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% Claims.

This invention relates to a variable gain am-
plifier which may be used in a television system
to “fade” a television signal in or out. By “fad-
ing” is meant to gradually diminish or increase
the light intensity of the reproduced image by
means provided in the electrical signal channel
at the transmitter. The invention is particularly
adapted for use where it is desired to fade out
the signal from one channel and subsequently
or concurrently fade in the signal from another
channel. The invention might be used, for ex-
ample, to fade out the signal from a studio cam-
era tube and to fade in a signal from another
studio pick-up device.

The primary object of the invention is to pro-
vide an amplifier whose gain may be manually or
automatically controlled from a remote point
without affecting the frequency response charac-
teristic of the amplifier as its gain is changed.

Another object of the invention is to provide
2 television system in which the video signal may
be faded in or out completely without deleteri-
ously affecting the transmission of the signals
required to keep a receiver synchronized  with
the transmitter. .

A further object of the invention is to provide
a “fader” in which the rate of “fade” may be
determined by electrical circuits requiring a
minimum of attention on the part of the oper-
ator.

Still another object of the invention is to pro-
vide a system for television in which the trans-
mitted picture may be quickly and easily changed
from one produced by a signal obtained from one
source to one produced by a signal obtained at
another source, by the use of means which may
be located at a common control point.

These and other objects of the invention will
be more readily apparent from the following de-
seription. and accompanying drawing in which:

Fig. 1 is a schematic illustration of a dual
channel television transmitter system embody-
ing the invention; and

Fig. 2 is a circuit diagram of a preferred form
of the fading amplifier employed according to
the invention.

In the transmission of audio signals as, for
example, in conventional radio broadcast or pub-
lic address systems, it is the usual practice to
provide several incoming signal channels which
are adapted to be connected to a common output
channel, and in each channel there is provided
g simple potentiometer or T-pad by which the
amplitude of the signal transmitted may be

controlled. In changing from one program to .

(C1. 178—19.1)

anocther, it is customary to gradually diminish
the gain of the signal in the channel being faded
out and to then gradually increase the gain of
the signal in the channel which is to be faded in.

In the art of television, it is desirable to be able

to accomplish the same results, but conventional
audio circuits now available are not suited to the
particular requirements of a television system.
Tn sound transmission systems no synchronizing
signals are required, but in television systems it

10

is necessary that each receiver be at all times .

synchronized with respect fto the transmitter,
which requires that certain synchronizing sig-
nals be transmitted continuously while the ac-
companying video or picture signal is changed.
Moreover, the frequency requirements of an
audio signal channel are relatively simple and
an ordinary potentiometer or T-pad may be used

- as 2 gain control device without difficulty. In

s television system, however, the gain control
must have a uniform frequency response which
extends over a very appreciable frequency
range, for example, from about 40 cycles . to
ahout 2% to 4 megacycles. None of the poten-
tiometers now available are capable of handling
such a wide frequency range, and due to the
inherent inter-clement capacities ever present in
mechanical devices of this nature, it appears
to be improbable that audio gain control devices
could ever be adapted for television purposes.

In accordance with the present invention, an
electrical circuit is provided which may be actu-
ated by a potentiometer in such a way as to pro-
vide the desired variation in gain, without varia-
tion of the frequency response and withouf the
introduction of any extraneous and undesired
transient signals. It has been found that if the
frequency response varies as the gain varies in a
television system, the picture takes on grotesque
and unpleasant appearances. BY maintaining
the frequency response substantially uniforim the
invention enables the gradual fading in or out
of the picture without varying the relative illu-
mination between the high lights and other parts
of the transmitted image, thus eliminating the

_grotesque and unpleasant appearances obtained

heretofore.

In my Patent No. 2,081,127, issued May 18,
1937, there is described and claimed a variable
gain amplifier comprising a unit having two in-
put circuits and an output circuit. As described
in the patent, the signal supplied to one input
circuit is transferred to the output circuit and
is amplified by an amount determined by the
signal in the other inpuf circuit, which will be
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‘called the gain control input circuit.

2

However,
in the absence of any input signal in the first
cireuit, & variation of the signal in the gain
control input circuit will not cause any response
in the output circuit. Furthermore, in the pres-
ence of an input signal, a variation of the signal
in the gain control input circuit will not cause
any transient or other extraneous signal in the
output circuit. 'The present invention utilizes an
amplifier of this general type, as described more
particularly hereinafter.

As indicated in Fig. 1, in a conventional tele-
vision system a video or picture signal as ob-
tained from a camera tube, is amplified in a head
amplifier, and is then transmitted to the blank-
ing out and fading amplifier. The camera tube
is energized by suitable signals for. the purpose
of obtaining the required deflection of the scan-
hing system. Generally speaking, where elec-
tronic means are used to convert the light image

into an electrical video signal, a transient signal ’

is introduced during the time intervals between
different lines and different frames of the trans-
mitted image. 'These extraneous signalg ‘are
sometimes of considerably larger amplitude than
the desired video signal, and. consequently,

‘would overload subsequent stages in, the video

signal channel were they not removed. These
extraneous signals may be removed by supplying
the signal obtained from the camera tube to a
blanking out amplifier, which comprises a varia-
ble gain amplifier whose gain is reduced to zero
during the intervals between line and frame scans
when the extraneous signals are present. The
output signal then comprises a video signal dur-
ing the time intervals when the image is being
scanned and no signal during the intervals when
the scanning means change from one line to the
next line, and from one frame to the next frame,
At a subsequent point in the system, blanking
and synchronizing signals occurring during the
time intervals between video signals are com-
bined with the video signals to form a composite
signal, which is applied to a modulator and trans-
mitted in the usual manner to s receiver. 'The
receiver contains cireuits for distinguishing be-
tween the video signal and synchronizing sig-
nals, and after being .separated, the synchro-
nizing signals are used to control and maintain
synchronization of the receiver scanning system
with that of the transmitter, while the video
signal is supplied to a picture tube which forms
a visible image corresponding to the picture being
transmitted. Where the video signal may be ob-
tained from one of a plurality of sources, fading
preferably takes place ahead of the composite
signal amplifier, and the same synchronizing sig-
nals are supplied to all of the several camera
tubes. In this way, when the picture signal is
faded in or out, transmission of the synchroniz-
ing signals is not deleteriously effected, and
hence the receivers may be maintained in syn-
chronism with the transmitter,

A suitable blanking out and fading amplifier
capable of transmitting signals over the above-
mentioned frequency range, for the purpose of
the invention is shown in Fig. 2. The amplifier
comprises a variable gain amplifier of the type
disclosed in my aforementioned patent, which,
however, according to the bresent invention, is
employed in combination with other elements
as hereinafter described. The amplifier com-
prises the four tubes Vi, Vs, V3 and Ve As dis-
closed in the said patent, tubes Vi and Vs have
identical characteristics and the mutual con-
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ductance of each tube is determined by the volt-

age in its input circuit. An input signal to be
transmitted is supplied to the input circuit of
tube Vi, while a bias voltage including the volt-
age across resistor Ri is applied to both of the
tubes Vi and Va. A gain control signal is estab-
lished across resistor R: by means of the tube Vs,
which control signal. determines the operating
voltage of the tubes Vi and Va. The circuit of V3
is likewise adapted to transmit a wide range of
frequency components, 'The tube V: inverts the
phase of the signal transferred by tube Vi, and
the output signals from tubes Vz and Vs are com-
bined to form an output signal across the com-
mon resistor Ra. It will be seen, therefore, that
the gain control signal is balanced out and does
not appear in the output eircuit. 'The input sig-
nal, however, whose amplification is controlled,
is transferred to the output circuit. Obviously,
the Input signal may be supplied to either of
the tubes Vi and Vi or opposite phase signals
may be supplied to these tubes in which case,
the output signal will be proportionsl to the
vector difference between or arithmetic sumof
the input signals. I o
When the device is used as a blanking out am-
plifier, the video signal may be supplied between
the grid either Vi or V2 and ground. The signal
supplied to tube V3, which determines the voltage
across resistor Ri, may be in the form of a blank-
ing out signal obtained from the synchronizing
and blanking signal generator. In accordance
with the invention, controllable bias is ‘supplied
to the tube V3 by means of the potentiometer P,
the battery B, and the resistance R, as shown'in
the drawing. The grid leak for Vs, across which
the blanking out signals are formed, is by-passed
to.ground at the blanking amplifier by means of
the blocking condenser C, "By suitably propor-
tioning the relative values of R and C; only very
slow changes in voltage may take place ‘in "this
circuit ‘and HLence,- the potentiometer may. be
bositioned at a remote point without. danger of
the  introduction of extraneous signals due to
inductive or capacitive pick-up and ‘the like: by
the control line to the amplifier, Purthermore,
the characteristics of the amplifier are such'as
to prevent the transmission of any such signals,
should they be introduced in the input circuit of
tube Vs, as well as the transient - signal caused
by the fading operation. o
When the potentiometer arm is positioned at
the negative end of the battery, the tube Vi
will draw only sufficient amount to build up a
suitable biasing voltage across Ri for tubes Vi
and Vz so that signals will be transferred through
the amplifier and it will operate as a blanking
out amplifier in normal manner. However, when
the potentiometer arm is moved to the other end
of the battery, so as to supply a positive voltage,
the tube V3 will draw sufficient current.to -build
up a large voltage across Ri. The biasing voltage
may be sufficient to bias off tubes Vi and Vs
completely and the gain of the amplifier will
thus be reduced .to zero, in’ spite of the signal
variations in the input circuit of tiube Vs due
to the normal blanking out signal. " The time
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constant of the cirecuit RC should preferably be

so adjusted .that an appreciable time interval,
say. s second is required for the gain of the
amplifier to be reduced from its normal value
to zero and vice versa. '

It will be understood, of course, that various
modifications may be made in the cireuit.. For
e€xample, the fading voltage might be inserted in
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the grid circuits of Vi and Va replacing the bat-
tery shown in the figure. In this caseé, making
the bias more positive would make the amplifier
conducting, whereas making it more negative
would make it non-conducting. = Furthermore,
by inserting an additional resistance in either
end of the potentiometer and adjusting the bat-
tery voltage accordingly, the rate at which pic-
tures are faded out may be made different from
the rate at which they are faded in. In addition,
while preferably a potentiometer is used so that
the gain of the amplifier may not only be changed
from zero to some maximum value but also may
be adjusted to some predetermined value, never-
theless, if desired, the potentiometer may be
removed and in lieu thereof, a simple single-pole
double~-throw switch may be inserted and adapted
to change the bias of tube V3 so as to either set
the gain of the amplifier at its normal value or
reduce it to zero. TUnder these circumstances,
the rate at which the picture fades in and out
would be determined completely by the decay
period of the time delay circuit RC.

Referring again to Fig. 1, it will be apparent
that any number of camera tubes and a corre-
sponding number of blanking out and fading
amplifiers may be provided, and each of the sev-
eral camera tubes msy be energized by synchro-
nizing sighals from a common source. Each
blanking out amplifier may be provided with a
fader circuit such as that shown, and each fader
circuit control may be located at a point remote
from the blanking out amplifisr. In Fig. 1, two
camera tubes #1 and #2 and their associated
signal channels are shown, and the respective
fader controls #1 and #2 are located at a remote
control point. The outputs of the several blank-
ing out amplifiers may be all connected to the
input circuit of the composite signal amplifier,
and thus the change from one channel to another
may be readily accomplished by fading out the
then existing signal and fading in the desired
new signal by appropriate manipulation of the
fader controls.

While a specific form of the wide-band variable
gain amplifier has been illustrated in Fig. 2, the
jnvention is not thus limited but contemplates
the use of any such wide-band amplifier having
the characteristic that the amplification of one
signal may be controlled by a second sighal which
is prevented from appearing in the output circuit
and which serves only to control the amplifica-
tion of the first signal without varying the fre-
quency response. The illustration of Fig. 2 is
intended simply as a preferred representative
form of such an amplifier.

Tt will be apparent that various embodiments
of the invention, other than that specifically dis-
closed herein, sre possible and, therefore, the
invention is not to be limited by the disclosure
but is to be given a scope commensurate with
the appended claims.

I claim:

1. In a television system, a video signal ampli-
fier, means responsive to a control signal for
varying the gain of saild amplifier, means for
preventing said control signal or any component
thereof from appearing in the output circuit of
said amplifier. and manually operable means
associated with said first-mentioned means for
varying the gain of said amplifier from a normal
value to substantially zero and vice versa,
whereby said video signal may be faded in or
out, said last-mentioned means comprising a
source of biasing potential and a time delay

3
circuit connected between said source and said
amplifier for applying a varying bias potential
to the amplifier.

2. In a television system, a video signal ampli-
fier, means responsive to a control signal for
varying the gain of said amplifier, means for
preventing said control signal or any component
thereof from appearing in the output circuit of
said amplifier, and manually operable means
associated with said first-mentioned means for
varying the gain of said amplifier from a normal
value to supstantially zero and vice versa,
whereby said video signal may be faded in or
out, said last-mentioned means comprising a
source of biasing potential and a time delay cir-
cuit including a resistance and a condenser con-
nected between said source and said amplifier
for applying a varying bias potential to the
amplifier.

3. In a video signal amplifier for a television
system, a plurality of space discharge devices
each having an input circuit, an output circuit,
and an effective mutual conductance, the mutual
conductance of each of said space discharge de-
vices being dependent upon the voltage in the
input circuit of the respective discharge device,
means for deriving an output signal from said
amplifier, another space discharge device having
an input circuit and an output circuif, a common
impedance in said input circuits and said output
circuits, means for applying a control signal to
the input circuit of said other space discharge
device, to establish a control voltage across said
impedance, and manually operable means asso-
ciated with said other space discharge device for
varying the gain of the amplifier from & normal
value to substantially zero and vice versa,
whereby the video signal may be faded in or
out, said last-mentioned means including s
source of biasing potential and a time delay cir-
cuit connected between said source and said
amplifier for applying a varying bias potential
to the amplifier.

4. In a wide-band amplifier for a television
system, an input circuit, an output circuit, video
signal amplifying means connected betweer: said
input circuit and said output circuit for trans-
ferring signals therebetween, means including an
guxiliary vacuum tube for controlling the gain
of said amplifying means in response to a gain
control voltage, said voltage heing applied to the
input circuit of said tube, means for preventing
said gain control. voltage or any part thereof
from appearing in said output circuit, manually-
operable means electrically connected to said
gain-control tube for varying said gain-control
voltage whereby said video signal may be faded
in or out, and means for automatically limiting
the rate of gain variation by said manual means.

5. In a television system, a plurality of video
channels, an amplifier in each of said channels,
means including an auxiliary vacuum tube asso-
ciated with each of said amplifiers for controlling
the gain of the associated amplifiers in response
to gain control voltages, said voltages being
applied to the input circuits of the respective
control tubes, means for preventing said gain
control voltages or any parts thereof from ap-
pearing in the output circuits of the respective
amplifiers, manually operable means electrically
connected to each gain-control tube for varying
said gain-control voltages whereby the video
signal of one channel may he faded out and the
video signal of another channel faded in, and
vice versa, and means for automatically limiting
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the rate of gain variation by said manual means.

6. In 2 television system, a video signal ampli-
fier, means responsive to a control signal for
varying the gain of said amplifier, means for
preventing said control signal or any component
thereof from appearing in the output circuit of
said amplifier, manually operable means asso-
ciated with said first-mentioned means for vary-
ing the gain of said amplifier from a normal

10 value to substantially zero and vice versa, whereby

said video signal may be faded in or out, and
means for automatically limiting the rate of gain
variation by said manual means.

7. In a television transmitter wherein it is

15 desired to control the video signal transmission

2,233,317

from & location other than that at which the
transmitfing apparatus is located, a video signal
amplifier included in said transmitting apparatus
and positioned at one location, means for con-
trolling the gain of said amplifier in response
to a gain-control voltage, means for preventing
said gain-control voltage, or any part thereof,
from appearing in the output of said amplifier,

and manual control means positioned at a loca-

tion spaced substantially from the location of
said amplifier and electrically connected to the
amplifier for varying the gain-control voltage
through a sufficient range to enable fading of
the video signal in or out.

PHILIP J. KONKLE.
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