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A br1.etreri.6'Ifet fast ~.. is 81", 1ead1ngupto the
JftIJ8I1t etate of the 81'\. ~~. SA~ ,h18iceare

cIi8cu8sed. 1nc4uc11ngaft ...,18 of a :ntloc1t7-se1act1nl aher8lkw couater.

AD~c dew1Mv..aYia ~1'_- -.tema1 beam8from~.,

aoOl1eatore 18 4e8orS.b8d.. A IICd.mUla~ maV1x to ~1.t7

bubble O~ tJ8cb !iI~. Sc8teI'fII1Uk8Oftthe future ~
of e1eetroD1oe1ft ~ plw&ics~ are 1nolttded.
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~
11actroD1. hut plaJe4 U1 ea«t".-J1f11'"~ role in the ~

of ~ eoienee Jit wou1dbe d1tt1eu1t to !Pm"'" hov nuoleer plvai- coo1d

~ to itl pnsent state of ~ tdthout tM an of e1ectroD1c8.

1\ ~ sa "'c1ste ..Iied bet.. ~ d8v1o88,the cIeri- ~

~b18 trea paa11e1 8Ihaftoe8m ot... f1.e1d8ofappliaaUoa. 'OJ' ...,,1e,

... _1ear ~ MlJe1td~ tube8 td.th ~ pJ1nLhaM3t. oapeW'itH,

v.y awJ.1ablebeca- of apparatua ,act1JI1.e4t. aid te1eY1doft.

I amccdag to ~ tI1at _leer 80ieace ~ lIONwork .. 48ve1.~~D\ of

dev'1ee8dll1lJAf1d- tw its ---.

LetU819V1.,r.. a 88811'wbat..- by"teat"~. "I'a8t"
18a re1atift te,m (andnot &WDa...,. goodcane). "' ~ nowaM '-

~ eft1cier.rt e.pparatU8tor pnera:a. use in particle oounUnl. 111the :rear

19LOiOldMticm ~I'. had a reso1ut1on t~ of about ur-' eee.B.v ~

of ~ ,.. ... \y eo:neotionof e1e0tr0b8,the.N801ut1oDt1mt..
Nduoed ~ 10-' no 1D19h1.

TheJaed~ .. the teobrd.qWJ.. aN U8inItodq.
the 8C!I1ti11aUon eouat.er,-..a1tbough it bad ed.8ted Sa a prild.t1Y8 fora to'#!

goJ8U'8,it. ~ euehNVf4utiortaryiI!p1l"'''''' 1ft19h8as \0 open-~

.. poae1bU1t1a. I\v'aiDe maltipUwphototubu~ "loped ad e1eoWon

tuhee borrowed ham ra4io and te1eri81Gn, we cou1A!ao1d.ew .. ~ l'88Olut1on

of about r sec. eena~ 11119b8 10-8 aec vould 1ave been Of]}. ..rut-
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e18o~. You can-'that tD about 8 .,ears we JU"OII'Used.tnm 10-' to

10-8.. ($ <tea...) in t1M IW.IOlut1on.tbw4f\.J:',the next 4ecadeoE,....

baa~ - ~.-- CD8''''' decade1DcountlnaapIJfId.'.-pstbia is
cau1teto "" ~, .a ... 8M ~ 11m1tat1oa8~.. bJ the .,...
of Ugh\. Tb1a,...finds.. withN801utien t1JI88 et about )JJ"" 8M. Please

~ that 1.- ~ - of ~ ebarIed paft1e1es of a11ld.Dds

with near". 100./. atn.~ . 11p8e1811:rin connection With .!d.Ih{emtrl7

~tora. I that Naolut1_tUea... ~ tbam.ao-lO..
.. be acbt.evedunder eartaift .,..141 oordiUOM.

". . SdeRt4t1catlOftot parh1e1&s, ted.. the~ ...1ere.t0r8
S8 ... tit tba pr:bMd.pal.ll8ed8tor which we "'AU 1d.8hto ~ tut e1eetrord.ee

to ad ah<rter N$~ .~. One or the.78 todi~.part1clea

bMriDa a par\iftlatt ebaftotert.u., cueh U MN, tB . time or f'1iIbt in ..

1101D8I1t~ heaa. F... th18applicationwe.. the ~ pou1b1e
~ tUte8b .. 8ft'a7of ~ftb38t'1ted to b1cb ~ ~

1111raw.., and .. particles approach the .pIIJd of ligbt, tht ~ tor

~ thembee .. 8~.
s~...ot ,solution Soiu ,\1011~

In ~ tbe pnJ861rit..\us of ac1nt11lat1on~, I ~

, .1f1UQbOftthe ~t 1ft.. at the Btwatroa1ft"'.ley,I ~

tbat quite et.Jdl... woft 18 b81nI 1ft IQIUlT~ ~2'17 lahontt0rie8.

1nt1U&U:r.w0lIl, ~, Droakbawa,and Liverpool, amd111the tmSR.

!be ~t of b1~,put photOJlUlt.tpUer tube8web

. .. tb8 lOAt7P*J 6810U1d 101.16has prowd to be . $!pit1e&ftt aad-wmae.?he

V~ tubee .It>>d.nate ~n wben they a.re usedrith sc!nt1l1a~.." ad
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the A1ICJtIntof addit1ona1a1p1ffieaUon ~ tor _with

, and Radiotechnique 56 AVP
~.." ~. The~ 1W1d1ab1eRC1ckMtlopa..-J."'" O'IQI

811~ ~NP1..t;~, the18ta"mocI81Stor1OOd.~- in ,...
ot.~ SdefttU1.t... or ~.

'J1cr08118 . ecMlatto ~\i8I1 of a tWi--.1 ctro1d.'. %

~ .. .. oftha"...U\1cme\tat must be .. of the htIh

~ ~ ... d.1sdrca b\aW'ot be8ta.f1rcaaD~ter. !.be

pa18e-~,..t outptt of the 114'1p1'i. I\tI018\8to about1/JD~. ;~

\fU1 . praot1oa1 'VOl . ."""",-"" '

~ Une.X.- ~'lO' .~ per_ODd.us " .. ~taI
..: ~ a '48 of1/10_. 7a... t. tbe.~ ..,. ,.. ~
,.. .. NMbtnb8tet~ .~... III8t ....

I8ifttdfttheworItbCv«t t1UI..,... I\Itd2.an.,... awl
Tb18O8II«tIWerd.'-beatQQllJ,pl'tNld",~' ~..

the cd.twa1t.

~ ."... that aho\4d.. a~ 18 the .hiA b ~ Ida8
\

Oft tlw lfr1dof the ~ eUcut, faput tube, vbtch.ilJfntta\\LeU ...

~-.Af. .,..,s,tore an 1JMd.Proba14;r\he.u.."" ..., to WOW'bit
etttct '" to W!J8a d1Met CO»Deotloafrom ~~ to pM.

"... t a J'e8o1uUon~ obttbllcJ'" .~ OM ~
tbtck plaatit - ~ to lOACTIS1~,tpUera. ,......
... .~ ~~h ~- 1ir18e'" the-- ., 11&orp~ntode
u.s-.. r...arca -~ ~~ diodeeo1Iwt,...ftNatt.(1) ~

1t.aM2..~ - ~ Ie,- (e\ippSq,Satt )... ....
--

(1) "'.A. "'-.1, !Q.)1bd~ ~ C1rcnd.'tor "1SIh eo.tirc.

tf~. Oct. 1'"
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at the.,plates of tbe lSa1ter tubes. The countiq etticlenc7 18 8MD to deoJ'8&88

by a tutor of 100 in 1 &IlO8eooDd,Oftthe steepest parte of the dela7 curve.

~
1 ab0W.411. hOWto diaouea ChereDkoveoun'ten, because the7 are

bMoa1as 1ncnaa1nl11 !mportaat in ooaattng ot h1tJb-ene"D pe.rUca., and faa'

eleo~e "bD1ques applJ to the as well u to 8olnt1l1atora. ft8ee

"_'Mr. make use of aD et£8O'\ d1acOTeNd marJI'J"88N ago b7 P. Cherenkov of tbe

IIJSL Tbe7 00.18' at fA\r8a8parent radiator coupled to ODeor more ,mult1pll.

phototube., 'but Use!r behavior 18 qu1te 4ittereDt trom that, of 8OI.Dt1l1atora.

WbeDa cbarpd particle p88888 tbrouch a aelDtlUator 1t ea.uH8 l1gbt

'to be emitted 18 &U dlnct1fD8 tPOJaita ttaok and \he amount of 11sbt 18, .lD

19Mft1, proport,1onal to tbe ea8rg 1..t'b7 10111...\1. in tbe 8C1r1ti11a\oJ:'.

Tbe 4uJ&tlon of theea1..ion ot I1pt dependa upon the obaraotv!.'!.. of the

"l~1l1at1OD tl(t-nal. CbereDkovl1gbt isPne5ted by a d1tt~ -bard.,

we C&r1cOIIIJ'JIL"l' to "he shook Vtiveor soUDd'ma4eweft a jet ~ exceed. the

'Mloc1 t7 .of eOUDdin tbe aU1T01md1ngair. When a obarpd. pari,lele eXdee48 the

veloc1V or 11gbt 1ft a tJ'an8pannt Mdt- through whioh1t pals., OheNDko"

l11ht ia 81d.tted. Bowne!', the iD:teMi V of the 11gbt. 18 a\ II08t. abwt 1. of

that emitted b7 a ao1ntUla'kJr ot tbe .ame tAte"'..

Several good papers have beeft vrlt.ten on tJ\e proponle., of Cherenk:ov

ra41at.lora and oounters.2 I wiU _ntloa 80118ot t.hempertinent 1io tbi. limited

bp081t1ODI

(a) In order to emS:tCherenkov light a charged J)U'tlele mut haw .. phaae vel001-

areater than that or"ligb:t in the ~ retract!- med.lumthrouIb wh1ea1\

(2) Seecraw Slmposium19S6, Vol. 2
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pHsea.

(b) The Ugh\ is em1tt.ed ina d'-in1 t8 direction vi tb 1"e.pec~to the direction

of motion of tbecbarled partlcle. !be direction of emsa10n 18 simplJ' related

to the parttcle velocl\7, v.and "tractive 1ndex, 11, b7 008 e ..
c-

II .,. ,
where 8 18t,heaqle between the direction of motion of the particle a:nd the

Ught rqa, an4 G 18 the velociV of light.

(a) The l1ibt 18 emit-teet :pftCttoa.1l7 1Dstantaneous17t:rom the v1o1nl\1 ot\be

p&rtleledur1Dllt& traveraal or tbe radiator. Oaly the refractive 111de"

determ1.nea 1t8 character1.t1c8, not the detaUa of t.be cbemical structure of

the mol.cul88 wbleb 18 80 important la8clnt1llatlon.

The tirst pI'OJ:1ert7 1Jraedlate17 pruente us witb a veloc1--thresboU

caunter. !bat 18, " particle must be going taat.er than a certain wloc1fq to

be counted.

The second proper" can be used to measure qu1te accurate~ the

veloo1\7 of a charged partIcle in the range of velociti- troa about 0.6e

to G.

'igure , (tbe BUt 1lluatratlon) 18 a schema:t1c diagram of a veloclt7-

..1eatiDI ChereUov counter devised by CNenChamberlain ud the author.3 It

~18te or a radiator, a cylindrical mirror, three pJ.e.nemll7Or8 ~oged

1n &f}equilateral V18Dffle armmd the axis of the coUtlter, and three JtCA7046

amltlpller pbot.otubee. '!he d.tameter of the radiator is '.5 inch... The incl-

cleDt beam or partlolaa IlU8t be "1:1 Dearq paallel to the 018 but DOt DeC888&rlq

on tbe axle (the beam caa be ,., 1Dohes 18 dl_ter). CherenkoY light 1'8.78

pt'lttrate4 w1t.h1nthe radiator at an angle e are retrac'te4 from the eftd of the

11I41ator at. aa aqle Iy, and 11. GDthe eurtacee of CODe8vhoee apexes are

on the end of the :radiator and vboH axes are parallel to \he beam. '}he light 18

() Cl1de W1epnd, CbereDkovCounters in High Energy Pb)'81os, TraDs. I.ft.!. luclear
Sot., ~t loa. 3-4 (1958).
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uxtretleote4 back toward tGe axi8 'by 1Ibeqllndrieal mirror, and would tall

lna area bv11eated .. a *'\ted ouUlM of a photomultiplier tutJe it 1t were

1IOt.In\ereepte4 ... the p1.&.Da m11'rC)1'S.Theminon split the 11.' Intothre8

8CiualJ.8rt8 ...nacauel t \0 tall Oftthe ac\ual tube. placed at 120° &:OUDdthe

pr1rloipal axia. The purpoee of the plarJe m1r.ror81&to pend.t the pbototubea

to be placed out of the beamof partiel.. aDdto 1'81'111\the un or . tbreetold

co1ao14eaoeolrou1' at. the QU\putof the three WbeI. !be ~t of "

001-148M. N4uc8. ~UIIl et1'8O..

!he next 11.1uaUatlcm.'iI- 4, 18 a pbotogapb or the putte tempo.".

ar11,r arranged betore beiDI placed 188148a \U.ackbox. TbepertORltUlOe;curve

';bt the appan.tu 1. .SbOWD111n.,. S. It lltd1eatea .. etticlenq ot about

90. tor ~,.1ftI protou of tho velooi V for vhJ.ob tbe cGtmiar vas a4Justed.

The tull width of ,he Napo_. 0\U""Ieat halt ns.xt.. 18 about's.
Insert ..,.
" ,,2 !be ,h1ft1 propertJ of Cherenkov raCtiatlon "J8 that. a tlub ol'uafrt.

cars 'be -.de to taU upot1a photooatbode in & t1MiDterval tbat ta shen c~

1iIith that of the Itch" from a sc1ntiUator. '!hi. effect, 1s preNatl7 ot

11m1ted uaetuluas 111a t1me-ot-tlllht-exper1ment bee..,.. of \be ..u 1'ftIJIbeJ'

ot pho~8CtroU eJected t~ t;he photocathode by the feeble CbeNnkov l1lht. ,

\fheDmultiplier phototubes vtth 1e.8 spread in trans!t time and hlper cathode

ett1o1enoy beeome available, \be propertY' could he \188detteottvel7. itoweve'l",

the comhlf18:tlon of ee1ntlUa\1oa oO\1J11ieraand CbereDkov velooltl-.el80\bJI

GoaDten forma .. powertW. in8~t, tor ldent1f'71Dg ~ particlea conta1ned 111

~ner&1 ...n~ beamsfrom the SIJQ1\aooelentors. tor example,

1" wu by tb1a _t.bod that antlpJ"OtoDewere dtaoowred at the. Bevatron.

Let us conatder some electronio de'rioea that can help phJ1Iieleta
\

1ft their use at the W17-b.1gh-enerQ accelerators. \'8 are aware of the great,
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008t 1D technical ~ and materials MOe88U7 tor the ~t1on ot the

llutt meohlfte8. TherefO". we should take e4vantap of electronic 1u~w

thAt, wiU 8ft&ble U8 to lAther etate. at a -.x111Rft rate.

At the Radiation Laboratol7 in BerkelQ' W have G0fJ8t.rueted 8 device'

.,to aiel 111...'baI up the external beams of chargedpar,tel.. _ltt.e4 b7 the
:;

. Ievatron.'i)'p1881 expe:r1anw ~ beamD20 0., 30 __n 111lGDS'h troa the

~pn.r, taIp\ 1a \he IJIt.Oh1De. Such beamDan seat tbrouth bend!. .q4 tooua1»l

to detena1bG the JIOJJMtntaor their partiel.. aDd to colaO-Va\e the

pan1el- onto special \up... A problea 18 to all. the beam8 alOJ2l prec1eterJdDed

Va~ec:toJt1.a vttJit a.1.1\I.. or t,1M aM effort. !be lnt8Ultq of thebeam8 I.

\00 1ov. 'toua$ the blaeken1Dg of pbotegraphtc tUm ora olU8ter of ~l-t1on

ohabeN. W. oou1d expos. pbotograP11o emu181ODs,but, \he t1M reqad:Md ..

dnelop \ba I&D4C018Itthe 1Ddlv1dual parUcle tn.okevould be prohibitive.

Wehave de818M4 a .~row of 21 Go1DtS.11a\1oDeounten, each 1 omb7 1 ..

in oro t108 (ftg. 6). Tnu1atortHd clrou1t8 are.~ \0 ampl1f7.

equal!.., M4 1D1;epate the auraber of pu1aeatroa MOb counter. Aftelectronio

commutator a110we the aec1Slm21atedohs.rf18 aaaocla'W wltbeacb el_nt to be

read out. aDd diep1lqed as .. IWatop-amon ADosc1J.loaoope. Wltb this apparatus

we ue able to 0'-8"8 ~ la1:teft81\7proftlea of the 'be- aDd 10 a4J'Ut the

vule. IIILpet currents to opt,1aIa bend1. and taouabg ooa:11'\1_.

lleokoJS1c con\Jtol or cloud eba8bera baa beea a \'&luable ~lm1..

used upeoialJ.J in. eoemio-rq experlMDta for mare-yee.ra. A8bd.lu teolu11que

baa been U$8d 1ft ooaaectlOB with bubble obaIabar8 vol'k1Dg tD beam8 of Vs- ~

_er87 acceleraton. Theproblem 18 tor the electrordo8 toalpal \he PUMp

(4) H. O. Jackson. D. A. Mack, and C. Wlegar.sd, Beam Pl'otl1e Indicator.

OORL-8386Abstrac\ Iov. 1958 Meeting IRE-PG16.
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tb:rough the ob8aaber ot a particular kind of particle wbleh must be .elected

out of a large backcromn of extraneous part1c18l. The ldentl tJ of the deaired

partiol. miab' be determined by time or tlifJht and SOlIentum. Par. 1t 18

elee.ired to take bUbble cbeaber pictures at every accelera\or buntt then

electronic. could ark plcturee of special interest.. An obvious extension ot

th18 -7'tea 18 to pI'OY1dea matrix of enunters placed d1No\l7 in troDt of the

obeaber and CODnec\edin 8UCha manner that the spatial coordinates at .. par.

\1c'ular part,lo1e oaa be detealned. Tb1a schue in conjU'ftCtl00 with electronic

1dent1tleatlou wouid enable OM to 8a1 which OM or 8&IJ7tracks 1n a chamber

'belon,s defWt817, \0 the particle belnl studied. In addition to rectuclr.c the

burden of eo.tmiDl photograph, the perfectIon of the teebD1que 3ust outlined

Vow.d-- bubble ohambersmoreeffective tools, because at present JI08t,()£

'\he partioles 1IU8t be identified b7 \heir reutiomJ i1'1 \be ohaa'be~, qd -pbTaloiats

\laDt to lmovthe probabilit.ies ot the reactiODS and e~n~ zmst bow how

m8IQ'putlolu entered the chamber.

We have UDder oooatruet1on at Berkel81 fAaclntl11.atln-eounter matrix

c..1atiDg of 176 oel1s or aver- 81ze 0,7 emtv 0.' em. tranalawJ'laed

c1rcu1t17 vtllbe und to indicate through which ee11 the electroldcaJ.lJ

1de\1tle4 pantel.. ea'" the bubble cballber.

Ptqslclats have recently become 1trtereeted in 8. dUtereft\ t7)':J8ct,

aotntUlat1on-counter _vbu the scintillation-fiber ohamber. fo acbieve

apattal reaolutlpn at 1 .. e.rGless, we could use a bund1. of tlbe:re madeor

plastic 8C1I1Ul1&to'r material. Each- fiber \fOUld act as a l11ktp1pe and carry

1- light to a ..n reslon on a photocathode. It enoughlight were generate4

tQetl'bers could. be eoupled opt1ca1.l7to the image tube of a television o_ra.
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SOaml,. the pbo'tocat.bode would give US a picture ot the projection or \be

tracJce of puticles thrwsb \he buDdle of fibers. tJnfortuDa~ tbe licltt

b_DIItv 'from t1'beN 18 toolov to activate the 1I08taft81tlw 1map "b1cou.

We fteedaUgh\ amplttter of ga1Dof about, 1O.(XX)to p1aoe~between the flben

and fAe teln1810n amen \ube. SEMaNl .American cOIIpILDleebave 8OD~Cfm

to developlap .1'1Q- t. '\h18purpose. wehope to ba~ a prototJpe

.at 7'" (19S9). Drrioee baaed upoa tnc1c1nga puttal. 'by"1P'~t1oD

\IoU1dbe able to reeord...te 1D.. t1ae otabout cmem.t~oDd'an4 IdIht

\bsretON recoN aewral evente dur1Ds ODebunt, or bda troll a b1~g

_e1erator. Ga\1.rcaa'i.-a-ou\ vou1d take plaoe a' the cOl8l*Ddof,~

...mal eleo\roJ1i. Weat1t1cat,lon .~tus, u ou'Utaed 18 comeatioR v1\h
a

bubble --bere. Va b.op&~bat/..u o~"r 10 em1n 418meterwill be the

bumble M~ of t.he technique of electronic tN.ck obambere wb1eh.04Dbe

txteaded to three d1meMlcma.

~
I .h8l1 JI8Q~10tJftOV80M deN810paenta _lob ptq'e1e1atla would like

to bave 1",tbe J1Et4rfuture. 1 have OM persistent :reque.t: sult.lpllfr

pbototu'bu w1tb ama11es- spread 1n tnnal t tb1eandmore ettlottmtpbot.ocatb0.de8.

Weeap7~ anUc1pa- \he pertec.tloD b7 ,Dr. MoJ1,onof leA of hie 4..1ptor

dls~;4ectroJ1 aul t1pller with wemendoualy 1neJ"eUed Interd7Dode GOoelerat1on,

andl.a91te other Dt&kereof photomultipliers t.o comeforth with ideas t.
Insert

illproved tube.. / Research vi tb the gla:ftt macb1Dea now 'ODder cOfi8tnct1on

neede pracU.,al t.1m8 reeolution. of 10-10 .80 in co1ne1deace clreu1\e. It

we ".\1118 that paoto\ubes w111 becomeavailable which are capable or such

fut pulses. we sball need ~ged electron tubes to tAke tull adw.nt.a,e or

\heir outpuu. I believe that t.ranem18.1on'11ne8 are pro8sentl7 ava1lab1e to
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carry the pule.. to the coincidence oircuit. S'urtUy better vacuwa tubes

tbtm oonventloMl pentads. could be designed apeeltlcA1ly tor coincidence

o1ntd:t8. Jbr example, maD7experimenters use tJ'P8 6Bti6 tubes. Could not

both ,rids be abielded trom each other and trom the anode? Also, tubes should

be conetruat.ed w1th eoaxial 1nputI 80 tbat tranam1esion 11Des could be

matched directly to t.he er1d structures.

It. lI1A7be ttbat we hAve aJ.Iaoetreached the ultimate in resolution

uaina pula- sent over transmission 11Ma to eonvent,lo.nal oircuits. We should

be plcmninl arrupmente 111.1.h the multipller tubes themselves perform the

oo1M1dence,operation. Dr. Mortonbaa succeeded 1ntO$1ngthe out.J'U1'.

~, ot a multiplier structure 11'ltoan electron beam. j Perhaps such beams

at lovintena1ty could be evept over the inputs of slover multiplieris at a

hequeDC1 or about 109 per second. Twoor more or these devices';ldpt be

driven by a ooaaon rattle-frequency generator in such a \18.7'that kn.ovledp ot

the ;pbuea <l1ft.me.. of the aweoping frequencies would ton the difference

in timEtor evantswh1ch produced a pulse out or the slower DUltipllera.

Transistors will be uaed _re 1n ta8t eleotronio e1rcu1'try. 'nlere

are pNMntly available traM1ators which work in pulae circuits above

100 .pqc1ea.

F1n&U1, at a recent _stine of the .AmericanInstitute or Electrical

1n,1aeera a scaler circuit, us1. non-linear magnetic elements was de.oribed

wh1011worked at. 100 kilocycles. We should 1i&tch this teohnique tor it.

.lmpl1el~and rellabl11~.

Someat the work I have mentioned was done under the auspices of the

Urd.ted States Atom1c.EnergyCommisslon, and I wish to express.,. appreciation

to the United States Ofrloe of Naval Research tor making possible 1\1

attendance at this conferenee.
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LEGENDS

Fll. 10 Schematic circuit for high- speed countinlo

Flao Zo Resolution curve obtained by ~8inl 1/4-illch-thick plastic scintillator a

coupled to RCA C7Z51 multiplierphototube.o

Flgo 30 Schematic diagram of velocity- selecting €herenkov counter 0

Ff,8o 40 Photograph of temporary arrangement of the components of the

velocity- aelecting Cherenkov counter.

Jrigo 5. ,Performance curve ,Rk the velocity-s.lectin. Cherenkov countero

Figo 6. Photograph of the beam profile indicator, showing the arrangement

of sciatillatore, light pipeli) and multiplier phototubeso Part8 of the

transiatorized electronic circuits are alao shown..
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ADDITIONS

Pase 6, after line 13, insert, new paragraph: "The apparatus Just described can

count pa.rticles 'in a velocity interval trom. about 0.6 c: to 0.9 c. A counter

which performs well in the interval from 0.9 c to c has beenmade and

tested by a M. I. T. Iroup (Caldwell, Fri8ch, HUI, Ritlon. and Schluter).

Its radiator is a fluoroc:hemic:a1 CJr -75 at an elevated temperature and

pressure. With it pa.rticles of velocity 0.98 c ha.ve been separated. from

particle. travelling at practically the velocity of light. tI

Pale 9, line ZZ, insert new paragraph: t'For example, at tbe Westinghouse

Company in the U. S. reeearch iainprogressoD a transmission type
I . 5

electron multip ier structure designed by Dr. E. Sternllaas. This

structure consiets of parallel foile of very thin material. High voltage

is applied. 'betVIeen the foils. Primary electrons are accelerated onto the

first ioU and secondary el.ctrons emitted. from the oppocdte aide are

accelerated to the next foil. Several 8uch stales have been made to

work in a lingle enc 108ure. I believe the principal problem is to find

IoU material. which multiply but are not fatigued by the electron

bombard.ment. This type structure is expected to have a small transit

time spread because of the hiah voltage per Itale (several kilovolts)

and because of the .imilarity of electron patb.. Such structures are

aleo capable of image amplification because they preserve the pattern

of the inteneity of the original primaryelectrons..

5 . 'I. R..E. Transactions on Nuclear Science NS3 No.4 Nov. 1956.

.
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