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11. No 1'ea.ction is possible, in which all phases of the invariant 
point mar participate. 

When e.g. the pbase Ft eannot take- part into one single reaetion, 
tbcn in (1) and (2) -al beeomes = O. Tben we have an invariant 
point wilh n + 1 phases, for' whieh the considerations sub I are true. 

Leiden, Inorg. ,Chem. Lab. (To be cOn#nued). 

Physics. -- "ETperimental Inqttiry into the Laws of the Brownian 
J,fol'ement in a Gas." Hy Miss A. SNETHLAGB. (f'...ommunicated 
by Prof. P. ZUMAN). 

(Communicalèd in the meeting of Feb. !4, 1917). 

1. In a former paper 1) smne ·~bjeetions have been advaneed 
to ElNSTEIN '8 formulft. for the Brownian movement by Prof. VAN 
DER WAALS JR. and me. Aecording to th is formula: 

- 2RT 
b,' = - B. . . . . . . . . (1) 

N 

lil whieh b,' represents tbe mean square of tbe aisplacement which 
a "Hrownian particie" obtarns per second in a detlnite direetion. 
Equation (1) has been derived on the supposition that tbe partiele 
meets in its move ment with a resistanee of friction. Accol'dingly B 
is the inverse value of the factor of resistance which is found when 
the partlcle travels with constant veloeity under infJuenee of an ' 
external force. Statistical mechanics, .however, teaches that a particie, 
in eqnilibrium witb tbe surrounding 'moleeules, does not experience 
a force dependent on Hs velocity, bence no ordinary friction. We 
have written tbe ~uation of motion in tbe form: 

;; = - P" + q • • • • • • • • (2) 

and derived a value for b,', whieh does not lay claim to graat 
accuracy. but leads, at least for the Brownian movement in a 

1 
gas, to b,' being proportional wit,h -, when a represents tbe radius aS 

of the particie. 
According to STOKES' formula witb CUNNlNGBAJrI'S correctÎon: 

1 
B = 6,,'ak . . . . • . . . • • (3) 

in wbieh ~ represents the coefficient of friction of the medium &nd 

k= (1 +Á~)-~ 
I) Tbese Proc. 18, 1916, p. J822. 
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1 is the mean length of path of the molecules, A is a constant 
determined at 0,873 in Guu's laboratory at Geneva 1). Different 

investigators have performed measuremenls of 6.', however almost 
always (rom the mutual dift'erences of tbe times in which a particle 
travels a definite distance under tbe influen~ of an extern al force. 

It is, hOWe\'el', the question 'wbether tbe thus determined values of 6.2 

are tbe same as those of equation (1). For with tbe movement under 
an external force the distribution in spa.ee of the molecules of the 
inedinm is distnrbed, and it mo"es for a part with tbe partirie. The 
chance to a Brownian displa.cement upward or' downward will no 
longer ba symmeirical. Only one investigation is known to me, 
that bt FLETCHER '), in which no extern al force acted on the partiele. 
The data. obtained in tbis way, are, bowe\'er, not numerous. 

It seemed therefore not superfloous ie me, 1.0 start another inquiry 
• infO t,he \'aJidity el flqUation (1). In my experiments, carried out in 

dre Physical Laboratory at Amsterdam lDirector Prof. ZEI<:MAN). the 
displacement of a particIe was measured while thegravity and tbeeleetric 
force were in equilibrium with each otner. This can be established 
with pretty graat a.ecuracy; in order, howe\"er, not to be disturbed 
by a small residual force I observed the movement in horizontal 
instead of ,'ertical direction, 

2. I made use of the. weU-known metbod of MU.LIKAN 3) and 
EHRKNHAFT 4). 

When v" represents the velocity of fall of the particle with mass 
M, 'v,,' the velocity under influenre of gravity and an electric force 
of equal di rection , Vs the veloèity of rising, when this electric force 
is reversed, the foUowing equations hold: 

1 
Mg=- v". 

B-
I 

ef - Mg = IJ Va • 

. . (4a) 

. . . . . (4b) 

Ir 1, Á. 

e(f + .D'.Lg - B v" . . • • (~) 

e'f is the absolute value of tbe electric force, e t.be charge of tbe 
partiele .. 

From (4a) and (4h) follow8: 

1) A. ScaIDLOI' et Mlle J. MURzYl'Iowsu. Arch. de Genève 4:,40,1915, p. 386 and 486. 
S) Ho' FLBTCaBR, Phys. Re~. 33, 1911, p. 81. 
I) R. A. MlwJtAlf, Phys. Rev. 29, 1909. p. 560. 
') See for a rul! description : f. EHRENHAFT. WieD. Sitz. Der Ua, 123,1914, p. 53. 

. 64* 
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1 
e~ = JJ(v" + v,) ••.••• (b) 

If B is known, tlten Cf ean he ea)eulated. 
According to (3) we may write (4a) as: 

! Jra' (Q - à) g = 6 Jr; aki'" • • • • (6) 

Q is the density of !be particle, d that of the medium, !l the accele
ration of gravity. 

From (6) we can calculate a. 
ScHRÖDlNGER 1) stlOwed that: 

in \V hich lt' is the mean of Ihe timesrequired by the partiele to 
faH over the distance L. The Browniàn movement namely eallses 
the measured limes to ditfer somewhat inter se. 

The mea~Ul'ement of A 2 took place in the following way: I ob
servet! a graal many times the time in wltieh the particle ('orers a 
cel'lain distaJlCe in horizontal direction, when the gravily is neutl'al-

ized by an electric force. To find A' from these times of displtloCe
ment we ask: what is the chance that the partiele after a time t 
crosses for the first time a dÎ\'iding !ine at a distance I, no matter 
on whieh side? We confine ourselves to tbe X-movemellt. I have 
made use of the melhod which ScHRÖDlNGER 1) uses for a silIlilar 
probJem. 

When at a time t = 0 a great number N of partieles start from 
the point VC:r=oj, the number with coordinates bet ween .1' and .1: + dIJ; 
at the moment t will be: 

NV a e- ~2 dm . 
lIt 

We see the metming of a by caleul~ting the mean value of w, 
It then appears tbat: 

1 
a=--

2A' 
, . (7) 

Calling the points that lie at a distance I on the right and on 
the left of. 0, A and B (fig. 1j, we sbaH calculate how many 
pal'ticles have passed neither of the points in the time t. 

I I I I 
BOA C 

Fig. 1. 

1) E. ScHRÖDINGER. Pbys, Zeitscbr, 16, 1915, p. 289. 
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It is easy to say how many have passed over A or B. Let us 
confine ourseh'es first of all to A alone. When. a particle reaches 
A, the chanèes that it wiJl lie on the leftside or on the rightside of 
A some time later, will be eqllally great. Hence the numbel' of 
particles NI that reaches A, is equal to double the nllmber on the 
righthandside of A. 

_ <Xl o<x' 

NI = 2N V :tJ e - t d.'C 

1 

T~e number of particlE:s that has passed R is of course equally 
gl'eat. The reqnired nnmber Af, which has neither reached A nor 
B, is howevet' not equal to .N-2 lVI' for we have connted the 
partieles that ha\'e passed over the path OAB among the two 
grollps NI' as also the part ic les 0B.A. (The ~eaning of this wa.v 
of writing is dear.) The number .NI that has tl'avelled the path 
OAB is eqnally great as the number that has reacheu a point C 
at a distance 3l from O. This· is of course again: 

N, = 2NV :tje- ~2 dtIJ, 

3l 

Thus we find: 
M = N - 2 NI + 2 Nt ' 

Now, however; the partieles OARA and ORAB have agaill been 
connted among each of the groups lV, etc. Cont.inuing in th is way 
we find: 

Al = N - 2N I + 2~\ - 2N. + ... , ai in/ . . (8) 
in which: 

Nm=2NV;t fa> e-.~ dtIJ. 

(2/n-1)1 

1n order to find the chance Pct) dt that a partiele for the first 
time passes one of the points A or R between tand t + dt, we 
must dilferentiate (8) with respect to t: 

1 dM 
P (t) dt = - N di dt • 

M,= N -4NV:
t 
lÏe- u.;' d.1: - je- ~'dtIJ + J.,. ad inf. t (9) 

I 31 5/ . 

This series is convergent for allfinite vallles of t. 
Ir we now introduce a new variabfè y, so fhat: 

, 
• 
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tben (9) is transformed to: 
QO Ol> 

M = N - '~ 1 J rYt dg - J e-!I' dy + . .. ad inf· t 
I VT 31y~ 

bence : 
- 3 tdI 9td1 

P(t)dt=21V; t-sJe- t -8;--t + ... adinf.t dt • (10) 

This series is convergent for all va.lues of t. 
Jf we now put: 

cti' 
- = Zl' t 
t 

then we get: 

2Sal' 
--=z,' etc. 

t 

4 . . 
P (t) dt = - -lrz1' dz1 - rzs' dz I + . .. ad inl.l. . (11) 

VIJ 
Our purpose is to determine a. 

1 
From (10) we can calcula.te tbe mean value of -. 

t 

We find for tb is : 

1 1 
t = al' ( 1 - t + Is - . '. ad inf.) 

If we l'epresent the sum of tbe series between brackets by j, 
and put: 

tben 

and 

1 ,I 

f' 
a=-tÄ 

l' 

- l' 1 
A' = 2f tl' . .. ... (12) 

Tbe index A annexed to t denotes tbat we mean the times of 
displacement. I is to be approximated with au arbitrary degree of 
accura.cy. For our purpose suffièes 1= 0.916., 

The observations give tl, bence AI can be ea.lculated. 

3. I sbaU brieOy deecribe ,be apparatu8 wbicb I used for my 
obsèr\,ations. 1

} I Maume the method of MII.I.IXAN and ESBINBAlT 

to be known. 
• 

1) Compare ror a ruu deseription my thesis ror the doctorate, which will 
shortly appear. 
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The condenser consisted of 2 squl),re brass plates placed horizontally. 
I have worked with 2 different condensers C, and C, of the 
following dimensions: 

sides of the plates 
tbickness 
distance about 

C, has been used most. 

C , 
20 mmo 

2 ,. 

3 " 

C, 
14 mmo 

8 " 
2 " 

I observed tbrough a mieroscope placed horizont.ally. A micrometer 
was adjusted bet ween tbe two lenses of the eye-piece. It consist.ed 
of two sets of lines drawn normal to each other, 0.1 mmo apart. 
Tbe magnification with respect to tbis micrometér amounted to from 
4 to 5, the tofat magnitication to from 80 "to 100. 

For the illumination I used first an arc lamp of 8 amp., later 
a so-called rednctor lamp. This lamp burns 14 "oH and bas a very 
sm all incandescent body, hence a very great brightness per unit of 
area. 1 worked with a lamp of 100 candles. 

Tbe electric circuit was arranged in sucb a way that of one and 
the same par/iele I conld successÏ\-e)y mea.qnre tbe movement nnder 
influence of a constant force álld of an alternating force. Fig. 2 sche
matically represents the course of tbe electric cnrrent. By reversing 

c tbe double-po)e double-thro\,V 

.. 
Fig. 2. 

V. ~re 1equid resistances, S, 

L 

switch Ol' 1 cou)d snccessively 
insert the condenser C into the 
continuous-current circuit and into 
tbe alternate-current circuit. In 
tbe fig. tbe two condenser plat es 
are in connection witb tbe points 
Mand N of tbe adj ustable resi
stànces wt - 3, , which short
circuit the battery G. Bs is an 
alternate-current voltmeter. By 
opening SI and tbrowing over 
01' . C was brought into con
nection wi~h tbe po)es of tbe 
secondary winding of tbe trans
formator T, wbich com'erted the 
110 volt of the municipal elec
tric current supply to ± 2000 
volt. BI is a voltmeter of HRAUlS, 

L is a lamp resÏstance. VI and 
and S, breakers of the eurren!. 
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For the registration of the lrt01:ement I had at my disposal a .MORSE 
registering instrument, the paper ribbon of which was, moved by a 
tbree-phase motor of t H.P. A MORsE-key served as signal instrument. 
This al'l'angement appeared very accurate when tested by means of 
a chronometer. 1) 

The mercury particles were oblained by EHRENHAFT'S method. For 
the other substances I made use of an oil spray wbich is sold for 
medical purposes. 

4. Af ter the condenser bad been carefully adjusted horizontal, 
I proceeded 1.0 the measurement of I", ts, t'v, and t 6. of a definite 
particle. This wasbrought above in tbe field of vision, aud at the 
mOlDent thaI it, falling, crossed one of the 2 horizon tal lines, which 
served as marks, tbe MORsE.key was pressed down. Then the field 
was excited, and the time of risillg Is was measllred in tbe same 
way. This happened several times in slIccession, tbe time of falling 
tv also being noted down, when the electric field was reversed. Then 
gravity was callcelled by an eleclric force, and the indicator was 
pressed down when tbe particle in a hOl'izonlal direction passed a 
following vel'lical dividing line on the left Ol' on the rigbt of the 
precediug oue. The sen se of the displacement was indicated by 
different signs. 

Wben for a particle the observation was over, the distances 
betweell the dots on the paper were measured. These distances, expres
sed in cm., whicb are pl'opol'tional to the times of t'ulling and 
rising, are illdicated by T. Tbe factor of reduction of T to t was 
detel'mined repeatedly with an accurate chronometer. 

Equation (6) only holds for spherical parlicJes. I used tbe following 
criterion to lest the spherical sbape. When the particle bas different 
dimensions in different directions, it will be orientaled nnder 
influence of an electric force, and experience another resistanee tban 
in falling. Now follows from equations (4a, b, c): 

2t,., 
--=1 
v,,'-va 

1 

. (13) 

!f, however, the factor of resist.ance in tbe falling is B ' in tbe 

p 
movement under an electric force B ' equation (13) holds no longer, 

but instead: 

1) This had al ready appeared before in experitnents by ProC. ZUMAN in an 
optical determination of the current velocity in a cylindrical tube. Thef:e Proc. 18, 
1916, p. 1240. 
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2v" 
-,-=P 
VI) -Vs 

(13a) 

Now in measurements with' ammonium chloride I actually found 
values of p departing as mueh as ;:'0% from unit.y. In this p was 
always smaller than 1, which points to aposition of the particle 
with its length in the direction of the eleetric force. 

For the particles with which I performed my experiments, equation 
(13) was always sufficiently fulfilled. 

They were: a. electrically sprayed mercury (whieh will be dis-

cussed later),' 

b. ice oil, density 0.87, 
c. potassium mereury iodide, density 2.56. 

I used the last substance in order to get a length of radius Iying 
between that of the mercmy and oil pal'ticles. The time of falling, 
namely, depends besides on the radius, also 011 the density (equation 6). 
In the ob~ervations t" must not be too small, the measurements 
becoming too inaccurate in t,his case, and not too large, beeause 
then the deviations owing to the Bro~nian movement ba\"e too mllcb 
influence and the number of times of falling requil'ed to determine 
v",' then' bec.omes very great. For this reason I conld observe 
particles with smaller r!1dillS of a heavier slIbstance than of a 
lighter one. 

For the measurement of 6.' 1 used only series for which at least 
100 times of displacemÉmt were obsel·ved. ScHRÖDlNGER 1) caleulates 
tbe relative aecuracy of the reslllts, obtained in sueh a way~ for an . 

V 2 
analogous problem at --;' when n represents tbe number. of 

elements of the series. In our case the accuràey will not differ much 
from this. 

Tbe distribntion of the times of displacement that is to be expected 
follows from equation (11). The chance tbt\! t lies between tt aud t. is : 

~ (Zlh (z.), J P (t) de = - ::wl J e-ZI' dZ I - J e-z" dZ a + . :. t (14) 

~ (Zlh (zalt 
in which: 

t* 
(Zl)l~ =f!.. etc. 

tI 

The distribution of the T'S is the same. 

1) E. ScSRÖDING,ER, l.c. 
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In fig. 3a and fig. 3h I show for two particlee in bow far the 
observed and tbe ealeulated mstribution agree with eaeb otber. 

F'ig. 3a refers to the mereury particle N'. 123, dg. 3h to the 
oil particle N'. 158. 

n n 

.. 

JO 

Fig. Sa. Fig. 30. 

I have obtained tbe cUr\Ted lines by ealclliating tbe 10 be ~xpeeted 
number of times of displacement between T = 0 and T = 0.5 by 
means of equation (14), starting from tbe measured value of T4 , 
and by drawing tbis nuniber as ordinate of tbe point T = 0.25. In 
tbe same way the ordinale of T = 0.75 gives tbe number of tilDet! 
of displaeement between T = 0.5 and 1.0 etc. 

The erosses gh'e the corresponding values found from observation. 

5. I will now proeeed to tbe diseussion of the results. I used 
for tb is 13 series obtained with oil, 13 witb potassinm mereury 
iodide, and 14 with merenry. Ifor some series tbe time of fall, 
henee also the radius, proved tbe same, e.g. for N'. 152 and 153. 
Sueh series I have combi ned. Everything was recalculated to 170 C. 

For most expedments 1= 1.87 10-a, L = 2.24 10-2• 

Table I (p. J~t5) gives the results obtained with oil and mercury 
'iodide, arranged in descending valuet! of 11. 

1 ' 
I will first try to determine whether -=-. bence also ft. , is pro

At 

portionallo aS, to ale or to a. , 
Tbe eireles in dg. 4, (p. 1016)representobservatioos wUh oil, the 

crosses observations with potassium mercury jodide .. For ihe present 
we shall leave the series with mereury out of oonsideration. 
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We inquire which of tbe three lines determined by the equations: 

tl = Ca5 • (l5a) 
fl = C'ak. (lM) 
t~ = C'a . • • (150) 

ágrees best with tbe observatioris. 
To eetde this point it is required that we chooeea point tbrough 

whieh we ('an lay tbote curves. 
A ('urve drawn at sight a.eross the points wiU run very close 

along point P with eoordina:tes *.88 t\Dd 3.61. We shall choose tbis 
as starting point and lay through it the curves 1, 2, and S 
agreeing wuh eq,a&tions (15 a, h,and c).· . 

. It ~ppears t.hat 1 represents the observations very imperfectly, 
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I 
I 

.ft 
I 

x 

6 

and it is no bef ter when we choose another point instead of P. 
The CUl"\'es 2' and 3 howevel' are in good agreement witb tbe 
situation of the points, taking into consideration that the deviations 
are naturally considerabJe, quite, apart from errors. 

It cannot be decided witb certainty wbetber 2 or 3 should be 
preferred. lt seems to me that 2 is slightly more satisfaetory. At 

- 1 
any rate t he sn pposition that l::. t should be proportional to aS' is 

contradicted by the experiment, whereas El~STKIN'S formula, at 

least aR far as tile connection between At and a is coneerned, is 
confirrned. 
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6. In this we have not yet made use of the electrically spI'ayed 
mercury particles. These have given rise by their behavioUl' to the 
question of the subelectrons. EHRENHAFT 1) thought he had to con
elude from his experiments with this substance : electricity is not 
divided into quanta, or if it is. the quantum is much smaller than 
the electron assumed up to JlOW. A mong the opponents of this tbesis 
especially TARGONSKI') has tried to give all. explanation of the phe
nomenon by assuming that the particles possess a much slighter 
density than that of mel'cury. This would result iil a charge that 
was calculated much too smal\. TARGONSKI determines the spec. gl·av. 
of the grey layer which covers the wall of the "essel and the sur
face of the mercury af ter repeated spraying, and finds for it 7.3. 
He derives from this that the_ mean density of the sprayed particles 
is much smaller still. He does not determine, however. the density 
of lhe drops themselves. I think I have found a means in my expe
riinents to determine it directly, though it be not with vel'Y great 
ace u racy . The particles were sprayed in my expel'Ïments in ordinary 
air, in those by EHRENHAFT and TARC'TÜNSKI in dry nitrogen. 

With the aid of the known value of t~ the corresponding value 
of a can be read from fig. 4 when we assume that the curve 2 is 

TABLE Il. 

f sign I I I a from I tv I ti.> * Number of the j ! fig. I 9 calc. I charge, I 

I 
I 

Î I 
146 - 3.22 1.55 I 2.35 

I 

9.7 
I i 

94 + 3.49 1.22 

I 
1.95 12 

1.16-120 - 3.99 1.13 1.85 I 12 
I I 

102-137 +- 4.08 1.17 
) 

1.90 11 i I 
I 

I 141 - 4.28 1.07 I 1.80 12 
1-

150 4.52 1.12 1 1.85 I 10 -
110 I - 4.67 1.04 1.75 11 

138 + 4.77 0.97 
I 

1.65 12 

111 + 5.80 1.07 
I 

1.80 8.6 

123 + 6.01 0.93 1.60 10 

124 - 6.02 1.01 1.70 9.1 

149 - 6.46 0.17 1.40 12 

1) F. EaRENHAFr l. c. 
') A. TARGONSKI, Arch. de Genève, 4, U, HH6, p. 207. 



- 14 -

1018 

tbe correct one. Then the density follows from equation (6). I have 
carried out .the calculations, and eoUected the results in table Il. The 
density appears ro be about 11 on aD average, mucb .bighert-therefore, 
than aecording to TAROONSKJ. Probably alayer of a lighter 8ubstanee 
forms at the surfaee, but the cbief component remains mercury. 

In fig. 4 the points indicate tbe pIa.ees that the observations oecupy 
in the whole of tbe experimenlB, when I start from the supposition 
that tbe density is 1 t. In fig. 5 I have elliarged tbe first part of 

1,5 

" 0,5 " I' 
/ 

" I' 

" " " "," 
... ",'" 

. / 
/ 

/ 
/ 

/ 

/ . / . ~ 
. / " 

. " " . / 
/ 

/ 

" 

x 

I 

Fig. 5. 

~ 
/ 

/ 
~ 

/ 
/ 

/1 
// 

" " " x 
x 

" 
" 

3 

tIre preceding figure in order t.o show where the points would lie 
wben we had fo do wÎth para mereury. This has been indicated 
by points. Tbe croII8I give tbe pla.ce for ~ = 7, whicb is still 
too higb a.ceonting to TABOONSlU. 

'J. To examine wbetber the formula of ErNsTElN-CUNNINGltAM holds 
a180 numerically. we can calculate fbe value of N from curve 2 of 
fig. 4: with the formula: 

_ 1 RT 
lil = 831';ak N' 

I nnd for it N = 6.38 10". 
Among the different calculations of N that of So.!11IBBlRLD, from 

the tboory of quanta of the spectral Hoes, mlly he consideredas the 
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most aeeurateone. SollMERJI'EI,D finds N = 6.08 :JOu, a valuetbat 
dUrers 5'/. from that calculat.ed by me. 

8. Now al80 e can be cal<~ulated fl'OIIl' equation (5). The IIieasure· 
ment of this is, however, not 80 very accUl'8.te, the reading of 1he 
voltmeter being uncertain lo some percentages. In table 111 I record 
the l'eSults for a number of particles. Let nA assign to every par· 
tiele,tbe number of electrons give-n in tbe third column, then this, 
with the totat charge of tbe secónd column, for the electron gives 
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the values of the fourt.b column. These hood lie around MII,LIKAN'S 

value 4.7710-1°. 
I shaH diseuss the meaning of In in the following §. 

~. I bave stated in ~ 3 that I also ohser\'ed the partiele in an 
altel'llale field. It then executed a vibrating mO\'ement, and made 
the impression of aluminous line, c1eal'est at tbe extremity' wbere 
the velocitv was smallest. 80 that as a ,\'hole it resembied a dumb-

~ . 

bell. Accordingly I shall speak of the dumb-tJell movement. I have 
tl'Îed 10 rneasnre lhe length of this dumb-bell by comparing the 
falling luminouR liDe witb the disla/lce of the dividing lines. Tbis 
was very difficult, particularly because I had only a few seconds 
time. Then the constant. field bad again to he excited by quick 
tbl·owing. over of a nllmber of switches, 50 that I could make tbe' 
partiele rise again befOl'e it disappeared out of the field of vision. 
Henre the measurements are onl)' eslimatiolls with a considel'able 
mean error. I wanted to try and get an answer 10 the following 
qnestion: does S1'OKf.S-CuNNINGHAM'S formula sumciently express the 
resistanee a!fio for this rapid mo\'ement? 

Then the movement must satisfy the equation:' 
.. t.. 

M.'C = e(!. sin 2", - - 6.n~ a he , , (16) 
T 

(!o is tbe maximum illtensitJ of field, T tbe period of the altel'1late 
Clll'rent 1). It is easy to calculate that we find for the length of the 
dumb-bell from tbis equation : 

2A = 2:!O (2:)2 v-I -K'T' 
1+-

4",' 

K -- 6.n;ak. in whieh 
iW 

Now K ~ is large with respect to 1, so that we may write: 
2.11' ' 

T 
2A = e~G -. 1"_1.' • 6'Z'~ 

. (17) 

In table III meale. gives the value of 2A calculated from equation 
(17) expressed in multiples of tbe distance of 2 lines; mmw •. gives 
the measured lengths. lt appears that mra/c. is always smaller thall 
1nmeas • This suggests fhat tbe resistance for the vibrating movement 

I) Only in approximalion is the intensity of the llltel'Date field represented by 
a sinus funclion. 
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would be smaller tban for Ibe movement under ~onstant force. The 
observations are too rough for qllantitative calculations, but tbe 
differenees of m-cal~. and n1,meas. are toogreat and too much in one 

. direction to be attributed to errors of oOOelvation. 

Árnsterdam. Physical LaboratoT.'I' 

Chemistry. "Current Potential:; of Electrolyte Rolutions." (Seéond 
Communication) .. By Prof. H. R. KRUYT. (Communicated b~

Prof .. ERNST CoHEN). 

(Communicated in the meeting of January 27, 1917.) 

1. In a former paper 1) I communicaled a series ofmeasurements 
with respect to tbe influence of dissolved salts on the current 
potential, af ter baving made in vestigations with solutions of the 
chlorides of potassium, barium and aluminium. These salts were 
chosen, because they are electrolytes wilh resp. a monovalent, a bivalent 
and a trivalent cation. In Tables 2 and 3 similar resuÜs are given 
for 'investigations made with hydrochloric acid and the chloride of 
lJ-chloro-anilene. A standard solution of HCI was prepared by 
conducting gaseolls hydroehloric acid in "eonducti vity water"; to get 
the solution of p CIC6 H4,NH 1 • HUI KAHI.BAUM'S P CIC6H4NH z was 
dissolved in water containing the equivalent quantity of HCI from 
the soilltion first mentioned. 

The results gÎ\'en in Tables 2 and 3 show the decrease of the 
current potential to be here mueit larger than in fhe ease of potas-. 
siumchloride (cf. Table 1, columns 1 and 2). This result is in perfect 
agreeruent with the investigations on electric endosmosis (fol' litera-

. ture, see my first communication), and it can be easily understood 
wben we suppose, as FREUNDLICH does, that these phenomena are 
in close relation with the adsorption of tbe ions: the H-ion, and 
also the organic jons (especially aromatic ones) are adsorbed in a 
greater amount than those of the light metals. A comparison of 
Tables 2 and 4 shows, that the monovalent H-ion and the bivalent 
&"'on bring a bout neat'ly the same lowering of the current 
potential. 

2 .. A comparison bet ween the electric charges of t~e capillary 
tube is still of more irnportance (han . that of the current potentiàls 
~,specià.ny with regat.d to tbe' problems of colloid-chemistI·y '). 

1) Tb~e Proceedillgs:17, 615 (19t4.). 
lI) See H. R. KRUYT, These Proceedings 17,628 (1914). 
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