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My invention relates to improvements in tele 
vision Systems embodying a cathode ray tube or 
Other equivalent electron device at either or both 
the transmitting and receiving stations, and, 
more particularly, to improved apparatus for de 
flecting the electrons, in such tubes or devices, for 
Scanning purposes. 

Television receiving systems of the general 
character as that disclosed in the copending ap 
plication by Arthur W. Wance, Serial No. 544,959, 
fled June 17, 1931, and assigned to the Radio 
Corporation of America, comprise a cathode ray 
tube with horizontal and vertical ray-deflect 
ing coils, a horizontal deflection system for caus 
ing a saw-tooth current wave at the desired line 
Scanning frequency to pass through the horizontal 
ray-deflecting coils, and a vertical deflection sys 
ten for causing a saw-tooth current wave at the 
desired framing frequency to pass through the 
vertical ray-deflecting coils. 

- For the purpose of synchronization, a dynatron 
oscillator is utilized to generate sharp voltage 
peaks, in the plate circuit thereof, and its oscilla 
tion frequency is locked in step with operating 
action at the transmitting station by transmitted 
synchronizing impulses which are applied to the 
grid circuit of the dynatron. The tips of the 
voltage peaks referred to, which occur at the ends 
of the Scanning periods, are utilized to drive the 
horizontal deflection System which includes a 
Condenser discharged by a tube having its grid 
circuit Supplied from the plate circuit of the dyna 
tron. The condenser-discharge tube is so biased 
that it draws plate current only at the level of the 
tips of the voltage peaks referred to. 
While these systems have been found to lend 

themselves to satisfactory operation, a distinct 
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operating disadvantage thereof resides in the fact 
that the frequency of Oscillation of the dynatron 
Oscillator is directly controlled by the applied 
plate and Screen-grid voltages. Relatively Small 
variations in Supply voltages, therefore, are ef 
fective to change the frequency sufficiently to 
throw the system out of synchronism. Further 
nore, in these Systems, the deflecting circuits 
embody a relatively large number of tubes and, 
Still further, adjustments for obtaining the de 
sired wave shape are accompanied by Some degree 
of frequency change. This necessitates other ad 
justments and readjustments until the desired 
Operating conditions are obtained. 
With the foregoing in mind, it is one of the 

objects of my invention to provide an improved 
television system of the character referred to em 
bodying an oscillator circuit which not only gen 

(C. 250-36) 
erates a sharply-peaked output voltage wave, but 
which also maintains its required frequency of 
Oscillations independently of occurring varia 
tions in the supply voltages over a range usually 
met with in practice. 
Another object is the provision of an improved 

deflecting circuit particularly adaptable for caus 
ing a saw-tooth current wave to pass through 
electromagnetic deflecting coils for a cathode ray 
tube, which circuit comprises only two tubes for () 
this purpose, and which can be adjusted to obtain 
the required wave shape without affecting the 
frequency of operation. 
Other objects and advantages Will hereinafter 

appear. 
In accordance With my invention, for horizon 

tall deflection of the cathode ray, a coupled Oscil 
lator tube is used. A resistance and a condenser 
are connected in the grid circuit, the capacity of 
the condenser being such that the charge which 
it stores up during the first oscillation is effec 
tive at substantially the completion thereof to 
block the tube against further oscillations by 
Supplying a bias potential to the grid more nega 
tive than the cut-off potential. 
At this point in the operating cycle, the re 

sistance is effective to provide a leakage path for 
the charge, the rate of leakage, however, being 
such that the period of time elapsing before the 
bias becomes sufficiently less negative that it 
reaches a magnitude approximating that of the 
cut-off potential or slightly below it, is of the 
order of ten to twenty times the period of the 
first, single oscillation, the sum of the two 
periods being equal to a scanning-line period. 
There occurs, therefore, only a single, sharply 
peaked current impulse in the plate circuit only 
once during each scanning-line period, and these 
are utilized to generate a saw-tooth current wave 
at the Scanning-line frequency. 

For vertical deflection of the cathode ray, a 
similar Oscillation circuit is embodied in the 
Vertical defection System for generating a Saw 
tooth current wave at the framing frequency. 
For the purpose of Synchronization, the capac 

ity of the blocking condenser and the value of the 
grid-leak resistance in each circuit are such that, 
at the end of the operating cycle, the bias on the 
grid is still slightly more negative than the bias 

5 

5 

20 

30 

35 

40 

45 

necessary for cut-off, at which time a received 50 
Synchronizing or framing impulse applied to the . 
grid is effective to bring the bias at least to or 
slightly less than the cut-off potential. In this 
manner, the received synchronizing and framing 
impulses are effective to cause the operating 55 
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2 
cycles to begin at the same point at the end of 
each scanning-line period or each frame, as the 
case might be. 
A television system constructed and Operating 

in the specific manner just explained is disclosed 
in my copending joint application with Justin R. 
Duncan, filed February 27, 1932, and bearing 
Serial No. 595,484. 

Miy invention resides in a system and method 
of operation of the character hereinafter de 
scribed and ciained. 

For the purpose of illustrating my invention, 
an embodiment thereof is shown in the drawings, 
wherein 

Figure is a diagrammatic view of a television 
receiving system embodying my invention; and 

Figs. 2 and 3 are diagrammatic views showing 
modifications of the system illustrated in Fig. i. 

in Fig. 1, the various parts, circuits and con 
nections have, for convenience of comparison, 
been designated by the same reference numerals 
designating the respective and corresponding 
parts, circuits and connections in my copending 
application referred to. 
The particular embodiment of my invention 

shown in Fig. 1 comprises a cathode ray tube 
having its control-grid circuit Supplied with 

picture signals by way of a connection termi 
nating at an adjustable contact 2 aSSociated 
with a resistance f3, the latter being connected 
across the output of a suitable radio receiver 6. 
A cathode ray 5 is caused to Scan a fluorescent 

screen 6 by electromagnetic coils 7 for deflect 
ing the ray horizontally, and by electromagnetic 
coils 8 for deflecting the ray vertically. For this 
purpose, the horizontal deflection circuit shown, 
and designated generally by the reference nu 
meral 30, generates a saw-tooth current Wave at 
a suitable line-scanning frequency, for example, 
4320 cycles for a picture having 180 lines and 
for 24 frames a second, and supplies this wave 
to the coils . In like manner, the vertical de 
flection circuit shown generates a saw-tooth cur 
rent wave at the framing frequency, for example, 
24 cycles, and Supplies this wave to the coils 8. 
The horizontal deflection circuit includes an 

oscillator circuit 9 comprising an electron tube 
20 and a transformer 2 providing an inductive 
coupling between the plate and grid circuits. A 
blocking condenser 22 is connected as shown be 
tween the grid of the tube 20 and the grid wind 
ing 23 of the transformer. An adjustable resist 
ance 24 provides a leakage path to ground for 
the electrical charge stored in the condenser 22, 
as will hereinafter more fully appear. 
The manner of operation of the oscillator cir 

cuit 9 will now be explained. At the start of 
the operating cycle, the plate current increases, 
and the polarity of the grid winding 23 of the 
OScillation transformer is Such that the grid is 
then driven positive. This action is effective to 
increase the plate current Still further until a 
condition of Saturation is reached, after which 
the plate current begins to decrease. From this 
point, the plate current decreases almost instan 
taneously to Zero by reason of the fact that, at 
the instant the plate current begins to decrease, 
the polarity of the grid is reversed by the action 
of the transformer Windings 2' and 23 with re 
spect to each other. This drives the grid almost 
instantaneously to a negative potential far below 
that necessary for cut-off. 

During the action just described, the grid 
draws current for a very short period, and a 
negative charge is, accordingly, stored in the 

1999,878 
condenser 22. The charge stored by the con 
denser is not appreciably affected by the re 
sistance 28 because the latter is relatively high 
compared to the resistance between the grid 
and cathode. The negative charge stored in 
the condenser blocks the tube against further 
oscillation, because this charge places on the 
grid a negative potential much greater than that 
required for cut-off. This negative charge, 
therefore, must be reduced by leakage through 
the resistance 26, before the plate can again be 
gin to draw current to start the next cycle of 
operation. The time required for this discharge 
is determined by the ratio existing between the 
value of the resistance 24 and the capacity of 
the condenser 22. This ratio is made such that, 
at the end of the complete operating period, 
which equals a scanning-line period, the charge 
Will not have leaked off Sufficiently to reduce 
the negative bias quite to a potential Such that 
the plate can again begin to draw current. At 
this instant, however, a sharp Synchronizing 
impulse is received, and this is effective to coun 
teract the bias potential on the grid sufficiently 
to permit space current to flow, thus initiating 
the next succeeding operating cycle. 
By exciting the grid circuit from the plate cir 

cuit, and by using the proper values of capacity 
and resistance, the Oscillator circuit is permitted 
to make only one oscillation during each com 
plete operating period. Only a single, sharp im 
pulse of current therefore passes through the 
plate circuit during each complete Operating 
period, and this impulse, under the control of 
the received synchronizing impulses, always oc 
curs exactly during the same part of the oper 
ating periods. In the particular embodiment 
shown, the capacity of the blocking condenser 
22 and the value of the associated resistance 24 
are such that the period during which the plate 
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of the tube 20 draws current is about one-tenth 
of the entire operating period of the oscillator 
circuit. 
The current impulses, developed in the plate 

circuit of the tube 20, as just explained, cause a 
saw-tooth voltage Wave to appear across a con 
denser 35 and an impuSe voltage wave to ap 
pear across a resistance 37, the condenser 35 
and the resistance 3 being connected in series 
relation with respect to each other and compris 
ing a network 34 connected in the plate circuit 
of the tube 29. The saw-tooth voltage wave 
appearing across the condenser 35 is attributed 
to the fact that the condenser is charged lin 
early through the relatively high resistance 36 
connected to the potential supply source shown, 
and to the fact that, when the charge reaches 
a definite level, the condenser is discharged prac 
tically instantaneously by the sharp impulse of 
current which then passes through the tube 
20. The saw-tooth voltage wave across the con 
denser 35 and the impulse voltage wave across 
the resistance 3 combine to form, across the 
network 36 and in the output circuit of the tube 
20, a voltage wave 39 having a frequency of 4320 
cycles. The voltage wave 39 is of the shape 
required to cause a saw-tooth current wave to 
pass through an inductive circuit. The wave 
39, therefore, is amplified by a suitable ampli 
fier tube 38 having its input circuit connected 
directly, as shown, to the output circuit of the 
tube 20, and having its output circuit connected 
to the horizontal deflecting coils 7 through 
which a saw-tooth current wave at 4320 cycles 
is caused to paSS. 
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The vertical deflection circuit 30a operates in 

the same manner as the horizontal deflection cir 
cuit, and the various parts making up the form 
er have been designated by the same reference 
numerals, with the suffix 'a', as the respective 
and corresponding parts comprising the horizon 
tal deflection circuit. In the circuit 30a, the ca 
pacity of the blocking condenser 22a and the 
value of the associated resistance 24a are Such 
that the period during which the plate of the 
tube 20a draws current is about one-fiftieth of 
the entire operating period of the Oscillator cir 
cuit f 9a. The circuit 30a, causes a saw-tooth 
current wave 4.0a to pass through the vertical 
deflecting coils 8, and this wave is at 24 cycles 
as determined by the received framing impulses 
occurring at the rate of 24 a second and ap 
plied to the grid circuit of the tube 20a by the 
connection 49. 
The ratios of the transformers 2 and 2a are 

Such as to obtain the required amplitude of 
horizontal and vertical deflection of the ray 5. 
These ratios, however, are not critical. 

In the specific embodiment of my invention 
disclosed in Fig. 1, it is intended that the trans 
former 2 be a two-to-one step-down transform 
er from plate to grid, and that the transformer 
2 a be a two-to-one step-up from plate to grid. 
In this embodiment, also, it is intended that 
the natural oscillation period of the windings of 
the transformer 2 be such that the time period 
of one-half cycle is less than one-tenth of a 
scanning-line period, and that the natural os 
cillation period of the transformer 2fa be such 
that the time period of one-half cycle be about 
one-fiftieth of the frame period. 
In describing the manner of operation of the 

embodiment of my invention disclosed in Fig. 1, 
it has been assumed, for example, that the pic 
ture signals and the synchronizing impulses are 
being transmitted in the Same manner and by a 
transmitting system of the general character dis 
closed in the copending application of Ray D. Kell, 
filed September 30, 1931, bearing Serial No. 565,- 
953, and assigned to the Radio Corporation of 
America. In such a system, the picture signals and 
the synchronizing impulses are transmitted in the 
same channel, with the impulses at a Substan 
tially greater amplitude than the picture sig 
nals. Both the horizontal and vertical impulses 
are transmitted at the same amplitude, but are 
of different shapes so that these impulses have 
substantially different steepness of wave fronts. 
The horizontal impulses are transmitted at the 
end of each picture line, and occur at the rate of 
4320 a second, while the vertical impulses are 
transmitted at the end of each frame and occur 
at the rate of 24 a second. 
At the receiving station, the picture signals and 

the synchronizing impulses appear across the re 
sistance 3 in the form of a single Wave. This 
wave is supplied to the input circuit of a Suitable 
filter apparatus 32 which blocks the picture Sig 
nals but passes the synchronizing impulses which 
are of substantially greater amplitude than the 
latter, as explained. The apparatus 32 is effec 
tive to distinguish between the horizontal and 
vertical impulses, and passes the former to the 
grid circuit of the tube 20 by way of a connec 
tion 5, and passes the latter to the grid circuit 
of the tube 20a, by way of a connection 49. 
As a possible modification, the resistance 36 

may be so connected in shunt with the condenser 
35 that this resistance then forms part of the 
network 34. Such a modification is shown in 

3 
Fig. 2, wherein the various parts have been des 
ignated by the same reference numerals with 
the suffix 'b' as the respective and correspond 
ing parts comprising the circuit 30 in Fig. 1. The 
operating action of the circuit 30b is the same 
as that of the circuit 30. That is, the oscillator 
9b operates to develop across the network 34b. 

a voltage wave comprising a saw-tooth compo 
nent, which appears across the condenser 35b. 
and the resistance 36b, and an impulse compo 
nent which appears across the resistance 37 b. 
The modified circuit in Fig. 2 may also be used 
for the vertical deflection circuit 30a in Fig. 1. 

Fig. 3 shows a modification wherein a screen 
grid tube 20c is substituted for the tube 20a in 
the vertical deflection circuit 30a in Fig. 1. In this 
modification, the oscillating circuit is comprised 
of the Screen grid, the grid and the cathode of 
the tube 20c, the Screen-grid acting as a plate. 
The output circuit of the tube 20c is comprised 
of the plate and the cathode, with the screen 
grid acting as a control grid. The connections 
and manner of Operation are, otherwise, the same 
as in the circuit 30a. The advantage of the cir 
cuit 30c is that the Oscillator circuit 9c, due to 
the electronic coupling in the tube 20c, Oscillates 
entirely independently of any other operating 
action in the entire circuit, and for this reason 
any adjustments or changes which might be made 
in the network 34c, to change the ratio of Saw 
tooth component to impulse component, will have 
no influence to cause a change in the frequency 
of operation of the oscillator circuit 9c. 
The circuit in Fig. 3 may be modified by inter 

changing the respective connections to the plate 
and the screen grid of the tube 20c. In such case, 
the oscillating circuit will be comprised of the 
cathode, the grid and the plate, and the output 
circuit of this tube will be comprised of the cath 
ode and the screen grid. The output circuit, in 
this modification, may be controlled by either the 
control grid or the plate, as might be found de 
sirable on account of the mechanical construc 
tion of the tube. 

In Fig. 1, the tube 20 may also be replaced by 
a screen-grid tube, as described in connection 
With Fig. 3. 
My improved oscillator circuits 9, 9a, 9b 

and 9c may be used for many other purposes 
than the synchronization of deflection circuits in 
a television system. There is a great variety of 
commercial control systems requiring that a sin 
gle, sharply-peaked control impulse reoccurfaith 
fully at the beginning or ending of a definite time 
period. For example, in the art of maintaining 
clocks in exact synchronism with observatory time, 
a single, sharply-peaked control impulse reoccur 
ring once at the same instant during minute pe 
riods, would be effective for this purpose. In such 
case, for example, the resistance 24 and the con 
denser 22 in the oscillator circuit 9 would be ad 
justed so that the complete operating period would 
be substantially one minute, and the received 
synchronizing impulses, for making this period 
exactly one minute, would correspond to the re 
ceived timing impulses under control of the mas 
ter clock. 
The various values of resistance, capacity, in 

ductance and voltage designated in the drawings 
have been found to provide for very satisfactory 
operation. However, these values are not criti 
cal in any strict sense of the Word, and may be 
varied over a substantial range. Furthermore, in 
this connection, various other changes might be 
made such as in the circuit arrangement without 

O 

5 

20 

30 

40 

45 

50 

55 

60 

75 



0. 

20 

25 

30 

40 

50 

5 

4. 
departing from the spirit of the invention or the 
Scope of the claims. 

claim as Iny invention: 
i. In an electrical circuit for developing 8, 

voltage wave comprising a saw-tooth component 
and an impulse component, an electron tube hav 
ing its input circuit excited from its output cir 
cuit in such manner that as the plate current 
increases the bias on the grid of Said tube ir 
creases in the positive sense and as the plate 
current decreases such bias increases in the nega 
tive sense, and an electricai network connected 
in the output circuit of Said tube and compris 
ing a condenser across which said saw-tooth 
component appears and a resistance across which 
said impulse component &ppears. 

2. In an electrical circuit for developing a 
voltage wave comprising a saw-tooth component 
and an impulse component, a tube having an 
input circuit constituting the input circuit of the 
electrical circuit, the input and output circuits 
of said tube being inductively coupled in Such 
manner that as the plate current increases the 
bias on the grid of said tube increases in the 
positive sense and as the plate current decreases 
such bias increases in the negative Sense, and an 
electrical network connected in the output cir 
cuit of Said tube and comprising a condenser 
across which said saw-tooth component appears 
and a resistance across which said impulse con 
ponent appears. 

3. In an electrical circuit for developing an 
electrical wave comprising a saw-tooth compo 
nent and an impulse component, an electron tube 
having its input circuit excited from its output 
circuit in Such manner that as the plate current 
increases the bias on the grid of said tube in 
creases in the positive sense and as the plate 
current decreases such bias increases in the neg 
ative sense, a condenser connected in the grid 
circuit of Said tube for applying to the grid a . 
potential more negative than that required for 
cut-off, a resistance connected in said grid cir 
cuit and providing a discharge path for charges 
stored by said condenser, means for supplying 
control signals to said grid circuit, and an elec 
trical network connected in the output circuit 
of said tube and comprising a condenser across 
which said saw-tooth component appears and 
a resistance across which said impulse com 
ponent appears, said electrical circuit being char 
acterized by the fact that the respective values 
of Said condenser and said resistance and the 
constants and relation of the component parts 
are such that said tube draws plate current only 
Once during each complete operating period 
thereof and for a relatively small part of such 

- period, and being further characterized by the 
fact that during the time said tube draws plate 
current a charge is stored by said condenser suf 
ficient to apply said potential to said grid for 
cut-off. 

4. In an electrical circuit for developing an 
electrical wave comprising a saw-tooth com 
ponent and an impulse component, an electron 
tube having its input circuit excited from its out 
put circuit, means for applying control signals 
to the input circuit of said tube, means for limit 
ing the period during which said tube draws plate 
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current to a relatively small part of each com 
plete operating period of Said tube, an electrical 
network connected in the output circuit of said 
tube and comprising a condenser across which 
said saw-tooth component appears and a resist 
ance acroSS which Said impulse component ap 
pears, and means for amplifying the electrical 
Wave developed acroSS Said network. 

5. In an electrical circuit for developing an 
electrical wave comprising a saw-tooth come 
ponent and an impulse component, a screen-grid 
electron tube having its grid-cathode circuit ex 
cited from its Screen-grid circuit, means for ap 
plying control signals to the grid of said tube, 
and means Supplied from the plate circuit of 
Said tube and comprising an electrical network 
comprising a condenser across which said saw 
tooth component appears and a resistance across 
which said impulse component appears. 

6. In an electrical circuit for developing an 
electrical Wave comprising a saw-tooth com 
ponent and an impulse component, a screen-grid 
electron tube having its grid-cathode circuit ex 
cited from its Screen-grid circuit in such manner 
that as the output current of Said tube increases 
the bias on the grid of said tube increases in the 
positive Sense and as such current decreases the 
biaS On Said grid increases in the negative sense, 
a condenser connected in the grid circuit of said 
tube for applying to the grid a potential more 
negative than that required for cut-off, a resist 
ance connected in said grid circuit and provid 
ing a discharge path for charges stored by said 
condenser, means for supplying control signals 
to said grid circuit, means supplied from the 
plate circuit of Said tube and comprising an 
electrical network comprising a condenser across 
which said saw-tooth component appears and a 
resistance across which said impulse component 
appears, and means for amplifying the electrical 
Wave developed acroSS Said network. 

7. In an electrical circuit for developing in its 
output circuit a voltage wave comprising a saw 
tooth component and an impulse component, a 
tube connected to operate as an oscillator, means 
for limiting the number of oscillations of said 
tube to one for each operating cycle, said last 
named means comprising a condenser for stor 
ing an electrical charge during the oscillation 
period in each cycle and a resistance providing 
a discharge path for said charge during the re 
maining period of the cycle, and a network con 
nected in the output circuit of Said tube and 
comprising a condenser across which said saw 
tooth component appears and a resistance across 
which Said impulse component appears. 

8. In an electrical circuit for developing in its 
Output circuit a saw-tooth electrical wave, a tube 
connected to operate as an oscillator, means for 
limiting the number of oscillations of said tube 
to One for each operating cycle, said last-named 
means comprising a condenser for storing an 
electrical charge during the oscillation period in 
each cycle and a resistance providing a dis 
charge path for said charge during the remaining 
period of the cycle, and a condenser connected 
in the output circuit of said tube and across 
which a saw-tooth voltage wave appears. 

WILLIAM. A. TOLSON. 
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