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The present invention relates generally to a 
controllable puise generator, and more particu 
larly to a pulse 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 and pulse duration of the Wave may be 
insiependently controlled. 

It is a further object of the invention to pro 
wide a puise generator controlled by relay means 
and having independent frequency and pulse 
duration control. 

It is another object of the invention to pro 
vide thyration tube means in combination With 
appropriate amplifier and switching means SO 
that a Wave of variable frequency and pulse 
duration may be obtained. 
Other objects and a fivantages of the present 

invention will be readily appreciated as the same 
begore better understood by reference to the 
following detailed description when considered 
in connection. With the accompanying drawings 
in which: 

Fig. 1 is a circuit, diagran) of a preferred modi 
fication of the present invention; and 

Fig. 3 is a chart explaining the operation of 
the present invention. 
According to the invention there is provided 

a trianguiar wave generator comprising a thyra 
troin tube connected as a Cathode-follower a COSS 
a source of direct curient voltage, the cathode 
resistance producing a sufficiently high voltage 
drop to 'scilloe the voltage across the thyratron 
tube below the mininuin ionization voltage. A 
condense: parallieing the cathode resistor pre 
weats an i:Staintaineous increase in the Voltage 
drop across the cathode resistor during the in 
terval of tire required to charge the condenser. 
When the tube is rendered non-conducting by 
the Voltage drop produced across its cathode re 
Sistur, the condenser discharges through the 
catio de l'esistor Jinti sufficient potential differ 
erce exists agross the tube to again cause con 
duction therethrough. The voltage appearing 
3. COSS the condensei is used to energize a direct 
current ainplifier which controls a, reiay which 
operates at a predetermined current through its 
operating winding. The portion of each cycle 
during which the relay is actuated is dependent, 
u}}On the gain of the direct, current amplifier and 
it iinay be varied. 
The repetition rate of the thyratron tube is 

coili'olled 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 way 
the discharge time and therefore the total length 
Of the cycle of operation. A rheosta, paralleling 
a fixed resistance is provided as a cathode re 
Sistor. 

Referring now to Fig. 1, there is shown an 
input, 2 to rectifier unit 3 which Supplies the 
needed voitages for the pulse generator fion a 
Conventional source of power, such as 115 volts, 
83 cycles. Glow be 5, in series with liniting 
resistor 3 indicates that SWitch is has been closed. 

Recifier unit 3 conpirises a transioigner having 
a brilaiy coil 3 and a plurality of secoidaly 
coils , ; 2 and 3. The prinary coil 3 is en 
gized fro: input 2. 
she secondary coil supplies energy to two 

Sets; of ful Wave rectifiel's oppositely connected. 
Cine Set congrises a, double diode tube that 
plovicies a positive potential on condugtoi 8 
3S ;pared to ground potential oil groundegi 
Codigitor 3 to which the idpoint, of coil 
is connected. The other set, coin prises a pair of 
diodes 2 and 33 connected to provide a negative 
potential on conductor 22 through a resistor 23, 
the negative potential being with refei'ence to 
the ground potential on condictoi S. Voltage 
Simoothing neans of any Suitable kind may be 
provided, as for exa;aple the condenser 23 and 
f.e. 25. 

the Secgindary coii. 3 Supplies heating energy 
to tile cathode heaters of the various tibes shown 
in a well known laner, the 
Seing on hittad in the intere 
clai'ity. 

in order to generate pulses a thyration tube 
3 is provided having an anods 32 coininectad 
3.2 rough a cirrent, initing resistor 33 to tie 
positive coindictor $, and having a cathode 34 
coinnected through the Series connected cathode 
resistors 35 and 33 to tie girolinked conducto: 
3. air joining coniuctor 35 is connected to 
the control grid 33 of the thylation the 3 i. 
"ke otheir sides of time resistoi's 35 and 33 aire 
corinected respectively, to a central conductol 3: 
ani : 33) extension of conductoi' at ground 
potential. 

he resistance 3 has a l'esista:ce of 2, few 
hundrei Gitans to li:iit the current conducted by 
the the S, but the cathode l'esistances 33 arid 
$3 have a very iaige total resistance so that coil 
duction of the tube will produce such a large 
Voitage drop across the resistainces as to cause 
the tihe to de-onize when the giid S3 is made 
regative. The condensel 2 is connected in pal 
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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 condenser. When the 
condenser 42 has become charged, the grid 3: 
of the tube 3 is made negative With respect to 
the cathode 34 by the voltage drop across the 
resistance 35, and the Voitage in pressed on tile 
tube is reduced to the value at which conditic 
tion stops. 
The negative potential impressed on the grid 38 

is maintained until the condenser 42 discharges 
sufficiently to allow the thyratroln tube 3 to 
ionize again to repeat the cycle, 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 Years of the 
Series connected resistance A3 and the variable 
resistance & connected in parallel with the con 
denser, so that the discharge tine may be varied 
over wide inits. The charging time of the con 
denser is short With respect to the discharge tine 
thereof, so that the repetition rate of the thyra 
tron is effectively controlled by varying the set 
ting of the variable resistance 44. 
The voltage appearing across the condenser É2 

is used to control conduction of the tube 45 which 
has an anode 8 connected to the lead 8, and a 
cathode it connected through Series connected 
resistor eienents 48, 52 and 33 to the novable tap 
54 of the potention eter 55. The potentiometer 
55 is connected between the grounded conductor 
9 and negative conductor 22 so as to provide 
an adjustable negative Voltage for a purpose later 
to be described. The condenser 56 is connected 
between the movable tap 33 and the grounded 
conductor S to prevent appreciable Voitage 
changes from appearing therea, CrOSS during the 
time interval of one cycle. The control grid 57 
is connected to the control conductor A . 
The tube 45 is normally conducting, since the 

voltage on the grid 5 is always above ground 
potential and its cathode is connected to a point 
below ground potential. When the charge on 
the condenser &2 increases, the current through 
the resistances 48, 52 and 53 produce a voltage 
drop therea cross which raises the potential of 
cathode 4: 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 53 comprises a cathode 82 connected 

to ground, an anode S3 connected to conductor 
through the resistance 84, and a control grid 65 
connected to the movable tap 66 on the resistor 
element, 52. A voltage divider comprising re 
Sistances 5 and 68 is connected between the 
anode 3 and the conductor 2 which is con 
nected to the novable tap 54 on the potention 
eter 55. The junction of resistances S. and 63 
is connected to the grid 3 of tube 74. 
The tube 4 comprises a cathode 5 connected 

to ground and an anode 6 connected through the 
resistance to conductor 3. A voltage divider 
comprising resistances 82 and 33 is connected be 
tween the anode 6 and conductor 2. The junc 
tion of resistances 32 and 83 is connected through 
resistance 35 to the grid 33 of tube 8E. The 
anode 88 of tube 3, is connected through the con 
trol winding 32 of the relay 93 to the conductor 
3, While the cathode 34 is connected to ground. 
When the condenser is 2 charges, the voltage rise 

at the novable tap 65 of the potentioneter 52 
causes the tube 58 to conduct nore heavily than 
before and therefore causes the voltage at the 
anode 63 of tube 58 to fall in proportion to the 
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Voltage rise. This voltage drop is transmitted 
to tube 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 8. 
to cause tube S to conduct more heavily and thus 
actuate the contacts 95 of relay 93. Arnature 
83 Swings between contactors 99 and 9. 
Adjustinent of the movable tap 54 on the po 

tentionetter 55 regulates the bias on tubes is and 
8 ad so regulates the current conducted by the 
tube 8 through the operating winding 92 of relay 
93 when the condense A2 is discharged. The 
cuiri'ent throuigi the relay is adjusted to a value 
considerably below the vaiue at which the relay 
is actuated, since the tube 3 Will conduct heavily 
When codenser 32 is charged. Resistor 85 is 
provided to prevent the flow of appreciable grid 
current, in the tube 8. 
The current conducted by tube 87, when the 

condensei A2 is charged, corresponds to the volt 
age impressed on the grid 65 of tube 53, which 
voltage is adjustable by varying the setting of the 
noyable tap S3 on potentioi?ieter 5. The mag 
nitude of the charge on condeinSei. 42 is Substain 
tially uniform between pulses, so that the point 
at which the relay 93 closes and opens may be 
regulated by adjustineint of potentionetter 55. 
The operation of the circuit may be more 

readily understood by reference to Fig. 2 in Which 
the curve SS represeits the charge Oin COindenser 
42 plotted witi respect to time. The points A 
represent the voltage at which the thyratron tube 
3 ionizes to coinduct current. The points B rep 
resent the voitage at which the tube 3 becomes 
non-conducting. During the time interval rep 
resented by C, the condenser is charging; it is 
discharging during the time intervai represented 
by D. The actuating voltage of the relay 93 is 
indicated by the line 3:. Adjustment of the now 
abie tap 56 has the effect of shifting the curve 98 
in a vertical direction so as to vary the time in 
terval E during Winich tine relay is actuated. The 
cyclic 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 95 is rectangular since arma 
ture 98 SWings between contactors 99 and it on 
a make or break basis. Assuining that there is 
a potential difference between armature 98 and 
contactor's 99 and $3, an initial Surge of Current 
results when contact is rade. 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 control the output of a con 
trollable pulse generator. One 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 output 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 be understood, of course, that the 
foregoing disclosure relates to only a preferred 
exhioodirnet of the invention and that numerous 

odifications or alterations may be made therein 
without departing from the spirit and the scope 
of the invention as set forth in the appended 
cairn. 
What is claiined and desired to be protected by 

Letters Patent of the United States is: 
A control circuit, including a saw tooth gener 

ator, an amplifier and a relay requiring a prede 
termined actuating current, said saw tooth gen 
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erator comprising a thyratron tube having an 
anode, a cathode and a control grid, a source of 
anode potential connected to said anode, 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 capacito; connected between said 
Cathode and ground, a variable resistor connected 
between said cathode and grouind, said variable 
resistor serving to vary the discharge time of said 
capacitor, said amplifier comprising at least one 
tube having an anode, a cathode 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 poten 
tioneter means the duration of the actuating of 
said relay in each cycle. 
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