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Ammom

fhe Rail Sffeot in biswuth for a magnetic field strength 
of froa 0.07 to 1.00 gauss was accurately determined by improved
wethod8. toilaalUiaiJit,,,lfea Ml®l3fe.X*3lBt* Various methods for
obtaining excessively thin, hawogeneoua bismuth filaa were triad, and 
compared, aaoh m  casting* electroplating, evaporating, spattering, 
and metalllo apraying, of which tho laat thraa nathoda were particmlarly 
successful. * By refinements wade In
tha potantionatar and measuring oironita readings to one-tenth 
microvolt m m  accurate and reproduoible. Haanltnda of tha Hall Effect 

Rvalue of tha Rail ooaffiolant, i, la ahworweXly 
largo between Q^^^^O.30 gauss, haring a value of -171 at 0.07 .gauss, 
aa ooaparad of -11 which 1 had for thia flla at If gausses,
fhe value at t&^Prassaa waa -29. A curve la plotted showing tha 
rapid deareaae in tha value of -R between 0.07 and 0.80 ganaa, and 
comparison ia made with tha higher values of field atrangth. It la 
noted that by patting tha Rail potential of one film in series with 
one or more other films wo obtain comparatively high values of tha 
Rail a.- at. f. whioh way be applied to great advantage as an alternating 
currant rectifier in radio and eiaiilar applioationa.
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l«P90f WIfH LOW tM0«afXO fzslbs 
Ilf Fate? H. Oralg

Introduotion

Sines tha discovery of the Hall Sffaot in 1876 mah 
hat ̂ ten dons to elucidate this phenomenon hoth experimentally 
and theoretically* Bat, with tha exception of llghll who 
employed field* comparable to that of tha earth* and a few othmi» 
ateat all Investigators have used strong fields* It la Important 
to mow accurately te affect of low fields, to oompare It with tha 
m o m  facts and to determine whether my abnormal relations exist. ’ 
Am tha offaot of tha magnetic field la mall la all oases* a great 
refinement la tha potentiometer and measuring drool ts la Imperative 
with weak field* and tha preparation of tha bismuth stripe presents 
groat difficulties and requires special methods*

Preparation * Sxpartental drrangeraante

Since tha fall Iffeot increases with tha thiaaaaa of; tha 
metallic atrip* tha first requisite was to prapara extremely thin 
film* of natal* Bismuth and tellurium, which hare tha highest Hall 
coefficient of the ordinary metals, ware aalaotad and aim different 
methods wore triad in order to find tha hast and quickest way of 
asking flte Which mold ha extremal? thin and at tha same time 
eleetrlosily continuous* Fhaae processes wart casting, dipping* 
spraying, electroplating* evaporating,«nd sputtering* 

l*Rlghl* Jouw*. d. Phya. (3), j£, 12*, 1884
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Thin films of bismuth cannot bs proteosd hy o&sting 
unless pressure It exerted on tht surfaoe of tho metal at It oools, 
and provision must than ho made for latoral expansion teen solidifying* 

Surprisingly thin and uniform films wort, however, ohtainod 
by dipping mite shoots into molten bismuth and using the metallic film 
teioh adhered to tho mica* If tho surface of tho mica bo slightly 
roughened with hydrofluoric acid, md oaro ho usod in withdrawing tho 
mica from tha molten natal, a wary thin and unifo» film tan ho 
ohtainod by this very simple and rapid netted*

Hath vox* was dons hy tho author to prodnoo very thin 
platoo of bismuth and tellurium hy tho proooot of spraying molten 
metal* Ixtelltet results wore ohtainod hoth with tha *3ohoop* 
compressed air motallio spraying proooot*. and also with the **®ravitas" 
metal test • praying proooss. Cooperation in' thie part of the wrtc 
oat hindiy rendered by the Hotalo Coating Company of Philadelphia*
BOth of those opraying proooooos involve spraying metals in tho 
molten state hy motes of a compressed air gun* hi tho oass of 
bismuth it mas found advisable to nos oomprosssd nitrogen* instead 
of air* in order to prevent oxidation of the sprayed layer* then 
applied to mite* glass* ted bakelite, exeellent films of hoth bismuth 
and tellnrinm were obtained*

Attempts to protect homogeneous films by electroplating met 
with poor results, even when great oare mm used as regards temperature, 
.speed of the rotating cathode,. and concentration of solution*

evaporation of molten bismuth in a partial vacuum produced 
very good results* Bismuth was placed inside a hell-jar evacuated hy 
a ’Ey ?ao” pump, and the metal was molted'hy an. eleotrie heater* . A
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glass plat®, suspended above the amagement* collected the evaporated 
bismuth in tha fan of excellent films.

Oathodie sputtering undoubtedly produces tha thinnest filial 
of any method. With reasonable care bismuth films Can easily be 
prepared by this method so thin as to be quit® transparent. Spattering 
was accomplished by applying the secondary current af a 20,000 volt 
transformer to anode and cathode electrodes placed 1nsids a bell jar 
evacuated to SO microns. Rectification of tha secondary, current by a 
kenetron accelerated the action, k disc of bismuth S.® inches in 
diameter was used as a cathode, and the glass plate-on which tha film 
was to be splattered mis placed just outside the Crookes* dark space, 
which was about 2 ems. long with a current of S mllli~astperes excellent 
film were produced on glass in about 30 minutes, the arrangement being 
the usual on# for sputtering.

(b} Disposition of the Apparatus

fhe very weak magnetic fields employed in this work were 
obtained from an air core solenoid. When a given current is passed 
through such a coll the field at the center Is easily calculated.
This calculated value was checked by a calibrated ballistic galvanometer 
in conjunction with a flip coil. The actual inductance employed consisted 
of 100 turns of wire would on a rectangular wooden form e x 11 oats# in 
cross-sectional area, the else of this form being Just large enough to 
accomodate the film used. The inductance of this coll was 3.5 millihenries, 

and it. was therefore neoessary to pass BB,t mllll-amperes through it in
■ S'

order to gat a field of one gauss at the center* Due to the extremely 
low values of magnetic field used, it was necessary to shield the
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arrangement carefully from any action of the earth* s ant stray fields. 
Several methods were triad to aooompllefe this shielding, the one finally 
adopted being that of placing the set-up oo that tho piano of tho 
blewuth film coincided exactly with tho na&totlo inclination of tho 
earth's field at that point, thus eliminating any magnetic component 
la a dlrootlon perpendicular to tho piano of tho metallic film. Oar* 
mm tsksn to keep all Irma away front tho vicinity of tho apparatus, and 
npoa actual measurement otray fields were found to ho negligible,

Ohemieaily par* bismuth for producing tho fllaa woo favalohod 
hy limer wad Amend and tho. film itself §, ohtainod hy any one of tho 
previously described methods, was mounted on haJcolito with sodium 
ollloato ao a binder. Contact at tho o&do for tha longitudinal current

t
mm nado hy ̂ to*|hor«hronBO spring clips, and oontaot at tho edges of 
tho film, for picfcftag up tho transverse Hall potontlal, woo ohtainod. hy 
moan* of small hraoo fingers attached to machine oorowt paaood through 
tho bakslUe. Sho surface of tho film mm oaroftally cleaned with weak 
hydroohlorla acid solution to remove ourfaoo oxides, and tho oatir* film 
and ooiraeofclone m m  than pilntod with sodium ollloato to keep semi** 
conducting layers of dirt and moisture from collecting on tho ourfaoo of 
tho film* la a m  oasts It was even found advisable to mould the entire 
arrangement in sulphur to obviate this' difficulty.

Since the potential difforenooo to he measured were of tho 
order of one microvolt, extreme care was taken to reader the measuring 
apparatus veryaoourate and stable. Considerable trouble mm experienced 
in completely eliminating erratic aotlon of the. potentiometer arrangement, 
and It was only after several refinements tel been added to the circuit ' 
that absolutely reproducible data could bo obtained, fhe transverse
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Hall gffeot potential was measured hy means of a Loads and Rwrtfcrap 
'type K potentiometer, redesigned with a system of oalibrated external 
shunts whioh laoreased m« sensitivity of tha instrument tea times, 
fomr galvanometers of varying degrees of sensitivity were used with 
tha potentiometer fop mill readings, .tha mat sensitive galvanometer 
having a ataaitivify of 13*2 ram yap M#¥# fhe longitudinal current 
through tha film waa supplied hy largo storage oells, tha output of 
ahloh passed throng a largo filtar eyetern of two vary largo indtiotaitoa# 
la aarlaa with tha lino, tha linaa halag shunted hy two oondaaaars of 
six alorofarads entfe* this filtar aliainatad arratlo aotlon oaaaad hy 
suddent fluctuations of tha longitttdlnal current oooaaalonad hy bubbling 
of tha cells.

The main current through tha potentiometer Itaalf was passed 
through a aiallar filtar and was allowad to flow' ayar might hafora 
taking raadlnga so that grantor atahllity oould ha espeoted. Tha null 
potentiometer reading on tha standard oall was checked hafora and 
aftor aaoh measurement.

Sreat oars was taken to eliminate all spurious effects.
Thermal effects, of oourse, constituted tha groatar part of those 
corrections. Junctions of dissimilar metals in the airoult ware 
radooad to a mlnlansa, and tha remaining potentials doa to fhoneon and 
allied sffeots ware aoouratsly measured tha instant tha longitudinal 
ourrant Oroundlng one aids of tha potentiometer olrouit
was found to inoraase atahllity*

for tha wane at high magnetic fields, a large electromagnet 
was used, this magnet was capable of prodnolng a flald of 13,000 gausses
la a narrow air gap, the field of Whloh was measured hy a calibrated
ballistic galvanometer in conjunction with a flip coil.

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



Ssrperimeatal Results and Discussion

Using a bismuth film obtained by metallic spraying,
3*8 x 8*0 ass • In area and 0*018 amm. thick, the results shown in 
fable 1 were obtained* . these results axe- in agreement with those 
obtained with films of the other' types described previously. Is 
this table three different ranges of magnetic field strength were 
investigated with me »asa bismuth file end under tbs same general 
sondiliens* A longitudinal ourrent of 1*8 ampere* was Used throughout 
fable I* fhe rtresidual” e*ia*f, {measured in microvolts) ghlghntd 
referred to in the seeond column is the potential difference caused 
by the foot that the brass fingers which piek up the transverseHall 
potential cannot possibly be placed at exaotly egMpotsatial spots with 
regard to the longitudinal current, these contact* were planed as near 
to equipoiential points as possible and the remaining difference of 
potential was measured as given In the second column of me table* 
fhe seoond and third columns automatically Include the sum of the 
thermal offsets* sines it is of course Impossible to eliminate mess 
thermal potentials from the potentials indicated in these eeiuwts* 
However, the spurious effects are eliminated when column two Is 
subtracted from column three in order to get the net Ball e*m«f* in 
the fourth column* fhe Hall coefficient, a, given in the fifth 
column Is calculated from the usual formula2 , a-H-. where M is 
the Hall coefficient, d the thickness of the film in one., X the 
longitudinal ourrent in abamperes, 1 the magaetlefield strength in 
gausses, and I the net Hall e.m.f*

8. 1. L. Oarapbell, "Salvaaomagnetid mod fhsrmomagnetie Iffeots”, pg* 9
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It It Immediately apparent that the Hall ooeffiolent is 
abnormally high la tha muse of vary low fields* sad falls rapidly 
la waits# as tha field is slightly Increased. Befereaoe to tha graph 
shows a alight Irregularity near 0*1 gauss, a straightening out of 
tha ©nrve at about 0*8 gauss, and than m  approximately linear ralation 
until a field strength of 1*0 gauss Is reaohed. Readings la «e 
Intermediate range of saro to W  gausses showad that *1 is praetloally 
constant at a wains of 11 throughout this rangs* this value agrees 
Wary wall with, the value of 10*2? whioh Ton Stttogshausen and Kernst* 
found for bismuth at a fiald of 1680 gausses* In tha rang# from 
1000 to 4320 gausses tha ooafflolant toorease# slightly froa 18 to 29*
This surra was salaotad from a dozen similar graphs as baiag ana of tha

*
most representative, and tha irragularlty In tha neighborhood of 0*1 
gauss is typical of similar irregularities in all oursss ohtainod with 
tha various films.

These rsaults show that tha rains of «*H at rary low flslds is 
higher. than has bean hsratoforo suspected and that tha oarrs for ~R, 
plotted against flald strength, shows a marked risa la this low raaga.

Saoh of tha raluas in Tabls I ara average raluas for approximately 
twelve readings at eaoh value of flald strength* These readings are 
reproducible to approxi*g»tely one-tenth of a microvolt, and the readings 
forming the averages did not vary more than this amount*

During the oourse of the experiments an Interesting lnoldental 
fast warn dissevered* namely that fhe Rail potential of one film may he 
put to series with that of one or more other films* the sum of these 
series' .potentials agreeing vary well with the oaloulatsd sum of the Rail

S#fea Ittlngshaussn and Remst* fled. - ton* J£*. 848, 1686
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potentials of fee individual flte as observed separately. Although 
this foot has little application where quantitative readings of a high 
degree of aoaaraoy art desired, It it of real ImporlwiBoa in any 
application Whsfe larger votes of Sail potential are desirable ten 
those whldh oan be obtained with a single flte fhe author is at 
present awing this ■ additive prlaoiple la an application of the Sail 
if feet to reotlfleation of alternating earreat with a method similar 
to that desorlbed by teOondre*? fhe additive prlaoiple owed In .
.tee ooaneetloa produces a Sail potential of several volts in low 
fields with thin bismuth films, .and thus gives fee Sail Iffeot a 
prsetieai importanoa as a rectifier, especially In radio and similar 
applications* WOric on the additive prlaoiple is also being done hy 
s™ * . 8

The results here presented seem to Indloate that there is 
ooneiderable worie to be done in farther Investigating abnormalities la 
the Hall coefficient at very low fields, and seem also to suggest that 
certain aodifieattsna or explanations will have to be lntrodnoed into 
fee theory of the fall' iffeot to aoooant for the Interesting Changes.in 
fee Hall ooeffiolent at low fields*

In oonoluslon, the author wishes to aohaowlsdge his indebtedness 
to IJr* louis ®* More, Hr* 1* C. dowdy, and Sr. S* #» M, Allen for their 
Wnd help and vateble advioe tendered throughout fee progress of fee
wvsl#
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