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necessarily constitute or imply its endorsement, recommendation, or favoring by the
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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.
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ABBTKAGT
Thin papor doocri‘bon w iaatrumea! (or &io;slayﬂng inteuotty meﬂloa

o ‘f_mutztﬁliaw phatotuben. The secumulatod chorgoe accociated with cnch countor

| -'imanoity vorBuo pocmun ona ntrw of 21 wtmﬁlotion eountora oa.ch 1 by l cm
B ,amnro ave himogram on on. ooem»occpa The dlopiny i6 accomplichod by
' "euwploytng transfotor a&wuﬁtp to amplify and intograte the outputo of tho
, "lralnmm io thon ropd otst in oaquﬁmo by woons of a blocking oocilintor emmutz;&;r.
' ’thc eaput aigunl iﬂ turthw amputim! logaﬂthmtenny {for aaciuaucspo deﬂoctimz. ,
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At the Raﬂ&nﬁm Laborstory in Berkeley we have constructed a device

S ;m oid in ausnmg the oxtornal bormo of chargod particlos emitted by tho -

‘3mmtrea. ‘rypwai axporiments roquiro boamo up to 100 foet in tonath frm
" tho primary- tnrget in tho machine, Such beamo are diraatod through bonding .
snd £wming magmea to datexmiue tho memanta of thoir pmicboo and to

- fc:mcancamto tho mialea onto opaeciol targots. A problom io to align the beamc

'_:Mm prodmwminad trajoctorico with o minimum of timo and offort. The
 intonoity of t‘ho beaw i0 too low for practicel dotection by the 6&:’&@::,11;3 of ‘photo-

i 323%&«% filem or by & cluctor of {onizotion chambers. We could expone photo- -
' graophic amulalono. but the time required to develop thom and count the in. | ,
- dividual trmlm would bo prohibitive, - - L

Wo hava doeignod on arroy, which is placed normel to tha beam. cone

R 'f':ainting aimply of & row of 21 delntillation countero each 1 cm by 1 cm in croes

‘poction. - 'i’mnaiutwimd clrcuﬁto are used to ampliiv and oqualize tho pulseo
fr@m awh countor and to Lnéinate the numbor of pulscs by clectrical intogration,
CAw eloctronic commutator allows the accumulated charge associoted with aach
~ elomont to bo read out and dicplayod a0 a histogram on on oacillamopo. With
thio appauzuu we aro ablo to obuarvo the intouutty profilos of the boamo and to
‘ndjuat ;tha vorious magnot curronts to optimum bending and iocnning conditions,

S‘igm 1 showo the phﬁtomnmpuer accembly and onc of tke thraa similar

| . bin uooambim wlﬂch hold the printed circuit cardo for amplifying and integrating

- tho phatamnmpt&ex nlgnaln. along with cmmutater cuxdo aml gaﬂng cords,
- ' Light ﬁ*em the plactic ocintillator, 1 cm oguare, io tranomittod by tho
Lucito light pipoo to tho oide ~windosr photocathmn of 1P21 photomultiplior
tubea. From notoe conoidorationo it wag docidod to timit tho high voltago -

Q‘Wét"h;' done under tho auspiceo of the U, S. Atbm;c Enorgy Commiooion.
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,acrooo tho pho@otube to o mamimum of 1000 v. Approximate daoign conditiono,
- thorofera, woro for ocintillation-countor output puloco of 10-mv nmplitude
. with rioe timon of 1 mimamicmuecond and width ot half awplitedo,10 mpocc.

. - Counting rates wore axpoected to vary from 10 to 1000 cwato por Bcvnt,rcn :

-V'pulna. Tho Bovatron produces o boam puloo snce overy 6 docondo, and tho -

e 'dura&ian of tho boam can bo ndjuatod from 30 to 300 mittidoconds, .
A bloch dingram of tho uyceem io chown in Fig; . ‘3. Thoro aro twonty-

i one chcmnelm ono for osch neintillator, Tho output £rem tho oceintillation

| countor 16 ampl&ficd by & throa-gtago amplifior, thance gooo to o discriminater
. which faoéo puloan. eqtmlined in amplitude ond dmntim. to o dicde pump
: ﬂt':irc:ui& for integrn;ien. ‘!'ho output of tho intogrntor ic amplified by a ciugla-

ntage vmunma-tubo ampnﬁar which aloe sorveo 8o an output goto. The 2}
| vecyumetubo nmpuﬁoro havo a common anodo lond reniatunao. and aro turncd

. on in aoqmncn by o blocking oocilmtor commutator. Tho output aCrHoo this

.~ common tnado lmd 1o tronomitted too mgarithmie amplifior and thenco to the
, 'v"'i'.vampmtm' taput of a Toktronm 831 occmoaenpe. ‘Tho hariﬁmtnl mcxp of the
~ peope, in triggama from tha blmhingmoocnmm commutater, oo that time
| nynchrnniuuﬁm 10 maintained betwoon tho omap and the reading out of in-

: ,- formétion from the lntogntwo. ‘i‘he fntonoity prama of the boom of chargod

__'-parttcloo thoreforo appoors en tho iac,o of the ocopo.in o Mbwgmm form,

“To gate out miuo and bnckgrmmd counto frow tho oclnmlutim wmtter.

_additimnl circuits wore nneéod to allow ¢harge to bulld up in the mtogmwr

“only dwtng ths ttmé of tho Bovatron boows, Alse ciwuiw ware nooded to clear'

 the lntogrator st ths terminatien of tho Bovatron puloo, Nowmal oporation. io

- for chargo to accumulato in tho intogrator durmﬂ ono Bavatron puloo. but -
moeans aro alvo prbvido& for inwgmtmg for a longar timo of 30 socondo.

o  Tho ¢ircult dtagram of the ampluiar-imogrmor io ohown in Fige, 3
and 4. Tha input to the amplifior io the 10-mpooc 10-mv pulso from tho

‘ nciattllation countor, tnd o minimum triggor lewl for tho diocriminator

wio oot ot 0.} v, with & width ot holf amyuteﬂo of 0.3 wooe, Tho ampﬂ!f.ar

S par(erma the combinod function of ampluying and attotching the puloes. The

| 2N247 drm ttmoiotor wio chooon for tho ampuﬁor soction bocanoe it wan an

. cconomical unit with o goin-bandwidth product of 15 Ma in tho common emittor

: conﬁgwqﬁm. R con bo chown, for 2 pulse whooo width i phortor than the -
rivo timo of tho 'ampliﬂoé. that tho gain of the amplificr 1o reduced in
‘proportion to tha ratic of tho amplificr rice timo to input pulsc width, In
tho circult shown the goin for an inpw-otop function is approximatoly 420,

. with on output rloe time of 0.4 pooc. With o puloo whooe half width is
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10 mpoec the gain {o 10, and tho width at half amplitude 1o 0.3 psoe. Tho bias

‘veviotancas in tho amplifior wore doterminod following tho mothod suggostod
by Ghandi.l Thooe oignalo ;tiggar 2 dinc:tminatcr which has tho dual 'fimction

of discriminating againot noive and presonting equaliced pulsos to the intogrator.

‘Tho millivelt diccriminstor principlo doscribed by Kandioh® io noed. Hore tho
- tranoistoro are binood oo that the circuit io potontially unctablo, but the colloctor
‘1oad of tranoiotor Q4o ohorteé out becawco diodo CR2, 0 normally condqcting.
'Applieaﬂm of a positivo puloe-to the bage of troanciotor (34 cauces it to conduct
hoavily, making tho diode prooent a high impodnnce, and the circuit becotos

o rogonerative. The choico of the time constont in the univibrator was made

congictont with the maximum couanting rato. For 1000 cmuno to occur in 30 moec
raquimo & mmtmum resolution time of 30 pooc; the dumtion oi tho puloo out of
the diocriminator io 10 poec; the amputwde. 10 v positivo, Tho owitching timeo

' -ncw immlvad are olow ommgh that gonaral-purpoge transictors con be wood,

‘ -' namciy the ZN35. Attompto at vorying the triggor. nonﬁitivity by ahanging the

. bias on the dim&a D2 woro unguccesoful becauoo the voltage acrons the timing

-capacitor C13 aloo voried diractly with the diode ‘bias. Thuo thn_ duration of tho

‘output pulde variod with tho senoitivity cotting. A simplo form of bissed diedo
diocriminntor was thareforo incorporatod botwosn the amplifior output and -
\mivibrator input, The circuit reopondo to o tninimnm pignal of 10 mv.at tho -

o ampnﬁar input.

. ‘i‘he goting tronoistor Qb pormiw the smivibmtar puluo to w::cumulata

chnrge in the intogrator. A triggor pulso 1o availoblo from the Bovatron
control that io coimidont in timo with tho beginiing of tho' Bovazrnn boam puluo.
" Thio trigger: puloe io mado to aetme a ahxvibnter “cireuit, whooe wmﬂ aignnl
o aéjuatabte fmm 10 moec to 300 msoec, Tho triuger puloe: ic appliod te tho
emittor of trmniator Q6, cauoing it to oaturata ond thoreby auow tho puloe
from trnnnintor Q5 t6 bo'fod into the intagramr.

‘s. K. Ghandi, Biao Connideratieno in Tranaiomg Circuit I‘Janlgu, RE Trnnn. |
on Circuit Theory, Vol CT-4, p'194, Sopt. 1957 | , '
2

K

K. Kandiab, A Sonoitiva Pulee Trigget Circuit With a Stnblo Thranhald. _
Proc IEE, p 2.39, Juna 1954,
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. Tho intogrotor iu & cimplc diocde pump clrcnit a0 daocribod by Elmoro. 3
The mgntivo aquarc pulne at the, colloctor of tronsistor QS chargeo capncito:r

©© C18; arrival of tho tt‘&&i&na edge of tho puloo from tho colloctor annﬁaa tho :
» 'chm:gc acropo C1S to be dumped into GM or C17. Tweo jntogroting time

conctants are uoed: 2.5 uemndﬁ £or iategrating one Bovatron pulce and 30 -
ocwnda for integenting up to five Bwatran puloeo. - Low leakege in tho reoorvior

o eapacitnro io important. aud Mylar dielectricp are. uaed. Phyoiml conai&amﬁaan‘ -

e ‘Hmitod thu sizo of thio capmitar to b ;:.f. th\w h S*mag :-eeiaam' wae nocemwy
" 'to achiove tho dooived timo ctmotant. T : o : |
. Caocaded ewlﬁerwlcumm were cmaﬁdoro& £o;- raading ont th@ imé

S ;formataoa in tho integrntm'. ‘but 6 appenreﬂ mmm practical to mako uoo of tho
o h!gh input impedo.nce of & vacuum' tube, Tha onbmlninmro cm‘mz is uood.

" Diode ca-s fo a high-cmduﬂanm diode, IN%A: tnd CR -4 i a low-a'averm- S
‘current cilicon diode, t-L-P Gilla, One tlwuam qwutu inta tha intogmtor

'?",;,__'yieZdn a positive patenzial of 1.5 v acroco Gié. . Reoetting fm aeampushoa by

v randeﬂng diodo CR-& cmductive Jnat prior to tho onoet of. tlua Bavaaer:m beam “”* ,:'

T A puldo iu obtainod from the Bevntxon control that aﬁea&ivety grounds. ﬂm
T cathede of CR+6, caneanng any ch&rge l6ft on the reaarvuiy capwitom.

- tho linocar rogion, drawing an anods emem aﬁ app‘, X

o Normaily there existo a 6 v negﬁtive bins at the grid of Vi, Thicio
* due to the 4V Zener diode CR-8, whooe cathodo in at 42V.. &&omga capweicar
©C19 holds thic cathodo at 2 v whon GR-B bocomes forward blased. With 88 ¢°
on the plate and' screen of the pentodo Vi, tho anode mwreut !o aomni!y toso
than 0.1 pa. Now the applicotion of o ummtive gating pu!na from ths commutator
cizenit on the baoe of tronsiotor a7 couses thio tranniuto: to cmﬂuet. and
_ diodo CR.5 béc:omea lorward mndmting. With no chorge in- tho intograter the.
gﬂé-to-cathodu bias on pentode V1 is Mduced to 2 v nwd the tubn -operatos fn
% maiety Q&vm Ag mtaa

earlier, the ancde load of V1 in common to all 21 éﬁhmala. Thsrciaro, ac
trnnuiotor Q7 0n oach card {0 gatod on neqnantinlly by tho blaemg eaocﬂlnur
. comwmutator, the information otored in the. 1atogrmara in ukawtoo read ouc '
acrooo rosiotor R3S, ' o SR o

The blqcldng»oscmatw cammumtar is sbm in Flg. %. Thic conointo -
of a perico of blocking oociflatoro, 21 in sll, oach unit tr&ggerkm tho nmceoﬁing
one, A dolay ig introduced at the end of the train of 21 pulses to allow for tho
rotraco time of tho boam in tho oociuoocope. Thio o accompliched by tho dolny

3w. C. Elmore, Dloctronico (McGraw-Hill, Now York, 1949), p. 250.
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" wultivibrator 08 and Q9. - Goinaidem vith the trigger to the first blocking
oocillotor, a pulse is produced ta triggar the oscilloscope sweep, Type

2N34 PNP trmuismra are uood to yield negative oquare puloes of 10 v

_ }amplimda dad 100 nnec duration. Thus a hor;mnm! cwoep ﬂpeeé of 200 maec/cm
48 \.sed on the oscilloscops. '

' Three din assembliss are used, each holding soven of the amplifier in-
 _‘ f'tégi-nter cards and one blocking.-oscillator cord. The outputs of the amplifier
aards arc all jaﬁmd in parallel by connecting cables. .
The output of the acintillation counters are fad to the amplifier through
coantal cablep which are terminated at the amplifier input. The signals from
tm platas of the pentodec in the amplifior integrator cards must be transmitted
180 feet by cable to the cocilloscopo located in the Bevatron control Toom. An

'emm‘or follower in thereforo used to obtain the low output iropedance.

I f'lg. 6 {0 ohown the emitter follower and the logarithric amplifier
 which camprasnoo the ::emnttng rate, or in&enait‘y scale for convenient viewing
~ on'the oacilloscepe. The pedestal due to the commumte& pignal {e removed by
. the biaged dicde CR-1, and the information from the in:tegratw is further -
| ampiiﬁed by the trmimar Q2 which has a gain of threc. The signal level at

‘ ‘ ‘thie point duo to 1000 counts at the input of the tntagrawr is 4 30 v. Finally,
o tm amlttur follower is uced to develop the aigml acraan 8 lagarithmic eloment

. whi¢h 10 o type G-7A dlode. This oignal 4o coupled dircctiy to tho input channcl
ofd ‘l'ype 53/540 yhsgdn unit of 2 Tektronix 5§31 'oscope. The vertical deflection

.fnounmvity used 1o 0.1 v/cm. and leoe counts at the input of the integrator ylelds
- ,6.52 v vortical doflection on the 'ocape face. For 196 countg the defiection is
028 v 4nd for 10 counts, 0.02 v. -
A comment might be added about the txnnnlamt unsed in the lngarithmic
‘nmglmcr section, whare the signal o mpmximately 30 v maximum. This
"'.‘_{ndicnma 8 gupply voltage of 40 v or mars. Tests on about 80 2N247 transcistors
’ ahnwed that about one ~holf of thomw had a eauector laakage current of lces than
10 pa wimn 100 v was upphed between tho mnectm- and baso; about 25% had o
: 'leakaga éurrent of leso than § ua &t thic same voltage. By comparison all
| 2N34 and ZN35 trancistorc testod had colloctor lcaknge currenta of moro than
20 as when 100 v was applied, Some 2N398 were aloo ch@-cke&. and all hed
loaboge cufrents of wore than 5 pa with 100 v applied, Therefore 2N247
~ trancistors wcra usod in thio high~level scction, and the collector supply
| , potfenx,iat wnaubitraruy oet ot 65 v,
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Thore are throe main powor oupplies for the unit, +85 v, #12 v, and |
~-12 v. By moang of a mater-insertion owitch the current to each of the bino
- at all three voitages is easily menitored. Disregarding the heater supply to tho
vacuum tubes, the total power disaipstion of the unit ig loss than § w. The )

heator power ic about 25 w.
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_ Figure Captiono _ .

Fig. 1. The photomultiplior ascernbly and one of the pﬂnted circuit card bins.
An amplifier-integrator and commutator card are ohmm removed £zm
the bin, :

Fig 2. Block diagram of unito used in indlautor. '
. Fig. 3. Cireuit Lainigram of ucintination ¢onnta: ampuﬂer.

~ 'Fig. 4. The integrator cireuit. -

Fig, 5. Circuit diagram of blocking oocilintor commutator. _

. Fig. 6. Circuit diagram of emitter -follower and logarithmic nm’?i&ﬂap.‘ '





