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UNITED STATES PATENT office 
rangesterius, sour 
James F. Gordon, Towson, Md., assignor to Ben 

dix Aviation. Corporation, Towson, Md., a cor 
poration of Delaware 

Original applieation April 30, 1946, Serial No. 
665,957. 
194, Serial No. 58,960 

This invention relates to frequency multipliers 
and more particularly to multipliers adapted to 
the multiplication of narrow pulses at a stable 
repetition rate, and is a division of may applica 
tion Serial No. 665,957, filed in the United States 
Patent Office on April 30, 1946. - 
In previous practice the multiplication of fre 

quencies has been subject to various limitations 
and defects. Some methods are limited to dou 
bling so that a large number of stages are needed 
to provide any extended factor of multiplication. 
When power requirements must be met by an 
amplifier used selectively as anpifier, doubler, or 
tripler, then methods of regulation must be added 
to provide the proper output, for the selected 
condition of operation, in cases, where power is 
not a requirement, other higher harmonics of an 
oscillator or amplifier may be selected arid ampli 
fied, but then only of a somewhat limited order. 
In any such situation where harmonic distortion, 
selection, and amplification are used, the problem 
of isolation of the desired harmonic from the 
In any spurious oscillations and unwanted har 
Inonics is not an easy one nor is it ustially favor 
ably accomplished. 
An object of this invention is to provide a 

means of frequency multiplication in which the 
desired factor of multiplication may be readily 
obtained without recourse to a large number of 
multiplying channels. - 
Another object of this invention is to provide 

a means of frequency multiplication by which a 
large number of available frequencies are readily 
selectable from one stable oscillator source. 
A further object of this invention is to provide 

a means of frequency multiplication in which un 
wanted harmonics and spurious oscillations are 
not present to be amplified by the succeeding. 
stage or stages. - 
Another object of this invention is to provid 

a means of frequency multiplication in which se 
lection of pre-set frequency. is readily accom 
plished, both in calibration and operation, with 
a minimum of adjustment and control devices. 

Still another object of this, invention is to pro 
vide a means of frequency multiplication with an . output of short pulses at a definite repetition 
rate, and which means of multiplication effective 
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output of regular, successive groups of two or 
more pulses. 
Other objects and advantages of the inven 

tion will become apparent from a consideration 
of the following specification when taken in con 
junction, with the accompanying drawing, in 
which: . . . . Fig. 1 is a block diagram showing a multiplying 
circuit embodying the invention, in relation to its 
input, output, and turning means; and, 

Fig. 2 is a block diagram showing a modified 
form of the circuit of Fig. 1 in which the multiplier 
lends itself to the control of a blocking oscillator 
to provide an output of regular groups of pulses. 

In Fig. 1 the Output of an oscillator. O. is con 
nected by a lead. F2 to a pulse forming circuit 4 
which combination supplies the pulse input, en 
ergy required by the invention. The output of 
the pulse forming circuit. i4, is connected by a 
lead F6 to the input of a video amplifier 20. The 
output. of the amplifier 20 is fed by a lead 22 to 
a delay circuit 24, and from said delay circuit 
by a lead 26 back to the input of amplifier 20, 
Connected into the anode circuit of the amplifier. 
20 by two leads 8 is a current meter 30. Repre 
Senting one use of this invention, the output from 
amplifier 20 is used by connector 32 to drive and 
control a radio frequency amplifier 34, which is 
preferably a tuned, class-C amplifier. The out 
put tank circuit 42 of the amplifier 34 comprises 
a coil 46 and a variable condenser 44, which may 
be garaged for tuning purposes with variable con 
densers 52 and 54 which control the delay applied 
by the delay circuit 24. The ganging means is 
indicated by the dashed line 50. 

In Operation, the oscillator 0, which is prefer 
ably crystal controlled for stability, provides the 
fundamental operating frequency. To provide 
the pulsed output needed for the present means 
of frequency multiplication, the fundamental os 
cillation frequency having a wave-form indicated 
by the graph is fed to the pulse forming circuit 
4, the output of which consists of very narrow 
pulses as shown by graph. 5, having a regular 
repetition rate established by the oscillator to. 
These pulses are fed to the video amplifier 20 and 
Subsequently multiplied in a manner now to be 
described. . . . . 

If a very narrow pulse is fed to the video ampli 
ly lends itself to further control to provide an 50 fier 20, the amplified pulse will be fed to the delay 
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circuit 24 and again to the input 8 of said ampli 
fier, where the delayed pulse Will again be ampli 
fied and will follow the initial pulse by an inter 
val equal to the delay time of the delay circuit 
24. The second pulse will again be fed to the 
delay circuit 20 and back to the input 8 of the 
amplifier 20 where it will be amplified and will 
follow the other two pulses by an interval equal 
to the delay interval between the first two pulses. 
Such action is started by each pulse from the pulse 
forming circuit f4. 

If the delay circuit 24 is set so that the delay 

O 

time is 90° of the frequency cycle time of the 
output of oscillator O then three pulses Will fol 
low the initial pulse through the video amplifier 
8 before the arrival of the next pulse from the 

pulse forming circuit 4. This pulse will occur 
in step and identify itself with the fourth fed 
back pulse which is 360° behind the initial pulse 
to pass the amplifier 20. The output of amplifier 
20 Will now have a wave-form. Such as indicated 
by the graph 33. 
Under these conditions it can be seen that the 

output of said video amplifier consists of four 
times as many pulses per Second as are present 
in the pulse source from the pulse forming circuit 
4. If the delay circuit 24 were set for a delay of 
120° of the fundamental frequency cycle, then 
the pulse frequency at the output of the video 
amplifier would be three times that of the initial 
frequency from the pulse forming circuit. If 
the delay were set at 45°, then the frequency at 
the output of the video amplifier would be eight 
times the initial frequency. Such multiplication 
could continue up to the limits of the pulse width 
and the capabilities of the delay circuit 24. 
With a current meter 30 inserted in the plate 

circuit of the video amplifier 20, proper adjust 
ment of the pulse delay interval can readily be 
discerned by the occurrence of a dip in the meter 
reading as the delay interval becomes an integral 
Sub-multiple of the original pulse interval. If 
the delay circuit were set for a value of 95 delay 
instead of a desired 90° behind the preceding 
pulse the fourth pulse fed-back by the delay cir 
cuit would not coincide. With the next recurrent 
fundamental frequency pulse. In a short time, 
due to this discrepancy, the video amplifier output 
would consist of a great many random com 
ponents all of which would add working time to 
the video amplifier and Would be indicated by the 
meter because of added current. Should the de 
lay circuit be adjusted so that the delay time 
Would be the desired 90° instead of 95, then the 
definite dip shown by the plate current meter 
would indicate that the video amplifier would be 
Working the minimum time of four pulses per 
fundamental frequency cycle. 
With such a plate current indicating device 

dips would occur with delay time settings of 180°, 
120°, 90°, 72,60°, 45, 30°, or of any other delay 
time which will constitute an integral sub-multi 
ple of the pulse interval of the output of the pulse 
forming circuit 4. As stated above the pulse 
Width and the capabilities of the delay circuit 
provide a limit to frequency multiplication which 
may be attained. 

In using a multiplier constructed in accordance 
With this invention to drive a class 'C' radio fre 
quency amplifier such as 34, the anode circuit 
of said R. F. amplifier is tuned to a resonant 
frequency comparable to the repetition rate of 
the multiplied pulses driving its grid. Radio 
frequency energy of controlled frequency in then 
available in the anode circuit of the class 'C' 
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4. 
amplifier as indicated by the graph 35. The anode 
tuning of this amplifier 34 and the delay time ad 
justment of the delay circuit 24 can be mechan 
ically coupled as indicated at 50, to provide a con 
trolled output of a great number of multiples of 
the frequency of the Source oscillator 0. 
The pulsed output of the multiplier can be used 

to provide precision markers for a time base, since 
the oscillator it can be very stable and the delay 
conditions may be readily and accurately deter 
mined by use of the anode current meter 30. 
The circuit illustrated in Fig. 2 differs from that 

of Fig. 1 in that a blocking circuit 40 is inserted 
between the pulse forming circuit f4 and the de 
lay circuit 24. The output of the pulse forming 
circuit 4 is fed to the blocking circuit 40 through 
lead 42 and the blocking circuit is connected to 
the delay circuit 24 by lead 38 in a manner to 
render feed-back circuit of which the delay cir 
cuit is a part inoperative during the blocking 
interval. The blocking circuit may be any one 
of a number of Well known trigger circuits or syn 
chronized multivibrator circuits. 
In the operation of the embodiment illustrated 

in Fig. 2 the blocking circuit 40 operates to render 
the feed-back circuit 22, 24, 26 inoperative for a 
controllable period of time during each pulse in 
terval of the output of the pulse forming circuit 
f4. By this means pulse groups of two or more 
pulses can be produced such as indicated by the 
graph 37. Variations of pulse grouping can be 
obtained by proper control of the operating in 
terval of the blocking circuit. 40. 

It will be evident from the foregoing that the 
invention is not limited to the specific circuits and 
arrangements of parts shown and disclosed herein 
for illustration but that the underlying concept 
and principle of the invention are susceptible of 
numerous Variations and modifications coming 
Within the broader scope and spirit thereof as 
defined by the appended claims. The specifica 
tion and drawing are accordingly to be regarded 
in an illustrative rather than a limiting sense. 

I claim: . . . - 

1. A frequency multiplying system comprising 
a Source of energy pulses; means amplifying the 
Output of Said source; means feeding back energy 
from the output of said amplifying means to the 
input thereof, said feed-back means comprising 
means delaying Said energy by a sub-multiple of 
the pulse repetition rate of the output of said 
Source, and means rendering said feed-back 
means inoperative during a portion of each pulse 
interval of the output of said source. 

2. A frequency multiplying system comprising a 
Source of energy pulses, means amplifying the 
output of Said source, means feeding back energy 
from the output of said amplifying means to the 
input thereof, said feed-back means comprising 
means delaying said energy by a sub-multiple of 
the pulse repetition rate of the output of said 
Source, and a blocking circuit synchronized with 
the output of said source and operating to inter 
mittently block the action of said feed-back 
means. - - 

3. A frequency multiplying system comprising 
a stable pulse oscillator, a video amplifier con 
nected to amplify the output thereof, a feed-back 
circuit feeding energy from the output of said 
video amplifier to the input thereof, a delay cir 
cuit forming a part of Said feed-back circuit and 
Operable to delay the energy fed back thereby, 
by an integral Sub-multiple of the pulse repeti 
tion rate of said oscillator output, and a blocking 

75 circuit synchronized with said oscillator and con 
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nected to intermittently block the operation of 
said feed-back circuit. 

4. A frequency multiplying system comprising 
a source of energy pulses; means providing a 
translating path for the output of said Source; 
means feeding back energy from a point in said 
translating path to a preceding point thereof, 

5 

said feed-back means comprising means delaying . 
said energy by an integral Sub-multiple of the 
pulse repetition rate of the output of Said source, 
and means rendering said feed-back means inop 
erative during a portion of each pulse interval of 
the output of said source. . . 

J S F. GORDON. 
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