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1. 
My invention relates to the production of elec 

trical pulses and particularly to the production 
of pulses that are delayed an adjustable amount 
With respect to other pulses such as driving or 
control pulses, 
An object of the invention is to provide an 

improved method of and means for producing 
an electrical pulse that is delayed with respect 
to another pulse. 
Another object of the invention is to provide 

an improved method of and means for delaying 
an electrical pulse an adjustable amount. 
According to one preferred embodiment of the 

invention, a vacuum tube is provided with a 
tuned anode circuit which is shock excited by 
applying to the grid of the tube the pulse that 
is to be delayed. The resulting damped wave 
appearing across the tuned circuit is applied to 
the grid of a Thyratron or the like whereby the 
Second half cycle of the wave, which is a positive 
half cycle, triggers the Thyratron. The resulting 
Sudden flow of Thyratron current produces a 
pulse across a transformer in the Thyratron 
anode circuit, this pulse being delayed with re 
Spect to the applied pulse slightly more than one 
half or fractional cycle of the damped wave. 
Therefore, the amount of the delay may be ad 
justed by changing the tuning of the tuned cir 
cuit to change the period of the wave appearing 
therea cross. 
The invention will be better understood from 

the following description taken in connection 
With the accompanying drawing in which 

Fig. 1 is a circuit diagram of One embodiment 
of the invention, and 

Figs. 2, 3 and 4 are groups of graphs that are 
referred to in explaining the operation of the 
circuit shown in Fig. 1. 

Referring to the drawing, a pulse generator 
supplies periodic electrical pulses A which are 
to appear in delayed and amplified form as the 
pulses B at the output terminals of my improved 
circuit. The pulses A are applied to the grid 
of a vacuum tube which has a tunable anode 
circuit comprising a variable capacitor 2 and a 
variable inductor f3. 
Each pulse A shock excites the tuned circuit 
2-3 whereby a damped wave E (Fig. 2) ap 

pears thereacross. Since the pulse A is of posi 
tive polarity at the grid of tube , the first 
half cycle or fractional cycle of the Wave E is 
negative. Whether the first negative Swing of 
the Wave E is Substantially a full half cycle Or 
is a smaller fraction of a cycle depends upon the 
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2 
Width of the pulse A as will be explained herein 
after. 
The wave E is applied to the control grid f4 

of a gas or vapor tube 6 such as a Thyratron 
So that the tube is is ionized or ignited shortly 
after the start of the first positive half cycle of 
the wave E when the wave reaches the ignition 
voltage value indicated by the broken line 
in Fig. 2. 
The wave E may be applied to the grid 4 of 

tube 6 through a blocking capacitor 8 and a 
grid protective resistor 9. A Suitable. Operating 
bias is applied through a grid resistor 20 to the 
grid 4 from a cathode resistor 2 shunted by a 
capacitor 22. A positive D.-C. voltage is applied 
to the anode 23 through an anode resistor 24. 
The anode circuit of the vapor tube 6 includes 

the primary winding 26 of a transformer 27, the 
high potential end of winding 26 being connected 
to the anode 23 through a capacitor 28. Leakage 
inductance of the transformer 27 is represented 
at 29. A delayed pulse B appears across the 
secondary winding 3 of the transformer 27 each 
time the tube f6 is ignited. It will be evident 
from an inspection of Fig. 2 that the amount 
that the pulse B is delayed with respect to thes 
pulse A depends upon the period of the Wave E. 
and, therefore, upon the tuning of the circuit 
2-3. 
The circuit operation will now be described in 

more detail. The pulse A shock excites the tuned 
circuit 2-3 to produce a damped wave E which 
preferably dies down before the next pulse A 
occurs. The Second half cycle of the wave E 
triggers the vapor tube 6. The resulting sudden 
flow of anode current through the tube 6 causes 
a pulse of current through the primary winding 
26 which induces the voltage pulse B in the 
secondary winding 3. Thus, there is produced 
a delayed pulse B, the amount of delay for a 
pulse A of given Width or duration being deter 
mined by the frequency to which the circuit 
2-3 is tuned. 
The vapor tube 6 is deionized or extinguished 

before the occurrence of the next pulse A by the 
charge left on the capacitor 28 at the end of the 
pulse B. This action is as follows: The sudden 
flow of current through the primary winding 
26 and the tube 6 when the tube S is ignited 
puts a D.-C. charge on the capacitor 28 making 
its terminal on the anode side of negative polar 
ity. At the end of this Sudden flow of current, 
the Voltage acroSS the capacitor 28 lowers the 
potential on the anode 23 sufficiently to extin 
guish the tube 6. By the time the next pulse 
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A occurs, enough of the charge has leaked off 
the capacitor 28 so that the action may be re 
peated. 
As previously mentioned, the duration of the 

first negative Swing of the wave E depends upon 
the Width or duration of the applied pulse A. 
If the pulse A is short compared with the period 
of the tuned circuit 2-3, the first negative 
swing of the wave E will be approximately one 
quarter cycle in duration as illustrated in Fig. 3. 
If the pulse A is a little longer, the first negative 
Swing Will be closer to one half cycle in duration 
as shown in Fig. 4. In Fig. 2, it is assumed that 
the pulse A is long enough to make the first 
negative Swing substantially a full half cycle. 
For any given width of the pulse A, the pulse B 
may be delayed the desired amount by adjusting 
the tuning of the circuit 2-3. 

I claim as my invention: 
In combination, a vacuum tube having a con 

trol grid and having a tuned anode circuit, means 
for applying a positive pulse to said grid whereby 
said tuned circuit is shock excited to produce a 
damped wave therea cross having a negative first 
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4. 
fractional cycle, and means responsive to the 
voltage rise of the following positive half cycle 
of Said damped Wave for producing a pulse that 
is delayed with respect to the pulse applied to 
said grid, said last means including a gas or 
vapor tube having a control grid to which said 
damped Wave is applied and having an anode 
circuit that includes an anode resistor through 
which an operating Voltage is applied to said 
anode, a transformer acroSS Which said delayed 
pulse appears, said transformer being connected 
across Said anode circuit through a capacitor 
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which charges periodically to extinguish Said 
vapor tube and which discharges periodically 
through said anode resistor. 
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