from irregularity of temperatul'e. OnI~' in the case of gadolinium 
sulphate, the susceptibility of which changes most with the temperatUl'e 
(1 % for 0,2 degrees at 20° K.l the measurements in differentfields 
(at different moments therefore) did not agree so weU with each other 
as might have been expected ir we only eonsidered the aceuracy 
of the magnetic determinations. 

(February 26, 1914). 


