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Physics. - "Some experirnents on grrwitation. The 1Yttio of rnass 
to we(qht fo?' cl'ystals and mdioactive substances." By Prof . 

.P. ZEEMAN. 

(Communjcated in the meeting of Sept. 29, 1917). 

L Out' ideas concerning gravilatioll have been so radieally 
ehanged by EINSTEIN'S tbeory of gravitation that questions of the ut­
most interest in older theories are now simpI) discarded or at least 
appea.r in a changed perspecti "e. We cannot try any more to tarm 
an image of the mechanism of the gl'adtational action between two 
bodies, and we must return to tbe ol der theol'ies in order to justify 
the sllspicion, that the sh'ueture of substances might influenee their 
mntual attl'action. In most cl'Ystalline substances tbe velocity of 
propagation of light, the condnction fOl' heat and the dielectric con­
stant are different in different directions, and we might then suspect 
that the lines of gl'a\'itati ve force sprean out from a cl'ystal Ull-

I 

equally in different dil'ections. 
A. S. MACKENZIE 1) in Amel'ica, and POYNTING and GRAY~) sougbt 

fol' evidence of a dil'ective gravitational attl'action. 
MACKENZIE proved with an appal'atm: like that used by Boys in 

his beautiful researches on the gravitation conbtant, that when the 
axes of calcspar spheres were set in various positions the maximum 
difference of attI'action amounted to less than 2 à 0 th part of the 
total attraction. 

POYNTING and GRAY proved that the attraction between two quartz 
sphel'es with parallel axes" differb less than 1 in 16000 from the 
attl'action between these spberes with crossed axe&. 

KREICHGAUER 3) songht for a cllange of, weight of sodium acetate 
when this sllbstanee cl'ystallized from tbe flllid (supersatllrated) 
state. lt appeared that the change amollnted to less than ~.10-7 of 
the total weight. 

2. Tile weight of qual't<; spheres in different positions. 
Detel'minations of the weight of crystals i.n different ol'ientntions 

have, I believe, never been published. Some years ago I decided upon 

1) Physical Review 2. 321. 1895. 
2) Philosophical Transactions. A. 192. 245. 1899. 
3) KRElCHGAUER. Verhandl. Berliner Physik. Ges. 10. lS. 1892. 

- I 
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cRl'l'ying out such experiments, but only now, \ in connection with 
connected material Iintend to gi ve an arCOllnt of the resllits. Weighings 
were made with differe'nt cl'ystals, but the gl'eatest accuracy was 
obtained in a comparison of the weights of two quartz spheres, 
-12 m.m. in diameter and weighing about 127 gms. Each sphel'e 
Wa.8 mOllnted in a ring of argentan, and coulJ be tlll'Ded about a 
horizontal axis, fhe ends of which were sllpported by the suspending 
wire'3 of the pans of the balance. The spheres we re of nearly equal 
weight, so that lit was only necessary to neady cancel the difference 
of the weight of the spheres. The optical axes of tbe spheres hanging 
fl'om the left and right arms of the balance were placed aIternatively in 
vertieal and horizontal positions by means of a simple mechanism, 
allowin,q the n,ecessm'y opemtions without opening of the halance case. 

From 15 diffel'ent sedes of weighings It resl1lted that the cloubIe 
effeet sOl1ght for is less than 0.01 mg in 127 gros. or less than-1 in 
13000000. . 

I 'have much pleasure in thanking Miss C. M. PEEREBOOM, phil. 
nat. cand., who has taken part in the investigation, and made many 

weighings. 

Experiments witlt tlw tOI'SiOl1' balance. 

3. Br means of the common balance we are able to ascertain the 
equality of two weight'3. In how fal' equal weights rorl'espond to 
equal masses, in the meaning intl'oduced in the scierIce of mechanics, 
can be found out only by expel'iments. A l'ough experiment to pl'ove 
the proportionality of weight and mass consists ill obsel'ving fhe 
equality of the time of fall of variolls bodies. Mnch more accurate 
l'esllits were obtained by NEwToN's pendnlum experiments (descent 
along a cil'cular arc). Pendulnms of equal fOl'm and hanging by 
equal threads, but of various compo'lition, have the same time of 
oscillation. In hi!:, fllndamental expel'iments NEWTON 1), was able to 
ascertain the equality of the times with an accuracy of one part in 
1000 and this therefore is also, at the same place, tlle accuracy of 
the propol'tionality of weight and mass. BESSEL 2) l'efined NEWTON'S 
method, and came to the conclusion that a difference of attraction, 
experienced. by vari~l1s' bodies of eql1al mass, mnst be less tban 
1/60.000 of the total attraction. 

A mnch mm'e accurate l'esult was obtained by VON EÖTVÖS with 
CAnNDIsH's tOl'sion' balance, whirh he bl'ought to a high degree Qf 

1) NEWTON. Principia. 

~) BESSEL. Abh. Berliner Akademie. 1830. 
40* 
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perfection, after many yeal's of rontil1l10Ub, very refined, studies on 
the local val'iations of gl'avity, and which he applied also to tbe pl'oblem 
now under ron&ideration. 1) The force acting on a body at the 
surfare of the eal'th is the resultant of two forces: the attraction 
of the earth and the c~ntrifugal force. The d)rection of the resultant 
is dependent upon dil'ection and magnitude of these components. 
At a given place of the earth the ce~tl'Îfllgal force is directed per­
pendicularly to the eal'th's axis and dependent upon the mass. If 
for variOlls substances of. equal masses the attractioJls were different, 
then tlle l'esulting force fol' these sllbstallces would have different 
direction, and a cOllple would act on a tOl'sion balance, tile rod of 
which is placed perpendiclllarly to the mer'idlan _ and carries at 
Us ende different substanf'es. 

VON EÓTVÖS used a torsion balance wi th a rod, 25-50 cm. long; 
the torsion wire was of pJatinum, 0,04 mm. thick,_ and charged 
with various substances all of 30 gros. weight. The rod is plared 
pel'pendicuJarly to the mel'idian and its position reJati \'e to the. case 
of the intl'llmynt detel'mined accurately by means of mil'l'or and 
srale. The whole intruroent, rod with case, is then rotated throllgh 
180 degl'ees, the subbtance that first hung at the eabt side, now hanging 
at the west side, The position of the ~l'od l'elatively to the instrument 
is now read agam. The kind of effect considered must produce a 
torsion of the suspension wire. With a brass bali at one end, with 
glass, cOl'k Ol' stibnite crystals at the other end of the rod no e~ect 
was to be observed. A diffel'ence of we"ight of val'ious substances 
of equaI mass, mnst be for brass, stlbnite and cOl'k less ~han one 
twelltymillionth, for air and brass less than one hUlldred thousandth. 

4. The astonishing fact of the eqnivalence of mass and weight, 
the expression of the narl'OW tie between the phenomena of inel'tia 
and gravitatjon is of fundamental importance fol' EINSTElN'S theory 
of gl'avitation. This theOl'Y, only possible, if the1'e exists a field of 
force giving the same acceleratioll to all bodies, even enables us to 
"create" a gravitation field by a tmnsfol'mation of <,oordinates. 2

) • 

The fact roentioned therefore meritR to be tested in all possible 
directions. H has been my aim to extend the work of VON EÖTVÖS 
in two directions, viz.: by the inveetigation of o1'ièntatecl crystals and 
of radioactive substances. I also hoped, that I might be able to 

1) V. EÖTVOS. Ann. d. Phys. 59, 354 1897, especially p. 372-373, and 
Mathem. u. Naturw Berichten aus Ungarn. 8. 64. 189l. 

2) EINSTEIN. Ann. d. Phys. 49. 769. 1916, 
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introduce some changes, secUI'ing, at any rate, the illdependence of 
my results. 

An illvestigation of c1'ystals seemed important ta me, because 
VON EÓTVOS in bis inVef'itigation of stibnite does not mention, whether 
attention was paid to a definite ol'lentation. The orientation 1'elative 
to the vertical ho wever might be of snpl'eme importance. An in vest­
igation with radioactive substances is of interest, uecanse it enables 
us to vel'ify [he pl'oposition that enel'gy possesses mass. We know 
that if L.E denotes a change of energy of a body, c the velority 
of light, then to L.E cOl'l'esponds a change L.m of the mass given 

L.E 
by the formula L.m = -. Because /c 2 is extremely gl'eat, we can 

c2 

by ordinal'y methods only obtain inappl'eciable changes of mass, 
We cannot hope e\'e1' 10 be able to meaSUl'e the changes of mass 
callsed by the effect of temperature Ol' by chemical transformations 

In the case of radioaetive bodies ll~e processes of disintegmtioll 
entail 10s'3es of energy of another order of magnitude than in the 
case of chemical transfol'mations. During the tranRfol'matiol1 of uranium 
into lead and helium an enormou~ amount of energy mnst be relea­
sed. This is al ready the ('ase during part of the necessal'y transfor­
mations, fol' in the course of its life one, gram of radium with its 
transformation produets including radium F emits about 3,7 109 

calOl'ies 1). 
. ,3,'7 X109 X4,18Xl07 

'['hlS cOl'l'esponds to a change of mass eqllal to ° = 9X1 20 

= 0,6 X 10-4 g pel' gl'am. 
If this energy possesses mass, but no weight, th en pendnlums 

with lead, helium, uranium must give vahies for the accelel'ation, 
differing by more than '1 part in 10,000. 

All'eady several years ago these considerations wet'e gi ven by 
J. J. THOl\fSON, who also made experiments with a pendulum the 
bob of wbieh was made of radium, It was, however, impossible to 
obtain a high degree of aceuracy as the quantity of radium availabJe 
was very small. Afterwards SOUTHERNS 2) made experiments in 
THOl\ISO~'S labol'atory w]th pendultlllls with uranium oxide and red 
leaä. He came to the concll1sion that tbe ratio of mass to weight 
for uranium oxide, does not differ from that for lead oxide by more 
than one part in 200,000, 

1) RUTHERFORD. Radioactive Substances. p. 582. 
i) SOUTHERNS. Determination of the ratio of mass to weight for a radioactive 

substance, Proc. Royal. Soc. Londol1, A. 84, 325. 1910. 
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Hence we must concll1de, within the limits of experimental errors, 
that if ene1'gy possesses mass it also possesses weight. Now we rail 
considerably 1'estrict these limits by the use of the torsion balance 
and this justifles us, I think, in applying it to the investigation of 
l'adioacti ve substances. ~ 

5. N ew experiments. My own experiments were made with an 
apparatus, p1'ineipally aftel' the design of that of V. EÖTVÖS, but of 
much smaller I dimensions. The weights at the end of the torsion 
rod were each 30 gl'ams in v. EÖTVÖS' experiments; in my apparattls 
the weights were eacb of 1 gram. The weight of the to1'8ion rod " 
with mirror was only about 1,5 grams. The distance between the 
centres of the cylind1'ical weights at the ends of the t01'8ion rod is 
about 10 rms. The smallness of these weights enabled me to take 
advantage from the pl'opel'ties of fIne quartz wit'es, not yet .discovered, 
indeed. at the time v. EÓTVÓS began his researches. 

The torsion wil'e in my appal'atus was 22 ('ms. long, and abontO,O l mn;t. 
thick. The time of -oscillation ranged trom about 350 to 400 seconds. 

In order" to pl'otect the apparatus from the1'mal and electrical 
perturbations we -nsed, as also did v. EÓTVÖS, double and even triple 
walls, of brass, about 3 mms. thick. 

Manipulations with an apparatus of so great a sensibility as this 
tOl'sion balance, requÏl'es exceptional stability of tlle surroundings. 
The mounting on the briek piel's of the Amsterdam labOl'atory proved 
to be quite insufficient. I, tberefore, resolved to construct an arrange­
ment, probably secUl'ing the appal'atus against vibrations and per­
mitting its rotation, with scale and telescope, about a vertieal axis 
throngh 180°. -

The pl'illeiple of th is arrangement is the one used by MICHEJ,SON 

aml by EINTHOVEN for similar purposes. 
I haye mllch pleasnre to thank here Mr. W. M. KOK, phil. nat. 

cand. for his assistence in the construction of this arrangement and 
during the eontinllation of the present investigation. 

The prinripal pal't of the arrangement is an iron uasin Mating 
in a tank with thick oil. Tank and basilJ are of annular forr'n; the 
centml part being open, it becomes possible to snepend an app~l'~tl1S 
from a vertical bar thl'Ough the centre of the annulal' basin and 
to fix it at different heights. 

A more detailed description is reserved fol" anothel' occasion. 
It was fOllnd that this al'rangemem gave excellent protection against 

vibrations of short pel'iod and permitted also to give slowand 
sm'oot IJ rotations, 
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On the contral'y the protectioll against \'jl:H'ations of long period 
was very bad. Experiments with the suspended torsion balaure 
soon taught that, even during the most quiet hours of the night, 
the torsion rod was nevel' at rest. Sometimes the amplitude of the 
oscillations gradually diminished to zero, but then the amplitude 
increased again to 5 m.m., not to mention the extremely annoying 
nutations of I the mirrol', which, indeed, never ceased. Apparently 
vlbrations of a period of 300 or 400 seconds (the period of the 
torsion ~alance) are neve'r failing in the mal'shy land of Amsterda~, 
at least in the neighbourhood of the physical Labol·atory. 

lt was therefore hopeless to work with the torsion balanc~ in 
Am,sterdam, and I l'esolved to contInue my experiments in the cellar 
of a country honse near Huis t81' Heide (prov. Utrecht). 

To my surprise I fOllnd that the stability of the balance, at the 
new Rtation, was most excellent. The motion of the mirror, about a 
horizon tal axis, was entil'ely absent and the amplitude of the osciI­
lations always decreased with time. Aftel' about one hour the image 
seen in the telescope was at rest. The appal'atus was placed upon 
a wood en tabie, rest~ng on the cellar floor. Even hard stampings 
upon the floor in the neighbourhood of the apparatus had not the 
slightest effect. 

Of course the temperature of th'e cellar was ver) constant. One 
dititurbance had an effect on the observations, viz. tbe magnetic 
action due to the iron beams of the cellar vault. The constant 
displacement of 0,3 m.m., noticed in the experiments with quartz 
and recorded later on, is probably due 'to this cause. 

In view of the accuracy aimed at in the experirnents, thi5 amount 
could not be neglected, though in some experiments its intluence is 
eliminated. I thel'efore transfel'red the apparatlls, fh'st to a second 
place in the cellar, where presnmably the perturbations would 
be less. 

-Afterwards the apparatus was placed in the vestibule. Also here 
the stability was excellent, but of course the cOllstancy of tempera­
ture, thOllgh satisfactm'y, somewhat less. Several excellent series of 
obsel'vations were obtained. As they extended, howevel', over the 
whole day and the principal entl'anee of the house was then put 
ont of use, I restl'icted these obser\'ations to a rat her limited 
number of days. 

6. For Arnste1'darn the latitude cp = 52,4 and g = 981,3 cm/tier 
The angle a bet ween tbe attl'l:Lction of the eal'lh b, and the resultant 
of altl'action and centrifugal force a, becomes 5'4~" = 342". 
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a sin (p 
As is easily seen from figure 1, a = -b- and hence da = 

dasin (p db 
=-b-' - db = a-,;, if the attraction b changes with the amount db. 

By tbe change of direction cia, tbe force acting 
K in tbe horizontal direction H becomes Rda, R 

being the resultant of a and b. 
lf there is a ('bange of mass a with cia, then 

cla = da sin cp a da. 
b a 

~'ig 1. Let the diffel'en('e of attraction for two sub-
stanc'es be 1(1000000, tben da = 0,000342" Ol' in,radians 1(600000000. 

In order to give an idea of the sensibility of the apparatus and 
to calculate the effect to be expected with a given value da, I now 
give some details of the arrangement, a sketch of which is given 
in figure 2. 

., 

Fig, 2. 

Experiment with quartz cylinders, mean weight of each 0,888 g. 
Time of oscillation (complete) of torsion rod with quartz cyIindel's 

350 sec. 
Time of oscillation (without cylinders) 186 sec. 
Distance of the centres of quartz cylinders 7,6 cm, 
Mornen t of inet'tia of qmu·tz cy lindet·s 1(\ = 2 X 3,8' X 0,888 = 

= 25,6 g. cm~. 

Moment of inertia rod + cy lindel's f( = 25,6 + 10,1 = 35,6 g,cm~, 
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4.1t 2 35,7 
For the torsion couple S we find from S = ---- = ° 0115 

350' ' 
cm 2 g. sec.-2• 

Hence forre per radian tWlst 0,0115/3,8 = 3,03 X 10-3 dynes 
= 3,09 X 10-6 g. 

Distanre seaIe to mirror = 540 mmo 
A displacement of 1 mm. obset'ved m the telescope cOl'responds 

_ 1 
to a rotation of ---

2X540 
A di.ffel'ence of the positions of the balance equal to 1 mm., 

~hen pomting first West than East, corresponds for the single effect 

to a force measured by an angle of 1 , and therefore equal to 
4X540 

3 ')9XIO-6 

-~-2i60- = 1,43 X 10-9 g. 

The vertical force acting on the cylinder is 0,888 g. 
. 1 
If the effect is , then we have (see above) Rda -

1000000 
0,888 

= -6-10-8 = 1,4-1 X 10-9 g. 

We therefore see that with the sensibility used, 1 mm. of the 
seale correspollds to an effect of 1 in 1000,000. In many cases the 
result is certamly smaller than 0,1 mmo 

7. Res~tlts, We wil! llOW summarlze tbe results obtamed. In 
the fh'st expel'Ïrnents the position of rest of the rod was deter­
mined from th1'ee succeeding e}.tremities of vibration. The presence 
of the observel', howeyer, brings about a mat'ked disturbance by 
convection currents. Preference was given in the subsequent obser­
"ations to the noring of the final positjon of rest, actually attained 
aftel' about one hoU!'. 

Experiments wel'e made with quartz, calc-spar, lead oxide, uranium 
oxide, uranyl nitrate. 

Quartz. The 2 cylindrical quartz rods were 25 mmo long and 
of -1,5 mmo diameter. The axis of the eylinders lay in the vel'tical 
plane thl'ough the rod of the balanee. The el'ystallographic axis was 
perpendiculal' to the axis of the cylinder. I determmed its POSitiOIl 
befOl'e the beginning of the expel'iments, by means of observations 
with the polariscope, and noted it by means of á smal! cross, cut 
by a diamond, in the smface of the cylinder, 

Experiments in the cel/a?'. The annexed table gi\'es an example 
of results fol' cy linders with crossed and wtth pnt'allel axes. . 
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Qua1'tz cylinders: axes J.. 
Telescope West 

Reading scale 66.8 
in m.m. 66.8 

Date: August. 2. 
Telescope E~st. 

67.2 
67.2 
67.3 
67.4 

67.0 
67.0 
67.0 
66.92 67.28, hence E > W 0.36. 

The results are exhibited as a rurve in fig. 3. The abscissae give 
the honrs of the observations. The tempet'ature of the instrument 
diminished In the course of tbe day a few tenths of a degree.-

Quartz cylindel's. Axes jj. Date: Augnst. 5. 
Telescope West Telescope East. 

Readlllg scale 39.7 40.0 
in m.m. 39.7 40.2 

39.8 40.1 
39.8 40.1 

3~.75 4:0.10, hence E> W 0,35 
These results are l'epresented In fig. 4. 

co; 

:$ 
Quartz-axes J. [Aug 2 cellar] 

!IÄ w 
ii: 

t ! ! 

>1 10 11 12 'l 4 
: ! : 

'0 hours 

Quartz-axes II [Aug 5 cellar] 
..r m~ : 11 
~ 

6 

ii: 
1 ! 

~ 10 11 12 .1. ,;. 

These observations exhibit a difference of the readings for the 
position of the torsion rod aftel' rotation of the apparatus from the 
E-W to the W -E position. Moreover it appears that it rnrd"es no 
dijlerence whethel' the crJjstallogJ'aphic axes of the qual'tz c,1llinde1's G1'e 
pamZlel01' crossed. At least this difference is on1.)" 0,36-0,35=0.01 mmo 

The constant diffel'ence of 0,35 mmo was traced to be pl'obably 
due to the asymmetrieal, magnetic action of the heavy iron beams 

- of the cellar vault on the weak1)' magnetic torsion rod of hal'dened 
copper of the balance. A magnet placed in the neighbourhood of 
the apparams raused a smalt deviation, 

The balance was then tl'ansfel'l'ed to the vestibule, a place of rathel' 
constant magnehc potential. The diffE'rence between the E-Wand 
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W -E obsel'vations had disappeared. As an example I give again a 
table of results, also plotted in fig. 5 and fig. 6. 

",M 
75 3S--J=I'-r-~==lr=====!r----...I" 
74 

.. 
73 ,Quartz. axes 11 vestibule Aug. 27 Quartz. 1 Ivestlbule 

axes Aug.:m 

il la 11 12 4 hours 9 la 11 hours 
\ 

Fig. 5. Fig. 6. 

Qua1'tz cylinders: axes 11. Date: August 27. 

W. O. 
74.9 75.2 
75.1 75.0 
74.9 /74.9 

74.97 75.03, hence E> W 0,06. 

Qual'tz cylinders: axes .L. Date: August 27. 

W. O. 
54.1 
53.8 

53.95 

54.0 
53.9 
53.8 

53.90, hen ce E < W' 0.05 

The above mentioneg and fUL·ther observations justify us In con­
cluding tbat an injluence of the orientations 0./ a quartz cT,l/stal on 
t!te mtio of mass to weight is less tAan 1 in thi'l,ty millions. 

Subseqllent observations wel'e made with two calc spar cylind81'S 
with the same results as obtained fOL' qual'tz. 

These observations were also maàe in the vestibule. 
The results obtained are in agreement with the conclusion in ~ 2. 

8. The tOl'sion rod was next chal'ged witb a small glass tube 
with yellow lead o,vide at une end, and one of tile qllartz cylinders 
at the othel'. A difference of the ratio of mass to weight for these 
sllbstances was certainly less than 1 In twenty millions. 

9. Radioactive substllnces. Obsel'vations were begnn with U1Ylniwn 
oxide, included in a thin cylindl'ical glass tube. The results were 
rather puzzling. A first sel'Îes of obsenrations in the cellar gave, in 
the above used nomenl.'(atUl·e, E> W 1,2 mm. In this series lead 
oxide was compared with uranium oxide. 

On August 2* I began observations with a second glass tube 
chal'ged with uranium oxide. I resolved to compare thls second tube 
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wUh the th'st in the tOl'sion balance, expecting to find a devia­
tion of, at the ntmost, a few tenths of a mmo when observing in 
tbe celIal', and practically zero in the vestibule. An observa.tion of 
August 24 in rhe cellar however ga\'e, using the torsion rod, eharged 
Wit!l the two uranium oxide tubes, a ditference of TiJT::> E 2,1 mm.; 
in the vestibule an obsel'vation of August 25 gave JiV> E 2,2 mmo 

The {it'st tube was incidentally broken alld part of the contents 
lost. The further expel'imenü; were made with the second tube 
(balanced against quartz) and gave on August 28, 29, 31 and 
September 2 the resl11ts JiV> E 1, 1, 2.5, 3 mmo 

The deviations found widf'ly exceed the errors of observation. 
They prove (observations of August 24 and 25) that the two samples 
of uranium oxide are not identical. Pl'obably both or at least one 
of the uranium oxides are contaminated by iron. J) 13)' tbis hypothesis 
we may undel'stand that the magnitude of the deviation changes 
with time (obseryations of August 28 and following days), and even 
exhibits contrary signs (first observations in the cellar compal'ed 
with the later observations in the vestibule). 

I had not yet an opportunity to test quantitatively the suggestion 
as to the influence of a contamination by traces of iron. This must 
be reserved to another occasion. Meanwhile, I have now to record 
obRervations with w'anyl nitrate, which go tal' to prove that radio­
active sllbstances also follow the law of proportionality between 
mass and w~ight with 'great accuracy. The uranyl nitrate was in­
cillded in a thin cylindl'ical tube and balanced against quartz. The 
results of obsel'vations of September 10 and 11, made in the vestibule, 
are plotted in figs. 7 'and 8. ' . 

The curves are not quite parallel to the axis of abscissae, a case 

'" 4 

41 

"'M 
43 

12 

Ur~nylnitrate [Sept. 10, vestibule] 

r-,-~~~~~~~w~~· 

5 10 hours 

Fig 7! 

Uranylnitrate [Sept. 11, vestibule] 

10 11 12 2 8 9 1C hours 

Fig, 8. 

1) OWEN (Ann. d. Phys, 37, 686, 1\H2) finds that the three preparations of 
uranium, which were used in his magnetochemical experiments, contained much 
iron, See als 0 there (p. (72) same remarks on the omnipresence of iron. 
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realized in tbe cellal' obsel'vations Figs. 3 and 4, but exhibit a 
small slope due to the l'ise of temperature in (tbe vestibule. This 
slope is howe\'el' tbe same fOl' the E. and W.-curves. The lines al'e 
even pl'actieally coincident for the gr~ater part of the observations 
or September 11, and the smal! l'esidnal diffel'ences exhibit contl'al'y 
signs in the obsel'vations of September 10 and 11. Tbe obsel'vations 
justify us in conclnding that for 'llmnyl nitmte a çleviation of the 
10,10 of _the constancy of the 1'atio of mass ancl weight is 1ess than 
1 in tiventy million, 

lt seems extremely irnpl'obable tllat the behavioul' of uranium 
should be otherwise, as far as a so fundamental property as mass 
is conrel'ned, in an oxide than in a nitl'ate. The deviation found in 
the case of an oxide, is thel'efore most probably due to a magnetic 
contamination, lf tbe deviation found in tbe case of- tbe oxide wel'e 
really due to a change of mass, than the nitl'ate' sboul,d exhibit 
about half the effect of the oxide Ol' about 1,5 mm., allowance being 
made fOl' the quantity of Ul'allium in the two combinations. But tIle 
effect is most certainly less than 0.2 mmo 

Pel'haps I may be alJowed to add that electric disturbances during 
the obsel'vations were excluded sometimes by a short exposure of 
the inner case, opened to this purpose, of the balance to radium 
rays, sometimes by placing a few scrapings taken from the leaden 
box containing the radium preparation. 

I bave pl'ojected recently some improvements of the appal'atus 
nnd the met bod of obsel'vation, by which I hope t~ be able to 
increase the aecuracy, according to an estimation at the safe side, 
ten times. 

I hope to return to tbis subject on another occasion. 


