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" THE MODEL 300 PULSE COUNTER

. A, 'H’iginboﬁham* s Jarhoa Gallagher, and Matthew Sends

-+ Los hlamos Sclentific Leboratory, Los Alamos, New Maxico

" ABSTRACT

A complete generul purpose electronie pulse coumter is described
which consists of an amplituds discriminator, scals-of-64, and register drliver,

"and is suitabls for use with pulse amplifiers in meking nuclear measurements,

|  INTROPUCTICN
f‘ér ‘th‘e' work o.f“the Los alamons Labdratqry a large number of
pv.ls‘ev_ countsrs were needed, It was desirable, therefare, thut a countar
be_availab}.g; which could be uged in many different applications, which would
be quite reiiabl&, and which could be manufaciured eusily, The counter
to bo deacribed was dosigm-d to fiL these raguirewents,

' Tha Modal 200 Pulse Countsr is used Cor counting (after amplifi-
cution) the individual pulses from an electrical destector of high-energy
pu.r‘l..':‘\cles, i.e., an ionizaticn chamber, preoporticnal counter, cr Gelger-
Muller tube, |

3 »',.._ ‘Iha informtwn ccmtaincd in the signal of an e-loctrlcal

,Aa'nplitm‘os of ’r.he pulaes .mder fixed experim"xtal conditiona, or of the Sy
Sy
e

= gff"{"‘*"“*'—'f“*“"" - L

.nges in tLe mx\erinent.al Het up, The counter is ‘suitable for ex’t.racting.: A

L T R 3

: ,_tlch ?m(‘ormw-ion f'rom the amplit‘ied elect.rica.l sig'nala of & dstector, g_,
RS

* Now nith the dearailcn of mncrican Scmntists, Vlashington ' §/

*% New at tras Massachusetts Institute of Tachnology, Cambrich
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DISCUSS ICN

The counper to be described consists of three yriuelpal parts:
(1) An amplitude diserininator which selects fer counting only these rulses
at its input whose amplitude 38 greater than soms chossn magnituds, (2) An
electronic tallying circult or scaler which provides cne cutput prulss for sach
6L pulses which it recdeivea, (3) A circult which operates an electiro-mechenical
counter, or register, sach time the scaler produces aun output pulse, Bach
of these component parts will be discussed in dstail,

”he Amnlitude Dibcrininator

Tre amplitude discrjwinator of ths Midel 200 Pulse Couanter is

a trigger circuit which produces a pulse of standard siue whenevar it recalves
a puléa whpse-amplitmio is greater than swume predetlermined value, The dig-
eriminator to be described has tha following desirable properties: (1) It
cén discriminate reliabiy between pulses which differ in amplitude ly
a small fraction of cne volt, (2) The amplitula st which discrimiraticn
occurs is stable to a‘eimilar extent, () The discriminaticn voltuge is
eesily adjusteble from ten to 100 volts. {4) It is capable of accepting pulses
whose dursticn is a few terths of a microsscond or greater. (5) It will
respond to two pulses separated by intervals as small as 1,5 microsecond,
() Tt present§ a high impsdance fo Lle input signal source, Circults
which have baen fcund to possmss in practice the alove vropertics ure
mcdifiéationa of the Schmiti trigger ci”cuitl)

- The particular modification of the Schmitt irigger circuit used
in the Model 200 Counter is shown in Fig, 1. It is based on two pentodes
aince_thisvallows 1nqreasod speed. and greater stability of opersticn.

The operaticn of the circuit is such that the sleady polsrtial at the oulput

T.J0.H, Sclmitl, Jour. Soi. Tnst. 15, 24 (1938). Also aes C.S. Puckle,

Iine Bapes, for a discussion of the bamc Schmitti circuit CLASS‘F\ED
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lesd can take ejtley «f two values depmuding cn the instentanecus potential
at “tm grid of T-1, Ths comuenents and the supply potential ha;re Leen
chossn such that if the potential at Lhe grid of I-1 is less than about
+105 volts with resrect Lo ground, the tubs T-2 will bLs conducting and the
tubs T-1 w11l be cul «ff, Under thsse canditicns the output signal lead
is st 4205 volts, If the grid of T-1 is above +105 volts, tubs T-1
will be corducting, T-2Z will be cul cff, and the potentlal of the output
signal lead will be +300 volts, The tranaiticn from the firsl state to the
smcond takes rlace rap.idly and irreversibly when the input grid potential
reacles some.re]]-deﬁnml Uiripgerirg" voltage in the vicinity of +105
voita. The vealus can he nmade exactly 105 volts by adjustrent of the resistor
56' The conslancy to which this value is maintained depends on the stability
of the 4200 volt supply, on ithe stability of the resistunces 33, _}14 and
36’ and on the variations i1 the cathods emissicn and cantect potentials in
the tubes, Bacsuss of the symmetry of the circult these latier sffects ars
mininized, For variations or + 1% in the heater supply voltage and for
normal tube variaticns, over a period of months the triggering voltegs sec.ms
Lo repuin stable to sbout 0.2 volt,

fhen the inpul-grid potentisl is decresasing from values abové.
+1056 velts, trigeerinrg to the indtial atute cccurs at some value slightly
below that al which ths initial triggering tock place, ‘The diffprenca in the
t.m; triggering potentials is called the hysteresis of the discririnstor,
The Lysteresis is determined mainly by ths valus of the resjstance in the
plate circuitl of T-1, For the cumponents of Fig, 1, Lhe hysteresis is about
ttree volls wshich semms to Le & good compromise for a general purpose
Instrument, 1 the hyaterecis is made zerc, Lheres will be a tendency

for the elrcuit to osciliate when tha grid is nmar the triggering

UNCLASSIFIED -
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potential becenss of the acticn of . Such a corditirn should be avcided
since ihe discriminator may then produce several outpul pulses in respcnse
to one elow input. aignal,

Operation of the discriminator for elow signals is i1llustrated
ja the cyclograns which ars given in Fig. 2, I 511 the rvhot.cgraphs the
swesp voltage is & 2500 cycle péf fescond sine wave of 20 volts peak to peak
amplitude (positive to the right) which Is also fed to the input of the
discriminator, Fig, 2(a) shows ths signal at the outﬁut of the discriminator,
Tt can be idetermined from this figure that this perticular discriminator has
a_hysteresis of four volts and that a bias sstling of two volta wag uvsed, |
The vertical height of the cscillogram 2{a) is 35 volts, In Fig. 2(b)
and 2(c) the vertical deflecticn sensitivity and horirzontal sweep are the
sags as for Fig. 2(a). In (L) the potential of the plats of -1 is
shown and in (¢} the common cathode potenlial, Tha overation of ihe dis-
criminator in response e pillres may te deduced from the previous discussion,

As indicatad in Fig. 1, the sipgnsls are iutroduced into the
tiseriminator by neans of a bloeking capacitor and a resistor network for
biusirg, TIf the bias potential of the iﬁput grid ie set by means of 39
at, say +85 volts, any signal less than twenty volts in amplitude will
ta.ll to bring the input grid to +105 velts, and will not trigger the discrim-
inator, If a positive sipnal of amplitude grester than twenly volts, howevor,‘
~8 introduced, the discriminatcr will be triggered Lo ths other state and
will remain thers so long as the instantaneous signal potentiasl 1s greater
than twenty volts, (Tha duration of the output signal will deband on the

amplitude and duration of the input signal,) If the bias potential of the
UNCLASSIFIED
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input. grid 48 now set to some value greuter or less than 85 yclté,uthe

amplitude of input signals which will trigger the discriminator will be

decreased or 1nc}eased in thgt order, The hiags setting of ithe discriminatur,
or the signel amplitude which is. just suffiecient to effect the triggering
action, J& the differaﬁce‘between the triggering potential ( +1C5 volts) ana
the bias potential of the input grid, The bias sstiing of the discrimimator
~¢r be made any velue betwsan zero and 1CO Voits by meuns of Rg. If the
dial of By 18 graduuted frum zero to 100 over 270°, it can be made to
read diresctly the bias setiing, This is efTected by setiing the rheostat
R, unti% a rotation of é70° of 39 gives a potentiasl change éf 1C0 volts
at. Llhe input grid and then setting the disl on the shaft of'gg so that
the irxiicator is at 2ero whan the potential is + 105 volts with respect
to greund, PRlas settings less than the hysteresis cennot in general be
ngad, For the sske of stability the resistors B3s R,s Bes By By and By
sre usually nade wire wound, Since By Ry and 55 do nbt direct;y determins
the triggering potential, composition or metallized resistors are used,
If some sacrifice in long time stabilily can be mude and if Lhe direct
reading bias dial is not des’ired, an appreciabile economy is effectedvby
omthing 36 uand 57 and by using carbon resietors throughout,

Fer a large input pulse having a swal) rise time, the rise
tims of the cutput pulse dependes ¢nly on the resistance Ro and the |
perasitic crpac!tance shunting 1t, Fur fast pulses that just irigger
the discriminatcr and for slow input signals, the Lime of rise of the
output pulse is slightly greater, Some decrease in the rise time of the
cutput signal can be achiaved by applying shunt compensstion to the plate
clrcuits of toth tubes, It should be noted that the output signai may never

reach its full valus if the input =ignal does not remain sbove the Lias voltags

UNCLASSIFIED
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for a_sufficient léngth of time, For this resscn it is desirable that
narrow input pulses should either be rectangular in shape ér at lsast havc-
a sufficiently long flat top, With the present circuit only pulees of
duraticn. greuter than 0,1 microsecond are counted, The cajaclitor Cy

shculd idealiy be chosen to obtain a frequency indepsndent volﬁégo divider |
from the plate of T-1 to the grid of T-2, The value given in Fig. 1 is
actually larger than wguld be required according to the above critericn, but
seams to be mors sujtable in a ganeral puwrpose instruernt,

The meximum rermissilile duraticn of the input pulses i1s determined
solely by the‘timo constant of Lhe input coupling netwofk If slow pulses
“which are not large comparcd with noise are being counted 1t is possibla far
the ﬁiacri: inator to respoud to cach of‘ seve-ral noise wav:ss on the rise
or fall of the pulaa, giving many counts fcr each rulse, Thias can be
, avoidm}dl sithar Sy .ma.}:hig ‘the hys-toreéiskt least as large as the néise
cr by making the regsolving ﬁime of fhe conjoining circuit slightly
greater Lhan the durutlon cf a aingle pulse, - "

| Since it is often necessary to count small wulaoe in Lho presence.
of much larger oneg, it is important, that the d;scriminator not ovsrload aasily,
The grid of the tube I-1 is normally well below ite cathode potchtial. Once
the triggering'fﬁlﬁago has ﬁceﬁ excﬁed&d, however, T-i'acts as & cathode
lul]nwer and ccntinvas to present a high lmpedance to the signal source, -
Fer the circuit values ahown in Fig. 1, the tube T-1 does nct draw grid
current ob slow aigna]s until its prid potential reaches about -+200 volts
wi; h respect to ground, Thus if & bias sotting of a few volts is used
the circuit will not overloar] for pulscb of 100 volts amplitude, if the

input pulses rave ¢ rise t;me of less than 0,1 microsecond and if the c&p&citanco

o c,ux,smw
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to ground of the cathodes lead is unduly large, grid currsnt will be

: .-"~,_.dram fcr somewha.t. smaller signals. Grid current. should be avoided

'  £1an' 1t‘ altera the charge on the input capaci*uor and results in a
: temporary shift of the hias setting of the di scriminatcr. Altrcugh

‘ it might appear. desirable to make the 1nput time constant ohm to

a.llow a Speady recovery in such cases, other considerations demand that :
‘.the' time constant be large ).- The value 0,01 second seems tc be a |

o reascnable compromise,

‘Since it is nf‘ten either doalrablo- or, mccsaary to tuke

: dat.a at a mere or hea rapid oounting rat.e ‘It is vunmninnt to cir-

cmwant ‘the limitatione of meche.nical regiehers by tho uae of scal mg

: ':::’-'*circuith. ,The M odel 200 Cmmtcr was devc-IOped primarﬂy far. r-ounting

pulses th:lch a.re diatributed randemly in ‘t.imo, althougb 1t has been used for

= _,vcotmting pulsea whose occurrence ws,s neither regulur nor mndcm acccrd:lng to

the usual definitiona.

Althcmgh a quantitative diqcussmn of the arrors Jntroduced

| “-j; by practic:al ap;naratus whe-n used fcr counting random eventa will be

s fonnd in tho literutm'e'), a few remsrka ma.y be ;m order. Any counting
_ circuit poseesses a dmad time T (usunlly referred tc as the resmvirg time
| ‘of the counting circuit) fc-llowing ‘mach ]ul‘!e ﬁ. rccords, during which
‘itime it is inca,pable of :rn-cording anot,her pulse, If the ary ival cu‘.’ '
\bipulaes to the counter is wrfactly random, and ‘bhe pulsaa occur at an

,nverage ruto oi‘ a per second t,hon the fractional coun tigg loss due to

_ 3, ) 'I‘his time constarrt is: essentlally ons of the coupling ‘eleaments of the
. 'preceding pulse ampliffer, -
‘) ¥. B, L-wu, Electrical _c_ unting (Camb, Univ. Fress, 1943)

UNCLASSIFIED
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._ l.v»:»;\of»l,_ ¢ por samsd wlitihl.- ly. one
lving tima c‘f the cmmm muat be tan miﬁf"secmd" ~:- -‘

of ten m:lc'rc.s‘eoonds, however, does not mcessarily raqum‘ t.hat. the

e
eauhter ‘be capabla of handling 105 rsaularly 8pacrd nulaaa gur'teqonﬂ?V

It is only trus thet & single resolving time nouplﬂtoly chat
long chain of {dontical sca.iing

.‘3*_33 a counting circult if ‘the counter comprises a
time of cach elament. in the chain is just

element s, or if the resclving

slﬁ'ficient for it tc pass slong the pulses which it receives then pulsos

are éntering the clain at the maxim n regular rats of 1/“ ’ whare Tl is thb

‘rOSblving +ime of the first scaling ejsnent, In & practical counting

circuit, it is net convenient or economical, to meet thiavrequirement in &

atrict sense, in slectronic scaling circuit is terminated ordinarily by &n o

‘slectro-mechanical register “Jich can record 104 cr more impulses but whose -

range 0.1 to 0,01 second, It would be

resclving time msy 1is in tle

necmssary Lo preceie the e stotes Ly a ia(?ﬁ}.ﬂ-a?f—l’:)‘) 1f a counter wih an

1deal Tesulving time of ten aioroseconds wers 1,0 he achievsd, Sincs it

cun he shown thst when ~andomiy zovcriog uulses ars being countsd a consider-

ebla Memoiihing® affect axists after the counting rate has been reduced

bty m large scaling fector, it 15 unmenessary to have the ideal. resolving

time, A soale=of=f/ seens to be sufticient for most casas although a

number of tosles-cf-256 and greater liuve been used,
The iiodel 200 Counter conldains a gcala=of=-64 conaisting of
six scallng sTsges, sach of which is a scale-of-two, ' The cauntar is

- ususlly used in coannaction with a register whose resolving tﬂms s 0.

smoond, The resciving tirme of tre first senler is five microsqoonda and ‘the

UHCLASSIFIER
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ree(lviné time cf the Sucrersive ctapges is vach as to meet the ideal require-
rant given above, ‘The reaclving timm of The register Joss not wneet the
idmal 1eculrament. tut, beacruse of the smcothing effect menticned, the counter
onn be used Lo count ranaom pulses &l an average rate of 105 per minute
wit lesz Llan cne percent counting loss,

The scale-cf-two anployed in the cointar sesms to be superior te
nriy yet suggested, It reguires ne ndjustment bhut operates completsly
.walﬂabiy. It is simple and aconcmical to coustruct, and the checking and
servicing can be done Ly an average technicilan sines failures are ususlly
Auys Lo initially defective parts or wiring, The circuvit was developed in

' W43 by one of the authers (¥.3.H.).

'uee more than 1000 scales-of-two have been used at Los Alamos,
il was Cound convanisnt to construct, each'scala-cf-two as a plug-in unit.
The tyre o¢f constructi-n employed is illustruated in Fig, 3, Since it is not
nacessury Lnat all elx units constituting the scala-of-€4 be identieal to main-
tain an ideal resolving time throughout the scalsr, two different typss of
wiit are nsedd, The bausic circuit for both tyuaes is shown 3n Fig. 4.
Laitalls values for the circult components ars indicated in the caption
for the figureA). The first two scals-of-twe units in the Model 200 Counter
are £SNT units and have & resclving time of five microeeccndsS). These are
ioliowsd by four €(SL7 units which have a& resalvirg time of twenty microeeconds,
Both unibs;ave constructsd in much the same way and have all neceasary commections
breught out to the pins of an «etsl vlug, Since the 6SL7 units dissipate

one half s8 much power snd resuirs ones fourth as much current from the

..) Recently germani.m urystal dicdes have been Cound to work quite
satisfactorily as coupling elements in the scale-of-two, Two Sylvania type
N34 diodes in series are us~d %o replace each half of the GH6.

4,) The €3N7 sculer Tiilt with tie same componente Lut nct with plug-in type
erngtracticn #ill usuelly huve a resolving tine of abcut two microsecconds,

APPROVED FOR PUBLI C RELEASE
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positive supply scurce, it is economical to use iLhem in aprlieaticns
where the shorisr resolving time of ﬂﬁe 6SN771n11ts i8 not needed, The
operativn of ths two units 58 quite similar; only the 6SN7 unit will be
diacussed Sn detnil,

The scals-of-two circuit, rhown in'Fig. 4, I8 bwsed on Lhe
#3l1l-known Eccles-Jordan trigger circuité)(callad here a flip-flop) which
is here symmetrically coupled to a single source of triggering by means of
two dicden, The cirewit is capable of bming triggerad alternately from cne
stule to the other by succssajve, identical, negative triggers, The
mszentinl properiies of tle circult, in addition to those inherant-in
the flip-Llep, concern the switching mechanisn by which the effect of the
trig{"‘"' s differem on the two nalv'-a of thu |.jrcuit daponding upon which
half is. conducting; and the onoice of Operating conditiong which gjve & large
neasure of shability. The use of dicdes to accomplish a unilatoral Qwitoning
'mo110n in the mannar 1ndicatod in Yig, 4 is baalnved to be new .t In.’
nornal oparction Lhe Yreset® lead is axtqrnally cormacted to ground,
éﬁd ﬁheniuterpolatérﬁ lead goes to a high-impadance indicatdr.
- Tif the. input signal lsad has a‘steady potential of 4300
701te, nsither of the diodes will be conducting since Lbe potential of
.Lha piateﬁ of Soﬁh dions 1é iesa than thoir camnon cgtiode fotgntial.
Iﬁt‘us assune Lhat thé state of ihe flip-flbp is such that Lube T-4 18 at
- first Couduvting. Its plate %111 then be at 4120 volts, its cathnde 1s at
+—90 volta, und itb grid will be held at +82 volts by virtus of grid

surrent flow, The plate of I-3 will bs at +2P0 volts end the grid of

i

G,) For opsration and theory of the Ecclmss-Jcrdan trigger circuit, sae.

H. J. Reich, Theory and Arplicutions of Llectron Tubes, (MeGraw-fi11 -
Bock-uom}any, New Ycrk, 1944) second odit:on Chap, 10,

7.) Subssguent to the developmant ef Lhe vircuit shown here, it wae 4
pointed out to the suthore thut secaleg-of-two using metallic rectifiers

is described Ly W. B. Lewia {op, oit.). The mechanism of oparaticn, howsysy,
16 sonewhat different, ' ‘ )

TS T “Wmsmzb
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T-2 at 45 volts, thereby cutting cff the tube,  If the input
veltage 1s s) ow]y decreas»d the diode T-2 begins {o conduct,

Sinee its re“jstance is swall compurmd with the resistunce K., the

1!
nlute of.g-3 follows tha signsl, Tha grid of T-4 doss not move in the manner
which might at first bs expected but drops only slightly in polentiusl so
long as grid current is being Arawn, A decreass in the grid current tukes

up the decreass in valtage scross BI, until the input signizi reachss 240
volts, It will be noticed that when the input signul is beld fixed at eitiier
+ 300 ér a£ +250 velts the flip-flop can exist quite stably in eithar of its
two r.oesihle statea. 4] %o, s0 'long as one ol the tﬁbea is drawing grid
ourrent the vircujt has nc tcndencj Lo be triggered ’rry small fluctum. tons
at, the input eigml Jend In fact, when the input aignal lend wae at’

0 volts i1 the above» discussicn a small variation at that point
appsaxrs &3 & much smaller signal at the output lead, This fact is of
1@;)ort:;nc§ aixju:é ;ﬁrt-of the silnplicity of this.circuft lies in the
poseibility of connecting an indefinite numhge'r of such circuitp direcily
t.ogethgi' with no result‘ir.-g'instabiiityg). The self-blasing arrangefnenf
in the cathode circuit of 2-3 and T~/ adds grestly to the 'st,ability of
the flip~fiop, | )

Let us sugpose now that the input signal \(oltggo is ﬁrmgh‘b .
suidenly i‘;‘ma{?{,‘-o volls Lo +250 volts, The potential <f the grid of the
eenduct ing 'tﬁbo T=/4 jnmediately goss nagatively by about 30 volts, an
amount vfhich 15 datemmnd by ths ratio of Cl to the static parasitit cap&-*i—
tance at the grid of T-4, Immediately following the input signal, the

plate potential of T-4 starte to rise rapidly and the grid of T-3 moves

8) 46 many a3 twenty steges have been us:d in one continuous chein,

':.UNHASS\HEE
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positively a prorurtionsie amount determined by Lhe ratio of 92 to

the jarasitic capacitance al Lie prid, The Lube T~3 begins to conduct and
regeneration causes the circujt to proceed toward its other equilibrium
state, Before the stale nq.uivale».l‘xt t.o the original stute is raached,. however,
ths plate of T4 is "caught" by the diode T-1 and the circuil assumes a stable
state wilh “he plate of T-4 at +250 yoults, If now the input voltage

1s reLurned either quickaAor slowly to +300 volts, there is no effect

on the trigger circuit cther thun causing it Lo assums the siable state

which i8 the exact mirror lumage of the original stale described, The appli-
cabion ot & second trigger similar to the first causes the circuit to

pass through & similar cycle of operations in which the role of T-3 is

now replAaced by that of T-4 and vice verss, It shruld be noticed that the
dicdes provide a gwitching zction in that cn applieatlion of the triggering
siprel a potential chliangs 1s transwitted to only one prid, and that no

sighal appesrs ut the oprosite grid to cocunteract. the affect of the trigger,
Aivo as socr. & the trigpering actlon has begun the negatively weving plate
“itsconnecls® 1iselfl from the input Imad und the "flip-cver® rrocess proceeds
unhampered, Because f this, tripggeriung ran be sffected by & shert signal
{6 1s done in the first stage of the cuimter) or by a rectangular sipnal

(48 is dore when a stapge is triggered by the preceding ons), The reliability
of the circult rests in the switching action of the dicdes, The capacilive
portion of the couplings emnloyed in the flip-flop not only allows rapid
cpevatiin of the clrcuit but is an essential part of the triggering mechanism
as described above, The output conrecticn of the scals-of-two alisrnatea

in nctential between +2700 and 4250 volts during the operaticn, This
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tighal tws Lhe correct d-c leve}, und the correet amplitude, for triggering
the ne.i scale~of=twe unit to which it i{s direct-couupled (to nin 4), Evi-
nenily any number n of tlhe senle-of=twe units can he direct-coupled in a
chain to form a scale-of-two”, The wse of diodes as automatio swilching
devices as shown here is »lso very ussaful in many other types of circuitg).
wines u finite tire 1s required for the flip-over action, and
since an additionu) recovery time must elapse after flip-over befors static
ccnditions again prevail, the scale-of-two circuit will respond to a second
Inpul signual only after a ceriain tine has elapsed folleowing a previocus
gipnal, The resclviug times piven cliove were achieved by atriking & com-
promise Letween these Lwo effects and the reguired reliability of the
~leenit, Sinilar seales-of-two with varying degress of reliability have
beon made with resolving times down to (.2 microsecond,
Pulpe forms whirh appear in a chain of scaling units are shown in
Fig. 5, In ail the photograrhs the vertieal scale is the same (pusitivs
upwarde ) and in all but (f) the ssue linsar horizountal sweep was used,
Double positive iulees with an amplitude of fifty volts are being fed
to tne input of the discriminatar, The pulses ara five microzeccnds
arart anud are repeated 1000 times & second, Tn Fig, 5(a) the input pulses
grn fiowh,  The sipuals which appsar at the input to the first sculing stage
are siown in (b), and the cutput of that aluge (input to the emcond stage)
fs shown in (c¢), Figure 5(\) shows the signal batiwsmen stapes two and
turse, The signnl betwes: stuges three and four is shown in {e). The
sare 3ipnal Is siewn in () bul, here with a tolal horizontal symep time of

it millisecor .ds,

2.Y & diode switoliing arranganent ws leen us~d to convert 4 scale-of=16
into a decads (seale=cl=ien) scaler which crerates completely satisfactcrily,
The rcale~of-ten cfreult will be desoribed 8t soms later date,
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Tha interpolatirn indicator fer tﬁa scalea~of=-tw, is a
1,25 watt neon lamp cennectsd to the plate of T-3 through & l-megohn
resistor, AS séon as T-3 is conducting and its plate potent.jal haxs dropped
to +150 volts, the lamp will fire and carry a current of JOO microarr.peres;
4 neon lamp 8o operated gives suffdcient light to serve as an sffective indi-
n&ior for normal visual purposes and has a negligible effect on the cpsraticn
of ithe scale-of-two, The interpclaticn lamps are, of crurse, not necessary
when a la}ge numbar of counts occur in each observatiin bul thaey are useful
at. viow cocunting rates and ssarve ws a vicual indicaticvn of the proper
operaticn of the circuit, )

The Régi‘e_ste_r Driving Circuit

Since sconwsy dictates the use of en electiro-mechanicsl jmpulse
-'~rc!g:isf.e),‘ _fco.. terninate a sceling circuit, the firal functicn of & counter
cirouit is the }.nr'mhlcf;i(:n. of signals for cperating a register, HMost ragisters
consint aof a ratcliat-cperated meclenism which involves a dial or a whael
ccunter, indieating cam digit for sach elsoilricsl imyulse received, The
limiting epeed &t which 4 regisfer will record impulses faithfully is depsndent
.on the pechardcual lpertin of the mechanidam, sand on the amouﬁh of power which
cun be supplied to affect the necessary u‘ach%nical motion, Energy is supplled
to o regletler Ly meens of curfrent through a rlzuii wileh has a }nfge inductance,
Lvicenlly the rate at-which a register cun operate depends in part cn thne
Jdving veltage, the meximum velue of which is limited by the break-domm
veltage of the insulstion used in the register windings, Alsc, if the
mechanjeal. Inerlia of the register recteaniem 38 Lo be the limlting factor -

in the s;ﬁeed of opsraticn, 1t is necassary thul Lie resistance ol the driving
scurcs be high enough that Lhe time cunstant L/R of the register associated

cir¢udt will be short compared with the time for mechanicsl moticn, For this
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rearon he register is best cperaied n the plate circuitl of a pentode
and with 4 plate aupply having the highest voltago conveniently availehla

I(egisf,ars sre comrercially available which have been desi-nad
specirically for use with electronie counters, Registers of ihis type made
by the Cya]ctrr)n Specinltiesn Company of Moraga, Culifcrnin, sre used wit’.h the
Modxal 200 Counvcr. Thay have 8 minimte operating current. of 16 ma, an inductatce
of 3.3 henrys und a8 d-c resistance of 1000 chme, A ragister of this
type cuan te operated st éuubjnuous counting rates of fifty 1m;vul‘a~«8
pef second with ihe cireuit shewn in Fig, 6.

Tha nlafa voltage for Lhe output stage of the rwtver cireuit
i -secured fras 'U!ﬁ unb?ab:; Hzed pe.rt. of the powsr supply.. h Tn;.? arrangepent,
prevents transiente, whdeh arise when Lhe regizter ls actuated, fyom intar-
acting with other parts ¢f the counter and caﬁsjng apm-.’g‘cvﬁs counts ; The Eighar .~
:mp,;l.y vd.tége is aiso advantageous, Tha driver alags s.'n.ovm dees not load
the fingl seelar stage to such en extent that the scaling oparation
‘hecomes Lmreliable. . The impedance insert,ed across nhn register windlng 18
" esuffictonl Lo pra*mm. the produetion of voltage surges l&rge e.lough to dawag,e
the insuleticn, Tho cirouit opsiation cor\eists sssentially of placirg a suffi- -
cienliy high valtags across the register until it closes, and then of re~
m»:)v:mf_:;'fifl)i'ie‘si w'/o-l'tage to enalle the rcgistér' to recover in _r-rn‘paraticn for the
next, C.C;'L.m't. If the squars voltage pulss is too long, the maxiwud nern’ssible
ceunting rate.is ~educed, nhereas if il is too shorl, the rmginter ray
occus:lcmaJ.Jy'mi.ss. JIn the ;xresént rircuit the signal which is applied .
to the gM..d of the drivér tuhc'ia arvory nearly rectangular, positive
vollape ;mlae of ten millisacords duraiion, This seems to bs sufficient

for reliuble operaticn of the registers,
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TlLe tube T-1 of Fig. 6 and ite svepocliaied components gerve

an ; dmvice for vroducing the requieite nulee shape, The negative step pulse
vhich appears al the cutput terminal of the last scaling stage is converted
inte 8 triangular pulse at the grid of T-1 by the resistance-capacitsance
natwork in the grid and the mechsnism of grid current, This trisngular
wave cuts off Lhe plats cwrrent in I-1 for Len milliseconds, The plate
off T-1 wculd rise to the positive supply poteniial during this ten millisecconds
wrre it not tnal the g;id of T=2 w112 éiways be driven at lesast to the cathode
retential and held ihere for the Len millisecond period of opsration of the
register, fhn'p§rcuit ghowvn also insures that opsrmtion of the register
18 reliable at rutes from the slowesl to Lre maximm permissible (ubout
fifty pcr second),  Tha Tngxster can be put directly in the lste circuit
of T=2, but for the safety of personnel as well as the register insulaticn
one side of the régisbsr is prounded and the 6per$tihg éurrcht is supplied
through tha blocking capacitor CS' |

 This driver circuit can bs used for any register which
does not require mcre than Serty milliampsres or 300 volts, For the
opﬁimum aseed of oper#tign of any register tha time constant in ths
grid circuit of T-1 shculd be Suitably chosen, The tire constant in the grid
of -2 %48 not crjtical und need cnly be éufficienﬁly large, - |

The Conplets Counter

. The circuit Jiagram of the complete Model 20C Ccunter ias given
in.Fig. 7. -Ih addfition to the circuil slements slready described it contains
a coUpiing stégb.betweon Lhe discriminator and the scaler, a regulated power
supply; and an output stage to an external couuting rate mster, A photograph

of a carpleted ccunter containirg plug-in unite ie shown in Fig, 8

UNCLASSIFIED

APPROVED. FOR PUBL| C RELEASE




APPROVED FOR PUBLI C RELEASE
- 3T - : '
| UNCLASSIFIED

In Fig. 7, trbes I-1 and T-2 comprise thaidjscriminator. The
additicmal components in the grid circult pérmit the inpul to be connected
end disconrected at the beginning and end of a measurement withoul introducing
spwrious '.switc.h.ing counts at the suns tine,

The positive signals from the discriminator are converted inte
shary pulses, inverted, and amplifiaé Ly the tube T-3A and its assceiated
conponents, The 65 velt nspetive signal thus produced ihen goes to Lhe ficst
scalo-of’-twé. The wiring diagram 0 the sockets fur plug-4n un?‘U.a ia ghomn
in tle figﬁro. THe munbers which apyesr correspond to thoss showa in
Flg. 4o The Tirst two plug-in units are 6SE7 units, the last four, 6SLT
units, The reset leuds are cannscted together and to ground‘vthrcugh 8
nmvmélly closned ‘push-button switch, When this ewlte¢h is openad mome.m.ar;ﬂy
‘L potential of the reset line‘rieeé abuut fifty volts snd returns «ll the
11ip-flops te the starting stats, The ragistor across the swi*..ch is n;xcessu.ry
to preveal the reset line from going too fur positive when the connection to
ground is Uroken, " If tle z;eset line goes much more than fifty vaité positive
e euthode pctential of the f1ip-flops chenges so much that thre circuits
are Kopentarily urstable whean the switch 1& closed again and rasetting is
nct accouplished, The interpclaticn indicator circuit (neon lemps ond 1-
wepohin resistere} is shown, The lumps are extinguisbed in the starting
veition, They rare labeiled M3t nn o wje o ugn  m16M . nd 327, The sum
<¢ the mumbers corresponding to the lamps which are lighted shcws the
punber cf pulses raceived after the last multiple ef 64, Tle tube T-2b
is a calhodo ,folJéwcr which couples ths outpul of the first scaling stage tc
an external counting rate neter, The signal which appaars ut tris point Las

# shape suitable for operating a very simple meter which can be used for -
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“checking bias éﬁ;§és“br bpefhliné é&hdjﬁiéns'ﬁiih.gi4en diseriminator seft;ngs.'
‘The outpﬁt'of the sixth sceling stage i;iéaupled directly io tha regietc# cir-
cuit described above, - .
81nce a corstant plate supp]y potential is needed for the
discriminafcr, it 55 nearlj as cconcmical ‘and somewhat more raliable to
opsrate the complste counter frm & atabilized nlate supply. The supply shown
in Fig. 7 i8 of the degenerative type, This supply provides 55 milliamperes
at 300 volts and.an additional 5 milliamperes at 450 volts, The 300 volt
" supply is. stable fur input line voltages of from 95 to 135 velts, It has a
stabiliration factorlq)xof 700, -an output resistunce of 2 ohms, and has lass
them 3 millivolts of 120 cycle per second ripplé at its output.
AV Srveral Nod»l 200 Countors or 1Leir eouivalent have been made
and a;e.in uae at 1he Los Alamoa LaHoratory. Satisfuctory oporaticr has
wiways been obtainod. Failures which have occurred are usually due to
either: (1) Pcor mechanical constructiun in the scaler units (i.e., bad
sclaér"joiﬁta;‘etc.) {2) Resistars which ware mrre thsn twenty percent
outeide of the rated values, particuderly in the symnetric parts.of<thh
n}fduit; Nb trouble has tneu.ei}eriancéd ﬁhen five 3§r cen{ tclerance or
_matched Tesistorn were uesd, (3) Failwres or extrewme untulance in tulwss,
A11 tutes ar; operatad within rated diseipations and voltugas, but, since
svch squipment ia usuai)y kept operaling 24 hcurs a day, weak tubes soon
sk.ow Qp.- Many-countara, however, have teen oper»tiug‘fur over a ye&ar with no
cervicing.
é.qBéQ;El.zc}gpmp.tﬁ ‘ '
The sauthors are gréatly indebted t¢ tle many individuals contact

with whom has made the development of the Model 20¢ Ccunter poéaibla. Che

1¢) Ratio of frectionul change in inpul voltage tc fraciionel chanpe in output
voltage,

UNCLASSIFIED

APPROVED FOR PUBLI C RELEASE




APPROVED FOR PUBLI C RELEASE
-1y - VIYVLLARIMITFIED

of us owes much Lo ke ideas exchanged with those of the Radiaticn Laberatory

’

of the Massachusetts Institule of Technology. Also, much eradit is due
Lo those members of the Los Alsmos Labcratory who ygave valuable suggestiorns
during the developmental work and aided in preparing this paper., In partlicu-

lar %o D. K. Fromen, %. C. Elmure and R. J. Watts,
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Captions for figures included in the report cn the Model 200 Puisq’Coun’t.er

Fig. 1,

Fig. 2,

(a)
(b)
(c)
Figs 3,

Fige 4.

Circuit dlugram of the amplitude discriminater, ST
Cyclograms of ilLe discriminator operation, The time base is a
2500 cps sine wave with a peak to peak amplitude of twenty volts.
Waveform appearing at the plate of tube I-1

Waveform appearing at the plate of tube T-2

Wave form appearing at ths comxﬁon cathode,

Photograph of the plug-in scale-qf-two

Basic circuit of the scale-of-two.

For €SK7 unit: T-1 and T-2 - 6H6; T-3 and T-4 - 6SNT;

By - 20k; By - 5k; By - 15k; B, and R, - 200k; Rg

and Rg - 1COk; &i - 1Ck; _c_l and _(_2_2 - 50 ppfs 93 - 0,01,

For 6SL7 unit: T-1 and I-2 - 6H6; I=-3 and T-4 - 6SL7;

By - 100k; Rp=25k; Ry - 75k; R, and R, - 200k; R

3
and _}18 - 500k; 57 - 40k; gl and 9_2 - 40 £pf; §3 -.0,01,

UNCLASS\HED

APPROVED FOR PUBLI C RELEASE ‘ -



APPROVED FOR PUBLI C RELEASE

UNCLASSIFIED

Fig. 5. Pulse forms which appear in the pulse counter with a linear time
base,
(8) Input pulses of fifty volts amplitude separated by five microseconds,
(b) Input to the first scale-of-two
(¢) Cutput of the first scale-of-two
(d) output cf the second scale-of-two
(s) Outjut of the third scale-of-two ,
(f) outrut of the third écale-of—two with the linsar time base eleven
microsaconds in length,
Fig. €. Diagram of the register driving circuit
Fig. 7. Circult di;gram of the complete pulse counter

‘Fig, 8. Photograph of the completed counter showing the plug-in scale-of-two.
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{a) Input pulses of fifty volts' ampliitude separated by five microseconds.
{b) Input to the first scale=of-two.

{¢) Output of the first scale=of-two,

(@) Output of the second scale-of-two,

(e) Output of the third scale-of-two.
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