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ABSTRAOf

lhls tt¡esls oonsists of the desenlptlon of a unlt to be ugêd

ln oonJunetlcn w1üh a oornplex plan@ 8cenn6tr end å Sfoaley X-Y :,,.j1.,,.

neoonder ¡¿lth eurvð followe¡l aütaet¡raent. ftre r¡nit Íe ueed to
oompute the lnstantaneou& absolube d,f.fference, the average abeoLute

dlf,fonenae and the peak absolute dlff,Erenae bot¡qeen üha øLowJ.y 
,,,,,,,,,,,,¡:

vanylng vol,üage proportlonel to magnf.tude, l"og magnttude, phase r.::'r'i;::'::

¡,,:,.:,:;,:r.,
on phase slope of a neüwork response funotlen sfnulated by the ;1,,':,,.',.,,:

ootnpLex plane seanne¡r and the voLtage output fronn the curvs followen,
prapontfonel to Ùhe eonneeponding desltled nesponse fu$etlon plotted 

,

:on the fi-Y neco¡:don ehoeÈ, $lnce the ð1ff,êrêne6 between the troei 
f

¡"ef,pon$€s ma¡r bø consldered to be the ennon, the unlt used, üo .

eømpute these venl"ous dlfferoncee f.s aalled üho Erusr Eane!.ng Unlü . I

i

.A dlgoussJ.on of the applfoatl,ons end perfÉffii&nÊfi tesüs of ùhø Ernor 
i

$enslng ünlt fe f.r¡cluded. ,
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FRËFACE

The complex pnane scanner bullt by the Deparùrnent of

'.'':E]Leetrf,ea1Eng1neer1rrgofbheUntrvers1tyof,l{anttobaln]Lg5Bwas
_ " l- ,',r.,.,.,,.:':'r

bl¡e subjeeË of, E"F. vaxstynss M"sc. Thesxs (va tr)*. sf.nce that
ü1me, addfbtronan unlts flave been added to the scannen by

t.., .,,-., :.
):-'-:-: :.:.,-:

".:.r, respect,5."Je M.Se. Theses. ln tt¡ls Tfiesås, anoblrer uni.t call"ed the 
'..,.:,,,.,ì,.
,

Eqnor_S_çnqLrlg_qg[jl ås descrtbed and lts lmpnementa8ion dåeeussed" i;:i;::.,.:,:;
':.: .. :..:,.

The er::or senstrng untrt descr'lbed f.n thts thesf.s trs 
:

deaågned f'on use as an åntegral part of bhe cornplex pX"ane seênner 
,

I t* s¡'den tlrab ttie poJ.e-z€Fo loeaËåo¡rs of a destred nebwork response l

I

Ì fulneblon mågtrt be quåekLy obtal"ned " From ûhe eorcplex p].ane seanner i

i Xt åe possibl"e to oþtaln vo}tages proporfi$.onan to f,he rnagn1tude e

--^-t &L* -Æ &Li phase, nogarlbFrrn of bhe magnåtude¡ otr, phase snope T,'etrs¡is frequeney :io",
Ðf å gåven fn¡¡nltËanee'funebJ.om B'(e) as nepnesented by åts poJ.e- 

l

frere conf,lgurat[on 1n tåte eomp.lex c¡sr! pJ.ane" lt s{as eomeådened 
.

desi.s'ablle to be aþne to ftrrd &he average abeolute dåfference between i,,r,.,, ,

': 
. - 1 a r ^^ -^ ¡1-- 

:':': :r :;tr

:.. &lte respüi'Ise er.¡nve nesunbå¡tg frorn a pone-sero conftgulratlon set '.lB ;:.,:::':::,.,::

':',' oE? t?¡e complex pnane õeannere and a degåred respoÍÌEe eurve" Thås '',''',-"-"'t

dl"fference shanlt Ëaeneefont$¡ he ealned bhre erro¡". T& was also
tÈaouaght advantageouõ to årave a¡r fndicabåon of t":&¡e peak aÞeon¡¡be

^t--e--¿^ 
l:':l': ii

. etrs"or", ttre absotrute err@r dnaring tfae Bweep of tF¡e j,r axåe and to be iiijil,.l,i

ai¡ne fu wenght the avenage abeollube error over eenta1n f,nequency

--T 
rr ¡larentheses ref,er to the '

?Tlt* IeËters ln parentheses ref,er to the BlbltograBtay"
'Tr¡n¡Lt&ance f.s a generLe word, tnËnodL¡ced Ì:y H.H. Bode

,, for botf¡ irnpedance and admlttance. (go f , p, i.5) 
i,,,¡."1,.1.,,:



ilt;d
'1.:'::)

v.V.4j¿ll|z\?r

tranges.

To trmplerneilt the above operatXons¡ âtl crror senslng untt
as deseri.bed 1r'l thf s bhesÍ.s was deslgned, consbrueted and tested 

"

Thls thesf.s conslsts of, four chapters. rn chaper tr, a

generaÏ" descntptlon of the error eenstng unlt, and lts operatlo¡r
f.s given" 0hapter Il descrLbes ln detall" the clrcultry used j.n

tl¡e unf.t, trfr lts loglca3. operâ&lng sequence" The tfilrd chapter
conststs of the tests rucx on the erron senslng unåt and thelr resuLts"
ln the fourth etrapter a dlsausslon of, tfie test rest¡Lts ls pnesented.

Also f.naluded are ser¡eral apSrendtees, Ti¡e f,lnst of' theee eonslsüs

of an outllne of tÈ¡e allgnment lrrocedure wf¡leh rnust be canrXed out
pentrodåealny to assure optlmum perforrnance of, the untt"

Grateful acLrnt¡w1edgmenl; Xs nnade to tire Natfonal Researefi

eomnclL f,or thei.r fÍ.¡rav¡cf.ax asstetanee i.n ühts projeeü, through

both grants lvt sropport of' the tr',ork, and a bursany to tf¡e aulbhor"

Tl¡e au'bhor alsa! lsi.shes to thaslk ['ncfeseor R.A" Johneon f"or ]a1s

eompetent gul"darree anel superv3.sLon of tF¡åe proJeeË " The help
reeefved fnorc! ffir" T.oT" ld]¡tr'Le and f*Í¡"" Ð" Jofinson xs great]y
appreeÍ.abed 

"

:-,' :: :.:

. .: -:.-

i.1

L;.::i. 'tr i



- '-^q:rJ:áil'É>r
l 1:" :rJ':::Ì

111

TABI,E OF COHTENTS

CHAFTER PAGE

T. DESCRÏPTf,ON OF CIPERATION€ooeooooooc.ooooooooooooooøoeo I

lE. CIRCUILTRY. " oo o o o oô s o o.ooo o o o o oo o o o qooo oo@e eo oo o oco o o o o.o I
:

Thg Ðlff,grgneg Cf,rcutto o oo o oo o o ooo o o o o o o oo o o o eo o e o o o g

Absolutg Vanug Clrcr¡1b o o(, oe oo o o ô oo o o o @o o ooeo o oo o o o o o nn

Absol"ute Error lntegraton, Feate Debeetor,

&leter SwttctaÍng Cårcutt and t{etrgt¡ttng elrcutüo oo o o }I
Average [æven trntega"aton, Gate and I{o}d elreu¿åtooooo n5

Fu1se AmplÍ"f,ler and Renay Mu¿}tÍ"vfbratoro o o o o o o o o o o o o 16

Fhar¡üasüron Ðenay eångr¡Xbooóocoooo o ooo o ooooo oooooâoo lt8

Dråver &{u1b[vlþrabor f,or Sarnptr"Íng Relayo o o o o q o o o o o ù o A3

I¡eve3. Seüttng ÛårguÅtooooooooooooooooooooqoooo oo ooo" Ë3

lnn" fESltS OF EnROff SENSÏNG U-áülilo"ò oo,>ooooo o € oooooooo co oqoo. 34

Test 1: Låmeerråü# o¡i I)åffenence ur¡d

Absolubg Vali¡,g 0l,neu1too,ì o ooo or ô oo o o o è oeo ô o o o o oè o o 3r4

Tablg Io o. o o q Þ o e ê o 6 o c o ø o o Þ o o o o o c o o q o c o o a o o o o o o o o o o o o 36

Tablg ll. " o o ú o o & o o o o o o o o o o o o o o o oo o o c o o o o c o o o o o o â o o o o $tf

Test 2t Overal.n Gatn of E¡'ror Senslng Gt¡aXnéooooooo 38

Tabng Ïll"oo c êo o o o ooo oo o o o o o oo oo co oo oooo o o co o Êooo ooð 39

Tab}g lV" " o o o o ô o ô q o o o o o o o o o o o oo c e o e o o o o e o oâo o o e o ù o o o 39

Tgst 3: Curvg Fotltowgr Ernorooooooâôooooôoooooooooo 40

TesË 4: Aaeuraey Tesb of, Ërron Senef,ngç UnåÈoooooÞoo 43

Tablg V. o o o o o o o o o o o c o o o o o o o o o o e o o o o o o o o o o o o o ó o . o o o o o 45

Tabng VI" " o o ô oo o ô o o o o o ? oo o oo o oo oo oo o o Ò o o c o o o o o o o c o o o lt6

Tesü þ: tJef"ghttng tftre Enroroooô6oooûooooooaoooooooo J+?



+j

CI{ÂMER PAGE

Test 6z Applleatton of" fre Enror Senstng

Ur¡1t to a¡t lmmf.ttancg Functf.otrl"e oooeoooooooôooooóoo" 49

lrv" DrscussroN ANÐ FtflfuRE M0ÐrFrcATlONsooooooooooooe ooocooo " 5L

AFPENÐTX

n AllSnrnent Fnoccdunêo o oô o o o oô o o oc oo o o oo o ó o ô o o o o o oo c ô o 56-.- - î -..: v - J. o o o o o o o ó o ô o o o o o o o o o. 56 ,., ,, ,--

- -1...1-:. .: ,.2 leal<age of Tl¡e IævelL Set Hotrd CapaeÍ,torooooooe oooooo 59 ,...,,:l..,.

3 Chargfng Fenf.od of Ïevetr Set ffiond Capaeltofooopôooo. 60 ,¡.,.,ì,.,,

4 Notes on Operatlon of Tlee Ernor Sensf,ng trtrnlËcooooooo 6I 
i:':':r:rì'':

t:

BIELIIOGRAPIfY" oo o ô oo oo o o oo o oo o o o oo q o o oo oo o o o o ê o o o o o o o o o o o o o o o e. 6e 
'

1v



..-......ìffi

v

tïss 0F Fr0[JnEs

FTGITRE

1.. Bl.oclr Dtagraun of Erron sensl.ng Unf.to.e coc.oco...oc..o...
?" Dlff,grgncg Clrcult.. o.. c c c. o. o ð o o c o c. o o c o.. o ô c o. o o o o o o o.

3. Âbsolutg Value Ct'rcut'ûc c o c e o ô c. c.. c. c c Òo o. o. o ô o c êo c c q o. c

4" Welglrtlng Clrcutt, Absol!¡te Ernor Inüegrator,
Fealc Detector and l@ter Swltchlng Clrcult.oocooo.ooôo

5" Average Ïevel. Integrator" Gate and lÍold Clncr¡ttc.coooooo

6" Putrse AmpLlfter and Relay ${utr"tf.vlbratorcooooocoocoe ooo.o

T. operatlng sequenge of Relay Oontactsoo¡ooqoooo.o c oo ooo c o

8. FhanËastnon Ðgnay Clrcuft" o oc o o o o o o o c o ô oo c o o o o o c o oo c o o o o

9" DrLver !{uLtlvtbraton f,on sarnpi.tng Relay.ôoôoooóe cocooooo

I'O" Ievg1. SetËf.n6 Of.rguÍto o o o o o o o o o o oo co c oooo o o c oo o o o o c o o o o o

l'L" Tube fype 56BV Ftrate Gharacterfsttcso oocooooo oco ocoo cooo

L2" Gain Çtraraeterlstla of ræve} Setüfng cl¡.cuåtoooôoooooooo

I'3" TævgL Settf.ng Ioopo o o o o o c o o c o o o o o oo ó o o o o c o e c o o c o o. oc o o o o

14" Llnearf.ty of I{oLd OX.reuf.t and [even Setttrng

fooÞ (FosLtlve Input)" o ". ô o o o oo o o c o o o c o o o. o o. oo o o oo oo

15 " [,f.nearf ty of, ltrond Ctrcuf.t and levetr Settlng
Ioop (lüegatl,ve Inpub ) o o o o . o o ù o . . c o o o . . ô o o o o c o c o o o o o c c

L6' Error voltage Ðue to curve Folnower lþtween

sweepxng Fosltlveny a¡rd Ìilegatf,vely" o ô oo co coo ôo o o o o oo o

FAGË

7

Lo

t2

14

tT

1.9

20

22

24

?6

2T

2g

3o

4?

3n

32

l

i.. :,._: i.: :

:::..;:rj



i::J
:r:1

cËüp"F1'ER I

ÐESCRIPTTON CIF OFERATTCIN

. 5'he cormplex plauie seanner generates a volta6e propoe.tlor¡a} ,,:,,,,,.,

üo fnequerx€y as the Jq¡¡ axf.s f"s swept and scanrned to y*e1d the

magnltude, nogarltf¡nr¡ of the magnåtude, pFraee and phase strope oá" the

. lnnltr¡ÍüËance f,unatls¡r renlresented by tts pole-uero eonftgunaüton i.n ,,,i.,:, 
,

.: -- -- i:ì:ì:.,,:tì,.

tF¡e eompnex rr8!r B1arae. Tt¡at fE, wï¡enever tÏ¡e resllorìse of, anc Òeow vaov õ k u8dv¡¡uv va v¡¿ 
, ,.,. . .

l:; ': lffimlttanee f"r¡neüXon to a slnueoldan excltatlon Ls generaüed by the i.,':.,,,.,':

,SCânnetr,avo1üagepropCIrü10r.sa1tofreqtaencyx,sdeven.oped.s1nce

bhcJwaxl.sf'eoweptÌ.åneannyfo¡"]'5seeondsfrornãer0fnequeneyto

r $CInrne htgh frequeney, depenelent upon the seaLe faetor el¡osen for pole 
i

ì

asid uet"$ p,ost&lons, and then baek to aeyø frequeney, tÏ¡e vontage 1s 
l

â l.lnean tÍ.me .t'r¡ttc&*oh, r1"sån6 and f,alJllng v¡f.tf¡ a perlod of j

, 3O seeonde " Thås voÏ,tage f.s used to drtve tÏ¡e X axf s c¡f ar¡ X-Y 
i

reevorder v¡htch 1s ftr'übed rsÍtÌt a eu¡"ve folnower at&aehueent " 'flhe ,'

@ùrrve fenltou¿en anlosrs $he Y axnç servo &o foåXow a deef.¡"ed resporxse
' ' '.' ':
'' ' : :

fulne båo¡r drawn on tF¡e v'eeonener" paper f¡l eondue tlng åRü< " llt¡e Y axls ,,,.,,- 
,

, ßetrvo alteo dr"Xves fuhe snlde¡r'ÕrÀ a lf.nean 20 k3"Lohm ¡lotentåor¡¡eter" ::,,,,.,:,

Thc.ssn wått¡ a lenosun voÎ.&age applÍ.ed &ctr@88 ü&¡$.s potent$.o¡uetes" and

wÍ.th, qrne er¡d of,'r"lte poüe¡'¡&åon¡eüer taken as nef,enenee, ühe vanlatLgm

.. 
U* volLtage f¡"om tF¡e enåder üo neferer¡ee ls pa"oporbf@nan to &F¡e 

Èi*-,
arll¡plåtude of ËË¡e nesp@n$e funeütour drawn on Ëhe neeoa.den sheet i:i+:i.!'ìi":+

T&¡us bwo voLüages proporbf.onaL üo the ampllüude sf åmrmåtËar¿ce

response funcbf.ons, one fro¡¡l tåre eeannen arnd üå¡e otÏ¡en fronn the , ,

K-Y reesnder, malr be gener'êüed elmuntaneousny. ïrx morroan destgn 
.,j.:,,.,,,.j:

' ***k uelng ühe contpnex ptane seannetr, the poÏ"e and uero pc,så&trons i]l-:.iì..i 
î
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?.

on the eormplex plan€ are verled &o obtaln a desåred response f,unetlon

drawsn or¡ the X-Y reeorder sheet" Ttre gafr¡ of'the scarÌner CIuüput û¡ay

be varted to nrateh &F¡at of the neeonder outprÂt tfnrough a step
I abtemuator" ån the seanrÌes' o!åtpr¡& unlt ar¡d an overlappfng cont&nuouely ':,1,':.,.,,,.',

varlable atüernuat@r osr ttxe seanner lnput of, the error sensf.ng umit o

In panüneuJlan, bhe IIog rnagnåt¡¡de respor¡se sf an ûrnmntüanee

f,ungfuton i,' '',:,.-,":,

/'n \ : ::::.:(¿/ r"::.:'

l

i

I

Ln [rtuC*) $ - nnvn(s) + Er (va t, p. ],r) (e);' 
l

.l 
* 

,l :

i

wlae¡"e Kl i.e a eonsfraslt of'tf¡e ßeemner. Í.n db/voI"t and fil ls a d..cq 
i

of,:flsetvolLtagedependentuBonboftÊ¡b}aeseannex"e}¡aracteråeü1esand

ü}¡epau.tåeuJlarsu(s).Wf¡enon.]Lythereßpon8eofthetmrnåtbanee

f"uraetlom bo eånusoådan exeåtatfons Ís nequtned¡ ês f.s ttre r¡ormall 
.i'

ease s = jur. The fnequency response of" bhe årnr¡¡lütanee f,ueletf.on .i:,
:)

1s tlrt¡s obtaåned amd equatlon (A) besosnes

xn i*n(¡*)[ = Knv]L(¡or) * El

ïf the nog rnagntttede f,a"equeney response eurve of a funettro¡r I'n(s)

Í.e drawr¡ on th¡e neeorder shee'b a¡rd eeanned by Ëhe eurve foJtlowen,

tåae output oÍ" t}¡e neeos'den ne

= -[

ülre eoræp

) (s-

) (e-

Itane

'n

t-

Àr

(s-

(s-

nex

a ) ------ (s- zn)

Pm)

be

I
I
I

-t
Í¡Fà

F}(s )

es generaüed by

equatlon

Pp)------(s-

seaÍlner ü¡ay pn'esented by fhe

ffi)

(t+ )
r --1.::-l-li-

&n I sr(Juù | = K"vr(J.e,) * -€a
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3

srher€ K- i.e a constant dependent on the seatre to u¡F¡tel¡ ttle response
2

eurve ts drawn on 8l¡c s'ee@rder paper Ln íbfvolt and EZ ls a f,unetlon

of tlre posltlon of the eurve on tf¡e recorder paper and on t!¡e

,: absollute lleven wtth respeet to ground potentf.at of, the vontage

- pllaced across &he 20 kinohrn Y axts potentlomeËer " lt ls tÍ¡e f,unetlon

of tþ¡e neveL se&ü1ng clrcutrt ån tÌ¡e ernor sensf.ng unf.t to set the

average d"c" neven of the reeorder output equan to tÈ¡at of ÈI¡e
'.::"--a:al

seanner outpub" To lmplement tB¡trso on anternate X5 seeond sq¡eeps of, '

the Jro axls the di.ff,enenee ln voJL&age between the two nes¡lonse ',;;1,',,',"|,

curves te dtvtded bV T.þ and lntegrated wÍ.th a galn of, O "$ tar
n5 seeonds and tt¡e åntegnated outpuü aË ühe end of, tÏ¡e sv{eep sampned

Thns saneptred voJLtage, wtrlah ts &F¡en the average df.f,fereyree.ån d"eo 
i

]ceve].betgueenthetwo5.rrputs;leueedtosett3¡ed"a"leyeI.o8ttre
.''

eonstant volttage applfed across ühe 2O kLlohm potentlomef;en on t!¡e i ',
I

reeordeu'Y axts setrvo, ouckr that ttre average X.evel of, the necorder

ou&puü ls bhe sê$?e as bhe ave¡"age llerreL os the scanner ouËput.

fk¡t¡e on frhe fennow$.ng sweep of' tÏ¡e jter axf.s tÈre error von&age

develtoped by üFae dåffenenee ef¡"el¿åt f.s slmply

llm$rn(Jdå- rn$rn{o*l[= Ktol(Jd - Kava(.j,o)

/is mentloned pnev1ously, ühe galn of ühe scannen" eiuÈput rna.¡r be

var1ed to equalt 'ol¡at of ühe resorder output and bfius K. riay be eet ,.,,. ' ,

JL i.i"t.:tl:'!t'l

equan üo K*. Slnce Kn ns a funetlon of, the scanner and no& of
'bfae parbåeunan åmr¡¡ntüanee funetåor"l under Xrevestlgatf.oxlu thås galn

adjusürnereË te tt¡e same f"or alLX Jtog magnltude frequencJr response

Í"nvee&f"gaüåor¡s. TF¡e emor von&age thus beco¡r¡cs
: . ,., -':.: .a: a; . :.:

nn åF:.(J*')å- lrn å*rCJ*)å= ur("0(¡*) _vÊ(J*))



4

Sfu¡¡å1arl"y, the plaase, pÈrase slope and rnagnltude otaËput

vontages f,ronr the eornpnex pnane scanner eonslst of d"c" of,f,set

vslttages pnue sl.ovüly vanyång vontages pnoportnonal to the respectlve 
¡:i::,:-l' funetfons" hfhaË f.s more lmportant, the proportfonallty constante ,-.,,.,,

bet¡ueer¡ vonts and phase, phase s1ope on uoagnltr¡de #t f,txed vanues

for each quantlty dependent onny ou¡ tf¡e seanner ehanactertstles and

,,, not on the partf.eunar funetXon under lnvesÈÍ.gatl.on" Thr¡s, âB tn the : .,'

ease fon the log rnagnf.tude response, the galn adJustment nnay be flxed 
,. , , .

for tt¡e panüf"er.lXar scanner output to r¡atch thab of the neconder fon ',i':,"t':'i,'

aÌn ås¡mtttance funetlone" T!¡e d"c. offset vontage of ttae partleunar

scanmer ouatput and t&¡a& c¡f tl¡e reeorder output ane a1ways set equal

by tf¡e l"evel" seüünng efreuf.b" i

Stnee alll Ëlae maehlne outputs B{È¡lch ane to be used wftk¡ the

eE s'or sensireg unlüe are funetlone of o¡ arrd sårace eo , as represented

tm tl¡e compltex pnane s@anaretr, ås a 3.lnear tfr¡¡e funcülonn the machfne 
)

oubputo ane al"so t"unefråons of, tlme. Tr-! geyreral, the error senstng :

utnnt has two lnputs, A(t) and B(t), f'nom thae necoa"den ar¡d seanrxen

reæpeetlvel"y, and eaeh has the sar$e gal.n eonetant 1n db/vo3.t, 
:'.''fi'ì

: .:-:. 
j:

degrees/volut, sg9eg.Tvont or magn'Itude/vont as the ease may be " 
:;,'t',:i:r,,,:,,,

rad/eee" ----ø

Theee ånrpute are ffre& df"f'fereneed and dlvlded by ?"5 to y*end tlre

eÍrror dtvlded by ?"5. The absolute vanue of bt¡e err.or ls ühe¡r

. fou¡td and tlals 1e Í.ntegnated w$.th a galn of, 0"5 for ltþ seeonds to 
i..r,,,¡:,,;,;,

¡i¡1is.¡i¡iryl.eXd ühe avera6Se absoluüe ennon and peak deteeted w1ÈF¡ untrby galn

üo ,obtatn the peak absoluüe crror" dtvf.ded bV 7"5" F¡.ovnsÍon trs

r*ade for rneüenf.ng tÈee average aheonuüe er"rotr, the absotr l¡te error
dÍ.våded i¡y 7.þ arad the peak absolLute error dlvlded ky ?.5.

',



+ re8ëe,ä

q

T&aus:

nQso4uÞq Ër.Lo_n = I $c)-n(Ð g7"5 -*T:5
05

åvenase abssrr¡te error s o"F fl å$31:3WÊ *uJ '{"n
0

Feak absonute eå"roz ån(t)-n(e)[
ffi =f4ax

'..:..: .r.': lü rs¡ueÈ be noted bl'lat the enron eeneåarg Fe?eep occl¡B's i::::

.*:tterraabenywlbht}¡e1evenseüüxragskIeep"Ag{:s,¡eenrjof't'he]ue.ge]i

, eettånffi stúeelpe ühe average d.e " lteve[ of f;tee reeorden outpuf; :Le set
tì

equaJ" &,o ühat of tF¡e Beanxxer outpub and bh$.s neveå 1s held co:nstant 
I

ì

dunâng tlae fo[tr.owtng error senaång sweep and unü11 bhe enel of th¿e 
l

I llevell settång srreeÃ) s,ühen ühe avenage ler,,ens az.e agaln seû equatr ø i

I

Dunlmg the nevel eettf.ng sweep ülre lurtegratoc' used to f,ånctr üÌae 
.

I

avera€çe ahsolute enron and the peak deteeüor are re-eet to ser$o

,, *rovtelon ts aLso made fon welghbÍng tÏ¡e average abeoln¡te 
1,,¡,. :,,

, and peak errsr by muntlplytng üÏee output of, bhe absonufre vanue ,''''

' ef.rsutrt by a wetglrtlng ftmctlon, w(t), generaûed by an exüernan .:.':,,,,

fur¡eblon generator. and then lntegratlng as¡d peals detectlng ttre

mualltåplLåer output as shogn¡ f.n lafgune (r+). TÌ¡e rou¡Ltlpnfer oteËput

'.',': le Ël¡us
_ 

::r:.:, ,:- i-::

Wef.gh&ed. absonuÈe ernon 
= 

lA(t)-B(t) å
T 
"5 = w\üi g ?"5 å

The lntegnated outpuü ühen beee¡mes *ngu

wefsfiüed averase absotute errotr = tof {*(ü) 0*gk$g%rJ E 7"5 U--
S 

. \e¿ 
1r'.,'.11¡,-
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6

arxd the pealc deüeetor output beeornes tÀ¡e

t{efg}rted peai( abeol"ute eruor = ÍnÍax" sü(t)

erFotr tr¡ a partLeunan pant of, Ët¡e response eurve t

"brea}(tt regton, coulLd be n¡ssre readÍXy etudt"ed 
"

A bnoek diagraæ of üF¡e errotr senslng unft

Fågtaa'e (1) " and photographs of the unf"t are f,ound

The pnovÍ.sf.on for welgFttf"ng was Lneluded eo tfÀat the

eucF¡ as a

Xe s¡rown ån

on pôge ( I )"

ì::.
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CIãAFTER TT

OTRCI'ÏTRY

THE ÐTFFERE}gCE CTROTJTS

e dåf'f,erenee elrcu[t sr¡own tn, Flgure (e] co¡rs*ets of, an

Xnvertfng operatf.onal ampIlf,ler tnto whteh one trnput tre fed and

whoee otetput trs summed wtth Ëhe ottrer tnput by an openatlonalL

Br¡¡¡¡$ler (Ko n, p" 13) to yåe1d tË¡e dlf,f,erence, wtth tf¡esreËfcanny

fnfÍ.ntte to.E'¡m@R s¡ode r,eJectton natÍo, bótween Ëhe two Xnpute " lÏn-

put A trs tl¡ab f,rom tlre X-V reeorder rsfÀtrIe f.npub B trs tt¡at f,rom Ël¡e

eontpnex plane scanner ouüput. Tü¡e å¡rverter tn e&¡anne1 B f¡as a gatru

eonbnon ueed to nnatah frlre ga1n of, th¡e ecanner to tÞ¡at of, the re-

e,onden'. Thls eor¡Ëron varles the gaån of the B elrannel @\ter a range

of abor"rt t&zree i;o one eulrtcl¡ overnaps the otep aËüer¡uator on fuhe

scåÌuxer ouatput Ëo pnovåde a eontinuoue1y vari.able galnt u¡hen ueed f,n

conjurnetf.on wÍth &F¿e IaËter"

Tt¿e X0 kl1ohm vanåaþne neststanee end LO ktSclrm balanelng

potenttomeËer ane i.ncluded [n Èhe adder cf.neulü so ttîab the ovena]tlL

ge5.n of &he dtff,eremee eßreuft neay be adJulsbed to exactny two-

f :[fbeer¡ti¡e fels' þoütr! ånpu&s, Tårås aütenuatton 1s u'equ$.ned 80 bk¡et

tiee nevên eettÍn6 f,ntegrafror BJIlÍck¡ oï)er&tes on ttre adder cu&pt*ü É"on

the dt¡ratlon e¡f' tåae 15 seeor¡d süseep, and whleh hae an RC tånne eon-

sbant çf 3."û seeorrds wåXn yåel"d ara outpuË sçhåef¡ le &tre evenage

vcLbage df.fferenae Lreüween the ttro tnputs-

G"A" Fhlnbnåek KÊ-t{ and Kä-X d"o" operaftoman ar,tpn:tfåene

êre ueec$ exÈemstvely Xtr the ebove and f"ollowtmg eåreuåte '

iir.;liìt;:

È

I

t: :.::'
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wg,&

A Bs o &q?ëL! A T,r{qj xRq EÃg

Tlre output of blre dtfference et¡"eutt ls f"ed üo a c1rcuXb

whose oe.atput ts always the absolute vaXue of, tF¿e dlffenence. Ae 
,,,,,,.it.,

ot¡ocr¡"t ln Fngus.e (:), 1ü eons1sts of, a unÍty gaf"n f.nvertlng amplåf,Íer

feedi.ng one dåode esfÀlne tÌ¡e other dlode Ís fed dlrecttry. ThÍs Í"s

sf.nnpny an tt0Rrr clrcutrt fn dlgXtaL eom¡luter Language" (Iut 1, p" 39t+) ;;:r.t:
,'-:::::_ :.

The dlodes have O"4 voLËs forward båae applted so that wltF¡ zero errotr, ;;::::

' ''. :

and'bf¡r,ls sero votr-tage appXf.ed, tFrey are Just on the verge of, slgntfl- r,-:,:.:ì

eant eondueblon " Thr¡s the otetp¡¡b of Ëhe absolute val.ue et¡'cu1t f s

a}wayn tlre magnltude of, ühe error divlded bV 7"5, pLus O.4 vonts of,f,-

set " Slnee bhe rnaxåmum eruon expected åo 2O0 volËs, and üf¡e dåf,ferenee

e f-x"euåü Ï¡as an attenuatlon of, tt¡¡o-ftfËeen&hs, the dfodes need or¡ny be 
l

able bo wlf,hstand a r€verÊe voltage of 2 . 
ffi = 9¡3"4 voL'cs. Sånee )

tlte nN45? dåodes used have a reverse voS.tage ratf.ng of, 60 voLüsu they

operatr;e weLn wlthf.ri bheår ratång" f! 5CI l<Ll.ofim eal"lirraÈed attenuabor

(He1tpob) fs åncl"uded to adjust the oubpub so that lFhe fotrlowtrmg

lnfiegraton cl$es not satr¡¡"ate dute"fng the 3.5 second err<¡r aenefng sweep. l,',,,,.,'...'
', ..: :)

åBSOLIIT'E ETTROTT Ï]fTEGR&TOR, FEAK ÐEfECTtft, '',",'''"":
T{ETHH S'dffCI{ïr'T# flf,RCU.ïT and WEÏG&åTïNG CIFTCUIT

t'he outpruat ef bF¡e al¡solute vaÌ.ue cf.neufb fs fed Èo bçtl¡ an

opea.atlonaï ü.nÈegrator (mcr I, p. f.3) and peak bo1dfng ctr¡'euåt as 
¡1,;,,,,''i',

slnûF.¡n f,m tr+lgure (4),

'Fhe åntegrator pr*vÈdee .r"eeX bf.s¡c ånbegnatåon ¡mu"1tåpnled

þy 0"5 1n çrder. thaÈ i"he f.ntegl:ated output of,'che dåfferenee cåreu1f

be ec.uan üo tbk¡e valLue e f tlre abs+cllufie averag€] error, T*¡e ånte6rateln 
: ,,,,,,,,t,¡::...t ..1_ -.:

51¿Å
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'n3

btras eontrol fs adJusted to of,fset the åntegrator uero lnput Bo

ül¡at tl¡e +O"4 volts bfas f,ro¡n tï¡e abaolt¡te value cXrcuft eorre-

sponds Ëo z,evo errCIr" However, thla yf.ends a d"c. offseË at the

- lnüegnatOr output of + O.4 vo}ts u¡htrch nnust be subtracted f'rom the '',,.",,,':,

average absol"ute error" TfiXe btas eontroL rnust be re-adJusted ff
the 5O k1nohrn attenuator on tt¡e lntegrator f.nput ls not set fsr

' "Åero aütenuatlor¡" The tntegnaton outpuL votrtage Ís ltrrnlted to j,',,.;;r,,,,;,
'.: ..: ,::.

+'nO$ vo].ts by Ëhe lroltage regulator tr¡be aRd nox'ma].ny back b1ased . : '

, i,. --...,.
d*ode eonneebed Ëo [Ëe output. Thle trtrmtt1ns alreuåt sqas deemed ::: ::

neeesßâry üo prevemü saEurattron of, Ëhe Í"ntegnatÍng aropnåf,f.en " Dutr-
,l

U** i;k¡e Level aetÈÍ.ng sv{eep$e ühe fntegnator ås re-set to i{"erø out-
i

pub þy a r.e1ay wf¡lah dlscharges the lnbegrator eapa@fbor" 
i

.l: The peak detector otrt¡rilb Xs equal Ëo tt¡e Falgheot Snput vclt- 
ì

la6e(d1vÍ.dedbv"{"5}årret¡nrec3durtrrgù}¡eernorgengÍnggvüeepmånue
ân 1æf.tf.aI q¡ff'eet, voltage of, -0"6 Vo1te" The satrne nelLay suhteh

I

,då.sehanges il:e f.ntegnator eapacåton fe ueed to pnaae an [nl"bna1 
ì

:

vo]Ltageof+0"8vo]'fueonthepeakdetectorea¡eaeitorgr¿cr¡ö}¡a,ctf¡e

' pealc deÈeeÈ¿¡n dåode ås btased to the verge of sågnåf,neant eonduebton" i';,'""':
''':

: ¿ varfable bå.ae eon'N;e"e¡3. for tlre d[ode fs pnovåded to eoñ¡per?ðate for ,i.:,i .,- ,.,.'': 
.

anJr suppÌry ve1üage varleliåon and 'N;o al"llow the bnae bo be eet

csrn'eetJ.y ff, ühe þ0 kåT"oltnn åmpnlt abtes-ÈuaË<¡n ís ¡rob set f,o:r aec"o

aibenuatS"on 
", 

_a u o 
i.,r.-..-,._ .. , ,
!. : '..'

_i':-:.::The r¡"ceÐen ewitehfrxg eÍrct*Íts f,or monlto.rnng aver.age absonuËe, '

peak absolr¡f:e and alroolLute eÍ"trore as sceIll a*q f;he weÍghti.ng efreulü

arc alleo sF¡own lri Flguere (¡å)" 
,i

Th,e meter ssútrüeh has f,our voltage rêngeso fnom P5O vonts
;:,.-..

truLn eeane bo G"A$ vollts fr¡I1. gea1e" The abeont¡te erros. eeneeÈor ¡',..,1'rr',''
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n5

swlteh ås arranged for bott¡ postrt1ve and negaËlve detectåosx and öhfe

may see¡n contradtetory strnce tt ts aþeonube enror wlrfch ts belng

detected" Provtslon for deteetlng boËh polarttlea fs lneluded fo

faenlåtabe aS.lgnrnent of, the error senslng unl"t stnce If, the bÅaetng

conts"ols on n-he average error nntegrator or peak deteator are noÈ

adJusted eorrectns, thezr the output polarlty may be oppostte to ühat

four'¡d fr¡ normall operabåon" ln norrnal operaËlon, the peak absolute

and absolt¡be errors are negat1ve volüages, whtrne üÏ¡e average absonLåte

errsr tg a Bosf.ünve vontage o

One channeL of a GoA, Plrål.bnlclc Modetr lu:{r/Ðv ÐupJ"ex

ffiuh'bfpnten/Utvtder le used tn wei.gtlt1ng tlee peak nþsonufie and average

abeonuüe errotr" TirÊ nir.r.Li;i.p,1,trer eu+Èteåtu wf¡en placed ån ühe Éror?lr

poenütron cocÌneeÈe the ouüput sf tlre absoluüe valsue elrautt bo one

muntf.plten å.mpurb amd eo¡rnects the nrta].t3.p1ter output to the älrerlSge,

absolube erroa" åntegna*or and Feai{ de&cefi;or" The oËt¡ec' nrtenOf.BJ.ter

fmpub Í.e ühen eonclcs'bed to an eriterc¡an Í'ur¡eü1sn genes'ator whtebr

6enee*ate* bree we1ghtÍng fc.¡netlorÀ" lt trs noted bfsab P5 voll&a appnted

to üt¡e f¡¡r¡ct;tron generaf;on ånput of tf¡e mutrËåpl1en yte}dn nluÌüf.p1n*

eat:ton h5r one.

ryË&LqE:eggq&:ANgEgeæe¿-SeHT='åEg:WÆ.--0-gEqsgq

Ae str$krr¡ lra F'lgure (5) tl¡e ctrcutt used to connpufie tF¡e

dfffe¡"enee ín everag.e nevene of tÈ¡e tçuo tnputc drantng bÈre 15 seeosld

.leven sef;'tång sweep te sånrpny sn operabåqunalL *ntegçnaton w1bla a tt¡r¡e

eonsbar¡È eif 2.0 seeonde operaû5.ng on the ou¡fipt¡t of, tlee då,f'fere'nce

eåreutt. Tnt¡u¡su ûhe ånüegraüon outpuü fs
os

o.u 5 (e{eo\flftJ)-rc = B,þ ) -A(tu )
,g
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That 1s, the output of bhls fntegrator trs, at bF¡e end of
the tr5 second let¡en settfng srrüecp tF¡e average dtff@rence Xn Xevene

sf the two nesponse eurves. ThXs output Xe sarnpled at the end of, 
,:^.:ì,

f;he sweep and ulsed to seË tf¡e [even of the neeorder out¡lut exaetny 
'i.r.:

equa1tot}¡atofül¡eg0anneroutput"TheoutpuË1ssanrp1edbyttue
elloofng of, a reLay gate whtreh eonsreets the n"ntegrator output to a

lrold elreult as slrown 1n Ftgure (5). 
ii{':'j.:

TF¡e lntegrator out¡lut 1s Ltrmåted to 3 lO¡ votr üs by the "" 
"'

ijl , 
",.OHP vonbôge reËunatos" tubee and ¡rsrrnalXy reverse bfased dlodes to j;,ì,i:

:'pneveät saturatåon of the cperatfonatr ampllfter used trn the i

inr¡teËrator etrcurtt.

T't¡e trold etreul.t eonsåsts of, one-I"¡anf of a now grfd curnent 
i

l

tube operated ab redueed fånamenÈ voltage to furthes' c'educe tåae gntd 
l

cux"rer¡fi" Tlre tut¡e type 1s an H8CIeü" Tf¡e tube Íe op,erated aß a 
i
ì

cethode fol"nswer" wåth a hÍglr eathode resåstanee and sattÈ¡ a f,/Âf 
i

rilSrllax' eapeú1tos" cernneeted between tlae 6rld and ground" The Jrea9rage 
,

x"esfsbamee +f tl:re eapaeâtor 1s XCI? negohrin so üF¡at the unajon lLeaì<age

peet&a for the eagaacSÈor te Ëhnougla grtrd eurs'ent" of, tÌ¡e eathode ¡lf';.

l -'',,1,

folltalwer" The åro:Lctr c.tre¡¡å& oufipuü vottage deeaye Less than 0"$ 
,,,,.:,..,

vonbs, trrì a peråod ef 3G eeconds sqi.ËÌt thre l¡ond eaprae1ton claanged to

d- ll00 volÈe. Tiats trndåe atee tlr.at tlre lLeakage nesleüanee ie im exeees

og 6OOO megCIÏams" l'l¡1s eaneuna'üåon 1e f,o¡¡nd tn Appendlx (æ), j.;1¡,¡,;¡,;

11i:iaij;
i:¡*æ

FìÎ,TT"SE /{SfFLTF',ÏER A.}ÏÐ RET*AY û4U]ttr]ruTERATOR

sl.nce*heerrÕE"seree1ngunl'Èa]tternatenynßeasnJn"egüheacüua1

crrotr, amd ühen s¡ete the averêge d.c" lLevenn of, bl¡e two ånpute equan 
¡:,,.:

on eaeÏ¡ staeeesgåve æwe@p of tlre n(ÊsËDûnse cua"ve be3.n6 examtned, somc i'r''ì:t

i'
i

l
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1B

rßethod of ewtrtelrång f,rom one operatl.on to tt¡e other ts nequåred 
"

At tÍ¡e end of, eaelr sweep of bF¡e j{ôr axls ln the complex p1ane

seannen" a pu1se 1s avaåLabl,e f,rom a cornparaüsr wt'¡f,eh reverses the

snoBe dÍ.reettocl of the sweep vontage. Tlttrs puloe Xs arnpntrf,feel tn

tL¡e error senstng un1t aald ueed to trlggen a btretabne rnunttrv1brator

wftfÀ truo renay plate noads as st¡owr¡ Xn Flgure (6)"

Tlre pulee amp1Ífler ås dÍ.rest eoupned since the ånöenttron

was to obüaÍ.n the tr1gger pu}ae by anopltrfyf.ng and di.f,fenen'Låattrlg

a sawtooth sweep volËage siF¡åeF¡ r,ran ortg$"nal.Xy t¡eed " l{hen Ëfie sgreep

Eq?eB chan6ed to a tnlangtenar waveËhape åt wae deelded to uee a brtgger

puJrse f"rom tf¡e etinparator, Slnee Í;Fae pteIse ampnnfXe¡" f¡ad allready

been eonetr¡¡cbed å'c uras dee åded not tc a1ter 1t.

The n¡*f coupX3.ng capaaåton and large tntggen puXee,

((a"o*tit AÐO voJ.ts ), are required to trågger tl¡e blsbab&e ¡sruhtåvtbraton

n<*Xåabily Lr,eeause of f,he iildt¡ctance of ül¡e rellay eolls 3.n bhe pltate

e i"reul,jr, "

?ütr¡e¡rr reÌ";ly KCPnl. åe cn,e:r.61sed retay contacüs nurnbet' X,

eoirlneetåreg tlte pea¡( deteefron er:ci $.ia'begraton for üt¡e enron eenmång

eh.,afrn, ând ¡lr:nrt¡ey 5 tmaktng thre .prian,basürCIn ånc,peratåve are e ].e¡aed.

lteilay eontæafus o*r-, S end x+ ane e1i¿seed end n and 5 open wh¡en r"e1ay

KülPfP frs erxer:giraed rnakång the l"evelt seüt$,ng eårcuåt o¡renaünve.

i+å.g-rurre (? ) slroç.rs th,e openatf,xag sequenee of tþ¿e conüaets "

iFI{A}úf¿ciS?R{JN ÐHI*rì-f t IRCUIf

A phaanÈasfinen (f'$n no Lu" æÊÏ) f.s u¡sed to prervüde th¡e

dela;rcid pullee fær 'Urf.ggertr¡'¡g f,he relay drtvtng ¡n¿¡nËlvåbrator'"

Slne,ir ühe n'e)tay ¡nust be eÏe'sed ;'r'cì'¡' ¿r shonb sarnpS.lng perlod
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ttì

jtlst prlor to the end of, the 1þ seeond leveÏ sett1ng Bweep 1n order
to sanrpne tlre levelt settlng Xntegrator output, the phantasüron must

provtde a delay punee abouË 1.4.85 eeconds after the coe¡slencenrent of
' tl¡e nevelL seËttng sweep" TÌ¡le per1od lnvolves a Xarge ttme congtant '1,..,'

for ttae phantastron tj"mÍrrg cåreuåË as may be seen from tl¡e stze of
Cn and R1 Xn I¡lgure (8) 

"

' T!¡e de}ay perlod nnay be ehar¿ged by varyång RX and shound be .r=..:,
i:i :-'::':"

ad junted st üÈ¡at frt¡e renay eÌ.osee lJO rof nllseeonds bef,ore tlre end of' .:'.'' '' '.'':
:; i:.--:t.

tlae sweep" Tn¡f,s me&ns that the rellay ts z'e-opened 30 månnÍseconde ,:':':,:':'"'

before üÍ¡e end of the sweepp Tlråe 3O mnl&lseesnd pee'trod f"s matn-

ta$.r¡ed tCI alll.osr f,on any d¡'1f,ü tr"r the phanbasbrCIn de3.ay or tn tt¡e :

J,.$ second sweep tnnne o

I

I Ðunf.ng tF¡e erre¡r sens!"ng suveep the phanbasüron ås n¡ade 
ì::

lnoperaüfve by the anosS"ng of, a"ena¡r eonËaebs nurnber þ whåch set i

i

' the s@reen potecxtfan to Enf.nus 900 volLts " 
l

, T+o was for¡nd thab tf' fthe pknantaeËron was t,rtr"ggered 
',

dårect)Ly f'¿"onn the puJlee armpntf1er, Ít s{orÂ:Ld &rågger on every punse 
:

:.. .. .:. j 
:.: : :,1 :.:,'r dtråe üo t;he delay 1n frf¡e cnosure of, relay comËacts number þ, Thus, ''¡'ì:' :

.:..'.
'':::-::

,, ðfi tite begnnnf.ng @f' every second s$reep bhe pleantastnon wou1.d Ënf.gger ,,.ìir,,r,:i.

onLår to be curü of.f a f,ee¡ nr'åÏ.1.åseeorsde Later by the renay enostng o

. T'h1s, of eeauz"se, eaueed ühe reJlay te -.ra¡nple tf¡e level sebtlng

, f=n&egr"etor outpt"tb v¡F¡åeh wae [ntolerab1e " In srden to prever¡t 'uf¡1s 
iì;:,:,.,,,:,
:., ::,rrtì:':i.1ritt¡f.ef'tnåffigt0, ühe püaanbas"erom ås frntggered f,"e.o¡Ð a monostabne

naul.flvåbnabcr sdhåch pnovtelee e pulue denay'ed about ?û n¡ånilÍeeeor¡ds"

Thf,ea1}owssut"1i1ej,ertüf;*n¡efong"e]LayeonbaetsntemÞen}üoenose
I

ar¡d cut, ot'É" tåre phani,asüx'o¡l aü tt¡re hegfnmlng of tTre erron senstng
:.: '.' ]''-',,'], erae'.ep, bef,os"e the ün:tgget' puJtee reaehes 1& f,¡:oro th¿e monostabl.e :; :'::'::

rmt¿lttår¡j"-þrator. 
i:
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DRTVER MT'LTTIüTBRATOR FOR SA!{PTTNG RET,AY

The Xarge drop ln the sereen potentlal aü the end of the

' phantastron0s chargtng eycle ls'used to trlgger a monostabtre

rnultlvlbnaton havlng a perlod of, 1,OO nollnlseconds and wt¡leh trn turn
drlves the relay ln lts plate elrcult. The ctrcuXt i.nvoXved ls
shown Ln Flgure (9).

T}le pertod of, trü) mllnfseconds was ehosen üo alÀow
.. ,lr.' 'r: euf,f,lclent ttme for the lntegrat'or to eharge the Ìro1d ea¡laettor f,or ':::" 

"'i

t!¡e maxtmum posaible swlng of, 21O volts " Ttrts eâIar¡nati.on .ts f,ound

fn Appendlx (3) 
"

.Tf¡usoàtt}¡eendoftlre1eve]Leetütrngsgï'eepbl¡eaverage
dff,ferenee tn lLeve1 gnven by ühe leven set Xntegrator oult¡rut le

1

sarnpned and used to charge tl¡e ho1d elreutrt capactrüor " Tt¡e hsnd 
ì

cf.reult capaeltor musb rernaln charged to tl¡ls value for Èf¡e f,ol.lLow-

lng 29"85 seeonds,.that is durtng üü¡e f,onlowlng error sensfng sweep,

and ensaltng l"cven setttfrg sweep up to the tl.me of, samBltrng"

T,WEL SETÎT}{G CXRCUIT

Í'he necesstty of, beXng abne to eontlnuously vary the

absonute voltage ïeve1 of a 2O lrllohm potenttrometer over a range 
:

of, 2OO voLts wÏ¡tne rnatntatntng a constant eurrenü f1ow of, nO i.i,.,,;, .
1¡: 

'r':::'::r'1t:"

rnå)LÏXarnperes tiarough ttte potentlouoeter resunted ln a nather novel

Xeven settång elreutt ae ehor'nr tn Ff.gtare (lO) 
"

Bastrea1ny,thetwoËubes1nthepotent1ometereha1naetas

varfabne resÍeËangeg, tt¡e sum of, whtet¡ remalns eonetant at 3O kXlohmso 
i,,,,,,.ì¡,.!...i
]:. :.- :.:-.]l:::
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Fç+-è

Tt¡at ls, bhelr respectlve grtrdg are drlven ln sueh a vuay thaÈ Ëhe

sunr of, the beaû resf.stances of f1 and T, f.s al.ways 3o }<i!.olan¡e 
"

Slnee pof.nt '!X" IBus6 vary from a potenüla} of O Ëo 2OO volts sutttrÀ

respect to groulnd, the p1a$e to eatt¡ode pobentf.an EbU *o"t varJr fnorn

?$0 to 50 voïüs wï¡íne the pnate current remaf.ns constant aË IO
mÍ.lLlttaruperes" Coneurrenttry, E6* must swtng fnom go to pgo votrts"
llLte tyFe 568'{ duatr ü¡"node was c}¡osen for thns appn teatåon beeause

of lts very nf.urear plate ct¡araeüenlstfes (see Ff.gune (Il)) over a

t¿lde pnafu voltage sw1n6" At a pnate curre¡¡t level of I0 tuf.[nÍarnperes

tlre gnåd bsas ¡r¡ust sú1n6 from -r to -tr3 volte about a mea¡r of -T
voilüs f.n orden for $he p1a6e potentlal Ëo swång f,rom þ0 t,o 2þ0 vo1Ës 

"

Tt f.s r¡oüed tlraü tFre grtd potenüÍ.a} of, Tnr Ël¡at *" u*rU, rat¡st ehange

raot onl"y over ttre btas swtmg bun& rsusü also etrange by the amou¡¡b of'
the plate to cathode potenbÍa} swf.n6. A tabre of, vaLues f"or E**u

amd E^^_ ls eF¡ov¡R benop¡.-"?

Eo,(") uou(o) muou(v) Eer(u) Ee*r(u)

10t

U

*nüt

"flrls gaf.n

ampnfff.en dn$"v$"atg

qÏ

-"r

-'t ?

-^ 
t::a 

=A Eecä

-13

-"Y

èx

= *n?"6?

249

r43

3'r

-263

-"è5"1

-9tr"fr

F¿"on¡ this 1t Ls ß€en Ëhat

-altz
tLa

ratto ås reanåæed by ÊÏae phase spnfttl,ur6

bå:te 6råds of lo- and fr. lt Ís seen ühat
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ratåo of ptrate to eabhode reelsüanoe of T3 ls

13420
= L',r "67

The negulaton tube and 5 nnegohm potentlo¡neüer Xn the

cathode clneuft of, T3 are used to set tl¡e d,c" Level f'or üf¡e båas

of; T, corneetly. ,,.,.r_.

Teets ru¡x o¡t thLs l"evel settlng cf"rcutt lndtaate that the 
i¡.'''i'

PotentlaL aeross the 2O Èrtl.ohrn potentlos¡eter changes bytO.¡+ voLbs .,.,,:

or by tCI"2 pereenü f,nom tF¡e nonnlnal 2OO volü value over the 2O0 voLt

openaü5.n8 range. The gntd to cathode svrlng of, tf¡e pfiase epl.ltter
fot'bhe fu1l o¡leraô1ng range of, Ëhe ef.reulË was 6.2 vol.bs" Tl¡ua

ühe average gaf.n of the oystem f.e i

-200

6"2 = -34"3
l

Fono¡n F$.gune (12) 1t ls seesl tlmb tlee gaân vanlee from -[4"?
to -n39 over Ëhe openatlng ran6eo , ,.:.:

Tlae Xeve1 set eÍrct¡f.t n¡ust follow Ëiae outp¡¡t of, tF¿e !¡o1d i,,',-

e tre¡¡nË wlbf¡ tanf.ty gaf"n, så.nae ü?¡e laond círcutr b output Xs strmpny ¡,,'..-

Ëtaedfffererreetnåvenage1evetrof,thetg¡o!.mpute'Whent}rerexay

san:p3'est}reaverageneve].f.ntegnaüonoutputandüfiek¡ondcfraulË

aa¡raeåËoe" åe eiearged to the avenage df"f,fe¡"er¡ce ån ]"evel of tü¡e two 
i:rlii

ånputso tlee nevel" seÈtf.ng ef.reulË unust folLow the hold elreutt out- r'j:":

puü 1n order to nulÏ out tlrts average dtrffec.enee " lr¡ orden tf¡at ühe

neveL set sysüean shot¡l"d have unåty galre over trts oBeratf.ng r.ange s

tlae level eonLro3 ctreulÈ ås pneeeded by an LnBut operatl.ona} 
j.:,,.,.

amp1åf,f.er and an çBen"ati,ona1 ampnf.ff.en wåth a gaf.n of, LOO and tf¡e l''".¡,'
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s'¡tao1e syetem fully f,ed baclc througFr a catfiode foì.Lorser as sFrown

1n Ffgure (13). The Loop galn of'tr¡e system Êhus vartes f,rom

L47o to L3,goo dependtng on the openattrng pof.nü of the leve1
controx. cfreuf.t " T!¡e gaJ.n of ttrts Level settl,ng 1oop ls unf ty
to wlthln less than 31"5 votr.ts ertror as may be seen fro¡m

Ftgurres (14 ) and (15 ) "

i: .,1: . :.::
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TEST 1¡ LINEARITY OF ÐÏFFERENCE Al{D ABSOL{JTE vAtUE CfR${rlT

The dlf,ference ei.reuft trs theoretlean3.y perfect trf the

',,',,, open troop gatrns of Èhe operatfonaS. anrpllflers lnvolved are con- ,.,..,,;:,;,:.:.i"
!'1::-';-;:. ;:.: s!.dered tnfir¡Lbe and drlft f,s negl.ected. 
,

:..ì 

¿åô -r.- vþ Eacv så -ô v 4u aaEÞòvv v=v a 

..,,,., ,,,i Tf¡e aþsolute value clrcult Í.s a}so üheoretlcally exacù Í.f ,i ,:.:'

tF¡e df.odee have an f.dealy sharp break characterfgütc betwee¡¡ thetr ,

.corrduat!,ngandno¡lcor¡duct1ngstates,and1f,the1nvert1ngamptrtrf1er

i'upenf'ect"Bheseassum¡lt1q¡nedonoÈl¡o1.dtruelnpraetf"eeand
: tarerefore a test was ¡renformoecl to tnvesbågate ühe aecuraey of, both ;

ltl¡edlff"erenceeårcu1t,arrdtfieabso1"uteva1ueef.ne¡¡1Ëusedxneon-
i

I JunetÍ@n wi.blr Ëhe dfff'ea'ence etrrculËo 
l

, Tlte üest riar penfeermed l¡y app1.yf.ng constant but dÍ.fferent i

volbages to tf¡e ttAr¡ and !rg$t cF¡annetr *npt¡üs and meastnrtng tlee ouüptrË
,'.-..

,i, volüages of bt¡e dfff,erecÌce and absoluüe val,uË cf.reul,tg. 
".','" 

'':

,, fF!€ test daÈa, aXong s¡Í.üþ¿ ütre caleulaüed outputs to üF¡e same ,,,,',,,

number of stgnff,tean& f,l,gunee as eould be read from tfie test
trnsbrun¡,ente, ffi llutuo 1s¡ Tabnes I and Ín.

,,.: ?tle output of the abeoLute value e!.fcutt for aero f.nput ls j.,1,,,¡¡,,.:::,

..!,.ì i.t.,.t.,',r.'' 0,!$ vo3.te snnee tå¡e dtodea are båased to the verge of ef.gntfteant irlrl:i':ìr::i

eondu¡etÍ,or¡. Tkaus, Èlre output of tl¡e abso}ute va3.ue eÍrcutrt 1s

: ooÍx'eeteel for tÌ¡f.s offset by subtnae ttrng O.4 vol.ts f,rorn al.n readlngs o

The pereenüage erron beÈt'¡een Ëhe caleulabed and exBerLuental vaLues
:

- ,,,,:. 
j.: f,on the dlff,erenee and abeolc¡te value alreutüs are also lf.eted Ín i"' '

TahLes ie and ll nespec&f,ve}¡r.

34
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As may be seen fnorn the resuLüs, tt¡e ernor t¡r bottr cases
xs leas than x.2 pencenË and üÌ¡f.s may be attrf.buted to drtf,t l.n the
operatf.onaL am¡llif,ters and to nneter error
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Volüs lnput Dlt"f,erence tu.tpub Erron Fercent Era.o¡r
0hannetr VoLts (vofts)
A B Aeb¡¡a3. 0al.culaËed

0 0 0.o 0.o o.0 o"CI

+ F0 0 -6.'{5 -6 "6'l +o"08 T t.e
+loo 0 -13"4 -tr3"3 +0.tr '+ 0"?6

+LïA 0 -e0,0 -20"0 o"O 0.0

+ata ø -26"8 -äj6"T +CI.L *0.3?

-50 o +6""15 +6"6"f +o.08 +l,a
-100 0 +13"4 +13"3 +0.L + 0"?6

-15CI 0 f â0.ü +20"0 0.0 o"o
*2$A 0 +?6"8 +ã,6,'l {'0"3. +0.3?

TABT,E T

+ l.ot + 3.0t ü"0 0:o

+Ê0ü +Ï0r -r3"4 -13j3
0 +n00 +t,3"4 + 1j,s

-L00 -nCIt 0"0 0"0
*a0Ð -x{Jo +lL3 " 

l$ d- 13 .3

0 "-nt0 "-13. ¿û -lts . 3

i':.'.':"ll

0"0

+ 0.n

+ü,å

0"0

+0" L

f0"x

0"0

+ 0"76

f 0.76

0.0

f0"76
+0*76



3.r

ÎABT,Ë XN

Vonts lnptat Absolute Value OutpurË Erros. Percer¡t Ernor0F¿annel (Volûa ), (Vof re )P. B Aetual. 0o¿"¡"eeted eaLculalbed

o 0 +o"4 0"0 Q.o CI"o 0"o

+ 50 0 -6"a, -6"6 -6"67 -O"0? -1"05

+nOO 0 -14.8 -n3"â :tr3.3 -0" l. -0 "TS

, +150 O -X9.¡+ -19;8 -20.O -0.4 -1.00
+AO0 0 *26 "A, -ã16 "6 ..26 "V -O. n -0 "ST

:

, =5û 0 =6"2 -6,6 -6"67 -0"0? -I.CI5

-1.0ü 0 -L2.8 -13"e =tr3"3 -o.1 -0",tr5

*15t CI -Lg ,5 -Lg "9 -2O. t -0 " 
1 -O .50

-?00 o -ä6 "a -p6 "6 -A6 ""1 -Oon -0.3'tr

+X00 +XoO +t"4 0"0 0.0 O.O O.O

. +.?üt") +n00 =lP " 
8 -\3 "Þ -13 " 3 -O, tr Q ""{b

0 +xü0 -t.ee8 -13"â -X3.3 -O.1 -0,?5

-nOo -1"üû +0"4 0"0 o.CI 0"0 t.0
-200 *Ïü0 *nä"E -n3"p -13.3 -O"1 *û",tr5

0 -nût -3.2"8 *n3.2 -13"3 _0.T. _A"75

.Lì!ìait:

l:!+ii!'
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TEgl_2 : _,QvEFA&&:ÊAqry_gL_ERRqE sg¡{qryq c-HArU

T'hls besü was ¡lerf,onmed Èo ca}lbrate the overal.l gafn of
tÈ¡e e¡rnor sensLng chaf"n" ThaË ts, the ovenat)t gaÍ.n of tf¡e dlfference
elreuÍ.t, tfÀe absolLete vanue ctrrcuåt and average error' lntegz'ator or
peak deËectc¡r was f,oumd 

"

Ehe 'fi;est eonsisüed of applylng constant buË dlf,fere¡rb volt-
ages Èo th,e trgtr and lrgrr ehamnen fnputs and reeordLng üÏ¡e output of,

ühe average Level tntegrator and pealr deteeton ocr a Sanborn ¡reeordei".

Ft¡tr"sen f,ro¡n tF¡e companaüor ln üF¡e eompåex ¡lI"ane seanner ${ere used to
reset the error sensÍ"ng uanf.Ë after t}¡e n5 seeond error sensång sweep$

as'Ln nc¡rr¡¡atr openatf.on of tF¡e u¡rf.t; but tlre Ler¡eX settlrag chaln was

dfeconneebed fon üiri.e tes!ç. Thus, theoretleally aü &he end of ühe

f 5 çeeond er"rCIx" sens3-ng sweep, the ouatpuat of the average err'op

f"tebegrebos" shoÌil.d have þeen ttie dåf'feÍ"enee f.m volta6e app3.åed to the
tr^lr åFld rrBrr tlhar¡ne1 fnp'uete mtrnus am oft'seË voltage of'0"4 voLts whXne

tite oui+cputb o.f frF¿e peek deüee'bq)s' sl¡sì!:Xd be üËre dåffer.enec 1n appJ.X.ed

v,otr'bæge dLvåded by ?.g mlnus aal sÍ'fset voltage of 0.6 voI1[s"

Tak¡ne,* ïif.'ï and n*V lf.et th¡e test resutrüs ae read f,nom u-he

$an"oern rece¡:rdåtr peglexe the resulfts coc'r"eeted for of,.fse&o hlte

eç1eul.a'bed cæ-hpute and ga3.ur eon$tarxte fon the average absolu¡üe error
oul'[:¡:uf and peal< deftesüon ou&pu&" FtroÈn theee frablee tt ns Feên üfeat

the aùver"age aìtsoluüe error ouetput ås only 0"96 of t&¡e ae&uan average

a[r*o.]t¡be er¡"rôlì: and aL1 r'eadångs sk¿e¡uÏd be c<¡rnecfuecl by df.vld:l"nß tårenn

h;.r 0.Sö af,ter eei'nc'eetJ.ng fon ùt¡,e oå'fseb voltage" Strrct1arny Èhe peak

eb'soXu'üe err'ör ou".upuft [e sl.åffihü]¿¿ håghen tha¡'¡ eal"eul"ated " Tr'¡c.rs to

ob'ba..n üt¡e aebu¡al peak absoÏtuüe errÕÍ" üåae eurbXlut of bhe peak rleteetor

slaoui.d þe rnul'cåp1led by -?3å* e i/ oî after eorreebl.ng fox' off eslt "
n "04 

ll o6,"
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'fAELE TTg

Volte lftrput
Cf¡anneL

o.

+50
+ r.0o

-5o

*1 00

0

CI

o

fl

0

Vo,1"ee .l'.npqt
0lr+u;reL

A F;
;f .11'-æ:'.¡i-tr{i
i (i 'u'
ÈFr: 0

+1t{3 0

'-Fo t
*rCIt fi

Average Abson ute Eruor VoS.bage
A,cÈual Correeted CaLcu1ated

+ CI"4

+ 48"x

+ 96"3

+ 4?.?

* 95.5

0"0

+ tï7.7

+ 95"g

+ 4?"3

+ 95.L

o,o

+50
+ 100

+50
+ 100

1,.CI

"953

.959

"9¿$6

.95L

lþqn Gafn 0clnstant. = O,96?

q4Þe_E_Eg

Fsl_el{ é.þsoLq'ce_ fis'non VoLüage
T "3ì,Acbua1 flsereõÉ'ed 0alct¡Lated

+Èl%

*0 "6 ü;û

üai.n
0se"¡stanb

-?"9 -7"3

-14.? -14 "û

-T "5 -46"9

-1"¿+ . åt -Ï3 .8

&Íean Gaåm 0o¡rstant

0.0

-6,'l

-13"3

-6,"tr

-r3"3

= n.04

,1"¡û

1'..r]9

1"05

n "ü3

t " 
()t+
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ËEql 3 i _cunvF Eq&ÃÆ';fE& ER+0¡t

The aceureey of, tf¡e curve f,olnower f.n fotrnswlng a gl.ven

, res¡l&nse cutrve dlreetly aff,ecte the aceuraey of, the error sensfng ,,,.,,.

t¡nit J.n two welrs. Obvloustry, as ån any setrvo$neehanÍsrn, thene musÈ

be some error fn fo}lowlng the response eurve f"n order to aett¡af;e

; tOe servo systern" lf th[s error te congtant f,on a].1 slopes of't]¡e 
;:.i..;i..
1.,,.: .: ,,':

cutrve belng foLnowed then l.t reeults fn ontry a sllght etaange tn the 
:: : :'

. l ": .t,,

, avenage Let'eå of tt¡e Y axts potentåometer outpr.lt and ls eompensated i-i:,,|r,i:'

f,or by the lLevel" settf.ng cF¡atrn ån the ernon eensÍ.n!¡ unlt. [f,,
I

Ftelweven, tfie erroll van1es wlth tiee slope of the re$Elor?Be euu"ve, large 
I

.l
eEoxo{)l'e can be Ín'Enedt¡eed 3.n tt¡e peak absoLute ertroa" senef.ng onltput of I

the e¡"re¡r sensf"ng untt atrthougFl ühe accurae¡r of, bü¡e average abeoLute

, erro¡' ouÈput reay no'L be gneatly affeeted " Tlae seeond poseåbåe BoL¡ree 
'

'

çf eËror resulüs Íf tlae error ån :floIlovüÍ"ng ühe a"esponse et¡r've ås no& ,

:îde¡:t1,eail" Í"*r gmsif.üf ve and ne6a'u5"ve o3.opes of the eurve beLng f,o}].owed ô

'.'.'h'i.,g Lg rrfr:ü'y ärlB*rrot+rnl-, sånee tk¡e err"or senslng unlü sets 'ohre average
' '' :

,, I.even of ül¡e. t"t'ro ån¡:tr&s equân a¡rd salculates t&¡e average åbso}l¡'L.er ;,,,,,,,,:.','''': p**m ¿lÈ-so}¡nte a.nd aþeol.¡¿fie errûr' on aÌternaËe Ës¡eeps 1n op6r,oså&e 
',,,t,,,.,,

df.reatf,ci4s a?r.cln,g the x'eÐElonse $Latrve. toF¡ue, the error sensf"irg; *.cË'*eejp

mtghü t-a'¡k+ pnaae as the currve Í"ûrnltosier Bwëeps tlae respo!Ìse {3ut,ve

;f:rera rf.ght fr,r¡ Left e¿hl,l-e tF¡e ler¡'*L se&tång ssûeep ooeurs as gÁ?e surve , ,. ,r.

i '"'t'*'i folllç¡wer sweeps ¡r'oc¡î Lef,t to e"{g}rt;, Tt noeü beeo¡nes obvåou¡s ühat 1f" ri':ii::':::ii¡i

tF¿e +:rf'elr f"m folLJ.owtrreg; the eurve ls noü ËF¡e ,E&me for posstrlve ar¡d

*e.p,:&flÈve sio,pev,* 'clre Ler¡en seôtÍ.ng ef.rauf.t wlllt zroü set the &vtet"âSê

iler¡eil. +f reecrder c'utput exact}¡r equal to tf¿at of the scâílr!r*t{' lnput
,

sr;' f,err as fthe eæ¡,:or sensj.ng $ùreep ås coneenned, Tlaås, of ff$'ürse, i-,.iri:":

eu'oulid Íntroduee a seråou¡s err"$r f.¡'r'Ue¡ the acsur"aey of, ttae avetr.a6e

40
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aþsonuËe error ouüput and aome erron tnto the peak absoXute error
oubput" ln order to lnvestf.gate the curve f,olLower aecuraey a

recorder Pen was attaeF¡ed to tf¡e curve foånor¡er head and traelngs
oÍ' ËFee recorder path ¡nade as tt¡e curve folnower was run over

sevenaL test eutrves wlth varLous s1opes " The curve fol.lower X axle
8el'vo was drÍ.vem by the trlangular sweep vol,tage with a per1od of,

J0 seconds, used fn nornnaL operatlon of, the error oensLng r¡nXË so

tP¡at the tesÈ et¡rves were swepÈ a}tennate}y frorn rtght &o Left and

lefË to rf.6lrt for 15 seeonds. t'F¡e dtspl.aeement of the l.år¡e traeed
by the Pen on afi;ennate ss¡ee¡)s gav€ the dÍf,f,erence hebween negaütve

and poeåtíve slopes. fløåe dtffenence f.n df.splaee¡uent was esnverted

to a proportÍ.ona3" vontage clåf,f,erenee ustng üF¡e f,aeË bhat l. tnch

df.spnacement tn the Y dÍ.necttro¡r of the curve follower t¡ead eonu"esponds

ti¡ 1ß"? voÏ.üs dåffenenee fr¡ tF¡e recorder Y axåe potenËJ.orceüer output.
T'åtås dåff,eresrce vol&age was t;t¡en ptrotËed agaf.net the eLope of the

fieet {eurl¡e år¡ volts Bear seüCI¡ild arad degreee au s&xown fn F'trgure (te}
f;o y$.eld a usef,ul lncifeattro¡l of tF¡e eunve f,o3Lo$¡er aecuraey f'en

vär'i$t¡s el.o¡oes oi response @utrve " fhe stropes å¡r volte per meeomcS

were eesÍ"]"y aompueted sf.nee üÄte eurve wa6 ovaept aÈ the raüe of, lL [naÀr

I3e3" seeond tn the -X dfnec:t,åcnu ar¡d ae ¡¡¡ent1oned prevf.ously, bhe Y

axås dåspJ.aeeu¡er¡'U may be aal.f"braüed trn vonts a0 tF¿e s,ate of 1"8"P

voLüs per Í.meh o .
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rEsr t$ !- gcqIIR4cY g$sT OF_EnRon sENgI¡tG UNIÎ

Thls Ëest súas r¡¡n to give an tndf eatlon of the ovenall" ,,, . . .,,,;,

acce¡racyofttreerrorsenstngur¡ttandcurvefol'1ower'.Adf,agona}
Li.ne vras pafnted on the X-Y recorder 1n cond¡¡cttng lntc from the

Lowen Lef,t-l¡and Eç upper rlght-hand corner of the recorder sheet 
,,,.,,,:,":,r,

and türe curve fol.Losser $rae used to follow thts Llne. l:hug the ;;¡':;'r'''':'t':'i:

reoonder output was a voltage varyLng l,lnearLy wltf¡ t!.¡ne from -91 ,,'.,,...',f.

volts to 9L volts and back to -91 vol.ts wtüh a perlod of 30 Eeeondeo

' The tnput voltage Ëo tf¿e ttgtt ehanneÍ. of the error oenslng unÍt was

rrelo eonstanÈ f'on eaeh tesË s¡htÌe the average absoh¡te and pealc

abesnute voltages were measured. The neau}ts of ttrf.s test are 
I

, slrown 1n Tab}ee V and Vl" l

'

TÏ¡e resu}ts of the absolute av€rage error test lndtrcate that ;

.i:

tÈ¡e error senslng unlË ê,eeuraey le about 4,5 percenü Low" Âlso, the 
i

average enror d¡¡e to ühe ourve foSXo¡,¡er, tluough ap¡pt'oxf.mate1y the
eorrect rmagnltude to aeeount fo¿' Èhf.e etrror, has no ef,feeb for thls tii,,..r.,l:,,

pårtåaul'ar üest becauee of, the l3near vontage tnpuÈ to ehenr¡eI rrg$ i.,ti.,t',

and eongtant voÌ.tage lnput to channeL rrprr o In otfaer yrords, the 
rii-r:: : j :1.

average absotrute error Xe Í.ndependent of, the averâge leven of ül¡e

ehannel rr6lr fnpuÈ f,os'the pantfcunar tesî; voLtages used" ã,ire reason :...:.,.,.;.:..'.... . : :.
:.. . .. . 

:: r.:.-:' 
^a øam 4- 1 L - iiìîì::'iriir;i'.:,.i1';iiìif,onËheappax,ent1ypooraecunaey1stF¿ee].owre8Í}onseofthenaeter

used f,or monÍtorlng the avenege abso1ute error,. TÍ¡e output of the
average .effior f.ntegrator was necorded on a Sanborn necorder and lt
rdãs f,ot¡¡'rd Ël¡at the avenage abvoS.ute error for 0 volts f.nput to
ehamnel' rrgil, as read f,rora thc reeorden paper, wae 44.5 volts, w&rlne i",.1 , ,,
ôt¡e ¡neüen readång neaehed only 42 vonts " The neaclÍ,ng fnom the

43
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i

reeorder, vJhen correeted for offeet and ga3.n¡ y*elds an avet.ege

abeollr¡te erro¡" of, 4g"g vonËs or o;88 peraenü htgh 1s tf¡us

eoneXuded that the poon eeeura@y oþüa!,ned usf.ng tBre meter neadlngs

wae due almost entåre1y bo t}¡e enoür respCInsc of, tt¡e meten and .bÏ¡aü

tf¡e overaln aecuraey ls rslËhtr¡ te"O pereent"

Tlae peak absotuËe eEror readlngs appeår to be abot¡&

n"6 ¡lencent nssu on the averaÊeo

l, -.r,:.-,
f.. .,.-.;:,r.:.::.1
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Chantren A
f.nput
VoLts

.AefuaS

TåBTE V

Average AbsotuËe Error Volbage
0onreebed torreeted tal.cuf,abed
for off,set fol' 6atn

CI

fÊ0
+40

f6o
+80

+ 100

-?o

-4o

-6o

-8o

-gCI

-oÃ

-1.o0

*42
42

I+z

,+z

+ 41.6

43. "6

41"6

¿ü" "6

41.6

4Ï "6
4n "5

41..6

41"6

4L "6
4e"r

l¡.P"6

* 43.r¡

43.4

43.4

43"4

43.4

43"4

43.4

¿$3.4

43.4

43.4

4: "+
43"9

4¿+"4

*45.5
45 "F

4r.5

45 "5

4F.5

45 "5

45 "5

45 "5

45 "5

40,5

45 "5

45"5

¿t5.5

,+2 4I "6
4z

42

42

4e

42

4æ

b2q

l¿3
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TABTÆ VE

ehanne1 A

tnpuf
Vonts ActuaL

Feak AbsoluËe Error VoltaEe_._-+.-__ +
ryÊ,

0orreeËed u"'cotn"uated
CaIcuI"ated

for of,feeü f,or gaLn

0

+20

+40

+60

+80

+ n00

-20

-hn

-60

-Eo

-90

-95

*lL0Ç

-13"CI

-13.O

-13.O

-13 "O

-13"0

-r3.o
-13"t
-13 "0

-[3"0
-I3"0

-113"0

-13. a

-n3"6

-12 "4

-¡.2.4

-1.2 " 
4

-12.4

-ne"4

-n2"4

-tre " 
l$

-Ie "r+

-n2 " 
j+

-12"4

-lle"4

-Ìa.6
-tr3.0

-xx"g

-Ll "g
-11 "g

-11 "g
-1¡, "g
-Itr "g
-In "g
-11,g

-11 "g
-nt "g
-x:t "g

-r9 1

-L?. "5

-L2"I

-12"L

-'tD 1

-1.2 " X

-12.X

-1â.n

-12"n

-Ie, n

-I2"1

-12"X

-Åd " JL

-lLÊ"L

-'îâ Ì

:ri -;



rESr 9¡ _EEEruT'E}üq r_&_ERnge

t.hts test wag used to ehealr the operaËf.on of the syetenl

r¡sed for ¡celght1ng tþ¡e average absolute and pealc absonute errotr"

The welgir&fng func'cf.sn ueed i.s desarfbed by the equatlon"

þ¡(r) Ë þ-fE)

where E = 0 aË tlre heglnnlng of, Ëhe ennon eensf.ng e¡¡¡eep and t = X5

aft ü&re end o-f the sweep" TF¡e s&ffie üest ånpub f,or channen 'o.gtt vsas

used faa' thXg Ëeet as fon Test 4. The channetr trgt! tnput vuas helld

eonebacttu aü uero volfis f,on both ûhe weågl¡ted and unwelgtrted emor
&eeüs " ProvåeiÍrg tY¡e lLevell sebtlng ohaår¡ ls wor.kfng properly, i;he

absCI3.ur'çe erpoy" rna.y tåaen be eleses,tbed by the equaablon

E * eã tu-'¿T"rlo(*:l + n82(nÏs -ulu(t'*7"5¡

Tohe average ebsolube ureÍgh,bed eru'otr trs tt¡r¡s

rE

3å fr' .- ü \¡r ! b \,,rEdtx-rL'}{ r'7fs}æ+ 
ryt--ulç }trb *n}ct = ap..{n

or e:ce.ctn¡r one-F¿aXf, of 'oÈte uanwefgleùed average abeolute ertrc¡tr. The

peak alrsç,l.tlûe etrÍ'otr e1åvådeel by ?.5 le theoretiaallïy the sar$e as ån

tite previ.ous üesbr'uleat ls nã"n vonüsn e[nee tÄ'¡e uaax1munr o.ceure aÈ

the eoms¡emeetr¡enh of, &he etrr'or een*eÍ.n6 sgeeep vsF¡en Ëhe welËhtång

fr¡rue'båost flas ä vanue of one "

Tlte Sanbtrrt recordew was used üo nceond ùiae outpu¿ü of th¡.e

å'b-erâge ab,so3t¿ibe ertrÐn" ir:tegnstor, wl!Íl.e the peak detector output

4v



hras monf.üored s{1bh a vacuum tube vol.ûmeter.

Ae ln Teeb 4 when the Sanborn reoonder was usedn lrc was

found t!¡at f,or bF¿e unwefghüed ernor the average absslute errCIr

afüen correctf"ons for offset aard gaån was I+5 "g votr"Ès wht}e the

ave¡rege absol"ute error fo¡r tÏ¡e weåghted ft¡r'letfon was 23.O vol.ts

afüer eorreetl"ogts fon of'f,ee& and gaf.n. Thus the average absoLt¡te

welghted eruotr stas ]..tr percent htgher blran the theonetlcai. vaLs¡eo

The peak aþeol.ube ertro¡r dåvtded by ?"5, af,ter correct!.ons

for offset and gaf"n were f.denüXeaL for þoth the weåghted and un-

vref.ghated ey.'r,or and equa3. to tf¡e value of 11.g vo3.ts fo¡¡nd ån

Tesb l$" Thle val.ue ls 1"6 percecåü now ae founcl pa"evlously"

48
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TESt' 6¡ APPl,fOÂTftN OF TlfE ERROR SE¡üSffiG UNIT_ ___so qry*r¡qffirrrANsq Fqryc_ ryr{, _ :__

Fsr thf,s tesË an immlttanee fu¡reËåor¡

Búu) = (s+ao)(e+xo*J4o)(s+lCI-J+o)

(s*1o+j20) (s+Lo-Jao)

waa set up on tï¡e complex plane ecannen and f.ts log magnf.tucle

fr.equencJr response curve recorded on t!¡e X-Y recorder. Thf.s curve
B¡8f;t tf¡en paf,nted w1th conductf.ng lnlc and r¡sed 1n conJunctfon uJtffÀ

tt¡e curve f,oLnower" tane sìtas 6aken fr¡ r.eeondtng the .seanner out¡lut
to assure thaf; tF¡e tå.p of, ttre pen was df.e¡rLaeed tt¡e same amount f'rom

the recærder earrã.age as is the cLÂrve foLlower heafl, tn onder that
'bt¡ere vsot¡l.d þe mo tårue el5.sglLaeement betwecr¡ the seanner outpuü and

eur"ve follllowen Y axf"s potentÍor¡¡eter output when tleey were run
sl'rmunta¡'¡eousJ.¿r" TF¿e seanneÏ' log rnagnftude otetput was then eo¡rmected

üo the ì?Err elaar¡nel" lmput CIf, tF¡e err"or sensf.ng untrü and the ernor
beüc{een tr¡e curve f,ol.XoE¡er ouüput and soanner outpuË nneasured " Tt¡e

peak absolu&e crrCIF dlvàded by ?jb h¡as f,or¡r¡d to be 0.46 vonüs sshtne

ühe äves'age absons¡te error E{aË n "8n volts a,fter correetf"onri for 6afn
asnd of,fseË" þtÌì tFae peak and avenage er¡r@rs e&¡o¡¡lld, theonetåeal"ny
ü¡ave lbeen ueÌ.o sÍrlce f.denüS.eal, r'espoilse funetlons were bef.n6 conrpaned 

"

It wae assu¡rned tliaÈ the eruor Esas langetry due to the f.naecuraay o1.

tå¡e el¡3've fenÌowe¡"" To venå.f,y Ëå¡ts aesuurpËlono tÌ¡e reeorden response
eurve Þüa$ apß)roxfus¡at'ed by a nu¡¡'¡be¡' of sünaf,gfiË låne segments and tl¡e
avere6e erx'or ç'rhtaþs the eu¡ave folnovser ¡trot¡trd eomtrf.þute quas cane¡¡lLabed

fnomr Fl.gu¡'e (t6). sF¡tre caxet¡rabtom yf.ended a vaLue of .?g voLts
t+t¡f"et¡ weuld accot'¡nt f'or abouü 4A pereent of tlre average err"or " Tlae

ì:.::ìl
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eurve fonle¡wer €rrttr was thus nangeÏy nesponsåb1e f,or t!¡e âverâge

absslute error ancl 1u¡ atrn trÍkelllrood f,or a lange part of the Ã¡eak

absoLute errÐtr.

.&n attem¡rt was t&¡en macle to f,lnd the senei.ttvtrty of tfee

error senslng untt to vanlabåone of tfie pole and uero posltåone

1n botl¡ bheø and Jr*r dtnectåor¡e fn the eomplex pï.ane for the F(s)
t¡sed pnevi.ous]"y" ['1ne nesunts wetre åndfvta?ualny lncone¡nusf.ve due

to the lnaecu¿"afi;e openatlc¡n of, fhc Bcanner sweep unLt wr¿f.cf¡ was tn
a ¿'ather experf,ruemtaL state at ttre bf.rne the tests were performed.

!Íowevetr, by avenagl.ng the reeulte xÉ was f,or¡nd that a ffi or ,05

(where þ¡o 1"$ the o,rf.gi"naÏ poLe or uero tn¡ co-ordlnate and a,cr üÏ¡e

efaange å¡r tÌ¡e co-ordf.¡raËe) staou.lS.d be eaeåly detectabl.e f"n tü¡e ¡eealr

absoåuûe erx"@r rã¡eaeurecãent, whLle a ff of O"ICI (wlaere 6e 1e &he

onÍ.€åne]' poì.e tr" uero 6 eo-ondfr¡afie and aa ü!¡e change fn &he eo-

ordtneüe ) elaouåd -ne deüeeta'bne âXBo Í.n tF¡e peak absollute error
me&sus-'effielÌt " T'&ae chaitge å.n avenage absolute erc"or nn respernse to
a ahaitge 1n po3"e or uetro perså&åon wâs not nearny as pronounsed as

bÈ¡aü of fthe peak abeonute ertrotr.
:1.:t:

i. -

l.'. .'. . :
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D rs_c uss roil_å}üÐ qrm,iIRE M0D_II,' IcAT xoNq

T'he test resutrts of Cfiapter IXI lndlcate ttrct the error
serrsi.ng unJ.Ë i.s accurate to p¡lthtn less äåÐ 3 2.O pereent of, öhe

correct' value 1n ttee measÈ¡rement of peaì< absolute and average absoLute

error after the comeetfons for gaf.n and of,f,set are made" Itrowever,

tlrls açeuracy can only be oþtaåned trn the average abso}ute erpor
measureroent i.f a reeordetr or voLtnlcter wlth a frequeney response fn
fhe order of 5O to 1O0 eps " ts t¡eed o Tf¡e rneter on the erron eelrsfng

unf.t at¡d ordtnary voltmeteræ are too hå6Fa1y dannped to f,oIlow the

avera$e errÕr tntegnaton ou&¡lerü. It tre felt that a four cl¡annel

neecreXes' car'¡ be used 1n conju¡rctlon wltfi the enror sensing unÍt to
exaeJ.Lestt advantage. t'F¿1s alnos{s bhe s1¡uultaneous necondlng of the

qg{gl, the gÞÊg:1.ggg_effi., t}re ë.v€rage abeo}urte efror and Ëhe{"2 "f"5
se&nner oufpuü " T'he reco¡rdån& may tþ¡e¡r be ueed to f"Lnd aü whÍ.eir

¡rc'J.nÈs the scarxnetr ouùput fs ån greatesÈ error wLth respect to ühe

clesired cutput f;rom Ëhe eurve f'oLXor¡¡er. The pol.e -zer:o posf.tf.one of'

bhe fmml'ctance funetíon e"epneeented by the scanner may ther¡ be

ehangede a trevs recordlng nroadeu and tne new recordlng conrpared cútth

Ëåte prevlclus one to eee hove f;he r^esponse curve and eruors have

changed " In thj.s wä9, a.n ÍrnmltÈa¡ree funetlon wttf¡ tlre deslred

response cur"ve ean, f.n al,I pÌ'obabiilf-ty, be mone quletrly obtatned

ühar¡ by usf"ng onlLy tf¡e ex.¡.on senennE untË"

Tt¡e use o.f a weLBårtånü Í"unetfon to emphasl"ze cerüai.n

poe"bÍ.ons of a nequf,red resß)onse eur\re Ís desÍrablle " An ex-arnpne of
fhås rolglrt be t'È¡e desf.gn of' a f,Xnter f,or whfafu the bnealc f,requeney

and rate oS aÈüen¡¡at'åon tn a cenüaån regton of, tt¡e nog roagntr'bude

*"ÈUi)Z!
': t:

i!.',11-:
i:.: , ::; .

i1 t' 
'

¡:il?jrÏ:
i ':i:'1 r'ì
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curve are qLr¿ge erltteal. T'fie crl.ttcaL regton could then be

emplrasl.zed by an approprlaËe weåghtlng f,unctton, Þfeightlng ie also
advantageous for lnvesttgatLons trnto the effecte o.f changes f.n pole ,',r.,,,:,'., ..

os' uel.o posfüfone of an lmnlttance functton 1n cerüaln regf.ons of
lts regponse cutrve.

Can¡tlon û¡ust be exercLsed ln the use of, the curvë followero ., ,,,,.,:,;,,,,
. . 

i'i 
'"-: .: .

The desf.red regpCInse curve should be drawr¡ o¡r ühe Eurve foltrower 'r::':':':;'r'''

påBer to a ecale sr¡eh ffi¡at ühe snaxlmum s],o¡re of, tt¡e erårve does noû ,.1,.t-.,.

eæceed 30 vonts /see. (abouü 60 degçrees ) . Slopes greater tl¡a¡r t!¡is
val¡¡e wL1I cause excesæf.ve enrors due to the trnaccunacy of tl¡e er¡rve 

:

fo3.ltower fm repnodtaeång Ëhe eurve " -A nough estfr¡late of the average 
ì

aþsoltr-lte error to be expected f,rosr ühe eurve f,onlower f.naee¡¡r"acy may 
I

be rsade by agrproxf.matl.ng the response curve wttlr a seråes of" sürai"ght i '
j

LX¡re segmentE and ealeuiattng the average absolute error f,rom 
,

Fågure (¿0)" it ls dfffleu3.t, heiweven, to esbårnate tFee peak abeoLute

€Pn'q)r". 'bo b,e expeated fror¡¡ tlre cutrve f,strlower fnaeculracy" SLnee the
tiirve folllower i.e the maJor Bouree of, fnaeeunaey ln tt¡e eru.on semstrnpç ,.,,,..,ri;,,,,,.

system, a morJtf:lcai;åon ta¡ reduee this eruor or the purchase of, a ffiore ,,;.',,,,",

aceuraüe curve f,ol.3.oç"ler f e !¡ighny recomû¡ended o ":"'':""''':'

Ïn Test 6, t'È; wae fourzd t!¡at the scanner outBut votr'cage å'or

the .nog uagnf.tude frequenelr response of, the lmmittanee ft¡neüton irad ,:, ,,.¡,.,
å peak-Èo-¡lealc vantatton of onJ.y about J$5 vol.ts" Thls, of eourse o iìi''..'';.':i;

¡reeessf.bated recordf.ng the resÍ)onse over only about o¡¡e-f,ot¡r,th sf,
'båte atralnable eur\te f'ol"Ios*er sheeÈ slnee one t¡rcF¡ of the I0 åneh :

ssåde ef¡eet eoru'es¡:onds to L8.2 vonts. The eutrve f,olnower error was ,

then quf.te narge ln eompanlson to Èåee overalX ewÍ.ng of tt¡e res$)onse i,,,,.,i.,;.,

curve " ïf tÈre level setü*ng etrrcu*t, v¡ere rnodtfied to supptry a 
l

coneüa.m'11; þ fnstead of, no rmå.Jlltfa¡tlpes.ea Êo tþ¡e po ktr'Lohn curve
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fotrllou¡en Y axLs potentlometen, üwtee as muctt of' curve f,o1llowen eheet

eouitd be utf.iÍ.zed " Tf¿1s wound reduee Ëhe nelatf.ve slze of, the cL¡rve

' f,ol"trGwer error and it f"s recon¡mended Ëhat ühe nnodtf,leatlon bc 
,,,,,,1,

carnLed out" TË must also be realf.zed, however, that doubllng the

arnptr trtude of the reeponse curve on the curve f,oll"ower sheet wlLL

also doubLe the sl"opes whlch the curve foLlower head must f,otrIow, :::i::::'' .,r,' :

' ar¡d lf, ti¡e slopee beeonie too excessLve tt¡e curve foXLower becs¡nes ''''''

r lnaeeurate. Tn tt¡Ls ease the overaLl accuraey may be poorer th¡an 
:,,1,.,.,

i.f only a small portton of tt¡e eurve fo]"lower sheet f e used. The

' r¡odlf*catLore w111, &ìowevetr, alnow rrlolre versattnitSr 1n tfae seale to
whj"c}.tthereBpon5eeLArvef.spxottedandv¡trthJudfetoususe9the

:

i fneceuracy Lr¡ erron measurenßents due bo tl¡e currre foltrov¡er slrouXd ,

, be reduced.

Beeause ühe eornpnex pXane seanner was eti.Ltr J.n a raüher

experlnxerìüal" s0ahe wlth 'btre pÈrase and phase slope outputs Lnoperatf.ve

ar¡d tlre süreep unf.t belng modåf,Xed, ß¡on"e eompleÈe tests of" ttre error
senstng unlt eould not"be earnted out" WÏ¡en the Êcanner ls eompneted, '.,,.i

hovrevetr, öhe ga3"n eonstan&s of the varf.ous outpults ln magnttude/voIË, ';,,,,',; ,

':ttl;'11dby'volü, degnees/vort, and ge$tees /t"rrr\y, ma¡r be determåned and tF¿e

seene bo whr.clr 'che response*ffi'*oo ,nu eurve for.nower are pnotbed

and corresÃlondf.ng se'i;tlngs sf tF¡e trgrr chasrnel lnput, attenu¡ator 
,:.,,;:,.,t,,:

eancul"ated. Severa3. eoroblna&Lo¡rs of attenuator setËÍ.ng and scatre of
r"e$pÐnse eurve shoi¡Ld be eomputed f.n order. bhab excessi.ve sJ.opes of
the response eux"ve on tl¡e cuu've fo}nor*er paper may be avof ded "

ft 1s feLË that L¡poüx cormpneblon of, the ccmplex plane seannene

furühen lnvesülga.tf.sn i.nto ühe eenelËf.vlty of tf¡e ens'on sensång unlü , 
:.. 

,

fr'¡ detee&trrng ehanges f¡r the pone *ne'Êo Socatf.ons of åmr¡trËüanee
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functlons shouLd be carrled ot¡t.

T'he Ëeets perfonreed çvtth the enror sensing unlt lndlcate
that the unLt w11.3" perfonm succesefully the operations for whl.ch

Í.t was destrgned. These oXreratf.ons are out}lned ln the pnef,ace

and are vaLuabl.e contrlh,utlons to tl¡e usefutrness of, the comptrex

B}ane seanner"
i::.::::l
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APFENCITX L: ALÏGN¡{EI{T PROCEDURE

Tt¡e all"gnuoent procedune for the ernor senslng unlt conslsts
of adJustÍng the blas voS.tages of the Fhllbrlck d.c. operattonal
amplf.fters Ln tl¡e ernon senslng chatrn, the b!.as vo}tage of tt¡e

nevel" setttng Lntegraüor and of adJustf.ng ühe tf.me cleray of the
sannpllrag reray" Anl of, these adJustments noay be made from the
front panell asrd should be earrf.ed or¡ü afüen aË least a one-hour
star{n-uE} perfod of, ü}¡e error sens!.ng r¡ntrt and com¡rLex plane scanner.
Tþ¿e scanner' ürarm-u!) perf"od ls neeessary to assure that the 15 second

penf.od between comparator pulses aü ühe end of, every sweep of, tt¡e J¡,¡)

axåe å.r'¡ tf¡e sean¡rer l¡as süabtrlfaed, and tf¡t¡s so üfàe samptre denay

may be se& accunately"

Sevenan screwdnlver adJusürt¡ente are al.ss f,or¡r¡d on tl¡e bop of,

the ernor sensf.n8 unlü ehassls but these shoul.d not need adJustment

ån cxonniatr usage of ûhe r¡ntt o

The alfgnmer¡t pnoeedune shor¡Xd be earntred out as f,o1Jlowe:

X " Fnaee the shonütng cap on tF¡e seanner f.nput

co-axtaL conr¡ecüon"

3" ffiove ttre toggtre swf.tcÌ¡ found on the fi;op Left
sf.de of, tF¡e ef¿åsels to ûhe tooff" posttlon and

eons¡eet a greund to üXre teeü pof.s?t fouurd besfde

Ëlre swÍtch 
"

3" ï4onåbon tf¡e f¡Channell rrgrl Inverterre vonËage at
tÏ¡e test pof.nt on &he f'ront panen and adjust
*"gr zero voltg o

|":.. ...
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4" Monltor the rrDlf,ference Outputrr voltage at
the tesf pol.nt on the f,ront panel and adJust

f,or sero vo1tg"

5" Monlbor tl¡e rlAbso1r¡te Va}ue f,nverter" volt-
age at the test polnf on tt¡e front panetr and

adJust fon zero vottg.

Montüor the "Tævel nntegrator Output" voltage

at, the test polnb on tt¡e front ¡ranel and adJust

for no change ln output, lndlcatlng bhat tt¡e

bLas ls corlrec'c and no lnfegratlon ls üaking

plaee" TÈ¡ls ls most accuratetr"y carrled out by

ataangf.ng tfie blas control so ttrÀat the tntegrator
ountpuib appnoaehes %eyo volts and tt¡en usLng a

sensttlve range on tlae monlËor vontmeten, ad-

jusb Ëhe b3.as eo¡¿¡troll r¡r¡t13 no f"nüegratlon

taì<ee place " [t ls rùoted that tt¡e "Ðlffe¡"enee

Ouatput" nnu¡st be aero suhfle thls adjustnnenÈ f,e

u¡ade.

f4onåtor" tÈre ntAvenage f\bsolute Ernorrt and adjust

for äero f"rategratåon wåth the absol¡¡te error
atËenuaator set a'b LOOO" l{ote tha'i; thts adJust-

memt mn¡st be ¡i¡ade on the erro¡' senstng sweep

sånse ost lçFue neveL oetttng sg{eep tkle avera$e

abeol.ube er.Eor lntegu"ator eapacåtor ts sh¡orfed "

.- '..: ,::

1jì ::
rt" ':t .:

6.
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B" lJstng a dt¡a]. trace oseltrloseog]e and a sweep

tlme of O"Ï seconds per eentlaleüer,

slmul.taneously ruonltor tÍ¡e eomparator putrse

found at pån nunnþer L of the nP pXn p1ug at
tl¡e rear of, ttre ef¡assts and the rrSampJ.e

DeJ.ay" f,ound on tlre f,ront panel " AdJust the

sample delay so that the pulse whieh energtzes

ühe sample relay oecurs O"n3 seconds bef,ore

the eonnparator putse 
"

9" Ti¡e ruPeak Abssnute Ernotrfr test potrnt ls
cslnnected to the peak deteetor output syl¿lle

the adJustrnent beneath lt conbro}s tt¡e lnltåal
coirdtr.tlon votrfage on the peal< debector hoXd

capacftclr'. Thtr e adJustment sF¡ouLd not be

¡r¡oved unless üÏ¡e "AbsoSute Enror Attenuator"

f,s ¡?ot set ab 1"000. nn the nattex' ease, the

Ír¡tüf.an cond1tLon vontage placed on ti¡e Ï¡o1d

eapacl&or sfôou1d be

O"4 x Atter¡uatl.on+0"J$ vo1ts.

Tca make Ëhi.s adJusËrmenü t&¡e emor sensûn6 unåb

¡"nuat b,e re¡r¡qlved fron¡ trüs raek and an exte¡rsf"on

eond used sÍ.nee the l¡olld eapacåtor can onny be

reaahecl f,ron¡ beneatk¡ the ehassls.

nü" Remc¡ve bhe grelurad eonneeüf.on from tkle ËesË

potnb on bÅ:e üop Jteft stde of, tt¡e cfiaseis and

nßove Ëf¡e associ.aüed toggle swl.Èch tCI fifie rronrt

pcle$"bton o 
,
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APPENDÏ'X_?: LEAI$GE* OF THE I"E.VEI" SET HOIÐ CAPACI!0B
j.

To checle ttre Xeakage of the Xevetr set hotrd clrcult tl¡e 
,j,¡.:;..,.,.,

capaeitor ü¡as charged f,tret üo {-ILOO vo1üs and tf¡en to -l.OO volts ' : : :

and the change f.n the catl¡ode fonllower out¡lut voXtage afûer 30
gecoRdsmeasuredforeachcase'Thechangewaso"!vontswhen

, .,.....,,,,.the eapacLtor was charged to +1O0 volts and negnlglbtre .wt¡en charged i...,i,.,'..',::-"-
Ëo -L00 volüs. Tht¡s for the capacltor ctrarged to +trO0 vol.ts the 

¡ì¡.,,,,,,,,,,,

votrtage after JO seeonds has fal.nen fu 99"g volts or ,i i'::''iì::i;

-9-gg.5 = nCICI e RC j

30.
= lLog *-n*lõA i

I

30 x LO6

R

R = 6 x Lo9 = 6000 rnegofims

Tl¡us tÏ¡e S"eakage reslsbance of, the l¡oLd c!.rcutt ås tn
exeess of 6OOO ruegohrns.

@.

;.:"r:,i i!-:li:
rl -: -1.. -' :
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rt f.s concef,vable ühat when the saunpllng reLay cxoses,

the voltage to whtch the level. set 
.hold 

capacltor 1e ebarged

would have to ehange by ükae ¡naxtmum swlng of, Ëhe leve} tntegrator
output. TF¡at lso the Leve} aet capaefton voxtage would be

requtred to ehange by 23.o vonËs. strnce the lntegnator ls a

G"A. FÏ¡lnbrtek K2-x wl¡f.ah 1s capablle of supplylng 3 mlxrtamperes

and

ç/¿\ dv(t) aV. JLILI / = rà! *."-j__: ¡.d C_ìr' dt * -at
J..

i

i
t:i

ìrhen sä e ffi l

.* 
no-6621g 

oaaan¿rc 
l

: Ë .Of, seconds
3x1o-3 

Y vvvs¡ðvv

)

TF¡e sampllng reJ.ay rnusË therefore ne¡nafn closed for a'c 
ii1i,11t,,.,,.,

Ïeast f0 rn13.}åseeonde üo aÈreure adequâte tlme for the capacltor i.::::,,,:.:,,',

l¡r. To aLnow fon del.ay f.n tt¡e rel.ay cJ.osfng, üÈre 
:":r;:::"

drf"ver rcuLtf.r,trbnaüsn for ühe samipÌ.fng reLay wae destgned f,on a
sr'¡ltel¡ång pentod sf LoCI måLn3see onds, TÈ¡1e eauaes the reray to 

,,¡,,.,,...,,.,,..,:¡!:"-ai::::: l:::::

re¡¡tatr¡ e Losed fo¡' abo¡¡ü 80 nn1IIåseesnds v¡hlcï¡ *s quåte adequate. iÌ!l'''i"':'i':'..'
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The error sensf.ng unlt musË under no cl.rcumsta¡rees be 
: : :

tunned on u¡rless üt¡e ct¡rve f,ollLor'¡er Y axts potenttorneter ls co¡rnected ,"',','¡"-'.'.

üo ËÌne crror sen$lng unf.t through ttre foun pån reeeptaclLe at tire
rear of the chassts. Tlre Bån conneetlons for Ëhls plug are as

fo'l,ows' ;;, ,'.; 
:,::

¡t':' 'l:'' ": 

":

Ftn n - Iogt voLtage slde of 20 lcLl.otun potentlorneter" i,l,rr,,',:,Fln 2 - FotentÍometer snider. rì'::r':.'"'

Ftn 3 l{ot used.
F$.n 4 Hxgh voltage slde of âO lrtrLot¡m potentÍ.ometero

:

The conneetf.ons to ût¡e maLn X2 pln pnug at El¡e rear of tt¡e
ehaeste are ÏÍ.sted hetrou¡3

61

Fl.n L Com¡laratoir" pualoe f.nput "Ftn ? Multf.plLfer tnput"
Ftr¡ 3 Ï{ot used "Ftn j+ Ì$oË ¡¡sed 

"Ftn þ Mul.tf.pl.ler output,
F[n 6 Büot used o -

Pln 7 - 6"3 voïts aoeo
Fi"n I - GÌ,ound"
Ftr¡ I 300 vo1ts"
Fån n0 6"J voÏüs aoc"
Fnn nn - üF¡assÍ.e.
Ff.n nâ - 300 vsnËs 

"

Tfae powen srsttefÀ orå t}¡e f'rocat paneï eontnons onny üÊre

¡eoottlve ared raegatf.ve hlgh voltage suppltres " The f,lnaments are

turr¡ed om when the eomplex p3.ane sear¡ner trs tn use "
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