
Lawrence Berkeley National Laboratory
Recent Work

Title
BEAM-PROFILE INDICATOR

Permalink
https://escholarship.org/uc/item/5z4886nw

Authors
Jackson, Horace G.
Mack, Dick A.
Wiegand, Clyde.

Publication Date
1958-12-02

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/5z4886nw
https://escholarship.org
http://www.cdlib.org/


... 

l .... 

UCRL 

UNIVERSITY OF 

CALIFORNIA 

TWO-WEEK LOAN COPY 

This is a Library Circulating Copy 
which may be borrowed for two weeks. 
For a personal retention copy, call 
Tech. Info. Division, Ext. 5545 

BERKELEY. CALIFORNIA 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, northe Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



For Fifth Meeting of Profe ssiorn<U_,Grp. ori Nuclear 
Scien<;:e - IRE - San Mateo Sept. 1958 

. ·;, 

VNIV!SJ!lSlTY OJ' CAUFORN!A. 

JlLL4lnUOft ~o.tol"y 
B<trholoy, Colifottlda ·. 

Contara.ct No. W-14i01.-~na•<l8 

'. 

BSAltd ·PaOFll.a INDICATOlt. 
· Ho:r:aco a. ·J'e.ckooa. Diclt A. !dack. u.4 Clycto .wtosnu . 

Octobu 30,. 19SB 

Printed for tho v. s. Atomic Eaorsy <;.om•ioolo%l 

. _,; 



. ·\ 

.. 

. ~- .~· ' 

UCR L-9386 

81tAM PBOPILJt INDICATOR 

H•a.co (l. Jfichoon. Qlc:h lt... Mo.ett. a.nd. C tyd.o Wleaarut . . ' 

· &actld:lcm ~o~ntory 
Untvo.-otty · ol Ca.lUoraia 

.. Borkoloy, CaUfornla 

October lO, t•sa 

ABSTJtAC:T 
. , . 'Thio pnpor dooel'iboo M iaotl'maeat ior 4iop!4yins imeaolty pl'ofUoa 

' . ' of 4hat'804•phJotlelQ 'boa1»Q thot OIDO~fJG f:rom blgb•Gfti)JOIY o.cco lo1"atOI'O. Tk.a 

·iat<.motty vorouo pottltto. ft a ot1rtp of 11 octatiUotlon co'W'ltoJ'o oach 1lly 1 em 
· . a~:~·b e.o. e. ~ot081"'0._,. u a.a oocllloo~opo. Tho 4t.opllly I.e accompllohod by 

' ' •• I ' 

. . · omplo,U,.s. ~ailclotot ctrc:\dtp to AtbplUJ aacl lfttosrate tho outputo Of tho 

·. · f.IJGttljJitosr phot•UbotJ •. Tho occ'\Uiiutnto4 charso aoooc:lo.tod with (la.cb eo\Ultor 
;>' . -~ . . . .·. . . , . , - . •. . , ' . . . . . ·." .. \.r, ·~ '<!"'~ 

· Qlo .. ~.lQ.thGn t,oa.4 out in ooq;UOD4o 'by •oe.•e of a bloc;ftlftc WJ<tt.U.Q.tN comtautator. 
·Tho .. oia.t~\it olganl to lutuv ampUflo4 topri~llmit:nlly for eoclUoocopo doftottlon. 

r. , 
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BEAM PltOFlLB JNDICATOJ.
0 

Ho11aco 0,.; · Jaekooa, Dtck A. Mnck, .and ClydO Wteat.nd 

RadlaUoa LAboratory 
UnivCil"oit·y of CalUol'nia 

:8orltoley, CaUfornln 

October 30, 195-i 

At. the _1\acU.O.tton Laboratory in Berkeley wo hAve. eoaotrueted a clevteo­

.· to nl4 .to •Clllplns .-_ o:derlla.l boamo of c..._tt,ocl p&nf.cloo omitted ~Y tho · 

B.ovf;l,~oa •. · Typtcil o~port-.nto roquiro bott.mo up to l 00 tGet in loa.gtb frowa 
· tho priauwy-·t~rl$t tn- tho macblu. Suca beamc a:re 4irocto4 tlll'f.~Uall l;tOfldblg . 

. . . •• focttaoi~ mo.sno~o to dotumifte tho momoata of t!Wir putlcloo ,alld to 
coMo1'1tr-oto tlio pnnlcloo ont:o opocinl tal'goto. A problom io to aUan the· beaam.o 

·. · , · o.loas ptod.otol'mblocl.~tnjoctorioo with a ~~tinlmum oi ttmo artd effort. The 
', ·,... . ... • . ·_._,._;:- , r .,. . .. 

-- . tntOnoity ·-ot tho beaUt it!. too low fol' practlccl. cloioct.lon· by the :~~J'hofti-.s of. :phOto- _ 
· .. oJI'&pbic film or by a ot~tel' Of lcmie.UOD C-bt:Lmbero. · •\fo could espOoe photo.;. 

. . 

8 .. 21fJtde •mulotoao. but the ttmo roq:uil'e4 to develop them and. count tho ia• . - . ' . 

' · · ·. cUvi4-' ti--.cko w~. bo prohibitive. · , · · · · · '· · " · 
• '· . · wo· ~vo cloatsncd tlll- naoro.y, wht.eh io place-d. norrtu.\1 to t!wJ boam, eon-

' .. ·. 

•. ·>I"~ . " .... 

.. -~:ato&t.olmflY of a I'QW ot Zl Q¢lattllntloa c:oantero ·e.ach 1 em by 1 c.D in cr~oa 
·oocttn. · · "t.nruliotorinad ~il'etd.to. are ueetl to a:MpUly and cqua.Uao tho pulooo 

·· ,.,_..,.. oO:.h coUn.tol' aa4 to ladlcate·tu aumbor of pulooo by olectrlcal i.auogration. 

· -·Aado_to.onle t:CJmnnatctor aU.-wo tlle accumulatod charae ·act~octnto4 wttll eaeb 

olemoat to bo road out aDd 4ioplayo4 ao n hietosJ"am on c.n ooctUopcopo. \fith 

·ihf.o nppai'~UO W:G &1"0 able to Ob001'VO tke intonotty profiloo of the boamo and to 

·D.4juot·_•ho vnriov.o ~agcot curoato to optimum bea4ltia and focuotna -ecmdltlone • 
\ ·. .. . . ' . 

. ·J'trs\U'O 1 oh.owo the photomulUpller aooem'bly und cmo ot tho thrcao oimilar 

bja o.oe.o~l>\~ w~ch .hoW. tho pwinted cb·cult cu.So for tlmpiUyblig aiul tatopating 

.tho photomuft.tp.U:or otaaalo, e.loas wl~h commlita~ol' .cnzodo au g-oti~t1 Cll.l'de. 
. ·. ' -

Llti~t trom t~ plo.otl.c oeiatillo.tor, l em oquaro• io tl'anomlttocl 'by tho 

· Luclto lla~ pipoo_t.·o tho oi4e·wibdow phot$cathodeo of lP21?hotomu.ltipUor 

tubC.o. From notoo conoido,e.ttono i,t vmo 4oci4od to U.mlt tho hi&b voltaso · 

0 . . . • 
Wor)( done \'lfteltltr tho a.Udpicoo el the v. S. Atomic Eaorgy Comt"Dlooioo. 
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acirooo tho pbot;otubc to ~ •admum of lOQO ·v. Appromm&to 4ootsn condttlono, 

~roltwo, woJ"o for oelatillnUOil-coa:atOr output poloo.o of lO·mv nmplttu4e 

with rtoe timoo of 1 milU..;ml~rocecoft4 aad wi4th .ct boll Ca'lpi1tudo.l0 fDJ;lOOc. 

-Coutins rontoo woro oxpocte4 to vary ll'o~ 10 to 1000 coualo pot Bovntroa 

ptoo. Tho Dovt\ti'on prod.~~o c. beam p\iloo oaco ov~ry 6 oocoad.o, and tho 

4-.c.uo:a of tho boom caD bo a4ju.otod from 30 to 300 a.Ultooconcle .. ·. 
. . . A. •toch cDQpam of tho oyote.l\1 t.o ohcmn In Fisk~ i. Thoro e.ro twonty .. 

ou ebtlmlolD• oao fol' oAch odatUJ.atcw. Tllo O'JtpUt £rom tho oclntUtatloll 
.eouratol' t~· amplifiocl by a. tJuooe ... ~tcso al'npUfiel', thonce aooo to a. dlru::rlmlDO.tor 

· · .wb.lo ''~ P'&lOO'D, oq-U.,,CHl ln ••pUtlade c.n4 414J'adori, to .A dlo4o pam·p 

'·-~- , •• tnlGfJI"C.lioa.· Tile . qu.tpv.t ~ tilo {DtOAJI"CI.tOI' io 4mptuled hy 1.\ alas to. 
·.otatJo vo.cu\UD-tlib9 a1DpW'toJ' Ytldch e.to.o ool'veo: ao e.o output gato. The it. 
va.c••••t1lbo o:mpUilol'o ba,vo a co•.ftoa an.oilo: lond 1"eoiotcn¢o, ·aa4 uo turned 

'. . . " . ' . ' 
. , ·~in C(J4liOtllC~ by o. :a.tockb:aa oociliatcw eommv.tator. Tho outinu aeJ,'.r,.oo tbio 

. ctrmmon a.aO.do :l~ .. lc trnJ1oi'IJdtte4 to a: lo8arlthmie OOtpllfiol' llNt thGneo to tho . 

· · · ••rUlt?rtap~ ot. a ~~I'OiW: SSloo~dlc;,ocC.e. Tho b.•rin~Bto.t ~op et tu 
ocope lo t,tr~ool'od .. f~t.oft't th4t btoeldas·•o~U~or·com•uUttOI', ·ootbnt dmo 
oyac"'.toa.tl~ iD m~lnod b~t\ro()A .t,ho oW.ep a"D4 tllo ~oc4ins out . .., ta .. 

. 't•mo.tla from thct iutogaoat•ra. Tbo lritoaolty prOfile of tho Iteam .of chnYaod 
panlctoo :t~I'Gfo•o ap~CI'O, oo tho f&4o. ot ~bo ocopo ln G ·-h.totogta.m for.m • 

. . Tee~· out Q~CO aa4 bo.ef:taroui\4 couato fi'O'fD tho o·cll'tltlatloa counter. 
a.d4ittono;l cti-cutto \701"0. noe.tod to sU0\7 •~so to l'laU4 "P la tho iat<>at-ator 
cm•r ••lAS tho time ot tlto Bova.tr:cm be~. Atco cia"ouito woi'O nooclo4 to clou 

. ttae late~~ ... M tho ...... t_.tl.l\ ".~~ BGvcU(tft , •• oo.' No.-ml\1 opot'o.lioa ~~ 
· for·cha1irso 'to·tt.ccutl')\alatc> tn tb.o tateg,.ntor 4vla~ OGO &ovetroa puloo. 'but.· 

moano a .. o alco J)J''Ori,4o4lo~ latoa~c.tl•s to• a lousC!Ir ·tt•o of 30 ooc~a. 
TlaQ el-rcul't ~7am of tb4! a_,gUliOJ."•tntoara.to1' lo ·Ohown U1 Flge, S 

and 4. .T~ taput. to tho amplUlol' to the lGr • ., .... ooc lO,•mv pv.loo bom tbo 

oct•UIC&lo~ couater. t~ad c mblf:mum tricgor l•vol toJ'. tho cltocrlmtaatoi' 
wno oot ~ 0.1 v• with a wlcith at ho.lf a.mpUt\\40 ol. 0.1 t~-ooc. Tho nmpWlor 

)'IQJ"(OI'JPO, thra eombiuocl funcdoa. of a-.;pUfylag aa4 stroteldna. tho pul.ooD.;e The 

IIQ47 4rUt tJ"Molotor 131\0 cb•oon for tho •mputlor ooetton 'boeAu.oo it was au 
oeoaomtenl wdt with n saf.ti .. lfandwidtb _pwoduet of 15 Me ln the common e-mltt<lr 

· coftflatv~i:hm. a cnn bo ob.own, fo-. a puloo whooo width io tlhonor than tllo 
rioo tim~ f>f tao amplittoi-• t.lua.t the 5nlil of the ampW:tGI' lo reduced in 
proportion to ~lao rntlo D£ tho Amplllior rloo tlmo to taput puloo ~idtll. In 

tho c;h'cu!t oh0\'1D the gnf.a fos- an. laput-otQp tunetlon ls approxtmntoly <dZO, 

wlth t\a output dDG ttmo of 0.~ taoo.c. Wlth n puloo whotte ht\U wt4th lo 

\ 
\ 
\ 

\:. 
\: 
\ 
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10 mpoec tAo ga.la lo 10, aDd tho wldth at half amplitudo lo 0.3 SADocr. 1'he biao 

· reoiotancoCt •• cho ampUfi01' YIGI'Q doCel'IDiDOd following tho JrtCtho4 GU(U,;ootod 
l . . . . . . . . . 

by Qllnftdi. Tllooe oisao.lo ~i$&or a dtocriminator 'C1bicb hAc tho 4UA1 fac:Uon 

of dlocriminntlna a&ainot o.oioe an4 preoontlna oqua.Uood p\&looo to the iatosf'ntor. 
· T·bo millivolt d.iocdtD'inator prtnctplo doocdbe4 by lttmdinh~ io 'l.lbod. HQI'o tho 

tronototoro o.ro blnood oo tbnt the drcndt lo potoadnUy wu1tablo. but tho ~olloctor 

lood of tl'anoiotol' Q.ft ·to ohorte4 out beca\\OO c:Uodo Citl, io normally eOAdo.ctiDg. 
-:,\ . .. . ·. . . . . 

Appllcatl~ of a pooitlvo ptdoo-to tho baoe of trnnolotor Q4 ~auoa.c u· to ~om\w::t 

hoavily, mald.ns tho ~diode prooent a high impoclCilc~ .. aad tho c.d.rc:'"t be.c:Otbeo 

· roaonorative. Tbe choice of the time c:omotnnt tn the unlvlb~ator wac mode 

cono!otont with the mad.mu~ coutins sonto. For 1000 coW'ltc to D¢C:\U'la·3:0 moec 

roquireo a mulunam to solution. .timo. of 30 tf;0041 the 4vo.tion- of tho pul.oo out Of· 

t .. <Uocrllnbiotor lo 10 p.aeCJ tbo amplitude. 10 v poaitivo. Tho owttchins -tltcG.o 

new lnvolv~d. Are olow on";Bll thAt gonaral•pvpooc h'Mototoro cnn bo uObtt, 
· namoty·thG 3NS5 •. Attoepto at v>al"yin& tho tl'igJOI' .Ootlc-itivi.y 'by ~bcaalntJ.tlw 

' biafl on the ~ode Dl woro ~oucccu:loftd.beee.uoo the vo~ace u.-ooo the timing ·-,. __ ,·· 
.. · capactto.- .<:1) alco v&U"led. dlr.octly with the f1J.ode~b.lacr. Tht.io tho 4\il'atlon of tho . . . 

···output pulrio ~arlod with tho :aonoitlvlty ootd.ns. A oimplG form of bic.ood. 4lodo 

dlocrlmtaa.tor wno thorcloro bu:orporatocl botwoou the amplifier output and 
.. 

\mivibl'ntor input. The circ'tait reopoado to n mlatmum oignal ol 1&. mv .at tho · 

. ·ampllfior l'nput • 
. Tho·· anU~ta;tr~aolotor Q6 pol'tllito tho =l'ribr-.tol' pulOQ to aeco.mutato 

cbnrge in the intoarator. A tl'i81JGf paloo l:o nvnilnblo !J:'e>m tbo BoCVD.tron. 
. ' 

control that to c~ttcidoat in tbao wi~h tho -bogtDldna of tu'Bcvall'on boam puto~. 
·Thf.o tnaaer·p~~:'io ~aclo to ac~unte a tihlribl'ator cil'cutt. whoo$ OUtP• olpnl _ 
to a4j\\Ot.~lo fJJom_ 10: 111oec to 3GfJ a soc. · Tho utaso~ pulce ~ ~ a.ppliocl 'to thO . 
emittel' eftiuoiotor Q6, .eau.oing it to oat\il"ato OIU1 thcl'eby ai.loe- tho puloe 

from tl"~noiotor ·QS to· be loci into the ~totJrAtol'. 

1 s. K~ Gha.ncit, B~. ~cm.ol4oratlcmD ta Tranoio.&.-4, Qlrellit · Dcoip, 11\B Trnno.• 
on ClreUit 'theory, Vol CT-4, p~l94, .Sept.- 19$7 · ., 

ZL KnDdl:Ah. A Sonoitivo .P\llee 1'rlgaer CucGU Wlth a Stnblo Throohold. 

' ' 
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.. Tho tntogre.tot _to a. ob'IJplo cUoctc pump cue~t ao deccrlbocl by lClm-o~. 3 

T~ ncacttvo aqw.1r9 puloo- 'at ·Che,, colloc.tor of trancictOI" QJ ¢bal'goo enpocltoL" 
Clfh nrrlvcl :ot tho t~lt~a edge of tbO putoG from tho cotlottt;n!' c:n~o t~' 

·. ch.(Jzso ·.~crooo CIS to. be dumpedlntb C16 or Cl t. Two lnto&.VAtlag tt~ 
cotaot&uto are u.ood: &.5 oc¢0r14o.J.o~ ilttog'tattas one Bovctl'oil gu\Oo aild. ~ · 
ooc01\4a fol' lntegt'otbag up ·t.o tlvo .8•va~:oa p\lloeo. Low lenlt&go bl thO l'aoorvi~r 

·. . . . )\ . . . . . . . . . 
· · capacltrwt; Jo lmpodaltt, aacl· .t\Cy~ diolectrlco ·nil'~ uoed. Pbyo$<:.~1 conoitlo~-.-o· 

llll1it~d the:t_6iiSO . .£ tblo e•pO.Clt_. ~~ 6:·~,~ ·tbuo ·~ 5•mo8 r()atQ•~r ~" n~t;eo~aity. 
:. to nchiov.o tho dollii'Ocl time etmotaat. ·· · · 

. ·. . · C~acte4 oll'dttOJ"•f~llOVIOro ~" ~~"Di40Jto4 fq;r roa:ulms ()ttt t.~o-tu# 
·10..mnuoa lu tbo .l~egr.itu.t·.b\lt li .ap,Poa.Fed m~e pl'aetleal to •nho ~.~_of t~ 
hlgb tftput impe4o.nce Of a Vb.C\1U~ ... ~ . Tho o·~Wcturo· CKS?Oa lo ®ofl,. .. 
.Diode Cl\ .•l la ~· ldfih•~tmd~aiieo dl#>dc• t .. 6At ~a4 CR .,.4 t~ . n low-~v~~IJO•, ·-

:· . -
"'• . . -. 

· ~ur.-•at ~iUco. dlOcie, H.•P GlliA •. ~e thouoUt! oo~t• .ll\to thc(int<Jgr.ot~l' ·.: 
... ·yteldo.a.r;oeitive potor4t.~~;l Of.· a·.& v.fic.-~oo,Ct4. 1\e~otU"I.i6·A~~-r.mtptleho& b.Y~ ·· 

" • - . . ' .f . ~ ~ 

'~ ·· ~toado•jns &ode Ca~6 · aoncluC:ttve. Jiaet ·pt'ior " t)lo oaoet ot ,_ BCJvat_r• -,.:am~:··~-- ·~ ·· .~ 
, ... ·A puloo lo obtidnocl ~~~ ·~. lijvntJi.C)a c:on.t•o~ that elte~ttvoty· g~oqnditt:hO.: . : 

.··cathode 01 ca.6. cancotlq aayeho.jg~ tot• C1!l the rooervot• .cap~ito~. · , 
:. · · · . Noruu1tly there e~ttto a ., v l!li21Jatlve btn~ at t~ grld ·of V(t·.. . TJtin t·o 

. due to tb.e 4V z.ener diode ca.-s. 'Wh~oo catb~ ta at ·+tv.. Stuagc ce.p®l~or . 
·· .:Cl9 ho14:o t:hto ctt!~o4o at z v wbca <:a•l 'boe01noo lc;tr-ud bl0$od• ·· \'fit~ $5 9'· 

on tho plate an4· ac~eon .of th~ pento4o Vl; tho ~odQ c\Wrent l.o ao~AllY: to so 
than O.l l'll· Now the ~ppUcntion el ~ eonott~ gating putoo ftOJ'IJ t~· eo~mutator 
ct•cutt on tho baoe ot.trnnatotu Q7 ¢G:ul3c;othtotra~UJiot• t~ coa.duct,·a·d . 

. dlodQ CR •5 bo¢CK~Jeo tot~•r4 tondllctl~~ 'Wttll 110 clmrg$. tn tbo -lntogl'ator·· .~ , 
. 4•14-to-ccthodo biao on poat-od.e VI to r<u.t;ueo·cl to -2 v. amt ,. tu\o,·,peratol:! la 

tho ltDGar s-outoo. dravnnj an &Dade ~~(!.~.,- ll:~~~l.l~ely''~~ ~-· AD fiot!)!l:. ' .. ~.' 
e~Uer. tile ailede lead· of Vl i.o cotnmf)a to a.U Zl clmnnele. Tbarct~,o, no , 
tl"anototol' Q 7 on ·ouch cal'd to gato<l a ooquatlclly by tho \).toc~g •oocUlntol'· . . . . ' . . 

·commutator, the lnt'ol'matlqn otoro4 lu t~ l'atoa•~ol'o iio Uko,wloo roAd out 
. .· . 

ac•ooa· l'Osiote>r 1\38. · · 

Tho b!C)Cld.na•oectUator. e~m\l.tator is shown la FliJ. 5. T~c c:on.olato 

ot. a oorl<io of blocking ooctUatoa-o. 21 In .aU, oacb. tmit trtgQ1'lftti 'tho .aw:tcoodlft6 · 

one. A c!Glny ,., tntrod.ucod at tho end ot the· tl'atn of 21 puh;eo to allow f~ tho · 
rotraco time of tho beam tn the oocUloot:opa. Tldo .to .i\ccompltohtad by tho dolny 

-'w. C. ltlmoro, mlocts-ontc:o (McQr&w•Hlll. Now Yorlt, 1949). p. 150. ·. 
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multlviln~atoJt Q8 ud Q9. ' eo~li*idem ·wtth tho trigaer to the !bet blocking 

()ccUlt\tOI'. a putoo le pro4uce4\'~ trigger the oocUlooc::ope oweep. Type 

21'434 PN:P tra.noistare aro Wi()d to ytetcl noaative oquare pulseD of 10 v 

ampUtudo and 110 f.I.DOC dUJt$ti.oa. Thus a horizontal owcop opeod o£ aoo mae"/cm 

. ltiuoecl on tho oecUloocopc. 
Tbro• bln U$•mbli•• 1\fe uoed., each holding coven ot the amplifier ift .. 

··. t«tgl'ctor ca.rdo ~ncl one blocking-oscillator cawd, The outputa oi the amplifier 

1 .• · cal'cia &l"o all joined tn paraUel by eonno~t,tna cableo. . ....... ,. 
'lbe output Of tho ecin~Ulaticm crnll\ters &I'G fed to the amplifier through 

· eoaxtal cablee which are torminated at the a.mpU£itu• irtput. The oignat.s .from 

·the platGs of the pemodecs lathe amplittor bategra.to~ ca:rda must 'be transmitted 

1!~0 teet by eablo to t,tle oot:ill'>o~opo 104~0'4 in the Bevatron control room. An 

ell)itr..ot follower io thotefero usett to obtain the low output impe4ance. 

In Fls. 6 tn o_howa tb.e emitter tollower and .the logarithmic amplif.ier 
which comp.resooo the counttng rate~ or intenalty aeabt fol' eonvenient viewing 

on the ooctUoocopo. The pedestal due to the oe~mutated .oignal te removed by 

thO 1Jiaoe4 CltcXt$ Gl\ ... !, o.ad ·the tnfozmatioa l rom the i~egratot: i$ £uztbe:r 

..,mplUle4 'by t'ho traaalotol' QZ whi-ch hAs a gate. of tiu:ec.. The eignallevel at 
:thle potat.du.o to:l.OOO coW'ltB at tb,e tnpUt of the intesrator ia + 30 v. Fin.Uy, . . . . . . 

· ••: e'*iltto1' .foU.Wor le uo•d t·o develop t~ ·.signal ac.-oaD a. logarithmi~ eloment 
;· :· "«M4hlo.o.ty,O G•:7A ·d:l~. Tbia oi.tJC~l la eo~ted. dlroct\y to tho input cha.nnol 

ot a'Type :Jl/S4C pl•a•ta unit Qf a Tektronix I:H 'Dcope.. The •ertit:a.l u:!lectin 

· ~Ql:\&tttvtty ~004 t.o O.l v/cm, an4 1000 tH~-0 at.the inp\tt of the btt.grator yields 
' - . - . . 

,O.il v .w~tteal dotlectioa en. the: •cc'lM face. J'or 100 ¢ouata the defle~tioa ie 

9~.2~ 'fll ~· foJi ~o co'tlltlta. o.o~ v. 
. · · ·A ¢omt~tent mt.abt be added about the tt"aruststor ~eed ill the ·l•sa:rithmic 

amplUtor oeetlon. whOre tho olJnallo appl"oxhnately lO v ma:xim!.lm. Thi$ 
• 4 •• • • • 

· .. illdl~tt.teQ a oupply voltase.of' 40 v cw mol'e. Teeto on about 80 ZNa47 t:ranoletors 
· oh.owe4 t~ about oae•l:mU of thom baJi·a~eoUcctor· leakage current of lceo thnn 

·_'JO ,._ w'-n 10.0 v.wtA.a o.pplie4 between tho .collector anct baeo; •bout lifo ha.ci a 

leaiu!.ao cutl!ent of '1e·c~ thae S p.a lit thill oa•o volt.aae• By comparison all 

_1N34 ar.a.cl ~N35 tr~olotoro tooted l:wl collocto~> loak.oae eurento of mo1'o than 

!0 -.a wbea lOO v wu ·a.ppU.e<t.. · $ob,e ZN398 we~e o.loo che<:ked.. anti all had 
loaho.ge ctift"ontc of rn•o t:han 5 .... with 100 v applied; Tllere£oro ZNa41 . ' ~ ' . 

tvanctotoro \voi-o u.oc4 in thio hi$h•lovel section, an4 the c:ollectot oupply 

:Potoutlal wao arbttZ"adly oot nt 65 v .. 

. ' 
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Thoro a.-e throe main power oupptte.s for thea 1Jilit, +05 v, +12 v,· an4 

-1 Z. v. By means of a meter .. tnaertien owltch the cu.rrel'lt to eac:h of the btno 

nt aU three voltagoo i.e euily monitored. Dlal"egnr4tng the heater ~upp.ly to t~ 

vacuum ~ube.o, the total power diealpbtl~n o£ 'the unit io toae tbnn 5 w. The 
heater power is abou.t !S w. 
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Figure Ca.ptiono 

J'ig. 1. The photomultipllor a.ooombly and t.m.G of the printed circuit card bbus. 

An ampli!lel'•lntesrator and commutator C:D.I'd are ohcw!m romovod from 

the biu. 
·Fla~ z. Bloeh. 41o:grMD of Wdto uued. in indlcntor. 
Fin• 3. Circuit ~~~rc.m of oelntillatlon counter amplifier. 

' y . • . ~ . 

Jrig. 4. The intG:grato'i' circuit. 

Fig. 5. Cbcuit diagram l:4 blocktag oocillntor cotrtmutator. 
Fig. 6. Cb¢ult ,diagram of .emittel'•followe;r and legulthmlc ampllfter. 




