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ABSWACT
..

A-mmplete generul purpose electronic pulso counter is described

which consists of an amp14tude discriminator, sc:ale-of-64,and register drlvar,

and is m.ifable for use with pulse amplifiers in making nuclear measurements.

. .
..—

.INTRCWCTIGN
. . . . .,. . . .

For the worx of the Los AIsmos Laboratory iilarge number cJf’

pulse.counters were needed●
It was de~irable, therefore~ that a countez

be .tinilablewhich could be ueed in many different a;)plicaticns, which would

lM quite rell.able, and which could be manufactured easily. TheJcounter

to he described was designed to rit these requirements.

The Model 2& Pulse Counter is used fur counting (after amplifl-

.

cution) the individual pulses from an elecLricd detectur of
.

purtichm$ i.e*$ an ionizat1on chamber, prcportiond counter~

MIOler tube.>

:igh-ener~

or Ge&er -

!P-”-
—.—.... T}IOInformation ccmtafied 3.uthe signal of an electrical-...,-....’.--.— —.C-_ .....-.,.. ..- .- .-.-’...
~

‘:.lm~~a~j(’rn”‘dit~i>torc“~~i~ts;’at ~.eaitii “prt$ of t~ distr~.buti~ of~ yn ‘.“-. ..== ~~+-:. ..‘.-., ~. . .,..*,,.,;,..~..
~~pl.ftu’~is“:oft,h~@ses !~der ‘%.xede+ximinwntal conditi0AS2 or of the
>.. ... ‘:,....--.;!= .,. ,.. z-—..... ....). ,
~~g$j.q~ii.n@ {ha,rati~of”c&urrence “of“j.xilseswith a”given magnitude with ~~ ~. ,..-.

-.k . -

,EjZWi@es in the’mx]erimental &et up. The counter is suitable for extractin~; ~~

. I
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UNCLASSIFIED

DIJCUSf3ION

The countir to be deecrjbed consists of three ~j”tti~l~~l parts:

at 3ts input whose amplitude is greater than some chcsen ma~~ituda●
(2) An

electron~c tallying circu~t or SCNIm which provides cne cutput puls~ for each

6L pulses which it redeivea. (3) A circuit which operates an electro-mechanical

Q QStude Di&imlnator

TLe amplitude discr~~inator Gf the M:del 3TI Y&se Counter is

a t.ri~yercjrcuit which produces a pulse of st,andnrdsitiowk.en~verit rece.tves

a pulaa whose amplitude ie greater than scm.epredetermined value. The dis-

criminator to be

can discrimjnste

a small fraction

occurs is stable

descrjbed has tilefollowing desirable properties: (1) It

reliably between puls-s which &iffer in amplitwle by

of one volt. (2) The a~l)ljtud-at which discririlfnaticn

to a similar cxt.er,t.(l>)The di.scrimitiaticnvolt,tigeis

etisilyadjustable from ten to 100 volts. (L) M ig ca~~ble of’ticceptingpulses

whose dumticn is a few’ter,thsGf a mj.crosecondor .gr~qter. (5) It will

respond to two pulses acpzratewlby 3nterva16 as small as.1~.5microsecond.

(6) It~,resenti al~ighimpd&nce ?,oLl~ input sfgnal sourco. Circuits

which have ken fcund to posmss in Practice the shove ~rqert.ics are

1)
mcdlficaticms of the Sdm3tt trig~er circuit,

Thn particular modification of the Schmitt trjgger circuit used

-. ir!the Model 2?O@COUZItiI? is shown in Fig? lm It,is based (JA3two .mntodes

etice this allo~s inoreased speed.and greater stabillty of q.ertitien.

The cqm’at~cn of ths circuit is such that the steady poter,tialat ~}J~ output
.

]938)
Schmi

. Also see u.S. Pltckle,

APPROVED FOR PUBLIC RELEASE
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potential :

lJeen

about

+1135volts with resj-ectto grmnd, the tuk.ex-2 wi.~1 be cunductl~~gand the

.

.

will he corxluctlng,Z-2 wil1 be cut cff, arid the

sscend takes place ral).idlyand breve t’sjbly when

Wtput 6ignal 1Wad

volts, tube!~-l

potential of the output

from the first state to tho

the input.grid potential

of ;he ~ ~PO volt.supply, on ;.heat.ability of the resist!mces R , R
-3 -4 and

the tubes. J3ectiuseof ~he symmetry of t“w circult.these latter effects are

In.ihiki.zf=d . Fcr varit~tjons n?” -+ lC. in tha heater supply voltage and for

Wimn the ~n}n&-grid potent,iiIl1s decreasing ~rom values above.

]Jk4t.43Ch’C..i_t d’ ~-~. For the components of F~g. 1, the hyst.eresjsis about

three VGILS which senms to Lo a good compromise for a ger.erd purpose

UNCLASSIFIED..

—..
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~:oh]lt.ld bmauEe of the actif.nof Q1. Such a conditi(n should be av~ided . ,

since the cliocrirnimt.ormay then produce .severtd out’p~t pulses in respcnae

t,{j one slow input si~nal.

Ojxnvltionof the diecrimjr,atorfor slow s!gnals is illustrated

JA the cyclq~ant~ which are g~ven in Fig. 2. 1$s13 th~ yhot.ographsLhe

sweep volt~gc is a 2500 cycle per eecond sine wave Of 20 volts peak to peak

aqJltude (posjtive to the right) which 1s also fed to the input of the

discriminator. Fig. 2(a) shows the wlgnd et the output of L}* discriminator.

It can he Ileterminedfrom this figure that this part~cular discriminator has “

a-hys~er~sis of four VGltS and that a bias *tLing of two volts watsused,

‘1’hevert.fca.lheight of the oscil.logranZ(a) is 25 vultiu In F~g. 2(b)

und 2(c) the vert,icaldefl.ecticnsensitivity and horizontal sweep are the

c]”iminatorin response it plll~~smay be deduced from the previous d~scussioh.

As Indicated ~n ??tg. 1, the s5gnals are il;troducedinto the

ti.lscrlminator by means of a blcIck!ngcapacjtor und a res3stor netwcrk for

td.tisirg.If the bias potent~al of the irqnrtgrid is set by means of ~

~tj my +85 volts, any siqml less tim twenty volts in amplitude will

f%;l to bring the input grid to +105 volts, and will not trigger the discrim-

inator. If a ~>ositivosigr~l of ampljtud~ greater than twenty volts, however,

:.EJintroduced the discriminator will be triggered to the other state and

wi.13.remain therm so long as the instantaneous signal potential is greater

Lha.ntwu’ltyvolts. (Tha Wraticn of the output s~gnal wi3.1depend on the

m}lljtu.deand duration of the input signal-) V the hiss potential of the

UNCLASSIFIED

APPROVED FOR PUBLIC RELEASE
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irq>utgrid js nclwset.to some value gre[iteror less than 85 vclts,..the

decretisd or increased in that orc?er, ‘Ih*btis setting of thn dlscriminaturj

vn be made any v$.luebetueen zero and ICO volts by means of -~. If the

djal of -1 is graduated frum zero to II!Oover 270°, it can be made t.o

read dir~ctly the bias setting. ThifJis effected by setting the rheostat

~ unl.ila rctation of 270° of & give8 a potential change of 1(”0volts

tc)ground. I!iassettings less than the hysteresis cannot in general be

the triggering potential, composition or metallized resjstors are used.

If some sacr~fice in long time stability can be made and if the direct

rradi]igbias djal is not desired, an appreciable economy is effeated by

fm.51.tirlgR md
-6 h

and by using carbon res~~tors throughout.

Fcr a large input @il.se-lxu7i:~ga small.rise time, the rise
.

t,~mdiscr~minatcr and for slow input s~gna;s, the time of rjse of tke

c~,rcuitsof lIot.htubes. It shf.uldbe noted tl,att)m output signal may never

raoch its full valum jf the input signal dces not remain above the Lias voltage

APPROVED FOR PUBLIC RELEASE
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for a :jufflcientlength of time. For this reascn it is desjrablc that

narrow input pulses should eith.arbe rectangulw in shape or at least have

a sufficiently long flat tap, With the preseni.circuit only pulPes of

du.raticngre.uterthax 0.1 microsecond are count-cd. T~@ ca]~cltor ~1
. .

shcluldideally be chosen to obtain a frequency independent voltage divider

t’?’omthe

act.ud3y

seems to

N.

greater than the.durwtiol)c~~ ~ingle p~se. .
,.

Since it is of~er~necessary tticount small yulst98in

of mush largw Ones, it is important,tt~atthw fjtscriminat.ornot

.

t,hepresence.

overload eaBily,

The gr~d of tlu tube ~-l iB normally well below its cathode potept$al, Once

tk~ triggering vol-kgo has been exceeded, however, ~-l acts aa.a cathode

l’dlrmer and cc.ntirn:usto present a high impedance to th sjgwl source.

Fcr t.he.circuit

curYeYJt m ?31.ow
.

wit,h res~,ectto

.

+alues’shown in F$”g.1, the tube ~-l does nc~tdraw grid

aSgna18 until its grid potential roache~ ahcut +200 volts

ground. ‘hua ff a bias setting of a few VOILS is used,

.

,.

the circuit will i,otoverload for p.ilse~of 1~0 volts anqdjtudeo If t.,h

input pulses l’.avao.rise time of less than C,l microsecond and if the capacitance.—

. .
..— ...- .,. . . . . . . . . q~\O,.-. .... .-,..,; . .... . .. . . . . ... J@J

..,..——..=—G.-,.-.,. .- . ...= . . ...>
..—.

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



~mpora~( shift of the Mas sett~ng o? the c?iscrimhmtcr, Altkc!ugh

it might appmar des&able to make the input time consti.nt,short to

allow a speedy reccwery in such cases, other c’013sfderatiom demand that

the ttie constzd be large
2)

. The value 0.01 second “ieemsto be a

reascmable compromise.

clreuit possesses a dead time ~ (usuul1y rs”l%rredto %s the resciivl.rg_,time

the it Is fncapable of r%cording another pulse_ If the arrivtd of
~k.

.

;’
@i18es to the counter is psrfmctly mindm, and’ihe piiisei3occur at an

:.’

E&ragez%- of~ per second, then the fractional counting,, ,—‘.. .,
,., - ..f,.......,,,-
! ,,<!..,.., ., :.’,,,,,. ...,,.. .,’. .,, 2;} Th@ Ii& “tioistantis &sontia ily orw of tlm coupling elements of the

p~~ceding.@se amjllf?erc
3.) W. B.” -wM.* ~lectrlc~ ~a~tin~ (C~b* ~n~v. ~eSSS 3943). ,,.

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



.

.

.

. i- UNCLAHIFIEl)

8 ;m~,.teGr)deccmcmli(!nl to ccnrjtTuct,and the checking and

(1one by WI MWIwge L.ethnic Ian sir,ce failure6 fireumlally

pflrb or wi~’jng. The circvit was developed in

lIWI scales-of-two k,aveLeer,used at L@ Memos,

~n t:t:clithe swrm way and have all necessary connections

m (Icta1 !,lug. Since the 6SL7 units dissipate

re;~uireone fourth as much current fr~ the

APPROVED FOR PUBLIC RELEASE
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jn add~t.icmto those -“derm~. jn

mechanism by which the effect of the

and the”int.qdat or” ~ead gce~ to a hf@-ifnpSd~C9 indicatur.

‘If the imput”65gnal lead has a steady potential of +~0, . ;

volts, nefthG2’of the diodes *111 be conducting Sfnce the pott?fitial of .

theIplates of both diodns jR ISFE t~kn their comori ~atfiide potgntial●

..

W L us assure that tlk state of the flip-flop is such that Lube 2-4 iH .at ,

first cqx)ucting, Its pl?it~tYillthen bO at +l~fj volts, its cath?de fs at
.. . . . ., ... .

+ l.%volts, and its grid will be held at +82 volts “byvirtue of grid

eu.rr”ent flow. Tlieplsto of ~-g’will be at +X(l VOIts and the ~id ok ,.

.—. = .. .. .. . +:-,- , .-*.- --.-.-au-- 3A*- ..> .

APPROVED FOR PUBLIC RELEASE
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~-j.at +YJ volts, thereby out.tin~ cff t.lmtub?. .If the input,,

which might at first Lo exjxwted but drops only slightly in potenti.ylso

iong as grid currer~tis belrigwawn. A dmcr.aasein Lhe grid current takes ,

up the decreass _involtage across R
-4

until the fl.nputsign.kireaches 2A0

2

mrrerit t“uacticvlt.has nc LcnclencyLo be triggerexiIYYsmall fluctuq?,tolls
..

.
appeaxaas a kch mal,br si~nal at the output lead, TM8 fact is of

.
. l~pori{nco ciyze ~ku%-of t};cStillpliCitYof ~h~lscircuft ]..iesin the

. . .
the flip~iop, .

. .

suidenly j“rm+f?O VOIM to 4-250volts, The pctential cf the gr;d of the

ccnuucting “tubeX-4 immediately g-s n~gatively by about 30 volt,s$ an

amount “kch js-”determln~dby the ratio of ~1 to the st~:fc ~asitjc Ctt~I?i-

tance at tlAegrid of 2-.4. Immediately following the input signnl$ the

plate ~otfintialof ~*4 starts to rjse rapidly and the grid of X-3 moves
.

.

——.—..——.—.. .
.?3)Ae many as twenty stegen btva been ustxiin one continuous c,hain.

. . . . . ..
.. .
.

. . ..
—m.—l .,.4 ... ._ _____ .,.’-,,,..-. .. --:... ... . . ...<.. .. . . . ...+ e>a-i-.+-+--+ ..-..2...+ . . . . ‘>.-+. . ..’W.ZAA-..U6.6
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.

.

StaW . Before the state equ~val~litto thn original state is reached, ho~-ver,

ths ~,ltiteof 2.4 is *caughtl~by the diode ~-l and the circujt ar?ismesa stabler

state wiLh ‘.hnplata of X-4 at +2$0 volts, If now the in~)ut voltage

b reL“@ned either QIAfC!d y or d-ov~y to +jc.~ volts, there i5 no effeet

.:ntle trigger circuit other tkn causin~ it to HSSUXM the stable state

lwhichis tileexact mirror Lmmage of thn orlg’lnalsLate described. The appli-

raLir7rjof a rjecondl.ri~gers~mil~r tv Lhe first causep the circu~t to

pass Lhroug},,a t<imilar cycle of oper~tior,si.n which $F* role of z-3 is

em~loyed in the fli.p-flop not cn~lyallows rapid

but is an essential yxu-tof the tri~gerirrgmechanism

output conractirn of the scale-of-twoalternate

.

.UNCIASSIFIEB

APPROVED FOR PUBLIC RELEASE
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.

.

●

boon made with res(rlvj.r~~:tirn89 down +-oG.2 microsecond.

!tiIM forms w}iichappear in a cllatnof scaling units are shown in

Fi/:. 5, In all Um pllot,ogcaph~7.hevertical scale Is the same (pvsltive

llpwardr+jand in &ll but (f) the smie linear horizul~talsweep was usede

JJoublepositive yl”ses with an ampl~tude of fifLy volts are being fed

3s shown in (c). F5gure 5((l)slims ttm si.gml between sta~m two and

A.. .
, fu 13em The ai~nrd betweer; s ta~es three Wd four js Aov.11in (e). The

APPROVED FOR PUBLIC RELEASE
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.

.

,

.

.

The interpol~tirn indicator fcr the scale-of-twu is a

‘t.,Clr lyl volt fr, the lmp will fire and carry a curre!tt ef 100 rrlicroamperes.

.IncronIsriitpso operated gives sufPieieritlight to .~rva as.an.effective ind~-

mstor for normal visual purprx3eE3and has a ~ieglig$ble effect ~ th~ ~p~raticn

Aien a l&ge nlmlherof cw.nts occur in each dxrervatitm hit tlmy are usei’%1

,,. --- ,.-
.. . . . . .. . . ... .!. . . ! . . . . . . . . -,...-.:- “-

APPROVED FOR PUBLIC RELEASE
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.

.

voltage pulse of Len millismeorxlsduration, Th.i.ssemas to be sufficient

for reliable operatfcn of’tJ19regi8t.ers.
.

.

. .

.

,“-’ ---
wLbs5\t\tw.

. . .. . –.
.. .- . ... . .

APPROVED FOR PUBLIC RELEASE
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wivo cuts off Lh~:plate current in ~-l for ten milliseconds. The plate

.

l; reliable tit rtaf.esWmJ the s] owe$t to L}. “mmimum perm.1SBJble”(kbrmt

, one sida of the register 1s g-rounded and thm ope~at i.& current i“s supplj ed

through the b.locldng ca@icf tmr 25.
*

Th.$edriver circuit,can be used for any re~ister which

●

does not rcqtire ncre thau
I

optimum &peed of operr=kic,n

gr.j.dcircuit of ~-l.~hmild

‘crty milliampxnes or 300 volts.. Fc.rthe

of my register the tfme constant irIthe .,

be suitably choseri● The t$~ constant in the grid

need cnly b sufficiently I.a.rgo.

..:.
.:

. . . .,.. ..

,..
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UNCLASSIFIED

In FIR. ‘7,tubes ~-l and ~-2 com~rise the cliscrlmiuatm~ The

addit icm.1 components in the grid c~rcuit permit the input to be coqnected

wul disconnected at the bginning and en,?of a mmasumment without introducing

spurfOU9’switching counte afithe EMJCJthe.

scale-of-two. The wiring d~agrnm to tl.e

in tclm fi~ure, The numberp which appear
. .

FQ;O ~, Tlieflrpt two plug-in ,uni.ts LWO

“),ef],otent.ial vf the reset line rises ab~t fifty volts and returns ~11 the

,.. ,

tc

APPROVED FOR PUBLIC RELEASE
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‘“’@ck3.~ bias cur-ves“or oper’akin~tionditi’&s~ith g“i~endiscrjninatur settings. ‘
..’. . . ..’

“The eutplitof the s~xt.h&c&ljn& stage is coupled dlreotly to the register cir-
.

cuit described abcwa.

‘s”iticcIa constant yhto supply pot-entf.alis neaded f~’rt~ .
.. . c. “-

discrimim.tcr, it is nearly aa econ~nical and s~mew~l~tmore rel~abl~ tO

operate the complete counter frm a stabilized plate SUP1’lY. ‘i’hesupply shcwn

.F.upp@is.stabla ~m input Ifne voltages of from 95 to ~5 Volts, m has a

thm 3 millivolts of 320 cycle per second ripple at its output.
.,

~.veral Model 200 Countcn% ‘br”the~ equivalent have been made
-. .

antiare in ux titthe Los ~1.amosLakxn%tory, Sati8fu.ct.oryCIF~l%ltjGnhaa
.

ulwziysbeen obtainod. IM.tures wtlichhave occurred we usually due to .

● eiiher: (1) Pcor mechanical const?uctlun in the sqkr ur~its(i.e,J 1.xM3 ‘

.mstched.re@storfiwere used, (3) Failures or etireme unhlarice in tubs.

s~ch equipment i~ usually kept operz.t,ing 24 hrirrs a day, weak tubes.soon

skovrup. Many ccmtm~, however, havs bon o~mwti~lg fur over a year wit},no

Cendcin,g.
. ...

Aqk~o~led&arnept.# ,- ------

The authors are greatly indebted t,ctl,e]aarlyindivi,i~ls contact

.
with whom has made the development of the Mode1 X C C~unl,erpc,asible. cl-m

.. —.. —-— —cc

10) Ratio of frm13 onal charge 1n input voltnge k fr~ct.icm1 chan~e in output
vu]t+qge.

UNCLASSIFIED
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of UB owes much Lo the idea8 exehanged

UNCLASSIFIED
Lilose of tl’wRadiatjcm Labcratory

of the Massaclxmetts Institute of Tecbncllo~. A~SO, UIUChcrkdit is dUI!J

to tl:osermbms of t&. Los Altmot3X..aboratorywho gave valuable tiugg~s,tjo?;s

dm-ing tlm developmmtd work and aided jtlFrepariw tk.ispqer. In WtlCU-

lar %0 I).K.

.

.

.

. .
.

??roms.n,

.

Elmure and R. J,

.

wKtts,

.

\

. . . . . .. .

.

.. ... . . .. ...! . . . : , , . s...“.-=.....--”. 3,--’- -L . ..=&> k+ ,.---..+;V..-.. . .,
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Ca[}tionsfor figures included in the report cn the Model 200 f%l.se Counter

. .. ..

Fig. 1. Circuit diagram of the amplitude disorlminator.

F~ g. 2. Cyclogram of the discriminator operation. The time base is a

2500 cps sine wave with a peak to peak amplitude of twenty volts ● -

(a) Wavefor? appearing at the phte of tube ~-l

(b) Waveform appearing at the plate of tube ~-2

(c) Waveform appearing at the common cathode.

Fig% 3. Photograph of the plug-in scale-,Qf-twoe

F:i.g. 4. Basic circuit of the scale-of-two.

,

. .
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UNCLASSIFIED

F~g. 5. Pulse fornm which appear in the pulse counter with a linear time

beme.

(a) In]x.rt]ndses of fifty volM amplitude separated by five microsec~ds.

(b) Input to t’hefirst scale-of-two
.

(c) Output of Lhe first scs’1-e-nf-two

(d) Outlnltcf the second scale-of-two

(e) Outltutof the third scale-of-two ,

(f) OutT\utof the thfid scale-of-two with the linear time base eleven

microseconds in length.

Fig. 6s Diagrtun of the re~~ster driving circuit

Fig. 7. C~rcuit diagram of the ccmpleto pulse co~mter

“F&.130 Y%otbgraph of the completed counter showing the plug-in scab-of-two.
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