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.qBSTIÈACT

This i;ltesås descr'åbes l:he design and develeprienÈ of an cscj-l-l-o*

graph fo¡" use in a krigh voltage Í-rnpu.lse t,esf;i-ng sysi:em" TÞ¡e oseåIlo*

graph differs frsu t,Ïre conventional- low voLtage type å,n Èhab nc¡

arnpl"ifåcai;åo¡+ of tlre signal ås rerluår.ed" ',lftle¡Ìeîer possåb1e" i;he pros

and cons of seteraJ- d.esigns are diseussed and tlre sel.ee,oerl design i.s

Ðresentled ån def,aí1"" The fånaL overal-l design eonsåsts of, .bhree

f ive ånch ca'¿hode¡-u"ay tubes. il separabæ fuåroe-base genei,etor ,r¡håeh

hæ.s a ßr{eep speod frenn l. ùo 250 ¡n-i.ersseconds Ls pz.ovådecl for eaeh

rbube. These tliree ehai.¡¡eels are su.ppJ-åed by oommÕn pc?i€r suppltes"

??re r¡erbi"caL and horåaonàal- seaLe cal"åb¡=aÈåÕns &re obflaåned f,rcm a

sepa::at'e eaLibraÈåGs:, pÐtu?er strppJ-y and a marker generaton reapecüåvel;r.

A shr¡r't intncduebion ås imelucte<! i"n whåeh are diseussed Lhe fu¡tdamer¡üa3s

of åmpulse testån6"



PRF,FACE

The subJect of this thesÍs ie the design of an oscåÏlograph

to be used in a tr5-gh vol,;age åmpulse bestång system" Ohapter ru

ùhe åntrodueÈíon, ås år¡ci-uded üo provide a baekground on 5_mpuJ.se

testÍng. chapter rr desr:rÍbee a proposed sys{:,en üo trigger tlre

oscÍllograph üåne.åase Íit synehron5-sm wåth Lhe tri.ppÍ"ng of the årnpuJ-se

genera&or. rn ühe thård ehapÈer, the design of the oseiJ.lograph Ís
disct¿ssed ån ¿letai.L" The rnarker genenator and povrer suppües are

presenÈed in t'he fourth and f,åftÞi ehapters respeetlvely" The power

supplies arl generally nueh heavåer Èhan would l¡e r¡sed in commerciaL

equípur.ent; thÍs was mereþ a matter of, econoø¡r and convenå.ence in
usÍng e:r;lstång. avaÍrabJ.e components" since the fir¡al insta&tlon r,rflL

not be portableu weåght is cf Litül"e consequenee. ln ehapter VI v¿rrj^ous

oseå"l"ogr€Jns are presented which síniuLats+ the ryavefclrins genera'bed by an

i..npr:]se generator. The man¡¿faeturerrs clata on 'bhe c:a'blrorle*ray tube us,ed

i.r- the oseillograph is given i:r appendj_x A. Appencljx B deseråires i,hc

¡:ost'deflee*åon accei.er.at:ì.r,rr ¡::.incip.le anrå ap!:enrlix C describes the usø

of quar."tz erysùal.s in q¡seí]l-a'tor eircsúts. 'flire fi¡:e.L appendixu .rì- gåves

a pa::*åal a.nalysi.s o:l the swcíìlJ eireui.¿ ar¡ci also inckdes oscilJ-ognar¿s of

the s'r*r*ep and irnble.nlri.ng pulee vol-i:ages"

Ïhe ¿ru"¡thor wårheo Èç acJ.tnor*lerige thc assj,stance *.t' Profess(:lr

J. r'" c. Mcþlath in the desi-gri of thís oscil.i*grapir" Appz.eeiatåon j_s

aL.ç* e:dcen'--1ed to f,l:e Unir¡ersi.Ly erf l-ianj.tc¡ba for its f,j-Ììancfal. aesis*

t,ance i¡l thås project 
"
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CHAPTER T

I${TRODUCTT()I{

1"tr HïriTOhY

Thj-s osciÌlograph was designed for use in conJunction vriÈh a

high vol.bage Ímpulse generaLor Ín the Fetherstonhaugh Fligh Volta.ge

laboratory at, tbre Unive:'siÈy o.f l{anitc¡ba" Construction of the irnpu}ee

generat,or cønmeilcecÌ- in 1959 and r^ras still in progress at the tjme of

this r+rÍting" lhe designeci generator consisted cf, twenby-four st,ages

:si.th each si;age being charged to l0Ð kv thus theoretiealþ generating

ar: årcpulse of 2r&0O kv" "ihe iniÈia} objectj-ve however, was t he

eørpJ.e'eå"on ef t¡cr:Iue sta.ges" The å:apulse generaied by flhese tr:reive

sta6es ås qgs*imated to tre luLÐO lttr atrl-ovr¿ng for the Loss in amplitude

cause,$ by Èhe inherenb uau'e shapiitg resieÈers"

ïmpulae vo-l-t,age '¿ests &re very ím.portanÈ i¡ the inves$i.gation

of t,he el-ectri-eai strength¿ of el-ecÈrieal aptrraratusu espeeåatr}y power

equipnoenå suek¡ as transf+rsers. The te,sbs are eiesi6ned t,o si¡rul¿àe

lighÈriing surges whj-ch,u,.ay arÍse an tra¡rerníssÍßn l-inos or associatud

equipneen'o "

l- 
" 
? &iti_LåH-.y-0""r- Tr,qri .l"iríjrlN"q s

Very bri,ef'\r¡, Èher Þ:-16h voJ-tage Smpu)-se teatå::g aysteæ c¡¡nsi"s'i;s

Ðf, ap ixpul"se gener'å{.ëer, a voltage dividerp e hå€;li,-speed oseiS-lergraph,

a test, object and f,,råggeÌ:ing cå.rcuits" The volùage dåvåd.er is requ5sed.

to pe'oduce a l-cw volt,age repllea. e¡f, {;he j,¡nnurLse wavefoxu to i.¡e app}.i-ed,
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to the ver+"ical defl.ection sysi,ern of the oscirlo8raph. This voltage
di'vider nust h¿rve a high freque'cy response so as to reproduce the

impuJ-se wavefor¡û wiLhout an undr¿e ¡¿nount of <listortion" The oseillo-
graphu a defi-nite requirenent, ín any inpulse testing systen, ¡uakes

possible ðhe peimanenù aecurate recording of f,he transient response

of the test object Èo Èhe impulse rvavefo¡mo The lov¡ voltage r,¡avefor¡o.

obtar:red from Èhe v,aI1,age nivider (usually of u,ie order of a few

hundrecl or thousand volt,s) ís delive¡"ecl Èo .thEi oscilrograph by me;ins

o: a ien6ùh ef co-¿rxåai cabLe. unless thie cabl-e ås essenti.aliy
J'oss-l-elss and-'ie proper:Iy Èernj-natedu es'rcrr rsil.l oceur ín ï,he l:eeorel5-itg

of t'he t¡åveform d'ue t,o the a'¿teniraù.ion of 'blie v¿aveform anel ref.Ieet,iqrns

f¡=srn 'bhe u:¡rmatched te¡'rni*iatåon" 'L,"ur,]f-)' a J-en¿ç},år of raclÍo*-fseclu.enc3r

eable -i-s r:eecl end Èìiås Lrrn'i-'c,s Èhel eryor¡ j.::t¡,cduced .ho ê irej:i¡ s¡irail-

"EaJ-äe aÈ fr"equerneåes be.Ì.oi¿ $o mc rdn;-i.cå: ås s$ffiçáecat for. aåJr praetåca.L

purF,Jseso Tho tu:gth of the ca-r;ie sÈiert¿Lei. Lre no J-onger üha:t neeeðsar.y"

fiee ir'r5-6gering eårcuåts u-hàeh ar-e requårecì üo Èæip tr-re S.mpul se geriere*,eor

en¡-l- etart È3're Í;iue-"base of, Èhe oscål-iog*a.ph wål-i be di-saussec in
chaÐtÐr ïI. ¡i bl-*¡:k eliagre,.n whå,:h ehø"<s Èhc general. Iayouù af the¡

:

sysL*n is çh*lv"rì i.n fågurc J."ì."

1. 3 åfÆ_1"¡ine*æ¡¡,i¡.!:i.E_IHqüggÈiq

TÍ].e sLar¡de¿.el i¡¿pt¡}se r,*awefo¡m uæed f,or al_r t,es.bjng in Ftonüh

/hteri"aa j.e e '1.5sl.+0 a¿iero*oe*ond fuå]. ïdêîreo Tire general shape of Lhe

wave Ì.s shçrúE¿ ån fig'*re Loeo. Tbie êeÈuan ponai"i6;l of àlre wèr,eforru

genera'çed by Èhe imputrue .ge:refator ås i*auaJ-J-y nega{åve, }ioeere¡rp sçÐe
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authors present, the oscj-llograr: in such a manner ¿rs to have a positive

hravef'olyro This nray' be acconpU.she<i b;f eonnectlng the signal*carqying*

lead to the oscíLJ-ograph vert,åcal defl.ection prates so thaL a positive

signal deflects Èhe beanr downward and rrice versa. The wavefonn råses

bo pealc v'aLue in 1"5 usec and decays t,: hal.f-peak-va1ue i¡ 40 usec"

The other" standard inpulse waveforn conmonly used in lrtrorth Anerica is
Lhe prevåous l-"5xluO usec waveform which has been "chclp¡:ecrtito zero

rralue near t,he cresÈ of Lhe u"æ,t'efoxsao This second waveform j.s comnonþ

cal'led a rrcho^oped w-avctr.

1û{)Ë

?üfi

5*fi

å0É

a

./l
!_|___- ti.¡ae
Íi1 +Âê-l ut u^úJ-¿,

t- = 1"5(x,,-x.) *:."5 uaeeJ- 4 -L'
t,, * /+O u.sec

FIG[.Jit]l ']"e

STA¡lnAilD 1. 5;ç,trCI h-AV]ìFORM
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}.I+ TRÅNSFOT¿:.;]IR TÌ{PULSE TIÌSTTI.IG

The procedure for the testing of power ir¿l:sfor¡ners is presented

l:riefly .so aË to indicaie the ßeneral. rünge of s'øeep speeds required

in the design of tire oseiÌlograph"

The folloro-ing clescribes 'che trasic i:upuLse i,est for transformers;

a serj"es of, i-nrpulseg eonsisting of ¿¡ reduced full tsaveo tvro rrehopped,r'

l{¿¿ves, ayid a fuLl wave are applied in suecession to each accessible

terminal of e¿leh winding lsiüh ttre other terminaL usually grouncied.

The r"esponse of a tr"ansfortrer ¡.¡hose 'øindings are known to be sound

is ot¡t,arned w.ith ,che reduced full tryaveo The frchOpperJrr lraves ère

neant, üo steess the v¡indings wiÈh ir. rapidly chatnging volÈage ¡rnd the

ful-l wave ia Íntended to detect arçy faiJ-ures caused by thø previous

lrchoppedrt þfaveso

OsciJ-tr-ogra¡ie of 't he volt¿¿ge across the transfo¡raer tøånding

fona one ne{:hr:d of failure deteciion" Th:is net}rodu Lrou'evei:, fai}s

when onJ-y a s¡natrl" percrænLage <¡f èhe vrindir:6 is cla.magea by the isrpuJ-se,

T.'.hen a srnall- percen{:age cf l;he transf,o¡nier coil fa,il-s, a curpent

oecillogrars cletects the failure :nuclr i¡et,ter than a voltage oseilJ.clgr¿ur.

There are nanlr me'Lliods ef at¡ca:lning eurrent oscíllo8rilms; however,

cnly the neu'LraL curre¡:t, ¡net,hc.¡d vnl} be cleseribetlo AÍl expl;rn;rÈÍon of

thc neut,raL current, method wi}..l- serr,'e 'l,o illust::abe the reoui-renenf;s

of Lhe sÌt'eep genera-Lor of the oscillograph"

TF¡o aruangemeni: f,sn obtai¡i:lg cunre¡r'r" oscil-l-ogremfi by t,tte

neutral eurrenü me'Î,hcrJ ie si:cæn irr fÈgure 1,3. lJhen a¿r i-mnuk"e ip

appliel* bo one terruina.å of ¿ èra.nsformer" it ürar¡ela Èhror.igçh the eoil



e.r.Id 'bhe slrepe c¡f 'ch.e iepulser is altered as iü 'bravel-s along n-he coiL"

Smal-l- a.çcilLatoryeircui.ts crourposeci of a flelc t"urns of wire and Lheår

stray capae!-Lanees are excited near the te-rninal where the impulse

,o¡avefrorrt ås stee,oest. These osciltatíonsu pLus any rrnoisetr on tlie

rnavefront, trave-T t,hr"ough tlre serÍes capacitence to appeAr at t'lie

shunt resi-sLor" a.s a Ì¡urst Of tehasht', û few micrOseconds i-n duration,

at the begi.nning of the curren| osclllogra.rn" The series capacitanee

bet,¡een wind.ings is shown in the equi-va.1ent, cårcr.¡-it of a sÍngle phase

irarisfcr"r,rer of figure 1,1+" The bursb of lrhash'r i"s followed by a

p,sríod of low .f-'requency di.sturbances lasLång abou'b 60 micrcsecorrds

¿sh1ch a.re cauÍj,scl b;* tkre piut'ual :indu'lt¿nce beLr*een the lasil few turns

ar:d '',he r"esÌ, of f"fue winding. T.[re s]-owest clisturbance ,is c;rused Ì:y

f,ire ì:giLd-up ancl decay ojl f,l-r::c- in i:he u¡:rgnetie ci.rcui'b âncì i'b may

Jes'L severaf l¡undrecl rricl"osoconcls, Ttie last cornponent of nelrt'::al

cur¿"ei:t is *a'r¡sed i:y the riee i$ cwer'eint Ðccuring each t,ime that ù!:e

r,rc:l-taße w¿sve j-s l'efLeüted frs¡rr the grounded end. The four components

of t,Ï¡e+ netlè.l'¡*ï eur¡"enrl ane; ?ii-ßh*frequency oueiÏlationu low-free¿ttøncy

cli$t,ur'nrclces, :inclucÈive curr',eilln and refl"ections" Tt is obvi<¡tls

'Lhat dj-ffer'ter:t sleee¡l ai:ea.::ds; are necessary for the neitiral current

te*si; a fas'c s.qr€€p fcr the irÍgh*frequency indic¿¡Èion and a slar*er

ftÌÀreer-, fn:' Ì;he indl¡c'bive-euru'ent, i.ndic¿rÈion.
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2 "L lÌ'1r80!liç_T:Lo_¡r-

Tnis cha"p'cer describes the tripni-ng of the irapulse generaLcr

i.n synchronism vribh the trig¡gering of the time-Ï¡aeqr of the oscÍì'l6g¡.¿p¡.

The triggering sys'cera wae not cleeignecÌ i¡r deÈail- ho'*¡erf,€rp a descriptíon

of a possrhle nethad ís presentecì.

?"2 w

It is always advant,ageou.s to hp.ve the tir¿e-base of flhe oscilLo=

graph start Just previeus flo tne arrj.val of Lhe inrpulse to the .¡ert,ical

def,l'ection pla'bes" The two reco¿lniaed ruetilods of ¿rchieving this

control are desí¿4:¿rted as "controlledi' and truncontrolled" generat,or

tripping. Tn the for:ner method, Èhe oscillcgraph tirne-base ia tråggered

fi-rot and thÍ.s causes a. pulse ì;o be applied tc the fj-rst. ge.p of the

generator" À short delay is intrcduced be'cvee;¡ the initíation of the

tine*baae and bire applicatíon of' the oul-se bo bl;e genei'at,or gap" This

enables tl're initial changres in the i-nrpulse wave tn be clearly regü)rded

sinee ùl'le sweep has èravereed a small par'; of Lhe screen bef,ore i;he

arrival of Èhe impu3-se" In the l-aèter net'hod, the i¡apuLae generatcl

ås Èråpp,ed f,àrsù and ühe oecrLl-o6na¡rh ùirue-b¿e'e i.s ånitiated by rneans

or- a p5.ek*r,rp aerl"al frøll 'Låre eieer¿;rical dtsturbanee $o prcdueed." &:

c:rr.l'ey'to ha.ve the ti;:se:ba$e e'ba.ro¿ bejlol"e the ary'iva,.l eif the.l-iirpulee'

* Icn,gLir af co-¿i:¡j¿r] eak,le i$ ån'brolìuced bet,veen 'ch+ øw+lLløgvaph and



åhe test object" Thås cable acts go delay the i,,ptúse bo tlie ciefïeetio¡r

pl"aùes.

The si:uplest mebhod of tripp5:rg the impuLee generaton eonsÍs.bs

of settång the lowest, spark-gap to fLask¡ over aè a predeternrj-ned

cÌrarging voJ.tage" fhe stages are then eharged untiì- ÈLris ftrash-=<¡irer

occurs. I'he di,sadvanbages of this ocherne are that the accurae.y of the

chargång voltage is subject tc tk¡e vagaries of the first spark gapu

and 'bhaè the j:¡stant of the ctåscha,rge is not aceurately predåctablel"

An electricaÌ tripping eyeti¡rtt¡ overeomes the disadvantsges of

Èhe precedS:rg tnipping nothod" Thåe methd employs a f,hree*electnode

gåp ¿l's t'lte ffrsü sparlc gap" The center electrode ås gror.mded. thyough

a }arge resisianee and i:,he chaå ging voJ.tage i.s applied betv¡een the

Èt*o ouüer electr'çdes rdnich are adjus'becl to v¡ithe'ba¡qd thås volÈage hy

a suraLl Ëffiù" TÌ'¡e diseharge is eff,ected by a putse applied .Lo .bhe

eentral el"ecÈrcde"

e.3 g&ffgsÐ_t&IS@iì.Ij!Ë sY.ïTnry

The block diagram of the suggested, sysÈem:ïs shown irr fÍgure ?.tr".

It i-s suggesàed that tr¡m varåabLe deley circuiÈs be used to provÍ<ie

t'he requlred cleJ-ay rather than eì-ther of the f,r¿o preceding methgcls"

ïn ül¡ås pr"opæsed s¡retemu the ínpuJ"se genera,tor åe manue,lly bråppecl 'by

..1,É-1"-" s" Edwancls, Â_"_ 9: Husbandsu and F, R. penry" ¡¡The Deva;lop-
m.gnb and Deoi.gr of Fligh*vo1t,age Tnpurse Generators", Þe_Eqqqq*jr"l-lgs-

p. r55.
of Ttlect s, vðl" 96, parÈ J", Þfay .tr95å,
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a push button. ThÍs pursh butj.cn circu-i-try general,es a positirre pulse

rshich is feri into tr'¿o varjabl.e delay circuits" The output of crnc

delay i;riggers the time-l:ase dj-rectiy vuhile the output frorn the second

deJ-a.y is usecl as a basis for generating a high volt,age pulse t,o Lrigger

'r:he:.npulee getrerator, l,ith this meLhod it 
"'¡ould 

be possible to prorl.ieu

any d-esired de.ì-a,r ï.¡ettseen the sbar"t of the ti¡ne-base ¡¡nd the lrrpulse

w¿¡,'¿efc)l'ln" This ic palbictrli,l.ly advantageous when clr:¿rling ivith Èr.anoient,s

c.f rra.ricus duPa'ù;j-orrs. iL süa.ncÌ.¿rd 1"5x1+0 usec fLil-.l w*ùìJe woi.rlij r-equir"e

a del;r}' of ¿;.bcyt¿t 1 ,use i: bel,r+een t"he aLart of the sr.J€ep and the lda\¡e-

farr,r whereas ô rrchctnpecl.tr 'rvar¡eform rsouLd requ:Lre a clel:ry of approxixia-.L,eJ-y

0"2 usee" Ï¡r tkris pai":i*l¡lar appltcation a:fixed cielay -uvoul.ci pn"ol¡e ¿)

clefiii:Li;e cì sacìr.rantaße" one ¡¿,eilrod of obtainÍng a val.ial¡Ie tirre rielay

i.r:r r¿:.th ÈL'ie ilse of a ùappecr deì:ay line" t,iåLh'r.he tapped delay Line it
i-s. pcesibLe tc oi-''L¿in a ¡tæ-n?lel: of clifferent fixed delays" ,r EçntånrcusJ-y

r.'.a¡riab]"e cÌ.i:J-aJ'nay be obilined.'r,*:-th alåt!ìer. ¿r phanüastron ü3'plr o:î

r;ivi:t-iiL rþtr ,A uÐno,st,ab.!-e m¿t-l,Livi-bra'bor'" Ey using tr.¡o varåable riela,ye

:i'b.¡-s Eos¡çåble i:c genera{¿e a shorb as'a"eU ú}s 8, long cloJ-ay'i;hrlrs íEcreas{ng

the f1*r{r-[¡i]-ít.v oj- t]ris typu cf syatem cv'erthe sysÈem ¡rith a fåxeçl

rie.Ì"ay.

It riueh ini:r*:u"ed i¡e:-slcn af f"he three--etroct,¡:eCe g.rp rue't,l.icrJ crf

i;:,'ippiitg T;i¡,e -j-r-rjrul-se generato¡: :i.s calied the ¡tT.urigeÈjto:1,,?" Fj.garr-e 2"Ê

:i--l.l-ust,rab*s ¿i Ìt'I:Eigaüronrr ¡ga¡:, Tile iri-gh vcl.i,agc oJ..eetr.ori.: ie a splte*e

+i::l Èl¡e g'i'o.u.i'ideci iterirjs¡there Ï¡as a T¿ol-e eui; ici ib ir¡to wh.ich pr.ojects e

.)'"i" Ð. Craggw acrd J" l'f " I{eek" ¡!ågh_y_gJ&ggç:-Ieþqq-elË_oy¡' 'fe*hnique:
( I *nrJ o.* ; llu.ù'b, e :-'irãit i:s s* ier¡'¿,åf i c l'rib1ffiffinîî.iî5õf- pp " ï;j ã*,fïË$
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metel r.d" À g].ass tube is fi'cted over the rod eleeÈr,ode and is
surrounded by a netal- foi-l r¿hich is connec,ced to the grounded hemi-*

sphere" A trigger purse is appried t,o the rcd erecèrod,e, causing i;he

nain gan to Ì.rreak cror,¡n at a voJ-tage appreciüb};r louer than that, requi-red

to cause ibs break-down in the absence of f,he tripping pulse" The

function of the glass tube ia to promote corona discharge rou¡rd the rod
es this causea pi:otoÍonizat,ion in .bhe anru¡lar gap and the r.rain gep

and consequently faci-Litates their raoicl trre¿ilc-dor.,rr¡" The ,,Tri.gatron'r

ßaÞ is suggested as 'bhe besù means of tripping the impulse ger:eraùor.

ga"ounde<i elecùrocte
trO ss'¡ diam"

pile'; gap

{,,ee1 rd

meùån

ß&p

4=:
Èr$.ppårag

pta.lso

i-nauLatåo¡r

!rJ"6Þr voJ-'bage
el"er:ürocler

6leree t;rbe and grounded ba¡:d

Ftc[_rfi,n 2"2

TRTGGERF,D G/TP ÀSSE¡..IBLT
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A rnånjm',im trig,gei" pulse of 5 kv is requined by the rtrrigatrontt

flo successfuily tr5-p the irnpuJ-se generator" e sr.lggested neLh.,¡d of

gerîerati-rlg this puJ"se f¡'om the l-ow volt¿¿ge ouüput pulse of 1,he delay

ei,rcui'b ís shåûwn in fígure 2.J" The low voliage pulse fron the cielay

*Írt::uit is fed irrto a pretriggerång or cou¡:Ìing stage v¡hich generates

a posiLive JCICI volt puJ-se" This stage is j-denticaf in operatic¡n to

t^he swee¡r trÍggering eircuit sho'¡n in figure 3"5. The 300 vorÈ purse

j-s used ta i,:eígg,er the lC22 hyCrogel: thyrattron. This thyratron

generaåes a irosj-Live I lr,u' pulse across a 50 oh¡n resisÈor ruith ¿r duraLion

o,b 5 o*r=* aixl ås fect Lo'bhe'cr"5.gger elecÈrode of 'bhe'¡Trigaûron,t. The:

clåode pfev,anLs tl¿e fj !r",i' pul-se at the grid of the 5c?2 from bre:ing fed

I¡ack i¡:t* 'bh,p conl,rol cir"cuit,s,
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GÐNERAL OSCILT,CIGR.APFI CTR,C$TTRY

3"L $ffiWrau

Thís eÞrepter descråbee Èhe cåner¿:its w?¡åch arer dåreetly

assüeåated ¡råÈhthe osei.llograpir sueh as; th,a tjme-bane, unblankS.ng

puJ-seu p$sitåoilin4s ac¡d e¿rthode-ray trrbe pobentåa]" dåi"Íder cireu:its.

The genereJ- operaüåon of the <¡sei,låograph ís sh,ouzr ç¡j.th t,he airi of

Èhe bLoclc Cåagram of f:"gure J"n,

3 "e .-r$E*çArHApr==u.I..LTI4ry"

A Duir{a¡nb tgrpe I{-x068 rye.Èiro'.iß*påy t,ube, l"fních r+as desåg¡red for
hå.qh wråtång s¡:o,çds, !d&8 ehosen as the basLs for' Èhis oscåtrIograph.

The ¡aanufacùurer0e Èube daüa is given å:r Appeneifu": A and the persü_

ei"efåect'Ío::, acee.l.es'ation prr-ncåpl"e ås clescri-t¡ecL ån det,sil åri ß.ppencìiå B.

s "3 PÆipJEîeeuU#*r9ÆUËI$åJi}.{J[WÀ

Tt-lås potentj.e"L diroåcåer suppl"åes Í:þ¡e aocerler.atång poÈenf,åal- to
tÏ¡e sea:onrf anod.er as weil- aø ¡:ote.nÈÍats for the focus and båas

eleetc'edes., l[?te e:*rei¿åt' t*es deaågrred Lo sa'c5-efy t]re tuhs mas]ufactures.os

requårement,s (see llppendåx rt)., The joooo vo}tu aceeLeraÈing potent5-a].

between ÈXte eecond anode and the cabhod.e ís ïr.u"gs¡. tha¡r bt¡e neeosmerdecl

desågn vaiue (2rCIco voxfis) howeveru åt i-o süåIl below the naxÍ.num

all-oiçabie value {3r,5C,S voL**s)" T}te sjclìe¡iaêìe cic"cuit dåagran of thås

dLvider is sÌror¿¡: ån fígure J.z" The Èube vzq (6AtF) fo::nrs a clampån¡;



+ cagna,L ànput,

I

f vei-tieai i*=
| 
'aàr:enusèor 

i I@l

manken
fr€netrât,or

fntensifier
oupp-ly

¡lf,CCK DTAGIì"qE ûF THN OSCrLr,ffiR,qPFi

þ"lGijrÈu 3 
" 
L

-¿¿kv
supply

lroråzonta-l
poeltÍon

I

J

i-"-_É-ñ-"*--]
",*_l 4- å00" i*I--i:ï3-*J

.*--:=-=¡_*Þ

+luO01¡

-/nOOv

400 volt
oupply



¡i Iitltr ¡¡titi
itl!t Iiliiìiitlìt ,irtlt'¡t Iilt¡¡ !
LI-_".*"*_i

iiil
rtit

iitt
IT

tL_*"""

¡
!
it
I

I

¡

.l.'.*

I
i
I

I
I
I

!
i

l
i
i-

8.-lmee
å¡

P? * à?o""

R3 - 1"94 **g
R/. - 6?'J"

r'] - ¡ok¿
P" - l.oo"

rl - sook)
Cl - O.1 uf
i¡äg.- 5Âr5

C? - o.t ¡.{

nrl".i, *2

frora br.ight,enfn6 puire
genøi-ertor

uurblenllå¡rg ¡:rrJ-er e
"Þ>*-.*

FTGT.IIì& 3.ã

CÀTHODE-RJ\Y TUBE FOTI¡]NTTAL ÐTVIDIIR

/'a VI ? A-.
.+J

R

1o'



1.8

Eircuit æiråch Lì¡uite the positive potential of the control grid

with respect to the caÈhode to zero voLte dc. útfit,hout this

proÈeef;i-onp an 'uurblanking pulseu whose magní'bude is larger thasr 'lrhe

bias l-evel- se'[, with the intensfty adjustmenÈ Prr r+ould drive the grid

posi-t.ive" Se¡vene burnång of the eathode-ray tube sereen result¡¡

dnerr the b¡:be is operal,ed uri'L,h the conlrol- grid et a poÈential above

bhat of l;he cal,horje" 1þie resisli;or RU acts as a dropping resistor

¡,/nich reduces the drOOO volt pot.ential to .-J,J-$O voJ-ts" It shoul-d

Lræ noùecl bhaÈ the t;r'ansÍ'orrc,er T.,, mrast be insr¡-lated to opera.'be at,

¿rr0i)C) r¡olts dß"

3"1* .ÐIìFLHfiTIOIII PI¿lTf CïRüUï'fRf

Tke 6eneral" cårei'ritry' aæoce:ia+*ed itxùh tk¡e deflection pl*etes

ås $hovysl ån fågr;rey 3"3,s"nci 3"1¡" This lnchrdes the verticaT and

irc.risontal. positåoning pot'en&åals, a vertÍcal signaÏ aütenuator,

and sv¡i.teh5ng aruaalgeli4,er!ü' .

B.*l¿"rneed horåncntal poeiùåoning po'heilbial-s a.re requåred j.cl

or$er Èo lteep the a'yerage perÈerabial" t¡r¡'Lr¿een t"t¡e de.flIec'bion p]-ai;es

u":-1.q¡se tel ßero, Tltcse eq'uaJ- buit' ep¡lo*rite horls,o¡rtal posåùioning

pcbe'r:'båaJ-,s å,re appl$.ed 'bo '¿kre hc¡:'5.ttorcbal deflection pïatea freæ ühe

wiper arms of ti"le ta.n*o.u pæt,enüicae'bero Fn" ï-çr vertj-ca} defleeÈ:lonn

e"ne pLate i.s of, neeensåty g:"ounctecl l*oeause i:he transient to be eåS-s-

pla*ved ås geirei'.+i,eo;l wåth rcs¡:eeb to grouncl pot errtåalo fFåe irertj-ca.Ï-

p.*-t$.tioer:i,ing irc'L,ernt"iatr is obtaaned fr"on the poi:entåometer Pn" The

¡'esås'Læns R-= Í-n fi-gur:e 3"J are plaeed ås cJ.ose to t['le deflectir¡n plat,es



xo

as possibLe fn order !6 r;lamFr out any high frequeney oscil-l¿tions l,¡hich

¡aay occur due to the b¡¡ned eircr¿it formecl by shrurt capaciianee and

::.:,.:,.:.. lead j:fdt¡.CÈ¿ne€"

A l¡eeæ positi"on indåcaÈor is a r¡al-ua'o1e eompoxi.ent in any

oscillograph" One possible me'bhoC of obt,ai-nÍng such ar¿ åndicator is

,,,,,,,: ',,,r, wíùh the use of a simple hígh *apeda¡¡ce vaeuuru tube volüme-ber cireuit.

The po{;enè:ìal at btre vråper a¿zn of the posåt5.on-ing potentioraeter is
...:.

measured nåth this nei;er a¡rd f;he seale caåibrated t,o read Èhe beaa

pusifråon raåher than tire potenLial t:f lne ri"Lper atrm" ïre o¡re d.:Lsad-

vantage of i:his scherûe is Èhat t,he meLer scale calibration i.s true for

only a fix,ed valu.e e¡f ånte¡rsifier voltage s:Lnce the deflection sensitit"i-*y'

is depe:rdænt ozrLhe pest-defXeci;isn acceler¿¡tion pot,entiatr to a

' eer"bai.n degree" Ti:i-s i.r:ciic¿$;or is lef-L p*s a l"raL¡l.able sr.lggesåion wtrLeir

sheiuld be i¡rclud.ed if.u å.n pz:aetice, {,he üube is operated w'ith one

fïKBd value of intensÍf:ier" volta¡¡e"

.,.,,:,,,:, 
Th.e vertåcatr att"enuator ças designed to rnatch a 75 oh¡'r eo-eeial-

cab]-e ¡,rhåch transïrtùs th.e sÍ.g4nal- fron bkre vol'bage divicìer to tho
: l. - :':':, oscillograph" In figure 3"4u 10 - Itûø e¡f '¿îie input" sÍgnal-rin ten

percerrb sÈeps, Ls urede arraå-l-able by the aår"Èer¡uator whieh provides

tire oscåå3*graph vs-åth a 75 atw ånpu{" isrped,a.rrce thus n¡s'i:ctilxa.g bhe

-,,..', ,c¿bl"e to i,he oseillograpir" T"l'¡is at'oenure'bor should be pleeed as eloee

ae pæeeåbïe t* Èhe døfleetiocì plates sû aB t,o ¡ninj:nise thra strÀuflt"

capaci.t,ane ø l¡etween the w5-a'ång as-¿d Èiie gro'und. Fsåràt Þ
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3.5 Ë-l'mÐr.gIRcurE

(A) ErgUWrug

l¡nhen examånår:g or reeor'rJi-ng single 'Lra¡toÍeni;s, i'o 'le des-*"reble

to heve the 'bine-b¿rse defleclion occrli: onl-y vrh.en a transient signal

appears at the vertical def],ection systen. This s5.n6l-e sweep rei¡,rces

the Èenclency of a continuous base line to obscr¡re t,he elesired diepJ-ay"

A Linear Èi¡ne-base is not essenÈiaL provi-ded that a cal.ibil.a-i;ion

signal c€m Ìie reeorded on a caubeequenå traee" l'í; mus'b be a.ssr¡.necl

åhat the $ïreep speed reuains cr:r¡stainù fro¡rr traee *.¿o trace for .ühis

rnethocl of c¿¡LåL¡raLion to hao¡e any mean:i.ng" Tn praet"åoe, ¿¡, etepar-.b"are

fi:CIn Linee:råü¡r over t}¡e "Lnace of. up Èo thfur*y per cenÈ dr:es n<¡t pretriuc*

art u¡lcl,ue anlnur¡t of dj"f',torLion ¿lncl ean l¡e üolerahed ån ruany appJ-iceb:t*n*tr"

lJÎte ùo thre Lype o:fl ca'hh*dù1111111111111111i-T'ay tulbe useciu Í;he r,equ-år*d. r,iag¡råtlr.eå6

Ûf ühe ti*tel.*heu,e wa\efo¿t-e is co;iræårlenahrþ -Lar6er tJran 'Llrose slf tlie

ce¿¡¡r"snÈåone-L 'cubee. A 3-c-rr def.l,,*ç:ticn .g eneåÈåvåè3, iu akra3rl as;,;*aå¿:i,¿eci

t¡:th a 3a.rge a.ceei-sra'n"ång vo.Lflage eveãr iøåf;h üi:r¡ r,tse of Èha ¡roai--

defl-e,:tÍu¡rÈ accel-ere.tj-cir pråacåp].e" .ltrr mcet" aaseg ihj.$ lelq cefi*siùj.on

çensi"'cl"vii;y veectrssåêa'¿es ¡?he use ofl a ¡+iole*ba:tcl vie.leo ,"urrplíficir :iar

ve¡:bi-caI sf"6nal ar+p1å-f,1-ceùion;horæver, í:n this appliee'tÍ-cno .l,h,e nag.-

¡råta¡de of, 'eh, transåei¡ê ås s?ifiåcÍenä3y tr.ange LÌ¿at ar¡ aäêe¡lüa.bor. is
rec¡u-ircd. rat',lrer bhan a.n arnpLlt'5..er:. Tf 'she ¡vevefor¡r of, ttrre stxeep voT-f,e.ge

I*!lo 4" Prfuee and P. itan¡enliil*l" "IIne Ðesi.gn of a !.{ig}r-*Sp:eet
on*$"3.1ogn&pÈ?¡!E _"lsqEEå4-_oåË.q¿epÈ4r..Lc_J*aååmee1æ, .vaL," z'f , r?;" ,r
JuJ.y l-95$" Pæge tr!2"
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ås a råsång e¡epon€ntåaln the magnåf,ude shoutrd t¡e abouè 3u00CI vøXês

ln order &o saüåsfy the low deflection eenei-&5råty requS-renenbs and

&o ke,ep €he sweep as Llnear an poesåbJ"e"

Á, push-pulå def,leetåon sysûem åo prefera.ble in hågh quaXåty

reeordång in o¡der to keep tk¡e average potentåal between the lior$"øontal"

dsf,lset'ion pløÈes as e].CIse to uero ae poseåble, lf bhis potemüåej.

is not äero, selrere astigmatåsm er:il"} result"

The sweep epeeds nequired, rånge frour appro:rå"mate1y 1 n¡see

I,ç 25t usec for a 5 å-rùch sffi€enc

ln Èhe pFroùography cf transåent phenenenae sorrië f<¡r¡u of, bea¡o

bri.ghèenång oP bearn aonfrrol- åe' nequired so Èhat, the æIeetron t¡ean ås

on ontry for the duraèion of åhe teansåent, or aorûs other tåme whåeÏr

can be predeterraåned. ?'tråe beam ec¡n&rol prevenbs t"he eonfuaíon pyo-

dueed by a v$-sj.ble return trece CIf the beam anrÌ ís essenbåsl to avoid

film foggång. T'o imptr-ement thås beam conÈroJ.u the sr.1¡,eep cåreuj.t should

provåde a pu]-se 't'hat can be used to generate¡ an urrbf,.anking puJ.ee,

tE) SÌ@Fìr_ GHgqIt

Ths eck¡ona&ie d,lagran of the sweep es-reuåg? $-s shawn ån f,ågure 3"I"
trrÏ:en usi"ng a push*puJ"J. Èype of deffuetåonu ea¡:F¡ sweep r+aweform mus& be

fv¡ the order of å1500 volts å¡'r order to keep ùhe Èfunø--b&se eB L:insar as

poss$bX-e" Thås requåremenb, and the SacÈ &haü at, lhe kiåghest poesåble

?-[i, A" Fråme and p" Ílaven?riJ"å* oÐ, .e'å&,"
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$weep speeds, peak currents of luore Èhen ene aslpere ara requireci t,Ð

charge the stray eapacit'ances associated with the deflec'bing plabes to

trj500 vofts in tfie requisite'N;irre, can be ¡aet rnore readåþ ï:y a

'b.Ï:yratron circuit than by' ê. \i,acüüß,*tube circr¿j-{:, becauee'of lhre higher

Gurl:er¿t rating af the gas.-fil-led tube, oÈher raüings being conp;rraÌ:1e"

Á hydragen'bhyrairon (type 3Çh5) vras ueed as the ti¡ne-base swååchång

i;uhe becar¡.se of its å¡iherent, advant,;rges of lor'¡ ionizatÍon time (G.6 usec),

the s¿nal-l effect of t,erapenature variatåons, posåtive grid cor¡trol

cherac¿erir+tii:u ând r¿rnaf] flring deI,¡y, Thås tube lras a deÍonj-z*atåon

'L:L'rre of ?l ueecu bu'b thie ch.¡raeteristic is of no contsequence con*

aidoring tha'¿ the Eweep circr:i'b is nc¡'b operaterJ nep,eùåtåvely. The peak

curs"ent rai;ing af ühe 3üI'.5 j.ct 35 a¡nps zurd the maxi.nirn p1a'be vcltage is

3r00O vol,'bs. Á^ ¡ninåm¡¡m t,rigger pulse of 150 volts a,oross an imlred.ance

of 11500 ohins ås requined'Lo fire the th¡rratron" The dur"atåon of thås

putr-se should not be l-ess tlran { usee.

ïn the c-uieseent state, the capacitor c, is charged thror:gh Ruo

frr¡rn tlre 'l* lcv supply. l",hen a posiÈive trÍ_gger pulse is appJ.ioet tcr

t,he grÍd of the thyrabronu å'L rs f,ired alrcl capæeåtor C-. dischar"ged

thro'qgÏ'l il'he hyclnogen thyr"aLrorr v*, tnto''uhe trso int,egna$;ång cårcui&s,

crfi.-, altd fi,,Ro eanneet,ed êÌe'ross R" errcl R,, reepectively. T'he ¡:uah-puJ.It-J- .lr, ? -1

t",**ue--*lae,ç vellbege we,ueform åe taken ê,crrsn -i;he tso eapaeitonn tn end

c, erM å* exponeniåaI" A per::*åa1 analys*s of Èhås a;H'eep ge;ienaton ås

¡g5.rren s* appar:rcti:t D" Bq:roi¡.use of the hå6h chax"gi.ng voJ.tageu tha& ås

e*heufr "¡3 lzue onJ.y a pal*b oil t"l¡e coeaplet,e e>iponentåal- wave ie requJ:lec1

ücr mwe'*g.r 'b,lte tube" This keepe ÈÏre depa.nüure fnÐru LåneariÈ"y be}'ow
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J0 per cent. i'he res¡istoes R, and F= dlsclrarge Cr, ancl C, rtur:Ln$ the

quÍescent pericd. The ¡çanged sri+it'chån¡g of the yegisÈors as shown Í'rt

"fJ-gure 3,5 æn¿bJ-es ùhe tirne-base speed to tre varied, with.bhe values

as i'¡rcli.sat"ed, ouerb!'le z"ange cf l- t,o 2$o usee" ¡1 f,r¿¿ction of the

pcsitS.ve.-6h1ng ¡rråse generated acroÐs R, is used Lo drive a cat,hcd.e

.lol,lct¡e+:¡" r"trich p;:o"øieies an i.¡r¡bLanking pu3.se to 'bþre corltrol grå<i clf

'bhe c¿rthcd.{}..¡Êay {:ube. T'he magniflude sf thís pu}se i.s actJusted by t,lre

pc'r1+nh5-omeüer F, "

?l!:e hca+-,t¡' of '¿he 3tl¿5 is covr,ïected in'bernalJ-y 'h-o the crLth.otle .,

¿h'*c-t;he'i;i",*¡rEf'¡rrner ¡a¡¡nü ìrai¡'re an ånsuLati-on ratång o-f at l_eas-b 1r50CI

wcl-te " Ï.r or'¿'[er r)hlL"L, ùhe ¡.rosit5.ve and negatíve sw,eep rnravef'olnr nay 'be

rr:rj -!. Lie.i.,ì.ai.r*edu -Lh;is ùj'¿lnsf,c¡rrp.e¡: üiu,e'L havs a }e¡w shrurt" capacåÈanee ùe>

grút,m.dr,'bh;ai-, àe,n :Ln ùhe or"Le:r,nf åo tf., Tll a l.ç*¿ slr¡.¡:i.t, cai:ae3.t,ance

'[::¡a.nsiic:'rir':x' j,-s nni; n"rr'¿li.];,iìrJ..e j'L u'ou.l.d" i;e pos"";åb3.e to conpeiz:slabe fc*r

thi,u sh:*ar¿ c;.,rp:r*Ìtance b¡r at'kli.;l¡1 a sns.J"l.. eepacåfuor acreso lto.,

t'l'ier r:es:i-sto::"s lìu ancl" I"t, are grirì anri piate s'berppers ancr. are

nl"a,ee,l *s; c.Losle al: ¡:asisj-irlr: ie t,he gr:î.d ¿¡n'J pl_at,e r,øspeut,iv,e.L5i"

3"ri srdtÌ.liì'Ifi,I[{}r[J¿.Ttii.] c.t"ftculiç

Tki: hSrch-egaln 'Lh.yrra'f,l"o¡: used :hir the ii'ìsãËrÞ cå.re¿¿åb. t"riü'i¿:iyes ê

¡ain:;¡i"c,sr ¡:ooåùåve, t;r-':1.¡;g'rr v+;.lùa¡qe o"l" ¿50 nol.rL,$ v¡iric!-¡. sirou"Td lT.er¡s ¿,

fag'l; ;:'a.te'r cf råo+ (tn 'tlee order of 3 l"rv'lr.uçe,*) .tn s:rder to keep ¿he

fir$-ng d-e-ì,ay .cri-xtãnrlur ,el:lrci ¿s¡ ¡':eìr*l¡c€ì j$.tt,er-" TÏ:re s,æeap t:råg6eir!.;:r¡3;

*i'l'eul'í; s:i¡olr¡n ire få¿quz"* 3"6 gmir,erafles tg'¿o ::,eq'-rix.ad posiLíve +;r.$..gge:'

.f,ra¡ri a åo'cs vcrlt,a6€ trt-êge:-:ii.t"rj l¡¿r'u.r'æe ¿il;cl aiso a*t.s to ísolft,t,e r-,ire
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srdeep circuit f,rou arry pre-.tråg6erång cineuitry" It provides a

low:urpeelanee trigger pulse whieh has a rate of rise of approximately

6 kv¡/rasec, an amplåüude of 3CIo r"o}Ès and a duration of ebout 5 usec" ¡l

lovr vo-1.i.age posíbive '*x"igger of abouü 1o volf,s Ís applíed to bhe

eirer¡it i:hrcugh c*, trisgering the shield grid thyra'øron, ve? (2DeI) 
"

T.he negai;ive bÍas eontrols the anplåtude of this positåve trigger

voltage. In the quåescenÈ s'LaÈeu 'bhe capaeS.tor C, is elnrged &o

+300 v'oÞ.s ðhrough the resisüor R* fron the 3@ vott.supply. ì.,tren the

tube is fi.r'edu tì, 5-s clíscharged through the Èube and thb'resísüor nj" 
.

A pr"si,ti.ve pitlse vátil a nargnj.turie of 3ûÐ volts and a tr¡ne eonstar-lt ':i¡:r.!G'\"

o-f apprc,r:i.:na'bely nrC, ås talcen ii.er"orss R, and appJ.ied ts the ¡lJ-a'be of

vast Thi.s pos:.tåve pulse is passed ttrrou.gh ves (64u4) to the gråcr

of the h¡'dr."agen thye'atron va¡ {3ch5) in ilte eweep circuj.t," wren vn,

fåree, t;h* grid atta:Ins a potenbiaL of nearly Ìe5oo volts;thus ühe

elicrcJer, Vp*o shcul.cl have a peak i.nve¡"se voltage rating of appr,oximaf;eIy

thÍ.s fi.gure" r\s ühe cathocie of vr* ås¡ coru:ected t,o one side c¡f rhe

Lie;:,'her"o tlte fålauienù mupply reqrrtr"es to be insul"ateci adecpeai;ely fo:"

the p.ealt-eaÈÏiode voltage (l-r500 vort,s). Jtr ceri:,ain por"tion of 'uhe

pcsitit'er pu-1n* at f.,he g:r"ief. of v?5 øi.ål be f,ed baerc through vru due

tsl bllev c¿¡.*hoder üer ¡llafre capacS-'Ë;ance (8.5 pf). The eapacitor c, con-

nect,eci. &erûco flhe pl.ate of v"r* shLrJxgs ühås posi"'Live puLse äo gnouneÌ"

'i'.È¿e tuþ,n 1il'2ú (6/t{.lJ¿) wa.s ehose,n for å.{¿n peak*:iuaver$e l'oLÈage rab$c¡g

as v¡*il a'o.f,$s'at,Lq abi:!-å'Uy to Ìrarxll-e ].arge ¡¡ea( eurrerrüs. 'Ihe preelænce

of F,o ås a pr''aei;åee r"oe,ommendectr l,:;, t"he tube menu-fae&unee whåch LLsults

arr¡r branuiecr'å; scree& er¿pren'L bc a eafc¿ walue. T?¿o resåsÈor R, aet,s ùo

' ff;ni.t {i;}ie grid etl.rrent wh¡åe;h ås requ!,r*eel to etras"ge ùbe gr.i.el *+ aaÈl¡adre

e;:paclåÍ;asrcle.
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3 "'I I'INBIJINKTHG PUISN CTROUTT

.,\s state<i previously ir¡ sectic¡n 3"54n it is desj"rable thab the

eurren'1, in the eleetron bea,"n cf the cathode:ray Í;ube have a mæ<i.¡rum

val-ue only durÍ.ng the actual" ti¡ae of the sr,reep. This pract"åce prevents

dornage to the cathode*ray i;ube sereen as u¿ell as .facilltaüing the

record,ing of hi.gh-s'oeed single transients" This eontrol of the e-lacLron

bea¡r i.s achieved in practåce Lry 'bhe application of a negative pulse

to ti¡e eathode or a posi-Live pulse to the cor¡tc.ol grid, either of

eirieh ehould ha.ve ¿r duyatiorr equal to Èhaf, of 'bhe ti-rne aweep3" I.i; ås

esnetinnes eonver¿l,ent to obtain sueh a pulse by di:ff,erenl,rah,ång i:ire

t:L¡ae sweep voltage but such a pnoeedure taay :"es¡¡l"t j.n the early part, of

the signal being l"ost at, hågh sweep epeeds (tnat is l-ese than i usee)

beeat¡se of ühe j::ï'le¡.ent tåiae derlay in i;he Ì:ri.ght,ening pulse aarplåfierlt"

Á*l-ternatel;¡u 'bhe tÍnø sv¡eep m.ey be traggered fror¡ the bråghtening pulse

amplåfåer'" Thie latter' e.ppyoach may har¡e a serious diaadvantage in

that an undue delay i¡: the operalåon of l.he üfu¿e*.base rnay reault i_n

baekgrounC illumination rEj.t h a corresponding recluction in c¡vera}l eçn--

t,rsst"

fn the design of, th$-s skreep ci-rcu-1t, the forner methcd of

obÈaånl*g a hnåghtening or unbl-ar¡king puX-se -srâs rised primarily becau.se

?
'D" f¿o Iia.rdyu 8., Jaeksonn and ß" Feånberg" t¡The Repor,di-ng of Hår",Ìr

Speed SingJ-e -S&rcke ElecürieaJ- TranaienL&tru F}SÉr:ggij_l-f¿tgå*ggå,iðå,
r"ol" 28, Lg56u elan" p.E azld Fe[r" p"f$"

I,-Ð. R" Hardy. rrA I'lå.gil Speed, TransienÐ llecorder¿¡, 4qg4.r]¿¡.!_gå
Þqåe.gtÈåf-ic Ingür_Went$, vol, ?$, no. E, Au6ç. tr95?, p" ?/+1.

Ã
'Ho ,!o Pråne and P" flavenhil3., 3_gg" g+lr"
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the fastest sweep speed of interest was .1 usec" A cathode follower,

rather than ¿rn ar,rplifier, was used as the brightening çulse general,or"

Ttre use of the caLhode foLlo'.+er in place of i;he ¡?ope conventionaL

purse amplÍfíer has the ¡ueri-t of saving approxj-rnltely 60 ma, since it

takes virtuaJ-ly nÐ current in 't,he quiescent condition whereas an anp:

lifåer woulcl be biaseci 'ronr'" The high input, impectance (low ínput

capacåtance) of the cathode foLlogser has a negligible loading effecf,

on the sweep generator" 'fhe schølatåc eåreuj.L diagriun of the untrlankång

pulse generator is shoun J-n fågure J."1.

Tlre tube YZ6 blL?il :.s a trioce-cor¡nec+-ed .vrentode which f,eatures

low lnput' ancì orrtprrt capa,eitances and e, :"elatíve1y hisÞr qr" A f¡rac$;åon

of the dåffenen'biated poei'bive-"go5.ng BweeF| '¡rave.forït that Ís genenated

aeross Ra in figure 1.5 is feci into V*, v5-a C* ån fÍgr¡re 3.?" The gråd

leak resåstor IIU is eonneeted t;o a åap on'¿he eathode resistor, Ra-%å

t?¡e hiaa volüa8e app*earíng across R' The output vol*age is èake¡i

from the cathc¡de of Vr, and app)-:i-ed to the contnol grid of the cathode:

a"ay tube via t,he blocking capac:ttor C?,

fn Lhe qniescent st,ateu tï¡e cathode-ray tube el-ectron bean ls

cut aff due to the negative bias appì.:ied to the ccntrol gríd by Lhe

intensity edjust-ment" Ai lihe start of the sweep, the brightening

puJ-se dr5.ves the sontrol grid f;o zero bias thus rurbi-anking the electron

beåm" The duration of the bråghi;ening pulse is equal to the duratåc¡n of

Èhe sweep wavefor¡n. one oscil}ognau ås preoented ín appendix D vhich

åll,ueÈa"ates tho r"e.IaÈive shape of the brightening pulse to the sws€p

**avefsnn sver the duratåon of interest and ano,Lher v¡hicfi ahowe 'bhe

ovena.ll" nhape of both çmveforras"
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TPm-tsfrSE CALTBRATIOì\¡

i+"L I_NTROÐUCTtqÌ{

This chapter describes

an osciLlograph ùirne-base and

method of calibration"

!+.2 Wr_riqp _-0L c.4r_Iuli4ltl-oë

'bhe various ¡reihods of calibraÈing

presents the design cf the chosen

(A) .r_riEr,råI'ry"JqryT4.Ts.

Ïntensity n¡odr,¡åat'iorr o.t" trrå¿1hü-dark rqodula*,ion i-s one mebhod

o.f caLibratíng a Èj-rteJÞase and was consicl.ered Ín th* design of thj-m

oscillograph" In'aenså'ey nrodul-ati-on eonsisâs of anplying a signa]. o.f

kno;+n .frequencyo tr.suaåJ"y a seri-e;s of nanrow ne6aÈJ.ve purses, to the

conüro1 gråti of 'Lhe c¿thod€-l'ð{y buì¡e. The electron bea¡n fs eut off
fsr the d.uratíon of the negative Fulse thus pr"odueing a dark spot

or-¡ i;he sere€aì of the fJ-ube. For ei+eæp æpeeds å¡r the order of a

micr"c¡seeond, j-nüensiLS' ¡sc{l*Ìa'bion r"equfr.es a shont negative pul_sa;

ån the srder of a r¡f.lfu¡r¿eroeeeonel: ùhus Ínbensåty nrodr¡latior¡ .Ë{¿ìs

¿:er¡rsl-de¿"orJ nct ¡lrar:ticaJ". l;ur.Èheru e pulse r"epetåtÍon freql.leneff, fu

the order of a. megaeycåe" t:au1d ìre røquired" ,i eerÈai¡r los.s of deèaål_

i¡¡ the is¡.f,or';netåon di"splayed. is inher"enù i¡r íntensii;y rccxlulaf,ion

methsls" J:¡{reneiÈ;r med.nlabåon, as a rfteans of tiue*base ca}ib¡.aüion

for ùiris ascilì-ographo wau reJecterl becauoe of f,oregcing clåsadvaraüages"

li; ås monÈ sati-afactory uhen u,¿secÌ on a tj-r¿e:baøe lsir-i-ch is ner+rly

Xånear,a¡¡cl irs of, rele.Èiveþ alerw speêd.
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(B) Trl"irNG $IG¡TAå

The second means of calibration considered consiste of a'bi¡re-

base marker voltage applied directly to the vertical deflection plates.

l{hen this methcd is u-sed in the calibraùion of a 'Liue-base t}re 
"ravefo¡m

of interest is recorded on cne trace and the tirnåstg +¡aveforn on a subse-

quent trace" Ttris method was choaen because of its si:npIícity and also

because there 'sere real]y no eerious disadvani:ages associated wit,h it,s

usee ap4rü from the fact that '¿he üirning ¡sar¡eform does occupy a certain

portåon of the avail-abLe screen area. Theoret,ical)-y, any s$teep speed

nay be cal-ib¡"ated by i;his met,had while the {n'bensåty moCulation nethod

j-s onJ.y applicable for sloÌ.*er stüeep speeds"

Tt¡e r"raveehape of 'bhe caJ.i-brating si¡¡neJ" ås j*uaaterial provåcled

thab ilis frequency is known. In hígh-vollage i-mpulse testing ib is

ccnìnên practi.ce to r¡se e ,si-nu,eoid as a ti-ulng wavefovrn for the oscifk¡-

graph. ft was decided {:o use a såne r'rave becåuse the extr¿r circuåtry

.'rn"¡olvecl'Lo ob-bain shcri, i:r-ll-ses orrrpipsrrto reduce'che sereen area

r,rsecl by i:he r¿arker voltag,e r,*r¡s consj-dered not to i:e justified.

l+.3 W

(A) [i&gro
The require¡nents of the narl(er generaüor orl tir,e-trase calibraf,ion

vo}-Large 6enerator are åÍ.{ foll-ews r th* defl-eetíon sensitivit"y of the

caùhode-ray tube i"s about, l¡0 vol'[:n dc per lneh per kiltlvo]t of p're-
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clef,l-ection accelerat'ing potential; thus the outprat from any narker

g,anerator m¡¡st have a peak-to*peak anplitude of ¿È least I00 volÈs"

füe frequency range necessaiy is fræ 25 kc to 10 nrc ¿rncl the freq-

uencies necessary to cover this range satisfactorily axe$ 2J kcn 5O ke,

100 kc, 2CÐ kc¡ 500 kc, I mcu 2 ma, 5 mc, and ì0 nc" It is important

that the time-b¿rse c¿¡.lÍbr¡¿tion be as ac.:r¡r:rt,e as pcssible; thus the

frequency stability of Lhe generator rnust be highr"

(ts) sEIHAlq

There are many posoible meanË of obtaining a marker vo1ta.6e"

Floi*ever, only tr'rc ¡nethour¡ r.rere seríor.lsly consid.ered in this clesign"

ûne methccÌ i,.ppl.les the si-npJ-e riqqing circuiÈ r.¡hich i.s cor,rmonS-y used

as a ran6e ree¿rsuring circnit' in rad¡tr sets" The basie cincuit is shoun

i"n fígure 4"J-" The tr"iocle tul¡e ås normally cond.ucting l*ith tr steady

current Ïo_o fJ-owång through th.e tr¡be and indueÈence. at tine ty a

nega&ive gerÈe Í-s app3-:lecl to the ci"reuiÈ whieh drives the tube i"nÈo

cui: aff a.nd causes ",,he te,nk eircuit to oecillate al, a frer-iuency of

VTT\ 4lñ, eycles per eeeond. theox.q:tica11y, i*he inÍùi.at anplåtr:de

of oseållation is Z.Io;{-I*frJ uoåts ¡,'eak.-Ëo-peak" If a high e coil i-s

usæd, au ou'bpnt whose aarptriÈi-lde is faår"þ consÈant is obüainedu prcvid.ed

ÈhaL tlte ga'be duration ås no'c rnone than ten Èårnes the per-teri of'oeei-}ì-ation"

Á't tine t2, thc negatí3¡e.gate cease$, Lhe tube conclucts, an'l a ner+

oseillafrion is s'Larteu but sinee ükre eqr.livalenü resístance of öhe

eonrluer-år!¡1 l;ube æhunts Èhe tanlr circuåLo thås oseåil-atåo¡r ie quick]-y

dai,r-ped.
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Iì:.t!ü:iNG tiÌìtiritf
'.1ïre cine ¿.:,cir¿¿r.:y.;sj$c c:f t?ris cåy'c;r:å.L, ie iüs sinuç;oj-da} c.utput

rv¡l'¡c'se am;o.ì..ÈL,uele $¿l-bis:i'å*s the ainpli'critie si:ec:Lf:i-ca'Lå*¡r.. Iìcr*evern the:"e

,,j;:*e ¡û¡j?.e cì.!-sad.'r.¡¿¿ni;åÈe$o Ti:c j:':"cqrrencJ¡ Ðj: c:;:c:li-i;rtiq:n j-s; r.;nly as E;habÏe

;t's t'kle ei-ømen'tr¡ i^¡-l +¿!te -Uun¿rcl ci¡'*tút . j1"r¡<y{:lre;.ç' Cis;rcît¡æ..æLage år 'u'i:re

:*eqi-r'irerren',r cf a r¡;r'i;þ6 gene::a,.tor" r.û::l+¡h :is Èr:.¡lgei.od é.*L the hagi-*n::tg

o,.'i ti"¡e ßvieepc lfhe arrrp-t.:!"'Uitcle o.f 'bhås g'ata i:.r¿t-rref{r!'ril ¡¡uç.L be -Ìe.ege* .bhatr

'i;hr.r peait rr¡al.t:e ofl'th.<-: oui;put.;'ul-t,*ge of .{:he r,:'l-*Ei:lg cj-rr:uit:iir o¡:de:r.

Ì:: k+:a:*l Èh.e Lu.l>e i¡:: 'bire ¿rL'i; e-ifÌ rc;¿1:î-c* uf *per;r{:ioi:., ã,lr,e cìec:¡eåðrìe :in

arupì--*i.lt':cr.e olî i,he +tiLpuli; ås an*"bher wrd-esf:.a.Ìl-1-.e rrrr-a,J-:l-i3r 6g the cj-rauit.

I-it3-'.'ri;-v's.;rs a nega'Lj-ve .z'csj-stecic¡¡ osc.j-Lla'bor" cor.*l.d be ugeo:. al-,.*ng rrjr-ti1 .i:,he

:*i-ri¡-;5*t:g t¡¡-¡:le ciyeuj-i: 'i:r: rtr,:d,u*æ ascåL.i.a""i;:ic.,.irs ,".'f cç:re.i:ant *nipi:i.,cudr:" Tne

,pr)l{er t::.e.nç-lerr.ed 'l:i} båie ia¡d< c:ir"ei¡åt fi:¿l,ia .b}ie ¿rg;eå13.a.t,c¡r cf:fsei;ç¡ .Lhe:

l,esst;e in t,iie üa¡:lc ej-l'c¿:.'b clae 'bo 'Lt¡e È.ssûri*,ted :*esj-s-L,e,s?ces ay¡cl i:h¿;i¡.¡
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makes the oscilLations conti.nue hriÈh,undiminisheci arnplitude" Álthough

Èïre basie circuit is fa5rþ s5mpleu this nethod of marker voltage

genenabion $as rejected because of the foregoing disadvant¿.rgeso

Tne seoond marker generator eonsidered uses a stand¿¿rct oscÍ}]ator

as the basie cÍrcuiL. the sÈandarci oscåliator has a constant output,

req.uires no gating generator, and, if ít is crystal conLroLred, then 
.

the frequency stability is greut,ly irnproved (see appendix c). This

circu-i,t possesses none of the disadvantages of the rínging circuit"
various harnonics of this oscillator frequency rrere obtained v¡.ith

frequency nultiplying circuits and subt¡a¡rnonÍcs Ìúith si¡rusoÍdal frequency

divS.ding circuj.ts. 'rheoretically, i-t is possible to generate any

harmonic or subharrnonic of l;he stanriard osciLlator fnequency. The

standard oscillator TrêE deoi¡lned to operate aü a fnequency withÍn

the desired frequency range"

!+ 
" 
t+ ÞJuuÞqÏq4! Ð8ryüJEgcJ._S$Ðtpffiq&Þ 4$q_prv¿gErË

(/i,) sf,NUSo].0,I1, FHESI]I'IqCT T"IULTTPLTF^R

Fneqteency nutrtipåying cåreuibe were used i¡¡ the marker generaüon

i.n oncåer üo obüai-n frequeneies higher thr¿n the st,andard oeeå)-].aÈor

f:requeney"

TT¿e lwo easenÈåal-s of frequeney nutrtipLying are; the generaüåon

of a çraireform uùich i-s aynchcor'¡i-øed trith the inp+rt ¿rnd eontairrs ühe

d.e"¡irecå lrarnonic of the i¡rnuÈ freqieency anciu the selection o.f thø

dosired. harmonj.c wj-tbs ¿ fåLLer" I{asnonåc generation eor¡sis{,s clf app}ying

a si.ne wave to a døwice wåtla a nonl-ine¿r êr¿r¡sfer function so as Èo
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generate å n@nsåru.rsoådaL output contaåni¡g harmonlcs of Èhe ånpub"

TTrree cgnm@n hazaonÍe generatång devåces are diodes, Íron:core

inductancee and nonLånear amplifiers, fr¡e class c anpx.åfåer ls the

¡aost f,Lexible and praetåcer of ttre *hree f,or the present purpos{ê"

rf a pentode arnplifier tube ís used *ri.th a Sarge båas and a

J.arge gråd driveu the puLse of plate current, is nearly rectangular.

Ïf Ï is Èhe peak r¡slue of the asstrned squere pu3.se of eument sbartång

at -c+, and eRding at +d* a¡rci tf fo ås the input freqreenc¡ru ùhen tÞre

plaùe current, i(t) can be shown by a Fouråer ,{narysis to be

i
-1i(¿J = etl +_-! sln4.cos ZøJ-b * ooo + sln B-cos ãflnf-tl

Læ 
o nïE- ---"*@-[

Fron the prerrious foruauJ-au the cr¡ment of ùhe nth hamlcnåe is

i"n(t') = 2lqåg r€cos Zfffot

The value of i*({:) is ma}ríreun rshen sin nÅ * Iu thus if 6*" :l.s contro}led

bhen the maxÍrnr¡n value of any haruonåc can l¡e generated" Horr¡ever, Lhe

a,rnpLitude of the ,rth h**ronic is zL This åndicates the dl,ffåculty
invo'}vr¡d in generatíng large outputs of a high Frarraonåc,

The output voltage of, the firter of Èhe ,rÈh hu*,rnåc ås

vrr(t) = 4=Tgån n*-cos(?ffr.t + Á,r8 g(nf@)) 
" t z(r,rr)[

nff t,

i'Jhere Z(nf,o) is the transf.er fi¡nctfon of Èhe fÍIter" ?he most deeårable

firter is one havi.ng a large impdance at the nth h*u*ornåe and zero

5-npedance at aL1 o$her frequencies"
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Thås requirement, can be net by arçr type of bandpass fåIter
howe\retru åhe olmpre l,c ti:ned circuÈt is the most c@monþ used fi_lÈer;

in frequeney mul-tÍplåern" Th*s I,0 fåLter ia used as a Loact impedanee

.for the class c aanpi-ifler aB ehor,rn ån fågrri:e 4.3, ühe irapedanee krej"ng

maxfunu¡a at tt¡e nth h*"*o*'L*" l'igure l+"2 j.lrus&rates an idealized

paral1eJ. resonant eirctuit" It is ar¡aumecl that the shunt resis&anee

R represent,s ¿11 Lhe loaees Ín the eíreu-1t" It can be shorv¡r èha'i, ilre

fmpedance c'r13 the cireui-t $-n figure /+-2 has a maxj:num val¡.¡e at the

reeonanb frequencyu Èhat is when

T:fo * f,o ,= 3,,1ã1ffii

f'Ð thås ;lrequeney the paralLel lJ ec¡rhigraüion offers an iErfånite

impoclanee to the å¡pr¿t asrd i:he ::esul'biri,6 inp.ecrance ås Juet, equål È<¡ R.

R represents all_ Loeses :ln
th.e circuit

L is t,he ånducÈar¡ce of a
h5.gh Q coiJ-

C represents the canacåtance
of the capacåt,or .'i"r:rming the
t,e¡rk e:ì.reuj-L

FTGUftE 4-"2

ÏDEALTUffiD Fr$i.{lJEL RnSOilA}JT CIRoUTT
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The airapJ.itude

borhod of, resonance

the 5-mpecìance

glven by

aÈ a f,r"equency f in the neigh-

If Èi¡e onJg requi.nement of thc¡ outpuä wavefo:a ås thaÈ ib be sinusoidal-o

then the resor¡anf cårcuit should have a hågh value of Q as shoun in

*he above equation"

The basic muLt,iplier eÍreuit j-s shown in fLgure /+,3, A hågh

fo nentoOe is the most suí{:abl-e tube for a frequency mutrtiplier cfrcuit"

Triodes eoìåId be ueeci bu.L theår higiier cutoff voltage and Lower plate

resåstance make theu less *ffi.eient as a nuli;iplier ""u.be" Sånce the

'bube pl-ate ¡"eej-sta¡lce sh¿u¡üs tho 'ba¡¡k cireuit r-tiren t,he tube is eonductingu

a l-or,r plate resist,a¡rcel, sr"rch ae in a i;riode, has an ad,r,nerse effeet on

i;he ef,f,ec'cíve Q of tk¿e ciret¡i{," The tnåode ttabeu because of if"s }arg¡e:e

cut of,f soitasea requåreo e p,r¡.eh Iæ-rger gråd ctrive than the pentode

tube for suecessfui operai.i"on. The eireuít in figuret l+"3 requires an

5:'ipuü "oftieh ås mr¡ch S.arger than the eut off voJ-X;age of the tut¡e. ?he

bypaoseC eathad.e res:-e'b,or is i-nefiåded as a r'rearrs of proteeÈÍng ùihe tube

i:r caee the grid drive f,aåIe " The sereen pobent,àal rnay ì:e used as a

rneans of ecntrol}ir:g the e:utpu-È ampJ-t&ude eepeeia,liy if attenuation ås

cïøsi-red" Trie grid-Ieak båae ås æeL.f regrrl.aÈ:-ug and consequentXyu t"he

båas a'*teiaaèàcall;r üende 'bo a,eïJust åÈceLf tCI the peak value of' 'ehe gri.eÈ

driveu th,erefi;¡ e$åminefrÍng the ¡reed. for a cråtiea} edJusüæent of, f,þrc

exeiüaÈåcn voÌ'bage. TÌ$-e meühod of, obbalslíng g::åcl l¡ilas ås ofåen n¡sed

of

is

r + 82(f_ -
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ån oscil"L¿rtors and r-f, eraplifåers " The positive portion of the inconing

signäl inii:ially rai.sos the grid to a potenti.al which is pcsiti.r¡e '+rith

respeet to i;]'ie cathocle, causin6 grid current to flow a*rich chargee the

eor.ipHng +a3:acitor Co. The dåecharge of C* through Rn is made rrery

nearlSr consta¡rt b;¡ making the 'Líne constant CoRu J.cng conpared èo the

¡:er:Lcd hetween ttre posítive peaks of the Ínput vravefor&. l"u¡hen R* io

made J"argeu suffåcient biaa vrfl"L be develloped eo that grid currenjL wål-L

flow onLy durÍng the most posi'båve peak of the inconiing signal"

?he¡ 1.,Ç tanlc ei.reuit ís Èu¡red t.o Èhe desired harmonåc of the/
f.nput signal and the ouùput :Ì-s taken frerin t,he plate of, ùhe rnult,ip}åer

t ritrel "

FTGlJnn ¿t.3

BA-SIC },ÍUÍ-JTÏPI,IER CTRCUTT
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(B) äI$ggo-tU¡!-A'Enqr{Ut-c_y qwuluä

F:'equerrcy divåding eireuits were usecl ih the m¿*ker geirer.rto,r

to generate frequencies belorv the standard oscillatox" f¡gr-luenef" The

frequeney divider i-s as¡a]6gor"rs to a nultiplier i-n that, a synchronj.aed

r+aveform musL be generaf:ed which ås rich ir: the desi-reci subharmonic 
"

The desired frequency mirst be selected frour the waveforu, r¡ith a filter.

There are maJl]f methr.¡rls of g¡eneratÍng subharmonics of a conbrol

frequency" Ilor'¡everu thtl r¡rore pra-e&ie¿rl methods aonsist, of s¡mchron-

åsafiícn of oscíllators; the osc:Lllator frequency being the des¡.red

frequerrcy ai:cl the eynchronizirrg -t"requency being the control frer¡rrency'"

There are iv¡o t¡rpes of oeeillators useclç-regenerative and rel¿y,aLion

oecålJ-aLors" Tile regener¿¿ti.'re oecå-l-lator h¿rs good frequency ntabi,lity

Llut, s¡mcl¡ronj-zatian sonqeLiJuÐs presents probJ-ens" TLre relaxaÈion

oseå}}ator is v"elatirrsLy u¡rstabLe in frequeney but i-s mu,eh easi"er bo

sSrnehronize. A third t;rpe of divi.der operates regenera'cively end also

includ.as meCu.Iation ¿¡nC fr,equency rnul'b5-pJ-ying cårcilits.

f1¡ç Lypeo oS .froqueineSr d$"rlå<i.@rs wetre co¡lsådered i.¡l 'bhe desågn of

l,he nerker genera'bortE a sprnclir*nizeei rel-a¡r.eÈåo¡r oscil-la.ior anci a

di¡rüder us:ln¡g regene::a.tion anc{ no¿lu-la{:iær¡" Trle b3.oek diagra::a of the

l"abller rneth*d is sho+¡n .irr f,5.6¡""u:e åoi, e4d a posoible eirc¡¡it is preeentecl

5.e gi gur"e &.5.
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BHIüI{ DIÂGiÈri${ OF A FnEQUF,iVCIy DÏUTDTÌR

3n figue'e /.r"5, the eoirt¡"ol .frequency f ie -fecl. into the f,rr-st

gråd of the n:odlrlatrlr t"¿be whose plate is eonneeted.t;o t,he \C, t.,¡ned

cåz"euåb which le tu¡¡ed Í:o f./n. rÈ is aegumeel that, a. frerluency frln

ezcå.st's at' èhe outp'o¡t of Lr0r. 'rhås sf"gnal -Ì.s appJ-ied to the outpu.il

arnplifíer and atso to Èha gråd af, 'the frequer-rcf mèrtrtå.plying genetra.bor"

This harnonic gene!:ator ¡ruÏùiplies thre i:rpuü frequency f /n by s¡-r ,ehus

praducång esr cut,pùeù r:t/n" Thi.s frequencye selesùed by the L*c, tuured

cÍx'cuit"u i-s Í*rpressed on the thirci grid of lhe ynodu'laLor tul>e throrigh

C3. ln the n*clulai;os" tuÌ¡er. in'ðerradulaüior¡ bet¡uee¡:¡ this cornponent, and

the orågi*naÏ i-nptat fx'eqtreäey produces t,h.e su¡n and df-fference frequencíesu

ttiat' is itf-f in a*rd f/n" Tire fåLüer" hCf sel"ect,s the l-abêe:: freq",**."" t'",'GË;ii>\
""-" "-"f, o 

r, 
" 

* r. * 
"'o")"øh¿eh "*3s &sstraed to re¡e'!.st," 'iÏ¡åe cii"cuit, once sbarted, ås setrf- \k*l-r__gjþr1,

eusÈeåmi.ng" :
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fhe second t'ype of, frequency divider considered .consists of a

s¡mehroni.zed rel-¿¡xati-on oscillator, 'fhe t¡rye of relaxation oscÍIlator

sonsådered vras an astable ¡nultÍvibrat,or as shov¡n in figure À.6" The

e¡meh.roni-øíng sigraS i.s app]:ied to the grid of the first tube anci the

outpuü talcen fran 'she pI;-"te of the second tube. The output frmr an

astable mult'ivibrator is b:rsicaÌly ¿r 6qìraj:e nave r*hich contains v€ry

sn¿rll amorrntç of even h;-trr¡onic's. Ii is quito a simFle matter to selecÈ

tþre f,i¡ndarsentaL f'requency of the ¡aultivibrator output w"ith a fåIter:"

The f,ilter consíderecl læ.s a elass C tunplifler" T?re multivibrator out,p6è

5-s userl- as ùhe grici drive ¿rnd the tank circui-t tuned to select the

ft¡r¡clamente'"l of the grid exci-tation"

Tirere ¿ire certain dis¿ldvantages to the use of relaxatåon oscil-
l-aüo¡'s as ¿¡ method of, freqtrency clivision" ReLaxation oscil-latars are

Li:nited tc al¡ouð 1 mc at u'hich frequency Èhey are difficuìù í:o syn-

chronløe" T?iey continue to give an out¡ru{, in the absence of a3.1. eyn-

chrçnj-z¿.1ùion" rf t,oc iarge ¿l division ís atter,npt,ed in one st,epn then

'blie $sei1laÈor nay get out of s¡mchronism due to tube ag¡ing anci

cl't*nges i-n supply'¿rol'oages anCl. paraneÈer vaLues" Ttre onl¡, disadwanüage

of tTre f,i::si; type of cìir'Íder described is iÈs reLative eomplerlty" çr¡e

velry good. characteristi"e of, 'che first type isrÈtaat ån the abeenee¡ of

a sg'ncÏ:r"orTåzån6 sig¡a),, 'bhe ouèpuÈ ceaseso

the rela.lla'cåsn oecil,lator 'úype of clivicler Ìras ehosen eÊråef1y

heea.¡¡se of, i.'be si-np15.cÍ,ty" The dåvision was kept, to a factsr of two;

th.us there ülä.s no rJanger of the oscåLl.aùor geÈ'b,ing or¡8 of sSmchrenicn"

Tire ireqriec¡eies requ-trecÈ fron. tlae di:eiclers ¡+ere below lOCI kc" Tht¿s no

dfffÍ.euJ.Èy r#s ener:)untened ån the ¡nulåivåbnator Sesign" The only renai.ning



IÉ'
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dåaaduantage ì^Ists the f,act that there nright be an outpr.lt even S$ tf¡e

&bsence of 'blie syn*i'rronå*ång sågma}" However, i¡¡ thi.s appltcatj-orr,

Èhis faet i.s rea}3.y ntË a rdisad¡rantage because if 'bhe syncirronåuí:rg

sígnal ís noi; available tio the dåvi-der ühen the oscilLatbr" frequenc;r

i.s e3,so u'nar¡aåÏable ae a rnarlcer. wavef¡:rm.

%b

T

FJGURfi 4"6

F"E]..4X/{TTON OSCTTilTOJT FREQU}TJCY ÐTVTDEB

/,.o 5 piå"c-eJEr,ïgi"gJLffiÆJ..riHg ¡¡_{EruE_ËEWW:g&

T'he t¡L,ock cJ.iagrarn of the rna.r'ker ¡generator j-s shor"m in fi.gr¡ne,l..?"

t'i'te lÛCI ke eryoùaJ- r.:o:tüy'ul].leeL c¡scÈllator drityes a frequeney doubJ-ee

¿nd a fnequenr:¡i quinüuplero thus generating ÈFre rec¡uåred" frequencåes

#ær3 Lræ ke, äCÐ kc, and 50CI kc" The ICICI lcc oscå11-a.bc,:' aLso

p'r*åt:ees the sgtraharcnåzång sÍçla1 for the, 50 kc astable multt'¿iby'atr:r.

T'hi-e multÈvilcraLos: dri.ves an a:npJ-ifi-er "l/nich l.s t¿Énecl t,o 5O l<c årr cr"der

%u
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to obtai-n t!:e si¡usoida.I 5o kc or.itput" friis outprrt is used as a

s;rnchroriizing oignar for i;he ?5 kc generator rrrhj.ch is s:¡liLar in
operaLioir i:a the 5û kc ¿lenerai,Gr'" The l mcu 2 mc, and I mc geireÌ-åEors

are såui"l-ai'in for¡o tn t,he 1û0 ke, 200 kcu and 5o0 kc generators re{i-,

pacti"re-ì.3r. The 10 ¡nc generator i.s ancther cryst,al controlled ssei*l-.lator"

Thc c3rc¿ri'b di;rgrala of the i0t3 kc oscållaLor is shorv:¡r f-n figure

!1."8. Er,sictil3,v* the ei"ri:uit is a¡r elechron-coupled osei1.!-eÈor" r+hich

eonbines ax¡ oscillai;or and pover emplS-fier in c¡ne 'i;ube envelcpe" Thj-s

a-i,-'Lc¡ro';ç po?lär to bt-' coupleci frqrn '¿}te poÌ{er a:nplåfier ianlc cír"euit wiíll*

oui; aÍíjt¡etå;tg i:he f'r'æqu.*ncy stability cf tfi+ oscillaüo¡.. T'iiås círc¿¡ít,

','saÈi i"eCüTnr'nenclecl by' 'bher ci^Jr$î:a3- m¡mufacturer for freqr-¡s¡gies fro¡n T[:r to
1

íÌilO tic-"" Tile Ìi'gr¡:e of' r:::¡rsbaÏ ¡rsed was an HC6/U meanång lierneÈii-co.IJy

,".¡e¡rled arirJ loLetbccl" The ciys'Le-l i.s e:li",her goJ"d or såIver pJ-atecåu the

p)-erüin¿ acti"n¡g ¿is the electrc¡d-es" Î!'re crystal is spr"il-rg nor¡;ni,ed arncl

stl;.1-led rsncle:" î'¡¡,trulìa uz" Llìe ccilLai¡rer:l-s fi]ted. ro-Èh nit"r"ogen ou. heL.iu^qj."

T'È,e r'lanu.fo.*tiiEer si:,ates t!-ie'l thæee c:'ys'Lals shoulcl [:e onJ-y used ir.l

rri i's:{lit',,Ì i.'icl;:iglri'*tÌ f*:r' üh.en¡ aB 'i;,he rua;aj-nr'¡r cur:lent, i.ntistg }jr,iÍÈs tlre

cr;rst;ll. çc l{-{) mål-l.i'¿¡e'b'b,$ Ðôner dieai¡.nt5-on" ll'he earpaeit¿lnee of a

r:r'ysbil'l c'¡r¿t;roii-scl osci.l-iat,or ,*ii"e¡.rib ís im¡-rol.t:ant, så,nce th,e fr"e*¿ìuenc;,r

r-r"t a eiryaüal. i-s:-.Ì-j--b,a -Lc,i.;.c¡'eci'-*4r¿:n eaÍr¡cj-'L¡.nce j-s e"eided Le¡ the cå;reuiL"

l,illlå.s cr:;".st.;i,i ÏT¿e bee:¿¿ ea.ì,åbr¿ri;ard at .ïe¡.C ke ',ahen opera.Leeì js, a e:L:c¿¡i-.i;

u-itir a e;r,ç"ac:!-ni+:tc'i: *f 3i! itf " A rec+vnmended cir.cu-tt llas ur$ed üc¡ i¡ã.eser\r{p

Lhe 0,,$Ð5 r*::r cesd; 'bole¡,e.¡.'rL;u: sÈ¿Led hy Èhe ma$r¿fl¿ie*ìtrer. The a4ly

¡¡r.:ino.i" ,:ilar:qe n¿¿ds i¡r flhås cåc'¿¿riL wae tìre e.cl'libion of s t":¡¡red cåreuif,

2.
""ttl'e*"t*¡:¡ f,r'ys'Läie" eai:alog ils. úúGo
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\riÌ, in ¡:lace of a !"6k resistsr. iir the plat;e circuit" Thå.ç change waÐ

made to :lncrease the ernplitude cf t,he ou'cput ancl to generaLe a l:ebter

såxe ".{.?ve. The t'ank circuit is 'Luned to 10o kc and Lhe outr¡ut, j-s taken

f¿'on blie plate of F, throurgh Cr"

The c'ì rcuit, dia¿ira;n of tl¡e !0 kc ¡generator is shor.¡n in f igure

4"9" The ttanreforrn generator eonsists of ¿n astabl-e mulltj-vibrator,

designed bo *perate a{: approrirlartely 5O kc. The resistor E6 prorricles-

:for a fine fJre,quenÕy arìJur:trnent. A fvacticn of Lt¡e output froiu the

^ '. "Ç5'goie 
4'ô

p-irii;e of Vrll.s- føcl to ühe gt"Ì"d of, VrO uia ll, anel Rr. Tnås 10C lce

s:t-t:.u,soid. a*ta as a s¡meltr*nirång nig;na3- r.¡hich Locks tire nuJ-ùåvibrat,or

t,o i0 lrc" The sqr,iar€ vtràv€ output of the mu.ftivíbratsr ås talien from

'bhr,. 1:)-;lte cf V,r* a¡:d rr: feei. Lc¡ '"rhe gri"d of ühe cl¿es C ampli.fe,i¡r vj.a

t6" -llhis cl.a,ss í; arnplifien ae t"s as a fÍl'Ler. '¡¡hi.ch select,s the

ili"¡neLeLntr:l*;iJ. e'eupor¡enb fv'on üt¡e 5C, kc square*ir¿llre ¡ilu1'bívibratcr" onLput"

The crn'hpr.iL sf the ;i0 k* si.na.rpr.:j.di:.i generiatar is oi:i;ai.nerl f¡"o,m ì;he

;:iì.;ltg tef v" viì-a. c". lilhe Lank ci.rcuiL of ¿he cLass c ar,rplåf-'Ì"es" is"J{

'ùr*-neC t,o the firrrd¡r.¡¿e¡n'¿a"l ç¡f the sqrr.*:le tfsrreo

The ci-¡:euJ-'b iiåa6r'em e¡f' tl'le ?5 nc generator is shr¡."¡n ån figu:"e

J+.J-O. Tl3:.e o¡:*r*.f,i.c¡n:!-s iclent":í"c.*l Lq¡'¿[¡at of, t,he 50 trc genera.t+r:, i3re

t*.pæclltrmåu:lr:ig sigin¿rl is oirtaår¡*cl. i'r"o¡n the ¡:)-a.Le *f % a.n¿l ie apnl:i.ecÌ -ba

Vr*U. i:brrou,#r El anr:ì 1lr" Tlie mq:3.f,i.'¡"ibrate;r iu deeågned tq? ouerat"e,?.i;

ar,r'*roy*r-nA!^'.:I3' 21¡ kr; i,rå'e;h R* e.,*ù5.nß as a fåsre fEeqüonûy adjustment," The

a'np].iflier b¡¿i':,ecl q:år$u:iò .{,rC* åu tu-r¡ed t-ø E5 ka ¿rrid lB¡e så¡rusoi-cial- 25 lrc

óui*¡.xr,tn i.s talcen f.'r"am V, v:.a CU"

I"lte íù00 Èie gorræia{;r'ie is; a}r'.¡¡s¡t i.n fåglrre /r,}å, Tl-liæ genorabor

resfl,sis'l"a rt.f n freqlåellcJ¡ c.ioul:3S.xrg; Cireuå'¿ a$d a ca'thode f<¡}],owe¡* whicÌ'¡
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separ¿ites ihe 1@ kc oscJ-llator fi:om the frequency doubler"" The catþc¡de

follc¡ver isolr¿ges the crys*al osciÌlator f¡'ann loacl changes in the output

circuåü tl^rereby innuring optårnuro operaLing conditåons f,or the oscilLai:c¡r"

The poüentåometer F, contrel-s tl¡e level- of, the inpu.t signal i¡rtc¡ the

eat'hcde fol.louer and P, provides a varj,al:le Ìrías5,ng âFraft¡3,rerltent, Ì;o

mai¡rtsin the grÈd of V6o aï¡ove gr.ou:rd" The output fro¡a the cathcde

fsll.ov¿er :ts f,eci i¡rto th.e muì"tiplier tube våa C*" The mul-t:iplier eircuit
e*nsj-sfins of vO is sùnj."l-a.r to î:he eircuit descri.'bed p:'e'iriousSy in
oeeticri /+"3" T!:e tuhe is a 6AC? irrhåsh å¡as a high value eif qr" . Tire

bypaeaed cat,h¿ade rési.et,o:" 'i:ìu acts t,o u:nit tiie tut¡e eru"nen"i: ìin ease of

i'¡ri.rui'c of åhre gricù cìrive" Tlle tlrp, coic,bå¡¡et:lon ps,evÍdes ttÍe screer,j

in .figru"e Jr."Ï? a¡:.d is j"eentåcal ån

cperatlel t"o È'hr¿ ?ÛC kc generert,or"" The 3-urc r:rysöal controL3eri c¡s*åtåa.t,os.

i.s sh*vszt:i.i: fi¡¡ri-rr l¡,3;1 anC j.s iras.5-r:e,.1.1y the $¿wie ó.s the LCILl kc oscil"j-at;or"

t"lli* e:5:"eid.'|, eras re+oraæ.as;1ded b¡r *he eryata,l- n*ant¡fac'L¿mer. f,,1r" fl"e'Juencies

¡Î1.,"c'¡n 0"S ü,p ?û me" l.'he Lû rng oscåli"eitrtr i-s ehowR j.it figure ,t "L,5 and

is 'b.he Éiårxrl{} ð-r:; tli,e ir" .m,* oe*í1,.1*Er.ùo:r ';riÈ!: f,he cxce,;r'bi.or¡ of tÌre pJ.ab.e

¡:o9"eoni;5-a:,1. .1-n crcì.er ào 6ef, an cu{"puÈ í¡r b}ie våcirrity of, lOS vcl.i:s

peak-"u;r,.*i'"reak . hhe çr3-ate nn¡:¡-."?ry veltage n-.*e ínereasecl ,¿o 300 toorl"ts"

The L.r-':,k si.rcu'Lb cf eaeh csci"Iåat,.¡r cireuåt :i"e iuneei to ttrr-* d,osåred

peiÈcxi.tåal anci F, i,s. adjunted l,e ¿give

¡:eaie'.-.Èo*;*c.al<. the î;anlt e i.i"e r.l.i.t il1C,

frr-;qtrt::nu.r,, l,h,e.L j.¡¡ 20O ït¡:.

ilÌie $fl-t åre genez"at *r" i.s sh+nn

fr"eq'"r.enc;r" 'l1te 2 mc a¿td 5

are åcientå*al. fut opera'eiean

otat,put, of erpproxi"na'beJ.y Lt0 =¡oLès

ùuned. Èc¡ hhe reqieii"ed. ouâ;pu,i:

BësteraüGrs efe rshe:¡r'l å:l få6er.e ¿."1Å. li1tese

Lrne âûÐ as¡d 50tl kc generator"s. I.L uas

a{?

aû

.Þq
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f,ound tirat ísts-l,ating arnplifiers were nct required be'L'*een the 1 mc

oscilLator and the 2 me and i iirc gener¿rtors"
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Cllix"FT"EF. V

FOi,dÏIR SUPPLÏES

5"1" lt{TTI'19:Il1lilR PÐFr'ER SIIPPIY

The cathcdiå*ray à-r¡he ust;d jsrthæ osc5".l-lograpli rec¡ri.r{*åì åsì

ilnLÊilsifietr os' post-.rleflect,i.o:n accsl"eratS.on p*tentåa1 år¿ ttre orcler

of -r-â0¡0{iû v'ol-bç¡ dc. TÈre cur-':'enb dr"aån frou blrfs supptry is 1or"¡ er:C i;}-¡e

lcad is cen*ii:ani;; hhus +¿hel"* i-s nc¡ ¡reeC of ii regu,Latq:¿I su¡rp1y" ll

s*J:ara'ber cç¡'¡st,an'L ',uoå&age stçpl¡" rri.l} eLi,mi.nate llne var":ie¡tåo¡-¡s" A

poalc=."1*-peak råi:ple cf 11"5 1:er. cent" ås a r"oasor¿able design Jlågn-':e

for: po,;rer si.ipp.iiee useci ål; e1eefuï.æs{:,a'båe-.ùube app}-:t*a.tåorru}""

/[ rÍc pctell*i-al c:f ãrJ I*v rlny 'ue cbte"i^ned t]rr"c,u6h the u.se of a

st,ar¡darrl nclçes-X.åne f¡:etäe¡:,cf Ð3. a z"*f potJÐi' s;uppiy" llhen spaüe a¡ld,

'.,;eíËht éÈrË-:.sì.t, a praniuiu.o ti'le r..=fl rru,ppl3r has s: clist:irict a'J-ven''ca6e over

hhs 6't c;yrrÏ..; eupply d.c.e tc ùiie *;¡:rall-er eû'ÉpÕrì.es¡ts used ir¡'ülle in;:i:t,-

Ìr+-I"-lage fi}åeriir¿:. I'ir'çre,¡ier,.u i:h.e i"-.f siiupþ rer4råres spec:'l-a,i. :fili:.e;:i.::g

¿rnd s1:iel.ri:r-ir¡i; of the i-rtpuÍ; anC cr*i;put, l-ead;;" il,Ð.;¿ti¡..ser of i'Ls rellat.'i-i¡e

s:ïr:rpi-i-e-ib;i,, ì;he 4.,,'r:åþir:L1:-*y 'r,f it¿l-l:trìe e'r:,rì. because sË*,üe an$ ,",reåght,

i,;erc; l'loL at, a p::'eiid"r,an, tirr; ste,¡ld¡i:',t í:ü r:ycle sup.cþ ?¡ês sÏlose:-i"

lfi-ie t',y;:e c;fJ sr"r¡rili-g u.çr:iì. vnsi a fu-Lî war¡e vol-tagi; rloubJ-e:"u i!.Ìe:

ncire:n¿i;:i.c ci¡'cuit, d.:lagr'a,-e of iar,l;¡åcl!: is shor',,Tr i-n f:igu:'e i"L" ''.iïre í:r'a::s*-

"fo:"¡ne.r'.lo* aì-}*l.m i:h* ouiì¡:u'l; ts, be vai'ied :l.an t'he: 23ullil0 v'sll.t,s ilc"

.¡,.:ii - ff^.i .l 6.n ii jr Sì-t._sær-
t .¡o ¡¿,ù r-¡,:¡!ðJ.4 

,

FEy*Igäg*l-,åÊp=_q;¡i (V*.å . !:.!Ì. c¡:i

l{sËrai'¡ fiiiÅ Eotlk tJs., l.gtr$) p"

nncl G" irì" FaìlXey, {tr:"0 iecìit':rrs}. -B.rA-#g^tiie F&ndiatian l"rbara*"ory ,Seråes* llevi T*r"kl
1*6"
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The fil¿rmenÈs cf 'bhe tr,L¡e l;ubes ¡nt¡.st; be supplÍect by .bwo wind.i.ngs of

e i';'--'ll. årlsul-itt'ed t,¡:snsfcr"nrer si-rice eacir fj-L¿nnen{, is at a dii"f€Fr¡,;i.[,

-rr*3'ra¿3e wå'ch respcct tr: grourrd ¡rotentia-}. Þfri-i:h tl:e $Se of flhç. .rroJ.tege

d¿¡uhlen ¿i:'cuiL onJ-y hal-f f,he t,reiLsfor"ney-seconcl,:rr.y volt,a,ge ¿rnC liaLf

the -1ij"lt'e:: capacity of ì;he s'oanitarcl hal-i'-w¿.rre i:ectifl:ier j-s yerlu:i¡-.ed"

The 8?8-A rec'i;j..fåez. tube ^i-s å. cßtc*con Ìligh i¡ci-Ll:age rec.,c:if:ier

ir-rbe r.¡hich hens a. pee"k inr¡er-se *,"oi-fl¿rge rafling trf äGo00rì .ie¡-j-u¿s. ,jllrc

tube i-s liea;rt bo be used ån å ltlr.¡ cgrerit, ci:r'eisi $illr)îJ-i.Jr s;i:*lcr.: lhe ,':¿ri.;ed

cont;iri'*.lits e{c *ritp',:.t *ut,re.q:.b is; gi"trer-} a,$ 5:ri-ä,o ,.i.jtc, ¡,e,s:i*;i;cr ìi^ a*i;s

as lr prr:'i:,eçLj-¡,'* ciovice *,'lrrel'¡ Lxni'cn t"l¿e neaic crr¡:ir*¡-r'i:.'bi,¡.a¡ can flol..¡ in
't"h* hr;,rh+t; 'to :*e¡;'*cre 'tl:,e *.rre.i"¿É] c:ru .í:he *ai:ae:Li;*ru tj-. r"he rq,ej-..s.i;*i:

it-u a+L* ;Ls ei p*ir,enbi¿r ,i:i"r-'r-{iec" æ-s ivel-1. ;ls *rì. 
.l}-Læù¿i('rï 

.feËj.s,ùûj:,.

ii¿:i' tir.r: ¡r;s'; s;ec'tj,r¡:: :[-i_ii;e¡:. a* sl¡;:',,m. i-s Íi..quyr.l !.].r, L],.1c .Ljrc¡r:.i:r:i.;...

j.ea.L ltre.r'r:t:.'.li:,;:t,¡i;: :r":i.pptr-e vr;..ì-ia,g<,.1 1.1s .g.j.'"rc;l: b;y r:iir-=, f,:i.l-*u."r-n.¿g *,.¿.*ro;rí,:,,:l;

i,tlt'--':.'i'.,',.,r' t-.ír.i_
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Using ühe earnponenù va]-ues of f.,-¡Ei:re 5"I and assurnlng p + Luå* * CI"3

pær cenü"

The posÌ; ceflecÈå*n acceleraì;j.ng poÈeni;iaJ. is appJ-i-ed t,o i;he

caülic<le-r;ry'ctr-l:e terminal.s A3n, !g, e..nc Ar, l'rorn i[t¡e potelrtJ-al- cår,icler

RI. these terrr$na.Is are shoxm S.n figure 3"2" 'fhis to,ral poteatiai

a'Í; ter"tninor- ,t3, ås ¡neasrrveci r^riih the ¡letei- .bo ab,ou'L 3 per eent

e"ccìrinscy as shor'n¡ j-¡r Í"igure 5".1-" ii-he meter ll¿+..s bwe¡ rang.e$! 0-.J5 kv

e"rrd 0-30 ki,="

5.21å"989.åUtl-:è-.Wg-f-qllr":ggUqB-=Åi,!_pï]*Ln"1

thc+ d.u000 vol-t clc p,-'rlr,e:" ar-rpp]y år¡ uric,¡,.]..to stpply Llie¡ r¡ol+-arge

di-vider wh-i-ch i:novides @ aecel-erat,inåo b5-asu a,rid focris'e-¡ectr.orlc+

¡:o'i;eni;å.els ¿rs sho?,.ii1 Ín fi.gure ji.2"

ä1¡s +jr000 i':clt cie pouer" supply ås r¿seid. ¿s tkre p]'a.te sr_r.¡iply

:ll+¡.' ihe si{eep c:is'crlil. .B¿:tl'l si.iËrp-u.es use ilhe r,a¡¿e l;ransfçrmer as

al'ic;-¡¡-i :ì.n :fÌ-gl='* g.ä" TJLre såxpie Ïla-Lf-+¡ave rectj_få.e:,: ås a,ciequ-aLe for"

bo'bh t'hes¡e srippJ.ies s:ini:e hhe cus'¡:e¡lt draj;l iri veirJ¡ l-crt+" Tl¡e fij".Lçn-..

ci.r't¡r'ciii s'eqrairerræ:ri'Ls are r'iet Ìr;,' t-,?¡e t'iu$.-secti-on Rtl-r^'ili:er. The

:'esj-E;ho:'Ì1.* acts a,s a el-ì:.:r'er¡t "lxoitång r:esåst,or cluring.L!.¡e:L:lif;åaj-

cl'lar"ging of tÏ-¿e eilrld:ennt:;¡" Tì're fj.l"ament tle,:-r-sfcr¡:ie¡" useeì f<l:l TJ.,*

iau.sb trre i,r'e3-i:i-nst.'"1aÈed ei.irce Èhe ce.i:hocleo hence bhe lieeter^, å,r: opez"a.tr::rg

ab abou'L J+lot0 voLts i;i-ih respect-, Èc t,he ground poi:enL:ì-a1" T¡e i:ert--

enij-i:-i- rj-j-r"åu:.1.e:: R, em.u.årJ-eÐ +JrCiC^û l"sl-f"s Èo Ì.¡e obùaincrj fncm thel.'4uffiû

r¡olts a.vaíLe.bl-e fr"cu 'iJr, 
"
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5 "3 Ð'Ç*i4&IE&AlL@'åUliJ*Y-

.¡"h* dc caLihrat,i'rn suppl-y' prorrid.es e conhiriuar-ls\y varie..bie

posÍt,ive or iregative de poten'i;åai to f;he vertical- deflec_t,ion pì.aûes

urf Lh,i: ca'r.h+de.-ray iube so thei; th* r.'er"bica.L a-'çís of 'r,lre Éer"e,eÌi ¡1a.ï

be ealåbra.terl" lÏre sch*çraa'i:i-* cir*uit <f.ia¿¡ra:n of, this haLf--r+a.ve

v-'ec'¿ifier is shor.nr ån fígure 5.3. By means of the a.u'Lotransfor¡ner

'1, f;he v'ol-tage avai-Ial:,Ie fi"cm this power suppS-y may he r¡aried fron

j, *.-J-u0ü{i voits cc. The dpdÈ ¡¡wj-tch i-s usecl lo change f¡:om a. pc.:sítive

3r'-'rttlrTbiaJ" tçr a rrega'bive po{:entta3. The -meyter" EiÐa,st.LT.üs thj-s eaiil¡rai,i-on

voi'oage bip wåthin I per cenü aecuracy" There a::e four voì-tage range$$

0-*3iJ, 0=-1"00, üì-30û, a¡:,{ Lt--li}üû 'r¡c¡l.t,s de "

:i . t I i'L-4$!.lliSåÃï,ruJ.Wi-"Y gtEJL-ä!r,1,U$.ä

Tllese t'¡.Iü Ðc.,"iep sup¡;lies^ .i-lrf.X) ayrd =1a0{} -,roJ_üs,Cc, ar.'e useij. to

sri¡rp3¡r t"he lioz':r":¡a¡:ta.l" e¡;:d .¡er"¿3.r:a..i. pos:i-tionån,g pc'í,enLiaJ-s" ,{s ip

¡rrosrll o:fl i,h.e por*:er srrpplåes r¡.ee<tr iy¡. titi.s cecj_J-.logr.aph" the simirle

iræ.Lf.¡".¿ar.¡e reciiÍ'ier s¿,ùi.sf'åes the J-o'g curre¡:t, ilr"ain r:equ.il"erienj;s fy:r;:n

'Lhe s,û sirprpli+:s" Tite scl¿e¡aa{çic c::li"cr::it cliagr*m is slr.olr¿l in fagure S./a.

Tlte i:ega*åve poiter eupp-Ly is a,lsc¡ r¿,sed- to supply å, s¡:iå-i"l negabive bias

Èri ùh'"r s"EirðeF 'bni.gger'1rrg circuì.t. the poterrbåonelber P* pi*o-r¡ådee a.

we'"e:iabLr= båas supply fi"orn 0 r.'-o"l-Í:s bcr il'ppt"o:e-imateþ -5t veïts cåc"

,"5 :,;'?SJPj{ I¿]IGUT*AT.ÍID PCII.IER SUPPLY

This s".rppþ is a voltage regt-La'i:ed pû'!'der suæpåy r.,'nich suppii-eo the

a.nede voltage fc¡r ihe ne.rlrel: gerierator, 4. re¿¡ul-at,ed eupplg wes ¡¿sed

'h* pr<;våeåe a 1ol.¡ oubpu"i, i*:perianceo stai:åJåty' aga3.n*t i^npni:, ve¡}t_,age
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varÍations and output load changes, and r:lppls reductio:i" The sehe¡naÈic

circuit dåagreun i-"q shor,rrl i-n figure 5"53 " TTris regul¿f,ed su.cpi;r pr.c;r,"icLes

¿i dc voltztge c'f +J00 volLs, i.råth I per eenè regtr-latiorr and a ¡¿aajmr.¡m

l-oacl curren'c of abouL 20CI me"mp" The urrregul ated povrêr $oul.ee consists

af a conventional fuI"-',*ave rec'bifier eircuit fiitered by a. sj-ngle

see'Líon choke and eapacitor fÍlter"

rsee ttllandbsok of Prefer"red üi::eui'¿s of j,Jelüy 1ìercnaui;ir:¿:]- l;ileci:.-
roni-c ilt¿it'ii:nen'i:rr5 Þ!=tÐå'.l"cci by ihe l'l¿'c,ional }ir¡.re¡ru of S¿anctal"d.s" Tl:e
regula.toz" ci::cuít rìsed :'"s i;he 'I'IjJ$ pneferreC ciycutt iìr:" 3Á.'r"
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IMÍ]UI1'S AND CONCLUSTONS

6" } IiESULTS

The oscillograph r'¡as tested ud.ih the use of air 'î¡rpul.se generaator

sÍ¡tuLaLor' ThÍs generator pnoduees simu.lated impr.else generator wave-

fönns" ïn n*rr-nal^ ap.ol:lc:aùionsu åt is opera'Lecl reeurren'oJ-y T:ut for
'bhj-s cla.se it v¡as operated rìo as i;,a produce a single v¡år¡efor¡no The

block diagrem of l,hii¡ sirn.ui.ator i.s sho"..ça i-rr figure 6,1" The plrritive

tl'ågger- pu}sel fnonr. bir* slnmÌ'a'toruras used 'bo ür"igger. the tåine.,=k¡a.se

*f üh.e osc5"l.l.ergr.aph,

lllhe .ç{;*rrlai"q J-,5x/+L' fultr uiayr* 5,s presented in figrare rå.2. ?ha¿

ver'ü:ic¿:J- åÈlËisi -¡'j-'a.s" cal-ihra.i;ed lry mee.ns of the c¿ll.ibratå{in pokre3^ supply"

llhvee ìrasË ìjiioe v,r,er6) u.lsecì.'c,e¡ cali?:rate'¿his a¡r:is; Qr 2$Q, ancÌ $ClS uolts"

'IÌ:,e l-¡or'åq-¿cnta,l- a.Kis r..¡ao cal.i.l:s'ai:,eü. r,å'i;h a }CIC irc eignal frcua ùhe markei'

Ë,É:¡;:¡eirã-'bor'"

ll ,/
A el-reppeei fu.lJ" r,la.ve :t.s 'ahc'i,,n: in fågure 6.1" TP¡e r¡o¡:.bicaL

cal-i.T¡n¿'taon :ts i-aentåcal to i;l:ai; r;f fågure 6"2.¡!ror+ever, a 3 rec

si¡rust.¡i-rå r;,¡es used ts¡ cal"i.klrat,e tÌ.¡e t',ånie-åase.

6"2 .@&U.EQUå-

Frl:m th-ø ¡:est:.J-'Ls ch'taiueri, ia sectioir ó.L (fågr-rree 6"? aE:el 6.3),

¡-È ås e:.tpe*ted i;iie.b the ci-r.^cu^ihlry d,eveloped. wJ-13- perf'errn satåsfaef;orÍ,3-y

l,slisn the ii:lgh toltegç genera'bor beacmes avaí}abLe f,e¡r" use"
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The fåna1 oscållograph will co¡rtaå¡r threo eathode-ray tubes so

t,haü three oscålåográìI¡rs of, ene fmpulse tesÈ may be ne.de sinr¡l&aneousþ.

One eathode-ray üube rnay recond a,voltage oScåJ.1ogr¿un a¡rd the other
two tarbes may be used to obtaån two'eurrenù osciJ.J.ogra¡ns¡ gne current,

oseíiLogra¡r vsoul-d be taken at a fiast s?{eop speed and flhe seeonci at a

sÌov¡er sìdeepe ccmparabre to the sweep speed u,sed for" the volt,aþe

oscilLoga"en.

A lar¿ge vertical steel caì;lnet w'ilå be co¡tstrueted. üo house

all pcr"er -cupnlles in 'uhe bottonr racks, "*ni-th ,she ¡aerker gelner.atcr

ahove '¿hese suppJ5eø" ?'!rree ËËreep geireraùers rn s@ÞÉJrateåy removal:n¿e

p].,ug-ån cho-ssi.s êr'e $Íì +.i're ¡i.ext ¡,eek and the ilrree corresponding

eaÈhode-ray tubes are uoucåüerl ¿bowe these genei"ai;otre" 1'!ris f.l"exå?r1J-ity

r.r!.Jå permiÈ easy i.ri'[,erc?range ofl F]?r,êep generat,ors to provide fasten,

slozsero or possih}.y "Ì-ånear sr,rerr?s w,hiela may beome neúessêIï"y at eome

firtu.æe da'he" ¡{ r¡ossi.b-N"ç ÍnoE:rt ¡:ane]- Layoi:.t is sh.oq*n ín fi.gure ó"4.

Tne above aeserubJ"y iv-t,rke ås, o:f cou,.se not part, of this thesi.s,

anct l'¡i-l} he el's¡te by ühe 'fechnåeå*: S&,aiff o.f the El<-"ctråcaJ. E:rgj-ueen1ng

ilepartmenL, ¡:rcbabl3i d,uring íhe etmïner of 1g63"
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"l F.tv

l;DL_g[_ii:f]!iror.s usrl¡l .tN .ffiH$_fuir

CnT -- cabhcde-ray t,rrbe;

F .- fr¡eus aclju.st

ï - ånru,ensity aC.Jr:st

H : h*råzontel pos,fi.'Ítj"r")n

"f .= r.ertj.ca)- poeiÈion

V,{ - verbieal ettern¡ator" swit,eh

VS * vertic¿rï CIel.eetcr sto-¿.bcll

St -. fiweep clrcuit

[.lF]i .'. r¡nb[an]ring pu]ee maguiti,lcle acijust

:iS .--" sl{eep speed selecüoir

tH -- calíl¡ratío:r uol'bage ne.ber

IIG * ru¿rrker 6enerai:or:

ïf'f -. iltte¡¡.sifier volba6e ;ueter

t lì .-. plu,--*--::nÍ"nr:.s sad.üch

RS - range seLecbor

ûS --. channel selecl:on

I'fÂ .= rnagr:ùi;ude actjus-b

Ì',iSr - na:'ker voLta.ge sel-ecton

PS - potrter supnlies

PO - p$-!rer on

F0 - fila¡¿enbs on

PL -.påloÈ Samp

i

þ'P -" fu-se pa:re.l"
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.E*g,?¡?ggruëË' vÕJ-" ?Ë, (Fe'oeuary, 1956)e p. ?5"

ilar:eì-yo L)" i¿" rtA l{igh ,Speecl. Ty,ansi.en'b Heeoyderr¡o -tþg-Jq-qf4ê,å-o-{- 
Oe'aqû-tig;rç.--rglg:¿.g1jq(2l|,-bq, voI. 2$, (rrugust, içiã-ffiEl*"

Frirrne, FI" /1.
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GJJTA
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Po trThe lJesi.gn of a High-"Speed 0scilio-
(JuLy,r!qå_qn'.!L{ic l¡Wt_qggggh, wal-" 2V s

p. 192"

StanseÏ-, F, I¿. ¡rl'i Secoi?daxy Frequ.enr:y fituncìa¡"d Usiv¡g Regenerative
ïire..¡iunc;;¡ llir¡:ïcfi3r,g llj;"eu_iüa't, 3åg I¡re!¿i.'¿tårp _sf,_ @ÀgÆìgi*çgJg,
v'oL. JO, ut;ipr'i-l' 19å2), F" 157.
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liurrs'åsr I{u 'Io 
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{JrystaJ- i,a:'ive* Forì; l{yer"s, }-1"orida, U"$.tX,
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APPEI{DIX A

DIJ,,ÍONT ¡(IOó8 CATHODT'--R,AY TUBII

Ïhe t;rpe Iü0óB cel,hod,e--ray t,ubes are higii voJ-{,age tubos ro,híc}r

åneorporato en i-nberiså.f-i,er srrl¡d¡"víded into seve,.:a} steps" This feaÈure

perrnibs t"Fre i.rse of m.;ch håg¡'rea- c,ver¿¿lf aecel-er¡rting voJ-Èages with

cleflecti.oi¡ s;ensiti'¡i-tiea *nly oJ-Íghi;i.i iese than hc¿re.bofor.e e-btai-nab-'l-e

in lov¿ voJ.tage ea.ùhcde..=:"ay Èrrbes" Ope:'abion r",åth int,e¡:sifier" f:o secc¡nû.

a¡rcrle rial.La¿1e retios a,s hi¡1h ¡.s teR .Lo cr¿c¡ afe ¡ead.e possåbJ-e by t he

nr¡itibils¡j i"r.i,-ir:ur'Ð" Tlris 'i;ur1¡e h.ss a Ílat åle.ee, c;l-Lånelråcal bci,Jy, and

t,ha: deflee'håcrr plete s¿id ¿-ànsde con¡.ieetÌ_on¡ ateij t:,ad* *hr.ough gte neck

åns,t'¡¡e.ct *f t!'ri'origTt ti:e b¿¿ee" Sì:¿eri; d'ef,'recbi.on pla¿r: leade air:el spee1el

.vhi*.1-rl:i.i,-¿ *,ri:l¡eie;i. t?rr: cl,efi.eetl*:t pJ-etes fac:,.ri.batee h:igÈr fr:eqir.ency

*pe;:a-bion" Tise grw íu rlesJ"gnr-"d t;o dtæ.i-,s ne¡¡Jj"gi.¡rtr,e fr.rcrìsång e]*eetrc,ufe

cui:':leir.t,

ffÌiùlîP'¡*]" Cf,{An,tlCml¿ I,5Tl CS

-EÆ"Ëii"rJ.!:4i:*!*E3

heai;elrcl-It"a6e

ire.*t"Êi' etf ¡:e;¡'1,

:i' øc rri;i;rg ¡-¿¿bhcd

dsf .!-sr,:L:1n*; me bh*rå

i;.ht:sph,e,r

íi l tion.*ooor¡***

¡:Ì i æor'h.cn*..i ßr;13* €

l^O"., Vci-Lt;8

ü"6 .: 1-ÐÉ *rl'ps

,eleeål.crs'L¿:.üået

electrssÈa{"åc

1-",t" 2

Fj:reen

¿i.r v e¿ ü
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persi.s'bence

ì'fiICHÀlJlC /lL ll ;ii.'ri

J.on¿ç

cw¡era}l lerrgbi: l-ó.t .t 'i,/8 j':ns

g::eatesL ciå¿uret",e¡' c¡f' buIT: S.Ì; :t j/j2 tn*

minirnirm useful sci.ûen di¿-r¡net,er i,41 årrs

br:ib c.lsntacts (reecssecl smer]--i ba."].] e;rps) .i.l*?a

neck coill,act,s {sraai-L b¿¿i"i. c¿ì.ps) Jl-.45

base (nedåi:n she.[.]- dihepta] J-2-pin) E12-J?

trasing LIF'

b¿¡.sc: e"l igrìment :

ïÐ2 '¿r;¿¿:e al"j.6ns rr-i't!i pi.:r ne. 5 ¿l¡rd Èhe .Lube axis È l-ü"

posiLir-ve -'roì-t:;ge on il-l. rr:ef-Lrlci,s 'Lire bearrr a.pp.r"o_.'iÍ.inaLel."i'

t,ewar:cls pi-rr nunrber 5

e"ngle l,.rri."¡¡er.';n _lli1+ ¡l,nci l-D;? ir¿¿ces :*0 å 3"

?;tl1.b cosrLacf: aåÌ-gratelit, :

{ïl-J2 c+n'uar;ùç; e,J.ign h.åih J.nå 'i:¡=¿i.ce jr ¡$e

Jl'-¿2 r-;aniac'íts cL: Ì;he saiüe såde ars pln nunî:e:' j

jjå,!..4jUåjÈ11ÐLQ (ciesi-sn esnte¿.'¡a.t.rres)

av¡eide r¡c, 3 l"ol-'tr;a-ge iaccsleri,r.bor" irigh ',.o1tage elec'LEcd*) Z5.-5AA lnol-ts clc ¡uax.

e'v;,ode ¡rn. 2 vo-1-tage] f ,50.0 ,rs)ìts iie snax.

raÈ,i-t: anÒde n$" 3 t,o ¿rnccle nÐ. 2 vol.tage L0 na;c.

*A:lcde no" 2 a.nd gri,rJ nn" 2, r.¡ì|ric?l â.re cÕnnect,eri t,ogether i,¡ithin.
i;he iribe" are ref,ey'red f:o Ïrr:re5,n ao an,sde ¡:c" ?"



anôdc nÐ. L voltage

grid no" I veriüag;e

negative bi¡¿s rpalue

posi-t,i.ve bias va"l-ue

posi"t:ì-ve peak',ral.u,s
ñ

peak ireater cathode voltage'"

heat,er" riegaLåve r';i'i;h :nr:e.¡:e*t

l¿eater: lrssÍ.tirøe iod-th ees¡re*t

1:eak iro.1-ùa¡le ;'.ìe'iiween anoile :no. ? ar;d

¿Ì ef lectiai,t eL+ets,cñ-æ

ii:' ï riJ*SlT ß-$JIùÉ*çg{lì IÆS¿!:r=

¡.¡:rod.e ttr:.

ttio¿1'¿ nc,,,

vo3.'ba.6e .::i-i

r""o]'be.É]e ¡:Íl

3

.7

f ,rr,

.L (31:'

fio caùho¿le

to cailhaite

,?ny.

i.CIrfl*û

2rtü*

83

1r55O vol-ts dc mar<

325 vCI}Ès dc na;r

0 r,"oits dc max

2 vctrLs n¿*lc

l.*5 solts de mruq

-LË5 voltsde upx

Lrl¿0 v'ç.i.f:s max

?dÌ..fl.C{i vcl-i;s

;¿, C{ffi .¡r¡-ì-'l;çr

'-ûa1,hoC.<: silo{¡-Lü be re.Lu:'.,:re,.,i tc one si_<le
he ai-, e r il¡"s.n âf *¡^i¡,.er'.,,n.nci ir:.q 

"

rllkis r¡o]-j:,age shc¿',tri br: eqsai.l;¡ di-v*i-clect- or¡erllie ühs'ee jsrt¿rns j,:î'i e::
û-*Lecùraels,3. '.ftç fcll-l.c,rv:lng ia ;l r:ng6es.b.:d. mcihad of eorurec.Lion. .Rie
t';;o,{U'rl..*i:¡e.:ì-yiej.s ia¡-is'h T:r* ecnn*e.tecl,+ngeLhen"

h.r,l.

2$ ineg

2$ rneg

2j nrepç

r,¡r' to t,hc ¡drd*åa* of t!-l+:

A
"".t

þ.^
¿



anrde noe ¿ volfage for focr¿s 3óA to 6gF

grid no. J. voltage4 _j0 to _gü

def,lection faeÈorsc

Dl and Ð2 ICIâ ûo 15À

Ð3 and D& g? iio t45

anode rreio 3 voJ.t,age for f,ocus

6rid no. 3 volta.ge4

anoCe no. J- current for an¡" opuraf,jrrg eondj.Èåon

clefLecti.o¡.1 faetors :

no Èhind anod,e *o Et ä = %3
Ð1 end Dâ

Ð3 exql ttÅ.

f'..r- TI .' tUå.;e JC, ,,-'Ë]3 
¡:r.4

ÐL a¡rd Ð?

Ð3 a¡rd i)4

spoo pitsibir::r {r:-rir}efi*cted)}

åui$l=Ë_!d"_ËsriJri,:ls{EË

ßr:lcì nc¡" "1" ci.r*ui".h ¡:esi"sta¡:,cc

resi,st¿rice 5.:: ai"r¡.' tf.<lfleeÈing eJ.,.rcLz,ccle cireu:iü6

362 t"a6g¡ *"rt*E

*30 Èo -9O volt,s

lJ+O ter 21t v'olt d,crr'1n

13å to 19? volfis elc,/:Lsr

30 to l¡S r¡ol-.bs a.cfjrn/tx, of Eoã

30 'hç lr5 vcrl-Ès dcf:1n/kv *f %¿

3ó to 54 sro.lLs de/in/t<v of Ern

36 t'ç 5li r¡ol.l,s dc/:i.*fkv *f \ræ
r,,rj..N;lrÍ:i í?.t r¡.n æquat:e

¿8"M ro 3l+"S% "f %e
I,5Ë Èo 4"FÉ of \*

*5CI to +Ï0 ¡:a¡nps

i..5 uscgs

5 negs

''Vi-su¿¿i e:r:t :-¡ncÈå,ur.¿ of ul¿tef].ecÍ:,*ei forused e¡;o.b 
"

Et""':åtli E,-- o.L'3rtlûCI1t'., E ^ 
* aofich?v a:rcr F,r. ectjusted for foeus.çrJ -- y- -- , -t't _,*- -.hi t:LraJËËf u€Lt ¿Ðr IGee

- 
ó:* i-e i'e+c¡:¡nencled t;Ì"leÈ the di*f1..ecsing elect::ocîe eåu"cuiå resis.ba$cesh,'.1 epr-,i"*:ljæsbeþ er:uel.
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FO5?ÐET'IJLC'TTON IITCE],ERATTON CÂTHODi.]-fuiY TUBJìS

fne def,l.ei'cion Êens{tf1r5.t;y. of the cathcde-ray bearc for e gi.ven

deflecting potentiaÏ varies i:r'rrerseJy "er-'r,th the aceel-erat5:rg potentiaJ""

Corisequeni,L¿r n a ernaLl acceJ-erating voltage produces hetter sensitivity

ì,han a lar"ge accele.r¿¡ti-ng volt:ige, This lvoutrd see¡n to inclicate thaü

lor¡ roalues of ¿rccelçratirrg poten'båal woulcl be more advanùageous than

high vaiues because r¡f 'che increase i.n ciefl-ect,ion sensitívÍ.ùy" FIcrr,'el¡er¡

'bhe Li.ghh cuüpu'c a.f a phospiron or" 'håte -l-un-lElosít¡' of the spot on the

sereen incs"easee rou¡1ltI¡* as blie #qua.yÐ of the voltage throu-gh which

the eleqtrons have Lìeeir eccelerated" The enei'gy cf the electron lceam

is dår"ectìy eieperiden'b e,n ti¡e acceJ"s:z'ating poterz'b5-trio As a resuå'*u a

c*n;:rta,nise, iul.¿sè bæ reacl:ect bæ'Lrr¡eer¿ lum-tnoeíty and defl-ecLicr: oensitiv:i"ty.

In *¡.der to otr{;i¿år¡ a. usefui Ínt,ensåty of 'brace when very f"'ast

r,ångle gl'r-eëp,$ arL? t'3 l¡e c'Ì;rse:1r"red ov fasü îg3'iùing speeds are Lo be

atrÈainr:d, t.tre energy of i;lre cat,hod.e-,r"ê¡,' be¡ua nus'b be considerrLbiy

higlrer'chan in t]'¡e cuei:crta:ry ltrbe tSrpes, Tl:is j-r¡crease ån beiun e!,ter-gov

eou-1-d i:e ebbained- by ånc¡:ea$ing i;ne hea¡r eriryerrtu hcr.;e\rere l,his usualh¡

r*su.Lt,s in nalring ühs s.i:n'b *-ir-::e too )-arge" ¡i betùer ne'i;hcC cf, ånereaoing

i:he irca;i egte:"gy is by :'eå*i.ng the aceel-erê,Ì:ing 5r-olta.ge" This pro*

eeelu:e i.vp;d-d re*uiÈ år¡ ¿¿ cieereasç¡ i"n claÍ'i"ec{,ion sensi"ti'¿åby in eustcmaey

rbube types" lio"ur'e'uqsr'¡ by i.i,* use of, the pcslbelefl-ecùj-on-aceel-erai;ion

pz'inci.pls, a i':igh J"ua'dnc,a5-L;r ¿r.l'rct a reaeonab]e d.ef,lecÈion sens:!.'cåv3-ty'

can- ba ,obüaå:red. Thie ¡r:'åncåple eonsås'l,s of i¡¡*l-uding an addi,,biq¡nal
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el"ecbrode nean i;he sæËen of the eaÈhade*ray tube" This addLtåona]

el"eetrode is cal"l"ed the intrrrnstfåern postaeeel-erabi:rg eleeôrodeo or

Èhird anod.e. 'ihe aecerera'Ling potenti;ll is applied to ilre fårst
anode and th"-; seeand anode is kept at, jlhe saare pot,ential so ,lhat the

def,le+tåon oecuring beêlreen the cle.f.lecl,ion pì.ates is controlled soletrSr

by'bhe deifl-ec'cågrg po'cent.i-al"

In ¡:ostd efleeüicrn--ec celcretåon ca.bhod.e -ï,Ð,y T;u,bes, {:he e¿c c eler.a.Ling

po'í:en'Låe,I j"s chosen to gi",'e e.dequ,a-ile sensj-tivíty arrd the postaecei-

ez'aÈ5-r'g p*fl'enùiatr given blze í.nereaserd j.n'benså{:y of Èhe spot orr the

Ðe3"eeno Each r:s'rt,åcular apt:Iå.eaÌ;i_o¡r of the ca,bhade:ra,)¡ ,¿uì:e has

j."be ôï-et sens:ì-'r1,:l.viLy' arid i'-nt,erns$-t¡' ::equå.tetrenüs" -in pcstciefLeetion--

aegelere'¿j-sn cathotl€:-rav tuire*, ii, mai -be 
nû*ei?sa:"y .flo change the

shape r:f -Lï¿ri conr¡enè:ïons-l- ca-blrc¡d,e-re.¡r ûu"be a¡lr-l atr-sou qiåvide the

,oos'aaceeJ-er-'al,:ing poi'enti.etr- amonË se'rre:raL bn¡xls lcrcs.Èecl near ,chqr .ïe*eeï).c

1llÌ'lå.': is p's.r"'i'icr-r-1.arly ccrnunoi'¡ Ín î;ribc.s ühat have a Eatic oí inte'sifíer.
to acct:l-ei"aL5.rry poÌ:ei'ltÌ-i'rl grea'i:'er" th¿rii bv¡o. Ti"le change ir¿ -br¡-'l:¡e .skiapal

r+r.l.r.r-ç:es t'h.e d.j"e'i,ori:i"an;; 't,ha{, are in-brtxl¡lcett by the Ðor-rexial- coripou,enhs

ef c"!.eci::':å* jjie-1-d caueed bJ. {rh* ini,e¡:sj_fiej:" ,tr¿e jns¡.el.ai;åor: p:"oi:J-er-ns

åtrci'r"r'red årl pcs-tacceLes'a'Lång ca+;hocLe-,z"ay' Èubee due üo üre higir voltages
;,¡.¡.'e sc'.rJ.e"t¡;:res ¡niniuårecl tr:y appS;rå:rg nart of, tile to.bai acce3er.aùurg

vcl;i;a,ç:e b*Lcl+ åF"nr¡:ri ,lote:*flial anql àhe rest, ai:oi¡e g:"ol;ncl pot enfli_a1"
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QUAIì'TZ CEYSTÅL5

l'ihe¡r a high degree cf, frequency sta'r.rility over long periocts

of 'oåme is desir"ed, the us¡lal reso¡rant ejseuj.t, of a¡l oscirlator is
replaced by a m,echanicall;r vii:ratJ-ng Sj ezc¡eleetríe quartø crystal"
An allbernati*g volta¿r;e appliecl ecross the quartz arystaJ- causes ihe

crysÈa1 to vibr.eÈe anctu i"f this frequency aporoxiriiates 'i:he mechanie¿I

¿"esenanÈ frequenc3r of the erysÈa}, the våbrations v¡ilL be intense"

The eiectrical" er¡t*ive.lerrt c:r-rcuåt of a. våk"rating qua.r.bz crysta-L

ås shol"¿it in figure C"l" The sey:ies i.Rü eornlrina.fu:ion ]3ep1"{_Þsenbs the

crysta-l uhile Èhe caÞaeåterriee c* represents .bhe electnos+_eti.c cap_

aeitance be'¿rr.eeir i:he cr¡rnt¿¡,l electSo'.les v;Ìre¡r firel ci,yotai åe n$t,

vS-Ìfa.1:Èng" it:ypåe¡.1- vaiues of ùhese pir.rameters a-ìre shornrû in .f1gure

c"l-. 'llltæ Q c'f such a reson'..nt circui1, es very hj.gh, 1¡a-lues ån excess

of 20rtJÜ0 åî,s tiËt'y co¡¡no!1 an$ ir: rrpeci-al caÊes ¡¡afues o.rei" 3,O0Or0C,C

have been oìrserrrecì" The snia.ll- vai-ue of c/c1' <:auseri i;Ìre coup3-:iirg

br'itr,',Ieeït the er]¡s'r"¿1 reçona.tor" a.ard uhe ert'oe::¡:al_ ci.r"cuit Èo 
.!:e 

iitherentJ.y

s¡Êal3-" The quartø cr;rsd¿f resonator also has a r:enar^lcebly high c'a,{.io

cf j-¡:duct,ance'Lo eapasj-t¡i.nce"

Thr.e impeclance e!:ar.a,:t,e¡:isÌ;ic cf, tlre e<¡r-LÍ_valent cir.cuit is
siroi.'"n in fågrre c.2. Ât, Èhe f,requency f,, rftich. ma.lres aTff,tl, * L-/aÊt-rt,u

ÈT:e bÌ.eaneh LcF" ås ån ses:i.es resrln&r¡ce, and s* cffers a Low resls.bå"Je

jss$,edtlnce a+; i;Ìre et*ernal- Èer'¡rir:.al-s" Â'{, a sJightJ-y hig}rer frequenc¡r f,
tÌrç i.iid-ulc{;i.ve c'eae'bance of '{,h* se::åc¡s brar¡clr is eque3. to the eapacåïåv-e
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i",ew hu:'rd¡:ed eycles to a'f:oir1;

dr.r'et:tJ-y and- freqnenciee up

r¡l'c c¿rn be .o'i>taåzied f,ro¡n crpst.a.trs

I-tO ¡lc nay be o'btaíi'reei b)¡ ove¡.tone

reactance cf clrã ühus i:he cr¡sÈal is jn panalJ.el resonanee. ¡\t thíe
paraJJ-eï. s"esonant frequency, the crvsta]- nffer"s a irigh j-rnpedance at

the externai termi.nals. 'the Cifference between these tr+o -frequencies

is usua-Lly less than one percent.

Prcd-uction'bechni-ques F¡ar¡e decre¿sed the crystal'Lenper¿rture

cc'ef,fic:lent to a negJ-j.gible value o"lrer å girren ternperature range^

The effeet,s of clrystail agling ¡¿r"e deereasect by mor:Lntång the crystal in
a v,ã.cì.ruil or in an i.nerü ¡!ae. Iìesonant frequerrcies v.anging frorn a

I
g

Í
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II .f-lLðì
i e -1-,l*l! q:{
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.-JL- 11 ,t -*L*--i: *l1 t "*r*
ü'" å
l¿iiì ¡r4ÏT
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ù'.--**-* *_+- -..-.* ***.--_-_=$ -

3o

to

operatåc';: r:f tlze crynbai"

S, crys'Lal eonüroll.e¿i 'sse:i11a'hor uses e crj¡steL tc conÈro1- the

f.e"erc¡uenc;¡ b¡' ** -i-osat,íns th.e ei.y'o'cal- j-n the cår*u-j"t tltat, t,he crys'Lal

eqtiitoatr-e:*l'i: eL.ec'bri.c¿1" cret¡¡¡oi-ic l:ec.:r¡n+s part, crf tllre r"esc.nanL cireìriir

uiii-eh rç¿rul-d 3túÌi':hê:iIy co¡:rtr"*-L 1;l:e fre¿que¡?c:\F.

L*3.3tre
t * C.ûå? pf
tÌ-r.. 5.8 pf'

Q * 23rCû0

F'-r*-GTJ:tffi C.l_

üQtiliJ;i"t,EiitT t.ïlicij-iT ûF À i)Ei,LíÌ.îZ; tiÈ]:STril,
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1"H]I SI..JETIP CTRCUJ:'

The basåc eireui-t dia.grarn of the slrreeïJ c:ïreuit i-s shoþrï! ín

.fi,girre D"J-" A. l+ai¡efor¡ru positive ';rith, respeci; t,o gror.rnd pa.t,eirtåa},

ås obtaånecl frcrn point 
t'd'".r.,Ì 

Íi;s negative ås r¡btainect fron poånd'dj

The equi-ii¿.!-eni; cÍrcuåt of figure Il"1 is shoi+r¡ ån få¡y"l:"e I).2" llhis

etneuåt negS.ecÌ;s t,Ìre tube etrop and any t,er.l3e:rcy fe'r the ca-ilar:itos.

t Èo ¿'echarge tkrrouglt ã, fE em. ltr clur.ing; bhe d:Lseira.l.ge of C 'b,hrougir

the firB.ün cir"euåi;

F'Ifi{-tI?Jt i,"}
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If ,T >1 bhe first, Èer¡n år¡ equation Ð.2 has a

on 'bhe rås-.e ti.¡oe of E*(t)" Also, if Rj>>R, and CÞ

value c-t li*(üi is Êft. as shown by

reegJ-i61ble effecs

ü, 'Ê;hen 'i;he rna:¡amun

t"R" * c. "" 2.L J ..C-

-r-ii: F."*'3 v

:il <'

TYre roa.lit.i-åùy cf æqua:råon 0.,å anel åts' r¡ndeelyång essunpt,isng

'."r*i:e eìlecked by ccru.p*r-ling ¿:i¡n osci-Lå"gr"m. or iÌn{t) fron point *¡_'¿n

fàgure B, t and a pia'l, of equa,t:ron Ð"Ê. The oscå31ögraiû r¡as .Laleen

i',*ith '¿he si:¡ec'il cj"rr:liiÌ: c:pere.ting ôn a ',singJ-e shotit baeis ait6 ås

prest:tÏLed ii't få¡¡ure Ji.lç., i'lß.:e¡r rl,hry sÏ.leep ir¡Js opei'ai:ed ol¡ .? g.ecuryt¡7.¿i;

bnsi-s, i;lii: mag,:i::L-i:,uds t:i' 'b]:e sl"¡eeo r,evefor¡n cieereaaeej dsasLiea.ILy. Âs

an exa:rrpi.+:¡ r,¿lie;n 'bhe swÐei: cir.suåè ",!ras operei;ecr continuously ari 60

cy*-Les pev so'{3(rrld, t!:''e ¡na¡i¡iu¡r nagni'br.r.de of t}re çr?JðÐp'v¡ar.ref.¿¡6 -*¿a,s

f.,tt} wr:lts using¡ tl¡e sarûe i¡al-rr_es r:f B" F.t, il3, tÌ" ¿¿t:ic[ C, as usecì i.n

{"}le til}::e-'si¡st¡r t:s*i-Llcgram of .ílig,-i:"e Ì}"J" /\¡L enl.arffed !:rac..r.ng: of the
ito¡læ:ahotrr c*c:i-*ì"1o6i:'&å H?¡.s abbeåned. 1.,'åtlr 1:he U.se üf a photographic

eril"a.r¡¡er-. Er¿i-la'bi.on Ð"2.,+as eveiuai;ec ",¡^i.bh the same ve.lu.es of E, iì.,0
R3u cn and. c* .ùild 'rJi:,*q p3eruf"ed tc¡ rlhe same sca.l.e as o¿lre enlas,ged.

ascå"i-legra':ri" the reçril.t,s ese i1.ï.us'brate¡i is fågur,e l-r"j" Fro¡.u .Llris

elåagreLu.n 't'he sversi"l ev:ror i.s eeen to be e.pirr"c.Ðr.i-mabel,y F per cenl1"
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Å stTelclb¡rolràx '$rye 533t' oseåì"lo*cope r+as rlsedr. flo sbtaån the osej-:T-iogram

a¡rd 'the åeeuraty of bertFr the vev'tlca.l, caliãrrator anet flite h¡oråzc.nüa}

<iefleel:5oal oystem r,,'aç Li'st¡:d by ùhe rzanufacå¡:u*er &s t 3 per eent" T&

v;uuld aFpear Èhat sÈray ca¡rae.'r-i",ance and å¡tcluetanee ha:re e månor effeat
on &he ris,a tirsc slf 'L,he sw,€ep ¡**arrç:,f$ts:"

ä}GLS".$ ü"1.¡

i"C$-{'i'Iv'T{ $Irlfr r1p lfAï"lFjliiliìi,l

IrSFiTS.il,qL .Stì,t.il1 : ät0'sr/,xi1

i:CIìL:1LiÌ,lTlr,L $L'l,Ii,i¿ ä t¿gee¡/ier.n

1'he f"ç1"-'!-llr';j*n,-E r¡scå.Llc..qrarns r.,,r:r.rel¿l¡651 u{re¡r L?:e $ri'&û}) *J.rcn¡å.[,

Has cFel:&t"ed ¡:erl¡r"t",i*ntJ.y a'i:, 6CI e)¡ú3,,r*s per e*e*ltcl" ,I'l:,e s¡TlelttÏÜn:lx lfupe

533rr nsc-i-J.-r-osrrope "s,"as¡ used t,o ei:bafu;r ths,s* o*reåJ.ìl"cgn"a:us" F;ilgurer Ð"5
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presents an oscillogran vftich shou's the relative shupe of the brigtrtening
puloe and the positirre slr.r€€p rn¡¿vefor¡n" The horizont¿rl sc¿r.Le is Z usec/ein

and t'he vertical scatre is 20 vclüsy'cnr and 20C r"oIts/cm for the brigh{:,-

errin8 pulse and the sweei) Tvavefoïm respectively. The vaLues of ilre
srdeep cireui-È co'rponenès viere set ¿s foÌIor.rs; E, o 5kr. p,., = IOko

-L-)

t, = 0"@3- uf,, and c = 0"01 r'f (see fi¿iune o"f)" From figurs D"5ø

åt is seen tTrat g¡i¿ ¡mplítude of tlre brighteniiag purse ås relatívely
const'ant over the duratia:r of the sweep rr¡aveforr¡I" Fågure Ð.6 shor,,s

i;lte or¡eral} shape r¡:P ilre bråghtening pulse and Èr.¡e s*:eep vclteLge

ïraveform" This oscillograra il1i¿sflneÈes ilre håsbor,r,, of tlie dj"seharge

of eapacítss' C in the sweep ci.r.cu..it" The horiro¡r{:al seale is t,5 .llsec/em

and'Ll¡e serlie¿1l seaLe i-r:2û0 trc-']'cs¡y'cm and Et.;o-its/cui for ll-re sïrreep

wa",ref,orm ar:ct bråghiezling 1";ulne respect:iv.eiy" Tt ås seern thai; bÕÈlr

r..'ar¡eforrts lrave the sarne û!,rerar}.!. si:ape" In få6rwe D.f, .the.l,"æo sl.;eep

r'ra¡¡eforms are ill-usè¡'il-b*c.1. irpc:a an e:*erni¡:at'ì-on cf *hese esc;ll-J-og:"ans

it can be geen i:hat. the s'weep u?a,ìreffjlrt-¿s are v¡eLL ì:a'l arrce,L" '-fhe sn+ep

ci-r:etiiû c*nip*nent val-¿es'¡rcpû E€t ee .i'oJ-lcws; R-, = 5h.o Be =:c.ülcT "'-3 e

ü, * 0"00i. uf, a.nd- 0.- ü*()-L rrÍ {,see figrrre 0"1)
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