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UNITED STATES PATENT 

2,492,090 

OFFICE 
2,492,090 

AUTOMATIC FREQUENCY, CONTROL. CIR 
CUT FOR; TELEVISION DEFLECTING SYS, 
EMS 

Harland A. Bass, Mount Healthy, Ohio, assignor 
to Avco Manufacturing Corporation; Cincin 
nati, Ohio, a corporation of Delaware 

Application November 3, 1948, Serial No. 58,034 
5 Claims; (CI. 315-27) 

The present invention relates to improvements 
in automatic frequency control Systems of the 
type employed in the deflection systems of tele 
vision receiver circuits. While not limited to 
utility in a horizontal deflection system, the in 
vention is of particular advantage therein. 
Reference is made to the automatic frequency 

control system shown in Fig. 111 following page 
278 and described at pages 294 et seq. of the 
book “Television Simplified,” by Kiver, second 
edition, D. Van Nostrand, Inc., New York, 1948, 
wherein horizontal synchronizing (sync) pulses 
and horizontal oscillator output signals are ap 
plied to a comparator or horizontal sync dis 
criminator and utilized to derive a corrective 
control potential. This control potential has a 
magnitude and polarity proportional to the devia 
tion between the oscillator output signal phase 
and the sync pulse phase. The unidirectional 
control potential is employed to control a re 
actance tube, which causes apparent changes in 
the oscillator tank circuit in such a way as to 
eliminate the deviation. The oscillator is a sine 
wave oscillator which controls a sawtooth wave 
generator. . 

In prior art circuits in which a sawtooth oscil 
lator is employed for initiating the sweep cur 
rents, the automatic frequency control potential 
is derived by measuring the phase relationships 
between synchronizing signals and sawtooth Sig 
nals. This relationship is very critical, because 
of the short duration of the trailing portion of 
the sawtooth. It is well known that a more ef 
fective method for obtaining the automatic fre 
quency control potential is to measure the phase 

chronizing pulse signals. y 
which do not provide a separate sine-wave oscil 
lator, no means has heretofore been developed 
for producing the sine-wave. 
A primary object of the invention is to pro 

vide an automatic frequency control circuit in 
which the above-mentioned separate Sine-wave 
oscillator tube is eliminated. 
In the above-mentioned prior art system, the 

horizontal oscillator (sine-wave) circuit is cou 
pled to a horizontal discharge tube, which in 
turn is coupled to a horizontal output tube or 
power amplifier. The amplifier output is applied 
to the horizontal defecting coil or yoke of the 
picture tube. There is provided, in the network 
between the horizontal output tube and the de 
flecting coils, a damper tube and a linearity con 
trol circuit comprising a delay network including 
an inductance. 

However, in systems 
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A further basic object of the 55 

2. 
present inventioi is to provide a circuit for: 
utilizing this inductance as: a high-level power 
source of data, signals, representative of the res' 
Sponse of the defleeting coil, which data signals 
are compared with the sync pulses to develop a 
frequency control potential. This control-po 
tential is functionally related to the phase devia. 
tion between sync signals and deflecting coil 
current waves and is employed so to control an 
oscillator as to eliminate the deviation. 

For a better understanding of the present in 
vention, together with other and further advan 
tages, capabilities and objects thereof, reference 
is made to the accompanying drawings and to 
the appended claims. In the drawings, Fig. 1 
is a circuit schematic of an illustrative preferred 
form of automatic frequency control system in 
accordance with the invention, and Fig. 2 is a set of curves employed in describing the opera. 
tion of the invention. - - 
The automatic frequency control system here 

in shown comprises a generator for generating a 
deflection signal having a frequency at least in 
part determined by the unidirectional contro 
potential applied thereto. This generator or 
cathode-coupled multivibrator is per se well 
known to the art and is of the general type d 
scribed in prior art literature, including: “P 
ciples of Radar.” M. I. T. Staff, second edition, 
1946, pages 2-53 to 2-58, McGraw-Hill, New York. 
city, and an article by J. L. Potter, pages 213 et 
seq., “Proceedings of the Institute of Radio Eas 
gineers,” June 1938, vol. 26, No. 6, published by: 
the Institute of Radio Engineers at New York; 
New York. It consists of a pair of triode tases: 
or equivalent , 2 having a cornrition cathodé. 
resistor 3 for coupling the output of triode 2 
to triode , a resistance-capacitance network: 
A, 5 for coupling the anode circuit of triode, 
to the grid circuit of triode 2, and individual: 

anode resistors 6, , connected to a high po 
tential junction point; 2. The grid of triode 
is returned to ground through a series of re. 
sistors. 8, 9 and 90 Across capacitor 48 there: 
appears a control potential which is applied to 
triode to cause the frequency of the multi 
Vibrator output signals to correspond to that 6f 
the synchronizing signals applied to the system 
from a Sync separator circuit 2 or other suitable 
source of sync pulses. It is well known to the 
art that the frequency of the output signals of a 
Potter multivibrator may be controlled by a di 
rect current voltage applied to the grid of one 
of the tubes, such as tube. The initivibrator is coupled, by a network 
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comprising anode load resistor 6, capacitor 22, 
grid resistor 23, and series damping resistor 24, 
to the input circuit of a beam-power horizontal 
output or power amplifier tube 25. Capacitor 
26, between plate of triode 2 and ground, is the 
discharge capacitor across which the sawtooth 
sweep voltage is developed. The stage compris 
ing high-impedance amplifier tube 25 is per Se 
a well known prior art circuit shown in substance 
as the horizontal output or power tube circuit 
of the above-mentioned Fig. 11.1 in the Kiver 
book. The tube has a cathode bias resistor 28, 
a screen by-pass capacitor 30, a cathode by-pa SS 
capacitor 29, and a screen dropping resistor 3 
connected to a high-potential point 32. A filter 
network comprising series resistor 33 and shunt 
capacitor 54 is interposed between high potential 
points 32 and 27. 
The plate circuit of tube 25 is coupled to the 

horizontal deflecting coil 34 of a picture tube 
(not shown) through the primary of an output or 
deflection transformer 35. Plate voltage for the 
system is supplied from a centering-control po 
tentiometer 3, comprising a resistance having 
leads connected between --B and ground, the 
sliding contact of this potentiometer being Con 
nected to one lead of coil 34 and a fixed tap on 
the resistance being connected to one lead 50 
of the secondary of transformer 35, i. e. to the 
junction of elements 38, 39, 50. 
A balancing capacitor 57 is connected across 

one section of deflecting coil 34 in conventional 
manner to balance the distributed capacitances 
of its two sections. 
There is provided in shunt with the deflecting 

coil 34 a conventional damping circuit consist 
ing of a tube 36, having a cathode and two 
anodes, and a series capacitor 38. This circuit 
damps out undesired oscillations in the circuit 
comprising deflecting coil 34 and its distributed 
and stray capacitance 52. This circuit also feeds 
back power to the anode circuit of tube 25 and 
permits the deflecting coil current to reverse with 
one half cycle of free oscillation during the re 
trace or beam-return intervals. To prevent fall 
ing off of the increase of current appearing in 
coil 34 during the latter part of the trace or 
scansion perict, and to achieve greater linearity 
of the ariglitide-time characteristic of that cur 
rent, there are provided a capacitor 39, in par 
allel with capacitor 38, and a variable inductance 
40, between capacitors 38, 39. The low poten 
tial terminal of the primary of transformer 35 
is connected to the junction of inductor 4) and 
capacitor 39. There is developed in netWork 
39, 49 a linearity control voltage which, as ap 
plied to capacitor 38, so varies the conduction of 
tube 36 as to prevent non-linearity of current 
flow through the deflecting coil 34 at or near the 
end of trace. The time when this voltage occurs 
is controlled by adjustment of variable delay in 
ductance 40, which is preferably adjustably per 
meability tuned. This inductance is per se con 
ventional and well known to the art, being shown 
in the literature, for example Tourshou Patent 
2,440,418. 
The plate of discharge device 25 is connected 

to the positive terminal (--B) of the high volt 
age space-current Source through a D. C. path 
including the primary of transformer 35, in 
ductor 4, the cathode-anode circuit of tube 36, 
deflecting coil 34 and potentiometer 37, so that 
the average voltage developed across capacitor 38 
is such as to boost the power Supply voltage and 
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permit the utilization of power recovered from 
the deflecting coil circuit. 
The linearity control voltage across inductance 

40 (curve D, Fig. 2) has a major component of 
line frequency, i. e., the frequency of the multi 
vibrator. In accordance with the invention, 
there is provided means for deriving from this 
voltage and from the synchronizing-pulses a 
direct current control potential having an aver 
age amplitude and polarity determined by the 
magnitude and direction of the phase difference 
between the linearity control voltage waves and 
the Synchronizing signals. This means includes 
a Secondary inductor 4, so coupled to inductor 
40 as therewith to constitute a transformer. 
Across the Secondary 4 is a pair of series ca 
pacitors 42, 43, which tune the circuit of sec 
ondary 4 to resonance at line frequency, where 
by there is developed in resonant circuit 4 f, 42, 43 
a Sine-Wave voltage of line frequency. 
Coupled to this resonant circuit is a horizontal 

Synchronizing discriminator circuit, included in 
the means for deriving the frequency-control po 
tential having a polarity and average amplitude 
determined by the direction and magnitude of 
the phase difference between the last-mentioned 
sine-wave voltage and the Sync pulses. The 
comparator or discriminator circuit comprises a 
pair of diodes 44, 45, each cathode being con 
nected to a terminal of secondary 4 whereby 
the sine-wave voltage is applied in push-pull to 
the diodes. Diode 44 has a load resistor 9 be 
tween anode and a center tap on secondary 4. 
Diode 45 has a load resistor 20 between its 
grounded anode and that center tap. Toad re 
sistors 9, 2 are connected series opposing. The 
Sync separator Sync signal output, of negative 
polarity, is applied between the junction of ca 
pacitors 42 and 43 and ground, therefore, in 
parallel or With the same polarity to the cathodes 
of both diodes. The Sine-wave voltage derived 
from tuned circuit 4, 42, 43 is applied with op 
posite polarity to said cathodes so that there is 
developed by this phase discriminator circuit a 
D. C. Voltage which has an amplitude and polar 
ity functionally related to the amount and di 
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rection of the deviation between the phases of 
the Sync signals and the deflecting currents. 
This D. C. frequency control voltage is applied 
to the grid circuit of multivibrator triode f 
through a network comprising resistor 8 and 
capacitors 47 and 48. Capacitors 48 and 4 form 
a Voltage divider to attenuate rapid changes in 
the D. C. voltage from the phase discriminator 
Such as are produced by noise or by the vertical 
Synchronizing pulses, incompletely separated out 
in unit 2. This voltage divider arrangement 
also removes undesired disturbances caused by 
phase modulation in the transmitted pulses. 
The discriminator per se is well known to the 

art and is described in the above-mentioned 
Kiver book, at pages 294-296. 
Coming now to the operation of the system, 

it will be understCod that successive sawtooth 
Woltage waves at horizontal line frequency are 
developed acroSs capacitor 26 and applied to 
the grid of tube 25. This wave has the shape 
illustrated in curve A, Fig. 2, linearly rising dur 
ing trace as capacitor 26 charges through the 
charging circuit inciuding resistor 6, point 27, 
resistor 33, point 32, inductance 49, tube 36, coil 
34, potentiometer 3 and the space current source 
(not shown), and steeply falling during retrace 
as capacitor 26 discharges through triode 2. 
The Wave form of the voltage at the anode 

  



5 
of the beam power tube 25 is as illustrated in 
curve B, Fig. 2. The pulses of -high amplittide 
are eaused by the rapid decay-of-current in load 
inductance. 34 during retrace intervals when both 
tubes 25 and 36 are noneonductive. As shown 
in curve-C, Fig. 2, the output transformer 35 
inverts this voltage. . Curve-C-shews the approxi 
mate-shape-of-the voltage wave-required (resist 
ance parameters being neglected as overconae 
by negative resistance-effects) to cause -a, -saw- . 
tooth wave cofacurrent to flow through the de 
fecting eoil. 34. It comprises -a, Series of rel 
atively long steady portions of positive polarity, 
representing the 'go' sweep or trace period, 
during which the output tube -25 Supplies cur 
rent to the deflection yoke, and alternate short 
square wave pulses of negative polarity, repre 
senting the intervals, of retrace. or "return' time, 
sduring which the output tube 25 plate current 
is gut. off. 

During trace energy is stored in the magnetic 
circuit of coil 34, both tubes 25 and 36 being con 
ductiye, so that there is a linear rise of current 
in coil. 34. This means that the electron current 
flow through coil 34 during trace is the resulti 
ant of two electron current flows. First, there 
is the driving current output of tube 25, electrons 
flowing from the secondary terminal 50, to ter 
minal 51, then through deflecting coil 34 back 
to the other secondary terminal. Second, there 
is the electron flow through tube 36 and coil 34, 
passing through coil 34 in the reverse direction 
from the first-mentioned current flow, repre 
senting the release of energy by coil 34, as shown 
in an article by Otto H. Schade, RCA Review, 
pages. 506 et seq., vol. VIII, September 1947, No. 
3, New York. The resultant current flow is a 
sawtooth wave approximately symmetrical with 
respect to a zero axis, as shown in Fig. 1 of the 
Schade article, page 507. When the multivibra 
tor output goes negative, the plate current of 
tube 25 is suddenly cut off. The magnetic field, 
which has been steadily building up in the out 
put transformer 35 and deflecting coil. 34, begins 
to collapse. The rate of collapse is determined 
by the resonant frequency of the inductance and 
capacitance parameters in the deflecting coil 
system. This system is shocked into oscillation 
by the sudden cut-off of tube 25. Initially the 
voltage generated by the collapsing field is neg- . 
-ative as applied to the plates of damping tube 
36, preventing this tube from conducting. There 
is substantially no load across the System during 
one-half cycle of free oscillation. At the end of 
this half cycle, the deflecting coil current reach 
es, a maximum value in the direction opposite to 
that in which it was flowing at the end of the 
itrace period. The induced voltage then reverses 
polarity, and the damping tube 36 begins to con 
duct. By this time the retrace has been com 
pleted, and the next trace begins. 

puring the retrace period, both tubes 25 and 
36 are nonconductive, and the current in de 
fleeting coil 34 is the resultant of one half cycle 
of free oscillation of the tuned circuit compris 
ing coil 34 and its distributed capacitance 52. 
During the first quarter cycle the distributed ca 
pacitance. 52 is charged and the current through 
coil 34 falls to zero. During the next quarter 
cycle the capacitance 52 discharges and causes 
current to flow through coil 34 in a negative 
sense. By the time the capacitance 52 has be 
come discharged, the full half cycle of oscillation 
has became executed at the resonant frequency of 
the tuned circuit 34, 52, and the current through 
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6 
coil 34 is at a maximum in its negative sense. 
Tube 36 now becomes conductive and prevents 
capacitance 52 from charging, in the reverse di 
rection. Tube 36 becomes conductive at the 
start of the succeeding trace. The energy which 
was developed in the deflecting coil System by 
the output tube. 25, during the latter part of the 
last trace has not been completely dissipated. 
Very little energy was lost during the first half 
cycle of retrace because the damping tube Was 
nonconductive, and the circuit, is designed for low 
loss. When, after the half cycle of oscillation, 
the damping tube does begin to conduct, it places 
such a heavy load across the deflection-coil sys 
term that further oscillation is prevented. Dur 
ing the initiation of the above-mentioned Suc 
ceeding trace, the energy field decays at a rate 
determined by the load of the damping tube 
across the coil. This damping tube causes the 
oscillatory voltage to decay in essentially ailinear 
manner. The output tube 25 begins to conduct 
again at the beginning of this successive trace, 
and the additional-power Supplied by the output 
tube in conjunction with the decay current in 
the deflection system produces, a linear trace"mo 
tion of the electron beam on the picture tube 
(not shown). These principles are explained 
fully in Blumlein Reissue Patent Re.20,400. 

It will be noted that tube 36 and capacitor -38 
are effectively connected as a series combination 
in parallel with deflecting coil 34. The steady 
biasing potential developed across capacitor 38 
for tube 36 is utilized as a part of the anode-po 
tential for the power output tube. 25. This power 
feed-back expedient is shown in the literature, 
such as in Bahring Patents 2,320,555 and 
2,308,908 and other publications. 
As tube 36 becomes conductive, oscillations in 

tuned circuit 34, 52, are damped, and energy in 
storage in the magnetic. field of deflecting, coil.34 
at the end of retrace is discharged in a con 
trolled manner. 
The current through damper tube-36 is made 

to decrease at a more rapid-rate, during scansion 
or trace, for purposes of linearity...control, by de 
veloping across-capacitor 39.a voltage which is 
applied to capacitor 38 through the delay in 
ductor 40. The positive peak of this voltage 
normally occurs substantially at the midpoint 
of the scanning portion of the deflection cycle. 
This voltage across capacitor 39 is, derived, from 
the plate current of tube.25 and is illustrated as 
to wave form in curve D (Fig.2). This voltage 
is applied to capacitor 38, being delayed as to 
phase by inductor 40. The amount of the delay 
can be adjusted by variation of the inductance 
parameter of unit. 40. Although it is not neces 
sary that the theory of operation of an inven 
tion be known, or that the theory of operation 
of prior art elements included therein be ex 
plained, applicant believes, that the foregoing-ex 
planation of the development of the linearity 
control voltage is correct. Some authorities, be 
lieve that the voltage across capacitor 38 varies, 
due to the charging by the deflection coil kick 
back and the discharging through the output 
tube 25. The rise and fall of this voltage is 
equivalent to an alternating current ripple in 
the anode supply for the output-tube 25. 'Those 
authorities believe. that inductor -40 and capaci 
tor 39 form a phase-shift network and delay net 
work, which so shifts the phase of this ripple-as 
to alter the characteristic. of the output-tube:25, 
Inductor 40 is variable to provide the desired 
improvement in linearity. However the operan 
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tion of the delay network be regarded, it is well 
known to the art that a linearity control voltage 
having a large component of line frequency ap 
pears acroSS inductor 40. 

It will be seen that the linearity control volt 
age appearing acroSS inductor 40 has a major 
component of the same frequency as the current 
pulses in deflecting coil 34. In accordance with 
the invention this voltage is used to produce data, 
Signals which are compared with the Synchron 
izing pulses to derive the automatic frequency 
control voltage. The voltage across inductor 40 
is converted into a sine wave by coupling induc 
tor 40 to a tuned secondary circuit 4, 42, 43. A 
Separate Sine-Wave generating tube is thus elim 
inated. 
The Sine-Wave signals are applied with oppo 

site polarity to the two diodes 44, 45, tending to 
make them alternately conductive. The synchro 
nizing pulses are applied with the same polarity 
to both diodes, tending to render them simulta 
neously conductive. For purposes of discussion it 
will be assumed that each sync pulse normally 
occurs as the sine wave is going through zero. 

If the Synchronizing pulses arrive (curve F, 
Fig. 2) when the sine-wave voltage across tuned 
circuit 42-43 is Zero, then each diode 44, 45 
(curve G, H, Fig. 2) will receive the same pulse 
voltage and the same amounts of rectified voltage 
Will appear across load resistors 9 and 20. The 
total net output from both tubes will be zero, be 
cause the load resistors are coupled in opposition. 

If the sync pulses arrive When diode 45 is cut 
off and diode 44 is conducting, the average volt 
age developed across resistor 9 will be greater 
than that across resistor 20. This average volt 
age, over one cycle, will be negative as applied to 
the grid of tube . On the other hand, if the 
sync pulses arrive when diode 45 is conducting 
and diode 44 is cut off, the average Voltage across 
resistor 20 will prevail and will be positive as 
applied to the multivibrator input. It is under 
stood, therefore, that the double-diode horizontal 
synchronizing discriminator is a sensitive phase 
discriminator which develops an output voltage 
that may be negative, Zero or positive (to slow 
down, maintain at steady speed, or speed up the 
multivibrator), depending on the phase of the 
Synchronizing pulses with respect to the sine 
wave voltage generated in the tuned circuit 4, 
42, 43 coupled to the delay inductor 40. In this 
manner, any undesired deviation between Sync 
pulses and deflection rate is rapidly eliminated. 
The multivibrator normally operates at 15,750 

cycles per second in a horizontal deflecting Sys 
tem under present standards, and the Sync pulses 
have that frequency. The circuit 4, 42, 43 is 
tuned to the large 15,750 cycle component of the 
voltage appearing across the linearity control in 
ductor 40. 
The following parameters were found Suitable 

in one successful commercial embodiment of the 
invention: 

Triodes , 2------------------ Type 7N7 tube 
Tube 25 ----------------------- Type 6BG66 
Tube 36 ----------------------- Type 5V46 
Resistor 3 -------------------- 1000 ohms. 
Resistor 5 -------------------- 500,000 ohms 
Capacitor 4------------------- 82 namf. 
Resistor -------------------- 47,000 ohms 
Resistor 6 -------------------- 1 megohm 
Capacitor 22,------------------ 0.01 mf. 
Capacitor 26 ------------------ 150 mm.f. 
Resistor 23 -------------------- megohm 

8 
Resistor 24-------------------- 47 ohms 
Resistor 28 -------------------- 100 ohms 
Resistor 33 -------------------- 10,000 ohms 

- Capacitor 54 ------------------ 0.05 af. 
Capacitor 29 ------------------ 0.1 m?. 
Capacitor 30 ------------------ 0.05 malf. 
Resistor 3 -------------------- 50,000 ohms 
Capacitor 39 ------------------ 0.06 mf. 
Capacitor 38 ------------------ 0.05 mf. 

O Capacitor 57 ------------------ 56 inf. 
Resistor 20 -------------------- 100,000 ohms. 
Resistor 9 -------------------- 100,000 ohms. 
Resistor 8 -------------------- 470,000 ohms. 
Capacitor 47 ------------------ 0.004 inf. 
Capacitor 48 ------------------ 0.05 mf. . . . 
Capacitor 42 ------------------ 0.005 mf. 
Capacitor 43 ------------------ 0.005 Inf. 
While there has been shown and described 

what is at present considered the preferred en 
bodiment of the present invention, it will be ob 
vious to those skilled in the art that various 
changes and modifications may be made therein 
without departing from the invention as defined 
by the appended claims. 
Having fully disclosed and described my in 

Vention, I claim: 
1. In an automatic frequency control System 

for a television picture tube deflecting System, 
said system being of the type which comprises 
a deflecting coil, a multivibrator circuit for 
originating the voltage wave for said deflecting 
System, an amplifier circuit employing a high 
impedance electron tube for generating the de 
fiecting current for said coil and a damper tube 
circuit shunted across said coil and including a 
delay inductor, said System being controlled as 
to frequency by a pulse form synchronizing Wave, 
the improvement which comprises a tuned cir 
cuit inductively coupled to said delay inductor 
for deriving a sine wave of voltage Synchronized 
with said deflecting current and a comparator 
circuit for deriving from said Sine-Wave voltage 
and said pulse form Synchronizing voltage a Volt 

15 age for controlling the phase and frequency of 
said multiVibrator. 

2. In an automatic frequency control system 
for a television picture tube deflecting System, 
said system being of the type which comprises 

50 a deflecting coil and signal generator for gen 
erating a deflection signal having a frequency 
at least in part determined by a control poten 
tial applied thereto, which control potential is 
indirectly derived from Synchronizing Signals, 

55 electron beam-deflecting means for coupling said 
generator to said coil whereby to produce periodic 
beam-deflecting waves therein, a discharge de 
vice for damping out undesired oscillations acroSS 
said coil, and means for developing a linearity 
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60 control voltage which varies as a function of 
the current in said coil, the improvement which 
resides in the combination of means for deriving 
from said linearity control voltage and from Said 
synchronizing signals a frequency control poten 

65 tial having a direction and magnitude determined 
by the direction and magnitude of the phase dif 
ference between said voltage and Said Synchro 
nizing signals and means for applying Said fre 
quency control potential to said signal generator 

70 to eliminate said phase difference. 
3. In an automatic frequency control System 

for a television picture tube deflecting system, 
said system being of the type which comprises 
a deflecting coil and signal generator for gen 

75 erating a deflection signal having a frequency at 
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least in part determined by a control potential 
applied thereto, which control potential is in 
directly derived from synchronizing signals, elec 
tron beam-deflecting means for coupling said 
generator to said coil whereby to produce periodic 
beam-deflecting waves therein, a discharge de 
vice for damping out undesired oscillations acroSS 
said coil, and means for developing a linearity 
control voltage which varies as a function of the 
current in said coil, the improvement which re 
sides in the combination of means including a 
phase discriminator for deriving from said line 
arity control voltage and from said Synchro 
nizing signals a frequency control potential hav 
ing a direction and magnitude determined by the 
direction and magnitude of the phase difference 
between said voltage and said synchronizing 
signals, and means for applying Said frequency 
control potential to said signal generator to 
eliminate said phase difference. 

4. In an automatic frequency control System 
for a television picture tube deflecting system, 
said system being of the type which comprises 
a deflecting coil and signal generator for gen 
erating a deflection signal having a frequency 
at least in part determined by a control poten 
tial applied thereto, which control potential is 
indirectly derived from synchronizing signals, 
electron beam-deflecting means for coupling said 
generator to said coil whereby to produce peri 
odic beam-deflecting waves therein, a discharge 
device for damping out undesired oscillations 
across said coil, and means including a delay 
inductor for developing a linearity control volt 
age which varies as a function of the current 
in said coil, the improvement which resides in 
the combination of means for deriving from Said 
linearity control voltage and from Said Synchro 
nizing signals a frequency control potential hav 
ing a direction and magnitude determined by 
the direction and magnitude of the phase differ 
ence between said voltage and said Synchronizing 
signals, and means for applying said control po 
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10 
tential to said signal generator to eliminate said 
phase difference, said means comprising a tuned 
circuit coupled to said delay inductor, a phase 
discriminator having two diodes coupled in push 
pull to said tuned circuit whereby the sine-wave 
Voltage developed across said tuned circuit is 
appied to the diodes in push-pull, and a coupling 
netWork for applying said Synchronizing signals 
in parallel to said diodes. 

5. In an automatic frequency control system 
for a television picture tube deflecting system, 
Said System being of the type which comprises 
a deflecting element and a signal generator for 
generating a deflection signal having a frequency 
at least in part determined by a control poten 
tial applied thereto, which control potential is 
indirectly derived from synchronizing signals, 
electron beam-deflecting means for coupling said 
generator to said element whereby to produce 
periodic beam-deflecting waves therein, and line 
arity control means, the improvement which re 
sides in the combination of means coupled to the 
linearity control means and responsive to the 
voltage developed therecross and to said synchro 
nizing signals to derive a control potential hav 
ing a direction and magnitude determined by the 
direction and magnitude of the phase difference 
between said voltage and said synchronizing 
signals, and means for applying said control po 
tential to said signal generator to eliminate said 
phase difference. 
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