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Physios. - "On t!te HALT. effect, mul tlte changem-reJ>'ÎsJtmee-- in 
a magnetic field at low temperatures. IJ I. Measurenumts at 
temperatw;es between + 170 C. and -2000 C. of the HAJ,L 
e.tJ'ect, and of t!te c!tange in tlte l'e.'1istance of metals anel alloy:s 
in a magnetic field". BJ BENGT BECKMAN. (Communicated by 
Prof. H. KAMERUNGH ONNES). Communieation No. 130a from tbc 
Pbysical J..abomtory of Leiden. / 

(Gommunicated in the meeting of September 28, 1912.\. 

§ 1. lntroeluctwn. A communication was ~a.de by KAMERLINGH 
ONNKS and the pres~nt writer to the meeting of June 29th 1912, of 
the results of measurements of the HALL-effect and of the increase 
of resistaDce in a magnetic field made by us at liquid hjdrogen tem­
peratul'es. In the present paper those results are extended to the tem­
peratures which are obtainable with liquid ethylene and Jiquid 
oxygen, with the same experimp.ntal material and following tbe same 
experimental methods. It is of great importanee that obseryations made 
with any particldar substan~e sbould he distr:buted as unjformly as 
possible over tbe region of temperature under investigation. The 
mea8urements now completerl make it possible fOl' the results obtained 
at liquid hydrogen temperatures to he compared with those of fOl'mer 
experimenters, who, without exception, proceed only to liquid air 
temperatures. 

For a description of metbods and material we may refer to tbe 
a,bove Communica.tioll N°. 129a. In Ol'der to complete the diagrams of the 
present paper rbe resnlts for liquid hydrogen temperatures in the 
paper quoted are also indieated without making specific mention of 
the fact on eaeh occasion. The present pape.· is confined to a discus­
sien of the results obtained wid. bismuth. 

1. Bismutlt. 

§ 2, C!tange in the resiiJtance of a wire of electrol.1/tic bismut!t. The 
resistance of the bismuth wire Bidl was measured in eight diffet'ent 
fields at live diffel'ent temperatm'es: T:::;:: 290' K, 1700 K, 139°.5 
K, 90' K, 72::> K. These resnlts are given in Table I. H is the field 
strength in gauss, w' 7' the resistance in ohms in the magneti(' field 
at the absolute temperat.ure 1', Wl' tbe resislance without field at that 
tempel'ature, and w.'he resistance without field at 0" C. 

Fig. 1 shows the increase of resistance as a function of the field 
at constant tempemture (Isotherms), and fig. 2 lha increase ofresis­
tanee .as a funcHon of tile tempera.ture under constant field (IsopedaIs). 
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------------, 
TABLE I. i 

Resistance of Bid] as a function of the temperature and of the field. I 
----..------~---------..-------~--------~--------' 

~ 1111_~=,~_I_T~It70~ :11_~=~390.5L_~=~0 : 1 = 72
0 

w w ~i ~ I I ~ 
Gauss I! w' '- w' w" w· -- I w I Wo 

I: i Wo Wo Wil Wo ! 
--- -- -------_. __ .-- ,~-- .. ---- ~_.- ,- -_.-

o '2.510 1.051 ' 1.510 0.646 1.365 0.562 'I 1.015: 0.44211 0.989: O'~~I 
2160 2.110 1.140 2.366 0.913; 2.5111.058 3.92,.1.613,\4.6811.9261 

. I , I I 1 
5540 3.110 1.280 3.651 1.504 4.414 1.816 9.24, 3.80 ,'112.28 I,. 5.052: 

! ! i 
1310 3.413 i 1.388 4.612 1.891 5.894 2.425 14.20" 5.84 ,19.10 ; 1.86 '. 

: I I I 
9200 3.635 1.495 5.613 2.310;1 1.605 3.128 ;'19.14 ' 8.12 1126 .6 )10.94 I 

11850 4.002 1.646 1.299 3.003 10.56 4.346 ,29.82 12.21 41.2 116.95 
; ~ , 1 ' i I 1 

13600 4.248 1.146 8.506 3.500,12.596 5.180138.60 ,15.88 ,52.4 :21.6 
" 1 1 1 I 

15610,4.540' 1.868 ".10.204 4.199.::.15.51 . 6.380 1.48.05 119.11 I' 61.2 121 .65 , 

11080 :' - .11.4124.695,:11.181.316155.80122.96 ,11.8132.0, 
_. ______________ ' ____ L __ J~_._Ll ___ ~ ____ U ____ ._, ___ ~. ___ . __ , ___ l __ : 
In Table 11 are colleeted some results obtained by different 

experimenters for the ineresse of l'esistanee in a magnefic field. It 
. u· 830 K 'IC' l' 

contams "slnes of ------ and --- in afleId of 16 kilogau8S at tlle 
w 2ï30 l\. tV 0 

temperatnre or" liquid air. 

TAB L E 11. 

lncrease of resistance in a field of ]6 kilogauss. 

~ 
Observer 

BUKE 1) 

; 810 18.3: BLAKE:5b 

83:> Du BolS and WILLS 2) 

t BECKMAN 

0.36 DEWAR and FLEMIN03) 

1) P. C. Bun: Ann. d. Pbysik. 28, 449, 1900. 
2) H. DU BOlS and A. P. WILLS: Verh. d. Deutsch. Phys. Ges. 1, 169, 1899. 
3) J.DEWAR and J. A. 1"LEMING: Proc. Roy. Soc. 60, 72. 1896 and 4!5, 1897. 
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~'ig. 1 and 2. 
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The measurements by DEW AR and FJ,EMI~G give the largest results for 
tV' wS30 K 
- and at the same time the smallest results for . They 
Wo W2730 K 

were pl'obably obtained with extremel)' put'e material. Bl.AK~ worked 
witha large number of different bismuth wires. One of these, labelled 

w' 
5b, gave a lal'ger value fol' - than tbe ot.hers fOl' which he gives . , w. 

1i. uioon vaiue. The wirewith which " worked givesexactly this 



- 5 -

652 

10830 K til' 
mean \'Rlue fol' ----, but a greater value for - at lhe tempe-

!b2iao K w. 
rature of liquid air. At higher temperature.l3 there is also agreement 
hetweell BLA"KE'S values for the Jatter I'atio and mine. 

The maximmn in the isopedals {ound by BLAU to He at 36600 
gauss at the temperatllre l' = 990 K. aud which, tor Jower tempe­
ratures, ougbt to he found at lower fields, was not obsel'ved in the 
present experiments. 

In the weaker fields the isotberms are convex towards the axis 
o{ abscissae; {rom 12 KiJogauss upwards lhey hecome straight. (1'01' 

H> J 2000 the relationship 
W' 
-= aH + b .•....•. (1) 

W 

holds, where ft and bare COllstants, while, at )ower temperatures 

a = flor foT. • • • • • • • • (2) 

to a first approximation. The following Tabie" shows to what degree 
o{ approximatioo this relationship holds . 

. ""----"-----
TABLE III. 

a tor BidJ' 

110 1.94 1.95 

139.5 4.2 4.5 

90 18.3 17.1 

72 29.7 I 27.9 

20 117.5 1114 

15 J21 131 

Even at lbe boiling point of oxygen IJ is al ready clearly negative 
-- 26.5). As the temperature falls the absolute value of jb\ increa­

ses rapidly, and at hydl'ogen temperatUI'6S it reaeltes the value -110. 

~ 3. 1'Ite HALI. el/eet and the increase of resistance of plat es oj 
comp,>e.'5sed electrolytic bi'm~utlt. Tables IV and V contain rhe results 
of mea.surements made at ordinary temperature and at two liquid 
oxygen temperatures witb the plates Bi"l and BipIl. Risthe HAIJ.-
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TAB L E . IV'-I' 
HA~L effect, asymmetry and resistance change for Bipl' 

-~ .. _,,"-'" ... ,-" 

T='lJ3c)o T=90° T=74°.5 

H Ii--~H --j --;--I--R lf;;'l RH DI R QI[:J ~ 

2Ofie... 1;1 13.9XH)3 O.2Xl~ i 6.75! 1.06 I.i 43.8)(103 : 3.0XlOS : 21.25 I 2.48 i 3.osl ~ 
\ 11 1 ' 

3450 j 20.9 0.1 6.06 1.12 I1 63.5 5.'7 18.4 3.84 12.7 1 5.17 i 
I1 1 , 

5660 L ~.1 1.1 5.14 1.21 11I 88.8 i 12.6 15.1 6.45 109.6 12.9 19.35 I 9.16! 
I I . 1 

'7160' li 33.2 0 4.64 1.29 105.'7 : 17.2 14.15 2.3 8.50 136 25.1 19.0 2.31 12.3' i 
9880 1140.3 0.9 4.08 1.45 1142.6 ·33 14.45 2.1 13.10 190.2 42.1 19.25 2.3 I 19.45 

11090 1142.6 1.1 3.84 1.50 - 215 52 19.4 2.4123.0 
11 

o I1 w289° = 0.00209 !l 1I w90 = 0.00091 n 11 w14.5 = 0.00088 H. r 



- 
7 

-~ 
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2060 

I: 
I· 1160 

I 8520 

I 9880 

I 11090 , 

I1 
.1 

il 
ij 

I 

RH 

28.2 

39.8 

46.1 

52.1 

55.9 

159.9 
li 

12090 ti 62.8 
il 

~-----]--

------------------- ---------------------- -------------------

TAB LEV. 

HALL effect, asymmetryand resistance change for BlplJ 

T=289° T=9OO 

RH D-

11 

-\1 
[::]Til RH 

T=73° 

D I -R I Q I[:~] 

14.3XI03 ! O.9X103 36.1 1.295 

1.59 

94 .4XI03 ;.3~-1~-~-.~-1-=-1-~.386-
I 

110.1 1.5 32.1 139.5 3.5 40.4 i 1.121 
I 

0.2 l 1.05 1.IOB 155.2 

0.2 6.44 1.148 185.8 

. 6.2 21.4 I: 205 8.5 36.21 - 2.355 

'10, 25.95 0.68! 2.41 248 13.1 34.6 i 0.16 2.781 
~ i 

0.4 6.12 1.186:f 214.2 
:1, 

0.1 5.66 1.222 ii 243.0 
ij 

0.4 5.41: 1.260:i 261.3 
1 J t 

, 
14 25.15 I 0.14 2.89 289 16.5 33.910.73 3.255 

18 24.6 I 0.19· 3.28 330.5 20.5 33.5 i 0.7513.118 

22 i 24.1 0.82 3.61 361 24.2 33.1 10.78 i 4.12 

i 24 0.1 5.1911.281Ii 288.0 . 23.8 0.821 3.94 398 _________ ~_~._~ ____ -'-- 32~_i_~~_82 j~~_ 
w

2890 
= 0.00389 'l----If -----------

w900 = 0.00444 Jl w130 = 0.00455 n 



- 8 -

coefficient in C. (j. S. units, D is the asymmetry ancl Q is the 
quantity 
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Fig. 3. 

Figs. 3 and 4 show the resistant'e increase, and fig. 5 the RH!. 

effect as functions of the fidd for various temperatures 1). 
The isotherms of the magnetic increase of resistance are of t.he 

same nature as those fol' Bidl, but the rectilinear l)Ortion of the 
curve now begins at 7 kilogauss. Equation (2) also holds in this case 

Ed 
1) Remembering that RH =--- where E is the HALL potential difference, d the 

I 
thiekness of the plate, and I the main curren!, we see that RH is the HALL 

potential ditlerence for d = 1 and 1 1. 
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tor the regiofl 90° K < l' > 15° K. This is evident from Table Vt. 
The diminution of t.be resistan<'e at .Iow temperafures without a 

magnetic field is practically the same for both Bipl and Bidl. 

1~OO 

lt9 
12,50 'W 

t 

I 

o jbli-~I 
X ftA.-Flr 

10,00 l-----+---l----+--f--+-----l 

qoo '--_-.l.-__ .I.....,,-_--'-__ -'--_-.J 

o 1SDO 5000 7S00 10000 12500 ~~ 
-+ U ..:J' 

Fig. ". 

TAB l E VI. I 
a lor Bi. I 

I 
'~_·~_· __ ···~------~-,~-----------I 

B· t B i 
i . lpl h lpII : 
~-._._-_ .. _"--!--~---";-~----'-. i: ._------------, --I' 

1 I aob i a ale i, T I a b 1 a . iS,. c .1! 0 S.I calc.1 I i i> I 
=-:-::;..:::.-::::,=-==':----:==1\--···, ''-.. ---

; : 11 1 

90 i 1.69 i 1.77 li 90° ,29.3 131 
i : ij r ! 

74.5 I 2.7 • 2.55 I, 73') • 35.8 f 34.4 
i I li r I 

20.319.2 f 9.1 1120°.31 47.3 41.3 
! , Ii ! 

j! t 

11 14.61 48.3 49 
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Fig. 5. 
For H = 11090 we find at 

Bid] 

T= 20,3'> K 

w' 
-=11,6 
to. 

to' 
-=42 we 

Bipl 

7,5 

19,7 

Bipll 

3,25 

4,7 

For Bi,./1 the resistance temperature coefficient with no magnetic 
fie.ld is negati ve, whieh undoubtedly points to thepresence ofimpurity. 

At T = 289:> K tbe specific resistance of Bi,l is about 1,5 X 10', 
and -lor Bi"ll 2,3 X 1Qi C.G.S. 

I) H. KÀKZllLINGR ONNES and BDG'! B.GcJ:KU, Comm.. NO. 129a 

43 
Proceed.inp Royal Acad. Amsterdam. Vol. XV. 
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Tbe magnetic change of resistance is much smallel' fot' BiplI parti­
cularly 50 at low temperatures. 

Just as in the experiments in liquid hydrogen, for H> 3000, RH 
becomes alinear function of the field 

REl = a' H + b'. • . . . . . . (3) 

Following J. BECQUEREL 1) we may regard the HALL-effect for 
bismuth as resulting from two components. One of these is propor­
tional to the field, and was alwaysnegative for the plates (Bij.J. BlpJ/) I 
used. The olher is constant or, as one may say, saturated, for these 
plates from H = 3000 upwards. 

'Vithin the temperature regioJl 
~OO K~ T> 150 K 

a' can, to a tirst approximation, he satisfactorily represented by 
a' = ao'e-foT • • • • • • • • • (4) 

The agreement for T = 90° K between observation and calculation 
from (3) with a' = 20.6 and b' = 39,3 X 10' for the plate Bil'lJ is 
exhibited in Table YII, while Table VIII sbows how far tbe relation­
ship (4) holds. 

TAB L E VII. 

LinE'ar variation of the HALL effect 
in strong fjelds for 

Bipll at T=90° K. 

1 
H RHobs. ! RHcalc. 

, 1 

I 
I 
! 
i ! I 

3450 I 1I0.7X IOSI 110.4 X 103 : , 
I I I 

5660 I 155.2 I 155.8 I 1 

7160 185.8 
, 

186.8 i 
i I 

8520 ! 214.2 ; 214.8 , 
i 

)242.8 I 9880 ! 243.0 I t 

11090 1267.3 i 267.8 I 
1 1 

12090 
1

288 .0 j 288.3 I 
The constant b' which gives the value of thesecondcomp0l1ent 

of the effect in the state of saturation is oommonly negative.· Orily 
for BiJl1 at hydrogen temperatures does it become positive. With 

1) J. B.I!:CQUEREL: C. R. 154, 1791), 1912. 
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Bi,./l b' is almost constant fol' T?c 90°; with BiF1 1/ is very emaIl 
and for l' ~ 72° K is practically constant. 

In strong fields the constant R approaches a limiting value in 

I TAB L E VIII.----l 
I 1' 1 i a' for Bipl 11 a' for BipIl 
I ,'--.-------
il-;-I, la' 11 /' I, i,: , , a abs I calc I T a abs. 'I' a calc."" : I I ïl 

I' , I \~==='I=\ I 
"9fr' I!, 12.4 I IZ.I I",: gf)O 26.6 i 21.0 I 

I ' ! 
i 74.5117.7117.4 !i 73° 129.8.27.6! 
i I : I, i , i 
i 20.3 I 62.1 !62.6 !! 20.31 54.3 I 57.3 i 

1

I 14.6 \ 64.5 !, 62.41 
i ! i 

accordance with equation (3). In weak fields RH for Bi,,/, is in­
versely proportional to the temperature at l' = 289° K, 90° K, 74°,5 K. 

Tables IV and V also contain the quantity Q = ~. For 
w 

. --1 
w 

11 > 7000, Q is either a lioear function of the field, or a constant 1). 

Physics. - "On the HUL efFect anc! the c!tan.qe in 1'e.'iistance 
in a magnetic field at low tempemtures. IV . .lllea~'Urements 
at ternperatul'es between + 17~ C. and - 200° C. of t!te HALl, 

effect, and of the change in t/te resistance 0/ metats and alloys 
in a magnetic .field." By BENGT BECKMAN. Communication 
N°. 130b from the Physical Laboratory at Leiden. (Communic­
ated by Prof. KAMERLINGH ONNES). 

(This Communication is a continuation of Comm. N° 130a in 
which the behaviour of bismuth was discussed.) 

Il. Gold, SilveI', Copper, Palladium . . 
§ 4. HALl, effect j01' Gold. From the temperature decrease of the 

resistance without magnetic field '), WT~ = 0,035, it is to be sup-
WT=290 . 

posed that this plate is composed of purer gold than that of the wire 

.1) Cf. E.v. EVERDINGEN, Leiden Communications Suppl. no. 2. p. 57. 
lI) H. KAMERLINGH ONNES and BENGT BEOJOUN.; Comm. NO. l!9a. 

43* 
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Au. of Comm. N°. 99, which was known '0 contain 0,03 ol. impurity. 
Tbe thickness of fhe plate was 0,101 mmo 

TABLE IX. 
HAU. effect for Gold AUpl' 

---------i1---- 1I 

, T=290°K. I: 1=9()OK. ,I T=71°K. 
! :' 11 

17 RH ',-RX 10.:: H I RH jl-RX 104/1-H-------cI- R- H--;I-R-x-Io-./
1 

I' i _ I I I1 1 1 

i ' " I ~ I I 1\ i' I 
17130 i 5.62 i 7.21 i; 7730 i 5.821 1.53 11 4940 13.15 1.59 I-

I! l:!; Ij \ 
! 9500: 6.75 7.11 ;; 9500 1,.241 7.62 ii 9065 i 6.95, 7.67 

IIJ080 I 8.11: 7.32 l'I108O! 8. 53 1 7.70 11 10210 i 1.72/1.59 

112200 18.85 I 1.25 11 12200 
1

9.24
1 7.58 11 ' ! 

IW2900=2,"2xI5-~n 1; w900 =54,6xlC}--6n 1\ 

§ 5. HALL eifect lur Silver. The p]ate Agpl was fOllnd to be of 
practically the flame pUl'ily as that of the wire Ag! ofComm. N°. 92 
whicb contained 0,18 8

/. impurity. Tbe thickness of fbe plate was 
0,096 mmo 

, 
TABLE X. ! 

H.w.. effect for Silver Agpl' ! 
I! !I i; T= 9()0 K. 

-'---1 -I: 1 1 

I--
i T= 290° K. 

H I RH i-RX 104
/1 RH I - Rx 104 I 

!==~==,===~===i=====j 

I - 13.971 8." ! 4.10 I 

I : '~:: !~:: I ~:: 
I ' 1 I 

8.30 

8.15 

8.22 

8.16 ! 10210 I 8.16 I 1.95 8.38 

I w29()O = 173 x 1()-6 {l 1\ W9()O = 37 x IC}--6 n 

§ 6. HALI. effect lor electrolytic Copper. The thiekness ot the 
plate OuPl was 0.057 mmo 
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TASLE XI. 
Rw. effect for Copper Cu pI" 

T=290°K. ! 

·1 

T=900K. 

H 

11 

, 

I RH I -Rx 104 I RH -RxlO4 

7260 I 3.59 

I 
4.95 4.05 I 5.58 

I . 9065 4.42 4.81 5.04 I 5.56 

I 
i 

10270 
'i 

5.08 I 4.95 5.66 5.51 I ! 
,I I 

11 ft,290o =312xIO-ón I Wgoo =54X10-6!l 

; 7. HALL effect for Palladium. The tbiekness of the plate was 
0,100 mmo 

TABLE XII. 
HALL effect for palladium Pdpl. 

i! 
T= 290° 1<. I! T=90oK. 

11 . 1/-'---1 -""1-1 

H 11 RH I-RX 10411 H I RH .-Rx 1~1 

I 
906Q 6.04 6.66 ' 9065 ,6.35 7.01 

I 
6.80 I1 9760 16.71 I 9160 

11·· .. 1 

6.94 
,I 

1
1.06 1 

11
10090 7.00 

. . I1 
w2900 = 126x 10-5 !l I wgo:> =10x 10~ n 

; 8. Swnrnary of the vaï'iation of tlte HAU coefficient f07' different 
rnetals. Tbe results obtained in ; 4-7 are collected in Tabjes XIII 
and XIV. For R is taken at, each temperatm'e the mean of tbe 
values 1) . for the dift'erent fields. 

1) ft bas not been possible to delermille the thickness of tbe plates witb' a 
greater accuracy than about 3 %, ",bieb of eourse influenees the absolutevalues 
of tbe lULt coefticients, This inexactitude, however, makes no differenee as to the 
temperature coefticient of Ule HALL effect, tJle measurement of "bieb has been the 
principal object of tbis investigation. . 
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TABLE XIII. 
HALL coefficient R. 

T 11 Aup! Agpl CUpl I Pdpl I 
===:;:'========= =-~--'---'. -~-~. I 
. 2900 K. i 7.24XI0-t! 8.00 X 10-41 4.92 X 10-4 6.75XIO-t 

I 7.61 1.8.21 /5.56 6.99 

7.62 i I 

TABLE XIV. 
R 

Variation of the HALL coefficient -R ~ 
2900 K 

T ii 
Aup! AgpJ Cup! Pdp! " !; 

29OOK. ;j 
9(}0 i" 1.05 1.025 1.13 1.035 

77° 1.05 

----~ -

Frorn thes€' observations, therefore, the HALL coefficient for Au, 
A,q anu Pd is al most constant from ordinary ternperatUl'e down to 
that of Iiquid air. A distinct inerease is nrst observed on proceeding 
to hydrogen temperatures 1),which amounts to 25-35 °/9 for Gold, 
Silver and Copper, and 100 % in the case of Palladium. 

RS3° K 
A. W. SMIT!I ') gives the following vaiues for the ratio -'- for 

R2930 K 

Au 
1.03 

Ag 
1.095 

Cu 
1.205 

Pd 
1.27 

This gives agreement in the case of Ju, but with Ag and Cu, 
and particuiarly with Pd, S:~nTH's results deviate considerably from 
mine. In tbc case of Cu and Ag tbc lack of agreern~nt may perhaps 
be a8cribed to tbc presence of impurity. 

The .relationship 
R _ 331' 
0- 8Ne 

deduced for the HALL effect by R. GANS I) has been utilised by 

1) H. K.AllERLINGH OllNE8 and BOGT BECIÓ4AN, 1. C. 

i) A. W. SKITH, Ph)'s. Rev. 80. 1. 1910. 

'1 R. GAN8t ADn. d. Ph)'s. 20. 298. 1906. 
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· J.' KOENlGSBERGER and J. WEISS 1) to obtain the variation oftheelectron 
density (N) fl'om the temperature coeffident of the BUL effect. From 
this relation it should follow that the density of tbe eleetrons in Au, 
Ag, Cll, Pd yarics very slowly wHh the temperature, much more 

· slowly than V T. 
· . 

lIl. Alloys. 

§ 9. Gold-si/ver. The alloys investigated contained 2 oio of silver 
by volume. 

TABLE XV. 
HAll effect for a gold alloy. 

I T= 290° K. I1 T= 90° K. 

j H 
RH I-RXlO,j, I I RH . -Rx ]04 

i , 
o. 

1

I I il I 

8250 5.58 

I 
6.77 5.40 6.54 I, 

9065 I 6.18 6.82 

I1 

6.01 6.63 

'1 
I 9760 1 6.61 6.7ï 6.44 6.59 I 

11 I 
I 

I 10270 6.94 l 6.76 
I1 

6.86 6.67 

I 
1\ 1I i! W290° = 3.81 x 10--4 n II wgoo = 1.71 X 10-4 n 1 

'----_.'..:...._-

o. 

Bence the mean value of R .is for 

T= 2900 K. R = 6.78 X 1Q-4 

90° R= 6.61 

Thè hydrogen experiments gave!) for 

T= 20. c3 K R = 6.69 X 10-4 

T= 14.°5 R = 6.48 

Rence the HAI.L coefficient for this aHoy is almost eonstant; on 
proceeding to low temperatUl"es it begins to exhibit a slight decrease. 

1) J. KOENtGSBERGER and J. WEI!!S, Ann. d. Phys. 35. 1. 1911. 
~)H: KA)(ElU.lN~HONNES and BOGT BECKMAN,1. c. 
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Phymcs. - "On t/~ HALL e.ffect and tkf change in remtance i11 a 

lIiagnetic ftld at low temperatures. V. Measurements on M.e 

HAl,L effect lor al/oys at tlle hoiling point ol hydrogen and 

at lower ternpemtures." By H. KAMERLrNGH ON NIS and BOOT 

BecKliAN. Communication Na.13Oc from the Physical Labora­

tory at Leiden. 

VI. Gold-silver alloys. 

; 16 1). In § 12 of Comm. N°. 129a observations on the HALl, 

effect for an alloy of gold and silver (Au-Ag)J with 2 atom 'I. of Ag 
are pubJished.We now give the re.sults of our measnrements on two 
Au-Ag alloys, containing greater percentages of silver. 

The alloy (Au-Ag)1l coniained 10,6 atom 'I. of silver '). The 
thickness of the plate was 0.049 mm. The HUL effect was measured 
at the temperatures l' = 290°, 20°,3 and 14.:>° K. 

We found: 

TAB L E XV. 

i 
Th e HALL effect for (Au-Ag)// 

I 
! 

T= 290° K. I T= 2OO.3K. I i T= 14.5° K. 
H I 

! 

I , - I 
I RH I RH RH !-Rxl04 I I j-Rxl04 I-RxJ04 I I I I I 
I 

I1 

" 

I 8250 I 4.59 5.57 3.07 3.72 I 3.04 3.69 I 
9360 

I 
5.47 5.61 

1I 

3.47 3.71 

1 

3.52 3.16 

10270 5.10 5.55 3.82 3.12 3.83 3.13 

I 

1:=4.58XI0-4" 11==,.5h I"'" " 0 
I w= 8.06x 1O--4.n 
·w I Wo = 1.03 1- = 0.585 I - = 0.58 

Wo 'Ulo I 

The alloy (Au-Ag)lll contained 30 atom °l. of siJval'. Tbe thickness 
of the plate was 0.078 mmo 

We found: 

1) The sections of this paper are munbeted in oontinuation óftbóse ot Coàlm. 
NO. 129c. (Sept. '12). . 

') The euct anaI1sis beÎDi made now fue eomposition is IÎleJl in atom. %_ 
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TABLEXVI. 

The HALL effect for {Au-Ag)//l' 

H \
1 T=2000K !I T=20°.3K \111 

l I-R-H-""-I-~R-x-lc-.l\·-R-H--I'--R-X--l()4-1i-R-H-'-I--R-x-1()4-
T= 150 K 

:: I ::: ,I ::: !,I !:: )1\ ::: I' ::: 

10270 5.61 5.53 I 3.13 3.63 11 3.81 
1 I i I 

3.18 

3.66 I 
3.11 

o 

11 I' -----;-;I---~--­
Ii w = 9.41x 10-4 11 1'1 W = 7.05x 10-4 !l w = 7.02x lQ-4!l 

j
1w Ilw. Iw 1- = 1.015 , - =0.155 I' - =0.15 
,wo II'Wo WO ,I 11 

The resldts of measllrements on gold and on the three gold-silver 
alloY8 are brought together in the tables X VII and XVIII. 

TAB LEXVII. I 
I 

The HALL coefficient for gold and gold-silver alloys. I 
T IJ AUpl I' (Au-Ag)j I (Au Ag) JI I (Au-Ag) //l 

iI 
-'I 

29()0 K I 1.2x lQ-4 !6.8X 10-4 5.6x 10--4 5.6x 10-4. 

20-.<8 19.8 6.7 3.7 3.6 
I 

1 6.:0 15.0 19.8 3.7 3.1 
I 

TAB LEXVIII. 
R , 

Change of the HALL coefficient R T on cooling i , 290°K, 
I to and in the region of tiquid hydrogen temperatures. 
\ 

I 
T 

/1 
Aup/ !(AU-Ag)/I<AU-Ag)I1\<Au-Ag)/// 

I 
29()0 K. 

i 
1 1 1 1 

20.3 1.355 0.985 0.665 0.646 
15 1.355 0.955 0.665 0.661 

f I , . , 

Th RT=!O d' . . h b f il F ' us, R lmlDlS es y greater percentages 0 s' ver ... or pure 
7'=::2110 . .: 
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gold RT=so.3 >RT: 'lIK), but Cor alloys witb more tban 2 8
/. of silver 

by volume RT=so.3 < RT=290. 
The curve that represants the relation between the HALL coefficient 

R1~20.8alld the percentages of silvel' is of a shape ana)ogous to that 
repl'esenting the conductibiJity or the temperntul'e coefficient of tbe 
resistanee as a function of percentages ot silver. Tbe curve for 
R'l'==-2(}.8 at first descends very rapidly for smaIl admixtures of Ag; 
at higher concentl'atÎons it becomes flalter. 

TheHALI. coeffieient - RT=20.3 is approximately a liné:lI' function 

of tbe quantity wT=2~~3_ for a]:oys wilh less than about 8 ol. by 
wT=2i8 

volume of Ag. 
The HALL coefficient RT=29Q diminishes too, thougb much more 

slowly than RT=2fl,'J, when tbe percentage of A.q increases. 

Physics. - "On tlte triple point of met/larie". By C. A. CROMMELIN. 

Comm.- N°. 131b from tbe physical Laboratory at Leiden. 

(Communicated by Prof. H. KAMERI,INOH ONNES). 

The measurements made by Prof. MATHlAS, Prof. KA?ttl!.Rt.INGH ONNKS 

and myself on the diameter for al'gon 1) afforded an opportunity 
of determining the pressure and temperature of methane at Hs triple­
point. For, when the Cl'yostat was filled with liquid lllethane, and 
the pressure was redueed so as '0 give a temperature of about 
- 183° C. the metbane wa..~ covered with asolid crust. A sligbt 
increase of tbe pressure caused the solid methalle to spread Hself in 
small pieces throughout the liquid. While these picces were kept in 
constant mot ion through the liqllid by means of the slirrer, the 
foHowing triple point constants were- observed : 

t = - 183.15 K. p=7.0cm. 

On account- (~f tbe manner in whichthese' figllres have been determined 
they must he considel'ed to be very accurate. 

As far M lamaware there bas hitbel'lo been only one other 
determination of these data -' that of ÛLSZEWSKI ') - wbo found 

t = -185.°8 and p = 8.0 cm. 

- ! -;) Co~. No. lSla. 
e) K. OLSZEWSIU, C. R. 100, page 940, 1885. 


