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JTBSTB.Ê.OT

Tl¡as flhesås deals vse"bh Ëhe descníptåcn end &esÈåerg

of a speeía3"*purpose eompu.ter', ea_1-J-ed 6:he @
sptlpuggg.. This maehi*.e 5"s capahie of' solvíng network fr.¿ne.-

Èions and ea¡ be ¿¡sed"bc p3o'Ð irlj-chols åoeåo raoB Locfu âftd

equi-potenü:ì,e-L l-ånes s.ìrouû l-i-ne cha-rgee, -în acld-i.t,ron faeil-
i.'båes are i:ncl-u-dec. 1:o at,J in the e_pp^ro:rånaüior¡ of nespr:nse

fu.nctions by posífianång poles and Ees"rs"



I:,R,EFACE

The hås-bory cf 'ohe po3,e-*er"o anal-ogu-e eoiuputer

daües from Ëhe eë.r']y i950es v¡hen 'ühe basåe deeign 'uies

developed by tiagaøai-ni- and Reimsl-cis {Ra l-i" Ân improved.

version of tleel:r nCompJ-ex*Plaxre Scånnetr?ru ê.s íi r.{as eal"}ed,

wås consEructed by Krei:a, Me-u.øeyu ffid i'iuorínea (f¡: i)"
f\lrbhe;r deve3-opinen'ç tra-s l*egain a'b ühe [.rc?i-ve::sity of,

Mani"'beba- i-n "l-956 r,uiüh .che cone'crt¿ctåosi of' g.¡nachi¡re s¿*niåLaz"''

r',o"ähe üomplex"-illane Sca::ner ir¡r T'.raJ..s¿yn {Va 1}, and aü a

J.ater da'i;e ?Jagerer {i{a J"} began'ths development of, a phasre

neastr-ring 'eeehn:i-qiae cal-led the ?îl:cs'åscn'il,e1.--s1.¡eep me:î:hcdç?o

Subsequ.encJ-y"an '?ç:¡.'rrr--¡aeasu::ing unå'tt? {U* -l-) a¡:ci an ?ean't,ir.1*g-.,

e-v'åthmåc*,u:,ni'¿?? {I,gn :l-} lvere cieveloped by Hi-rl a:nC V/oor:-$am

respec:f i¡¡elyo

Tiris 'Chesi.s ccn'Lains an accous:.ü of 'bhe corop.Le1;ed poJ-e-.

"Ì,êr:ö machineo lncludr.ng a d-escrip'bion o:fl ê. cüm.pêLr"a'bor use.f,u1

foi- pJ-eüûing ¡:o*'b l-i¡c-:i-. I4an¡r of 'bhe o::ågiiratr- rini'ùs liawe been

extensiveJ-y m*difåed or' r'edesígned, and onJ-p the finaX v€r---

sicns are descråhed"

The entire pe"ojecl: has hr;e¡r :carie ¡rossibJ.e t,hrough îa:rr.-

anciaL supporE by *he Na'ci onal F,eseereh Ccuncj-l- of eana¿ta-.

The author wi-shee 'bo aclçnci,rled.ge 'che essi.süanee reeeåved

fv'om Pro:flessoy'Íi. Ao iohnson, I4e*. Bo Bígaloy,ru þir" R" *To Burns,

and. I4r" B" Jo llarr:\'o



T,..¡,BIE ûf üüir"L'EIïT'S

cHf,P?ãft,

fo THEORY. o e ó o o ô o o ó ù o ù o ô e o o å ú o o e ê É o ô q o ù 6 o s â o c e è o o É

tflte E3ge'ta*onåe ßæa.Logaeo o o oo o o ô e o o6 ø e e ù è e o o o 6

Evaåuaüåctx öf t,he trlÍagnåui¿de Õf I¡{$}o"cóøoocoÉ

Eval-*.a'{;Íon ef the .å.:r.g:u.rnen'l; af F{s}. " oo o ô o o o e o

II. TålE PotE*uERo Iviåc¡-:iHE o e e s-aoo eo'o oo o.oo ooo6o oôo ooo

The Genenal- $}"s'üerc"o Õ o o B o o6 o o o Ò o o o o o o e o o o o ô o s

?!eg ngfe::gncg os*l-]-l.a_"çûtr" G oo o o o o o o G s o o oô o o o

'li:g fac't*¡:. syn,altesi..&yo o o o o o o o o o ø o o oô ooo o o o

Thg ourbp'tlfi rr.n:i.'i;o Þ oo oê G oço q ooôooo oo o ooçoo oe e

swe'*¡: I4cc*so o ô o o o o o o o a ô o o o G o o e o o oþ o ô o ô c o o (ì ó o o

Thg jVr Sltree;Oo o.o o o o o o o o ó e o o o o o e o o o ô o o o o o o o o o

Tire Cui:pU't unåboo o o o o 6 s c ö o ê o o oe o o o (ì ù o o o o o o o

Thg ¡rJ,al: sveeilo o q ú ô o o ê o óo eo o o a G o o o o o o o o o ooo

"{tneil}a.¡:y iJn-:-1.ôsq o o o o o o o ù o o o o o ô e o o o oo o oo o o ê o ô s

Th{J pen*d_roppång coinpar"a"cö1." o o ô o o o o qo o Õ oô o o

lhe e¿*fûr' i¿¡:¿íLoo q o o o o o o o ô o É¡ro oo o o o o oo s o o c o o

Thg a:i'üå].og unåûôo a o o o Ò o oo oo oa ooo o oø o a o a oë o

ïIï" IL'ESTING 0F TtlE FûLE-ÍEtri0 ÄLqtFiT¡{Eo . o o o o e o o o o o o o ô

ûal-iÌrrati-*¿1o o o oo oo ? o o ê o o o o o e o o o o a o o è eoûooô oo o

Tgs'øæo o ô 9 o o o e o o o o o ù o o o c¡ o o o o Ò r o o o o o o o o o o o 9 s o o o

Test La: I",ogarf-t:hinår; magnåtnde r"espoúse

of a Taheb¡rg¡çhgff fíL@en"ooooo oooooocooo" tr,O

PAGE

I

å

t
{

IÉI
-!-.t

L2

J-¿+

åb

r"8

r8
'ìc

4!r".

tîl

30

JcJ

38
àè3a

j+0



tË.iF"r,3'nï¿

I It

Teåit, lb: Pkase aricl pnase*slcpe char-act*

erisûå*s CIf a Tchebysch*ff fål*tec'"soqeao

Tes't Lc : T'cheb¡rsch.eff i.Gs,pttiÉ€r å s e. o o o c Ð c e

'i'gs'b 3,r Ïtlåchcås-ioci_ plor;s øs þ ae ô o o c o ùo o ô o

Tesl; 3a: IttagniLude c'f an :-æpedanöe

fUnüti0trt. e q e o o d o o e o e s o e e c @ É ø o ç o o o o o q E e Þ o

TesÈ 3b: FÌtase clrarae:â;es"åstfc of,.' a.n

antped.ance ft¿n.c'ci{¡*T.1 ooo o aø Ëco oúoc qo oo o oo oo

?'es'ç' &: Ec¿uj-;o*Èen1;f.al- l_j"å?en a'i:ou.'t a- lår¿r+

Chafgeo o o ó ó r ø è o o o € e ô o r e E o o ô G q Ð È e ê o e o o e o o

Tes'f, 5 : iï t''+';:'i;*,iöcuË l]1"ç'bo o o o e ç ç <3 ø oo o o ¿¡ 6 o

Tggi; b; ilr:.grctåc¡: r:a,i*h5"i:goo oóoç e û o o6o e o ôo

CflNtl,LiSïONS" o o e õ o o o o o q o ô ô û o o o o o o o o o o o o o ô q o o o o e

E¡,tail U a'ciiû*-o o ç o ? o o o o Õ o o õ e @ o ô ê c o o o o o o o q ú e o o o o o

t.,,l,ge.::,i-ünmi.c*me.gni'rude cal-q:uiaüi-ort, o oo o o o oo

iìhagg ce-l-ci".r-J.g¡.t-1ct¿", o o o o o o q.o ù o o o o o o o o o o o o o o

Ar:*il--larry unåt$o o o o o û c c o o ô o r) o o o c Þ Ê oo o o ô o o o

AppJ-ica-ti,onSo s é Õo c coi o o ooso o o o û êc coc qd o çoa o o

PATE

t¡LL!

+v

&8

rr"

ôà

66

12f,.
¿\r

.ì{1

'vnáÀ

?Ì

r"r !
{ ¿",

r2t t"t{

Of^

qq

55

BIBLi0ß't"fiPF:Yù ê ¿ è o o o o ô ó ê o È e c É o e o o o e o o s e ê & € , o o o a Þ é o e o o o

APPEI\OÏ}i

r-" ,,{.'¡i.ñ FFiN-ilR.üppI}Jfå 00MLrÄR.itTOF,o * à s @ e o o o ô d o û o o e o o o

lï " ;\DJf.iSäMlSili' OF' P'jit+.ERI1iüUit PI{4.SÐR,S o o o ô o ô e o c o o o o o o

fll:. ?triE UHiìû-.flIìLllIR I{0f,"ü {_::t"iìttrïf . o o ô,o o o o o o o o o o o o o o o



l

tïST 0F TTISLEÍj

TABI,E Pê,GE

T* Freq.l.ae*cy Ileepcnee cf" a Tchebyse&¡eff

Lotr-Pass Få3-bgr. oe eo o o ô o o ô o & o o c o o o o o o oa @ o oo a ¿4-2

TT " Magr, Èareds ânC Phase c:f a $econd*ts'der SysBeru" " [,,9

IIï" 0curputed. T:apecenee ÞiagnåÈt¿de and Pha'se cf
an ïni:edå.nte Ft¡naüictæo o oo a ô Ð o o o o o o o o o o o o o oo o 53

IV" FrOgB TrOCI¿S.ooooooooooooo6oooooqeoooooeooooooo " 6!+



}.TGiTÍIE

l-o ts*ati*n rÉ pi in x;l:e

? " rJee'{-,or }:epr.esçtå'catå*¿e

3 " Phaees: rêp¿"ese-*.',1a.üion

TÏS? CIF F^TTTJBJTS

¿U-L{:¿9,X:J & i ë è 9 c o g ç a o ô g ê o ç Þ c o

F"r And. ßô6óoeod o oc a¿océ..!-

l*.- ä-glcl s. o o q oùooüoo Q o oo-¿
l+ " Ëf.fec ¿ o:f 'ùi:¿lìr.gi.ng u* fr.cm ci Eo gä E¡a.i;hJ-&

W tÛn6Í;ff]'tio * õ ê e o e co o ô c o ê s ô ô E,- ð o þê o o ¿ è n s ð ô ô e c ö o I

5" T!}e ÏrCI¡;'å'Æ{in"bå.1" s?rÊgp ?.aç'ooôoooG+ooûo ocod oô,¡ôoôooo 10

ú. G"eaera]- T:-i.q:*k cÌ.åagra:n +f bhe -p*ie-"Ee?"ß ¡llü.ilhå¿?e"" l_3

?" Ftæ-fec"ez:cc: r:nciil-e-'büT'*ooêGdûcoooeooôoo ø o e ooooooo, L5

iÌ. tåhe -i-'au:btlr' sï'ilt¡?-*gåEe;f" o o o ô o .) Õ o o o o o Õ o o o o o o o o o o c o 3-T

9. Fg.'i'11 of i'hg ;¡lr svlgep.oooooLrÒooùooooooooeoooooõoo L9

1t, ilr:ub]-r::sa-'..¡rt.r:c?;h. El.¡lduJ-4"Èi,ûãroo o o o o o o o oo Go o ooooo G o o '¿t

f"-'¡-,, S"l-o:r:"1* ciåa¡;r*.ip af clie jtr*mwe*p -di}åiþôôoooôooooocoo An

3..2" T3.::r-,ittg ci:.ar'i;oooÒrocoooooooooo:c, j,oo9o:l:oooooo{¡o " ã,'A,

-Ë.3' Eloe]'t diagr-a-n of ih.e üùii-:ptifi, uit:i'coooooooooooooooó "ì,ç

l-&" Fai;h çf uþre pLan sÌfeepoôooooôolgoooooooooûoèôqe, 2F

L5" Tile påarr.'-gueep gengÏa'be?g-o:Ðooqoooooooooooooooôoo ?,9

Lt)" The pen..-,:y'oppång tc¡?iFere.Í;ûll-o o o o. o o o q o 9 o o o o o o a o o o o jn

L'V" E]-o*3¿ e!åaär"ar,:. clf 'hh.g eri:,e,*f" ur:å'fl?gooooooooooooooo B3

l"ß" T]'l:.g gl:""&i-È.og lr.i:-'.î-0ooo oooooooooooooooeooo.oolgoÒoooo 36

-iltì^ T,r:r¡:ql*Ì.ti'ì?,1i i- ïyt,ãÞ'ni'¡"¡'¡rie i^êcÌr\¡rr¡c:Ð ,"! í' :)7qsÚ *' aruyvétçç u¿ a

Telteby*e ngft fj.ltg¡¡"o o o o o o o oo oo c c ooooo ooo oo oo " ê+3

$f

P/åGE



FTGIJR.F;

1¡íÈ

FÉ"Tfi

3"Ð" ftrgremen'û pn,L ph.aee s]_cpe o.i e_ l,cnebyn*itef,:f
.f;T¿-".J.A¿Eg!-'o Þ o é o o ô ô o o o o o ô o ù o o o Ð o o Ò û o ø o o s s Þ õ o q + ø o q d ô !*S

æ3-, Iaheb)t"s*bæfr ]:å*Ì?ön#e ¿ e o'ÒtooúooÞoúodêéúúoÐûsèEôo Ir.?

?"2" $ticholig l-*+åôooocooôooo{,1oôooooooöa{rao ÞaeþooroÕe" 5t

?"3" Tirtper.åa*,*e*f¡¿g:i¡::ti*:': ieagtri"'åæe?ç:.ôr)ô,oi,ooc a&oaûooqoo 5¡,"

?j*"o tlhagg r;,f o*rc: í:'rrp*cì.anee-L'unctioir.., c o r ô o o Õ ê ô Ò c o a c . " 56

?*6" Irå¡:e *!r+-a"g+mô@Êeûôooo€oooço 6coasôoøood3eùooÈûoc " :i5

?*7" Ertri.raparieriLi.a.l- 1..È:re.* ahcr..rt ¿i åå¡te *h*"r.:geoseecçooc :;*
ä8. r'lcmp*':-*-no-t: 

''r¿-u 
¿.i1.'ï'¿E'Fo o'". o ' ô o o o r c o o o ô ú o o ú o o 4 Ð e c o è û å.ï,

1å9"'-l-'ile .Le*i:i 
. 

.f.fe*i;ccôoùosooooo.6.,coq6oùoocoi;oöcùssoô 6t

30. Iir:ct*l-tl*us pi-*bô o o Õoo o ôc oo". o oo 4,c.)s ê oo o oú oôoô o o ô tJF

:53-" {'Ìr:.r:pee:: j.i3}ìri';*ð o(,,) o oo (ro c.ô ooooÕ eoc 6 o è o ô6 o Ðoo (rc o o o 'i'¿

3i . üh*p.pe:' l,i;i.,-1Ì:l¿ili,., \r. ù o c o o ô ô (¡ e o o o o o o o < e o s ó o r o c o q q d o ,07ðjÌ

33" 
,',-traå.n c-i tdjr.¿Ð.¿-ë ï*fa'{.jes.oâo¡roo.ôûr}ooooooooôcoooorr. ?18

3L" ;rl l¡J.g'i. *:f ,ie sÍ.n ir;*i:"ooc{,ooooocoosoriÕ¡cooooo.roocô S*

'j5,, .F.:'elq:ite:-.rcy ripefë,,.:Url O-f Ëcil,,å.ùii';3t i.3-5j,o o o <.ô 4 o Ê o o..ì åi3

3&, Fr'êr;i.'iÛ:;i,l-:ï',jânt,ãr r-r; eclu:1.â;ior.l il,lr"3"sùo.j..,ôooo()ôoooô iiä

3'i o Üh:+pper' 'ÕÐìi',íJ'¡l.'û. s c o o o o c 6 o o D o óo o ô Ò o oo ù,] o c o ú e o o a.-o o ii"{u

j¡8. f-i;i:-erj. eiäp"Li.f"-iler,*rrr'ili:,Ui'cooooooocooooooooùoooooDoo. 6*:

39,, Fei:.'clr,;prrii.l'ig ,*i-¡".::¿tirLo Þ r o q ô o o c o o ô o o o o s o o o o, Lo o o. o g;é

&üo üa¡'"¡.¡r*,ì",*.-'r'efe:rence l-¿ip.åi::sjÍ,o o Õ ô q o ooù o ooo o o ô o.r,-i, ô ô Bs

J."-Ì-" r':r'-r5.''r*u*,a'o ;h';¡,i¡-r¿¡¡ iaprir) s:i:"t¿j.'i;ÐopooooûÕccôÕôôc 6};l



ÜflT ûo ft oco oooc6o*ooaaoâo eø ã a õ1l.Ti?t¡"gTü pï*f{ *rëp.it*üJel "g,ry

8-6 
ô o o o Ð Õ Õ o o o o Ð o û e o ø ø o o o o o o é' n r*îûtlg;jrpiTî J+-E.-,ïa*ê$äî{d , 6.I

E6 
o o Ð s e¿ o e o a e a o o oo o ø Ò o c o o É c o Ð ñ a * "6.;fjl3låqd Olu+AA;ag ",?{T

TÓ 
o ô â o ô o o e 4 ð ô o a oJ*q'iui,Tiî êt{?. J{i,$'$s.{çTæilË qdeæ?.-arurToJ " {+l

6€ 
Ð o o o ô o a o o o c o e o o "B"S{?.:J:Ta ?.fidr*ç *addcr.la ?råâï-ã"{T?iìbf " Z.l

HtYd iHfiilt¿î
& L i.ll



CHA.PTER. Ï

'ï¡iE0Rg

ïn ühe fields of circuå'q,; theory and *ontrotr systems

j.t is of'ben nece,ssår), to evaiuabe ¡rei;wortr fi¡iec'i;ions of the

fc¡:rn

{s * s-}(s r \ '1 
iF(s)-+=oliffu#;;þH {,}

where s i-s a co;nple:t varåa-n1e and thejzes and pts are eom--

plex nurnber-s. sevev"a]- pnacti cai approaches to ol¡i;aining an

a-nal.ogue of sr-¡-ch a fi,rnctiorl al"e in eais'cenceu namelyn t,he

electrol)'t¿c tanli (Bo I) and the conduct,ír:g aheet (Ha 1.;

B:: -1) 2 both of wirich are ba.sed on the t?po'ber-r'üia-J analogu-eî!

{se 1). ,ï{or^¡ever', the al-1:el-ec'i;rcnic a.naroglee to be d.eseribed

offers a r¡arj-eti/ af a.dvan'i;ages overLhe p::evior-rs meEhods"

These å-Y'e 3

l" Ee-se of prrs:-t,ioning einguiari'ties.
2 o .¡llcre r.apld cal cutracion of, F i s ) "

3 " ;i, l¿r:eaz" f,z'eqi-lency scei-e 
"

l+ " ü::eat,e;r" r¿ersabi.1i-'bi¡"

T " Ti'{IÎ E],ECJT}ìÛI'I.TC ,IINAIOGIJE

An elert,rcni.e analogue cf equa'cion (f_i ís sriggested.

by an examåna"ticn cf å't,s repr:eseni:aLio:l -i¡r i,l:e eonrple:e,ptrane,



ûT." l:1c3:"e pârf,i"rrì-l-åf.lyn the .4'ep.r,esen.ta-l,ion of, a general t,e¿..rir

such as is pl)u iri:ey'e

*u * 6rl- jvr

and

P} *a+J'h

U

Figur^e l. 
" i,*cai;:r,rn *f, pl. "i.n bhe s pJ-ane"

per';:end3,üiJ.l,är' ç.ecfr,:rz's u Ë aard 
-Fo r.¡hich .låe íE: .bhe Õ* and jw

cír'eci;íons :iespet;t.årrelyr ßs shoron l1n .fi.gu:.ë z" så::ni.l-ar_Ly s

ca¡is:Ls'bs of ce'':i;¿;::s F e.nd 3"

tzj

IJ J

ThÊ ioceti,¡n r:.f lroi-nù pi ån 'i:he ccinp}-ex pl-e:le J.s rleflernínecr h;r

i'ts .¡leel ¿nd imegåna::y ¡:ai:u* äs ind.:.*a'ceci ån Figure :1" Alsoo

F, iaay be cun¡åcie¡:ed t,¿ l_j,e $_i the "oer¡ninr¿s c,f üura m.u.bually



Thtrsn

år¡.ü

Fcr a

5*F+jW ù ":'

!rì

ff:'i" vr

**F.r * a -þ jt¡ rr

Í;er;rr Et¿,:h as (s p. ) wc har."e--t-

i'l

is F- i = {cr-';- jrr} ta + 5U¡

Ê.? {c-* a} + j(v,' ,.- 'b}

J¿rl

?i-i ør:; or in , 5íec"b*s' rep:.eÉient¡.-tåon *g Fï a-nd- so



¡+

*.1"rplyirrg Eul*r T s T'heor.er.r o

{s*p"}*r*eit-_L' ¿

where

and

I = Âr'ci,¿¿¡L {r',¡ * b,i
(f'*;s- )

iêÏ-he Êe::r¡rut'lu'"n .rua-;r e..i-su be j-nl;e3p.r:eted $_g a 1r*c"to¡: {as ghc'*¡¡:.

in i;':.girre ?)r oi:'l:,4:lnecl blr r¡***or su-bf;r-acbj-o::r" iE'i:,ai; :i.s 'b* ,$e,lr;

i".s*-l*'*' .= s "" pf * io'-:"i;) {Ë +- 
"6}

ï'i:, Ìias t"iius be en shoi+n 'hl¡a.t, pl, s, ¿ind {s p:- } ritåJr

be depici;ecl !:¡" L'ecïc:irij" Ijcr¡eÞ-ern ûhey cor¿1.d. jtils'i; a.s ea-sil5r þç

l:ripï'íìs();i1i;c,3 i:;' i:l:ascr-s, since í-;Jre i;t+o å.itÊ-r tc,r:j_rral,e;:-ù prov:i.d.-

ing :';ns'r,;in'i; pi:ase r:e]-arL:i,onsh-Èps; *"::e cie.-¡-n'¿ai¡ied i.:ebr.¡eE:n pi:re_sox.so

'i.'hi-s cl:$et"i'ua"i;:Lcî'1 \.¡e.ç i'rnr:-l-e¡nengett by fr,æ"gaø¿.-nå æd

Reyncid.s iRa l-) -i.;:l ¡:,1-ie r:ì.ee:ign cf a- conipul;er itrrj.ch i;tj.I-:-zeci

";'cl-j.;age ph.ei**rs e"s iinalcg:-res c:l lhe te¡:ms j.¡r eq'ul*.^cicn i1]"
A pcinÐ such si,-!i ll.¡ rn+-y'L:e x'epreseäi:ed. b¡r ¿¡re aclclj-tåon cf .ü,v¡o

r:auLlia-l--1.y per'¡ren.cìicr,ti-ð.1' pliasc'rs of alTrropr"åe_'í,e ma-gníi:r.r.r.ee .ås

ír¡cl.j.caLeel ín ;i';i.¡¡t;:Ë 3. A rro-l-'ca.ge,, \IF, cf 'bìre .r1q;:í"¡s

li
,i¡: Éd* ,-* .J¿ {Ê * l¡b ¿gd i¿r }



;rs obl,at-ned." .Så:'r:"i.a2.I"1.'n

!." .! "" i -,i.: /!rl : iI6- /fìu "t 'ii-*,' ftrnÐ-* t_ "" ú*x_ e vr¡

By sub'c::ê.cí;ång {l+} from {5} å. p?râ,$úr' is
respûnd.Ð bc, {s -, pl }.

$#"

lÐ{3å

fci

ob'*aineei v¡hicå¡ rrr.

l':ig;ure 3. Fl:ascr i:'ÉlF':i:essil'ia-t'j"*¡.'i t,t p.l tmcl sn

îI" ËV;rli,li/i..t'ioi,J oi,' liii-j.E I'riåriNïT$i:ìE 0r r{s}

Once a_:i¿il_ogue"s c-f- ch.e .r"ærm*l (s F:¡- 
j, {e -= Fe}u

eü¡-;e0er¿¡ a:"i;.:h¿¿,jn.*:¿ii 'ü,;io;r.ppr=car:i-i*s ð-i.e ai¡eåiahle f,c,r,

cÌetern:¡";:i.n.g "Ihe rn*.gnåiude cf ir-{s}. T'}:e d.årecü corå:i*se in._-

v*åves i;*i:f ::lg the ¡r;"ûcirui:il. r:f 'Lhe i¿Þlm.ez"a.l,cr fací:cr.s of F{"s)

enrå dåvj..dj"ng ü!:iæ j:e.suli; b)r the p-r.¿:rji_le1; cf c?,ie dei1ami¿aaõû¡"
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pa;:bici:].a.r:L1y u-seful- i.r¿ conne¿:-bion v,riti: '*he pJ_cf;,t,ing r:rf

Itlichotre t,-rci" and Eode Ðiagraras"

;T:Ii" E'üAL{JATIOi'{ OF THE AF"G{JME};T' OF F"{S}

The mos.i; ,¡bvj.ot.rc ¡:rethcci cf compr:ting ûI:e a.rgumen.t, af
l¡{s} i-s 1,o nl€Ð-surê the phase ang3-e cf es.c}r phasor, repÍ'e.sei¡t,-"

íng a fs'ctoi:slrcl:¿ F.¿s {s - Fl}, wåth respe*t bo a reference
phaso:rn ue$.ng phersene"l,ers" Then

i .r-{) j

HÕi¡;rlv"ern ì,his i¡r+Lhotl rcqu.i::e,s ëì. seÏ:å.1:å,1-,e phaseincLe¡:" fur':. eaq:ll

fa.ci:'c¡.' :ln "l¡{*}" Ccnseqr-r"e;:.'biy a s*i;cnd meïhc;n, caJ-ì-*,J .t,he

ii*:'-lzori.i:,al-*,,sr.ìeeÌ] r¡eîÌiuri ik/¿¿ i), ha"s -beer-: 
"Ln.ve,-,;i;;lgaçeci. Th-:ls

nei:iiccl j-s essentj.¡:Lì""i-¡i s-n e:rtensj-on oJ_' 'tecii:riLqi;s* i"r*ei.t b) lìr,g,-

a:¡ø.'-i¡:i- ¿¡-¡id. iìt;r.rrl.r^cls i¡ia, -L ) +,:o rne€rsr"li:e ",;ìte plia*e r;J_,--u1:1; *f -f {p } ,,

l-t;is Cir*r";!.'yç,,i;fro:li iìLrlit,irl-Ê:i*"ìti'Aj:.:i-Ëì.hl-á.i ì:..her:t=f.

l;:i.:ü':.* i'{s j :i"* a. j.'unc.h.'ì-o;ri c;f a c*:np}.e;i r.¿:r.j-gh.-l,eo .i..r ri:ia-y'

b e s:ir o r,l,i.i 'l,ll ;,i'i.

l"¡:. .F'isi ::; ]lr"{¡*i,*; i n S .[::g :i{s}

.i.r, i 'ì .i i'i..;;.ir.,# .¡it*::- ; l::i î1.-,:'i

c {:'n{l:.:- i; "i. ri.tlü Ej- v +;

analì i¡'',,, i- *'ti:e iÌal¿ch¡.r.-iì"i. em;:ng.i

nfft\* T*
Ar:g i,'isi ='è="._-.{r"g ts E.;i "-.Ì* Ang {s -.F*i

i,*1. -& þ._*f. r!.

H *qTi

L:.
\ ., i.-.. .l'
iY t 1ì i;:'1 .: lj ;:: i; lil'q i'i ,= ]-ii';;--*"-



iirhere

T-i' 1;he rer*l- Êa-ri¡":, Lr r, cf s is al.}ci.¡ed

ü*? tc u,*5rs ;+¡l:!.-l-e l¡ ¡:emâ.ån-s cons'tan',-n
09

fniF{s j Ë '¡,¡j.i;i: .,rr:*pr:.c[. Èo 6r- y5-e:.ns ihe
T"ånge

{:ã=(

-i- tJ.L iJ .L Èa

r)& ås
ü-1.,1

cafl-ecï *;he phase sJ-ope" Fror* ec¡rabåon (2)

!Ë ffr" jW

üo '¡rP-,.ii:-y {sweep} fz.o¡n

'i:he cLe:"åvaiï:î.o¡e cf
pi:a,Ëe sl-{,-p€ sirer 1,he

I

ædt,

-" Jvlu) ic

ån iiigur"e l¡ 
"

s r= { e-^ + -ip¡,, jtvil ¿\

*r--l-È-Lls'¿ E"

'.!¿"r

F i.gti::'e L¡" ,,

üûns'tenü "

Ei""t'er:t; *-íÌ i:?ie.ngà*g r:* fi::*:n u1 Lr: ,s5 rr"å.bl:
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c-l' the Ç** swe€p for a second. va]-ue o.f w (w : *? ) n accompanied
by dåfferenij-atj-on ancl siærpJ-ång of rnlr{*lÍ *e Õ- = Fau
yieJ-ds a. secand. i,"alue cf phase s_'!-ope" By rapid :repeüit,ion of
bhi-s p-?:cce,çF a r-ange nr¡mbei of sa-rpåes c,f phase slope rnay be
obí.,ained aJ-on"g a låne of consten"ô o*" rnl;egraiion of Èhese

samp-1,es wi'[h respeej- 'üo wn gi.ves the phase func-i;ion ai..ong the
-'Ì-i"ne o-f cc,nstaa6 c-(o* "= {j--*}o 0f partåcuïa"r i-r¿.berest 1;o ÈFre

circui-t Cesignen $-s t,Í¡e case i.¡hene ü*n * 0. Foi: the above

rliîûtess thj-s gi'r"res the phase of t"}le s'ùeady s'bate resi:snge func*
iå+yr a.s s i¡aT"ies froni {S + jÐ} .bc (0 +;nr} whenre w j-s srme

1ar'ge fx'eqv-e:lr:¡r.. 
,

ûci'l s id ez--år:g t,he e l- e c-i.¡:c.¡r :i- c c ürrip{-¿i;å.i :l o;t ; d. j" f f e¡3enû åa_

Ê:-$n ana ån"oegr.a-r3i.r:n e-z"e onl-y prssi.'[:J-e rrri.i]h respett, .Lo ,üir¿?e.

ilsv¡eye.r"o LI:.i.s rl"-ijlfj_cul.î;-.¡.. üiay b*.: easii-5r üi¡ercûrue ìry niai;ing ,rhe

itagnJ-tr.icle r:-f i..he pi:tasorn reFrï=e,5ên.i;å::g o* and. lu .Lånean fl¿neÐions
cf üj.ru,e., -.this 1u ¿çgr-rÍìpl:Lshed, bir a;npJ_åçr.¿de irodt¿.]-a,¡ion o.f tlae
åi,oill:,opr3.¡j.';;e pirascrs st'6hat

/
/^/ti.'o- ( f; ) /$.1' * li:r \-" Lú + i¿t< /*ûj

¿¡:ff d

ldiiÀríi-È j bÉ == i,';tr.i,



åo

ïn practåce, &he jw axås musÈ be seanned åar steps {w reniain*

ing constant beÈween steps) so &hat ån order to appnoxåma6e

vait | /ga" * vx , /goo, 6he sËeps musË be:

amplåtude and dr¡raËions anQ (2) sna:.1 wågh

totaL raxlge af w to be eov,ered;
, ... .. - l.r

Ðr.lnång the t4veË &hat &he phas@r representång w renaåne

coi:sÈanË, the phasor represenêång cr ås anpJ-ågîåde nrodr¡j.aged

sr¿eh hat, ft st,ar&e ou& aü Vr lL8Oa and decreaaes 1:.LnearJ.y

(at a eonstanË nate) go øero and Ëhen åncreases Í.¡l the Ëame

manner t,o Ver re- as shown :[rr Fågure S "

V¿..r

f=O þ,t l'= 5 f'= 4

Fi.gure 5" The honizontaL spreep,
| ¡'

The deråvative of In f ffs)l Ís samp].ed when cr * Oo

upon compleËion of the horizonüaå Eweep at t = 4, w jumps by

a d,iseneôe a¡nounÊ and the sweeplng process is again åníti.ated"

(x) of equal

nespeeË to the
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Thås yields disöi¡reË values of phase slope aË eqraaL tåme

ånÈervalsu whieh may be used, Ëo generaüe a contint¡or¡s func-
tion using eLecÈronÈc daËa-reconsËructíon teehniqraes"

rntegratíon of Ëhís funeËåon gives Èhe argumenË of n{s}.
Tf in&egg"abÍon starËs from w = o the consËant of ån:

tegnaËíon wi.ll be n flu åös esae& value be:i^ng obvious by

ånspeetion of F(s)"

rf ln lFrsl | :is sampred, a& Ëhe same Èimeu the values
bhr¡s obtaÍned. nay be reconsËn¡eted to forrn a smooth curwe of
ln I nt s ll ver-*us wo



TI{APTER TT

THE POIE_UERO IIIACHTI{E

T, TäE GEiìERAI SYSTEM

The pole-ãêro analogue ccmprxter 'co be d.eseribed was

constructed to sårnulate sJ-ngular¡-Èies ín Èhe coruple:c planre

and to perforni "bhe oper.aêions requàred to erral-ua-be F{s)"
Proç"ision ire.s been made foc. 'bhe åndepend.e::È vanj"abì.e, su to
auÈomaèicalì"y "¿nave¿-se "çwo clífferent paths in ühe .s plane:

{1) a repeti-f;åve path al_ong bhe jw axi-su ancÍ {Z} a repetiÈive
pa-th in the jw dírectj-on a"c equally spacecÍ in.&erwal_s of cr- o

covering Èhe en'Lr-re plai:e" Ì,lhrese sÞieeps lvill he referred Èo

as the åv'i_Eþ{Ë:s,p_ arrd bhe pJ*n*åggsjÐ, respec.ùJ.vejy" rn additionu
s nray be positioned ma-nually" severaJ. ancilla-ry units pnowide

faciiittes for evaluaLing errûc'su plotting rcot locio and

deËec.mini-ng the anüiJ-og of l-n [f,{ulf "

The overalli biock di-agram of the poJ.e-zero me.chíne is
dispiayed. in FÍgri.::e 6. $" sf:abte osei-ttat,or generates a
1600-cps s:"nusoiclal carr¿er which is converl:ed üo foun nefen-
ence rrol-tages (phasos's): 6 re, 6l]9Ë, 6 /tgoan and 6 /ÆÉ,
llhese reference pl:asor-s a!-e supp-L:led. co üç.¡elve separate &geqr
gvn-ü*ksåE,aiiåu wÌ:ez"e ùhe appropríaÈe phasors and phason nag*
nit"udes are combined wiÈh the s phasor 'Í;o represeslt one faerbon
(eibh.er a poJ-e or a %erû) of F(s)" Tn a-dditicnu Èhe reference
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U¡,

voltages al"e fed- t"o 'bhe SirJÐep genefatü;rs efheT"e 'ohey are

arup-l-ítuðe nrodlrl-at,ed. 'Lo ï"eilr'êsent 'bhe 'uas'iab'Èe so Depend-

zng on the desis'ed mode of operaûåonu'bhat, åsu jw svreepu

plan sweerÐr Õr rnanual srreep, ihe a-ppropråat.e ou'bput(e) øg

the sweep genes'ai"ors are switch sernected and applåed bo a

çt,'re.Êtì-sRBEie.t'-å.9¡3 ægÀågegs whieh i¡r tu:'n supirl5-es the s1{eep

ouüput to all- the factor syn&hesåEerÊ såmuLtaneor,rsly. Eaeh

faet'or synthesizer handl-es one sångu.laríoyo and å&s ou&puÈ

ås e- slowJ-y varying (with s) d-e volüage {posi.aive for øeros

and negaüive for poåes ] iqhich r-ep:cesenis ,:e.e fa.e Ðor such as

ln I s pt | . Finalry the cutpu¿'¿ ¡¿nít sum$ the orzüput cf each

channel- i;c yieÌ.d 3-n lftull. In adcìir;ionn tl:e ouüprib 6niü
enbodies circuåts far cte'be::.riíning the pha"se s]-ope and phase

of F{s}.

The JLinctions .of "cÌ:e remaining bJ-ocks e-re sel-f expLaria-

t,cryo bui cletaà}s of '*:heir apera'bi-on wåll be discussed. in a

subsequent section enti'b3eC, llAnci}lary iJnrüsÎ?"

A d,esci'ipiion of i;Ì:e v'ari ous operating raodes rr¡il} be

preceded by a rúùre detailecl. exa¡rrinaüion of 'ahe i¿ni'bs co¡r¡iTron

'ûù all- rnodes r:f operaticn, naroely,, the refos'ence oscil-latoru
'çhe fact",or synthe.sirerbu and pa.rt of the oubpr,nt i-inifr.

TÐq =Àe {e:e+se q +_c_Å_} }e.goÆ,

The reference oscillator, whose self expS-anatory

blcck diagrarn appes-r.'s in Fi.gur e ?, gener:afres the system re-
f,erence phasor"s. sf:a¡ldand ci.c'cuíi;ry rs used. €hroughou-tu
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v¡hi3.e hígh qtrali'oy eorTlponent s a.nd. e:c'Lensive shieldtng eli-

Sure sËabl-e operabiono

It may be no'Ðed that 'bhe adjias-i;men& o-f t,he fonr ne-

ference phasors ís qui'i;e critical v¡iïh regard 'çc¡ bhe Íå*cu-racy

oil the compi:'cer" Hou¡e\ier¡ ¡net,hcds a:re avaíLable r,.biûJl pc::miù

Trery precS.se adjustment; these nre'Uhocis ere cìiscussecl in .{p-

Þen{ÌI:{ ..1-l "

Th e* -EÞç-È-qå:- E xaj; þsstås.{
Ðetaj"ls cf a. si.ng-l-e s¡rn'i,hesåãer ê.1'e sholtn in Figtii:e 8,

Swåtchee seLecü bhe refe.Ìiei?re roJ.iages {phasor"s} ,:eo¡ri-re'j. to

represen'c the real a.na íme.gi-nai:y' paris of a e Ingu.l-a-::i"¿yo

whil-e precision, ten*1,u::n- poteni*,icr¡re-Lers are sel so thaí the

appropriate a.nrplitud.es oll t,lie y"eatr and. imaginary ear.l:iÊï's a¿'e

a.pplíed to bhe surnmf-ng am.pJ-ifie.u", The *s phasor from t,!:e sweep

amplifiec" is al"so 'applåed üo the summS.itg amplåfie¡.^ ç¡h.c'se ottt-

pub is a pltasor ^å.{s

ampl"ifi"en" Thås voS.tage ås Ðhe¡r a"pplied. Co Ð. logari'Ll::r'råc a'b--

&enua-'aor r,¡hose auäpu't ås gi-ven hy

cor¿t *- K Ln *Í0, * 0

for $"å volts{e*rr{:.0* i.cÏts" The }ogaz'å.*heu1"c at,Èenua'Bor ou{;*

pi*."n is '*hus & !ì¡å?e l+hose pee.k arapJ.å1;ude is given 'by

Ep * K 3¡,r få{e - Ð" }
IL

It*'-r
LJ

I
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Ampi-nficaêion of thås lûw*ls"¿çx sågnax is fol-lowecî by

¡rariable-polarity Fealc det.ec-bi.on (positive for uetrose nêgê-

û1ve for poles)u l"¡hil_e smoo-i:hj.ng ås accomp-ì-ished b), a J_ow._passu

R*c fil-ûer in cascade w:iË.h a "bwin-T fj"t'ber having a År.û dìrv

notch at bhe r"ippïe frecluency" The ouì;pu"b ,ro-L.i:agerEei.s grrren

l¡y

Fi * iìi{ ?n I " ' 'l I
e¿è &rÀ sil[s = F-¡]i ',- EC -r Ð

where ts ¿s the gaån betareen aÍ;'Uenuator ûÞ"i;Fue arrcÌ fíj_.i;er eruË,-

Fut¡ ancå D -i-s a sliåf,'f; Ln d.-c lesei dr¡.e'bc i;he Edj.s<-rn Effeet
in 'i"he peak*detector diod,es.

&s_a_uelsel&,
That par'c of ölie outpu.il ucr.i'h ce,'¡irnlo¡t io aj--r- rnodes of,

+peration is a sråmmårùg amplífåe¡: .v¿hicl¡ si¡ms ühe s5rnthesíren

outputs to gíve a d** iroJ_tage of the f'otãn

r{ trn a [n'{o}* {- ðl

tolhete 4., M, and FI, a-re machåne consfiêjtüs*

ïT, SÌJJEI{P },{OÐgs

(11)

Âe was prerråously' nientio¡ieci, sever"al sweep cexrfiguna-
'Ð.rûns are avaíl"abl"e. ?he fçll-owing secticrl gives a cieËaíLed

aceount a-f ar"reep genera-'bång me'i;}rod.s ¡l-Lus bhe opei:a,t5,ng d.e'uai.Ls

çf the o?åtpu"* e¿nåbo



fiL¿Ã.j

l$.s;:rq=åqsgp-

fry al-å*'*ånã #,3o ves')'r-zr ç:ila3--'. sieps aÌ-*r:.g hl:e jw

axin, whaie 'bl:e ¡:ea¿ par*.; çf e j-s filrr€pt årcr"iøcnL.aÌ-1-,r acrr:ss
'bhe jr,"a a:eå*= du:''ì.ng r"he :i-;rÍ;er"'¡el be'b"-qeen st-^*pu {a.e sh.su¿æ i,¡r

Figux'e 9Ì3 it ig pcssåblte 'Lcu åi.¿i¡est,ågaäe üh* f'¿'eeì.uer:.cy res=

ponÉ)e cf an5r sy's'ben r:epi'esen"[ecl by F(e]"

FÍig-.r"r:e 9. Fai;iî ,¿f 'ç!rc: ;in siv*ep

li'ii.:is ji+ ,sr+eep is cr=eâ'i,ed. b".¡ s't"aiz'¿å.Êe motiil'ìa'cion cf'
./r,

t,h'": cei¡'r':¿e.¡:' v.oì.|;t.+e ó /_gt'" 'ilo ç,¡liich i"s add-ed a ll;¿ar:i.zt-'n-q¿l'i
i

srtreep c'e;ns:i-sr,ång *i' ¿tot,rbl.e e*.iciactl? cii,Jduåa.tion oí. the ca:rr'åe:!i":Ë
t.^.1¡

b luSQ:' ¡r¡rd {r l.Ç::r T}r¡is 'ay7* *f mod,uilaüåoss ås i-l-1'crs'üs"ated 5.n

irågure l-0.

Â. block d.ia,gr"em of õÊ¿e jw-sweep generaboc. ås sårow-s i-a

F'igirr"e å,Lo ti:e irppez' chaåns c.f bl,ccko be.{.'ng used to cnea'0,e ühe

s-tep pofluíe:n of Ðire sweeÞo r,¡hrl-e the å'*v¡es'ctrtaån genenates'ûhe

hori.zonBal- sweepo

uJ ¡'fte T"e#,sinË LLJ deC'i^eqÊ€



Beginnång','iåt'Ïr êhe

1"600-cps såne bìra'!¡e f,rorn

s-ynchroni"ø5"n9

bl¡e E"efez'ence

aü

chaåæ {thån* ncaø} u

cseål-l"a-'bar ås applåed-

v ¿eg"

Få.gure l-ü" Ðor¿b-l"e-sai';-boot,li raûdul-å'çåono

{;o .an as1;alale nt¡.1-tis'ibråj;c:r' v¡h:i-ch di'¿åd.es the in¡rut hy sJ"x-

Ëeeno A ¡lur"'bltee" d-ivåsi-o:'r by- 'i;luou in a *iecond estab'¡e rrul3,'bå-

iribc'ai;crn yis:l,d-s i;r:i-gger i:'r¿3-ses r.^¡eË3:i a ¡:ur3"se reper,ítion

freqtzency üf 5Ð pu-1.ses i:,Ëí' second" 'i'l:ese pu3-ses a::e diff€r€ír--

t:iated, anrp}-ifåed, and. ap3:,ifs'1" ¿s a iaonos'bahl",e mul"tr-r¡ibraüos.

vshoss o¡:-e nil-1-åsecoird*¿i""i:ration *t-a'ilplå*É, pr,:-trsres contrcl" a såx-

di.cd.e gabeo Flruc'üioning a$ å nearly perfecI swíüeh, 'i:he si-x-

d¡-ode ga'Ðe applåes 'che erv-'b3:uü of a- ea'ohcd-e foll-çerer 'üo a

aerc'-*:::der hc3ct circui.b eucrjr ?CI' milliseeopds, fÐr a peråCd"

o.f eine ¡.ní11S,*eeondo ',Sinee È!¡e ca"Ëh,¡d.e fo.L-¡,or,¡ei: r:r.ltp'e,l'{: Ls a

ûria.ngu"lar ir€iuef,o3^¡Es ha-vang a peni-oel r.f l+.Ë i:r" 30 çecor¿dg, bSle

oubpu"t, of the hel"d eifcutt is e. s'i:aircase råtä.vefarm {þ'ågure i,2d)

having 5A s'i;eps per' seeoneåu the step heågh€ beång Ceterrnåned

by ühe slope of 'cl:e cat,hode-folJ-or¡rer outpreêo Th¿ås söa.åraase

waveforn i.s then used "co nrodul-a&e ü?re * /ga" earuien tr obÈa.ån

th.e sbep portåon o-f, bhe sweep" {Fågure }?c,)
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q..{6Õ0-cps cqnnien

b. Dividew MVB output

c. Output of Pl

d. H o ld cincui-t outpuf

20 msec.

e. Output of ¡"nroduloton I

f. Sawtoof hr

ç. Out put of moduf qton e

genenqTon
out pu f

hÌ. Adden oua.tpuf

Jat s\^/eep _g_.!_f
oufpu1- unil

J. Phantgs t no rrr t n Ìgg en

k. Phonf q,st non ocrt puat

Golivrg pulse

ñi g care lA . T-iminq ehan t.



33

?ite bnåengg-lar l.¿avefûr'fi¡ prÉt'i<tu-sty rnerrtir:necl is
generabeci by a mol;sr=clrir,'ren, contirurÕus-ro'ílaij.on pcöentio-

ne'ce:: ha.víng a revesrsible-poîarit¡r input as shcv¡n in Figu.re

lL" A second'pcüen'bioineÈ,er, cou.p.i-ecl to 'che saxe shaf',;"

provi.des puLne+ i'¡hich conf,c'o"L bile pola:.i'ùy.=reves'sing relay
tRy L)" The 6ëquel}ce of ope:'a"t,ions ås as follsr¡,rs. Consåcj.eg.-

ing Ëly i- to be rn Èhe posi.bion showzr u ihe ri.rt¡rri.¡i o_{ poten-bio-

meter nuärber one (p f) :-s a i:isi-ng F*n-rp r¡c.iiage. A.b the same

ï:affie, the cutpuB of pot,enLicrne'ter nrr-ia-i:er -Lv¡Õ {p Z} is å.

nisi.ng r'â.mp r"¡hi-ch fal_l_s Èq y,réj:o jus't as i,}:e r"riper af ìÐ 1

enters 'L'ho d-ea-cl. ficne l:e's;tçeen 'ûhe encls cf i;he ¡:esàsta¡:ce vrir,g"

Tlti.s negati-ve goíng pulseu e-fr:e'r: a;mpiifåcatio:¡ ancl m?r+-rnång,

f}åps a syerme'bråca-J-iy"-üriggered, bieöaèl^e rnill-'bÍ,"rj-br&l:r:8",.sith

'ilhe coil- o-f ft.y Ï:i.n one p3.e'ue circuå"u" The sr¡¡irlching rf üirf.s

relay reverses i;he poJ-ae"tty of tlze: ','a]-'i;age ailptr-:"ed. tc F )-,
and the v'råperu having ji.rs'b l-ef,1; the bo¡: e:r¡ci a't, -i-fg rroJ-bs,

comes 'in conta"c'e v¡ii;h ti:e J,oi.,¡ei: e¿:cL r,.úlich lia,q jus.t heen .qr.ri.Èched

to +"?5 voLr,s. TFre potenb5-o¡ne'ber ou'tput üI¡en con'uinr¿es a.$ a

faiiå.ng tråfrrpq Aga.in ühe outprri.u cf P 2 is a risång rênp i,rhich

v¡11-l faLl sud.denLy t*o Eet:o a-fües" o¡¡e f'o"r,a'öiünÐ orrce $iore inå.i;ia-

*iiag Èhe sirråtehing p¡i..rces,$ o

Capacf-0ar t ås requåred bo pr-even'a tlie ei.aÈpuT; of p l_

from fallång to øeJ.û, "*rhåÏe fihe rviS:er &.1:r4 is no'ü ín eor¡hau3.t

r¡uåË}i'ch.e potex,t,íoruei;e.¡: n*sí s,ïanc + r,,rj-reo



2Åv

ït may be ncLed Lhal; l;he cnt;ottt ef the h*}d cj-rcui.fr is
enå.lagcus'L* bhe ua:r¡Labl-e j.r,'¡, ar:rd¡ ä-s çei¿hs siay be r¿sed'hc

tLri*¿e utne axås of "ohe outpt?-È record.er i.¡Ìren pì-ottång in lf4*)f ,
It
lY{s} | , or tlrg f {s} agaitrst, v.ro

The }¡ori"aontaL sv,¡eep ås generabeC by the Lev¡er ehaån

of bloclcs {cf Figr¡re If} a-t" a nate of 50 sweepö per second^u

sy"nchroni"aetl v¡ith bhe steps of t,Ïre prev$-ous porbion of the jr+

sweepo Trigge:: pu]-ses de¡:i-sed frorn 'Lhe ou'cpeeÈ of i;he seeond

cli'våder nruLl;arEii:reücr are t¡sed. ,¿o coni;r'r:3- a- savfi,oo'ch generatör

vrníetrr prod,uees 'åhe hoiåuorrï:al"-sr.reep mcd.ulaËi-on entrelûpe" å-:n-

pJ-åfieaì,.tcn of blie sai.s'¡;oori?r by a nonlii¿ea:: amplàfier {dàsi;üï'êer')

ccrräpensai:es fov' ncni"inee"r:'-äåes af ch.e bal-a-nced niodr¿-l-atoc' used.

'[c pecd-nee 'gi:e rçave-'fo¡lni sh.ct¡¡:Ì .in Figure LZg. To thås wa\oef,ûnl u

uníented- a"b 180 deg;:eeÉ, a cons'ban'L r¡ortage of V/-oo i" added

ì:,y:ine;iirs a-f. a si,inu*i.ir¿i anrpJ-ífi.er*. Tlle resulÈ ås the doubl"e sâw*

toci;Ïr lrra"'ueferiri o-f Figt"r.r'e 12ho 'øliÈcit represeni;s a negaÈi"ve ülr
Íia1-i-5":r.rg e.'b a constan'b ¡"ate'bo ae:-o and Ehen åncrea,sing to a

iroe:i'l;ive ,tf v a'L ivhich b:i-r¿e the c;rcie ås repea'Led. v¡iF,h o* cha.ng*

ii:.g suddeni"y ft:'oq rtf t* -rl "

irinal,l.yu by add-ii:ío:,:i i-ir tÞie s"?'üeep s-uin¡läai;ion ampl.ifíen,
-ühe s'Leìr arrd l:tor"ixonl,a"l- -qvreeps å.T"e canrbineol.'Lc fo¡:'m the törTi-

ir:Ì-eËe ji+ s"i;eep.

åþ=l.s:-!p!tþ-Je.åå

It, h&s been shol'¡n Ëhat phager i-nfc¡rrsaÊion niay' be e:e-

{,na-cüed fr"o¡a inÍ:l{.s} Ín using tkle hos":ruonüal- s.ÌreeB äre'å:hod,, ìry



?-5

'5å,m.p1ån€ è--¿a.,igl-F-ìrL i*'heü Õ:* 0o The cireu:Lt.s r,vhich perfoa:m
d-i:-

"*hÉe cTlerai.:io3? 4..$ we-l-1. as o'thers essential- 1,o Èhe d.e.i;errninå-

tion of Ar"g F{s} are,shown,in block dåagram -form in Fågure 33"

Th* outpu.i of th.e :îae'i;Õr*er.rmmang a-mpJ-if'åeno ln le{uli ., is
apptr-åed üo a L*w Fa,ss få1"'ber havi.ng e consüanË phase-slope

eharae ieråsti.': o1re3." tlae pass band u ailc a cut,of"f fi'equeney oi'

Ï60-*ps" This rect'r¿c*s the 1"60ü-rps u'l-ppie i,n in f a'{s} ! to a

Èol,e¡'aì:l,e }eve.i-,, Â cli-ffeg'enÈ,íatoa^u utå.låzång aet operat j"o:ra..

o:rnpiåfi-ero ås 'r.rser3 'i,o differ-enËl-at;e ld f ,F{s}f n ai:d .L.he rye¡"i--

r"r'ê.{,1\re ås Ðhei'¿ sampted iry r*e*-ras of e- .sùx.-ri.íode gaüe e.r¿d Frel-cl.

¿n a- ¡ere,*':¡:elsr hc¡åd cic'euíb" 'Ihe sar::.p3:i.ng pe:r:ic* ås control-l-e,S

.Ï:y e ntn*stð.i::iræ nii¡.j-tåvi-hre';cr wt:ose 'üi.:o*nj.iliçeccyld gå.üj,ng

¡;r.al"se e-i-1¿,is i:he ga'i;e 'L,n ccr:.ir.¿cf,. ?i¿is r¿u:]-Ðivån*äc"r. :-ee eíofe.t

a de-La;;'ed" 'S.r"'ågger: pill-se v:r-a s-n ainpi"å:tacr a.nd phanÈas+*non*d,eJ.a1'

i:¡.:"*r:å'L f¡'o¡n ttie sa.-,Eùoc'¿h, 6;ene.i:atr.rl- i.¿tricn con'ü:r'c[s bhe ho:i-i.-

Ìro¡:rrlã.1- s'r/,iråep" T.he i:¡aan't:asi;Tan deJ.ay {al:cuu ft-fl"een mål-iti-

scci-'nds i j-e ,::d jusirlecÍ so 'ri:at, 'i;ìre ga'+e e cnc-r¿c'bs p-irior c,o n ai-¡¡l

st;c\Ì]s doncÌr¡r:'i;inij r.r¡|1si3, ,J*-* 0o iThe pcr:!.n.t:" c,-= l) coi"r"esi:onds

ùc 'L.he r¡.r-r-l-l :Ln 'Lhe rï'ãi¡ei:û¡:ìri rf Srtgune LÍi:i" rn pr.aet,Í_ceu ,,che

ga'ul* si;.uFs ror:Cuc';i.,{rg $€"irê¡.a.t ,aill.:ise,:on¿lç aj,-'ce¿n ,;-: 0 .ù,a

n-l*l-c¡r" .{:'*:i" 'l;j:.e psiase ci.eJray cf iile .çurccin;ri:.g .fJåi?er"s:"

ll'he *auapì.ecl i,s-,;a arar.Lahj-e f's"¿irr tir.e Eå:e--.d.j-e;cj.e gat,e es

rlû"'nrer.'AeC co a sm.r¡.ûl,.i .f,unci.1å*r¿ "ny passång 'i,he *i.r-tpr,-lü ¿-;f 'the å:olid

i.:i:'cu¡.-[ 'bhrl'r:gh a ^i-orv*pass :i"i".rt,e:: r:onsås;tång of a Bui.terr,;srtlt

fil-'üe:" j"n ,c¿¿scCI-d.e v¡i'¿¿:¡ ¡l -bwj"n-11 fåj-tez-. {rn:"s f¿-i.be:r" e cn-
.fiSpiratj-r-.r. hs.,$ F- c'ut;*ff .f-'.1:eqi:.e,:i.cy o,f l-er-cps anel an aLrlenu-aËíon
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3"/

ûf óCI i1¡"'¡ aã 5ii.-cps. ) i:he il:r..!-[e:: ,+r.i't,p;jf, ¡ r'¿]':ich. ccns"Liî,.rn**-.3

'0hre ¡:l:aee *L*pe, i,s 'Ll'¿e¡;: :i r-tïefia'*'[e ri ** .y";"e:t.d, ii::g F{* j . !¡,ri

inver:b;i.i.ig air';o,:-Í.Í*åçr' s.ncl rÊ]".?y' p;.'e,:eC.-i;:g i;Tte å:r'i:eg:'a't*i: B.s'e

¿¿sed- he ::ei¿erse 'hhi: ¡:alari'*3- af ihe ph.*-,=e aJ,ope '** alj_i.ûr,s år:..

begraIi-oi: vrhåIe w j.s dee:lea-s:-n¿;" Titi-s poT-aråÈ3r.-rei¡ersÈng

L:eJ-*iy is J-ocai,ed:i;r ì;1:.e caüh-orle ci::euj.'L +f a,:.l ainpiåfåe.r..v¡_[ieir.

r¿'ecÉive,$ .å sque.r"Ð iva-'.'e :flr'ci¿ ti;:e tlisiabj.* l¡n¡-l-'bir¡ibr:e.E*r.' ån 'the

j¡¡ur-.swee¿l älti'b" '.fkx¿sr'i,å:e p+git:åoä of ê3:e :r'e-]-ay r.e d.eteg'lriay¿ed,

ir,ir si.gn ðg" F:irii:.1.}y, '*h.e $eiu.az:€*i,.Jå..re *n'i,;:¿¿i; .fror¡¿ 'bhe p3"a'ue
*E

i;f he::"e3a-;;,'rtrtzrer i-s riífjleg'enbåa'¡:e* aind. ij.:n:í_'bed sc ùbat :à.b

.r-;'.-ì ¡1.¡1 -r*=6 ¡ -r-.,.r.C,S-i-.3-i,-ì r1 nllr-ll-.i,.:'.ii-i:!:g-¡.-;:.r e.lL.;l: j:,":-i.¿; S:ig.l. i-.r tLf.angeeû¿.:Cíé\=-r- Ll Cr !l:',.'-.r-L'ilL,C-L'i.1i il!t.i,i-1.r,-:-:-f-;.r.,r. d-J-,.,. tjr¿Uii 

åi:

-f,"t:'4ry¡ n*Ea.tíve 'i;r l.-¿i;-É¡:-t,:"¡,rç" 1=ii"ig. Cråv"ec ilr"io'elte¿" ;l*-iay whå*kt

üLc,:ne:.]'bä,.1':r-l¡t g¡,or.'rtu ih* phase.-s-l-cpe :i.srtegL:ai:.1,;. *apa*it-"crs 'birus

Ër'e;venL:r-T:g å.nlr' i-:li;e¿re.t,iou er'¿'r-;t:'.$ f'::¿;r*,:lcci:¡¿i¡..1-alïi^ng. ;lnc'úh.eg"

-..,--.ì .; --. ^. ^-ì-..* -ì -... -,.,j L,ì ,.. ^-i,..,ùì{rirLr:1.!,.irË¡ i,'.r.;:-lii c-t- Ï;i-ccþ;g;;rc.rÍ'or-.:æ.s a si-i:r:Li.a.r" i.r,nt:i.,io:: l'¡i'bl.r r:e-

g;i,r'cl 'i;* in f f'{* I i,

ii,il.s:--i jyt-:,U":T:iç-Ëi¿

1Ìlk¿e p-Le::¿ s'hiê*lu :i,ti i-rs+cl. ì,,,] e:,cÍ-,1..ç.re t,lie coinp-i_e;l piar:e ån

iÌ- $1,,'s'ii¿rrt¿l'i;:l"c ms.ri:.ic.¿. wilj--Le i¿ IJÇn.*ol:çrppinf i.]ûIxroai&.tor j"i,ldj"ca'üer,;

r¡c-!-ii"b* j,*, l,:,i:e p-i-e*;':e r.,.h,eye -l-i: i;iis)f , lfisi i ,n cr /i.-<-g Fis) åi^e

ccl¡ã"i- -i;c Ër{r{ue :,:'ei'e¡:iln,;* v¿:.-l-r¡*" -l-iri,}ris: :l1#.rinej:, eeuå¡-*'û;;eirti*-1,

-i"i.;:es ,i:il- lÉ.e;'l-r.T. ;:;ri;ì:ieä:* ilay i:e î:-l,o'ç:;,sil" +ii' ::'crci ioci :pæ--lr r';e

i-,.rí'ar: gCl.

i"Ae jtï ::iL'{'};p u;::.:1.'. -:,-ç e¡¡lp,l-O:,red i¡f :î-i;,g i.fSUal- ú;}p¿gj-fi}r 95*

rrrliltj 'i,7.:.a-ç ilte a--¿:¿,Ë ¿¡.f; s::ånn::ii:g is i¡ar.-ì.Ë,j. ¡,s": sëeps ê.cx.-ôsg fi3:¡e

,::ort¡:--l.*x þ.i.*,¿-^re 'tc e,l:eat;e "ûl:* ,;n'Li:, r5i't¿:i...:i: in llagu.r'e l"l+"
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c'hai:r"geti hy nle*.i:s t:-i" ¿ pr:sh--'b¡-ri;e,:s: swåü*h s*"Ðhat s nray be
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pos3.tio.ned x'apíd3-y .before can"¿¿nr¿ång å-bs eJ"oiv

the end of a coinÞ}e'[-.e scan the ån't;egrator Ès

3c¡

scanr:ång" ,q.û

se:e"oed nranuall-yo

iTT. åNÜTLLARY TJ¡]TTS

_Tþe P*en:Qggp"A:LAeJ_o mpa{åü q q

The comparaton ¿¡sed in eonj-rancr:ion r,viütrLhe plan sweep

j-s show:n ån Fi.q,"lrre å6n A refenence voJ-,rage and r;he conputeÌ"
,:tatpLut are appJ-åed, Ëo cpposi.te *cnÈaete of a cho"pper rnocl.t¿LaÈo¡:

whose peak {.",o peak ourLpuÈ is equaJ- to üt¿e rtiffes.ence betwees'r

ron'tact 'rrolf:ages" 
. By paseång tliås mcclulated t?differei?eed

earriev''? -L,hrolegir an ainp3-if:len 'cun"ed to .¿he eamier frequeneyu

t'he ef,feet o-f sågna-'l-,-baLanced mocîuLat,ion is obrtained" {TJhis,

atrong i.¡iilh oiher cireuit, deüails, is exp"Lained" in ,Appencla.x r, j

A i:eak debeeLov" -ühen gives a u-nipolar" outpr.lt pz.oporLíonaL .bo

ihe diffei"ence be1;,".reen èhe i-npu'o rrc-i-'cagesn regardless of u¡:ei¡:

s"elat^iv'e T¡r:i_arit;ie,ç" F\;rther e;np3-ifi,cation ís ob.f;aånerl by
'î;r,i"o d.-c anpJ-if:"ers " ?he bi"as levels o.f these t,v¡o e,rnplifíers

e]:e $c adjusted- i;ha.t i'.'hen 'bhe ote'Lpu-b of the peak de'tecter falLs
to äer'Õ the pen-<li''c¡:p:ì.ng c'iEcuí'i;e ¿¡-re üniggenedu causiirg a dot

to be made on L,l¡e på.per cÍ Ëhe r-eccrder" since Èhe pen posi--

Li-on is de'¿ermined by tire va]-r¿e of s, the l-ccatåon of tfue dot

rndica¡ies 'hhe """alue qrf, s ar which lfqu) f, , J-n lfe *) | r ÐF

Ang F{s), a.s'the ce-se may Ì:eu ås equaJ- to'che nei*erence value"

I¡r ordes' [CI preserve coniac1; life a va-r'åable*c.ef,er.ence

l-i-må'üer ç¡as pna*ed- i.n fnont of the cÌ:opper so &hat 1,he
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inpr.r't,-con'bae'c voÏ'bage will never srrring more than ûr¡¡o vOI&s

alrove or beLow j:he referenee tro1t,age"
:

SbsEg{qs-gsI'q

The ee"i.ör' ur¿i.Ë {¡¡¿ li may be r¿sed, to ena}.uaÈe dåffer-
ences beta¡een two 'Låme rrarying volt,ages wåiah are analogres

of any desi-red ql"rantittes. Tn t,he case of the pole==zero

machåneeûne funcl;ion is generat"ed by Lhe ccmpu''ueru l.rhrÍle a

second ftcnctionu fo:- exampS.e a desíred frequency resprnse

crirve, is prcduced by a funct,ion generator whose outpuê is e.

function of wo By means c-f a. Ïeuel*nulllng circuj-üp ånl

difference in the d.-c levels of the 1;wo functions rn&]r be ar¡-

torûatLtaÌ.1;r ç11*inateci so 'oì:aË differenees in 'the rel-aËive

ehapes of the functions trecome mclre apparenü" Fanally, ¿.f;

certaj-n portions of the cui^ves are specially impor'uan'b the

e:r]:or over thaL porLion nay be weighËed accordi-ng1ys

The under'lying phiì-csophyn theirn j.s tc try to creaûe

a -funciíon (by pcsiti-oning pol-es and øercs) whose characüer-.

i-s'uj.cs will- natch -¿Lrose reqi:ir=ed for a cerie-in jolc, lvith.å:¡

reasonabtre f lrnlt,s " The error i¿n¿t then beccmes a useful- &oo1

in Ëhe ma.t,ehing p:r'ûces.so

A i:l-ock d-i-agram of the error unj,t rs shov¡n in Figure

1?" It me-y be conven¿en1;ly dívideci :-n'to ült¡'ee bagåe eeef;lor'¡s:

(1) error eval..uaûicn, {2} --Lever- rT.ullingn and (3} rnode cont;troï"

The -i;wo modes of operaËiono narnel-y, erroï. enraluation, and
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iæi¡e"1. :tt.Li..Ì-.ii.igu aii,i;ert¿r'i;e 1..¡:--'hil Èi;r.{tii Er.',¿:;(Ìeflsi.'rie ji,t srwe*,:¡ru Ëij-?d

"å-7:e ¿::cl.tr:ii,.i-ç"cl h;:r- b:,-l:iei::-.]r.-í;1:il:i.i,:(ìr. ::.:.:-t-a;, * xiLc,-î,: üoi:t'i-,::oJ- p.i;_È,ser;

ê.r'e :fÊüeåveci rrie e. .¡:i,;,J-r:e am.pJ-:,,ii-e-r*. f::,cin i;he jr-r-sweep r.ir.i:1..t, Éài;

i;3i+ i:,e g5-lü"ì.rr.& ..;.f eãci¿ swÐeT:'n 1-]:Èse pi:.ïses å-j:* ¡-rL*c l::i;r-l-:r,geC
-b;r 

t, h e -l-eve: J-.- nli.l- j.. i.-a g s; e c'i,i c n .

O1:e-*a';i-cn c-i ù!:e rerca.j.ning sì+*it-icï1Êi is à1,$ .f,.tl_l-ui,ir,Þ:

Tt';o i:i-rue va.*ving .i:i.lrc L-iag:sr -Ê,. ;inci E, a:ie fecl. -i,n-lc "úhe u-n:L'il 
n

r'ühere û¡?rc i,s inver"'i,ed ¡:nd a.d-cled'0o Èi:re c'Ll:es"i-,û <;büain.åhe¡r:r'

d-i-f:fe¿"ence" Th-Lc iåi'fe;:ence twj-th F.f I ån -;he leveå-nul-i
pcrsi.ticir ¿-r-,s shor'.¡r'¡) es i.herr in'Legi:ated tr¡ gåire the å.verege

€:lÀ'Õf ¿'-1" ei:y r,Í.sie" A$ i.Ìre erueelp 5.s ciirrrp-'-eüed a¡rd- ii -*,slr üi-'r.e

st',a.:t:'l-,ed.n ;hr* Í-ni:.r:gra.'t:c:" crr_tpilÌ: :i.n sanrç,-l,ed ìl5r i:he ntirrren;;å.r,;,-.

c-i-lseng o:1 :Fì.i: 2 , ancì he-lid :in ¿r. zei:*-*rd;:r. iro.l".ci e:-c-rcii;r. ü , ifjr:i *

Sa.ilpI-i"::g :ae.!-À:;.y' :L,S .+-*j;iirg.'i:,.1d '!:¡r .ì :Trc::?r,¡ijüe--b:!e gr¡:r.'j-.LAlo:i.l¡1"ül_i;úic

i¡rLr.:?-';h reüeÍ?csj *" 'Ir':ip:g,i:::. ai, 'ci:re Ì:cg;år:i:..î".r:,g {e¡:.;. } o.f e*ûii ,$.rdÊt:p

ft:urin i;ne Ë*i.:;l¿ arirl:i-:!.fiei:' l::,:¿:'l¡i,cu.si;,' ine;n"tj-oi-red,,, ifhe. i:r:}C--

<:;:¡-v"¡;r-lj-',i c;¡:i;Ì:i.l'¿ vc.l..i,a.+;er.i{,-*j"cj,r r:e¡ii¡¡-:1,*g ¿JC¡zt,5.a¿2¡.-11_-..f'o¡: i,l::.e d."_r¡:aÍ;_.rr¡

c-{' r.,i.ie ne,q'i íì,rr+cli ,, ;t.;t -Ì.ltti*;;.i*rr:i ¡f,.i:¡.r.:1 ai:pi-i,-ed t:+ ti:*: ii:t i'fer.¡snce

¿r^nr,ol-j-f':ir';.r: +it[; 'Lhe i-:::,i:u,{; .nû i:-l-gi Ì;c +:i-î^r¡lj.,i:a.{.;e :,"i_gy- ar"rej'&.iå(å r:iif.-

fe:cer.rr;¡:s l*re1=,t"rqer¡'i..lle rr:pl.tï -','"i:,r¿ci:Lt¡::i; e.i'í'lie c.-i-f-¡'-'Ej.ì'".*nc*-+np.l-:lf:i*e¡..

gi-rì;1:i;t-L " -i.¡, t.r':.'i+:l 'r:c .ir::i;-¡'¡;i.n.r, p::.c:ir*:,;._i..-iru Lir,* j;oÐ¡-: gn:î.r: o-f; cl-l+l

l-eo;e *i----nii-J,i.l.i:.';3 ,;¿ei'lilii ä ,r¿¡.s'i: Ì:;* iii:.Í,'L.;'" Ti,ht*1:r ;:¿;c'lili r'e¡ i;i:a.i; -[.he:

Fir,,,reei:J i:e;,:åccì, n*:¡¿l i::.,i:û¡: ls'c;¿tniü .

É,Ð l:he så¡'.i:e'*åL¡te Ll.le,i:.:,1-L,;g:i..ai:t¡.¡" 1,,r.äÍ;;lut is
P,"Y Ï å"ç ,ç'¡¡í"¿;cÌred. 'Ì;o ii:* ei:ï.üt. *i¡a.l.u;¿.i:i*n pr;:":_l,tioi¡

*e :i.::g sarnp.ieC 
u

¿.lnd 'i;he
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litpu.Ë êo 'the ir:freg:.a'b+:: ås ¡,emüved" T-'Ite diffetren,:eå å *
Ê * a..€erage di-ffe:':e:ßüå=e{t}, is ëhen appJ.åed to tSee €rEôi.

erraluabion ei'i"ct¿j-ts as a i].e-Br Ëi.reep -beginso The abeolu'Be

vaåue e¡f e{ÈJ r-ç ç'üãaineci aàd a.upl"åed"üo an ån'eegra&ey: and

pee.k deëeeûor eahoee *trtpubs are the åirërage-ahsolas're errore

and pea"k-abso3,Tåtë r.èTT&i"s respeeËiire3yn î:Í' a l.reåglaÈed error
ås deså¡:ed Ëhe abscLi,r'çe er:r.or ig rou-ted to an eleetronåe

mulËip}"åer where å'b ås qlL¿Lêipåíed by a neighÌ;ång funetiom be-

fore beång ret"r¡-c-ned far ånt,egrabíon and peak d,e'becÈion, Duc"*

ång the ¿:.exfl leveL*ni:.J-"'l-:ing nweep 'bhe åæflegra.ber and peak

detecBor are s"ese'il io zæT'ü in anj;åeipa'Lion of a ,r*rn uu***-
evalu-aEicn eweep o

3-þe-4:¡LlJ,q*g-Wli".1y.

ïn orderi;c finct ëhe roa-gniti¿de "¡f a fi.:.itetion usång ttrre
pc3.*- ãer'a r¡achine i,* is cleceËsary Èo bake the a:rtilogaråÈhin

of ðhe ou-tpub, T,'trås :î.s accomp).isheei by 'bhe AqËåågg gIljr-q

{!{n }} sho'.'*n ia Figu::e l"f}o

Beginnång wil;h i;he Las-u biockn the an'ciLogarethm of ir.,

ås foi;r.sid by empl"oyåag an operaËional arnp3"åfåec. brith. a logar-
ibhmåc at''i;enuaÈor in ühe f,eedbaclc pa'eh" iüi-ôh thås arrangemenÈ

an inpu.'b sr+ång of-'"2 I'oÏ'bs"i;o 1,?S voåês gåves an output srvåmg

of .1 vonüs $* l-0CI .,"tL'bg. Tk¡e ahaå¡z elf anpïifåers pneceding

t'he ag&iJ,-eg ê-rgg]^ågå-e.Ë prcvide for shif,Ëåreg the d*e lever of the
inpub as wel-} as ehangi.ng the gain"
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lne oti'flÐt¿'b sf 'c&.e fa¿:'¿*,i:*gunnj!r"ig ax¡;lafåer iáJå.s e:{.:

pressed cn rrå-ge i-8 ë.,$

þ5 -Ln t;t ir{n } f -¡ ol

After pa,sså*.g ihi'ough the får-q'r thv.ee s'eages ef che en'uílcg

unj"tu r"rh,r*e *o;ei"aLli- gaån is G, 'ãhis t'ecor¿tæg

sl '* iis{ 3-n[.d p'{$} Í + ü"$ {- Ël

i,¡krer-e IÍ ås a ei.-c -1-evel whlch rnay be cont¿.*l,l"ed by ihe i-np¡¿ü $;c-,

tr:he Ê€,1ÕrtC ei:itttl"åilåea* " .U*ic

S;-: 5¡n'*

Ii. =' i;1 F'{*} iüM -ü$+H

.F¡:o¡ri -thiso tire i:em¡l lftuil j-s d-esåneC.u -ta v.¡irj.ch Ðê-se .Ltle pno-

*u.r:'F,u Sivl, rfir:.st, i:e irni.'r¡r e.l;d lieLiN-ni{ *ruu-b -be uni.'r;;,-" i-lu.'vrreven

i,f F{.s} is rlu.l't,-ip}:iec} hy scrue gai.n eons't¿ãnt, -Lhene a.:re no

serj'-crus conËeü,-trenües; i;n f'a-*'[ i't may sorce'ilårries he rlesara-ir]-e.

T'h:is ga.:ln co¡1s.il¿ån{; i::*.y be ccn'cs"ol-J*ed by orar'yång }{" l}ru.ls n

E* * 4 *Gïü+Í; lrtu¡ Í \.14 J



CH...PT.'ER TrT

TESTTI$G OF THE POTE.=UERO I\,I*"CHÏNE

ïn orc.er tç er¡alua'se t,he p*a'formay¡.ee of, the poJ-e-ãërÕ

machåneu a varåe'by of 'tes¡,s l.,ierre camS.ed ou,¿ cover$.ng t,he

variol¡.ç apptr-úcati*iLs of the maci-iàne. 0nÊ 'i;est. þ¡as per"formed.

fcn eæ-*]r 'uypieai ai;p3-åeat.icno These tes.tss wei"e:

i-o Â prot of lcgari"ü,}¡*å.e :uagnåuueieu phase s3-ope and

phase r-eg"sus fr*equency for a Tch-ebysch¿eff FiL6er"
3,o É, plot, of, Nietr*-Ls loci .fCI¡: a seeonci c,rdex" sysÈeygo

3" Ä p"Lo'* of ilagn.år",tr{ie anti phe.se lleÐËus f,nequerur:y .'ion

a.n :-:upeda*ce f:u¿:cüio¡.r.,

lro ji pi,ri. cÍ' ec¡uipr:'Lent,åa-1 l.¡.nes about, a l-årie ehange"

5, "&. rcct, -l-r¡cu.s p3-ü1,,,

6" ,t rna1;rlij,ng ies.i:.

'J.'*s'rs å ai:.rl 2 ¡;e¡:e cie,-;r:Lp:.eci *c t'î-e'te¡.:n¿ne. tklce a{:jíjt¡.,f&.,:y

of Í*he )-cgar':ii-.i:t::l': ;ir*-gni'cl,icî-en p,l:ase S-i.elp*o anci pj:c"s* sectÍong
r¡:i,-hire maeh.¡l.nen uhi.{e Tes.L.} r{ä-,ï å*f,e::d-eil.-i.o perfc::;ir a såniåïar
fnaeüj-on i.¿-i.'ch r:'especa 'co 'che ¿.infi:!-.J.og un$.t" i.,es-i-,si J¡. åfi.cì. 5

iire?:'e ca¡'r'åeii r;l;¡.i: hc.¡ ea'al-r¿g-[e Ëhe pe;:.f,'or=irranee sf f,]:ie ûÕmpar:a-üÕr

anåt, a-ntl Lles1i,6 p:i:*'¿:--cleei ¿e neê-Írg of evp-l.ua,uu-lg ûhe e::rog" r.i¡riù"

T.." ü"qtTÐRÂ:-t,TCI$

a"1...Ì,. c,Ê.sies c+-i_.ib:ra'ùicn {:ra:-,ines þrerÊ ge*era-ued {Uy çne
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torspuËe3") and s"eeordeü. aloarg wiË!¿ ühe tesè ûrerves to d,efåne
'bhe horåzonÈa"T. ancl irertica-1. scales" lä v¡as f.eLt thaÈ &hås

rrreËhod was pe"eferab1e È,o an absa3u'üe calåbraÈåon whåeh v¡oul,d

be suscçpi;åbåe i;o ertrcr"s aråsång fro¡n åong êeræ drefüs" tali_
bration funcbåons l.retre scelecÈed. foa- såmplåcåÊyn as weLå as

fan sågnifíeant featureçn sueh e.s a peak in the J_ogaråthrnic

inagnÈbuetc.=response cur.velo For e,xarnpjreo the fa:cq.ueney-

*e.iil¡rarl:ion fr"¿;lc'üåon a^!"¡rues'& ånvariahÏ.y. ec,nnås.bed ef a singJ-e.
poåe plaecd y¡eaf" I;he 3v' axås at ssrc.e def-åni*e fnequerrey" C.&.

"ahås eåSe e peak i¿r bhe ^l-ogee"åÈh:råe maggiäude*responseÍ cu,rve
.t,
{Ln lr{jrn'ii }n opposåcr: È}:e poåeu elefined a poånï af knomnr

f,x'ea,i.rencyo Sånce 'bkre frequeney scal-e v¡as }cnor,vtr to be linean
and the s'w*eep began a'c Eers fre-o,ueneyu the frequency seale iøas

defi-neci o

ïi ruay be noÈed- fnom page 3s tlEa-È the cornp-u.Êen outpuö
wa-s of '¿he forra

r,ï Ln .q ir{s } i -F N

äoweve¡:, üh3"s i.s equitralen.i; .br:

F ?ü s,$såo aåeq*¡ å + N

'vrhec'e

pæ Idi

?t Ïog'* e



'-&u
?hrisu d-espa'ce i;he tB-ei È,h.a't t j'¡.e conrputen *u.äpi-:.,c has bæeg¿

p*eviousS.y d3.*ctnsseci i.n 'ûer¡ns cf ¡:atuyaå rega::i.i;hr*sn ghe

r*ay e-leo be consåd.ered ån terms of legaa*r"t,hffis Èo .bhe base
ûthev" eari.bra.iion consiee¡racicns are r.ess genera3.;

are mentioned ån eor:necËiovr v¡åb3r ühe -hes,€,ç .{:c whÍeh .bhey

üaàn.

ou't;praÈ

'{:er¿ 
"

ehey

peI'"-

ïT. ?."U,Sis

-LEFË l=Ê;: - åqs.*3äiÊE-Ë -l=-ê i: - åq g.*jä-ËffJ._ç.- _plasin år.ud e ile s*=.'*-,,;!¿:;i;:;-.ã*_;:Jå{Jí_=:*_Y

The fu-ncüåcn citosen for .c,he ,f;års"Å;

**_g_JçJ3gþ;tg_qhef¡i F å 1.,; e,:

app::o;lå*iaüion "*a the hr.icls_*¡ra-l-l func.ûåon

:1'å1."f;ey,, For a f:'cn.lräi: orde:r f,iLt,e:: rrrittl a
'ti':.c :fi¿n*û;:_on is gåveri b¡o

"çest u¡as a TchebyscÏ:.eff

of 'bhe id_eal_ low.=pass

n:Lpple facüor of oneu

F(Ë ) n€

A cai- i'b;*a'irc¡t .flii¡:ci;-rion

.[r"c(*] *
{ s"i.flS$+j. g¡+6 } ( s+. ûS5-j "ç!,,6j

wâs *hesei: becÉ:L¡.st= i+s J_.,r54-r^:ithmi"c nla-gr:.å,*i¿üe r,€spons* curwe had
a shan¡:-iy'Jefine,c p**.k a'r 0"p1,,.J c'arråars a¡;d a d:"ff,-,e:"ence be_
üæeen iníuia.l anc. peak .ua-iuee of -fj-f**ecÌ d.blr" T,hese üwo pro_
pez.{;ies al-i-o-ç¡eil ¿i:e d.e'cer"uåria-bíùc} of l¡oth frequency and
.ioganli,hrnic -in*giii'ûuCe scaLes 

"

{ s+"ÐS'5+ J,?t*t>} ( s+."ûS5*j 
"t}!+6} { s+. aCI5+5 ;gä ¡ a *a"¿ffi..}g* }
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Bo'[i¡ fr¿::.*tionË irrsïe.set u¿p *ri, t]:e p+-i*-,zero iaeehåzlre

and, vsåËh 'i:¡:e je* se;eei: i-n og:ex'e.i;icnn ,*å:e X*l s"eeor"iiër was

used 'bc plot 20 Scsau å:r{ juu} l- aird .?o J-cgro f :l*f i*}{ agaånsÐ

l¡f o

Ai-thcugh ähe J-ogariüh-raåc-"nagnj"tr*rde scaåe could be

de*ermi itecl frr¡m Èhe e al.íl::";rtíc¡i: ü-q¡rbËe u T:Ð absolni;e .ì-ogar=ethmie

magne"aucLe vai'r-r.es ?Jer* iç¿ltrm sj-nee th* d.-e åev"eL of ûhe crru-

i:uter oeÀt,pLiõ å* e,r:håtrar']p {i*; ås eleÍ;er'¡n:Lned hy the Rur¡rbe¡' of,

sy:rthemåue3:,5 ic] use and by bhe båas set.Lång of, t,he faerlou.*

siernnå'r'tg anpl" j"fie¡.l . The::ef,'o¡.e í1; was r¿ee es,såj:y' ,60 compuÈe

the waÏ-ue o.{' ?C -lc¿lrO if f r;$ al: s,3¡1s coc}venåes}.L trurl e-ritåbrary
po:ù"n'L i-n c;:eLer üci eshal¡Ligh e rerier.eißüeo Ïuz -c,hj"s par"gåculiaz"

case tl:e i:eaÌ,<s *f rll:r* !*i:eï-ryscke.f'f resprnrie wet:e üalten as uer.o

ci l3v "

'iest r"esul-'ts a.re *hor,rn, j-n Figui:e -?=g aioz¡g wiül,l üaL*

cu-ia'bed rrarues (l..i.stec¿ :i"n'ïeb],-e rj of ?Ð t**l* iut*l I o r.b

ffia.ii 1¿u seÊ.* ti:ar. u::e J.arE'esi-. el:trsv ccc¡:rrecr ai 1:he hig}re"eË
:

freqtaen*y' al:.d. v?'es s.?]ûtåt l" d'bv c,r 3.? per ceurËn

.å va::,åe'¿-v Õf, i'ect,crl Ê,äe :,es¡rcnsibåe :fo¡: tl:e ínaccuracy
of suc!: er pT+ë, n*me.L3rl

Lo lJi.ff e¡'e¡r.ces in s¡rn"uhesårer-channel, gains"

7-, lü:perfeeÍ: is:gar'åtÌ:¡n¿e a.'t'cenuase¡r characÈerisbies.

3" l¡:aecura"f;e aðjns:'bmenð of ¡"efenenee pï.lasons.

j+o ïRaccu¡,:ai;e p?:.ase lead aetjusüreent of the carrien
årrpuì: {:c i;þç jir¡*si,Íeep nroduJ.aüor.
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5n i'.lcnl,åylee"l:'r-i,ies ån th.e jw*sneeSr ¡n*d.li3-*_È*n"

ifes'L. l"b: Pkra¡-re ans- Fk¿ase,*$åa thaya*-i;eråetíes of a Tclte

ïårÈ_cc

Î.isång "Lire såËle pcSe cc,nf,åg-i::aÐion as ír¡ 'hhe previous f;estu

bobFr l:hase ¿¿:r¡d- phå,,$e-sJ-cpe curi¡es 1.üe!.Ë cbtainecio ê.s show.e í¡e

Fãguere äû. Ïhe ,$a&e eali.bra1:ion fi.¿nctío¡¿ v¡e-s a-Ls* usedu bu,o

on.i-y phaSe,:S3,<rpe and pÉi.a.se ûr-Lr'îçies were s.ecr:r.d-ecl, tlie frequeney

r:ai-"¡-brarii,*n I¡e:i.nåî crs,säíreel årîentåeal- 'co tha"'L cf Eest 1&"

Ti:e argrlr.riÊtit cf 'Lhe ealihrat,åoæ f,e¡¿leüíc¡n was knou,*rd! Bo

be :¿ero ac øe:,.: freqre*c;r, ðnd. åLe p!ïage aÈ ari. a¡'ilitnarË"J-y

sei-eeÈeci fr*eqriency a:l o¡re ;:adíF.,J1 per" second- v¿e-s aal-euåe*;ed ,co

[:e *llg rtegrees {see T*.ble l}. Theref::reuthe dåsta3r.ce cor^-

nespcndåttg -i:r-r 'the phase of, '¡iie cali-bra'Ðion rJur...i¡e at a frequ.ency

of one nariia¡: if€í s€co¡rd was used-.i,o define,che ¡:hase scaSeo

s:Lnce the phase cjl che ,'r.eei; fun';üicc-¿ began a.b ßerrc

deg:reesr (tne sweep hegan a'r, ãe:rû fneqr-len*y) ns díí'fi-cult¿es
grere en*ou::.i;erer]- cc¡r¿cerr¡.j.ng ä.n aÌ¡sol.ute referenee.

l",¡lier: c,:mpar*ci ,,rihh caltuiai;ed. '"¡.a.luesg the iarges-b el..i:üï'

in Ar"g F{s} {*,t d.eber:mined by i:he pole-aere iraehiite} was fouitd
'bc he i4 clegre*s a'¿ a phase lag cf J-fo deg::ee$s uhich coss-

sii'Lu-'bed e- rnateírsua *.r:.'rû.ï' ",jf g,3j per cento
-¡r., thz casê of ille phe-se-slog:e rur.veea ma:cj-mu¡u ei*:rgn of

6c degi"ees pe]^ ra.d.ían per s+conel, i:ccu-r"rång at 3.30 deg:rees p€r

c&reff'





f+6

racl.åe.n per se+ûi:c'i., ge-v'e a iaexårriïÈ.ir] per{:Ènüage eï"Ì'ûr of 18

per cen't""

Sinee 'bes*s sf the phese-slope 1::üeg"rat*x' ¿"'eveal,ed iê
i"o ire aecus"a'i;e, niost of ilte plta-se ej:rû¡î vnrr-st be ab1,ribi;-Ëed Èo

Èhe ina-ccure.ry of ü3:¡e phase n3-o3re deter¡-iri.nationo Fac'çors

which a,ffect thís eeci.xråey inc-l¡¿d.e i;liose a-ffeeiíng the ae-

curaÊy cf ïn lftuli , s:Lnee'Lhe phase slope i-s de'berrnined: frcrir
l. Iin ii:'ir;) Í " Tn a.ddå"[icn, the quai"åi;y cf fi-å'bers used. j-n e]iru-

inatårig Ðhe r'åpp]"e f,r'c¡r'i -1-n i¡'t*l | , and the aceuracy of i;!re

sarnpSång-tå¡ne arljtas'ün.ent, l:æ-ve consid.*:'al:Le effecb on ii:se åe*

rìi:ìr.åriv r:j1 nh¡lse SJ..Ope ËrS dete:,:n:ineCl by ihe pOle*zer:o :'na.ehåneo

Finaì--j-yu iÈ nrusi ì:e nenti-oned 1,haü tile cal-ihra'i:ion py.ÐüessÐ

wtr:lsh d.epends cn ons psint,n coi,r-Ì.d ån'çrcdr-rce segnS.fica.nt, errts:$o

Test k:: 1j.'cheb-/scheff Eespanse-*"*:ä;l.iî; 
---**t- *-cÍ;s !,re::e ca'rieet orit se'eral.

Cays a-ft,ec' 'Lhe eompurter had been adjuste'ì.; their results a¡'e

ind.icati-i¡e oJl the average compute:: pet'forman.cêo Floruevez', 'che

såiile '{:ests earr-ied- *ill: in-r"nediar;e]-y af,'ber ad¡'us'*men'ç yr.eldeel

¡nu.ch Jn,,ìre accuy'a-'i:e ¿'es¿i]-ts. The rurveÐu shown ilr Fåguire 210

:.evea.l. a maxiini"un lcrgariËhnirc--;magnitucle emor cf "33 dbv ancl a

ma*qåmum pho"se s3-i"ûr.' cf 10"1i, degrees correspûndång to a nna;cimum

¡le;-cenèage crrtr of 5 per cenÈ. These nesuLts Here felü üo

be indieç."båve of t3:e þgrEÞ_ arcu3'acy a'ctainabieu but the na.påd





Tes'b 2: Nichûl-e-tnci Plo'f"s

¿t8

de$;ericr",ation ån acc¿¡.::a"*;,r af'ber se-r¡e::a] Cays denotes re-
i-aüi-vely seriouo.s clz'¡"i"t pz'rlbleins o

The po3"e*Èârc maehå$e '.^¡as ccnnæ*.ted Èo the X*y re*
*o::der i-n su-ch rå î"å¡åy tha.t, loga::i'*hmic mag¡rå'¡;ude was plotted.

againsÈ phase &,Ë s varíed eLong t,he jw axås" For Ëest pÌår.-

pose$u the 'L¡:ansfer' iiuncr,icn of a seeond*ord-e¡" syst-,ern uras

chosen, r¡¡hå*h ttr6s of 'uhe fr:rgn

?
e

{s' +ef,e +'å}

A ve-lue c'å JP* I wa-s selecteci. -f"or i;he 'i;est :flunction rçhå1e

,fP* "û5 was aciopteel. ,fe:¿- a calåbc'ation frinc'i:iono The s'esuli,-

-'*-ng cal-åb¡:atj-o¿¿ {ÌLlr:ve had a- weti*defii:.ed peak ån 1;he l'¡j-cho-Ì,,s

Pl-aa.e sì.ri-ila-bJ.e far ina-grrj-'i:ud-e *al"åb¿-atio¡r,. Tn addj.ûi-ono gh,e

*ur?-e ::ap:*c,ly a¡:pr-o:rcired a 180 degr"ee asympt,o'ce nhich enabLecl

& ph.e-se cp-l ítrraticlr."

The tes'b yesul-ts ë.r:e shoitn ísr Figæ.s'e z?," -l.n '&h¿s eâsÐ

cl:L-rüï'rr üll¡tn.ct be specifeerd e* beÍpg ell'bår*-Ly cl.u-e ùo lnagni.Ðuigle

¿)r t¡l¿a.se because lhe¡i' are :-n'Le:"dspendenü" hïeue¡.theJ-essu

¡¡.su;*iir.u"m d.evåaÈio¡:s f,;"cia ihe ceirr-ect r¡'aIe.l.es tr'Jeu'e 3 d-bv in
'ìrio':r',,.'ir.h'n'i. ñ,Agn¿tr'td,e and I degyees i_n phaSe" {É-Ct-t¡ai Va¡:eS

*f t'he Ï,ül.chclis l,erå are l-ssierl i-n t'e'rr3.e Tl" ifhey wetre -bakcn "

f::*m Gåll.eu ìle-i-egnånu anct Ðec¿ruåne [.Ce il ].
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Iî; i-s also possi'n3"e 'Lo define a vec:LËq gffiåp sinilan
tc the*ïer$ôï'nra::ginte defineeÌ by $rnlEh {srrì }i for specåfíca-

tj.on of s'6abi-liLy in 'ahe l, ptraneo Ílo-ureveru to measune this
error diz'ect3,o ¡Tronr the I'líehols l"oaå nequåres that one rad.j.e¡r

on the phase scale cÕrrespt*.d T;o rne neper Ðn bhe nragni'oude

scalen th.e vee'b*r '[:eing mea.$u¡"ed ån comple]c neperso since

ühe seaLes of Fi6une 22 rJ.o noÈ coniply wåÈIa the al¡ove reo¡rire*
men'è; ít vras an1y pcssåb,.Le 'bo es'bi:nate the poåni; aÐ whåeh t,he

maxi.ruurr¡ vee'i:or erc"oi' occug'red" FÕt: ühe poan.,o ahceeituÈhe

ç-eetor errtr Þ.rÊ.s "ï?, + i,{16 neÞerso

.Esp5:åg;*-t9es**ffiç"- "s$*iilL¿nÐ,sge ec c F3#_Ê r-s n

The impeclance .iuiretÍcn uf:iliaed ån Ëhís '¿esü wss one

ssect by'Brir-Iges {rn:"} :"n'ües'bs Õn a pobenËåa"3. analogue of
i;h-e e*mp3-e:u p3.ane'" Jí; is given by;

ã { s J * -Ls*;:=/"S-l:[Ë-.*"Æ*l-i@{s_å¿g*=i&ç1"
{s -¡- }Ð + jÊt}(s + 1"0 - jail}

iri i,his Èe*t, -[ire a,.n'L:iJ.og uniÈ was enripJ-oy'ec{ 'cc ca]-erllaü*izt*lf
l-, . If's-'orc inlZt"s) i" Hov¡evei', íts r;se iirtroduced eeri;ai_n ccmplÌ.*

aetåcns ån 'b}le sq.r-ec[:!,cn of a ea.].ibra"bi.on fi:ncÈåo¡i" As was

indàca-ted Í¡:i ahe secbå$n o¡r ihe antiJ-r:g unåt {.r:age jv}, the
oi"r*pu'c of êhe anr;il-c€ u¡ri1, å* Å*G3l+Hfn(*)i whe¡"e lü ås öhe

d-t: l-er¡el Etf "che fa.ci;or-suisming anpJ.ifi.e¡^ d'¿¡e Èo ËÏre d-c

"ì"evel-s of sy:tthesÍs*c' c!¡.a¡mel,s" Thås d.-e 3evel.,,whleh con.{;no.ts
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Ëhe gain eonstant, åeGåi+H,, ciepend.s'Õn bhe nwnber of channel"s

si'¡-r€ched cnuand, is ctåff'erfft'b for each ehannelp so &hato ån

order Èo }ia-we the Êafüe ga$-n eonsüa:r'ç for ïro1;h üest and ealåbra-
t'ion funetions, the eal-S.bration fuc?etio¡z ¡uusê uee the sanre

ehannels and t'herefc-¡:e Ëhe Ëeree nwr':sber of poxes an.d øeros ð-Ë

Êþre Eest fune'ciono ln *he ahove easeu å6 vrae pqssi.bLe to
eompS-y wiÈh ühe s'es6e'åetíocl on t,!te nra¡rÏ¡er of, poJ,es and sec'os

whål"e sËí1Ï reÈainång a eåmpl"e ft¿s¡caíon{ by elsång 'bwo poles Êo

can-eel 'brvc luertso Thuts Ëhe ealåbra.tíon funetion usecL rrras

fe(s) * {s'+äe¡}
For ealibratj.on p?-ls'pü,ses the ruagnå'Lu.d.æs of tlte tes6 a¡.¿d cal--

ibration functionslrreï"€ calcr¿La'bedu aË e * jO, to be 68 ohms

ff.I?-d 2o ohms i:espectivel,y" Then o ËÏre dåsÈa¡ee beblseen Èhe

startiurg i¡oånts of, bhe êu¡o cririres was taþ,e¡:, to be 4.8 ohr¡c¡.

i.¡hich defined fihe megniï;ude scaleo

The besê nesutrts are sho-r,ff¿ ån Fågure 2.q along with üh,e

ealculafied r-rajr¿es f¡:om fabte lrl" A maximugl devia&ion of
7 olrms ¿¡r 9d" +hms cons'biüu'üed a maxå:uum error af ?"5 per een6"

.åSthorigh thi.ç is neÐ e. tl:u¡.e índication o-f anëíJ-og u¡tå'È, åc.=

*11t:€rÇy, beeause ühe J,oga.rÍüÏ:-r*åe magnåtude ínpurü was not neees-

sarily corr-ecb n ?he resr¿Lts ic¡dÍcate the ovenall accu-ï'ao]F

obüaínab"Ì.c " { Tes'¿s on t}re an'i:itrog unå'b by lloon-San [Wn f]
åndica'Í;ed a låneaniï;y' of 2 per cenÈ whe¿t Èhe logarithnr of, Ëhe

o¡¿Lput rrrae pÌ"oË'&;ed, agains'b the j.mpuub, )
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TesS-}Þl*-Phs_cs:Çþ"qaü'-Ë.eg+_çå¿s*F*e*_.=Is?F-s_dgs*q:lþEç_!aeil

Á^s a furt,lter check. ,*f phase aeûus'a.ryu the argumen{, of
U(s) vers'r¿s 1"{ r,,rås plot*ed in Fegr*re 24 a"åung wi€h èhe ptrase--

s-Lo3:e clrrï"e, al-tl:ough tl:e La'i;'i:es' was inel¿¿ded cnry to show åÈs

general shapeo å ea3-åb¡:a&icn ftenction ef,

Fets)*s*30
gave a phese s.Lri*fb cf ¿r5 d,egr.ees a'i: q * jl.ü a¡rd had an argrr-

men'r. cf o dega'.ee* ar s - j0 whiclt ser"u-e'l ,¿o ciefilre the phaee

seal-e,, 'i'hê ina":¿irncrrn errri: u¡a-s e-bou"b 3 degirees and a.Lühough

iïhis 1.r'å.Éì ?,5 per *en-ü of the 'to'Ðrc.l" piease at fihai; poinbu the s"e-

st-¿l-i.s na.y be co¡:sådered. e,ç :'ea.scnab-Ly gocriÌ-: :n f,aei; any pÏ:.ase

*ha::ae:1;er-i-*1":i.¿: r+håch -*sc j-J-J,eies abcu'L r;he ãeä.ü eÌ.egr.ee på:.aee

n¡îr.r'þ -"p¡tt 'irrr ,¡t-i"',or'1:n¡l .í-^ h:lIfûLI:ü in,e).'. rJe ,*:-j;;uuuu. r-,u :¿olV* higfr pefCen+;age ey,fûf',S, Ti:i_S

:i"s e1¡-re .ilLhr.: :ne'i;l:c,d cf eLe€,ec',n.i.::-ì.r¿g pi:e.se Ì:y ånüegr:åj;i.Õn of

¡:lra*ee.*sJ"oprr €i rflet]lûd r¡hieh 'ber:ds rro ac*ur¿¡;la'çe e?r(]r"so

.Ler¡***å¡*-=$,giu*q.:¡ús"qgi.i.*å i,.å**e*t",-éåsÉå-e*åå*a*Qþelcs

lire ¡:r,:t eüíåa-i" a'b ¡.r poi.nfl dr"¡e i.c se'i¡"en*aj- l-j.ne ch.arges

is+e .rI:.gu:'e äé)

-- l* 
- -'oqÈ'

*-*"*::Ja
:*_**-**-.*_

ï3

FÈg:r¿s"¡+ 2$. j,r,¿re *ha::¡çes"





¿ë

åE giverr 'l*3r

i!,q*.-
S * - d** üi 3-æ r*.

4 ='l *å.a * .?'ff€

"s¡liere r¡ ås the perpencii.rìriar dls'Í;anee f::crn rhe ååi¡le 'to ühe

poånü_y¡he¡:e ühe puí;errtia3- i-s beåirg deherminedn and- rr, i-s '.i;he

,:harge per* ur:.i-b ].eng'{:}t carried by 'eiie ïåe¿e" Tirås is õhe

type o:fl ealculation perfo::wed b1. the p*"Læ-aes:ü s.nâlogirê ûoffi-

putex', and b3r u[i3"årång ti:e ¡:en*d-rcppå.ng compai'a'+o-r' i'i; r$as

f*ti¡rd i;h¿-'i; equ-:ip+i;eni;i-a.L li*es cor.¡.J.r:l 
.!:e ploi;'ceC. Sånce tb

v¡as d-es,ired 'Lc ci:eck Èi:re a-ccrårÐ.cy a'ütaånableu onJ-y i;he eqluå-

poüenÌ;ía.1. li.nes ahou'î; a- singÌ-e låne ehar"ge b¡eí'e 1rlo'i;'eedp sr
'¿h.a'ü arii¡ Ce't¡':'"rticr-¿ f:'cm e perfæe'b cir"cLe wau-l.c]. indica'te f"he

",ì- g-t$- ¡": r: u ::"ä¿¿: i e s c f -i; 
i:r r: c oru.pu'b e r" o

ïn ,Ji':(ier' ',;,:¡ r:alib¿-a'üe 'ûhe p].ane f,he Í'<lLl-owing proce<ìure

l¡.rp-,s f'c-l,J-*i¡¡u*:d." F:i¡:*'l'. j:.he pen ds'iî'ing r¡çl-üages :enc¡n ihe p.r-an

S-v{ee!:¡ {;ir,ç a¡id. f',i* ) ';iere *onneCted to i;iie X*f reCov"Eler ar¡d ôhe

n'r*.ì,:r r,i3 ;-l'ra- r-,-J_¿:ri.iA i.,iei.e Cre;fine* -[,]r nObång ûite pen pOSj-"LåOn A0!:

';¡hiq;h j:i:e s p!.iascüs heearne Ëef'so A prrle iøa,s i;ìr'*n,o3aeed a'u

'.ç = l0 {- j't e*rå s, nråS!-;3.treC.e :r'espoilse cÊij've ilas p-l-ci;üed

f lrt if';iol í sronizre.i^ ,e€ ì ".î .;-f,¿ ü.r'\\fã.; 1 e.gô-3-T1si'r", ü- ,l ¡ Whi-U-e W :'eti:laj-ned a'h ãer'ó. Thi.s

cu.r'r¡e hari a peak ¿''r.ü ü- : l-O ¡, sö Èhe X*T reec¡-ciel- gefn, ån &he

e- dj.ree-i;ian, ?,'fas ad.just ecS Fs Ðhat 'bi,he peak Õacu.i^red ê.È å Col!=

veníenå; d"isi;ar¡ce fnora ühe oa.igånu the e:saeb distlanae be{ng

:acüed" Then a pc)ie ereÉ¡ pXaced. ab s = 0 # j1.0 and "øhe aÏ¡ove



5É

proced-ur'ê i¡reiq :¡:Êpeal:edn plot,1;å*,g ln I f t*; i against3 l.r" ?he

x*Y s"ecorcier' g+ir: .l-¡r bhe w dj-rec'cior¿ vra,s bhen ad.jusâed Fs

thaa Ðen i.li:iÐs ¡-n "bhe rr¡ dj-reeðior¡ co:e'e"eopozided to &he $åm€

d:lstance as ben ,.:¿:i'C,s i¡t Èl:re en direciiia.,r,o

Llpr:n *ompJ-etåon of (;he eal-ibrationu a pole was plareri.
a-'b g * jli) a.a-rì- bhe *orrri:i.efrer au'cpr,r'bu Ln i,lu(s) f I ïras connec,*ed.
+;o 'î"1:.¿: üorñpå.:"ê.f,o3'n ,ån arbi.¿u=ary :lef,enenCe vOl'bage of .=5 vol.Us

&¡&s se'ü ånd tire p-r"an.sweep staE"teelo ?he re.su:.1_,çs of the fi.nst
St&n Are sir*'itttt in Fågure'¿'{ ag.ähe -ir_t1¿}-Ê:jti.rr$t ying e¡f cros"gego

Tirrte addi:üÍoaal ff'¿iiê€Fs -úr¡e¿=Ë ¡-nade iri'tr,h. 'ühe carnpar-.a-to:' ¡-eferenee

a.È *, 5s enci l-û v¡:Ï;;sn yåeJ-eiång i;he. olher" tl:c.ee.i:j-n-gso Äs

3"i.,gu::e 27 Éhr:wË, 'L'Ìre rings pa'ceLue.ed rs*z.e :rröi-, pe:'fec.bly ci^r-
*ul-ar"n v¡iÈh 'i;1'¡e 3"i:-rgent deyj-aëioi'r beång o2ll. i.¿nå'ùs. li rlev.åaÈion

cf 'j-,* u*-j.*s in J g3?ë å- inä:í:,-muni:oeÍûeïrt-,age cl.eviation of 6

ileiî c('Ènlo íJt¡ch i¡raccu¡:a_cie,ç e_:'e d_*e ,co the cûmparå.i:c1.' a¡rd

:!-r:.å.cr:u-¿=¿Lclj.cr.; -in 'ti:e coru;i:Liite.¿irjti of ln I f {s){ by alie i:oJ-e.*øerc,

itai:hirre o

f'b ¡rus'c l;+ mel:ti-ci:ed. f;i:a.-¿ rlhe rr-,rf må.y"l{s are noÊ "¿he

.poi::ü's accr"ra.l-åy pJ-+-i.;led" by 'tiie eoru¡rara.'ucr bui ar=e p*ånts

-j"ocaüed iaid'eary þ"rr.ïveen ,Jonsec-Li'ú1ve pcånts plcit.bed by i:he cûm-

para'bÛno Ti:¿-' reå:*qÕn -fo¡. 'bhis r"s as folL*iEs" The choir¿:er:

ai¡ail-abj,e :flcr ü*e irr "[he com.i:ara,c,Õr wå.s ¡:eåa-Ð:].r¡ely noåsyo

having a peeirbo peak arabpuÈ of ?5 mill-år¡oh,s irribÏ¡ the iÈxpråt:

gr"ound.ed" ;'ll.s*u 'ùhe pen-'rl,rcppång cå¡-cuåô Ï$ t,r.igge¡"ed by a





6t
vraveform oí the t;ype shown in Fi.gure ?8b {as explainerÍ- åa!

Appendix r J r^¡henever 'clae inpuü uoåûage reach_es .bhe refer-
ence Seveï. The effec'b cf the ehopper noj-se j-s '{;o reduce

the sharpness of f,he peak so tha'Þ the circuiË ¡nusl be ad-
justed. to drop the pen sl¡-gliüj.y before Èhe referenàe value
i-s reaelred¡ åË indicated- in Fågu-r"e 2Sc.

The resu_J-Í;s of ühis rllead effec$r? äre i_l_l_ris.bra,¿ed ín
Figrere 29 for an equåpotenülaL låneo IJoil, dI, Í.E

EIT€Ci:O

pj-,:.bted as ihe lr;lvåa-i;.Le s ap¡:rcaei:le,s the l-i:¿:e fnore oRe siðe
e-:'2c1 do'b, däu ís pi-,:tted as s o-pr-¡:::caeires ínom the oLhen-u a$

shcrr¡tio Tf, the er¿tii.p:r:tenhial iiæ"e i_s assu¡æed to be eï-:,raigh.b

fr

'j'Iie 'i 
e,g-d



s\q*[ eiec! y.'vl *l:le r""sne¡

Þevet

t:
?k\

1

Ëe't"-È -" dìrËppÈtlt c* eut$+i

C. n{Ser'f eS ehæBË:}ep r¡Õ$sæ
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:{ì:'.*"L

\ tì*feur.i¡.:'i i ¿;e å. t-'r ierqeviviq
i e r.re, t



6ft,

å;t 'eh.e rega*:,: -be'i:-y.iee¡r c; ar:ci 
"ã u .i,he:'l a ¡:i:"l"rii on Lhe L=q'Lrå*

p*t:en'*:l*"i Li.rte åe cteÍlånet:à'*3r i;3"re r:,rådpoi:-r";" üti s. sÍ:;:.a5_ghfr årne

jcinåzlg d, and d.,.," Thís ¡:eeuàr-.es ihe,*ddi.ti*¡tarl" e.,*si,luip.Lå*r:.

'tha'i; the se:ne are*ç.t:t r:f' -!-ead- i-s iil,e"-q¿r:;,i, ån.each *&se. F<:th

aEsl"Li:1li'¿iOC.S A¿'e ¿*'.*eSr:r;S-b3.e cc¡isiderir"l,g 0he sr¡låLl-l d.ifferenele

i:c't;rr+en *1 ai:',J ;5 Íc:r' ühe p-fie¡¿ üiì.e,é-í)o

ãr¿ åi;,ç pres,*:;iî fc':'t-ir í;h* p,;:LÊ*-flerç me.*hine ås ¡rüt, céÈgj-

air.i-e *f s*l-uång g,l:ilei'a}- pr-obJ-ewi* rr"å'¿it ¡--r.c¡¡..,-i-n'[*ger" va.j-i;e"r sf
-l-ji.¿¿e ¡:y¿a-r-g* s:i-:'rrl* Í,h,e .A,r-in *f es,r;h :ît¡-*'*,*r--*)¡rithes:lge¡" ch.g.innc.È.

ås lhe .sàiri.s " î\, rirakÍí"r:.rg 'Lhe gaii-n r::i e¿+ej: che.nnel -u'aria::-"i"e j,'i]

w*r:..1,"c1 b+ iirs*;j.ï:-Le r+ sj-r¿r"¿.i,¿r';;e i:¡-3r,e *he;-ges *i" eny y"e-l-abå',cæ

r"rrag:i:rit-,i-rci*s * i'.lt'.'*::'t,he-n-eSS, -blie ft::.:ga:i-:i:g '+*æi; Serires to í-Ì---..

.i-t¡-st,::'¿¡.'i;r,: l.!i¿* n¿"r:hirr,*T s e-,ppJ.:i"cati.Elrz i.n ',,iii.r.s -il:,-eir¿i.'

i=ç-S.iy-ii.===..i*d€g:glî.,¡rl,üÉi"tlü",=eåg-g

.f-ici;i.,=-l.qicr:.s p-l-r;'cs ar'* enipi*y+ei :in- th¡+ *Le*;:l¡5n c'f -t"'e+Cbaek.-

¿:c'ni;i"o-ì- s-y$',l,erriri;r-: p;:'*';å,{* a cl.*la.r ¡::i*'i:ç.r"e cf ci,;;:;er;l ..]-e¡c1:

:f*sÞünßrÈ. .Ì-:i:' su-r:h a o"iTs'i;e::i h.ag arr: i::l:a¡:g.i'e¡: fïti:r;'i::ir.;i:¡.

-i..he 
-r:"co i i ¡-, a''; i fì

__*_å_Ð"k¿_*_
i- -,u Ii î¡.{ s }

j-s ¿:?.*:í;ån*rå iFv-.' j",1 a-*

K "q(s) * rj.

ilhe l,*c¿rs. *f p,*elrLs t.ii:es"d*



CL>

^.rL} -L

I{ :*anges .fr-,i¡-+ är:r'il 'i.c årr.f,i-:ri';3""

poånts ab vllå';Ìr

63

Thås i-s simp3y *he Loctls

ArgF(s) *mffi, nodd

and may be pao-baei! by uee of ô3te peit".crncppåæg eo$ipe.rabor ån

eon;!t.lnc-bica r,,";'Lh tJ:re p3-an si.íëep o

Fcr the üest,n F{s} vra-s c?:ceen io be:

{s + 5}{s + 30 * "i$}{s + ÃÐ + jÊ}

Tlie cornp-iex 1:-!^ane {*.s ecen.,;.n'bh¿e.ä-,y ¡.ücc::rii+u:} was *al-åbrat,ec

i-'n the f;eìT.\t fi*.-rlneï'fl,s ån ifegb ¿+" 3n aOd.ilíon, ib uas il.ece$_q*_J-y

'b+ $,eÐ, -Ðhe coiiipaj:êt^'[.cr'-¡:efei-.ence va"T;ta-ge t,* ctrj.-€sprt:ct ço âJi

a:';'gi.,r:.iet:t c:i' .Ì,8ñ ci*gl.-.ê'Êso Th.,-s 1{âs acecnipÌ.-i-nhec. Ì:;r p;,"a*sj,g a

jjl¡nci;j,r-''¡:l i,rj-t¿: aceur*at,eJ,y kr:rcui: ilk¿#-se cha.r:a-*,¿er^isì;_ì_cs o¡i Í;åre

4:Ðtt:ûu.'-1t)7.' er:ri- '¿iisn, :*..uh 'bl"re jir sr,ier;p in Ü¡:ei.a-i.:ionn a.ciji;_si;ång

ühe *r:rn'pã.,!:a-Er:s'-.c'ei:el:eil.üe ve-r-i,*,.g* sa ü:le'i t,jr.e i:en di:,cnpecr- as .i:l.ie

Ì.80 cleg:ree pr;ín'c. t+r'.s *;:ûs.sed

.Á.fçe:.:. ¿r.i..!^i;:.".l"iir_,iïru l,h.e l;es.i: fu*.e-üi.cn ï¡r3"s l.*d, å¡r.bo f,he

ma-ciri.ne¡ a:.¿d fite .n:.:,ct ii-.c,:_s ;rJ.r:.1:c^erl" fhis Lccr¡s ås ..s,Ì:loB.x¡ in
Figr.r::'l+ l* a)io:.rg i,¡j-firb!-¿e *r;1,:;.ecfr l-cirn,sn eal*uJ_a..teei hy a cligi.i,a_i-

,ronipui;æ:1" { r']:e ,;a.L.*rila-'bed i¡al-u-es å.r:e gåven j-n 'lab.}re rîJ :."oy'

v,a.i'i-+a¿s -ira'l¡:.eæ *f, lt. J

T:=gil,:'+ 'ìt *hnrts l.e-r=ge j"r:e.ccLrs"ecies irhich are primanaJ-y

d.ue 'bo :;he i-naecur:.aue cieuern¡.¡ra,çåo¡:. c.f argunien* þy thte
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-3L.65
*3A?'3L

_-c€Ur på-eg 
_C-.p" n jg$_qÞ_e* &)_o e q
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pÐLe-Ëel"û nachåne. Eu"en &honglr errrr"e i¡:

they can gàrre rise to 3-arge etrrors ån 'ûlre

lcet¡ç ån negions where 'uhe phase s3-ope ås

the pol-e--ãerrl ¡¿achinæ seem-s ¡¡nsuita,ble foc'

rooÈ locí withoui; a ds"asBic irnprovemenÈ in
phas e de"¿ erminai;icn o

66

phase raay be smal3-,

positåon of the rooË

smalL" Consequentlyu

p3.c1;tlng arrcuraöe '

the accuracy cf,

r-.æP- .fu* J*esg+-rê -eig"-!s¡qgs

One of 'bhe mc¡:e importanb ai:pJ-5-cations of the poSe-

y"er.Õ ana,Ie'guul eoiupu"'i:ez- J-:lee j.n :re_ti"cna]_ appraxj"mation of

magni-t*r¿d-e or pliasæ*r"*sponsê characteriehi cs Try posåt,ion*ng

p*3,es ancì uËí'üs" Cnce tlte pcle a.nd ze"re posiùåons are knei-tsn

i-ç ** --.^^.,-;l^i:Lî, ls .o+-es:r-nale 'i;o con$ti*r.lc'¿ a neêwo¡:k i'¡i-üh'fhe required featrrres
'u.s:r::lg ¡n*t,i:ü,lls of ne',;i*¡i:a'lt sy;tti:.esàso ïn 'r,hi,ç dås*oureen ,:nIy
'ûirc: pi:*hLË?îl .<:i tít:tÍ-ing $ite app::cpriate pole-"rero ccnfigu.rai;icn

i s +isic'i:.sqec o

Cg t"o..c pcssi-b-T,e afpri,e.ch.es tt$ r-eat,*håzrg furncûåons, ül¡e

så.npi"es't i:tir¡:l-''¡es C-ratvång Lh.e destrec! frr.ne'[i"cn on ühe l-i
r*cca"cier co 'Lhe .s&iÌì'+ scale a.s ti.re ecnr.¡rri'*er cu'uput, {r,'+h:i.ch m*y

h¡: iie'i:err¡.:ì-::.ed -{'ro¡i: a ea}Èbr¿i¿-*L+¡i curve } o Ti:¿e computer oti'epu"L

i.s th+¡: t-b;îei'liêd v;iråtre ir*le e¿td 'åe¡:i] pcsi-'i.:.on* are traråecj. 'i:o

ci:Èe.i.n a ça'hís-fac'ho:'.'5' a¡tp:.*oxi.ria'tior: '¿o t,he cl.eeåred. tre$psri.s€o

Tr: provi.ale e- e]:eclc ci,l. ilhe sensí"bivj-45, ç¡ this method-,

æ- å"r¡.nc't,Ér3n vrs-* cl¡'a.un cn 'bhe :{:Y recor.cler by 'il}re compu&eru afi;er

r,¡l:rå':h 'l;he pcie pasii;åor:s HeÌ:e a..Lt,ered o þ,n- i.i,aexperåenced^
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operaÐri' wå".e i;herl ê-sked tc; war:y 1;he pCI}e positi.ons 50 as tr
obèain a rûmpu-'ùe-i: cuüpri.E r.Ê$e¡l:blån"g*a-s cicsely as possiìrJ,e"Èhe

or'ågina} ci"å:'î"¡e. lci.ea.Ì|yu t.::e eoq:;ouËer Ougpnt rround coincåd.e

wit;h. bhe crigÍ.ne} rutr'\re i.f bhe p*3es þrere' ¡:eturnecl to thei,r
inåtiai. pasi'bicns o

Th.e fune'oion *þose:r wa,ç tl"re Tehebyseheff funetion of
rÌ¿c¡.+â 'l r"¡{ fh l

g ¿È .Ð95 ¿- S¿glp6

Ë s r&QS ! J,7gz

¡ì.f'hev' 'hhe raagn:i,'br-rcìe r"'e$FûÍlËe cu!r:"v"e ha-ci been n:¿n, .bhe iroles
ï{ej:Ê ¡:'e-i.g,;a'ûed. e.'i;

Ë ræ "3 t ir6
s æ ,5 å_ j*l

i,n cperaecr cheir. acljv.sÐetl Lhe.pcle pt:sj-t,àons i;o give the best,

l"t'a" ä:.be :q"esri"1.'Ls f¿v.' 1;hree diffenen-;; oper.arlors are shovgs

be.l-ov¡:

Lo Opera'cu-:: 3 ::e-1-r:caied ¡:oJ.es a'b

sG "ogttj"g3ü
s ä ,1.90 :- j:390

lrtasårau¡t êurcf î¡;"ês ? 15 per cetlt',o
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7o ilpera€*:" ä r'*l"o*ateel. .po3-es at

,085 * j.95*

"2ü5 * j. j*t

Maxånru":a Ërrrr x"üatr ?, per eexi0

CIT:era'*cr 3 neiccatec. peJ-es aê

"ûÉ5 -å J"g$s

,?0t 3 j"39û

Uia:s.:Lær¿n elîrü1y, îiJ'as &. pe:r' eeråji;

lh.e -{'*z'egaår:g ;:esi.rl-'[s u urkråeh were uhtai.ned i.¡t t]te

everage tårue *il fií'i;een i-ninreüesu ånd.;Leaëe Ehei ÈiXe ¡nethod. ís
pra*Èi.r:a3-o 'ilie eoJ-u'lio¡e bi¡ne ccr-¿--l.d be s:ed¡¿*ed r:o¡:sieles.alrtry

hy :.lrr e:epe,s:åeitced i.:',)ei"a-toru al:;hougir a, l-imå'b ås set: by the .

-q';'ieet] ;oer*S"*c ¿>f få"f'oeðn seeon'J.s" É" fas"cer sr{reep coulci l¡ic en-

ployeri j-f a {iia'il t'rerre u-sed fcr .cTisp.l"ay pul'poses hut" on}-y pre-

.ti.r;i:!.n*;.rr å'¡rj-iris'i:,neilts ir;ou-lr-d. he possíLr.i.e., a31a;- Lhe H--ll :r,eeor-ders. vr ¡Ã Ç¡ u,

ir+'ilil.-ld h.ar¡6 ¡6 be i.¡-seti ;îon finatr ad.jtestmen'b$ n

?he s,,-åü(-1üû. ira.'i;ci::l-.;:g Èechntqttle :-sivo"I-ves êì:e uge of ç;he

ei:''L'ür r:ensårrg sr¡tàr¿" Lir,rfçt"'hu.:*e"r1e'l.yo i;he l_ack cf se¡rsítåviby'

cf 'the presen+; r¡.l-ii; ¡:::even'oed any ccncli¿s.åve "çes'ee" i{owevetrn

'ühe unå'c sl:oul-cl Ër'fi,T'e rEaluebl"* lrrhe¿T deaJ-ång '¡¡j.'üh ft¿i:.c'b.[o¡:e in
røhir,3r sr)¡le ;'egions :rr.rst, Ë:e ma.1,ei:ed veny a}-ose-Ly v¡hiÏe o.sllers

a¡:e less :i"::tFg¿"i;å-*'i;o iThat j.s, w3'¡.eyi rveigh'*ed erJ:ts"s raï¿sü be

c.:onsielærecs) ï¡r acielitåonu tl+e eE"r'*;r t¿måü may be used üql
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a.d.v*:üerge in conjurrc-tuion r¡àtir the fåc'sÈ ner',hod. by makíng

êhe aver=age e¿'ror' avail,able. rÈ couid be even niore usefui
if a sr¡Íbehs. yüere provÍded 'bo aLtrow starbing and stop'píng

cf' Èhe iirtegraÐåon a'Ð aiay 'bime so t,hai: average errors over

smal-l regíons eaul"d be ineasutredo



çHAPTER ]V

c03úclusroNs

J'b, muet be s&ated at the oertse.h thàb .i;he foregoing
ôesËs do nob repa-esent ãn exhauståve $"nvesi;åga'bion of ðI¡e

potr-æ-zero analoguie cornput,er" Ffov.,re'reru 'chey do indieaËe the
possibil¿Ëåes of tl:e compul"en ar¡d ser¡re to il-l-r*s.braEe å6s

manifoid appi:ic atione o

ï o E\rfrl,UA?IOfü

Å cni"tåce-l- erralua-'cíon of tFre nraehine may be rnade by

contrastång l'b ï{i'bh other analogue eorupuüers of a såmå3an

nature orr å po5-nü b;¡ po5"nÈ basås,

l¿ç:gFqi-Þb$Åc:iTaeqålriil@
The accure.cy of 3-ogarithmie-rnagni'Lude aalculations by

the pore-zero machiere ís eomparab"Le to 'ühab of tl¡e conrpl-ex.-=

P]-ane Scanner et tû:Lu¡rbia Universi.L;r ittr:-; A1 l), wirich ås

nct, su::prisång si-nce the bi+o comput"ers are ne&rly identicatr
in 'oerms of aJ.neuå"bry used for i-ogariühmåe-.ma.gnítucè cal-cr¿l-a-

tiorls,)

rn comparäson wi6h the potentåa1 ana3ogue, ÈLre'pole-

øero ma-chine is less aceuraËe over límiüed frequeney rå.nges,

bu'& it is no& subjecÈ to the tlinfån¿ty-circ1er? etrrors (Br I)
of the i:oÈentíal anaXogue"
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?he &tcurac]ï sf the machine depend.s primaraly ost

the qualåÐy of 'bhe .logai:'i"'r;I:aåc al,tenuaüors(which coul-d. be

åraproved-f,

Ekss:ÞåsÄegipe
The po-l-e*serÕ rnachine is eapabLe of pr-oducång slåghüJ.y

Ítìo3 e a-.: cur"a-€e ph.ase cal-cul-atioris 'ühaa 'bhose obtained. from a
peit"ei':.L'i ai, anal ogue at -Ðhe Uneuersity .of }.anitoba" Conrrersetr-yo

Èhe pox-e-zero machå¡:e rs rnr.:ch J-ess accurate with regar<Ì 'bo

i:itase deterrrinaiÍon Ðhan the tcmplex-P-ïar¡e sea¡rnec" (xr t;
:Ii J-)n v.¡hich a*cui:"a.b.¿1y aeasr.lr'es phase to i^¡í'bh:.n l- d.egnee"

TÌrj.s accuracir is pas*åbÏe because phaseme{;ers as"€ ernp}o:rsg ¿s

ill*asu-re ph.aseu antl ai'Lh.r:ugh 'ü3re1r ne,q_ui::e a- J-a::ge number of
u;*ntpcnei-lès, 'bhe saç'i::g än ci"¡:c"u¡iÐx'y b3r use cf f:he horízonüa}.-

sr'¿esp ¡ne'l:li.'Jc ås o.t-:ise'h by LÌle increase i.n comi:}e:<iüy and the
+r'Ít'ical- nat¿¡"ee o.í' i;Li.e sårcr,r-íi.c'v required.. rn par-'uicuJ-aru

eiect-,::'c:rle nicd¿¿.laiE;r,r ajre r"eqili::ecì. ¡¡hicl'i muçt; i:e compensabed

:flor' ;:sj.clesirabl-e pha.se shíf"bs, a:rd- fili;ec"s en'rployed. 'bo r".emove

ttre ¿'i-i:ple fr,:rn lir. lo{u) | murst ben as neay'l,y as possitrS.e, id.eal.
l"t i-s f,e"[b'chet'L]:ese fi3-be¡'s å.rîe the p:-ímary source of ery"oï-

in phæse ciei:enrii-¡r¡¿tÈcn and esu-jld. be rroproved signåfåeantJ-y"

Seç-S=e-{sJÆågs-

The a:nci.1-.Lar'3r uniris have no cou¡aüerparbs ån othe¡e

s"!.måtrar anatrogp-e r: ompu'Ð*rs, but bhey ¿:ons'eitube a cjefåniuüe
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$i;ep fo¡=''*"ar"d. in incirea"sing the versatiiity of bhe eompuüen.

Undcu.btedlyn tlie¡'e is rücrÃ for åinpror¡"emeniï, noÈablyo in a¡r

Íncreaee i-n ihe se¡:siti.r¡:!-l;y of bhe ei:vra uc:ft and the u-se of,

a l¡et&er circpper' ån 'hh.e pen--dr"ûppi-ng compara-tcro

ï3 " .{PPî,TC¡\TIO}JS

Tn tkle fiel,ct cf a:re3.ys:ls, a l-re3-J-*p1-Ðgr"åjnmed digåÈan

comi'ru'ûec= ,ran girre ¡:esuLt.s su.peri"*l' {;+ '*hose of Èhe po3-e-rero

maclr.inee ai-'à;hor-igh ch.e i.a.i;be:- ha-s soae acivant,ages in ease of
sei,ti-ng r:,p 'LÌ:-e pr.obJ-em z:nd speed of compal'l;a'{;-i-onn f¿l-so} ruany

enå,iiier:r"ilrg e,p¡r,Lilca"i;icn* d.o :rut, ::eqirii.e Èhe hígh accu.rae¡¡ eib-

'c.a:-¡:.abl-e v¿i-tii a digi.t,aì- coinpu-tero lTowevery lhe ehi-ef appå$-ea-

l.:i¡:ri cf 'blie ¡r+-l-e,-:aer'o rnachi-¡:e 1íes in the ftel-eL of appro:,:i:ria.'ueng

;/.'Ësp,)r:1..9e :ft¿¡:cfio:11¡ i:ir exlier-i.rÏei?.'baLly posi'uionnng r:cies. anci

zÊîüs o -i'i.s; ;LnÍ--i-åe;y to ,co 'ohi--s cor¿l-d he g::ee.tl,y enha.ncerì by

:.i¡ri:E'r.,-'"rå¡:g -ctie sua.ì,.i1-:^t,y' af 'Llie m¿:.cir.i.ne '¿o the poii*'b i.rhe¡-e an

abrgo"l.ü?.;e r:al"i,b¡:'a'i:i-on '.r.rä.s pü,ssí;\]XÊn ?his ¡¡cuid ei-årsir¡ate -bhe

:i..:;¡åd- .-j'.,:¡' z'Lir-.iü:iïre l:aJ-i'r:::-a-i;i<--a i:til:',tË,$ each i;åri¿e the machrgle wag

Lts,?{i,
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T',HE pEti*SËiCI ppïi,:ß ctr.{IeÄBA-Tj0R

s¡-nce 'bhe tlpera-"Lång pr.an"*åpÏ-e aæd srme ef bhe eår*
r:i.li-'tss of Ëne fL\L{F&,ï"ä.'üÕ:f Ð-:re uyi+ùnrenti,:nain åt, was feL.h thg-.Ð

a iïr}-ì:e d.e'caå1*1i a*cc-r¿¿l'c of itg openaËåo¡l "r¡as warya¡_üecl. TÊ

i-s a-esu-iÏled a';; i;h.is pcaæt ôhaÈ the ger:ey.ai acee¿rgtÈ ef. trre eom-

pa;:a<;cx, has -br*ei: z'e*.d" {t3za¡r-bes. Lï}.

OPEI{AT3}JT PT¿TT,.fi rFÏ,E

.åJ,'Lheugh i.he fol.-Lgwång sche¡¡re ru&r .Þå-?e been empå'.ryeru

e]-sevihez*eu åb,r *-p1:J-iea'bion ås unkncr..fål er] .i;he w:rå-üer" üon.=

sec.u¿ei:.üJ,;i.o'L;h.e r3!:e+-!¡Jr å.s p:;"esenied_ ån dcçaåj-.

ücin*:î.de.-r.' a *j-ir¡;.1"-e-'p*3-e, dcui,:l-e-,.tl"ir*i+ el:oppen, a¡åbh a

cl..-c refç¡'e*ce roåtage a¡:,pij"ed" hci ûi?e cüïriac'b and. a slovrry
va::y-i-ng sigrra-)- *-pp.t-:r.ee i;c, ¿j:"e cther, iñ::. *sl.ovrly vanying,,
is nleai::i ã. i'.;,..qv,ef$r.iti ån v¡t-luse f;i,Ðc'ii.+:åc)î ssec,.c¡:u¡? üfle highest,
-+'.,.,-ì ji -.",-.*..- .i,. covn-ponenT
,$r-9fl.ì".,rìr.cä,Jì'¡.-, .ii'Érc¡tr-öricy^1"*" :¡:r¿eþ.i tress t,l:e,n i;he r:l:.rppång f,ne- .

quency" ) I.eh 'the i-n-pu'c wa'rrefcc.ü1 iie j.{_l_uà, .û,!-¿e chepp:Lng fre-
r¿uÊnüy h'e wo ai:d i;tte refes=en.Ce 'r.,*J-tage t¡* B:. For .bhe iilp$q,
V{'ü}"si'lr&rl Èn .L"egwr-Ê ? 

-iu'che circ.ppex. ol¿i-,pu{çu l-eu will be ag

slroqr.n :.n Fågu.:= e 32, ,

:The t:qriaLi-ori of bhe f¡"¿r'¡c-bj-cn sl.:o"wy: ån Fagur e jq rnåy be

f"¡unri L;y::.cf;Ì-ilg t,}:.a1; i:îÇ Ís i;-he r.esu¡L-fl of ¡lir¿-l.tipl5'ång {1,"{.ú; - vr}
;,

åo
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by a. f¡-ine íicn co¡rsås'*íng of a t:ra:.n *f sqria:-e i¡raiÍe-s u jl-ß_,

shown Èn fig"r;r:e 33n and 'bhen aeld-i*g 1,in. iì;h.a'b isu

ir"ü * iV{t} * Vc.} \rs + "rí:"

Sin*e 't,Lre t,::ain c;-f sqi-rare wa'ren ïra-s bltç F*ris'-ler* seríes

uK*î^{*rurg æ $ rr ì iå $¿ã-¿ fãlu"*ü. ú--* .¿
.^---.t 4 P At
r'r:JuJi ) --

{-i.^.* i'r'ììeLåLtu-ü-t-'JI! I -... r .ì l.-.C..i,,Jiiius

g"ì í4"
TY

l-ra I

Tfe *,.q.g r'¡'iíe sÈil rù*,?:, ^r Ve T- Ã. sen r?ÌLü ,n Xl,tr (l&.}
2:- Û '/ = dJ-

n-rã{c*?-. ss
6" ¿'r.¿, I

3f ev'ei"yL,iring .?.s ej-å¡:åna'ceci. fr"c¡¡r Êüu.åi;i-cii: {}¿r} brri; 'üire se,;¡nd

"Ue:i::n, irfe A:fí+ -!.e.ft wiüh rff , +:'heï;* ai'

rlf ** r,ie sår: il*,r

'-fh-t"g L:¡,:l* i;i:e ,í:i:.¡.Jil mÈr.a'¡-fr¡ ån.lt"rglr¡:s 3&." ll-sr pl*¿r-sts,ïi'q ce.i;r.ci:c::o

ühe ¿tocl:.i¡:.Ii.,ri': ti:.'Lre-ricp3 ne¡," i:e renol¡e,'å a¡rd, ug¡;ei 'i,-.¡ i.:r.:i6gt,;r- i;he



s*

pei1.*ell:ÕpFå$g; cå¡:*uåÌ: v?&€il.r?ei'*t' .t¡irr.: *n=;e3*pe gÕes 'A{i %€r"r3+

It is aü *;hi"s paåraü-hl¡ai:'u3:+ cjåÍfËv'rån{ie Ì;et;w*egl 
"r{t.} 

e*.rå i;':¿=

ås uë9"Õo Å"$ Ìu¿s previo*s3-¡," l;ie::.i,i-*¡:ed", the ,si;ï1Ê i;y¡:e *'¿

nu-1l i-.s *t:'bai"r¡e¿? {-f.'c::' a gi-t"reri rj,e,[e*1;cn] r*.gar"å.Iess ,:f i;hç

ioc-T-az":i.'.:J¡''r:h.:"cr,:.,8h r,¡i:åcn l¡ { A } ap6:r*;+cheç tJr-o

"i':i.gui:e ,*ie ^ :i p-t,*'L, cf-' iJe ,tÈ¡t r,,i*i',.

iii:¡::si"c;1ei'a;r.g; *r¡u;:'i:i-r;::i (-ì".1r1, ¡,r ¡iet"!:+d. n¿.¿"s'ç i:e fr:ur¡,d fcl:
+,i-i-ni.¡::t.i:ii.:g ¡,lj..t *:,;it t;ltç: s,,*ccil*" i;er-,äto Tå:åg,¡.s är**:'l; *es-i"J"y

ai:c,:rni:"i"5.sii:,.r,: 1:y ci',n.tåciei;'i.ng _i,.he f.y"'et:iLe:l¡*y "rp+*Í_rrqr¡i:f 
td{È} $.r

ïr+ !*i:¿i.L:n ¡lr-,--i""r Tx.'; s-ü.evzt';z*a:L *æ*epÍ.; .f¿i::* a ii,.-* *cli:e¡r*i:rrlitf;o J.y¡

g:r*i:,r"*5.cu."lå"ii, rl*í"rsi.r1;:,i" rv., tr+ bei.rig 'üÍ:r<* liåg3r.enu, s:ï,¿qn:.f:Lca:nfi Í]re-.

{,}-ijrÊ}l}c;{ i:rilil'oi:1Ë;ïi.'ï; *f, 'le ac¡el be ång *f the .f. os"it. t:,&fi vr, t, iìe.u,l lae -
:ing 'rFe -tr;,r r'oe n'-,1, årr *qua'+i*ul- {=Lf+}

Te =* ,L cou i*n ü ''l' c{is w" t *ån w*'Ð + e*S uul'i, å sån .}"el*t,,p:ÀåírÅ?ri
.,t- u**u onuí ä" + ,sån mr,r*r,

*,=,\V-"



ål'ir

{15}

tIr.e å:i¡::.e .f;reqr"eei:.,cy' sp*cf;::tuil *:f equ.a'i:j-r-rn {}-5} :-,ç gå-oren å¡;r

:iåét¿c'e 35" ii rcnsá,is:"4.ü:-*¡:. cf 'aire -Lcw,*z- fre*¿rze*e."lr {.}üûxps}nen"bg

of Y* r,','-i-l--1. ¡¡;Le:{"4 så:îå"lar -i"i¿:e si:æeÈra uj.t,.i": í:r'eqr-r"ei:icli.l *{¡inï¡ûi¿-

eí¡i:$ å:'¡.*i-';;iler.i i+.{-ih:È.slíhe shad*d r:'æg;:.ons *å' Fågurr"e 36"

"i"3j' *.ri,sså.:lg th"e *li*p¡:er' *;e.i;pair*,u VcÌ th.T'*l"¿gh an å.deaå

å:;anc--¡:'es* .Tl:-l-'[er rf ce'*.L'y."* :l'i.'¡]c,iie::r:)J: ir'o anC i:¡ai:rtl.;i.cì-c.!: iJt".i,

{r'rhe::* .:+,- rs Lire i-rigLres'i-, *,r"9n3..í.":T.eai'r"b fneqr.renc;r *o.**i:onen'"; ,?9.

f+i eïi,e3'ji'4.'ftii:.g wi-J-J. ì:e 3'arrsi'rid e:u*e.¡t fx=eqraelr.eji cÕrii;ÐÕitÕn€*i

in i;he Íåïigrg "uri-, .-t'rj- Ëc rr*'" ?r1," li.'iiese å.re simpï3r i;hc;se f¡:e-

eïuenci.,i*s *::i.s:.ri-g i-r-cin 'bll+ {,;e.ri:l .,¡"* *å:"r, woi:, åi: eqrr.a-f;iae. i Ë i "

i*¡i ,:-,^-t:i*;:" '¿,* *v*;r-rl. cì.el.e.¡; eii.s;i;c:.+åoæ 'the í':,-i.;*;' uürs'b el-g* ira-r¡a

a -Lane ¿i:: pÉ:eSe si:å.iI'å: *he::a,li;c¡-iç crc o 'lÏ',-'l.r-s a i¡:eÉi:,;ld E:f ,:ir.-

ì:e.ining ba"l-a::cer-i ¡n¿:,;i-üiaü.ir;il i.i' fe h-a-s hæen ilo,:a¿i"

Fr¡c" an .¡_c{ee]: *"åi',.e::"u1.!ïÕ iiirJ.s.b ile $yÉp..ileî the¡.8 of eq?úAX

jir;r ä*1". Fl,:we'ire;:"n åit åcl-r+aå fr.L'Ðe:* ås i"¡oi; r:?:'ÐaÍ-na-bJ-e, aneå ån

'?.ne eCIiiij]å.r"åi'{.!,úT., ar 'i,ti¡;lgd, e.ni¡;J-ifie¡: consi".s-;il:g of, p., d:i.f-"fe¡:eitee

*;':lrt]-i.¡"*1.e:.' -i¡-i".ì;l-*r a 'ew:¡"r¿*'T :l.å¿'bes. å:l; a feed?¡acir io*T: tsas erû.f-rlolred.

ãr¿ Í;ni-s *.:-Es 'ú",j:n ås e.bo:¡.'"a LûÐ ü¿y¿:es "*l:e hJ-gltes't, an'üå*i.paiXed

i':;.1+(;,ríì{':í:ri ,-:r:ì,ì,;1+ïi-ei':':: c-1.' l,tit,,l " 0¿:-e c'rlliet, a.sile¿'3 crf tl:.g fi.i-üer.ing

sll'í1{ji?fis ¡i*¡s; ne C¡:fi.*ådgfç$. Ïìnr"ioir,.i;"' .eirr'; i:hj.-* åS ¿;l:.e ClåSCCfr-i,-', r. t 
.;-¿!., ;_<!ri.:i _-(r u:rç LL-

tii:irii"'c'.y-<-ti- 3&C er,eg::ees is: *he pl"lase shåfi; cha¡:ai:teri,st,ae sf the
'fi-,,-"'å¡¡.*T fål"bcz' ei t,i:e nTl,I-l fiteorr;re::ü;'o Fr:n ähís c'eason 'Lhe

-ì-,
-t. is3.*,i-.'¿'

ì:r¡93 i; iË*
t-J
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chopper f,'a'eqr:-er:c;ru ?r,* n r,ias +-rijusi.ed tr¡ hs sligltc.r;r abon¿e

¿he r¿r¿itr f'r'eqr.rency *;''bhe'ciri:r,;i*-r.iu yei:, stiål- i.så.Lh-ån f;he æa*s.,"

band of r;he cr¿ned. e,rng:lifier*

.å.t: il--:.üSt,t'a.ti-i:¡¡ of ¿h.e e.if"**¿i-vÈness aí the sys*em ås

gJ.ven åxr Jii.glir-es ]? end jS .,;v.nå*åt az"* *e*åaåcgu,amø of ,çhe

eh+pper oia{-,p1.at ancì i;u:ned*a:rtpl-åfi.-ei: *uåpu.b i.ewpe*,*zveLy f,er a
4':L..- * t-- .-eo-ei.n¿¿scårre-]- ini:r.:'i; *f å.-,e 3¡;ç. TI.* ch*p¡::i.ng f.r"e<¿r:e.rrey ås

.þ00*cps. 
:

'l'hj-,s type ef e*npar"*;,:Üc. i:¿:r-' ¡;errËr"&J- a.cr.vanËages sv-eJi,

eanr¡er"l.i.åcn.æ.1" .b3rp*s, in*J_uri,ånE:

l-., .Ð¡:if I .irçe upe;:.a.t,ecrl.

'rZ 

" . iírg'Ì: ,sens.it..i-v:r- i;1r c,r. r.eso-l.uriÍôn*

3" Ûp*r"a-ei-'lii ã'egs.I-ill-eee of bir* p*lar5.'Ðy Èhrough vahícia

i:"lie c'efere$Íje v-*]-;;e:ge àe epprcacÌ:ed,

Such i*- sysÐeäi Tlt&.}t L:e "¿,¿Seci a.* higfu fs.eo,UeneaeS hy uSång

¿-'n e-ier:i;r'cnic i;tccìrr"-ì-at+ro î.j.n-f'c,::'¡una-i;cJ,yo sürßÊ seRsi.+;åvi.'Ðy rtå}Ï
bc sac:-:'"f¿*e¿ì *i.n,ee eåe¿:fiv'*vl¿* uicd-uåaúc,¡:,m å-.r.ë i.nålerenüi-y noisåer
hhe.n cÌ:epge"e"s" sy í*¡:='thec' ampJ-Í.f'åeqtioinri;-sårrg R*c er:npåed. ou,

i;uned, anpååf,åern, 'i;}:e .remciirticn af ,e.h.e n3r,*.i;eia mfi.5' 
.be gneatl-¡¡

I

.l$¡rrcr.red.

11: cj"il:p-Le d.åod.* debeaic:l s.emÕires bhe aiodr¡j_a.Uicsr eraveåo.¡lc

1",¡håch ?rj.l,t l:*,¡e i¡erl' sha-i=¡.r ¡l+så'bao,a6 Õi r?egÐ.'¿j..i.e go5:ngi sp5-kes

ideiper:d.åitg *.i,.'r. -hhe då*cÍe ori.r¡p-g¿¿ior.l) as'Ìf (-,Ë] approaehes Vno,

ln 'che contpai'aÈ,*r- ur¿d,er då.seilssåcv:.ide&ee.bj,on ¿s foJ"l-or-red by
b'¡¡o s'Ðå.ges of ç1-c ampå.n-fj-caÈior¡. befcre Èhe s$-gi:a]. is appååed



Figure lf;" tll*pper ú,üt,put,,,

gìi,

Ve¿'t1" se a1Ê:
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"
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i;c 'i;he pen.-d.::+pping c:-:=erz.ib" t::'åft åc +f åå'cðtre rjonrieqîienae

aÈ "¿Fr-j.s pcånü heca,,,tse cnf 'Lhe reie.'ii-r¡eiy high åeo;'el- of Ëlee

ciet,e*'¿cc' cuL-*u"*" å'itfweteru å-s û. î,-c.Éü&.1ì'bec¡¿ bhe f,i.¡:'sb d-a

-e'i,age ås a d.-"l-f,feren.rð anipi-ifåer"

l-ï " TI-JE Fg¡l-ÐR0PFi:I.i* tfnCf-rTT

T3:e. pen.-d,::eppårag *'ircueÈ i.e eir*eJ.er ¿n nai;ilre t,o bhe

-i-ine*i;yi:e mo,jüj-a;iss. eor¿mort-t.;" enipiolieui ,ì-n re-oar .tã'eïèsinE'tf;,e¡:so

A ühyratron swi-'l,ch i.s "r.se¿l, wh.i.}-e t,he pei:l*Ci-oppång z,eJ.æy criå].

:nep1Aces the -Ë,Ì,ål-s€ 1;i:a-nSft::ttÊt" ê.1?d p"n ej-eei;r.o.L¡i¿1a capacåbOr

i.rr:p}-a*es tjr* pi;rJ-.*r**;li:r.'arång ne'Cv¡*:¡:k" 'I'hå,ç ås sh*¡,,¡3 ,schema'i;å*e-3.Ì-y

i-n Fåg-r:r"e 39"

fissulning ":a¡;t-,::,'r:c;::' ü 'Lc bn fLr-1-1;,r eha.,':ged* i;he ,chyraünon

lril.J. 'fi,t'e wi.r.,:ie';¡er 'tìi.e g-'åd. pcteni;irr.i i.åses i,cl a- si¿ff:-ci.en'ùJ-y

high xrah..:r+,, ilkiås ai-åcws s 'ûo clscira::.ge thr"c-i"ighr the reJ-ay c,sÈl

r:auEån.g the ¡:ei: tc *-rr.p ¡u*r,:,en'te.r'j-J^3r. é.s ü ctåschaì*geeu ¡:1a"Èe

cuÍr'ent' 'th$crr-rgl: üire 'r"1iyi-er'f,s'+r-r d::up"*;u a-nd deis)3i.åzi.?"tåori fot}ows"

'1Ì'¡.e üålrårr;:i't,y t:f Ll anei thc; v*åëage ço r¡.'leich i'i; ås c}:anged.

ci.e{;ermå¡:e the i-e:rg'l;h cf i;i::t.: ü3re pe-r. ;r"ela¡r remæ,ån,ç ac.,Lj..ra,üed,.

r}n a b¿si-s'¡i'$rJ "ur-*s-bsu ü was ch+*e:r'br-: he i-tt roicl.CIfai.ai{,* by

':;LL'il ¿llzd t,¡:v r¿ci-,itûiis 
"

üapa:ci-t,*i:" C ig re*!:as.ged thr+ugh reçås'r,*r ÞÌ er¿d, üv,ro

voJ-Èage*:regr..l3-a't,or ÈubËs {û82?*), È3re pÌJï.l}ûsë cf ihe åci-¿;-beÍ.

å;*ing ëo al"l-or,¡ rl Ëo chee"ge'co cal¡r $rJ rial{'s. (Tnås v6åÈage

requi"reneni; r.s*.s dicbated b.;r 'ûhe voå't:age re'üång of a SC4.pååg

5þggþ üûnrieûi,ed ac::ass 'ühe pÊ_{r:dqopp$.*E ggi*¿*qg*åu befih
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beång åæe egr-a,l ;*arüs cí th-e jL *, y c.ecoz"dec.. ) Res:Ls,¿or F"

iså"s ch'r*en fos:' la:-nir:';æ chai g:.lrg í.i,rne irhå..t"e B{;ål-l- aj--l-*r+ång -Ð&:e

i;hyra'l,non *ui:i-erlt. &o f'al-t t:o the Ceåo¿:isaûic:r Seve],o

i'JÕ i clilcrin¿ibion :i"s ac¡aå'¡ ah-'!-e as ¿c 'bhe i-ife ç:ipeex:ar¿ey

of the ?Ð2L hhyra.Lu'cn erncler hi"gh peak surrenè ecrici[,íons.
Hciue"t¡er¡ nÐ 'bi:o¿ibLe has bee¡l ex¡:er-åense* afüer abo¡.¡.ö }CICIü

r-"r'¡:r e :r' gl i..J r¿ s o

å¿-e*gsg+=Ëåå=Ë:8s9#ëså,kåeåF"çs :

,ünoche:: unûûnvesiiione,.l cå¡:r:uår is the irac"åai:,Ì.e*

¡:eference 1ånr:!¿sy, C*sågn*d -i,c ensri,Ï-e .t_,:ng c?:.*pper.. *on.ra,36

iå:!-'e" Th.e 'r''crt,age be'üîr,ías¡-l r-ir+¡-rpe:* con.ûa,;:.bs ås .l-jmi.i;ec ù*

Ðv'o ,¡*i.'is i:y i,'hat is ¿:,çeen¿ia.tì-y a paz'ai.l-ei*c-i-od.e li,mi1;er
v,'Lrûse iåniriåiig ieu:'*-Ls Ð.3î* il:i: ^l- ? aad. ij:: ,* Z ii.ihere lIi, :l_s .Ì;tie

-r:eÍe:'ence ;ir-r-l-i6ge aplrlled- 'tc ane *.f -hhe ch.rpFer contae ts ) "
;Si,::,:e Þì:"" in*.y'b* se'h to ctiffec'ei¡"ü I'alues.[iie ]i-l.rrib.ing ïevels
iuus{; 'he a.bl-e 'c* fol-lcv¡ E,i', This is aeconip-l.åshec hy the cår.-
cri-l.t of ti'i.guire l¡.i).

Thits r:ir'*ui-t cCIr.tsists o:t ¿,. c¿-thce.c, fall-otver *perat:ì.itg
fj:b b'.+c ri"*.-j-çs ì:i.a* {wi:eit -Ez'* 0} v.,.hich *re.y i:;e se.t blr"b}r-e screen
";:esi-s'Lc.r=, Rl." í!. zer?er eiå'sde i.¡r il-re. aa{;hccîe cj.rc:u¡,'Ð opeita.be"$

in'hhe ãeneì::*egic'r-.., ancT- pror""ic+s g. cons'iarri v*]-ba-ger drcp of
fo'ulr vo}-i;s å..* ii:dicatecì in Ftgirre l+0" ìrj-t,h ähås ãrrå.ngemenüo
'Lli,e linåbir-rg dåccles, d..ì- and'*-r, inair be ï'eür¡.r.,ned io p+le3¡tåa3"s

üv¡c '¡ol.i:s ajrcve at:d beLc'-,¡ .'nfie :aefejj.e¡:te v*"L.&agc"
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gein cf i;lie *a.&}ir:cle fc.ll-oe¡ejj"

r,rhe;:e d.' altd d, â.y* i: eï¡e3.se

*=.*J:k:.*Fi, * \,ê-1-þ 'Ll

Th¡-rso a tn'o rroå'i, håas *annoü a]-warys -be majni,arnerj.o a,iühou.gtt
ihi-s i-s *f nc cfinÉ+que*rç p3*ûìri-rr-ecL the bia-s charrge clces cafi
eLceed ee:.:-'j;ai¡t -l^å¡nå'*s" rîr:" er.:a;npleu åÈ nay. he assil:aed. ,cha.b

t,ire tulre ås rpe:,:a.i;åßg a'g iês ::or.n:a--r- î:ås-s r-ever- of. ,f,,oun 
'¿or-"bg

wj,ü;r rïtr'"* û., l-f Ec" suiilgs.tr: -rrs r¡o]_çs a¡:ej.-the *ailrccre pcfre**
-ãå¿L-'Ì- u;':-1-¡r eita-:tgæs bir r¡z ".¡*r-,ûsu *.ue -i:o a. ¡rer-a_ti-very i*i"¡ g*i_no
i:he:: 'ahe ea.'L.hod.e pr:rle::.t,ieiJ- is

n - i+? æ .-¿r.ü .'ic:Ïts.
lrhe --l-cwer= er:d cf' L!¿e Ëeïåer ciicije lrj-r-r- L:e a-Ð a poê+n,uåai rf *.4.þr+

'¿olts. I¿1 'hhís c¿¿se, iirnifre:tg a+írcæ wi_]-l_ .L,a.[¿e pïaee befcc"e
Eån -nea'ci:es *d:.F vor.i;s. I-r+we.i¡eru i-f, p¡:opei: opei,ai;i*¡r of .hhe

':o::ii:ar"atoc' :Lg t"o i:e rra.r,:r'laine*1" chen J.ånritang rrlll&t noü take
;rJ-aee ¿l¡rtj..l- Eån {,-rrf i.,,,:-l_ts. fn +:r,de¡: r:.c "s&¿isfy .+h.is 

req¡.¡:r-¡:e.-.
¡ne::t'r*he ¡""c_j-1"*l^¡ing eonci.i-,;i.cil ¡rusb l:oiei I

$ut,- i:rr",f d bo

wt1e-l'e Lq í.s ihe .lù3.4s 
lev,e-i i..;he¡:. Ei. * 0. lfi;e cå:¿=c*j_.t of"gågl:-re

d:--'r- p:'or'åd.es satàsfe*ic.ry cipe:'a.i:iûrn i,,'," rffx" be.,ev¡een p^ì_r*ls a*d.
Eii-:ri¿s $fi voXi;s,
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si¡rce 'l:he ca'i:h**de f*-"1-i,*r'¡e:' gai-ra :?"s .l,ess "uhan ugity
and äl:.e .ì-ånåtli.r:.g. ¿Lc'üioi¡ i-rnpe::.fee'e , å,ç i,e ponsihåe fcs, the
pctent,åe-} bebÞreen c!:.op¡re¡: csr"rÐnç:'ts Lr: e:¡-*eed. '*he ps"e.riouøJ_3r

specÍ.fåec r¡eiui* ül 3. r¡ol-'bso severi;3:e3"essu üi:ie låmiËes" pr:r*
''¡åcies a,. åe::ge a;aou-nf: *f,' p-r:e'he*'hion fou" the choppe::o



j!"PPENÐïl¡. .ïI

Å.DJLTST&fETüT ÛF Í¿EFEREHC]I PH,ISTRS

The fû"q.rr re.f,er-ence pirasors of ühe po3.e -zatt machåme

\6/f u 6ågon 6á-$Oo and 6 /jJçol, prcciue ed by" tl:e s'eferene e;

osciÌ-Laucn, r¿l¡s'i; 
.be acijusted so t,h#"t 'bhey are equaJ- in nrag-

nr-1,ud^e ernd separa-tecl ì¡y e:cacbly p0 degx'ees in pltas*"

Å irrelinr.inarv adjtas't itrenä ivrvchies malcång 'uhe inagnÍtu"des

irear-Ly eelrår,l- l;y' a-djusE:Ë"irg; e¿¡-ch phason' -û,o be 6 vo..{-f,¡¡ iî¡ns.r e-,s

obseru-ed- {)n êr hj-git pre+i-sioî3 å.-ú vo.t',:.ine'i.ê¡:'o

oppcrs:.'t.,e i:!:rasi:.1'sro f'c.i cxarnp.Le 6æ a-no. 6/Uåil-t, åre tr:lie:n

a.<ijms'ûeei 'i;¿ i¡e eqi.ta.-l in. ne.¡5nå'¿t:.¿ie and ,!-80 d.egrees aÞac"ü itt

i:hs.se" Thae j.s acer:rtp3åshe* by f;-i'st c.-rnnectåÊg r-!iç tv¡e phasor

*u'üputs 'Ê-.c ol:Ëe¡så,ce er:.ds of a cent::'e-î:s-pped reså$t,+n. fi??. Åt-.c

vc,J"rï.areber eûË¡iec'ied to 't,his ú<å?,r:'ü¡'e 'i;ap indica-,,es 't:h.e nesul-'ûan'h

r:il ":Ïie fi,wc phascr-s; Lher-ef'ore, ¿hr.ey may L:e.made equ.a,l" and cp.-

i:,nsiëe by'adjrrsLeng for a nui,1. an ëhe vol-'cmeüer" -in Bhe p,rl-e--

Ee.ru machine s &ñ acctrrateJ-y e en'bre*üapped nes$"st+n end, a

;;ÉnsåÍ;ive vc-.Ï"ümeüe;= a.ll-ow i:l:e nagni&la,3es 'üo be ¡na"de equaÌ,

+;iihi.r.l ai;our.'ç J mårÏavsåis a¡-id th+ pltase 'h,o be'aer:urate trifrhin

ai':,:riü .ü3 degreer" The aheve prü.rëÍis is repea'eed fc:r 6¿þ8-f

s.nO 6feÍpj o

lhc* ,:onsbr:l:.Ð'i;ion af 'bhs neferenee osci]-la'i;or :s sueiå

;lra'o tT:e er:.gle ile'Lu¡een r*,/Çl and 6&Ë rqay be varie¿f- r^ii"thouü



ç;7

seri+r;-sl-;r affe,:ei.ng'i;h.e ¡;ï'e:.iious a:a;1us'ia:e;:'r.h.s o l,{åûi'r çhe

plias*n's &-q ñh¡)i¡¡i.i :i-n 3iågu,.i"* J¡.j¡u i:lte p:r"*per ¡;haSe rej-A'cir:¿:s!:iåpe
/ñ

nra;ri Ì:e r:i;'¡ained. i:¡i.rdjusii*g bhe a.i:gi-e c"i 6/5tr. {;-nci cün--

sequenbly 6fu,Ëi s,* "û3"1a't \ia. åj v'h " Thàs may be aceomp]-åefiec

wi'üÏr t,he cíy.'*r¿å'ç, sh¿¡r¡ãr ån Fågure i+5 cor:ne*Led- as indicatc*"
Pr^r:"¿åd.åclg "che conrpcnen'us are ¡naÈch.ed.u t,he d-e ,øcl-ãme6e¿. ¡:eadg

'î;he d-ifferenrê "*e'tv¡een êhse pËeås qca.i.ueg *f lía a¡:d Î'¡b sc cha"b thc
pha.sorr* cia.y be seü flo wiåhi,n a-:few nrii:utee cf *,,he:i":i. Cesår"e¡l

pc.s:i-Í;:ions h;;. adjuseång the pÏ:ase con'{:rcl" .fú¡* ¿} r.¡.rs}} o$ f"!:e vol-t:
me"¡:,e:f o
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APPAr$IlT3- I"!.r

:i¡tE zÏiR0-Oft.Ð¡tB HoiJi tÏRcuIT

'llhe zerc'=cr"eïe:: h+lc ciu'cnÉ'ü u.seci i¡:. tile ;ìw.-s.*reep

p.*j.i, o -{;ìre pl-¿r.r.t*'tãrr,e*p lin.ì-ü u 'bhe Êj"i.i} j: uni.t, , a"ir.d Lhe r:ir.i,Þut

¿rnå¡:, cons:t-Sl:rã "t:as:¡"crLliy .:lf' ¿ eathciLe jloj-åclr'e¡: wåt"h a ceF.*

i:i*ii;ci:'n Ú, coÉnec.lecl fr:"c¡.-" g;:,ici io gr.ov.nd. a-n slì,rri¡:.-, rri Fågi:r.e

-'l.v t

.Á,n.;¡ ";cT"i;ag* e:.p;;-1.åedr riiiimen'Ë:a_::.ij,;;r {t-,}ir+ilgh s å¡;p...t:,e} 
,¿*

'i;kLe g::'i.ti che-r'p1r:n Í.:i:e r::ar,;nsi',;.*y" il lrhåcF¡ y'e[a;-:,.is-Lhås ch;r::..ge

ishE:ti i:}le -t-npuiì is ;:e:ei:ii'eci " "in ,:.r'cJe¡: .'üo 
1:"=,:rVeit'il ü ¡'::-c::r d:r_ç.-

t,r'.¿,:-¡:9.-.r'i:p" :':'¿ì.Ij"i.d..l-yu tr;jre :i.npr.:.ü :,i-rnperiar:.,:e ':;.f 'the cãi;iu:,j-r: "fc;i.j..clri*r:

r$is'[ be i:agi: o Lheti :i : u g.::i":i.i:l *;:-i-'::en'i. inusi'[ Ì;q; j.Õr.¡r. :ïjlåri j"s ac-
r.;t:i:ilFl.:r-sh,ilr'í r;';r.*ir.n:-::,i:g i;i:t: i:.r*l:lå't.:.i;i,5[lSl;'ti;ì;e a'i; aì--ürr-i;,liû pei-,

¿.,:,;:,-r.-i-, cÍ ¡-i;.ç r'eii;eal Í:¡.l.er*e::í; 'i.cÏ'i"e.fle *rrtd ilip-1,::li:l¿; ii -._ i"e.i'ir -Lerge
J:.

{ *.i:r:ir',; JL ::le¡ir-,}:in } ., 
:
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