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1

This invention relates:to-radio impulse systems
and more particularly:te a system-for discriminat-
ing between pulses-of:different widths.

In-the copending application. of Emile Lakin,
Serial No.. 467,509, filed December 1, 1942 since is~
sued-as Patent #2;418,127; methods.and-means.are
disclosed: for- selectively. filtering a wave modu-
lated- with- pulses, differing. ine width-so-as to- ob-
tain: from the pulse modulated wave pulses-ef a
given--width to-the-exelusion. ef pulses: of greater
amd lesser duration than: s wanted.pulse.

Tt.is-an-ebject-of thisrinvention. to provide an
additional- method. and -means for accomplishing
the same result.

Angcther- objeet of our invention is.to provide
a pulse selecting: or-eliminating system- which. re~
quires. only: a- few- parts, is light-in weight. and
takes-upa.minimum of.space.

In-acecordance with: our-invention.there is pro-
vided-means- to-first limit clip-a-pulse-modulated
wave to-a.given amplibtude. The wave is then.ap-
plied. to-a damped. controlled.L.~C. circuit -simi~
lar-to-that covered-in.our copending application;
entitled “Pulse: width- measuring system,” Serial
No. 480,624, filed- March. 26,. 1943, since issued.as
Patent. #2,411,547.. "The. L.-C. circuit is. tined
preferably to a-period.of oscillation equal to.twice
the widthr of the wanted-pulse.. The wave, after
the clipping operation,; is- applied to. the tuned
L:.~C. circuit. fo-produce. therein.a damped. wave
of oscillations for each-pulse.. The first undula-
tion - of the damped wave following. the, trailing
edge of the. pulse initiating.the oscillation. has.an
amplitude which:for:the wanted pulse .is.larger
than. the:corresponding, undulations produced in
response.to.-pulses. of greater and. lesser-duration.
This - fellows- from. the fact that the pulses. of
larger-and-smaller duration:are.out of.step with
the tuned frequency-of the.circuit.

To supbress those undulations which normally
follow the representative undulation, we have dis~
posed. acress the funed. cireuit a.-vacuum. tube
which. when made. conductive -provides a, low re-
sistance shunt. adapted.to.damp out any oscilla-
tions. eccurring. in the circuit. The. grid. of. the
tube.is arranged to receive .a negative voltage. for
the, duration of. each. pulse. and-the ancde and
cathode. of the: tube are.so. connected. acress. the
circuit. that . when the .polarity. of the oscillating
current is:in one direction. it. blocks. conduction by
the-tube.and when in the opposite diréction it un-
blocks the: tube. By this arrangement the. tube
operates to.suppress.oscillations by becoming con-
ductive. when. the. voltage acress. the circuit. has
the right polarity and when the voltage of the ap-
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2
plied. pulse becomes. zero.. The system. according
to our invention will therefore produce a-repre-
sentative undulation. following: the. trailing. edge
of each. pulse and thereafter suppress all further
oscillations until the: next. suceeeding- pulse of
the wave is.applied to-the circuit.

Trom.the foregoing it will be.clear that.a rep~
resentative pulse.or undulation. is-produced corre-
sponding to the relation of -each: of the pulses-of
the-input wave tc the tuned frequency.. By brop-
erly: tuning the -shock-excitable eireuit to a- fre-
quency, the-wavelength or period of which is twice
the duration-of the-wanted pulse; the:undulation
corresponding to the wanted pulse will- be the
maximum-undulation obtained. Theundulaticns
corresponding to the pulses of greater-and lesser
widths will- be less: than: the undulation corre=-
spohding- to the wanted pulse. By threshold clip-
ping the undulations at-a-proper level; the maxi~
mum undulations:which correspond to the wanted
pulses can be  isolated thiereby eliminating the
undulations corresponding to the pulses of greater
and lesser-duration.

For a further: understanding of the inverntion,
reference may be haditothe following detailed:de-~
seription’ to be read: in connection: with the ac-
companying:drawings; in'which:

‘Fig. 1isd schematic wiring diagram of the pulse
eliminating system according to our invention;
and’

Fig. 2 is a graphma;l 111ustra.t10n of’ the steps
carrled out by the system: for’ pulses of different
widths.

Referrmg to’ the drawing, a pulse modulated
wave such as- represented by curve a of Fig. 2 is
applied to the grid input connection 18- ‘of a known
limit’ cl1pp1ng tube 12 shown in Fig. 1. This limit
chppmo operation limits the pulses to substan-
tially the same amplitude as'indicated by, the ¢lip-
ping level 6, This is necessary in cases where
other shaped pulses are imposed on the same car-
rier frequency for jamming purposes or for other
channe]s of commumcatlon Thus;, the anode
output’ of the tube §2 will paSS pulse energy of
constant amplitade.

The input wave @ is shown modulated’ for pur-
poses’ of illustration with a 'wanted pulse 20 of &
given width and three unwanted piilses. 21, 22 and
23. The widths of the pulses 21 and 22°are re-
spectwely smaller and larger than the width of
the wanted.pulse 28, The third pulse 23 is in-
cluded. to give an example of a pulse having =z
width equal to an odd multiple of the width of
the wanted pulse.. According to our invention
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the pulses 21, 22 and 23 may all be eliminated
thereby isolating the wanted pulses 20.

The output pulse energy from the tube 12 is
applied through a resistor R to a shock-excitable
I.-C. circuit 25. The condenser C of the circuit
is preferably adjustable so that the circuit may be
tuned to a wavelength the period of which is
twice the duration of the wanted pulse. It will
be understcod, of course, that the inductance coil
L may also be made adjustable either in place of
an adjustment for the condenser C or together
with an adjustable condenser, whichever may be
desired.

Connected across the tunable circuit 29 is a
vacuum tube 30 the cathode 31 of which is con-
nected to the input side 26 of the circuit 25 while
the anode 32 is connected to the opposite side 27
of the circuit. The side 27 is also connected to
@ gource of potential B+ to provide a suitable
positive bias for the anode connection 4.

The energy output of the anode connection {4
is applied to a grid 34 of the fube 30 so as to
block the conduction between the cathode 31 and
the anode 82 while pulse energy is applied to
the circuit 25. The undulations output of the cir-
cuit 25 are taken off through a connection 36 for
application to a known threshold clipping ampli-
fier stage 49. The blas on the grid 43 is con-
trolled by adjustment of resistor 44,

The operation of the system of Fig, 1 will be
better understood by reference to Fig. 2 in which
all the curves are applied to the same time base.
Curve a as hereinbefore stated represents the
pulse input energy on the grid connection 10 of
the limit tube 12, While I have included the lim-
iting action of tube 12 for limiting the amplitude
of the pulses, it will be understood that the limit-
ing feature may be dispensed with where the
input pulses are of substantially the same ampli-
tude and only differ in width characteristics, or
where the limiting action takes place in a pre-
vious stage.

Curve b represents the anode voltage across
the resistor R. Curve c represents the oscilla-
tions produced at the-output 36 of the circuit 25
in response to the pulse energy of curve b. Curve
d represents the pulse output at &1 after the un-
dulations have been threshold clipped by the
tube 49, : :

‘When the leading edge 51 of the wanted pulse
-20 is applied to the circuit 25, an undulation 52,
-curve ¢, is rroduced. The circuit 25 will oscillate
tending to produce in response to the edge 51 a

damped wave according to undulations 52, 53, 54,
etc. When the trailing edge 55 of the pulse 28
is applied to the circuit 25, a further shock exci-
tation occurs in the opposite direction producing
undulations §6, 57, etc. The undulations 53 and
58 are in timed relation since the circuit is tuned
to a period equal to twice the duration of the
pulse 28 and they combine to produce a maximum
undulation §9. The succeeding pairs of undula-
tions produced by the leading and trailing edges
of the pulse 20 will produce the damped oscilla-
tions indicated by the broken line 58. 'This
damped wave, should it be present when the next
succeeding pulse 2{ is applied to the circuit 25,
will add algebraically to the oscillations produced
by the pulse 2{ thus interfering with the width
measuring properties of the circuit. The damp-
ing tube 30, as will be further described herein-
after; eliminates the trailing oscillations 58, and
all other trailing oscillations produced by the
successive pulses.” . .

" The leading and trailing edges of the pulses 21,
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22 and 23 in turn shock excite the circuit 25
initiating successive damped waves producing for
each pulse a corresponding undulation 61, 62 and
63. ‘These undulations 61,62 and 63 are, of course,
representative undulations produced in response
to these pulses for the one tuned frequency of
the circuit 25. The oscillations 64 and 65 pro-
duced by the edges of pulse 21 have a period cor-
responding to the period at which the circuit 25
is tuned, but since the leading and trailing edges
of the pulse 21 are closer together than one half
of the period, the resulting oscillations produced
thereby are out of step. The resulting undula-
tion €, therefore, is of less amplitude than the
undulation 68 produced by the pulse 29.

The same follows for those pulses of greater
duration than the wanted pulse 26. The leading
and trailing edges of the pulse 22 being further
apart than the distance corresponding to a half
wavelength at which the ecircuit 25 is tuned, pro-
duce oscillations 66 and 67 which are out of step
thereby producing an undulation €2 of lesser
amplitude than the undulation 69.

For pulses such as pulse 23 which is in the order
of an odd multiple of the duration of the wanted
pulse 20, the leading edge T{ initiates the oscilla-
tion 72 which in this case passes through three
undulations before the trailing edge 13 is applied
to the circuit. While the undulations 74 pro-
duced by the trailing edge 73 are of an amplitude
similar to the amplitude of the undulation §8,
the corresponding undulation 75 of the oscilla-
tions produced by leading edge 11 is now consid-
erably less due to the natural damping of the
tuned circuit so that the resulting undulation
produced by the sum of the undulations T4 and
75 is less in amplitude than the undulation 60.
It follows therefore that while the leading and
trailing edges of a pulse which is an odd multiple
of the wanted pulse are in timed relation, the
damping effect of the oscillation produced by the
leading edge is such that the sum of the com-
bined undulations results in an undulation of less
amplitude than the undulation 60.

With the tube 30 in the circuif, the undulations
following the first undulation after the trailing
edge of each pulse are suppressed by the damping
function of the tube. The grid 34 of the tube is
applied with a potential corresponding to the
voltage across the resistor R when a pulse such
as pulse 20 is applied to the circuit. This poten-
tial being negative (curve b) blocks conduction
in the tube 30 so that the “Q” of the circuit 25
will remain high and the circuit will respond to
the leading edge of the pulse. to initiate the oscil-
lation. The connection of the cathode 31 and
the anode 32 of the tube 30 across the circuit 25
is such that the polarity of the undulation 69
directly following the trailing edge of pulse 29 is
such that the tube is again blocked against con-
duction. Thus, the tube remains blocked for the
duration of the undulations 60, €I, 62 and E€3.
When the energy of oscillation changes in polarity
from positive to negative, the change immediately
produced conduction in the tube 38 thereby
shunting the low resistance of the tube across
the circuit 25. This shunting operation so lowers
the “Q” of the circuit as to absorb the energy that
would normally produce the next succeeding un-
dulation, thereby suppressing the further tend-
ency of the circuit to produce oscillations. This
shunting action results in a substantially zero
output 59 (curve c¢) following the undulation 69
until the Ieading edge of the next succeeding pulse
21 is applied to the circuit., This damping opera~-
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tion of the tube 33 suppresses the unwanted- oscil-
- lations produced by the pulses: so- that: they will
not interfere or adversely affect the:oseillations
produced by later occurring pulses;

The clipping operation of the tube 48 which
may be adiusted to-clip the-output-at a level 80
thereby eliminating the undulations 64, 62 and
83 resulting in~a final output of undulation pulses
68a: corresponding to -the-wanted pulses: 20, The
interfering. or unwanted pulses: are -effectively
eliminated. The output pulses: €8¢ may; of
course, be amplified-and sharpened: or-otherwise
treated as may be desired depending on' the use
intended for:the pulse energy thus obtained:

‘While we -have shown' arid:described: the- prin«
ciples of our invention in conriection with & spe-
cific embodiment, we reecogrize  that: vdrious
changes and medifications may be made therein
without- departing from:the invention.. It is.our
aim, therefore, to cover in the-appended: claims
all such changes and modifications as fall within
the scope of the invention.

We claim:

1. A system. for selecting.from.a. pulse wave a
pulse of a given duration to the exclusion of
pulses of greater and lesser duration-comprising
a rescnant circuit, means to apply said. wave for
shock excitation of said eircuit by the leading and
trailing edges of pulses thereof, control means
to maintain the circuit i oseillatory condition.
for the duration. of each pulse.so: that the oscil-
lations. initiated. by the edges ofieach pulse:com-
bine to form. an undulation following the trailing
edge of the pulse, means to damp.out the oseilla-
tions so. that. oscillations. produced by one pulse
will not affect. the. oscillations-produced. by the
next pulse comprising means adapted to form a
Jow resistance shunt connection across the tuned
circuit and control means responsive to the pulse
of said wave to block said shunt connection for
the duration of each pulse, said circuit being
tuned to a period equal to twice the duration of
said wanted pulse so that the oscillation set up by
the edges of the wanted pulses are timed one half
pericd apart to provide an undulation of maxi-
mum amplitude and the undulations produced by
the edges of pulses of greater or lesser duration
are timed greater and lesser apart than half a
period to form undulations of amplitude less than
said maximum undulation, and means for
threshold clipping said undulations to obtain a
pulse output corresponding to the pulses of said
given duration.

2. A system for selecting from a pulse wave a
pulse of a given duration to the exclusion of
pulses of greater and lesser duration comprising
a rescnant circuit, means to apply said wave for
shock excitation of said circuit by the leading
and trailing edges of pulses thereof, control
means to maintain the circuit in oscillatory con-
dition for the duration of each pulse so that the
oscillations initiated by the edges of each pulse
combine to form an undulation following the
trailing edge of the pulse, means to damp out the
oscillations so that oscillations produced by one
pulse will not affect the oscillations produced by
the next pulse comprising means adapted to form
a low resistance shunt connection across the
tuned circuit and means responsive to the pulses
of said wave to block the shunt connection for
the duration of each pulse plus the duration of
the undulaticn following the trailing edge of the
pulse, said circuit being tuned to a period egqual
to twice the duration of said wanted pulse so that
the oscillations set up by the edges of the wanted
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pulse are timed one-half period apart.to provide -
an undulation' of: maximum- amplitude  and- the
undulations: prodticed- by the edges of pulSes of
greater or:lesser durdtion are timed greater and
lesser apart than: half :a peridd to-formr undula-
tionis: of amplifude -less' than said: maximum un-
dulation: and: means for: threshold clipping said
undulations to obbain: a: pulse output correspond-
ing to the pulses:of sagid: given duration.

3. A: system: for. selecting from a pulse wave &
pulse: of. a given duration to the exclusion of
pulses. of greater and lesser duration comprising
8- resonant -circuit, means to apply said wave for
shoek: excitation of said circuit by the leading
and: trailing edges of pulses thereof, control
means to maintain: the circuit in oscillatory con-
dition for the duration of: each pulse so that the
oscillations: initiated by the edges of each pulse
combine: to: form an: undulation following the
trailing edge of the pulse, means to damp out
the' oseillations comprising a vacuum tube con-
nected aeross the tuned circuit-and control means
to-bias the tube to cut off for the duration of
the -pulse, the polarity of the circuit connections
across the tube being such during the formation
of sdid undulation as-to maintain the tube gt cut
off for: the duration of said undulation and the
ehange in- pelarity of the oscillating energy: at
the end of said unduylation operating to produce
a state of comduction in said tube thereby damp-
ing out the oscillation in-said circuit so that oscil-
Jations produced by one pulse will niot affect the
oscillations prodiiced by the next pulse, said cir-
cuit”. being -tuned to a period equal to twice the
duration of sald’wanted pulse so that the oscilla-
tions set up by the edges of the wanted pulses
are timed one half period apart to provide an
undulation of maximum amplitude and the un-
dulations produced by the edges of pulses of
greater or lesser durstion, are timed greater and
lesser apart than half a period to form undula-
tions of amplitude less than sald maximum un-
dulation and means for threshold clipping said
undulations to obtain a pulse output correspond-
ing to the pulses of said given duration.

4. A system for selecting from a pulse modu-
lated wave those pulses of a given duration to the
exclusion of pulses of greater and lesser duration,
comprising a shock excitable circuit, means to
apply the wave to the eircuit to produce oscilla-
tions therein in response to the leading and trail-
ing edges of the pulses, the oscillations initiated
by the edges of a pulse combining normally to
form undulations following the trailing edge of
each pulise, means to tune said circuit to a wave-
length the period of which is twice the duration
of said wanted pulse so that the undulations pro-
duced by the wanted pulse are of greater ampli-
tude than the corresponding undulations of the
pulses of greater and lesser duration, a vacuum
tube having anode, cathode and grid electrodes,
means connecting the anode and cathode elec-
trodes across said circuit, means to apply each
pulse to said grid electrode to block sald tube for
the duration of said pulse, and the anode and
cathode connections being arranged to produce a
blocking potential for the tube for the duration
of the first undulation following the trailing edge
of each pulse, the change in polarity of the oscil-
lating energy at the end of said first undulation
operating to unblock said tube for damping of
further oscillations so that the oscillations of one
pulse will not affect oscillations produced by the
next succeeding pulse, and means to threshold
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clip the undulations to obtain a pulse output cor-
responding to the pulses of said given width,

5, The system defined in claim 4, in combina-
tion with an input limiting tube to limit the pulses
of the wave to a given amplitude before applica~
tion of the pulses to the shock excitable circuit.

6. A system for distinguishing by greater am-
plitude a wanted pulse of a given duration from
pulses of greater duration but of substantially the
same amplitude, comprising & resonant circuit,
means to apply the pulses for shock excitation of
said circuit by the leading and trailing edges of
the pulses, control means to maintain the circuit
in oscillatory condition for the duration of each
pulse so that the oscillations initiated by the edges
of each pulse combine to form an undulation fol-
lowing the trailing edge of the pulse, means to
damp out the oscillations normally following said
undulation, means to render the means for damp-
ing out oscillations inoperative for the duration
of each applied pulse, said circuit being tuned to a
wavelength the period of which is twice the dura-
tion of said wanted pulse so that the oscillations
set up by the edges of the wanted pulse are timed
one half wavelength apart to provide an undula-
tion of maximum amplitude and the oscillations
produced by the edges of pulses of greater dura-
tion are timed greater distances apart than said
one half wavelength to form undulations of am-
plitude less than said maximum undulation, and
means for threshold clipping the peak portions of
the maximum undulations.

7. The system defined in claim 6, wherein the
means to damp out the oscillations comprises
means adapted to form a low resistance shunt
conhection across the tuned circuit and the con-

8
trol means includes means responsive to the pulses
to block said shunt connection for the duration
of each pulse.
8. The system defined in claim 6, wherein the
means to damp out the oscillations comprises a
vacuum tube connected across the tuned circuit,

- and the control means includes means to bias the

10

tube to cut-off for the duration of the pulse, the
polarity of the circuit connections across the tube
being such during the formation of said undula-
tion as to maintain the tube at cut-off for the
duration of said undulation, and the change in po-

- larity of the oscillating energy at the end of said
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undulation operating to produce a state of con-
duction in said tube thereby damping out the os-
cillations in said eircuit.

9. The system defined in claim 6, in combina-
tion with an input limiting tube to limit the pulses
to a given amplitude before application of the
pulses to the resonant circuit.
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