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This invention relates to amplifiers and par-
ticularly to apparatus of this character capable
of .amplifying relatively high frequency signals
such-.as the video signals in.a television system.

The picture intelligence is conveyed, in a tele-
vision system, by means of video signals. These
signals comprise two -components. One com-
ponent of relatively high frequency represents
the light values of elemental areas of the televi-
sion picture. The other .component of relatively
low frequency represents:the average illumination
of the television subject. In a system where a
tube of the dissector type is employed to generate
the video signals, both -components are derived
from the output of the tube. In order for such a
system to. opergdte efficiently it is desirable that
both components be preserved during the subse-
quent amplification of the video signals which is
required to modulate -a. fransmitter. It alse is
desirable at the receiver to provide an amplifier
which is capable .of passing both components of
the video signals.

In a conventional amplifier it is -customary to
impress the intelligence signals upon the control
grid and to-derive the amplified signals from the
plate circuit -of the tube. In order to effect the
desired degree of amplfication it generally is
necessary to use-a -cascade srrangement of a plu-
rality of vacuum tubes. 'The coupling between
successive amplifier tubes usually is accomplished
by using either an inductive or a capacitive cou-
pling between the plate cireuit of one tube and
the control grid circuit -of the succeeding tube.
Such an arrangement is hecessary in order to
isolate the control grid of the succeeding tube
from the relatively high plate voltage of the pre-
ceding tube. It is well known that both of these
types of couplings will pass only the relatively
high frequency component of a video signal with
the result that the relatively low frequency
component, if present, is not amplified hy any
of the vacuum tubes except possibly the first one.
It also is well known that, by using the conven-

tional grid excitation of a vacuum tube amplifier, 4

the efficiency of such a device decreases as the fre-
quency of the signals to be amplified increases.
Such an effect is due to the shunting or short cir-
cuiting action of the inherent interelectrode ca-
pacity within the tube between the control grid
and the cathode.

One way in which such an amplifier may be
aperated theoretically to avoid losing the relatively
low frequency component is to emgploy a con-
ductive coupling between the plate circuit. of one
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tube and the cathoede circuit of the succeeding
tube. In other words, cathode excitation of the
vacuum tubes is substituted for the more conven-
tional grid excitation. However, such an expe-
dient ordinarily is. not practical for the reason
that the high plate voltage which thereby is
impressed upon the cathode.of a succeeding tube
is greater than that which the.insulation between
the cathode and its heater element can withstand.
About the only way in which such an amplifier
can be made to function successfully is. by the
use of specially constructed tubes wherein there
is provided materially increased insulation be-
tween the cathode and the heater element.

It, therefore, is an object of the present inven-
tion to provide a novel amplifier, adapted par-
ticularly to .amplify relatively high frequency sig-
nals, wherein any relatively low freqguency .com-
ponent of the signal also is. amplified without dis-
crimination.

Another -object of the invention is to provide a
television video signal amplifier which may con-
sist of a plurality of cascaded stages wherein
cathode excitation by direct coupling to:an anode
circuit ‘may be -employed without exceeding the
break-down voltage of the insulation provided
between the cathode and its associated heater ele-
ment.

A further object -of the invention is to provide
a television video signal amplifier capable of am-
plifying both the relatively high frequency and
the relatively low frequency -compenents indis-
criminately and in which there is eliminated from
the coupling eircuits the interelectrode capacity
between the control grid-and cathode of a vacuum
tube without, at the same time, exceeding the
break-down voltage of the insulation between the
cathode and its associated heater of the tube.

In accordance with the invention, there is pro-
vided an amplifier which is particularly adapt-
ed to faithfully amplify intelligence signals -of
all frequencies up to a frequency of the.order of
several megacycles per.second. ‘Such an amplifier
is well suited for wuse as.a video sighal amplifier
in a television system. It may comprise any de-
sired. number of stages, each of which prefer-
ably, but not necessarily, is substantially similar
to the others. One stage of such :an amplifier
embodying the present invention comprises a
vacuum tube having an electrode capable of emit-
ting primary electrons, an electrode to contro! the
primary electron emission, an electrode to accel-
erate and collect electrons and an electrode ca-
pable of emitting secondary electrons upon the
bombardment thereof with primary electrons. A
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source of intelligence signals which may vary in
frequency from a few cycles per second to sev-
eral megacycles per second is coupled to the vac-
uum tube in such a manner that the primary
electron emissive electrode is excited by the in-
telligence signals. Means are provided for biasing
the control electrode with respect to the primary
electron emissive electrode. Potentials which
are of positive polarity relative to the primary
electron emissive electrode are impressed upon
the electron accelerating electrode and also upon
the secondary electron emissive electrode. In ac-
cordance with one of the main features of this
invention, the positive voltage which is impressed
upon the secondary electron emissive electrode is
small as compared to the positive voltage im-
pressed upon the electron accelerating and col-
lecting electrode. A utilization circuit for the
amplifier is conductively coupled to the secondary
electron emissive electrode. Inasmuch as the
voltage impressed upen this electrode is relatively
small, the utilization circuit, if desired, may com-
prise a second amplifier stage arranged substan-
tially as in the manner described. Inasmuch as
the output circuit voltage is not great it may be
impressed upon the primary electron emissive
electrode of the second stage without endanger-
ing the insulation between this electrode and
whatever element is associated therewith to con-
dition it for electron emission.

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

The single figure of the accompanying draw-
ing is a schematic circuit diagram of a two-stage
amplifier embodying the present invention.

Referring now to the drawing, there is shown
a two-stage video signal amplifier employing re-
spectively two vacuum tubes | and 2. Each of
these tubes is a tetrode consisting, in the case
of tube f, of a primary electron emissive elec-
trode such as an indirectly heated cathode 8, an
electrode to control the primary electron emis-
sion from the cathode, which electrode may be
in the form of a grid 4, an electrode for accel-
erating and collecting electrons which also may

be in the form of a grid 5 and an electrode such ;

as a plate 6 capable of copious secondary elec-
tron emission upon the bombardment thereof
with primary electrons. Similarly, the tube 2
is provided with a cathode 7, a control grid 8, a
screen grid 9 and a secondary electron emissive
plate {1,

The cathode 8 of the tube | is connected
through an impedance device such as a resistor
12 to ground and the control grid 4 of this tube is
connected to a sliding contact 13 adapted to en-
gage the resistor 2. The screen grid 5 is con-
nected to the positive terminal of a source of
relatively high voltage direct current energy such
as a battery (4, the negative terminal of which
is connected to ground. A resistor 15 is con-
nected across the terminals of the battery and
there is provided a sliding contact 16 for engage-
ment with this resistor. This contact is con-
nected through a suitable load circuit to the plate
6 of the tube I. In the present instance this
load circuit comprises a coil {7 connected in se-
ries with a damping resistor 8. The coil I7 is
known as a peaking coil, the inductance of which
is so chosen that the circuit is tuned by means
of the stray capacity of the circuit. The resistor
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18 serves as a damping resistor to render the
amplifier response characteristic substantially
flat over a considerable range of frequencies
which, in the case of television video signals, is
from. zero to frequencies of the order of several
megacycles per second.

The video signals to be amplified by such a sys-
tem may be derived from any convenient source
19. In the case where the source {9 includes a
dissector tube, in addition to the relatively high
frequency component of the video signal repre-
sentative of the light values of elemental areas
of the television subject, there is present in the
signal a relatively low frequency component rep-
resentative of the average illumination of the
subject. However, as is well known, when using
other types of pickup tubes it is necessary to de-
velop the relatively low frequency component of
the signal independently and to incorporate it
subsequently with the transmitted video signals.
However, when using an amplifier in accordance
with the present invention, both the high and the
low frequency components of the video signais
may be impressed upon the amplifier for concur-
rent amplification. For the present description,
therefore, it will be considered that the video sig-
nals derived from the diagrammatically illus-
trated source {9 contain both the high and the
low frequency components. If, nevertheless, will
be appreciated that the amplifier in accordance
with this invention also is susceptible of use to
advantage in amplifying only the relatively high
frequency video signal component. There is con-
nected in parallel with the terminals of the video
signal source f9 a peaking coil 21 and a damping
resistor 22. Also, the terminals of the source
18 are connected across the cathode resistor (2
of the amplifier tube I. .

In like manner, the cathode 7 of the tube 2 is
connected to ground through a resistor 23. The
control grid 8, in this case, is connected to ground
through a negative biasing battery 28. The screen
grid 8 is connected to the relatively high voltage
positive terminal of a battery 25, the negative
terminal of which is connected to ground. A re-
sistor 26 connected across the battery 25 is pro-
vided with a sliding contact 2T which is connected
through a peaking coil 28 and an asscciated damp-
ing resistor 29 to the plate i1 of the second stage
amplifier tube 2.

The output circuit of the tube [ is derived from
the circuit connected to the plate 6. This output
circuit is conductively coupled by means of a con-
ductor 31 to the cathode 7 of the tube 2. In like
manner the output circuit of the tube 2 is de-
rived from the circuit connected to the plate i1.
This circuit is conductively coupled to the termi-
nals of a utilization circuit 32. The utilization cir-
cuit, for example, may comprise additional ampli-
fier stages similar to those illustrated in detail,
or the modulation ecircuit of a transmitter or the
electron beam intensity control circuit of a cath-
ode ray reproducing tube in the case of a tele-
vision receiver. S

Referring now to the operation of the two-stage
amplifier embodying the invention, the video sig-
nals derived from the source {9 excite the am-
plifier tube | by means of varying the voltage of
the cathode 3 with respect to the control grid 4
while the potential of this grid is maintained at a
relatively fixed value. To accomplish this the
terminals of the source 19 are connected directly
across the cathode resistor 2. It is seen, there-
fore, that the interelectrode capacity between the

5 control grid 4 and the associated cathode § can
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‘have no effect upon the strength of the video
signals available for exciting the amplifier tube
1. Inthe-caseof a.conventional prier art circuit
for exciting a vacuum tube the sighal source is
connected between the control grid and the cath-
-ode where the interelectrode capacity between
these two tube elements is in parallel with the
signal source. Inasmuch as the impedance of
the interelectrode capacity decreases as the fre-
guency of the signals increases, it acts to partially
short circuit a source-of relatively high frequency
signals., Tt ds assumed that the voltage of the
wideo. signals -derived from the source 18 is small
with respect to ground 'so that it amay be im-
pressed upon the cathode circuit as shown, The
coupling between the source 19 and the cathode
resistor 12 is entirely conductive so that both
the high and the low frequency components of
the wvideo :signals are employed to excite the
tube 1.

‘The negative biasing of the contrel grid 4 by '

‘means:of the described connection to the cathode-
coupled resistor 12 will vary with variations-of the
video:signal voltage and, therefore, will have:some

degenerative effect mpon the performance :of this o

stage of the amplifier., However, when operating
in a non-linear region of the tube characteristic,
-an adjustment of the point:.of contactof the slider
18 with the resistor #2 provides a facility for ef-
fecting -a.level control .of the video signals.

By means of the relatively high positive po-
“ential relative: to the cathode 8§ which is im-
pressed upon the screen grid 5, primary electrons
derived from the cathode are accelerated toward

‘and through the screen grid and strike the plate -3;

‘6 with sufficient velocity to effect the emission .of
secondary electrons. By reasonef the connection
-or the plate § to the sliding contact (&, which
preferably is engaged with a relatively low volt-
age point on the resistor 45, the screen grid 5 is
maintained at a considerably -greater positive
voltage than the plate 6. Conseguently, the sec-
.ondary - electrons emitted by this electrode are
collected by the screen grid 5. The electronic cur-
rent.flow through the lower portion-of the resistor
15, the peaking coil 1 7T.and the damping resistor {8
to the plate § of the amplifier tube { effects-a volt-
age drop between the plate of this. tube and
ground. This voltage ‘drop varies in accordance
with the video signal voltage impressed upon the
cathode resistor 12. However, it will be noted
that inasmuch as the plate § serves as an electron
emitter rather than an electron collector as in a
conventionally connected vacuum tube, there is

a, phase reversal between the signals impressed -

upon the input circuit of the tube and the signals
derived from the output circuit. Nevertheless, by
reason of the described connection of the plate §
of the first-stage amplifier tube to a scurce of posi-
tive voltage of relatively low magnitude the signal
voltage derived from the plate § with respect to
ground is of relatively low magnitude. Conse-
quently, it may be impressed upon the succeeding
amplifier tube 2 by means of a conductive cou-
pling to effect cathode excitation thereof in a
manner similar to that described in connection
with the first stage amplifier tube |I.

The second stage of the amplifier operates in
substantially the same manner as the first stage.
In this case, however, the negative biasing of
the control grid 8 with respect to the cathode
1 which is produced by the battery 24 remains
constant and there is no degenerative action in
this stage of the amplifier. Obviously, if de-
sired, degeneration may bhe effected also in this
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6
stage by the provision .of & facility similar to
that employed in the first stage. It should be
apparent that as many similar stages may be
incorporated in an-amplifier as may be. desired
to effect the required signal gain. So long as
the equivalent circuit arrangement is employed
for successive stages the output voltage of any
stage: with respect to ground is of a relatively
small -order of magnitude. Consequently, any
output: eircuit may be conductively coupled to
the cathode circuit of a succeeding stage for
effecting excitation thereof. Inasmuch as this

icoupling is.of a conductive nature, it is seen that

such an amplifier will.- not discriminate between
'signal frequencies so as to exclude the relatively
low frequency component of a video signal, where
such a.component is. present. Likewise, it is ap-~
parent that the efficiency of such an amplifier
is considerably greater than a conventionally
arranged amplifier by reason of the elimination
of the short circuiting effect of the interelectrode
capacity between the control grid and the asso-~
ciated cathode of one of the amplifier tubes:
Moreover, the amplified signal voltage derived
from- the output: circuit of one of the amplifier
stages is of a relatively low-order of magritude.
Consequently, such a signal may be impressed
upon the cathode circuit of one of the amplifier
tubes without exceeding the break-down voltage
of the insulation provided between the eathode
and its associated heater element.

In the case where the unidirectional voltage
impressed upon the: cathode 3 of the tube 1 is
zero with respect to ground, the unidirectional
voltage impressed-upon the cathode T of the tube
2 will be increased with respect to- ground in
an amount -equal to the magnitude of the voltaze
impressed upon the plate 6 from the resistor
18, It is apparent, therefore; that the unidirec~
tional voltage with respect to -ground of the
cathodes will increase as additional successive
amplifier stages are used. <Consequently, the
number of cascaded stages which may be em-
ployed inan amplifier embodying this invention
will depend upon the insulation between the
‘cathodes and heater elements of the tubes and/or
the voltage of the power pack or other source of
a unidirectional voltage such as the batteries 14
and 25 illustrated herein. Nevertheless, it should
be obvious that more stages in accordance -with
this invention ‘may be used before reaching the
limiting conditions ‘than when using the conven-
tional arrangements of the-prior art.

It should be noted that it is not always neces-
sary in practicing this invention that cathode
excitation of all of the amplifier tubes be em-
‘played. For example, cathode excitation of the
tube 1 ‘may be effected as deseribed, and the
amplified signals may be derived from the out-
put circuit of this tube also as described. How-
ever, in this case, the output circuit signal voltage
may be employed to effect grid excitation of a
succeeding stage of the amplifier, if desired.
Such an arrangement, while not providing all
of the advantages of a cascaded amplifier em-
bodying the invention substantially as described,
will produce a materially improved amplifier ca~
pable of operating more efficiently than those
known prior to this invention. It is apparent
that by utilizing cathode excitation of the am-
plifier tube | there is retained the beneficial
effect of eliminating the control grid-to-cathode
capacity, thereby enabling the use of such an
amplifier for intelligence signals of relatively
high frequency without the loss of any of the
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signal energy by reason of the shunting action
of the interelectrode capacity. Also, the utiliza-
tion of the secondary electron emissive facility
of the plate § will enable the derivation of am-
plified signals from an output circuit connected
to this plate having a relatively small unidirec-
tional voltage relative to ground. Similarly, it
is apparent that the beneficial results of this
latter feature may be realized also in the case
where the amplifier tube is grid excited.

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
appended to cover all such changes and modifica-
tions as fall within the true spirit and scope of
the invention.

What is claimed is:

1. In a television video signal amplifier, a
plurality of vacuum tubes each having a cathode,
a control grid, a screen grid and an electrode
capable of emitting secondary electrons upon
the bombardment thereof with primary electrons
emitted by said cathode, an impedance device
coupled to each of said cathodes, means for

egatively biasing each of said control grids with
respect to its associated cathode, a source of di-
rect current connected in positive polarity to the
sereen grids of said vacuum tubes, a locad circuit
coupled between each of the secondary electron
emissive electrodes of two of said vacuum tubes
and a relatively low positive voltage point of said
direct current source, an input circuit for said
amplifier including the cathode-coupled im-
pedance device of a first one of said two vacuum
tubes, a coupling between the load circuit of
said first vacuum tube and the cathode-coupled
impedance device of the second one of said two
vacuum tubes, a utilization circuit, and a coupling
between the load circuit of said second vacuum
tube and said utilization circuit.

2. In a television video signal amplifier, a pair
of vacuum tubes each having a cathode, a control
grid, a screen grid and a plate capable of emitting
secondary electrons upon the bombardment
thereof with primary electrons emitted by said
cathode, an impedance device coupled to each

of said cathodes, means for effecting a self- j;

biasing coupling between each of said control
grids and its associated cathode, a source of di-
rect current connected in positive polarity to
each of said screen grids, a load circuit coupled
between each of said respective plates and a
relatively low positive voltage point of said di-
rect current source, an input circuit for said
amplifier including the cathode-coupled im-
pedance device of a first one of said vacuum
tubes, a coupling hetween the load circuit of said
first vacuum tube and the cathode-coupled im-~
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pedance device of the second one of said vacuum
tubes, a utilization circuit, and a coupling between
the load circuit of said second vacuum tube and
said utilization circuit.

3. In a television video signal amplifier, a pair
of vacuum tubes each having a cathode, a con-
trol grid, a screen grid and a plate capable of
emitting secondary electrons upon the bombard-
ment thereof with primary electrons emitted by
said cathode, an impedance device coupled to
each of said cathodes, a coupling from each of
said control grids to a point on the impedance
device coupled to the associated cathode, a source
of direct current connected in positive polarity
to each of said screen grids, a load circuit con-
nected between each of said respective plates
and a relatively low positive voltage point of
said direct current source, an input circuit for
said amplifier including the cathode-coupled im-
pedance device of a first one of said vacuum
tubes, a conductive coupling between the plate
of said first vacuum tube and the cathode-coupled
impedance device of the second one of said
vacuum tubes, a utilization circuit, and a con-
ductive coupling between the load circuit of said
second vacuum tube and said utilization cir-
cuit.

4. In a television video signal amplifier, a pair
of vacuum tubes each having a cathode, a con-
trol grid, a screen grid and a plate capable of
emitting secondary electrons upon the bombard-
ment thereof with primary electrons emitted by
said cathode, a resistor coupled to each of said
cathodes, a connection from each of said control
grids to a point on the associated cathode-coupled
resistor, a source of direct current connected
in positive polarify to each of said screen grids,
means including an impedance device connected
between each of said respective plates and a rela-
tively low positive voltage point of said direct
current source, an input circuit for said amplifier
including the cathode-coupled resistor of a first
one of said vacuum tubes, a conductive coupling
between the plate of said first vacuum tube and
the cathode-coupled resistor of the second one
of said vacuum tubes, a utilization circuit, and
a conductive coupling between the plate of said
second vacuum tube and said utilization circuit.

MADISON CAWEIN.
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