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phases of a heal't period that has been registered by derivation 1. 
for instance, and of another period by derivation II Ol' lIl. 

Moreovel', one heart contl'action IS not exactly like anothel' A t a 
superficial glance the E.K.G. of the same series, appeal' so slmilar 
to one another, that one would take one yel'iod fOl' the rcproduction 
of another, but, when measured, numel'OUS small ditfeI'ences appeal' 
winch impede the aCCUl'ate calculation of the direction and the 
manifest valae of the potential difference. All these difficulties disappeal' 
when the E. K.G. is registered by the three deri,'ations simultaneously. 

The method IS of service not only physiologically, but also clmically. 
For the object of practical cardiogmphy is not to ascertain the 
potential diffel'enèe that exisLs bctween one hand and anothel', or a 
hand and a foot, but to obtain an insight into the working of the r 

heart itself 1). 

Physics. - "Tlie rnagnetic susceptibility rmd the nurnber of lIW,Q

nëtons of nic1cel in solution.~ of nid-elsalts." By P. WElSS 
and Miss E. D. I:3RUINS. (Communicated by Prof. H. A. 
LORENTZ.) 

9 1. The parpose of th is resealch was to investigatE', how in 
connection with the magnetontheol'J the magnetic susceptibilitJ of 
nickel in solutions of nickeIsalts depends on the concentmtion of 
nickel in the solutIon. The research was made afte!' QUINCKE'S method 
improved by PlCCARD '). 

Bcfore and aftel' every series of meaSUl'ements water was meafmred 
of w hich the specitic susceptibility or coefficient of magnehsation 
has of late years been- determined with great aCCUl'acy aftel' different 
methods. 

For this coefficient SÉVE gives: - 0.725.10-6 at 22° C. 3) 

PICCARD: - 0.7193.10-b " 20° C. 2) 

DE HAAS and DRAPIER : - 0.721.10-6 ,,21° C.4) 

In the following caleulations has been used the vallle given by 
PlCCARD /..wate/ 200C. = - 0.7193.10-6. 

The coefficient of magnetisation XL of the soilltion is calculated 
with the fOl'mula: 

1) The complete account of the above investigation win appear elsewhere. 
2) Die Maglletis,ierungskoeffizienten des Wasset·s und des SauerstofTs. Promotions· 

arbeit von A. PWCARD. Arch. de Genève 1913. 
S) SÈVE. Paris )912. Thêse. Ann. Chim phys. (8) 27 p. 189-244. 1912. 
4) DE HAAS und DRAPIER. Annalen der Physik. Band 42. p. 673-684. 1913. 
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. . (I) 

where: hl = the measured ascension of the solution. 
J 

k l = the suscePtibility of the aÏr which is above the meniscus 
of the solution. At 20° O. and a pressul'e of 760 m m. 
Ic = 0.0294.10 -6. 

PI (293)2 
Thel'eforeIcI=-0.0294.10-G760 l' ' 

where Pl indicates the atmospheric PI essure deC! eased 
with the moisture of the air 

11 = the density of the Sollltion. 
7t = the measllred ascension of the water. 
k = the sllsceptiblli(y of the air which IS above the meniscus 

of the water. . 
1 = the density of the water. 

If the Soilltion contains x % of the nickelsalt, we have according 
to WIEDEMAl'N'S law: 

! 
(100 -m) Xwater + mXNzsalt 

XL = 10u (IJ) 

This XNzsalt Ipultiplied by the molecuhtr weight of the nickelsalt 
in qllestion gives the molecular coefficient of magnetisation X11I• 

From XIII tlle coefficient of magnetisatlOn X~T of the nickelatom bas 
lYI 

been deduced by mak.lI1g a corl'ertion for th~ diamagnetism of the 
anion. 

Tbese were taken: 

X
Cl2 

= - 0.40.10- 6 

Xm = - 0.37 . 10-6 
804 

X(mNO ) = - 0.36 . 10-6 
, I l 

which values have been deduced fl'om those given by PASCAL by 
making a correction for tbe value of Xlwlen which PASCAL has taken 
- 0.75 . 10-G• 

The formllla (Jo =V(X.Nz' 3RT) gives (Jo the magnetic moment of 
the nickel pro gramatom at the absolute zero of temperature. 

n = (Jo finally gives the number of magnetons of the nickelatom, 
1123,5 

§ 2. In the first place the aqueolls Sollltions of NiS0 4 , NiOl~ and 
Ni(NO.)2 wel'e investigated. 

They ha\'e been prepared ft'om IHstilled water and cobaltfree 
nickeisalts from KAHLBAUM. 

17* 
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The C'oncentl'atiOl1 has been detel'mined by analyzÎng the most 
concentl'ated }olntiol1 aftel' the eJectl'oJytic method 1) with a platinu1l1 ~ 

net for cathode and a platinum spi ral for anode. The rest of the sol u
tions were obtailled ti'om the analyzed by dilution. In Ol'der to 
insure accul'acy some have been analyzed. Fol' example thë~ results 
of two analyses of a solntiol1, which ought to contain 3,641 % NiCI

2 

according to the way it was prepared, wel'e found to be 3,643% and 
3,640 % NiC1

2
• 

The following table gh es the l'esults obtained; in the fifth column 

are mentioned the values of XNi reduced to 200 
C. according to 

CURIJil'S law (comp. § 5). 

Aqueous solutions of NiS04 • 

1% NIS041 T 1 XN1S04' lOS 1 X}h' lOS/ XNl 200 C .. 105
/ 

0 
param. 24.154 2) 291.6 443.7 447.3 445.2 

param. 16.345 291.3 444.0 447.7 445.0 

param. 10.341 290.4 444.7 448.4 444.4 

param. 3.116 290.2 446.6 450.3 446.0 

Average: 445.1 

Aqueous solutions of NlCl2 • 

% NiCI2 ! T ! XNIC12 .10S ! XN1·.10sl XNl200c .. l0s! 

0 

param. 22.690 3) 289.3 446.6 450.7 445.0 

param. 16.121 289.3 447.2 451.2 445.5 

param. 9.516 4) 291.2 444.8 448.8 446.1 

param. 5.890 291.1 443.6 447.6 444.7 

param. 3.641 290.9 443.4 447.5 444.3 

param. 3.156 289.2 446.2 450.2 444.4 

diam. 1.244 290.8 444.3 448.3 444.9 

dia~. 0.623 290.8 442.8 446.8 443.4 

Average: 444.8 

1) Treadwell. Quantitative Analyse. 
~) Avemge of the results of two analyses: 24.154 and 24.1;)4. 
3) Average of the result!, of two analyses: 22,695 and 22,685. 
ol) Average of the results of two analyses: 9,513 and 9,519. 

n 

16.05 

16.05 

16.05 

16.07 

16.06 

n 

16.05 

16.06 

16.07 

16.05 

16.04 

16.02 

16.05 

16.03 

1605 



- 5 -

249 

Aqueous solutLOns of Ni(N03)z. 

1000Ni(NOili 1 T 1 XN1(N03)J' 10
5

\ 
XN1 . 105 I XN1200C . 105 1 n 

0 

I 
I 

param. 37.164 1) 289.4 445.9 449.5 4440 16.03 

param. 26.953 289.4 447.9 451.5 445.9 16.07 

param. 14.873 289.3 447.9 451.5 445.8 16.07 

param. 7.098 289.3 448.0 451.7 446.0 16.07 

diam. 1.016 289.2 447.8 451.4 445.5 16.06 

Average: 445.4 16.06 

BefOl'e we draw concluslOns fl'Om the results obtained their accuracy 
must be tested. The error in the value used fol' X/valel is not greatel' 
than 3%

0 at most ~), from these, 2%
0 are a consequence of the error 

in the measurement of the normal electromagnetic field. The propor~ 
tion of the susceptibility of the solntion to that of the water, how-

'\ ever, is independent of the error in the field; as in this research 
the pl'opol'tion of the snsceptibility of the Rolution to that of the 
water has l'eally been determined, it is only the inaccuracy in the 
detel'mination of the ascension, which was 1% 0 at most, which con
sists in thát proportion obtained, whlle in the Bnal results the error 
of Xwater l'emains as weIl. From the _results of the analyses it is 
evident, that the error in the eoncentration al ways remains below 1 0

/ 00 , 

Thus within the limits of expel'lmental arcnracy the value of Xa
N 

0' 
120 l, 

and a]so the number of magnetons seems to be independent of the 
nature of the salt and of the concentl'ation of the solution. This 
result ag rees with that of OABRERA 3), who ti'om his research about 
the aqueous &olntions of nickeisalts also eonchlded the atomsuscepti
bility to be independent of the concentration and the nature of the 
salt. For the nl/mber of magnetons of the nickelatom in solutlOns 
of NiS04 , NiOI2 , and Ni(NOs)2 he respectively gives the nnmbers 
16,07, 16,03 and 16,02. 

The number of magnetons of nickel in dissolved nickelsalts thus 
seems to be a whole nnmber within the limits of experimental 
accuracy and as sneh supports the magneton theoJ'Y. 

§ 3. Then the ammoniacal solutions of nickelsalts were investigated. 

1) The analyses gave 37,164% and R7.131%, the formel' value has been taken, 
beeause tbe seeond is less reliable. 

2) A. PICCARD, lbid. p. 53. 
3) CABRERA, MOLES et GUZMAN, Areh. de Genève T. XXXVII, p. 330, 1914. 
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Ir ammonia is added to an aqneous solution of a nickelsalt, we get 
the blne coloured solution of the complex nickel-ammonia compound. 
As wlth these solutlOns the strong evaporat~oll of the ammonia 
malies It impossible to determine with sufficient accuracy the correction 
for the magnetic sl1sceptibi1ity of the air, these measurements we re 
carried om under an atmosphel'e of hydrogen and ammonia, which 
wa'l obtained by leading the hydl'ogen thl'ough an aqueous NRa-solntion 
of about the same NHa-concentration as the solntion to be investigated. 
The magnetic susreptibIllty of this atmosphere is so sm all, that it 
ma,y be ta,ken equal 10 zero, thus fOl'lllula (I) becomes, as with these 
llIea"'lll ements the water measurements alêo were made und~r a 
hydl ogenatmosphel'e : 

• (I') 

The calclliation of XNl salt from XL with the ammoniacal Soilltions 
is performed analogous to the calclliation of XNl s,tlt from XL with 
the aqueous solutions. However not on1y the susceptibi1ity of thè 

,water but also th at of the ammonia must he taken into account. 
The measuremenls of aqueous ammonia solutions gave for XNH. : 

- 0,947.10-6 

- 0,950.10-6 

- 0,942.1 0-6 

- 0,954.10-6 

Average: - 0,9J8.10-6 

while PASCAI, gives: XNHa = - 0,881.10-6 • 

Instead of formula (U) we get: 

(lOO-a:-y) X"atel + Y XNHa + a: XNl salt 
XL= . (IJ') 

10u . 
where X indicates tbe percentage of nickelsalt, y that of ammonia. 

A., from some experiments in the begjnning it was evident, that 
w11h <L Cr'1'l,tln roncentration of the nickelsalt within the limits of -
expel·lllJl'lll.l.l aceul',w'y a fixed vaille was fonnd for XNl s,Llt calculated 
IHlh fOlllllllè l, (11) fol' (lt:rJr'I"'lIt NH,-('oncentrations, the conclusion may 
hl' "IawIl liral ;:~'" ha., lilt' sailIe "ctlue no matter in what degl'ee 
l'll' <tlIIIl1IJ1II.t I" h Hlilil 10 '11(' 11It'kelsalr or finds Itóelf free in 

e I I \ e I l' I' d' \ ,ee til, lIIay _ be assumed as an 
d dililo 'eli 11 0/ e 11 I I I III tOl Ihe ammOnIa may be 

" 1I 'I. \ I I \ 

.1 110 d wJlh thf' ammonical 
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Ammoniacal solutlOns of NiS04• I) 

param. 4.441 I 8.628 290°1 I 419.7 423.4 419.2 15.58 

param. 3.244 8.061 290.0 419.9 423.6 419.3 15.58 

diam 

dlam. 

diam. 

dlam. 

2.527 

1.522 

1.078 

0.535 

6.225 

6.557 

3.479 

2.937 

290.0 

2931 

291.0 

291.1 

420.3 

415.1 

420.5 

421.0 

424.0 

418.7 

424.2 

424.7 

4197 

418.9 

421.2 

421.9 

1559 

15.57 

15.62 

15.63 

Average : 420.0 15.59 
Ammomacal solutions of NiOl2•2) 

param. 4.342 6.875 I 290~9 417.6 421.6 I 418.6 15.57 

param. 3.141 7.517 291.0 417.0 421.0 418.2 15.56 

diam. 

diam. 

diam. 

diam. 

2.209 

1.688 

1.197 

0.569 

f 

6.704 

4.478 

3744 

1.901 

289.4 

290.8 

289.4 

289.5 

418.2 

417.5 

420.1 

421.5 

422.3 

421.5 

424.2 

425.6 

417.1 

418.4 

419.0-

420.5 

15.54 

15.56 

15.58 

15.60 

Average : 418.6 15.57 
Ammoniacal solutlOns of Ni(N03h 3) 

param. 5.276 I 5.520 290~9 4172 420.8 417.8 15.55 

param. 4.262 6.692 290.9 417.5 421.2 418.1 15.56 

diam. 

diam. 

diam. 

diam 

3.032 

2.556 

1919 

1.041 

4.566 291.2 

5.639 289.6 

5.512 289.5 

4.918 289.5 

418.5 

421.0 

421.0 

420.7 

422.1 

424.6 

4247 

424.4 

419.5 

419.7 

419.6 

419.3 

15.58 

15.59 

1559 

15.58 

Average : 419.0 15.57 
1) These soJutions wel'e pl'epared by diJutioll, alld mixture of an aqueous NlS04, 

solution, for which two analyses gave 16,587 ,md 16,592% NlS04 alld a solution of 
ammonia in water, for WblCh two analyses gave 11,53 and 11,49 % ~HJ' The 
ammonia analyses were performed by titl,lllOn with 1/2 normal chloric acid. 

2) These solutions were prepared by dJlution and mixture of an êlqueous NICJ2, 

solulIon fOl' which two analyses gave 17.216 and 17.190 010 NiCl2 and a solution 
of ammona in water for which two analyst's gave 11.782 alld 11.783 % NH3 • 

S) These solutions were piepared by dtlution and mixlure of all aqueous solution 
of Nl(NOs)21 for which two analyses gave 19.b39 and 19.514 % Ni(NOs)~ and the 
same NH,'solution in water as with the ammoniacal NiCJ2,solutions. 
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Fl'om the l'esldts obtil,ined the conclusion lIlay be c!t'awn, that fo!, 
tlle ammoniacal solutions XN1200J and also the numbeL's ofmagnetons _ 

arc somewhat smaller than the corresponding quantities for the 
atlueous solutions. Fo!' the three salts investigated this difference is 
the . same witbin the limits of experimental accuracy, for instanee 
tl1is elifference is for the number of magnetons 0.47 0.48 and 0.49 
l'espectively fol' the NiS04 , NiCI 2 anel Ni(NOs)2 solution. 

§ J. Addition of H 2S04 to a aql1eol1s solution of NiS04 ,anel of 
(NH4)2S0 4 to an ammonical solution of NiSO 4 evidently was witho{ü 
influence on the number of magnetons : 

0/0 NiS04 % H 2S0
4 

n 
3.619 16.01 
3.241 

0/0 NiS04 

3.659 
3.187 

9.493 

0/0 NR3 

8.308 
7.238 

16.02 

0/0 (NH4)2S04 

12.884 

n 

15.46 
15.48 

§ 5. Finally it has been investigated how XN1 elepenels on the 

temperatUL'e, by measurements of a aqneous NiUl 2-solution at 6°.0, 
16°.7 and 89°.7 C. and of an ammoniacal NiCl 2-so1ution at 6°.7, 
1so.8, 20°.2 and ;;6~.2 C. 

As only that part of the tube which was in the magnetic field 
had the tempel'ature T, while the rest of the tube anel the basin in 
which the end of the tube hael been immerseel were at the tempe
l'atme t~ C. of tbe room, a correcrion must be made for the in homo
geneiiy of the liquiel in the tube and the basin; therefore formula (I') 
becornes: 

11' 
l~l-

"It 
XL = -/t- Xwater 

where YT indicates the density of the soJution at the temperatnre T, 
" and Yt the density of the solntion at tbe ternp81'ature t. 

Tbe coeffirients of elilatation necessary fol' the calculation of "11' 
have been detel'mined: 

Coefficient of dilatation of an aq ueous NiCl2-solution containing 
4.614 % NiC1

2 
between 5°.0 C. anel 18:'>.8 C.: 0.00021 
bet~een 5°.9 C. anel 22°.0 C,: 0.00017 

Average : 0.00019 
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between 18°.8 O. and 89°.5 C.: 0.00042 
between 22°.0 C. and 90:>.3 0 : 0.00044 

A vel'age: 0.000J:3 

Ooefficiellt of dilatation of the solution containing 4.611 % NiOI~ and 
6.782 % NH s between 4":8 O. and 19°.1 0.: 0.00023 

between 3°.7 O. and 19°.8 u.: 0.00018 

Average : 0.00020 

between 19°.1 O. and 59°.0 0.: 0.00037 
between 19".8 O. and 60°.8 0.: 0.00039 . 

Average: 0.00038 

These meaSUl'ements wel'e also execnted nnder a hydrogen atmos
phere and gave the following results :-

OIo NiCI21 T -I X}T!' 105
1 XNl · T 1 t 

° ° 4.614 279.0 466.7 1.302 19.1 C. 

4.614 289.7 450.7 1.306 16.7 

4.614. 362.7 357.7 1.297 18.4 

Average: 1.302 

a '1' XNi · ealculated fl'om the above average 444.8 fol' Xa 
Nl2000. 

gives 1.303. 

OIo NiCI21 Ofo NH3 T / XNi .10
5

/ XN1 ' T / t 

I 
0 

I I 
0 

4.611 6.782 297.7 434.9 1.216 20.9C. 

4.611 6.782 291.8 4189 1.222 18.8 

4.605 6.800 293.2 418.2 1.226 21.2 

4.605 6.800 329.2 372.3 1.226 20.6 

Average : 1.223 

XNi . 'T calculated fl'om 
a 

the above average 418.6 for XNl2ÛO o. gh'es 

1.226. 
From the results obtained H is evident, that within the limits of 

I 

experimental accuracy the atomsusceptibility of nickel in solutions 
of nickeIsalts follows Ounm's law. 

Zilrich, J uIy J 914. Eidgellössisches Physikgebiiude. 


