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B & C ~  e3mr~at w~IGB i~ fa bwn &;%used by &i%ta in ths tuned 
c i r i@uf$~ in the local ~,aec%lLa%or @&&%a, a scmo s$stea has 
Been designed a d  cswtgbu@$@h, Th@ fmeDfon af kgizis 8g53%@n 
wS12 be to 8 9 f e ~ t  autoa&%ic s~3apaasatiaip.n $02 $hs a~bi"B;ary 
aha~wes 5.n c~yataL awr@n.ltia Fhe gsrfsa@;ip&a a f  Prop@ra%Aon con- 
afs'bs in smplings % h ~  e~ysbal @mn*est f o r  in@quat3li%y &wing 
mB~ghbowiw haXi p e 3 ~ " r a ~  0% @sL%GhPa zte;td %n ~ea&3ws%iag 
the f i n a l  trlpXai.ro % csircu3.t by the r%gE",$ a ~ d  %n 
t h ~  r i sh t  sense %a  sato ore equaX2tyr At ti10 moaearrk o f  going 
to :~;F@T?ss khf?  Q86% l i n k  f n  .t;&8 @Pjt~%n &s missing, A G ~ & p l e ~  
eap,a"kslc of bsiag e@s@f*e& br a wrsesr is, at the moaent, con- 
SP%~C$OUS by B%s abaen@ea Bueh a ona fs* bowevesl, in %& pra* 
cesrp of baing ably d@s%~a@tr$ a9314 siLB ~ursly makc$ b t s  appear- 
a c i i ~ :  1x1 pih~ very new $u.S;ka,~@, %@ ~ U ~ Q S B  a f  @his mrxraua3k 
is it0 provcide tB@ c a n s t r u ~ t o r  vFb;ki a ~%G%UPB 04 "8;~ rase 0% 
%he aihain in v~h$o%z trjlplex* %fs %he molsSI; impor-k;&zat Lf*, 

and. %o help h h  in pu%t%ng %he W&O%O $0@0 ~ P Q ~ ~ c * B % ~ Q ~ z *  In %he 
even% sf  oecas%esnaL ffafXw@ @ u ~ b  a8 am overt&e even w@kl 
desdiignecl equfpaen%, ft 2s hoped .E-ha% %hi@ guide wilb gaoili- 
%atfie %ha asrk sf t',;bt;*bs~e~ ZJ$ %1*8 v f ; L ~  ~111 put i@ rfgh% tvith 

the eifi~ien~g and &@spatoh tba* has been $0 tnScaX 09 the 
La%eg%p*. 

2 3 & 
A sohenat20 89t3gxba71 of the pmtts asapr1siaq %he servo 

syslism i s  seen fn Fig* L p  $?hey m e  nem@Z$r 
a) 3he sgg'41~aX p r ~ m p l % f S @ r ~  
2) '  'Me signal amplifier* 
3 )  The 8UPPrPS801P XU&%%* 

r ~ f  erence preamplifier. 
5) Th.e ca&$WaG&>r* 

6) The ssPvos@~p@~ 
7) The jmotiealm Box* 
8 )  The signal  ouCpuG @%ageo 
93 Tha seforenoc auepu* stagec 
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Fig, 1, Schematic diagram of the servo system, I 



' PO) %a rse~'pda-~~f~Sagp. I: 
, 1%) The t r i p k @ r ,  
I 

dlli of which oxcept ths lakt arc t;o had. The first seven 
ite/hs ape nountod on the F1acrvo chassisg whjhich m ~ s t  be sup- 

power supgSly, Et@rr;r& 8 to 10 ~ ~ 1 1 1  in aaw833 

is \also placed in the annexet the @em-mokor could be mount- 
s& I3 n $he trfgler; an the o@$@r hand, if %Bra aesa t s%phc;r  sc- 
c u p f e ~  the am$ posi%ioa as the p~ssez& one, gfsvfsion ~ u s a i  
be ;made for a~chmical  c s u p 2 1 ~  o f  the motor t o  ths %ripZer 

thrbuGh the parbitioning wall. A length of t h i ck  rubber tu- 
b i ~ , p  wwoul make a sui.tal2lc transmission a& also i so l sbc  the 
t r l p i e r  f ron the high. f regucncy noc$anical vibratioas %hat 

ehcl ars,~toz? i s  pz~.n@ %O cause under @ertaia ~ o ~ d f % f f c s ~ ~ *  

B e f o ~ e  goiaz on $0 disau~s %he f a a ~ t i ~ n ~  09 %he B~FIOUG 
I 

usilks as pssls o f  the sgs%eni %% nrPght n s t  h~ out of place to 
dcudate a l i % t l e  abbention to each as ind..epesdent en$ltPeso 

c k h e  a i , q n u r e a a p l i f i e r  consists of a sic@@ 8ta:e %ran- 
t3ia2~t;07" ~a3t-ixij:e a~pZifhe3~b f011owet3 by a ~ l i p p ~ ; ' ~  ~%ag3* A &ran-- 
s%salisr T J ~ S  chosen ta avoid the errcoss%.ure h m  p9cB up that 
the i.IBO 0% an a,al-hea@e9"-Pecd 9altde?; ~sould  h a v ~  ~n i ; a iEed~  B 

% ~ a . ~ i w % o ~ e  i s  eased a6 %he inapu% m d  to enable Sso1ati.o~. of 
boklh %npuS; temPna2.a from *the rack grotasad, F11e tra;;siri;6sr 

is r/:amec&cd in a , ~ r o u & e d  emf ttmr ea;anffgezration, This i s  

post~ibPe, in spi te  of the fact %ha$ thc ~ o E a ~ c e ~ r  is growd- 
ed, %hanks %a the use o f  a t ncwaP~mes  fapu.3;,, The voltn~e 

,.~;ai.ik obtained in %his s ta .p  i s  absue 600 rn@a~u:~ed between the 
intptnt %s the t r w ~ s f o ~ e s  and  kc% no, 2 e  Ru-~aetiaZ semen- 
in3,was Irswd absolukely nneaessary ifor tSe %pans 
ordcpr $0 red-ace a.l;rcq"jr pf eB upo Z&OZBF$ $he use 

G C F C : ~ O F ~ ~ ~ ! ~ . ;  a bBe hw ?sad ranii$om voPtaze ~~onpesncn$s in the out- 

put jhave beea r ~ ~ u 6 e d  to a n@gIig%bE@ value, A t  a ai.pzB in- 
put  [level of lOmicrovoltg peak to peak, noise jus t  becomes 
obsarmable 3s rnc~du%atfon on &he ouCpa$. 

A cl%pper stage folkows and ds l i~ re r s  clipped ozatpua; 
threutj:h soctcet Bo, 3, Va~Laus diode; coafigurat ione ?:;arc Gsied 

axid %he presc~t one ado~%cdl aa &ha Isar;t msatisfactorr 02 
khel:~. *akl ,  8% ,the lot: s f  gxLI bevels Smof ~ w d ,  the 8f scon$$n- 
ea i tq l t  in khs diode aharacGerl%s%ic %e t o  becr;bsie a )aon%9nuP*t;yP 





khs mefa, of dhc? back /to %he focrursard resf s?;&mce is coa- 

ably lees %ban at hitiher signal levals. In the arra-llga- 
/ I  

used here the s i ~ ~ a l  Itis f e d  in across t w o  diodes eon- 
& back i;o back m d  $die output; 3.8 t;aBea. on% aososs ogle of 

The ra%%s of 'F3Fmir i !%p@dm~@~ 58 9avez~te;d v9t83, a change 
1asSi"P; oof si~na3t rsauHbi~i$ in ~ttto~ttad;fon for nega- 

% ~ T F " ' @  @rs1BG 0 

Pig*S cons%sts of %%To stages 09 peas- 

6.rsc.e mpbifi.@atBon a d  one oh" taiode m p l f f % c a t i ~ m ~  Two eaeh- 
ads folfower stages wo aL@o incorpo~a*@d~ one before m d  on@ 
a f t l ~ r  %he % ~ f o d e  stas@+ SSgnale fed %n a$ soeBs$ Wo* 1 are 
mglif ied absu-is $43 eimes b~ th@ f b r 8 t  ~ ~ e n - ~ o d ~  s;l;ae;e %hen 
go ion t o  the nexl; sta;;e thraugh a gaf w ooaat;rol, Tho h0% en& 
of %he pske_ag%ioncto~ fs access%bls a t  soeke% IYoa2, When esmeet- 

l 
ed lby a gable t o  .the e.Jlsprreasor wit, %his pai:a% is of fee%fve-  

3.y growa_ded % o r  tlac dma%fon. of .the $ a p p l ~ e % s O n ~ ;  pulaea, thus 
I 

cue$lag o f f  the r e s t  of th& aap4ifler during tbese perfodse 
The 1 ~ x 6  pentode s ta tp ,  @he Polfowing cathode fallotaep slnd 

a t l iv isn  "91ettwo~k be.tween %hen %togsther conwtituto a narroa 
ban113 ffltor cen@red ncsnina.lly at BOO e/aB A co~bina%%on of 

t B i e  type usa;lj%Z;y ina$rroduh~es a phase shift a,&- aEl t  buk ~ B ; G  

exa.6.~; eontor S"rcra_ucrn~;~~, To gsclrrse% for +bhis, one of t f 2 ~  re- 
sislbmce ams, of the -t;wPn4.? has been na&e variableg T-b is 
posibible by adaustiss th i s  am to obtain zero phase shift a$ 
any one frslequenog lying betwntoen 558 and 44-50 C / S ~  The COPIC~-.. 

spojgCfng mpB$fScai;foo. obtained vtasies v~i.E;h f~equency and has 
a menxii"urm around 4.00 c/s of abkzou$ 980 b h s s ,  

The lase %ub@ in %B& unit fa a Boub3.e %riot% one half 

sf ~iv.Ea%oh pscsvidsa f q w t h e r  mplffioa%isn (60 times). The other 

ha&$ ia a oathod@ fslbowar+ Tha cathocl~ r s s i s t o r  fs a gateat- 
fsmreter v~hicla can bcs used $0 r@i,sulta%s %he Snpwt volb;ags $0 

the succeeding unit6 

&32.8 suppressor, m l t  Fig*tt Bad no g&aes in the original 

86bili?%e was in~hza&ed to sake up f o p  th8 usatfs$ao$ca~y 
ope~ratiean of khe clfppesr~ aC;a$p@ On %Be ~ ~ ~ a m p l i f i e ~  POW 

dioQes are oomected in thg f o w  of a bridge o m  corner of 
whfi~h is earthad, The oppqeite comer  is comec&ed 60 so@- 

I' 







catbode PslZtcsv~iiaer and, ic~in-l ne.k;wriusskn conbi~ablon f o l i o c ~ ? d  by 
a x;bhat;e-s$if -b%n;~ nc.&;work, A square-t~avc inpud; a-t; ~ocke.b 1 

I 

yic13ds a sZnc-v~avs outpu.6 at ~soolc~rcf 2,  A poke?es$iome2;es in 
one arm of the twin~'313 @nables adjustaene f o r  ~ C F Q  ~ 3 h i ~ i ~ ?  shift 
in bhe process, md Pmcti~ns sa%isPacksri1,y wikhin a 58 GIG 
bard een$rcd ~p.r?rcsxinat@Ifr a$ 400 e f s s  %?he ;PPB@WOP~C T C ~ I C I I  foL-- 
 air^, sh i f t s  the phase of &:he sine-wwc by appx*oxi3c;l83ate1y 90 
&eg;rees, Pf exactf%udo i s  desired, t;ha pcs&entiozsleter refer- 
red %tr~ above Gan be adJustre& Go g i ve  a 90 dei;.;jce@ phase s h i f t  

bo%liwccn C-em~inals -2. a d  3 iaat@a& of aero de;rfzos b@%~weexx P 
and 2 #  

It@$$ 
is 

LlFh~he calibratol' Big,6 i s  nerely a clevioe to provide an in- 
put vslltap? %o the s;tgra%@xn dus2ag aligment and tex$%ng, Wth 

d$, one e m  afalaEeite %he enace @owe@ impedacs and q&gnktu6;E@ 
a d  phasle of vo1Z;age Ghat *bbe izxpu$ p&lf51. see in ac%ual spc~a-  

+bio i l~ la  

A 10 vol% squs~s mve a% t@m%Bn&1 I p~88Jdea a% %emlnaZ 

4? i~ esn%inuousXy vas%ablelv~l%age f r o @  0 %o 18 aaiers~oltis  
hav:lns @f.Gher zepo 632 2.80 c9e:$re@a phase sbiP.Pr, 

! 

2 and 3 and has a verb low +lopedanoe to g~ound  if current 

klov~3.n~ throu& the didh~s, If, hoasver, %he diodes are 
1 1  

biobea off, sockets 2 and 3 have hi& intpedancs to go.ound and 
behlave as if they w e ~ s  &aa2ated Pmn %ha ~ s s t  osF the C%PQU~%~ 

A posiI2i.ve pala@ f e d  $0 $Be i ~ p u %  of %kc tranafor%@r 
I caxa,set% a positive and. a renegative pulse Eso appecw a% ths  ends 

of the at;n%er-%appe& seooadary ~ A a d i n . 2 ~  9heea pulses gs th~az;agE-a, 
G~E:?: ~ e r S e ~  eanaeneera @@use @wr@n% %;.&o fbo% t h l a o ~ h  the 
b~jidge, The 2es%etoss in se~ies with 'bh~ cond.eneera Aim%% 
$ha' ~ a ~ f t u d e  sf the cur%ent and %&CF i% f 1 o ~ ~ f n g  f o r  @Be G w -  

ation sf  %la@ pukse, The &s~harging %fa@9~01n~'t;ant of .&he 
It 

~onaeasers fs made 2arge~ than tihe i n t e r ~ ~ a l  be$v~een %he sue- 
ce~;~fiPvo puises and %hAs r~sults i n  the &&odes b e i n ~  biasad 
bac;;:$rvards during - k k $ ~  in% ervsl, 

YIzc no% effect  0% gzltliahs the inpub is $hokefore t o  pro- 
v9Ge a ohor% zikcult .bo gasund f s ~  te~afnaPs 2 a d  3 & t i n s  
vh~: pulse ;jerfod and $0 bsolake Gkjlsn betv~bir8en p , d s e ~ ~  









t a k p l e  on suoh a smalL instrument, i t  i s  g o t  posaible to 
/ I  ~ l i g ~ n  the entire system wijh it@ helpr In its absence, the 

use )of an expensive clouble+heam oscfLloscope would have ha& 
I I to 3be resorted t o  far  even minor oheoks. 

The X nn8 Y inpu%a go dlpect ly to the  paiss of deflecting 
I 

ele(trod~s as no w l i f i e r  i s  available in betiueen. T ~ Q  lfneo 
%n !'he 1 rstiaufe corzeegondto d@ileet$om tha t  are obtained 
faricertain. ~taaadmd vol%a::es a$ cit;rtxfaa ohsck -p~in$s, This I wi13 be dea l t  with in detai l  in the section on aligment. 

18 %flca@tra.e;@d In Bigat 6 axad lneeao no fur- 
thesr eomsnt  * 

Fig& is ws &%s name aptly ivmpUes, 

a pldnveP pen%ode outg~G stage Eon. %he;: sigaak ag3lf.f f ere  PhLs 
I 

b@en saparated f ~ o n  tBs resl o f  %h.e mplffLar to prgvent 
that  mould have been p~acticallg inevitable if 

it 211.aa been p a r k  of the smanc, An. addlteonaZ advantage sf 
~ B U ~ L P W  ;3l% %hs;l m$e,ma box i s  the ~,-educ$%on a% c~oss-talk 
%n frhe mtcma oablsn The  lead^ cmrg-g %he afgnah and re- 

ferotnee vol%t;agi;es to $he $aa a p l % % i s r s  fw. %Be ~m$ema box, 
terr#1,Iaa-6;8 Sn the high input Pmpedan~es b;o S& f;ube$ and haare 
~ons~equently ncgli.p%b$e ca;tssren%s in @hemz 

The tube %a @ouplad 60 the high inpe&%n@a wi~rading on 
the servo lootor (about JOO ohins) through a matchins transf or- 
aesa housed %n a au-ne.ll;aE aanr Tha osndc;enser across .$;he se- 

eondLwy viLn&Ln,:; i t3  to % m a  out ehs reactances in %he Z;rans- 

eaa~~:~csn$; through ths mokos vctiuz&ing 1 . h ~  in phase wftEz &he 801- 

siraa-wave $0 %he a.;xotaro 

ref e~once ou$pu% e k a ~  Pig& i % n  pr,zoticably f &entical 
to l;be s i , z ~ ~ a l  ou$put &stag@, The only df f ferezaaa i s  f ra the 
.It;raal,sfamer tvhich aatches Oiom Go a lotver J,rmpedba&aae (about 
PO0 oms) thm fn the prev%oua cam?, The $i,~hs2 trausfomatian I fea8;io sets a 1ini.t $0 $;he %apdis.ti;orbed voltage avafllabke a% the 
as to t r  end, Dfs.B;ore%orn ~ ~ G _ ~ ; $ P B E ;  to set Bn %or inputs cazP~eapoez&- 
isng t o  mope than 2OT %o the motor rsPhzreneev~in8ing* b-& 22 
vo2l;a i . C -  Os Juz3-t.; nstf~eable, A% grcatcr $&an. 24  volt^ %*a;; is 

I1 







ssioc. The t rmisfornek used was m t  one specially ordered 
t h o  purpose a ~ d  is belkavea tie cause part of the distor- 

For those I T ~ O  vr$iish 1b0 make furkher refinements it is 
rc:cbnnendoli that a pwer &be cnt2ioCe follower st;ngs bo sub- 
s$i$u%;sd f o r  the  psesteat ax?r&%g@%eatC Pt ni.;ht %hen be pass- T ibl/ to use a lowcr tranafbrnation ratio to r a t c h  the cathode 
foI owes c~uepuk fnpedm@o ha, bhe ao"e;~, $or which 8 f31uitab1~ 
&ransfskn@r a~u3.d be or&rbd@ 1% i s *  howeverr @er$ain $hat 

no Lnprovcrent will be noticed in the actual perfamanos of 

t o f  %;.his ref ine~ent .  

%s park aff a war G U X ~ B U G  BOE~UB ml$, 
It ks designed f o r  26 V o f t  400 oycles operation an& in its 
oribninal Porc.. is mounted Pn a f ramesork w i t h  reclnction peapa 

in .kron% and a e@&sm m3.t behinii* Three  ~i1lcl-t m f G 1 ~ 3  are a- 
vai$,ab.ble Pn the l%borstory, The selsyn mi% ims been romoved 
fraii~ one of them, It Es pssaibls, by Zsnvfng %he ~ e i h ~ y n  unf% 
on,lan& by csmec.l.;ing S% lilt, a simiXar froo se%sya m f t l % o  
o b t k n  remote indication 04 the moveolentn of the oellro-mot-or, 
me: free selsax m2i.G csdLd be ansuted 0x1 %he ssroo chassis 
or :in sono other suitabibla place in the shsok and arould pro- 
vide a con&inaaous check on kB% fmcf i~n9ng  sf the sorvo-~aio%or 
up $w, the an,&~ma box* But tkd.8 1s m& reao~~qended xs I t  v~0~3.d 

enbdiil $he use af f%.vc @x@~:a leads 5.n the ante~ma ~~31bLe - a 
luxr,~ry that  we ean hGax&ly faff or&+ 

The motiar ~ P Q ~ I V ~ P  ba@ ~ O U P  B?mQd@@ Red and Black belon~ 
$0 lbhe hf t~h@r h p e d m e @  ~srfndik$3, and gsI%ov~ and white %o the 

Bonej;ra Consf derabka exper%msn%a$f on has ahov~n thae %& ao%or 
furastfiosns Bet%cr %f "she &sasor kap.~e&m~a vindiq; i s  aupplf ed 
viith the steady .yeforeace voltage, and the higher inpedance 
wim!kin5 uscd f o r  the oonstGwtly chw~in- ;  signal volta;:e which 

c m  have lap!;@ ummf n%ians kn aagyaiicuGees Vii.F;h a 9o-e ferenoe VOX- 

%agck of 22, tihe rrmokor just; begins t o  b7ma for Y V O E ~ S  of sig- 
na l  'vol%a:;s, x~eachee nar~a$ QPOBF~ 8% 24 dad  ha^ a maxsr$l%m 8% 
abo11~t 40 volts, For  highe~ Inputs the care bagins to sa.$;w- 
a t e  r e s u l t i l 3 ~  in a drop in 'speed. These three voltac;es cor- 

I 
ros::!~s~~.% gac~pec-bively 4x3 Oe3BB gLOB an& 5 &npu$ to %he grid  

of ,(the sfgatal ozz.?;plat stage,  gparatiom at over t&e noninal 

vol1;a::c resuita in heating of the moto~, 

11)Jme tripler in i ts  pre~lenC 9t3~93 .;an be seen in the f u l l  



Fig,  10. The t r i p l ex ,  



Ea, $a, 
EeSl1, -when gau do Bovm ta ~?&fng one it would bc m@t~%h 
whi$e @a bsm the F~LPolwiag  fn rni~d, 

Tha s?R&iti afi %ha &k&pl@r, $:ota%ioa a$ %&%oh aec~apllfshes 
ret.&iniS af  the output stage, must have a geariqz ratio suoh 
$hat aPserwlC 2 &o 4 seeoada of noma1 a$@@& ~o$;a.gsAoza, a f  %$a ;raa- 
%ox* ~novea %he badpaas by ,$he s&ae moxat as %$s IBivara.::s &if% 

i w  B F L ~ ~  B f Q  8@~8nd p~1cP0d~ Tlxe labees oaa ba de%@~rnined bg 

$he s9n121e me"bhod of wbt@hin~5 33x8 @@28o-me%Y;ar &a &@%iari %~h@n 
sot eame@te& to tha %~ipE39@~* g3ae nmbsr sf ~avoi lu%ion %he 
E~B%~OP shaft. aakgs per ssoond at nama% speed eaa 'Icsa it&a%ex%mPned 
by ~e%$%ag the a%gnd v~il.e;~age %o &be m.o%o~?. a$ 24, 2hs mom$ 
%he % ~ % n f e ~  ~ h & b  hBS %D b@ %ma@& 60 E O U B % ~ ~ ~ F $  &.be &if& 

be fawB bg t;wtiw 9% ~mualAy  $%1P the mol;or a&opa @on- 
pls.t%%itg @v@a u9; %he hjtgh@st a ~ ~ s k t f v i 8 y  o f  ths sgs%@zs* V3fP;h 



She owr@n$ %Usugh $he aarBxsr c=~ya$aL a&-wsd b3 the 
U,!sh f 2 ~ 9 ~ 8 a e ~ y  B U Q ~ U ~  ~JCOXB %he % ~ F ~ ~ L B x  ~0n~i54~i'k~ TI@G%-~ 

=, jgkzk~ p a s & @  e f  &ou% 1250 mfo;sossaonda in dasrsk;ion se- 
pa~?ated by a few B ~ G P ~ ~ B ~ O ~ & S  li@ewe@n bheajlr ~k3.A $ha add 
pulses as@ aaaeeB br anrcs a% %ha tripEsr f~egua;eeaf@a 
&mi% aEll $ha even omss by s%;;hers T&s fmcGfam of %ha 
saa?v@ is ;Ia h#P& "Pe Enefgh%s of $heas pzaloas egtakajt $0 with- 

I '  

+in %boa$ a .bhousmdth pa3?2; o f  th.8 h8ftzh'l; eaf a5dBerra The 
me-!;hscr% %s $0 obtakra a v01"S;se prapa~hianal $6 %he &Lff@+ 

@nee in the ke%gh%s a f  Wcse ptk3tsse @a& to use Bhe voXtag@ 
$0 re.t;u%zs %he Q;r&g)Ps~ ou.b;put stage %s deesaaa~ diff- 
OkdOgOE? a 

If $4~ vo l taJe  that  aotuatee %ha reCuning desioe (e.e;. 
a oiator) . i s  dependen$ onlg on %he m a ~ t t u d e  o f  the differ- 
enc@ be6'~een %ha tops, and ind@pendcn% of $he sense, &he 
mwkior maul& 80% h o w ,  so %a speak, %vbf oh w a r  3.2; ~ h ~ ~ l d  

t%WbXl Bn OF&@@ %8 P@B.&Om E Q U B ~ ~ D ~  b@$i~@@n %$@ ~ u X @ @ S ~  
Tha usua3i say %a ooloe this p~"@bX@a 13.$3;;0 include a phaae 

. & c ~ G @ G % o ~  in $he 86k&@c,t3 af t?kai%rag9* %f %h@ phase &e.a;ec$o~ 
vexv@ ssiii%@he$ By the @:me soup@@ as oavsed tbe s v i t c h i q  
bekvsem Gho %vim trlglsr fr@qusnoiss, than a Ble, au%put 
vol$ag@ would be obtabed whose magaf%ude l e  propor%%o~s.dl 
$0 the afffsrsnos b@Gwe@a the tespo, and W ~ O S B  p13rla~i%y ' G P ~ O U ~ &  

depend on %vB~@ths~ the sv@n. $ope wars higher $ h m  tbs odb 
Q ~ O B  OF ~Bcss  versa* 

A k y ~ a  phase; mabola? %a, b a semss, a pba@e d e % s c t o ~  

and', chm3es direc%ion with a ohange o f  in the phase 
~ : f  ' o h e - 01%: $@s %wa %npta% vgslJl$agea, By a EazcQ @of ne8- 
dcncs thme small phaoe mseora m @ a $  f o r  spsratfoa a-8; 

the @ m e  f fequ~nay  aa s m  s@i%cMng s$a%@m %vex% avafXabl@ 
-An $he Xab* X t  wari3 $hesofor@ d@ciBed %a aiap2Pfy %he 
r;~anrg@aen% bg Just mplifytSrq$ %he smaU aif2esenaa b e t ~ r e e ~  
the @spa of $h@ pulses md f@s&%ng i% d%v@a%f~  to oars o f  
-&;Ens windings on gg;he ma%or* 2% Ss noxv necassw;y onEg $0 

sutg:bpXy '&;;ha oGher v:in&ng wk$b *a  @&@a* rs$es@n@e voP@ag@ 
o f  $he sane frequ;k@n~y shlf t@d 9Cl &esL$;~@es in phase  om ~ k z r s  

vjrssf.ta,;e 0%: tlas skrktehkni~ sdys.ltrarn i a  erder %s ob.t;ain a soeai- 



alkuds of $he f %rs$ vaE%age araaja whssu dfre*fan 3.8 ddgsn- 

Beat an tbc 88ElGB 4-32 %rh8 ine~uallfG$ of the P ~ G B B *  

The %so phase i a Q 3 t 0 ~  ~@qa jb re~  S ~ W O $ & &  ara%t;aas and 
%he$ awf tahf sbj systen rcsf f ess anhg recta;;am ~ F Q J % B ~ ~ B  a 
8 

Tha~ afrrcui&e i n  &he sew0 sg@i;ea a ~ u s t  .&aPse~afom perfam o m  
adtliQfona1 fmo.E";$aa.a md %hat 29 %s ars~vest %he rec=ksrmgukas( 

voltage i v a v ~ f s ~ ~ ~ a  ints B % F ~ U S ~ L ~ ~ Z  QQBS* T b f ~  &9 ~QXIC by 
thc t w i n - 2  aetwos"k~ ~ h i ~ k l ,  filter o$f al& %he i s ighe~ @on- 
po.ne;sata gresen% in th n"ectq;aas  imvef am3 Zeaving anly 
8h~k f mdcwzen talc 

Phs refereme p%.@aapXifisr and referance ou6pnt-i s@age 

f QX&I one of %Be pwalkeP EiFIEs 02 %11@ ~~8%h2;8&* p & ~ f  833l 

B~i!fe;%hez~ the.a&mp;ko funo$Esn af &;&%zs a sguwe wave frami 
%her awf t o h h :  system, ~=~a~ti"$Bbting i% in%o ;?a sfme vsa'ipe, ah&$- 
%ka:~g i B  ".3 ~ ( L % c { ~ B ; " o ~ @  in phaeq , ~ m p E f  f ~ f n g  i t  83rd f eedf E Z ~  it . 

Z;s $he reiosen~e sinttfilkg sn the mo$srsr 
T h e  sigaal prewplif i e r  , amp%%ficr a d  og~&pu& 3 tqz0 

foxm %the akhel~ ga~aPEel wa af %he ~ysl;ea* 2hoy as &he s m a  
2e;B&,ngs %o tka "t;ny squm~ wave ob%dned f31*c)rn the differ~aca 
2x1 $he he$&hts3 8f. t h ~  pulses % ~ % t h  the axls-cep8;foa of tkrt; 98 
degyres phase shPP$, B thAs  sass tt %a seen Lo $hat no 
pha.ss $hi$% srscws a$ i i g l ; k *  

%a reuson f o r  the greatef oonplexity bf %2x@ s i ~ n d L  
mpEif%er ah8i;ini 5% twofesrL4, P i r s B u ,  %he mpPi%u&s 09 
%he sgume Tirave Pa canafdesably less k b a  in $Be ~@fe@encxe 
case, abs~% 1 H~@PQVO%% BB ~pp088d %O 20 VQL%G~ S B C O ~ ~ ~ ; B )  

%% fs inposs%ble ks mpff fp  the b%fie~enoe Xm. %he &si@%s 
of %WQ pulasa wi%hou& mplifl$rhng &he pulsss th~~selve~, 
Tha sir%.es sf n@ighbominf,; pulses take sn %;he fom of Iclw 
spJ.kea gasng dotm &a g~omdt  po%;ren%$a2, b %he mrangament 
oktabgmzg for tr&am%%i; %he c q s t a l  curran% on secriPlo- 
scope 6hese sgfkea appear %Q go upwards, Thfs is frac$&@ntaP 
and r@sul@s $TPOE t h ~  $&at %ha% ah8 p~lmi t$  02 the xaixe~ 
cryataat ~ ~ ' F J " Q ~ F % s  P&G@UPZ ~tbGaiae& Qjr vie~$Lkag %he mp3P- 
ffeld val%a;;a drag over a rssis%&ar fnclttdsd %a $ha @r$s%ie;aP 
eur,r@nt ~ P C P P ~ ~  ~ebrnn* 

2hese spikes r m s t  be renave6 if ths o1& mfcravol% i s  
$0 'kse miphfP;lheB go %Be a&g&itude of seveaajb ~~1.8;s a~sithsut 
av@!lePoadf~g %he mpliiieas, The clkpper %E-s %he sig- 
na2 premp%%ffsr d o ~ ~ k h i s  %a a ~ e ~ t a i a  3WC88WBa H a d  the re- 



miarlBn%w hlravsf a m  been ;Beg% v ~ i b h  %~wca-B;~&. apses. %ha% 
W I B ~ ~ S ~  &51 8~8~%$;57 alige bb 11ma %voul$ h t ~ s  coas af bheir 

ppqbeen@e, Fass&ze %h d oush 42m $@aisa-T P i Z t o ~  %wuPS hay@ 

1~9% %ha saGceala%ag aavefoxm ivf%F3B a0 cantsibut&on f ~ a n  $ban 

aa t$oi;9 per$sa@$.fsy 6vrfee 6hak o f  Lhe squaace vav@ fuda- 

n e x ~ % f ; ~ l ~  Rozrae~sr, a a& 3.p&Q; inequality be@t~een the odd , a~d  

@V3% ~p%k@ ~ ' b ~ b o  ~ ~ ~ l l k t s  $3 %fi@ &pP@aFmC6 02 tit 4-00 018 

B%::L@ a w e  evsn v17h623. %Be gxrL~e8 are eqwP* 9% cswtssae=.B; 
t;$.d,s, @ ~ t 3  $0 oliminu%@ b h e f ~  iMXa~enae aldogel-her, &h@ @'hap& 
grarasor unit was a&de& whish acoamglishas this by simply 
ehcrking %he wspl j i f f e~  fop 8b8r% pe~Ag3da ' I b~~fmin~;  dust be- 
f oxbe t h e  aP$i?aranw o f  a spike and ending gus t  after4 

4- 241,- 
-*. 

*%PP~m~n*e ;  of ths @ys$~r?% @an be done @i&lne~ tvi.Z;h a 

gPtnlp@rsp d ~ ~ k b % @ ~ b @ m  ~~-t%%b2iaf~C'% O B @ % ~ ~ Q S C O ~ @  02 $he 
sej!:I7posGopG2, The fo~mor i s  nam ~ ~ [ Z O F O U ~ ~ ~  and YW~%EOB P ~ Q W  

~~:!ipBi@a.&;eB. The 31:2%"%0r is aimplo md abthouk;;h ade~ua$;e 
a yrf f la  inacemate, 
@f$h a B a b a  os@i%loseopep 
Coa~,raset all %he un% t i ~ % s ~ c s ~ c ; m , t $ , n @  sl;able acc;or&in?~ to 
Pig;'rkl, ~s~rcept $be aabXs f ~ o a  %he suppressor unit, Ran~v- 
LPG oables kf and. E P ~ @ . P ~  n@e@88a27 in o2des &s in%zwhsd.u@e the 
rssc%lbaseopa md segibacixq $ham af-ar, pszfta~x %he faifow- 
9af; blbpsrakions , 

LlCPjus.Bk tibe output t=on%rol on a;&@ square wave $ej12@3~i~-. 

t a r  t o  provide exaotly %O uo%%s peak ba p@aB as rnsao~arcid 
at; :poSlm$ 9 sa the caXPbfaf;ar uniP;, G~Stch on the Hxl'P, to 
%Be aafexxmes psompliffer an& @h8~k %he 8iae w m e  obtained 
at paint 2, Adjwt P O % @ ~ ~ . % % ~ B C ~ @ E " S  I an& 2 -80 obtain a 
sine mav@ sf' nbw% ' 35  volk;t~ pw3.c $0 peak m d  sxa~tPy $n 
pha~~es v%th $he square waveo Ohee;k the sine$ wavo a* point 

5 1% ou~ht t o  b@ abou$ 1.2 wits pa& tb3 p 6 ~ k  a d  90 de- 
Srses out of phase wItB &he wave, Othe~wise a a u a t  
PI ,andl B2 to obeafn thbs, 1% nay be nac;e;.samy %a waft a 
shaf t  ~hi2s POP %he tube to warm up an& a@%%&@ d o ~ ~ r  This 
applies kasi a91 &he phase adJus$men%s on $he sye-bems 

%$ pain% - 3 OB '$kt3 ~ @ @ ~ 8 3 r e 2 3 ~ @  pr@a::,plifie~ i s ;  ~ o m o c t o d  
w~tag; o;E~. %he refeaenoe outpu9r; s ta , : ;~ ;  and %he %a%%;.sl~ 





th~t  reference mindleg an %he mo$or, s l~ i f f ted  96 dagrees 
PPG~C~J $he i.xxpu.t.; square wave? in SLf ghf v~x~SkatSon*~ f rorn ekes@ 
vajjues -an bc compmsatsd for by .yad;iuotme3% on P1 an8 P2, 
Bhdkn %he a a p u f  ~6a2es h8~-8 been instalfed Za the a t o r m a  
bo::~~, thds can be ahe@kad by wain8 one sf %he ul~zaaea leads 

m the p ~ e ~ m p k i f f s r  %b"o aocke% 4 on %ho calibraissr -t~i&h %he 
oal:12e . k h a t  x~c.,-ould .no~a&Sy be used ks cerAmect 2% -ijo tbc 10 

ab~i  resistasxcs isz  $he a~ysta2 ~ t l x ~ e n t  grismcJr fan&, 'Purn 
o:al,!ikxx-.t;ai;.ar aolvjtGrsL f kt1l.y m%%eL~ckwkso, SttirS~&eh on E E  t o  

pleolw~-:j1PTic.af). @heck su%pu$ a% po%nt 2 3.2 a svif icicnkly 

aerr~,si k i v e  acape f s avai&8b%c a !%Zit& the ~~o%cn%ie~netcP $/:~at3& 

fuU7 c%leaci~~~kae, ~ 3 .  BQUBXO imse w i % h  sloping %opt; a ~ g d  abt~u% 
6 a3k%Bivsl'r;s pe p a  e h ~ u f d  be aB%aiaedp KiGh &he p~bcn=- 
6Aorno"be~ $0?1r~aed f-sa1:l.y an%i-@3io~kvdEse a s1SghGJ;~ Lower VOE- 
Gag;@ will b~ sk&afnod, A'h31c~ut 3 ~%il%iveaSGa 8houLd be rzvaI31.1 

able at pesin% 3, If the oallbr~brcsr B O ~ % P O B  %$ now turnsd 
alomEy y:r,2csckcfr;e I;h@ owk11uC voltag@ should drininfsl~ $0 Bero 
anbe Sneroaas a;;aia ko the f0ri2er V R ~ U @  bu% sbif.to& 3.80 ds- 

grete;s fa  phaas, ba'vr8 oa?l$B%"a.l;o~ GO~%E.C~X in %his maxiam 
peano%f;Slazras SmiGch can %kc aign~al mp1iPEer amad 

mil;cZJt absuti 3.0 ss%te peak 60 s e e  
F3 f o r  zero pM80 sMf$ w f b h  ;&P~SPC@% $D the square wave, 
1% ;,s$ouPd. Ba pasa%bks $0 iaarease Fa $0 0b.l-a$n QO volta 
pe& &i.s peak at pain$ 5 'B%--%;B&P~% dde6ta~tf on, Z3s&ues paZ&- 

brerbor contzvl zo g3.v~ abau$ osrae a;tliorovolt, Xt; should bs 
psessibXe - f a  Enaream P2 $0 @till. sbt&n BQ?I.I;B peak 

pei.:/,k t::w9tP3 t b L ~  i a p w t ,  IJovc eal%b~a$oz conbsal aEslav1;~ over 
I 

tbc/ zero psaitisn, The sine wav3 ahauld d i m i r x f  sb w d  eh=g@ 
phol.se on passage .F;h~ou~;;;h @GP~, 



8c% Xi! $a ~ i v t 2  b@%~il!~elk~ 50 mil EjO vsats p e a  .E;s peak 
avo%ts $ran tha @alib~a%oa~ Csnnnsc% gcafnti 6 

p a l  sa$gut @$age md 8~6%0h 0a Eejl*Tc to %b@ 
ka3;!332+ A d J ~ i t s %  P2 %a givs 24 vaa-e7~ RB,BjhcB, a% the n&lreo~ 
$ermiaaPaa Th@ n ~ k o r  aba'~%PB b8 gh9f~g nQ5~ tl% ~ P U X L  ~ p @ @ d *  
Twm%mg &he calibraGor ~an%ro2 g3.eg$k% *&a de@r@&ae the speed 
axel faorease S.C; &pain but 5.3~ %;he o t h @ ~  &dirsot%on, 9% should 

be psseibfe, v%%h a %i@%l@; practice, %a set P2 so %ha% 
f a % J ~ l  speed i z a  each disc?ct;%er,n can be abtraisnsd for 1nw ma 
ow%-ofdphase t foLtq~es %sasj,nL; my vaLu.@ be.kt~e@n Qi,5 arlbcro- 
903,%~ and 10 B ~ G ~ O T P A ~ I ~ ~ B ~  GExeak evsl"%age wavefsra %$;'the 
sSijinaL v i n d i n ~  on %he X & O Y B Q ~  wieh o s c i l j l o s o ~ p e ~  X% 

shr::~ulld be %n phase kFsi%h ~qaar@ waves If iG happens 
go be 84~if%eE5d 8afghd;ayP aQJua$ P3 on $he si$nat$ arzphifier 
%o crtiai_erssst@e 

R e %  ez2ib~ator a$ swe vaktta~c and nsvc %he aacfllo- 
soape @able %a3 s.ss~ke% 2 0% %k.s signal a p l i f i e r  m:Jhich shozxla 
hnvre been f@@e alJ. thfs ti@@* Rote t h e  "V"OL$&";~ md aovc 
$ha1 ~acifhoscopa %o saokeG 5 on %hs sexppressors Ca~u-iec-b 

3 am supparesaor to 2 oa m p l f f i o r .  TJi.F?h ns p&Lsss in to 
%ha szppxwssar %he v&sl%age ~h0~3 .d  Be S Q E ~ O T ~ J X ~ $  S = ; Q ~ E  %ban 

mee~,sux@d a b  2 sn tho s&gjraal ag&if%era Coaaeet khe pulse  
gcxi.era%iear to 3. on the SuppressoP m&% and so$ the pulse 

wid,%kn a% bel%j.een 40 and 60 nPcre~eeond~",sr Sv~i%ch o f f  @he 

B,.5i, to .ths pramglifices and adjust P l  and P2 oa $he sup-. 
ppc?saer 7&~i'!ti %o ob$ain as nearjly a s%ralghG .brace on ths 
ssoilloscapc as goss ib ls*  Th5.s can be done none aonven- 
i@: :k ly  by rhnc~easing the s ~ n ~ f % % r ~ * i Q  of the O B C % P ~ O B G O ~ E !  
ppcrgr~os$vc3Xy an& adJl,as"c;iag PI  andl P2 @a@h' Wac, fP a Gea- 

aft%vc d,e, a;>s@%l&oac;oyre is aas~d, a sx.a-kl dscr pgs&enr;eaX 
a%;y. bc noeicad bu+& tihis Ts of no eozzsaquez;,eeo If ti.?3k;? pre- 
amplif9~1r i s  acm ~;;wr;af.t;ched oa,  gractica311y %he acme vo%a;qe 

as a% p in% 2 on $he &%plf@$er should be ab&ainsd for a- 
bes~.% X200 nisrosocolzds of each half cyg3ew. Par %he renafn- 
%a<' 50 mfaroaecan&a th@ sflgnal s3aazkld ,;a dam 2t.o zero, 
The p d s e  delay csntrcsZ as the p%ss ;;encratcr sbou$d be 

adj.l~ated nmv t o  aesrrs$,uor %hs supprossisn p e ~ i o d s  about %he 

p ~ i ~ w t i ~ i  ~jt'10x~ %he ~ f s ~ . a X  ~ 0 L b a ; " ~ e  ohaasaa sign, AdJust P2 
a d .  P(( ai3ai.n 5s cen.1;eP tha dead ps~iod aloxn~ a vcsficai  



@x::ks 8s t;Eza$ %her@ i s  as I R U G ~  a%gn&k abeava as b a k ~ w *  w, 
fc:c every ahange o f  pulse wriakh, P2 and P$ mst be r@eS\Justed 
fo:c pmpes 9f~n%@~gfi3 0% %h@ deaf3 ges"fo8a5 B w n  w i t &  &boru% 
601 mf crsssaon8s of ae~ppresef an %he sfaa ~vd't~s a+& p o b %  5 

I 

aB.i~n&& h&~881 p ~ 8 6 % % ~ d l h r  6b8 BEU3l8 a p x f % ~ & @  68 ~ i $ h  "bhb 

sulppressor4atoplifier cable diecoanected, 
I 

3~ acnnijnsv go an %a ua%= tb@ acQual @.lgaadL ab%aSned 
f r o m  lihe cbsl;al oursent, Conneat socket 1 bn t&@ prean- 
p&:$fiss %@ %he 10 ~ @ a i s % e s r ~  Cam@c$ $be ese@;k%koacope 
&a p~ba* 2 on %;he sfgaa% zmpfkfia;r 9e:aaving -&h@ cabh fksm 

%Bets aupppesaoP wit %a2 %h@ pwgeas, Cheek %he ol%pg%~ 
sadfan abeafned 'Bs3 %u%paLw PB%@A%~QB@~%P 8x3, th8 pr8- 
ana];)E%Pis~~ 1imzifam @Lipping $kh~a& Iw ~rBt&i;saed w i t h  tha 
potentiomet;er turmed f u l l y  anti-olooW&se, niott). If tile 

e~3!3sor aimaL As ila%%aae& osae &ile%alsa& o f  the ag9&@s be2ng 
aPlkppeB, %ti aems %ha%? $;ha LCB&B $Q %%;Be XO abn ;r*oeSsCor 
mujat be $nGer~hmg@dr ~ornlect suppressor unit to tM 
m g l l & f %  m a  C ~ B O ~ K  w % t h  BQOPE a% pain$ 2 oa %ha sup- 
~FQSBOT $;a 888 i f f  tB@ @upprsss%~n is' sa3s$;&sfac%oryi, 

. ?  

O%lrile~%ise ;aipr;adaue% puXae d@P&ys pule@ af &.&;h and BL and P2 
op. %ha sapprsssor msl*, 1 3  on Blk@ a p l f f  f er ~ h ~ a 1 ~ %  no@ 
be a8,jusll;ed -eio give Less $ h a   say 40 wits i f  point;. 5 om 
%he$ rmplifisr %or d~%i&a s o a w r % ~ s  ovar a one =adan%a per- 
BosB,, I ?I$av@ @&~8e9il one rn%au%e aa a safl; sq;$sstfoa bu; 

a~%ua% %ria$@ FNLiGh %kt@ a@w % P B ~ L % ~ P  in opol@aGfsn ~3.11 
shetea @ha$ $ha esgtLawrh p&~sk$&oe chi P3e @hauX& be* gofa% 
to ranenbe2 99 $&a% %be gEan ~ 1 ~ 8 %  84 50v eaaq~h POF a E~~@;~c"vo& 

mctapracted &f%% o-ra@f 4st perf od of  8boaB PO %eo~nds no$ 
$0 ~ v e r P ~ a d  tho m ~ 1 S f f i e r ~  If a sud$@n %n %he cvs%& 
@ U I ? ~ B ~ &  0 ~ 8 ~ % 8 & & 8  m e  aap~%fi~r% tha SQWO gel1 G O ~ W  

&mafa & o w  perfad %$a$% w%bh $h@ a8a t r i rpEe~ fnesP;alPed agld 

Pa hspsra%boa ~$11 ~ixa"t~3 wba6 aaarea* s%ab%hf%~ %t baa, 
I f  f% fa  gaod, Ihe 80rv0 ~~%t@~i"t %a i t 8  ps@sanG germ e m  

be used %a obtain r@gUatisn $0 be"e;@r %baa at %housmd%h 
pax$% of tha orystat current'. If the+ etabilitg is poor, 
%her servo scnsit%v%&y nU8% b~ r ~ & ~ e s d  %n aos?reagond%ag am.- 
8WFBr %% nay h~ppelra tha t  %he gcna~s% eBabik$-i;g f s  ~.cd.o& oveP 

Xo>:kg p a ~ i  %ha% %h@re 9s a $eodcno~ $0 r ~ & @  ~ C C B B ~ B ~ ~ L  
. bf tji Jumps 

6 %ho s e ~ v o \ f l o ~ @ ~  can%r93, If this %wn@ O U ~  



&GI be $he oase, and. @f %t Pa @s$abAis&sd that otfsslsafing 
w a s  %he ZBason, %ha CUP@ @auld be to i%13.%mdaa@ &@Lared S 9 G * C q  

&.n $ha B % ~ B E ~ .  a p l % f i @ r e  Y 

P2 should now be 8c:Jtxstc& %Q obGafn the roguir@$ aofa~ 
se;12sitiviiP;y, Ths mokaat of &isto~tlria~3, fsae V Q B . % ; Q ~ ~  O;V~%&- 

abks a% pain% 5 %is $i~nes %he vclP$age regu$re& a% psiat 
6 '830 dgeve the nstoz aC Pnlkl spa@&* f U f  sbe~efcakse peas- 
$kd& .&;@ @ ~ O Q B @  Wg S @ ~ U % F O ~  s@D~%%~v&%Y $@@ B X T O ~ G ~ ~ P  0p@r&&&03'~* 

4 i s  ~ o s @ i b l @  %% o&bgua.G the X.OV@ZB 
~ 1 %  phase@ of "c;hk; "$~PI$Q~~E@ .La GVO ZLXDB 6$: '&;ha sy~&ca 

a slnple azxd 8 a ~ y  namt3rd 1x1 ad&%%ion, it grovPdes a 
@sr%.k;inuoua @.heck %$h Wp@~~a%fhon %:-,he ~ y ~ t s a ,  

8163 setiaule on *he fin@@. aF %ha weeps baa t18 vertf@a%, 
$so horPz~$a%&ll= Xiae8 Ths ln9&aoa%af, d&@%mi$a be$-v~@ea. 

that %TSQ F F E E ' $ ~ @ ~ X  kf~~188 %8 %I;$@ &@fk@~%kf;dn ~b'kant  @& 

fron a .rsol%aae at pain% 2 on B ~ G  rs;lrEsf@r@n~@ p ~ e m p % i f i @ s  
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