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CYCLIC CIRQUIT SCHEMES OF FAST=-ACTTON PULSE-CCUNTERS

' A, V., Netushil

0.3 Llestromechanieal pulse counters, which are widely wsed in i
telephony, telemeelanics, and automavice cireuits, Lfrequently fail to |
oatlely increasing requirements for hiph compulation spueds, Where '
rapgd action 38 required, cleclromechanical counters arp being roplaced
Ly denie and electlronic cireuito,

Hirh=spaed computalion wao firet selved in conneetion with ox-
perdnentad meedod® pliveico, In bie Cavendioh laberatery in 1931, viynne
Williams desiprud several speeial hiirh=opeod counbing civeuits using
ionie and cleelronie tubos [—1, 2;7. AL pravent, electronic and Lonic
devices are beinp used wilh feirer counters in counbidng alphia-particles,

iligh counting speed are also needed in telephorny, telemochanics,
military enginecering, photocontrol of industrial processes, qualiby elec=
‘“ tric welding, antomatic defectoscopy, chronopraphy, computers, ete,

Present electronic counting eircuits can count up Lo a million
'k} pulses per second, which is more than 10,000 times the maximum gpesd
of electromecheniced g¢ounters, i
0.2 et ar9 B gPeat many pulse counter eircuits and designs, 4
tud the pringiple of ¢ofdtruction is common to all. Relay, thyratron, !
and glactronic counting eircuits follow similar principles but differ
only in the compornents and consequently in speed of operabion,

A block diapram of a counting unit is shown in Fipure 1, Any

pulse counter may be considered as being made up of four types of

< elenents: ‘
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1) a pulee shaper, wiich tranaferma input pulses of arbitrapy

8hape inte pulees of a definite ahape fop gharp operatien of the entire

eounter;

2) a pulse reducarg wilehivduces tre number af pulses by k times;
tuat la, produces at Lie outpnt a mber of pulees wilch i k Limes less
than the number of ioput pulees; ’

3) a romainder indicator, whieh deteruines tie remainder Ly dive
lding tue numbey of pulges en tle input by tie reductien laetor k;

L) the eoupling eloment, wiieh couples tlo input of the following
roducer with Lo ontput of tig preceding reducor,

If my  pulses ave applicd to tig inpul of the cirenit, this numbep
can be oxpressed through Lie readinge of tie romainder indicators ny,
Noyeeay Ny ao follows: N ” y, :

171 == 1y b1 K o iy T b KTy R VETHN !
thug we see Liat tie redietion factor k is tie radix of owr
number system, Since Lie deeimal syslem is now used, t.¢ counters
should be get up for k ==10,

The ordinary decimal mechanical counter has ag pulse shaper a
ratehet mechanism whieh transforme a pulse of arbitrary shape into a {
definite angle of deflcetion, A meehanical reducer with a gear ratio
(reduction factor) of 10 is uged as a reducer. The remainder indicator

is a disk with ten divisions marked off on it, and the coupling element

This breakdown into individual elements can also be applied to

18 a mechanical mesh which connects one reducer with another,
electronic, ionic, or relay counting units, /

I
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0.3 The main element of any pulse counter is the reduger, 'lhe

milae redueer ayatem delermines the requirements for the pulse shaper,
coupling elewent, and remainder indicator,

no of the meat widely used types of pulase veducera is the eyolic
redveer, wileh consiste ef several "menetypical’ glouents (relays, thy-
ralrons, or electron tubea). With cach guccesslve pulse, the state of

4 tiege elemente echanpes eyelically, The nimler of olements in the reducer
JFhe tota/

of the cirewik .

recuc?ion  giyenlt ig direclly proportional or even equal to the reduction facto§1

| Factor
¥

of a counter is expresscd as a function of the number of olements in
redueers (A) and tho reduction factor of one rodueor (k) is
i =nk'£== Kb/ k,
1 ean be ohown that 1 ig preatest wien k==@=2 2,7, for conalant A,
Thus, from tue standpeint of ecosct of a counting unit, it is most
efficlont to convtruct two- and throge path pulse reducer cireuils with
ke=2 and li=3, In Lhig case, tie counter vses a num er gyotem with
radix 2 or 3 (instead of 10), '
L.l Relay circuits for Lwo=path pulse reducers (Figure 2) were
i ! firsb veed in tolemetering and toelemechanics, & ch a eircuit creates

the rotating field for a gynchronous motor of the pulse=Lrequency tele-

i } mebering system usod in the TsLili (Central Llevtrical Assembly Laboratory)

i of the Nosenergo. Similar eircuits are used to control the number of
selective pulses in telemechanics units of the type VRI' and FRI' of the
"I'sentroelektromontazh! (these circuils were proposed by the author and
L. G. Rashkovskiy) and as tie prelininary element of a relay counter

4* in the telemechanics system R1TU-7 (3).

The operational prineciple of the circuit is as follows: 'The

line relay I transmits input pulses to relay pairs A and By whose ¢ire

cuits are connected as in normal operation of a pulse~pair, sssseme

.
.
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exoapt that they are breught throueh relay contacts 1/1 and L/2,

Line relay /3 and L/L are also connected in the looking cireuvit of
relaye A and B, \Vhen a series of puloes are tranemitted to the ceil
of line relay L, relays A and B are connocted and diseonnected with a
froquency which le one=hall the pulsatlon frequency of tie line relay,
i The opening and clesin: of the line relay contacts and the opera-
tion of relaye A and D as a functlon of time are shovm graphically in

Pigure 3, ‘'Tie unshaded rectangle siiows lhe current through the relay

coil, while the ohaded rectangle shows the closed state of the normally-
opon and normally-closed relay contucts. The normally-open contacls
are shown above the abscissa, and tlie normally-closed contacts below ite
Lines 2 and 3 show the operaltion of relays A and B for normal
: i cireuit operabion when the following conditions are observed:
7.<27 , <%, <1
where T, is the time required for reversing the normally-cpen and normally=
g% closed contacts; Tl and T2 are the times of connection and disconnection

« P of tlie relay; tl and tz are times of pulse and pause.

) 1f tue first condition is not observed (Figure 3, lines L and 8),
rolays A and B operate as repeaters of the line relay. If the second
and third conditions are not observed, one relay sbicks and the cireuit
ceases to operate (I'igure 3, lines 6 and 7).

The tines of pulses and pauses received by the circuit must be
é preater than both the time of connection and disconnection of each of
! the relays A and B, On the other hand, the time during which relays
é A and B are connocted must be greater than the time required for trans-

> for of the normally-opened and normally-closed contacts of the line

relay, Since the tine when the relay is conneched is made up of the
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time required for the eurrent in the ceil to build up to actuate the relay
and the time required for the relay armature to move, while the time re-
quired fer transfer ef the line relay's eontacts is only part of the time
required for movement ef the relay armature, obaervance of the last con=-
dition is not diffieult, Thuas, the limitling frequency at the input of
he eireult is defined ao 1/?.’1‘1 ar 1/2T2, depending vpen whieh is the
amaller,

Por fasteacting telephone and coding 1olays, tie time during which
the relays ave "in' or "out" may be of thie order of 0.005 second; cone

sequenbly, the cireuil deserited is useful for eounting puloes whese Iroge-

uengy does not excoed 100 cyeles,

1.2 [Mmissmction describes tho operation of the Wynn-iilliams Scale-
of=Two thyratron counter_/,

1.3 Considerably proater opurating speeds (in comparison with ionic
cirevits) are provided by electronic circuits., 'The first electronic cir=
cuit for a two=path pulse reducer was proposed by liceles and Jordan (L, 5)
in 1919, later, a number of cireuits were devised on this principle; ©
these were known as symmctrical trippers and were used widely in variouvs
types of electronic counters (6-11). The Pobtier cireuit (10), shown in
Fipure b, is the simplest and most advanced,.

The tripper is a two-stape d.c. amplifier, the output of which
is shorted to the input. The external pulse is fed simultancously to
the grids of both electron tubes (resistance ro). Two pulses Led to
‘the input produce one.pulse:at:. theioutput,c:

The behavior of the cireult when pulses of various shapes are
applied to its input can be best studied in a plane with coofdinatci

where Uy, and U
Uy and U, or il and Z;’gre the voltages on the grids:-and il and i, are

2
the plate currents of the electron tutes (12, 1, 15),
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In Figure §,' the voltage U, on the grid of the firet tube is
plotted on the abscissa and the voltage Us on the grid of the second
ie on the erdinate. As was shown by A. A. Andronev and S, E, Khayltin

(12), the atsence of an external pulse correspends to three equilibrium

points A, B, C in coordinates Uy and Ue.
Polnt C ie always unstahle, wiereas points A and B corregpond to
a otate of stable equilibrium (12) when one tubo is conducting whilo the
socond is ecempletoly Llocked.
lhe external pulse can te ropresentod in the coordinates U; and
Uy as a displacemont of a representative (phase) point, When the pulse
magnitude incraaaoa,the opaed of motion orlthe representative point
3 i increases and at a cortain point reaches a value limited only by the
distributed parameters of the eireuit, This moment corresponde to a
1 "Jump" from a ecertain point & to a point &' or from b to bty The
| points for the beginning and end of the "jump" will dilfer depending
; | upon the voltase distribution on the tube grids. A study of tﬁﬁs
g Coy "Jump" conditions made previously by the author (13, 1L) revealed the
- | geometric position (loocus) of the points of the beginning and end of the
he "jump" in coordinates Uy and U, (Figure 5a),
b Iwo curves for the veginning of the "jump" can be drawn (G==p)
dopending upon whether or not driving capacitances Cy are used, Curve
¢ corresponds to Cy== 0 while curve P corresponds to Clsﬁé 0. 'The
peomebric positions (locus) of the points of the end of the "Jump" are
shovn by the curves G' and P! (Figure 'Sa),

Let us assume that at an initial moment the representative phase

point is at B and the first tube is conducting while bhe second is blocked.

" Declassified in Part - Sanitized Copy Approved for Release 2012/05/21 : CIA-RDP82-00039R000100070049-1



Declssified in Part - Sanitized Copy Approved for Release 2012/05/21 : CIA-RDP82-00039R000100070049-1

P ‘CONFIDENTIL

When a negative external pulee is fed to the input, the representative

point will shift from point B toward b1 or bg' If the capacitance ¢

1

is zevre, the representative heint, passing point bl and reaching C1»

will be displaced along the straieht line e1-c, (Fipure 5b) in preportion
to the increase of the Input prlee and independent of its sharpneas,

When the.external pulse is removed, the pointe return on the segment
°2'°l along the same trajeectory. From tlie point bl, the representative
point jumpa into ene of thig equilibrium peints A or B, depending upen
whore the agymmetry of the circult is smaller, If the asymmetry is euch
that the point D is more atable, displacement will oceur along

the curve
02-01-8 and the represontative point will po Lack Lo the peint B, If

point A is more stable, the r

epresentative point, having once pagsed into

point A, will return there during every pulse (Pigure 5b), Therefore, '
if ther

@ are no capacitances 01, the circuit operales as an amplifier |

without producing any triggoring effect and thus cannot be used as a

pulse reducer,

The capacitance Cl chanpes the picture completely., For a sloping

pulse the representative point upon reaching the point by on curve P

Jumps to the curve P! (the point el'), which is the geomtric locus of
points of the end of the "jump" (Figure 5b).

The representative dolat

moves along the trajectory bl'al as cirevit condensers chasge, 1 Y

pulse is removed while the representative point is moving along b;'l‘,

the latter will go to A without going to ay and the tripprer will be in the

second state of stable equilibrium, Only the following pulse will weturn

the representative point to B,

Iff the pulse width is groater than the length of the path bl'al, ®

the representative point, upon reaching a1, will jump to a,', from which

it will move towards by (the dotted ecurve in Figure 5¢) as the condensers

-
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charge, The representative point may make several jumps, depending upe

on the pulse, width and land finally elther at peint A or B, When these
conditions hold, the oireult operates as a multivibrator. In erder to '
obtain sharp eperation of tie cireuit as a puJ.‘ae reducer, the pulse width

muet be lees than the time required for the representative point to

traverse tihe path by'a (the so=called resolving time of the ecireuit),

- = Atk Al
ST A ‘2’

whore rl, 2? Hoy Cp are the circult parnnmtars ghown in l'igure lj
. U3 1o the preatest projactlon of tie trajectery bl'al on the coordinate
axes Uy and UZ; AQUO ig the highiest value of the inpub pulse; and

ISUO' is the input pulse magnitude neceusary to displace the representative
point from B to by,

TFor a pulee with a steep front, the trajectory of the representative

Movement from the point B occurs along the curve

point changes slightly.

Bb2 (Figure 5d). Trom b,, the represontative point jumps into point by!,

from which it moves towards point & as the condensers charge.

Since the input pulse magnitude ZXUO' required to reach the curve
P is lower when the pulse has a sharp front, we can obtain reliable trig-

gering operation independent of the pulse width by placing the pulse

amplitude within the limits AUO”<AU° <‘AUO'. Actually, if this ine
equality holds, the representative point will not reach curve P after
the condensers cimrge but will remain at some point g until the external
pulse is removed, af'ter which it will move into the point A (dotted
line in Figure 5d),
Thus, sharp operation of the trigger can be obbtained with.restricted-

amplitude pulses having a sharp front independent of pulse width. This

cirauit is more sensitive to negabive than to positive pulses and can

- be made practically insensitive to positive pulses by proper selsction

of resistances. The capacitance 03 must be selected go that it is known
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to be greater than the parasitie capacitances of thie electron tubes

to provide reliable operation of a trigeer pulse reducer, Inerease of

the capacitance C1, however, lengthens tie resolving time of the circuit

and thus reduces tue maximum frequency of input pulaes,

Llectron tubes with low internal resistances and interelectrade

eapaeitances must be selected in erder to ebtaln fast=acting pulse re-

ducere, If Lhio is done, one can ebtain reducors eperating sharply

with pulse Irequencicn reaching several hundred tliousands per second,

Three=Way Circuits

Ihree-path circuits have mich in common with two=path circuits

in both construction and eperatien,

Their distinpuishing feature is that three currents or voltages

displaced 120 electrical deprues relative to each other are obtained

abt the output of three-path circuits, while currents or voltages dis-

placed 90° (relay circuits) or 180° (electronic and thyratron eircuits)

are obtained at the output of two-path cyelic circuits,

A rotating electric or magnetic field ean be easily obtained on

the output, and thus three-path circuits are of special interest as

final stages for counters which drive servomotors or slectronic com-

mutators,

2,1 A relay circuit for a three=path pulse reducer designed by

the author for telemetering ie shown in Iigure 6,

The eireuit is prepared for operation by pushing the push-button

N, The relay A is connected, locks itself in contact A/2, and the coil

‘cireult of B/6 is prepared by contact A/3.

-9 -
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When a pulee is fed to line relay 1, the contact L/2 is closéd
and the coll elreuit of B/6, which had been prepared by centact A/3,
ie connected, When tie pulse ende, the contact L/2 opens and the
eontact L/l closes. Current to Loth coils of relay A is cut off, and
contact A/S prepares tie circuit for operating relay C. Tue [ollowing
pulse actuates relay C, wlilch opens relay B after the pulse is removed,
With cach successive pulse, tﬁe relays A, B, C are cyclically connocted,
Ihe diapram ef Lhe eoperatlon of relays L, A, B, C is shewn in Figure 7,

The requirenents for the pulses fed to the line relay are similar
to requiremonts for two-path circults, The pulse width must at least
equal the time during wlich the relay is connected and the length of
the pause must be preater than the time during which bthe relay is
disconnected, During instantaneous closure of the normally-open and
normally-closed contacts of the line relay, there must not be time to
have two relays of the eyelic sywstem connected,

2.2 Circuits for thyratron three-path pulse reducers do not have
any characteristics limiting their construction to three paths, A
thyratron fires when the external pulse is supplied, and ite extinction
is a function of the firing of the following thyratrén; thus, a cirecuit
which provides in the firing of one thyratron,extinction of the pre-
ceding oneyand preparation of the following one for firing is in prin-
ciple applicable to any number of thyratrons,

Fipure 8 shows a three-path cyclical circuit using cold-cathode
thyratrons,

The operation of thiis eircuit has much in common with the operation
of the relay three-path pulse reducer shown in Figure 8, The role of

the contacts A/3, B/3, C/3 is assumed by the voltage drop in the plate

039R000100070049-1




Declassified in Part - Sanitized Copy Approved for Release 2012/05/21 : CIA-RDP82-00039R000100070049-1 |

o GUHFIDENTIAL

cireuit of the preceding thyratron acress the resistances Ry, Ry, Ros
This voltage prepares the circult for operatien of the Lollowing thy=
ratron. The functions of the contacts A/S, B/, C/5 are fulfilled by
the condensgers C1,» the capacitive current ef which extinguishes the
preceding thyratron after firing the following one,

The requirements for the ghape of the input pulses for this eirouit

are the same as for the two=path eireiit (Figure L),

ol 2.3 'The eloctronic circuil (Figure 9) of a three=path pulse coun-
ter (tie circult was dosifmed Ly the author=Certificate of Authorship
according to Htabunent 1132/342041-III), while aimilar Lo tie two=path
clreuit in its oporalion, has a number ol real differences, Whercas
the grid vollage of one tube under steady-state conditions was a fune
ction only of the voltage on the plate of the second tube in the two=

path pulse reducor cirouit, the pgrid voltage of a tube is a function

of the plate voltages of the other two tubes in the three~-path counter
cirecuit,
The operating prineciple of the civeuit is as follows: Normally

one of the tubes is completely conducting, while the other two are cut

off, When negative pulses are fed to the grids of the electronic tubes,

the tube which is conducting is cut off, The current through this tube

(for example A in Iigure 11) drops rapidly, and the voltage on the grids

of the oblier two tubes rises, 1This voltage rise is transmitted to tube

3 more rapidly than to tule G because of tfie effect of capacitor Cye

&
W

After the previously conducting tube is eut off, the following tube

sbarts conducting and remains conducting, When a second negative pulse

i e R

R
>

M

is supplied, the process is repeated (the conducting tube is cut off
and the followiﬂg one is made to conduct), The switching voltages for

the tubes are fixed by the capacitors Cpe When a series of pulses are

ke B Y

e ST
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fed to the cirenit input, the tubes Ay by C, eto, are oycli‘?ally
ewltched,

The eirouit 1s more genaitive to negative then teo positive pulses,
An excessively long pulee may cause the ciroult teo operate as a mylti-
vibrater and pive a high indicatien te Lhe lollowing 8tage,

Three coordinates (IMlpure 12) muet Le used inslead of wo in order
Lo analyse Ulig dleplacement of tie repregentative point, which charactera
izoo the otate of tie cireuis,

lat ws ouppose Ulat at e initdal moment thab tule A ig conducting
wille tie other twe are cut off (B and C), 1Thig state of tue eireuit
in the coerdinate axes Ua’ Uy Uc is characteorized Ly Lhe point 1, 4
pulse fod to the cirecuit forces the representative point to move along
the trajectory la, From point a, tie representative point jumpe to
a1', from which it movas smoothly to point 2 as the condensers charge,
The foilowing puléh produces dieplucement along the trajectory 2bb3 and,
finally, the third pulse moves the representative point along the path
3ce'l.  The. ecircuit raturns to the initial state,

In this eircuit, tie requirsments for the pulse shape are the
same as for the two-path pulse reducer, A five=path trigger can be
made in tie same way as a three-path trigror.  In thig case, there are
five tubes and conductance of any of these bloeks the remaining tubes,

A combination of o Live-path with a two=path trigger gives a
counting ring (decade) op a pulse reducer with a reduction factor of 10,

This type of cireuit, although rot the most ecoromical in tubes,
is still very convenient for roading results of caloulation, Remainder
indicators for ten-path pulse reducers give a direct reading of units,
tens, hundreds, thousands, ete, of the total number of pulses fed to

the eireuit,

- 12 -
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Conelusions

1o Glrcuits for fast-acting pulee counters w:th eyelic reducers
are Lased upen the same rrineiples vegardless of the elemente (@lectronic,
thyralren, relay) from which Lhey are censilructed,

¢, When eengtructing cireuits fer rulse eountors with roduceras,
tie mmbtor of elenents of which are dircetly propertienal to the reduction
faatcr, it 18 mest officiont to use eirerils with a reduction factor of
2 er 3,

3+ The pulse ghape is ol greab imcortanse in cloectronie and Uhy=
ratron cireuits, ‘he reducer may epera.e incorrectly when the pulces
are long or have a sloping front, ‘The pulse shape shiould be gtandardized
with the help of a special cizeuitl to give sharp operation of the reducer
circuit,

L, Three-path pulse reducer circuits produce three voltages, all
120° out~of-phase with respect to wach other, at the output, By using
threo-path cireuits as bhe output stage, a rotating field can be created

for an actuating mechanism,

=L ND =
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