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This invention relates in general to electrical 
circuits and more particularly to circuits for 
generating the sawtooth sweep voltages to be 
used With a cathode ray tube. 

For most purposes the time base of an elec 
trically-deflected cathode ray beam is a linearly 
increasing voltage with a fast return to a rest 
value. This requires that the voltage wave take 
the form of a sawtooth or serrated wave, its ac 
tion being to move the spot formed by the im 
pingement of the cathode ray beam on the face 
of a tube at a constant speed in one direction 
therea cross. An increase in linearity of the mo 
tion of this trace over that resulting from the 
use of a single Sawtooth wave may be accom 
plished by using a push-pull sweep-generating 
circuit; i. e., one that applies sawtooth wave 
forms to both cathode ray tube deflection plates 
of One Set, these Waveforms being inverted with 
respect to each other, 
Among the objects of this invention, therefore, 

are: 
. To provide a circuit for generating sawtooth 

Voltage waveforms; 
2. To provide such a circuit in which the saw 

tooth Wave is substantially linear; and 
3. To provide Such a circuit having a push 

pull output. . . . . 
In accordance with the present invention 

there are provided two embodiments of a push 
pull Sawtooth Wave sweep circuit. In the first 
embodiment a normally-conducting Switch, tube 
has an effective capacitance connected between 
the plate of the tube and ground. A negative 
Square pulse applied to the grid turns off the 
tube at the start of the development of the saw 
tooth Wave. The voltage on the plate of this 
tubs is coupled to a buffer tube and is then fed 
back through the cathode of this buffer to the 
plate load circuit of the SWitch tube. The out 
put of the Switch tube is also connected to an 
inverter tube through a capacitance voltage di 
Wider, the output of the inverter tube being one 
Sawtooth wave of the push-pull output of the 
circuit. The other sawtooth Wave of the push 
pull output is taken from the cathode of the 
buffer tube. 

In the Second embodiment of the circuit a nor. 
nally-conducting switch tube has a condenser 
connected between the plate and ground. A 
negative Square pulse applied to the grid turns 
off the tube at the start of the development of 
the sawtooth wave. This plate is connected to 
the grid of a buffer tube, the cathode of which 
is connected back to a load resistor of the SWitch 
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tube for feedback purposes. The cathode of the 
buffer tube is also connected through a capacity 
voltage divider to the grid of an inverter tube. 
One part of the push-pull sawtooth Wave output 
is taken from the plate of the inverter tube, and 
the other part is taken from the Cathode of the 
buffer tube. 
This invention will best be understood by ref 

erence to the drawings, in which: 
Fig. 1 shows one embodiment of my invention; 

and 
Fig. 2 shows another embodiment of my in 

Wention. 
Referring now to a description of the first 

embodiment of the circuit and to Fig. 1, it is 
seen that the input pulse is coupled to the grid 
2 of switch tube 0 through coupling condenser 
. The cathode 3 of tube 0 is grounded. 

Connecting the plate 4 of tube 0 to the source 
of plate voltage, B-, are two load resistors 5 
and 6. The grid 2 of switch tube 0 is re 
turned to B-- through grid-leak resistor 7. A 
condenser 8 is placed between the plate 4 of 
tube. and ground. 
The plate 4 of switch tube fo is coupled to 

the grid 19 of buffer tube 20. The plate 2 of 
tube 20 is connected directly to B-, and the 
cathode 22 of this tube is connected through a 
load resistor 23 to a Source of negative voltage 
(-C) or to ground 24. The cathode 22 of tube 
20 is connected back to the lower end of load 
resistor 6 through coupling condenser 32. One 
part of the push-pull output of the circuit, the 
so-called positive Sawtooth Wave, is taken from 
the cathode 22 of the buffer tube 20. 

the plate 4 of switch tube 0 is also coupled 
through condenser 25 to the grid 26 of inverter 
tue 2. Grid leak resistor 28 connects the grid 
2S clf this tube to ground. The plate 29 of tube 
2i is connected through load resistor 30 to B--, 
and the Cathode 3 of this tube is grounded. 
Feedback condenser 33 connects the plate 29 of 
tube 27 to the grid 26 of this tube. The other 
part of the push-pull output of the circuit, the 
so-called negative sawtooth wave, is taken from 
the plate of inverter tube 2. 
The negative sawtooth Wave is coupled to one 

defic ction plate 35 of cathode ray tube 34, while 
the positive sawtooth wave is coupled to the other 
deflection plate 36 of this tube. 

Referring now to a description of the second 
embodiment of the sweep circuit and to Fig. 2, 
it is seen that the input pulse is fed to grid 40 
of Switch tube 4 through coupling condenser 42. 
The cathode 43 of tube 4 is grounded, and the 
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plate 44 is connected to a source of positive volt 
age, B--, through load resistors 45 and 46. The 
grid 49 of tube 4 is returned to B-- through 
grid-leak resistor 47. A sweep condenser 8 is 
connected from the plate 44 to ground. 
The plate 44 is coupled directly to the grid 

89 of buffer tube 5). The plate 5 of tube. 5 is 
connected directly to B-, and the cathode 52 of 
tube 5) is connected through a load resistor 53 to 
a source of negative voltage 6. The lower end 
of resistor 53 is connected to ground by CO 
denser 54. The cathode 52 of tube 50 is coal 
nected back to the lower end of load resistor 46 
through coupling condenser 55. 
The cathode 52 of tube 5 is also connected 

through a parallel network of resistor 56 and con 
denser 57 to the grid 58 of inverter tube 59. Phe 
cathode 63 of tube 59 is connected to a source of 
negative potential 6?, which in turn is connected 
to another source of negative potential 62 through 
potentiometer 63. The plate S4 of tube 59 is con 
nected to B+ through plate resistor 65. The grid 
58 is connected to the center arm of potentiometer 
63 through resistor G6. Feedback condenser 18 
connects the plate 64 to the grid 58 of this tube. 
The positive sawtooth output, which is coupled 

to one plate 67 of cathode ray tube 68, comes from 
the cathode 52 of buffer tube. 50, while the neg 
ative sawtooth output, which is coupled to the 
other plate 69 of the cathode ray tube 68, comes. 
fron the plate. GA. of inverter tube 59. 

Referring now to the operation of the first em 
bodiment of the circuit, and to Fig. 1, it is seen 
that, due to the positive, grid return of switch 
tube G, this tube will be normally highly con 
ducting, and its plate potential will be low. A 
negative rectangular pulse..is applied to the grid 
of this tube, cutting it, off. Immediately two par 
allel capacitances begin charging one being con 
denser 8, and the other being the series capac 
itance. of condenser. 25 and the input capacitance 
of tube 27. This latter value is made. quite large 
due to the condenser 33 from plate 29 to grid 26. 
Thus, neglecting, the effect of the feedback 
through condenser 32, the plate. voltage of tube 
ii) would rise, exponentially as soon, as the Switch 
tube stops conducting. Due to the feedback con 
nection from the cathode of, tube. 20 to the lower 
end of resistor 16, this latter point rises in po 
tential at a rate comparable... with the voltage 
rise at the plate of tube. 10. The effect of this 
feedback is to cause a substantially constant 
charging current to flow into the abovementioned 
parallel capacitances, and so to cause a linear 
rise in voltage at the plate of tube fo. This will 
also cause a linear positive Sawtooth to appear 
at the cathode of tube 20. This waveform is ap 
plied to one deflection plate 36 of the cathode 
ray tube 34. 
The positive sawtooth wave on the plate of tube 

( ) is applied to the grid of tube 27 through a 
capacity voltage divider of condenser 25 and the 
input capacitance of tube. 27. This input capac 
itance is purposely increased by making use of 
the Miller effect. Thus, the capacitance from 
the grid of tube 27 to ground is equal to the plate 
to-grid capacitance, which is effectively equal to 
the capacitance of condenser 33, multiplied by 
the factor (G-1), where Gris the gain of tube 27. 
Thus if Eo is the instantaneous output plate volt 
age of tube 0, Et is the instantaneous input grid 
voltage of tube 27, and the capacitance 33 is equal 
to the capacitance 25, 

E. Ei-gig 
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and the instantaneous voltage E2 appearing at 
the plate of tube 27 will be 

G =Eig2 
As can be seen from Equation 5-3, pg. 221, in the 
book “Ultra-High-Frequency Techniques' by 
Brainerd, et al., of the load resistor in a cathode 
follower stage is large as compared to the plate 
resistance of the tube, the amplification A of a 
Cathode follower is 

E. 

where u is the amplification factor of the tube. 
Since tube 20 is acting as a cathode follower, the 
instantaneous voltage at cathode 22, which is the 
instantaneous positive sawtooth voltage, Will be 
p/(u-I-1) times the voltage at the plate of tube 
8. The negative sawtooth is taken from the 

plate of tube 27, and the voltage at this point 
at any instant is G/CG-2) times the voltage. on 
the plate of tube 0. Thus, it can be seen that 
the positive and negative sawtooth voltages are 
approximately equal. 
Referring now to the operation of the circuit of 

Fig. 2, it is seen that normally-conducting switch 
tube. 4 is switched, off by the negative rectangular 
pulse applied to the grid, at which time con 
denser 48 begins charging. As in the circuit, of 
Fig. 1, this sawtooth waveform is made to be quite. 
linearby coupling the plate of tube 4f to the grid 
of buffer tube 50, and then feeding the voltage 
on the cathode of tube. 50 back to the load circuit 
of tube 4. 
The sawtooth on the cathode of buffer tube 

59 is fed to the grid of inverter tube. 59 through 
a compensated voltage divider. The time con 
stant of the resistance of resistor 56 multiplied 
by the capacitance of condenser 51.is made sub 
stantially equal to the time constant of the re 
sistance of resistor 66 multiplied by the input 
capacitance of tube 59, which is the capacitance 
of condenser 70 times. (G-1) where G is the gain 
of tube 59. With the two time constants being. 
equal, the ratio of the voltage divider is made 
insensitive to frequency changes. In addition, 
the condenser 70 introduces negative feedback for 
tube 59 and so, increases the linearity and speed 
of starting of the sawtooth, wave. The positive. 
sawtooth is taken from the cathode of buffer tube 
59, while the negative sawtooth is taken from the 
plate of inverter tube 59. 

It will be observed that there is a d-c path. 
from the cathode of tube. 50 to one deflection 
plate 67 of the cathode ray tube. If desired, sweep 
centering may be obtained by adjusting, the po 
tential of the cathode of tube. 4 which will con 
trol the potential on the cathode of tube. 50. An 
increase in the potential of the cathode of tube 
4 will decrease the average potential, on the up 
per deflection plate, 67 and increase the average. 
potential on the lower deflection plate 69 and the 
position of the sweep on the screen will be low 
ered 
While there has been described what is at 

present considered the preferred embodiment of 
the invention, it will be obvious to those skilled 
in the art that various changes and modifications 
may be made therein without departing from the 
invention, and it is, therefore, aimed in the ap 
pended claims to cover all such changes and modi 
fications as fall within the true spirit and scope. 
of the invention. o 
I claim: 

A. 
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1. A circuit for generating push-pull sawtooth 
sweep voltages for a cathode ray-tube compris. 
ing a switch tube having a load circuit, capaci 
tance means connected between the plate of Said 
switch tube and a point of reference potential, 
means for applying pulses from a source external 
to said circuit onto said switch tube, whereby said: 
switch tube is made impervious to current flow 
therethrough and a positive sawtooth Wave of 
voltage is generated at the plate thereof, a buffer 
stage comprising a cathode follower circuit, means 
coupling said positive sawtooth wave to the grid 
of said cathode follower circuit, first condenser 
means coupling. the cathode of said cathode fol 
lower circuit back to the load circuit of said switch 
tube, whereby the linearity of said positive Saw 
tooth Wave is increased over the linearity of an 
exponential wave, means coupling said positive 
sawtooth wave at the cathode of said buffer tube 
to a first deflection means of said cathode ray 
tube, an inverter tube, voltage divider means ap 
plying said positive sawtooth wave to the grid of 
said inverter tube, whereby a negative sawtooth 
wave is present on the plate of said inverter tube, 
and means applying said negative sawtooth wave 
to a second deflection means of said Cathode ray 
tube. 
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second condenser coupling the cathode of said 
buffer-tube back to said tap, on the resistive load . 
circuit of said switch tube, whereby the linearity 
of said positive sawtooth wave is increased over 
the linearity of the exponential wave which would 
appear at the plate of said switch tube in the ab 
sence of said second condenser, an inverter tube, 
a first resistance means connecting the Cathode 
of said buffer tube to the grid of said inverter 
tube, a third condenser means in parallel with 
said first resistance means, a second resistance 
means connecting the grid of said inverter tube 
to a second reference potential, a fourth con 
denser means coupling the plate of said inverter 
tube to the grid of said inverter tube, whereby a 
voltage divider is formed comprising said first 
resistance means, said third condenser means, 
said second resistance means, and the input ca 
pacitance to said inverter tube, means coupling 
the cathode of said buffer tube to a first deflection 
means of Said cathode ray tube, and means cou 
pling the plate of said inverter tube to a second 

25 

2. A circuit for generating push-pull sawtooth 
sweep voltages for a cathode ray tube comprising 
a switch tube having a resistive load circuit, a 
capacitance means connected between the plate 
of said switch tube and a point of reference poten 
tial, means for applying negative pulses from a 
source external to said circuit onto the grid of Said 
switch tube, whereby said switch tube is made 
impervious to current flow therethrough and a 
positive sawtooth wave of voltage is generated at 
the plate thereof, a buffer cathode follower tube, 
means direct-coupling the plate of said Switch 
tube to the grid of said buffer tube, a first con 
denser coupling the cathode of said cathode fol 
lower tube back to an intermediate point on the 
resistive load circuit of said switch tube, where 
by the linearity of said positive sawtooth wave is 
increased over the linearity of the exponential 
wave which would occur at the plate of said switch 
tube in the absence of the use of said first con 
denser, an inverter tube, a portion of said capaci 
tance means coupling the plate of Said Switch 
tube to the grid of said inverter tube, a second 
condenser connecting the plate of said inverter 
tube to the grid of said inverter tube, whereby 
the input capacitance of said inverter tube is 
used with said portion of said coupling capaci 
tance as a voltage divider, means coupling the 
plate of said inverter tube to a first deflection 
means of said cathode ray tube, and means coul 
pling the cathode of said buffer tube to a second 
deflection means of said cathode ray tube, where 
by push-pull sawtooth voltage waves are gen 
erated at the cathode of said buffer tube and at 
'the plate of said inverter tube. 

3. A circuit for generating push-pull Sawtooth 
sweep voltage waves for a cathode ray tube com 
prising a switch tube having a resistive load with 
a tap at some intermediate point on said load, a 
first condenser connected from the plate of said 
switch tube to a first point of reference poten 
tial, means for applying negative pulses to the 
grid of said switch tube, whereby said Switch tube 
is made impervious to current flow therethrough 
and a positive sawtooth wave of voltage is gen 
erated at the plate thereof, a buffer cathode fol 
lower tube, means coupling the plate of Said 
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deflection means of Said Cathode ray tube, where 
by push-pull Sawtooth voltage waves are gen 
erated at the cathode of said buffer tube and at 
the plate of Said inverter tube. - 

4. A circuit for generating push-pull sawtooth 
Sweep voltages for a cathode ray tube comprising 
a SWitch tube having a resistive load circuit, a 
first condenser connected between the plate of 
said switch tube and a point of reference poten 
tial, means for applying pulses to said switch 
tube, whereby Said SWitch tube is made imper 
vious to current flow therethrough and a positive 
sawtooth wave of voltage is generated at the 
plate thereof, a buffer cathode follower tube, 
means coupling the plate of Said. SWitch tube to 
the grid of said buffer tube, a Second condenser 
coupling the cathode of Said cathode follower 
tube back to the load circuit of Said SWitch tube, 
whereby the linearity of said positive sawtooth 
Wave is increased over the linearity of the ex 
ponential wave which would appear at the plate 
of said switch tube in the absence of Said second 
condenser, an inverter tube, means coupling the 
cathode of said buffer tube to the grid of Said 
inverter tube, means coupling the cathode of Said 
buffer tube to a first deflection means of Said 
cathode ray tube, and means coupling the plate 
of said inverter tube to a second deflection means 
of said cathode ray tube, whereby push-pull Saw 
tooth voltage waves are generated at the cath 
ode of said buffer tube and at the plate of said 
inverter tube. 

5. A circuit for generating push-pull Sawtooth 
sweep voltages for a cathode ray tube compris 
ing a switch tube having a load circuit, capaci 
tance means connected between the plate of Said 
switch tube and a point of reference potential, 
means for applying pulses from a source external 
to said circuit onto Said Switch tube, whereby Said 
SWitch tube is made impervious to current flow 
therethrough and a positive Sawtooth Wave of 
voltage is generated at the plate thereof, a buffer 
and inverter stage comprising a cathode follower 
buffer circuit and a plate inverter circuit, means 
coupling said positive sawtooth wave to control 
the current in said cathode follower buffer cir 
cuit and said plate inverter circuit, condenser 
means coupling the cathode of said cathode fol 
lower circuit back to the load circuit of Said 
Switch tube, whereby the linearity of Said positive 
sawtooth wave is increased over the linearity of 
an exponential wave, means coupling the positive 

switch tube to the grid of said buffer tube, a 75 sawtooth wave at the cathode of Said buffer cir 
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cuit to a first deflection means of said cathode ray, 
tube, and nears. coupling the iriverted sawtooth: 
wave at the plate of said inverter circuit to...as 
second deflection means of said, cathode ray tube. 

6. A circuit for generating pushi-pull. Sawtooth 
sweep voltages for a cathode ray tube comprising: 
a Switch tube having a resistive, lea: circuit, a. 
first condenser corrected between the plate of 
said switch tube and a point of reference poten, 
tial, means for applying pulses to said switch 10 ode ray tube. 
tube, whereby said switchi, tube is raae impera 
vious to current flow therethrough and a positive 
sawtooth wave of voltage is generated at the 
plate thereof, buffer and inverter 
cluding a cathode follower buffer: circuit aid a 
plate inverter circuit, means coupling the plate 
of said switch tube to control the current in said 
circuits, a second condenser coupling the cathode 
of said cathode follower circuit back to the load circuit of said switchi tube, whereby the linearity 20 
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5. 

8 
of said, positive Sawtooth wave is, increased over 
the linearity of the exponential wave which would 
appear at the plate of Said Switch tube in the 
absence of said second condenser, means coupling 
the positive:Sawtooth wave at the cathode of Said 
buffer circuit to a first deflection means of said 
cathode fay tube, and means coupling the in 
verted sawtooth wave at the plate of said inverter 
circuit to a Sec6nd deflection means of Said cath 
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