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This ia the aubatance of a lecture to be given at the l'nternat1onal 

· ~- on Nuolear Electrord.ce1 s~ 1"/ 1 1958, tmm:sr..o House, Paris, 

Pro.noo. It • 12$ pUbl.itilied :$t& e. proceed1nga or the s~tllft., 
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A bl1.et rerie ot. tast ~cs is Ciwn, leadiflS up tc th3 

PNSent state ot the arlo ~· c~ 1ft ~ pi\YiiC$ Gl'e 

,. ~~ t.nel.U<Ung 4ft~ ot a .wloc1t:v-selectin« O'herenkw counter. 

.. 

Aft e2aet1'0Dto den.co to aid ill ~ external beams .fltom ~ 

ac~tore 1o ~bed.o A so1nUllation..c~ matrix to id•t!t)' 

'bu.bb1o Cba.mbet' tracks 1i1J dtecueaedo Some ~ Oft the Mure ~ 

ot &~ 1ft ~ t>I\Yeics uperirnents are includede 
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~cs has-~ a~ importtmt t-ole in the~ 

ot ft\ieleQ~t ~t vould be dittlcu1t to &maail'e hotl ~ ~· could 

M'fO ~.a to ita proatmt etat4 of ~-wltho1lt tlw art ot electrordca. 

ft ~ 'that as p~otste Medcd kattw electtonic 4Gvieeo1 the 4m.coe b3calro 

~blo tJom ~ adYanooa m Ot~ t!elda ot appl.ica'tion. For ~lo, 

tfbGft aoiellr ~ tJded ·~tubes tdtb taoter ~ltUa4.Unl oo.paWJ.bo, 

tbrQ' ~ twallabla ~-- ot apparatus tnm1faeturwad tor r:.tdtlr ad tolsv.t.td.ono 

·I a gtdag to s~ that mtolear science desei'WS more -~ on dsv'e~nt of 

d::M.cea detd.gmd '1*'1ticall:T tcr 1ts naeds. 

let Ull wrr!GV t• a ~ what va lle)aD by "fat* ~tronicoo tJFuttf 

1u a l'Ol.tlti\1'8 te;m (and mt G'fG1I, a V11J7 good one). My N2!lU'ka no=f apply to 

~. efttciellt ~ppsratua tor pneral use in particle OCNnti.nc.,- In the yas;p 

19hQ 1011it'Ati0ft ~bad 8 ·resolutiOD time ot a.boUt ur') 88Ce --Gnp~ 

ot ~ ·Jftft gaeo.o And l1t coU.ection ot eleotl"obe, the reaolution tU1a uaa 

l'educred to. 10-' $$0 1Jt 19b2. 

1"hh n=tt. ·~ tldYance we the teohrd4a ~ aro us1ns -~~ 
~- the se!fttUJ.aticn ~,-although it had e.rd.oted in e p.rimiti'f'e form tor 

{~ 

!iO ~., it ~ ouch renlut!onary ~ 1ft 19h8 as to open entimll' 

nw pos.aibWtltHh llr us1ns' multiplier phototubcla ~~and e1ectl"on 

tube& ~ ti'ODI ftdio and tal.trris1cm, we could. ~blew A count1rJg J'Osolut.ion 

ot about :ao-.8 sec. Ceria~ !it 191dl 10-8 cec umild mve baen called "fast" 
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el.Setronica. You can aee ·that 1D about 8 years we progressed tram w•3 to 

10~ sec (S deoadoo) in tu.e reaolution. ibtwer, the nmc:t. d.fleade o£ ~ 

baa a.dwmce4 \lS ~about one more doca4e 1n eounting speed. Ptirhaps t.bia is 

quite to be expected, as .. ere~ limitations :tmpoaed bf the epMd 

or Ugb.t., Tb1s ~ tirds U8 vi tb l'GSOJ.ution times ot abmlt l.Oo9 see. Please 

~r that I am tbir&td.rlg ~ of counting ohargod pal"'ticl.as <>t aU ld.nda 

vith nel.t-11- :too 0 /o ettt~cie.ll.v in eonnect.ion tfith bigboo«sergv 

c~:ratora. I 01 aware that ttesolution timaa fiMm shorter than 10•10 see 

caD be aohiewd under certail:t epeci41 eondtticms. 

'rM. SdenUticati<m ot particles generated by the giant at!oelel"tltors 

t8 one <It tbo ~ ~ t(h! wbieh ve stU1 v!sh to devolop test electrord.ca 

to ~ and shorteJt resolv1na tiJrlea. ODe or the waJS to disti.ngu1ah partic1es 

~ a part1tmlar Characteristto, such ao ma.M~, is b7 time or £light s.n A 

JrJOJDMt~ beam. Yv this appl1caticm ve n$l\d the ahottest PQBSible 

reaol'V!ng t1me8 tn u arrc:y of 001lftt.en subjected to high ~ count-

1ha ntea, and ae puottclea approach the $peed ot light1 the ~ tOJ" 

oort1n1 them baeome I10l'e cmd IIOl"e etr.t.ngent. 

~t Stat-us pt. U!f0-Re8t'lution SeintQ.l!tion ~ 

In ~sing the~ status ot scintUlation counten1 I re]\r 

Wl"l' much on the ~t in uae at the Befttr<m 1n lerkeleyJ I understand 

t.Mt quite s~ work is being done in llBnT other higb41el'"Q' l.Gborator!ea; 

incl.~ OERN, Saclay• B.roakhaven, and U.verpool1 arxt in the mttJR. 

1'he developeent ot bigb-cur:rent-ou:tput photomultipUer tubas such 

· as the RCA types 6610 and 70L6 bas pt'OWd to be a $1gnitieant advanceo The 

1b~ tubes el.!mirmte amplifiers when they are used vi.th seintillators, and 
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~ the U!Olmt or nddittonal IS9lifioation ~ tor use with 
· · · and Radioteclmique 56 A,VP 

Choreftkov c~. ~ ~11' anilable RCl devel.O.pmsntQl tJpe 072$1 I 
• , matts.plier pbototubfJIJ ~aent11 the latest models for cood. HSQ1ution In t~ 

ot~ Sdentttioation or partieles. 

J1.guwo 11$ a ecl'ttlmatlc ~tlorl ot A t)'plcal ctrcuito l 

pcd:rtt out 8011$ ot tba J'4"8CtAtltiona 'hat l1U8t bO taken on aeeount. of the ld.gh 

~ eount!rc ratm ~a bu'Nt or betsla flrrom a.n~tcr •.. 1h3 .. . - , 

pu1iJo ~t output ot the INlt~· ~tl to about. 1./ll) ~#·tthieh 

t1U1 ~Qte a practical ~ voltaa8 noroaa a ~· JZOtmd t~: 

.. -~ 11fteo . In 80111 ~- u1 pulaa pet" atMODd m.n \)$ tfl!j ·~tng 
-~ du:r1ni a t:S. of 1/10 seo. In t.UI'do tOJ> tbe. OUJ"""' outl*t pe parU.clo 

~to~ ~t11ll:bt·~, t)8 must~ ~to~ 

~ w ilt!dntd.D the ~ \t01~ b!iJtvatm ~ &ltd 2Aet ~ -

.anode. Tb:l.e _. conwrd~ b9 aoemp11ah¥Jd by •piftto'rl u Udtoa'ted em 

the etrcui'" 
Anotbel' •:ttect tha-t shG\11.ti be avotded 18 the ebitt ln · op$nltiJW b$.aS 

) 

oa tM g1d of tbe COin~ <d.rcult input tubo, vblch is inW!table U ~ 

. w.mtlonal couplt\21 capad.toN uo ll$0do 1'\robabl:f' tho ·~ Wfl.1 to avold thto 

etttet Ul to \189 11 direct eOII'mectlon from photomul~ .rmode to. pid. 

~ ~ s~ a l'eSOlution ~ ob\ainod b,V ~ tmtl/h~ 

thiek plastic: ·~ ~ to JOA C72Sl ~,~.. thai. QllOtle8 

,... Cotln$o\e4 ~ tJJI'OUSh ~- l.ir1$s to the .t1.ri.4S of ill80l per.ltode 

lil'd.._.. ~~ a &inplG llo8$1-type diode ~ 'Cd.Nuf.'• (1) ~Pldrc 
lJ.nes 1 ~ An e~ lelfltb {~ t1.- 2 ~.) ~ 1J8I!Jd 

.(l) V.A. Wenelflt M1W.Jid.~on<i ~ C!routt tor- H1tth ipsad Onuntirleo 

UOPJ..-6o00, Octo l.9S'f 
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. at. the plates ot tbe l1.m1ter tubes. 'The counting atficlency .le seen to decrease 

by a factor ot 100 1n 1 nanoaecond, on the steepest parts ot tbe delay curve. 

Q!mrentrev Countsn 

l should like DO\if to d1scuea Cherenkov counters, because they are 

becOlftlng 1ncreaatnglJ !.mp)rtant. in c0Wlt1ng ot h1gh-erun.•ar parttclea, and taat 

eleetronic techniques a.ppli to tbem as well ae to sclntUlators. 'l'bese 

counter~ make use ot an effect. discovered ~ J8U8 ago by P. Cher&Dkov or the 

. msa. ·Tbe7 oonaf.st ot a trulaparent radiator cOUpled to one or more multiplier 

phototu~a, but tholr behavior la quite d1£terent from that of solrltlll.atora. 

When a chat-pel particle passes through a aclnt.lllator lt causes light 

'to be emitted 1J1 eJ.l directionS from 1 ts track and the 8IIOUJlt of light 1a 1 iJ& 

teneftl, proportional to the eJlGIV lost by 1on1ze.tiOD in the scintillator. 

fbe duration of the emles.lon ot lipt depends upon the_ cbaraoter1ast1cs or the 

·. _ ·eiotntillatton mateJi.al. CherenlrDv light is generated by a dU't~t macbtmlemc 

we CaD Compar8 1 t to the shook V&VG of sound· ma4e when a jet pl.(tne exoeecta the 

vel.oci tt. ot sound in the surrounding air. When a charged Pa.rllcle eXdeecta the 

veloc1t7 ot light. in a transparent medium through which 1t p.ue.S,. Cherenkov 

light u emitted. Howver, the ln~it,' ot the l!cbt 1a at moat abot.tt. 1• of 

that emitted 'b1 a acintUlator of' the same tblclmese. 

Several good papers have been wr1 tten on the propert.lee of Cherenko• 

. . . 2 radlatton and counters. I v1ll mention oome ot them pertiuent to this limited 

expoaitioru 

(a) Ill order to emit Cherenk:Gv light a obargad particle mu.at bave a pbaae velooi.\y 

greater than that or ligh't 1n tbe partiWlar refractive medium through which 1 t 

(2) See Clt'RH SJIIPOSium 19,6, Vol. 2 
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passes, 

(b) The light 1s em1 tted in a detini te direction vi t.h respect to the direction 

ot motion of t.be charged particle. '!be direction of emission is simply related. 

to the particle velocity, v, · an.<i refract! ve index, n, by cos e ., c 
iiV. 

where 8 1& the angle between t.be direction of motion ot the particle and the 

Ugbt rqs, and o is the velocitJ ot light. 

(c) The light is emitted pre.otioally' instantaneousJ.y·t"rom the viclni\7 of the 

particle durtDa ita travereal ot the radiator. Only the retract.tve ind.~x 

determines its characteristics, not the detaUa ot the chemical structure ot 

the molecules which ls eo important in scintillation. 

The first property immediatelY preeente us with a velocity-threshold 

cwnter. That is, • particle must btl going taster than a certain valoc.1ty to 

The second property can be used to meuure quite accurate~ the 

velocity of a cbarge4 particle in the range ot veloc1t1ee tram about 0.6 c 

to c. 
Figure 3 (tbe next Uluatration) is a. schematic d1apoam of a velocit;y

aeleoting Cherenkov counter deviaed by OWen Chamberlain and the author • .3 It 

oo~iet.s of a ftdiator, a cyllndrical. mirs-or, three plano mirrors a1"3."anged 

111 an equilateral triangle around the axla ot the co\lllter, am three RCA 7046 

11.\Ultlpller photo~a. Tho diameter ot the radiator is 3. 5 inches. The inci• 

de11t beam of pa.rtlcles mwJ1i be very nearq parallel to the axis but not necessarlq 

on the axis (the beam can be 3• 5 inches 1n di&1J18ter). Che:renkov light rays 

generated vlt.hln the radiator at. an angle e ue refracted from the end of the 

radiator at. an angle ey, and lie on the surfaces ot cones whose apexes are 

on the end of the radiator and vhoso axes are parallel to the beam. 'l'be light is 

(3) Clyde Wiegand, Cherenkov Counters in High Energy Physics, Trans. I.R.E. Juclear 

Sol., l!l.J, Nos. 3•4 (1958). 
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llex.t retlected back tovard the axia by the cyllndrical m!noor, and would tall 

in an area indicated aa a dotted outline o£ a photomul tlplier tulJa it 1 t were 

not 1nteruepte4 by the planG mlrron. The mtrrore epl.lt the ligb.t into thl"'e 

eq\Jal parta and cause lt to tall Ml the actual tubes placed at 120° around the 

prlnclpal axle. The purpose of the plene mirrors 1s to pend. t the .pbototubea 

to be ,p1aco4 out of the beam ot part,loles and to perml t the usa ot a threefold 

cotncldeace c1rou1 t.. at the output or the three tubes. !he· requ.tremeDt of a 

·. oolnoidence l"Gduceo background ef!'ects. 

The next Uluatratlcm., Fig. 4, is a phoiograph of the J>&rts tempor

arll,- arranged before betnc placed iulde a black box. The pertcmaance' curve 

· 'bt the appantus ie allown in Fig. ;. It. indica._ an . etficlenoy ot. about 

-9o· tor ~tinl protons or the velocity tor vh1oh the COW'lter was adjusted. 

!be full width of the Napoue OUF\'e at halt mo.x1Jium le about '" 
Insert ....,J) 

The th1rd pztoperty ot Cheronkov radlatton aaya that a flash of llgbt. 

Can be made to fall upon e. photocathode in a time inteeyal that 1a short c~ 

wlth that of the light from a acint1llator. This ettect is pl"e&elltl.y of 

limited uaefulneas in a time-of'•fl1ght-exper1ment becauee ot the smll number 

ot photoelectrons ejec ... d. from the photocathode by the feeble Cberenkov light •. 

When multiplier phot.otubee with leas spread in transit titae and higher cathode 

ett1cienoy become available, the property could b& uaed ertectivel1. However, 

the combination of sc1ntllla tton C<Nnt.ere and Cherel'lkov velocit,..;..eeleotlllg 

counters forms a. powertul inat.rument for 1dent1f71ag · raJi8 particles contained in 

higb~ner§ momentum-a.nal.7aed beams from the glant accelerators. tor example., 

it vas by this method that antiprotons were d!ecowred at the Bevatron. 

Let us consider some electronic devices that can help J>b181c1sta 

ln their use of the very-high-energy accelerators. We are aware of the great 
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cO.t in technical ~ and materJ.ala necesaar.r for the operation ot tho 
,o.!' 

glut maobiftes. Tberef'ol'Q, we should take advantage ot electronic inat.rumenta 

that v1ll enable ua to gather data at a maximum mte. 

At the Radi&tlon Laboratoey in Berkelq ve have ool'l8tructed a device' 

,,to aitlln settlrag up the extemal beams ot charged particles altted by the 

·Bevatron. 1)'pioal exper1m9nta require beams 20 ox- 30 meters 1n 1~. t:rom the 

:priJDarJ ~t 1n the maobine. Such beams a.N sent through bending. atJd tocuelnl 

· ID&gnet8 to dettmrd.na tbe momenta of their ).':ID.rtiolee aDd to conoentra\e ihe 

pa.rtielea onto &peciel. targets. A pJ"Oblem is to align the beama along predeterlll1Ded 

traJectories vtt.h a~ of time and effort. The intensity or the bea1u ie 

too ·1ow . to use the blaekening of photographic fUm or a cluater ot ipAS.ation 

ohambera. we oould expose photograPiic ~icms, but the tim required to 

dtmJlop tbem aDd ccnmt. the 1ncUv1cSu&l particle tracks would be prohibitive. 

We have desigtlecl a s~e ·row or 21 eclnt1llation counters, each l em by 1 n 

ln .erose eeot1on (Fig. 6). n-anstato:t1Hd ctnul ta are u.t.!d to amplify, 

equalize, and integ:rate the number of pulses trom eaoh counter. An electronic 

commutator Cllow the accumulated charge usoclated with each element to be 

read out and dieplqed aa a hiatogram on an oactlloscope. Vith this apparatus 

we azoe able to observe the 1ntenait7 pro.tUes of the beams a.nd to adjust the 

various lll!LgMt CUft4ents to optl.Dam bimdlng aDd .tocu41ng con:U tiona. 

Kleotron1.c oontl"ol or cloud chambers lu&8 l>een a Wlluable te.bniqua . 

used eapecit.ally .l.n eosmto-rq expel"lments for many years. A eimhar tachnlque 

has been ·used in CODilectlOfl wl th bubble chambers worklng in beams ot the .bigh

cmargy accelerators. The problem is for the electronics to atgml the passage 

(4) H. o. Jackson, D. A. Mack, and c. \.Jiegancl', Beam Profile Inc.Ucator, 

OCIU,..8)8(, Abstract Nov. 1958 Meeting IRE-PGNS. 
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thro~ tbe chamber ot a particular kind of particle which must be selected 

out of a large backgrotll¥i ot extraneous particles. 'l'he ident1 ty ot the desired 

particle might be detemined by time ot llight and mamentum. Ferhapa 1 t is 

desired to take bubble chamber pictures a.t every accelerator burst& then 

electronics could mark pictures of special interest. An obvious extension of 

thifi ay-_,tem 1s to provide a matrix ot GtUnte:rs placed dlreetly in front ot the 

chamber and connected in such a manner that the epatial coordinates of a par.. 

ttcul.ar particle can be detemined. Tbt.a scheme in conjunction vitb electronic 

tdentlfication wouid enable one to say wbich one ot many tracks in a chamber 

belongs detinitelJ. to the particle being studied. In addition to Nduclng the 

burden ot scanning photographs, the perfection of the t.eebntque just outlined 

\roul.d mn.ke bubble obambere DlQre effective toola, bacause at present most. of 

'Ute ~ticles must be ldentit':ied by their reactions in tbe chamber, and -pb7s1cists 

want to know the probabilities of the reactions and conaequentl.y llnlSt know how 

many particles entered the chamber. 

We have UDder construction at Berkeley a scintillation-counter matrix 

constet:iDg of 176 cella of average size 0.7 em by 0.7 em. transistorized 

o1rcuitl"J' will be used to 1ndiaate through Which cell the elecironicall.y 

1dentlt1e4 partteles enter the bubble chamber. 

PbJ'sicists have reeentl;r become interested in a dJ..fferent t7P9 or · 
sointUlation-counter matrlzt tho ac1ntillation ... f1ber chamber. To achieve 

spatial resolution of 1 mm. and less, we could use a bundle of t!bere made ot 

plastic scintillator material. Each· fiber vould act as a light pipe and carry 

1tc!J light to a small region on e. photocathode. It enough light wre generated 

the fibers could be coupled optical.ly to the image tube of a television camera. 
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Scannlng the photocathode would give ue a picture of the projection or the 

tracks of particles through the bundle of fibers. tWortuna teq the light 

1n'ttenetv from fibers ia tao lov to activate the moat o.nsitive image or.tbicons. 

We need a light ampltf'ler or gain ot about 10•000 to place• betvee.n the tlbQra 
'• 

8ftCl the television camera tubs. Several American compantea bave oontractg 

to develop image amplltiere for th1a purpose. We hope to htive a prot.Qt.Jpe 

.• t, ;verll" (19$9). Devlcee based upon tracktng a part.loie b1 scintillation . . . 

\toul.d .. be able to record events in a time of about one mlcl"ose(lond ·and might. 

therefon. rec.or4 several events dUZi.ng om burst of beam from a hl~rg 
.f,. 

·~cel.erator. Gating and ~ad-out vould take place at the cOUilnfmd of·~· 
,. 

·axterne.l el..ctroni(,HI 14entit1cat.1on ~pparat.us, as outllned ln co~tlon with 
. a 
b'-ibble chambers. 'We hope that/small chamber lO em in diameter will be the 

·bumble beginning ot t.he technique of electronic track obambers which can .be 

Oxtentled to three dimerlaions. 

· future .R!!Jl.OJi!!!nte 

I &ball mention nov aome clevelopuents whlcb pbye1c1.8t$ wouJ.<:ilike 

to t.ve ln the near future. I have one persistent requeata mul,tipll•r 

pbototubes with smtlller spread. ln transit tble and ·znore ett1c1ent pbotocat~ee. 

We eager]~ anticipate the pel'tec.tion bJ .Dr •. Morton of RCA .of hie design tor 

-a:na t.nv1te other makers or pbotomult1pliers to come forth with ideas tor 
Insert · 

improVed tubes. /Research vi tb the giant machiDes now under construction 

needs practical tim9 .resolutions of lo-1° sao 1n coincidence circuits. It 

ve assume that pbOtotubes will become avaUable which are capable or such 

f'aet pulses, we ah&ll need lmproved electron tubes to te.ke full ttdvantage ot 

t.heir outputs. I 'believe that trall8misaion 'lines are presentl1 available to 
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carry tbe pulses to the coincidence circuit. Surely better vacuum tubes 

thaD conventional pentodes could be designed speel!ieally for coincidence 

c1rcuita. for example, many experimenters use type 6Bti6 tubes. Could not 

both gr1da be shielded from each other and from the anode? Also, tubes ohould 

be· constructed with coaxial inputs eo that tranamission lines could be 

matched db'ectly to the grid structures. 

It may be that we have almost reached the ultimate in resolution 

using pulses sent over transmission lines to conventional circuit&. We sbould 

'be planntng arrangements 1n vhlch the mul tiplior tubes themselves perform the 

colnci~ence operation. Dr. Morton has succeeded in fomi.ng the output. 

Current o.t a multiplier structure into an electron beam.. ; Perhaps such beams 

at l.ov ·intensity could be svopt over the inputs of slower rnultipl:lere at a 

freqUency or .about 109 per second. Two or more of these devt.ces ;might be 

driven by a common radio-frequency generator in such a vay· that knowledge of 

the phases d1fterG!lC&a ot the sweeping frequencies would tell the difference 

in ttm. ot events whiCh produced a pulse out ot the slower multipliers. 

Transistors will be used mre in fast electronic ctreut try. There 

at'e presently available transistors vbich work 1n pulse oircui ts above 

100 megacycles. 

Jl'inallr, at a recent meeting or the American lnsti tute ot Electrical 

linglneers a scaler circuit us1f!S non-linear magnetic elements was described 

which worked at 100 kilocycles. We should ~WBtch thia technique for its 

s1mpl1e1ty and rel1abili". 

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

United States Atomic Energy Commission, and I whh to express rq appreciation 

to the United States Office of Naval Rosearch for making possible aw 

attendance at this conference. 
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LEO ENDS 

1. Schematic circuit for high· speed. countina. 

Z. Resolution curve obtained by l,l&ing 1/4-inch-thick plastic scintillator& 

coupled to RCA C7ZS1 m\lltiplier phototubes. 

3. Schematic diagram of velocity-selecting Eherenkov counter. 

4. Photograph of temporary arrangement of the components of the 

velocity-oelecting Cherenkov counter. 

S. Performance curve ~k the velocity-selecting Cherenkov counter. 

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

of scintillatoro, light pipes, and multiplier phototubes. Parts of the 

transiotorized electronic circuits are also shown. 
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ADDITIONS 

Page 6, after line 13, insert, new paragraph: "The apparatus just described can 

count particles "in a velocity interval from about 0.6 c to 0.9 c. A counter 

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

tested by a M.l. T. group (Caldwell, Frioch, Hill, Ritson, and Schluter). 

Its radiator is a fluorochemical CF -7 S at an elevated temperature and 

pressure. With it particles of velocity 0.98 c have been eeparated from 

particles travelling at practically the velocity of light." 

Page 9, line 2.2., insert new paragraph: "For example, at the Westinghouse 

Company in the U.S. research is in progress on a transmission type 

d 5 
el~ctron multiplier structure designe by Dr. E. Sternglass. This 

structure consists of parallel foils of very thin material. High voltage 

is applied between the foils. Primary electrons are accelerated onto the 

first foil and secondary electrons emitted from the oppo8ite side are 

accelerated to the next foil. Several such stages have been made to 

work in a single enclosure. I believe the principal problem is to find 

foil materials which multiply but are not fatigued by the electron 

bombardment. This type structure is expected to have a small transit 

time spread because of the high voltage per stage (several kilovolts) 

and because of the similarity of electron paths. Such structures are 

also capable of image amplification because they preserve the pattern 

of the intensity of the original primary electrons. 

51. R. E. Transactions on Nuclear Science N53 No. 4 Nov. 1956. 
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