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ABYUSRACHR

4 dotadlod roviou of tho Holdl offcot phonenocna
and thoir opplication 4o carriod odt. Jith busic antho-
notical rolations tho nall offoct puoncaona wund $aoir
opplicationo in ucoourcaont of wloetrical, lagnotie and
Elootronic quautiticc arec ozpluinode. A oritical amnlycin
40 wuado udth rocpoct to tho ipportant wnll of£2oct oppli-

cation.

J010 uvoful inotrumento hava baon dovolopcd in
tho laboratory usin_, Hall offoot und thoy aro tooted undor
laboratory conditions. rhose include Irue hilJ motoro for
tho moaouroment'of curroat and voltago oZ nonzinuooidold
vavofornd oxploiting tho product formin; capability of
tho Hall oryotal., Ginco tho avallablo Hall aultiplior
packu had o largo induotnonco none componsation tochnique
had to bo incorporatcd, It io found that tho froquoncy
dopoidonece of tho o4tput of tho multiplior can bo rcducod
gonpidorably ucing thooe conponsation tcchniquos. Freom
calibration teoto tho porformanco of thoe motors ino found

to bo ootiasfacdory.

Eloctric ond mognotic uavo analyoeor 16 anothor
inotrunont dovolopcd hore moking uso of tho Lall offoct.
Lave to wo analyscd 1o compared with o sinovavo of knoun
aond conoiont aoplitudo and odjustublo froguoncy, and

difZoronv baraonico of tho wave aro monourcd using doaldl



iy

eryotal. A volio;o comtrolled eocillator (Ve0) for
goacrating sinouave 0% vardablo €roqucncy hao boon
dovolopcd., +Yhic 410 an ontirol, act approach to got
puro ciancyava odnco the ucual aothod 1o $0 ugo A non=-
ciancoidol VOO in combination with ocuitablo filtor.
Yho nov eireudt dovolopod Lo cupaocially inportunt
baocouco of who lou range of froquencico (40=650 li)
poopiblo uith it. srrogquomecy ic coatrollou by ucin, o
F33 vhooe Catoeto-courco voltoye 1o variod according

to tho roguircaonws of tho anuoeciatcd circudt.

» pbooo docked loup oyotens (Puw) hao boon
oritcd out to pininioe the Phooo anplo and froguency
orroxr botuoon tho vave to Lo onaljoed cnd tac roforonco.
It 1o found that 4L tho differouco imn frogucacy io
adjuosted monually 1 ithin 10 ho, tho circuld cun anio=
uatiocdly, by virtuc of the nogetivo fucddbavk incorpo-
ratoed, oynchronizo tho tuo froquencies. o utavo
onadyocor uao tootcd nalng o oquaro vave vhoso iarnonde
contontd arc ana.ytically lkmown. G$ho rooultc are vory

oncourazing.
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e LHRROBUCRI0:

Hodl oflcet ocourc whon o tranovorso aasnotie
fiold 10 appliod to o curront carrying conductor reuul .ing
in an oloctrioc Zicld vhich is porpondicular to tho dircction
of tho nugnodtic fiold and curroas and 16 progortional to
tholr product. <o cryotal vhich exhiblic tiLlo phonoaona
is ocnllod Holl cryotal. 1t uoo diseovoruu in 1679 by Hall '
vho quootioncd axzuecldy carlior acoortion that “... nochanieal
'forco vhich urygeo a conduator carrying a currout acrooc $he
linos of mognotic fiold, actu, not om itho clcetric curicant
but on tho conductor vhich caorrloc it@. Hall, uoin, o gole
loni mountod on o plato of (old, voo ablo to akou that on
cloctronotivo forco oxicto in tho dircction p.rpondiculur tu

tha.diréction of curront and of aggnotic Liold.

Evon fthough tho lall offoct was diocovarod by 1877,
tho roal work on tho opelicoiion otarted by .idnatoon Piftcco
(19500)s Prof. neu.¥e Barlow vas tuo firct $o pako uno of
Hall eoffoct for acagurcaocat of pouwor ot lov uad iudlo
Zroquonciose Tho groatent advantoge of Hall exryotad io tuoir
ability to foro tho veotor product. Tho advancos in thin
£iln high oobllisy oomicond wsoru are rolatcu to imcroausced

utilisgtion and dovelopnont of hoall ofloct dowvicon,.

Jdoaourcacont of who o Liv valuo of carroat
aad vo.inge of a nou=-sinuvoiaal cavefora 4o o problcy emcoun=

vored in tho laboruiorico. «n0 unll eryotul cun couaveniontly



bo uscd <or noaouring truo RiS voluco. ko orrors that
oish. ocour in convontionnl notoro con bo olimdnated,
Jxeopt av o vory lou froquoncy and ot vory high frogioncico
o Uodl oryotal charactorioticu arc lincars ln oot of
tag olootrical, olcectronic end conmunicntion oystcemd thio
proyorsvy of tho oryotal with tho product foindng capabllity
i0 wodo ugo ofe Tho outyut lmpodanco of tho crysinl 1o
uosually of ubho ordor oﬁ ohma and 0o thoir could not bo

any sotching probloa.

Hagnoto rosictauco and Hnll offoct dovicos
can bo iho ansuor for Lngincors who auot worry about Lho
offoet of high .omporaturo or radiction on odthor convoantionnl

vsonicond 1ectero or intogratod circuits,.

An upto date reovicuy of tho litoraviro ond
dovolopnont of fou instrumonto bagcd on hall offoect uno
earricd out by ihc author and como ie raported hero. Tho

inforiaation 1o cluncificd in oovoral chaptoro.

In Chaptor 1i a 0inplo but dotallod acco.int of
tho Hall phonoaonon 1o glven. Ao far oo poouiblo only
cinplo uatuonatical troatooat 4o uscd to oxplain Hall offoct
and rolatod phondaona. 1t 4o found that tuoeno oimplo
natacuaviecl rolations givo oufficient inforaation to
undorotand tho vorking of vho Hall ofyoct dovaccos, A dotnllca
accons 0. tho lidudtationns and capabilicioc of lalldl cryotas.
vhea 4% 10 uoed for poaocuring alostric quaaticioo aro aioo

brought ocut.



Tho diffopont opplicationo of [Inll eryotals aro
given in Choptors II1 ond 1IV. dho bapic priaciplo, inoiru=
nentation sobono and briof dopeription aro included vhore
it 10 noceounary. Loa0 applieations of udall eryotol 4n vory
higin Zroquenoy and nierovavo onginoorinyg 4o oloo included in
thic zoports. Chaptor IV aloo gives an olaborato dooeription
of indl oultiplioro.

%o dotadlo of tho inptrunonto dovoloped and btouted
in tho laboratory orc givon in Choptors V and Vi. 7Tho
inovruncento dovoloped aro the true SIS Amdetor, truc il

voltootor and olcetirle/nngnotic wave annlycor.

| In tho chaptor on conslusion iho author onumoratos
tho pet. ol 4i2ficultion cncountod in tho fabricetion of

inotrunonte and cou tho perforannce can be Hnprovaed.

Tabudation of tho %cat rosults are givon 4n iho

appendicol.
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Thao lindl cficot and llognotorcoio$anco in nolido
aro diooucocd in toxrco of tho boronta foroo on curront -
csarrlioro. A dotodlcd annlyoio of.tho natorial uood in
Holl cffcet dovicos and thoir lioitationo are ozplaincd.

2¢1 MO oct

The Holl offoot, dioccovarcd in 1479 by Hall, ocours'
vhon o tranovoroo uagnotic fiocld is opplicd to o conductor
carrying surront. Undor thooo conditiono it io found that
in addition to tho longitudinnl oloctric ficld nmormnlly
proosent o Sranovoroo £i0ld io producod ao tnot tho curront
{uhich contimuos to flouw lonsitudincily) oud the eloetric
£iold are no lon;or parallol. Lhe offcet thuo produccs a
moaourablo trancverco voltojo across tho opocimone +¢ho
caunc 0f thio cffcct is thot the magnotic 2iold oxortos forco

on tho olectrons and dofloct thon oidauayo‘.

An introductory pictorial dcsceripticu of tho Hall
offcct in toras of tho particle payciceo Ao given. rYor
naking ozxplanation oiaplor, tho randon velocitioo of tho

porticlos arc nogloctad.

It noono that nftor oonch ¢ollioion thoy aro brought
to root co that all tho motion thoy acquire io producod by
tho applicd ficldo. (It con Lo choun that tho randoa
voloci.ioa eancol out on tho averano, ao thoy do for tho

caoce of conductivity). Undor thovo aspunytionu, tuo motion
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0f positiveo ard aogative jporticden An conbinod qlogurice

ond nonotle £i0ld wall Lo oo ououn dn Kige 2eVe A poodtivo
particlo otapting ot two oxlgin vill bo nescloratcou by tao
olcotrio £iold. A0 A% golbhoro opood, i¢ Lo cubjceted to a
cddowico thrucs by tho sagnotle Yiold. Lado doflqoto 1to nlon,
val sumved path until 46 cuffors o collipion and 08Qrt OVers
Y40 ozioteneso of tho olcefronotivo £oroo porpeondie:lor to
dizcotlion of currcent aod 0f tho nognotic £40ld Ao dcoonatraSod

by Hodd voing o odd loaf oeuntcd on a plato of (odd.

Tho phyoical oignificonco of tho Holl offoet bocenco
ap :orent vaon tho curront ig connidorod to bo o otrcoa of
oloctron noviy; in o nognotic £iold B with o valocity V

ozporiocncos tho soroats £0roo

? = o (V zb) 200 (2.1)

vhero, 0 40 tho abooluto voluo of oloectron caargo

+incc tho curront 40 conotzal.aocd by tao bountn.ics
of tho ceddd, qQloctron will nt Larot Do dofloetcid by tho
nognotie Llaxn doﬁoity'ﬁ'a coon cnowil, howvovor, tucro 1o o
buidt 1p of charjces Gounxdo ono oiddo o tho oolid. TFhio
rill cronto aun oleofrio fiold waloh will countor boldoneo Gio
Loronts £oxred  coting on tho bulk of tho curroni Corrioro and
cugront uvill countinuo to £lov An Atc origiund dircotion oo AX

unagioetci: by tho wo novio £iold,.
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2ho tino roquircd to roooh thio oquilibriua io of tho
ordor 02 10°1% ooc,

Lo tho Loronta forec and cdgetrie £iold produccd,

knoun ac andl figld, aro cono undor oquilibriua,

1,00 % = EKE = Bﬂ ‘oo (202)
Jho curront donodty, 1 o no v *°° (203)
vhoro, n = Q4onoAty of tho carriors

o © ¢char;o of tho carriorn
Roarran,ing

5& = ‘%3 iB Lia (4, B) ose (204)

(Currcnt doncdty 1 40 obaractoriscd by a oinglo olcetron
voloo 1"6}[) ®

-~

1000 L o I, 4 44n(3, B)  eee (2.9)

uhoro, &y io dofincd oo tho Hall Coofficiont ubich io
invoruody proportionnd to tho casrxog donoity in tho colid,.
Bingoc tho earrior doaocdty io oluayo Leay in ocaiconductorn
thon iu aotal thio ozploaino tho faet that tho Holl offcet

ic nore pronovnccd in ocalcoaduotoro. In soro ¢ocaplicatod

J

caoCs, vhean road oolido sro eouwuldored, tho Hall coofficiont

boeo.200

n; ° /no vos (2:6)
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2ho valuo ol K dopondo upon tho ocattoring ncohandocno
o tho corricr An tho polddd, nnd itv rango dp 1<K 52,
In moot caooo K, uvhich vorics oloo with tho mmgnocde

2i0ld, dooo not vary £vea unity by moro thanm 30 por ocont.

For moro practical uco 4% 40 nocoscunry te OXPrTGoO
30 oquotion (2.4) in tormo of olcetrie potontinl and tho
total ourrcnt throush tho colid,

Vg = uby

and I = Aud

(Rofor Fige 2.2)

By uocing zolation (242) 1 [5. (2.6)
Hndl potontinl Ao givon byv |

X - "
VH u--éz-'fxn cen (2«:7)
(D ond i oro tokon oo linecardy rolated).

In conjuncotion with Ohn'oc law 0o no Al

vhoro ¢ ond u oro tuo conductivity ond nobilis, of
tho garriors roopgootivolys bho Holl offoct can bo uocd
{0 ponouro nobiliiloo and corrior donciticie. In coade
cond etoro in uhich oloctric condugtieN ip obinincd by -
o controlled cnd 1initod nuabor of earriors, tiac Holl

oficot hoo plaoycd on inportant rolo no o coaourdn: tool,

Eho oqudlibriun bostucon who uworonts £o0rco and

to unld offcel £40dd eon bo attaincd only £ w0 8100




of currcnt onrriora wvitih olosdo volooity. In nctunld
solidn, and in parciocular &n ocalconductorc, tho earrioro
a0 charactorined by o dioctribution of volociticu. lloneo,
tho Unll f£iocdd balaomocs .ut $ho Loronts forco Lor oharyo
cariiors havin; wvoloeity acaror or averago volocity. Theoo
chargo carsiozd will, thercforo, continuco to aove clony tho
camo path a0 in tho aboonco of oo;novdAld fiold. Jut tho
chargo carriors having volociiios conoidorably preator

taan tho averago veloeity uill bo dofloctod oliuor uvay. Tho
doflocted chargos will aou oncguire onallor drift volocitioo
botwvoon e¢ollivcion waleh vill rooult in owmallor nobilitico
and thus in incronocd rooistivity. ?hia chongo of reoiotie
vity 10 roforrcd $o oo ilagnotic roniotonco. A considerablo
largor 6hanao in rooiosonce ean bo obtalnod if tho uHall effoct
io ol!.iminafcd.

2.2 [Raudvolont Cireudf

Equivalont eircult io obtalnod by noting tho basie
phoneacna thaot Sakos placcs. Dooeribing thooo phecacaona in
anthecaatiend fora, and flaa.ldy conbining tuo dndivid:nld
porto dy approzinato uatrixz naaipulation tho ogquivaloat

2
circuit can bo derived. I'ven oquation (2.7)

v, ° E§~ {Lzs)
I 1 Ao conotant

Vy; 40 proportiomal to 5

o elouoot convontionad ceaponoat Lo an idenld



-

Sroongoraor bavdny; varinblo turno mtio. CGutpat voltoso

i, aizcedly proportionnd to tho vojnotic £icld (i . 263).

Hall gonozntor 4C o ldacar pacoidvo doviac and yot
4% Dboos tho additiennd proport,; of not boinpg bilatoral. %Zho
dovico anving thio proporty Ac knoun oo COyrators 2o

gopreccntation of tuo Gyrator 10 vaoun in ¥Yipe 2640

¥ron nll offoct phononinn 4n o nolid ospluinced
cbovo 1o eloardy an annlog of tho noygnotic doflcogtion 4n o
cathodo RBay Tubo. OGinoo thio Hall offoeot io Gaking place
in o coldd tho intoraal rosiotoanco ohould bo takon into
acecunt. Thoro aro tve intornal ‘woslotancoa; tho rociotanco
to Zloor of tho sontrol curront ond tho »coiotnnco to flou
0f tho output curronts. Ot us roprosout thaoo tuo rocioctonecs

by & ond Ty xcnydctivoly«

It ip fourd $hat thood rooiotonecd, arce not constant
but oro varying vith tho opplicd nogmotic fiold. Yo
inercono in reoiotnonoo uaeh-ﬁho nognotid £icld 4o sorood
00 %ho aggaotorcoiotunco c£foct ond it iAo proportionsl to

tho oquaro of tho corzior nobility.

Approxinatoly ¥(B) = Ug(0) + 0,03 a¥ed

£ {B) = #,(0) + 0,09 u'°?

74080, rb(B) o gonﬁrnl toraland intornal rooictanco
o ohnne

EH(B) o uall torainndl Antornad rooiotaneo in ohao
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D o  ilscnotio £3aa denodty in Rilogouso.
BOCO) a  @oatrol torminnd rcolotanco uwith B = O An ohno

am(o) o Jaoll togaimol dntornol eniotanco vith
8 o0 in 0ula

S0 tho ogquivolont eircult ean bdo draun oo chovn An Plge 269,

%00 four booie poronotors, control torainnl rosisotanco,
sultiplior offcety Oyrator and tornianl rcoilotances aro‘
caccnded $0 got tho ovozalld oquidvalont circult of tho
Holl gonorotor ofZoet (Pige 206).

Zho four ooctionn of tho oquivnlont circe:Ato con bo
uoed to cinulato tho overall Hall goaorator offcot. Aftor
uriting .lotrixz oquoations ond nultiplyin; and trancZorning

the oquivalcut circudt can bo droun oo Ohoun 18 Mo 267
In tho finol oquivolont circult,

Vo s Tho veltage oercos control Sorminnl

Ic o Contzol currcnt throu;h tho control tornainol
VB s Voltoso aorooo Lild Sorninald

I; = Ourront through tho Hodl Sorminsl

B o 10 tho fnotantoncoun oasnotic fiold donnity
ceaponont tuot inlorocopto tho Holl goaorator
porpondicular 0 tho plano of 1t0 controd ocurront.

rc(n) B sb(ﬁ) aro dofincé provicuoly

Ky e 41l conotont = R/d

kh(X) o lavoroo Hnll conotant



2.3 Gheisn oz [niaxana?ed

In concidcerin; tR0 choico of natorind for tho inll
odccat, o divtinoelion 4c ondo botucon the roguircacnt £or
Lo ausinun povor Sranofor cnd for tho moziouwn oulput voldtoy;o.
vi0 eurront in an lioll olcnond 4o lindtod by o Loctoro whieh
050 Sho ucat dicuipation ond porniooliblo tcoporaturo of tho
erjouwls auo output povor on tho othor haomd xolatod to tho
nozdoen poroicoiblo povor dnpute

Posor output (£,,.) ond Pouvor Loput (2,,) aro

rolatod by iho follouing OZproouion
242 ,
&*auﬁ ol }.l Ji} J?in sua , (2«8)

sho catput powor do indopondont of tho thichknoso of
to Lndl olcaocute Ior tho cano of mozioun volicgo output

tho oquation con bo vritton an

- /2
YA Ly
v, o( 1&1 Ao B ese (269)

Ig tho Lnld olchont Lo coolad and tho curromt io
linitcd Dy tho oaninun poradoodblo »4a0 in teaporaturo ia
“ho eontyro of tho olcaont A T,tho output voltage 1o
proportional to

/2
Vu x ‘[d aluA?) | "‘éz"' B oo o ‘20?0)



bonds
[ A

Dqaotion (2.9) indicato tuat 0 (0% tho aazisun
pouor output tho ©all olomont chould bo nodo of matorial
udtu higheot mobALisy-(/u). Intoraotallic conpounds of
1i1-V group, Indivn .[ntinonido and lndiwny 4rocnide, havo
highoot nobilitiovs Indiun Antinonido ean bo proporod uvith

tho iopuritico of sho ordor of 10%4 on™?

uhich ecan havo a
nobility of tho owior of 75000 ong/v-nco. at roon Ycapo-
raturo and ao bigh ao %00,000 cmalv~aoc. ot tho tcoperaturo
of Aiquid nitrogon. O tho othor hand tho Gornoniun and
Jilicon, which oon bo proporcd with ovon groator puritico,
onhibit vory hish Loll ooofficionio and eon bo ohewn Lo
nave tho quantitmgjiﬁg oouovhat highor than LIL = V
coapounds In?h and lnhﬂ. But tho vory high lovol of
curxont noisoc will provont o1 and Go fros uodng taom as lHnll
cryotalo. Froa cquationo (2.9) and (2.10) it ip clonr that
for gotting oozinm oulput voelin;c sho opcoinon ohould bo
nadoe ao thin oo pooodiblo. shore aro othor cdvonto,ou oloo
for thin olomonto. Tnoy oxo 3

{3) Air gop of tho nognot circuit can do nado

niadoan,.

{2) Duo to tho 1oy rovintivity of tho intore
notallic coapoundos, ia partic lar In?b’ thiolk
ogpoclnon hove vory low reaiotanco and ogton
rogquiron bulky trancforaers to itilizo thoir
dou noioo capability uhon uocd in comjunction
vita convoutionnl caplifioro.

{3) A4t vory high frcoquoncy oporation thin clemeat
poduco tho cddy cursoat.



Zho fobrication of thin uall oldmcnt Zroa bullt
Im?b and 15@0’ vaieh 10 03¢ doodrablo oo £ar o0 matorinld
cuarnotoriotio aro concornaed, in vory contdly. Dy acchanicol
nothed 4¢ 1o inpoosoiblo t0 noko opeocincn thinnor than 10./Mm.
Jor sotsing vory ohin opoodnon oovoral tochuiquo of vacuun
dopocition of Insb and Inan voro utiliscd. <ho noat
ouoccoo: ful deopooitions uore obtaincd by utilicing tho 3
toaporaturo nothod, wvhoroin tho enaponéﬁﬁu in ond 3b of tho
conpound azo ovaporatced in soparato courcos and tho oubtiraot
modntaincd ot otils onothor tooporaturo. A noddfiod tochniquo
of flooh ovayaratiaa vae aloo roportod %0 bo quito ouecoonful
in obtuining In&b filno of cosparanle gquality. Horo tho oaly |
dravbook 1o that tho aobdlity iv rcduccd by one third.

wceont work on rooryotallisation of ovaporation
L Uy £41n0 indicato Shat otili highor mobilitico can bo
obtuoincd. OQthor tochniquo of annoling of ovaporatod Lnub
rondored vory thin filuno (about +  um) uith uooful mobilitiou,
A cencao to ebtuin thin L£ilno by oguoohing nedton bulk znéb
vaa 0 ggcotod bub, Lo £ar, oppoors 0 bo inforior to tho
latond nothoed of woogpyotallication. $ho roopyotalliosation -
toochoiquca aro capablo of providing thin filn of In?b uith
nobiliiico in tho rango of 30000 « 40000 032/V~ooo and
thicincou of 1 = 3 un. Dho Holl coofficiont of cuch £iin
ot rooa tcapoiaturc ip about ono nolf ito valuo for bulk
1n3b' approzinntody 10,5 n 10“4 n?lc. HoUover, tho conbincd

offcot oi thacinluy of tho ovaporated Uoll cdcucat and ito
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aatoripod psraﬁotoro in reoryotadliced £i1ln docs not

provido tho beot Labrication tochniquo for 0o3¢ hHall oficot

AOVLiQCe

whon gsonodtivity is not o ccmgolling factor in
tho choloo of natordal but othor conpidorations, oueh ao
temporaturo o0tabillity, provailo nixcd coapoundo of tho
1il=V groap aavo doon caployed. aloo, in vory opoelol
appdications, otuor big.a aob.llity coapoundo of tho I - Ul

gro P Ce(je uuac and huﬁa oro coapidorod,

in tho kodl oficet pultiplior o nuinat coro is
0loo providca in aduition to tho doll oryotol. sall oryotal

io pluocd An tho odr goup of vhe coro. ©Tho coro 1o nado up

of Forrisve mntorianl,.

<i A tntionn ok

A3 in othor typos of cloetronic dovicoa tho
Holl of¥det dovico ..duo ozhibitu curront moico. Thio noloo
io anoun au gonoration rocombinakioh noiso or 1/£ noioo.
Iho currcnt nodoco uvbich appoors at the out ut torninnlu of tho

Holl olcacnt 10 duo to tho follouing two nochaniocos

(1) liodl o2foct moiso io produccd cdoilar $o tho
Hadl potontinl, wuc to thg product of the curront and tho
noagnaetic flux dcnoldlye.

(2) AL torainnl noico ualch 10 prcoont at tho

output torasnal ¢f tho nnll oleoont in tho abooneo of o nutic



£i0ld and 4o duo to tho curront flov only. It ohould bo

notcd that thio noioo 4o prooont ovon in tho eeso of porfoct
balanco of tho idndl toroinnle 1o whon tho curront flov in tho
Hall olcaont doco not othoxuioo produco o potontinl diffoxronco
at tho out ut toxralnnlo. Tho aognitudo of tac noioo dopondo
aloo on .no vhapo of tho Haldl olcacnt, ard, Ior typical
opocinon uith 1dgn longth to width ratio of 2 to 4, tho

noioo lovolo ono of tho vomo ordor of nognidtudo as thoso
peacurod acrosso tho cntiro longih or tho cdooont in tho,

diroction of curront £lou,

Tho gubjoct of noioo in tho Holl olcacat ployo
a vory ioportant rolo ln tho cholooe of antorial, Tao
intornotallic ocal coanduotern, and in particalor xnﬁb aro
charastorizod by an unﬁoually lou lovel of cursont :woluo vhica
in in chorp conirnot to tho high lovol of noluo in Go and wi.
On tho vt..or hand, vory thin Heldl oloaont vith largo
offoutivo osurfuco-to=-voluno rotioo aro itnoun to oxhiblt
curront noiono othorvioo not prcsont in bulk opocicond.
In cmoo of ovaporated fila of 1 8, nnd InAQ gusfaco condd.iono

ond groin bouadnrics in tho oatorinl contributo to 1/£ noioo.

It ig of intorcot to noto that tiao linitations in
tho goauitivity iopoocd in tho uall offoev dovace duo to lou
£rogquency currontu nolco romaln ovon in Suo cobo of onltoranting
odnLrol ourreni in tuo Holl olcaont, 0.5. AR tho enoo of
an anpditudo sodudation, wioso w0 currcas dn Sue uall

oleo.cnt roprcucate tho aedulating oiganol ond tho cosudthod



fiocld roprosont tho oarrior, tho lou froquenby noipo uwill
otill appoar wvithin tho band vidth of tho dcolrod output
oignal. Only in o fow cnooo, tuch ad® o buporhotrodync
Convortor or nizor, uvhoro tho oOutput olgnal 1o in tho i¥
bond and Lo thoroford 2ar rcaoved in frogaoncy from both
tho dnconing R oiganl ond tho local odcillotor, can lov
froqioncy offoect bo olinminntod.

~dn addition to tho ¢ rront noiso, o liot of oomo
othor limiting factorc in tho porforaance of o kHall ofilect

daovices folloun

2+4.1 QOhnic Ronidunul Voltoxa

This voltugo duo %0, primoarily, tho oloalignaont
0f tho output torminnlo. lonuniformiiy in tho Hall olomont
2loo contrib.to to this offcct; Lator io due to tho
nonuniform povor discipation in tﬁa dovico which is vory
difricult to corroct. 4 nathomatical analyoic of tha volta,c

duo to vho miscaldgnoont 1o given ﬁOﬂ@ﬂhQrQsa ' 1

2+.4¢2 ZAndugad Voltnuo

{lagnotically induccd voltago io anothor sourco
of dicturbanco. 7Tho in@lotivo null voltago {Induccd
Voltoge in tho outpat circuit of tho Hull olonont by tho
varying nognotic ficld) induccd control veltaie (Inducod
potaontial in tho control curront circalt by varying nognotic
fiold) and natrol inductivo coupling botwoon invut and

output circuit of tho iHnll olenent aro aore obvious.
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Tho uall olcooat Aatornonl »caiotoneo nay vory

dno %0 tho mognotic fiold. Jhldu varliotion in rcoio.onco

prodaco 00ao undodLve ({2nolog.

4 Thodo uffceto aro duo vo longitudidnol thoraal
gradionto in tho lindll olomont and Sranovordo wogndiic fiolds.
+sinoo Scaporatupc vapiotions are rolativoly uvlow, theoo
offoctn can bo ncylocted in othor thaa otatic or vory
lov frogquoncy oppylicationn, of Holl offcct dovicos. 4an

anndl, sio of thlo 1o givon nonouhoro5.'

By onclooing the Holl gonorator in an opozy
rosin considorably roduccs iho thormo oloetric offootc. In
un 0.C. 0Yyotoa it alco pdaoiblo to olininato tho thormow

cloctric offoct by propor coupling naetyoric.

2.445 sonostivity rnd Linonrity

Gvon with lincar notching the rolationohip botuoon
fioll voltajo and coatrol fiold 1o not idoalau Jonoicivity
10 0doo varics with diffoeront typo of olcaonto.

Tho liacarity orror duo to non-linoarity of Lnll
volio_o oo Qunction of tho £iold currcnt tojothor with
tCaygturo orror cnd tho 20ro outpat fiold voltoyo

rm
concituto tho andn parts of tho total orror 02 tho multiplior
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Yho eapabilitico of tho iHoll offcet dovices aro

{1)

(4d)

(444)

(iv)

(v)

Hy thio dovico the nagnotic induction cnn

- bo dircetdy ncaourcd, not tiao rato of chongo

ef £an0.
Tho Voctor product proporticc provido a

convoniont on,lo rcuolvor tochniquo.

A high Mnaoority, four quodrant multiplicution

arc aloo pogoiblo.

A uall dovico oxzhibitu aonerou.l. :20cal
tranofor charactoriotics and 10 uooful

in Gyrntor, Ioolator otc.

she ocutput 10 olocirienlldy isolated froa ono

input vith an aboonco of coupling fron
output back inte tho input circult,
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Tho advancos in thin £iln high mobility (oZf

2 V=30¢.) ocniconductors aro rolatod

tho oxd > of 10,000 ¢on
to tho inorcascd utiligntion and dovoulopnont of Holl offoct
doviceoe #ovoral applications of tho Holl offcot dovices
to neaourcooent, couuunication and control oro discucoed in
tho prosont and aont chaptoro. Juo limitation of thodo

daoviceos aro also brought out vhoro rolovante.

Tho opplications aro olasuifiod inte tho follouing

fiva ocutogorioni=

t. Jocasuropont 3 Applying orystal alono

2. Applicastion of linll probos with acoociatod
- @agnoto

3. Application of Hall probos uith flux concone
tratoro

4« Application of Haoll offoct .iultipliors
He Spoclalizod applicationsn

?ho applications uith tho firot taroc oatogorics

arce talton An thio chaptoxr®

Jat

3eiel iicaouronont of {lognotic £40)0d 3
iladd oryoinl 1o plocod in tho nmasnotic f£iold vhodo
anplitudo 4o to po dotornined. A conotant ourroat (control

currons) 4o paoscd through ono poir of tho toroinal of tho

oTho opplications of Hall nultiplioro and upoeinlicod appli-
cntiond aro tho wubjeet aattoru of tho nozt choptor.



Ladl eryoctale Tho voltoge avallable at thoe outpud
toraingl 1o

Vy e £ 4B Coo © ses (3e1)

whoro, VH s Holl ocutput voliago
£ = kpo,.ortionnlity conotant
B = rlux donolty

] = saslo botwoon control currcent and flux

By applying knoum flux tho ifnotitrunont con vo cnlibrntod.

Hagnotecnotors nave boon bu.lt and n anupbor of
conunarcially availaolo ualis offor noasurcavat ranges froo
o fraction of Gauos to many Kile aauu§7. winco tho
dotocting probeo oro avatlable in niniaturo oico (1.0 x io"aon;
thoy aro particulcrly applicable for acoouring air gop Lfluxz
of maotoro, genuratoro, $olayﬂ. opaakdr aggnota otc. Thoy ara

aloo uocd for tho ctudy of mngnotie proporty of matorialo.

S3ele2 ponoors 2 lC Contx

A mognotic flold can be ﬁaintaﬁncd constiant
by ucdng sho Hald voltago.auppliod by tho iall offoct doviecc
located in tho aognotic £iocld. sJhe outyut of tho Hall dovico
iu eocoparcd wlitn o roforaonco ol ank and ucling tho orrox
cignad to actuuﬁo o control ucovice vhich adjusts tho curroant
ouppliocd to the magnot. ilanufacturors clala tuat £icld
rogulontion bottor than % partu in 107 can 20 oocurod uitih

indiva axcenido zhouphdde probes. 18 onould w0 reco,nsted
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that inotocd of o rofor.nco signal o progrocoed imput be
used, 50 roould in a procoribeod tine dopondcnt najnotdie

fiodld. «b0 oyo.ca arrangeacnt is oo choun in Fij. 3.1

Ja1ed Longsors for nicrounvg peuor

Pouor in uavo guides and coaxial Sraascmicoion linco
con bo noasurcd by uwoling Holl probdo. +<ho powvor ac.ociotod
vith trunomistcd wvavo iu proporzional %o Jiiv product of
tuo s=fiold and u-£i0dd®. iho L~flold cquocs o curront to
flou in tho dovico .hich 18 inflicncod by Uho isfiold .
Dioloctric watuhing and olimination of slacraal offoci arc tpo

najor problen in thiso nonouroment.

In o coaxins lino tho Holl clomont 1o mountod
botucen the eontrul and outor cond:ctorc witan tho pluné of
tuo olcaent porpondicular to tuc fleld gouoratcd by the curront
in tho contral conducter. Tho dovico current 1o thon, is
rolated to tho voltwgo difforonco botwoon conductor unilo tho
£icld 1o reolotcd Lo tho Zlow of curront, thorofore tho outpat
ic proportional to tho timo dopondont product of the curront

and voltugo.

In proctico nillivolt outputo aro oecurcd uvith
pouor in the ordor of fov hundred nillivatis ut J-bond,

10,000 nognecyclou,

Je2

Ian shiv scotion uo arc cononddorin; tuu gpplicuniiono
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vith conotant nx notie fiocld. Thio conotunt uognotic
£iold iu ob.ainod by poyacnont ap,nov or by olcetzong not

uvith conotant ozcitasion,.

3.2.1 Gurntor

A Gyrator 1o an aatircceiprocnl 4 polo dovico.
A -ioplo Gyrator AL ochoun in £ig. J.2. ochon o voliayo V1
ic applicd botwoon 1 and 2, tho output ia &V‘ aorouon 3 and
4, uvhido V' 40 applicd botvoon 3 ond 4 thoe output acroou 1 and
ia = KVy. Jo got o G rator action from o Liall eryotal

tho appliod f£i21d auot naintain conaotant,

Je2+2 Ipelator

An Inolator in doseribod ao a nom=rceiprocal four
polo dovico in vhich ono of tho two transfor impodoncos

i0 zoro. It can tranomit odgonls in only ono dirgotion.

sho Gyrotor can bo convertcd iato ivolator by tao
uuse of propor ox.ornal bhunting rosistanco. ith carofully
ad Justod reaiot.neco o foruard loos of 745 du and o rovoruo
loco of "the ordor of 100 db"™ hno beca obtaiacd for ludiun

antiuonido.

3e2+3 ploplocgonent Lrongducor

The indl offcct diopluccamont trancducorso
nddiinen of all typoc utilicoos the dopouadouce of tho
lnll voltogo on flux donsity of nognotle ficld acting
perpondioudar (o tho loll platc. &ho £lux donvity



voriationos aroe rpcolized by ochangoo of position of Gho
Bald pgonorator uith roopoet to the fiold, 0Oood convativity
hao bo.n roportcd foxr copuravion oo ouch av 5 @no botuwcon tho

lino joining tho podo foco. and the probo 1ino of novchont.

Tho non=corducting naturc of sueh Sranoducoro
has geaorntod intorcst in olovator applications and wvariouo
proeduction procavu. Dbifforont types of arrua,caocnts aro

tcotod”.

3.244 sunction Gonorator
Gino and cosine Lunotiono ean caoily bo gonorated
by uuing; o Hall oryotals ¥rom the bauie ozprousion (3.1)
i{ 40 cloor that tho outuwut veltago 10 proportional $o tho
cooine of thoe anglo botwoon 1 and B providod thoy are kopt

conatant.

Por potting cooino function tho nnll oryoctal 4o
placcd porpondicular io tho ficld for roforcaco. Taon tho
eryotal 1o rotalcd and tho output voltogoe givor tho couino

{funotion.

If the uall probo iu rotatod by 909 at tho
roforenco saon tL0 outputl voltnge will voe proportioanl o

tho sinag of tihe anjle of rotution from thic point.

It 10 aoccoonry thot tho coutrol curront bo
acintainod constant and tho aa_notbic fiocld bo unifora

throushenut .ac¢ volduwao oocuplicd by tao Jdods probo duesing
4it0 rotavione
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30245 Jignolyorx:

2wo fanction onorasters aro uocd oo ohoun in
Pige Je3 %0 mako o ropolvor which can oo ucocd o0 RCIALUFC
argular position in tornu of claoctrical output, Oso of tho
function gonorntoru aro rotatod 907 with roopoet to tho
othor at tho roforoaco podition. éotu aro coupled to
tho come shaft ubich 1o rotating et on onyulor voloolty

w9/u0e,

*

Angul r rotation in tha ordor of o ninuto hoo booa

noasurcd.

iiainly Forromagnoiic untorials aro used ap .. &

flux concontratorc. %hio concontrators will pick up tho flux
uith the combination of Hall crystal it 40 poisloldo to onhaanco
1% or to intogroto 4t in oxdor to dotorodno tho oxeiting

ourronis

3.3.1 pmnatorn’®*®*’

uall offoot asgnoiic voucors oan bo ucod to
moasurce D.C. cirronts in tho oonduc.or witoout iantorrupting
tho cawrront carryin; cordult. she Holl er,0tnl io mounted in
o tlot of a poraca.lo ring surro.ndiny e Lire, tho currcatv
f£louing through vhich io to bo dotoraincde Juo angnocde
naterdal offcotlivoly intosgrntos tho nngontic dnduetion around
tho elocod ei.cudt and Sho nall probo oan bo caldbroted %o

indleato tho d.c. currcnt by Lts d.ce. Outpat,
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Gurrout Sranoducors capable of acacuring cursons
£ron o fou 01iddicnpors 6o sovoral hundrod itdlecnporos havo
boon conotructeds An ovornll accurndy and lincarity bot.or
than 2. 4o alroady roporteds In certain caoeo accuracy im tho
ordor of Q.1 p.oreont io pooviblo, Tho gonoral arranacalont
10 choun 4n Fige Jed.

303.2 ;Ie‘ 2 ¥ (o] qual

A Hall offcet dovico togothor with lincar oajnotic
eoncentrators .oy be used os o aagentic conpuans ao in tho
arrangenent shovn in Fig. 3.Y%. ‘tho output io pooporiiounl
to tho conino of iho anglo botuoon tho axlc of vho concon=
trators and tho nppliod mosnotic fiold induction in a f£io0ld

rogion wvhich ic asoumcd to bo uniforso.

Tho rolo of the ceonceantratoro iu o offcotaiv.ly
anplify tho mogneotic fiold to o lovel vhion providen
pignificant Hall output. Concontrators havo boon choun to

be uoocful in ovcuring field onhanocnontc in ozccos of 100.

In oxrdor to onourc oaxinun diroctionnl conolitivisy
it may bo dosirnblo to ioo tho kodld coapacy at o null point
vith a higa goin oyotos.

3.3+3 Honnaotonatox

2hic 1o olmilar to tho angnotlic coapoos oxplatnod
in scction JeJe2« 4+ho ondy difforonce ic that tho anplitudo

of flux 10 ncoourcd in tho placu of anglo. .hio 10 copocinlly
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uceful to dotect lou lovold nagnotic £icldve Zho bacde
arrgngedont 1o choun in fige. 3.6. At liquid nitrogon
teaperaturo, = 196° C, nognetoaovers have boon built vhich

providoo an output of 1 V/G.

The circult dingran of tho roloy io givon in
PiGe 347 7Tho ilall oem.f. Vm apponrs nerouc tho rosictor
RK' vhooo voluo 1o largo comparcd wvita tuo torminal
rooioianaeo of tho erystole (Xho output voltoyoe of Holl
cryotal consioto of a deo. conponont and an as.ce coOapoONANt
tulec the dupply frogquency. V; ropresont only the d.ce.
con.ononta ). Vy 1o normally balanced ogoinot tho corrco-
ponding timo avorago, vB ¢ Oof tho outputl Lrom tho oquarce lau
rectifior ..oroon Rj. In this circunstanco, tho voltomotor
V schows no doflocilon, oince wo have ootablichcd oxzactly

tho cano condition as in tho induction typo of tho rolay.

In tho ovont of a fault, &ho lino currcat riocos
and tho impedonco at tha point at uhieh the rolay lo
connoctcd falloe. <Lhao, Vﬁ beeonen largor than.vs and an
out of bolanco voltayo, V, appearo vhich ¢an bo uood to
oporate an ordinary cloctromagnotic reolay. +ho inoriia
of tho rolay aauson 4t iacapablo of rocpondlig t0 tho aece
coupuncnt of V, couw altornating curseont in thio part io

capprococt by inductanco of the roloye
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In proetico, it 1o convonliont to upo a polariceod
rokay having tuvo uindingu conncoiucd in oppouoition and oxcitod
raoopeetivoly by'VB opd V,, « Jhon the unbalancced B.0.£'0 are
p2ficiont tho relay oporatco and clooes the trlp circidt of

a c¢ircult broakor.

3.3.5 incnotle §nno xond owg’'!

In ocabination uith o guitablo nognotic concontrator
unit .hoe Lall probo providaos o dovico which io gonsitiva to
tho nognotic ficlu producced by tapo rothor thun tho uoual
roto-of =chaongo 0f flux. This indicatos that tuo oomo
amplitudo infornation ino obtaincd whothor tho tapo io
otationary or in motion.

' Bocauco tho magnotic fiolde aro quite cmall
and tho gtructurc introducou approciablo roluctanco, the

oignals sooured are rolatively omall,



Hndl pultiplior 1o o unit wvhiceh cocabinco tho Hold
probo uith an oloelronngnot in ouch o faohion thal tho
nagnotic £io0ld ean bo produccd by on oxnciting ourront applicd
to a uinding on tho nognotic otructuro. Ia this way tho
circuit docignor hoo o packaged nultiplior unit in uvhioh

tho Anputo aro cloctric ocurronto,

Tho cututanding charnetorisiieo of tho Holl offooet
nultiplior 40 16u abilivy to fom producto of tuwo signnlo ovor
o large roango o8 oopiitudcd wvithout tho gonoration of o
opurioun oignaloe lionco unliko all othor oloctronic
onplifiors vhieh utiliszou tho nonlinooar tronofor choractore
10%ico 0f tho dovico, tho salioffoot oultiplior 1o tho only
truo or idoal product forndiny; dovicoe On tuc other hand,
practionl Hall offcet oulevipliors oufforo £roa o nuobor of
linitationn, ouch as (1) .olativoly omall output clgand
vhich roguircs cuplification, (2) Tho nood .o provido ono
of tano inputo od_nulo in tho fora of o angnotic £iocdd
resnults in an Ancf.lelioat u00 of povor, im purtiocular, uvhca
o wido ronjo of £roquonoios of cuoh oignalo 1o dooigjacd,

(3) Induocd potcatinlo ot vho output of tho dovico duo
to rato oi ochan,o of angootic fiold, (4) rotonsinl difforonco
at tho output ﬁ;éainalo dua to tholr nioodigpiont, oF duo o

nonuniZoiraity 0F tho upocinon.
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Anndo audtipliors unidn, Holl goaosator aro
baned on

V}j = .L(‘fia IO‘D Y soe (401)

horo, Vﬁ = linll Toltayo
5’ e 2poportionndiity Conoiont
Aa = 3ho tronofdr Tunotion of mognotic circuis

to polato L, tho coil current, to B,
tho £laz doflofty.

I, = Cryotal (Control) curront.

Tho Hall voltago io diroctly propartiénal t0 tho product -
of tho nagnotisin; currcnt and tho Hall curront, Tho accuracy
io bottor than 1,5 .

Hall of cot gonoratoru wmay aloo bo wcod for
poriorain; oiaor amalog cooputor functions Cuch oo diviolon,
sunantion and subtracilon. »or poriorming divioion, o propor

focdback arrangcacat ino pfov&dcﬂ.

vor oultiplicntion tho quuntitios W bo multipliod
arc givon to control torminnld and nognotic f£iold torminal,
00 choun in Foge 4eVe Hinco olthor poolsivo Or nogativo
‘pignol nay bo nccopted tho umit i 8 4 quadrant oultiplior.
'Por ounantion ond cubtraction control curront io kopt coustant
and tho quantitico %o bo cuanod arc giveon to tho nognosicdng
wvianding,o providcd.

A oinplo arrangonont for porfornin; annlog divioion
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40 ohoun in Pi. 4.2

A digforontinld anplitior 10 uwdcd to produco an
cutyut vignal proportionnl to tho difforonco voiucon cn
arddteary input oignal V& ard tho Holl wvoliogo VB’ aho
aapdifior oatpus io appliod to tho resioctoncc Hy in gorico
udth tao lanp ls  Jho light Lavonoity; of who lanp contrelo
tac agganisdo of tho photo rooilpior r uhich i 4in poricu wich
the voltogo coureo Va snd congoquontly contreln tho nnll curron
'an. Tho olootfoopﬁlo dovico, comploton tho LoGdback loop
around tho cmplifior and aloo icolatos tho input £ron tho
output cirouit of tho iall plato. Tho biuo oade uy of
V‘ ond H, 10 uocd for ocotiing tho lanp 28 1 at a naziom

clooced loup povor gain and oininan control povor rogiiroscate
Lot io = O then Vh = Q, Vheroforo, V& s X 1ho

viero X 40 a coastant and i.0 10 tho initdal Holl-eurrout.
Lot aognotie f£iold bo devoloped by a currcat Lq applicd to
tho oodcnodd. A Holl weltago VH tidl davoldy oceroce tno
tiadl plato apd tho bigb gein nogntive foodback loop willdl bo

in ondonco wvhoen
Q(iha a Kéh Lc eea (4.2)

Consogucntly, in quicoocont otouo, tho «olld cusront io
proportional to tho ratio of tho lnput voltago to tho
Aagnovisin:. currond

Ah o vi/mo | ese (403)
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Thio 4, oon bo mooourod by uoin, o lou rooiotanco

procioion golvecncaotor.

$000 nouisicationn of tho abovo circuit to odbtuin
rociprooal of a quantity ard (notiont of tuo ocurronto arc

dioouscocd eoaouhoroit.

I£ ono inyt %o tho nultiplior ic oimucoidod uith o
conotant ocaplitudo and othor input io o lov lovol de.c. aignod
tho outpus 10 oinucoidold but hao an amplitudc which io
proportional to the dece applicd. A convenloni choppor G0
convort lov lovol d.c..eiwnul into n.C. 8ioDal resulto,  Tho

approzimnto oguatiion i

VH o A‘Ka 10 LD Sin  ut. ees (404)

4.2 2hnao Botcoger

Holl oultiplior conm bo uood 48 o phase dotactor.
1f o olauceidal oinal i applicd to tho control input and
anothor oinusoidanl oignol of the oond frogquoncy but tith aa
orbitrory phaco ohift 1o opplicd to tho coll iuput oa outpus

io gocurcd uith o deco conponont proportiounl to tho couino

of tino paaoe difsorouco botvoon tho imput oiganlc.

I 10 =) I' Sin uyt s00 ‘605)
IQ. = 13 -33.!3 (t‘?t - ﬂ) s6e (406)

£, X ‘
thon Vﬂ o K,Ka --'5-3- [coo b=Coo( 2ut o8 i} eee (B4T)

It ocuould .o notod that botu deoce tOrn ond OB 0NeCo
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oignol 0of tuwlico tho input Troquonoy oocure Is 40 a odmplo
adattor to L41tor 010 ThO GuCe toxm and 0ccixo 0 decGe torn wvhich

indlcatvod tao pbado rolotionobip.

443 [attroter'®r VI

Holl oileipiicy havo boon utiliscd in tho dooign
o uatinotor for uijnals ovor o vory uido o of £roquecACics,
In tho ecano of lov froquencios tuo fiold prod -eing ond control
current raprocont tho curront ond voltago rospcotivoly, of
a0 poasured oiganle Lbou uvora,e valuo of tuo oulput voliosu
of tho Jdall offoot dovico io propursicnsl to tho avorpgo of
tho monoured povor. wuiivndblo protauntions .uot bo sazon to

avoid tho phaso augdo Orror.

A% bigh froguoncicno, oovdral Gy, tbo lodl olcaont
san bo usod to nocuouro tac powor of tho oclootroacyjoatice
fiold, or, morg spoeifically, tho roynting Voetor, vhich
io tho voator product of tho olootrie ond .oguatie fiocldo.

In toio cnso tho conirol curr.at ip obtoninod dirgetly f£ron
tho oleoctiio flold conponont of‘:hc elootronagnotic fiold
gvhon the Hall olonont Lo placod in a rosonant eavity,
howovor, tho dovico 10 thon a norrov band tnotrunont, roquire

ing accurato thning of thoe envity.

v —

In o lov fLrogquoncy dovico if o 90° phoso Cchif$
io introdugcd imnto tho voltngo idmput by oypproprinto edrounltary,

roactivo pouar oFr LVA oan we aocncurcd,
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4e4 Lxonuoney Aavinbion nqtor

A froqnoney doviation notor con bo foracd by
orronsing tho manotic cirouit input so that oo roloativo
pacoo uhif£t ia o uaction of Lroguoncy uvhon driven dy a
GOQI0R £OUrod. o do torm will thon bo aocaourod vhich i o
function of froquoncy. 7Zho output oon ocoavoniontdy bo nodo

a lincoar funcsion o0i froqueacy doviatioa.

B Qgﬁuég&gg7"4
dubjoet o tho ligitations dbsouwoncd carlior,
tho doll dovico niill ronninoc tho only idoal cleetronio

nultliplior. Tho opprozinonto oxprancions L£or tho inyuts aro

Ia = 11 Bin \J’@

1 = I

- 2 8in waﬁ

Tho output boeoaus

K, K 1.

1.0, tho output contnin oun ond difforoncc of tho input
£roqucney compondnt, but oldthor input cignul conpononts

aro nia0oidnge Jhio 45 o double oido bonu ouppreoscd cassior
pnodalator outyut. in practico ovor 70 db carrlor cupproosion

hao boon obtalacde w0 opoodulicod applicoiions aro posuiblo

By uwodng tuo Hald offoct balonecd umedulatoro in

aucdraturo oan yicid ap offootive onosnler for 0iupio vido
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=

band cupproosocd coarsior oignole ?h& outsut of ono aodulator
coutaiac a doublo oido bapd ouypredocd oorricr ocignal vhile
Gho otucr mouula.lon providos an outpuu 0Ff iuonticel Lroyuon~
cico and asmplitudo ozcopt that tuo phooo of cooh ecayonont

10 ouiftcd by 9%,

iho eutpuv of tho tuo medulatoro aro
T - ) |
¥ o =b2- L1, [&oo ()t = 003(uye1n)t ] aee  (4.8)

By |
Vy = ~é~5 11, 2§us(u‘-wa)t + coa(w1¢va)é] con (4.9)
e VeV, s KR, L1, Cooly, = uy)t eres  (4410)

vhich Lo tho loucr oido band of tho modulator uignal.

«ho cuoccos of tuo abovo mothod of pinjglo pido band
oupprecocd carrior modulotor dopondo primarily on tho
capobility of gonopating nodulnted uvignal vithout any ccaponont
duo to intornodulation. lionco, tho prod.ict forming charactor-
lotdel of tuo wnldl ofZoet nultiplior oan bo appliocd horo to
gron. 2dvantagos ibo bloeca dioyron 10 ahoun 14 Fije deJe
Tho pcmorasor hoo bocn £ound copablo of provicing olaoglro
vddo bead nedulation of awdio odgnalo froa 300 to 3000 s
udth tho oupprosolion of uavantod oido bond oo higue ao 30 4b

bolou tuo dcoirod cisnadle

Anotuor ¢uoo 0f opooital opplieation io tho phaoo
ncdulation. Llex the currior Lo providod in tuo regnotic

£1lold one tho souslatin, Liganl constitubto tho coutroel curpront.
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2u0 ouipat of tho aadd ocdonoent, valoh roprosoatnd tho product

of tuo ci;,nidy, A0 addcd 1o tho quadrature o tho carrior.

Yo lottor coan Do Ob.nlaod vory couvonionidy by lotting tho
outypust lecdo foxms o loop orro ad tho anll olonoav, ond, thoroby
indacing o potontinl which 1o proporilonnd to the rato vf
chan;e of tho mo,notic flux domnlty. 185 najor advantogo io
oarrics £rogucncy CtubAlity uvhich can bo obtaincd froa o
'oryqtal controllud ooecillator. 2ho phano aodulnwor roprosonts
an datosonting, avpliocasion of tho lindkl offoed dovico vuore

iu tho uwounlly doclctcoiuwu inducod wvolingo 4o utiliced for

advantogone

4.6 Ronedulntox
In thic tuc dnconing signnl iu applicd to both Sho
inputos 100 uwndl vXico. dcaodulator follouie the oguoro law,.

¥roa tho baoic oquation (2.2) it eaon bo goon thot
g8, 1,2 gk, 12 -
VE o “1-%"'1“ - "‘"'"&'2"",“"003 2 ut so e (4&11)
2ho .indl eutpus wvignol, whon filtored rcaove tho
DeCe COMpOACRt, 1L proyortioncl to tho sqrare 0f a0 aaplitudo

of tho «nput 0&ginl,

If o 3lucar detootion 40 dogirod 1t nay bo obtoined
by oppdyling the odgnal tu bo dotcetcd to onc input and o |
oignal of thoe cono froguoney, but conntant anplitado to tne
othor iaput. A dece cudput proportionnl ¢o tho inpus cignal
aopliiudo illd bo acaourcd aftor Llitoring.



447 Ebrag fledudntor

Fhano uedalation of oinunoldal cignal, for ounnll
caxioun phooo doviotion, con bo obtninod by tho folloving
aochody vho oipucolidnl carxrior io combined uvith tho
aodulating cignal in o bolancod nodulator nnd tho output io
added t0 o quadraturo conponont of tuo original carrior. If
tho addod quodraturo cignad de ot lcant tudeo 22 largo ao
tho balanncd aedulated wigual, tho puanno £ tho coabinod
oagaal vdll bo lincordy rolated to tuo addulating oi nol.
(fhuu, tho lincorisy can Lo acinlavoed for . haoco doviation
upto tho oxdor of 28°), PFig. 4.4(n) ohows o phavor dingrom
of p=3 vavee. ITho anplit.do oodulation of the rooul.iwont wvovo
for a aodulation iadox a < .5, 4000 ROt gucoou & por coat,

ond io pordodic at tulco tho medulating Lroquoncy.

Falo moihod of phaoo moduloation 1o alrondy teotod.
DA 444(b) ohows tuo peancantic diagran of phaoo modulator.

Jaon tho Ziold producing coil nnd tho Hall oicaens
oro comnocticd im oorigs cuch that the fiold producing and
coatrol curron. oro tuo sano, tao output of tuo Hodl olcoont
roprcoionts o ogyare of tho input signal. wuch on inoirunont
10 véry uwooeful in tho moasurcaont of noan oglaroe valvou of

ndsaako of varaouc (non-oinunoidal) wuveBoruo.

deacurcnont of oignnlo evor a Zrogquoney ram,o £roo

soro %o 250 4 4D aro pocoiblo. Tho dynanle rango of



d

noan.pcd odgnal 4o lindtou on o louv ond by tno nmoiso at
tho outsut tornanalo o Hodl offoot mltiplior and on tho
hi s ond by tho boovin, of tho .dnll olenont ond nonlinoar
bohaviour 0f Lo o0 .4c otructurc of tiao oultipliox.
potaile of tho fudbricatod aotors oro givon in tho noxs

CLARUOD.

449 iivnotic fiold opcotrm mnalgacgs"s

Thio opocsir.o onalyoox io intondcd Loxr tho otudy
oZ lov £roguoncy oloctroougnotic £iold cnvironaont, cucu 0o
prod .ccd by clostrical machincs, povor linoco, cnd $ransforaors
in addition to thio oapplication, tho analycor con bo .ocd
in w0 acnourcaont of the Lroquuney opectrun of e rronts in

conduit and slcocetron boane

In thio application tho fiocld sonaing and product
foraing capablilitico of tho idall ofrfoet dovico aro utilisoed
at one and tho ..0a0 timo. The Haoll olemont 4o ploccd botuotn
tuo sorriso nagnotic fluz collootors to inercano iic vonuitivht
£0 b0 acasured uognotic ficldoe Tho controd current in tue
clcacat 4o obtaolncd Zroa o voltago controllcu ocolllator oy
a oau tooth sucoy gomorator. ilho lottor ilucorldy nodulanioo
tino froguoncy of the coatrol curront, in 5 coe, poriod,
ond ol.o provide o horiconial suocop olgnol for a Cdl dioploy.
*ho output of tue Lall olooont, walcea 43 tuo prouuct of
tho wwooy Lrequeney ocurront and Yuo ucnourcd nognotie
£io0ld, io tmoa ifod, theoou R o norrov bond £iktor and an

aupdisdor Lo tuo vortiocwnl doflcetion plato of tao Cil.
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ho ipoytrunont 1o ocapablo of neasuring nognotie £iocld
intonniticu of Gsh p 0 %0 1 U, wath dyasudic romgo ovor
40 db at caca potiing of tuo oecolo. Ito rcoolution Ao 10 HG

in o £requoney ran,o or O to 1000 lize Lotallds of tho

circuitary 1o idvon in P4g¢ G5

A Holl cffeot ouldtiplior can bo uncd 10 ookto A
hishly oolootablo froquency spocturn annlysor, Tho
unitnoun signal 1o appliod 1o onc iaput and tho othor input
io connootod to o wariableo knoun froguoncy. o de conponont
7ill bc poonourod wvhon tho input signal hao o coeaponont ot
tho oanmo froquonoy and phooo oo the variaole input. iho
oxnct phooing io o problon, and that ocan bo overcono by como

opeoial tochniquaos

Tho dotnilo of conotruction and oporation of o
£roguency opoetrun analyoor io onplainod in uho nozt

ohnptor.

441 X ' ALRCOt $0into

Tho bauie principic of crooo cozbelation 4o ucod
in .hdo corrolator. o orooo corrolation of tuvo randun
nolino oiynal 1o oguod S0 gorc. Thio toohnxquovoan bo uood
$0 moas.aro tho doodred signel frono o largo porcontago of
nosols <dhe output of tho two indopondent cnylidiord aro
ero0s=00rralated, tho outyus oigusl iAo ldculdy sos0y ovon

in lic prooonto 0f approcicblo intornnl auplifior noioo,
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Any pignol prosontod to bokn naplliciors produccs an outpute.

o 4% ip popodblo o doteot oignadu lovolo uhich aro cuch

bolow Suo inbtornnd noioco of tho input anplifioz.

ihio approach iv particulordy z2o0gul at lou
froquoncion uvhoro 1/2 noico in tranoiotor ocoriocucly rcduce

tho consitivity of tho practicol aoplifior.

Tho ocucaatic arrangenont choun in 24,. 4.6
i0 upcd to measuro nuloo pouvor spcotrum ih lou noina/lou
iupedenzo dovicos Tho outpi t of one channol io appliod to
tho £icld produci., coil in tho Hall offcct .ultfplior,
whilo tho outpat of tho other pupplicn tho c.rrenty to thc
Boll olcoont. Tho output of tho multiplior ic¢ then applicd

t0 deCe vOlinotor throush o lov pasus f£iltar,.

The tuo asjor limiting chorsctoricilico of
Hall offoet nuliipliocr, nonoly ozatrancous ocutput pisgnal due
$0 clcotrodo sivalignnont and inductivo plck up, are of no
concequonco in tho applicailion. dince tho uigiwdl at tho
output of the rall clenont cauncd by nionlignneont of toralnalo
ip ©ro. ono chunncol only, 4% io not conteibuiin, any outp:t,
+ho cono applico «o tauo inductivo pickup vhich io ocauocd by
tho uvinnl in tho Ziold producin; coild,

Lot iy ond I, aro noivo cignal gonorated in oooh
ckonnol and n 4o tho dooircd nodoo odgnal in the dovice, thon

tho outpyut of tho corrolator is givon by
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(Oy < n)(ﬁz + n) m‘(ﬁiﬂz) + (d4n) (Han) ¥ (aa)

o (8%)  eee  (Ge12)

8inco Ui. ﬂé and B aro outually ancorrolated
and avorasoe of thio product 10 sSorio, thuo, tho output of tho
corrolator 4o oqual to the nean oquarce vaoluo of tho noasurcd
noioe uxgnal.

It 10 of intoroat to noto that tho abova
tcouniqio of ncoocuring nodoco pouer wppcctiun  doas not
roquire that tho tuo channolo of tho onplificavion and
filtorin; bo idonticnl. any phaoo ohift or difforonco in
godn vuicn may occur in tho tvo amp.iiior. and/or band
poaut filtor can vg accountod ¥or by tho calibrution

procouurc usually coployed in noigse aoasurcaont.

lioioo pouor opoctrum in the rango 10 do so 10 K uu
ic analyoed by thio typo of corrolator. it io fournd to b
capablLo of dotootin, imput noioo levelurfrom 5 =n 10"5
o 107149 Vafﬁﬂ vhicih woro tuo‘to chroe ordost of nogndtudo
omallor than thc noico lovel of individ-al dunl amplifior,

4o Diital to Annlon Convortor

the arrangoneut of a higitnd to Annlog Convortor
io vuoun in Flge 4.7 The Hali'oryatql ic supplicd with a
convvunte dece curry.te Wno digital inputo aro given in tho

nagnotic £ivld in.i., the nonbor of tords oa tho uiudin o
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ore orranzod in Cho rotio of I, 2ii, 4il, 8J otes Inch
vindin, to Lo ozceitced by tho bane nagnitado oF currcnt,
Holl output iu tho annlog of tuo digitol .nput to tuo

nognotising uwinddage

Tho {oolation of tho wvariouws uvindingu {rom ono
gnothor and the output providos o vigni.lcan. advantagoe
witdde thoe tino .£ rouponoo of ngpnotic clyo 1t lindts tho

opoed at undch ouch o circudt can oporatc.

Thoe conbinod proportios of idnll oleocnt apd o
aquaro loop Forroaapnotic materinl is wado uooe of.
“he nu;nbtddo of tho output voltago io an indication of
bosh the prosont stato ond tho pwot hiodoryje. .ho aocnory of tho
post ©ils bo providod by tao roacnont Llux in tho forroangactic
natorlial.

The dall oloment in inoortod in an adrgap of tao

oquaro loop oo notle natorinl torroidal coro.

Yho oporation io waced on the faet thot tho wvaluo
of rcuononce Br 4R o ogquaro loop coro io o funetion of tho

volt-tino intojgral of tho input pulooo.

Lot tuo coroc bo ot nocativo oatl.raiion (uﬁr) ac

ghown i Eiﬁo 4e33(b)e

Agecuwao Sunt the vindiag; rocictanoce ean be nogloceted,



the rceetangulor prices of suffiocientl, onall aaplitudo
vdll bo rolated to induccd voltago by

B ld ]
'Ld%' L X (40‘5)

Thuo tho camungo of the fluz leovel vwill dbo oyunld
to tuo Volt=tino Sntoyral of the iaput puloo

.
LB = f;,én.da vee (4414)

Lf tho input pulodo oare appliod in soquonca,
Ltho corg flux lovel (ond honce tho roaancancc) will increasoc

until tho poocitivo oaturation (+ Br) uvill bo roachod.

I2 tho puloo duration ic ¢ and tho number of
otopu roquired to go froam tho nogativo to .ocitivo ocaturatiuvn

io n, thon,

ni? o dlwg see (4'15}
2iled
a —T eos (4416)

Jith hoe proper soloetlon of paranovtoro, it io
peduavdo to acudovoe 'n' of Shc order of u fov hunured. .

dirocf oloctrical rond out 1o provided in tho linll output.

Unly preblem with thdo arrangonent io that
it 10 difficult vo ob.ain an ideal soctangulor hyoteriocio
do0p.



4.14

S.gnod voltago to Lo cozmutatcd arc uwocd to
prodi 00 tho aagnotic fiold imputo to  doldl aoaorator0'7.-
Uther input io ouitching cewronts wanpling rato o in

oxocos of 30  He io pooodblo.

Pige 4.0 ohouws $wo liall gonoratoixo comnootod
for coamuta.ion of two de ovignnlo. 7Tho d;o. input oinalo
aro convorted to ua notic ficld otrongthese The cocond
inpnt 10 the control currcnt and unleup it 1o propont

tho input cignal dooco not appoar at tho outpusd.

In Pig. Suo coaponsatory councctions aroc also
chown. Iho potcaviososor Ra applico o oaald anount of
control curront voltagd to tho outp ¢ londo. hovo
potoniioaotore aro adjuctod to produco soro putput voitoyo
£ron tho Hall gonorator whilo tho coentrol cuyront ic flouing
ond tho ma_netic Jicld io soro. Jbio will coaponsato
any inhoron’ olceirical unbalanco (It 1o difficult to
placae tho output loado omactly at null point). Potontioe
notor a‘ in coch.nnvion uldth 61 conpenuato for tho upiked
cnuscd by dnduction. (uall exyotal 4o plocoed fHn within tho
onlr gop of oplit C=Corcs Alr gop nindoniocos industivoe offoot
of oigaal ehongoed and roducos hystoriods ofloetn). Hpouind

circullary ore 1wcd for ooquoniidld ovdtoldn.
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There are a nunber of apecialized applications
with iall cryeials. These &nclude Hall effect Synchros,
contactle.s s8ignal transmission, lall oscillstors, etc.
slimination of wlniing, lamination, brushes and slip rings

ure advantages of Hall effeot synohros,

Contactleco viguad trancaiovions are uced for the
repetiticu of motion wtepy tn wuciine toole and & sanll
brgsiules: d.c. antor can bo conu.dored to ve related to
positivn ,nformutzon". Tio idell oseillavion io produced .
by feedlin, vaci Uall voliugo to .he excitavion of the

magnetic fisld,



Zho ocoocurcaont of Uruo K valuo o2 woltw;o and
curront af non=pAnuooidnl vavofornd 1o a problom oncountorod
in tho loboratory vory Lroquontly. In tho convontioanl
motoro, :doving iron and Iloecfiredynanonotor typon, vhieh
‘aro caployoed for tho monourcaont of ldd vaiuo havo got 00
nony dgovbacko. (Thorao ocloctrie notors arc not considorod
horo beeauoo of tho vory oslovw rosponso, oramp24 ocanlo, orror
duo to difforonccs An topporaturc of tho vorking wiro and
the booo of tho indtrument, innbility to vithooand overlond,
£rogility ond high povor concunption)s <Tho drowbacks of tho
conventlonal notors arc ommnrigod ao follows. Tho

discucoions hold (ood for Acmotors and Voltmotoro.

In Jdovin; dron notors tho movcaont of tho indicating
gachonicn do prodiccu by atvraction or ropuloion, producod
by tho £lux produccd by tho ourrcntzak Ino ozpresslion for

toxrquo prodaccd do
7, © /2 1% a1/ge (51)

vhoro, & 40 tho curront through tho coil
L 1o tho industonco of tho coil.

I2 shoro 40 no saturation, tho chango of inductanco
udth the anglo of doflcetion 10 unifors i.0. 4i/d8 o o consotans

Por ocuch an inoixwiont, tho oealo oan bo coolly iloid as tho



fooourcd quantity 1o proporsional te the ogquarc root of
dofloction, In cotunl inotrmonto dL/d8 4o not conotunt
and 40 uwoually o funotion of angular pooition of too noviag
iron and thus occalo 4o diotorted from tho oquarc low in o
oanndr dopond upon tho vay in uvhich inductanco vardoo uwith
anzle. Yor sho dynanocaoter typo inotrumoat 0loo tho.oamo
orrox oxiotsc. 7Tho torguo prodicoed im a oclocero dynanomotor

typo ootor 1o

t‘\

ACE % -%%— ves (5.2)

vhoro, «1 40 tho mutuwd inductanco botuoon tho fized ond

tho novin, coilo and &112 azo tho ocurront ia tuo fized and
ﬁovin& coil reopoctavoly. wo &/d® factor will vary
agoording to an lo of doflcction of tho moving oyotom and

oo tiuo ootor uill not wood thoe truc Hid valuoe Tho wariation
of di/d8® or 4.Y/d9® bocano noro unprodictablo vhon o nonw

oipusoidal 04 ,n0l 10 givon.

Eho cppor duo to otray mogrotic fiold (field othor
than $ho oporating .ognotic £4cld) ooy bo approciable vith
uoak oporating ansnovio fiold and honco tho oporatin; fiold
got diotortoi. 4an oxtornnl shiold io rogquircd to roduce
thio otray nognotic £iold offocot. Thio orrvor ic procont in

botbh poviny irom and olocirodynano aotoxr typo Lotoro.

AnotucT orror tiiot ucunlly occurc in svho doving

iron inotrunont A0 tho froquoncy orror. iibio groquoncy orror



. 7

conninto of w0 conapononto (o) Ronctonco of tho inotrunont

coil vary ao fbo froguoncy, (b) #8dy cuzrrcont loou. Iho

chanﬁo 0f rooactanco of tho inotrunont coll 1o inpoxrtant

4n coog of voltactor vhoro oan cdditionod rooiiiance R 10 uoed .
in oorico with tho inotrunont codl. Lot tho rosiotonco and
inductonco of tho inotrusmcnt coil bo H and ue <hon th&

curront I in tho'inatruaant codl 2or o pivon voltage 'V!

io givon by

I o ¥ —— oes (503}
-\[(R & Rn)a e (vu)? ,

80 nccording to $ho ochango in tho itoquonoy $ho
curront flowin; through tho oolld changos and nonco introducing
ooma orror. At highor f£rogquoncios tho dofloction 10 loos
and at low Lrogucncioo tho dofloction io ooro for the ocuno
appliod voltn;o. abhoroforo, whea ouch o uotog io uocu uith
nonwoinuceidal wvavofornu, tho prosonco of various harnonico
uould dioctort its rcoponno. Tho oano calibration would, in

othox wordo, not hold good for difforomt ugvoformo.

Tho cfidy ourranto induccd in tho iron part of tho
dnstrunonto introduco oomo orrer in tho convontional motorao.
Tho induccd voltago Ba( o ylii) dQuo to curront I. in tho
inotrunont coil logo tho curront by 20° 40 o rooult of thio
ipduccd volta;o an cddy curroat I flouo and Ato mogepltuca

in o

i
“\

I, » ﬁ;?‘# :

LXK ] (5.4)




5] Yelnfo P Ro ond LO arc tho rosiovtanco ond dnductonco of tho

oddy ourront pathe lo in,u Bo by an anglo

' by
(+) Pov "}an. n———— o e ‘505)
o RO ¢

L
A coopoacnt of thio ourront I, = I, Coo (90 = @0)
© 19 bin 8

Opposoo who Anotruioat currbnt 1 and coto up an opposing

fiold thuu roducdn:; tho torguo on tho noving Oyo uod.

4b dow frogquoncios tao cddy curroat orror incroasog
vith tho oquoro of tho frogquoncy while at o highor £roguencico
tho orpor io practicully cousgtont. Thuo it loads to an

QXrronoous nonourcuont on non-ginusoidal wnvoformo.

Loy torquo/uoight ratio io tho anothor coune of
eryor in tho [doctredynanomoior typo dnotrumont, iho
nognoWdo £40ld preduccd by adr cored ooilo Ao coooatially
omall and, thoroforc, tho fl.x linkag o por aupore in tho
moving coil aro fou (porhape 3 to 4 por eenv of tho flux
linkosa por aoyo:oo An tho porcanont aa_not noving coild
inotrunont). Thorufore tho dofloctinyg torque io low, Thuo
t0 produco o réavoanblo doxlcdting torquo tho me.ne.f. of tho
doflocting codd ot ineropoo wnich con bo dono by inerciauviwg
- githor tho ocurzcat through tho coil or inoroouo tue nunbuer
of turns. who curz.nlt through tho noving c¢oil ean not bLO

tnoronscd boyoud 2.0 uili au othoruivc tac opring vould bo



hoa%cé t00 uche Un tho othor hond, i Suo n:nber of
tugac 10 inorococ: 4ts voight oclco imercascs and vhieh
rocudlte 4a lou torquof/ucigut Poiio. A lov torque/uvoaght
roblo iandlcatcad o beavy novdng oyotea ocnd, shorofora, tho
£rictloa loscon in olcetro dymonoaotor typce of .noturnont
aro largor than in othor %,pov. DPrictioa orrors thuo
tond ¢o bo hidghe.

bvon fihousgh all tho Aioiiations oitod abovo couldd
not bo oclininoted in tho tfuwo KiJd notor dovoloped Lia tho
lobozatory ucing Holl eryositalu, furthor aodiiication on thic
vill dofinisoly load to o wotor vita higacu. oxdor of
acouracy on all vavofornd. . comparison o0f Sho dovolopcd

potor uith tho covuvongtional zotors aye ando in ocotion H5.4.

Se2

<0 Qotailo of tho touo Bl J notor dovolopod in

tho loborasory are civon ian thoe fodlowing ,og0o
5¢2.1 Lxino

A Hodd pultiplior paclt 40 tho heart of sho notor
dovologod. @bio poacs conodoto of o0 hoadl oryotal opd o
no notisdng vinddn, ac ohoun ip £1g. S.1.  sho charactor-
iotico of tlho uadl oultdpliors HI 3050 (manufaoturod by
B3Lu) wocd 1o givca in Appeondiz ‘A,

thhon tho £io0ld produeing coil apd Lull inpud

gircult aro conncluCas im 00ri0n, wuo cuty .t 0F tav dodld
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cloaont ropreso.ato sho oguoxo of tho npplicd oignnls-

Froa boode oquation 2.7

R
Vg © —%—(znw

1e0s =. L4, u1, Cos O

vhoro, £ 1o tho proportionnlity ocongtant

zc io tho imstantunooun oppotal curront

an io tho inotantaacoun npognotising ourront
vhich producos tho flux,.

€ 1o tho augylo botwoon in aod 10

8inco 1m = ac

2
Vg X 3,

1.0 tho dnll output is proportional to tho oquoro of tho
Lnﬁut. Tho output voltego ¢ acaourod by aolin; o noving
coil nicroanmotor, tho roading of vhich io proportional o
tho vonn o2 the squaro valuo of tho inconins oignal. Tho
goslo of tho motor'xa calibroted &n tormo of RKib  wvaluco.

Tho Hodl output, ozcopt for d.o. ingut, conoloto
of o d.cs conponont and on nsce coaponont having doublo tho
£roquoncy of the inconin, oignal. ibo avorage valuc of tho
DeGe coaponont 10 zoxro and 0o tho notor ronding io proportional
to tho decs cOapo.ont uwaich 10 rolatod vith tao Ki U wvaluo.

Ao on 1lluotration conovidor o purc oimuavo

/096 90
CENAL LICRARY URIVERSIY OF GGORNEE

LEN YD LU



&a o Ec Uin uwt

2 2
Vu 1c 8in° ut

1.0. N ~"9%5,\ |
v,?(;azcl(zf*) |4 = Coo 2 ut] ves 5eb

But for o puro oim wavo 1 /(2 4o tho ii8 valuo
Le0s $ho dec. conponont Ao proportional %0 tho noan of tho
oquaro valuo of tho cignnle Jinilorly, fLor all typoo of
waves 1t can bo proved that tho dege. valuc 10 proportzonal;
to tho noan of tho oguoro valuo of tho od nol. I£ tao

alcero aoporo 1o not danpod propordy tho 0.C. ripples con

" bo oliminnted by uocin; o uvimplo copacitanco filtor.

Truc RIS voltonotor ioc aloo working undor tho

sano principlo.

Tho ceaploto apocably oX tho develoyod notor
io choun im Fi_,. 5.2. Oinoo Cho worlpun gurront ratin of
tho vultipliar pack Lo woed io limited 300 ns, non inductivo
rooiotancos obunte Iy, R, ond 33 ard uocd to linit tho curront
through tho pultiplior uvithln safo linitss. 1ho wvaluoo of
tho rooictanco chunt aro «1 obn, <2 ohn and 1 ohn and tho
corrooponding full oonlo dofloction vaduou aro 10 Ay 5A and
1A. A rongo 02 O = 300 BA 10- obtained Oy not iucluding ony

chunt,.



Tho characioriniic of tho Holld nultiplior
cloarldy ochouo that ita £40ld coil has o vor,y iorgo inductanco,
I£ tho coopoanation Ao not providcd thic uwill intreduco
f£roguoncy orrors Lonco tho conponoation io providod by
uoing on induoior chunt uhich 40 oomnootcd QoOXEIL tuo
na_noti An;, uvinding of tho oultipliors <Lho inductanco of
tho cuant o ocbout 950 vioeo loou thon Lo ind ctanco of tho
pognotising coll. Zho 8/ ratio of tho ohunt io kopt
oqual to that uf vuo Fiodd coll. By thio arrangoment,

o anjor port ol tho ocurrcnt uwill £lou throa h tho ochunt,
uo tho veltogo drop oorods tho inotrunont io rcduccd comnie
dornbly. who neooured voaluo of tno Voltgau drop acrooo tho

potor ias chous ¥ V, at full ocolo doflcotion,

Yho output of tho Holl eryotnl Ao anplificd by
ucing an iavorting coplificr, hoving o ;ain of gboutr 60.
Tho auplifior outpat 1o filtored and thou ivon to0 sho
movin, colil oleroaiotor. Tho an otey oonlo 10 colibrated

in toras tho i voluos

In adcidion to o coazou tormknal, difioroat
torninnlo gro proviucd for tho various rangos 08 tho
inotrunont, Tho ocuuocotion digyran ic vaoun in Flyge 5S5e0J.

A 1inZ hoo %o bu placod Dotwvon who soralnol aocrsod with the
doodrod ronjo ond tho corrcoponding B,. 02 otc.

L0 i XCuponddn notor wao availavdo in tho

laboratozy, 0o 4% too doeidcod So cacbhl 40 oaly on cinuooidal
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vavofora at 50 Hs to onourc € the notor £ollouc o oquaroe low,
Accoxdingly, 4t woo Scotod by uodag o osubsvandard iaduetion

CY PO G010

5203 Koot Raouldsn

Tho toot rocults oro tabulated in sho Appondin ‘DY,
Calibration curvo draoun with nicro aanotor rondin; vorouo
oquara of Jho oubstandard aotor reading having a oiralgut

iino rolation.

9e3

Tho voltnotor ooovonbled using Hall eryoial
4 vorkes on tho oono prinmeiplo ao tho amizotor. M1 3050 Hall
multiplior 1o no0cd choaractoriotico of which aro given in

Appandix ‘A’

5¢3.1 € e

Ceaploto oircuit dingran 10 givon in ¥ige Sed.
voltuotor hao ot 3 ramgos, 220 ¥/110 ¥/75 V.
The &noput inpeodonee iu inoroaocd coasidoraobly by connooting
vory Anrgo rosausanecs in gordocs with tno input torninnld of
tho oultipiior. 7o ocliminato Lrogquency orror tho valuo of vl
nudt bo vory vory Xopgno omalld oomporing to the resistancoe idn
vho circudt. For difforont songoo difforont Sormfnnlo, which

introduco digforcav rcoistancos, arc providode

S5e3e2 2Ront aoondén
Tho notor 4o calibornted by uoAng o oubotandord



olcootrodynoasactor Sypo voltuoicr. Zho pooults aro wvobulatod
- An vho Appondiz 'C* ond o colibroation curve iAo drawi?ia tho
couo 0f pIoturs o locuo 4o found to bo otraipghv lino unidch
entabldiohcs tho oquore lav Lolloucd by tho wodl oultiplior

upod in tho novere.

5.4 oxito ond Donopita

Proa tho dipocusoion givoen in  Jcetion S.1, 4t io
cloar that tho convontional wotors hovo 00 nony linitationge.
V2 courva, all theso uravbocko could not vo olininated in tho
notor dovoiopod. ©ho oxrror duo to db/d® or 4i/4® 1o not
progont in tho notor. 4ddy current 1&00 15 mininun boecauso
thoro 10 no iron part in Sho angnotic f£io0ld. .Jtray floldo
ore olininnted by a vadcdd providod in tho nultiplior.
2ho lov torquo/wolght Tovio problea is Aot prooont im tho

notore.

vonthough £rogquoney orror conponoatlion is nada
tho froquoncy ranga of tho motor 1o linited boeauno of tho
vorin@idon of roactonco wvith froquoncy. Lonoitivity dopondo
rpOn tho occasdtlivity of the nicropanet. r and tho goin of itho
cnplifior. Use of tho awplifior in the woto: sakes tho
lattor bulky bocouoo of tho powor oupply t0 bo incorporatod.
1t 16 o costly inotrumont boeouse 0of tho high cost of tho

Hall eryotal.
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Tho linocar iHoll of€foct dcaodulotor naoy be uocd
to uaako highly oolootivo wave anadyoor » Dacionddy, tho
cloctric and nognotic uvovo annlyoors aro tho gano and oo

tho circutary dovolopcd io applicablo to both of thca.

Go.% Rrincipl On [

12 tho unhnoun oignnl 10 applicd o ouo ioput
of tho unll mailtiplior ond %ho othor input A0 coancedced to
an availablo vardanblo Lfroquoncy Dourco o de¢ eusnponcnt vill
bo soouvred vhon the input edasd .Oignal nuo o coayoncnt at
tho seoo £roquoney and phooo ao vhe variablo inpute +his
can bo chown by uolpg tho bodic oquation 01 tuo Hpll nulti-

e
pliore ’

12 I‘ Sin v,ﬁ and Iz $in uzt aro tho imstontanoouws
voluoo of curront in wosnutic vinding ond tho oxyotol roopoc=-
tivoly, taon

4e0. VH L=} K‘l‘xz (uin ﬂ'ﬁ BAn UZ%) Coo & oo (602)
vhoro, K‘ A6 Suo propertionality conotant anu 1‘ and 12 aroQ

tho pook valuos o4 the oipgnsl, opd © 4o tho puoso anglo
botweon L, and l2.

Bquation (6.2) con bo roorranm,cd oo



| Ry 1,1, F -
Wy = ~—1~§l~3 [;oa (w‘ - Ua)ﬁ - Oaa(wifua{fkcoa e
es e (603)

Zrooa tho abovo cquation it 10 cloar vbot tho output of Holl

dovico hao got o de.c. componont oal, uvhon Uy io cqual to Uye

Undor thio condition, ogquation (Ge3) reduccs. to
Ke 1,1X : '
Va (-3 “3"“51&' D - QQQ 2 U‘ 8] COQ '9 oo (6!4)

If tho valuc of Ia io Koyt conntant, vhich 1o
poooibleo by ueing propor control eircuit, tho d.c. conponcat
of ¢ho output io proportionnl to taue naxinum valuo of tho
odonodl applied to tuo waynotvic ficld. dineo tho uignalo aro
takon €ron difforont oourcon tho valuc of & 1o continuously
chan;ing. It is nocos.ary o koop tho volue of 8 conotant
and protf.xrably ncar to soro, wvhich can oo occhiovou by uoiag
o ¥hnoo logkod loop nircui%%c’a1 he Phooo lockcd loop
circvit (PLL) conoiots esoentinldy of a phavo dotcetor, lou
puno filtor, voltojo controllod cceillovor nad o frogucacy

dividore

A Dovany, ¢04l nloronotur con o uscd to monguro
tho decus output voltuge ond tho rooding on the motor can bo

colibrated in torcy of 4ifforont lHaraonic contont.

For olcetric vavo aanlycor tho hall nultiplior can
bo uocd diroctiy. 1'or tho annotie fiocld woeve amadyoor tho



57

£iolu vcavdng ond product forndu, copobilition of tiso

Holl egfcot dovicod aro utilizou at ono anté wao cano $inu,
sho Lald clcaont Ao placad botuoon twoe Forzdto nujnotic
£4.12 collcetoros L0 iAncrpoaoo it oomditavity Lo tho

nasnovic £40dd.

0e2 udoecn wohcinbie E
Dloolr ocicontie of tho Gicotrie wavo cnalyodr \

\

dovolopou by tho aushor io choua o Pigs 6«41. Sao wvavo \

to be anndyocd iu givon to tho lLingnotic ulnding of tho uall
orys.ole 2010 caao slgnald io appdied to a sero crosolng
dotooctor (ouvd) aid tho sooultin, output io diZforonticted

and rootifios co thnt positive yudocs will como to ono of

tuc tvo ansuts (point 1 in tho block die_x..) of tho phano
doscetor. sno duration of Sho output puluo 0f tuo yhavo
dotcetor 40 ogeal %o tho phaco difforoneo botuootn tuo
inconldng oignul abg tac roforonce gignal (doforonco wignal

10 givua <o poan. 2 in tho diguran). 4o lon; vo tho fro-
queneacd 02 Who S0 udLunds oro not gone and yheoo didforcneo
vobyocn thoo Ao aot nore tho output o tho phuaco doscotor
doou Not boeGo Borde Xhio ocutput s glven to an avernjing
eire A% and vho varyin; d.c. voltuyo thus avoaloblo 40 fod
back to corrcet tho f£roquoney of VeCeO. Beooouso of thio no,obl
ramaoedo foodboel  tho froquongy of tho VeuslUs 10 auteanti-
onlly adjoted an cuch o unnnor oo 0 rodusc tao orrox
odgnos o o ndnlawa.  Fho orsor 4o odoloun hon tao $wo lnpud

pulocy 0Z  ac gl 5¢ dotoetor appoar alnoot ov tho souoe inotoud,
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Tho VU0 used in tho ocircult hoo o upocind foeaturo
that 4oy oulput iu vioucoidol in uwovoicro. Lowovor, 4t oo
o deasonclk that vaoro do o roduction in tho wr,nibudo of tho
outpu. ~acn vho drogqueney 1o incroascd. 2hdu rouuction in
no Ra v o of the roforonvo oipnnl will caudo coricus orror
in tho Leasurxroncnts U0 in ordeor to koop tao nognitudo of
tho vi_anl aloost conotont an Ju.caneic Undn Control (ACQ)
io uwocd., %ho pouce dovel of the output ol rnl €rxon AGU io
not vugficiont to oond tho roquiraa/curraac throuzh tho
Hall cryotud, honeco tuo atogos of .ao  caltior followoro

havo boon uoode

The outp % of tho VCO can be cannréd diroatly
uvdch tho wavae to be analyoed only viacn the itwo Xroquonclico
are rocudrcd to vbo oqualse For 2nod and bd hor ordor
Horoonieo in tho inconing oignnl ef ithe rofercnco froquency
wbich 10 roquircd to bo ogual to tho Hornooule Lroguency,
ghould be brousght dousn to tho Fuandamontal Jroyuoncy of tho
inconing, Cipnole Thio io rcaligcd by o grogucacy dividor
{btoro;j;o countor) councoted in tho path oy tho roforouce
£roquenoy pulpos boin; fod to tano phano dotcutor. Lineco
tho otyongth of tho pulno coainyg £roa tho dlvider in not
cufficiont to dfrivo tho phaso dotoctor a pulvo amplirior
16 alco inedadod. Tho pulsa is gilvon to tuo point 2 of
tho puaouo dtootor.

Tno output avoailable g£rea two Lolld oryovol 4o
onplilicd, thoa £iltored (12 accosuary) apd thei gavea $0 o

J0VADR, COodl novoste



6.3 Clzondt

DifLorcnt vunetionnl blocko of tho wavo analyoor
are onplaincd in tho coctiom 6.2+ OQut of thoso difforont
functional bloclko circuito of only iaport.nt Louw aro ozpladngud
bolous Othor funetionol blociuo wro woell knoun po thooo aro not

oxploingd.

6.5.9 Voltnzo Loniral illator (VUO)

A ouliidoop activo filtor circuid by sSorwin do
shoun 0 yicld o VOO whoso oscillatvion frogucney 10 gconvoe-
aiontly controllcid uvith ono varioble rouintoraa’gsa a Pold
Ao uood %o obtaln thie voltoye controllod rozictore VU0 Ao

tho mout criticld olement i&n tho Piwu.

One of tho two Koruinle fecdback circuit, uoing a
ainicun nuabor of capacitors, aro ohoun in ¥l . 6.2 « Thio
it o boolenlly Dond Fapo filtor circust®®, 4ho transfor
function of thio

Vs

PuplP) = ——v;—~ =

w,:.ca/ [aﬁ(t - 1:11;2)]

Pe + P

1 1 1 A1 o
"‘““"'ﬁt“z?l,%% * A v 1 "'aa (1 di) ¥

2 a, + 1 :
EEN. R

It 40 ooon that by ouitoblo choico of 1y indopondont

of Ea, tho doncacnator cocffaciont of ¥ ¢cun bo wado %0 uwe LOro.
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Conooqucatly, vith thooo voduos of &y, paturul froquoncy

of tho oircuit uny bo ob nined om tho J(w) amdc. 4o thio
40 chort ecdreuldt aneural froqnoncy. thoy will bo phyoicully
realised by couuleving %ho_input rcoiotor to tho ground,
Yhiv cusural froquonclou, Wge boliay, tho ogquaro rovt of

tho dcnedcnator comotunt torau, 4re indop.-ndantly controllod

through s, vhicu i soruinte caoo vau talkca noL0uivoe

sho conaitiono for oscillotor anmu oociliation

froquongles aro ihon vua o Do

: 1 {

1 ¢«a
£, = 2. = 3T 1o [ﬁaﬁaqﬁf - ¢1g2) :] oee (6.7)

an Ra can bo reallizctd to dopend only upon o
8in_lo variasblo rcoiotor, tho odcillation Lroguoney can bdo
varioed by .ho 3in lc reosistore A4nd odneco tho oiaglo
rcafctor can o roolinod by a FER working in tho rano
bolou pinch offag, Wio circuit oX tho Fige 6.2 L0 smoon to do
convoniontly yloiu VUO's o socourding to tho roguirocont
tho diffovcoe val au of aye Oxo a4 810 golectod as akoun

in 4.’11Ut 6o Se

Yoy thoe oirce:it vhoun tho dogundonco of Ka upon

02 dradn €0 001PC0 FO3ictunco dp, io gdvon by

A, = R,R.
i [~ '/u. [H‘R‘q 3—“'0"2"""'7 . (XX} (ﬁod)
2 J By @ oy, )
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in turn, the drain to source res.stanue, at

2ero drain to source voltage is given by

- 1 . 6
By . P Tvae + %] .o (6.9)
wherao Vo ic the pinch off voliaye for depletion device
and ho negative threshold voltayge for enhancencnt mode
device. fB is a counstant doeponde on the propgerty orf tho
channol. Uubsiituting (6.9) into (6.4) and then into (6.7)
yieldu‘theldependenca‘of tho V.0 oscallation freguency £,

upon the coatrodilian, volsage Vda.

e for'the band pasc filter

¥, RC o D [‘ ¢ 4 ..ng}é (vu‘d'* v?’ - Rﬁ) % ses (6.10)
° 3385€V33 + Vo)"R3;

From thds it 16 clear that a8 chosco of 34 darge
noyatae the voltase control and au sanll can icad to imaglnary

fraquencies. A -

By coaluoting test 19 i found that when theo value
of condencor C changing from 0.03 to 0,12 a frequency
variation 0£700hz2 to 4.0 Hs lo obtained. wilfersat ranges
of froequency are selccted by a‘froqueaoy san, e selector swiich,
shown in Fig. 6.3(R). 1If the fremency band 15 large in each
ranze, it is founu that at higher froqueacies, tho wavelora
ie gettin; distortod slightly. The siaosilluy und ihe

auplitude of tue £ine wave gonerateu is dey.ud .spon the ratdo
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o2 31 and ng. Jhcn tho atio o 3,Cho oznet clnouave
ic obioincd, X¢ iu found that tho ocutp .t pl the Yo 4o
having good ptabildty.

Ono dxouback of tho circudt i tant tho cnplitudo
of tho oinouavo cunn,eC wvaon tho Zroguenoy chamod. WO
anplitudo ot row,cu verics £roa 0.04 ¥V (Poak to roalt) to
4 V (Yool o Joak) Zor o £rojqucacy cuanzo by o fuetor

Lthroo.

Yuo £rogucney oolootors arc includcd in the
arrangcaont. For gottlng dafforont ran,o. coach condonuor
£roa tho two cotc arc sioulioncousdy conacevcd o tao eircalt.. |

For diZforoni waluoo of cundeatar tul ran,cc aro shoun bolou,

0.03 wul! = - .4U0Co OuU L.,
0086 ul! = 20V to 400 Lo,
0.0 ukk = v to 200 L=,
Qel2 uil = 40. to J00 uz.

In aduitlon to the frogucney ron,o teluctior
thope 10 o finc control adjustaont by which any Lrcoqucudy
botucon 40 %o 630 lu cum bo obtnincd. Lo autonavic Lroguoncy
corroctin, cloaoni of Cho cdre:dt 4p offcetivo viialn 10 LS.
Lo if tuo rofoponco Zroguoncy io orowght uithia 10 o or tho

input cijnul, o ciroult wvals autenaticalld, ot syacuroniscu,

Linoo vho capdlivdo oy tho VeU catpud Ao chon dnyg
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b? Ay and ua. whon tho zratao do J,tho eznet olaovave
iuv obiolined., 16 ic found thnat tho outp .t pi the Veu 4o
having good otubildty.

Cno drauback of tho eircudt ic tant tho anplidtude
of tho o«nouavo chan,ol wvnon tho £roguoncy eidanged. who
aaplitudo ot row,co vorics froa V.04 V (2oak to wcalt) to
¢ V (reak wo #oak) for o frequcncy cuango by o Zuctor

threo.

Yuo frogucnoy ookactora oro includcd im tho
arrangcaonte. IFor jotting difforont row,o. cach condouuor
fron tho two sotl aro oioultuncousldly conacevct o $a0 ecircait..

For difforonu vadnor of condonsor tuo ran,cc aro shoun bolow.

0«03 ul’ = - .400t0 QU L.,
Ue06 uid = 20U to 400 ld.
0eQ3 uy = 9 to 200 bz,
0412 vy = 40. to 300 uz.

in adaition to thc freoguoney ran e celocior
tnore 4o o finc conixvl cdjustaont by wvhich any Lroyucucy
beotuoon 40 o 630 io can bo obtoincd. Juo outcaaiic {rogueoncy
corroctln, cluacniy of Cho cire:dt 1o oficetlivo vivain 10 Us.
Lo 1f tuo roferonco frogquconcy 1o orought Lithia 10 il or tho

dnput cignol, ho Giroudt vils nutonaticail, ot vynouronlucu,

0302 Monacdo Godn Uontrol (AGC)

winco tho capliivedo oy thoe Ve catput 1o chinn_dng
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vith grogicnoy on A0C 49 providou ia tno Suipyuy 0f Huo ViU,

4 valso,o aontrol Junction £io0ld ofsoet toancaptor pormilu
ca ousenavde guia contzol oircu&tgs to waintain 0 gonotong
oviput voltogo ovor # U0 docado inyut volto,o rongoe ‘dho
oircuit dovolopcd 40 givon in 14;5. Ge.u(0)e ‘ino dofloction
pedo Jiisa o looat?d in galn coatrol loop of Gho aoninvorting
copldgior 33. Zav (jain of tho anplifior cun bo roproodndod
by

Av& 1 ‘@'ﬂF/B‘I enae ‘601‘)

vhoro, B ia tho oorico gceabinntion of tho 1 Kile okn

v

rooiotor plus tho Yud'e droin ocourco rogliotoncos

Tag ° ”&a(on)/(‘ - vbs/véu(off)) ors  (6.12)

faolon) io tho rcoiotanco of tho ehannodl vhon tho goto
voltogo AL gore. For tho B#U10 tho valao of Shio rosiotonco
1o omporiaoniolly found out. Zho voluw ¢ wbout 10V oun

. . o , v ] :
(poxdnun)e <ho Vou(ozt) f;om tho nanufoeturor'o data 40
= 8 V (oozioun). Sho channol roaistanco, Shoroforo, otayo
linoons £or cbout holf tho ranges of VGb(off)’ but tonio to
bocouco noudiuonr at voltogoeo abavo 1/2 v&d(off) beoecuuuc Of
tho Jii's doportaro £ron tho oquaro lav beaavicur at hijgh

;oto=ocureo VOlﬁGﬁOasa

Lo anplifZior nin enn bo uritton 0o

75 , cee (6412)

uv ) g‘? v
| ¢0¢‘/(1 - .%2.)



Fho voltago dividor fornad by ng ond .El.4
attonunto 4input oi_nal (by 6 1 1) to provont tho diptortion
ot tho output. Jinco tho invorting input of tuo nuplifior
trioo‘ﬁz track i%c non invorting input, tho pooitivo input
10 tho ono that dotorminou tho ~Ei's drain to courco voltagozéa
“hic channel voltago muet bo kopt snadl to foreo tho Yl to
reondn dn tho Tricdo Roglon of opcoration, A ohift in tho
L L0 oporatin, rogion will intreduco large apount of
diotortion. @Ganin of thio non invorting anmplifior ic adjuntoed
in cucn o way that vhon tho moximun valuo of tho input comco

tho goin 1o automatically adjuotod to nnitye.

A% 4o an ordinary high ygodn inverting amplifior,
havin; o gain of 80. 4hiv large galn 4o roguired <¢o—rcopond
tho output Lor o oonll chango in the inmput, i.o. & ooall

change in tho input cawso o iargo caango in tho output.

Tho nogotivo voltage 40 roquirud to control tho FuLT
chaunol resictonco and is obtalnod by roctifying and filtoring
tho output of AQ. u0 50 ‘FF ;apauitor provont asce ripploc
fron nod.lating tho ¥al'o gato voltoyo and producing dio.ortion.
ito voluo 10 chooon by trocing off circuit rooponso tino
againot the amount of filtoringy. Unly o« canll chango ia tho
input of Aﬂ causes tho cireqit to adjust itooelf, producing
vhatovor AGC voltago io roguired tod auintain an output of

alaost VT V poak to poolk.

whon tho input vignal wvnplitudo inorcauca, tho

input voltago to tuo noninvorting caplifior aloo iacrecacos,




B

coucing tho output Ay godng woro nogativo, and oo the

resictancae of tho cuannol ineroancu. inercagcad chaunol rotiot
roviciunco roduco the pgain and will brin, vack tho oulput

to the dooired voluo.

At an input aoro than,é V poalt to pook or
hichor cut off tho rFil, making tho volitago goin of Aﬁ oqual
to unity. Tho ocaplifior thon traco tho iaput, attonuating
by a foogor of 6. “ho outyut diotoriion of Sho circuis
1o found vory cvaanll. vhon tho input voltogo docronoes tho
focuback nosntivo voltazgo oloo doocrosoun and tharo 4. a
roduction in tho rcolotanco of tho VBi. T@im reduction
vill incroaso tuo guin 0f tho amplifior AB oo that tho
output 1o again brought to thoe royuircd valig,

6.3.3 Eroouoncy Dividor (8torago Countor)

A otadr cuno gesuorator io uscd ao o freguoncy
dividor. 4ny div.olon froz 1:1 to 1:10 io pooolblo uita tho
@ooigned clrcudit. Thue basic principlo can vo undorotood

by roforring tho Fig. 6.4.

Aoouzo iaitial soro eharge on tho cnpacidor
31 or 02. Tha firot pilce will cauvo trko copacitor G‘ to
chorjo throuyh the diocdo Dge The tino constont with vhich
¢4 ehorgeo &u tho product o C, tiuoo tho sum of dicdo ond
courco reoiotanco. If thiu sino couoiont 4c vory cuoil
in copparicon with the durationof the pulvo, tuon C‘ will
choargo Lully to ths vuluo ¥y = V udth yolarity indacatcd,
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during tho charing .imo of O'. diodo Db doou not

conduct and voltn,o aeross 02 reaaduc ot 20r0e At Sho
tornination of Sho input puloo, sho capacitor c, 10 Xoft
udth veltago vy © V., ubich nov appoarsc aczoco b‘ and oerooo
tho oorioo coabination of D, and Gz. Tho pola ity of thio
voltogo iu ouch thot u1‘mill noet conducts Tho capacdior 01
vwill, houovor, diochargoe throush DZ into Ua untii tao
voliago ooroos tho tuo capacitors arc ocquale the timo
conntant with which tho Sranofor of charygo takou ,ylaco auat
bo g'ito tonll ia conparicon uvith tho intorvdl bosvoon

vho pulpas in ordor to allou oquilibriua to bo c¢stablichod
botuoon tho copacitor voltagos. Tho soyoeltor G, 1o
ordinarily quaite largo in comparivon uith C,. 4D o cOnnequonce
tho voltago aeroso 02 i omall in comparivon with sho
v&itaga ﬁt = ¥ acruno cio ihe next input pulso raotores

tho voltago on C; to v, and ot the toralnntion of tho puloo
¢y discharges ogain to C,e  Singo now, hovover, C, bao samo
initial charge, tuc amount of charge trauciorxrrod froa ¢y

%0 0, vill vo omallor than boforo.

in tho actunld oircuit dooignod, tpp paloco aro
of positivo polarity. 0‘ 1o oharged throwsh 94 and thon
diocharged through D5. 70 nalko tho adopo 0of otaiponoo
gonorator aro oqual tho tronsistor @4 hno connuetod 24 an
onittor follovor. 2rmnoap.or TB io woced to woko tuo
nosnitudo of tho otodr caso otops rospins thg oane botwoon
tho tuve puloco. cho o%vap ot ca kn thic oocno, appoor

ot tuo looding cdgo of tho iupue puloo,.
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Uniguaoction Zransiotor (UJ2) do woci ao a
wodto,c ogerated dlocharge ovitehs duo £irdu, voltogo
02 ¢tac Jdd cun bo adjuoted by opplylny varionblo volieg,o
QOTVOL Ugy Uge todc oon bo oehdoved by cenacoting o

potcat.onotor 00 cuoun in Fige 643

4t 1o poooiblo to obtain any ravio £roa 1 to 10.
Yno po.ition of tino yotontihozotor 21 ¢nn Lo colibrated in

torau of tho Lrogquoncy divioion ratio.

2ho out ut pulooa tolton Iron B2 1o neyntive
and tho nagnitdo of thic puldo at low frogquoncy divioion
ratio 4o not oufficiont to drive tho phooo dotcetors A
p 1loo anplifior 1o incorporntod vihich, in addition ¢o
anplifying tho siganl, providon tho roguired phooe cvhift

aloo.

6 od gq;,! _?5 ﬂi‘;!’)glgﬁ

sho uavo analysor ip tcotod weing o oguarc uave
go that eoatont ol vorious hnraonico cun bo calculntcd.
gaanuitativo rovulto oro Aiotod 4n tho appendiz, (10ld-

vativoly, tho porforuancoe v found o bo vory saviofactorys



7. €0HCALUG IO

Fhough tno Hall offect wao dioccovored in 1877,
evon now thoro arc como ficlde of application uhoro the
Hnll device io haviug’dofinito adventagos ovor othor
clcectronic dovicoo wvhich oro in use. Tho propertics liko
ioolation of ono input £rom tho outyut, a hijh lincarity,
;004 froguoney reuponsa, four gquadrent multiplication,
voctor product foraing capabiliiien and rcoponsoe o
nognoJde 2iold (not to rato-of-chuango of aagnotic Tiold)
will oako tuoe Hall crystal a very loportant link ia tao
vdvoanccuoat of Jlectrical, Blectrobicu cnd Coadwunden
oyotens. On tho oiheor nand, the dovico ant ot vone verioup
li.itotions like unuanted fover loos in doguetic winding,
noioo problen at lou vignol levul'nnﬁ vary louy pouor
hancling osguéiuy. aven uwith thoce limaitoavious tho aall
erystalo hoveo beon puccosufully triod in many applications,

inclulding ©oa0o inductrinl applications

The rcvolation in thin filo coaiconducgor
tachnology will dofinitoly improvo tho cryotal'o oeleotrical
and nagnotic proportios wvhich will olininato como of tho
linitationo uited ovovo. [ojor contributiono in thic fiold
are ozpected fron tho work nov beiny carried out in difforont

parts of the uorld, cupecianlly in Ruscia and Goroanye

sho pacuuet forning proyorty of tiue iJdall oryotal

hao Jocn sucoerufully exploitou by Jho auinor to devolop
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trao R ooterc (both for voltago ond cur2dnt) and wavo
anolysoro (for cloctrie and magnolic ocdgnolo). 1t aco bdon
found by conducting ozxporino.ato that tho Hall multzplioé
paclk avallablo in tho laboratory oxhibito good lincarity
ovor o uido rango 07 froquendy and nagnotizing curront,

which conforn to tho opecification given by tho manufacturor.

Tho nmajor drawvbock of Holl multiplior packo,
uocd in oll tho threo inotrumonic horo, aro tho vory hi_h

| inductance of tho £ic0ld coil.

An it 1o, no wouification c¢amn bo poasidvlo in tho
Hall multlplior pack becauso of whe intogrator naturo of
thin andt, ozxtornal coopenscilon, thoreforo, doccags nocoe
soary to inprovo tho poxrforaanceo, evpacianlly to mako tho
porforaanco of tho unlt indopondaeny of froguoncye with
coaponsationprovidod, the lnutrumonts dooipnod gavo ocatipe
foctory porformanco whon thouvo wore teated in tho laboratoxy.
it vould bo dooiradlo to uovolop those inotrumdnto uith
baro cryotnl, which vould nllow conciderable fhoxibility
in douliaing the uagneblie elrculdt ascording 0 tho roguiro-
poat ond YXinaily ioprove Who por.ormenco of tae netoro
drasticoily. Iu oy ouus tac dooiy.aor ;ouluvhavq control
ovor tho inducianco uf tao magnotic circult oud 28 would bo
poosdnlo t0 incrceuo tue liuecurdty by adjuotiug tho odr jop
botvoon the an,novising coru anu v eiysiul. In gomo
applicationn o poovicaon 0 chango tuo wunbex of turno of

tho oonactic £iola wodldl pay bu of groat wolye



. {

Tho dcolisn of a probo using e baro crystal
to pick up flux fron tho airxr gap of oleotric nachineo
is anothor cballengin, voric that can dbo undortaken in
futufo. fho author could not uvork in thjo diroction
bocauso of the inability to et tho roquircd cryotale
1f a properly dooi ned probo ic uwoed with tho oircuitary
dévolopeﬁ oy tho o thor a handy inotruoont can be doveloped
which would bo ucoful in analysing tho air goap flux of
oloctrical amacninec and otray anguotic Ziold,

The circuitary deéveloped for uso uith Mall probo/
maltiplior in wave analycor neads 80ue furtuoxr ronarko.
The most inportant part of the circuit io PLL which
gonorate sinouavo ulth automatically adjustable froquoncy
- and constant magnitudo and is first of ito kind. Though the
circuit has boen found to bo ocaticfactory, ite porforaance
con be furtnor iaproved by oliminating tho drauvbackes notoed

in it, Theoo drawboacks are ¢

{(a) A olight dictortion at the upper valuos
of frogquencioo at all ramjct.

(b} Lou oyachroni.ation lizit (+ 10 = paxinua)

(e} A cacdl ehance in the awplisvdc o2 tho
" generated vave with frequoncy at tho .louor
—ond of cach rango.

OQut of theoo drawnbucks tho anpliludo change with

Lroquency can oo oliminated by providing tuo caccaded oin,eo

[

CRURRAL LIZRARY URIVFISIT OF HOORKEE
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of AGC instead of one. Synchronization linit can be
improve. to ¢ 10 Hz by replacing the deflection mode kil
by enhancement ..odc type. Jone improvement is also reguired
in VCO, which is the moat important part of the FPLu, td

get a laygerd syncaronigation frequency ranges
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ADZLIULR - A
BAbw=gal JVouslekidus
Brxule 10AL 10U Unig
igpo 0 - Coplotoly eoapo .oabed Hil=30%0 dil=3050
doyingtde Riold Lnaut ( data £or parnlloel con.octed £icle coilo)
Rouiotanco, opproxs af | 5 500 Ohno
Ycnporaturo influonce on Ry + +39 + 39 yoc
llcaetanco, approsue Xg 400 40000 Ohn/KHo
Carront rating - 300 30 mA
Prectical froqe rango at L, . dc to § 025 Kho
Hndl_Inout | All uodclo
Rootst:moo, approz. at 1, = 0 Ry, 2sH Oha
Tonperaturo influcnco on R,,, approx. + 15 yog
ilagnoto roclstance ot Itmax pB 1£2 ¢ 25 » of Rin
Curront fating i, nax 350 na
Practical frequoncy mange de to 500 Khé
dall Outiput
Rooiotanco approx. Byut 10 Oha
noad roolotonco Ry 50 Ohn
Output at naz. inputu VH- If X ia 200 oV
Reaporature influcnceo on V.,
aobiont 0° o + 50°C $ D ,
aoblont - 25%C o ¢ 750 + 1 ¥

toten 1) Data ic at 25)C. ac valuos are v, kidz (kilohdrtz) = ke/o.

2) vor ocorio. connactod oollo Hf o 4x ana 1 = »9x valuou ohown.

fnax
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1

(10 . nange)
: u. set.r ~ubsatandard v rare ol
Ho, reading meter readin, substandard
meter reading
1 b 2e1 4441
2 6 2.9 3441
3 9 346 12,96
4 t5 4.7 22409
5 20 5.4 29.16
6 25 6.0 36.00
8 3% Te2 51.84
9 40 - 76 5776
10 45 B0 64 .00
11 50 8.4 7056
(5 A Ronge)
1 3 1.0 1.0
2 5 1.2 1,44
3 10 1.7 2o
4 15 2ol 4.41
5 20 2.4 576
6 25 2e7 T+29
1 30 2,95 Je4
3 35 342 10.22
9 40 3.45 1130
10 45 3465 130352
" 59 3.0 14444
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APESRUIX = B (CONLD,)

(& A Range)
S e uA neter ocubstandard Lugrare of
No. reading weter reading substundard
meter reading

! 3 | 0.2 0.04

2 5 0.24 0.05
? 10 Ve35 .12

4 15 0.42 Ou 17

5 20 0.49 Q.24

6 25 0.55 0,30

7 v 046 0 36

8 35 0.6% O.42

9 40 0.7 Ced Yy
10 45 0,74 0.54
11 50 Q.78 0.60

(200 mA range)

1 5 0,06 Q. UU36
2 10 0. 08 0.0064
) 15 Qa1 Q. U1

4 20 0.115 0.013
p 25 04130 0. 016
0 35 Ou1bHd 0.0
7 40 0+165 0027
8 45 0.175 0.03

9

50 C.185 0.034



w!

APPERDIX = C

(Renge 250 V)
S, uA meter Subs tandard Square of
No. reading meter reading eubstandard
neter read-
inge.
1 10 72 5184
2 20 102 ' 10400
3 30 126 1568¢
4 40 144 20740
5 50 162 26240
6 60 179 32040
[} 70 ' 194 37640
8 g0 208 43260
9 30 220 48400
10 100 - 234 54760
(175 V dunge}
1 10 54 2386
2 20 75 . 5625
P 0 94 8Ji6
4 40 107 11450
] 50 120 14450
6 60 133 17690
1 16 144 . 20740
8 860 152 23100
90 164 26900

10 100 174 302430
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