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3 Claims.

The present invention relates to television and
the like transmission systems in which a scan-
ning operation at a receiving station is synchro-
nized with a scanning operation at a transmitting
station by means of a synchronizing signal.

The invention is concerned with systems of
the type in which a scanning operation at the
receiver is controlled by means of a voltage or
current of saw-tooth wave form, that is to say
a wave form which comprises a rising portion
and a falling portion, the change-over from the
rising portion to the falling portion and vice
versa being relatively abrupt. The frequency of
the scanning current or voltage is, in systems
of this type, controlled by the received synchro-
nizing signals. An example of such a system is
a television transmission system in which a
cathode ray tube is employed to reconstitute the
transmitied image at the receiver, and in which
the cathode ray beam is deflected over the
fluorescent screen of the tube under the control
of two voltages or currents of saw-tooth wave
form. The two voltages or currents are usually
of very different frequencies, known as the line
and frame frequencies, and serve to deflect the
ray in directions at right angles to one another.
The wave form is usually unsymmetrical as
shown in the diagram in Fig. 1 of the accom-
panying drawing (in which current or voltage
is plotted as ordinate against time as abscissa)
and comprises a gradually rising portion a fol-
lowed by a relatively steeply falling portion b,
the picture reproduction taking place during the
rising portion @. The ferms rising and falling
are used in this specification purely relatively
and it is immaterial whether the rise be an in-
crease in the positive or negative sense.

In systems such as those with which the inven-
tion is concerned, the instant at which the scan-
ning voltage or current ceases to increase in mag-
nitude and commences to decrease, represented
by ¢ in Fig. 1, is determined by the arrival of a
synchronizing impulse d, the impulse being of a
certain predetermined amplitude, and having
preferably a steep fronted or peaked wave form.
Now, as will be explained hereinafter, the de-
crease in scanning current or voltage can only
be initiated by a received impulse if it exceeds in
amplitude a predetermined value dependent upon
the phase of the cycle of oscillations a, b when the
impulse occurs. This will be understood if it be
assumed that a decrease in voltage only occurs
when the voltage of the oscillations a, b plus the
voltage of an applied impulse d is at least equal
to the voltage represented by the distance be-

(Cl. 178—69.5)

tween the datum line e of the impulses d and
the datum line f of the oscillations a, b. 'Thus
at the time indicated by dotted line 9 the mini-
mum amplitude of impulse required is equal to
the distance of point ¢ below line e whereas at
time & the required amplitude is represented by
the distance of ‘point j below the line e.

The synchronizing impulses d are of such
amplitude that they are only capable of initiat-
ing the decrease in the scanning current or volt-
age over a small portion of the cycle near to the
point ¢. Stray impulses such as those due to at-
mospherics for example may, however, consider-
ably exceed the synchronizing signals in ampli~
tude, and since they may occur at any time
during the scanning period, they may, if they
are of sufficient amplitude, cause the scanning
current or voltage to commence to decrease pre-
maturely. .

Thus, fortuitous disturbances occurring in the
synchronizing signal channel between the trans-
mitter and receiver may interfere with the scan-
ning operation at the receiver and cause distor-
tion of the received image,

It is an object of the present invention to pro-
vide a method and means for reducing the effect
of interference due to stray disturbances upon a
scanning operation at the receiving station.

Accordingly, in a television or like transmis-
sion system of the type referred to in which syn-
chronization of scanning operations at the trans-
mitter and receiver is maintained by means of a
synchronizing signal, the present invention pro-
vides a method of reducing interference with
synchronization by stray impulses which com-
prises limiting the amplitude of said stray im-
pulses at the receiver. .

It will readily be seen that by limiting the
amplitude of the stray impulses at the receiver,
the part of the scanning period during which
interference with synchronization may be caused
is correspondingly limited.

Thus, in Fig. 1, if the amplitude of stray im-
pulses is limited to the distance between the
dotted line 7 and the line e, interference with
synchronization by sirays can only take place
over the part of the cycle between lines k and g,
lines %1 and g1 and so on, whatever the ampli-
tude of the strays may be.

According to a feature of the invention, a
television or like receiver adapted for use in a
system of the type specified in which scanning
is controlled by a synchronizing signal trans-
mitted from a transmitter, comprises means for
limiting the amplitude of electrical impulses oc-
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curring in the synchronizing signal channel of
the recelver.

When the synchronizing signal received is of
substantially constant frequency and of constant
amplitude, means may be provided at the re-
ceiver for limiting the amplitude of stray im-
pulses occurring in the synchronizing channel to
substantially said constant amplitude. By this
means, the part of the scanning period during
which interference due to the stray impulses
may occur is limited to a small portion of the
period close to the end thereof.

The invention will be described by way of ex~
ample with reference to Figs. 2 to 5 of the ac-
companying drawing in addition to Fig. 1 which
has already been referred to. In the drawing,
Figs. 2 and 3 are diagrams showing the nature
of synchronizing impulses which may be em-
ployed in the present invention and Figs. 4 and
5 are circuit diagrams of two embodiments of
the present invention. It is to be understood,
however, that the invention is not limited fo any
of these particular embodiments, but is described
in its broadest aspect in the appended claims.

Referring to Fig. 4, there is shown a circuit

diagram of a receiver of a television system em- °

ploying a cathode ray tube to reconstitute the
transmitted image. It will be assumed that the
deflection of the cathode ray over the fiuorescent

screen of the tube is to be controlled by two volt- .

ages of saw-tooth wave form, one of which is at
the line scanning frequency and serves to deflect
the ray in one direction, for example horizon-
tally, and the other of which is at the frame scan-
ning frequency and serves to deflect the ray ver-
tically.

At the transmitter, which is not iltustrated,
there are generated, in any known or suitable
manner, two sets of impulses of a2 wave form
shown diagrammatically in Figs. 2 and 3, one
set of impulses shown in Fig. 2 belng of the line
scanning frequency and the other shown in Fig.
3 being at the frame frequency. The two sets
of impiulses are together caused to modulate &
carrier wave of a frequency of, say, four hundred
kilocycles per second; this wave will be referred
to as the sub-carrier. The modulated sub-car-
rier and the picture signals representing the
light and shade values of the image to be trans-
mitted are together caused to modulate a main
carrier wave, the frequency of which is consid-
erably above the frequency of the sub-carrier.
The modulated main carrier is then radiated from
a suitable aerial system. }

At the receiver shown in Fig. 4, the main car-
rier is received and detected in a receiver indi-
cated by reference | and the picture signals
are separated from the modulated sub-carrier by
means of suitable selective circuits which have
a sharp cut-off just above the highest picture fre-
quency required such as a high-speed filter or
pass a band of frequencies around the sub-car-
rier frequency such as a band-pass filter. Such
a circuit is represented at 2, the picture signals
passing to a picture signal channel, the com-
mencement of which is represented by arrows
3 and 4.

The modulated sub-carrier is then fed from
the output of the filter device 2 to the grid-
cathode circuit of a grid-current rectifier 5, the
anode of which is connected to the positive ter-
minal of a source of high tension current througi
a suitable resistance 6, and to its cathode
through a condenser 7. The condenser 7 is given
such a value that it has a low impedance at the
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sub-carrier frequency, and a high impedance at
the line and frame scanning frequencies, and
therefore serves to by-pass currents of the sub-
carrier frequency. The cathode of the sub-car-
rier detector 5 is earthed, and there is connected
in parallel with the by-pass condenser 1 a ecir-
cuit comprising a further condenser 8 in series
with a potentiometer 8 comprising two resist-
ances in series. Either or both of the resist-
ances may be variable, The time constant of
this circuit 8, 9 is arranged to be such that while
potential differences at the line scanning fre-
quency are set up across the potentiometer 9,
substantially no potential differences at the frame
scanning frequency are produced.

The junction of the two resistances constitut-
ing the potentiometer is connected through an
inductance coil 10 and a grid condenser (I in
series to the control grid of a screened grid valve
{2, The lower resistance of the potentiometer 9
is shunted by a condenser 13, and the control grid
of the screened grid valve is connected, through a
grid leak 14, to its cathode, which is also earthed.
The screening grid of the screened grid valve is
connected to the positive terminal of a source of
high tension current through an inductance coil
{8 which is coupled to the coil 10; the two coils
{8 and 15 may comprise the primary and second-
ary windings of an iron-cored transformer of suit-
able ratio. The anode of the screened grid valve
{2 is connected to the positive terminal of the
high tension source through a feed resistance 6,
and to the cathode through a reservoir condenser
{1. The arrangement is such that the valve 12
functions as an oscillation generator, the genera-
tion of oscillations being controlled by the re-
ceived line frequency impulses and a voltage of
substantially saw-tooth wave form being set up
across the reservoir condenser 1. The genera-
tion of the saw-tooth voltage is explained in more
detail below. The saw-tooth voltage, which is at
the line scanning frequency, is then applied, gen-
erally after amplification in an amplifier indi-
cated at 20, to two deflecting plates 21 and 22 of
the cathode ray tube 23, the source of the electron
beam or electron gun being indicated at 24. The
line frequency saw-tooth oscillation thus serves
to control the horizontal deflection of the cath-
ode ray of the cathode ray tube 23.

The sub-carrier detector 5 is coupled in g simi-
lar manner by a connection indicated at 25 to a
further generator which may be of the same type,
adapted to generate a saw-tooth voltage wave at
the frame scanning frequency which is applied
to the deflecting plates 28 which are arranged

. at right angles to the plates 21 and 22.

Connected in parallel with the ‘whole of the
potentiometer 9 is a circuit comprising a suitable
rectifier 26 in series with a source of electromo-
tive force 21. The rectifier 26, which may be of
the copper-copper oxide type, has its negative
electrode connected to the positive terminal of
the source 27, which may be a suitable dry
battery. The E. M. F. of the battery is made
substantially equal to the potential differ-
ence set up across the potentiometer by each
line impulse, and no current normally flows
in the rectifier circuit. When, however, a ran-
dom disturbance of an amplitude greater than
that of the line impulses appears in the output
circuit of the sub-carrier detector 5, a potential
difference greater than that of the battery 21
tends to build up across the potentiometer 9, and
current therefore passes in the rectifier circuit
26, 21. The result is that the potential difference
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set up across the potentiometer 8 is always limited
to a value substantially equal to the value of the

-potential difference set up by the line impulses.

In order that the invention may be better
understood, the functioning of the osciliation
generator 12 will be further explained. It will be
assumed that, at the commencement of the cycle
of oscillation to be considered, represented by
point ! in Fig. 1, the contro! grid side of the
grid condenser {1 has a strong negative charge,
and that the charge is leaking away to earth
through the grid leak 14. During the early part
of the cycle, while the control grid is still fairly
strongly negatively charged, substantially no elec-
tron current flows in the valve {2. The anode-
cathode path of the valve is thus substantially
insulating during this part of the cycle, but a
small substantially constant current, serving to
charge the reservoir condenser {7 at a substan-
tially uniform rate, flows in the anode feed resist-
ance {6. This part of the cycle is represented by
a in Fig, 1.

In the absence of the synchronizing impulses,
the control grid potential would eventually reach
a certain critical value represented by e in Fig. 1
at which electron current commences to fiow in

' the screening grid and anode circuits of the valve

2.

30

The inductive coupling 16, {5 between the
screening grid and control grid circuits causes a
voltage to be induced in the control grid circuit,
when current begins to flow in the screening grid

¢ eircuit and whenever the current in this circuit
i increases, the sense of the coupling being such
* that the induced voltage, under these circum-

35

stances, tends to drive the control grid potential

: still further in the positive direction.. Whilst the
. control grid is positive it collects electrons and
. charges the condenser {1 negatively with respect

" to the grid coils 18.

40

The current in the screening
grid circuit is thus further increased, the action

- being cumulative and causing the screening grid
. current to rise rapidly. The anode current simi-
: larly rises, and the anode-cathode path of the
 valve ceases to be-insulating; the reservoir con-
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denser accordingly discharges through the valve.
This part of the cycle is represented in Fig. 1
by b and is the line followed in the absence of
synchronizing impulses.

The maximum value to which the screening
grid current rises is determined by the natural
frequency of the screening grid circuit and its
associated circuits or by saturation. When the
maximum value is reached, the current ceases to
increase so that the control grid is no longer held
positive, the more negative grid potential causes
the screen current to decrease. As soon as the
screening grid current starts to fall, a voltage is
induced in the control grid circuit which causes
the grid potential to become more negative, and
thus still further to decrease the screening grid
current. The action is cumulative, until the
screen current is shut off entirely. In this steady
state, the potential across the coil i0 is zero and
the potential of the grid is more negative than
this by the potential due to the negative charge
of the condenser i{ caused by the grid current.
The resultant grid potential is the original highly
negative value. If a synchronizing impulse of
the amplitude shown in Fig. 1 arrives at any time
between that represented by line ¢ and that cor~
responding to point c:, the discharge of the con-
denser {7 will be initiated thereby.

Although impulses at the amplitude of the syn-
chronizing impulses are only effective to cause the
grid potential to reach the critical value if they

3

occur within a range of grid potentials close to the
critical potential, nevertheless impulses at a
greater amplitude than the synchronizing im-
pulses, for example strays, may drive the grid

potential up to the critical value even if they -

occur close to the beginning of the cycle, and out-
side the normal critical range.. For example at
the time h or thereafter an impulse of the ampli-
tude shown at m will drive the grid potential up
to the critical value. By limiting the amplitude
of the stray impulses to the amplitude of the
synchronizing impulses, or to a.value not greatly
exceeding this, for example to a value represented
by the distance between lines n and e, the range
of grid potentials over which the limited stray
impulses may cause interference with the genera-
tion of the scanning voltage is limited to a range
of grid potentials close to the end of the cycle
of oscillation, for example the range between lines
k and g.

It is found in practice that the frame scanning
operation at the receiver is less liable to interfer-
ence of the type in question than the line scan-
ning operation. However, it will be apparent
that if such interference does occur, it may be
reduced in a manner similar to that described for
the line scanning.

Clearly the arrangement of Fig. 4 is applicable
to the reception of signals in which impulses of
the character shown in Figs. 2 and 3 are combined
with picture signals and transmitted therewith
over a common channel which may be a carrier
wave; that is to say the sub-carrier can be dis-
pensed with. The picture signals are usually
combined with the synchronizing impulses in such
a way that the impulses of Fig. 2 occur between
successive lines of the picturé scanned and the
impulses of Fig. 3 between successive picture
frames and further so that the datum line e in
Figs. 2 and 3 corresponds to picture black and the
picture signals extend from this datum line in the
opposite direction to the synchronizing impulses.
Where this form of signal is to be received, the
filter device 2 of Fig. 4 is omitted and the picture
signals are prevented from affecting the anode
current of the valve 5 for example by so biasing
the grid of valve 5§ that grid current ﬁows in
response to picture signals.

It is desirable to arrange that the limiting cir-
cuit of Fig. 4 should have a time constant which
is short compared with the duration of any one
synchronizing impulse. If any amplification is
effected between the detector 5 and the limiting
device it is also important to arrange either that
overloading does not occur in such an amplifier
with signals having an amplitude many times in
excess of that required to operate the limiting
device or else that the circuits of the amplifier
are of such short time constant that the over-
loading condition cannot persist for a time longer
than the duration of a synchronizing impulse.

More than one limiting device may be provided
if desired and it is then usually preferable to
arrange that only a part of the total limiting
required is effected in an earlier limiter, the re-
mainder of the limiting taking place in a later
limiter.

Referring to Pig. 5, there is shown a circuit for
8 receiver in which limiting is effected at radio

- frequency. It will be assumed that the modula-

tion of the carrier at the receiver by the picture
signals and the impulses of Figs. 2 and 3 is ef-
fected in such a way that the synchronizing sig-
nals are represented by:increases in carrier am-

20

25

30

35

40

45

50

55

60

75



10

T 15

20

25

4

plitude and the picture signals by decreases
thereof.

The received signals are selected and if desired
amplified in the recelver 2% and are passed
through a coupling condenser 30 to a radio fre-
quency amplifier 31, Between the grid and cath-
ode of the amplifier 31 is connected & tuned circuit,
comprising an inductance 32 shunted by a con-
denser 33, in series with a source 34 of bias po-
tential. The elements of the tuned circuit 32, 33
are arranged to be of low loss and the source 34
is of low impedance. Across the tuned circuit
32, 33 are also connected two diode rectiflers 36
and 36, each in series with a source of voltage 37
and 38 respectively, the diode 35 having its anode
connected to the grid side of the tuned circuit 32,
33 and the diocde 36 being oppositely connected.
The voltages and polarities of the sources 34, 37
and 38 are such that due to source 34 the bias of
the grid of the valve 31 enables this valve to op-
erate on a suitable part of its characteristic whilst

the cathode of the diode 35 is maintained at a po~

tential +V and the anode of diode 36 at a poten-
tial —V relatively to the grid of the valve 3f when
no signal is being received, where V is the signal

- amplitude at the grid of the valve 3{ at which
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limiting is required to take place. It is usually
arranged that V exceeds, for example by 25%,
the carrier amplitude on the grid of the valve 31
corresponding to the peak of a synchronizing im-
pulse which may be referred to as W. Thus if
any interference having an amplitude more than
1.25W appears on the grid of valve 3f current
will flow through the diode 35 on one half cycle
and through the diode 36 on the other half cycle.
The limiting circuit described restores rapidly
after the interference has passed because the di-
odes have a low impedance path in parsallel with
them through the coil 32.

The limited signals thus appear in the anode
circuit of the valve 31 and are passed to a de-
tector 39 and to a filter device 40 the output of
which may be passed after amplification if de-
sired to a generator of saw-tooth oscillations such
for example as that described in connection with
Fig. 4.

The valve 39 is biased by a battery 81 in such
a manner that subsftantially no anode current
flows therein with carrier amplitudes correspond-
ing to picture signals but that the valve functions
as an anode bend detector for the synchronizing
signal modulation. The picture signals together
with synchronizing signals are taken from leads
3 and 4 to a separate detector.

The diode 35 may if desired be omitted and
the voltage of -source 34 adjusted to the value V
so that grid current flows in the valve 31 for the
positive half cycles exceeding V in amplitude.

The filter device 40 is arranged to give a meas-
ure of frequency selection so as to reduce still
further the chance of strays affecting the syn-
chronization. It is known that a wave form of
the kind shown in Fig. 2 can be resolved into a
number of sinusoidal oscillations and it is found
that the form of the impulses can be reproduced
sufficiently accurately by & relatively small range
of frequencies and the device 40 may thus with
advantage be arranged 2s a low pass fiiter to
suppress frequencies exceeding the aforemen-
tioned ones. If desired the device 40 may be 2a
band pass filter so that frequencies below the
fundamental frequency of the impulses of Fig. 2
are also suppressed. It is desirable to arrange as
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shown that the amplitude Hmiting takes place
before the frequency selection.

The frame frequency impulses may be taken at
25 and may also be subjected to frequency selec-
tion if desired.

In the circuits so far described, limiting has been
effected with the aid of diode rectifiers. It is of
course possible to use other forms of rectifier such
as a thermionic triode arranged to limit either
at a bend of its anode current-grid voltage char-
acteristic or by the flow of grid current.

It may be desirable to arrange that the output
of the limiting device is not only limited to a
certain critical value but that in response to sig-
nals exceeding a predetermined value the output
falls below the crifical value. One example of
this type of limiter is a grid rectifier which is so
blased and arranged that for small inputs it
gives a rectification characterstic in which the
output current is proportional to the input volt-
age and in which for large inputs anode bend
rectification comes into operation in addition to
the grid rectification and acts m oppositlon
thereto.

We claim: ‘

1. A television receiver having an mput circuit
for receiving a carrier wave modulated with syn-
chronizing signals, a detector, means for coupling
said detector with said input circuit, means for
generating an oscillation of saw-tooth wave form,
a scanning device, means for applying said oscil-
lation to said scanning device to control the op-
eration thereof, means for applying demodulated
synchronizing signals from said detector to said
generating means, and separate biased rectifier
limiting means connected to the detector for lim-
iting the amplitude of each synchronizing signal
between predetermined values whereby the oscil-
lations are initiated only during predetermined
time intervals.

2. A television receiver having an input circuit
for receiving a carrier wave modulated with
synchronizing signals, a detector having an out-
put circuit, means for coupling said detector with
said input circuit, means for generating an oscil-
lation of saw-tooth wave form, a scanning device,
means for applying said oscillation to said scan-
ning device tad control the operation thereof,
means for applying demodulated synchronizing
signals from said detector to said generating
means, and separate biased rectifier limiting
means connected to the output circuit of the de-~
tector for limiting the amplitude of each syn-
chronizing signal between predetermined values
whereby the oscillations are initiated only dur-
ing predetermined time intervals.

3. A television receiver having an input circuit
for receiving a carrier wave modulated with syn-
chronizing signals, a detector having an input
circuit, means for coupling said detector with said
input circuit, means for generating an oscillation
of saw-tooth wave form, a3 scanning device, means
for applying said oscillation to said scanning de-
vice to control the operation thereof, means for
applying demodulated synchronizing signals from
said detector to said generating means, and sep-
arate biased rectifier limiting means connected
to the input circuit of the detector for limiting
the amplitude of each synchromnizing signal be-
tween predetermined valies whereby the oscilla-
tions are initiated only during predetermined
time intervals.

MICHAEL BOWMAN-MANIFOLD.
WILLIAM SPENCER PERCIVAL.
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