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My invention relates broadly to ‘modulators
and, more specifically, to pulse modulators «for
ultra high frequency oscillators.

Modern ultra high frequency technique ‘re-
quires in some applications the operation.of cer-
tain types of ulira high frequency oscillators such
as the magnetron &t comparatively ‘high power
levels. Since the maximum power level'at which
continucus operation of these oscillators may be

safely maintained is limited by design,:it is comi-

mon practice to operate the apparatus with-high
power inputs for short periods only, thereby keep-
ing the average cperating conditions within the
limits of safety.

When thus operated, the oscillator is “pulsed”
by a high power level surge, the period ‘of 'which
determines the “on” time of the oscillator in
which signals are transmitted. The interval be-
tween pulses, which is long compared with their
period, then fixes the time the apparatus is turned
off before signals are again transmitted. Modu-~
lators for supplying this high power pulse have
taken two forms, namely, the vacuum tube type
‘and the spark gap generator type.

The spark gap generator is not adaptable to
systems in which the oscillator is triggered from
a synchronizing source, but is used where the
transmitter itself delivers the trigger pulse be-
cause of one of its inherent characteristics,
termed in the art as “jitter,” which does not per-
mit accurate timing of the spark. Because of
high power requirements, the vacuum tube mod-
ulator has heretofere been rather bulky, which is
equally objectionable.

It is therefore an cbject of my invention to
provide a vacuum tube pulse modulator which’is
simple in design, small and compact in structure,
and adaptable to portable applications where
minimum weight is essential.

Another object of my invention is to provide a
method and apparatus for coupling a high power
source and an ulira high frequency oscillator
which does not require a direct current charging
path for the filtering condenser in its power sup-
ply nor the damping devices made necessary by
such a charging path.

A further cbject of my invention is the arrange-
ment of a vacuum tube pulse modulator circuit in
which a plurality o¢f power pulsing tubes may be
reliably triggered without distortion of the’trig-
gering pulse.

A still further object of my invention is to
provide a pulse modulator in which a power
pulsing network is inductively connected to-an
ultra high frequency oscillator.
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Another purpose of my invention is to'provide
a-high power vacuum tube pulse modulator in
which medium power tubes may be used.
It is also an object of my invention o provide

apparatus - for accurately timing a high power

pulse.

Yet another purpose ¢f my invention is to pro-
vide ‘a pulse modulator in which the potential of
interruptively. discharged eneray is increased and
simultaneously transferred by induction.

These and other objects of my invention will be-
come manifest as the description preceeds.

In carrying out my invention in a preferred
embodiment thereof, I employ a line controlled
blocking oscillator to drive a plurality of power
pulsing tubes for controlling ‘the time duraticn
of pulse modulation. When the pulsing tubes
receive a high amplitude pulse from the blocking
oscillator, the period of which is determined by
the length of a simulated transmission line 'con-

nected. in “the. grid circuit of 'the blocking oscil-

lator, a charging condenser in'the power supply
network of the circuit is caused -to -discharge
through the primary winding ef an auto trans-
former used for coupling the power supply ‘to
the oscillator which is to be pulsed. The sec-
ondary winding of this transformer then delivers
the modulating pulse.

In:addition to acting as a coupling means for
the power tubes and their load, the auto trans-
former slso performs the funection of an imped-
ance-matching device which is necessitated by
the number of power tubes employed 'in the
switching network of the circuit. Here the num-
ber of tubes used is dependent upon the current-
conducting requirements of this branch,

The fact that a number of power pulsing tubes
are necessarily used-alse msakes it impossible to
drive these tubes directly and reliably by the out-
put of the blocking oseillator. "By connecting a
cathode follower, whieh acts ‘as a buifer stage,
between these elements:of the circuit, it is pos-
sible, however, to drive the-tubes without distor-
tion of the triggering pulse.

Also by using my- improved coupling methed, it
is possible for me to use medium voltage tubes in
the switching network having oxide-coated cath-
odes and to use these tubes in conjunction with
a high-powered system. ~This makes unnecessary
the use of -the gas-filled “Thyratrons” and the
bulky, less efficient ‘high voltage tubes used in
previous systems.

This method of coupling further simplifies the
circuit, since it makes it unnecessary to provide
a direet current shunt path across the ultra high
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frequency oscillator. Consequently, I am able
to omit the inductance coils and damping devices
used in priér systems.

By reducing the size and number of parts,
I have produced a vacuum tube modulator which
is adaptable to portable needs where the weight
of the apparatus must be kept at a minimum.

A more comprehensive understanding of my
" invention may be obtained from the follewing

detailed description, when taken together with
the accompanying drawing, in which like ref-
erence numerals have been used throughout to
designate like parts and in which,

Fig. 1 is a circuit diagram of an embodiment of
my invention. .

Fig. 2 is a representative showing of prior art
methods of coupling high power sourcss with
ultra high frequency oscillators.

Fig. 3 is a simplified showing of my improved
coupling means for coupling power tubss with
their load, and -

Fig. 4 is a diagram showing the relationship
between the power line frequency and pulse
repetition rate. ‘

In the embodiment illustrated in Fig. 1, a square
trigger pulse is applied to the input terminals
10 of the circuit, from which point it is fed to a
connection i1 on the simulated transmission line
2. This line is made up of sections comprising
inductance coils 12 and capacitors $4 and is used
to control the period of a pulse generated by a
pulse amplifier network 15 in whose control grid
circuit it is connected.

The network 15 serves as a blocking oscillator

~ transformer and comprises an electronic diz-

charge device 16, which may take the form of a

double tetrode, a multiple winding transformer
i1, and the delay line {2. A grid winding {8 of
the transformer 17 has a resistor {9 connected
in paralle] therewith and serves as a conducior
for transmitting the trigger pulse from the delay
line 12 to the grids 2{ of the double tetrode {8
through grid resistors 22. "A common winding
23 of the transformer 17 is inductively connected
with the grid winding 18 and output winding 24,
the latter being provided to obtain a positive
voltage pulse as the output of the blocking oscilla-
tor transformer. Resistors {9 and 25, in parallel
with windings 18 and 24, provide fixed loading for

- these windings and in performing this function
improve the wave form of the pulse output of the
network.

Positive voltage is supplied to the anodes 26 of
tube 16, whose electrodes are porallelly con-
nected, from positive energy source 27 through a
common bus 28, transformer winding 28, and
plate resistors 29. The screen grids 3t are tied
together and positive voltage applied to them
from source 32 through line 33. Cathodes 34 are
connected directly to ground, and the screen
grids by-passed to ground through condenser 8.
Bias from negative source 20 is applied ‘to grids
21 through the resistor 9. :

The output of the pulse amplifier {5 is used to
drive a switching device 86 comprising a plurality
of parallelly connected power pulsing tubss 47.

Interposed between the pulse amplifier or line

- controlled blocking oscillator #§5 and the power
- pulsing tubes 47 is an electronic discharge device
35 which acts as a buffer stage. This device,
which may be of the double tetrode type, is
parallelly connected and acts as a cathode fol-
lower. It receives the output of the blocking
oscillator transformer {7 from the output wind-
ing 24 thereof upon its grids 37 through grid
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resistors 38. Anocdes 39 are connected to positive
energy source 27 through line 28 and plate re-
sistors 40, and the screen grids 4! to positive
energy source 32 by line 33. 'The cathodes 42 are
grounded through the cathode resistor 43, and
the screen grids coupled thereto through the by-
pass condenser #4. Negative grid bias for this
stage is derived from source 28 through the ouf-
put winding 24 of transformer {71. The input
impedance of this stage is relatively fixed and is
matched with that of the blocking oscillator {5 to
provide maximum power transfer.

The pulse developed across the resistor 43 of
stage 35 is applied through the grid resistors 4%
to the grids 43 of the power pulsing tubes 47
which are connected in parallel and which arve
biased negatively from source 39 through the
resistor 50. Screen grids 48 are by-passed to -
ground through the capacitor 60 and are sup-
plied with positive energy from source 217 through
conductor 28 and resistors 45. The plates 51 of
these tubes are coupled in parallel to the high .
potential source 52 through the double throw
switch §3 and the unilateral current-conducting
element 54.

One terminal of the secondary winding 55 of
transformer 52 is connected to ground and the
other termina] to plate 56 of element 54. The
cathode 57 of this device, illustrated as a vacuum
tube of the diode type, is selectively connected
to the plate circuits of tubes 41 through the two-
way switch 53. The blade of this switch is nor-
mally closed to contact 58, but under certain
conditions of circuit operation is closed to contact
59 to couple the inductance coil 84 into the power
pulsing network.

An inductive device 62, which may take the
form of an auto transformer, serves as a coupling
element and impedance-matching device for the
power pulsing tubes 47 and their load, the ultra
high frequency oscillator 63 illustrated in the
drawing as a split anode magnetron.

Coupled in the primary winding circuit of
transformer 62 is a condenser 64 which serves the
dual purpose of filter and coupling condenser.
Common terminal 65 of transformer 82 is con-
nected to ground and its secondary terminal 66
to the cathode and filaments 87 of oscillator 63.
Condenser 64 discharges through the power puls-
ing tubes 47 into the primary winding of trans-
former 62 through ground and terminal 65. A
modulating pulse is therefore induced in the sec~
ondary winding of transformer 62 which is im-
pressed upon the ultra high frequency oscillator
83, the circuit being completed from terminal 65
through ground to anode 69, thence to cathode
67 and terminal 66.

In operation, the blocking oscillator network
15 performs the function of timing the plus mod-
ulation of oscillator 3. A trigger pulse of suit-
able characteristics is impressed upon the cir-
cuit through input terminals I8 for delivery to
device §§ which is normally cut off by the fixed
negative grid potential supplied from source 22.
When the frigger pulse is received by grids 21,
they are driven less negative than the cut-off
value, and plate 28 start to draw current. The
flow of plate current through plate winding 23 of
transformer 7 induces a voltage in grid winding
18 which in turn drives grids 21 more positive
with the result that the plates draw more cur-
rent. When this regeneration starts, a steep
negative wave front, that is, negative frem the
grid side of line to ground, is sent down the
blocking line 2. This wave front hits the open
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ends ofi- thier: litrer and . is= reflected’ back:: withr the:
same- negative: phass: to the: gridss of tube 1€
Witen: this: egative -voltagerappears-on: the :grids;
the- gridi voltage- becomes. less : positive: with: a
resultant:decrease implate~current. . As:the plate. 5
currentidécreases;: regeneration-is:established in;
thesopposite;-direction; and-the-grids: are: driven
negatively~ beyondiplate: current-cut-offt. During:
the-timme-that ther grids are-diawing current;. a.
negative-volfage issbuiltrup-across the:condensers: 10
{4 of 7 linve= |1 2> whichi actis-as.addsd negadive: grid:
bias - to- keep: the- tube: shut: off” duving the: re=
mainder:of the trigger pulse.  The time-constant
ofithie grid circuit:together with:the-added:time:
dire- tos trigger input: impedance:: is- madér shiort: 157
compared ito-the time- between: trigger signals so:
that the grid voltage will have attained its-origs
inai; valne-Yefore the next trigger:signal appears.

Winding-:284s-employed-in: the. transformereirs
cuit:to-déliver: a: positive- pulse: outpub: to: bulfer: on;
stage. 85: which- operates: as :a» cathodg follower:
Since: the: current: requitements: of the switéhing:
branch 38 necessitate: the- paralléling of’a pli=-
rality of elsetronic: dischovrge-devices, this net—
worky draws:: g relgtively- high- current: ffom: the: o5;
blocking osecillator: network: 5] andé withoub im~
pedance matehing; wouldsdistortithe-output-sig=-
nal 'of the: Jatter: device-andi make~its-operation
unrelighle. Aeccordingly, the buffer-sthge«is im=
terposed between the networks-15iand 36%to~in- gy
sure reliable: operation- of fthe-blocking-oseillator
and to~deliver: its:.outputte» the: pewer pulsing:
tubes-without :distortion:

The-input impedance of etement 35:is relatively
fixed and-issmabehed - to-that of blocking oseillas 35
tor+ {5 Its grids:3T are-biased 'to- cut-off fronx
negative:source~29; and; when- the-pulse-from: the
blocking: oscillator is received on them: they: are:
driven-positive-ands a-high' peak:currentis drawn-
through: the-non=inductive:resistor-43: A’pulse- 4u:
is-therefore-developedi at (the-cathodes 42 ofrele=-
ment-35:and delivered as-a; trigger: for: the tubes-

41 of switiching: dévice-363 the-function -of which-
is: best  described: in: conneetiony with-the power
supply-branch.: 45.

The circuit is se-synchronized: that the- trigger-
puler T f6r- tubes- 471 is-reeeived after- the line-
voltage Ei reaches a positive peak-value; as showir
in. Fig: 4. It. folldws therefore:that- the tubes
41 :are: non~conductive-diring-the- positive-rise-in- 50.

line voltagein: the secondary winding 55 of‘trans-<
former: 52; since: these -tubes-are: normally- neg=
atively . biased  to-cut-off by source 30y and ac--
cordingly they: act’at'this-moment’as-an open-
switeli. 55.

When the: line- voltage’ Ei goes positive; plate-
56 of  tube 54 ‘goes-positive, and the tube becomes-
conducting:andiicurrent: is.stored in-the- filtering
condenser 64; the-fiow:being: frem: ground through-
secondary:winding 557 the tube 54, switeh §3; con= gp
danser- 64 and: the- primary- winding- of* trans=
former: 62, determined by -the:-tap-68 and* ter«
minal.65, backitorground:

Thereafter, pulse T+-ffom line:controlled blocks
ing.oscillator: t5:issreceivedion-the grids: of ‘tubes- 65.
47: . driving- them. . poesitives beyond - cut<offi’ As-
these-tubes.beeome condictingy condenser 68 dis=
charges: through-them- and-the primary - windirg
of transformer 62 This-develops a pulse, whose-
periodis determined' by and‘equal to-that of the 79
trigegering- pulse- received by tubes 47, which is
induced in the secondary winding of transformer-

62 and-transmitted therefronr to the ultra high"
frequency oscillator as a -moduldting: voltage.

As-stated in- the  description of the circuit, 75.

e

6
switeh :53:1is :normally: closed to contact 58, and
ther operation:of the circuit:under these condi-
tions is predicated on the fact that. the power
supply frequency is. substantially equal to the
pulse repetition:rate:

If this. relationship is not maintained, it is
necessary-to:close switch 53 to contact 89 in order
to:place-inductance. coil 61 into the power circuit.

From: Pig. 4:it will be observed that as the
pulse:repetition- rate is increased with reference:
to:thefrequency of Er, a point of demarcation
is:reached-where pulses, such as 12, appear dur-
ing:the positive.rise of line voltage. When this
condition:obtains, the.tubes 471 are triggered and
become. conducting - at: a. timer when' current is
flowing: in" the power circuit, since. element 54.
is: conducting only during the positive half cycle
of the voltage Ern. Since tubes 41 act as.a switch,
current flows. from power source. $2 through
them; thence-over ground to the secondary wind-
ing 55:0f tramsformer-52. This is objectionable,
of-course; since:charging current is. diverted from
the condenser.64.and since it also resulis.in an
unnecessary-dissipation of power. The current-
conducting capacities of the elements 47 are lim-
ited: by~ their inherent characteristics, and the
additional current. drawn from the power circuit
by~ them: is. therefore necessarily. dissipated in
the:form of heat energy.

With, inductance. coil: 61 in the power civeuitf,
no-appreciable:current:is:drawn by the tubes 47
from: the: power source, since it offers a high im-
pedance topulses which are in the order of the
triggering pulse delivered:'to the power pulsing

. tubes. Thus, current flow from plate 3 to cath-

ode ‘5% through inductance coil §{ to tubes 47
over ground and. back through winding B85 is
impeded until tubes 4T are non-cenducting, and
no appreciable amount.of current is drawn by
them: This allows-the output of the power circuit
to: be:stored in the condenser §4.

Where pulse: repetition rates exceed approxi-
mately:two and one-half times. the power supply
frequency, it is advisable:to resort to an alternate
power-supply method such as a voltage doubling.
circuit; This: arrangement lends itself more
readily to- proper synchronization for these con-
ditions..

Thus:far in: deseribing the operation of the cir-
cuit; reference has nob been made to the func-
tions ofi:transformer-62 other than that of step-
ping; up: the: modulating- pulse delivered to the
ultra high: frequency-oscillator $3. In addition
tosthis function, it.also serves as an impedance-
matching: device: and: coupling means: for the
tubes-4T and:their:load 68

Previously;. the: power tubes of vacuum tube
modulators: for: ultrahigh: frequency oscillators
were connected: directly totheir load in: a. manner

- similar:to:thaishown in Fig. 2,; which fact neces-

stbates the:use oflarge:tubes. I actual practice,
a-numben:of-these. tubes are nacessary, although
only--one;. 17,.is shown in the figure. This tube
is.greatly enlarged for the purpose of comparing
it with tube 47 in Pig. 3 to symbolize, though not.
torseale, the reduction it siZe of these- cléments
made- possible - By my improved - coupling, dia-
grammed in Pig. 3.

In the old coupling method illustrated in Fig. 2,
atteéntion is directed to two elements, coil 78 and
unilateral current-conducting device 74, whose
functions may be described by. first considering
the operation of the circuit without them.

As. the line voltage Bi starts positive, plate 56
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of tube 54 goes positive and so does plate T5 of
condenser $4. Since plate 78 is therefore neces-
sarily negative, anode 8§ of element 63 is also
negative, and the polarity of this device is re-
versed. Accordingly, no current flows and con-
denser €4 is not charged but is left foating in the
line. In order that charging may be effected, it
is therefore necessary to provide a shunt path for
the direct current and accordingly an element
such as the coil 73 is placed in the circuit. When
this is done, the resistance of the shunt path
together with the capacitance of element 64 form
a tuned circuit, and as soon as condenser 64 dis-
charges, oscillations are set up in the circuit which
cause an over-shooting in the pulse. To damp out
these oscillations and to prevent over-shooting,
the unilateral current-conducting element 74 is
placed across the coil 73.

In applying my improved coupling means,
which is shown in Fig. 3, 1 am able to simplify
the circuit by omitting both of the elements 78
and 4. Here the primary winding of the induc-
tive coupling means 82, defined by the tap 58
and terminal 5, in addition to other functions
provides g direct current path and no coil, such
as 73 (Fig. 2), is necessary. Likewise, element
4 (Fig. 2) is unnecessary, since the direct cur-
rent resistance and the inductance of this pri-
mary winding is low, and the c¢bjectionable oscil-
lations found in the prior art circuit are not
present. Of itself, this is a marked improve-
ment, since element 74 must be specially con-
structed to withstand the high inverse voltage
impressed on it and also to mest the high cur-
rent-conducting requirements of the circuit.

Further, since the power pulsing elements 47
are inductively connected to their load, it is pos-
sible to use medium voltages tubes and thereby
further reduce the size of the apparatus.

To summarize the salient features of the cir-
cuit’s operation, it may be pointed out that the
coupling device employed embodies in one single
element, illustrated as an auto transformer 62,
a means for directly performing the multiple
functions of coupling tubes &1 with their load §3,
of providing a direct current shunt path for the
filtering condenser 64, of providing an imped-
ance-matching element for tubes 47 and oscil-
lator 63, and that of stepping up the modulating
pulse supplied to this latter element. Collat-
erally, it permits the use of medium voltage tubes
in the place of high voltage tubes heretofore
necessary under direct connected operation.

Likewise, the interpositioning of the buffer
stage 25 between the line controlled blocking os-
cillator {5 and the switching network 36 serves
several purpeses by providing for the accurate
pulsing of the oscillator, by acting as an im-
pedance-matching means for the networks ¢5 and
36 and by providing for the delivery of an un-
distorted trigger pulse to the tubes 47, irrespective
of the fact that the high current-conducting re-
quirements of this branch of the circuit neces-
sitate the paralleling of a plurality of these de-
vices.

Modifications of my invention are, of course,
possible and may suggest themselves from the
foregoing disclosure. Accordingly, the embodi-
ment herein described and represented in the
accompanying drawing is to be regarded as illus-
trative, and the spirit and scope of my invention
to be limited only by the appendant claims.

‘What is claimed is:

1. In combination with an ultra high frequency
oscillator, a blocking oscillator having connected
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in the grid circuit thereof a simulated transmis-
sion line, a buffer stage comprising an electronic
discharge device connected as a cathode follower
for receiving the output of said blocking oscil-
lator, a power pulse switching devide comprising
a plurality of electronic discharge elements, each
with a separate control grid driven by the output
of said blocking oscillator, an energy storage con~
denser, a sinusoidally varying power-supply
source, and interconnections between said
switching device, said condenser and said source
whereby said condenser is alternately charged
from said source and discharged through said
switching device to release energy to said oscil-
lator, said discharge being synchronized to occur
after the peak value of said source has been at-
tained.

2. In combination, with an ultra-high-fre-
quency oscillator, a blocking oscillator, a buifer
stage having an electronic discharge device con-
nected to receive the output of said blocking os-
cillator, a power pulse switching stage having at
least one electron discharge device driven by
the output of said buffer stage, a sinusoidal pow-
er-supply source, a storage condenser connected
to receive energy from said source, said storage
condenser being further connected to release
energy thereof through said switching device to
said oscillator after the attainment of the peak
value of said source. :

3. In .combination, an oscillator to be ener-
gized at regular intervals, a pulse generator, a
power pulse switching stage having at least one
electron discharge device driven by the output
of said generator, a sinusoidal power-supply
source, a storage condenser connected to receive
energy from said source, an inductive device hav-
ing primary and secondary windings, said sec-
ondary winding being connected across said os-
cillator said storage condenser being further con-
nected to release energy thereof through said
switching stage to said primary winding after the
peak value of said source has been attained.

4. In combination, an oscillator to be puised,
2 sinusoidal power-supply source, a storage con-
denser connected to receive energy from said
source, an electron tube switching device hav-
ing grid and plate circuits, a pulse generator con-
nected to control the grid of said switching de-
vice and an inductive device having primary and
secondary windings, said oscillator being con-
nected to said secondary winding, the plate cir-
cuit of said tube switching device being con-
nected between said condenser and said primary
winding for periodically releasing the energy of
said storage condenser to said oscillator during
each positive second quarter cycle of said source.

5. Apparatus for supplying unidirectional elec-
tric pulses o a unidirectional voltage responsive
radio-frequency energy generator, comprising
first transformer means for receiving alternating
current primary power and delivering high ten-
sion alternating voltage at the terminals of its
secondary winding, a rectifier tube and a grid
controlled tube connected in series between the
secondary terminals of said first transformer
means, the cathode of one of said tubes being
connected to the anode of the other and the re-
maining anode and cathode being connected to
the secondary terminals, a second transformer
having two winding terminals for connection to
said radio-frequency energy generator, a. ca-
pacitor, said second transformer further having
a winding portion connected in series with said
capacitor, and means connecting said series-con-
nected capacitor and winding portion between

'
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the cathode and the anode of said grid controlled
tube.

6. Apparatus as defined in claim 5, further
including means for supplying to the control grid
of said tube pulses recurring at the frequency of
the alternating current in said first transformer
means, said pulses being timed with the quarter
of each cycle during which the voltage applied
to the anode of said rectifier tube is positive but
decreasing in magnitude.

7. Apparatus as defined in claim 5, wherein
said second transformer is an auto transformer
having a terminal at each extremity of said wind-
ing and a connection to an intermediate position
of said winding, both end terminals being con-
nected to said radio frequency energy generator,
a capacitor, and means connecting said capacitor
in series with one of said terminals and said con-
nection, thereby series connecting said condenser
and a portion of said winding, said means being
further connected between the cathode and anode
of said grid controlled tube.

8. In combination with a load to be impulsively
energized at regular intervals, an inductive de-
vice having primary and secondary windings, a
sinusoidal power supply source, energy storing
means connected to receive energy from said
source, and a unidirectional electronic discharge
device having a control grid, said device being
connected in series with said energy storing
means and primary winding, said load being con-
nected to said secondary winding, and said con-
trol grid of said electronic device being syn-
chronized with said sinusoidal source for uni-
directionally releasing the energy from said stor-
ing means to said load during each cycle of the
sinusoidal variations of said source after the peak
value thereof has been attained.
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9. In combination, an oscillator to be pulsed
with energy, a sinusoidal power-supply source,
a storage condenser connected to receive energy

‘from said source, an inductive element having

primary and secondary windings, said ocscillator
being connected across said secondary winding,
a control device consisting of a pulse generator
and a unidirectional electronic discharge device,
said electronic device having a plate circuit and
a grid circuit, said plate circuit being connected
between said condenser and said primary wind-
ing, and said grid circuit being connected to said
pulse generator for periodically releasing energy’
to said oscillator after the attainment of the peak
voitage of said source.
DAVID Y. KEIM,
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