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Nc:mtrono in pwe:ao produced. at ~ 19 ... Mc rate by tb.Cfl circ\lil&tiZ~.B berun 

of th4'!) 1C4-incb cycloh·ou otriking IU1 interll&l tar5et have kinGtic entergieo 

from 100 to 800 Mev. Cireulating-bcaom buncld.ntg limite tb~ tim~ duration of 

e&ch n\1\it!'on pulooo llefQrttnct! oianalc o.re produced by u Chcrenkov ... !'adio.to~· 

intern&! target ort the rodio·froquency volt&ae on t.hQ cyclotron dec. The 

chronotron coincidenco circuitoe cm:pable of a resolving time of leoo thrut lo·' 
aec:oncl& tUi."e spaced with. inc:reaoing time intervals to reduc0 ren~ction reinforcornoo:.1~: 

Saturation of cobu::idencCB cil'cuitG minimimes the dependence on oigncl o.mplitudc. 

The lZS-n c:ablG ic match<ed nt oampling pointfl by a aerieo inductanc~ tapped. by 

tube input capacity. 
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I. INTRODUCTION 

I, 

14mly enperim~nta yie!cUng intereotins nuclenr data may be performed. by1wiD.< 

relntiviGtic neutrono of kn.own ent.aray~ The nouttron yield from hish .. enarav 

nc:celerntora occuro with a continuum of energieB rm.ngins from valuee sreo.t~r-

than the energy of the ac:celerntod particle in the came of (p. n) reactione Ito 

quite low energi111B. T"lle time interval between tho p1•oduction of the ncut?on 

by the~ internal boom of tho cyclotJ?on and it&~ interaction in the nucl4'.!ar procaoo 

undGi' otudy provides a r&roct moaoure of the neutron energy. A cht"onotronlJ 1 

to determing th" time int0rval~ muot be capable of rcoolvins the shorteot 

pooeible interval ancl operatins o.t the repetition i"O.te at which the ncutB"OD6 

ture produced by the accelerator. These two requiremento arc p1rime consid~rotionc 

in. tho deoign, end convcani~nce. flexibility~~ relicl>Uity, and independence from 

cwdliary equipmCJnt are additional objectives. 

Neutronz are proclu.cec! by the 184,inch cyclotron when thi'P. pmrticleo at the 

end of the modulation cycle a.cbi(eve full enel'l'f and !!!trike &n intern&! target. 

The cyclotron i~ modulated at 6.ft cycl&c per oecondo and neutrons are prodv.co~ 

over G>.bout l 00 micll."ooeconds. The nev.tron production occurs in pulcao, o.a coma of: 

the accehuroted p&llrticl¢o otrike tho internal t&i'set during ench rf cycle~ 

cor?ecspondins to the 19.-.Mc: pa!'ticle circulation frequency: ood continue0 until 

ell the pntrticl~iHJ &ccelerated in the modulation cycle 3re GJtpended. The o<3pa.ro:~ion 

between puleeo hl about 50 nanoseconds. ODd the duration of each pube dt.ependo on 

the phl:lae apree.d of tho beam relative to the rf accelerating voltsse of the 

cyclotron. A typical vm!ue of pulae duration is 15 namooec:onda. Operation of 

the cydotron to• reduce the puloe duration to a~J small an interval ao poaciblc 

iB neceasnry to provide s.ccuracy in the timins meatJurement. 

--o 
1N'ot-lt done ~ndor th1.8 nuopicoo uf the UoS. Atomic ~ncn"BY f:ommin:::i~n. 

1s~H. t~<Jci!.da::moyo;:-: :;:.Xv /.J.ti:.:•ts:c. i!l. s\::.l:i.:::~n, r:!n'-1 TI;.R. :i•;~M:.t~;, R:.n • .Sci. 
1zwtr:. lE.:r ·N)O . l~i:Y!'}. 
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Tho ol(bc~:iriccl r(l.l!o:ronco puloe thut indicc~I2H'3 the proouction t!mo of t•:!::. 

aeutrono ie oh·tainer.t fror.4 e. Cbearonltov countor which io uood no the into~:J.L.'.l 

tm.Fget struclt by tho circulating beom. An aU!ll'i'l!ltat electricG! refo1·oncc puloc 

mny be obtained from the rf acc:Glernti.ng volt~fJ0 whoae phaoG ia rGlo.to~ eo 
the pooiticm cf tb0 circ:\l!lating benn~. Thelil rofet•ence puloe is one of tbo inpu.to 

to tbG chranotron during its UB$ in exporimenttllc 

Th0 el0ctric:nl oisnal obtained !rom the coincidence circuit of the counto:i' 

teleocope obcer~fing the neutron-induced nuclear reaction io applic=d to tae 

cbronoti'oli!l ao the eecond btput. Tho tim0 R"et!ationohip between tlt.eae two oisncl.o 

io reoo!vcd by tho chronot~on. 

U. CIRCUIT DESCRIPTION 

One mny think of a chronot~~on ao two p~rcllel pulse-conc:luctinB Unoo, 

terminated in tbeiil' chatractoriotic impedance and tapped at intervnlo by coin· 

cidonco circ:uite (Fia. 1 ). The mo~e of opcure.tion. io to oend the raaerence pWOQ 

&long one lino wf1Ue the co'Ulntcar--toleacope signal io otan9; alone the other line 

in the op1-'ooite direction. Aa the oigNlls ta"avel a.tons their reopectivo lin~o. 

they pose~ C/.DG if tbio occ\U'D at a coincidence•circ\\it input. a:n output sigrt.a! 

will bt~ generated. Xt can be oeen that as the c:cunt«lr-teleec:opo oipal mrriveo 

leter and later. tho coincicienco movo6 to the adjncent channels t tbuo in·· 

dicetina the time intorvml between oiBJlelo .. ~ 
The chronot?on d£:ocribed in thio roport cli.ffcro oomewhnt from tho clccoiccl 

form in that it wno Qoocambled from atnndnrd countins unito preoently in uoe o.t 

UCRL. rtathor thnn being cuotom buUt. There m.re two reo.eono for thio: Ono \'!700 

to tllko ndva.nto.go of the fad that the conatituent parte bad alr~ao.dy been c:'leoianoti 

ZFor a more thoroueh diocutioion ceo H.K. Tidto and J. OnutJ<!l"e .Rev. Sci. 

Inotro .El:! 354 U956). 



on~ thli).t moi!J~ o! tlao Um0 op0nt on the pvojed wo~11d 130 tow&t?c! aau:;@mblv o~r_: 

final adjt.!O~n"lt!lnt :rnthet: Sham aovelopmcnt. The 03COnd ;.e thnt tho t•cadov.t 

oyotem of tho clnooical chronotrtln bas a ratbo&> lang dend 'Hmee sinclb the 

'ocop~ oweep ci:':'cuito must be reoet before anoi:h<!t" event can be recorcifld. In 

1\ddition,. tbe data muat ba I'QCorded on film, wb.ich entailo prohlomo of handline; 

and ccanni~ao !:n order to circumv~nt tht~oe difficulties~ sctlle!! !i"ewiout io 

provided~ thuc reducing the dead ti.me of the ey~tfitm and bypmsoing the n0ed foi' 

output coding cbeuits. 

Another difference invo'f.veo the use of input-pulse mhnpins by mel:'mo of 

clipping D.iineo. Thio techniqU.$ ie employed to increaoe the reoolu.tion of th0 

eyot~m and to prevent pubee ftrom "ove:d&ppinn" uad cnv.ailllB an output puloo 

in two chwmele .1\\imultoneol.amly. It will bo ceen that thie type of arrangement 

reowto in "h~loo" in tho time btli.De8 thuo p$rmitti:ng cobu::idencoo to occur be ... 

tween cbaliUlolo and be11ce to fnil to !"GfJi0t<n on thq1 mewing wdto. It ~:rae d.Qcidlllcii 

that tldo limitation ia aot 6eriouii in the present application" and no ma:t0mpt 

bao been mode ttl correct ii;. 

AChroDotron Lino 

.Aftet> b:aitial expGF"iJr.nsntntion with UCRL puls<B pid.e (cowQl ot)l'1to~oam. 

ltronmmiooion lino) 11 
3 tba e)talcaction wae made of RG-6!/U coaxiel cables · An c.ntllJ.roin 

of ve.riouo cmb&e types by Kern@ 'tt ru. ~ showc that the puloe ahap0s ancountoi'~d 
would. not be oeriously altered by the cnblo lenstbm involved. Fur~her o the UC at. 

lzs .. a connatctoro for u.oe with R(i·63/U, which hove very eJmnll reilection~o 5 provii\o 

a convoniont mecms for co~mectir11 &he coinc:icl\0nce-c;:ircuit elements (Fi3. l.) 0 ~d 

allow chanal!!le in lino J.~ngth for mrur.imum flexibility of. the cbronotron. .R,Q .. 63/U io 

U()ed for the cbronotron linea tAnd for internal corm2ctiono in the coincidence ciz-c~ita., 

tMl well aiJ for clippins linea. 

The chxronotron line~a ar,~ tapped by each coincidence .circuit through mu 

m-~.<el'ived filter network form1:d b;r a small indudance a.nd thCD input c~pncitamce 

oi tb12 coincidence circuU:~ 1't,,,. en.tont~ion of the &yatem to include many ea.mplc 

3ou.ontin Kcn?rAIJr Nucleonico Vol. l~ No .. 4 ~5 «April 1956). 

x' ~0. Kernso F ~ Kil"oten, anci C. N,, Winnin-;atad in Radiation Laboratory CountlhtC 

iiiandbook, UCRL-3307 e March 1956. 
5Th.o miemntch duo to UCRl1 con:H3cto:r.o used fer joim~bl(', RG 6:J/U ca~!c io: :.,,~ rn.o~t<: 

..... ltfi.. Jr • 1 o lof o A." M ~ •< "'•U 13 1 .!Mm JOJAO'!Z' t'.lll.}~ o ~o•.'i.ul t•:.oe ~~.~t!".il'J:~ •,a :.:• n ;...,' 'JCC en." con. 
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pointB ie a.ecomplimhed by ad.d.i.ni~ edd,itio:ncl ~ob~oo and coiru::itderu.'!G eireui~t . 

In our oetup, five cb?cuit~ weF~ counac:ted to fo:rm the cluronot:ron. '!'he int.:1:-:ov·r: 

be~tw12en sample pointe ie detcn?ll:linod by the cmble lenatho ond may ee.oily bo 

changed. Two lineae E!.ll:'G uoed to permit ea~~J!er termination. 

B. Cobu:idonce Circuits 

The coinci4encG circuit ·lFigo !) eelect~Bd for the chronotron io & otoodc'l."e' 

UCR.L nenosacond unit. 0 Ao pr•»vioualy mentione&de tb.e inputo to each cblUllnol 

nre compied ~o the lin~m by means of m""d0ri.v0d filtero., which allow &n encol!ol!lt 

match to the lines ant! reduce the rise time of the input circuit. Refiectior.o ol1 

tho o!.'d~r of~ lew perc0nt are eaoily obtainltd by this mfJthod. Inpu~ puloE"Hl 

are nel!iati~e cuad aF~~a arranged t!i be greo.ter than -lv in mnpit\aCJ.o t':.lo ~e tQ 

cut oif the input tube. The pulor:ao applied to the Roeai ~1iod0 circuit azr~ tht:!r:>. 

limited in hei13hte thuo Ired.ucins the oenoiUvity of the c:oincidtance circ~it 

to varying input puloG heiahto. A clippin5 lm0, corar:~isting of a lO•il)'.ch lonstb of 

.&0•631/U ohorted at ita far end~ im uPJed to limit tbe dv.rstion of the puloe 

applied to ~~ Roooi circuit~ tbu,a tb.«l! oignal at the coincidence circuit corrorJporM'1P 

approximately to thnt pnr~ of tlu9 input aipull which car!'ieci the pentode to cutoff~ 

ThC3 Cl.iode coincidelfice circuit includes a diode in !JGI'ieo with th.e outpt\t 

mitJnal 11cting ae a diecriminator in Ol&ppreooing feed-throu.sb. pu.l11eo occuri·iug 

when only one p0ntode hu an input. Coinci~ence ratioa o! ZO: l hove boGJn 

meaour<!de 

Coincidence output pulees are &mplified by menno of a conveiAtioilO! tnhw.1t.~ 

ps&ked ampllifior which cli'iveo E\ cathode follow<.er to match th~B low-impG)dW!AcG 

output c&ble. 

Provioiono for adjuotment of tiaCr@en voltage to belonce both oiclteo af. tho 

coincid~nce circuit at"e includefll.. l\b:toro o.Uow the obm0rvation of the pln~'i} cur~Ci.1:.:.-;;'; 

of. e!th®1" CJid6l, or thtlir combin(iid pl&t~ curronto in each coind.d<2lnce circ\\it. 

6 wuuam ,;.\. Wenm~lo Millimicroeecond Coincidence Circuit for Hish.-Spt!!ed 

Courrttirlgt lJ(;!U., ... Q000 0 Oct. 1957. 



Co Discriminator 

Pulses appea:dng at the output of the coinddenc:~ circuit ~1·e ~.pplied to 

~discriminator ch•ct\it consisting of a diode subtracter and an EFP-60 one­

shot multivib1·ator ~Fig. 4J. This unit serves the function of shapii'lg the 

coincidence output pulses and increasing the resolution of the system by 

steepening the sides of the re$olution curve. The multivibrator output is of 

11ufficient <i!l.mplitude to drive a standard scaling unit directly. 

III. PERFORMANCE 

Prior to uee in nuclear experimentation. the system wae tested with a 

mercury pulse generator connected to the lines so that both pulses propag@i.ted 

down the lines in th~ same direction. thus registering a coincidence in each 

channeL The results of this test are shown in Fig. 5o Since the pulse shapes 

derived from the pulse generator are "idealized" relative to photomultiplier 

aign@\h, a. further test was made with two 6810 tubes in a cosmic-ray telescopeo 

The resolution of a typical channel is shown in Fig. 6. 
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;;riz. Z. Coincidence circuit input, ohowina m~thod of line tappins \Vi~b 
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.Reoo!ution of typic::aol coinc:iaGn-ace channel wU:b cor>mic·l"~Y count~~ inptn. 
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