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Physics. "On the HALL ~If'ect, and on the change in 1'esz'sta13Ce z12 
a 1T/,agnetic .field (ft low tempel'~äU1'es. VII. Tllf~ HALL elfect fol' 
go !d-sUV/3I , alloys at temperatzwes down to the melting lJoint of 
Iq/dro,gen". By BENGT BECKl\fAN. Communication No. 132c f'rom 
the Physical Laboratol''y at Leiden. (Communicated b.v Prof. 
·H. KA:MERLINGH ONNES). 

(Communicated in tbe meeting of December 28, 1912). 

This communication is a continuation of Comm. N°. 130b. 

IV. Golcl-sih'e?' alloys. 

§ 10. Measurements at temperatmes of 290° K. , 20°.3 K. and 
14°.5 K. of the HAT.IJ effect for t~ll'ee Azt-Ag alloys (I, II, III) con-_ 
taining a large percentage of gold were pnblished by KAMERUNGR 
ONNl~S auel myself in Comm. N°. 129a, ~ 12, and in Comm. N°. 130c, 
~ 16. The l'esults of my meaSUl'ements made on one (I) of these 
alloys at 90° K. were given in ~ 9 of Comm. N°. 130b.1 hf.ve since 
in vestigated three othel' alloys containing a greater percentage of 
silvel'. and in tbc present paper the l'esults of these new me as me
ments on tbe HAU effecr fo!' Azt-Ag a,lloys are g·iven anel are clis
cnssed in connection with tIJe formcl' reSlllts. 

The obscrvatiol1nJ method was tbe same as was fOl'merly used, 
viz. Lh form of the eompensation method developecl by ]JEBRET 1) 
as \l~ed by VAN E\':mRDlNGEN ~). All il'oJl-clad THOl\fSON galvanometer 
was useel, with a pCl'iod of abont 4 sees, anel a sensitivity of about 
1 mm. detleetion at 2.5 rn. distanee fol' 5 X jO -8 volts. In this 
method distl1l'ballCeS pl'odllced by the thel'mo-C'ul'l'ents arising from 
the thermo-magnetic effect of VON E'r'l'INGSHAUSEN are completely 
eli1l1il!ated only in tlle case uf instantaneous closing of the main 
CIll'rent circuit. 011 accounf of the compal'atively large periocl of thc 
galvanometer t,his was Bot possible in i,he present experiments; but 
still, these distlll'bances were too small in the present case to be 
observed. -

The main CUlTen!. was 0.5 to 1 amp. Thc plat,es were cil'cular 
(11 mmo diam.) with point e!ectt'odes. The resistance of the plates 
was measul'ec1 ab weIl at; thc HA Lr. cffect. 

Thc alloJS wel'e obtainecl by fusing pure gold :l,nd t;ilver in a 
porcelain cl'llcible, allel then l'olling thE'm out. They were all sub
mWetl to allalysis. I am gl'eatly inc1cbted for these analyses to 

1) LEBRIn, Diss. Leiden 1895. Comm. Leiden N0, 19, 1895. 
2) E. VAN EVERDINClEN, C:omm, Lcic.lcn. Suppl. N0. 2. Cf. also H. KAIIWRLINGH 

ONNES Ullel B. BECKMAN, Comm. N0. 129a, 1912, ' 

--- / 



- 3 -

Dr. o. HOITSE~IA, Master of tlle Royal Mint, Utrecht, and to Fil. 
Lic. G. KART, ALMSTRiil\f, Upsala. 

In thc Tables, H lepresents the field strength in gauss, R the BALI. 

coefficient in c. g. s, units, WT the resistanee in ohms at the absolute 
temperatUl'e '1: anel Wo the l'esislance at 0° C. 

Alloy II contailled 10.7 atomie percentages of silver. The rhick
ness of the plate was 0.049 mmo 

TABLE XVI. 
- - HALL effect for (Au-Ag).J[ 

I T= 290° K. 
I 

T= 90° K. 
H' 

I RH I - Rx 104 

I RH I -Rxl04 

8250 5.25 6.36 4.26 5.16 

9360 - - 4.96 5.31 

9750 6.25 6.41 5.08 5.21 

10270 6.51 6.34 
I 

5.45 5.31 

I 
zv = 8.06x 10-4 n. w=5.43x 10-4{l 

0 

I 
~= 1.03 ~=0.69 
'{fIV Wo 

AHoy III eOlltained 30 atomie percentages of Ag. The plate was 
0.078 mmo thiek. 

TABLE XVII. 
HALL effect for (Au-Ag) lIl' 

T=290°K. 
11 

T=900K. 

H 
I 

RH 
I 

-Rx 104 

11 
H 

1 

RH 
! 

-Rx 104 

8250 5.03 6.10 9065 4.26 4.70 

9360 5.70 6.09 9750 4.55 4.67 

10270 6.18 6.02 10270 4.83 4.70 

W = 9.47 X 10-4 .fl w=7.71xlO-4.fl 
0 ~= 1.01'5 

0 ~=0.825 
Wu Wo) 
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Alloy IV contained 69.4 atomic pet'centages of A,q. The plate was 
0.083 mm. thick. 

TAB LEXVIII. 

HALL effect for (Au~g) IV' 

T=287°K T=900K T= 200.3K I1 T= 14°.5K 
H 

I I RH I-RXIC11 RH I-RX 104 I RH I- RX104
11 RH I-R X 104 

I 
1 4.08 9220 5.55 6.02 4.77 5.17 4.12 4.47 4.43 
I 

9760 5.76 5.90 5.12 5.25 4.40 4.51 /4.26 4.37 

10270 6.20 6.04 5.41 5.27 4.66 4.54 4.55 4.43 
I 

0 
11 :=9.8X lO-4ü 1I:=8.43XIO-4n.1I:=7.92XIO-4.nII:=7.90XIO-4ü 

// Wo = 1.01 // Wo = 0.875 // Wû = 0.82 // Wo = 0.82 

Alloy V contained 90.9 atomic percentages of Ag. The plate was 
0,082 mm. thiek. 

TABLE XIX 

I HALL effect for (Au-Ag) V 

I T= 290° K. 
11 

T= 90°K. 
11 

T= 20. 0 3K. 
11 

T=14.05K. 

H 

I RH 1- RX 104// RH 1- RX 10
4

// RH 1-- RX 1041/ RH 1- RX 104 

I 
9065 6.62 7.31 

I 
5.88 

I 
6.49 5.22 5.76 5.16 5.69 

9760 7.23 7.42 6.30 6 45 5.59 5.73 5.66 5.80 

10270 7.52 7.32 6 58 6.40 5.98 5.82 5.86 5.71 
I I I I I I -- -

W = 5. 29XlO-4SJ W = 3.81XlO -4!J W = 3.40X10-4.d W = 3.40XlO-4.Q 
0 

W = 1.025 W = 0.735 ~ = 0.66 W = 0.66 
wJ Wo Wo Wo 

Allo.)' VI eontained 97.8 atomie percentages of Ag. The plate was 
0.093 mm. t,hick. 

- / 
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TABLE XX. 
I HALL effect for (Au-Ag)"I 

T = 29()0 K. 
11 

T= 90° K. 
11 

T= 20. 03K. 
11 

T= 14.°5 K. 

H 

RH I-RXI0411 RH I-RXI0411 RH I-RXI0411 RH I-RXI04 I 
, 

9220 7.10 7.70 6.79 7 37 6.41 6 95 6.38 6.92 

9500 - - - - - - 6.59 6.94 

9760 7.56 7 75 7.22 7.41 6.82 6.99 6.73 6.90 

1027il 7.95 7.74 7.71 7.51 7.13 6.91 7.09 6.90 

- , 
,..-

W = 25.2XlO-5.Q W = 12. 7XIO-5.Q W =8. 7X 1O-5.Q W = 8.7 X 10-5.Q 
0 

~ = 1.04 W = 0.525 ~= 0.36 W =0.36 

I Wo - ua Wo Wo 

In Table XXI are collected my results fol' alloys of gold and silyel'. 
In it are given l'esults for tbe EAU coefficient RT, and its temperature 

coefficient RT, fol' tbe LEDUC constant DL = ~, anel fol' the tempe-
R,uo w 

rat 11 re coefficient of fhe l'esistnnce without a magnetic field. All arc 
expressed in c. g. s. units. 

Fig. 1 is a diagram of the electrical conductivity (IJ) at T= 290° K. 
and at T = 90° K. as a fnnction of the atomie percentage of Ag. 
The unit in which the condllctivity is expl'esseel is the l'ecipl'ocal 
of the resislance in ohms of a 1 cm. edged eube. The conductivity 
was caleulatec! from the analyses, (See a previolls paper 1)). 

At lowel' temperatm'es the charactel'istic cut'ves become steeper. 
This is sll'ongly marked at bydl'ogen temperatlll'es as is shown by 
tbe measmements of KAlImHUNuR ONNES alld CJJAY 2) on a goId-silvel' 
alloy containing about 0.4 °10 Ag, anel by CLAY's 3) measllrements 
on Au-Ag alloys with various compositions. The latter measurements 
have been conth'med by mine, and have been fllrlhet' extended to 
embrace cas~s of average anc! of small content of Au. Fol' these 
cases, somewhat simiJa~' results were obtaillecl as with sma11 content 
of Ag: the addition 'Of a small quantlty of gold to ptu'e silvel' 
èaUbes sncb an eno_~mons decrease in the condnctivity that, fol' 

1) BENG'r BEeKMAN • Upsa.la Univ. J\.t-sskrifL 1911. 
2) 11. JCAMERf,INriII ONNJDS :tml ,I. CLAY. Co 111111 , n'l. 90. Hl07. 
S) J. CLAY. COllllTI. nO. 107d, 1908. 
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TAB L E XXI. 

S I1 Atom«1 R2900 I 
I 

R2110 •3 i I R900 R2OO .3 W 900 w200 31 [D ] [DL ]T=900 [DL] T=20o .3 ubstance percent. R900 
I R 140 .5 \ R2900 R2900 

-- -_. L T=290o 

I Ag I I w, Wo I 
I 

9.8x 10-411 I Au 0 7 .2x 10-4 7 .6x 10-4 9.8x10-4 1.05 1 36 0.285 0.1 35 3 2x 10-1 12.6x 10-7 133x 10-7 

I (Au-Ag)/ 2.0 6.8 6 6 6.7 6.5 I 0.97 o 98 0.49 0.30 2.3 4.8 8.03 
! 

1 (Au-Ag)/I 10.7 5.6 5.25 3.7 3.7 0.82 o 66 I 0.69 0.585 1.05 1.12 1.23 

(Au-Ag)/Il 30.0 5.6 4.7 3.6 3.7 0.17 0.64 0.825 0.755 0.61 0.51 0.52 

(Au-Ag)lV 69.7 6.0 5.2 4.5 4.4 0.87 0.75 0.875 0.82 o 64 0.64 - 0.60 

(Au -Ag)V 90.9 7.35 6.45 5.75 5.75 0.88 o 79 0735

1

066 1.45 1. 79 1.80 

(Au-Ag) V/ 97.8 7.7 7.4 6.95 6.9 o 96 0.91 o 525 0.36 3.2 6.1 8.5 

Ag 100 8.0 8.2 10.15 9.9 1.02 1 21 0.23 I 0.0091 4 95 23.1 720 
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instanee, an admixture of 2 atomie percentages of gold redllces Ihe 
condllctivity (expressed in the above measure) from 71.10 X 106 10 

15 

la 

I 
I 

I 
I 
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I i- I 

I 
I 
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l 
I 
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Fig. 1. 
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I I 
I 

01' ti' 
1.35 X 106

• The ClllTes expl'essing the temperatnre quolient - =~ 
(Jo 101' 

as a function of the atomlc percentage fol!ow a similal' COUl'se. The 
researches of KAMERI.INGH ONNES and OJ,AY 1) on various gold Wlres 
have shown that the degree of purity of a metal can be very 

C1P 

~ lT· 90 D I! ~ v 1 
.-/ 

" - ---' ...-
P' ·~o, X ~ ~ 

tol ~ 

~ {]' :90 V V 
..--

'--

-

o 10 10 JO ~o 50 00 70 80 DO 100 • 0 10 10 30 'r0 So "" 10 80 9~ 100 

-+ ctt.ll1\'; L ~ -+ al:.:>m ~ '-kr 
Fig. 2 and 3. 

1) See note} p. 991. 
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accUl'a/ely gauged fl'om a de/ermÏllation of the temperatul'e coefficient 
of i/s l'esistances at hydrogen tempel'atul'es. _ 

Figs. 2 and 3 show thc HAJ,LCOeffieient RT at tempel'atm'es of 
290° K., 90' K. and 20°,3 K, as a fnnctiOIl of the at.omie percentage 
of Ag. Tbe eUl'ves resernble those whieh give the electrieal con
ductivity alld the tempera! ure q 110tient öf the resistance as functions 
of the atomic percentage. (Cf. IÜmJRLlNGH ON!\ES nncl BI<'NGT BECKMAN, 

Comm. N°, 130e), When sil\'e1' is gl'adllally added to pure gold, the 
HAJ,LcoefiiC'ient at low temperatll1'es climinishes, at fil'st rapidly, and 
then more slowly, untir, with a mixture of about equal qmmtities 
of A~t anel Ag, a large challge in tbe compositiun occasioJls only a 
vel'y small ehange in the HALLeffect. The lowel' the temperatUl'e 
the steeper is the descent of the curve. For instanee, when' a 
2 % aclmixture of silvE'l' is added to pUl'e gol'd the HALLC'oefficient 
dimini&bes 

at 'P = 20°,3 K fl'om 9.8,X 10-4 to 6,7 X 10-4 , 

at 'P = 90° K from 7.6 X 10-4 to 6,6 X 10,-4, 

at 'T = 290° K from 7.2 X 10-4 to 6,8 X 10-4 • 

Hence a smalJ Ap impmity in gold occtlsions only a small val'Ïa
tion of the HALLeffect at T = 290) K. which, howevet·, becomes 
more apprectable at lowel' temperatnres. On tIJe oLher hand, as is 
evident frOlll the meaSUl'ements of A. VON' Jj}T'rlNGSJIAVSJ~N and W. 
NERNST 1), E. VAN AUl3mJ~) and A. W. SillI'l.'H 3), the addition of a 
small qnantity of Sn Ol' Sb to Bi, which exhibits an unusLHtlly large 
HALL-effect, occasions even at ordinary room temperature a great 
change in tbe HA],L-eifect. 

i1i:r 
T, 

1,! r--Z9D 

1 
1,0 

1'\ " -90: ,=---' I'- I--- - t--
~ 

. In Fig. 4 are shown the curves 
Rnoo 

of the temperature ql10tients --
R290U 

d R'2o:)o f' . f' 1 . an -- as uIlctlOns 0 t 1e atomw 
R'2\'(,O , 

pel'celltage of Ag, Thebe curves 
0.5 l;ave the same Keneral featlll'es as 

o 10 10 30 ~o 50 ~o 10 so 90 130 / hose ot' Figs, 1,"2, anel 3-. 
-+- c,Xt.,m,. ~ (,].j 

fr=l /jJl. 

Fig. 4. IJl Fig 5 ib ::;bown tIJe relation 
between Rand 'P 1'01' sorne Au-Ag allo'y~, The COUl'se of the curves 
between 200 IC alld 900 IC iE, 1l9t quite certain, a::; no obsel'vation::; could 

1) A. Y. El'TINGSHAUSEN Ilnd W. NERNS1': Wied. Ann. 33, p. 474, 1888. 
2) E. VAN AUBEL: C. R. 135, p. 786, 1902. 
3) A. W. SMl'.rH: Phys. Rev. 32, p. 178, 19] 1. 
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be made between hydrogen and oxygen tempel'atures. These pOl'tions 
of the curves are thel'efore indicated by dotted lines. With A,q and 

Fig. 5. 

Au the HALI,coefficiènt increases as the tempet'atnre talls. This 
increase takes place chiefly in the temperatnl'e l'egion 20° < T < 77° K. 
In the hydrogen region, 20:>.3 > T> 14°.5, R is constant within 
the limits of accuracy. A vel'y sm all diminution of the HALLcoeffi
cient is exhibited by the alloy (Au-A,q)[ with 2% Ag at low tem
peratul'es. At low temperatul'E:'s alloys with more t.h&.n 2% of A,q 
show a distinct diminution in the HA1,L effect, which is greatest fol' 
alloys of med.ium concentrations. Thns aHoy III with 30 % A,q gives 
R200 R9LO 
-- = 0.6,*. With Alt and Aq the ratio -- differR but ver)' little 
R2900 R2900 

fl'om 1, while witb alloys of meclilll11 concentration it diffel'ó con si
derably from 1. Of the alloys with a large percentage of Au, a 
dis tin ct diminution of the HALLeffect at low temperatm'es is already 
exhibitecl by alloy VI, with 2% of Au. 

In fig. 6 is shown the relation bet ween the LEDUO constant 
R 

DL = - anel the atomic percentage of A,q at T = 2900 K. anel 
w 

T = 900 K. This cOllsh'l.nt is the tangent of the angle of l'otation of 
the equipotential lines in 11 niL field. Tbe Clll'VeS are of the same 
nature as the conductivity-silvel' percentage diagmllls; at lowel' tem
peratures they become steeper. Wben i,wo pel' cent of A'lt is dis
solveel in A,q. DL à.t T 20° 3 K. sinks frOlll 720 X 10-7 to 8 5 X 10-;. 
It is wOl'th noting ihat with allo) s of merlium coneentratioll DL is 
appl'oximately constant throngllont the w llOle temperatlll'e regiOll 
290:> > T> 14°.5; tbis holds fol' 10.7 ~ ,e ~ 90.9 thaI. is 1.0 say, fol' 
alloys in which the pel'centage of neither component is less than 10. 

With alloys which may be l'oga.rcled as clilute solntions, hence fol' 
o ~ x ,$11 anel 90 ~ m ~ 100, as a. mie Bis, to a fil'st a,ppl'oxim~'l.tion, t'l. 

W1' 
linear funciion of the iemperature qllotic::nt - (T = 290'" K, 90 J K., 

Wo 
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20° 3 TC). Only the alloys with a large peJ'centage of A,q at 
T = 20°,3 K. are an exception to this 1'ule. 

I 
- i 

1$ 

10 

5 
fT: q~. 

~ ~ --o 
'1 0 1.0 .0 Ba 100 

At 1'= 2900 K. the HALIcoefficient fol' dill1te solutions is pro
portional to the cOliductivity (J2900 • 

Tt would llndoubtedly be of the greatest impol'tance to systema
tically extend these investigations of the I-IAueflect in alloys at 10w 
temperatures, which I have, LO m)' l'egl'et been obliged to confille 
to a single series of alloys, alld to fUl'thel' investigate alloys of dif
ferent types. I hope to continue tbis l'eseal'~h as soon as I CM tind 
a suitable opportunity. 

I gratefnlly admowledge rny illdebtedness to Prof. KAl\lEHUNGH 

ONNES who invited me to Ulldel'take these inve~tigationB of tlle HA1JL 
effect at low temperatures. 


