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UCRL ... 4\13~6 Raw,, 

form4\\~io~U~ iflP'om ll:h~ blt®fil'&tor~o . The inbl!fll@ity pwoifU0 of. tn~ btiJ~m of clh.a;!l'~e~ 

p&ri:idew ~heF~Blfo:we ~ppe;u'$ Oft th~ face @i the r.ecope in a hifEIItO!~P!'~m fowmo 

ln o:~r~®E' to gifl,t0 cut nob~ &illd back$i'O!Wld co~te t'lfom tb~ ildiil~iUt~~«:ici! (!~~n.t.el? ,, 

&~ditio!Ml.l eircUJ.iam W@li'il D~<~lltill!l<!li to dlow a ch&F'S® to bmUfli @p in th® i~li:@jfilil"&!i:®:~r 

only duwing the time of tbe· Bew2h?on b~~~~no Alc;o cirrclllit~B w~we lfM~®€!!0~ to dGJfil.r 

th~ intt&~l~m.\tci" at the t«11rmimition of thq; Bew~ti'Oft p~iJ.I!!IEB., ~ m.oi'm&l op~rlili.U©tile 

1the ciuan-~0 &.ccumwate~ in tb<e int~~rm.lto!f duldng orm0 Bev&tlfon. pmli!l0 .. 

Tb{i: chrcui~ diinli'am of the ~mpUfieii' .. intefiZi'ator hJ @lh.OWI!l im. Fii®o l 

5Uild 4\\0 The ifi'flput ftc the ampltU:i.er h the U» ... mea®~c U).,mv P"hle from th® 

~dmtUlatio1m COU.l!'ilt@i' e &md a minimum t!'ig~Jer l®veel fosr the di~crimi~~OR" 

~~&~ ®~t &t 0.,1 V 0 with a width at hdf I!Unplit'"de of 0,3 e.;,llH2C., The lil'>mpliiieFeOlicO&;,~ 

m.nd Olm pedorm® the combi:ome~ fln1lilCtion of amplifying ~d I!J~Fetchim.l the p~hetfl., 

The ZNl41 d-tiit h•&nei~l!:og wm.m du:lHlllen fen: th~ amplifier" e®ction b®c&~we it ~!&s ~'Th 

~conomiccal 1-llnit with & ii&in.,.bctmdwidth produd of l ~ Me in the comm@~ ®f(il'ili\t~~rr,o 

conf'i1uratifr>ftio It Caii'l be m~hoWD fctt & pW~He who~e wid~h im riho:rtelf fth&il th® 

irbe tim<e of the ampUfi~r that the gain of. the amplificer i® Il'®du.c0d in pr@po~?ai©~ 

t© th~ lft~atio -of th<lll !!m'AplififJr :&?be ~ime to inpu&t pW$® width.., fu the dwc%ai¢ ®b@Vffl 0 

the geJ.~ foi' <&n input ~~ap fuftdion §.~ ~ppg-oxhnltlq:~ll.y 42:0, wieh ~n OJt~tjpliiiit E?he t:h'ID!® 

of 0,4 i)il!l~C, Nith a pub® whtHii~ half width il1ll u~ metf?lEH::e the l&in iili'l H~o !Mld 

thea '-flid.th mt hruf at'l1iplitude i!i1 00 3 ~!1\leco The bia€1 1f'el1llhl.t&oc®@ isn. tb.® ~mpHfie~· 

wer.r;~ det~!'~t:nif.HBd follc,wving the n:"A~hod $\\[gfl!®IDt®d by Ghol!Si'Mii" 
1 The ~mpUfie~ 



" . 

l£'~~®~€l~atiw®o Theil: choic~ @f 'Uu; "e:im® C@2lllilt~t bx tb~ ~iiilwU~r&t~ilYI" W'&l<:ID m!Th@® 

C©!.!!IIDi~:!Jf.!:r&nllt wifd'll t!:he m&Xi:rrt:ttun CO\.ll.[l.\ti:f&i F&~~u Folf l@@~J (;Ou!Ut® \!:@ Oll::Cl!&· imt j}@ mtD,~c 

IS'€lQ~hn~r.;; ~ mamv.n@f'~ l'S'®ilH'Jtlh.<atirOJn tim® of 3}@ !)A®IililC~ tbm W:I?'Ati©:@. of thll!J !f.l'W!'ll® @~li: ~1:{ 

~h(il ~lhJ~lfill'~izrn.zd<!ll:W h~ 1@ ~ID®~t:; ·thea ~mp!itllJM:lt® 0 !@ v po®itive, The f!lwiCd!lhag ~inMl~i,ll 

ll'.!i©W £fll'i<1©~W&iH~i· &I\"!l~ @i~W' eEMiiiU6Jh th£~ ~0llrB!'id.,.p'@.l'pOe® tlfmt.@i!IDtOlrtll Cru'! be t'Atl~&~ 

fiUi>XEM311:f th® l.N~So At~emptm :&:t v&uryin~ the tr>'ig~en· megu~itiwity b·y ch&n~i¥!~ th® 

bi&® o~ \th~ ~iocdi~ CRZ ~;,va::r® Wl\~~;.cee!iHJ.Jfu! bElc&U\"® trme wol~~tlite &ci'O.!l>lll ~h® ~timimg 

@~l~JP!ill~ p\\31S® WID.8'iaiil\ with ~~$ ®«!~i5}ithriity rt®ttiingo To @btmlii &1 warr3.61blh~ ~d~~~:!r 

®®ll~llil~J;iwli~y· a ®impJl® if@lfM of bi~I!Ht@ .. fi!iod® «C!\l) ~i~~:!l'imin&it@:W w~~ th@i.f~ifOF'Iii 

ilill~@W?;)@:?mlt®~ b®tW®®!Ll tiP.@ IDmplU:ier cutpWlt G\flll.4dl unhriblf~\tor i~p11~to 'fb.~ dwc:uit 

t~'®lil/PI©~dro to & mi!lilimmm @iB~iMiill @!f 10 mv at tn® &mplMfilllB' illliplli~o 

1•ll'Mr: ~&~ing ttF~®i~to:a- Q6 pl®:rtmitfll ieh® w.!!lii'ribw&toa- p~~~@ ~o &I);!CU!m.watt® 

~h~go~@ i~ th® ilThtliiimlTm~or. A tri~~ego pwlllle i~ ~waUli.bi~ fl"Ol!n the 8~vah•om~ 

llilto li~@ll'lldi!iLta~ .A Sesll!!}iQ:ivl$) J?uhe T~ig~e)i" Circui~ Wit£?. ~~ S'.@b!® Tbl!i'@~~M~ld1) 
Pl"oc .. I{]!:YLe :Po ~3~ 0 .Jqslli\0 l9~o · 



~lf~'ll.ii:C ~<®~iiil.li;iwe ®Q~J~<ill.a>e pW!!$1e a~ th~ coUt!:do:w ef h"iilliill!lli.mli:t»l? 05 .r.b~l?ti:i'H~ cap~~1J;@~ 

C 15; C!A:!i'tdi.tr®.! of the G:E'r,ailinfi edl$ea of the pw®e irom the c©~U~c~('lllf c&w.!Ull®~ ~h~ 

eh<t!!.1?~12 <t'>C11."0®~ C15 t@ be~ dump~ iDt© CU.»o Low l®~lt.~0 i~ tth® r~~IDek'woilr 

cap;s;i.dte~f!i ia import~tli moo Mybur di~Aedrit::® ~r~ ~~~~o 

C&IDc~d\'ljd ~mitttif1lr foUanl!101if'§ were colD.~aid®~~ fQJ:ll: Il'®~ilii~~Ag O'tl!t th® ilfA ... 

' iol1?rarM9l.ti<Olll in the int®mn·ator o bl!lt it aapp®/6\red mor® pFt\tt:tic.®l! to %11®® the hip 

inp1mt imp~~lliU'lCI$ ©If a vm.c~llim mb!!o The ll.'lUbm.i~mi&tu:if® CK5?0l i® \lMJed,. 

DiO~fl.i ca ... ] ~® Ia b.i;h.,.co~%'&dm.DC:@ diOO$o lN$6 .. !\; . tmd CR-~ hi m. low ... !l®W0il'ii:lti .. 

C'U.!!li?""~l(~t &~ilicon diode til M-P ca UA.- One thOtlUD/l!W~ CO\Brtat~J into th<B intCJile'&~tOll' 

yiell.~l!l m po~itive pot~Dtiml of loS w &CX!'Otilil Cl6., Re®®tting im aecompU.ahelii by 

lli"®illfl~zriBaffi:tdi@de ca .. 6 condmctiv~ ~fiB~ p~riO!' to the ODII@ll\e of the BevBi\tlfOD. b~I!Un., 

. A pWli!le ll.s obtai!rM?~G:ll from the Bev@t~roa ~t:Gftts-ol that eff@ctivtal!y li'OV.nda~ th~ 

~1:11thooe o~ CR-60 . camc:11!Uin1 ~ny chan-se left oft the _E'e!ilervoilli" cap&dt@i'IB" 

N®:tm&Uy ther11 em~tm & 6v lrMSi&tive bi&lill on tub~ VIc Thh~ !ieJ ~e 

to \th(£) 4V Z~Alm!Gl!i' «tlaOO$ ca .. s, whli:llll~lil &no4e b 1\t +~V" Stoi'~~e Cm\J?I'adtolf 

C!9 bcllltll® !>:hialil ilil!Cdt3 &t lw wtuum ca .. s bficomelil forw&rd bitJM~(D«\1., With 15 v 

@I!! t.~t1 plate ~~ mc:lfeen of the p~mltodce 'Wll 0 th@ ano4® Cflll.l!"!l'~lll.\t i® ~oirmally lee® 

tth&!ll 0.,1 &£~o ~ow th~ applic:&tiorm of a negative !J&tbas puhle ifg-or.a tbe ccmm-mt&tor 

d~c~i~ om th~ 'b&iifB of trr~uuili<~to:r Q7 ea~see tlli!i transifiitor to cond\!Ad~ &nd 

diell~e CR ... ~ bec~:m"Af!lS forwiil.rd condu.ctinfi., With no chaB'ItB iD tb@ inteslf~to!' the 

id~"'to ... ~mtlhooe bi&® on pentooe V 1 ilil !'educed tc Zw e ~ th0 tube op~Z'~t@&l iBll 

~be Aii'~~~lf l'e!$i©IT!l 9 d:rf'awirag M &rtaOOI!t curlrent of approximatEily @"5 mAo AIIB fillOt~ 

e!!l.x-HI?.i'e thm l'il.JmO~<$ loii!>d of Vl! i~B eonu•.non to WJ. &U ch&rmel®o ThtJ!'@f~u·~, ~~ 

ltranwitBtOlf Q"i O!m ®&Cb C&1!'Eii i® S~t~d OmA !i®qU@Xfaitimlly by the blocfd.ng.,.@t~Jcil!ato!' 

cc~mm\\.,lltatocr e thld: iillfcl"m.&tio:!ll mtcl"~~ ilfA th® i!tlte8~&tor9 is lik\\llwiriH9 lf'ft~di (mt 

'!'he MoekiYdQ;--@il:!dlU&to:r.i• commY\tstoi' ie she\\~ in Fi!§o 5o 'fbiWJ C@fl8!illi[ltW 

@fi ~ :Wbil~ ~f bi©dd.~~ owd!E.tit@lf@o ,U im &Ale €!1HM::h Uli'».it t!'iSI0!d.DI (l:h& ID~M'!C0till'i~Un!$ 
~~-~~=~:r..,:z:-~'!1--~~~m=m...,.;~-~~ 

]W,., Co ~lm©ii"®D ~$~~-~..,~~~[l?J-k::Gt><ilV<Jlf=frUR~r N®t~W ";f©lS'Jf.;;., fl~{~~»o p., ~~4l»~ 



,fi:'h~ ©~tp'U\t fJ?om the twenty ... fhrr;t bli.ockiua.!i osciU3t01t' txd.ii~n> ttu:1 @~l&y 

_l£ii:~it~wib1'&tO:? Ql! an~ Q9., Th® d.elay0~ plalS~ b v.~ed to t:$'\i:g~er th~e §first blflH~kJl.w,,~ 

OllildU.&fi:O~c ~ al~o to titifile~ tbs osdU.o~<Cop~ SW0®p., T~ lN'34 PNP 

tr~l.ilwisttwe aere u®~@l to yi0Jt<li n®gative ~q~~re pws~e C~~f U9v ei.mp!itu\lll.(l .Ji\lfal1'l UJ)4) 0AI.l.'htl1~ 
. . 

~Jll'aticml.., Tht!!@il ~a hoF.i!BODt~ lilhveep tips~~ of lOO~sec/cm i£5 ~illledl «)6 tftfJ ocr~cUlr&>ll!lc~p®c 

T~ure® bD.n a®sembU~~t~ ~a>ta aJUiHedo e&c~ hoRdin.~ t'ilatv~n of tb~ iampU.fi(iHf.,.ba"' 

te~llr$&\l:Olil' cm.rrlllm a.nd ontll blodd.ng.,.ClHi!d.:Uatoi' cardo e&cb vritlill mew0l\\ b~ocid.ll1la~.,. 

@tJdll~ftcg> circuits.. The outputilll of th0 amplifie!' c&l!."ds ~!'e all join~d is ~lf~~J.e! 

hJ' cou.edinji c~h:ilo · 

Tb.«tl ou.tput of the acintUhttioD cc-mn~e~ul. &re «e~ to thiia @.mpll.Ui~!!r tliu·oush 

«:O<RJI!ial cnbl0e which &li'tJ tflilrmbaated &t the &mplifier il!lput.. The mi[iEflltab iJr«llm 

the pi~t@ilil of th~ pentodeli'l in the ampU.fi~lf intlfll~'&tor ca.rdfS mu~t b~ tlfmulrnitt®i§l. 

1 !HJ\i[(l!let by cabl~ to the osdUo@cOpG ll.oc~ted i!fil th<B Bev~ah•on cont1rol lll'Oom.. An 

emittelli" lC<t~UoW@r im therefore tUHiild to obtain the low ou.tp\l!.t imped!l1!Dce., 

·llfll Fiito . 6 ii!J ~Bh@WD the emitter follow~nr &nd th0 logtU'itb.mic &mplUie!' . 

which compr®WillleWJ tbq, coW».tini rratec or intensity I!H"!alle 0 ggr convenient witBw1ng 

o~ U:h~ esd.lloDcop<J., The pedlestmldtll.e to tb~ c:ommutm.ted ~iifAAI ig i'emovellf! b1y 

U~® tJ~.&i$~~ di@de CR;.;. in m:ad ~.h,~: wfcJ:>mll!.ti<>Ji!i ~l"om the intearator is· ivlll"tbelf ~mp:Ufied . 

by th~ \l:!?~ei9tor QZ Wllaicb he.e ~ 1ain of thre~.. The ~ipal level ~t ~hie p©int 

@lilt~ lt~D ll.@~)@ counts ~t the input of th~ int®gll'atolr b +3@v., Finally~ am~ Gmitt~T 

ioUow®:ii" im uwed to dt-ew<elOfJ th0 m itJll'l&l &croe@ m. lOfi&\r:U;hmic elemeDt which h1 



"r''ij"'f?@ §~/~~c pl\1\f!J"'i1ll\ Y-'mit ~li ~ T<&kt.:!i"O~i~ §31 orsdU~®C«llp~., i'ih\e we~~li.c&i d~fi®di'lJI~ 

~f;£:a8itiviil:w 'm!llt®~t! iell 0.,1 9/cm, ll.\n~ 1@0@ co\ilimt~ ~~ ~h@l i1rap',liJ~ ~f flh~ ilDte:trtdol'! yil.~l!@® 

®o5lu'i!f ~n&l1'!tic& d.eiledioJm o~ tb.e O®ll::il.lloscope f!mce" i\~li." U~«ll e::~nte ~hs @!01Rlr.M;:\i:i®)l'!l 

i~ @oZS 'WI!J ~d fGrr Uo COW'f!t~e @@02. Vo · 

A comA,IMi.t~t might be &I'!M0d. mbout th0 tlr~®imtc? u®ed in t'hlll lol@llfstllil.mk"" 

&mpUfiey}r l.il@diolrn., wh®i'(ill thiS Bigl!ll& hs &ppr?o~l!.:mt~ely :JO w mmdmi!mo Thi@ 

indic~tesa a ~uppiy voUaa,g$ of 40 v or ~e., Te!Bii:GJ o~m abou-t 80 2!N'~4? t1!'&m.®ire~t:orw 

®b@\l";flll~ th&t about one ... h!&itr of ~h$m had m co:U.ector lea>.kaj!£Qll currFemt @f ieruti th~ 

U) ~Mll. w'b<an 1!0@ w W!Ul &ppU.ed. bet~~JJq:H'iml i!:b® c:olledo:r Wllr4 bs0e; 'ab~~ l!Wo hi!!.~ eli. 

le~~£\!i® C\ill"!'fl-'Int of !~tEll@ than 5 &J.&\ at thil!!l e~me volt~Aae" By compa?bom aU 

lNl4 &n~ &N~5 trusisto?® tG~Jted had coU(!!dor !eak&$6 eu.r:w~li!t® of monr~ ~h~ 

lO ~~ l..'flben noo 'II? W'&ID appUedo Some lN)98 Wl.inre &wo checkedll &n<il aU hm.d 

ledt&$0 ct:tli'!'?~rant® o~ more Uunn 5 ~& with 10@ w e.ppliedo Therefo:rca ~Nd!41 

bra.lwl';iwtoli'!l wer~ used in tbi® bigh ... J.®v.ml ~D8ction~,~ and. thl!l collectel'i' t~~lllipp!y 

p0~0nti~ W&~ $S"'wo 

The:ir® &if® ~h!'e~B mabt p@W(B!' r8Uppliiif4 for the ~to +15v, +1Zv0 &&l((\l]. 

.,.lz Vo By mearam of a met®robli!Hinftio!i ®witch 0 the CUl?lJs'(ll!mlt to e!l.lch of fth* bin!i 

tit aU thr~e voltm.ges :h; eaf;ily monitor~»«io Not imclu.diHg the hlll&t@lf mupplly to th~ 

vacuum Wbi'J;)~el th@ total pci~WQX!' diemipation of the umt is le®w tbam 5 w., Th{l} 

~Ml3&'t€!1? pOW4lll? §.~ &bi1>Ut lS Wo 

Fi~'l.!.!"e 1 6how® the O$dUGHiH::opG dit~~play When lf;ht~ t>ow of GcmUUil.UII)mt 

C@lAlila~eJt•C;J has b~.?::~!ll pl&c(£)@. in an ext~l"ntAJ!. beam of chalf'l®4 pa!'tid~~o The p<aJW.dm~s 

@f th® i!Afi.®nmUy p;rofU~ b d®~dy ahown., 



F.i~i"e Leg~J:Gd~ 

&"!g. 1" 'lfheli pllMllitomt'111Jd.pli®a> &®&Jembly and Oi14il of th.e pdu.t<nfd\od?c~U ~a!'~ Mmi'J!" 

An &mplifieF .. inte~wm.~or an' CO!tilMM~t&tflllf te&.lffil &ll"<a m~Mt;•Jtm r®m@W@ii i!'cm ~11$ 

'biiP.o 

Figo lo Block «iliasaoam of 'Writ~ VUJ~d in indic&toro 

i'i~o lo {;ilrctsU elii&i\i'UA of IBCiD.tiU!i'A!ti@fil""C@\lm.telr amplifi0r o 

Fi(go 4., 1fbe int®l,ii'&tOlf circa&~to 

Fig., 5o Cbcui~ diii.llr4l!.m of blocllrllllf£""OSJCW.&to1i" comm.utmtor o 

.Fi!§bo i&o Cbc:u.it i~U.&gi'&M of <DmiU~r foUow~r and. los~t.ritbmic ~mpU.lfiell" 

Fi~o "'o Pho%ogF&ph of the otJdUo~Scope diilpAayo 
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