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A dotaii.od roviou of Uio Hall ofgoot phono Iona 

and 4Iioir application to oarriod out. Jitii bauio aatho- 
aotioio rolation tho iaU offoct Oiionojoaa unci tnoir 

applioationn in :ioaoiarcjont o 1octric, %*IQL;nutio and 

;loctronio quarititioc aro oapluinod. A critical ana Lyoio 

to gado aitb roL oct to tho iort.ant "all ofloct aggli_ 

nation. 

ioio uuo2ul inotrumanto baba boon dovoloocd in 

the laboratory uuin, Hail offoot u,nd thoy aro tooted under 

laboratory condittono. 2hoao includo Tr'ao it: J aotoro for 

the noaourcnont of current and volta ,;o o? nonuinucoidol 

rsavoform3 osploitin tho product forain;,; capability of 

the fail Or otal. ►inco the availablo ia11 actltidlior 

puaku had a largo induotanco ooio conponoat.4on toohniquo 

tad to be incorporated. It to found that tho froquoncy 

dopo,.donoo of the o4,tput of tho muitiplior can be rouucod 

conaidorably uoinj tb000 ooaponoation tcahniquoo. trot 

calibration tanto tbo performance of the c otorm to found 

to bo oatiofao~►oryr. 

ilootric and i4c flotic cavo onalyoor to another 

inutruElont dovolopod hero aakinIS uoo of t1 o U3.l effect, 

Uavo to ca anuljucd icy compared ►lith a uinouavo of known 

and a or o Want C )li Ludo and cad 3uo tabio f roquoucy , and 

different arzionco of tho ua ro are c,oaourod ur~iaj Ball 
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argot 1. 41 vol ,o controllod 000iUator (VCU) for 

aonoz'c4v ino~iovo off` vcutcblo groquc aol Liao boon 
dovolo; c3. 	io so on ontirol ; uoa approach to ao't 

euro iacaavo ainco tho uOu l z otbod io to aao a non-

ulaucoidcl V:0 in combination with ©uitablo tutor. 

2bo no o .roi.it dovolopod io onpooiaL.li iaportunt 

bOoouco of =-tto lots ranao of froquoncioo (40-650 fl) 
poioiblo iltka it. troquoncy is controU.oci by uain, a 

1:3T u1000 Cato-to- oareo volts ,o io var .oa ucoord3n,,  
to tho zoquir aonuo of tho ao oc~atod circuit. 

Z, p xaoo lookod loop o,yoto: (aa a) Liao boon 

:Oruc 2 out to ininioo the phaco anbia and iroquou~c t 
orror 'bo%voon t o tiav°a to ')o c al„, o od c uu tao roi' oronu o. 

at is found that i tAo t 'oroo.co in croc ucucy io 
cc2atcd t anaa.0 	ithio, 10 	, tho circui'►► can ao- 

uatioclla, by virtao of tAo noGutivo fucaba+.k inoorpo.. 

ratod, ooncbronico tho t o f oquoncA.00. 3 t;uVO 

anolvoor ino tootod u. Lnj a oquaro Bravo tihoao Harmonic 

Ootcnt3 aro ana.~.ytioaUy ! non. ¶üio rooulto ar"o vory 
oncourujin ,, 
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Ball ofto:;t, ciaou,rc whoa a trancvorco aajnotio 

field iu ajpliod to a currant carrryin; conductor rouul.inj 

in an olootrio Yiesld ubich to porgondicular to the diroct on 

of the ua nitic field and curron i trnd ic: yeoortional to 

their product, +uo c rtai which othibi `. tt,lu phonozana 

io called Nail cryotal. it icaa diucOvoruu iU 17f by Bali 

uho quootiouod ::aoUt earlier acoortion that a... aouhanical 

force uhioh ur,4jcu a oo 3.uotor carrying a outrun acroaL: the 

11noo of madnotic field, acto, not on the electric curl► ont 

but on the conductor c hich Carrion Its'. Nall, uoin;, a sold 

Loaf nountod on a Plato of Gold, UaD able to ollou that an 

oloetroaotivo force osioto in the direction p,rpcad1wi .ur to 

the direction of currant and of 2a'notic £iold. 

!?con thowjki the Nail effect gran di000vorod by 1 37 , 

the real aork on the apolication otartod b; 4 inotoon i'ift000 

C 3 95Oo) « Prof. 	Barlow tsao tae firot to r c o uoo *I 

lull off ct for 3onourccont of pouor at lou :;:ad Audio 

froquonoio:. The C,roatco t advantnjo of tiaU oayotal io tuoir 

ability to fora the vector arodu©t. The advaacoo In thin 

.fila high mobility oomtoond ictoru are rolatou to inoroauod 

u il,ization and dovolopnoat of hail uf.6:oot dovieoa. 

:1onourc ont of wbo true - io value of o.zrroat 

and vot,V-3Go cif a avu-ctauwoluai vc foa,a I., a grobie amcoun- 

torod in to laboral~orio .. 	no .it l Aur jotui. c; n Ooavcniontly 
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bo u3cd or toaouriij truo I:-2S voluco. iho orroro that 

c i3h, occur' In ooav)ntiona1 motoro can bo oi.ininatod. 

tooyt at a vory loci 'roquonoy and at voz ht.;h fro.lionoioo 

iJaU oryotal oharaotorioticu aro linoar. in ❑aot o2 

tao olootrloalp oloctronio and oonriinioatioi oyotc2o thio 

pro; or.y of to or to t i oath tho product fotuin,3 capability 

to :ado uoo of. i'ho out~rut it odanoo of tho cryo,,a1 to 

usually of rho Odor of ohms and oo thoir aouid not bo 

anyun.ychinj roblo;.a. 

Ue jnoto roo io tauoo and Holl offoct dovi000 
can bo tho anouor for 	inoore uho muot worry about bo 
o f oo t of high - amp ortt uro or radiation on of thor o or von t A.onal 
e Qrioond iotoro or iatoratod olroui to. 

An upto date roviou of tho litorat, tro and 
d ovolo, cont of fou ins trunonto brio od on Ball offoct ucio 
carried out by %.ho author and oo o to roportod hero. Tho 
inforaation to 01W30i.flod in oovoral c? aptoru. 

In Chap for 11 a oinplo but dotal, od acco ;nt of 
tho kbil pboaoaonon to jSivon. coo far aa ,door iblo only 
o £e 10 : ,tizoa itical troateont to uocd to ozglain Hall offoct 
and rolatod phonoaona. It 1u found that t4000 raimplo 
riate~o ►a.ical rolat&o i Ui ro oufficiont inforao,tioa to 
undorotand tho uor1in ; of vho Hall effect dOv.~oco. A dotailcc, 
acoo iat o. tUo liui tatiot and capabili tio.: of 11all cryota.k= 
ukio.i it to uocd Yor ooaouriaj olootric quauti ~ioo aro ciioo 
brouGW6 cute 



abo Ui oz*onh applioationo o ' Hall cryatalo aro 

,jivon in Chaptoro III and IV. *ho b rota grinciploo  ino.ru-

ucntation oobo:ao ar..d brioZ toocrijtion aro inoludod uhoro 

it io noco aZja O'coo applioationa of tiall oroto.. In VOZ7 

hen froqucnog and raicrouavo oninooZia., to c .00 included in 

thio rcport. Gbaptor LV aloe L;ivo3 an olaborato d000riptio; 

ok d U iu1tipiioro. 

cio dotailo of tho lnotromonto (lovolopcd an4 to i tod 

in, tbo lliborcttor r aro Givon in 4ba, Coro V and Vi. Tho 

&nc runcsito dovologcd aro tho truo 	&iotor, truo sit 

voltnot or and oloe t c/Qa ,uo tic wavo aalyo ar. 

In the cbaptor on ooncluoion tho author onunoratov 

the act al dif tcultioo oncountod in the fabrication of 

inotru:aont : and i ocr the porformmco can be Anprovod. 

`gab,+lation of tzo toot rooulto arc ion LA Who 

ctppcndic ou. 
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Tho ilall cfi.'oot and Tiajno orouiotaado in oolido 
oro dioouoacd in toarco of tho .orontz fordo on curront 
onrrioru. AL dotaibod analyoio of vao zxtoriaL uocd in 
Hal o foot 4ovicoa and thoir 1" ationo aro onglaincd. 

2.9  
Tho Hall offootq diocovorod in l379 by kiallp 000uro 

upon a tranovorco z ci notica flold io applicd to a conductor 
oarryin;q curront. Undor th000 conditloou it io found that 
in addition to the lontjitudinai olootric fiold normally 
pr000nt a tranovoroo fiold Lo produood 00 t4at the ourront 
(t hiolt oontinuvo to floc lonitudinc .ly) a4d the olootric 
fiold arc no lon~,,or pr ralloi. `.,he affect thud produoou a 
r oaourablo tranc~voroo volt co across the a, ocinon. 	fi,o 
cauoo of thio affect io that the aadnot .o field oitorto fordo 
on the olootrona and dofloct thou oidouayn t. 

An Introductory pictorial 4cA. criLtit,a of the Hall 
effect in tomo of the particle puyoloo jar 1j rr a. Por 
Qakivgj o cplanation ©ia)Aar, the random volooitioo of tao 
9artioloa are ao loo tod. 

It aoana that aftor each oollioiou thoy are brought 
to root oo that all the motion they acqiro is proUuooa by 
the a9pliod fiolac a (it can be ohoun that the random 
uoloci uioo canaoi out on the avorajo, ao tlxoy do for the 
oaao of conductivity)* Under thouo 	u1atioaup tLo motion 
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of qw ivo and notivo ) t o .o iii aoQbinad oioot Bio 
and na;noaia fiord 	bo ea onaua l a l68 24. A g Q3M ivo 
,garticbo ota'tiri at to o o ittn uibl bo aocolo~rra o-: by 'duo 
o.00t'io Yio.W0 & 	c boro cpood, iC Lo ouboctcd to ra 

oiUoxioo tbrui4 by tho : ajnotic iold. :ItO dof.tooto Ito aloe 
...:u ai'vod Ljc t i until. i,w oufforu a oo1ioon awl of v ovos. 
`.'ao oulotonOo of tho o1coO o~otivo Soroo , o goiadio,ilar to 
di'ooi►ion of aurrcnt, rn1 o3 a Lio noanotto Q i.old to dczonotvato4 

br Holl tLcir a oId lcaf oo *nCcd on a plate of told. 

Tho phyoisal of ntficonco of than He . offoot b000noo 
a9 ►aaOZ. uiion t10 ou ont io OOnoidorod to bo otroan of 
obootroa Qovi ; in a Da; uotia field ' uit i a voloaity V 
onyowicn000 tho &,orost3 fordo 

v = 

 

*ton 	(2.1) 

thoro o o to tho abool.ato va -ao of olootroa ca rao 

. 'inoo tbo o rront So oonotrai.eod by tho bouaia1Ic3 
of tUo L►o'id olocta n till at F. of bo dofioofi oU b;j tbo 
c a6aotio g1.aa doaoity ] 1 noon oaow 1s* hot ovor0 t oro iQ a 
built 1p 09 C t3 '~„y~?.+ tOJaZdo ono oldo 02 t o oo ide Thio 
rri . e'oato c oIoo8rio 2io .4 tiuioh ti ll coLantor bcicnoc tho 
A oroato Sorel cutin ; on tao buLLt oS tbo cturroaw oorrioru and 
Torrent uill con Limo to flow in i t.: oriaiuc 1. di notion no S.Z 
ulcli'fco tca by t o Jà ,L~o 4ofi of a 
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PIG 2 1 	PICTORIAL DESCRIPTION OF HALL EFFECT 

f w 2? 	scH -rc VftW OF HALL ELEMENT 
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bo Lino roquirod to roaoh thio ogai1ibrin to of tho 

ardor of 1O 	000o 

o tho Lo 'or o foa'ao and a .oa ria fiold j roducod Q, 

Ltaoun au cU fiald, aro ocno undor oquilLbriva. 

2I o oit fi ont dorso i p 	no V 	• e • 	2d 

C horon n a donotti of tIo cc"1'rioro 

o o ci ar6o of tho oarrioro 

ao 	ia3 

s 	L L►ii1 (LOB) 	ese 	(2,4)  

(Cu 'x ont don,tty a to ctioraotori~.od by a oin .o olootrou 
volou i ems►, e 

Lo. !a a,,liuin(ipi) 	... 	(2o5) 

uLioro p 	to dol'i.nod oa tbo th1 Coofficion vbich io 

invoruo proportioao1 to tho ca'rior dons tj in tho ooiido 

3inoo thio carrior dozzottj to aluayc ja„ , In ocnioonductora 

khan iia g o al tbto oi1cino to fact that tho thiU off ot  

is ooro j onotnood La oo.:►iaonduotoro. in .:oro cc:.aa .tcatod 

cao co p uhc a ro uolidu :pro Sao uuidorod o t o lia12. 000ff ioiont 

b oco,ioo 

n n La/ao 	 .o, 	(2,~G) 
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`mho val ao 02 L Qopoado upon to ooattorint3 aooLimicu 

of tho carrior in tho oolid p and i to ra o io I L >2 

in coot oa000 1, uhtcb rarioo also ciith tho jno~ic 

2iold p d000 not vayy ficc unity by noro than 3O poi Demo 

Tor moro praot. cal. uoo it io nocociary to onpr000 

tho oquati+c (2.4) In torn of oloctric potontial =4 tho 

total currant throu;jh Ilio oolid. 

vH c2 tl 'I 	
(fofor liij. 2.2) 

QUdI m it74 

By ucicij o3ation (2.2) i - (2.6) 

i all potontial io Givon by 

Va 	4 	t z 	a•r 	(22.7) 

(D and It aro tali oa ao i iacarly rolat od) a 

In conjunction with 43 v.0 l ti Øt5 ao,fi 

vhoa'o 0 and ,u aro to conductivity and ciobilit,, of 
tho oarriora roopoot told, ho Hall of foct can bo uocd 
to aoaouro robili tion and cr rior donoi fico 0 In oo-3i'' 
conUtatoro In ubiob oloctric conduoti*N io obtainod by 

a oontrol .od cad L.tuitoU au bor of carrioro Q tho hab . 
of .oct i as jkoiod an important roto ao a aoao urin;; tools 

.̀moo a 1l1brtuu botvdon Lio Loronk:, Lorco c n 

r 
	tiio ", *all of ac 2iold can bo attainod only gds' tppao 0100 
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og ourrcni aarrioro with oi, ,o volooitg. in actual 

oolida a and in gar .oalar in oc iconduotom, tho oarrioro 

aro aharaotoriacd. by r diotribution of volooiticoo flonco, 

tao fall fiold balcnaco gut tiro £oront foroo for oiiarGo 

ca i'ioro bavirj volooity aoaror or avcra,jo voiocity 4 b►coo 

c ar3o oarzioro uiU, dhcrcforo, continuo to aovo alon tho 

Gadopath ao Ia tho aboonco of ur no~ciL3 fiold. Jut tho 

char3o carrioro bavinjt voloc.Ltioo oonoidorably 4;rcator 

tan tho avort o volocity will bo dofloctod oitt or uay. Tho 

dofloctod chartoo uIll not acquiro o iallor drift volocitioo 

b otvoon collioton iic:i vial roou t in ancalior aobiU tion 

and thud in incroaocd rociotivity. Thio Cha ;o of roaioti- 

vity io roforrad to ao i1aanotiC roolatancoo A conoidorablo 

larGor obono In rouiatanco can be obtainod if the fail offoct 

$o oUzinntcd. 

2.2 qzi  

: quivalont circuit io rib tainod by notinj tAo baoio 

phoDo3ona that tattoo Vlacoo Doocribi ►E, t ►oco phcrtcion: in 

oatbo.aaticai tori, anti, f .aa-ly ocbizgtj tAo individ 4ai 

,parto by appro .iaato aatriz rmniyulation t o ogAvolont 
z 

circuit can be dorivoda 1"ro i oquation (2.?) 

vu * 

If L is cantitnnt 

io proportional to 

Tho ol0000t ocavoutional oOzponoaw bra an ideal 



aforaor Uov . vajialIU .UrflO ratio, Oat1?.Z1 volts 3o 

i,; dost gro ortiozial Go tho c3a uotic field 	2.3). 

£aU Gonorator is a linoar suooivo dovioo and dot 

it Lr-o tho 	itlanal gro rtj of not boiz bllatoral. Who 

dovico i aving thio 9roortt So linwifl ao 05rrator. 	o 

. o ,swc z talion of to o Qyrator io r„a aan in ; -LUe 2o4. 

roe hail offoot gtiozaozinz In Q ootid oupiuiacd 

cbovo io clearly an analoa off' the cia jnotio do 'loat.ton In a 
cats odo £ r bo. Ginoo thin Bali effect io &tai place 

in a colid tkLo internal oolotaaco ohoiald bo taLtou into 

aoccuut, There cine trio interns ..'rooiofancoo; the rooiotanoo 
to floor of tho control cuzront and the rcoiatanoo to floc 

of the output ourro i t. •o t uo roproo t u w th000 trio ray is ono o3 

by ru and r roovaotivol y. 

It io fours that t1ooO rooiotanaco, are not conotant 

but are orymAtj with tho aIplicd s a4motic field, `a:10 

inerow, o in rooiotanoo ulth the najnotip field to toraod 

ao the ucjnotorcaio unto affect and it La proportional. Co 

wtlo oquaro of tho carrior nobilLti. 

l p~3rouivat oly alc (.13) 0 u (0) 1. 0.03 31.5 

ril 3) a ii(0) + 0.03 

u4oro® rr(D) a Control torniaal internal roolotauco 
in Awa. 

ski {I3) c , ali terminal internal rcoiotanao in ohza 
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FIG ? 3 IDEAL TRANSFORMER FIG.? 4 	GYRATOR 
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FfG.2 5 INTERNAL RESISTANCE 
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FIG.2.6 CASCADED EQUIVALENT CIRCUIT 
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FIG 2 7 EQUIVALENT CIRCUIT 



0 lka;notio U.115 dcnoitj in Lilo3auoo4 
L1 (0) = Qoa ;rol tori1nal rcoia tc 000 igt1 13 = 0 in ohmo 

(t~) o 	ll torninol iatornal roolotanoo with 
Dao .nA"moa 

So tho oq,xivalont circuit con be 4rac u ao ohoun In Via* 2.5. 

, Sao four baaic , ar,motoro * control toruiuol roz i.ot uco, 
multi lio.c o2foot, Ogrator amd torutncl rcolatancoo arc 
oaooLcicd Go 	tho overall oquivalont circuit oS the 
Hall Gonorator effect (?ij. 2.6). 

rho four 000tiono of the oquivalont circ i to can be 

uood to oiuulato tbo ovorall i all Co;iorator offcot. After 

uritin :•Iatri oquatiO.a and aultiplrin; and tranoforain„ 

the equivalent circuit can bo dracrn as oI onn iu JTh, 2„1. 

In the final oquivabont circuit a 

c Tho vol$atjC acrooc control t'oriainal 

Ic 	0 Control +,anent tbro ,h tho control toarainal 

tib 	VOlto ;o aOroOO k U tominal 

ca Currou i throuch the &ll to i1 Q1 

is the m otantonoouo naCaotio field doaoity 
C ougonont goat in oorcoptc the Hall Goaorator 
poxponaloular to the jlano of i to control current 

re (Il) 3 h'''er (u} ore dofiiict L,rovJcuol, 

ai 	COnO tan',  
1(X) 	Invorao Maw conot mt 
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In aoaosd crin , tho ohoico of oatorlal for tho 1G11 

oAo. lr;. it o (3i vi o :.ion lU czdo botaaou tho soqui O3oft for 
tiro :,nulv_u3 polo? tranofor r nd for `ho a=int er output cro .tcjo. 
i o currentin an Rol oLo.ont to llnLtod by Lu*o :Oactoa tib.xcb 

us'o tho 1c3t dicp3tiou an porioaiblo t orctt ro o' the 
o 'jO t ie 1iO out j tat gavot on tilt? othor &LZ14 .'ok tod to tho 

caiicit poroiooiblo ,?otror lnyut. 

Po: or o+at ut &out) sand 2ouor Lnput (2 ) oz'o 
rolatod by the follooizj oujraouion 

L#au4 oC /2,02 
	

(2.8) 

lio aitput polo' 10 iodopondant of tho thiokn000 of 
tao LU olc~oi t 	?ozf tho ccoo of r animun vol,` go output 
tho oTuatlan can bo u 'Ltton ao 

1/2 
'rn~+~"~"wr•~. - 	 til 	...  (209) 

88 tho ebb obcnont Lo 000lod aa4 tho currant io 

binitcd by tho z nL uo poaa.toolblo rloo in torpor turo in 

co contra of rho o .caout .ls x a tho out t votaju .o 

proortiona3. to 

11L pC (/c1 Ly) 	aa.' D 	... 	(2010 ) 



v 	I lz 

L3cp3tion (2.9) ladicato tact tobot ;ho aaai u 

porior outjut tho AaU olomont o&iou3 bo uado o matoriu 

U i to tLoot nobility(p). int o r otuil.o 000tu2do OR 

I.i.i-V roug 4 Inclt 	tlnoaldo aad iidiuu LLocaico, Lavo 
hi boat riobiliUiou. Indium Antiaonido can bo ?ro9arod uitb 
the iui uritioo of 'ho ordor of 1094 cc 3̀ t7hioti can kovo a 
oobility of tbo or''or 0f 75000 0n2/v-000. at root tcapo-

rcaturo and ao )I ao 5QO QOO cot/'V..aco. at the tonyorat ro 
of liquid nitro on. Qa tbo other Barad tbo Go~raaniut and 
Jilicon, which can be proyarod with croon aroator jurit1cc r 
onhibit vory hiC; LaU 000f ioion to and can bo oboin %.o 
havo the quanti t , 	o ououbat highor than . lI - V 
compoundo 1n and 	out the very h tjh. lovol of 
OUiOUt noioo will , rovont .4 and Go from uoin than ria ibL1 
a ryo talo. 	oquationo (2.9) and (2.10) it La cloar thut 
for aottinj ©aurin ra output volt o tt o o~aooinon ohouid be 
endo cia thin ao p000iblo. i4oro are other or advantr ou 0100 
for- thin o]1ononto, 2Aoy aro I 

(1) Air Gap of the nta,,not circuit can be credo 
nificLQ. 

(2) Duo to tho loz r03iotiatty of tho iator 
actallio ooz oundo p in pantie ._:far int bo thioLL 
opociaon haVO vory loU rGaiotance and of ton 
roquiroo bulky tranoforuoro to zt .li o their 
lot noioo cc pability than ttood in conjunotioa 
wit ,a oono4tionzl angli2ior3. 

(3 At vory 1 ►jh frequency adoration tLith cloocnt 
roJuco the ciidy aur..:cat. 



9ho fabriomtiou of thin LIaU. oloacat drat bulU 
j n;b and I.A. a tthicb io coot dooirablo ao gar &3 matoriul 
ca f ,otoriotio aro oonoornodg in vory coottj. 13ymochanical 

nothoa i y io iap000iblo to aaho opc.oincn thinnor than40 /. 
, or jottin vory i.Un o, ociaon oovoral tochaiquo of vacuum 
6opoDition of In"b and in,A,o ooro  tiliacd, ho moot 
o tocoo: f'ul dopooi tiono uoro obtaincd by tiliij tho 3 
t oa~aoraturo oothod o uboroin tho oo: ponontu in and Ub of tho 
co:apound acro ovaporatod in ao, arnto uourcoo and tho oubtract 
!aa1mm.ziou at otiL auzothor ton Toraturo. t oodiffod tochniquo 

fiaoh ova, oration van r:l,.00 roportod to bo qui.to ou00000f l 
ii► obtuinin5 intib fiiau of co_uparuolo q%xality. koro ho only 
draubaca iu that tho c3obi).ity io rc4uood by one third. 

4oL000ni cork on ruoriatallUZation of ovaporation 
IaUb fU.uo indicato that obis niatkor , oblitioo can bo 
obtained. Oth.or tochniquo of annaJ.inj of ovaporatod i b 
roudorcd vory thin'i .r o (about I ua) uith uoofu] aobilAtiot,. 

r ouoao to obtain thin Qikw by oquaoIn a.olton butts inL'b 
c,ao 0 (;ootod but p c;o far, appoara to be inf orior to tho 
latoot nothod of goo ota1livation. Tho rooz'yota .iaation 
toohni;. uco aro capablo of providin thin film, of Infib "th 
aobili 4ic3 in this ranao of 30000 - 40000 cz'R. 2/Va3oo and 

thiczncou of I 3 Un. 'i o Hall cooUiciont of ouch 9113 
at rcoJ tczporaturo io about one no i2 Ito va uo for bulls 
inabr approaivatol;; 10,5 a I0 na/C. .uouovor, 1►bo oorabincd 
offooS o. tb ae 	of tho ovaporatod Uali oic rcat and ita 



iCtoz al ;)a miotorO in 'oorfota 1iaod f .1n d000 not 

yrouido to bent gabrioation toobniguo for uoo V x.11 oU 'oot 

'waon uono tivityr Lu not r con9o1lin factor in 
tbo oioioo of tsatoil but othor conaidomuono, ouch as 
tccpornturo otabiiitp0 provailo nizo1 oo3youndo of tho 
ILiott aro -Ay £ Vo aocu en91ogod. Alco, in vo~rj o9aoia1. 
app Uaationo,, ot,aor b1G,.i nobility co ipoan o of tho Ii - CTI 
aro ,p o.~;. it 4a and i.2o aero coAoidorod, 

In tuo.0 oUi oc t multipiior a ou not tort Ia 
aluo providcu in adui tion to tho Z1&I.1, cryo tom.. Ault orya tal 
in p aocd in tbo cir , jav of o coro. `dao coro io mado u,p~ 
of 1'or'Ito r atoriczi. 

to is otlaog ty)c of oloctranic ilovi000 tho 

Hall offdot 2ovioo .:1.uo onbibitu curront noiao. `bits noiao 

in knot n cu aonoratiou rocoabivation noiao or 1/f noiao. 

1bo ourroav noioo i4iob aggoara at tho out, ut toraisu.1.0 of tho 

L.i olcncnt in 'ho to thoo fo ouizw trio aochaniogin s 

(1) Laall off oat noioo is ,oroduccd airailar to %bo 

iitall. potontialp uuc to tba product of tbo oc roast and tho 

nt notio fiva dcnoit . 

(2) L '► 1 Lorain&. noioo uAica to ►rcoont at tLio 

output for-jAn& cif who zia J oiociont in tho aboonco of ;ia autic 



Sioid and io duo to tiro ourront fiou only. It of ouid bo 
noted that thio noioo Lu pr000nt avon in tho eeoo om gorfoot 
baianoo of tho sbU torninnio io uhon tho Currant fiou in tho 
all oic ont dopa not othu rioo produco a potoutiai diffor0000 

at tho out ut for nab o. 2ho uajnitudo of tao noioo dovondo 
.00 on .no uha o of tho hall olo3ont a t UU Q Aoz ty, ioa.1. 

3pociaon ULth limon forth to width ratio of 2 to 4 tho 
noioc iovol.o ono o ho uano ordor of aaGaitudo ao th000 
aonourod acr000 tho ontiro lontj yh o tho o1o`zont in tho, 

diroction of ourront uio;t. 

Tho oub joo t of noioo in tho iIaJ. oicnout ,ilco 

a vorj inportcmt rob o is tho o oioo of uatorial. "ono 

intorraata Uo 3i oonduotoro, and In ,partio tsar In&$h nra 

ohc raotori2 o4 by an unuouaUy lots iovob of Cuz'L ont :.o. uo iio; 
Lo in char? oon~raot to tho 1itI lovo] of uoioo in Go and .ie 
Onto •x t. .or hand, vary thin till oioront uith largo 
offootivo ou,rfaoo-to--voiuno ration nro ituotin to o hLbit 
currant noiao othartioo not pr'000nt in bull opooi un . 

In oao o of ova oratod Bila of in15b and inAo ourfac o aond.i 4 onu 
a d ardin bounuarLoo in tho c3atoria contributo to 1/f noioo. 

It io of intoroot to Hato that tiro linitationo In 
tho ooaui tivity in909od in %ho ual1 ofa oo dov.~oo duo to loci 
froquonoy Curronou noioo roaain oVo in &; o octao of aitorn tine; 
obntrol o'za#roar: in tiio iaU. OiC Oft G o.G. la vbo oroo of 
as unyl Ludo ud1i3L..ou, ULQ. o t,no ourroa'b in tun & Lb 
oo..a; a 	•o, 'cJcaL : tho LaodubatLn of jn&. oac tan c., )4:IU1O, 



tiol ropronout tho oo,rrior, tbo lou froquoncy noiao uili 

o till. a poar i ithin tho band t kith of tho doairod output 

o idnal. On .y in a Lou eaa oo, ouch a ► a iuporhotrodyao 

Convort or or minor a  ahoro too output oirzi1 iii Lu tho 

band and to thoroforo far raiovod in frogaoncy fro both 

tho dncoain ai of ,Aal and the local oocillatoro  can lou 

froq ionoy of pct bo olidinatod. 

In addition to tho a rront noioo,, a lint of oomo 

othor ltcaitinij factoro in tho porfor; anoo of a Miall of 'oat 

dovicoo fol koua x 

2.4.1 	wr'`Sr 	 Ro ii 1+;r r  : Vo 	Q 

Th s volt o duo to, , rimarily, ,ho aioali z ont 

of tho output torainalo. :1onuniformity in tho hat . oloaoat 

also ooAtrib i to to thin otf oc t. kator in duo to tho 

nonuniform pouor diaai ation In the dovica a ►icb le vary 

difficult to correct. A nathomatical analyoio of tho vobtac 

duo to -.bo iaaUdnnont in Given oozorrboro . 

2.4.2  

:ioijno tic.Aly induccd voltajo in anothor souroo 
oP dioturbanoo. iho indkativo null voltajo (Induood 
Voltajo in tho outs at circuit of tho Hulk. obonont by tho 
varyLnj aajaotic fiold) induced control voltao (Inducod 
iocontial In tbo control c ,zrront cira.iit by varyinj aajnotio 
fiold) and t-3al inductivo couplinj botuoon input and 
outoutput circuit o tho all oloao 1'C tiro Moro o viou 1. 
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Tho 	l olozioat £.ntornal rcoiatanuo may nary 

drio to tho za notic Liold. : iiu variation In rcuao 4aaco 
trrod:iOo oo: a rTac~a 	rn~,~C~-~nr~ aap 

2.4 	P.JcLQWC 	c ~ 	cs ttxr t 	o r~ ►a 

Thouo u2'ooto aro duo Wo lon itu final thoracal 
;radionto In tho iU olozQont and tranovoroo ujn io fiold5. 

fao to3poratnro Qarlationa aro rolatiVolJ ul,oerp thcoo 
ofiooto aaa bo ncaloctcd in othor that otrotic3 or vory 
loci froquoncy ap,? : cation,, of Hal offoot dovicou. Lu 
anal,; nio of t12.1c3 ic jiVQn o onouhoro5. 

By onoloainLj Lha Half. conorator in an odozyr 
rooia conaidorab roducoo tho tho.nao olootric ofooto. in 
un a.o. oyotoz it alto pOaib .o to oliuinato tho thorno'-
a].actric offoct by propor oouplinj notuor':n. 

2.1.5 	~n 	V...~ 4 	 ziuit i, 
3aon til, tb linoar matohind the ro1atlonobip bot iooa 

Miall voltaao and contro1 fiold to not idoa166 Uonoitivity 
io thio varico gift dif oront typo of olcaonto. 

Tho 1.i.ioarity orror duo to non-1inoarity of Hall 
voltao ao f.rnction of tho $sold ourront to otk or rtitb 
t ez9a...turo orror cud tho 3oro Oat ;&t fiord no.tcr~o 
oon ^ t"to tho main part of mho total orror o2 tho rAultij liar 



Is 

2 s g 	 C:. iWo tQC?c)7 

Tho c3pnbiljt1C3 of Ci o Hc11 oftoot dovioo cro 
Qt) kby thio dovico the oaf notic induction cm 

bo tlirootly Aoaourcap not ting roto of chnntjo 
of co. 

(ii) Tho Vootor produot proportioc provido a 
oonvonionc an ,10 to3olvor toc hniquo. 

(iii) Q IIih 1inoari 	four quadrant oulti, lication 
arc aoo p000ihio. 

(iv) A ",a .l dovico oshihitu non-ro t:. - Joco . 
trcnofor ahctrno toriatico and io uoofu . 
in ayra#or„ io o .ator etc. 

(v) ilio output io olootrioal1y ioolatcd fro ono 
input with an abu one o of ooui1in# from 
Output haclt into the input oiro ..~it. 



1.9 

30 	yJ ' 1 	r 	.t!!J 	'~ 1"3144L 	i Ro s .61 1 

*o advnn000 In thin a i1c high nobility (of 

tho Qr„r of 100000 oat V-3oo.) oc aioonduotoro aro ro3.atod 

to tho inoroaood utillgation and dovolop cont of LLaU afoot 

doflcoo. #ovora , appl-tcationo of tho .Hall offoot dovi000 

to uoao}wrccont, co uni.oation and control aro diocu000d in 

tho yrouout r nd .,out chaptoro. A o lic i atios of tho30 

dovicoo arc aloo browjbt out rshoro rolovont. 

Tho appiivationa arc oiaouifioa into t < oUo.4nj  

fivo oatojorioos 

1. .Toaauronont a A plyin,j oryratal aiono 

2. Application of Hall proboo tith a0000iatod 

3. Application of Hall proboo with flux concon-
tratoro 

4, Application of Hall offoot .tuiti liaro 

j. SpoOiai.isod Ap iioati©no 

Tho application ► vitb tho firot ttirou oato orico 

arc t t on in, tbiL) ohaptoro 

3.9  

3.1.9 ;:oaouronon of floijnozio fiold s 

daU oryo 40a]. io 9iacod In tiro a v no tic field rhoo o 
a yli udo to to oo dotorainod. A conotant curror~t (control 
OtArxou) to paoocd tbroujh one pair of the torainal of the 

°Tbo uLL~abicationo of i&l r3ultiplioro and a.Ooc laliaod appli-
oationu arc the LUb joct aattoro of tho nowt o~aagtor. 



hall oryatal. The voltao availabio at tho output 
toriinal iia 

	

Y ~y C~ LS .C► ~J ~ior"Z s1 	► w i 	 (3. 

thoro, Va m Miall output voltajo 
X 	Pro;.ortionali ty constant 
B 	uiuii donoity 
a 	= 	►n~;lo botuoon control current and flux 

3y apglyin3 h,no'.in flux the inotrunont can ao oollbratod. 

~`•ladnotomotoro nave boon bu..lt and a nv.abor of 
coaiorciallj avilaolo unite off or noauurczivat raL-k;oi from 
a fraction at Gauge to many to , auuu7. 4ineo the 
dotoctir proboz tiro available is miniaturo eic o (1.0 a 1o 2̀cz' 
they are partioulcrly ap9iieablo for :ioaaurir ; air ju glun 
of aotora, Sow-ratoro, rolaya, ujoak +r aanotc3 oto. They aro 
also uacd for the study of wajnotio progorty of rnatori.alo. 

3.1.2 	nnp IIQtXQ 

A naono tip: field can be aaintalnod coni :ant 
by ucin; the is .i voltaao uappliod by the zall ofYoct dovicoc 
looatod in the a notic field. .ho output of the Hall dovi.cco 
iu co~purcd vita a reference riiiol and u~: Ln;; tho error 
uinL to actuato a control uovloo whiob ad juo'ee the o urront 
OUx, pliod to the r1iu< not. ;ianufacturora olaiia taa.t field 
roaulation bottor Iben 5 parvus in 10 can tIo ooaurod vita 
in iuu i► oaido i:hojghic10 probed. it onxoulu o reoo;,a~scd 

It 



'that inotoad of a roi'or..noo in . a pro ar^ F od input bo 
uocd, to ro3ul ; in a rocoribod ti ro dopo cat jno11io 
cio1i. ,hu ojo _c-1 arrantjcmcnt is ao cthorin is Ji . 3.1. 

3.1.3 	o cru f 	n c c n 	~a 

. oaor in unvo , uidoo and coaxial trano iooion linoo 
can bo r ioa3urou by =z in j Hal robbo. LAO povor ao. oci at od. 
ulth truaomittcd uavo is proporzionat to wdi ) product of 
ti►o fia3.(1 and w" a1d. 	ho L`r-fiold cauuco a currant 	to 
floe in tho dovica ..hich io inflaoucod by tho 	i.o:Ld . 
Dielectric Moh 	and olicain3tion of oraal offoc L aro the 
major probloa in this raoaouromont. 

In a coaxia.~ lino th.o iLcU olomont io mountod 
botuoon the ooatrul and Outer coned ;otorc uitzi the , lano of 
tuo olc cont porpondicular to tuo field , oa,oratod by 'trio current 
in the oontrat conduoLor. `ilio dovico current io than, is 
rolatcd to the voltr t o difference botaoon conductor .:hilo the 
field is rolatod o the 2"loz of c~ rrout, theroforo the outp.it 
is jIro,?ortional to the tiro dopondont product of the current 
and voltujo. 

In gractico millivolt outputo are occurcd Irl th 
pouor i thio ardor of fo hunclrod 	laat yu at L band, 
10 ,OUO Qoacyclou. 

3.2 ►, i i11C tion of ti,_-.11 rg o  

In whiu uootion ria are conoidorin,; buo up)licL Wiono 
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with oono cant a,notie iold. hio oono Lunt uajnot.o 
2iald is ob'aiaod by pozanont uoL nog or by olactro:aa ,not 
with conotant oacitaiion4 

3.2.1 	tctor 
A Gyrator io an antirooiprooa2. 4 polo d ovio o. 

t? -iopio Gyrator b:. oboun in flu. 3.2. whoa, a volts o V1 

be applicd bottsoon I and 2, the output 1a ,&V1 acroco 3 and 
4, ubilo V1 io ap9liod botvoon 3 and 4 tho output noroo 1 and 
is — livi a io (dot a Qjrator action from a Miall cryo tr i, 
tizo appliedd fiild uuot naintain oon©tant. 

3.2.2 ,o1at  

An loolator iD doocrlb(' ! o a non-rociprocal foar 

polo device in ul4ob one of the two 'tianofor irnpadoncoo 
is :oro. it can tranonit of ;nala in only one dirootion. 

.ho Gyrator can be oonvortcd into loolator by the 
uoo of  proper o ,werndj ahuntin raoietauco. -:lth oarofuliy 
ad juotod 	o .ti o a foruard loco of 7.5 d'u and a rovor:ua 
loos of "the Order of 100 db" zio boeat obtained or L4diuL3 
antiuonid o. 

3.2 « 	i fart _n _ 	uo 

The 1a .l o foo'G diapl, oomout trap ducoro 
s -g6NAaoo of all typos utillaau trio dopoudo~aoo of tho 
hall voltcijo on fiuu donoitj of oc notio i'iold actin; 
porportdioular 6o tim hall plate. rho £lun doiwity 
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variatlono rkro roali ►od by ono of poottion of tbo 
Liam 3OnOratOr uiVb roopoot to tbo fiold. Good oono.. Uivity 
tau bo, n roportcd aor 3ou.raioa r o aucl au 5 d=u botioon tho 
lino Join.tnj tho polo faco: and tho probo l o of aovanont. 

2bo .aonncorduotin naturo of o~ao i to coauoora 
Aao co-ioratod intorout in olovator application and variouo 
product ion prop oou. I)ifforont typco of arru o: onto Uro 
t co t od . 

3, 2.4 4flO t .OI3L r 	r 

.no and 000ino Z notiono can oaoiiy be aonoratod 

by uuin%; a hall eryotalo From r-kao bauic ougrour ion (3.1) 

i y to clear that tho output votttjo io jaroporti.onal to tho 

cooino of tho anglo bot oon i and 13 ,providod U oy are kopt 

C onatant. 

?or ottina cocino function the r .l oryotal la 
plaocd porpondicular to tho fold for rof oronco. Than tho 
cryatol to rota od and tho output voltajo ;ivoc ubo cocaino 
inaction. 

If the :ial.. probe iu rotntod by :'Jo at the 
rof oronco Y;ion the output voitojo till uo proportional to 
the Dine of the DELla of rot tion from th a ,point. 

It io iocozrnary that the couarol current be 

ziciatninod conotout c a►d tho .iao tic fiol A bo u .Yor, t 
tlirou bout ..ac voluio OOuuEaiod by tao AIo i ,irobo du.elaa 
ito rot Lion. 



3.2.5 ►onolVo&►L ,,. 

2uo function uonoratora aro iocd a oioun An 

Pi6o 3.3 to c ako a r000lvor uiiicb can ao uoo1 to acas~uro 
anjuiar pooltion in torui of oi,octrioal out?utm Ono of tho 

function aonorator aro rotatod 90:3 with roo900t to the 

other at the reference pooitione itot" are cou9lod to 
the oao abaft uhich io rotating of rn ao,,ular volooity 

Anu1 .r rotation in the or~3or of a ainuto hao. boon 
t oaourcd e 

iiaioly orrocijnotio 4aatorialq are uood ao :.. ~> 
riux conoontratoro. hio concon'trator+3 rill pick u, the flux 
uith the combination. of liaLi. cryo tal it io , aoo:i blo to onhunco 
It or ¶o into ,rata it in orcior to dotoruino the o tcitinj 
o furrofi. 

3e3.9 a. 	 _ 0697 

hall affect ijaoWo uouc:orc oaa bo uood to 
r oaouro D.C. a 'rronto in the oonUuo t-or uitaout iatorn tintj 
trio o irront carryinv,;, conduit. £ho Hall or r o t-nl io aountcd in 
a L ,ct of a porzoa..10 rind o rroindia; the . I rQ o the current 
flouin3 through which io to be dotoruinoU. i o ixnoio 
catcri1 off cctivo1y into ;.ratoo Oho nu.cntio in4uotioa aroun 
the vlocoU cis suit incl the i"11 ~,s r•obo oaa be calibratcc1 to 
inziicnto the d.c. currcnt by it do. outp,.Eto 
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Currout troflQducaora onpablo of acaouri Douro 

:'ron a Sorg uilliaaporo to oovoral hundrod xiboo oroo bavo 

boon conatructod, An ovorcall aceurady and linoarit bot.;jr 

than 2,a io alroa ij roportou . In oortain cao oo aocuraag in tho 

ordor of 0.1 p-xcont io p000iblo. Tho (jo l►oral a ranac rout 

io ohoun in Pic. 3e4 

393.2  

A flail oZfcct Uovico to otLor with linoar as notio 
oonoontratoro ,:.ay bu uood co a maZantic con,7aao ao In tho 

aranocont oboun in 1 . 3s$. `fit to output io pooportio1.ial 

to tho coolno of tho anio bottToon tho axic of rho oonoonw 
tratora and tho appliod maLnotic fiold tflOUCtlon in a Ziold 
rogion which to acoumcd to bo 'uo,iforc . 

Tho roto of tho conoontratora iu to offoot.iv J.i 
anpiify tho zaGnotie fiold to a lovcl uhiou providoo 
oignificant laU output. Concontratoro hotto boon Morro; to 
be uc oful in a~scurinj fiold o aanooaonto in on000a of 100. 

In ordor to ono rro ac inum diroctional oonoitivity 
it may be douir&ablo to .goo tho 4all aoapnou at a null point 
r~iGh a blaa Gain oyoto. . 

3,3.3 	~o a-c' 

`;'hto to oicilur to the auanutic coapaoo out lainod 

in sootioa 3.3.2. A.ho only diff oronoo to that tho cr3piit do 

of flux to aoaouz'od in the piacu of anLilo. ..hlu to oo rooAul y 
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uc oful to detect loa lovol ujnotic Sioldo o aAo ba4o 
arranao vnt is obo:sn in fin. 3.6. At liquid nitroon 
teaperaturo, 	1960 C, oajnoto ►oe~ori have boon built ibich 
providoo an output of I V/Q. 

3.3.4 Xno~ c4gncs o x 	:v a 

Tho circuit diajra! of the rolay ie aivon in 
?iG. 3.7. 'ho call a.m. F. V. appoara as oot the ro©ia to 
Lill, r hoop value to largo comparod tiitn tuo terminal 
rooio1:anoo of he er;;ntal« 	output voltatjo of hall 
oryotal conoio to of a d. c. oanponont and an a. c. oo3ponont 
tubae the oupply frequency. Va roprecout only the d.c. 
coziouonto). VH io normally l)alanccd aijainot the oorrco-
ponciiz(j time avorajo, v8 „ of the o tpat from the ogtaro lacy 
rectifier :oroco fl. In thin cirou otanoo, the voltuotor 
V ohoiio no c1ofboction, ainco io have ootabliohod oaactlj 
the cane condition no in the induction typo of the roluy. 

in the ovortt of a fault, the lino wirront ricoo 
and the inpcdonoo at the point at which the relay icy 
tonne tcd fallo. 	VU bocoaco lamer than VB and are 
out of balance voitne o, V, appoaro which can be uood to 
operate an ordiaary oloctronn~notic relay. yho inertia 
of the relay na oo it incapable of roc oudLwj to the n.o. 
co: i acnt of V, "nu altornatir , cur. ont in tLiio part io 
a;zppro :occi by .nduotanoo of the roloy. 
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In jraoticom  it to onvoniont to uoo a polariood 

rota bcLvinrj tuo uindinau aonncu i;cd in oppooition and onoitod 

roopoc tivoly by V cued V . ,Ikon tho unbalunocd u.n.f to are 

o .ff1 iont tho relay oporat oo an clooco the trip circ it 02' 

a circuit breaker. 

3.3.5 	no-9 jrwo _r-c nc cru  3.? 

In ooabination tutu a ouitabLo ocvjnotic coucontrator 

unit mho hall probe proVidao a dovioo which to conOitiVQ to 

tho tx notio ficlu produced by tape rather than the usual 

roto-of 	anjo of flux* his ind..cntoo that ti o none 

a glitz do information to obtained thothor the tape to 
otationary or icy notion. 

kioeauoo the uiajnotic Yioldo caro quito omail 

and the otruoturo introducou appreciable roluctanoo. the 

o ianaln o oourod arc relatively ouaU. 



40 	 u;j 

Lala. oul'Ciplior to n unit rriiob coc3binao to o Hall 

probo with an 0100 OQ1L10f In ouoli a fuohion that tho 

UaLJAOtiO fiobd can bo producod by an oncitioj currant c ppliod 

to a ubadiaij on tho Unanotio otauotuz o. In thio trey tho 

circuit  doz i jaor hao a pachagod tuitip Lior unit in utioh 

tho inputo aro oloctrto curr'onto. 

`Tao outritaodia3 Oharca0tori0ti0a Of tho 	.l of oat 

aultilIior io itt abiit.y to fozn produato of ti o oi&nIo ovor 
a largo raflrjo ob' aoplitudoo uithout tho Coaoratioa of a 

oguriouo oQQaal.o. uonoo unliko all otbor oioctroaio 

azplifioro uhio,b }atilioo; tho aonlinoar tranofor wria actor. 

iatico of the dovioo0 tho eIaluoUoot rrultiplior to tho only 

truo or idoai product forui n; dov, oo. On two othor and o 

pracztioul Hall of cot oa1wiplioro oufforo from a nutibor of 

iiuitatioao g ouou ao (1) rtolat iv Oly onall output oi331 

thiob rok uir c:a a:aVlifiotiono (2) ho hood .o provide one 

of tuo Inguto 3iaalo in the fora of a aajnotic field 

ro 'ilt:s in an inof..iciont u.: oo of ; oriory in purtiou.arp uhca 

a vido r o of froquonoio3 of ouch o nUlo io do3i3cdG 

(3) Ind~tocd potcatia ►o at %,ho output of the dovico duo 
to rato o . oUw-,,o of : a< notio . ioid, (4) dotoatial difference 
at the Output t:,ziinnlo duo to tt oir oioa1i ont, or duo to 
aonuz~:2or ,i t;t of tho opooiaoa. 

k 



WY 

,Ia .oj Qultiplioro uQin,, Hall ao:aorawor arc 
bacon on 

X41 2 La1c 	. 	eQ 	(We1) 

tiboro 9 V 	l al Volt co 
4 oLaortionali ty Cono tant 
'iho trano2c)r function of ac jnotio circuit 
Co rolato I p the coli. ourroat to 40 
to Eliz do'1oitys 

ao — Cr~rotal (Control) ourront. 

The trial . voltn o to dirootly propor-ttonal to tho product-
of the Daanotii3i f." current and the UnU curront r Tho ace ur e& 

ic bettor than t 3 0 

Hall of cat aonoratoru may aloe bo uooc for 
por:oraia oLaor cnilo coriputor function . cn ao divion, 

ou cation r nct cubtrao 4.on. Lor yor cumin j 4Ivtu~on, a j ropor 
focdbacls urrctcjczLcnt io ,providcd. 

ror 	oc tion the quantitioo to be aultipliod 
are jivcn to control toaoinal and nnotic field torainu ., 

ao ohoun in 1i2ij. 4.1 	3inoo oi.t.hor pooitlno or noaativo 

oiGnal may be accepted the unit .Ia a 4 quadrant rrultipliora 
For ouamation and cubtraotion control current Biu t opt ooiiotan~ 
and the quantitico to be ouaaod are aivon Seo the rn6notioinn 
ulndin,,o pro'ridcd, 

i oltiplo c.rraF2 'moat for gorzorni l analo;; division 
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FIG 4.1 	ANALOG MULTIPLIER 
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1a o ►orn in V16 * 4.2 

A di$:'oroatia . anylifior io uacd to roduoo an 
outLut oiaa proportional to the 4iffaronco jotuoou c n 
arbit1rj in, ut of jnaa V cad tAo Hia .l volta~o V. 'aiio 

	

rai 1if for o atput io appliod to the rcoi~ Lane : 	in oorioo 
UitL tao 1.p is bo 3.1bt iw on it i of k0ho 1wP canto 
to : e zii' ado of the photo rooia or r ukiiah is in oorioo with 
the ioltc o aouro o V2 and oonooquontly control► the ua l aarrou 
4~. 

 
The oLootrooptic do7.cOo ooap,.otoo the fcdbootz loop 

around the cplifior and aboo iooiatoo t ko input frog the 
output circuit of the Li ..l plate. Tao biuo caado uj of 
V1 a d ill La uaod for oottin;; the lamj, za I at a t ania-= 
alcood boip potror 4j in and ninin.Ara control potior roq•ixrot. 

loot io = 0 tAon Vb = U9 thorogoro 0 

ih oro X la a oonotant and i is the initial FIa .. -ourrout. 
.~,ot a ;uot1O field be dov..olopod by a current io applica to 
the aobonoid. J lieU vobta o V1 uibl dovoA 9 aO,roo& tiro 
it ctU plate and the P 1i 4h in nogativo foodbaoft loop tiiU be 

in oubana o ciAon 

x tho 	h Flo 	000 	(4.2) 

Couog4c:n;tIty in gt*ioocont ota`i.o0 the cU curront is 

proportional to the ratio of the input voltojo to the 

n aoUioib- , current 

It.. 0 V{/L t0 	 A.. 	(4.)) 



Thio lh can bo moaouro1 by uoix , a lou roolat& nco 

prooioioa (Jalvcao3otor. 

~ioao rio ►i$icatioao of tho abovo c roust to obt,.An 
rooiproocl of a quantity and (uotiont of tuo ourronto nro 
dimouoocd ooaorsboroi t. 

if ono in t to tho aultiylior is oiauuoidal with a 
oonotan . aiplitudo and other input La a lou lovol d.c. 0ianal 
tho output 10 amnucoida but hao an aopl.itudo tibio C to 
proportional to the d.c. applicd. a oonveniont choppor to 
convort lots loVoi d.c. oi,ina . into a.c. oi, of rojultc„ Tho 
apron  to aqua 6iOn fu 

VH 0 A1it2 10 1© 31a ~►t. 	 ... (4.4) 

4  ♦ ' 

hall aulti,plior can bo uood cru a phaoo dotootor. 
if a oinucoidal al,naL Lo appliOd to t. o control input and 
onot nor oiouuoldal of ;nai of rho ocO froquoucy but Faith a 
arbitrary ,pyo ohifts irs ap,pliod to tiro coil ifput as Output 
La o ocurad t i th a d.c. ooaOnont pro porti offal to tbo c ouiao 
of tho , e ao o diZx"oro4 oo bot loon tho in)u t of uaio. 

It is 	.fi t Sin a 	 ... (4.5) 

1¢ 	12 jin (tit 0) 	... (4.6) 

thou Va 0 iii I2 -- i3 - [Coo 	Coo ( 2 tits + i } ... (4.7 ) 
It oLould .ao notod that bots d.c. torn and on rye o. 



©i; nal of twioo tho input Zroquoioy 000ur, 	It i0 a oic glo 
o for to ittc ' o.&t tho a.o. 'torn and coo ire c d.c. torn which 
indicutoo to phaco rolt~tionai ,Lp. 

4.3 	LO1LQj2' 15 

tall n• al t q!io have boaa a ..~.aod in the docs ;n 
of aat rotor for &:i;pa1:i over a vary rrido r,ni o of 'rogtcraoioo. 
In tho coo of low f:ogooncioa tooo fiold , rod oij cmO control 
cur"ront ropr000nt the currant and voltaLJO ro , loctivoly g of 
io maourod 0i nale A%u vor ,o v3 no of tho output v'o►; ae.—u 

of the hail oZroot dov&oo io proport .onni to the cworc o of 
ttio noaaurod potsor. iuitab10 pa acautlono ..,chat be taxon to 
avoid the phuao at is terror. 

At hi4;ix .fro ,uonoioo, aovorral GAa , ,ho Til olonont 
can bo u€ood to no ouro tao povor of tiro olootroncjo ►tic 
fiold, or, more opooifica.L .; , the eoyntinj Voctor, high 
io the vootor product of tho olootrLO and 1.riinotiO fio .do. 
in t io c o the control ourr..at io obtainod diroot f froze 
the aloe LL-io field oonponont of the olconrvnaanotio fiold 
thon the 1bII olonoat Lo plaood in a ro3onant oivity, 
bo rovor, tho device io than a natro r band 4notrtmont, roqutr 
izj aoc rato tbnin; of the cavity, 

in a lots froquoacy device if a 900 ,)baoo nift 
La introd~. ood into tho volt atjo input by o. ,p o riato oiroultc ry, 
roao a~vo potor or V4 can oo avr3C C r 



a froitioacy dovJ.ation aotor can Do for od b' 
arra ,i€ ; ttio a.. otio circ It input co that °6 o roLcitivo 
9i;,•L)o uW.tft is a gunotion of Sroquorioy whon d,'ivoa by a 

vor 3Qf 4oU?000 	do torte i ili. tho ► bo aoauirod ubio i io a 
function of fro( uno 	ho output can oonvouiontly bo gado 
a . oar funot ori oi' £roquoaoy dovxation. 

4*') - _________ 4 

Jub foot ;,o tho krait ti000 4*oauoocd oarllors 
tho iz1i dovico o wiIL ro ino tho only idoal oloe tronio 
nultlylior. Tho ap oaii3ato o~t1r000iotu3 for tho in utu aro 

10 0 in 

im 0 i2 in v2t 

The out9Ut b000zicoo 

coo (r I ~* i) 	coo (u 1 ~arr2) j 

3.0.  n o Otat9Ut Contain c uo and c ifioz'onao of tho input 
f.roqueiej oo 9onoat but oitbor input oijau 1. oocttonoutri 

are niooiflt. AiO io a double aide bans ouggr0000d oar: for 

nod lator out, uit. in ractiao ovor 70 db carrion ouppr000ion 

tiao boon obtaioode 	to aj coi.sii&od a99licayiouu aro goouib10 

33y raoinj tuo ItaLL o 'foot bamacd uoduiatoro in 

quadsuturo ora 7besu an a ' "oo tivo L oao.%utor foz OLA ).O uido 



I 

bandou,99r0000d oar- ,ioz oianal. Tho output off' once ciodulator 
coutahuo a doublo cillo bbl oujproorncd aarz .o' of i u ijo 
tho Otuca aouuiavlon grovidoo can outj ui. o ' iuoft.~ou1 Yroquon-
oi.00 and anolituth oacopt tort t .o bbQo of c-.:oti cc , onont 
ire o ~l t cd by 90°. 

¶ t o ou+ gu to of tho tuo iodu~l.atora aao 

V 	1112 [Coo (u j-v2)t - 003( r1 a2) J ...  

V2 	u112 oo(trl —t t + oo(w1 +u2) jJ ... 	(4.9) 

+ 0 . VI + Va z . 12 1'2 Co 3(i1 — V2)% 	.... 	(4.10) 

ubLob La ' I7►o 1onor oido band of tho iiod 3.a oor uidna1, 

. bo ouocoac off` tiro abovo aothoa of oinlo a1do band 
oupgrc~o3od carrior rio4ti .ator doponcia primarily on trio 
capability of Oyu o tins nodulatod uina1. zitbo~it any ooagonoffit 
duo to ,ntoraodulation, ibonoo, tY o prod Act forlin!j c araotor- 
io tico o tau L.l . ofZoo 	j1 Lor can bo a, d ,tor Toro to 
(ror . :.tdvo„ taco. ;abo bloc dial, zati la sttoun lc 	4.I. 
,ebo yoaorauor 	boon Sound onpablo of provi~ain ; of to 
oldo bcad oodsalatioa of a .dio ai4na a fro.., 3 ) to 3000 k 

with So o p.1w000ion of unuantod oido bond an _ ki6ti ac O db 
bolou to dcoiroLA oldna.Le 

t it?tuo ' oaoo Of opooiai 	LICat on in the 

ocdulation. Uor tLo ourrioz Lu rxorAdod in tuo c no ►go 
2iobd L:nu. t6o c 1a in , ui i:al oonatituto the ©onSro1 our:-on . 
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'uO 0t p tt 09 ' bo tK U o2ODOntp ti iioI ro, r000nto tbo product 
oS tuoA6wAlo w io ac uod to ubo quadraturo oS to oraxrlor. 
'Ao lot tam oan bo Ob 4 U ou vOri oociva .on"J by lot tifG tho 

output 1ozido 20 a loop arro aa 1io iiaLL o l.ur onw, aw2 a t oroby 
c j0toLtia1 utioh 1.o prop; ort .00 . to tbo rac o uP 

of .so o2 tho c aotio 2lua doaolty, 19t ua.)ox odvantajo to 
oc"~ ': 	froqu.ouc r Q t.,iblli tr ti# 1io 1 can bo obtalacd from a 

oryptal eont.rolL d oocillawor. 2bo , ,auo Qodulabor roprocionto 

GL iia o: cutin agIA:Lo3tivf of tbo Uol ,. cffoct dovLoo uxAoro 

Lu tho uou ly uo2otcoiuo l aduood vol cxco is utillocd for 

tac vantojou. 

4.6 	Q4 	 j I 

In tiio V:ao Inconlr ; o .kn al to allod to both tho 
iunatu • iao ail uUco « dcothLator follouu tho oqu.iro lLu. 
fro1 tbo baoic oquaUion (2.Zt) it can bo 000n that 

2 	 dl 

.,..1... Coo 2 u t 	04 a 	(4.it) 

Qutp* u c~iL,nal tiöou f iito rod rouovo tho 
a.c. oO: aoaont,, 1 pr000rtiooal to tbo off,:urea of .rho acij2itudo 
of 'tho 40,00 t U i~;~~, ,1► e 

If a .iuc r d #tap t io* to doalrod It as bo obtainod 

by a glylnt thL: of jn3l to be dotootcd to one input and a 

of j a1 off' thio cano tro. onoy, but oor tat anplit ido to tbo 

othor in9uta i d. o. autLout roortiona1 o tho input cidual 

ui litudo of . bo oc-,rrcd a2toj fii :ortc . 



4.7  

Jikiaoo uc ilatiou of uln,'iooidal Oinal, for of all 

uaUnun gbaoo doviatioa, can bo obta uad by tiro followiu;; 

a4aod; Uho ain ooida1 warrior ia conbinod ultb tho 

ao8ulatin;a aijnai in a balanced aodttlator and tbo output io 

addoi to a. r uadz3tvro ooa,onont of two oriGinal carrion. »f 

itho added qi ad.raturo oi; nl i& at lca,,at ttiiao 	larro ao 

trio balancod modulated ai{ uual, the piwo .►f tho co binod 

ojn3 ri l be liucarlj rolotod to to zaodulatit of aal. 

( k u u , the iinoarity ouu be ao aioirod for ;#teaoo deviation 

upto the ordor of 2 °). Ij. 4.4(a) oot a Obaoor dia ,rr m 

Of pa wavo. 1`Ao anpIxtW.do oodolatxon of trio root t leant uawo 

for a nodulntiozi indoz Qz .5, dodo not air000A 6 Som pout, 

and th periodic at t iao the r odulritia froquonay. 

'hie mobod of phaoo riodulatio►a io alroady toatod. 

L'ttj, 4,4(b) oizota to ooaozatio diajraci of pliaoo modulator. 

4. U x to._..earr nx 

,i~►on the iold p~: oduaina coil and the Hall oicao ► ; 
are connected is oorioo ouch that tho fiol i, groducin( and 
control curron are to o o3i3o o tuo oitput of to &U.1 olcaont 
rogre onto a aT,ataro of the input off al. 4ueh an ine runout 
to yr ry uaoful &n the rioaeu razoat of cioau oq..uro val wou of 
o .6,auio of vari-ouo (non-oinuuoidal) iuvcøorzici. 

'.aoat,uroaont of oi~ nalu ovor a froquoncy raw o from 
aoro to 250 ►ici are g000iblo. :`bo d,yuaaio ran o og 



•f 

uoau.z'cU OiLJsal io ) izitcu on -,.Iio .ou orad bar tAo noioo at 
4U0 oubr at tora4nal: of iiaLt oifoot iLU.Lior and on tictQ 
b,iL on by 'ho 	of trio Aall of ow =4 nonlino: r 
boLaviour Of Ciao 	XO 4c otruaturo at tiro uuitlpalior. 
o ta.t of tho Iabrioatod L3o 4vra aro ,; ,von in tiio no t 

a a ka9'wor. 

4 . 9 C1a? 1 AQ ti 	o 	a OOtZ iA a'aaz a o ° 15 

thio o ootrim anal,yooar io inttndcd for tao otud, 
of lou fraumoy olootrocujnolio fluid oavironzont, Quo; no 
prod iocd by olaotrLcal maobinar~, pov or linac, and tra~io 'or-zaoro, 
an addition to thio application, tbo analywor can bo ocd 
in iwixo amouroaont of the f'roquoncy o?octrua of 0: rrontc: in 
conduit and aloe trop boa t. 

In thin ag jilioation tbo field oonoin and product 
f orcin oaaabilitico of tho loll ofs~oct dcvzico aro utiliaod 
at onu and the r o Limo. '.bo faIL oloiaunt to placed botuoun 
t,o Iorrito aajnotio flux aoll.00toro to iacrono Ito ooauiti ii, 
to baio ;aoasurad _:,  notic ;Iicldo. Tho control currant in the 
olcmuat .fin obtnin1 fro i ca voltu4,o oontroll.cy cco lator u,j 
a oau tooth auoo onorr.  tor, `42a lattor l.ioarl t oodulat400 
t, o froquoaoy of tho control currant, in 5 coo, poriod , 
and ala provide a hor conf.,al ouoo oi6nal for a CAU dl. . 
',uo output rf L Q I olomont, "aia'u Li tao pro(.uot of 
tizr i eop frcqucucyi ourront and Iso Laoaourcd a x otic 
Violet„ 10 tAo i ioU, th.OuJi a narrow band fi1tor and an 
au li for too tuo vor tioal dof'lootion pla'lo of tao 



Tb.o in3trur3anb ±o ©c ablo oZ uoaaurinj ma snotio f±aW 

ifton3iticu of 005 p 0 to I U4 ui"ha dyn aio 	;o ovor 

40 db at oao& ©at . a• of tun oxalo. Ito rcoolution io 10 "a 

in o groquonoj .an„o o:► u to 1000 U. 	ot iilo off to 

o±rcui Cory to ivon in Vi q. 4.5. 

4 .'t 0 	uoi 	d ,a 	ftl, 

A fall ofioct au .tigltor can bo uaoU to na to a 

Ii6h2y oolootab)o froquonay opootFirc cannlyuor. ¶o 

unL noin oiGnal io ampiiot1 to ono input and do othor input 
to conn+ otod. to a variablo #tno:rn froquancye 	do conponont 

uiUU bo c3oao &rod irbon tho input of ,na1 bao a coaponont at 

tho caro froquonor and ; baao no the varinilo input. 1, o 

+eruct aainj io a problou, and that can bo ovora000 by ooao 

opocial tooiudquo. 

Tho dotai1,o of oonotruotion and oj?oration of a 

fro%ucnoy opootruri runa .yoor ±o ozplainod In ' bo noi.t 

ohr, or. 

4.1i  	Hca t  

2t o ba:iia ►rinoi .Lo of croon cc olatiou is uood 
in bo cnrra.Jabor. rao xr000 aorro.LaBou of tuo randur. 
noiuo oiaua1 io oqua to ooro. Thiu oobniqua can bo uooa 
to QOQUO tho 400±ro1 ui ui from a larao ,~,orco to o of 
nOAoO. `IQ o~tt)ut of the t io indopondunt aifioi3 tiro 
crow) orrolatodp t io ©ut uti oival £0 ideally Goo g ov'on 

in ';,lc. _,m000nto 09 approc ubio intornol. ' u 91iZ±o? no.ao. 
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Aar Oianal pr000ntod to burn a3pli.: ior3 produo oa an outu 6. 
:►a it la g000iblo 1►o detect oxnalu lovolo .;hioh are ouch 

bolo" ;►uo intornal noioo of the input az plifior. 

b .a agproao iu 	ularly '.Dorcol at lo:.r 

froquonoioo iiboro 1/Q noioo in trano .oto: ooriouoly roduoo 

tho cozioitivity of the practical aaplifior. 

Tbo uuiic.catic arraajornont ohoun in y'i . 4.6 

io uocd to caoaouro nuioo p000r opootrum in 10:. noino/lou 

iupcdcnoo device, Tho otatp, t of one chanryo1 is a pl.iod to 

the SiolU produeia, coil in the Hail offoct .,ult plior, 

uhilo the outp4at of tho other oupplioo the c.Lrroat to the 

iTali olcaont, Thu output of the eultiplior is thorn applied 

to d.o. voltaotor throuh a lou paau filtor, 

Tho tyro xajor lirzitin6 ahariotoriu Lieu of 

Hall offoet 	iior, nanoly ortrnnoouo output oi6nal duo 

to oioutrodo 3ivali nnont and inductive pick up, aro of no 

oonuoquonoo in the application. Jinoo trio 	at the 

o•atyut of the ,hall oicanont cauood by ai li nmont of toraina u 

iu i ro..i ono oiiunnoi only, it io not oontr ibutin, any autp tt. 

A'ho ;ono applies wo too inductive pickup uhichi io o auocd by 

thu u'L .nal in tho Liold producing coil„ 

.ijot ill  and N2  are noiuo ciLnai onorat4 . in oaah 

channel and n io the dooircd not©o oinal ix the dovico, thou 

tho output of the corrolator iu (Sivon by 
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(Ul 4' 11) (112 *a n) 	c 	1172 + (11n) .0 	2a) + (n2) 

0 (pt) ago (4.12) 

Jinoo U4 , U2 and n aro cutaa1 ' oorrolatcd 
and avorajo of iiia pro :uct Xe oorio, thue, tho outj ut of tL o 
c orrolator in aqual to the aomn oquaro v.ilu o of the noauurc 
noirc vl 1snal. 

it icy of intoroot to roto that the above 
tCoLLfliq.LO Of DCa3urifl noioo poucr occt7un dodo not 
roq iro that the tuo oaannoio of tho o9Li$,"ica-ui,on and 
iiltorin bo idontioa... à , haoo uAiit or d fforouco Iu 
Dain u 4ca cU $ occur in the tuo am ..1i iorw and/or band 
pauL. filtor can jo acoountoh Or by the calibration 
proco:iuro uouolly enployod in no ,no oo ourcaout. 

T7oioo pouor opootrwn in the raa o 10 as to 10 t L; 
i s airnL.yood by t1e typo of corrolator. it io found to b.. 
capibio off' dotootint, input notno lovolu fron 5 a 40 15 
to io `9 V2,/ 	:hiuu aoro tuo to 	oo arclue&. of r oanitudo 
Urai.11oz thann the noiao iovol of individ'al Quos amp .i "ior. 

~►'bo orra ,~on3Lt of a .I ., it31 to AnaloG Convertor 
to otluun in LG'i6. 4.7.  Tho UU cryo t Ul .o uuppli od uit a 
ooU , an,& d.c. our2J to 'Lo diGi4ji injuto are sivon in the 
nai,,notic f.Leld .m_~.i . the n•'abor of t6ruu o. 'tho uii 4it,;u 



ACI-, W VD.G 	I 

Th I ~ 

1 1= ~ 

—-- 	Jh= ANALOG OF 
£,GITA_ iNPJT 

FIG.4,7 D/A CONVERTER 

n( 

favi 	 r 	 Fa 

FIG 4.8~O PULSES 

1-  J 
• ~r 

FIG.4.8(b MULTIPLE MEMORY ELEMENT 



41 

aro arranl3od in tho ratio of L1, 2UI, 4;I, i3.J oto. 1ch 
uizlin,,, to bo ozuitcd by tho nano ria ,nitudo of ourront. 
Wall out~xut io tho analo, of to diL;ital .nut to tiro 
aryjnotiaiu;; uitwcii*~. 

Tho ioolation of tho variouo uindinju f roa ono 
anothor and tho output provido:. a uit,nL. ioaau advaataGo 
, iiilo tho Liao .1 rm;,tmnoo of naGmoUio cizro- it 1ic3itG tho 
opo©~a at watch ouch a circuit can o, orito. 

4.13 UI-Vi lovoJ. i4oziozW U- orlont1 G 

Tho coobinori proportion of Miall oloaont and a 
Oquaro loop I~orrona notic matoriol in ucclo uuo of. 
he ma6ubtt do of tho output voitado io an in icatiou of 

both the prouout otcto and tho pact Motor,. .bo st ory of tho 
pact thlil3. bo provido+i by Vito romanon't flat In tho Porro aja .tic 
matoricg. 

Tho dciii oloriout io inoortoG in an air aft of tLao 
oquaro loop is nog HiQ as toria]. torroidal Coro. 

~.'ho oporation is xaood on tho fact that tho valuo 
of rcanonco Dr gn a oquaro loop coro is a function of tho 
volt-ticio into~;rcii of tho input pul000. 

Lot to coro bo at fOLativo aa%. Ara'wion (...a~,a as 
ohoan LL Via. 4.}(b). 

Ao u o tact tlici t intlin . rouio tano o oau bo no,;loated, 



do root ujar p'1o03 of oufficionti, acaoll coplitudo 

vial bo rolatod to nd uood volts. go by 

dt 
	... 	(4.i3) 

TWO tho c ►unijo of tho flue 1ovoi will bo oq aal 

to t"o Vo3..t'4..ua ntora.. of tiro inpaat puloo 

T 

f Half 	 ... (4.14) 

if tho input pulc3do are applied in uoggonco„ 

Lilo core ,flux lovol (rind lionco the rc anonoc) will incroaoo 

until tbo pooi tivo coaturation (t Br ) will bo roachod . 

if the puiuo duration to L' and the numbar of 

otopu roquirod to o from the nogativo to L.ocitivo oaturati in 

to no thou,# 

n i a da .o 	 ... (4.15) 

G.JJ' 
A C3 	

L 
~1 ... (4.16) 

Jith 'who propor ooloction of ; ar-Anotoro, it is 
pC3Uivlo to acuiovo 'n' of tiic order of a 'ou hur~urod. .~ 
d,iroc t oloo tric+~i road out io Vrovid.ock in tiro hull output. 

Only problo with 110 rra.zlonvnt to t1c t 
it to difficult ;o oke .a..a an 1doal eactan ular hfotorioio 

loop. 



4.14 	r~ 	RR; rl t 

04 ,ncU volt j o to be QO,;..211tatcd are uocd to 

j)rou 00 tho r Q642otio riot in9uto to kzJ2 GO.1Orato 017. . 

Uthor lapu t to of . tohin ; o•.irront. b tun; rata it) in 

o Opo of 30 a W so poaoiblo. 

iij. 4.0 ohoio tto H ala. Gonoratoro connected 

Y or coautca 4on of to do ait;na1o. The d. o. input o iL;nalo 
are converted to : u notio field otronjth. The c000nd 

to the control Current and UUICDLI it io pr000nt 
the input ci ;nal dodo not ypoar nt tho output. 

in Pij. ttio co ponaatory oounoot.~oao are aloo 
ohoan. :rho potontioaoor R2 eppla.00 a aural. amountt of 
control ourL ont voltaGO ' to the outp . t bade. ; •hoao 
potonu tow otoro are adJt&otod to ,7roduoo ;oro p* tput volto jo 
from the £iaU onorator t hibo the control current to flouiwj 
and the txo, ;natia .Ziold to aero. . biJ will Coa)OU3ato. 
agy in oronS o1 wrioo1 unbalunco (.it to 	ficuLt 'to 
plana the output loadu o cacti, at null , Oint). ?otontio-
uotr aI in co,:b~au :ion utth 4. oonpcnuoto for tho L pil oa 
cauced by induct on. (tel or,ja tai. to y1noad ba within the 
air ,dap of .0plit C-Coro. Air Chap n iniuio a; taduotivo offoot 
of of aal ObaflLJO3 ond .roduco:i hyotoriate o2 "oeto ). Upocial 
01raoitary are iocd for ooquan~3 b outt0Liin, j, 
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4-1 5• 	iced aoolio® rio 6016019 

There are a nuxzber of opaoialized applications 

with stall crye le. These Jnol:ide Hall effect &yrnchroe,, 

contactle w signal tranaiai®eion. UaU oisoillatoro, etc. 

. li inatiun of wiudin ,, lamination# brushed and slip rings 
are advantages of HAL11 effect synohros. 

Contactluoa Lual truncn .t uiono ;pro tined for the 
repot. t.4oi of motion u tupu in .,aohino tools wii a u: a.11 
br inns:: d.o, motor can be oonu.~dored to uo related to 
poeitiuia nfo::A Lo, -11 . The ilall o :utlla on to produced 
by 'wilt a« :4 4all volta o to ..ho ozcitatioa of the 
caaL,aelic f .eld. 



Wr 	e 5 

me ©oaoua cont of trio L1 taluo of volt jo and 
o' rront of no d►-al +' ooi.dc 1 tta,oforzi io L , , r"obloli onoountorod 

III tho boratoai' ory froquon tjq. In t20 conventional. 

izotoro s :lovLn j iron and o' oogirodyoonozotos ty oo v uh~,a$ 
aro c,yto~ i od for the 10a04ar'c•ont of rQj vac uo havo csot 00 
►t%t1 dra.ibueIo« (hormo o ootrio aotoro are not conaidorod 

hero bocauoo of Loo vorr olou rooponao, oraf pM ooa10 g error 

duo to + 1fforoAocJ in toDporaturo of tho oorkir uiro and 
tAo baoo of the i trumont, inability to titkzo and ovozrload p 
froiji .itr zm and bi~h pouor oonor pion) • o drawbacks of the 
oonvontioniL uotor are o,mnriood ao fo ouo. "tbo 
diocucxiiozio hold ood for .Ataotoro and Yol traotoro. 

In t4ovifl gran noboro tho aovoiont of tkzO indicatiz 
noob 	uta icy ?ro(Lioou by ,o,4r».z'aoon or ropu).o~4on g produced 
by the faun produooa by tho ozrrout2 . Tao oups000ion for 
torquo ,grot1 wad ire 

dd c, 1/2 12 a ds 	000 	(5.1) 

aboro g to the cuaront th rot h the soil 
k io tho induotanco of tho coil. 

19 Coro lu no oaturationa the chon3o of inc uctanco 
Frith the angio of dofbootion Lo unit era i.e. d&./d8 a a Conotunt 
Pox' ouch an inotr aat , tho ooai.o oan bo 000ilyr laid an tho 



o oaourc t gwun i ty iia pro ortiona. to the o uaro root of 

dofhoction. in actual inotr'saonto dJ/ae io not oonotunZ 

a xd. io uoualig a function of aniuiar position of the r owing 

iron and thug oxalo to diatortod frog tba oquaro lou in a 

3annOr depend upon the uciy in uhich induotanco varioo with 

anio. ?or tho ddnaaonotor typo inotziaaot oloo the nano 

orron ortloto. hoorquo pod'.tcod in a oioo ro dynaozotor 

typo actor 10 

~y1 c 1~ 1 	 1#•  (5.2) 

rthoro1 to the uutu i inductance botuQon tho fined and 

tho aovi.o<; colic and 1142 arc the currant in t.xa £izoe3 and 

►iovinj *oil roopoatAvoiy.• iø cUl/de factor uiii vary 

a000rdi to an io o2 deflection of the uaovintj eyoto t and 

ao tuo cater nisi not road tho truo 	valuo. Thio variation 

of 4W4 or &Val bocaao acre unprcdiotaiblo u10 a a non 

ainuooi+dal. oinui to divan. 

`aha error duo to otray Q3tjn.Otie I'LQIa (f laid other 

than the oporatino ..x no tic fiaid) may be appraolablo s iti 

uo t o, )oratinL cajnotio field and honncto the oporatir ; field 

,got die torted, iiia ontornni c Aiold to required to reduce 

thio stray aaijnotic told offoot. Tl is error is pr000nt in 

both noviac iron and oiootrod rnoi o cater typo t:otora. 

Anott.acr or..or that uou.aU. oocura in the iIovin6 

Iron ine truaont io thio frequency error. ibiu frequency error 



I'. 	t 7 

Co Toto of tt7o cotponouto (a) 11oaotanco of tbo inotru out 

coil vax"y ao tho froquonoy,  R (b) Q.dY currOnt 103U0 	3o 

obap3o of roactonoo of tho inotzvoont coil to thportunt . 

Ln oaao of volt otor tJboro an cdditionat rooi;.tanco 	io uocd 

in oorioo uitb the inotrutaont coil. Lot the rooiotunoo and 

inductanoo of the inotrtawont coil. be Li and .. :hon the 

curront I in the inotr..2oat coil for 	,ivoa voltae;Q 'V' 

io a "Qn by 

I Cf 	 444 (505) 

o accordinj to the chan/Jo in the froquonoy the 

cn.rront flouin ; throujh the coil Ohar oo and aonoo lntroducinn 

oono orror. ►t hit or froquoncioo to doflootion io loco 

and at loi .froquoncioo the dofloction to eoro for the o tao 

a, pliod uo.itoo4 ahoroZaro0  tihon ooh a uotor is uocu v:i h 

non-►ainuooidai uavofornu o  ' the j r000rrioo of various haraonico 

could distort itu rooponoo. ho Dana calibration arocld p in 

other cordo • not hold Good for different uc 7of ormo. 

Tho eddy cu Tonto inducod in the iron part of the 

r trunonto introduco 0030 error in tho aonvoatIOn 1 eotoz'o. 

Tho inducod vol to o Lo( = tilts) duo to currant 1. in tho 

inotrumoat coil Liao the ou oa,t by 900, io a rooul% of thio 

i duac:1 voltao an eddy current Io  floaa and ito mafszdtuo 

io 	 .,.,.,...,  
0 	0 



l 

aho'oa Ao arid ~+a aro tho ro©iutanco and imducto,noo of tho 
oc2d3 ourron paths 10 1aou Bo by a x aw, IO 

o 

0  0 
	 0•A 	(5 5) 

A oomuonont of thio ourrou t 1g 	le coo (90 %) 

Ia bin O 

OLw0000 F6ho 1nctru3olt Ourront I and ooto cup an opdooi 

fiold tthtao roduo3.n Ubo torquo on tho QOVi i ' j oyo 1 o • 

Lou froquoncica taro cdd j curro orror incroac oa 

tai tho uqucro of tho froouoncy mhiio at a b 4. tor froo zcnoioo 

tho orror io ,?ractic4LU I c.o,aaotaut. Zbuo it loadu to oa 

orronoouo aoaourc ont on none ainuooida.. iavoforciu. 

LJou torquo/uoi h-t ratio is tho aaothor cauco of 

orror in tho .1 .octrcdvnazzozio for io inotrwont. uho 

nck,no 4o fiold Drcd uce t by air corod coilo io c000ntirilr 

old.. and, thorof oro, tho fl. in 3izzao or i ,ljoro in tho 

Qov .U,; coil aro 'OJ (Orhapo 3 to 4 or oon*. of tho flux 

liakcv o .for c jow o in tho poxuanont aanot riorinj coal 

inotruoont). ''horfo: o tho doflootina torqto io Xo a. Tbuo 

to produoo a rC3ooaaabio do:"1c 1tinj torquo tho n.o.t. of tho 

dofloo tiL:j coil rzur & inoronoo which can bo dono by inoroa +inj 

oithor tho curaoat throu&b tho co ,l or incromo two mi b r 

of turn. ho o'r .nt throuh tho aovinL„ ooi 1. can not bo 

inoroacU boyo ::tl ,i0 uA Ate othox'uioo tno o '.0 oouj.d bo 



L oak►oc too cob. on the other hand # i9 t. o a Arbor of 
c ura c 10 inor owc i'r• ► t.ctjbt aloe iucroic:3 aid ioh 

'eoulto in loss 'to quo/ticia" t ra U00 A los to uo/uo a t 

ratio indioatca a heavyuovtn; ayraton c nd, ioroforov the 

fir, e1.,o 103003 In olcatso 4rnaraozotor to of .,notu'raont 

azo la &or than in otbo' t Sao»;. 1riotion orzoro thuo 

fond to be .tiiah. 

von tho h all the 	a ti ona of tod above could 

not be olit inatcd In the t uo SIJ ootor dovoiopad in the 

laboratory uoini kIaII c ryotalu, fuz't ►or t odi `ioaUion on tbiu 

uU , cl of ni toly load to a €1 Otor vita ii Aou .. order of 

ar ouzacy on all uavofoz o. «t coo)arioon of the davoio,ocd 

notor tit ► tho oo~ivuntiona1 aotoz no .iado in ocotion 5.4. 

5.2 	un 611W 41—n In 

be o aotaila of the tVuo i:1 J motor dovolojao4 in 

t io iaboracoaj are ,ivou In the ol1ouin 	tO3 : 

5020 1 	UO 

ALbU uAlti alior , aoi to the heart of tho aotor 
do~ro~.ogod. A, ia~ ;a , uo oonoiaf u of a hail oryotal and a 
aa,,,notA*.ai - T 	i t4iu,,, ao ohaun ip fiu. 5.1. 	"bo a raotoi- 
totico of the u al oultiplioro U 3Q; (aanfacturoc1 by 
i 	) uood to jivoi In c? pendiz 't'. 

Uboa o A QId zoducin3 coil o1u+ I'aa l Input 
circuit ore E:onnce ui eLi in oc.z'*.00, ,,)Ao cut? .t of Au AaU 
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o1oaoat ro, ro~os.A►o ;.iso act ro of tlio apylioi of .aa13. 
Fro a bao~lo oquatioa 2.7 

vu a 

L e tea 	} L0 a Q Cos Thr 
ve. 

uhoro,, L io the p ortioz ality oonotant 

io to tho imt utuaoouo n otal curx'oat 

.Q 10 tho inut antwioOUo as not1rA „ o roat 
ubick 9roduco.. the flu .i. 

Q lo tho aki;.lo bott70Cr .fin and Ia 

31noc is 	is 

i. o. too &.1 output icy proportional to to ogzaro of tho 
input, 2Z o output voLti a to ao3ourod b ► oil;; a movi 

oast nioroc ator, tho rQadiZLj of Uhioh ,iO proportional to 
tho roan of the aquaro va],uo of the iuco it oina1. Tho 
oc•.~lo of tho riotor to oo1ibratcd An torso of 1t1L va1uoo. 

The hail out nt, oioopt for d.o« in ut, ooaoioto 
of a d. a. connonont and an a. o. co iponont 1av1t doublo tho 

f quonoy of the inoaoin, aiijaal. `Z1O avo rai4O raaluo of the 
o. a. eouponont la aoro t nd oa the motor rot4inLJ icy proportional 
to tho d. o. conpotz nt wiich iu roiatod vi Cd tao hi U vai.uo. 
Ao an i11uotration conuidor a p-4ro aiauavo 

1TUL UBtRY uiuvrl SI Y OF UOORKEE 
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to 0 la ULA t t 

[o2 1in2 tit 

Coo 2 u ti _~ . W w 5 * 6 

But for 	t,ro oin cavo 10/r2 io the I:it3 valuo 

i. o. tho d.c. coz3ponout to ;proportional to the aoan of tho 

oquuro valuo Of tuo of jn . J. aila rly * for al . ty aoa of 
r 

wavo it can too arovod that the d:o. valuo to proport .onal 
to the rzoan of the oquaro valuo of the ai nal. IS  to 
c3lo aaoro Lo not do ,pod pr4porly t d a.o. ripplou can 
bo oliminatod by uuin6 a oizplo oapaoltanoo filter. 

T~cuo &2 voltuotor to oloo uorkiuG undo: the 
as ao princivlo. 

5.2.2. 	i4j ire 	.. of tkr~?no 0 

Tho ooziploto aaocnbly o : the do eloj, od motor 

to { hot n in 1?i~,,,, o 5 * 2 a Uin0 o tho uw,io,iu ourront rain of 

tbo uultiplior pack to uood to limited 300 niig non inuuctivo 

rooio 10An000 obuntca a1, a2 and 113 oro uood to linit Liao ourront 

throb tho aulti lio: uitk in oato l,itiito, tho valuoo of 

the rooio tano o o;iunt are .1 ami, 42 ohs and I ohn and the 

oorroogoudin. full ooalo dofloetion valuou aro 10 A* 5A cud 

IA. 	ra o +f 0 300 xaA iu obtained pr not iuoludinrj an 

o hunt. 



Tho obarcao toric ~.io of tbo ill multi ilior 
Oloarly oUo io that ita fiold coil baa a vor j iarUa inductcmco. 
It tho oOm?onoation io not rovidcd this Ai .l intro4 uoo 
fro ,uoaay error. Homo the oon9onaation. io providod by 
ualud an induosor .hunt hioh to oonnootc 4 aozcao trao 
na,,noti. in indXEkj of tho aul i itor. i' &o saiducEmc of  

tho WiAnz ±o about 50 tiacso loon than to ins Aotanoo of too 
Oa6aotizifg ooa. ciao /'L ratio of tho oJiunt is 3~c vt 
equal to tear, of 4L O 'iul i coil. i3y tL io arrru o Cont, 
a aaj r dart o2 Ciao current uill fLou taro-aa tho obunt, 
ao tho volts o drop acr030 the inatruAont is reduced con4 
dorub3. r. -Akio uoaourad valuo of the valto drop aor000 tho 
motor Lu about 1 V, at full oculo doflcation, 

` ho output of the Hall oriata.L iia aap .ifiod by 
u3: n an invortinj aa;plifi- jr# &avinr a 4 cin of about 60. 
The a..iplifior output Lu Yiltoro 1 and thou uivon to the 
novin coil moron . ►otor. Tho a ot.er oafs o i;i c libratctl 
in for : the IL A' o v,Luo. 

In ad :i1tton to a coaaiioit toranalp ai :. orot 

C orainala Ara proviiad for the vara. o:uu ran o a the 
inotrceont. The oo juoation diat,rari is unot n in ii. 5.. 
,c, Uzi bao to bi placed botuvon the ;oria3. mead with tug 
dooiroU ra;o and tAo corrao.iondi 0, o 02 etc. 

jo L. rca,L Odii11. +rotor IQU ate: i1a4Lo in the 
laboratory, 00 it c.'o;) decided to c is it or t on oinuuodal  
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tinvotoru at 50 }i to onuro J tho motor goi.Lovo a oquaro larw. 

loos ittalg, it t1ao tc~tod by wad a oubol4ai tLard IrAuctloa 
ty90 cioior. 

Tho toot ro: ulta aro tabulti%od in tho A4pon4iz 'D'e 

0a1ibra ioa csu ro drawn tzith r1ctu aatsotor roadie , vorouo 

o quaro og who oubc tarichai'd motor roaUn licwine a otroi ut 

lino relation. 

53 '' I& 	a 

Tho voitciotor ao©oib) od usinj .fall oryot&. 

id sort oo on tho aaio prinoLplo so tho aa. otor. Wi 3050 flail 

taultl l ,or Its '.toot`s charao uorio tica of which aro ivon in 
19,,ot)diIL •A t r 

5.301£ciLiAr'jrj  

Cc ioio oirouit d;.c ran 10 aivon In . °i,j. 5,4 , 

Valt",,oierr baa ,ut 3 erruzjo:30 220 V/9ICr V/7 V. 

ho input is odoiioo icy £ncronocd oon iitiorab.ly by connoo tin 

worry largo roo.wtcm000 in oarioo t4th, ciao input tor•i"al of 

tbo Qu1tijillor. IO oli inato fro+ uorcy orror the valuc of uL 

riuot be vorj vorj zn onall co arinL, to the roziot(mco Its 

rho circuit. Lor 4l.fforont r3 ;oo difforont torn a .o, thich 

introduce dig 'oro ►, rcoiotanaoa, are jrovIdod. 

503.2 ^ 	cia ,L 

a1u uotor in ©alibozratcc1 by uobmj a oubotandard 



o1c0trod YDo3OaOtoZ t3 !o 'or'+utt+ "o 2ho rcou .tf; aro bt atrod 
aU 

In ho Appondin 'U' and a calibration curve LL dram/in thu 
cak~o of c o cjr. 'oxo lOouo io found to be otraiAi. lino unich 
a * bliohou tho aq iaro iac ollo cd br the L all aultiplior 
rood in to no cr. 

5.4 :~~ n 	_ itc  

L'rcm the diocuaoion ai,voU in Joction 5.1, i1 i.e 
oloar that the conventional :aotora havo co uany linitationa.. 
.,2 courooa all thco c►raubacZ o could not nuc olio natod in tho 
motor dovoiopod. ` bo error duo to dL/dO or di /d is not 
praoont in tho motor. d4dj current boo i:i minimus bocaua 
there 10 no Iron part In thea madnotio fioltl d. .stray fioldo 
are olitainatod by a nhicld yrovidod in the aultipliorm 
"4bo Lou torquo/uoi6U% ra,44o Yrablca lu iot 1 r000nt tn tho 
motor. 

vonthouGh froquonoy error componoatiou la gado 

tho 'roquouoy r'ar o of tho motor io united bocauoo of tho 

varicOloa of roactanco lith froquoncy. ► ouaitivity Biopondo 

t. pan the ocaoitivity of the iieroa=ot r anU the coin of  o the 

anplifior. Uoo of the awplifior in to acLo:• calsco Ilio 

latter bulky bocauoo of the poor oup9ly to be inoarporatod. 

it iu a costly inatr rout booauao of the hi ;h coat of tho 

&a11. oryo tai, 
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Tho 1inoar HHall offoot da3o1u1ator uay bo uocd 
to a&zo hiL A3 7 oo3oo tivo cavo analyoor . D3 icmilzr, tho 
oiootric ur d ca , ►ot$.o cavo analyao aro tbx oxo and oo 
tho oircutary doaolopocI io applicablo to both of tIic. . 

6. I x,q4...~4 Cr.~or 

If tho ,pj1ic:u to ouo iujut 

of ti o uaU 	iglLOr r 4 tho of or Laput to connootcu to 
an av"lablo variab .o Qroquono; oouroo a c .o ounponcnt uiU. 
bo :.oauerLd tihon do input o mt&..oi, nal fuci u oo Vonont at 
tho QCS O f oquor-0y and pt aoO aO tho v tz`iablo Inut. 	to 

can bo obova by uoins tho bade oquation o~. tu.o tigb1 
V 

p1io„ 	 ,. 

If II J~i a t7I4 and 12 Sin af t aro tho int)tant:inooua 
valuoo of currant in i. nutio 44nUi and tho orjat l roocjoo-
tivoly, thou 

i~ to Coo 6  

L+~of V 0 } !1112 (Vin til t O'n u ,$) Coo 'i ..• (6 2) 

uboro, i , i.+ :to proportionality oonnatan ► an 1 an 12 aero 
tho &oc1 valuou o..' Ubo aiGu4I v and 0 io t120 , aao a ;10 
botuQon i and 20 

Equation (6.2) can bo roarrann.acl ao 



~, ... 	. 	503, (u1 -- a2)t -* QoO( 4s12))) Coo 0 

grc1 thio abovo of uation It io cloar at ti o output of gall 

dovtoo dao ,dot a d.o. componon; onl,, whoa ut io oqual to u2. 

Undor thio condition, ogar tion (6.) roduoco. to 

— coo 2 ui tJ Coo 8 ... 	(6.4) 2 

If tho valuo of Ia in t o)t uonatunt,, tbiob is 

g000iblo by uoin zropor control circuit,. Cho i.o. ooaponont 

of tho output is proportional to tao aaxLc um vale .o of tho 

of nal appliod to to ua<no ic bold. Jinco taco inalo caro 

takon froi difforont oouroou the valuo of 0 io oontinuouoly 

o han it ,,. It La u000arj to koop tho valuo of k oonotant 
and , ro 'grab r nour to aorop tsiioh can oo achiovoi by ttuin , 
a ki ao o lockod loop circuit ' 1 	~~, o J Y ao o loclz cit Loop 
ciroLt. t •(1 L) oonx iota Q€ioontLQIly of a Ohauc dotootor, low 
puoo filter, volt ' o oontrollod 000illa+.or aid a froquoncy 
divider, 

c ov: ;; c:O & mloronot' r can Do wood to r oaouro 

tho d.c. output voltu ,o andtho roadLn on the motor can bo 

calibrated in tome off' difforont 1larr ouio coutont. 

i'or oLoi tria cavo analyoor tho kxali riulti lior can 
be uuct iroot y. .tor tho a%motio f'iold uuyo cm yooa tho 



fiolu ocnc.izij and prouuot for u;, ca ,abillittou of tiio 

Lice, of oot dovicoo pro utiiizou at ono an tno c:u io titw, 

?lac A 11 cleaont 10 p1aool botuoon ttia PoraIto ca: ;notio 
'.L..a aOUOCtora to incroaoo ito OOn3 .tivit, t.o tho 

©n€ Uu 9 io1u. 

..~AO;. F►cr.r _~i~ 

£1.00lt rae c =tic of tho hoc trio err vo aaalyo6r 
dovologcu `aj tho authorr 10 unoua in i't. 6.1, 74o cavo 
to be asci iu aivon to tba ita, no io uiniin o tho hall 
orjawc.1. rho oa3o o1azral to app3.1od to a oc:ro cr000inj 
totoctor (6~i) and tho r u1tin output to d12 oron atoO 
and root .$ion Co that goAtiv(, ,~U OC3 t?iU coma to Ono of 

to two in tit (quint I in tho block diar) oC tho ghuQ)o 
dotootore -inv duration of tbo output gulu0 of tuo juo 
Qotcotor is O4k'.' ►3. to 1,4o ghwo 41 'oroaco botuooa to 

inu oa:Lnk, j ui(!wl aid t10 ro$ o7'ono o oi(;aal iol. uronco uatl1 

to Ctvcsn to yojaw 2 in tao dia~, rwi). £o Soak,;, au t o fro' 
qucacic3 02 tauu too uiG aLo iso not onno an & 1:..:oo di'&TorC'ueo 

deouccn tLoj to not ao e tha out ut of the , kLOo 4otcctor 

do ,o not aco o ao o. x'hio output 1n divcn to as avora~ina 
titre it and 4io Var iwj 4.0 • voltu4,jo thud ava.&a.ab2.o to f od 

back to oo:rcct tho fro'1 ioAc y of V.C.O. Sea, oao of tau no„atj 
t~ 	t o fodbcL tho f oquonoi of tho V. Q. L. 1a autcaa i- 
o n11y rxcl j za t :1 In ouch a L3 no,r sao to rad .o c C,ao orror 
oltpiai to a psinl.:►u 	2iio ar4or to zaiun :Lion teao tao injttt 
pu].oc.i oa uc ztih .-Jc dotootor a aoar c aoo t at than oc:~.io inotuat, 
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a;0 

Tho \4O uuctl in tho oou.tt he e a o ooia1 foaturo 

that i output iu uinucoidu in uavo$orr,. l.owovor, it 
a dra- c1 that ' aoa o la n roduo tion in tho a ,altuclo om the 

'µho rccjuc:aoy iu inora3CU. iiu r o ution in  
:io of the roZoronoo ei,x 	will oat o oorioua error 

in tiro .4,onaurot1cnt. 	o in order to hoop the ao nttudo of 
the uial olmoot cordtcat can lay -o is .io t ; u Control (,100) 
10 UC) cd. Tho , oacx aovol of tho output of , 1 2roz i%G is 
not uuff.&clont to occur tho roquira(A a1rrout hrouah the 
Uall cr; o tal g honoo tuo otuijoO of iso c3ittuZ To lo•ioru 
havo boon uaod, 

ho out' .' of the VOD can be co L aacd dirootlj 
ui u the ciavo to bo 	)y00(1 only tih n the tt:o froyuonoioo 
are roquirod to be oqual. For 2na and tikor ardor 
Uaz 3ontco in the irncoeiar ;;, of ,nal of the rogorefl :o '~roquonoy 
i oioh to raquired to be oqual to tho m o1 io is roquuaoy, 
should be brou„ht don to tho 'uadarontzl 2royuonoy of the 

in(o ixk, U16malt 	2b~io io recakiod by a froqucnoy: divider 

( ►tora ;o oountor) coi oo tori in the path oi' the rox o. o.~oo 
froq:iunoy puloo o bola fad to the phao 4otoutora >inco 
the t. c c tt of the pubo coffin , f rca the div&.dor is not 
ouftloiant to d$rivo tho jhaoo dotootor a puloo uoplilAor 
is caLo iaol•idod4 Tho palaa Lu ivoa to to point 2 of 
the p.~aoo itoofor 

Tao output ava$lablo 2roa trim to b oryo wal io 
liic.i, tho.I Rorod (if ccco a'y) omi th 	to a 

3 viL, coil not,c~ •. 



6.3 CI. ► 

Difforce ; 	otion.1 blocko of tiro tZr~vo znnlyo oz' 
are obainad in tho 000 tion 6.2. Out of thou o d t f oroat 
functiorml bloctto circ to of oW4 	ort at low aro ox laino(i 
bolou. Othor f motional blocito caro rioll luiot a co Ui000 aro not 
o2Cp1~ aiacd. 

6.).1 	LSd)kQU1 OoUttj(VO) 

A Qultiboop ao ivo filter circuit by arcuin io 

ui oun to yio .d a VCQ 000 oroi..ia .on vro ,uoncy Ia convo-

niontly ountrollcU uit i ono variable rooiotor22 23. i► ilo-

10 u ood to obt iii t to vo tajo contro.iLou rowiu ior0 VVO io 

t 

 

to out critic6L olciaont in The 

One of the iso ,ioruinlo f eodbact ci rcui t v coin;,; a 

E1Iniaun nunbor of oapacltora v aro uIoun In i~ ~~ e 6.2 • b ,o 
is a baoioally nr3 kwo filter circuit24. lo traao 'or 
function of thin 

Vo 

ai24LI,34 +* 1 	(1 	+ 

{ 	} yc a3a 	a 	J 	0••  G45 

It Sri coon that b j outtablo choico of a, in~3oponci giant 
tho doncmonator 000 1cioni of a Cfl Uo uado $o io ,oro. 
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111 

Conn oqucat y p t it;l i hoo o v'aluot 1;4f it, p matur:;.l . roquonoy 

of . i o o iro ui t ua,r bo ob ainod on to j (u) nnic . AD thio 
iu c sort o.Lrcult n..~ ura1 fro ,ucncy, tboy uilb be p oioa 

realized by eo Lw.Lc Gi ,; the input rciotor to the Ground„ 
a.hiU . 3'4urui groq iofc3 QD, to• boia;j tbo oquaro gout off' 

the dcno3onator c onotunt tomo, are ifdo, ,.ndauCly controlled 

throuU ; l L 2 tthica in L ortzin'L 0300 tial taiSon noL ativo• 

~ho cunaitiozlt Zor oocill ator arm o3cil:.ation 
f roquollu .c illi? 'vboul (ju ' +o bo 

q a 

 

2Ro 
 

GA G 	.*. 	. 

. a 

ii!crJ ... (6.i) 

o ; 2 can be roalXZcd to do, and on] ~r upon a 
tin to var .ablo rcuotor# the t3c#w.latiOx Zroquonoy° can be 

variou by Oic .3iL,y,lc aooiator. And oinco the ai1 lc) 
rcaiotoz can dao r^a.i :od by a Imo: cacrki ,;, in the rat; o 
b ► ou pinch off ~ a the circuit og the V; as 6.2 to soon to be 
oonvonion14i yiu;.0 b'4U'u . Acourdir  to the roquirocout 
the cif orcn 4 val of or  a2, a3, a. are ; oloc tock au calor n 
in Lie. 6.3. 

!or t.ho airs .t uhouun the c1o, undonco off' i 2 cion 

'~ 2 drain to oo-iroo Voepot noo it to ,ivQn icy 

ILI M t 	tat 1 

i/ 	 DJ. 17 	... (6.i) 



TA" 	Cl 

In turn, the drain to source reetanue, at 
zero drain to source voltage is 6x.ven by 

0 	rir+irr+.r__r:w.rnr.r+r.rr.wr 	♦ • 	 (6.9)  

IVGS 	Vo J 

where Vo i tho pinch off vol.taae for depletion device 

and who ueative threshold vo .t e for en ncem<nt mode 

device. ~ is a coy etaut dopondu on the property of tho 

ohanr~ol. «rube titotiu6 (6.9) into (6.d) and ;Dien into (6.7) 

yioldu the de, endonoe of the V0 oscillation frequency 'a 
upon tho oontroiiin;;, vol taje OU 0 

.(3. for the band pass filter 

a f [1 	4 	 o. 	 ... 	(6.10) 

R2B,(V01 +  

From ' 	9,i ii io clear t t a choice of 44 large 
noto the volt 	o control ant 1L4 tuial.L can lead to imainary 
trer7aonoier;. 

By couotinj tcnt it is found thu1► when the value 
of condanoor C chanjiu froi 0.03 to 0.12 a frequency 
variation of 70.0 hz to 40 	is obtained. e fore4zt ran e, 

of frequency oro aoleoted by a frolu+ soy y•au ,'s soleotor awitob, 

shown In k"iG. 6.; (b). If the fre••Tuuerlry band io largo in each 

races it it fog tnL. that at bihor frok ue tci e': , tho w►avo,'oxrm 

Is gettiu, ; diatortod ullghtly. Txie ata.iii1ty and he 

ac plitude of to cine wave ,ionerateu is dei uci .ipon the ratio 



a1 LI2. uboa tho roti. o is 3# W10 oa c t oanOUavo 

to ob,a oinai2. X t ic; found that tho cut Ll A t p1:' tho VU,J LO 

htivio LJQI1d obUJy. 

Ono draobnolt of tho o roust io gat tho am9lituao 

of tho o.~.nou wo ono t hon tho 8roq orta;i CO3. ` ~o 

Qt191itudo 	vtrio:.; fr'o.3 0.Q4 V 	(tio:3LL to vot 3) to 

4 V ('oo1 o ?or ) or a Yrouuncr ono bj u guotor 

Lhroa. 

'to 'z'oqucno3r oolootoro aro inalidcd ,n tLo 

orram3;cnont. 'or c of in di ' oron. snq;,o- otiah condouuor 

from tho trio ooh : aro ai ul anoouuby conL1ouoü to tau circ zit.. .. 

For difforont v1  io.. of cundonoz' tu 	caro ahoun bolou, 

0.©3 uil - 	.4u0to 10j L. 

0.06 u? - 	20) to 403 1cus 

0.09 Fav - 	I%)') to 200 1. 
0.12 uf - 	40.. to 100 Az, 

In udc~ttton to tiL froquonor &a no r: oLo tar 

tho~ro iu a Zino coat 	aUjuot:aont by •.which ay frctqucuoy 
botsioon 40 ".o 6iO 1 c n bo obtulncr1. Bao auto: Sulo froq,uoney 
oorrootin6 	oni. o: tho oiaro it Lo of 'ooU vo u1".aJu 10 :ia. 
be if to rod'oronoo rogttoncy io orowjht u~.bila 10 1I" 01 tho 
ik1pRzt oi,aalp ;bo of rouit 1:..?k . auto atica 1.,tjot uyno►IrQ .C:t. 

()' 5.2   	 oxo 	(AGC) 

LLL1oa tho c::ag tudo o.: tho Vk;0 o;atput Lu chm~ ,;iwj 



02 	and L1a. whoa tho ratio io 3, tho oa:^c olao avu 

:LLQ ob'6ai1aol:. It i found that tho oltD .t pi' thu VU,., to 

hovii (,Q;Jd o;bW.ty. 

Ono droobac1 of tho cxioui ic, gnat the mu,)otuqo 
o? tho o.~notavo czkfl;,oJ uAon tho froquouc7 a; annoo. `rho 
as,91itudo au ra ,,c au$soo fro x U.Q4 V ('c: ° to eons) to 
4 ¶' ( oah -uo Voah) for a fro.ju" cy u onjo bi a Zuotor 
tliroo. 

` uo frogicnoy ooioctor3 aro inc1.acicd in, tho 
orrauLc3ont. 'or L;ottind d iforont rax ;,o- uiioh condoiwor 
frog thio tuo eotc are oiouit tnoouu1y coaauc \c(: o tao circ iit. 
i oar difforoa le- valj o:: of ound onor ti,.) ran ow caro Lalaouu Dolou. 

0.03 u1:' 	— , .4UOto i0J a... 
0.06 u4*' 	— '0U to 4.00 U. 
0.09 us: 	— .it) i to 200 + r 

0.12 ui., — 	40., to jOO a .» 

In adu 3Cion to the froquono, r ran o c oLc wur 

wooao to a ftno control . adjw3tcont by walc i omy frcgqucioj 
botuoon 40 "Vo 6A chh can be obtained. Sao au.tocio.~ic 'roquonoy 
oorroctinL,, oiajon of the afro .nit to ofi eu+tivo ui,iiia 10 140. 
Lo if to reforonco frogo.onc:y to orou ;ht ,.i .4ia 10 uL of the 
input tAbau1, 	o circuit w;L autu aioc~3w;jot uyno iron, vcu. 

,.3.  	~F r ~.~a 6: n 'ray► 1 o:t, (SGC;) 

41noo thio c 11~4~d10 o.L the Y0 c %mt to eLa u i 



uith f oq rmoy t 111: O to provAdou to 1"iao 0U Li~ u o t0j.40 1k v, 

i 	aoatrol Junction Sio1c1 otA'oct t nc;.a.otor Dori 

ua autom-010 Gula ooLtrol olrouLt to Laaiatcin a oonotoat 

uuj3ut voltaUo ovo.• A tuo dooado Input volts o rtuza,00 `iho 

oiout dovoto,goU tU O; von in :, ;o 6.(c) 	'ailo dofi.00tloA 

cuc i o WL 14 to booatc l in jaia control loop og to o nonnvort L 

t pli 'iox a13s Thu Gain of tho copiifior cart bo rojrcoO rod 

by 

L 	s I 4 1t1/n1 	a+i 	(6a11) 

rboro, 2b is tho oorioo oa3bination of thou 4 i10 ohm 

roc oto.r 9103 tho i?Ldlo drain oouroo rooiotazwo. 

rdt ` 	Io Cin (1 — o(off) 0*• (6.12) 

to ' 	'{ 	3 cai taCkoo of tho channol UA OA Itho (Sato 

vol 	jo It,- ooro. 	Por rho D v1 Q tbo val ao of thin rooio t3noo 

to o ,urLloata1Li found out. Tho valu r icy about 10) oh 

{ao 	430 V 	from tkio manaZ ct'oz" o data to 

- 0 if (CII a ua), ho charmol roc otaucop tt+ rotorop otaya 

11noo • Zo about bo Lf tho ran co of I'm, (OSY) 0 but tonao to 

bocauo noWA"oar at voltaQOo abovo 1/2 Vtj(oxg) booauuo Of 

tho .j 'co do ar aro fro tho oquaro J.ati bo, avieu r at hitjta 

gats ao< oo voltajo25. 

tic csapbi ttr 1;ain can bo Britton C3 

l ► 	v 	I 	o.u..a... 25 	 „~ 	so* 	(6.1 )  rt: 
9 	04,1/(1 , 	► ) 



Tho vo .taGo div,idur for3od by L and 14  

attcnuato input.ainal (by 6 1 1) to provont thu diotor;ion 

at tho output. inco tho invor{tina input of tao anyli2ior 

trios o traci it non invortin input, tho po:iitivo Input 

iu tho ono that dotoraino r tho ?1'o drain to oouroo v'ol4aao26  

Thio channel volts o riuot bo Iopt small to force the )ti to 

co in in the 2r.odo i onion of oporation. 4 shift in tho  

oporatin, ro ;lon willl introduce Marjo aoount of 

dio tort4 on. Oath of thio non invortinr uz plifior iu ad jua ted 

in ©uoh a way that rhea trio azucinuxa value of the input co soo 

tho Gain to ears toautically ad juo tod to unity. 

t4  io an ordinary kii h €a n invortin , a& plif i.or o  
ha ri ; a data of 80. `.4hii iardo bath to roquirod i -and 

tho output for uaall o k anao in the input, i. o. a oaall 

ohan o in the input cauao u largo duan o in tho output. 

`io noGativo volta o is rog4rQd to control tho  

ch i not roe totanoo and it obta„ nod by motif rinG and filtbrir 

the output of A. :quo 50 p? capacitor provont a,c. ripploo 

from not ,,latin , tho 3 'o magi voltcao and produoina dao portion. 

Ito vuluo io oli000n by tracing off circuit rooponao tine 

mtjain©t the amount of filtoria, . Only u cuall chanao in the 
input of 44  cpuaoo the ciro•zit to adjuat itoolf, producinj, 

ubatovor AGC voltaUo is rocuirod tai jai tan an output of 

r .soot Q67 V peak to look. 

hon the ingut uignal uiplitudo inorcauco, the 

input voitado to o noninvortiQ,r aoplirior aluo locraa000. 



cauoinj tho output L 4 , oina uoro noaativo, and oo tho 

reo iotanoo of tho o. anno3 moroa oou . 	lac a eaoxd ohc, eruo1 rou is 
roalotanao roda.co tho ficin and LU brin3 crack tiro output 
co the dooirod va .uo« 

At an Input aoro than 4 V hoc to goah or 
wi ;hor cut off tho 	aaki n tAo vol yci o Gain of A equal 
to unity. 	The a3pli£ior than trace the in9ut, attonuatiu( 

1 

by a fao&sir of 6. ho output diator ton of tho ciro. it 
to found Very u all.. ubou the input voita o r ocrc oo:j tho 
foc back no ,ativo voitaao aa: ao dooroaouo and thoro i a 
reduction in tho roolot nco of the 1'U# Thio reduction 

pill incroaoo tax gain of %bo auplif .or A3 eo that tho 
output to amain bi Oft to the roy aircd valuo. 

0.3. S 	 {toraijo Countor) 

A otair oaoo LL lorator io soad no a frequency 
divider. Any dXv~.oion from 1:1  to 1:10  iu , 000iblo uri.t i tho 
Qooi(JAOd circuit. h. basis: princ~i; to can oo undorotood 
by roforrini tho LG* 6.4. 

Aoouno initial sor-o obiurao on tAo cagaoiOor 
or ! 2.~ 'rho firot paloo wi l cauoo too ca, acsitor C9 to 

a hart; o tbaro h tho died o 9 • Thu : iO0 001 tt % Uith ullich 
C, char ;oo is the product 02 C1 tip+ o tAo uuu of diode and 
oaroo rooio tanto. if to .0 tiuo coag taut it: vary -c~1ail 

in ooQpa, i oou uit ► tiro durationof the , uiuo, tuon C1 Iill 
ob jo "u llr to tubo v .uo V1 Q V pith polarity ind uu ►c I 



durinG the charloG .ino of Ci • diode D2 d000 not 
conduot and volto aor000 C2 roaaLuo at oro. At tho 
torcrincrtion of tho input puloo . tho capacitor 01 to loft 
with voltr o v1 0 1T which now ap,poaro aor000 L, and acroco 
the oorioo oozbination of D. and t2,M Tho polo. it.r oi' thio 
voltaGo it ouch that . ,~ will not cond ct. Shu °apaoll4or C1 

wilrl # Uouovorp dluouarGo throush Dd intro U. until tae 
voltujo aor000 tuo tu+o cayaoi tore euro equal.. Tho thio 
coni t nt ciltA uhiob tAo tranofor of ohar ,o taLoi ,.loco aunt 
be q ito &aat3. in coaparioon ut$h the ire;orvd . botuoon 
to puloou in order to alllou oquilibrium to be catablioiaod 
botuoon the capacitor vrolteaou. The capacitor 2 is 
ordinarily Vito largo In conpartuon Frith 010 Ao n oonooquoncc 
Cha voltage nor000 02 to os all in ooapar1uou with tho 

1) 
io.ltaao #, = V aorvoo C. 1ho nort input juluo rootoroo 
the voltaGo on CI to V e and at the toraination of the puloo 
C1 diucharroo ci,ain to C. i,noo no g A000vor, t32 Ano namo 
initial ohar,Go, tuo amount of char'o tra:aoi:orrod from Ct 

to 02 uiU be oaol.or than boforo. 

in the actual circuit dcoi ,nod, ttIo pl000 tiro 
of gooi tivo polarity. 0# to oharjod throuih D4 and thou 
dioohnrGod through D5. To oat o the o t opo o9` otoi.roaoo 
Gonorator are oqual the traneintor ►4 Ano coon otod Ca an 

onittar follouor. Trano.ao;.or '~'3 Lu uooci to uuLto to 
❑anitudo of the otair oaoo otopo rc:antno the oamo botuoon 
the tUO 	aco. "A10 otog at C2 baa thio oaoo, a9goar 
at tt o Iocidintj od,~o of the iupu, p l.00, 



Uni$uaotion 2r3uoiotor (LTJ) to u=i no a 
jolt ; c o,orstod dlaoi~a ~o ouitcil. 	io 	ij4 vo .t;, ;o 
of tic iJ can bo ad jua Lodi by aay.ly .nj vac bio vobti o 
aor,U~: ii9 . U2. 'iii can i)o achiovod by uuauc;o.ti , a 

®fic ..oiotor au Uiao:4n in 	,. 6.3. 

at to docoibLo to obtain any radio Sro.a 9 to 10. 
` ao po.yitlon of tAzo jotonnUc otor A can Uo oa1 bratod in 
torliu ou' tho froquoncy 41?iolon ratio. 

:too Outvut £ U103 tL L OA Trots B. to Axo tivo 

and tho ciarjnit sdo of thio put o at lots frogitono;j divkolon 

ratio iu not ot&fficiont to dr . ro tho hmoo dotoato,ra Q 

p iloo nrp .Dior io inoorvoratod ubioh, in addition to 

auplifytn3 tho oianui, providoo tho roquirod phaoo uhift 

alcor 

.°dao cavo onalyoor in tc3tod ucinG a oqu3rt* uavu 
uo that oontout os variouo Uaruo ico Can bo oaloula~.cd, 

.tativo rO4llto azo .iood in tZ Q AVpcmdii. ,Aali-► 
auivo3.y, tbo , orS.'ur :auca lu fo:aud tc, hu vory uavA- racto . 
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7. 	0 L1 G' it tJ 44 X l? j 

x ouch ti o Rall oUoct wars di000vorod in 1877„ 
even now thoro are oomo fioldu of application z koro the 
Hall device io iavintj definite advantoljo3 over other 
o].oc Ironic dovicoo which are in uoo. rho pro aortic:. like 
ioolation og one input from the output * a £Iib linourity, 
COO( i froquoncy rouponoo, four q iadrent Qul tiplioation, 
vector product Zor iin( aapab .li ioo and rcuponoo Wo 

uauno sic 2 cold (not to ratoi»of-chanjo of 	no tic field) 
will ouko Cue Hall cryuzal a. very Lm ortant 1xuk i u too 
udvunomioat of . actrival, loctron.ci and Uo nunicn 
ootocxu. On the o for zao,nd, the device 	dot uom ueriouo 
li ..i tal ionr like Ltnuant d ov r loot. Lu «an &uuiu wlndin~;, 
noioo ;;}roblun at lou u .qua. level and vary lou youor 
hanc linj ca, uci',;V. "'tion with tho •c lim i tavloac the X11 
cryotalu h:,vo boon uuccuuufully trioti 14 i1aAy ap alicatio IlO, 
inclu: ink; c o. o in s tic trim,. applica ion.. 

The rcvol.~tion in thin fila ooaiconduo&or 
toohnolo will definitely improve the cry otal'o olcotricul 
and a notic proportion uhich n ill eliminate ooiio of tho 
limitation Atua auovo. Giajor contribution in Ilio field 
are oapooted from the work nor ooin;j carried out in different 
parts of the world, c apocially In R Io4 is and Oorcn iny. 

` ho vao ouuc t 'oriaix2 pro~►arty of t io .i11 oryo tat 
ht u 3a u uuucoe 	.LkJ oZploitou by ..ho au~uor to dovoiop 
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tr=ao &-,U notoro (both for volt o and ouönt) and cavo 
analyo oro (for of oc tris anc2 ono tic of jnulo) $ It nao bOob 
found b t oonductfnij onporiDo.ito that the Hail aultiplior 
paot avallnblo in tho laborator r oxhiblto Good linearity 
©vor a vide ran/3o o froquonoyr and magnot3.zin currant. 
c high aonforu to the opooification aivon by the aanufaaturor. 

The major drawback of Rail r u4,.ti,)lLor pachop 
uocd in all tho throo inotrw3ontc bore, are tho vor7 hib 
inductance of the field coil. 

Ae it lo, zoo :Aodification can be p000iblo in the 
HaU multiplier pack bccauoo of vho into ;rotor nature of 
thin *snit, aztornal coo;jonisaa3ion, . thoroforo` boo coo naco- 
ooary to 	rovo the por'or aaoo, oopoaial y to uaho the 

porforicuco of the unit Indopondon of fre uoncs,. pith 
cooponoation,providod, the in:itrumontc doait;nod cavo catic-
faotory pOrformaneo cahou tAouo r oro tooted in, the laboratory. 
It uould be dooir.blo to aovolop those i otrumouta t3ith 
baro oryotalp uuich would allow con.dcrablo f ►oiibility 
in douJ.nin tt o ua aeUo circuit aucordiw ..a %ho roquiro-
nonW: uud i4naiiy impravo the pur..orwauvo ox' tnu notoro 
draut call r. lu 	ouuo trio doui /aor ..ou3.L: havo control 
over two laduounoo of to : a uo tic circuit aid. It would bo 
p000isia to increauo two livaurl t► j uy ad ju tiui the air Gap 
botucon the .0 not..zin , corn uu" ibu ax,ru k:L1d In oono 
ap;licationo a b (,v1u4ou 4o chaujo 't40 uuu o ' ori tturno of 

tho : a~,notio Sicl coil nay by of Groat aoib,, 
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Tho dcoQn of a probe uoini; a bare crystal 
to pickt up flux from the . air sap of electric aaohiuoo 
io another ch allonr in; voar that can bo undortakon in 
fut: ro. 'ho author could not 	in tb3u diroc tion 
bocauao of the inability to bet tho roquircd urjatal. 
If a properly dooQned probe la used with tho oirouitary 
dovologod ey tho at thor a hams, inatrt pout can be dovolopod 
which would bo u©oful in anaZ.yoinj the air 6,ap flax of 
oloctrical raaoz:iuo:; and ntra.y natjuotic tiold. 

no cirouitary ddvelopod for u.uo nits Ball probo/ 
m ltiplior in travo anal uor noodu oo.io £wrt or romarko. 
The moat Xaportant part of the circuit is 2 A& whish 
aonorato oinouavo uith automatically ad jus table froquoncy 
and cono' ant mzlLjnitudo and is first of it kind. Thoubh the 
circuit hao been found to bo oatiafaotory, ito parforranco 
can be furtnor improved by oliatnatina, the draubacka noted 
in It„ Th000 ,draabacko are : 

(a) A alight djotortion at the u.4per valuoo 
of f'roquonoioo at all ra ce . 

(b) .Lor oynchroni..ation Iiai t (+ 10 F1 ©azi-num) 

o) 	cl1 ci cu a in the awpli tt+.G c 02 the 
• Gonorated cavo with frequency at the ,louor 
—and of each rando. 

Out of thcoo drn~ibucko the 	li%ula change ttith 
Yroquoncy on zoo o .ieainatod by providing,; tuo cao©adod otaLtoo 

C ?!T t 1 iI! i,","Y U {1V 1Sj7 OF h00RUUEf 



71 

of AG instead of one. Synohronization lint can be 

lmproveu to ± 10 liz by replaoinj the deflection mode kZ' 

by enhancement :aodo type. : one improvement is also required 

in VCU, which io the most important part of the ,kA , ti 

get a iarger4 eynoronnzenion frequency ran6e. 
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Uk.Lu1r LCLAlLUL. 	 licit 

~.VAo 

 

0 — Coy 	~nL 	oo }ao ,oatoci 3 	30 k1.'3050  
_ ____ _ ( data for garUo1 oon octed 	̀ {.a1 coilo) 

Roulatancot approno 	f 5 500 C bno 
Thnp ornturo Influonoo on 1 + .39 + 039 
RcAotunoo, appro. X, 400 40000 

r 

Curront rating 1 fmax 300 30 ©A 
kruotloal Frog. rani;o at do to 	1 .25 ii_ 

Koala t ,no o, n aprozo rat if 0 	Zia 
Tomporaturo influeaco on it, mppro c. 
ilaanoto ros lotanoo at  
Curront £►atinj 	Io r o r 
krao tieul ,froquoauy t n o 	do to 

2.5 Ohzi  

+ «15  

+25 ;3 of Rin 

330 are 

500 

i oolo tanoo n99ro~z o 	Rout 	 10 	 0hI 

Jo,ad roo.Lctanco 	a1 	 50 	 Chin 

Output ut mud. int, uutu Va lIt 2 1.o 	200 	 a T 

aot1poraturo inf ucnLo on 
anbiont UO wo + UOC 	 g .5  

r 	 ti 

Qbloat "► 250C 'et} . 70 	 I 	 r~ 

it otoa 1) Data is at 25)0. as valuon are r i.), t T ( t1ohOrtz) a fo/o. 
2) for oorlo:, connoctod colla Rf = 4z and x fpax = .5x valuou oboun, 
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(10 . Aan e) 

u ..pct: r 	Wubstaudard 	►jo .lugs a' 
•: • 	roadt 	mortar readin1 	substandard 

q • 	 me ter read ng 

1 3 22.1 4.41 
2 6 2.9 3441 
3 9 3.6 12.96 
4 15 4.7 22.09 
5 20 5.4 29.16 
6 25 6.0 36.00 
7 30 6,5 42.625 
a 35 7*2 51.34 
9 40 7.6 57.76 
to 45 t0 64.00 
11 50 8.4 70.56 

(5 A Range) 

1 3 1.0 1.0 
2 5 1.2 1.44 
3. 10 1,7 2. y 
4 15 2.1 4.41 
5 20 2.4 5.76 
6 25 297 7.29 
7 30 2.95 c.41 
a 35 3.2 10.22 
9 40 3.45 11.,0 

10 45 3.65 13.2 
11 5 3.e 14.44 



i-dmu  AXr.., p B L7~Qt ' A).J 
ti Adge) 

2. 	uA peter 	ubatandard 	q-taro of 
No. readtn 	meter reacting eub®tu idard 

meter reading 

1 3 0*2 0`04 
2 5 0.24 0.05 
3 10 0.35 0.12 
4 15 0.42 0.1? 
5 20 0.49 0.24 
15 25 0.55 0,30 
7 0.6 0.36 
a 35 0.65 0.42 
9 40 0.7 0.49 
tO 45 0.74 0.54 
11 50 0.7 0.60 

(200 mA range) 

1 	5 0.06 0. uQ36 
2 	10 0.136 0.U64 
3 	15 0.1 0.01 
4 	20 0.115 0.013 
5 	25 0,*130 0.016 
6 	35 0.155 0«a 
7 	.40 0.16  
8 	45 0.175 0.03 
9 	50 0.185 0.034 
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( Rs. g e 250 V) 

	

3. 	uA ester 	Substandardd 	3quare of 

	

No. 	reading 	•etor reading substandard 
meter read- 
i. 

1 10 72 5184 

2 20 102 10400 

3 30 126 1588! 
4 40 144 20740 

5 50 162 26240 
6 60 179 32040 

7 70 194 37640 
s do 20d 45260 

90 220 48400 

10 100 234 54760 

(175 V Lbw*) 

1 10 54 29$6 
2 20 75 5625 
3 30 94 d`I6 
4 40 107 11450 
6► 50 120 14450 
6 60 133 17690 
7 70 144 20740 
a do 152 23100 
9 90 164 26900 

10 100 174 30200 
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