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UNITED STATES PATENT OFFICE 
2,434,920 

PULSE GENERATOR, SYSTEM 

Donald D. Grieg, Forest Hills, N. Y., assignor to 
Federal Telephone and Radio Corporation, 
New York, N.Y., a corporation of Delaware 

Application November 23, 1943, Serial No. 511406 
(C. 250-2) 15 Claims. 

1. 
This invention relates to Wave and pulse gen 

erating systems particularly useful in radio and 
other electrical circuits. 

It is one of the objects of my invention to pro 
vide a system for producing, from any given pulse 
shape, a wave of substantially a given amplitude 
characteristic for any desired frequency within 
a given wide band of frequencies and/or a pulse 
of any desired width within Wide limits. 

It is another object of my invention to provide 
a system for producing, from energy of a periodic 
wave or a train of recurring pulses, damped Waves 
of substantially a given amplitude characteristic 
for any desired frequency within a given Wide 
band of frequencies and in which the frequency 
selected is independent of the frequency of the 
input wave, the input pulse width or the input 
pulse repetition rate; or for producing from any 
such input energy a train of pulses having any 
desired pulse width within given limits. 
A further object of my invention is to provide 

a system for producing, from a pulse substantially 
rectangular in shape, an "edger pulse' in which 
one edge (either the leading or trailing edge) is 
substantially vertical and the other is curved 
gradually in its build-up or decay as the case 
may be. 
One of the important features of my invention 

comprises the generation of the "edger pulse' 
Which, according to my definition, is a pulse form 
having one edge, either leading or trailing, which 
is substantially vertical while the other opposite 
edge is curved gradually, preferably in an expo 
nential manner, in its build-up or decay. This 
edger pulse may be generated according to my 
invention from a pulse or undulation of any shape 
or Width. 
The edger pulse is particularly useful to shock 

eXcite a resonant circuit in conjunction with a 
damper means for producing damped Waves of 
Substantially a given amplitude characteristic for 
any desired frequency within a given wide band 
of frequencies or for producing pulses of any 
desired Width. Within wide limits, the selection of 
frequency or pulse width being accomplished by 
merely controlling the tuning of the resonant cir 
cuit. The frequency of the Wave produced is inde 
pendent of the frequency or pulse repetition rate 
of the input energy and most important is also 
independent of the pulse width of the undulations 
or pulse shapes of the original input energy. 
Further, the widths of the pulse output of the 
System are independent of the widths of the input 
undulations or pulses. 
The above and other objects and features of 
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the invention will become more clear upon con 
sideration of the following detailed description 
to be read in connection with the accompanying 
drawings, in which: 

Fig. 1 is a block diagram of a high 'Q' LC cir 
cuit and FigS. 2, 3, 4 and 5 are graphical illus 
trations, the five figures being useful for explain 
ing the theory of the edger pulse and its utility 
in the generation of waves and pulses according 
to the principles of my invention; 

Fig. 6 is a block diagram of a system for pro 
ducing damped Waves and pulses; 

Fig. 7 is a schematic wiring diagram of part 
of the system of Fig. 6; 

Fig. 8 is a schematic wiring diagram of a modi 
fied form of edger pulse generator; and - 

Fig. 9 is a graphical illustration of input and 
Output pulse shapes for one operation of the gen 
erator shown in Fig. 8. 

Before describing the system in which I employ 
the edger pulse for producing waves and pulses 
of Selectable frequency and width respectively, 
it is believed desirable to first discuss the theory 
leading up to the edger pulse, its generation and 
use in my invention. It is known that a voltage 
Wave of a particular frequency may be generated 
by shock exciting, by means of a current pulse, 
a resonant circuits such as indicated in block dia 
gram at 0, Fig. 1, tuned to the desired frequency. 
A rectangular current pulse such as indicated at 
2 in Fig. 2 having a width 

2 
is usually employed for a desired frequency the 

The Oscillations 
produced in the circuit 0 in response to the pulse 
2 are illustrated by the curve 4. The leading 
edge 6 of the pulse 2 shock excites the circuit 
into oscillation producing a positive voltage undu 
lation 7 during the first half of period t and 
tends normally to produce, in the second half of 
the period t, a negative undulation 8, and so 
forth as indicated by the broken lines. The trail 
ing edge 9 of the pulse 2 operates to shock 
excite the circuit in a negative direction produc 
ing undulation 20 which combines with the undu 
lation 8 to produce the ultimate undulation 2 
from which the circuit continues to oscillate as 
indicated by the curve f4. 
When the LC circuit is tuned to a period which 

is twice the width of the exciting pulse, an oscil 
lation will be produced having maximum ampli 
tude characteristics. This is indicated by the 
curve 25 of Fig. 3 in which f indicates the tuned 
frequency the period of which is twice the width 
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of the shock exciting pulse. If the frequency is 
increased to fa such that the period thereof is 
exactly equal to the width of the shock exciting 
pulse, an oscillatory effect will be produced sub 
stantially as indicated at 26, Fig. 2. The leading 
edge 6 will shock excite the LC circuit into oscil 
lation which passes through one positive and one 
negative undulation during the width of the pulse. 
The trailing edge 9 of the pulse upon shock 
exciting the circuit in a negative direction coun 
ters the force of the oscillation set up in the cir 
cuit by the leading edge thereby substantially 
cancelling each other. This opposite oscillation 
effect is indicated by the broken lines 2 and 28. 
If the circuit has a high 'Q' the two opposed oscillatory energies will be substantially equal 

If the and completely cancel each other out. 
circuit is of a lower "Q,” the later shock excita 
tion will dominate and produce a small oscillation 
which, however, may be disregarded in this dis 
CuSSion. 
This latter tuning effect is indicated at fa on 

the graph of Fig. 3 indicating that the output 
wave is of zero amplitude. For frequency adjust 
ments between fi and f2, the variation in ampli 
tude of the ultimate oscillation is indicated by 
the curve 25. 
From the foregoing discussion, it is apparent 

that if the LC circuit to were shock excited by a 
unit pulse 30 (Fig. 4), that is to say by a pulse 
one edge of which is substantially vertical and 
which extends in width from such edge into in 
finity, the circuit would always respond as though 
it were shock excited by the one edge only. Thus, 
by using a theoretical unit pulse, or pulses of 
extremely long duration, waves of substantially 
a given amplitude characteristic could be pro 
duced by merely varying the tuning of the LC 
circuit. A plurality of waves of different fre 
quencies that may be obtainable by shock excita 
tion of a high 'Q' LC circuit by a unit pulse are 
shown at 31, 32 and 33 of Fig. 4. 
The production of the theoretical unit pulse, 

however, is not practical but, according to my in 
vention, I produce an edger pulse which ap 
proaches the advantages obtainable from the the 
oretical unit pulse. As hereinbefore described, 
the edger pulse comprises a substantially vertical 
edge 36 which corresponds to the vertical edge of 
the unit pulse and an opposite edge which curves 
gradually as indicated at 37, The action of the 
edger pulse on the high. 'Q' LC circuit is indi 
cated by the curve 40. The leading edge 36 shock 
excites the circuit as indicated by the broken line 
4. The curved trailing edge 37 shock excites the 
circuit simultaneously in the opposite direction 
as indicated by the broken line 42. The curvature 
of the trailing edge, however, is such that the 
shock excitation produced thereby is negligible 
compared to the shock excitation produced by 
the vertical leading edge. The two excitations 
therefore produce a resultant oscillation in the 
circuit as indicated by the curve 40. 

Fig. 5 shows two curves 30a and 37a of an amplitude-frequency graph indicating the change 
of amplitude of the oscillations producible by a 
theoretical unit pulse and an edger pulse, respec 
tively. For very low frequencies the unit pulse 
would theoretically produce high amplitude oscil 
lations which, as the frequency is increased, are reduced inversely proportional to the frequency 
in accordance with the increased power required 
for the higher frequencies as indicated by the 
curve 30a. The curve 37a has a lower curvature 
and tapers into the curve 30a as the frequency 

10 

4. 
increases. Thus, for a given band such as indi 
cated by the limits 45 and 46, the amplitude of 
the resulting wave is substantially constant for 
any of the frequencies therebetween. It is this 
fact that makes the edger pulse of material in 
portance in electrical circuits where a production 
of waves of substantially a given amplitude char'- 
acteristic for any desired frequency in a given 
wide band are desired. As will be described here 
inafter the edger pulse is also important for the 

... production of pulses of any desired width within 
given limits. 

In Fig. 6, I have illustrated by block diagram 
: a system for generating an edger pulse and for 
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using it in the generation of waves of desired fre 
quency and for producing pulses of desired widths 
from input waves regardless of the shape and fre 
quency thereof. The input 59 is applied to a 
clipper amplifier 52 whereby the Wave form, 
whether sinusoidal as indicated at 53 or rectangu 
lar as indicated at 54, is gate clipped and ampli 
fied to produce a given rectangular shape as in 
dicated by the rectangular pulse 56. The rec 
tangular pulse 56 is applied to the edger pulse 
generator 58 whereby the edger pulse 62 is pro 
duced. In order to avoid corner effects in the 
curve portion 63 of the edger pulse, the generator 
preferably includes a differentiator 60 for pro 
ducing an impulse-6 corresponding to the lead 
ing edge of the rectangular pulse 56. This posi 
tive impulse 6 is used to trigger a pulse produc 
ing circuit 64 whereby the edger pulse 62 is pro 
duced. The details of this circuit are shown in 
Fig. 7 and will be discussed in detail hereinafter. 
- The edger pulse 62 is applied to a damped wave 
generator circuit 66 whereby the vertical edge 
portion of the edger pulse shock excites the gen 
erator into oscillations substantially as indicated 
at 68. The next succeeding edger pulse will pro 
duce wave 69, it being understood that the energy 
of each wave is damped out before the next shock 
excitation of the circuit. 
The wave trains 68 and 69, each of which cor 

responds to a single excitation by separate edger 
pulses, may be used for various purposes. The 
damped waves may, for example, be used for cali 

50. 

55. 

60 
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O 

75 

brating the tracing on a cathode ray oscilloscope. 
This may be accomplished by applying the wave 
directly to the deflecting electrodes of the oscillo 
scope or the wave may be clipped and differenti 
ated to produce impulses which are applied to 
the defecting electrodes. 
By connecting the output circuit 70 through 

switch 7 to a damper circuit 72, it is possible to 
produce a pulse from each of the damped waves 
produced by the circuit 66. The damper circuit 
operates to pass the first undulation 4 of a wave 
and to damp out the remaining portion of the 
wave. The undulation 74 when applied to a pulse 
shaper 76 is reshaped to produce a preferred rec 
tangular pulse 78 the width of which is equal to 
one half the period of the frequency of wave 68. 
Thus, by merely varying the tuning of the circuit 
66 pulses of different widths may be produced. 
The circuit of Fig. 7 shows schematically the 

details of the edger pulse generator 58, the 
damped wave generator circuit 66 and the damper 
circuit 72. The differentiator 60 is the usual con 
denser-resistor type, except that the resistor 80 
thereof is also used for applying a negative bias 
on the grid of tube 82. This negative potential 
biases the tube 82 of the pulse producing circuit 
64 to cut-off so that it is normally non-conductive. 
The tube circuit includes a condenser 84 con 
nected between the plate and cathode electrodes 
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of the tube. The plate current is supplied through 
a resistor 85 So that the condenser 84 is charged 
exponentially as indicated by the curved portion 
63 of the edger pulse 62. When the positive im 
pulse 6 overcomes the cut-off bias on the tube 
82, the tube is caused to conduct and discharge 
rapidly the charge on the condenser 84. This 
produces the substantially vertical edge portion 
of the edger pulse and the subsequent recharging 
of the condenser 84 produces the curved portion 
63. 
The edger pulse is applied through resistance 

88 to the damped Wave generator circuit 66 which 
includes a condenser 90 and an inductance 92 
either or both of which may be adjustable. . The 
Wertical edge of the edger pulse shock excites the 
tuned circuit at whichever frequency it is tuned 
and since the curved edge portion 63 has negligi 
ble effect on the circuit, the circuit acts as though 
it were shock excited into Oscillation by a unit 
pulse. Thus, for a given wide band of frequen 
cies, the OScillations produced by the circuit are 
of Substantially a given amplitude characteristic. 
The damper circuit 2 includes a diode having 

the plate and cathode electrodes 94 and 95 con 
nected across the inductance 92. The undula 
tion 74 produced by the vertical edge portion of 
the edger pulse being of negative polarity pre 
vents the diode tube from conducting but, as the 
oscillations pass through Zero and become posi 
tive, the diode Conducts thereby sharply reducing 
the 'Q' of the tuned circuit to absorb the OScil 
latory energy set up by the vertical portion of the 
edger pulse. Thus, the damper circuit passes the 
energy of the first undulation 74 and damps out 
all further tendency of the circuit to oscillate. 
The undulation 74, of course, may be shaped as 
desired at 78. 
In Fig. 8, I have shown a modified form of the 

edger pulse generator. The circuit generally is 
substantially the same as shown in Fig. 7 with 
the exception that the grid of the tube 82 may 
be biased with Zero potential as indicated by the 
present position of the switch 83 or with a nega 
tive bias similarly as in the circuit of Fig. 7. 
The resistor 80 and the condenser 8, however, 
are here chosen of Such time constant as not to 
operate as a differentiator circuit, thereby pass 
ing the incoming pulse substantially as received. 
The plate circuit includes an inductance 86 and 
resistance 204 which is used for smoothing out 
corner effects that are produced in the curved 
portion of the edger pulse when a rectangular 
pulse is applied to the grid of the tube 82. 
Assuming that a negative pulse 90 is applied 

to the grid of the tube 82, while the tube is at 
Zero bias, the negative pulse drives the tube to 
cut-off thereby permitting the plate current to 
charge the condenser 84 for the duration of the 
negative pulse thereby producing a curved build 
up portion constituting a curved leading edge 
9 for the edger pulse. The inductance 86 
and resistance 204 operates to Smooth out the 
corner effect indicated at 93 which Would other 
Wise be produced by the abruptness of the lead 
ing edge of the input pulse. When the trailing 
edge of the input pulse occurs thereby returning 
the tube to zero bias, the condenser 84 dis 
charges rapidly thereby producing a Substan 
tially vertical trailing edge 92 for the edger 
pulse. 

It Will be seen that by thus Operating the cir 
cuit of Fig. 8, an edger pulse is produced in which 
the leading edge is curved and the trailing edge 
is substantially vertical. By changing the Switch 
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6 
f83 to apply a negative potential to the grid of 
the tube 82 thereby normally driving the tube 
to cut-off, an edger pulse will be produced for 
positive input pulses wherein the leading edge 
is substantially vertical and the trailing edge is 
curved. This is illustrated graphically in Fig. 9 
wherein positive pulse 200 is applied to the grid 
of the tube 82. With the tube biased to cut-off. 
The leading edge of the input pulse 200 causes 
the tube 82 to conduct and discharge the con 
denser 84 thereby producing the substantially 
vertical edge 20 for the edger pulse. The tube 
82 is caused to flow for the duration of the pulse 

200 which, in the absence of the inductance 86, 
would produce a constant voltage condition as 
indicated at 202 on the edger pulse. The trailing 
edge of the input pulse 200 returns the tube to 
cut-off thereby permitting the condenser 84 to 
recharge as indicated by the curved portion 203. 

- The inductance 86 and resistance 204, however, 
smooths out the corner effect produced by the 
constant current flow indicated at 202 thereby 
producing a final curved trailing edge for the 
edger pulse which is of negligible effect when 
applied to the tuned circuit 66 of Fig. 7. 
From the foregoing description, it will be read 

ily apparent that by generating an edger pulse I 
an able to produce, by shock exciting a tunable 
circuit thereWith, Waves having a given ampli 
tude characteristic for frequencies covering a 
wide band, and that by means of a damper cir 
cuit and shaper stage, to produce pulses of dif 
ferent widths. It will also be readily apparent 
that, where the energy of each Wave is damped 
out prior to the occurrence of the next Wave, 
the frequency of the waves is independent of the 
frequency of the input wave or the repetition of 
the input pulses or the width of the output pulses. 
While I have described above the principles 

of my invention in connection. With Specific ap 
paratus, and particular modifications thereof, it 
is to be clearly understood that this description 
is made only by way of example and not as a 
limitation on the scope of my invention and the 
accompanying claims. 

claim: 
1. A system for producing for each input pulse 

an output pulse of any desired width within given 
limits comprising means responsive to each in 
put pulse for producing an edger pulse having 
leading and trailing edges in which one of Said 
edges is substantially vertical and the other of 
said edges is curved gradually, a resonant circuit 
tuned to a frequency the period of which is twice 
the desired pulse width, means to apply said edger 
pulse to said resonant circuit, whereby the cir 
cuit is shock excited into oscillation by said Wer 
tical edge, the curved edge having negligible ef 
fect upon such oscillations regardless of the fre 
quency to which said circuit is tuned and the 
width of said input pulse, means connected acroSS 
said resonant circuit to permit one undulation to 
occur and damp out further tendency of the cir 
cuit to oscillate in response to an edger pulse, and 
means for shaping said one undulation into a 
pulse of substantially rectangular shape. 

2. The system defined in claim 1 wherein the 
means connected across said resonant circuit in 
cludes a diode tube. 

3. A system for producing for each input pulse 
a wave of substantially a given amplitude char 
acteristic for any desired frequency within a 
given wide band of frequencies comprising means 
responsive to each input impulse for producing 
an edger pulse having leading and trailing edges 
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in which one of said edges is substantially were 
tical and the other of said edges is curved. So 
gradually that when said edger pulse is applied 
to a resonant circuit said other of said edges has 
substantially negligible effect thereon, a damped 
resonant circuit tunable to any desired frequency 
in said band, and means to apply said edger pulse 
to said resonant circuit to shock-excite said cir 
cuit into oscillation at its tuned frequency in rer 
sponse to substantially only said vertical edge. 

4. The system defined in claim 3 in combina 
tion with means to reshape the input pulse to in 
sure a substantially rectangular input pulse 
shape. 

5. The system defined in claim 3 wherein the 
input pulse is of rectangular shape and the means 
for producing the edger pulse therefrom includes 
means for differentiating said input pulse to pro 
duce a sharp impulse corresponding to one of 
the leading and trailing edges thereof. 

6. The system defined in claim 3 wherein the 
input pulse is of a rectangular shape and the 
means for producing the edger pulse therefrom 
includes an inductance to smooth out any cornet 
effects produced in said other edge due to the 
rectangular shape of said input pulse, 

7. A system for producing for each input pulse 
a wave of substantially a given amplitude chair 
acteristic for any desired frequency within a given 
wide band of frequencies comprising means re 
sponsive to each input pulse for producing an 
edger pulse having a substantially Wertical lead 
ing edge and a trailing edge exponentially curved 
So gradually that when Said edger pulse is ap 
plied to a resonant circuit said trailing edge has 
substantially negligible effect thereon, a damped 
resonant circuit tunable to any desired fre 
quency in said band, and means to apply Said 
edger pulse to said resonant circuit to shock-ex 
cite said circuit into Oscillation at its tuned frer 
quency in response to Substantially only said 
leading edge. 

8. A system for producing for each input pulse 
a wave of substantially a given amplitude char 
acteristic for any desired frequency within a 
given wide band of frequencies comprising means 
responsive to each input pulse for producing an 
edger pulse having the leading edge curved to 
represent a gradual build-up and the trailing 
edge substantially vertical, the leading edge ber. 
ing curved so gradually that when said edger 
pulse is applied to a resonant circuit said lead 
ing edge has substantially negligible effect there 
On, a damped resonant circuit tunable to any de 
sired frequency in said band, and means to ap 
ply said edger pulse to said resonant circuit to 
shock-excite said circuit into oscillation at its 
tuned frequency in response to substantially only 
Said trailing edge, 

9. A System for producing damped waves of 
substantially a given amplitude characteristic for 
any desired frequency within a given wide band 
of frequencies regardless of the frequency or uns 
dulation shape of the input wave energy, com 
prising means for producing a substantially rec 
tangular pulse for each undulation of said input 
wave, means responsive to each rectangular pulse 
for producing an edger pulse in which one of the 
leading and trailing edges thereof is substan 
tially Wertical and the other is curved so grad 
ually that when said edger pulse is applied to a 
resonant circuit said other of said edges has sub 
stantially negligible effect thereon, a damped 
resonant circuit tunable to any desired frequency 
in said band, and means to apply each edger 
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8 
pulse to said resonant circuit to shock-excite said 
circuit into oscillation at its tuned frequency in 
response to Substantially only said vertical edge. 

10. A System for producing pulses of any de 
sired width. Within given limits in response to in 
put Wave energy regardless of the frequency or 
undulation shape of the input wave energy con 
prising means for producing a substantially rec 
tangular pulse for each undulation of said in 
put Wave, leans responsive to each rectangular 
pulse for producing an edger pulse in which one 
of the leading and trailing edges thereof is sub 
stantially vertical and the other is curved so grad 
ually that when said edger pulse is applied to a 
eSonant circuit Said other of said edges has sub 
Stantially negligible effect thereon, a damped 
resonant circuit tunable to any desired frequency 
in said hand, means to apply said edger pulse to 
Said resonant circuit. to shock-excite said circuit 
into oscillation at its tuned frequency in response 
to Substantially only said vertical edge, and means 
Connected acroSS Said resonant circuit to permit 
One undulation of each damped wave thus pro 
duced to pass and to damp out further tendency 
of the circuit to oscillate for such damped wave, 
and means for shaping said one undulation into 
a pulse of substantially rectangular shape. 

11. A System for producing an edger pulse in 
response to an input pulse of any wave form 
comprising means to reshape the input pulse to 
insure a Substantially rectangular input pulse 
shape, a vacuum tube, a condenser, means con 
neeting said condenser between the plate and 
Cathode electrodes of said tube, a resistor, means 
to supply the plate electrode with current through 
Said resistor whereby said condenser is charge 
able exponentially, and means to apply said rec 
tangular input pulse to the grid electrode of said 
tube to control conduction of said tube for rapid 
discharging of said condenser in time relation 
With one of the edges of said input pulse to pro 
duce a substantially vertical edge for said edger 
pulse, the opposite edge of said edger pulse being 
curved according to the charging characteristics 
of Said condenser and said resistor. 

12, The system defined in claim 11 in combina 
tion. With means for negatively biasing said tube 
to cut-off, and wherein the means for applying 
the input pulse includes means for differentiat ing the rectangular pulse thereby producing 
sharp impulses corresponding to the leading and 
trailing edges of said input pulse and means to 
apply one of said impulses to the grid of said tube 
to make the leading edge of said edger pulse sub 
Stantially vertical and the trailing edge curved 
exponentially, the vertical edge thereof corre 
Sponding in time to said one impulse. 

13, The System defined in claim 11 in combina 
tion. With means for negatively biasing said tube 
to cut-off, and wherein the means for applying 
the input pulse is arranged to apply the input 
pulse with positive polarity to make the leading 
edge of Said edger pulse substantially vertical 
and the trailing edge curved, and the means for 
Slipplying the plate electrode with current in 
cludes an inductance which operates to smooth 
out any corner effects produced in the curved 
5. due to the rectangular shape of said input 

Se, 
14, The System defined in claim 11 in combina 

tion with means to apply zero bias on said tube, 
and wherein the means for applying the input 
pulse is arranged to apply the pulse with nega 
tive polarity to make the leading edge of said 
edger puise curved and the trailing edge sub 
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stantially vertical, and the means for supply 
ing the plate electrode with current includes an 
inductance which Operates to smooth out any 
corner effects produced in the curved edge due 
to the rectangular shape of said input pulse. 

15. A System for producing an edger pulse in 
response to an input pulse Of Substantially rec 
tangular shape comprising a vacuum tube, a con 
denser, means connecting said condenser be 
tween the pate and cathode electrodes of Said 
tube, a resistor, means to supply the plate elec 
trode with current through Said resistor Where 
by Said condenser is chargeable exponentially, 
said means including an inductance, and means 
to apply said rectangular input pulse to the grid 
electrode of said tube thereby producing cur 
rent flow through said tube for the duration 
thereof and thereby causing rapid discharging 
of said condenser in time relation with One of the 
edges of Said input pulse to produce a substan 
tially vertical edge for said edger pulse, the op 
posite edge of said pulse being curved according 

5 

0. 

5 

20 

O 
to the charging characteristics of said con 
denser and said resistor, said inductance operat 
ing to smooth out any corner effects produced 
in the curved edge portion of the edger pulse be 
cause of the rectangular shape of the input pulse. 
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