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the form given here Ihe l' ol'dinates al'e onl" .!!.'.'- times smaller. Bilt 
" bUm 

the ach'antage of the form given here is obvious, when there are 
different kinds of substances fi'om the point of view of the law of 
cOl'respondence. First of all il points out the cause for the exislence 
of these differellt kinds, ábout which cause the form given originally 
does not reveal anything. SeconcUy it appears that attempts to find 
perfect C'orrespondenre between these different kinels must fail, and 
have certainIy no chance of success by val'iations in the :n anel 'in 

ordinates. Anel thirdlJ it shows that the deviation between the 
different kinds of substan('es is a gIë1.dual one, anel the coincidence 
in the l'al'efed gas-state is l'estoreel, 

Physics. - "On the HAu-ejject, and on the change in J'esistance in 
a magnetic .fielel at low temperatll1'es. VI. The HALL~tfeut 

fol' nickel, anel the magnetic change in the 1'esistance of nickel, 
merczll'y and i1'on at low tempemtul'es down to t/te melting 
point of hydJ'ogen". By H. KAl\IERJ.INGH ONNES anel BENGT 

B1WKl\IAN. Communication N° .132a from the PhysicaJ Laboratol')" 

at Leiden. (Commllnicated by Prof. H. KAl\IEltLINGll ONNRS). 

(Communicated in the meeting of November 30, 1912). 

§ 17. 1) ilfagnetic change in t/te 1'esilitance of solid meJ'cltJ'y. The 
resistance was measured of mel'cl1l'Y conlained in a glabs capillal'j' 
9 cms. long, anel of 0.12 mm. dIametei'. The capillat'y was U-shaped, 
and to elther end wel'e fllsed two glas'3 leadlllg tube~ winch were filled 
wilh mercury. The I'eblbtanceb wem measllred by the KOIlLHACSCH 

metItod of o\'el'lapping shuntb, in which lhe main ClIl'l'ent was 
1 = 0.006 amp. The met'cm)' was fl'ozen by bloWlllg cooled hydl'ogen 
vapoul' into tILe cl'yostat thl'Ollgh a glabs tllbe whobe 10\'\'e1' extl'emity 
1'eached below tbe resistance. The l'esistance was founcl to be 

7,97 .Q 

0,1014 
0,0618 

a,t T = 287°,:3 K. 
']1= 20°,:3 
'1'= 14°,5 

1) The sections of this paper are numbel'ed in continuation of those of Comm. 
N°. 130e (Oct, 26, 1912). . 
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TA BLE XIX. I 
Magnetic change in the resistance of mei cury. 

T= 20o.3K. 
II 

T= 14°.5K. 
~ 

H ~w X 103 H D..w X 103 in gauss. w w 

9760 + 1.3 10270 
I + 5.5 

10270 + 1.5 10270 + 6.5 

10270 + 1.6 

The measurements therefore show an increase of the resistance 
in the magnetic field. At 

l::.w 
H= 10000 and 1'= 20°,3 K - = + 1,5 X 10-3 

w 

l::.w 
-= + 6 X 10-3 

W 

were obtained as mean values. 
At these ternpel'atures the temperature coefficient of the resistance 

is very great, and this lessens the accuracy of the above measurements, 
especially at 'T = 14,0.5 K. The large increase occasioned by lowering 
the temperature from 20° to 14" K. is very striking. 

§ 18. The HALLeffect jor, and the ma,<Jnetic change in the 1'esistance 
oj, nickel. The material in the form of a plate of 0.053 mmo thiek-

TABLE XX. 
HALLeffect for nickel NipI ' 

T= 2900 ,5K 
11 

T= 90°K. 
11 

T= 20°.3 K. 
11 

T= 14°.5K. 

H JRH I-RXI04
11 H IRH I-RXI04

11 
H IRH I-

RX104
11 H IRH I-Rx104 

3010118.8 62.4 I 2980 2.93 9.83 I 2910 1.48 4.98 4940 2.50 5.06 

517°131.2 
60.3 4950 4.58 9.25 5640 2.86 5.08 8250 4.25 5.15 

726039.3 54.1 7290 6.31 8.65 7260 3.53 4.86 10270 5.19 5.05 

9065 43.1 47.6 9110 7.62 8.36 8250 4.08 4.95 

10270 44.9 43.7 10400 8. 29
1 

7.98 102~0 4.81 4.68 
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ne/3s wa& pnl'e SOH'rJt,tt'l'l!: Ilickel. H anel RH are giveJl ill O. G. S. 
units. J was 0.7 to 0 H amp. 

Th~ l'e:-.nlts given lil Table XX are ohown gntplücally in Figs. 
1 anel 2. 

The HALLe/fect fol' Ilickel decreaoe., ao 1 he tem pel'ature falls f!'O'm 
ol'dinary room temperaLlll'e; Ihis ha& already been fOllnel bj A. W. 
SlIII'l'H 1) to be tbe caoe down 10 !tqnid ail' tcmperatul'es. According 
to A. KUND'!' 2) the HAI.Leifect fol' ferl'o-magnetic 'lubstance& IS 

pl'oportional to the magnetisation and not to tbe field. Rence, when 
the magnetisaiIon a,llaim Hs maximum vallle, tltc HALIJeifect m~lst 
al&o exlnbit a state of satmatlOl1, that is. to -oay, the cnrves gl vmg 
the HALLef!ect a& a functLOLl of the field must show a bend. SlIII'l'H'& 

c.,~,,) Gl1 rc) 

10 

8 

1 f-i-+-~-+ ----~----~---J-

6000 SOOO 10000 ~a:1~'J. 

() I ~ __ ~ __ -L __ ~ ____ L--
(J Z0170 1(1:701:7 IHW 80",1 1)11170 .§"~H;.\ 

-+% 

CUL've&, eovel'ing a region of tempeuttlll'c ft'om - 193
0 C. to 

+ 5460 C., t;llOW snch a bend, wbich, as the temperature increaseo 
right \lp 10 the critical temperatul'e fOl' llickel, IS di.;;placed towal'ds 
the weakcl' Helds, tbns cOl'l'esponding 10 a, diminutlon of Ule satlll'atioll 
rnagnetlsation a:-. tlte tem pel'aJme J'lses. At 2900 K. 0\11' pl'esen t 
measurements :,how this bODel dcurl)' ttl abont 5000 LO 6000 gauss. 
At the lOWCl' tempcmtllrcs tllOl'C IS no de('ided bend \%lblc \VItIlin 
the l'e~iOll of fields covel'cél bJ Olll' ObbCI'VêÜlOJlb (H < 10400), thUb 
lf therc m'e ttllj' belHls al thebc tempel'utl1l'Cb. thc) must OCClU' at 

still stL'ongel' tields. 

1) A. W, S~mH. Phys, Rev, 30, 1, 1910. 
1) A KUNDT, Wied, Ann. 49) 2b7) 1893 
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At 14°.5 K. the HAJ,Mffect is strictly proportional to the field, 
as is also the case at 20°.3 K. a5 far as H = 9060. At 90° K. 
the HAJJLcoefficient is a linear function of the fielJ, diminishing as 
the field increases. 

For the HALLCOefiicient in very weak fielels the relation 

holds. 
R 

The LEDUC q llantity .DL = -, the tangent of the angle of rotation 
w 

of the equipotential lilles in unit field, is here a linear function of 
the temperatllre. . 

The fol1owing Table shows the ex tent io which those t'elations holel. 

TABLE XXI. 
Ro and DL as functions of the temperature. 

T 
11 

ROobs. 
1 

290° K. 66.0x lO-4 

90 11.2 

20.3 5.0 

(14.5 5.1 

ROcate. 

67.5xlO- 4 

10.5 

5.3 

5.0 

IIDLcalc.1 D Lobs. 

5.37 

3.07 

2.22 

2.28 

5 

3 

2 

2 

.37 

.lO 

.30 

.22) 

For the nickel plate the magnetic change of resistance was also 
meusllred. I was 0.2 to 0.3 amp. 

As the resistance of the plate is very smalI, anel the changes 
were, at the most, 1.5 %

, it was not possible to evalüate them with 
any greater accuracy. 

Ás has also been obsel'ved by F. O. BLAKE 1), G. BARJ.OW 2) anel 
C. W. HEAP 3), thel'e is an incl'ease in the resistance of nickel in the 
weakel' fields (H< 3000); in stronger fielels the resistance eliminishes, 
anel, in the region 5600<H<10270, it does so approximately linearly 
with the field. This behaviour is, to a large extent, the same throughont 
the region 290" K. >T> 14°.5 K. 

In strong fields the eliminution in the resistance is somewhat greatet' 
at low temperatures than at ordinary temperature. 

1) ~'. C. BLAKE. Ann. d. Phys. 28, 449, 1909. 
,2) G. BARLOW. Proc. Roy. Soc. 71, 30, 1903. 

3) Q. W. HEAP. Phil. Ma~. (6) 221 9001 1911. 
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T = 290°.5 K 

I 
I DW 

H -X10~ 

r 
w 

1150 + 0.5 

2500 + 0.5 

2970 0 

3750 - 2 

5110 - 4 

7260 - 7 

9065 - 9 

10210 -11 

0 I w=12.2XlO-4'l 

T = 90'" K 

I . 
Lw 

I 
H -X10'l H 

w 

2210 I + 2 1150 

2520 + 3 2520 

3770 0 3750 

4950 - 5.5 5640 

6140 - 6.5 8250 

8290 - 9.5 9065 

9110 - 12.5 10210 

10400 - 14.0 

0 I w= 3.63 X 10-4 (1 0 

'T = 20°.3 K 

Lw 
-X10~ H 
w 

+ 1 2910 

+ 2 5640 

0 8250 

- 8 10210 

- 12 

- 13 

- 15 

I w=2.25XlO-4.a 0 

T = 14°.5 K 

[;w 
-X10~ 
w 

0 

- 1 

-11 

- 13 

I w=2.23XlO-4.a 

~ 
qq 

?:l 

-+- 6. 'vJ 1'.10 ~ 
I I I I W 
~ ~ ~ ..t" (:) j;-

~ )# 

: ~ ~ .. '7'T";? ~~---~~~ 

~ 
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§ 19. Change in t~lq resistance of ]Jure iron in a mrtgnetic ,field. 
As experimental mat~ria] an iron wfre f,'om KOHLSWA, Sw'eden, was 
uSfd fol' whieh wé être indebted to the kiridness of Prof. C. BI']NJ~DICKS. 
Stockholm. On analysis the fOllo,vJng imptlt'ities were found preseut 

C 0,10 _ 010 
,S 0,007 
P 0,028 
Si 0,014 
.1ln 0,03 

tlms gl\r~ng a total imp1ll'ity of about 0,18 nfo. Aflet' aJlalysis the 
wit'e WitS dl'awn by HlmAlill's to a dÜtmetel' of 01 mmo 

?V80 11 

Before :t was drawn the tempel'ature eoefficient was - = 0.14; 
?V2SQo 

• 10SOO n 
afterwal'ds It was - = 0.1/. 

W2SGO 

The iron wire was wound non-inductively upon an ebonite cylinder, 
and was so placed in the magnetic field as to be perpeJldiculal' io 
the Jines of force thl'oughout. The meihod of overlapping shunts was 
med fol' detel'mming the l'esistance. Resistances withont field a1'e 
gÏ\'en in TabJe XXIII. 

TABLE XXIII. 

Resislance of pure iron as a fllnction 
of the temperatllre, 

T I w 

0 
288.0 K. 11.18 [l 

90 2,225 

77.5 1.859 

20.3 1.129 

14.5 1.124 

'file tcmperatllre coetIicieni of the l'esi'3tance is ver)' smal! in the 
llqllid hydl'ogen l'cgion; in liquicl ox,)'gen l.wcl nilrogell it is large, 
H,esistance3 were measlll'ed at 288~ K., 77° JC, 20°,3 K. and 14°,5 K. 
Thc lI1eaSIlJ'ements at 770 JC nl'e nol. quite tJ'uRh,"oI'Iby, and we 
('oll1mllnipfilc (hem onl.r becallse tbey al'e bllml'icnlly itccl1l'ale 10 
detC'l'mine Ihe ol'Îentation of (he Lempel'atul'e curve, 
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Fig. 4 shows the resistance as a flll1ction of the field. The obsel'
vations at 77° K. are indicate.d by a broken Ene. 

TAB LEXXIV 
Magnetic change in the resistance of iron. 

T= 288° K. 
II 

T=200.3K. 
II 

T= 14°.5 K. 

H I LW X 104 H I W x 104 I H ,0.W X104 

I 
W W I W 

990 + 2.8 1500 - 2.0 990 - 1.7 

1500 + 3.8 2520 - 2.9 2500 - 2.6 

2520 + 5.7 3750 - 2.7 3750 - 3.1 

3750 + 6.0 4940 - 2.2 4940 - 2.4 

4940 +5.4 6110 - 0.9 6110 -1.4 

6110 + 3.2 7260 + 0.7 7260 + 0.3 

7260 + 0.3 8250 + 2.6 8250 + 2.6 

8260 -- 2.1 9065 + 3.6 9065 + 3.6 

9065 - 4.7 9750 + 4.6 9750 + 4.7 

10270 - 9.1 10270 + 5.2 10270 + 5.4 
I 

~. 

+6 ~ 
x +6 

~13 +'1 

t +~ 

0 

~ 

-4 
-() 

-$ 

S:28S'X 

~ -®® 

~- I' I~ 
----- ----- --,>-:? 

1~200 ~ 00 ~ rif '" 000 la 00 ~ ~ 

J-<!>-I- -'" . '\--+-~& 
\.!f.2v'3.x ,\, 

-- '\ 
l~ 

-1~ --'--
Fig. 4. 

At 288° K the resislanee incl'eases in weak fie\rls, and deerea&es 
in fields gl'eater than 7000. This is in agl'eement Witll l'e&u\!::; obtnined 
by 1. GRUNMACH allel ~'. WRIDRRT 1), O. W. HMP 2) alld othe1'8. At 
liquid hydrogen tempel'atlIl'e::; 11118 behavioUl' i& l'evel'sed, tOl' thc 
l'eSistallCe diminishe8 in wenkel' field/:> anel increa&es when H> 7000. 
Thel'e is a neutral zone at about B = 7000. 

I} L. GRUNMACH and 1". WEIDERl' :1 Vel'h. d. Dtlutsch. Physik. Ges. HJ06, 359. 
~) O. W. HEAP: 1. c. I 
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