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UNITED STATES PATENT OFFICE 
sELECTIVE FILTERING SYSTEM 

Emile Eabin, New York, and Donald D. Grieg, 
Forest is, N. Y., assignors to Federal Tele 
phone and Radio Corporation, Newark, N. J., 
a corporation of Delaware 

Application. May 24, 1943, Serial No. 488,182 
(C. 178-e44) 13 Claims. 

This invention relates to communication sys 
tems utilizing trains of pulses for conveyance of 
intelligence and more particularly to a selective 
filtering system for receivers intended for re 
ception of time modulated signals. 
Our present application, covers a species of our 

invention disclosed in our copending application 
entitled “Filtering system, Serial No. 488,180, 
filed May 24, 1943. As stated, in our aforesaid 
application, radio and telegraph, communication 
systems using time. modulated, pulses, for trans 
mission of intelligence may, with the presence of 
jamming pulses and/or pulses conveying other 
channels of intelligence, result. in interference at 
the receiver unless special precautions are made. 
Where pulses carrying intelligenge are trans 

mitted at a given frequency or a given time re 
lationship, interfering or pulses of other chan 
nels of communication, except, in the case of 
Superposition, can be eliminated by blocking. A 
system providing. Such blocking to eliminate un 
wanted pulses is disclosed in the copending ap 
plication of E. Labin Serial, No. 386,282, filed 
April 1, 1941, now Patent No. 2,406,019, granted 
August 20, 1946. Should the pulses, carrying the 
intelligence be transmitted at irregular timing or 
even at different repetition, rates, this frequency 
or time Selection method, of blocking is not en 
tirely Satisfactory. This is particularly so in the 
case of a large degree of time modulation and 
where, as in the case of War time communication, 
it is desirable to change the formation of the 
pulse train from time to time, in order to con 
fuse the enemy. 

It is an object of our invention, therefore, to 
provide a receiver with a pulse filtering system 
for limiting, interference which system is easy 
and simpleto operate. 
Another object of our invention is to provide 

amethod and means to eliminate those pulses differing in amplitude, width and/or slope (build 
tip and decay time) from a selected pulse shape. 
The above and other objects of the invention 

Will become more apparent upon consideration 
of the following detailed description to be read 
in connection with the accompanying drawings, 
in which: - . 

Fig. 1 is a block diagram of a radio receiver 
provided with a pulse filtering system according 
to our invention; 

Fig. 2 is a schematic wiring diagram of the 
pulse filtering system by which interference 
pulses are eliminated in the receiver; and 

Fig. 3 is a graphical illustration of the operat ing steps of the filtering system. 
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The receiver system shown in Fig. comprises 

a detection unit 4, an interference limiter or 
pulse filtering system 5 and a demodulator 6. 
The detection unit is conventional With the ex 
ception that a wider frequency pass band is pro 
Wided than normal in order to accommodate the 
pulse signals. The unit comprises the usual R. F. 
amplifier, oscillator, mixer, I. F. amplifier stages 
and diode detector. These stages operate in the 
usual manner for reception of time modulated 
pulses the same as for amplitude modulator 
signals. 

If the pulses are transmitted on wire lines, 
either as direct current pulses or as carrier fre 
quency pulses, the detection unit 4 may be omit 
ted or modified accordingly, 

In order to effectively jam a time modulation 
System, the only efficient means is to utilize pulse 
transmission. This is because the utilization of 
a continuous carrier for jamming purposes is 
overcome by time modulated systems by virtue 
of the high peak power of the time modulation 
system. A continuous carrier, in order to jam 
pulse signals must have a power at least 14 deci 
bels above the average power of the time modul 
lation transmitter, 
Assuming that a series of wanted time modul 

lation pulses and unwanted enemy jamming 
pulses, which differ from the time modulated 
pulses in several characteristics at the receiving 
location, are received by the receiver of Fig. 1. 
The jamming signals are not likely to be identical 
in shape to the time modulated pulses. The 
present invention makes use of this difference in 
pulse shape to eliminate the enemy jamming 
pulses or any other unwanted pulses. The in 
terference limiter 5 is provided with an ampli 
tude discriminator 7 to eliminate those pulses 
differing in amplitude from the wanted pulse, a 
slope discriminator 8 to eliminate or at least 
transform those pulses differing in slope (build 
up and decay time) from the wanted pulse so 
that they may be eliminated by a subsequent 
filtering operation such as performed by the 
Width. Selector 9. The width selector 9, of course, 
eliminates all pulses differing in width from the 
width of the Wanted signal pulse. These pulse 
shape discriminating and selecting stages arear 
ranged in tandem relationship. That is to say, 
the received pulses are applied to the filtering 
Stages in Succession. 
The demodulator 6 converts, the time displaced 

pulses to amplitude varying pulses by any known 
means. A Suitable demodulator unit for this pur 
pose is disclosed in the copending application of 
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D. D. Grieg Serial No. 459,959, filed September 
28, 1942, now Patent No. 2,416,306, granted Feb. 
25, 1947. The signal increments thus converted 
from time modulated pulses to amplitude modus 
lated pulses are readily applicable in the usual 
manner to an audio stage for audible reception. 
Referring to Figs. 2 and 3 of the drawings, 

curve a of Fig. 3 represents, an input wave or 
train of pulses of various shape characteristics. 
Pulse 0 is a wanted signal pulse which appears 
at a given repetition rate and is time displaced 
by intelligence being transmitted. Pulses and 
2 differ in amplitude from the pulse iO, the pulse 

being less and the pulse 2 being greater. 
These two pulses are selected of the same width 
as pulse 0 for purposes of illustrating the selec 
tive feature of the amplitude discriminator 7. 
Pulse f3 is of the same amplitude as pulse a but 
is of greater width. Pulse f4 is also of the same 
amplitude as pulse 0, but is of different shape 
in that the leading and trailing edges are sloped 
at different build-up and decay times. 
This train of pulses after having passed 

through the detection unit 4 is applied to the 
interference limiter 5. The input 5 of the am 
plitude discriminator feeds the pulses to a 
threshold clipper 6 which preferably is adjusted 
to clip the pulses at an amplitude level 7, curve 
d, Fig. 3, at an amplitude level slightly greater 
than the amplitude of the small pulse but less 
than the amplitude of pulse 0. This clipping 
operation eliminates the smaller pulses such as 
pulse and any noise fluctuation 8 that might 
be present between the successive pulses. 
The output 20 of the threshold clipper 6 is 

applied to a second threshold and amplifying 
clipper 22 which preferably is adjusted by a con 
trol resistor 2 to threshold clip the pulses at a 
level. 23. This level is greater than the ampli 
tude of pulse to but less than the amplitude of 
the larger pulse 2. The output of the clipper 
stage 22 is taken from the plate connection 24 
So that the upper portion of the pulse thus 
clipped is inverted in phase and amplified as in 
(dicated at 2a. This inverted energy 2d. is ap 

0. 

5 

20 

25 

30 

35 

40 

45 
plied to an input connection 26 of grid 3 of a 
mixer stage 30 through a movable switch con 
tact 25 and a terminal 27. 
The mixer stage 38 comprises a conventional 

double triode tube. While the plate output of 
the clipper 22 is applied to grid 3 of the mixer, 
the output energy of clipper 6 is also applied 
to the mixer through a connection 32 and switch 
34 to grid 33. The output at the anode connec 
tion 36 is illustrated by curve c. It will be ob 
served that the large pulse 2 as well as the small 
pulse f is eliminated. This elimination may re 
Suit in some Small disturbance f2b but this, as 
Will be seen hereinafter, will be eliminated by the 
Operation of a subsequent filtering stage. 
When the interfering noise or pulses are be 

low amplitude level T curve a, there is no need 
of the clipping operation of tube 22 or the mixing 
of mixer stage 30. The switch arm 25 may then 
be moved to its upper contact, opening switch 
34 and shifting the bias of tube 22 to operate 
as a normal amplifier. The opening of switch 
34 effectively by-passes the mixer stage 30. 
Curvec, however, still contains pulse 3 which 

differs in width from pulse O and pulse f4 
which differs in slope from pulse 10. It will be 
noted that the base of the pulse 4 is substantially 
the same width as pulse O. The pulse width 
selector 9 serves to eliminate pulses differing in 
width from the pulse O and also those pulses 
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having slower build-up and decay times such 
as the pulse f4. Should it be desirable, however, 
to eliminate pulse O in preference to pulse 4 
a re-shaping of pulse 4 will then be desirable, 
This re-shaping is accomplished by the gate 
function of the slope discriminator 8, the details 
and operation of which will be hereinafter de 
Scribed. For the present let it be assumed that 
the device 8 is so adjusted as to pass the pulses 
f0, 3 and f4 Substantially as shown in curve c. 
The width selector 9 is preferably of the char 

acter disclosed in our copending application 
Serial No. 487,072 filed May 15, 1943, entitled 
'Pulse Selecting and eliminating System.'" Other 
forms of Width. Selector that may be used are 
disclosed in the copending application of E. 
Labin Serial No. 467,509, filed December 1, 1942, 
now Patent No. 2,418,127, granted April 1, 1947. 
The output connection 35 of the shape dis 

criminator 8 is applied to a limit clipping tube 
42 which limits the amplitude of the pulses 0, 
f3 and f4 to substantially the same amplitude. 
This tube also operates to invert the pulses from 
positive to negative as indicated by curve d. 
This output energy of tube 42 is applied through 
a resistor R to a shock excitable L-C circuit 45. 
The condenser C is adjustable so that the circuit 
may be tuned to a frequency the period of which 
is twice or some other proper multiple of the 
duration of the wanted pulse . The coil I, of 
course, nay also be made adjustable either in 
place of the adjustment of condenser C or to 
operate in conjunction therewith. 
Connected across the tunable circuit 45 is a 

Vacuum tube 46 the cathode 47 of which is con 
nected to the input side 43 of the circuit 45 while 
the anode 48 is connected to the opposite side 44 
of the circuit. The anode connection at this side 
of the circuit is also connected through lead 49 
to a positive potential B--. A condenser 50 sep 
a rates the lead connection 49 from a ground lead 
52. The condenser 50 operates as a coupling 
condenser and the capacitance thereof does not 
affect appreciably the adjustment of the con 
denser C. 
The energy output of the anode connection 4 

of the tube 42 is also applied to a grid 54 of the 
tube 46 so as to block conduction between the 
cathode 47 and the anode 48 while pulse energy 
is applied to the circuit 45. The undulations 
occurring in the circuit 45 are taken off through 
a connection 56 for application to a threshold 
clipper and amplifier stage 60. The bias on the 
grid 6 of the clipper stage 60 is controlled by 
a distment of a resistor 62. 
The operation of the width selector portion of 

the circuit of Fig. 2 is indicated by the curves d, 
e and f. The curved represents the anode voltage 
across the resistor R. Curve e represents the 
oscillations produced at the output 56 of the cir 
cuit 45 in response to the pulse energy of curve 
d. Curve frepresents the pulse output at 64 from 
the clipper stage 60 after the undulations have 
been threshold clipped. 
When the leading edge if of the wanted pulse 

0 is applied to the circuit 45, an undulation 
72, curve e is produced. The circuit 45 will oscil 
late tending to produce in response to the edge 
a damped wave according to the undulations 2, 
3, 4, etc. When the trailing edge 75 of the 
pulse 0 is applied to the circuit 45, a further 
shock excitation occurs in the opposite direction 
producing undulations 76, 77, etc. The undula 
tions 3 and 76 are in time relation since the cir 
cuit is tuned to a period equal to twice the dura 
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tion of the pulse O and they eonbine to produce 
a maximum undulation 80. The succeeding pairs 
of undulations produced by the leading and trail 
ing edges of the pulse d tend to produce a 
damped oscillation but all oscillations beyond the 
trailing edge of the undulation 89 are damped 
out by the tube 6. The damping function of this 
tube is controlled by the potential applied a COSS 
the cathode and anode connections thereof and to 
the grid 54. The grid 54 receives a potential cor 
responding to the voltage across the resistor R. 
when the pulse is applied to the circuit A5. This 
potential being negative (curved) blocks condue 
tion in the tube so that the 'G' of the circuit 
45 will remain high and the circuit will respond 
to the leading and trailing edges of the pulse 
to initiate the oscillation. The connection of the 
cathode 47 and the anode 48 across the circuit 
45 is such that the polarity of the undulation 8 
is such that it blocks the tube against conduce 
tion. Thus, the tube regaains blocked for the 
duration of the undulation 89 and when the polar 
ity commences to change from positive to negas 
tive this change immediately produces conduction 
in the tube 46 thereby shunting the low resist 
ance of the tube across the circuit 45. This so 
lowers the 'Q' of the circuit as to absorb energy 
that would normally produce the next succeeding 
undulation thereby suppressing the further tend 
ency of the circuit to produce oscillations. This 
results in a substantially Zero output as indicated 
at 82 following the undulation B. and until the 
leading edge of the next succeeding pulse is ap 
plied to the circuit. It will be clear that this 
damping operation of the tube 45 suppresses tail 
ing OScillations for each of the pulses SO that 
they will not interfere or adversely affect the 
oscillations produced by later occurring pulses. 
The pulse 3 being wider than the pulse, the 

leading edges thereof are further apart than the 
time corresponding to one-half of, the period at 
which the circuit 45 is tuned. This results in 
the production of oscillations 83 and 84 which are 
out of step thereby producing an undulation 85 
of lower amplitude than the undulation 8, 

Pulse f4, while of the same width at the base 
as pulse fo, is of different width at the crest 
thereof. The build-up and decay slopes of the 
pulse being ess steep than the leading and trail 
ing edges and 75 of pulse do not shock 
excite the circuit 55 with as great a force. As 
shown in curve e, the leading and trailing edges 
of the pulse f4 produce oscillations 86 and 87 
which are out of step. These oscillations combine 
to produce a maximum undulation 9 which, how 
ever, is of less amplitude than the undulation 80, 
The clipping operation of tube 6 being ad 

justed as indicated by the level 92 eliminates the 
undulations 85 and 9 producing an output un 
dulation 80a which corresponds to the peak por 
tion of undulation 8. When the Indulation is 
limited as indicated by level 360, and different 
tiated, positive and negative pulses 8e and 89th 
are produced either one of which may be used 
to represent the Wainted pulse . It is this filia 
prise output that is applied to the demodulator 
stage 6 for inversion from time modulated to 
amplitude modulated Signals. 
Referring back to curves c and d and the slope 

diseriminator 3 of Fig. 2, it will now be explained 
how the circuit may be adjusted to select pulses 
shaped like pulse 4 and to eliminate other pulse 
shapes. The gate function of the slope diserini 
inator 8 is performed by a diode-double-limiter 
tube 0) of the character disclosed in our c0 
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6 
pending applieation entitled “Indicating and 
calibrating means' Serial No. 437,530, filed April 
3, 1942. The tetbe it is provided with a potent 
tionetter E02 by which a bias of desirable posi 
tive or negative magnitude, as the case may be, 
can be applied to the anode 3. A second po 
tentionetter O supplies adjustably controlled 
negative bias to the cathodes 5. A load re 
sistor 06 is connected between the aisode aid 
ground. In operation, the anode 3 is biased 
with respect to the cathodes 95 and ground So 
as to permit the space discharge path between 
these elements to conduct for only a portion of 
the voltage swing of the applied pulse. This 
results in a clipping operation at a level such as 
142, -eturve e, whereby the clipped potential of the 
input pulse appears across the biasing resistOf 
07, associated with the potentiometer 84. The 

cathodes 105, however, are normally biased nega 
tively so that there is a normal conductive path 
provided between the electrodes 95 and the 
anode 08. It follows that the pulse appearing 
across the resistor 87 will be conducted through 
the discharge path, that is, from the cathodes 
105 to the anode 168, as long as the magnitude 
of this voltage is less than the anode potential 
This produces a second limiting level above 
the limiting level 2 produced by the first con 
ductive path. 

It will be clear from the foregoing destription 
that the double limiting operation of the tube 00 
provides a gate the levels of which are adjustable 
throughout the height of the pulses. By varying 
the amount of the negative bias applied to the 
cathodes 105, the spread of the gate may be ad 
justably selected. If it is desired to change the 
effective position of the gate, adjustment of the 
potentiometer 102 will serve this purpose without 
changing the spread of the gate. 
Should it be desirable to select pulse 4 and 

eliminate pulses 0 and 3, a slice of each pulse 
may be obtained at a height on the pulse 4 
where its width is different from the pulse 0. 
When these sliced portions of the pulses are an 
plified in tube 42, the pulses 0 and 3 will be 
substantially as shown in curve d but pulse 
will now assume the shape indicated by the leads 
ing and trailing edges 5 and 6. When this 
pulse shape is applied to the circuit 45, the lead 
ing and trailing edges 5, 6 will, when the 
circuit 45 is tuned to the period which is an even 
multiple of the timing between the edges f5 and 

6, produce a maximum undulation f2). The 
pulse 0, however, now being wider than the 
period between the edges 5 and 6 of pulse 
4 will produce oscillations 2 and 22 which 
are out of step thereby resulting in an undulation 
23 which is of less amplitude than the undula 
tion f20. Likewise, the wider pulse 3 will pro 
duce an undulation 26 which is of even Smaller 
amplitude. By properly clipping at a level 39, 
the undulation f2O is selected as indicated at 
20a (curvei), and the undulations 23 and 28 
are eliminated. The pulse 2a may be re-shaped 
similarly as indicated in curve g for the "pulse 
8. m . . . . . 
From the foregoing description, it will be clear. 

that the receiving system of Fig. 1 by means of 
the filtering stages of the interference limiter, 5. 
will eliminate for most practical purposes jam 
ming and other interfering signals or pulses that 
may be received. While pulses of a shape identi 
cal to the wanted pulses and of identical ampli 
tudes cannot be eliminated by this system, the 
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probability of identical amplitudes is very small, 
and furthermore it will be understood that the 
pulse shape used for conveying messages may be 
varied from time to time so that the enemy will 
be unable to effectively jam the system. 

It will also be recognized that the filtering Sys 
tem of our invention may be used in conjunction 
with multi-channel telegraphy as well as in a 
radio receiver. w 
While we have shown and described the prin 

ciples of our invention in connection with Spe 
cific apparatus, we recognize that Warious changes 
and modifications 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 method of selectively filtering a train of 

pulses to eliminate those pulses differing in an 
pitude and width characteristics from a given 
pulse shape, comprising threshold clipping the 
puses at an amplitude greater than the smaller 
amplitude pulses but less than the amplitude of 
said given pulse shape, thereby eliminating. Said 
smaller pulses, threshold clipping and inverting 
in phase at least a part of that portion of those 
pulses extending above the amplitude of Said 
given pulse shape, mixing the inverted pulse en 
ergy with the pulse energy obtained by the first 
mentioned clipping operation, whereby those 
pulses of amplitude greater than said given pulse 
shape are eliminated, shock. exciting a resonant 
circuit by means of the leading and trailing edges 
of the remaining pulses, the Oscillations initiated 
by the edges of each pulse combining to form an 
undulation following the trailing edge of the 
pulse, damping out the oscillations normally fol 
lowing said undulation so that Oscillations pro 
duced by one pulse will not affect the oscilla 
tions produced by the next pulse, tuning the reso 
nant circuit to a period equal to a given multiple 
of the width of the given pulse shape so that the 
oscillations set up by the edges of the pulses of 
Width corresponding to the width of said given 
pulse shape provide undulations of maximum am 
plitude and the oscillations produced by the edges 
of pulses of greater and lesser width form un 
dulations of amplitude less than said maximum 
undulation, and threshold clipping the undula 
tions to eliminate those corresponding to those 
greater and lesser width pulses. 

2. A method of selectively filtering a train of 
pulses to eliminate those pulses differing in width 
and slope characteristics from a given pulse shape 
comprising gate clipping to obtain a slice of each 
pulse at a level where the given pulse shape dif 
fers in width from the widths of the other pulses, 
shock exciting a resonant circuit with the pulse 
slices, the oscillations initiated by the edges of 
each pulse slice combining to forman undulationi 
following the trailing edge of the pulse slice, 
damping out the oscillations normally following 
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sponding to those greater and 
slices. . . - 

3. A System for selectively filtering a train of 
pulses to eliminate those pulses differing in alm 
plitude and width characteristics from a given 
pulse shape, comprising a first means to thresh 
old clip the pulses at an amplitude greater than 
the Smaller amplitude pulses but less than the 
amplitude of said given pulse shape, a second 
means to thereshold clip and invert in phase 
at least a part of that portion of those pulses 
extending above the amplitude of said given pulse 
shape, a mixer, means to supply the output of 
said first and Second clipping means to Said mixer 
so that the inverted pulse energy substantially 
eliminates the larger pulses, a pulse width dis 
criminator, and means to apply the output of 
said mixer to said width discriminator thereby 
eliminating those pulses differing in width from 
Said given pulse shape. 

4. The system defined in claim 3 wherein the 
width discriminator comprises a shock-excitable 
resonant circuit responsive to the leading and 
trailing edges of the pulses to establish oscilla 
tions, means to damp out the oscillations normally 
following the first undulation formed by the com 
bined oscillations, tuning the resonant circuit to 
a period equal to an even multiple of the width of 
the given pulse shape so that the oscillations set 
up by the edges of the pulses of width correspond 
ing to the width of said given pulse shape provide 
undulations of maximum amplitude and the os 
Cillations produced by the edges of pulses of 
greater and lesser width form undulations of am 
plitude less than Said maximum undulation, and 
means to threshold clip the undulations to elimi 
nate those corresponding to the greater and lesser 
Width pulses. 

5. The system defined in claim 3 wherein the 
means for conducting the pulses from the mixer 

lesser width pulse 

to the width discriminator comprises a gate clip 
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Said undulation so that oscillations produced by 
one pulse will not affect the oscillations produced 
by the next pulse slice, tuning the resonant cir 
cuit to a period equal to a given multiple of the 
width of the slice taken from the pulses of said 
given pulse shape so that the oscillations set up 
by the edges of pulse slices of greater and lesser 
imum amplitude and the oscillations produced 
by the edegs of pulse slices of greater and lesser 
width form undulations of amplitude less than 
said maximum undulation, and threshold clip 
ging the undulations to eliminate those corre 5. 

ping device, means to control the breadth of the 
gate, and means to control the level at which the 
gate clipping Operation is performed on the pulses 
Whereby Said given pulse shape may have given 
slope characteristics and the pulses differing 
therefrom are eliminated. . . . 

6. A System for selectively filtering a train of 
pulses to eliminate those pulses differing from 
One or more of the given amplitude, given slope 
and given width characteristics of a given pulse 
shape, comprising filter means to pass energy 
of those pulses having said given amplitude chair 
acteristic, filter means to pass energy of those 
pulses having said given slope characteristic and 
to translate them into pulses of said given width, 
filter means to pass energy of those pulses hav 
ing Said given width characteristic, and means 
to correlate the operations of the several filter 
means to produce final output pulses having a 
timing according to those pulses of said train 
having said given shape characteristics, said 
means for correlating the operations of the sev 
eral filter means including means for connecting 
said filter means in tandem relation whereby the 
width filter means operates on the pulse energy 
output of the other filter means. 

7. A System for selectively filtering a train o 
pulses to eliminate those pulses differing from one 
Or more of the given amplitude, given slope and 
given width characteristics of a given pulse 
shape, comprising first filter means to pass energy 
of those pulses having said given amplitude char 
acteristic and to translate the slope characteristic 
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into a width characteristic, and second filter 
means including a resonant circuit connected to 
the output of said first filter means to pass pulse 
energy of those pulses passed by said first filter 
means having said given width characteristic. 

8. A System for selectively filtering a train of 
pulses of substantially the same base Width to 
eliminate those pulses differing in slopes of the 
edges thereof from the slopes of the edges of a 
given pulse shape, comprising means for clipping 
the train of pulses between two selected clipping 
levels relative to the base of the pulses to obtain 
a slice of each pulse, the pulses differing in slope 
from said given pulse shape producing pulse slices 
differing in width from the width of the pulse 
slices obtained from pulses of said given shape, 
a pulse width discriminator, and means to apply 
the pulse slices from said clipping means thereby 
eliminating those pulse slices differing in width 
from the pulse slices clipped from the pulses of 
said given pulse shape. 

9. A method of selectively filtering a train of 
pulses to eliminate those pulses differing from 
One or more of the given amplitude, given slope 
and given width characteristics of a given pulse 
shape, comprising subjecting energy of the train 
of pulses to a first filtering operation to pass en 
ergy of those pulses having said given amplitude 
characteristic, subjecting the pulse energy output 
of Said first filtering operation to a second filter 
ing Operation to pass pulse energy between two 
Selected clipping levels to obtain pulses of dura 
tion different from said given width character 
istic for those pulses varying in width and slope 
from Said given shape, and subjecting the pulse 
energy output of said second filtering operation 
to a third filtering operation to pass energy of 
those pulses having said given width charac 
teristic. 

10. A method of selectively filtering a train of 
pulses of Substantially the same base Width to 
eliminate those pulses differing in the slopes of 
the edges thereof from the slopes of a given pulse 
shape, comprising: gate clipping at a given level 
above the base of the pulses to obtain a slice of 
each pulse, the pulses differing in slope from said 
given pulse slopes producing pulse slices differ 
ing in width from the widths of the pulse slices 
obtained from pulses of said given shape, and 
Subjecting the pulse slices to a filtering operation 
to eliminate those pulse slices differing in width 
from the pu'se slices clipped from pulses of said 
given pulse shape. 

11. A method of selectively filtering a train of 
pulses to eliminate those pulses differing in one 
or more of the following characteristics; ampli 
tude, slope and Width characteristics from a given 
pulse shape comprising: threshold clipping the 
pulses at an amplitude greater than the Smaller 
amplitude pulses but less than the amplitude of 
said given pulse shape, thereby eliminating said 
Smaller pulses, threshold clipping and inverting 
in phase at least a part of that portion of those 
pulses extending above the amplitude of said 
given pulse shape, mixing the inverted pulse en 
ergy with the pulse energy obtained by the first 
mentioned clipping Operation, Whereby those 
pulses of amplitude greater than said given pulse 
shape are eliminated; then eliminating pulses 
having different slopes than that of said given 
pulse including gate clipping to obtain a slice of 
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10 
each of the remaining pulses at a given level with 
respect to the bases of the pulses, the pulses dif 
fering in slope from said given pulse slopes pro 
ducing pulse slices differing in Width; and there 
after filtering the pulse slices to eliminate those 
pulse slices differing in width from the pulse slices 
taken from pulses of said given pulse shape. 

12. A System for selectively filtering an Orig 
inal train of differently shaped pulses to produce 
a new train of desired pulses corresponding to a 
given shape comprising: means to eliminate those 
pulses of undesired amplitude, means to eliminate 
those pulses of undesired slope by changing their 
base Width from that base width of the desired 
pulses, neans coupled to the output of the last 
named means to eliminate those pulses of unde 
sired width, and means to correlate the results 
from the above-mentioned means to produce said 
new train of desired pulses. 

13. A method of selectively filtering a train of 
pulses to eliminate those pulses differing from one 
or more of the given amplitude, given slope and 
given Width characteristics of a given pulse shape, 
comprising: Subjecting energy of the train of 
pulses to a first filtering Operation to paSS energy 
of those pulses having said given amplitude char 
acteristic, Subjecting the pulse energy output of 
Said first filtering operation to a second filtering 
operation including a clipping Operation to pro 
duce pulse energy between two selected clipping 
levels to obtain pulses of different duration for 
those pulses varying in Width and slope from Said 
given shape, subjecting the pulse energy output 
of said second filtering operation to a third fil 
tering operation to pass energy of those pulses 
having said given width characteristic, said third 
filtering operation including shock exciting a res 
onant circuit by means of the leading and trail 
ing edges of the pulses from Said Second filter 
ing operation, the oscillations initiated by the 
edges of each pulse combining to form an undu 
lation following the trailing edge of the pulse, 
damping out the oscillations normally following 
said undulation so that oscillations produced by 
One pulse will not affect the OScillations produced 
by the next pulse, tuning the resonant circuit to 
a period equal to a given multiple of the Width 
of the given pulse shape so that the OScillations 
set up by the edges of the pulses of Width corre 
sponding to the width of said given pulse shape 
provide undulations of maximum amp...itude, and 
the oscillations produced by the edges of pulses 
of greater and lesser width form undulations of 
amplitude less than said maximum undulation, 
and threshold clipping the undulations to elimi 
nate those corresponding to those greater and 
lesser width pulses. 
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