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My invention relates to television apparatus;
and more particularly to apparatus for modu-
lating a carrier wave in accordance with video
signals.

In present day telev1s1on systems an image to
be transmitted is usually scanned in a series of

lines, and electrical signals are developed by .

such scanning, which signals are representative
of the brightness of individual successive picture
elements of the scanned image. - These signals
are known as video signals and must, in general,
convey two kinds of information: First, the rel-
ative brightness of the picture elements, deter-
mined by the details of the image; and, second,

the average absolute brightness of the picture -

elements, determined by the background illumi-
nation.
represent both instantaneous and steady condi-
tions and must contain a wide range of frequency
components down  to and including continuous
current  components. All these components
- should be present in.the signal which is finally
utilized in the  transmitter to modulate the
radiated carrier waves.
Many television. camera tubes are incapable
of producing the sécond type of signal mentioned

above, namely, that representing the average.

absolute brightness of the picture elements, de-
termined by the background illumination.

. Moreover, amplifiers capable of amplifying low

frequency and continuous potentials, as well as
higher frequency potentials extending over -the
wide range of frequencies present in television

video signals, are very costly and difficult to

build.” Henece, it is common bpractice to use

more economical resistance-capacity coupled am- .

plifiers in television apparatus for ampliflying
video sighals representative of a scanned image.

If either such a camera tube which does not
produce signals representative of the average
absolute brightness of the image or such a re-
sistance-capacity coupled amplifier be used, low
frequency and direct current. components are
lost, and must be inserted in the video signal be-
fore it is utilized to modulate a carrier wave for
radiation. Accordingly, it is an object of my
‘invention to provide improved and simplified ap-
paratus for modulating a carrier wave in ac-

cordance with a video signal, and for simulta- :

neously inserting in the video signal a continu-

Thus, the complete video signals must

vide improved and simplified means for modu-
lating a carrier wave in accordance with a.video
signal, which means is not only arranged to in-
sert a. suitable continuous potential component -
into the video signal, but is also arranged to
modulate the operating. potential for a carrier
wave amplifier in accordance with all frequency
components of the composite signal with a high

- degree of fidelity.
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The features of my 1nvent10n which I believe
to be novel are set forth with particularity in .
the appended claims. My invention itself, both
as to its organization and manner of operation,’
together with further objects and advantages
thereof may best be understood by reference to

_ the following description taken in connection

with the accompanying drawing in which the

" single fisure of the drawing represents a tele-
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vision transmitter embodying my invention.
Referring now to the drawing, a source (9 of -
carrier waves is coupled through an inductance -

~ coil 1{ to a tuned circuit including an inductance
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enil 12 and conhdensers {2 and {4 connected in

series across the coil 12. The circuit including
coil 12 and condensers {3 and 4 is adjusted to
resonance at the frequency of waves from the .
source 10. '

An electron discharge amplifier 15 includes a
cathode 16, a control electrode 17 and an anode 20.
The cathode {6 is connected to ground, and the
control electrode {7 is connected to a point. on -

- the tuned circuit between the inductance coil
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{12 and the condenser 14. A point on the tuned
circuit between condensers {3 and {4 is connected
to ground, so that oscillating voltages across the
tuned circuit appear between the control elec-
trode 1T and the cathode 16 of the device §5.

- The positive terminal of a source 18 of bias po-

tential for the control electrode- {7 is connected

-to ground and the negative terminal of the source

18 is connected to.an intermediate point of the
inductance coil 12, whereby bias potential of the
source I8 is impressed between the control elec-
trode 17 and cathode {8.

The output circuit of the device 15 includes an

- ‘inductance 19 connected in series with an ad-

justable condenser 21 between the anode 20 and

. the cathode 16 of the device §5. This output cir-

ous potential component representative of the -

average absolute brightness of picture elements,
determined by the background illumination.
It is a further object of my invention to pro-
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cuit is adjusted to resonance at the frequency of
the carrier wave from the source 10, by virtue

of the fact that the inductance of coil 9 resonates

with the condenser 21 and with the interelectrode
capacity of the discharge device 15. Neutral~
matlon for the stage of ampliﬂcation mcluding :




2 .

the discharge device I8 is provided by connec-
tion of a condenser 22 between the anode 20 and
g point on the tuned input circuit between
inductance 12 and condenser i3. - By suitable ad-
Justment of the condenser 22 in well known man-
‘ner, good neutralization of the amplifier stage
including device |5 may be obfained.

Carrier waves amplified through the discharge -

device 15 are transferred inductively from the in-
~ ductance 19 into an inductance 23, from which

they are transmitted through an amplifier 24

whose output is radiated from an antenna .25.
Obviously, the carrier wave amplifier device 1§
may be connected, if desired, to operate as an
" oscillator to generate carrier waves.

Operating current for the discharge device 18
is supplied from g source 26 of such current.
- The negative terminal of this source 26 is
grounded, and the positive terminal is connected
to the anode 21 of an electron discharge device
28, whose cathode 29 is connected through a re-

- sistance 30 to ground. An inductance 3{ is con-

nected from the cathode 29 to an intermediate
point of the coil 19, thereby to supply the poten-
tial across the resistance 38 between the a.node
20 and cathode 16 of the device I5. .

Video signals from a source 32 are impressed
from one terminal of the source through a cou-
pling condenser 33 upon the control electrode 34
of the device 28, the other terminal of the source

- 32 being grounded. A grid resistance 3% is con-
nected between the control electrode 34 and the
cathode 29. Video signals from the source 32
are translated through the discharge device 28,
appearing across the resistance 30, and are

thence transmitted through the inductance 31

superimposed on the discharge current for the
device 15 flowing to the anode 20 thereof. Vari-
ation of the operating potential for the device
{5 ‘across the resistance 30 in accordance with
video signals from the source 32 is thus effective

to modulate the intensity of carrier waves am-

plified through the discharge device I15. The re-
sistance 30 may, if desired, be placed in any cir-
cuit of the carrier wave amplifier to modulate

10
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in my prior application, it is necessary to make .
the effective resistance from each end of the in-
ductance 3! to ground respectively equal to the
capacitative reactance effective at each end of
inductance ‘3{ at the upper 1limit frequency of
signals to be transmitted from the device 28 to
the discharge device 15. It is thereafter also
necessary to make the reactance of the indue-
tance 3{ at such upper limit -frequency equal to
the average of the two effective resistances. -
Assuming that the present standard television

- signal is used in this apparatus, in which white

15

20

is represented by zero voltage and black by max-
imum voltage, and. in which synchronizing pulses
extend to a somewhat higher voltage than that
which represents black, it is necessary that the
source 32 impress such voltages on the grid 34

- of the device 28 so that white picture elements

tend to drive the control electrode 34 in the neg-
ative direction and black picture elements and
synchronizing pulses tend to drive the'control

- electrode 34 in the positive direction with re-
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spect to the cathode 29. When no video signal
from the source 32 is impressed on the control
electrodé 34, the electrode 34 assumes the same
potential as the cathode 29, and maximum cur-
rent is transmitted through the discharge device
28, to provide maximum voltage across the re-
sistance 30. Under such conditions, maximum
operating current is transrhiltted to the discharge
device 18, and a carrier wave of maximum inten-
sity is radiated from the antenna 25.

Now if synchronizing signals with no video
components are transmitted from the source 32
to the control electrode 34, grid rectification is
produced by the control electrode 34 and cathode
23, so that electrode 34 tends to assume a nega-

- tive potential with respect to cathode 29, and
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its operation in accordance with changes in volt- -
age across this resistance and correspondingly

modulate the carrier wave. This resistance 30
may, for example, be placed in the input circuit
of device {5 to modulate the grid bias potential.
Since the resistance 30 is a common portion of
. the input circuit and output circuit of the device
28, carrying video signals in both such circuits,
the device 28 operates with 'a large amount of
degeneration, and produces modulation of the
carrier waves with high fidelity.
Since the resistance 30 and the capacity effec-
tive thereacross in connection with the discharge
device 28, as well as the effective resistance and
capacity assoclated with the discharge device 18
between the intermediate point of the coil 19 to
which inductance 3f is connected and ground,
are in general of substantially different values,
the inductance 3{ may be utilized to provide effi-
cient transmission of video signals from the re-
" sistance 30 to the discharge device I15. - The man-
ner in which this inductance 31 is so utilized, and
the proper adjustments therefor and for the
effective resistance and capacity between -each
end of the inductance 31 and ground, is clearly
described and claimed in my application, S. N.
382,701, filed March 11, 1941, for Electric trans-
lating circuits, and assigned to the same assignee
as the present applcation.

‘To attain the object of the invention disclbsed
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therefore acts to decrease the discharge current
flowing through the device 28. The capacity 33
and grid resistance 3% must be chosen to have
suitable values to produce this result.

The resistance 35 must be of the order of 500
times as large as the resistance between the con-
trol electrode 34 and the cathode 28.of device 28,
when.- the control electrode 34 is just.beginning
to conduct. The resistance 35 will, in general,
be found to produce optimum operation when it
has a value of at least as high as 2 to 5 megohms.
Its value must, however, not be too high, because
if made too high, emission may occur from the -
control electrode 34 and a consequent positive

" potential may result across the resistance .38

§5
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with subsequent production of additional emis~
sion and the building up of still more positive
potential, which action eventually leads to de-
struction of the control electrode.

Having determined the value of resistance 3%

“which gives a satisfactory high resistance dis-~

charge path for condenser 33 without allowing

‘the control electrode to proceed to self-destruc-

tion,.the size of condenser 33 may be determined.
Usually, the time constant of condenser 33 and
resistance 35 should be in the order of Y% sec-
ond. In general, the time constant should be
determined by experiment and should be made
of such value that low frequency and continu-
ous potential components of the videp signals
are produced on the control electrode 34 and add-
ed to the video signal in such amount as to com-
pensate for the loss of such components in the
camera tube, amplifier, or other parts of the
source 32. It is desirable that such low frequen-
cy and continuous potential components be add-
ed in such amounts that the peaks of synchro-



nizing pulses always increase the intensity
carrier wave to its maximum amplitude, corre-
sponding-to the maximum
the device 16. Of course,
require some modification of this adjustment, as
for example, if the video signal contains noise
peaks of the order of magnitude of the synchro-

special conditions may

output capability of -

- 3,308,830
of the -

nizing pulses, the condenser 33 may have to be -

made somewhat smaller than would otherwise
be expected, in order to avoid adding low fre-
" quency and continuous potentia] components de-
veloped from the nolse peaks rather than from
the synchronizing pulses, - '
.- The video signal output intensity of the source
32 should be adjusted by s suitable control 36,
- 8o that when the video signal is representative
-of & white element of the picture, the current
through the device 28, and hence the .voltage
across the resistance 30, will be near zero to ob-
tain deep modulation of the available carrier
wave. It is important that the video signals be
not allowed to reduce the current through the
discharge device '28 and the voltage across re-
sistance 30 to values very near zero, in order to
avoid accompanying distortion with consequent
. improper reproduction of the picture at the re-
ceiver, ’ )

I is, of course, within the scope of my inven-
tion to use any type of carrier wave amplifier for
the amplifier stage including the device 18, such
for example, as a stage including such devices
connected in push-pull or balanced relation. It
Is also within the scope of my invention to op-
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signals by sald control eléctrode and cathode to
add low frequency and continuous potential com-
ponents thereto, thereby to produce a complete
video signal across said resistance. and to modu-

" late sald carrier wave in accordance therewith, -

2. In combination, a source of video signais de- .
ficient in low frequency and continuoig botential
components, s source of carrier wsaves to be mod-
ulated in accordance with a complete video signal

Including such components, said carrier wave

source including a carrier wave amplifier having
& cireuit portion effective to. control the amplifi-
cation of said amplifier as the voltage across such
portion is varied, an electron discharge device -
having an anode, t
trode, an Input circuit connected between said:
cathode and control electrode and including said
source of video signals and said circuit portion, -

-an output circult connected between said anode

and cathode and Including said circuit portion,

and means for rectifying said video “signals by-

sald control electrode and cathode to add low fre-
quency and continuous potentia]’ components:
thereto to produce a complete video signal, said .
device being thereby effective ‘to complete said

- video signal and to modulate said carrier wave

in accordance therewith,

3. In combination, a source of video signals de-
ficlent in low frequency and continuous potertial
components, an electron discharge device having '
& control electrode, an input circuit including

" sald electrode, and an output circuit, a resistance

erate the fixed potential end of the resistance 30, -

or the cathode 18, at a constant potentia] other

than ground, in order that the device 28 may be .

- operated in g region where its discharge current
need not approach zero for the representation of
8 white picture element. It ig preferred, however,
for simplicity of construction and ease of adjust-
ment of the apparatus to connect both ‘these
‘points to ground. - ‘ :

While I have shown and described a particu-
lar embodiment of my invention, it will be ob-
vious to those skilled in the art that changes

and modifications may be made without depart-

ing from my invention in its broader aspects, and
1, therefore, aim in the appended claims to cover

38

49

all such changes and modifications ag fall within -

the true spirit and scope of my invention.

What I clalm as new and desire to secure by

Letters Patent of the United States is:

1. In combination, a source of video signals de- -

ficient in low frequency and-continuous potential
" components, a source of carrier waves to be mod-

ulated in accordance with a complete video signal -

including such components, g resistance, an elec-

tron discharge device having an anode, s cath-.

" ode, and a control electrode, an input circuit con-

nected between said cathode and contro} elec- .

trode and including said source of video signals

and said resistance, an output circuit connected

between said anode and cathode and including
said resistance,
- cluding & carrier wave amplifier having an input
-circult and an output circuit, one of sald circuits
including said resistance and being arranged so
that the amplification of said amplifier varies in
accordance with the voltage across said resistance,
and means to produce rectification of said video

said source of carrier waves in-

_ potential.

0

common. to said - circuits, means for applying
video signals from said source to said input cir-
cuit to reproduce said signals across said resist-
ance, a carrier wave amplifier, means connecting
said resistance in circuit with said. amplifier for -
supplying an operating botentia] thereto, said po-
tential being modulated in accordance with the
Vvideo signals reproduced across said resistance,
and means for rectifying said video signals by
said control electrode to add low frequency and
continuous potential components to said video
signal to reproduce g complete video signal across )
said resistance and to modulate g carrier wave -
in said amplifier in accordance. therewith. o
" 4. In combination, an electron discharge de-
vice having a cathode, an anode, and g control
electrode, an input circuit including sald control

- electrode and cathode, an output circuit includ-

ing said anode and cathode, said circuits includ-
ing & common load resistor, & source- of video
signals including synchronizing pulses in said in-
put circuit so poled as to tend to make said con-
trol electrode negative with respect to said cath-
ode in the presence of g signal corresponding to
white and to make said control electrode positive
in the presence of a signal corresponding to black
or to a synchronizing pulse, and means for. pro- -
ducing rectification of said video signals by said
control electrode and cathode to generate a bias
potential on said control electrode with respect
to said cathode corresponding at each instant
substantially to the average amplitude of video
signals from said source at such instant, whereby
the potential across. said load resistor is modu-
lated both by said video signals and by said hias

ROBERT B. DOME.

& cathode, and a control elec- . .




