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TELEVISION AMPLIFIER, CIRCUIT 
Rurt Schlesinger, West Lafayette, Ind., assignor 
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of Delaware 

Application May 7, 1943, Serial No. 485,982 
(C. 17.8-7.2) 25 Claims. 

This invention relates to an amplifier circuit, 
and particularly to that type of an amplifier cir 
cuit which finds use in television Systems. 

In its broadest form, the invention may be said 
to relate to that type of television amplifier which 
is used for providing a composite output televi 
sion signal which includes not only the video sig 
nal, which is derived from scanning a subject by 
an appropriate form of image scanning or camera 
tube, but which combines with such video sig 
nals other control signals or energy component 
by which the vided signals are caused to be true 
representations of the conditions of average 
background brilliance, which is also known as 
the so-called introduction of the d. c. com 
ponent. To such a signal there are also added 
two other signals, commonly known in the art as 
the "blanking' and the "sync' (also termed 'syn 
chronizing') signals. 

Broadly speaking, the amplifier unit herein to 
be described is one which operates at a high 
voltage output level and in which the overall 
gain approaches unity. As the system will herein 
be described, it will be found to comprise a plu 
rality of stages of amplifiers, preferably, although 
not necessarily, pentodes, which are connected 
in Series, and wherein the modulation introduced 
therein is preferably done in the circuit of the 
Screen electrode. The amplifier is further chair 
acterized by making provisions for overcoming 
any possibility of so-called "cross-talk' between 
the blanking and the picture or video signals, 
which is accomplished through the use of elec 
tronic rectifier devices as coupling elements. . 

For this purpose, the system herein to be de 
Scribed makes provision for producing a com 
posite signal which includes all of the informa 
tion necessary to transmit intelligence (such as 
the complete television and all necessary con 
trol signals) over a wire line channel or via a 
radio transmission channel at high frequency. 
To this end, the resultant signal output from the 
System herein to be described will be found to 
include the changes or variations from which 
the picture reproduction at the receiver or mon 
itor points will be produced, and, still further, 
will include a signal inserted to care for the ini 
tial loss of the direct current component from 
the picture or video signal, which loss has come 
about due to the prevailing trend to use a, c. 
amplifiers as much as possible for efficient and 
stabilized operation. With signals of this nature, 
two other signals, known as the "blanking' sig 
nal and the "super-sync' signal, are added, so as 
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points is carried forward, and likewise to pro 
vide a control signal to make certain that receiver 
or monitor operations are carried out in Syn 
chronism with the SCanning at the transmitter 
point, whereat the initial video or picture signals 
were developed. 

It thus becomes a primary object of this in 
vention to provide a television amplifier circuit 
for the aforesaid purposes, wherein the opera 
tions are carried forward with great simplicity 
and, at the same time, without the introduction 
of objectionable “cross-talk' effects. 

Other objects of the invention are those Of pro 
viding a television combining amplifier circuit 
which is of greater stability tham thOSe heretofore 
used. 
A further object of the invention is that of pro 

viding a television combining amplifier wherein 
recourse may be had to the efficient type of cas 
caded cathode-follower between the Several 
stages. 
Other objects of the invention are those of 

overcoming one or more of the defects of the 
prior art in connection with such forms of com 
bining amplifiers, and, at the same time, of pro 
viding an amplifier which is relatively free from 
complex circuits, but yet efficient and reliable in 
its operation. 

Still other objects will become apparent with 
out specific statements thereof when the draw 
ings are read in connection with the following 
specification. 

Referring to the drawings, 
Fig. 1 is a series of curves a, b, c and d for the 

purpose of showing the general wave form of the 
television signal at various points in the system; 

Fig. 2 is a simplified circuit diagram of One 
suitable form of circuit by which the invention 
may be practiced, although this circuit primarily 
is for the purpose of indicating the general oper 
ational principles; 

Fig. 3 includes several curves a through h, in 
clusive, to explain further the operation of the 
cathode-follower amplifier system; 

Fig. 4 shows further the general form of inter 
stage coupling; and, 

Fig. 5 is a circuit diagram of a portion of a 
complete amplifier circuit incorporating the in 
WentOn. 
Now making reference to the drawings, and 

first to Fig. 1 thereof, a series of curves has been 
set forth which show the general Operational 
sequence of the circuit of this invention. In any 
television system, the signal resulting from the 

to insure that blanking at receiver or monitor scanning operation is one wherein the various 
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values of light and shadow are represented. 
Such a signal may result from the scanning of a 
scene of action by means of a cathode ray type of 
scanning tube, for example, such as that type 
known as the "Iconoscope". or the "Orthicon," 
as have already been explained in the literature. 
and, to some extent at least, in the patented art, 
and require no further detailed reference herein. 
When such signals are amplified, they are gen 
erally amplified in an amplifier of the so-called 
a. c. type and, as a result, they lose the so-called 
d. c. component which indicates the relative 
Overall brightness of the scene scanned, Such 
signals are of the general wave form as those 
shown by curve 'a' of Fig. 1. In this figure, it 
may be assumed that black in the picture is 
that signal value indicated at the point P, or 
in a case where a mask is used, for instance, to 
establish the black level, the value may be de 
termined by reference to an output signal which 
will be representative of black as indicated by 
the signal value M of Fig. 1a. 
The signal which results after the d. c. con 

ponent is re-inserted, is shown by the curve b 
of Fig. 1. From this curve, as is known, the sig 
nal values now all lie one side of a fixed value 
which is marked "black level" on the diagram, 

In the curve C of Fig. 1, there is a representa 
tion of the modification that has taken place in 
the signal when the blanking signal is combined 
with the signal to which the d. c. component has 
been added. In this curve, it will be seen that 
blanking modulation has taken place and that 
the video signal value or swing reaches a pre 
scribed minimum value "D' regardless of wheth 
er or not the picture field at the instant was 
black or white. 
After the blanking level has been set and the 

blanking modulation introduced, it is then pos 
sible to add the synchronizing or sync signals 
as a further modulation, as is shown by curve di 
of Fig. 1. With the signal form shown by the 
several curves of Fig. 1, it may be noted that 
the various signals are shown as "positive" sig 
nals (in contrast to the so-caled "negative" sig 
nals) and, as will be apparent from what is to. 
follow, this form of signal lends itself to a more 
simple control with the form of amplifier herein 
to be set forth, and is particularly adaptable for 
use with the grid controlled cathode ray moni 
tor receivers, and yet the form of signal set forth 
and developed by this amplifier unit is still suit 
able to produce the so-called "negative modula 
tion' of a radio frequency, carrier in a manner 
prescribed by standards now existing. 
With such a signal formation to be required 

from the television amplifier, it will become ap 
parent that the signal must remain unchanged 
in polarity as it passes through the amplifier; 
that the frequency band shall be passed without 
loss, for otherwise the transmission eficiency 
would be considerably impaired; that the ampli 
fler shall act as a linear device so that the half 
tone picture distribution remains unaltered; that 
the amplitude level of the so-called super-synt, 
(shown at “S” in curve di of Fig. 1) and r^ the 
blanking pedestal (shown at "D" by curve c of 
Fig. 1) shall be maintained rigidly constant and 
at all times completely independent of the value 
of the video or picture signal being instantane 
ously transmitted; that the amplifier unit deliver 
adequate output power to enable the use of one 
or several monitor units, as well as to provide 
adequate energy to feed a transmission line or 
co-axial cable to connect the unit to the radio 
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frequency transmitter; and, lastly, that the gain 
from the system be in the general order of one 
to-One. 
The foregoing conditions are disposed of by 

the amplifier unit to be disclosed, and are full 
filled, broadly speaking, by the use of the modul 
lated or keyed cathode-follower circuits of thil 
invention. This is done, generally speaking, by 
connecting several cathode-follower stages in se 
res and then keying them by the blanking and 

- the sync control pulses. By.the use of conduc 
tive coupling throughout the amplifier, the d. c. 
component is carried through to the output of 
the amplifier, and the successive cathodes of 
the system assume increasingly positive levels 
relative to ground and contain the various modul 
lations per stage in a manner in which no ob 
jectionable reaction effects result. 

Reference may now be made to Fig. 2 for a 
brief explanation of the general principles of 
operation of the mixer amplifier. In this ar 
rangement, it may be assumed that a scanning 
or, camera tube. f is of the general type known 
as the "Iconoscope' or "Orthicon' for instance, 
and includes a mosaic target element 3 upon 
which an optical image 5 is adapted to be pro 
jected by a suitable optical system 6. When 
the optical image is cast upon the mosaic tar 
get , it produces electrostatic charges (as is 
known for the assumed type of tube) which may 
be scanned by a suitable electron scanning beam 
(not shown) in known manner to release output 
signal energy to an external circuit, such as that 
indicated in schematic form by the amplifier unit 

7. The output signals are usually developed 
aCross some suitable form of a load resistor for 
the scanning tube, such as the resistor 9 of the 
amplifier T. 
Generally speaking, the amplifier unit T is of 

the so-called a... c. type so that the d. c. compo 
nent of the output signal is lost, with a result 
that the signal output from the amplifier unit 

l, as it appears at the output terminal 2, may 
be considered generally to be of the form shown 
by Fig. 1, curve a, or Fig. 3, curve a, later to be 
described. The general form of amplifier in 
cluded within the amplifier unit f may be of 
the so-called condenser coupled resistance type, 
and, for example, may be of the form shown 
and described by my Copending application en 
titled "Video amplifier,' Ser. No. 485,981, filed 
May 7, 1943. 

For purposes of illustration and for the pur 
pose of furnishing a concrete example of opera 
tion of an amplifier unit to aid in the under 
standing of this invention, it will be assumed, 
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from the explanation furnished by the several 
curves of Fig. 3 (later to be described), that the 
output signal at terminal 2 f is of the order of 
30 volts. Since this signal lacks the d. c. com 
ponent, that component of the signal is re 
inserted by the diode unit 23 which is appropri 
ately coupled to the amplifier 7 by the coupling 
condenser 25. This diode 23 is shunted by a very 
high impedance unit 27 and functions in a man 
ner Well understood. 
The output signal, with the d. c. correction 

added, is now supplied to the control electrode 
circuit of the first cathode-follower tube 29 which 
presents a low impedance output at the output 
terminal 3 across the cathode resistor 3. At 
this output terminal the signal output wave for 
mation is of the general form shown by Fig. 1 
(curve b) and Fig. 3 (curve d) and corresponds 
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9,860,858 
to the wave form as applied to the control elec 
trode of the first cathode coupled tube 2. 

Following the first tube 2 there are two addi 
tional cathode-follower tubes 35 and 45, respec 
tively, which are directly connected to the pre 
ceding tube in a new and novel or character 
istic manner which is herein termed "plate mod 
ulated cathode-follower cascade” in series con 
nection. In contrast to heretofore known forms 
of circuits, the tubes 35 and 4s have their plate 
power modulated by the blanking signals, as de 
rived from the source 39, modulating tube 35, 
and the sync signals, as derived from the sync 
signal source 47, modulating the plate of the 
tube 5. 
In the connection shown, the output of the 

tube 29 with the video and d. C. component sig 
nals is supplied to the control electrode of the 
tube 35 across the load resistor 3 and through 
the bias source 37 which is provided essentially 
to avoid any excessive blanking peaks. After 
the blanking signals have been added in the tube 
35 by way of the modulation of the plate energy, 
these signals now appear across the cathode re 
sistor 43 of the tube 35, and also at the out 
put terminal 4. The general form of the sig 
nal at the terminal 4 was above described, but 
for further reference it may be again mentioned that it corresponds substantially to the signal 
forms shown by curves c and f of Figs. 1 and 3, 
respectively. This signal, which now includes 
the video with the d. c. correction and blanking 
added to it, is supplied by the direct coupling 
to the grid or control element of the tube 4s 
arid, when modulated by the sync signals from 
source 47, causes a resultant output signal at 
the terminal 49 to correspond to the general wave 
form shown by curves d and h of Figs. 1 and 3, respectively. 

If reference is now made to Fig. 3, the forego 
ing explanation will be clearer in the light of 
the diagrammatic representations there shown. 
By Fig. 3, curve a shows the video signial at the 
terminal 2 (Fig. 2) and curveb shows the same 
signal with the d. c. component added thereto. 
For illustrative purposes, as was above suggested, 
the video signal may be assumed to be of the 
order of 30 volts, peak to peak. Under such cir 
cumstances, reference may be made to curve c 
which is representative of the first cathode fol 
lower action (e. g., tube 29 of Fig. 2). In this 
curve, it will be seen that by drawing the char 
acteristic of the first cathode follower tube as 
the characteristic a, it will be possible to deter 
nine, from what is to follow, the cathode poten 
tial as derived from the static characteristic of 
the tube. The characteristic a shows the rela 
tionship of the plate current to the grid-to 
ground voltage, which latter voltage is plotted 
along the abscissa. The positive peak value of 
the Voltage is represented at the point b as be 
ing the assumed 30 volts. It will be appreciated 
that the cathode follower tube operates without energy consumption or grid current only in that 
portion of its characteristic which lies to the left 
of the value where the grid voltage equals zero 
(point o). - 
In order to obtain the cathode potential f 

for any given grid-to-ground voltage, a load line 
is drawn from the point c until it intersects the 
characteristic a at point d, and from this point 
eine is drawn ata“constantplate current value 
(that is, parallel to the abscissa) to the point 
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Where it intersects the ordinate at e, and, from 
this point e, another load line is drawn parallel 75 

S 
to the first point to point f, where the load line 
intersects the abscissa. 

It is clear, from what is above stated, that 
the cathode potential in such a circuit will al 
ways be positive relative to the grid or control 
electrode as long as the point d, where the first 
load line intersects the characteristic, lies to the 
left of the ordinate. From the diagram it is 
possible to calculate at once the minimum value 
of cathode resistor which is compatible with neg 
ative grid operation at the given grid swing of 
the assumed 30 volts by merely drawing another 
load line from the point b (the positive peak 
value) to the point g, which is the plate current 
for Zero voltage on the grid. The value of the 
resistor is then evident, but, in order to be cer 
tain that the tube does not draw grid current, 
it is usually desirable to select a slightly larger 
resistor, which would be that represented by the 
value for the line b-h, which will insure undis 
torted operation. s 

Still considering the curve Fig. 3c, it will 
seen that curve k represents the general working 
conditions of the cathode follower. It is sign 
ficant from this curve that the output voltage 
does not reach zero, even if the grid voltage should 
happen to do so. It thus becomes apparent that 
unless the complete characteristica is failing into 
the origin by either keying of the plate voltage 
of the tube (such as tube 29, for example), or, 
in the case of tetrodes or pentodes, the screen 
Voltage, the output cannot reach below the posi 
tive threshold voltage of the point f, assumed 
in Fig. 3c to be 6 volts. Thus a first, or blank 
ing potential is obtained from which to key down 
to Zero. 
Considering still further the curves of Fig. 3, 

the output of the first cathode follower tube 
29 (Fig. 2) is shown by Fig. 3d. This output 
signal includes the d. c. correction and it is 
conductively coupled to the grid of tube is 
through the bias source 37, which, in the example 
chosen, may be assumed to be of the order of 10 
volts so that excessive blanking peaks are avoid 

5 ed. The result of this bias is that the character 
istic is shifted to the right, as per Fig. 3e. The 
graphical construction above explained is re 
peated with the curve of Fig. 3e and the mini 
mum cathode load resistor for the tube 35 is de 
termined. The output from the tube 35 is shown 
by curve Fig. 3f and, it will be observed from the 
chosen example, that the video voltage is now 
within the range of from +4 volts to -25 volts, 
but can never become less than +4 volts. The 
signal does not reach zero value unless by keying, 
as provided from the source 89, and it does so 
for any value of the signal voltage under the as 
sumption that there is no grid current. 
The last step in the operation is explained with 

the aid of the curves Figs, 3g and 37. Again, 
the output from the cathode follower, in this 
case tube 35, is conductively coupled to the grid 
of the next stage, such as tube 4S, wherein the 
Sync signals are added. From the curves it will 
be seen that the peaks of the blanking signals, 
although they reach ground level, are unable 
to carry the cathode of the last tube 45 to ground 
but, rather, keep it at a level indicated at s by 
Fig. 39. The remainder of the signal will be seen 
as oscillating between the assumed 10 volts level, 
at D, and the 30 volt level, at V. From this 
curve, the load resistor can again be determined 
and the sync signals are introduced by keying the plate power of tube 45 by the sync signals 
at to reduce the output to zero for the dura 
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tion of the sync signals. As will be evident from 
the diagrams of Fig. 3, it may, with the assumed 
signal values, be possible to derive an output 
signal of 27 volts (almost 1 to 1) with the system 
herein described. 
No reference has herein been made to the 

general form of the generator or source from 
which the sync and/or blanking signals are de 
veloped, for the art is familiar with such types 
of signals, but, if desired, reference may be made 
to applicant's copending application Serial No. 
452,921, filed July 30, 1942, and entitled "Syn 
chronizing signal generator,' for one suitable 
form of arrangement to develop such signals. 
Specifically, the generators of such forms of sig 
nals form no part of this invention, except inso 
far as it cooperates with the remaining portions 
of what is herein set forth and claimed. 
While the circuit, hereinbefore described ex 

plains one convenient way by which the inven 
tion may be practiced, it will be appreciated that 
it is, in some instances, desirable that less power, 
be utilized for the keying operations, and this 
can be accomplished through the use of keying 
circuits, as will herein be set forth, whereby the 
keying effects may take place in the screen, 
rather than the plate, circuit of the tubes. A 
keying circuit of this character is set forth by 
the disclosure of Fig. 4. 

Referring now to Fig. 4, signals of the form 
shown by Fig. 3b (that is, video with the d. c. 
correction added) are applied at the input ter 
minal 50 to modulate the grid 5 of the cathode 
follower tube 35. The tube, 35 is now preferably 
of the screen grid (or pentode) type. In this 
arrangement, the screen electrode of the tube 
35 is maintained at a suitable bias with as low 
an impedance to ground as possible, in order that 
it shall operate properly, for its conductive pe 
riod. However, it should be noted that it cannot 
be blocked to ground by condensers as such a 
connection would tend to prevent the necessary 
high speed keying. 
Accordingly, screen power is supplied through 

another cathode follower, such as the triode 53, 
which permits the adjustment of the screen bias 
by means of a potentiometer 59 which is con 
nected at the grid side of the triode 53 to supply 
voltage through resistor 60. In this way, the 
screen electrode 54 of the tube 35 can be keyed 
to ground very rapidly by signals impressed upon 
the grid 6 of the coupling tube, 53. With this 
arrangement, the screen element 4 appears to 
have a very low impedance to ground in the ab 
sence of any keying pulses on the tube 53. With 
a pentode of the type of tube 35 connected as dis 
closed, the video signals are transmitted with 
out affecting the frequency response. The re 
sistor 52 in the cathode circuit of the tube 53 is 
so Selected as to provide an adequate value of the 
plate current through the tube to permit the 
transconductance to obtain its full value. 

In the operation of the circuit of Fig. 4, the 
blanking signals are supplied through condenser 
9 (at the hereinbefore assumed 10 volt level) 
from the input terminal point 67 so as to act in 
positive polarity on the grid of the tube 65 with 
the resistor being utilized to prevent excessive 
grid Swing and thus in the capacity of a limiter 
and clipper against too high a level of the in 
Coming pulses applied at terminal 67. Suitable 
bias for the tube 65 is built up automatically 
across the grid resistor 70 by grid current. The 
plate resistor of the tube 65 is made as large 
as can be to be compatible with the steepness of 
the pulses to be amplified. The result is that 
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2,366,858 
across the plate resistor 3 strong negative pulses 
are developed. When Signals are applied at the 
input terminal 67, and these negative pulses may 
be of the order of 150 volts, which is more than 
adequate to drive the tube 53 well beyond its cut 
of point and thereby reduce the Screen voltage 
on screen element 54 to zero for the duration of 
the pulse applied for blanking at the terminal 67. 

For ready reference to the operation hereine 
before mentioned, the Wave forms adjacent dif 
ferent portions of the drawings are for the pur 
pose of exemplifying the general form of signal 
at the point indicated. It also will be apparent 
that the tubes 6 and 65 may readily be com 
bined within a single envelope, where desired 
and, where Such practice is followed, it is sug 
gested that a convenient type of tube to use un 
der Such circumstances is that known in the art 
as the 6F8 or a 7F7, for instance. 
From what has been set forth above, it is ap 

parent that the circuit disclosed by Fig. 4, while 
generally satisfactory in operation, can be im 
proved to Some extent in a further modification, 
as will be disclosed by E.g. 5. With the arrange 
ment of Fig. 4, it is apparent that, under some 
conditions, there could be a sort of inter-action 
between the picture signals and the Synchroniza 
tion. This may result because if the screen of 
the blanking tube, screen element 54 is modul 
lated to zero by the injection of the blanking 
signal through the tube. 53, the cathode of the 
tube 35 cannot promptly follow to ground where 
there are positive signals on the grid 5 thereof. 
The coupling triode (which precedes the tube 
35) is sufficiently powerful to deliver current into 
the first grid 5 of the tube 35 as soon as this 
grid is positive relative to the cathode thereof. 
This condition would occur as soon as the plate 
of tube 35 is keyed off. Usually, of course, in the 
desired operation the cathode is positive rela 
tive to the grid, but during the blanking inter 
Wall the condition reverses, as was explained. 
Therefore, the circuit of Fig. 5 is essentially so 
set up that the coupling between the various 
modulated cathode followers is conductive as long 
as the tubes are supplied with plate power, but 
the coupling is made non-existent whenever the 
plate power is keyed off and the Cathodes drop 
to ground potential. Thus, a diode electronic 
coupling element, which is a unilateral conduct 
ing device, is disclosed in the modification of 
Fig. 5, and it prevents any possibility of reaction 
within the amplifier unit. As will be explained 
further, the diode coupling element is provided 
as the coupling instrumentality between the 
Several cathode follower stages. 

Referring now to the circuit of Fig. 5, it will 
be seen that the video signal input is supplied, 
as before, through the coupling condenser ele 
ment 25, and that the tube 23 serves as the 
d.. c. re-inserter. The tube 23, in the modifi 
cation of Fig. 5, is shown as a triode, although 
it has its grid and anode connected together so 
that it functions in the same manner as the 
diode of Fig. 2. The showing of Fig. 5 is merely 
illustrative and is made in order that it may be 
evident the tube 23 and the first cathode coupled 
tube 29 may be contained within a single envelope 
and be a tube of the type known in the art, for 
example, as the 6F8. It is thus seen that in this 
circuit the control signal applied to the grid of 
tube 29 is the video signal with the d. c. correc 
tion applied by the tube 23. In this modifica 
tion, the cathode output of tube 29 is now con 
nected through the diode 8 (which, for example, 
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may be one-half of the tube 87, later to be de 
Scribed, in the form of the 6H6, as an illustra 
tion) to the grid or control electrode 5 of the 
cathode follower stage 35 wherein the blanking 
Signal is added. 
With this arrangement, as long as there is plate 

current flowing in the tube 35 the cathode will 
be positive relative to the grid. This bias is then 
Supplied to the coupling diode element 8 which 
connects to the cathode of tube 35 by means of 
the resistor 83. Under these circumstances, if 
the absolute value of the cathode potential of 
the tube 35 is more positive than the average 
bias of the signal source (that is, the cathode 
output of the tube 29) the diode element 8 will 
be conductive and the grid of the tube 35 is forced 
to follow the Signal. Voltage applied. The Out 
put signal at the terminal 4 is affected in a 
similar Way in that it is derived across the cathode 
resistor 55. Whenever the pentode 35 becomes 
non-conductive by reason of its screen electrode 
being modulated by the applied blanking signals 
(as was explained in connection with Fig. 4), 
the cathode potential on the tube, 35 tends to 
drop to zero, with a result that the anode voltage 
applied to the diode 81 is now less than the 
Woltage applied to its cathode from the signal 
SOUC6. 
of the tube. 35 to reach ground potential 20 at 
a rate which is limited only by the electrical 
inertia of the associated circuits. This form of 
coupling permits faithful reproduction of all 
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5 
Synchronizing stage the signal in the conductor 
85 reaches the diode 8 at a substantially fixed 
level (that is, the blanking signal level) so that 
the tube 87 acts more as a clipper against exces 
sive amplitude of sync pulses than in the sense 
explained for the tube 8. The tube 87 might 
be replaced by a conductive coupling but, to do 
SO, requires the addition of suitable voltage di 
Widers to obtain the effect of the diode 8 since 
to obtain the clipping effect a carefully and prop 
erly chosen grid bias level must be established. 
The Synchronizing stage 45 is screen modulated 

On its screen electrode 99 by way of the control 

5 
tube 96 in a manner very similar to that ex 
plained for the control of the blanking tube. To 
this end the sync signals, which have been de 
veloped in any suitable form of sync signal gen 
erator, are supplied at the sync input terminal 

20 
89 and through the coupling condenser 90 and 
the limiting resistor 92 to the tube 93. Where 
the pulse input energy at terminals 67 and 89 
is free from any undesirable amplitude modula 

This then permits the cathode element 
30 

half-tones, as well as the full frequency spectrum 
to which the amplifier is to respond. It is such 
asto permit faithful Synchronization for all con 
ditions of picture content. However, care should 
be taken to avoid the possibility of any shunt 
capacitance across the diode element 8 which 
might tend to CauSe the re-introduction of cross 
talk effects. 
Continuing with consideration of the circuit of 

Fig. 5, it will be seen that the blanking tube 
35 is controlled, as before, by the application of 
the blanking pulses at the terminal 67 from which 
they are finally supplied as pulses of substantial 
negative polarity (as shown by the wave form 
sketched). On the screen electrode 54 of the tube 
35. This, as above noted, causes the tube to cut 

50 off, and a signal wave form, substantially like 
that sketched adjacent the conductor 85, is sup 
plied by that conductor to the Second diode ele 
ment 87, from the output of which the tube 45 
is controlled in its grid circuit. 
The voltage divider arrangement to set the 

screen potential 54, described in connection with 
Fig. 4, is again provided by the potentiometer 59, 
although this may be determined and set once 
and for all to a suitable value which is a maximum 
compatible with tube ratings and an absence of 
distortion. So that the signal energy which is 
delivered to the diode tube 87 shall be a signal 
with a suitable blanking pedestal, a variable grid 
bias for the first modulator 35 is provided by the 
adjustable resistor element 84, which is shunted 
by a suitable capacity element, as indicated. This 
corresponds to the bias-source shown at 3 in 
Fig. 2. 
In connection with the diode tube 87, it should 

be pointed out that the action is not, in all 
respects, like that of the tube 8, but, to the con 
trary, since the difficulty of Cross-talk exists only 
Once in connection with blanking modulation 
where the input signal is at a variable and ar 
bitrary level at the instant of keying, in the 
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tion, the limiting resistors 7 and 92 need not 
be included in the circuit. 

Suitable bias for tube 93 is built up by means 
of the resistor element 9 (as explained for re 
sistor 70). In this connection, the sync signal is 
applied in positive polarity at the terminal 89 and 
then, when amplified in tube 93 and impressed 
upon the tube 96 by way of the condenser 95, and 
across the load resistor 94, it will serve to bias 
the tube 96 to a cutoff state in a manner practi 
cally like that explained in connection with the 
control of tube 53. The result is that now the 
screen 99 of tube 45 is keyed at the rate of, and 
in accordance with, the supplied sync signals, so 
that a final output signal of the general wave 
form shown by curve h of Fig. 3 is available in 
positive polarity at the output terminal. 03, when 
the signal is developed across the cathode load 
resistOr, Or a signal of the same form but of the 
opposite polarity is available at output terminal. 
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fol, when the signal is derived across the output 
or load resistor f02 connected to the plate or 
anode electrode of the sync signal inserter tube 
45. In the operation of the sync signal inserter, 
the voltage divider combination 97 and the grid 
leak resistor 98 function in the same general 
manner as explained with regard to the blanking 
tube and further detail need not be given. . . 

In connection with the circuit disclosed, it will 
be seen that a short coaxial cable unit 06 is also 
connected at the output terminal O3. This form 
of Connection is particularly suitable for the in 
stallation of a monitor receiver which may be in 
the form of a cathode ray scanning tube (not 
shown) which may have its control circuit ele 
ments, such as the grid and cathode, connected 
to the terminal points 05 at the end of the cable 
06. To provide adequate peaking of the higher 

frequencies, a suitable peaking coil 07, which may 
act in series resonance with the cable capacity, is 
provided. A transmission cable so, connected 
should be of limited length and the capacity 
thereof should be maintained at reasonably low 
limits. 
Under circumstances where longer cable lengths 

are to be energized from the output signals in 
which both the blanking and sync signal com 
ponents are combined with the video signal' to 
which d. c. correction has been supplied, a modi 
fication of the output termination is provided. 
This connection is made by way of the connector 
termination f is to which the signal output is 
supplied by way of a high frequency correcting 

  



6 
circuit if which is connected across the Cathode 
output resistor. 20 at the input of the coaxial 
cable O. The cable to may now be substan 
tially longer than cable 06 and the cable length 
will usually be terminated by some suitable low 
resistance 25, which generally is of the order of 
about 100 ohms and preferably variable, as indi 
cated. 
The output of the coaxial cable if 0, as it ap 

pears across the resistor 25 is then supplied to 
the cathode element 27 of the Cathode driven 
amplifier tube 29. With reasonably chosen cir 
cuit constants, it is easily possible to provide an 
incoming voltage of the order of 4 volts, so that 
again of only the Order of 10 is required to pro 
vide adequate voltage to operate a cathode ray 
image reproducing tube (not shown) of the type 
known as the "Kinescope,' for instance, which 
generally requires a control voltage of the order 
Of 40 volts, - 
With the circuit shown, it will be apparent that 

the amplifier 29 provides a convenient means 
whereby the output energy from the cable to 
may be amplified without polarity inversion. In 
the form in which the amplifier 0 is shown, 
the use is chiefly in connection with a low in 
pedance source (such as the cable) and for volt 
age amplification, rather than power amplifica 
tion. 
output energy is derived from the amplifier 

29 from its plate or anode element 3 and fed 
to the input control electrode or grid 33 of a 
cathode follover coupling tube 34 (the purpose 
of which will later be explained). A conductor 
element 35 connects from the video signal Out 
put 38 to a terminal 36, at which a suitable 
sync signal separator circuit (not shown) of well 
known character is connected to separate the 
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sync signals from the combined video and Sync. 
The cathode ray image reproducing tube (not 
shown) is to be connected to the output ter 
minals 38 and to derive energy from across the 
cathode resistor 39 of the tube 34. In this 
way, the cathode coupled triode 34 serves as a 
coupling element between the non-inverting an 
plifier 29 and the load, and prevents the com 
bined capacities of the "Kinescope," connected to 
terminals 38, and the separator circuit 36, from 
loading the amplifier. 
The coil or inductonce 40 serves to provide 

efficient series peaking of the high frequencies 
which are supplied to the output terminals 38. 
Instead, or in combination, "shunt" peaking may 
be carried out in the driver stage 29, as shown 
by the shunt peaking coil or inductance f4 in 
series with the load resistor 2. 
Having now described the invention, what is 

claimed is: 
1. In combination, a plurality of thermionic 

tubes each having a cathode, an inner and an 
outer grid electrode and an anode, means to Sup 
ply control signal energy upon the inner grid 
electrode of one of the tubes, a cathode resistor 
for each tube cathode, a connection from the 
cathode of one tube to the inner grid electrode of 
the other tube, means for deriving a plurality 
of different keying energy pulses, means to key 
the outer grid electrodes of the said tubes indi 
vidually by the said keying energy pulses so that 
a predetermined current flows through each tube 
during periods of the presence of the said keying 
energy pulses, and a load circuit connected to the 
cathode of the last of the tubes. 

2. A combining circuit comprising a thermi 
onic tube in cascade follower connection, said 
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tube having a cathode and a plurality of Cold 
electrodes of which at least one is a grid elec 
trode, a signal input source to supply signal en 
ergy to the grid electrode adjacent the tube 
cathode, a keying pulse source for supplying 
keying pulses to another cold electrode of the 
tube to establish a predetermined current flow 
through the tube, a cathode resistor, and a load 
circuit connected to the tube cathode. 

3. A combining circuit comprising a thermi 
onic tube in cathode follower connection, Said 
tube having a cathode, a control electrode and 
an anode, a signal input source to supply signal 
energy to the control electrode, a keying pulse 
Source for supplying keying pulses to the anode 
to establish a predetermined current flow 
through the said tube, a cathode resistor, and a 
load circuit connected to the tube cathode. 

4. A combining circuit comprising a thermi 
Onic tube in cathode follower Connection, Said 
tube having at least a cathode, an inner control 
electrode, a screen electrode and an anode, a 
signal input source to Supply signal input energy 
to the inner control electrode, a keying pulse 
Source to supply keying energy upon the screen 
electrode to establish a predetermined current 
flow in the said tube, a resistor in the cathode 
circuit of the tube, and a load circuit connected 
to the cathode of the said tube. 

5. In combination, a plurality of thermionic 
tubes each having a cathode, an inner and an 
outer grid electrode and an anode, means to Sup 
ply signal energy control to the inner grid of one 
of the tubes, a cathode resistor for each of the 
tubes, a connection from the cathode of each 
tube to the inner control grid of the next tube 
of the plurality, a plurality of sources of keying 
energy pulses, means for supplying energy from 
each source of keying energy to the outer grid 
electrodes of the tubes individually to reduce the 
tube current to a substantially zero level during 
keying periods, and a load circuit connected to 
the cathode of the last tube of the plurality to 
receive the combined signal energy and keying 
signal pulses. 

6. An electronic mixer circuit for producing 
multiple modulation of an input signal at vari 
Ous predetermined amplitude levels comprising a 
plurality of thermionic tubes each including a 
cathode, an anode and a control electrode, a cas 
cade of cathode follower stages including a con 
nection from the cathode of each of the tubes 
to the control electrode of the next succeeding 
tube, and means for applying modulating sig 
nals to one of the other of the electrodes of 
each of said tubes of the successive stages. 

7. An electronic mixer circuit for producing 
multiple modulation of an input signal at vari 
ous predetermined amplitude levels comprising 
a Series of thermionic tubes in cathode follower 
connection each including a cathode, an anode, 
an inner control electrode and an outer control 
electrode, a connection from the cathode of each 
of the tubes to the inner control electrode of the 
next succeeding tube of the series, means for ap 
plying modulating signals to the outer control 
electrode of each of said tubes, and terminal 
means for deriving a modulated output at prede 
termined signal level from each of the tubes. 

8. An electronic mixer circuit for producing 
multiple modulation of an input signal at various 
predetermined amplitude levels comprising a 
plurality of thermionic tubes in cathode follower 
connection each including a cathode, an anode 
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and a pair of control electrodes including a con 
nection from the cathode of each of the tubes 
to one of the control electrodes of the next suc 
ceeding tube, terminal connections for deriving 
a plurality of separate modulation signals, means 
for Supplying the said signals to One Only of the 
other of said electrodes of said tubes, and termi 
nal means for deriving the output signals of each 
of the tubes. 

9, An electronic mixer circuit for producing 
multiple modulation of an input signal at various 
predetermined amplitude levels comprising a se 
ties of thermionic tubes in Cathode follower Con 
nection each including a cathode, at least two 
grid electrodes and an anode, means to apply 
video modulation signals to one of the grid elec 
trodes of the first tube of the series, a connec 
tion from the Cathode of each of the tubes to 
the control electrodes of the next Succeeding tube 
Which corresponds to the modulated electrode 
of the first tube, means for applying modulating 
signals to one only of the other electrodes of 
each of said tubes of the Successive stages for 
combining with the said initial modulation, and 
terminal means to derive output energy repre 
senting the combined signals. 

10. An electronic mixer circuit for producing 
multiple modulation of video input signals at 
various predetermined amplitude levels repre 
sentative of blanking and Synchronizing signals 
Comprising a series of cathode follower tubes 
each including a cathode, an inner control elec 
trode, an outer control electrode and an anode, 
means to Supply video signals upon the inner 
control electrode of the first tube of the series, 
a connection from the cathode of each of the 
tubes to the inner control electrode of the next 
Succeeding tube, means for applying blanking 
and Synchronizing signals to the other control 
electrode of the next succeeding tubes of the 
Series respectively to combine the independent 
nodulating Signals in sequence, and terminal 
means for deriving output signal energy repre 
Senting the combined signals. 

11. The circuit claimed in claim 10 compris 
ing, in addition, a rectifier unit connected as a 
uni-directional coupling element between succes 
sive modulated cathode follower tubes of the series 
to render the blanking independent of the instan 
taneous Video signal energy Source. 

12. The circuit claimed in claim 10 compris 
ing, in addition, a rectifier element connected to 
Supply the Video modulation signals to the first 
keyed cathode follower tube, and means to ren 
der the rectifier inoperative to pass signals dur 
ing periods of blanking pulses applied to said 
modulated tube, whereby the blanking control is 
independent of the instantaneous value of the 
video signals. 

13. A mixer circuit comprising a first ther 
mionic tube, a second thermionic tube connected 
as keyed cathode followers, a first terminal means 
for supplying video signal energy to the input of 
Said first tube, a second terminal means whereat 
energy to be mixed with said video signals ap 
pears, means to key the output energy of the sec 
ond tube by said signals at the second terminal, 
and a cathode connected load circuit for the sec 
ond tube to provide mixed signal output of the 
signals originating at each of the first terminal 
and of the second terminal. W 

14. A mixer circuit for a television system to 
produce a mixed series of video, blanking and 
synchronizing signals where the blanking signals 
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signals and the synchronizing signals are added 
to the blanking signals, comprising a series of 
three cascade Cathode follower connected ther 
mionic tubes, a source of blanking signal energy 
and a source of synchronizing signal energy, 
means to energize the input circuit of the first of 
said cascade of cathode follower connected tubes 
by the video signals, means to control the output 
current of the second and third of the said tubes 
by the blanking and synchronizing signals, respec 
tively, thereby to reduce the output energy of each 
of the said tubes to a predetermined signal level 
independent of the video signals and to combine 
thereby the said series of control signals, and out 
put terminal means for deriving the combined 
series of signals. 

15. A mixer circuit for combining video and a 
blanking signal comprising a multi-grid tube hav 
ing at least a cathode, a pair of control electrode 
elements and an anode, a cathode load resistor 
connected to the cathode and an output terminal 
connected to derive output energy in accordance 
with the current flow through said tube as flow 
ing through the cathode resistor, means to supply 
video signal energy with d. c. correction included 
to innermost control electrodes, and means to 
Supply control signals of predetermined signal 
level recurring at a predetermined rate to the 
Second of the control electrodes to establish a 
predetermined output signal level in said tube in 
dependently of the presence and absence of sig 
nals at the first of Said control electrodes, where 
by a predetermined control reference signal level 
is established at the output terminal during pe 
riods of the presence of the said control signals. 

16. The circuit claimed in claim 15 comprising, 
in addition, a unilateral electronic coupling ele 
ment connected in the circuit including the con 
trol electrode to which the video signals are sup 
plied for establishing the blanking level inde 
pendently of the instantaneous value of the video 
Signal input. 

17. A combining circuit comprising a plurality 
of thermionic tubes in cathode follower connec 
tion, each of said tubes having a cathode and a 
plurality of cold electrode members of which at 
least one is a grid electrode, a signal input source 
to supply signal input energy to the grid electrode 
adjacent the Cathode of the first tube of the plu 
rality, a keying energy pulse source for supplying 
keying pulses to another cold electrode of the 
first of said tubes to establish a predetermined 
current flow in the said tube, a cathode resistor 
for said tube, a direct connection from the cath 
ode of the first of said tubes, and the grid elec 
trode adjacent the cathode of the next of said 
plurality of tubes, a second source of keying en 
ergy pulses connected to supply pulses to another 
cold electrode of said second tube to establish 
a predetermined current flow therein, a cathode 
resistor for the second tube, a uni-directional 
coupling connection from the cathode of each tube 
to the grid electrode adjacent the cathode of the 
next succeeding tube, means for supplying keying 
energy upon another cold electrode of each stage. 
and a load circuit connected to the cathode of 
said tube. 

18. A combining circuit comprising a plurality 
of thermionic tubes in cathode follower connec 
tion, each of said tubes having a cathode and a 
plurality of cold electrode members of which at 
least one is a grid electrode, a signal input source 
to supply signal input energy to the grid electrode 
adjacent the cathode of the first tube of the plu 

follow a predetermined time duration of video rality, a keying energy pulse source for supplying 
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keying pulses to another cold electrode of the 
first of said tubes to establish a predetermined 
current flow in the said tube, a cathode resistor 
for said tube, a direct connection from the cath 
ode of the first of said tubes and the grid elec 
trode adjacent the cathode of the next of Said 
plurality of tubes, a second source of keying en 
ergy pulses connected to supply pulses to another 
cold electrode of said second tube to establish 
a predetermined current flow therein, a Cathode 
resistor for the second tube, and a load circuit 
connected to the cathode of said tube. 

19. A combining circuit comprising a plurality 
of in thermionic tubes in cathode follower con 
nection, each Cf said tubes having a cathode and 
a plurality of cold electrode members of which 
at least one is a grid electrode, a signal input 
source to supply signal input energy to the grid 
electrode adjacent the cathode of the first tube 
of the plurality, a keying energy pulse source for 
supplying keying pulses to another cold elec 
trode of the first of Said tubes to establish a 
predetermined current flow in the said tube, a 
cathode resistor for Said tube, a direct Connec 
tion from the cathode of the first of said tubes 
and the grid electrode adjacent the Cathode of 
the next of said plurality of tubes, a second 
source of keying energy pulses connected to Sup 
ply pulses to another cold electrode of said sec 
ond tube to establish a predetermined current 
flow therein, a cathode resistor for the second 
tube, a uni-directional coupling connection from 
the cathode of each tube to the grid electrode 
adjacent the cathode of the next Succeeding tube, 
means for supplying keying energy upon another 
cold electrode of each stage, and a load circuit 
connected to the cathode of the last of said tubes, 
where n is the number of tubes in the plurality. 

20. A mixer circuit for mixing d. c. corrected 
video signals and predetermined keying signals 
comprising a combining tube including, in the 
Order named, a Cathode, a pair of control elec 
trode elements and an anode electrode, a diode 
means to supply the video signals to the first 
of the control electrodes of said tube, a load re 
sistor connected to the cathode of said tube and 
an output terminal whereat signal voltage meas 
ured by the current flowing through the tube and 
its cathode resistor appears, means to supply 
control signal energy to the second of said con 
trol electrodes at predetermined time periods to 
reduce the signal output energy flow in the said 
tube to a predetermined signal level, and means 
to bias the said diode to an inoperative state 
during periods of the presence of control signals 
so that the keying signal output level is inde 
pendent of the instantaneous video signal ampli 
tude. 

21. The circuit claimed in claim 20 compris 
ing, in addition, a keying circuit including a volt 
age amplifier tube and a cathode follower cou 
pling tube connected to the second of said con 
trol electrodes, and means to supply keying sig 
nals to the said coupling tube to bias it to a cut 
of state abruptly with the presence of keying 
signals to substantially instantly produce the de 
sired predetermined signal level in the combining 
tube. - 

22. The circuit claimed in claim 20 compris 
ing, in addition, a second combining tube hav 
ing an input circuit, diode means for energizing 
the second combining tube by the output of 
the first combining tube, means for supplying 
synchronizing signais occurring during the pe 
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riods of the first named keying signals to said 
last named control tube to bias said tube to cut 
off and thereby reduce the output thereof to a 
Zero level, and a load circuit connected to the 
last named combining tube, to be energized by 
the combination signal representative of the video 
signal combined With the control blanking sig 
nal and the Synchronizing signals. 

23. A mixer circuit for combining video and a 
plurality of control signals comprising a series 
of multi-grid tubes each having at least a cath 
ode, a pair of control electrode elements and an 
anode, Cathode load resistors connected to the 
Cathode of each tube, interstage connections be 
tween each innermost control grid and the pre 
ceding cathode to energize the said grid in ac 
Cordance with the current flow through said pre 
ceding tubes as flowing through the cathode re 
sistor, means to supply video signal energy with 
d. c. correction included to that control elec 
trode nearest the cathode of the first tube, and 
means to supply the different keying signal se 
quences recurring at predetermined rates to the 
Second control electrode of the plurality of stages 
in Sequence to cause the establishment of pre 
determined output signal levels for each of the 
keying modulations in the common output inde 

30 

pendently of the presence or absence of signals 
at the first of said control electrodes, whereby a 
predetermined control reference Signal level is 
established at the output terminal during pe 
riods of the presence of the said keying signals. 
24. A mixer circuit for mixing d. c. corrected 

video signals and arbitrary keying signal se 
quences comprising a plurality of combining tubes 
in cascade each including at least a cathode, a 
pair of control electrode elements and an anode 
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each spaced in Sequence, rectifier elements to 
provide unilateral coupling between each cathode 
and the innermost control electrode adjacent 
the Cathode of the next succeeding stage, load re 
sistors connected to each cathode of said tubes 
and an output terminal Whereat combined sig 
nal voltage appears containing the video signals 
and each keying at predetermined signal ampli 
tude levels, and means to bias the said rectifier 
elements to an inoperative state during periods 
of the presence of control signals. 

25. In an electronic mixer circuit for produc 
ing multiple modulation of an input television 
video signal at various predetermined amplitude 
levels for combining therewith keying, blanking 
and Synchronizing signals by the use of a plu 
rality of thermionic tubes which each include a 
cathode, an anode and at least two control elec 
trodes and are connected in a cathode follower 
series connection which includes a connection 
from the cathode of each of the tubes to one of 
the control electrodes of the next succeeding 
tube, the method which comprises modulating 
the control electrode adjacent the cathode of 
the first tube of the series by video signals, ap 
plying the blanking signals to one of the other 
of the electrodes of the said modulated tube, sup 
plying the resultant signal from the cathode of 
the modulated tube to the innermost grid of the 
next tube of the series, simultaneously modulating 
the said second tube by another control signal 
upon another of the electrodes thereof, and de 
riving a combined output signal wherein all of 
the several video and keying signals appear at 
different output signal levels. 

KURT SCHLESINGER. 


