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This invention relates to electric circuits and
more specifically to pulse generation circuits.

It is an object of the present invention to pro-
vide a novel pulse generator. A more specific
object is to provide apparatus for generating a
sharp pulse occurring at a controllable period of
time after an initiating pulse. Still another ob-
Jject is to provide novel apparatus for generating

a flat-topped pulse of controllable time duration. .

Other objects and features of the invention will
be apparent from the following description.

In accordance with a specific embodiment of
the present invention, chosen by way of example
for illustrative purposes, a tuned circuit of par-
allel-connected inductance and capacity mem-
bers is shock-excited by a sharp pulse and the re-
sultant wave is damped after a fraction (one-
fourth) of an oscillation cycle. The resultant
pulse obtained across this antiresonant circuit is
utilized to produce "a rectangular or square-
topped pulse whose time duration is substantial-~
1y equal to one-quarter period of the natural os-
cillation of said circuit, plus one-half the dura-
tion of the exciting pulse. The rectangular pulse
can be used, for example, for blanking purposes
in television cathode ray tubes, or it can be used
as a blanking or a notch pulse in oscilloscope cir-
cuits or in radio object-locator (radar) systems.
As the duration of the rectangular wave is a lin-
ear function of the period of the tuned circuit,
variation of the tuning of this circuit, such as by
varying the inductance or the capacitance there-
of, will vary the length of this period. The pulse
obtained across the antiresonant circuit has a
much greater slope at its zero intercept than is
the case in a wave produced by a resistance-ca-
pacity circuit. The duration of the pulse is
therefore more accurately controllable in the cir-
cuit arrangement of the present invention.

The square-topped pulse is also utilized in ac-
cordance with a further aspect of this invention
to generate a second sharp pulse at its trailing
edge which second pulse is preferably produced
by shock-exciting with a voltage step funection a
second tuned circuit of series-connected induct-
ance and capacity members and damping the re-
sultant wave within a fraction of an oscillation
cycle. Thelength of the output pulse can be var-
ied by tuning the second tuned circuit. If de-
sired, the original pulse used to shock-excite the
first tuned circuit (or an amplified version there-
of) can be applied to an output circuit along with
the second sharp pulse.

The invention in its different aspects will be
more readily understcod by referring to the fol-
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lowing description taken in connection with the
accompanying drawings forming a part thereof
in which: .

Fig. 1 is a circuit diagram of a pulse generating
arrangement in-accordance with the invention;
and :

Fig. 2 comprises -various diagrammatic and
graphical representations to aid in understand-
ing and explaining the invention,

Referring more specifically to the drawings,
Fig. 1 shows, by way of example to make clear
the principles of operation of the present inven-
tion, a circuit arrangement for forming an
“echo” pulse having an accurately controllable
delay with respect to an initiating pulse, and also
for generating a blanking pulse (preferably of
rectangular form) of controllable duration. The
circuit shown in Fig. 1 comprises ten vacuum
tubes designated VI to Vi0, inclusive. Briefly
stated, V1 is an amplifier and phase inverting
tube; V2, V3 and V4 form an arrangement for
generating a flat-topped pulse (ordinarily called
a square-topped pulse) starting substantially at
the commencement of the initiating pulse and
ending a controllable period of time later; V5 is
an amplifier, phase inverter, and clipper for the
square-topped wave; V6, VI and V8 form an ar-
rangement for utilizing the square-topped wave
to generate a sharp pulse commencing substan-
tially at the ending of said square-topped wave,
the duration of the sharp or “echo” pulse being
controllable; and V9 and Vi0 are amplifiers,
phase inverters and clippers for the pulse out-
puts of tubes V2 and V8. (A pulse simultaneous
with the initiating pulse is developed in the
screen circuit of V2.) :

The initiating pulse, which can be generated
by a multivibrator, or by any other means for
producing sharp pulses, is applied to the tube Vi
from an input coaxial cable 10 terminated by a
resistance 1. The tube VI includes an anode
12, a cathode 13, a control grid 14, a screen grid
15, and a suppressor grig 16. The resistance {1
is connected between the control grid {4 and the
cathode 13, the cathode being connected to
ground. The suppressor grid 16 is connected to
the cathode 13, while the screen grid 15 is con- -
nected through the voltage-dropping resistor 17
to the positive pole of a direct current source 19
of, for example, 300 volts, the negative pole of
which is connected to ground. A by-pass con-
denser 18 is connected between the screen grid 15
and ground. The anode I2 is connected through
the resistor 22, inductance 23, and the resistor
24 to the positive pole of the source 19, the com-
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mon terminal of the inductance member 23 and
the resistance member 24 being by-passed to
ground through the capacity element 25. The in-
ductance member 23 serves to provide high fre-
quency equalization, while the condenser 25 and
resistor 22 provide low frequency equalization.
The members 24 and 25 also_help to filter the
high voltage supply circuit. The anode 12 is also
connected through the coupling condenser 28

and the “anti-sing” resistor 27 (to prevent para-.
gitic oscillations) to the control grid 32 of the
tube V2 which also comprises an anode 39; a’
a screen grid 33 and.a suppressor
Bias for the grid 32 is provided by

cathode 3,
grid 34.
means of a capacity member 35 and a resistance
member 36 shunteq thereacross, these two mem-

bers being connected between the. cathode and '

ground. The “bleeder” resistor 37 is also con-

10.

lar in function to members 22, 23, 24, and 25
in the anode circuit of tube VIi. The anode 58
is also connected through a coupling condenser
83 and an “anti-sing” resistor 64 to the control
grid 72 of the tube V3 which also includes an
anode 16, a cathode 71, a screen grid 13 and a
suppressor grid. 74. Bias.for the. tube V5, is pro-
vided by means of the condenser :15.and the re-
sistor 78 shunted thereacross, these two elements

being connected between the cathode and ground.

The cathode 71 is also connected through a

“pleeder?” resistor 11 to the positive pole of the

15

nected between the cathode 3! and the positive 7

pole of the source {9 to°place the cathode 31 at
2 positive potential-even when no current is flow-
ing through the tube. The suppressor grid 34 -is
connected to ground while the screen grid 33 is
connected through an “anti-sing” resistor mem-
ber 28 and a resistor 39-to-the positive pole of the
source 19, the common terminal of the resistors
38 and 39 being connected through @ capacity
member 40-to ground. The members 39 and 40

serve as o filter-and- also provide low- frequency-

equalization. The anode - 30 is connected
through resistor 41-and the resistor 39-to the -pos-
itive pole of the source 19, Resistor 164-serves as
a grid leak.

Also connected to the anode 38-of the tube V2
is the terminal A of ‘the condenser-42;-the ter-
minal B of whlch is -connected through the-re-
sistors 43 and 57-to the control grid -52- of the
tube V4 which also includes-an -anode 50; a cath-
ode 51, a screen-grid 53, and a suppressor grid 54.
Connected between the terminal B of the con-
denser 42 and ground is a tuned-circuit compris~
ing a condenser 44 and a -variable ‘inductance
member 45 connected in parallel. A-movable in-
ner terminal 48 of the inductance member 48 is
connected to ground. The diode tube V3 and the
resistance member 43 are also connected in cir=-
cuit between the point B and ground. - Prefer-
ably, the tube v3 comprises g cathode 55 con-
nected to ground and ah anode 56 connected-t0
the resistor 43. The resxstance of-the member 43
plus the resistance of the tube V3 preferably
equals the critical damping remstance of ‘the in-
ductance-capacity tuned-circuit (which is equal to
1%~/L/C, where L is the inductance between
terminal B and terminal 48, and.c.is the capacity
of the member 44). The condenser 44 .and the

variable inductance 45 comprise a tuned circuit

Ti which is shock-excited by output. pulses from
the tube V2, while the tube V3 and the resistor
43 help damp-out the-.oscillations caused by.the
shock excitation of this.tuned circuit. Grid cur-
rent in the tube V4 may. also.serve to.damp out

these oscillations, as will, be pointed. out hereln- .

after-in detail.

The cathode 5f and the suppressor.-grid 513 of
the tube V4 are preferably.connected to.ground. -

The resistor 51.is. connected. to.the control grid
52, while the screen.grid-53 is connected.through
a resistor 58 to the positive terminal of the source
19. The anode 50 is.connected through a resistor
58 and inductance member 68 and resistance .8l to
the positive terminal -of: the.source-19; the.con-
denser 62 being provided between the common ter-
minal of. the members:.69, and. 6{.and. ground.
Members 59, 60, 61, and 62 are respectively simi-
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source 18. Resistor 97 serves as a grid leak.

“The:suppressor grid: T4 is connected to ground,

while the -screen grid 13 is connected through
the resistors 78 and 19 to the positive pole of the
source. 19;. the .common terminal of resistors 78
and 18.being connected through condenser 83 to
ground. The functions of members 19 and 8D are
respectively similar to those of members 32. and
40 in the anode circuit-of tube V2. - The anode 70
is connected through the resistors &1 and- 19 to
the positive pole of- the source 19, The anode
79 can be coupled to-any suitable output circuit
for -utilizing -a blankmg pulse by means of, for
example, a coupling condenser 82 and a resistor
38, This blanking pulse is a rectangular wave.
in the negative -direction extending from the
commencement of the initiating pulse from the
input circuit I8 to the time the oscillation from
the circuit Ti again exceeds the cub-off bias of
V4. Tt can be used, by way of example, in a
radio object-locator system to blank out ail
“echoes” and noise in a composite signal wave be-
tween each transmitted pulse and a desired
“echo” signal so the blanked-out portion will not
be visible on the screen of a. .cathode ray . oscil-
loscope. It can be combined with the signal
wave or it can be applied to the control electrode.
of the oscilloscope to.cut off the beam therein
periodically.

The rectangular wave in the positive. direction
produced at the plate of the tube V4 is applied to
the control grid 92 of the tube V§ which also
includes.an anode 90, a cathode 91, a screen grid
93, and a suppressor grid 94. . The cathode 91 and.
the suppressor grid 94 are connected.to. ground
through a resistor 95 having, a condenser. 86.
shunted across a portion thereof. The resistor
87 is connected between,the control grid 92 and
ground and serves as a.grid-leak. The cathode 91.
is alsc connected through g “bleeder” resistor 88.
to the positive pole-of the, source. 19, the terminal
of .the resistor 98 remote from.the cathode 81
being connected through the by ~Dass condenser-
through. a‘res1sto,r,l,0,ll to,the.po,s_ltlve pole of the
source 19, while the anode 90.is connected through
a resistor 101 to the same.point. The anode 90.is
connected.to the terminal C-of the condenser 182,
the terminal D of which_is connected through a.
resistor 103 to.the.control grid 142 of the tube V8;
which also.includes an anode: {18, a.cathode {11,
a screen grid ii3; and a. suppressor. grid. [i&.
Connected between the terminal D. and ground is.
an inductance member (84 which.forms with the
condenser. 102 g series.tuned circuit.T2.. In par-
allel with. the. inductance. member. .184.is the
anode-cathode path,of the tube Vi.which prefer-
ably. comprises a.cathode -186. connected. to:the
terminal D. of the condenser .(02.and-an anode-
1087 connected to ground. The.diode Vi:serves to
damp-out, within a.fraction. of an.oscillation; the
wave set: up in:the.inductance 184:in-a-manner- -
which will be described more fully below,
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.The cathode (il and the suppressor grid (14
of the tube V8 are connected to ground through a
resistor (15 across a portion of which is connected
a condenser 118. The resistor {15 and the con-
denser {186 are used to provide bias for the tube
V8. The cathode is also connected to the positive
pole of the source {9 through a “bleeder” resistor
117 and the resistor 128. The by-pass condenser
18 is connected between ground and the ter-
minal of the resistor {{7 remote from the cath-
ode. The screen grid 13 is connected to the posi-
tive pole of the source (9 through a resistor 119
and the resistor 120, the common terminal of the
resistors 119 and (20 being connected through the
by-pass condenser {18 to ground. The plate 110
is connected through the resistor 121 to the posi-
tive pole of the source {8 and through a coupling
condenser {22 to an-intermediate terminal 123 of
an input resistor 124 for the tube V9, the resistor
being connected between ground and a contact
member. £71 of a swiich 170 for a purpose which
will be described hereinafter. '

The tube V9 includes an anode {30, a cathode
131, a control grid 132, a screen grid 133, and a
suppressor grid 134. The upper terminal of the
resistor 124 is connected through an “anti-sing”
resistor 135 to the control grid {32, The cathode
131 and the suppressor grid 134 are connected to
ground and the screen grid is connected through
the resistor 138 and the resistor 139 to the posi-
tive pole of the source {9, the common terminals
of the resistors 138 and (39 being connected
through a condenser 137 to ground. The plate
130 is connected through the resistor 148, induct-
ance member 141 and resistor {42 to the positive
pole of the source i3, the common terminal of
the members 141 and 142 being connected through
the condenser 143 to ground. The members 140,
141, (42, and 143 have functions respectively
similar to members 22, 23, 24, and 25 in the anode
circuit of tube ViI. 'The purpose of the tube V9
is to amplify a pulse produced in the output of
the circuit of the tube V8 and also, as will be
pointed out below, to amplify the negative pulses
produced in the screen grid output circuit of the
tube V2 and to clip the tops of these pulses.

The anode {38 of the tube V3 is connected
through a coupling condenser (44 and an “anti-
sing” resistor {43 to the control grid 152 of the
tube VI8 which also includes an anode 150, a
cathode 151, and a screen grid i83. A grid-leak
resistor {34 is connected between the common
terminal of the members 144 and 145 and ground.
The cathode 151 is connected to ground through
the parallel-connected capacity member 1565 and
resistance member 156 which forms with the re=
sistor (49 a potentiometer to provide bias for the
grid 182 of such value that the tube VI0 acts to
clip the bottoms of the positive pulses from V9.
The screen grid 1538 is connected through the re-
sistor 157 to the positive pole of the source 19
and through the by~pass condenser 158 to ground.
The anode {50 is connected through the resistors
159 and 157 to the positive pole of the source 19
and through a coupling condenser 169 to one ter-
minal 18 of an output circuit, the other terminal
162 of which is connected to ground. A resist-
ance member i83 can be connected between the
terminals 161 and 162, if desired. .

If it is desired to have the original pulse, or
rather an amplified and clipped version thereof,
appear in the outpui circuit connected to the

terminals 161, 162, the switch 170 is connected.
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to-.the contact (71, thus connecting the screen.
grid of the tube V2 through the blocking con-
denser 183 to the control grid 132 of the tube V9.
. 'The operation of the circuit shown in Fig.1is as
follows, reference also being made to Fig. 2 which
comprises various diagrammatic and graphical
representations to aid in understanding and ex-
plaining the invention. The input pulse which, as
shown in Fig. 24, is a sharp negative pulse hav-
ing, for example, a duration of about one micro-
second is repeated four hundred times per sec-
ond. It can be generated by any suitable means,
such as by the well-known multivibrator arrange-
ment or by any other well-known vacuum tube
pulse generator, or by any suitable mechanical
means. It can be, for example, a pulse sent from
the transmitter of a radio object-locator or a pulse
bearing a definite time relation, either before or
after, to the transmitted pulse. This pulse is ap-
plied to the input circuit of tube VI which acts as
an amplifier and phase inverter and produces a
pulse, like that shown in Fig. 2B, which is applied
to the input circuit of the tube V2. If the input
pulse to the tube Vi is of -positive polarity (in-
stead of negative) and of sufficient voltage, VI
may be dispensed with. The tube V2 is normally
cut off but it becomes conducting when the posi-
tive pulse shown in Fig. 2B is applied to its grid
and passes a current of approximately 150 milli-

bias. All but the direct component of the plate
current of the tube V2 passes through the cou-
pling condenser 42 to the tuned circuit compris-
ing, for example, a 1,000 micromicrofarad con-
denser 44 which is shunted by a portion of the
coil 45. The condenser 44 is charged by the
plate current of V2 so that point B (and hence
the control grid of tube V4) becomes negative
with respect to ground. The plate current of the
tube V2 is shown in Fig. 2C.: The shape of the
negative pulse produced by the charging of the
condenser 44 is indicated by the portion {90 of
the voltage wave in Fig. 2D representing the volt-
age applied to the grid of the tube V4 in Fig. 2.
Point B is at substantially zero potential before
the tube V2 becomes conducting and the terminal
A of the condenser 42 is at approximately 300
volts. When the tube V2 becomes conducting, the
terminal A quickly drops to about 100 volts po-
tential and the terminal B is driven very quickly
to a negative potential of about 200 volts. The
condenser 44 starts to discharge through the in-
ductance member 45 forming the portion 181 of
the voltage wave shown in Fig. 2D. In the ab-
sence. of damping means this wave would tend
to pass the zero axis and assume successively the
values indicated by the dotted line portion 192.
However, these oscillations are damped within
approximately one-quarter of an oscillation cycle
by means of the resistance 43 and the diode V3
which becomes conducting as soon as the point B
becomes slightly positive. As all of the energy
producing the oscillations is absorbed in the cir-
cuit including the resistance 43 and the diode V3
(and the parallel connected circuit including re-
sistance 51 and the control grid-cathode circuit
of the tube V&), the oscillations are completely
damped as shown by the full line portion 193 of
the waves shown in PFig. 2D. If desired, the tube
V3 and the resistance 43 can be omitted, the re-
sistance 5T being made fairly low. In this latter
situation, when the tube V4 starts to draw grid
current because of the conirol grid 52 becoming
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positwe “the- oscﬂlatmns are damped It should'
be noted that the portion 194 of the Wa.ve shown'
i I‘lg 2D 1ntersects the cut= off blas of ‘the tube‘

V4 shown -in’ Flg 2D, at a falrly steep angle
(nuch steeper thah would be the case if a ré=

slstance -capacity ClI'CU.lt were used 1nstead of- the'

mductance capamty circuit of - thls invention)-
This* causes the operation’ of the circuit to be more
stable.
pulse represented by the portions- i50° and 191 of

the wave shown in Fig. 2D ‘for a period”of time"
which'is approximately equal to-about one-guar=’

ter périod’ of an’ oscillation cycle plus_one-half
the duration of the pulse from tube V2.

the restlting oscillation is of the form-

~— ey COS -w(t—- )

where Af-ds the width of the driving pulse; and-

tg»:oifat-the‘start of the driving pulse; The first
intereept: of the oscillation oceurs when’

(t_él _T
@ 2)°3
Solving;
= At T At
=s.t2=1t2
where

—g——the period of the oscillation

The positive pulse 194 thus produced-on the plate’
of'the tube V4 shown in Pig. 2E, is-appliéd-to the'
tibe V&:and:causes this tube-to conduct for-a-
period-of 'time ‘corresponding  to-the duration of
the top -of ‘the pulse 194 and-to generate a'useful:
negative ‘blahking’ pulse across the terminals 84

and 85, This pulse is shown as-pulse-195 in- Fig:

9F.. For example, this blanking" pulse’ may: be-

used to cut off the beam of-a cathode ray ‘oscillo«

graph for-& period of -time- corresponding-to ‘thé-
léngth'of the pulse 195 or-it may be-addeéd to‘the

received -video signal in radio object locator sys=-

tems to blank out all sighals between- each trans--
mitied ‘pulse  and- a-predetermined point in each-

train ~of received. sighals.~ The™ length’ of the

blanking pulse 185 can-be varied by tuning the"

citeuit T1 as' by varying the position of ‘the inner
coil‘connection 48: The lensth: of ‘the’ delay in-

térval représented by the ‘pulse’ 195 is’-a-lineaf’
function ‘of ‘the ‘period -of ‘the - tuned-eiréiit T1.
This period- in turn is proportional-to-the sdiaré"

The- tube V& is cut off by the regative

'ThiS'iS"
true’ because  with a symmetrical driving- pulse;,

8;
the plate current of V& ceases a positlve tran-
sfent 1§ p_roduced During the time the plate cur-
rent fiows] the condenser 182 is’ discharged. (It
) ously’ had’ a’ potentlal of 300 volts across it’
5 asthe tube V6 was cut off, thus placmg the ter-'
minal*C of the condenser 102 at' a potential of
ahout 300 volits; the terminal’ D bemg at sub-
stantlally ground potent1a1) When the gr1d of
' the tube V6 is again driven negative, the plate of
the' tupe- V6 is’ dr1ven positive through the plate
resistor 101, ca.usmg a sinusoidal oscillation of
the tuned- 01rcu1t which lasts: for one-half of a
cycle (see- Flg 9K, the remainder being damped
by the tube V1. The substannally undamped os=-
cillations: which would exist in-the absence of
tube V'I are shown in’dotted lines-in Fig: 2H and
the actual’ ‘'wave whichis applied to the- grid-of’
the* tube Vi is- shown as a full line; The first
..p051t1ve peak: {86 of tHe sidusoidal oscillations
causes a short negative pulse of plate voltage in
the tube V8 as shown' i Fig. 21, developing a
negative pulse on the grld of tube V9, the magni-
tude ‘of ‘which" depends on the settmg of the po-
tentmmeter resistor 124 in the input circuit of
the “tubeé V9 At the saine time ‘the input pulse
after'some amplification by the tubes VI and V2
also appedrs on the grid’ of the tube V9 if it is-
desn'ed to Have’ both pulses present in the ‘out-
put cxrcult connected betwéen the terminals 161
and” l62 Both pulses are amplified ‘and clipped
at hotH endd by thie tubes V9 and-VId to produce
the output pulses 199 and’ 200 showr “in- Figo 23
prowded the echo gain control {23-is set'at’ the'
full gain® pos1t10n If-a reduced setting is ised’
the top of the echo*will not be clipped” and the
output a.rnphtude of ‘the echo may be reduced to
any des1red valiie, ‘includitig” zero.- 'The tuned
cirouit T2 i the output circuit’ of tube V6 de-
iihes” the output” pulse lerigth, that is, the’
1éngth’ of the pulse 200" in ‘Fig. 27. Thus, it will
bé” apprec1ated tha.t the c1rcu1t of this invention
proauces an” output pulse 260, which can be either
an a,pprommate ‘replica’ of ‘the’ 1nput pulse- shown_
i Fg 2A or; as shown in Fig. 2J, a shaped pulse
which issp8 eda controllable period of time away
from the 1n1t1at1ng pulse In other words, in ac=
cordatice with thls mvention the distance between
the two ‘pilses’ 199 and 200 in Fig. 27 (either or
both of which may b present in the output) can
b var1ed 4s ¢analso’ the “duration of the pulse
290 - Obviglsly; the amplitude of either or both
of th pulses can be controlled as de51red to make
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réot of the inductance of the 'meriber 45 foriding 5

part -of -this tuned -circuib:

number of turns included in this coils

44-variable; for example,

The- output pulse from the tube’ V4 (shown -in”
Fig, 2E) is applied ‘to the-input -circuit of ‘the
tube V6-in-the outbut circuit of which is the sex"
rigs<connécted tuned circuit T2+ comprising- he'
condenser 102° and ‘the inductance membeér- 104

The tube V6-conducts ‘a’ pulse of plate ‘current '

similaf to that in the tube V5. The' control grid
voltage of ‘the ‘tube V&' is showih in"Fig: 2G. As

soon ‘as’ the -plate current of the’ tube V§° starts‘
to'flow; the tube’ VT ‘condiiets and damps at once™
any’ ‘oscillgtions of the-series tuned’ circuit; when:

This inductance ‘is"
proportlonal to the square of the number-of turns"
comprising-the-coil 45 Accordingly, the' length”
of ‘the' delay:interval is a-linear function: of the :
Obviously; :
ofter ‘ways-of varying the tuning-of ‘the ciréuit
T can be'utilized such as making thé condenser’

76

at’ a “desired ‘period of time after the

transmlssmn ofg, puls‘e to* a' radio ohject locator
603;system As arivther’ examble; the circuit of’ th15_
1nvent1o "can be used n’ testmg 1adar receivers

with' reference to “thé pulse 199 by varying ‘the
tunmg ‘of the tutied circuit Ti.

Obv1oust the invention, in any one of its sev-
’ a¢ts, may be embodled in-circuit arrange-
meéfits which differ from-those described above by
‘way of example.

What is claiméd isT
1 In combmatlon,, a condenser, an inductance
3 X + terminals respectwely connected
t0°those o sazd{condenser means for applying to
sdid ‘condehser to charge it a séries of potential

85"
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9 ,
pulses of short duration compared with the na-
tural period of oscillation of the circuit comprisihg
said condenser and said inductance element, uni-
laterally conducting means in effective shunt to
said condenser so poled that said charges cannot
flow therethrough and that reverse charging of
said condenser, from energy stored in said induc-
tance element by the discharge of said condenser
therethrough, is prevented, and means for utiliz-
ing the potential set up across said inductance
element to produce a rectangular potential wave
composed of pulses of substantially equal ampli=
tude. i :
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2. In combination, a condenser, a variable in- .

ductance element having terminals respectively
connected to those of said condenser, means for
- applying to said condenser to charge it a series
of potential pulses of short duration compared
with the natural period of oscillation of the cir-
cuit comprising said condenser and said variable
inductance element, unilaterally conducting
means in effective shunt to said condenser so
poled that said charges cannot fiow therethrough
and that reverse charging of said condenser, from
energy stored in said inductance element by the
discharge of said condenser therethrough, is pre-
vented, and means for utilizing the potential set
up across said inductance element to produce a
rectangular wave the duration of each pulse of
which is equal to that of the other pulses thereof
and which is dependent upon the inductance of
said variable inductance element.

3. In combination, means for producing a rec-
tangular voltage pulse, a series-connected tuned
circuit of inductance and capacity, said circuit
having a natural period of oscillation which is
long compared with the duration of said pulse,
and means for applying said rectangular pulse to
said tuned circuit to produce a sharp pulse of
shorter duration than that of said rectangular
pulse, said sharp pulse commencing substantially
at the termination of said rectangular voltage
pulse.

4, The combination of elements as in claim 3
in which means are provided for varying the
tuning of said circuit.

5. In combination, a condenser, an inductance
element having terminals respectively connected
to those of said condenser, means for shock-excit-
ing the circuit formed by said condenser and in-
ductance element to produce an oscillation, means
for damping said oscillation as soon as it first
reverses its direction, and means for utilizing the
wave produced by said shock excitation and
damping to form a second pulse substantially
similar in shape to the pulse used to shock-excite
the circuit but delayed with respect thereto.

6. In combination, a condenser, an inductance

element having terminals respectively connected
to those of said condenser, means for shock-excit-
ing the tuned circuit formed by said condenser
and inductance element to produce an oscillation,
means for damping said oscillation as soon as it
first reverses its direction, and means for utilizing
the wave produced by said excitation and damp-
ing to form a second pulse substantially similar
in shape to the pulse used to shock-excite the
circuit but delayed with respect thereto, the
amount of the time delay being dependent upon
the constants of said tuned circuit.

7. In combination, a first tuned circuit of in-
ductance and capacity, means for shock-exciting
said eircuit, means for damping and shaping the
oscillation initiated by said shock excitation after

~a fraction of an oscillation cycle to produce a
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square-topped pulse for each shock excitation,

a second tuned circuit of inductance and capacity,
means for utilizing each pulse produced by the
shock excitation of said first tuned circuit to
shock excite the second tuned circuit, means for
damping . substantially completely oscillations
tending to be formed at the leading edge of said
square-topped pulse and for damping all of the
‘oscillations started at the trailing edge of said
square-topped pulse except for a one-half cycle
voltage pulse, and means for utilizing said last-
mentioned pulse. '

8. The.combination of elements as in claim 7
and being further characterized in that said
second tuned ‘circuit has a natural period of
oscillation which is shorter than that of said first
tuned circuit. .

9. In combination, a space.current device hav-
ing an anode, a cathode and a control element,
means for biasing said control element with re-
spect to said cathode so that said device is nor-

" mally cut off, a capacity element, an inductance
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element, means for connecting said capacity ele-
ment and said inductance element in a series
circuit including the anode-cathode path of said
space current device, unilaterally conducting
means connected across said inductance element
and being so poled- that it conducts when the
potential of the terminal of the inductance ele-
ment connected to the capacity element is lower
than the potential of the other terminal of the in-
ductance element, means for applying a substan-
tially rectangular positive pulse to the cathode-
control element circuit of said device to make
said device conducting for the duration of said
pulse, and means for utilizing the resultant single
voltage pulse appearing across said inductance
element starting substantially simultaneously
with the trailing edge of said rectangular positive
pulse. )

10. The combination of elements as in claim 9
in which said last-mentioned means includes
means for producing a square-topped voltage
pulse.

11. In combination, means for producing a first
series of pulses, and means for forming a second
series of pulses under control of the pulses in said
first series each delayed by a definite amount
from the corresponding pulse in the first series,
said last-mentioned means comprising a first
tuned circuit of inductance and capacity mem-
bers, means for shock exciting said circuit under
control of each of the pulses of said first series
to quickly charge said capacity member and
thereby set up an oscillation in said tuned circuit,
means for damping said oscillation in approxi-
mately one fourth of an oscillation eycle and
thereby forming in response to each pulse in said
first series a negative voltage pulse across said
condenser, means for clipping the lower portion
of each of said negative pulses and for inverting
the phase thereof to form a series of positive
square-topped pulses each starting substantially
with the leading edge of a pulse in said first series
and terminating after a period of time equal to
said definite amount, said period being deter-
mined by the width of said pulse in the first series
and the time constant of said tuned circuif, a
second tuned circuit comprising inductance and
capacity members, means under control of each
of said positive square-topped pulses for starting
oscillations at the time of cccurrence of the lead-
ing and trailing edges thereof, means for damp-

" ing substantially all of the oscillations at said
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leading edges and all of the oscillations at said




trailing edges except for the first positive half
cycle of each of them, and means for chppmg each
of said posmve half cycles to produce a square-
topped pulse formmg one of the pulses of i
second series. o

' 12 Means under confro} of a first short voltage
pulse for generatmg a second pulse ab the ter-
mmatmn of a desired delay penod beglnmng with
the appllcatmn of said first pulse to said means,
comprising means for ut111zmg sa1d control pulse
to produce a relatlvely long rectangular pulse and
means for utilizing the trailing edge of said long
pulse to generate a third pulse compnsmg a
tuned 01rcu1t including’ in series relatmn a’‘ca-
pamty element ‘an’ mductance element and 2
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source of d1rect potentlal sa1d c1rcu1t havmg

8 natural period which is small compared
with the duration of said long pulse, a,nd
control means for dlschargmg sa.ld condenser

20
pulse compnsmg a umlaterally conductmg dev1ce
connected across the termmals of said 1nductance

12
control means causing said condenser to charge
agam when said trailing edge of said long pulse
is apphed to said control means to set up a
¢ ,1a1 pulse across said inductance element.
: BF‘RNARD M. OLIVER.
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