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1 Claim.
1

The present invention relates generally to a
controllable pulse generator, and more particu-
larly to a bulse generator wherein the repetition
rate and the pulse duration of its output are in-
dependently controllable by separate control ele-
ments.

It is an object of the invention to provide a
non-sinusoidal wave generator wherein the fre-
quency ang pulse duration of the wave may be
independently controlled.

Tt is a further object of the invention to pro-
vide a puise generator controlled by relay means
and having independent frequency and puise
duration control.

It is another object of the invention to pro-
vide thyratron tube means in combination with
appropriate amplifier and switching means so
that a wave of variable frequency angd pulse
duration may be obtained.

Other objects and advantages of the present
invention will be readily appreciateq as the same
become better understood by reference to the
following detailed description when considered
in connection with the accompanying drawings
in which:

Fig. 1 is a cireuit diagram of a preferred modi-
fication of the present invention; and

Fig. 2 is & chart explaining the operation of
the present invention.

According to the invention there is provided
a triangular wave generator comprising a thyra-
tron tube connected as a cathode-follower across
a source of direct current voltage, the cathode
resistance producing a sufficiently high voltage
drop to rsduce the voltage across the thyratron
tube below the minimum ionization voltage. A
condenser paralleling the cathode resistor pre-
vents an instantansous increase in the voltage
drop across the cathode resistor during the in-
terval of time required to charge the condenser.
When the tube is rendered non-conducting by
the voltage drop produced across its cathode re-
gistor, the condenser discharges through the
cathede resistor until sufiicient potential giffer-
ence exists across the tube to again cause con-
duction therethrough. The voltage appearing
20r0Ss the condenser is used to energize a direct
current amplifier which controls a reiay which
operates al a predefermined current through its
operating winding, The portion of each eycle

relay is actuated is dependent
upon the gain of the divect current amplifier and
it may be varied.

Th tition rate of the thyratron tube is
controlled by varying the value of the resistance
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in its cathode circuit. This has no effect on the
charging time of the condenser, but it does vary

g
the dizcharge time and thervefore i
eyele of operation. A

resistance is provided g,

ring now to Fig. 1, there is shown an
to rectifier unit 2 which supplies the

&

conventional source of power, such ag 115 volts,
80 cycles. Glow tube 4, in series with limiting
resistor & indicates that switch & has heen cloged,

Rectifier unit 3 comprises a transformer having
a primary ecil 8 and a plurality of secondary
i {2 and {3. The primary coil 8§ is en-
ed from input 2.
he secondary coil i supplies energy to two
of full wave rectifiers oppositely connected.
comprises g double diode tube {7 that
provides a positive potential on conductor (8
as compared to ground potential on grounded
conducior 8 to which the midpoint of coil i
is conmected. The oth et comprises a pair of
diodes 20 and 21 connected to provide a negative
boiential on conductor 22 through g resistor 23,
the negative potential being with reference to
the ground potential on conductor Voltage
smoothing means of any suitable kind may be
provided, for example the condenser 24 and
filter 25,

The secondary coil |
to the cathode heaters of &
in & well known manner,
heing omitted in the inter
clarity.

In order io generate

¥
as
heating ensrgy
5 tubes shown
aectual connections
sts of brevity and

pulses a thyratron tube

31 Is provided having an anode 32 connected
through & current limiting resistor 335 4o the
o

connected through the ss:
resistors 25 o the grou

wded conductor

§9. Their j conductor 37 is connected to
the control grid 3¢ of the thyrairon tube 21i.
The other & of the resistors 25 and 38 ave

s
g

at ground

the tubhe
58 have a very large total resistance so that con~
duction of the tube will produce such a large
voltage drop across the resistances 2s to
the tube 0 de-cnize when the grid 32 is
negative.

causse
madle
The condenser £2 is connected in par-
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allel with the resistances 35 and 38 to prevent
an instantaneous voltage change thereacross, so
that the tube 3{ remains conductive during the
charging interval of the condenssr. When the
condenser 42 has become charged, the grid 38
of the tube 31 is made negative with respect to
the cathode 34 by the voltage drop across the
resistance 835, and the voltage impressed on the
tube is reduced to the value at which conduc-
tion stops.

The negative potential impressed on the grid 38
is maintained until the condenser 42 discharges
sufficiently to allow the thyratron ifube & to
jonize agzin to repeat the ¢ycle, and the discharge
time of the condenser is controlled by the re-
sistance in its discharge path. The resistance in
the discharge path in controlled by means of the
series connected resistance 43 and the variable
resistance 44 connected in parallel with the con-
denser, 0 that the discharge time may be varied
over wide limits. 'The charging time of the con-
denser is short with respect to the discharge time
thereof, so that the repetition rate of the thyra-
tron is effectively counirolled by varying the set-
ting of the variable resistance 44.

The voliage appearing scross the condenser £%
is used to control conduction of the tube 45 which
has an anode 48 connected to the lead {8, and a
cathode 471 connected through series connected
resistor elements 48, 52 and 83 to the movable tap
54 of the potentiometer §5. The potentiometer
55 is connected between the grounded conductor
{8 and negative conductor 22 so as o provide
an adjustable negative voltage for a purpose later
to be described. The condenser 58 is connected
between the movable tap B4 and the grounded
conductor 1§ to prevent appreciable voliage
changes from aonpearing thereacrcss during the
time interval of one cycle. The control grid 57
is connected to the control conductor 41.

The tube 45 is normaily conducting, since the
voltage on the grid 57 is always above ground
potential and its cathode is connected to a point
below ground potsntial. When the charge on
the condenser 42 increases, the current through
the resistances 48, 52 and E§ produce a voltage
drop thereacross which raises the potential of
cathode 47 with respect to ground. This increase
in potential controls the operation of the switch~
ing circuit consisting of three direct-connected
stages operating a double-throw relay.

The tube 58 comprises a cathode 82 connected
to ground, an ancde §3 connected to conductor {8
through the resistance 84, and a control grid €5
connected to the movable tap €8 on the resistor
element 52. A voltage divider comprising re-
sistances 67 and 88 is connected between the
anode 83 and the conductor 72 which is con-
nected to the movable tap 54 on the potentiom-
eter 55. The junction of resistances 87 and 83
is connected to the grid 78 of tube 4.

The tube 74 comprises a cathode 75 connected
to ground and an anode 78 connecied through the
resistance 77 to conductor {8. A voltage divider
comprising resistances 82 and 88 is connected be-
tween the anode 76 and conductor 72. The junc-
tion of resistances 82 and 83 is connected through
resistance 83 to the grid 88 of tube 87. The
ancde £8 of tube 87 is connected through the con-~
trol winding §2 of the relay 83 to the conductor
{8, while the cathode 94 is connected to ground.

When the condenser 42 charges, the voltage rise
at the movable tap 68 of the potentiometer 52
causes the tube 58 to conduct more heavily than
before and therefore causes the voltage at the
ancde 83 of tube 58 to fall in proportion to the
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voltage rise. This voltage drop is transmitted
to tube 74 which conducts less current so as to
cause a voltage increase at its anode 76, and this
increase is transmitted to the grid 86 of tube 87
to cause tube 87 o conduct more heavily and thus

ctuate the contacts 95 of relay 932. Armature
98 swings between contactors 99 and {08.

Adjustment of the movable tap 34 on the po-
tentiometer 55 regulates the bias on tubes 76 and
87 and so regulates the current conducted by the
tube 87 through the operating winding §2 of relay
83 when the condenser 42 is discharged. The
current through the relay is adjusted to a value
considerably below the value at which the relay
is actuated, since the tube 87 will conduct heavily
when condenser 42 is charged. Resistor 85 is
provided to prevent the flow of appreciable grid
current in the tube 81,

The current conducted by tube 87, when the
condenser 42 is charged, corresponds to the volt-
age impressed on the grid 65 of tube 58, which
voltage is adjustable by varying the setting of the
movable tap 83 on potentiometer B2. The mag-
nitude of the charge on condenssr 42 is substan-
tially unifdrm between pulses, so that the point
at which the relay 82 closes and opens may be
regulated by adjustment of potentiometer &35.

The cperation of the circuit may be more
readily undersiood by reference to Fig. 2 in which
the curve 88 represents the charge on condenser
&2 plotted with respect to time. The points A
represent the voltage at which the thyratron tube
3{ ionizes to conduct current. The points B rep-
resent the voltage at which the tube 31 becomes
non-conducting. During the time interval rep-
resented by O, the condenser is charging; it is
discharging during the time interval represented
by D. The actuating voltage of the relay 93 is
indicated by the line §¥. Adjustment of the mov-

» able tap 56 has the effect of shifting the curve 9§

in a vertical direction so as to vary the time in-
terval E during which the relay is actuated. The
eyclic interval H is varied by varying the dis~
charge time D. This is done by varying the
setting of the variable resistance 44.

It is also to be noted that the output wave
shape at contacts 85 is rectangular since arma-~
ture 88 swings between contactors 8¢ and {8 on
a make or hreak basis. Assuming that there is
a potential difference between armature 88 and
contactors €2 and {89, an initial surge of curreng
results when contact is made. There is then a
level period of current flow, followed by an abrupt
cut off when contact is broken.

It is apparent that novel circuit means have
been provided to ccntrol the output of a con-
trollgble pulse generator. Ome control means
acts to vary the frequency or repetition rate of
the wave; another control acts to vary the pulse
duration of the signal applied to the cutput de-
vice. By appropriate choice of circuit constants,
the pulse duration may be varied between 5%
and 95% in terms of make to break ratio.

it should bhe understood, of course, that the
foregoing disclosure relates to only a preferred
embodiment of the invention and that numerous
modifications or aiterations may be made therein
without departing from the spirit and the scope
of the invention as set forth in the appended
elaim.,

What is claimed and desired to be protected by
Letters Patent of the United States is:

A contro]l cireuit including & saw tooth gener-
ator, an amplifier and 2 relay reguiring a prede-
termined actuating current, said saw tcoth gen-
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erator comprising a thyratron tube having an
anode, a cathode and a conftrol grid, a source of
anode potential connected to said ancde, a first
and a second resistor serially connected between
said cathode and ground, means connecting said
control grid to the juncture of said first and sec-
ond resistors, a capacitor connecied between said
cathode and ground, a variable resistor connected
between said cathode and ground, said variable
resistor serving to vary the discharge time of said
capsacitor, said amplifier comprising at least one
tube having an anode, a eathode and a control
grid, potentiometer means connecting said capac-
itor to the cathode-grid circuit of said tube
whereby to vary the amplitude of the voltage
impressed thereon, and said relay connected in
the anode-cathode circuit of said amplifier,
whereby said variable resistor varies the cyclic
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rate of said saw tooth generator and said poteri~
tiometer means the duration of the actuasing of
said relay in each cycle.
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