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This application is a division of my copending 
application, Serial No. 446,231, filed June 8, 1942, 
entitled Cathode ray apparatus, and assigned to 
the same assignee as the instant application. 
My present invention relates to pulse systems, 

and particularly to electric impulse generating 
circuits. The invention is especially applicable 
to radio echo finding equipment and radio com 
munication equipment. As described in the above 
copending application, electric voltage pulses of 
the described character may be used in a variety 
of ways, such as to control cathode ray discharge 
devices and the like. 

It is a general object of my invention to provide 
a new and improved electric circuit for the gen 
eration of electric impulses of short duration. 

It is a further object of my invention to provide, 
a new and improved transient voltage response 
circuit for generating electric voltage pulses hav 
ing a duration of the order of less than a micro 
Second. 

In accordance with my invention, a substan 
tially rectangular voltage wave is impressed upon 
a circuit of Such character that the leading edge 
of each rectangular half wave initiates a transient 
Or damped high frequency oscillation which is 
thus Superposed upon the square wave. The thus 
distorted square wave is then differentiated to 
exaggerate the difference in amplitude between 
the first and second positive voltage swings of the 
high frequency oscillations occurring during each 
half cycle of the square wave voltage. The re 
Sulting wave is then used to control a clipper tube 
which is so biased that it does not conduct unless 
its control voltage is raised above a threshold 
value less than the first positive high frequency 
voltage peak, but greater than the remainder of 
the distorted square wave. In this manner the 
clipper tube is triggered upon each positive half 
cycle of Square wave voltage and for the duration 
of less than a half cycle of the superposed high 
frequency oscillation. 
My invention itself will be more fully under 

stood and its objects and advantages further ap 
preciated by referring now to the following de 
tailed Specification taken in conjunction with the 
accompanying drawing, in which Fig. 1 is a 
Schematic circuit diagram of a pulse generating 
circuit embodying my invention; and Figs. 2, 3 
and 4 are graphical representations of certain of 
E. pitage characteristics of the circuit shown at 

9. . 
At Fig. 1, I have shown at a source of oscil 

lations having a frequency equal to the desired 

O 

5 

20 

25. 

30 

40 

45 

50 

2 
The character of the source is not an essential 
feature of the present invention, but preferably 
the source comprises a crystal or electron dis 
charge oscillator having an output voltage of Sub 
stantially sine wave shape. Likewise, the fre 
quency of the source is immaterial to the opera 
tion of my invention. By way of example, how 
ever, reference may be had to my aforementioned 
copending application, wherein is described a 
complete cathode ray apparatus utilizing my 
present invention with the sine wave source I hav 
ing a frequency of approximately 82 kilocycles 
per Second. 
The sine wave output from the source is 

connected to the input of an amplifier and limiter 
2. The amplifier and limiter 2 may be of any 
suitable type designed to supply at its output cir 
cuit a square Wave derived from the Sine Wave 
input from the source . At Fig. 4 I have shown 
a curve 3 representing the sine wave applied to 
the input of the amplifier and limiter 2. As a 
result of its amplitude limiting action, the output 
of the limiter 2 has the form of the approximately 
square wave 4 of Fig. 4. 
The square Wave voltage output from the 

limiter 2 is applied to the grid or input control 
electrode 5 of an electron discharge amplifying 
device 6. The amplifier 6 includes a cathode , 
a screen grid 8, a suppressor grid 9 and an anode 
0. The cathode 7 is grounded through a resistor 
a, and bypass condenser b. The amplifier anode 
0 is connected through an inductance f l and re 

sistances 2 and 3 to a suitable source of positive 
anode potential, such as a battery 4. The bat 
tery 4 is grounded at 4a and the battery and 
resistor 3 are by-passed to ground by a condenser 
5. The screen grid 8 of the amplifier 6 is sup 

plied With a . Suitable positive potential from an 
intermediate point 6 on the battery 4. The Sup 
pressor grid 9 is connected directly to ground. 
In operation the square Wave applied to the 
amplifier control grid 5 produces square wave 
pulses of current in the amplifier anode circuit 
including the inductance, resistance 2, and 
by-pass condenser 5. This anode circuit is 
shunted by a certain amount of inherent stray 
and distributed capacitance, represented on the 
drawing by a condenser shown in dotted lines. 
It will be understood that each change in current 
in the inductance initiates a transient voltage 
oscillation in the resonant anode circuit , 2, 
f5, . This damped voltage oscillation has a fre 
quency determined by the constants of the 
resonant anode circuit itself, and this frequency 

repetition rate of the pulses to be generated, 55 is much higher than the frequency of the square, 
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wave input supplied to the amplifier 6. At Fig. 
3, I have shown the square voltage Wave 4 rep 
resenting the input voltage to the amplifier 6, and 
I have also shown, superposed upon the Square 
wave 4, an oscillatory transient voltage 9. The 
combined oscillations & and 9 represent the 
voltage across the resonant anode circuit; ii, 2, 
5, 7. It will be noted that the first cycle 28 

of each high frequency oscillatory transient is 
of considerably greater amplitude than the later 
cycles, since the oscillatory transient is rapidly 
damped throughout the period of each half cycle 
of the square Wave oscillations. 
The square wave 4, with its superposed oscilla 

tory transient S, is supplied to a differentiating 
circuit comprising a condenser 2 and a resistance 
22 connected in series circuit relation with a suit 
able source of negative biasing potential, such as 
a battery 23, across the resonant anode circuit of 
the amplifier 6. The voltage across the resistance 
2:2 and battery, 23 in series is applied between the 
cathode 24 and control electrode or grid 25 of an 
electron discharge device or clipper tube 26. The 
battery. 23 is grounded at 4a and serves to bias 
the control electrode 25 negatively, so that the dis 
charge device 26 will not conduct except when 
positive potential above a certain predetermined 
threshold value is Supplied through the coupling 
condenser. 2. The discharge device 26 includes 
also a screen electrode 2 connected to the point 
6 on the battery 4, a suppressor electrode 28 
connected directly, to ground at 4a and an anode 
29 connected through a load resistor 3 to the 
positive terminal of the battery A. The anode 
Woltage of the discharge device 26 is supplied 
through a coupling condenser 3 to any suitable 
utilization circuit which may, for example, com 
prise the deflection electrodes of a cathode ray 
discharge, device. 
By reason of the operation of the differentiat 

ing circuit including the condenser 2, the square 
Voltage. Wave 4 is not reproduced as a square wave 
across the resistor 22, but rather appears thereon 
in the form of the wave represented by the dotted 
line. 32 of Fig. 2. That is, when the current is a 
minimum in the device 6, its anode is at high 
positive potential and the condenser 2 assumes a 
Certain charge. During a positive pulse on the 
grid 5 of the device 6, current increases in the 
anode. Othereby causing the condenser 2 to dis 
charge to a certain extent through the resistor 22, 
as represented by the portion 32d of the curve 32 
of Fig. 2. During the negative portion of the 
Square Wave, the current drops in the device 6 
and its anode potential rises. The condensel 2 
then commences to charge and current flows in 
the resistor 22 in accordance with the portion 32b 
of the curve 32 of Fig. 2. The cycle repeats con 
tinuously in this manner. It will be seen that the 
portions 32a and 32b of the curve 32 are quite 
steep. It will be understood, of course, that the 
transient oscillations 9 of Fig. 3 are superposed 
also upon the curve 32, as represented at Fig. 3 
by the curve 9a. However, because of the steep 
ness of the charge and discharge portions of the 
curve 32 of Fig. 2, the difference in the peak am 
plitudes of the first and second positive voltage 
SWings of each transient oscillation is greatly ex 
aggerated in comparison to the amplitude differ 
ence apparent on the square wave base of Fig. 3. 
The resultant voltage wave of Fig. 2 appears 

across the resistor 22 and is applied to the grid 25 
of the discharge device 29. The discharge device 
29 is biased negatively by the battery 23 to such 
an extent that a positive voltage greater in ampli 
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4 
tude than a threshold voltage 33 of Fig. 2 must 
appear upon the grid 25 before the discharge de 
vice 26 conducts. Accordingly, it is evident that 
no part of the voltage wave of Fig. 2 has any 
effect upon the discharge device 26 except the 
first positive high frequency oscillatory voltage 
swing 20a at the leading edge of each positive 
half cycle of the low frequency oscillations. It is 
only this first transient voltage swing which ex 
ceeds the threshold voltage 33 necessary to over 
come the cutoff bias of the discharge device 26. 
Accordingly, in the anode circuit of the discharge 
device 26, pulses of current flow only once per cycle 
of the square wave oscillations and for only the 
period of a portion of the short transient positive 
voltage swing 28a of Fig. 2. 

it will be understood that these current pulses 
may be of high intensity and are of very short 
duration. For example, when the source has a 
frequency of 82 kilocycles per second, the duration 
of one positive half cycle of the square wave f8 
of Fig. 3 is approximately 6 microseconds, so that 
the duration of a pulse discharge resulting from 
the transient positive voltage swing 20a of Fig. 2 
will be of even much shorter duration. 
While I have described only one preferred em 

bodiment of my invention by way of illustration, 
many, modifications will occur to those skilled in 
the art and E, therefore, wish to have it under 
stood that Eintend in the appended claims to cover 
all such modifications as fall within the true Spirit 
and scope of my invention. 
What I claim as new and desire to secure by 

Letters Patent in the United States is: 
1. In combination, a source of sine Wave electro 

motive force, means to convert said sine wave. 
electromotive force to unidirectional electromotive 
force varying cyclically and abruptly between dif 
ferent values, means to. SLI perpose upon consecul 
tive half cycles of said unidirectional electromo 
tive force an oscillatory transient of rapidly de 
creasing intensity during the half cycle to produce 
a combined wave in which a sharp intense pulse 
of maximum amplitude is produced at the begin 
ning of each of alternate half cycles, a load circuit, 
and means to select said sharp intense pulses and 
to supply, them to said load circuit. 

2. En combination, a source of Square Wave 
voltage, means to convert said square. Wave volt 
age to a Voltage of wave form having maximum 
intensity in one polarity at the beginning of each 
alternate half-cycle, means to superpose upon 
consecutive half cycles of said Voltage an oscil 
latory transient of rapidly decreasing intensity 
during the respective half cycle to produce a com 
bined Wave, a load circuit, and means to supply 
to said load circuit a single pulse in response to 
the Oscillatory transients superposed upon al 
ternate half-cycles of said voltage in said com 
bined Wave. 

3. In combination, an electron discharge de 
vice having an anode, a cathode, and a control 
electrode, a source of square waves connected 
between said control electrode and cathode, a 
Source of operating potential, an inductance and 
a resistance connected between said anode and 
Cathode whereby said square Waves are repro 
duced between said anode and cathode, means 
providing capacity between said anode and cath 
ode resonating with said inductance at a fre 
quency much higher than the frequency of said 
square wave, whereby an oscillatory transient is 
Superposed upon each half cycle of said square 
Wave in said anode circuit to produce a com 
bined Wave, - a resistance and a condenser con 
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nected between said anode and cathode, a load 
circuit, and means to pass current to Said load 
circuit in response only to variations in voltage 
On said last resistance due to said combined Wave 
exceeding the variations produced thereon by 
said second square waves alone. 

4. A pulse, generating circuit comprising a 
source of electric oscillations of substantially rec 
tangular Wave form and of relatively low fre 
quency, means for superposing upon consecutive 
half cycles of said rectangular oscillations tran 
sient oscillations of appreciably higher frequency 
and rapidly decreasing intensity to produce a 
combined wave, and means responsive only to 
said high frequency oscillations at the begin 
ning of each of alternate half cycles said com 
bined wave to initiate discrete voltage pulses of 
short duration. 

5. A pulse generating circuit comprising a 
Source of electric oscillations of Substantially rec 
tangular Wave form and predetermined frequency, 
means for superposing upon each half cycle of 
said rectangular wave high frequency oscillations 
of rapidly diminishing intensity to produce a com 
bined wave, and means responsive only to the 
maximum half cycle intensity of one polarity in 
said high frequency oscillations in said combined 
Wave for establishing a discrete voltage pulse 
duration once per cycle of said rectangular Wave. 

6. A pulse generating circuit comprising a 
Source of electric oscillations of Substantially rec 
tangular waveform and predetermined frequency, 
means for Superposing upon half cycles of said 
rectangular wave damped oscillations of appre 
ciably higher frequency to provide a combined 
wave having half cycles of oscillatory and di 
minishing intensity, means for differentiating 
said combined wave to exaggerate the decrease 
in intensity of half cycles of said combined Wave, 
and means responsive only to the initial oscilla 
tory intensity of said differentiated Wave for 
establishing discrete voltage pulses of short dura 
tion. 

7. A pulse generating circuit comprising a 
Source of electric oscillations of substantially rec 
tangular waveform and predetermined frequency, 
means for superposing upon each half cycle of 
Said rectangular waves a damped high frequency 
transient oscillation of rapidly diminishing in 
tensity, an electron discharge device including an 
anode, a cathode, and a control electrode, means 
for impressing the combined oscillations upon 
said control electrode, and means for rendering 
said discharge device substantially non-respon 
Sive to oscillations below a predetermined thresh 
old intensity less than the maximum intensity 
of Said combined oscillations. 

8. A pulse generating circuit comprising an 
electron discharge device having an anode, a 
cathode, and a control electrode, means for sup 
plying to said control electrode electric oscilla 
tions of Substantially rectangular Wave form and 
predetermined frequency, an anode circuit for 
said discharge device including a resonant cir 
cuit tuned to a frequency appreciably higher than 
said predetermined frequency, said resonant cir 
cuit superposing upon each rectangular half wave 
in the output of said discharge device a damped 
high frequency oscillation, and means responsive 
only to the initial maximum intensity of one 
polarity in alternate half cycles of the combined 
oscillations for establishing discrete electric pulses 
having a duration of the order of a half cycle 
of said high frequency oscillations. 

9. A pulse generating circuit comprising an 
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6 
electron discharge device having an anode, a 
cathode and a control electrode, means for sup 
plying to said control electrode electric oscilla 
tions of Substantially rectangular wave form and 
predetermined frequency, an anode circuit for 
Said discharge device including energy storing 
means for Superp0Sing upon each rectangular half 
Wave in said anode circuit transient electric oscil 
lations of high frequency and rapidly diminishing 
amplitude, means for differentiating the com 
bined Oscillations in said anode circuit to exag 
gerate the amplitude difference between first and 
Second cycles of said high frequency oscillations, 
a second electron discharge device, means for 
Supplying said differentiated oscillations to said 
second electron discharge device, and means for 
rendering said second electron discharge device 
substantially non-responsive to oscillations hav 
ing less than a predetermined threshold ampli 
tude, said differentiated oscillations exceeding 
said threshold amplitude only at the said first 
cycle of each of Said transient, Oscillations occur 
ring in alternate half-cycles of said first-men 
tioned Oscillations. 

10. A pulse generating circuit comprising an 
selectron discharge device having an anode, a 
cathode and a control electrode, means for sup 
plying to Said control electrode electric oscilla 
tions of Substantially rectangular Wave form and 
predetermined frequency, an anode circuit for 
said discharge device including energy storing 
means, Said energy storing means Superposing 
upon each half cycle of said rectangular oscilla 
tions damped high frequency oscillations, a 
Second electron discharge device having an anode, 
a cathode and a control electrode, means for nor 
mally maintaining Said second discharge device 
non-conductive, and means for supplying to the 
control electrode of said second discharge device 
the combined Oscillations in said anode circuit, 
thereby to trigger said second discharge device 
Once per cycle of said rectangular oscillations and 
for the duration of One half cycle of said high fre 
quency oscillations. 

11. A pulse generating system comprising, in 
combination, means to produce a periodic pulse 
wave having maximum intensity in one polarity 
with respect to the alternating current axis of 
said wave near the beginning of each pulse of said 
polarity, means to superpose upon each said pulse 
a relatively high frequency, damped oscillatory 
transient also having maximum intensity of said 
polarity near said beginning, thereby to form a 
combined Wave having a short intense peak near 
the beginning of each said pulse, a load circuit, 
and means to supply to said load circuit a single 
short pulse in response to each of said peaks of 
said combined Wave. 

12. A pulse generating system comprising, in 
combination, means to produce a periodic pulse 
wave having maximum intensity in one polarity 
With respect to the alternating current axis of said 
wave near the beginning of each pulse of said 
polarity, means to superpose upon each said pulse 
a relatively high frequency, damped oscillatory 
transient also having maximum intensity of said 
polarity near said beginning, thereby to form a 
combined wave having a short intense peak near 
the beginning of each Said pulse, means to select 
only peak portions of said combined wave exceed 
ing Said maximum intensity, and means to supply 
said peak portions to a utilization circuit. 

DONALD E. NORGAARD. 
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