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Radio Corporation of America, a corporation ef

Delaware

Application January 29, 1937, Serial No. 122,898

7 Claims.

My invention relates to short wave radio sys-
tems and particularly to radio systems for the
transmission and reception of pictures.

An object of my invention is to provide an
improved method of and means for reducing
or substantially eliminating at a radio receiver
the effects of an undesired modulation, such as
cross-modulation, of the transmitted carrier
wave.

Such an undesired modulation may be pro-
duced by the metal propeller of an airplane
where a television signal is being transmitted
from the airplane.

A further object of my invention is to provide

5 an improved television receiver.

My invention will be described specifically in
connection with a television system in which the
transmitter is located on an airplane. In such
a television system, it has been found that when
the metal propellers on the airplane are aboutb
one-quarter wave length long from the hub fo
the tip of the blade for a certain wave length
used in transmission (50 megacycles, for exam-
ple) the received field strength on the ground is
greatly . altered by the change in the angular
position of the propellers. In the particular in-
stallation being described, the propellers were
of the two-blade type and, during flight, rotated
about 1500 R. P. M. thereby modulating the tele-
vision carrier and its television modulation com-
ponent at about 50 cycles per second. The mag-
nitude of such propeller modulation is a variable
amount up to about 50 percent modulation, de-
pending upon the position of the antenna and
the direction of the receiving point from the
airplane.

Tt has been found that when the transmitted
signal includes a pilot signal, or, in the specific
system to be described, control or synchronizing
impulses, which normally are of constant ampli-
tude, it is possible to reduce or eliminate the
effect of such cross-modulation by introducing
at the receiver a modulation derived from said
pilot signal which is equal in amplitude, but op-
posite in polarity, to the undesired modulation.

The invention will be better understood from
the following description taken in connection
with the accompanying drawings in which

Figure 1 is a view showing a television system
embodying my invention,

Figures 2 and 3 are diagrams which are re-
ferred to in explaining the invention, and

Figure 4 is a circuit diagram of a television
receiver constructed in accordance with another
embodiment of my invention,

(€L 178—"1.5)

Referring to Fig. 1, my invention is shown ap-
plied to a television system in which the trans-
mitter, indicated at I, is of the type described
in British Patent No. 407,409, In such a trans-
mitter a horizontal synchronizing impulse is
transmitted at the end of each scanning line
and a vertical synchronizing impulse is trans-
mitted at the end of each picture frame. All of
these synchronizing impulses are of the same
amplitude, the vertical synchronizing impulses
being of greater duration than the horizontal
synchronizing impulses, in order o facilitate fre-
quency separation of the two groups of synchro-
nizing impulses at the receiver. In this trans-
mitter the synchronizing signals are of the same
polarity as picture signals in' the “black” direc-
tion and have a greater amplitude than the max-
imum amplitude of pictures in the “black” direc-
tion. The composite signal comprising picture
signal and synchronizing impulses is caused to
modulate the carrier wave in such direction that
the synchronizing impulses cause the carrier
wave to have maximum amplitude.

The signal which is radiated from the frans-
mitter before the undesired propeller modulation
or the like has occurred is shown in Fig. 2. The
pieture signal is indicated at 2 and the horizontal
synchronizing impulses are indicated at 3, the
vertical synchronizing impulses not heing shown,
The horizontal synchronizing impulses occur at
the rate of 10,200 per second and the vertical
synchronizinig impulses occur at the rate of 30
per second in the specific system being described,
all- of the synchronizing impulses being of con-
stant fixed amplitude in the absence of unde-
sired modulation.

In Fig. 3 there is shown the transmitted signal
after it has been modulated by the airplane pro-
pellers and-as it appears at the receiver antenna,
Tt will be noted that such modulation causes the
synchronizing impulses to be of different heights,
as well as causing the envelope of the wave to
have a sine wave contour. That is, the propeller
modulation modulates the synchronizing modu-~
lation to produce what is known as “cross-modu-~
lation:” It will be apparent that the drawings
have been simplified by showing only a few of the
synchronizing impulses that occur during one
cycle of propeller modulation.

The receiver shown in Fig. 1 is of the same
general type described in the above-mentioned
British patent. The cathode ray tube, the de-
flecting circuits, and the video frequency ampli-
fier are indicated generally at 6. The receiver
portion which amplifies and demodulates the
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received carrier wave for supplying the video
signal to the unit § preferably is of the super-
heterodyne type comprising a first detector 1,
a tunable oscillator 8, a plurality of intermediate
frequency amplifiers 9, {1 and 12, tuned to about
Il megacycles, and a second detector 13. The
L F. stages t and (2 and the I . stage (2 and
detector I3 are shown coupled by the usual tuned
L F. transformers 14 and 16, respectively. The
detector 13 may be of the double-wave rectifier
type illustrated, the video signa} appearing across
an output resistor 7.

The particular receiver shown in Fig. 1 is pro-
vided with the usual automatic volume control
circuit, as well as with a special control circuit
for introducing the reverse polarity modulation
which cancels out the propeller modulation. The
A, V. C. circuit, which is conventional in design,
includes a direct current amplifier 18 having its
input circuit connected across the output re-
sistor {1, The output of the amplifier 8 is sup-
blied to the I. . amplifiers 9 and i through re-
sistors 19 and 21 to control the amplification of
sald amplifiers, condensers 22 and 23 being pro-
vided to give the desired time constant for proper
A. V. C. action. This time constant is such that
the A. V. C. circuit will not respond to quick
changes in signal amplitude, such as’ those oc-
curring in < second or less.

‘Referring now to the above-mentioned special
control circuit, in accordance with one embodi-
ment of my invention, I supply either a radio
frequency or an I. ¥. signal from the output of
amplifier such as amplifier 12 to an amplifier
26, and through an I F. transformer 21 to a
vacuum tube 28. 'The connection between the
transformer 27 and the control grid 29 of tube
28 includes a grid condenser 31. A grid resistor
32 which has s high resistance, 4 megohms, for
example, is connected between the grid 29 and
the cathode 33 of tube 28. As will be explained
later, the time constant of the circuit including
condenser 81 and resistor 32 is such .as to put
2 bias on grid 28 which varies with the envelope
of the received synchronizing impulses. The
voltage supplied to the plate of tube 28 is such
that the change in plate current is linear with
respect to this varying grid bias.

The amplifier 28 is coupled to an amplifier 34
through which the comparatively low frequency
signal corresponding to the undesired modulation
is supplied to an I. F. amplifier tube for varying
its grid bias. In the output circuit of tube 28 a
by-pass condenser 36 is provided for filtering out
the I. F. carrier.

The propeller modulation signal is supplied,
in the specific circuit illustrated, from amplifier
3% through a conductor 317, 3 coupling condenser
38 and a filter resistor 29 to the control grid of
amplifier tube 12. A suitable biasing voltage
is supplied to the control grid of tube 12 through
a suitable grid leak resistor 40 and through the
resistor 39. A filter condenser &0 is provided
which, together with resistor 39, functions to
filter out any I. F. carrier which may not be re-
moved by the by-pass condenser 36. Condenser
41 also keeps the low end of. the secondary of
I. F. transformer 4 to ground so far as I. F.
in the transformer 14 is concerned.

Since the amplifier tube 12 is of the usual ex-
ponential or variable-mu type employed where
the gain is to be controlled; and since the tube
is operated on the non-linear part of its grid
voltage-plate current characteristic, the propeller
modulation signal supplied over .conductor 371
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modulates the I. F. signal being supplied to am-
plifier 12. The number of amplifier stages in
the special control circuit 28—234 is so chosen
that this modulation is of opposite polarity to
the propeller modulation already on the I. F.
carrier. When grid 29 of tube 28 goes more neg-
ative, due to drawing more grid current, the bias
on tube 12 goes more negative, thus redticing the
gain of tube 12. By making the amplitude of
the bucking modulation the same as that of the
modulation to be removed, the television signals
will be substantially free of propeller modulation
at the unit 6.

As previously stated, the time constant of the
circuit comprising grid condenser 3f and grid
resistor 32 is such as to cause the undesired mod-
ulation signal to appear in the plate circuit of
tube 28. The action of this portion of the cir-
cuit is as follows:

The I. F. signal supplied to the grid 29 has
such polarity that the synchronizing impulses,
that is, the I. F. carrier representing these im-
pulses, drive the grid 29 positive whereby con-
denser 31 is charged due to electrons from the
cathode of tube 28 reaching grid 28. This charge
leaks off condenser 3! through resistor 32, but
the time constant is such that the charge does
not- leak -off much. between successive horizontal
synchronizing impulses. On the cther hand, the
adjustment is such that the charge leaks off con-
denser 31 rapidly enough to permit the voltage
on grid 29 to follow the envelope of the syn-
chronizing impulses.. It should be noted that the
tube 28 does not demodulate the I. F. carrier to
produce video signals. 'This is because the time
constant of the circuit 3{—32 and the other cir-
cuit constants for tube 28 are such that the pic-
ture modulation 2 (Fig. 3) varies the grid 29
over a linear portion of the tube characteristic
since the amplitude of the I. F. carrier is held
within the operating limits of the circuit.

In the system just described the time constant
of the circuit including condenser 31 and re-
sistor 32 is about .0012 second. Since this time
is about eight times the interval between adja-
cent synchronizing impulses, there will be no
appreciable change in bias between synchronizing
impulses. However, it should be noted that this
time constant permits the bias to change in aec-
cordance with the low frequency propeller modu-
lation.

In this system the grid-cathode conductivity
of tube 28 is such when the grid 29 is positive that
even a small fraction (for example, ¥oo) of this
conductivity is high compared with the conduc-
tivity of the grid leak 32, This is desirable be-
cause grid 29 is not positive for the entire dura-
tion of a synchronizing impulse but, instead, is
positive only for the short duration of the peaks
of the I. P. sine wave carrier. 'The horizontal
impulses themselves have a duration of ahout
140 of the interval between them.

In Fig. 4 fhere is shown an embodiment of my
invention in which the bucking modulation sig-
nal is derived by means of a diode rectifier and in
which this signal serves both for bucking out
undesired modulation and for supplying the de-
sired automatic volume control. In Figs. 1 and
4, like parts are indicated by the same reference
numerals.

Referring to Fig. 4 it will be seen that the
I F. signal is supplied through the amplifier 26
and transformer 27 to a diode rectifier 46 having
an anode 47 and 2 cathode 48. The lower end
of the secondary of transformer 27 is connected
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2,223,082

to the cathode 48 through a resistor:49'and volt-
age supply such as battery 51, the battery being
provided to prevent signals below a given ampli-
tude from causing a flow of current through the
diode. :

A by-pass condenser 52 is provided, the eirceuit
including this condenser and the resistor 49 hav-
ing substantially the same time constant as the
grid condenser-grid resistor circuit 31—32in PFig.
1. Also, the diode 46 is a low resistance device,
its resistance being about 400 chms when the
electrode 47 is positive. The resistor 49, on the
other hand, has a resistance of ‘about 4 megohms.
Tt follows that-even though the diode 46 is con-
ducting only -a small percentage of the time, it
will supply the necessary charging current to
condenser 52. Therefore, there is a current flow
through resistor 49 which follows the envelope
of the synchronizing impulses. There are no pic-
ture signals in the output of diode- 46 since the
negative voltage applied to anode 4T by the
charge on condenser 52 prevents the picture mod-
ulation from causing a flow of diode current.

The voltage drop. across resistor 49, or across
a portion thereof, is supplied through a filter
resistor 53 and a conductor 54 to the control
grids of the amplifier tubes in one or more I. F.
amplifier stages such as amplifiers 9 and 11. This
voltage is of the proper amplitude and polarity
to substantially buck out the propeller modula-
tion as described in connection with Fig. 1.

Preferably an additional control voltage of less
amplitude is supplied to the control grid of L. F.
amplifier 12 to buck out the propeller modula-
tion. more exactly. 'This voltage is taken from a
point on resistor 49 and supplied through & re-
sistor 56, switch 87 and conductor 58 to the said
control grid. By moving switch 57 to the con-
tact point 59, the amplifier tube 12 has normal
bias applied thereto and a bucking voltage is
supplied to amplifiers 9 and i{ only. The con-
densers 61 and 62 cooperate with resistors 53
and 58, respectively to function as filters for re-
moving I. F. signal.

Attention is called to the fact that in Fig. 4
the I. F. signal for amplifier 26 is supplied from
the output circuit of amplifier i1 rather than
from the output circuit of amplifier 12. There-
fore, the signal supplied through conductor: 58
controls the gain of an amplifier following the
point from which the control signal is derived.
This makes it possible to buck out the propeller
modulation completely by a proper adjustment
of the circuit.

The values of various circuit elements have
been indicated on the drawingsin ohms, megohms,
microfarads, and micro-microfarads. It is to be
understood that these values are merely given
by way of example and that they may be varied
within wide limits.

While I have shown the control voltage or volt-
ages applied to L F. amplifiers, it should be un-
derstood that they may be applied to radio
frequency amplifiers or to a balanced amplifier
or video signals, such an amplifier comprising
two exponential tubes connected in push-pull.

I claim as my invention: .

1. A television system comprising means for
transmitting a carrier wave modulated by picture
signals by synchronizing impulses oceurring at
a comparatively high frequency and by framing
impulses occurring at a comparatively low fre-
quency, said impulses having a greater amplitude
than said picture signals and said modulation
being in such direction that said impulses in-

3
crease'the amplitude of said carrier wave, a tele-
vision receiver having means for intercepting
said modulated carrier wave after an undesired
low-frequency modulation has been superimposed
thereon, the frequency of said undesired modu-
lation ‘being of the order of the frequency at

‘which said framing impulses occur, means for

demodulating said carrier wave to produce pic-
ture signals, an amplifier preceding said demodu-
lating means and comprising an amplifier tube
having ‘s plurality of electrodes including a con-
trol  grid and having a non-linear grid-voltage
plate-current characteristic, means for deriving
from said intercepted signal at a point preceding
said demedulating means a low frequency signal
corresponding to said undesired modulation, and
means for supplying said low frequency signal to
said control grid with such polarity and ampli-
tide ‘as to substantially reduce said undesired
modulation. :

2. A television system comprising. means for
transmitting a carrier wave modulated by video
signals ineluding picture signals and periodically
recurring high frequency synchronizing impulses
and low frequency framing impulses, said im-
pulses having a greater amplitude than said pic-
ture signals-and said modulation being in such
direction  that said impulses increase the ampli-
tude of said carrier wave, a television receiver
having means for intercepting said modulate car-
rier wave after an undesired low frequency modu-
lation hag been superimposed thereon, said low
frequency being of the same order as that of
said framing imptlses, means for demodulating
said carrier wave to produce picture signals, ‘an
amplifier preceding said demodulating means and
comprising an amplifier tube having a plurality
of electrodes including a control grid and being
of the variable-mu type, means for deriving from
said intercepted signal at a point preceding said
demodulating means a low frequency signal corre-
sponding to said undesired modulation,and means
for supplying said low frequency signal to said
control grid with such polarity and amplitude as
to substantially reduce said undesired modulation.

3. A television receiver for the reception of a
carrier wave modulated by picture signals, by
high. frequency synchronizing. impulses and by
low frequency framing impulses, and cross-modu-
latéd by an. undesired signal of low frequency
as compared with the frequency of occurrence
of said synchronizing signals but having a fre-
quency which is of the same order as that of said
framing impulses, said receiver being of the su-
perheterodyne type including means for convert-
ing an incoming signal to an L F. signal, means
for detecting said I. F. signal and reproducing
the picture represented by said picture signals, a
control circuit -connected to be supplied with
said I. F. signal, rectifier means in said confrol
circuit for deriving from said I. F. signal a con-
trol signal corresponding to said undesired modu-
lation, the time constant of sald rectifier means
being such that it does not derive picture signals
from said I. F. sighal, and means for supplying
said control signal to at least one of said I. F.
stages with such polarity ‘and amplitude as to
tend to cancel out said undesired modulation,
said one I. F. stage comprising an amplifier tube
having a non-linear grid voltage-plate current

" characteristic.

4. A television receiver for the reception of a
carrier wave modulated by picture signals, syn-
chronizing impulses occurring at a comparatively
high frequency, and. cross-modulated by an un-
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desired signal having a comparatively low fre-
quency, said impulses being of greater amplitude
than ‘said picture signals and modulating said
carrier wave in such direction as to increase its
amplitude, said receiver comprising means for
intercepting said modulated carrier wave and for
converting it to an I. F. signal, an I. F. amplifier
for amplifying said I. B signal, said I. P. ampli-
fier comprising an amplifier tube having a plu~
rality of electrodes including a grid electrode and
having a non-linear grid-voltage plate-current
characteristic, an amplifier. tube having at least
three electrodes including a control grid and a
cathode, a condenser, a resistor connected in
shunt to said condenser, means for impressing
said I. F. signal across said control grid and said
cathode through said condenser, the time con-
stant of the circuit including said condenser and
said resistor being such that said undesired signal
only appears in the output of said last amplifier,
and means for supplying said undesired signal
to the grid electrode of said I. F. amplifier tube
with such polarity as to buck out said undesired
signal modulation.

5. A television receiver for the reception of a
carrier wave modulated by picture signals, syn-
chronizing impulses occurring at a comparatively
high frequency, and finally by an undesired signal
having a comparatively low frequency, said im-
pulses being of greater amplitude than said pic-
ture signals and modulating said carrier wave
in such direction as to increase its amplitude,
said receiver comprising means for intercepting
said modulated carrier wave and for converting
it to an I, F. signal, an I. F. amplifier for ampli-
fying said I. F. signal, said I. P, amplifier com-
Prising an amplifier tube having a plurality of
electrodes including a grid electrode and having
a non-linear grid-voltage plate-current charac-
teristic, an amplifier tube having at least three
electrodes including a control grid and s cathode,
a grid resistor connected between said control
grid and said cathode, a grid condenser, means for
impressing said 1. P. signal across said grid re-
sistor through said grid condenser, the time con-
stant of the circuit including said grid condenser
and said grid resistor being such that said un-
desired signal only appears in the output of said
last amplifier, and means for supplying said un-
desired signal to the grid electrode of said I F
amplifier tube with such polarity as to buck out
said undesired signal modulation.

2,223,082

.'6. A television system for transmitting pictures

-from an aircraft driven by propellers of electri-

cally conducting material, said system comprising
4 television transmitter on said aireraft which
includes means for radiating a carrier wave which
is modulated by video signals which signals in-
clude picture signals and periodically recurring
synchronizing impulses of greater amplitude than
picture signals of like polarity, said radiated
wave having the undesired characteristic that it
is modulated by said propellers when they drive
said aircraft, said undesired modulation occurring
at a frequency within the frequency range of
said video sighals, a television receiver for re-
celving said radiated carrier wave having said
undesired modulation, means for demodulating
said received wave to produce a video signal, an
amplifier preceding said demodulating means,

_said receiver further comprising means for de-

riving from said synchronizing impulses a control
voltage which varies in accordance with said
undesired propeller modulation, and means for
varying the gain of said amplifier in accordance
with - said - control voltage in such sense and
-amount as to substantially buck out said propeller
modulation.

7. A television receiver for the reception of a
carrier wave modulated by picture signals and
by periodically recurring synchronizing impulses
which impulses are of greater amplitude than
picture signals of like polarity, means for inter-
cepting said modulated carrier wave after an
undesired low frequency modulation has been
superimposed thereon, means for demodulating
said carrier wave to produce picture signals, an
amplifier preceding said demodulating means,
means for deriving from said intercepted signal
at a point preceding said demodulating means a
low frequency control voltage corresponding to
said undesired modulation, means for varying
the gain of said amplifier in accordance with
said control voltage in such sense and amount
as to substantially buck out said undesired modu-
lation, and additional means foj controlling the
amplification of said intercepted signal before
it is impressed upon said demodulating means,
said. additional means comprising an automatic
volume control circuit which decreases said am-
plification in response to an inerease in the
amplitude of the intercepted carrier wave.

ALDA V. BEDFORD.

[

10

20

25

30

(]
(51

a0



