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9 Claims.

This invention relates to mixing amplifiers and
particularly to amplifiers of this character for
mixing a plurality of intelligence signals to form
a composite television signal.

Conventionally, in the operation of television
transmitting and receiving apparatus, a compos-
ite signal is transmitted from the transmitting
station to the receiving station. This composite
signal includes, in addition to the video signals,
other intelligence signals such as blanking and
synchronizing signals for controlling the receiv-
ing device. The composite television signal is
formed at the transmitter by a process commonly
called signal mixing, whereby the blanking and
synchronizing impulses are interspersed suitably
with the video signals. This signal mixing, or
more particularly the injection of the blanking
and synchronizing impulses into the generated
video signals, usually is accomplished in the video
amplifier chain, ‘Heretofore it hasbeen custom-~
ary to accomplish the signal mixing by either the
so-called grid injection methed or the so-called
plate injection method.

When using the grid injection method of sig-
nal mixing, at the end of each scanning line and
also at the end of each scanning fleld, the grid
of one of the video amplifier stages is biased suffi-
ciently negative with respect to its associated
cathode to effect the complete cut-off of space
current for a period equal at least to the retrace
time of the scanning apparatus. In this manner
any disturbance signal created by the retrace of
the scanning apparatus is rendered ineffective.
In some cases the biasing of the video amplifier
is only sufficient to shift the reference axis about
which the video signal voltages alternate. In
this latter case the disturbance voltage is super-
imposed upon the biasing voltage and therefore

(CL 178—7.1)
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is reproduced in the output circuit of the ampli- |

fier. In either case, however, the modification of
the grid bias of the amplifier in the direction of
plate current cutoff develops an impulse of sub-
stantial magnitude in the output circuit.

A commonly used arrangement for carrying out
the plate injection method of signal mixing is one
in which the anode of an injector tube is directly
connected to the anode of one of the video ampli-
fier tubes so that a common load resistor may be
employed in which the mixed signal is developed.

As is well known in the art, however, a signal
limiter must also be used in connection with a
signal mixing amplifier operated by the grid in-
jection method so that the amplitude of the im-
pulses developed in the output circuit of the am-
plifier may be suitably reduced. In limiting the
amplitude of these impulses there also is elimi-

nated any disturbance effect which may be super-

imposed on the impulses. It is desirable, in the
interest of utilizing the tube complement of a tele-
vision transmitter at maximum efficiency, to ac-
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complish signal mixing in a manner which will
not require the use of signal limiters. ‘While a
mixer employing the plate injection method ac-
complishes such a result, it is not frequently used
for the reason that it increases the capacitance in
shunt with the common load resistor. The in-
terelectrode capacitances of both the amplifier
and injector tubes are connected in shunt across
this resistor. When operating electronic ampli-
flers at the relatively high frequencies necessary
in television systems, it is desirable fo maintain
thig shunt capacitance at & minimum value in
order not to detrimentally affect the gain of the
amplifier.

There are arrangements which have been pro-
posed to couple the anodes or plates of the ampli-
fier and injector tubes in such a manner that the
interelectrode capacitances of the tubes are not
additive across the load resistor. However, these
arrangements make use of additional coupling
elements which require very careful adjustment.
Consequently, they have met with little favor and
are not widely used. E )

An object of the present invention, therefore,
is to provide a novel mixing amplifier for forming
a composite signal of two or more intelligence
signals which is capable of utilizing the tube com-
plement at maximum efficiency without reducing
the amplifier gain substantially from the maxi-
mum realizable amplification.

Another object of the invention is to provide a
novel mixing amplifier for forming & composite
signal of two or more independent intelligence
signals wherein the amplifier shunt capacitance
is minimized and whereby the use of additional
signal limiting devices is obviated.

In accordance with the inventjon there are pro-
vided in the amplifier two .vacuum tubes, each
having at least one space control grid. The an-
ode circuit of one tube is coupled to the cathode
circuit of the second tube so that the anode-to-
cathode potential of the second tube may be mod-
ifled suitably by space current amplitude changes
in the first tube in a manner to disable the sec-
ond tube for the reproduction in its output circuit
of signal voltages impressed upon its control grid.
The composite signal is developed in the anode
circuit of the second tube. .

For a better understanding of the invention,
together with other and further objects thereof,
réference is had to the following description taken
in connection with the accompanying drawing,
and its scope will be pointed out in the appended
claims. ) . .

In the accompanying drawing, the single figure
is a schematic circuit diagram of a mixing ampli-
fler embodying the invention. o

The amplifier comprises two multigrid vacu-
um tubes { and 2. As illustrated herein, these
tubes are pentodes, each having, in addition to
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a screen grid, the usual control and suppressor
grids, either of the latter two being adapted to

‘control the amplitude of space current conduc-

tion in the tube. It is contemplated to be with-
in the scope and spirit ‘of the invention that
other types of tubes may be employed with equal
facility in accordance with the teaching of the
instant disclosure. The control grid 3 of the in-
jector tube ! is connected by a resistor 4 to
ground. The ferminals of the resistor 4 are
connected to a source of synchronizing signal 5.
The polarity of the voltage developed across the
resistor 4 under the control of the synchroniz-
ing signal source is negative as indicated in the
drawing so as to decrease the conduction of space
current in the tube by an increase in the ampli-
tude of the synchronizing signal. The sup-
pressor grid 6 of the tube { also is connected
by a resistor T to ground. The terminals of this
resistor are connected to a source of blanking
signal 8. 'The polarity of the voltage developed
across the resistor 7 also is negative 50 as to de-
crease the conduction of space current in the
tube by an increase in the amplitude of the
blanking signal. The cathode of the tube { is
connected by a resistor 8 to ground. The anode
of this tube is connected through a load imped-
ance device such as a resistor 10 to the positive
terminal of a source of space current such as a
-battery {1 of which the negative terminal is con-
nected to ground.

The control grid 12 of the mixer tube 2 is con-
nected by a resistor 13 to ground. The termi-
nals of this resistor are connected to a source
of video signal 4. The polarity of the voltage
developed in the resistor 13 is positive as indi-
cated in the drawing so as to increase the' con-
duction of space current in the tube 2 by an in-
crease in the amplitude of the video signal. The
supressor grid 15 of the tube 2 is connected by &
resistor 18 to ground. The anode of the tube
2 is connected through a load resistor 17 to the
positive terminal of a source of space current
such as a battery 8, of which the negative ter-
minal is connected to ground. The cathode of
the tube 12 is connected to the anode of the tube
i and also through an impedance device such as
& cathode resistor 19 to ground.

The screen grids 20 and 21 respectively, of the
tubes | and 2 are connected together and
through a resistor 22 to the positive terminal of
the battery 18. The screen grids also are by-
passed to ground by a condenser 23.

The output terminals 24 of the mixing ampli-
fier are connected respectively, to the anode of
the tube 2 and to ground.

If desired, the resistors 8 and 18 may be
shunted with by-pass condensers in.a manner
and for a purpose well known .in the:art. In
order to simplify the drawing as much 4s pos-
sible such by-pass condensers have not been
shown. Also, the sources of space current illus-
trated by the batteries 11 and {8 may be derived
from a single source in any well known manner,

Referring now to the operation of the illus-
trative embodiment of the invention, the voltage
developed across the grid resistor 13 represents
the video signal during a scanning period and
also represents any disturbance effect created
during the retrace period of the scanning appa-
ratus. During a scanning period the voltages de-
veloped in the grid resistors 4 and 7, associated
with the tube { are at their minimum negative
values so that grids 3 and 6 are biased with re-
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to effect the conduction of space current in the
tube of substantial amplitude. The potential of
the anode of this tube then has a relatively low
positive value with respect to ground. Conse-
quently, the cathode of the tube 2 also has a low
positive value with respect to ground. .

It it is assumed that the minimum positive
voltage developed in the resistor {3 by the video
signal source 14 represents black In the picture
to be reproduced, the conduction of space cur-
rent through the tube 2 will be at a minimum
value. Consequently, the potential of the anode

- of this tube is at its maximum positive value with
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spect to the cathode of this tube in a manner 78

respect to ground to represent picture black at
the time when tube [ is conducting maximum
space current during a scanning interval. As the
voltage across resistor 13 increases to represent
whiter portions of the picture the space cur-
rent conduction in the tube 2 increases corre-
spondingly. Thus, the positive anode potential
of this tube with respect to ground decreases in
like manner.

At the end of each scanning line and again at
the end of each scanning frame & blanking sig-
nal and a sychronizing signal are generated by
their respective sources 8 and 5. In accordance
with well known practice the blanking signal is
of somewhat longer time duration than the syn-
chronizing signal. Consequently, the blanking
signal is the first and also the last of these two
signals to alter the conduction of space current
in the tube {. The synchronizing signal is effec~
tive to additionally alter the space current con-
duction in this tube while the blanking signal
is still effective. . )

As soon as the negative voltage developed in
the resistor 7 increases in response to the blank-
ing signal source, the suppressor grid 6 is ren-
dered more negative with respect to the cathode
of this tube to decrease the magnitude of space
current conduction. The voltage drop through

.the resistor (0 thereby is decreased by a prede-

termined amount to increase the positive poten-
tial of the anode of tube | and the cathode of
tube 2 with respect to ground. In this manner
the effective anode-to-cathode voltage of the tube
2 is decreased in sufficient.-amount to effect plate
current saturation for all voltages of the control
grid in excess of those representing black in the
picture to be reproduced. Consequently, regard-
less of any disturbance voltages developed in the
resistor (3 during the retrace period of the scan-
ning apparatus, the magnitude of the space cur-
rent conduction in the tube 2 is unaffected. The
magnitude of this current is appropriate to de-
velop a positive impulse at the output terminals
24 of a predetermined amplitude desired to rep-
resent a blanking signal. )
When, subsequently, as increased negative volt-
age is developed in the resistor 4 under the con-
trol of the synchronizing source §, the conduction
of space current in the tube { is reduced further.
As a consequence, the potential of the anode of
tube { and the cathode of tube 2 is increased
positively with respect to ground. The increased .
positive potential of the cathode of tube 2 still
further decreases the effective anode-to-cathode
potential of this tube. The tube, of course, is
still operated at saturation so that the voltages
developed in the resistor 13 are ineffective to
alter the magnitude of the space current. The
space current in the tube, however, is less than
that permitted to flow under the sole control of
the blanking signal. -Consequently, there is
effected an additional increase in the positive
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potential of the anode with respect to ground.
This increased potential produces another im-
pulse at the output terminals-24 which is super-
imposed upon the blanking impulse. Also, by
suitably controlling the degree of modification

of the space current of tube { by the synchron-.

izing signal source 5, the amplitude of the super-
imposed impulse developed at the output termi-
nals may be made proper to represent a syn-
chronizing signal. - _

The synchronizing signal impulse is termi-
nated as soon as the voltage developed across
the resistor 4 is permitted by the source 5 to
return to normal.  Similarly, the blanking sig-
nal impulse is. terminated when the voltage de-
veloped in the resistor 7 is permitted to return
to normal by the source 8. The control of the
space current in tube 2 is then returned to the
video signal source 14, whereby it is caused to
fluctuate by variations of the voltage impressed
upon the control grid 2.

By reason of the described interconnection of
the anode of tube | and the cathode of tube 2,
the anodé potential of the tube | is maintained
at all times at a relatively low value. Conse-
quently, the tube 1 is driven into the space cur-
rent saturation region by relatively small changes
in the magnitude of either of the control grid
voltages derived from the synchronizing and
blanking signal sources 5 and 8 respectively.
Thus, this arrangement affords a convenient and
effective device for limiting the amplitude of
the blanking and synchronizing signal compo-
nents of the developed composite television sig-
nal. The limiting levels for the blanking and
synchronizing signals may be determined as de-
sired by suitably adjusting the amplitude of the
voltage derived from the battery {8.

While it will be understood that the circuit
specification of a mixing amplifier embodying
this invention may vary according to the require-
ments of the particular television system in which
it is employed, the following circuit specifications
for the illustrative embodiment of an amplifier
of this character are included, by way of ex-
ample only:

Vacuum tube 1_ oo 6ACT
Vacuum tube 2o 6ACT
ResiStor 4o e ohms_. 10,000
Resistor 7o ecmcm e - w--do.___ 100,000
Resistor 9 oo do—_- 50
Resistor 10 ee do___- 10,000
Battery 11 __ volis..- 300
Resistor 13 e ohms_. 3,000
Resistor 16 e do__.- 1,000
Resistor 17 oo do.... 3,000
Battery 18 o~ volts. - 300
Resistor 19 e ohms__ 440,000
Resistor 22____ oo do_... 15,000
Condenser 23. .- microfarads-— 20

It {s evident that an amplifier in accordance
with this invention provides a means for insert-
ing blanking and/or synchronizing signals into
a video signal in a manner in which the capaci-
tance connected across the load resistor I7 is
limited to the interelectrode capacitance of the
mixer tube 2. The interelectrode capacitance
of the injector tube i is connected across the
cathode resistor 18 where it does not affect the
load resistor 1. Also, it is apparent that the
connection of the output circuit of the tube | to
the cathode circuit of the tube 2 renders the
amplifier susceptible of operaiion in a manner to

3.

effect any desired limiting of the amplitude of
the blanking and synchronizing signals,
It will be obvious to those skilled in the art

" that the invention may be practiced by the con-
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nection of the various types of signals to space
current control circuits of the respective amplifier
tubes other than those illustrated. For example,
either the blanking or synchronizing source 8 or
5 respectively, may be connected in proper po-
larity across the resistor 16, in which -case the
suppressor grid 15 of the tube 2 would be effec-
tive to control the space current in this tube in
accordance with the signal impressed thereon.
In practicing the instant invention it is not
essential that both the vertical and horizontal
synchronizing signals be derived from a single
source such as the synchronizing signal source
§. The present invention makes it possible to
insert the-vertical and horizontal synchroniz-
ing signals separately. For example, the vertical
synchronizing signal may be impressed upon the
control grid 3 of the tube ! in the manner il-
lustrated and the horizontal synchronizing sig-
nal may be impressed in proper polarity upon
the suppressor grid 5 of the tube 2. A similar

arrangement with respect to the two usual types

of blanking signals also is contemplated to be
within the scope of the present invention.

It, therefore, should be apparent, in view of
the described embodiment of the invention, that
the invention also is susceptible of embodiment
in an amplifier using other familiar types of
multi-grid tubes to effect the mixing of any pre-
determined number of different signals for the
jormation of a single composite signal. - For ex-
ample, five such signals may be combined in the
manned described, the five signals representing
respectively, horizontal and vertical blanking sig-
nals, horizontal and vertical synchronizing sig-
nals and the video signals. :

While there has been described what, at pres-
ent, is considered the preferred embodiment of
the invention, it will be obvious to those skilled
in the art that various changes and modifications
may be made therein without departing from the
invention, and, therefore, it is aimed in the ap-
pended claims to cover all such changes and mod-

_ifications as fall within the true spirit and scope
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of the invention.

What is claimed is: .

1. An amplifier for forming a composite sig-
nal consisting of a plurality of different types of
intelligence signals comprising, a first vacuum
tube having an anode, a second vacuum tube hav-
ing an anode and s cathode, means including a
source of & first type of intelligence signal for
varying the amplitude of the space current of
said second tube, means including a source of
a second type of intelligence signal for varying
the amplitude of the space current of said first
tube, means coupling the anode of said first tube
with the cathode of. said second tube for vary-

. ing the potential of the cathode of said second
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tube in correspondence with the space current
amplitude variation of said first tube in a man-
ner to effect a corresponding space current am-
plitude variation of said second tube and to ren-
der the source of said first type of signal inef-
fective to produce space current amplitude varia-
tions of said second tube, and an output circuit
connected to the anode of said second tube for
the development therein of said composite signal.
. 2. An amplifier for forming a composite sig-
nal consisting of a pluality of different types

-of intelligence signals comprising, a first vacu-
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um tube having an anode, a second vacuum tube
having an anode and a cathode, means includ-
* ing a source of a first type of intelligence signal
for varying the amplitude of the space current
of said second tube in correspondence with said
. first type of signal, means including a source of
a second type of intelligence signal for effecting
a first variation in the amplitude of the space

current of said first tube in correspondence with.

said second type of signal, means including a
source of a third type of intelligence signal for
effecting a second variation in the amplitude of
the space current of said first tube in corre-
spondence with said third type of signal, means

including a conductive coupling between "the-

anode of said first tube and the cathode of said
second tube for varying the potential of the
~ cathode of said second tube in correspondence
with the space current amplitude variations of
said first tube in a manner to effect correspond-
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ing space current amplitude variations of said -

second tube and to render the source of said first
type of signal ineffective to produce space cur-
rent amplitude variations of said second tube,
and an output circut connected.to the anode of
said second tube for the development therein of
said composite signal.

3. An amplifier for forming a composite sig-
nal consisting of two different types of intelli-
gence signals comprising, a first vacuum tube
having an anode and a space current control grid,
a second vacuum tube having an anode, a cathode
and a space current control grid, means includ-
ing an impedance device common to the anode
of said first tube and to the cathode of said sec-
ond tube for causing variations of the space cur-
rent conduction in said first tube to vary the
cathode voltage of said second tube, means for
impressing said two types of intelligence signals
upon the respective control grids of said vacuum
tubes, and an output circuit connected to the
anode of said second tube for the development
therein of sald composite signal.

4, An amplifier for forming a composite mgnal
consisting of two different types of intelligence
signals comprising, a first vacuum tube having
an anode and a space current control grid, a sec-
ond vacuum tube having an anode, a cathode
and a space current control grid, an impedance

device connected to the anode of said first tube °

and to the cathode of said second tube in series
with said second tube, means for impressing said
two types of intelligence signals upon the respec-
tive control grids of said vacuum tubes, and an
output circuit connected to the anode of said
second tube for the development therein of said
composite signal.

5. An amplifier for forming a composite sig-
nal consisting of two different types of intelli-
gence signals comprising, a first vacuum tube
having an anode and a space current control
grid, a second vacuum tube having an anode,
a cathode and a space current control grid, a load
impedance device connected to the anode of said
first tube in series with said first tube, an im-
pedance device connected to the cathode of said
second tube in parallel with said load impedance
device, means for impressing said two types of
intelligence signals upon the respective control
grids of said vacuum tubes, and an output cir-
cuit connected to the anode of said second tube
for the development therein of said composite
signal.
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6. An amplifier for forming a coinposite tele-
vision signal consisting of video, blanking and
synchronizing signals comprising, two vacuum
tubes each having a space current control grid,
a cathode and an anode, and one of said tubes
having a second space current control grid, a
blanking signal source connected to a first one
of said control grids, a synchronizing signal
source connected to a second one of said control
grids, a video signal source connected to the third
one of said control grids, an impedance device
connected to the anode of one of said tubes and
to the cathode of the other of said tubes in series
with said other tube, and an output circuit con-
nected to the anode of said last named tube for
the development therein of said composite tele-
vision signal.

7. An amplifier for forming a composite tele-
vision signal consisting of video, blanking and
synchronizing signals comprising, two vacuum
tubes each having two space currents control
grids, a cathode and an anode, a blanking signal
source and a synchronizing signal source con-
nected in like polarities to the respective control
grids of one of said tubes, a video signal source
connected to a control grid of the other of said
tubes in opposite polarity to said blanking and
synchronizing signal connections, a resistor con-
nected to the anode of one of said tubes and to
the cathode of the other of said tubes in series
with said other tube, and an output circuit con-
nected to the anode of said last named tube for
the development therein of said composite tele-
vision signal.

8. An amplifier for forming a composite tele-
vision signal consisting of video, blanking and
synchronizing signals comprising, a first vac-
uum tube having two space current control grids
and an anode, & blanking signal source and a
synchronizing signal source connected in like po-
larities to the respective control grids of said
first tube, a second vacuum tube having an an-
ode, a cathode and a space current control grid,
a resistor connected to the cathode of said second
tube and to the anode of said first tube in series
with said first tube, a video signal source con- .
nected to the control grid of said second tube in
opposite polarity to said blanking and synchro-
nizing signal connections, and an output circuit
connected to the anode of said second tube for
the development therein of said composite tele-
vision signal.

9. An amplifier for forming a composite tele-
vision signal consisting of video, blanking and
synchronizi!ng signals comprising, a first vacuum
tube having two space current control grids and
an anode, & blanking signal source connected
in negative polarity to one of the grids of said

“first tube, a synchronizing signal source connect-

ed in negative polarity to the other of the grids
of said first tube, a source of space current con-
nected to the gnode of said first tube, a second
vacuum tube having an anode, 2 cathode and a
space current control grid, a resistor connected
to the cathode of said second tube and to the
anode of said first tube, a video signal source
connected in positive polarity to the grid of said
second tube, & source of space current connected
to the anode of said second tube and to said
cathode resistor, and an output circuit connected
to the anode of said second tube for the develop-
ment therein of said composite television signal.
MADISON CAWEIN.



