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UNITED STATES PATENT OFFICE 

Alexander R. Applegarth, Jr., Philadelphia, Pa., 
assignor, by mesne assignments, to Philco Radio 
and Television Corporation, Philadelphia, Pa., 
a corporation of Delaware 
Application May 24, 1939, Serial No. 275,525 

5 Claims. (Cl. 128-7.3) 

This invention relates to a method of and ap 
paratus for automatically controlling the gain 
of an electrical signaling system. This appli 
cation is a continuation in part of copending ap 
plication Serial No. 219,643, filed July 16, 1938. 
For reasons which will appear presently, the pres 
ent invention is particularly adapted for use in a 
television receiver, though it is by no means re 
stricted to this use and presents, advantages 
which are desirable in automatic gain control 
Systems in general. 
One object of the invention is to provide an im 

proved System for obtaining delayed automatic 
gain control in an electrical signaling system. 
Another object of the invention is to provide 

an automatic gain control system in which an 
exceptionally large change in control voltage is 
obtained for a given change in signal amplitude, 
Whereby a very flat control characteristic re 
Sults. 
A further object of the invention is to provide a 

novel automatic gain control System which func 
tions to maintain constant the peak value rather 
than the average value of a modulated carrier 
Signal. 
A still further object is to provide, in a tele 

vision System of the type employing a signal com 
prising video and Synchronizing components es 
tablished on opposite sides of a predetermined 
blanking level, an automatic gain control sys- : 
tem which tends to maintain the blanking level 
and the amplitudes of the Synchronizing pulses 
constant, and which yields an unusually large 
variation in control voltage for a given change in 
signal strength. 
In order to understand fully the operation of 

a system in accordance With the invention, ref 
erence may be had to the following description 
and the accompanying drawings in which: 

Fig. 1 shows a specific embodiment of the in 
vention applied to a television receiver; and 

Figs. 2 and 3 are diagrams which explain the 
operation of the System according to the inven 
tion. 
In Fig. 1, the incoming modulated carrier Sig 

nal is picked up by the antenna. and converted, 
in a Well-known manner, to an intermediate fre 
quency in the first detector 2. The intermediate 
frequency signal is transferred through an in 
termediate frequency amplifier 3 to a Second de 
tector. 4. The resulting demodulated signal con 
tains the video component which is amplified in 
the video amplifier 5, whence it passes directly to 
the grid of a picture tube 6. Suitable deflecting 
signals are produced in the deflecting circuit 
in response to the Synchronizing component in 
the demodulated signal, which component may be 
derived from some point in the video amplifier. 
The deflecting signals may be used to actuate 
suitable deflecting means, such as the coil 8. The 
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portion of the System described thus far and 
shown Schematically is of conventional form and 
requires no further description. The remainder 
of the System shown in detail and now to be de 
Scribed constitutes the novel gain control means 
provided in accordance with the invention. 
The signal from which the control is developed 

may be derived from the last stage of the inter 
mediate frequency amplifier though it will, of 
course, be understood that this is not a restric 
tion upon the invention. For example, it would 
also be possible to use the detected signal ob 
tained from the output of the second detector 
or from Some point later in the system, the prin 
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cipal consideration being that the signal utilized 
should have its D. C. component present, as is the 
case When it is derived from the intermediate 
frequency amplifier in the manner shown. If the 
D. C. component has been removed it may, of 
course, be restored by the use of leveling means in 
the manner set forth in my copending applica 
tion Serial No. 219,643 of which this application 
is in part a continuation. This signal may be ap 
plied to the grid of the tube 9 across a suitable 
leak resistor (), the lower end of which may be 
connected to a source f of negative bias voltage. 
The Cathode of the tube is maintained at a slight 
ly less negative voltage by connecting it to the 
center tap of a Voltage divider comprising the re 
sistors 2 and 3. The resistor 3, being in the 
cathode circuit of the tube 9, is Suitably by 
passed by the condenser 4. Plate voltage may be 
supplied to the tube from a suitable source rep 
resented by the battery 5 through a large plate 
load resistor 6, which is by-passed by the con 
denser 7. The tube is So biased that it becomes 
conducting only when the Synchronizing peaks of 
the received signal exceed a predetermined am 
plitude level, and hence it functions as a detector 
for the signal peaks which exceed this ampli 
tude level. Additional Smoothing of the Voltage 
developed across the resistor 6 may be provided 
by means of the resistor 8 and the condenser 
9. The condenser is shunted by a diode 20 con 
nected in the sense shown. The filter comprising 
the resistor 8 and the condenser 9 is, of course, 
in the nature of a refinement and may be omitted 
Without essentially modifying the operation of 
the device. The control voltage derived from the 
device may be supplied to the intermediate fre 
quency amplifier Stages Or to Some earlier point in 
the channel by means of the connection 2 and 
may be applied to control the gain of the said 
stages according to any of the conventional meth 
Ods. 
A preliminary consideration of the operation 

of the system will show that no positive voltage 
can be built up across the condenser 9 by reason 
of the presence of the diode 29, which acts as a 
short-circuit to any such voltage. Furthermore, 



2 
until a signal is applied to the grid of the tube 9 
Which is sufficiently large to cause the plate cur 
rent to increase to a point at Which the plate 
goes negative with respect to ground, there will 
be no negative voltage developed across the con 
denser 9. But when the plate of the tube 9 
becomes legative the diode 29 ceases to conduct 
and the condenser 9 will be charged through 
the resistor 8 until equilibrium has been re 
Stored. As the plate potential again drops and 
the tube 9 becomes less conducting, the con 
denser - 9 will be discharged at a much slower 
rate than that at which it was charged through 
the resistors 6 and 8, until another peak of 
signal occurs which is sufficient to again drive 
the plate negative. -- 
The unique advantages inherent in the system 

just described will be better understood by refer 
ence to Fig. 2, and for this purpose it will be 
convenient to disregard the resistor 8 and as 
Surne that the diode 2 is connected directly 
across the plate load resistor 6 and the battery 
5. Fig. 2 shows the plate current-plate. Voltage 

characteristics for the tube 9 of Fig. 1 function 
ing as a detector for various peak values of 
modulated intermediate frequency signal. It 
should be noted at this point that strictly Speak 
ing these curves cannot be used to describe the 
operation under these circumstances since ac 
tually they represent an ordinary plate family; 
What is really needed is a detection character 
istic. However, as a first approximation made 
for the sake of simplicity, they serve to show 
qualitatively the operation of the system as 
shown and would give an accurate picture of 
the operation in the case where the detected 
signal is applied to the grid of tube 9. In the 
absence of the diode Shinting the load resistor, 
and withi a smaller resistor in place of 6, the 
tube night Operate on a load line Such as that 
representad by the line ab in Fig. 2. From this 
it may be readily seen that a change in the peak 
input signal fion the value 4 to the value 5 will 
cause the plate current to increase an amount 
corresponding to the length of the line de. The 
value of load in pedance then being equal to 
be/de, the slope of the line ab, it follows that 
the change in voltage across the load resistor is 
equal to the product dexbe/de-be which is 
designated E1. 
As is well known in the art, and subject to 

certain practical limitations, the change in con 
trol voltage for a given change in signal applied 
to the grid may be increased by increasing the 
load impedance. This appears when we consider 

...the load line ac in Fig. 2. For a change in peak 
input signal from value 4 to value 5 the plate 
current will change by the amount corresponding 
to the length of the line fg. The slope of the 
load line being gh/fg it follows that the change 
in control voltage is measured by gh which is 
designated E2 and is somewhat greater than Ei. 
By the method of the invention, the use of 

the diode in the manner described has the effect 
of modifying the load line to the heavy line bfa, 
giving a sudden change in plate current corre 
sponding to bf, between the grid voltage values 
4 and 5. The slope of the portion af of the load 
line being be/bf it will be seen that the change. 
in control voltage is represented by the length 
of the line bc, which is designated by E3. This 
change in the control Voltage Will innediately 
be seen to be much larger than can possibly be 
obtained by Simply changing the miagnitude of 
the plate load resistor alone. Furthermore, the 
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change in control Voltage, which it is possible 
to effect for a given change in the magnitude 
of the grid signal by applying the method of 
the invention, is limited only by practical Con 
siderations in the choice of the plate load 
resistor. 
Of course, it is now apparent that the greater 

the change in control voltage developed across 
the resistor 6 for a given change in grid signal 
in the device of Fig. , the more rapid Will be 
the charging of the condenser 9, and hence the 
more quickly the gain of the intermediate fre 
quency amplifier will be changed to compensate 
for Variations in received signal Strength. How 
ever, it will be desirable to refer to the diagram 
of Fig. 3 to explain more clearly the operation 
of the device of Fig.1 when a standard television 
signal is impressed on the grid of the tube 9. 
This figure shows a conventional plot of plate 
current versus grid voltage for a single value of 
plate. Woltage, the characteristic being repre 
sented by the dotted and solid line lcim. This 
is modified in the device of the invention, by 
the introduction of the diode, to correspond to 
the heavy line kim. Thus, for all values of grid 
signal not exceeding the Value n, no plate current 
will be drawn. When the signal exceeds this 
value, plate current increases very rapidly along 
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the line ni to the point i where it again follows 
the tube characteristic. If a television signal 
whose envelope is represented by p be applied 
to the grid of the tube, the Syachronizing peaks 
q and small portions of the signal below the 
blanking level r will tend to exceed the level 
designated n-s corresponding to cut-off in the 
tube. When this condition obtains, the impulses 
of plate current which are produced will be of 

The magnitude of the con 
trol signal as compared. With the magnitude of 
the input signal will be immediately apparent. 

It will be well, at this point, to mention the 
delay in the operation of the system which ob 
tains by the use of the diode in the output of 
the automatic gain control tube. Since no con 
trol voltage is developed across the diode until 
the plate of the gain control tube goes negative, 
the point at which the control begins to operate 
may be definitely fixed by suitably biasing the 
diode, or by varying the other voltages and cir 
cuit elements. In Fig. 1 the cathode of the diode 
is grounded, but it will be clear that a battery 
or other convenient voltage source may be in 
serted to maintain the diode cathode at any 
desired potential whereby the threshold of con 
trol is fixed. The exceptionally large change in 
control voltage which obtains when the threshold 
is reached may be regarded as a result of achiev 
ing the delay according to the method of the 
invention. By the cooperation of these - two 
features of delay and exceptionally large control, 
it is possible to obtain what is referred to in the 
art as a very flat gain control. 
A further important detail relating to the mode 

of operation of the system will also be apparent 
from the diagram of Fig. 3. The amount of 
control is dependent upon the areas of the plate 
current pulses which are designated t. and by far 
the greater part of this airea, corresponds to the 
portion of the input signal below the blanking 
level as compared with that which corresponds 
to the Synchroilizing component of the input sig 
nai. The portion of the signal below the blank 
ing level used to form the control signal must 
necessarily be kept small in order that the back 
ground component be not removed from the 
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video signal. This is fully explained in appli 
cant's above-mentioned copending application. 
In order to make the best possible use of this 
Small portion below the blanking level, it is de 
sirable that the average amounts by which the 
blanking level r exceeds the cut-off level ins 
should correspond to the change in grid voltage 
along the characteristic corresponding to the 
steep portion of the characteristic mi in Fig. 3. 
This permits of the greatest degree of control 
With the utilization of a minimum of the blank 
ing signal below the level, the resultant inclu 
Sion of the least possible amount of video com 
ponent, and hence the least tendency to destroy 
the D. C. or average brightness component con 
tained in the video signal. The amount of sig 
nal utilized is dependent fundamentally upon the 
size of the plate load resistor 6 of Fig. 1 and the 
bias, if any, applied to the diode 20. This will 
be clear by reference to Fig. 3 where it will be 
seen that the desired operation obtains when 
the average value of the blanking level corre 
Sponds to a value of grid voltage on the part of 
the characteristic designated n-i or slightly 
greater (i. e. less negative) but preferably not 
IeSS. 

It will be understood that the present dis 
closure is illustrative only and is not intended 
to impose any limitation upon the invention, the 
scope of which is defined by the appended claims. 

I claim: 
1. In a television system of the type employing 

a composite signal having video and Synchroniz 
ing components established on opposite sides of 
a predetermined blanking level, a signal chan 
nel, means for deriving a signal from said chan 
nel, a gain control tube operable by said derived 
signal, means for causing the effective plate cur 
rent of said tube to decrease rapidly and abruptly 
from a substantial value to cut-off, means for 
adjusting the operation of said tube in prede 
termined relation to its cut-off point such that 
the blanking level normally exceeds the cut-off 
point of said tube but not sufficiently to permit 
the tube output to include an appreciable portion 
of the video component, whereby the tube output 
is substantially independent of variations in the 
Video component, and means for applying the 
output signal from said tube to said channel to 
control the gain thereof. 

2. In a television system of the type employing 
a composite signal having video and Synchroniz 
ing components established on opposite sides of 
a predetermined blanking level, a signal channel, 
means for deriving a signal from said channel, 
a gain control tube operable by said derived sig 
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nal, means for causing the effective plate current 
of Said tube to decrease rapidly and abruptly 
from a substantial value to cut-off, means for 
adjusting the operation of said tube in predeter 
mined relation to its cut-off point such that the 
average value of the blanking level exceeds the 
cut-off point of said tube but not sufficiently to 
permit the tube output to include an appreciable 
portion of the video component, whereby the tube 
output is substantially independent of variations 
in the video component, and means for applying 
the output signal from said tube to said channel 
to control the gain thereof. 

3. In a television system of the type employing 
a Composite signal having video and synchroniz 
ing components established on opposite sides of 
a predetermined blanking level, said synchroniz 
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ing Component comprising time-spaced pulse sig 
nails occurring during intervals of duration 
greater than said pulse signals and in which said 
video signal component is established at said 
blanking level, a signal channel, means for de 
riving a signal from said channel, a gain control 
tube operable by said derived signal, means for 
causing the effective plate current of said tube 
to decrease rapidly and abruptly from a substan 
tial value to cut-off, means for adjusting the 
operation of said tube in predetermined relation 
to its cut-off point such that the blanking level 
normally exceeds the cut-off point of said tube 
but not sufficiently to permit the tube output to 
include an appreciable portion of the video com 
ponent, whereby the tube output is substantially 
independent of variations in the video compo 
nent, and means for applying the output signal 
from Said tube to said channel to control the 
gain thereof. 

4. In a television system of the type employing 
a composite signal having video and synchroniz 
ing components established on opposite sides of 
a predetermined blanking level, a signal channel, 
means for deriving a signal from said channel, a 
gain control tube having at least an anode, a 
cathode and a control grid, means for supplying 
said derived signal to the control grid of said 
tube, a load impedance for said tube character 
ized in that it decreases suddenly in magnitude 
when the plate current in the tube falls below 
a predetermined value, thereby causing the plate 
current to decrease rapidly for a small change 
in grid voltage within a certain range, means 
for so operating said tube that the average value 
of the blanking level of the applied composite 
signal exceeds the grid voltage corresponding to 
cut-off of the tube but not sufficiently to permit 
the tube output to include an appreciable portion 
of the video component, whereby the tube out 
put is Substantially independent of variations in 
the video component, and means for applying the 
output signal from said tube to said channel to 
control the gain thereof. 

5. In a television system employing a com 
posite signal having video and synchronizing 
components established on opposite sides of a 
predetermined blanking level, a signal channel, 
means for deriving a signal from said channel, a 
gain control tube having at least an anode, a 
cathode, and a control grid, means for supplying 
Said derived signal to the control grid of said 
tube, a load impedance for said tube, a connec 
tion including a diode between a point on said 
load impedance and a point of predetermined 
potential, for effectively causing said load im 
pedance to decrease suddenly in magnitude when 
the plate current in the tube falls below a pre 
determined value, thereby causing the plate cur 
rent to decrease rapidly for a small change in 
grid voltage within a certain range, means for 
SO Operating said tube that the average value of 
the blanking level of the applied composite sig 
nal exceeds the grid voltage corresponding to 
cut-off of the tube, but not sufficiently to permit 
the tube output to include an appreciable portion 
of the video component, whereby the tube output 
is Substantially independent of variations in the 
video component, and means for applying the 
output signal from said tube to said channel to 
Control the gain thereof. 

ALEXANDER. R. APPLEGARTH, Jr. 


