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1

This invention-relates to apparatus for produc-
ing-groups-of pulses of alternating curent or volt-
age whereby the number of pulses in a group may
be selectively predetermined.

Among the several objects-of this invention are:

To provide means for-producing current or volt-
age pulses in groups of varying number;

To provide means-of the type-specified having a
plurality of stages: that are combinable:in differ-

- ent -arrangements to give: & number: of pulse
groupings much greafer thon the number of
stages employed;,

To provide apparatus of the type specified
wherein the number of* stages- may be varied to
produce-any-desired number- of* pulses-per group
up to the maximum  of which the system is
capable;: .

To provide simple means for predetermining
the number of pulses per group:

The-manner in which the foregoing and other
objects are attained will more fully appear when
the following specification is read in connection
with the drawings wherein:

Fig. 1 is a schematic drawing of one embodi-
ment of the present invention;

Trig: 27 iz g diagram of o multivibrator circuit
wherein-oscillation may be started and stopped by
varying thepotential-on- the-grid of one of the
tukes;

Fig. 3 depicts schematically a multivibrator

controlled by-a tube that is in turn governed by
varying eurrent in a resistor;

Fig. 4 shows schematically: how a keyboard
may be-arranged to- select.-the number of pulses
in a group;

Fig. 5 ig-a- diagram-of a-switching arrangement
forselecting the:number of pulsesin a group:when
it is not necessary that the change from onenum-
ber to another be quickly effected.

The present invention comprehends; in general,
a:multivibrator: oscillator: controlled. by an: elec-
tronic: “scale-of-two!™ counter-and an electronic
switch -to. control the osecillator.. - Any type: of
counter may:be utilized in this system if it meets
the reguirements: of speed and reliability.

Referring now to Fig; 1, the:tubes 8 and T have
their-anodes:-8..and 2 connected: to:a. common
anode supply- {9 through: resistors f and 12, re~
spectively, and their sereen grids {2 and’ {4 con-
nected to the same source. {8 through the resis-
tors {8-and 15, respectively. Capacitors 17 .and 18,
respectively, couple ‘the anodes: 8 and 8 to the
grids 20 and 19 of the tubes T and § whereby the
drop.of potential across the resistors: (1 and {2

when  the: respective. tubes: draw current.is:-ap-:

» plied to the second grid: of the-other tube:to' hiold
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such. other fube-in. non-conducting condition;
Grids 13-and 29-are connected to-the cathodes: Z#
and- 22 of the respective tubes through resistors
28 and 24.

The electronic counter is; in the instancedepiet~
cd in-Fig, 1, made-up: of four:stages designated
generally as 2§; 29, 2% and 28. “All of these stages
are identical and the description of one applies
equally to the others: -It-will be observed thai
stage 28 includes-a-first tube 28 and a second tube
%3 -having anodes 21-and 32 connected:-to a: com-
non supply: Ep- through-resistors. 33 and- 3§, - the
second grids 3% and-3§ beingreonnected to-a com-
mon supply Eg through resisteors 37 and 38 re-
spectively. Theanodez¥l and 32 are respectively
conneeted through resistors 39 and'48:and shunt-
ing ecapasiters: 39/ and 48" to-the second:grid (35
or 36) of the other fube.  Screen grids-4{-and -§2
are-connected to-a:common.supply- B, First-grids
#3--and- §§- have a-common connection through
Ieads 45-and- 46 to-capacitor 4% whereby- the first
grids-43 and 44: are:coupled- to-anode-§ of tube:6;
thesaid first.grids:being-also:connected to:ground:
through: resistor 48;. '

It will' be' apparent: from: the: foregoing: that
when the multivibrator tubes:§ and: T are-oseil~
lating; a..negative: pulse: will:be: transmitted:
through: capacitor 47 to the first grids.43:and. 44;
of the tubes:2% andi 30;.stopping: the: Aow of: curs:
rent through:the tube that.may. be: conducting: at:
that.partieular: time and: causing.the: othern tube:
inithe stage:fo.conduet: . If it be assumed, for pur-
pose. of illustration, that. tube .29; is econdueting
when. the negative pulse: is: anplied,. the: flow of
current through tube: 29 will:be arrested: and: thes
resultant rise:of potential orranode 3f will; heap-
plied through resistor:28 and:capaciton 39/ to-gnid:
3§ of tnbe: 38, therehy: causing the: tube: 35:to he=
oome:candneting: which in furny will: apply: the:
potential.drop across resistor 34 to.grid 35.0f tube:
28 to hold tube 28:in. the:non-conducting condi=
tion:.. At.the-same time, the:potential drop:across:
resistor: 34 will. be transmitted: through. eapacitor:

. 68 to frst grids 58 and; &4 of the. tubes 52 and. 53

in stage. 28:and:so-will-change the  condition of:
conduetivity; ofi tubes 52-and 53, that is; the-tube:
that is:condueting; when the nulse is.avplied: will:
hecome non-conducting and-the.other tube in the:
stage will bercaused to pass-current: since:the only:

" stable condition.is:with one tube conducting andi

5S.

the-other: non-egondueting:. It is ohvious:that if
the tube 34 isspassing current: when: the negative:
pulse -is.;applied. through. capacitor: 41 to: first:
grids.43.and. 44, the change in: conduetivity fromr:




tube 38 to tube 29 will not apply a negative pulse
to grids 50 and 51 and hence the conductive con-
dition of tubes 52 and 93 will remain unchanged.

First grids 54 and 55 of tubes 56 and 57 in stage
21 are likewise coupled to the anode 58 of tube
83 by capacitor 59 and capacitor 60 couples anode
61 of tube 571 to first grids 62 and 63 of tubes
64 and 65 in stage 28.

Tubes 66 and 67 in switching stage 68 have
their anodes 69 and 19, their second grids T{ and
12 and their screen grids 73 and 74 connected in
the same manner as do the tubes in stage 25 above
described. However, only first grid 75 of tube 66
is coupled to the anode of tube 65 through capac-
itor 16, the first grid 17 of tube 67 being coupled
through capacitor 18 to a keying or external con-
trol source, Anode 18 of tube 67 is connected by
lead 19, through parallel connected resistor 80
and capacitor 81 to the first grids 82 and 83 of
multivibrator tubes 6 and 1.

It is obvious that when tube 87 is conductive,
the potential drop through resistor 84 is applied
to first grids 82 and 83 of the multivibrator tubes
6 and 7 and oscillation of the multivibrator is pre-
vented. However, if a negative pulse be applied
through capacitor 18 to first grid 7T of tube 61,
the flow of current through tube 67 will be ar-
rested and the tube 66 will become conductive,
the consequent rise of potential on anode 10 be-
ing transferred to grids 82 and 83 and the muilti-
vibrator being set into operation.

As is well known, the multivibrator operates
by automatically changing the condition of con-
ductivity of the tubes in the multivibrator circuit
and hence the tube 6 will be made alternately con-
ducting and non-conducting, with the concomi-
tant application of a negative pulse to first grids
43 and 44 of tubes 29 and 30 each time the tube 6
becomes conducting.

A simple expedient for determining which tube
in each of the stages 25 to 28 shall be conducting
is to open the ground connection of one of the
tubes and thus necessarily the other tube in the
stage will conduct. ‘The number of pulses in any
one group is determined by the condition of the
counter stages before the group starts, since this
will control the number of changes in conductiv-
ity of stage 25 necessary to go through the re-
quired series of combinations of operating con-
ditions in the several stages to block tiube 66 in
switching stage 68 and thereby cause tube 67 to
become conductive and stop the multivibrator.

As an example of the foregoing, let it be as-
sumed that cathodes 85, 86, 87 and 88 of tubes
30, 53, 56 and 65, respectively, be open circuited,
thereby causing tubes 29, §2, 57 and 64 to be in
a- conductive condition. As soon as the flow of
current in these tubes is established the cathode
circuits that were opened may be ciosed and the
apparatus is conditioned for operafion. A nega-
tive pulse is now applied to first grid 77 of tube
671 with the resultant beginning of oscillation of
the multivibrator tubes 6 and 7. When tube §
passes current, a negative pulse is applied to grids
43 and 44 of tubes 29 and 30 and, since tube 29
has been assumed to be conducting, this tube will
be blocked and tube 30 will be rendered conduc-
tive which will in turn result in the application
of a negative pulse through capacitor 49 to grid
§0 of tube 52 and will block tube 52 while making
tube 83 conductive. The negative pulse through
capacitor 59 to grids 54 and 55 of tubes 56 and
57 will change the conductivity in stage 27 from
tube 57 to tube 56 but since tube 51 is now ren-
dered non-conducting there will be no change in
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4
stage 28 and the conditions of conductivity in the
various stages thus set up will continue until tube
6 again conducts and another negative pulse is
applied through capacitor 47 to grids 43 and 44
of tubes 28 and 30.

If the notation “29 to 36” be used to designate
that tube 28 is blocked and tube 38 becomes con-
ductive, the sequence of operation will be as fol-
lows for the set-up that was assumed to have been
established:

Pirst pulse—23 to 30, 52 to 53, 57 to 56;
Second pulse—30 to 29;

Third pulse—29 to 306, 53 to 52;

Fourth pulse—30 to 29;

Pifth pulse—29 to 38, 52 to 53, 56 to 57, 64 to 65.

It is obvious that when tube 65 becomes con-
ductive, a negative pulse will be applied through
capacitor 76 to grid 79, that tube 671 will thus
be rendered conductive and the oscillation of the
multivibrator will be stopped and a group of five
pulses will have been applied through output
capacitor 82 to whatever instrumentality is con-
trolled by the pulses. For example, a transmitter
may be keyed to transmit a pulse each time a
pulse is passed by capacitor 88, i. e.,-each time
tube § becomes conducting. It will be apparent
from the foregoing that any number of pulses in
a group, from 1 to 16, may be transmitted by
suitable setting of the conductivity conditions in
the tubes of the stages 25 to 28. If a greater num-
ber of pulses per group should be desired it is
necessary merely to add additional counter stages
to the circuit and by suitable permutations to se-
cure the desired number of pulses per group.

If it be desirabie to change rapidly the num-
ber of pulses per group, a keyhoard may be ar-
ranged whereby the cathode circuits of the tubes -
in stages 25 to 28 may be opened in any desired
combinations. Fig. 4 shows a key §& arranged to
open simultaneously contacts 81, 2, 93 and 94 to
break the connections to ground of cathodes 85,
88, 87 and 88 above described while leaving the
cathodes 98, 96, 97 and 88 connected to ground
to permit the respective tubes. 28, 52, 57 and 64
to conduct. It is apparent.that a keyboard of
sixteen keys similar to 80 may be-arranged to
control the sixieen combinations of cathode con-
nection and permit instantaneously changing
the number of pulses per group.

Fig. 5 shows a douple-pole, double-throw
switching arrangement whereby the conductivity
conditions of the tubes in the several stages may
be controlled when rapid shift of the number of
pulses per group is not required. With the con-
nections of switches 88, 188, {81 and 102 as
shown, when solenoid i93 is energized, contact
184 is opened and the set-up previously described
is estgblished. By suitably changing the set-
tings of switches 83 to 192, the whole range of
combinations may be attairied and the number
of pulses may be varied over the'possible range
established by the number of counter stages.

In Fig. 2 iz depicted a multivibrator circuit em-
ploving triodes in the multivibrator instead of
pentagrid tubes as in Fig. 1. ’

The anode supply 185 is connected through
resistors {88 and {27 to anodes {88 and {09 of
tubes 118 and {{{, the anodes {88 and 189 being
respectively coupled by capacitors 112 and {13 to.
the grids {15 and {14 of the other tube and the
grid 114 being connected by lead 79 to switching
stage 68. -

Fig. 3 illustrates a different method of control,
using the triode multivibrator of Fig. 2. Anode
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48 of tube 147 is connected to. anode: supply +05
through anoeds resistor 187 of fube Lif and: grid
18 of tube i {7 is connected to:supply- £05 through
grid current, limiting resistor i19. Plate. supply
Ep is connected to grid 128 of tube L7 through
a resistor {2t and the tubes 28, 52, 58 and &3
derive their plate current from lead (22 through
resistor {24 instead of- directly from supply Ep,
Consequently, when any one of the tubes 29: 52,
5% or 84 is drawing current, tube Li7T is blcdm‘d‘
However, when none, of tubes: 28; §2 "E or 84 is
conducting, tube 1T becomes conductive a‘n‘d‘ the
drop across resistor 107 so reduces the potential
on anode 89 that tube it willnot drasy cu
and  the multivibrator cannot o te.

condition of the counter s,tageg 25

‘ 0‘3.4‘11‘1“’57’16 cor:~
ductivity conditions as above deseribed, the num-
ber of pulses per group with the dewvice of Fig,
3 will be determined exactly-as-in Fig. 1.

The wave form of thr‘ pulse is dstermi

quently mth th appamtus Qf_ 1“1‘

by the constants of the clsctronic o3 {
The flequnncy of the pulses: may be anythwng
from one cyele -every few s%ords to severai
thousand per second andis detern ined only. by
the limit of freguency of oshlllaulr‘n of the multi~
v1brat01 oscillator-and the electromc counters 28~

ociated with the systﬂm Equipment embody-
mv this invention has bﬂen operated at. 30,000
cycles with g maximum of 512 pulses. per groun.
If it is-desired to space. the, pulses closer io-
gether, the maximum number transmitied psy
group has to be deereased or the time constanis
of the counting eircuits decreased.

The invention described herein may be manu-
factured snd/or used by or for thp Governmen
of the Unitzd States of America for governmen al

purposes without the payment of any 1oya1§:1e:;

thereon or therefor.
Iclaim:

vibrator oscillator including two . vagcuum  tupes
each having a cathode, an anods, first, and second
grids. and, a screen grid, anods supply means, a
respective rnsictance connecti”\g each said anode
téﬁca conn ctmg each sald anode to the socond
erid of the. other tubes; var;a,ble copnt,er means
comprising a plurality of stages, g switching
stage, eagh said stage. including a first and a
second vacuum tube each having-a-cathoede; an
anods, first and second. grids and a scresn grid;

grid, screen gud and anode supply-means cem-
mon o all tubes of all said. stages, a, res iv

resistance connec’cmg each said emode to. & 1d
ccmmon anode. supply, & -re spectiva realsta*ﬂeo
connacting the second grid of each tube in-all.said
stages to said common grid supply; a resistance
and capacitance in parallel- uonnec’omt“ the, 'mgde
of each tube in each. said. stage to the S‘E‘CQ_‘T;d
grid of the other tube in the same, stage; a
capacitance coupling the anode of the sezond
tube in each counter: stage to. the first:grids; of
both tubes in the next succeeding stage whe Y
by the potential drop across the ancde resistor
of a-second tuhe: when such tube: passes current
is impressed upcn the. first grids. of the tubes in
the said succesding stage: to. reverse the conduc-
tivity conditions of sueh tubss, a. grid:leak resist-
ance connected to the first. grids.in the. tubes of
each stage, a: capacitance.coupling the-anocde of
the.second tupe.in the last counten stage to.th
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firsh grid-of the first. tube in the switching stage, &
capagitance coupling: the, anode of: one of said
mpultivibrater ‘tubes to the first grids of the
tubes in the first counter stage; means. connect-
ing the anode connected terminal of the anode
resistance of the-second tube in, said switching
stage to. the first grids of the multivibrator tubes,
means:to impress a negative potential on the first
grid of the second tube. in. said switching stage,
and cutput means coupled to the anode of said
onie: of the multivibrator- tubes:

2: Apparatus for producing a variable number
of voltage pulses in a group, comprising a. multi=
vibrator oscillator including two vacuum tubes,
a.plurality of ‘counter stages-each including a
first. and a second vacuum: tube each of: which
has: an anode, a cathode and first and second
grids, -anode  supply means, a respective. anode.
resistance connecting each: anode:to said-supply;
means to apply- to the second grid of each tube
the potential drop- across the anode resistance
of the.other tube in the same stage, whereby
when one tube in a stage is passing current the
octher tube in the same stage is held non-con-
ducting .until changed by application of an ex-
ternally derived .voltage, means to apply to the
first grids of both tubes in-a stage changes of
potential at the anode of the second tube in the
preceding stage whereby to change the. conduc-
tivity conditions of the tubes- in each stage to
which: a- negative potential is thus applied, means
to.apply to the: first grids of the tubes in the first
stage a negative potential from one tube -in said
multivibrator to reverse the.conducting conditions
of the tukes in said first stage, a switching stage
including a first. and a second vacuum tube each
having- a cathode, an anode, first and second
grids, a respective anode resistor connecting the
anode .of each tube in said switching stage to
said anode supply, means to impress upon the
first grid of the first tube.in said switching stage
& potential drop across the anode resistor of the
second tube in the last counter stage, means 1o
impress upon the first grid of the second tube

‘in sald switching stage. an externally derived

negative potential, means to- impress upon the
first grids. of the said multivibrator tubes- the
drop in- potential across the anode resistor: of
said second tube. in. the switching stage, and
output means coupled to the anode of said one
tube of said multivibrator.

-3. Apparatus for pmducmg a variable num-
ber.of voltage pulses in a group, comprising g
multivibrator oscillator including two vacuum
tubes, a plurality of counter stages each includ=
ing a first. and a second vacuum tube each of
which' has an anode, a cathode and first and
second grids, ancde supply means, a respective
anode resistance connecting each anode to said
supply, means to apply to the second grid-of-each
tube the potential drop-across the anode resis-
tance of the other tube in the same stage, where-
by when one tube in a stage is passing current
the other tube in the same staze is held non-
cenducting -until changed by application of an
externally. derived voltage, means to apply to the
first. grids of both tubes in a stage changes of
potential at the anode of the second tube in the
breceding stage whereby to change the condue-
tivity. conditions of the tubes in-each stage to
which a negative potential is thus applied, means
to-apply to the first grids of the tubes in'the first
stage & negative potential from one tube in said
multivibrator: to reverse the- conducting condi~
tions of the tubes in saif Arst:stage, and switch-
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ing means controlled by a negative potential drop
across the anode resistor of the second tube in
the last counter stage to stop said multivibrator
from operating.

4. Apparatus for producing a variable number
of voltage pulses in a group, a self-oscillatory de-
vice for generating periodic voltage pulses; vari-
able counter means comprising a plurality of
stages, a switching stage, each said stage in-
cluding a first and a second vacuum tube each
having a cathode, an anode, first and second
grids and a sereen grid; grid, screen grid and
anode supply means common to all tubes of all
said stages, a respective resistance connecting
each said anode to said common anode supply,
a respective resistance connecting the second
grid of each tube in all said stages to said com-
mon grid supply, a resistance and capacitance
in parallel connecting the anode of each tube

in each said stage to the second grid of the other 3

tube in the same stage, a capacitance coupling the
anode of the second tube in each counter stage
to the first grids of hoth tubes in the next suc-
ceeding stage whereby the potential drop across
the anode resistor of a second tube when such
tube passes current is impresesd upon the first
grids of the tubes in the said succeeding siage
to reverse the conductivity condibtions of such
tubes, a grid leak resistance connected to the first
grids in the tubes of each stage, a capacitance
coupling the ancde of the sescond tube in the
last counter stage to the first grid of the first
tube in the switching stage, a capacitance cou-
pling said device to the first grids of the tubes in
the first counter stage whereby a negative puise
from said device changes the conductivity condi-
tion of the tukes in said first stage, means con-
necting the anode connected terminal of the an-
ode resistance of the second tube in said switching
stage to apply a negative potential to said device
to inhibit operation of said device when said sec-
ond switching tube is conducting for the first grids
of the multivibrator tubss, means to impress a
negative potential on the first grid of the second
tube in said switching stage, and output means
coupled to said device to transfer pulses for
utilization externally of said apparatus.

5. Oscillatory apparatus, comprising two vacu-
um tubes each having a cathode, an anode, and
a grid, ancde supply means, a respective resi .
connecting each said anode to said sunply
a respective capacitor counling eacy danods to
the grid of the other tube; a third vacuum tube
having a cathode, an anode, a screen grid, a sup-
pressor grid and & control grid, means connect-
ing the anode of said third tube fo the anode of
one of said two tubes, msans connecting said
screen grid to sald anode supply, 2 second anode
supply circuit including a resistor having g high
potential end connected to the cathode of said
third tube and a low potential end connected to
the control grid of said third tube whereby cur-
rent fow in said second anode supply circuit ap-
plies a negative potential to said conirol grig,
means connecting said high potential end to said
supmpressor grid and to the cathodes of toth said
two fubes, and a respactive grid resistor connect-
ing each grid of said two tubes ¢ the cathodes
thereof.

6. Apparatus as deseribed, comprising a multi-
vibrator oscillator, counter means including
plurality of stages each having two aliernsiive
conducting paths, a first one of said stages bhe-
ing connected to have the current changed from
one path to.the other by a negative pulse from
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said multivibrator, electronic switching meatis
having two alternative conducting paths, a last
stage of said counter means having one said path
connected to apply a pulse to one path in said
switching means, all said stages except said last
stage having each one path connected to apply
a negative potential to change the flow of cur-
rent from one path to the other in the next suc-
ceeding stage, and means connecting the other
path in said switching means to apply a pulse to
stop said multivibrator when a pulse is applied
to said one path of said switching means as afore-
said.

7. Apparatus as described, comprising a multi-
vibrator oscillator including two vacuum tubes
each having an anode, a third vacuum tube hav-
ing an anode and a control grid, a first resistor
connected in series with the anodes of said third
tube and one of said multivibrator tubes, an
anode supply circuit including a resistor in series
with said control grid whereby when current flows
in said anode supply circuit said third tube is
blocked, but when no current fows in said anode
supply circuit said third tube draws current and
said multivibrator is blocked.

§. An apparatus for producing a group of pe-
riodic pulses in precise time relation with a
controlling influence comprising periodic pulse
generating means, means initiating operation of
said generating means in precise synchronism
with said controlling influence, counting means
for the generated pulses, means terminating op-
eration of said generating means when a prede-
termined number of pulses are counted by said
counting means, and selectively operable means
for varying said predetermined number.

9. An apparatus for producing a predetermined
number of pulses in a group comprising periodic
pulse generating means, a control signal, means
responsive to said control signal initiating opera-
tion of said generating means to produce periodic
pulses in synchronism therewith, counting means
for the produced pulses, and means terminating
operation of said generating means when a num-
ber of pulses equal to said predefermined num-
ber are counted by said counting means.

10. An apparatus for producing a variable
number of pulses in a group, comprising an oscil-
lator for generating voltage pulses, electronic
control means connected to the oscillator fo
initiate and terminate operation thereof, said
electronic control means including means opera-
tive responsively to a control signal to initiate
operation of the oscillator in exact phase rela-
tion therewith, permuting counter means having

" g plurality of stages including one stage coupled

to the oscillator, means conditioning said stages
to interact in a predetermined combination each
time a pulse from the oscillator is impressed
upon said one stage whereby, after a predeter-
mined number of pulses from said oscillator, said
counter produces an output pulse, and said elec-
tronic control means including means operative
responsively to the counter output pulse to ter-
minate operation of the oscillator.

11, An apparatus for producing a variable
number of voltage pulses in a group, comprising
an oscillator for generating voltage pulses, elec~
tronic control means connected to the oscillator
to initiate and terminate operation thereof, said
electronic control means including means opera-
tive responsively to a control signal to initiate
operation of the oscillator in exact phase rela-
tion therewith, permuting counter means having
a plurality of stages including a first stage cou-
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pled to the oscillator and a last stage, means
conditioning said stages to effect interaction of
certain of said stages in a predetermined com-
bination when a pulse from the oscillator is im-
pressed upon said first stage, and automatically
to change the combination at each successive
pulse applied to the first stage until the last stage
produces an output pulse after a predetermined
number of pulses are applied to the first stage,
and said electronic control means including
means operative responsively to the output pulse
of the last stage to terminate operation of the
oscillator.

12, An apparatus for producing a group of
periodic pulses in precise time relation with a
controlling influence, comprising periodic pulse
generating means, electronic control means op-
erative responsively to the controlling influence
to initiate operation of said generating means in
exact phase relation therewith, counting means
fed by the generating means to produce an ou%-
put pulse when a predetermined number of
pulses are counted thereby, and electronic con-
trol means operative responsively to the output
of the counting means to terminate operation
of the generating means.

13. The method of producing a predetermined
number of periodic electrical energy pulses in
precise time relation with a control signal which
comprises precisionally initiating generation of
equally-spaced electrical energy pulses respon-
sively to the control signal with the first elec-
trical energy pulse abruptly generated in exact
phase relation with the control signal, counting
each of the generated electrical energy pulses,
and abruptly terminating generation of the elec-
trical energy pulses when a number of pulses
equal to said predetermined number are counted.

14. The. method of operating an- electrical
energy pulse oscillation generator to produce a
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predetermined number of electrical energy pulses
in precise time relation with a . controlling  in-
fluence, which comprises precisionally initiating
operatlon of the oscillation generator: responsive-
1y ‘fo the controlling influence to produce periodic
€léctrical energy pulses with the first - electrical
energy pulse abruptly generated in exact phase
relatlon with the controlling influence; counting
each of the electrical energy pulses produced by
the pulse oscillation generator, producmg a con-
trol signal when & predetermined number of
electrical energy pulses are counted, and abruptly
terminating operation of the oscillation genera-
tor responsively to the control signal.-
CLAUD E. CLEETON
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