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The Hall Effeot in dismuath for a magnetio field strength
of from 0,07 %o 1.00 gauss was assurately determined by improved

Yarious methods for

obtaining excessively thin, homogeneous bismuth films were tried and
gompayred, such as casting, alaatmpla@uag.' svaporating, sputtering,
and metallic spraying, of whioh the last three msthods were purtim:lurly .

snooassful .

the potentiomster and mmring ofiroults readings to one-tenth 4

maromu wore agourate and reproducidble.

0.30 gause, having a value of «171 at 0,07 gauss,
as compared wi of ~11 whioch R had for this film at 18 ﬁnnu.
The valus at asses was -29, 4 ourve 1s plotted showing the
rapid deorease in the value of ~R batwean 0,07 and 0,30 gsuss, and
comparison i{s made with the higher values of field strength. It is
noted that dy patting the Hall potentisl of one film in series with
one br more other films we obtain comparatively high values of the

Hall #¢ m. £, whioh may beo applied to graat advantage as an alternating

ourrent rectifier in radio and similar applications.

@y 24
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MR HALL SPPROT WITH LOW MAGNEPIO PIALDS
by Palmer H, Crailg

Introduction

Sinoe the discovery of the Hall Effect in 1878 muoh
has been done ¥o elusidate this phenomenon both experimentally
and theoretioslly. But, with the exception of Righi} who
@mna fields comparable to that of the earth, and a few others,
niﬁont all investigators have used stromg flelds. It is important
to know sacurately the effeot of low flelds, to compare it with the
¥nown fagts and %o determine whether any almormal relations exist.
As the affect of the magnetic field is szall in all onses, & great
refinement in the potentiometer and measuring circuits is tmperative
with weak flelds and the pmuou of the biemuth strips émmts
great difficultles and requires special methods. S

Preparation - Sxperimental irrangements

8inos the Hall Effect inorenses with the thinness of the |
metallls strip, the first requisite wae %o prepare extremsly thin
films of metal. Bismth and tellurium, which have the highest Hall
coeffisient of ths oprdinary metsals, were selsoted and six 4ifferent
methods were tried Iin order to find the best and guiokest wey of
making films which would be axtrmly thin and at the same time
eleotrioally ocontinucus. Theas processes were oasting, dipping,

. spraying, sleotroplating, evaporating,and sputtering.

1
-»iai@l’., Journ. 4. Phys. (2], 2 127, 1684
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Thin films of blemuth cannot de produoed by oasting
unless pressurs is mm on the eurface of the metal as 1t oools,
and provision must then be made for lateral expansion when solidifying.

Surprisingly thin and wniform films ware, me.v oﬂdﬁﬂ
by dipping mios sheets into molten blemuth and using the metallis film
whioh adhered to the mica. If the surface of the mica be nxyiwﬂ.y
roughéned with hydrofluoric sold, and care be used in withdvawing the
mica from the moltan metal, a very thin and uniform film can de
obtained vy ihin vory simple and rapid method,

KHuoh m'm dons by the anthor to produss very thin
plates of biemuth and tellurium by the progcess of spraying molten
meatal, BExcellent rosults wers obtained doth with the “Bohoop”
mmum alr metallic npmying prooess, and also with the "Gravitas”
metal dust spraying prosess. Cooperstion in this part of the work
was Rindly rendered by the Hotals Coating Company of Philadelphia.
Béth of these spraying mmuu involve spraying metals in the
moften state by means of a compressed alr gm. In the ones of
bismath 1t was found advisable to use oompressed nitrogen, instead
of alyr, in order to prevent oxidation of the sprayed layer. Waen
applied %o n!u; ginss, and bakelite, extellent films of both Dlssmuth
and &allﬁrim wore obtained.

‘Attempts to ﬁmduuc homogensous filma dy electroplating met

- with poor results, oven when great oare was used as regards temperaturs,

tgmd ax the rotating oathode,. and ooncsntration of splution.

Bvaporation of molten biswmuth in a partial veouwum produced
very good results. Bismuth was placed inside a bell-jar evaousted by

& "Ry Vag" pump, and the mtal was mslted by m eleotric heater, 4
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glass plate, suspsnded above the arrangement, colleoted the evaporated
blemath in the form of exoellent films. |

© Gathodto sputtering mdoubtedly produces the thimest films
of any metuods With reasonable oars biemth films e easily be
yrmm by ﬁah meathod 80 thin ag to be quite trgaismmﬁ.»j Smtuzfins
wag socomplished by applying the sesondary ourrent Qf ‘u‘ 20,000 volt
transformer to asnode and éathoaa elestrodes placed inside a bell Jar
evacuated to 20 mioroms. Rectification of the ucamhry gurrent by a
xenstron accelerated the action. A dise of bdismuth 3.8 mahu in
diameter was used as a oathode, and the glass plate on whioch m:ﬁm
wag %o be sputtersd was 'pzaoud Jﬁntv outsids the Grookes' dark: t;mo, :
which was about 2 ome. long with a mmt of B milli-amperes excellent
r:m"uu Mmum on a};@u in about 20 minutes, the arrangement being
the usual one for sputtering. N

(v} Disposition of the Apparatus

The very weak magnetic fields employed in this work v}om
obtained from an alr ocore solenoid. Vhen & given current is pasnﬁ
through sush & 0oil the fleld at the center is sasily dumazm
fhis oaloulated value was ohecked by a oslibrated dallistio galvanometer
in sonjunotion with 8 flip ¢oil. The actual indastance mplayoa,mmhtod
of 100 turns of wire wonld on a ra;xtmguiar wooden form 8 x 11 o, 1:5.
orogs-sectional area, the size of this form being ju-§ ;Mx‘-gu snough %o
asoomodate the film used. The induotance of this coil was 2.5 millihenries,
and it. was therefore neseusary %o pass 35,2 milli-amperes through it in
order to gat a field of one gauss at the center. Due to the extramely

low values of magnetio fisld nsea, i1t wan negessary to shield the
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arrangement oarefully from any action of tho earth's and stray fields.
Several methods were trisd to ascomplish this shislding,the one fimally
adopm being that of placing the set-up so that the phm of the
bismath filn coinoldsd exastly with the magnetio imolination of the
sarth’s field at that point, thus eliminating sny magnesic component
in a direotion perpsndioular to the plane of the metallis film, \‘amo-

" was taken to Xesp all iron away from the vioinlty of the spparatus, and
dpon aotual measurement stray fields wers found to be negligidle.

Chemically pure biamuth for produping the films was farnished
by Eimer and Avend and the film itselfy obtained by any ons of the
previously desoribed methods, was mownted on bskelite with sodium
silioste as & binder, ‘%ntme at the ends for the lcagiw‘é.im ourrent
wag mads by m.xﬁxowwua spring olips, and contact at the edges of

_ the film, for ploking up the Sranaverss Hall potsntial, was obtained by
means of small brass fingers attached to machine sorews passed through
the bakelite, Ths surface of the £ilm was carsfully oleaned with wesk

_ hydrochloris acld solution to remove surfase oxides, and the entire film
and conmections were then painted with sodium silicate to keep —
condusting layers of dirt mﬁ moisture from ml}.ootimg on the surface of
the film. In some oases 1t was even found advisable to mould the entire
arrsngement in sulphur to obviate this azmmzy.‘

Since the potential dlfferences to be measursd wers of the
order of one miorovolt, extreme m was taken to rander the measuring
apperatus very acsurata and stable. Ocnsideradle Srouble was experisnced
ﬂm somplately slisinating srratic astion of the potsntiometer arvangement,

- and it was only after several refinsments had been added to the oirouit -
that absolutsly reprodusidle data aould be obtained, The transverss
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Hall'Bffect potential was measured by means of & Leeds and Northrup
‘tm VD.'. potentiometer, rodesigned with & system of onlibrated external
shunts which inoreased the wemaitivity of the instvument ten times.
%ur“mmm of varying degrees of sensitivity wers used with
the potentiometer for null readings, the most sensitive galvanometer
having s sensitivity of 13,2 mm psr M.V, 'The longitudinal ourrent
through the film was supplied by large storage oﬁlt. the outpat ot
whioh passed through a large filter system of two very large induotances
in peries with the line, the lines being shunted ty two condensers of
six miorofarads each, This filter eliminated srrasic aotion caused by
suddent fluotuations of the longitudinal current cocmssioned by bubdling
of the oells, |

The main ocurrent through the potentiomster itself was passed
through a similar £1lter snd was sllowed to ﬂw‘imgwm ’boﬁro
taking readings so that greater stadility omxm 'bs sxpeotad, The null
potmeimiur uudim on the standard oell was oheoked before and
after each momaurement.

Great osre was tsken to eliminste all spurious effects.
Thermal effsats, of oourse, constituted the greater part of these
correotions. Junotions of dissimilar metals in the ofroult ’m
redused o & minimum, and ﬁhu remaining potentials dus to Thowmeon and
allied affents were accurately measured the instant the longitudinal
gurrent was broken. Orounding one side of the potentiometer oti-auit
was found to inoresss stability, |

For the work at high magnetioc flelds, a large slectromagnet
was used. This magnet was oapadle of producing a field of 18,000 gausses

in a narvow air gap, the field of whioh was measured by & calibrated
ballistic galvanomster in conjunctidn with & flip coll.
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. Expsrimental Besults and Dissusaion

| Uaing a blemuth £ilm obtained by metallic spraying,
.8 x 8.0 oma. in area and 0.012 m thiok, the resulsa shown in
Table I wers obtatned, These results are in agreement with those
obtained with films of the other types dasorided previously. In
this table thres different ranges of Wagnetio field strength were
investigated with the am ‘biemuth £1lm and under the same gensral
conditions, A lomgitudinal ourrent of 1.5 amperes was used throughout
Table I, The “residnal* e.m.f. (measured in microvolts) whichris
reforred to in the ssoond column 1a the potentisl differsnce csused
bty the faot that the bdrass fingers whioh plok up the tmcwru.anx‘l
potential ommot possidly de placed at exsotly equipotential spots with:
rggami ‘o the longitudinel gurrent. These contatts were placed ss near
to equipotential points as possible and the remalning differsnce of
potential m‘mmrm as given in the second column of the table.
The seoond and third soluwmns automatioally mqma. the sam of the
thermal effects, sinoe 1t is of course impossidle to eliminate these
thermal potentials from the potentlals indicated in these solumus.
However, the spurions effects are eliminated when column two is
subtraated from coltmm thres in order to get the net Hall sumets in
thevtaurth colmm. %The Hall oocefficient, R, given in the fifth
coluwsn is saloulated from the usual tamms‘ ’ m%—, where R is
the Eall ecefficlent, 4 the thickness of the film in ome., I the
longitudinal current in Mm. H the magnetio field strength in
 gausses, and & the net Hall e.m.f.

2. L. L, Oampball, "Galvanomagnetid snd Thermomagnetio WMM.’?, . 9
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It is inmediately apparent that the Hall coeffiolent is
amomny high in the range of very low fields, and falls rapidly
in value as the field is nu@itly inoreassd, Refsrence to the graph
shows a slight irregularity near O.1 gauss, a straightening out of
the ourve at ahout 0,8 gauss, and then an approximately linear relation
until & ﬂﬂ;& strength of 1.0 gesnss is roached. Readings 4n-: an
intermediate mxm of zero to B0 gausses showed that ~R is prastically
constant at 2 value of 1l throughout this range. This value agrees
vory well with the valus of 10.27 which Von Jttingshausen and Nernst®
found for bismuth at a £isld of 1550 gousses, . In the range from
1000 to 4320 skuuu ths coefficiont inoresses slightly from 18 to 29.
This Surve m> selected from a dosen similar graphs as being one of the
most repregsentative, and the irregularity in the neighborhiood ;:f s 7% 1 |
gauss is typlosl of similar irregularities in all ourves obtained wifh
the varions £1lms, |

Thess results show that the value of ~R at very low flelds i»
higher than has been herotofors m{;mm and that the ourve for »R,
plotted againat £ield strength, shows a marked rise in this low range.

Bach of the values in Table I are avaersge valuss for approximately
twalve readings at eaoh value of field strength, These readings ux?a
reproducible to approximately om-wim of n misrovolt, and the readings
tom::;s the aveveges 414 not vary more than this smount, |

Daring the ocourses of the experiments an intsresting incidental
£a0t was m@mmd, namely that the Hall potential of one film may be
pat in series with that of one or more other films, the sum of these
sories pomﬁau agreeing very wall with the oaloulated sum of the Hall

®*Yon Bttingshausen and Nermst, Wied. ann. 39, 543, 1688
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potensials of the individual films as observed mmm Al though
this a0t has mﬂic spplioation where quantitative readings of a high
degres of soouracy are desired, it is of real imporkanse in any
application where Im'mr valaén of Hall potantial arve dasirable than
those which can bBo obtained with a single film. The author is at
present using this additive prinoiple in an application of the Hall
Effeot to restification of alternating surrent with a method ;muri
to that desorited by DesCondrest The additive prinoiple used in
this comnsation produces s Hall potential of several volts in low
flelds with tin Bismath films, and thus gives the Hall Effeot a
}pmtmal importance as a rsctifier, nwi@ll# in radio and seimilar
applications. Work on the additive prinoiple is also being done by
S‘W.a

| The rasults hers presented seem %o indicate that there is
consideradls work to bs done in further investigating abtnormalities in
the Hall coefficient at very low fislds, and seem also to suggest that
gsertain modifications or explanations will have to de introduced into
the theory of the Hall Sffect to account for the &mﬁmﬂm ohangss in
the Hall sosffiofent at low fields.

In oonolusion, the author wishes to acknowledge his indebtedness
to Dr. Louis 7, More, Dr. R, C. Gowdy, and Dr, 8, J, M. Allen for their
kind help and valuable advios tendered throughsout the progress of the
work,

University of Oinolmnati

Physlos Laboratory
August 2, 1928

4 Des Condres, Phys. Zeit. 2, 68, 1901
® sarex, Hleck. u. Masohinemban, 42, 173, 1925
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