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This invention relates to television systems and
has particular reference to methods of obtain-
ing automatic gain or volume control.

‘When television signals are to be transmitted
to or from moving objects such as aeroplanes, a
gain control effect which will act rapidly is re-
quired, and while the invention has particular
application to air-craft television systems and
also to other light-weight equipment, it may also
be employed in a general way, in wireless or line
systems employing, for example, co-axial conduc-
tors.

The object of the present invention is to pro-
vide a method of producing a television wave-
form from which automatic gain control po-
tentials may be obtained and receiver circuits
responsive to such a waveform.

According to the present invention a waveform
representing a scene or picture to be transmitted
by a television system comprises portions repre-
senting successive lines of the scene or picture,
interrupted by synchronising signals which take
the form of double pulses a portion of which ex-
tends in one direction followed by a portion ex-
tending in the opposite direction, both portions
having amplitudes lying outside the normal am-
plitude range occupied by signals representing
vision amplitudes. The waveform may con-
stitute a modulating waveform for a carrier wave
of a transmitting system, or it may constitute the
envelope of a carrier wave which is modulated
by successive signals and line and frame syn-
chronising signals, said line synchronising sig-
nals being constituted by a portion of said double
pulses, the other portion of said double pulses
constituting separate signals from which gain
controlling potentials may be derived, said line
synchronising signals modulating the carrier
wave in the blacker-than black sense and being
succeeded immediately by said separate signals
which modulate the carrier wave in the whiter-
than-white sense. '

" A circuit arrangement for producing a wave
form in accordance with the invention may in-
clude a valve to which picture signals interrupted
at the line and frame frequencies are applied,
said valve having its output combined with a
second valve, to which a set of pulses at the line
frequency are applied, the combined output be-
ing passed to a third valve, the output from which
is combined with the output from a fourth valve
supplied with a second set of -pulses at the line
frequency, but delayed with respect to said first
set of pulses,

©

10

15

20

25

A particular form of television receiver adapted
to be responsive to a carrier wave modulated by
a wave form produced in accordance with the
invention, includes high or intermediate fre-
quency amplifying stages, a picture signal rec-
tifier and a rectifier which provides gain control-
ling potentials for said high frequency amplify-
ing stages, said gain controlling potentials being
derived from one portion of the double pulses
in the wave form. Part of the output from one
of the high or intermediate frequency amplifying
stages is fed to a further amplifying stage, and
another part is fed to a circuit arrangement in-
cluding a rectifier which provides automatic gain
control potentials, the output of said further am-
plifying stage being maintained constant by ap-
plying to it automatic gain control potentials of
selected value. .

In order that the invention may be more clear-
ly understood and readily carried into effect,
a method of obtaining automatic gain control in
accordance therewith will now be more fully de-
scribed with reference fto the accompanying
drawings in which—

Fig. 1 shows an alternating current wave form

- including picture signals, line and frame syn-
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chronising sighals, and additional signal pulses
used : for providing automatic gain control,
-Fig. 2 shows a circuit arrangement for pro-
ducing-the wave form shown in Fig. 1,

Figs. 3 and 4 show respectively sets of signal
pulses- which are applied to the circuit of Fig. 2
for the production of the wave form shown in
Fig. 1, .

Fig. 5 shows a form of receiving circuit suitable
for use with the wave form shown in Fig. 1, and
Fig. 6 is a circuit arrangement illustrating a de-
tail in the operation of a receiver.

Referring to Fig. 1 of the drawings, the point |
represents zero, the point 2 represents the mean
value of picture signal current, while 3 represents
the-peak or maximum of modulating signals. The
amplitudes of the picture signals are limited to
a range within the zero and peak points so that
maximum white in the picture does not reach
the -peak value of the modulating signals and
black does not reach zero value. The peak points
are thus values representing whiter than white
signals and the zero points represent blacker-
than-black signals. The diagram shows several
lines 4 each having a duration of 80 micro-sec-
onds together with line synchronising signals 5
obtained by reducing the carrier wave to substan-~
tially zero for 10 micro-seconds, and a frame syn-
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chronising signal 6 extending over ten complete
line periods between the points A and B. As will
be seen, the line synchronising sighals § extend
in the bhlacker-than-black direction and the
frame synchronising signal 6 extends in the
whiter-than-white direction.

Immediately following the line synchronising
signals is an impulse T which extends in the
whiter-than-white direction and is equal in dura-
tion to a line synchronising signal, that is a
period of 10 micro-seconds. These impulses are
used to provide gain controlling potentials at a
receiver in the manner to be described with refer-
ence to Fig. 5 of the drawings. The gain ¢ontrol-
ling potentials obtained are proportional to the
height of the signals T and also to the frame syn-
chronising signals 6 which, as will be seen in Fig.
1, are interrupted by the line synchronising -sig-
nals continuing during a frame synchronising
signal.

The wave form shown in Fig. 1 may be gen-
erated by the circuit arrangement shown in Fig. 2
of the drawings. Incoming picture signals are
applied to the valve 8 through a coupling con-
denser 8, the picture signals being free of the
pulses 5, § and 7 shown in Fig. 1. The intervals
between the signals representing successive lines
and successive frames may contain spurious sig-
nals such as ars produced for example by an
electrical scanning tube. Signal pulses 10 of the
form shown in Fig. 3 are applied to the grid of
a valve Il through a coupling condenser 2.
These signals are mixed in an anode resistance

13 common to the valves 8 and 11 and are passed
to a valve {4 through a coupling condenser 15, °

the valve {4 having a comparatively high resist-
ance 16 in its cathode lead. The effect of the
insertion of the resistance t6 is to give the char-
acteristic curve of valve {4 a long linear portion
with comparatively little curvature at the region
of anode current cut-off.- The valve {4 is so
biassed as to cut off the pulses added by valve 1|
and to produce fiat tops on the pulses T shown in

Fig. 1. The line pulses {0 shown in Fig. 3 are of

slightly longer duration than those obtained in
the final wave form, and they occur towards the
end of the inferval between lines. A further
valve 17 serves to mix with the output of valve i4

pulses {38 of the form shown in Fig. 4. The pulses 5!

18 are applied to the grid of valve T through a
coupling condenser 18, the outputs of valves 14
and {7 being combined in a common anode re-
sistance 19. The pulses 18 occur at line frequency
only and end slightly after the beginning of the
pulses 18 shown in Fig. 3. The overlapping of the
pulses {9 and I8 assist in producing a clean
transition from one pulse to. the other in the
final wave form. :

The mixed output from valves 14 and 17 is
passed through a coupling condenser 20 to the
grid of a valve 21 which also has a comparatively
high resistance 22 in its cathode lead. The valve
21 tends to cut off the tops-of the pulses 18 shown
in Fig. 3, thus giving in its anode circuit a wave
form of substantially the shape shown in Fig. 1.
The beginning and end of the pulses 5 are pro-
duced by the pulses I8 shown in PFig. 3, and the
pulses 1, with the exception of the portions neu~
tralised by the over-lapping portions of the pulses
{8 are formed by the pulses 10 shown in Fig. 3.

The resistances 16 and 22 in the cathode leads
of valves 14 and 2! respectively, serve to depre-
ciate the gain of these valves so that for a small
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current the characteristic is sensibly linear and
a sharp cut-off is obtained at the bottom of the
characteristic curves.

The long pulse {87 shown in Fig. 3 produces the
flat top frame synchronising signal 6 shown in
Fig. 1, this long frame pulse being divided up by
the pulses 18 in Fig. 4, to produce the waveform
shown in Fig. 1.

The low frequency waveform shown in Fig. 1
is used to modulate a carrier wave generated by
transmitting equipment not shown in the draw-
ings. The method of modulation is preferably
such that the level | in Fig. 1 represents zero
carrier and the level 3 represents carrier maxi-
mum. The inverse method of modulation may be
adopted and again it is not necessary that the
peaks | and 3 should represent zero or maximum
carrier respectively, but they may represent in-
termediate values.

Fig. 4 shows diagrammatically the portions of
a television receiver adapted to utilise the auto-
matic gain control effect provided by the wave
form shown in Fig. 1. Five stages of a receiver
are represented by the block diagrams 22, 23, 24,
25 and 28. The output from the stage 25 is
passed to an automatic gain control rectifying
arrangement contained within the dotted rec-
tangle 21. The signzals fed from the stage 25 are
rectified by a diode 28 in conjunction with con-
densers 29 and 38 of small value, constituting
with an inductance 31, a radio frequency filter.
The time constants of the condensers 29 and 30
with reference to the diode anode resistance is
such as to pass the full frequency range of the
signals or a sufficient frequency range to repro-
duce the pulses §and 1. The direct current bias-
sing arrangements are not shown in the draw-
ings as it is well known, for example, that a low
frequency return must be provided for the lead
connecting stage t4 with the diode 28.

The rectified signals obtained from the diode
28 are passed to an amplifying valve 33, and
from thence, through a coupling condenser 34 to
diode valves 35 and 36 arranged to operate in
push-pull fashion. The direct current voltage
set up across the diode anode resistance 37T will
then be proportional to the double amplitude of
the rectified wave provided by the anode 28.
This double amplitude peak is in effect the dis-
tance between the peaks of successive rectified
pulses § and T shown in Fig. 1. The arrangement
is in effect a direect-current re-establishment by
the condenser 34 and diode 35, together with a
peak rectification by the diode 36 co-operating
with the resistance 37 and its shunt condenser
38. The time constant of condenser 34 and the
ahode resistance 39 of valve 33 in series with
the resistance of either of the diodes 35 and 3§,
is arranged to be longer than the duration of any
pulse including the duration of pulse 6 between
any consectitive breaking pulse 5. In other words,
this time constant should be longer than a line
period. The time constant of resistance 37 and
condenser 38 should be several lines longer, and
is the controlling time constant for the speed of
the automatic gain control effect. The voltage
across the resistance 37 is fed -back through lead
48 to one or more stages 22, 23, 24 and 25, and
also to ‘the stage 26 which it will be noticed fol-
lows the stage 25, from which the signals for
providing the gain ‘control effect are tapped -out.
Gain controlling potentials may thus be applied
to one or more of the stages mentioned,
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The control of the stage 26 is so adjusted that
for-average reception conditions the output of
this stage is substantially constant. For example,
a change of input of the order of 40 dbs. may
broduce change of rectified voltage at the diode
28 and from one to two volts. 'This may produce
a change of rectified voltage across the resistance
37 of from ten to twenty volts, and this change
of voltage applied to the control stage 26 must
alter its gain by 2:1 so as to maintain sub-
stantially constant output. The output from the
stage 26 is applied to a rectifier 41 and a filter
42 shown within the dotted rectangle 43, the
rectified and substantially constant output signals
being taken from a terminal 44. The adjustment
of the stage 26 to convert the variable signals
from the stage 14 into substantially constant
signals may be made by means of a potentiometer
not shown in the drawings which controls the
fraction of the voltage across the resistance 371
applied to the control grid of the amplifier in
stage 26. ‘

In the case of a given set of reception condi-
tions, a manual control of additional negative or
positive bias potentials supplied to any of the
stages 22 to 26 may be provided, so that the out-
put from rectifier 28 may be kept within a certain
range for which the correction by the stage 26 is
most satisfactory. The correction as shown in
stage 26, which as previously pointed out, operates
beyond the point from which the signals provid-
ing the automatic gain control effect are tapped
out, may be omitted, or it may be applied in one
or more low frequency or high frequency stages,
or both.

A rapidly acting gain control effect is obtained
by the arrangement described, because the fre-
guency of the recurrent pulses may be as high
as 10,000 per second. The quickness of operation
of the automatic gain control effect is controlled
by the time constant of the resistance 37 and its
associated condenser 38, which may for example,
be of the order of 10 lines. Thus, the time con-
stant of the automatic gain control will be one
hundredth of a second, which is very much
shorter than is possible in normal sound channel
automatic gain control systems.

In order that picture interference may not oc-
cur, it is necessary at the receiver to black out or
suppress some of the pulses which occur in the
white direction. If as in the case described, the
transmission is sent with a high value of carrier
modulation representing white, the automatic
gain control peaks must be blacked out to prevent
them appearing as white in the picture. Again,
if a low value of carrier modulation represents
white in the picture, the line synchronising signals
must be blacked out.

An alternsative form of circuit arrangement for
effecting blacking out of pulses is shown in Fig. 6
of the drawings accompanying this specification.
In this figure the signals are applied to delay net-
work represented by the block 45, and s tapping
is taken from the input to the delay network to a
limiter valve 4§ which only passes amplitudes in
excess of the peak white amplitude. The output
from the limiter valve 46 is passed to a further
delay network represented by the block 47, the
time constant of this delay network being double
that of the network 45. Signals are taken from
the input and output of the delay network 47 and
passed to. the control grids of two valves 48 and
48 respectively, the anode currents of these valves
being combined in a common load resistance 59.
The voltage across the load resistance 59 is mixed
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with the aid of further amplifying valves 5! and
52 with vision signals obtained from the output
end of the delay network 45. The mixed output
from the valves 48 and 49 is fed through a con-
denser 53 fo the control grid of valve 51, and
the vision signals from the delay network 45 are
fed to the control grid of valve 52 through a
coupling: condenser 54. The valves 51 and 52
again have a common load resistance 55, the
mixed output being passed to a cathode ray tube
connected to the terminal 56. The mixing of the
signals in the valves 51 and 52 is in such a sense
that the signals obtained from the delay network
47 serve to add effective black to the vision signals
arriving. from the delay network 45. The ar-
rangement will in effect produce black vision
signals in place of white from just before the
white pulse period to just after the white pulse
period, the amount of overlap being the delay of
the first delay network 45. Any difference of
delay for the direct vision path from the network
45 to the valve 52 and the blacking out path, in-
cluding the delay network 47 produced by the
inevitable stray capacities and inductances of the
amplifying valves, may be corrected by altering
the delay of the network 45 while maintaining
the delay of the network 47 constant. The high
frequency cut-off of the delay network 45 must
be sufficiently high to ensure that the vision
signals will be transmitted without distortion, but
it is not necessary for the delay network 47 to be
of the same quality.  The period of overlap which
may be of the order of half micro-second is suffi-
cient to ensure complete suppression of the white
signals. )

I claim: .

1. A ‘television transmission system including
means .for developing video signals, means for
developing synchronizing signals to be trans-
mitted in the interval between trains of picture
signals, means for developing s signal of oppo-
site polarity to the synchronizing signal, means
for combining the synchronizing signal and said
latter signal so as to form g signal having two
differing components of polarity, said combined
signal being indicative of the transmission level
of the transmitter, the receiving means includ-
ing a plurality of amplifying stages for receiving
said transmitted signals, means for developing a
corrective signal proportional to the value of the
combined synchronizing signal and the signal of
opposite polarity, means for impressing said cor-
rective  signal onto a plurality of -amplifying
stages of said receiver, and additional means for
maintaining the output of said receiver substan-
tially constant..-

2. A ftelevision system including means for de-
veloping video signals, means for developing syn-
chronizing signals to be transmitted in the inter-
val between trains of picture signals, means for
developing a signal of opposite polarity to the
synchronizing signal, means for combining the
synchronizing signal and said latter signal so as
to form a signal having two different components
of polarity, said combined signal being indicative
of the transmission level of the transmitter,
means for receiving said transmitted signal in-
cluding a plurality of amplifying stages, means
for rectifying a portion of the output of one of
sald stages, means for amplifying said rectified
signal, a pair of uni-directional conductors con-
nected in pushpull relationship for rectifying
said rectified signal, and means for utilizing the
output of the pair of uni-directional conductors
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to control the gain of a plurality of stages of
the receiver.

3. Apparatus in accordance with claim 2
wherein said uni-directional conductors connect-
ed in pushpull comprise a pair of diodes.

4. Apparatus in- accordance with claim 2
wherein there is provided in addition rectifying
means connected to the last stage of the receiver
for maintaining the output thereof substantially
constant.

5. Television reproducing means for utilizing
signals comprising recurrent trains of video sig-
nals having interposed between said trains of
video signals a synchronizing signal and a signal
of -opposite polarity thereto, said synchronizing
signal and said signal of opposite polarity being
indicative of the transmission level of the trans-
mitter, said reproducing means including means
for receiving said signals comprising a plurality
of amplifying stages, means for developing & cor-
rective signal proportional to the value of the
combined synchronizing signal and the signal of
opposing polarity, means for impressing said cor-
rective signal onto a plurality of the amplifying
stages, and additional means for maintaining
the output of said receiver substantially con-
stant.

6. Television reproducing means for utilizing
signals comprising recurrent trains of video sig-
nals having interposed between said trains of
video signals a synchronizing signal and a signal
of opposite polarity thereto, said synchronizing
signal and said signal of opposite polarity being
indicative of the transmission level of the trans-
mitter, said reproducing means including means
for receiving said transmitted signal including a
plurality of amplifying stages, means for rectify-
ing at least a portion of the output of one of said
amplifying stages, a pair of uni-directional con-
ductors connected in push-pull relationship and
having at least a portion of the output of said
rectifying means impressed thereon, and means
for utilizing the output of said push-pull con-
nected uni-directional conductors to control the
gain of a plurality of the stages of the receiver.

7. Apparatus in accordance with claim 6,
wherein said uni-directional conductors connect-
ed in push-pull relationship comprise a pair of
diodes.

8. Apparatus in accordance with claim 6,
wherein there is provided in addition rectifying
means connected to the last stage of the receiver
for maintaining the output thereof substantially
constant.

9. Television reproducing means for utilizing
signals comprising recurrent trains of video sig-
nals having interposed between said trains of
video signals a synchronizing signal and a signal
of opposite polarity thereto, said synchronizing
signal and said signal of opposite polarity being
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indicative of the transmission level of the trans-
mitter, said reproducing means including means
for receiving said. signals, rectifying means for
rectifying at least a portion of the output of at
least one of the stages of said reproducing means,
video frequency filter means connected in the
output circuit of said rectifier, means for im-
pressing at least a portion of the signal passing
through said filter means onto & second rectifier,
a time constant circuit connected between said
filter means and said rectifier, said time constant
circuit having a period longer than the duration
of any pulse passing through said filter means, a
third rectifier connected in push-pull relation-
ship to said second rectifier, a time constant cir-
cuit connected in the output of said third recti-
fier and having a period greater than one line
period of the image to be reproduced and less
than one frame thereof, and means for utilizing
the output of said third rectifier to control the
gain of a plurality of stages of the reproducing.

10. Television reproducing means for utilizing
signals comprising recurrent trains of video sig-
nals having interposed between said trains of
video signals a synchronizing signal and a signal
of opposite polarity thereto, said synchronizing
signal and said signal of opposite polarity being
indicative of the transmission level of the trans-
mitter, said reproducing means including means
for receiving said transmitted signal including a
plurality of amplifying stages, a first means for
rectifying at least a portion of the output of one
of said amplifying stages, second rectifying
means having at least a portion of the output of
said first rectifying means impressed thereon, a
time constant circuit connected in the output of
said second rectifying means, said time constant
circuit having a period greater than the period
of one line of the image to be reproduced and
less than one frame of said image, and means
for utilizing the output of said second rectifying
means to control the gain of at least one of the
stages of said receiver.

11, Apparatus in accordance with claim 1,
wherein the time constant of said corrective sig-
nal developing means is greater than one line of
the image to be reproduced and less than a frame
thereof.

12. Apparatus in accordance with claim 5,
wherein the time constant of the corrective sig-
nal developing means is greater than one line of
the image to be reproduced and less than a frame
thereof.

13. Apparatus in accordance with claim 6,
wherein the time constant of the stage containing
the rectifying means is greater than one line of
the image to be reproduced andless than a frame
thereof,

ALAN DOWER BLUMLEIN.




