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UNITED STATES PATENT OFFICE 
2,444,854 

TELEVISION AMPLFER 

Kurt Schlesinger, New York, N. Y., assignor to 
Radio Corporation of America, a corporation of 
Delaware 

Application June 12, 1946, Serial No. 66,190 
(C. 179-11) 5 Claims. 

This invention is a continuation-in-part of my 
Copending application for Letters Patent of the 
United States, Serial No. 488,609, filed May 26, 
1943, now abandoned, and it relates to television 
amplifiers. In general, it is particularly con 
Cerned with that portion of the television ampli 
fier System which is to derive its input energy 
from a suitable television scanning or camera 
tube whereby the signal energy resulting from 
Scanning in the camera, or scanning tube is con 
verted into an amplified train of video signalling 
energy Wherein the amplification level is held at 
least uniform throughout the wide frequency 
band of the impressed signal energy. - 

In television apparatus the video signals which 
are to be transmitted may be developed from 
any Sort of a signal source, which might be very 
broadly characterized as being of the so-called 
"constant-current' variety. Signal sources of 
these general types are disclosed in the book en 
titled “Principles of Television Engineering' by 
D. G. Fink, published by McGraw-Hill Book Co., 
Inc., New York, in 1940, where, particularly in 
the portion of that book between pages 81 and 
117, various forms of scanning systems and tele 
Vision Video signal sources are set forth. These 
forms include, among others, photocells (photo 
tubes) operating in combination with scanning 
discs or the equivalent, image dissector tubes 
or Without electron multipliers, and storage types 
of Scanning tubes, such as those conventionally 
known in the art as “Iconoscopes,' 'Image Icono 
Scopes,' 'Orthicons,' and "Image Orthicons,' 
these last two types of storage tubes being used 
with or without electron multiplication. Still 
further, the signal source may be of the types 
commonly known in the art as the “monoscopes,' 
the phase-majectors, the monotron, or the like. 

In any case, in an arrangement of the type 
herein to be described, the output from the in 
strumentality which produces the video signal is 
loaded by a resistor which is normally of a rel 
atively high value such that there results, in com 
bination with the natural and stray capacitances, 
an input resistance-condenser combination Sup 
plying signals to the signal amplifier where the 
resistance-capacity combination has a time con 
stant which is greater than that of the duration 
of the shortest signal which occurs. This means 
that the higher frequency video signals (that 
is, those signals which produce the sharpest pic 
ture delineation or detail), are attenuated. The 
apparatus and circuit herein to be described is 
concerned with overcoming the high frequency 
drop or attenuation of the input signal which 
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would otherwise occur with increasing frequency. 
While, as above explained, many and Various, 

forms of signal sources may be used to supply 
the input video or picture signals, this applica 
tion and disclosure will refer to one general form 
of such types of signal sources and, accordingly, 
from purely an illustrative viewpoint, it will be 
assumed that the television camera or Scanning 
tube or signal source is of the electronic variety 
and also the “storage' type for the purpose of 
providing some intensification at least of the: 
output signal resulting from Scanning. ; 
In a television system of such an electronic 

type, an optical image of any character is cast 
and focused upon a light sensitive electrode 
member or surface within the scanning or cam 
era tube. The electrode member used to receive 
Such an optical image is commonly referred to 
as the “mosaic' element of the tube, although, 
in some instances, it may be termed the image 
receiving target or plane. This mosaic element 
usually comprises a conductive area, known gen 
erally as the signal plate, which supports an in 
sulating element or dielectric upon which mi 
nute, isolated droplets or particles of light sensi 
tive or photoelectrically active material are 
coated. Thus, the photosensitive particles each 
form one element of a condenser with a common 
dielectric for all condensers and a common sec 
ond element, which is the conducting plate. In 
this way, an optical image cast upon the light 
sensitive elements produces charges across the 
mosaic, with the charges at different areas be 
ing proportional to the brilliance of the imping- : 
ing optical image. The charges are sequentially 
neutralized and released as video signalling en 
ergy to an external circuit by means of a scan 
ning beam or Cathode ray beam which is suit 
ably deflected and caused appropriately to trav 
erse the mosaic element by element and line 
by line a predetermined number of times per 
Second. 

Purely for more specific illustrative purposes, 
reference herein Will be made to one of the forms 
of storage type canning tubes which may be used 
for such purposes, which tube has become known 
in the art as the “Orthicon,' and which has 
been described in some detail on pages 111 et seq. 
of the above mentioned book entitled “Prin 
ciples of Television Engineering.' For the pur 
pose of this invention and its description, refer 
ence may be made also to the group of papers 
published by Messrs. Iams and Rose concern 
ing a scanning tube of this variety, which papers 
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are referred to as a footnote on page 111 of the 
above named Fink publication. 

In the translation of the signals in such a Scarl 
ning or camera tube, they are first amplified in 
an amplifying unit known as the "pre-amplifier,' 
in that it derives its input signal energy directly 
from the scanning tube and delivers its output 
energy, under most circumstances, to energize 
the control and line amplifiers by way of a rel 
atively low impedance coaxial cable. The text () 

above named also discusses generally the pre 
amplifier of a television system in that portion 
which begins on page 392 thereof and which 
continues on page 396 to describe the transfer. 
of the pre-amplifier output to a coaxial cable . 
which is terminated in an extremely low resist 
ance or impedance to energize the remaining 
amplifiers of this System. 

s 

It, accordingly, becomes One of the objects of 
the present invention to provide an amplifier cir- ; 
cuit for use with television apparatus wherein the 
signal output from an appropriate Scanning Sysis 
tem or camera tube is amplified to be delivered 
to an output circuit with Substantially uniform 
response over a very wide band of frequencies gen 
erated, which, in the present apparatus, may be 
frequencies covering a frequency band of the 
order of four to six megacycles and higher; for 
example. . 
A further object of the invention is that of pro 

viding an amplifier which is particularly usable 
in connection with a signal source where there is 
a high impedance signal input with falling or 
drooping frequency response. 

Still a further robject of the invention is that 
of providing a television amplifier wherein losses 
inherent in the signal source shall be compensated 
by providing an amplifier response wherein the 
amplifier gain shall rise with increase in fre 
quency-of input in a characteristic manner. 
Other objects of the invention are those of pro 

viding: a television amplifier whose output can 
readily be made to match the low impedance of 
concentric cable customarily used to connect the 
output of the pre-amplifier to the control, mixing 
or-line: amplifier and, at the same time, the inven 
tion has sas-an object that of providing an am 
plifier which will develop a reasonably high signal 
voltage-across the very low characteristic imped 
ance of such a connecting cable. 

Further than this, the present invention has as 
another of its main: objects, that of providing a 
pre-samplifier. System wherein the "hum' level 
shall be so low as to be of but a negligible por 
tion of the total output signal. 
Other objects and advantages of the invention 

are those of overcoming one or more known de 
fects of prior art systems and to improve upon 
the prior art systems by providing an amplifier of 
improved efficiency and ease, of adjustment dur 
ing operation while, at the Same time, reducing 
the number of component parts and the com 
plexities of the circuit to a minimum. 

Other objects and advantages of the invention 
will become apparent and at once suggest them 
selves to those skilled in the art to which the in 
vention is directed when the following specifica 
tion is considered together with the accompanying 
drawings; wherein, 

Fig.1 is a schematic illustration of one form 
of the complete circuit; 
Each of Figs. 2 and 3 is a schematic illustration 

of certain portions of the circuit of Fig. 1 to ex 
plain more readily its operation; and, 

Fig.14 is a series-of curves to indicate the re 

4 
sponse of the system to be described herein for 
different conditions of operation. 

If reference is now made to the dra Wings for a, 
further understanding of this invention, it will be 
seen, by a consideration of Fig. 1, that the Scan 
ning or camera tube f is arranged to supply its 
output signal into a group of tubes which can 
readily be divided into four separate classifica 
tions of which the first tube 5 of the sequence 
may be considered as the camera matching input 
tube. This tube is arranged to receive its input 
signal from the camera, or scanning tube and to 
feed its output energy to a voltage amplifier tube 
25 which, in turn, energizes an equalizer and hum 
compensator-tube. 35 which supplies its output 
energy to the final cable matching tube 45. The 
tube 45 supplies its energy to a suitable load cir 
cuit--which is represented by the coaxial cable 
Section schematically shown at 55. 

For the purpose of coupling the voltage am 
plifier tube 25 to the equalizer and hum com 
pensator tube 35, there is included a suitable 
coupling. tube 65 which derives its input energy. 
directly...from the output of the Voltage amplifier 

is 25 and delivers its output as a cathode coupled 
element to the input circuit. of the equalizer and 
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hum compensator tube 35. 
Referring now more particularly to the circuit 

herein disclosed, it will be assumed, for reference 
purposes, that the scanning or camera tube is 
in the nature of the “Orthicon' tube, hereinabove 
mentioned and described in the Fink publication, 
as Well as in the mentioned articles by Iams and 
Rose. To this end, it is usually customary to have 
the signal plate or mosaic electrode 3 of the 
scanning or camera, tube connected to ground 
20 (or at least held at substantially cathode po 
tential of the camera tube), which may be pro 
vided through the coaxial load cable and the 
load resistor. 9. 
For the formation. and development of signals 

from the Orthicon' or other form of camera, tube 
(represented in purely schematic form in Fig. 
by the tube ) an optical image of a subject 2 
is directed upon the mosaic element 3 by way, of 
a conventionally represented optical system. 22. 
The mosaic or signal plate 3 of the camera tube 

is then scanned by a scanning beam, conven 
tionally shown at 23, which is subjected to the in 
fuence of suitable deflecting fields (not repre 
sented), so that trains of video signals are sup 
plied to the coaxial cable 7 and, when so con 
nected, produce a voltage drop across resistor 9. 
In the design of the apparatus and circuit herein 
described, the resistor element 9 is usually chosen 
between ten and thirty times as large as would be 
compatible with faithfully high frequency trans 
inission. This selection is made because of a re 
sulting improvement in the signal-to-noise ratio, 
as compared to the low impedance unit. How 
ever, when this is done, the higher frequency com 
ponents, which are developed across the output 
resistor 9 under such circumstances, form but a 
Small fraction of the low frequency components. 
Accordingly, equalization of the dropping re 
sponse characteristic at the high frequencies 
forms an essential part of the function of the 
pre-amplifier circuit herein to be described. The 
outer shell of the cable is grounded at 22. 
The energy output resulting from scanning in 

the camera, tube. is then supplied by a coupling 
condenser 27 to the grid or control electrode 29. 
of the camera, matching input tube. 5. This 
tube. 5 has its cathode element, 3 connected to 
ground 20 through the cathode resistors 32 and 
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33 and its grid or control electrode 29 is con 
nected at an intermediate point on the cathode 
resistors (such as that point intermediate the 
cathode resistors 32 and 33) through the grid 
leak resistor 34. In this connection, resistor 32 
is relatively small as compared to resistor 33. 
Suitable plate voltage for the tube 5, as Well as 
for the other tubes of this series, is provided from 
a source of energy (not shown) connected at 
the input terminal 36 and Supplying its Voltage 
by way of conductor 37 to the plate or anode 
tube 5 through the plate resistor 38. 

In some cases, substantially perfect insulation 
may exist between the backing plate 3 of the 
mosaic and the remainder of the camera tube 
and the rest of the discharge space in it, or, 

under Some circumstances, the signal electrode 
3 may have a certain positive bias applied to it 
without impairing the operation (while the struc 
ture of the signal source would be different to 
Some extent, under such circumstances, a case 
of this nature would be where the photoelectric 
tube served as the original signal source). Under 
these conditions, the capacitive coupling pro 
Vided by the condenser 27 and the resistor 34 
might be replaced by a direct conductive coupling 
from the upper end of the load resistor 9 to the 
grid or Control electrode 29 of the tube 5 and, 
in this case, the resistor 34, instead of connect 
ing at its upper end to the grid or control elec 
trode 29, would connect to the lower end of the 
load resistor f9 and to the junction point of the 
cathode resistors 32 and 33. Then, between the 
lower end of the load resistor 9 and ground 20, 
a Condenser element, substantially like the con 
denser 2, might be included. However, it should 
be pointed out that even under these circum 
stances the condenser suggested between the 
lower end of the resistor 9 and the ground 2 
might be omitted, as Well as the resistor Sug 
gested to be connected between the lower end of 
the resistor 9 and the junction of the cathode 
resistors 32 and 33, since such condenser and 
resistor combination serve to Smooth. If the 
load resistor 9 is relatively large (or the order 
of one hundred thousand ohms or more), the 
resistor and condenser may be omitted. 
The type of camera, tube herein above suggested 

is generally so designed as to make desirable a 
grounded signal plate 3. Acordingly, a con 
ductive coupling between the camera, tube and 
the Control grid 29 of the camera, matching input 
tube 5 is not desirable so that the capacity 
coupling 2 supplies the output energy from the 
'Canera, tube to its matching input tube 5. 
The particular form of triode tube chosen as the 
tube 5 should preferably be of the type such 
that low losses occur. The capacity across the 
signal input resistor, while of itself rather small, 
is, nevertheleSS, large enough to cause a loss in 
the transmission of the high frequency compo 
nents relative to the low frequency components 
in the range of approximately 1 to 30. The inven 
tion provides for keeping this capacity as Small 
as possible and for compensating for the effects 
of the high frequency losses as much as possible. 
The cable length should be made short and 
with an extremely small size wire (such, for ex 
ample, as No. 32) for its inner conductor, which 
neans that the total capacity across the signal 

plate to ground is primarily due to the signal 
plate itself. It is desirable to make the coupling 
condenser 2 reasonably large, so that the time 
constant is such as to make the design particul 
larly Suitable for low frequencies. 
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6 
In order that suitable plate current may flow 

through the tube 5, the connection of the grid 
leak resistor 34 to the point between the Cathode 
resistors 32 and 33 furnishes a means whereby 
automatic grid bias is obtained from the cathode 
of the tube rather than from the plate. Obtain 
ing grid bias in this manner has an additional 
advantage in that efficient “hum' filtering 
(about twenty times that obtained in the plate 
circuit of the tube by means of the circuit ele 
ments including the plate resistor 38 and con 
denser 46, later to be described) is brought about 
by the shielding effect of the grid 29 with respect 
to the cathode element. It was above noted that 
the capacities across the load 9 for the camera, 
tube should be as Small as possible and, to 
this end, the camera matching input tube 5 has 
its output signal connected to the voltage ampli 
fier tube 25 in such a way that the Woltage ampli 
fier tube appears as a cathode load. On the camera, 
matching tube 5, rather than on the camera out 
put resistor 9. The connection of the input grid 
or control electrode 4f of the tube 25 is by way 
of the series peaking inductance element 42 and 
the coupling capacity 43. A connection of this 
general type, including the series peaking element 
ls 2, has been set forth and described more particu 
larly in my Copending application, Serial No. 
485,981, filed May 7, 1943, and now issued as 
United States Letters Patent No. 2,384,263, 
granted September 4, 1945, for an invention en 
titled “Video amplifier.' The application above 
named describes in detail the functioning of a 
Self-biased cathode follower and reference may 
be made thereto for further details of this par 
ticular type of tube connection. 
A connection of the Self-biased type of cathode 

follower hereinabove described is particularly 
useful in supplying the output energy of the 
camera, matching tube 5 to the input circuit 
Of the voltage amplifier 25 because it serves to 
reduce both the influence of any ripple in the 
plate Supply Voltage and at the same tine any 
noise due to the so-called 'shot effect.' 

In the arrangement shown, the plate resistor 38 
of the tube 5 functions together with the capacity 
46 to form a plate filter circuit, whereby the effect, 
of the power Supply Voltage app3aring in con 
ductor 3 and a possible 120 cycle ripple (assum 
ing the rectified Voltages are derived f"On a 60 
Cycle power supply) may be reduced to a suibstan 
tial extent, but not enough to be negligible as con 
pared to the signal input level. However, with 
the connection of the tube 5 as a cathode follow 
er Stage, the circuit is such that any hum voltage 
appearing at the plate of the tube 5, assuming the 
tube to be a pentode, for instance one of the 6J7 
type, Would have to carry through all of the Sup 
preSSOr, screen, and control grids of the tube 5 in 
order to affect the cathode 3. In this way, the 
effects of the hum are reduced a still further nun 
ber of times which correspond to the amplifica 
tion factor of the tube in triode-connection, with 
a final result that the hum voltage, which is in 

5 preSSed upon the signal as it is fed from the cath. 
Ode circuit of tube 5 to the control electrode 4 
of the Voltage amplifier tube 25, may be made to 
be but a small percentage of the average video 
Signal voltage which is Supplied from the camera 
tube to the input of the camera matching tube 
5. 
it will be apparent that further filtering may 

be obtained by feeding the screen electrode of this 
tube through a resistance-capacity filter con 
nected to the plate electrode. In such a case, any 
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residual plate 'hum' would be able to affect: the 
Cathode only after the shielding effect of both the 
Screen grid and control, grid is overcome in 
USual practice, however, the triode connection, as 
shown, is usually sufficient “hum' filtering. 
The voitage amplifier tube 25, which by Way of 

illustration may be a 6AC7 or 1852 type, is the only 
tube stage which provides voltage amplifica 
tion, and this: tube functions, together with the 
coupling tube 65, to supply energy to the equaliz 
ing and compensating tube:35, which also may be 
a 6AC7 type, for instance. The general connec 
tions of the coupling the S5 (preferably of the 6J5 
type, for example) have also been described in the 
above mentioned copending application entitled 
“Wideo amplifier' and, accordingly, detailed de 
Scription thereof need not be trinade herein, al 
though reference may be had to the companion 
Case. Wittin the signal Supplied to the control elec 
trogle. Or grid of the voltage amplifier tube 25 
by Way of the peaking inductance 42 and the cou. 
pling capacity 3, it will be appreciated that any 
degeneration should be avoided in the voltage am 
plifier tube 25. Accordingly, the cathode element 
48 thereof connects preferably directly to ground. 
Stitable bias for the voltage amplifier tube 25 is 
preferably provided by the bias, source 9, which is 
conventionally represented by a battery 39 in 
order that hun may be rainimized. At this point, 
it lay be mentioned that rectification of the A. C. 
heater voltage for the tube. 25 may provide the 
bia.S Voltage. Such rectification may he provided 
by a 'Copper-oxide rectifier, a Wacuum tube (such 
as the 6H6, for instance), or by any other suitable 
means. However, at this point it is usually not de 
sirable to use a cathode resistor bias as the degen 
erative effect thereof results in a loss of araplifica 
tion. The load resistor 5 for the tube is connected 
in series with a filter resistor 53 which, in turn, 
connects to the power supply conductor S. The 
capacity eleinent 5:3 forms, with the resistor 53, a 
tine constant circuit later to be described. 
The input capacity and coupling is such that, 

the lowest frequency energy (such as that repre 
Senting the usual 3 cycle frame frequency) is 
trains initted undistorted, and the output coupling 
for the tube noticeably reduces the effect of any 
60 cycle power supply line interference. The time 
constant of the filter network comprising the re 
sistor 53 and condenser 53 is such as to give ade 
quate low frequency emphasis in the signals 
passed through the tube and the voltage drop 
across the feeder resistor 53 provides, at the same 
time, necessary plate voltage for the coupling 
tube 5. The condenser 53, in this instance, is 
preferably of the paper variety, in that it is a 
reasonably large condenser and this type is usual 
ly to be preferred in the particular use over the 
electrolytic variety. However, the filtering effect 
'of the condenser-resistor combination 54, 53 is 
generally designed so as to have only moderate ef. 
fect and if, for example, the power supply line 3 
happened to have a rigpie of even 3% at 120 cy 
cles and 200 volts, it will be evident that the rip 
ple is of the order of six volts and the filter 53, 54 
Would normally transmit approximately one 
eighth of this-Voltage So that Ilore efficient hun 
elimination is provided by the compensation of 
such ripple effects in the next succeeding stage. 
The Output energy of the coupling tube 65 is 

fed across its cathode resistor 67 by way of the 
peaking inductance 68 and the coupling condense 
69 into the input circuit of the equalizer tube. 35. 
This equalizer tube circuit is preferably of the 
variety which provides again which increases with 
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8 
frequency and, as shown, this, is: generally ac 
complished by the degenerative amplifier, con 
nections as shown more particularly by Fig. 2, 
Which cause the System to act generally as a “fre 
quency expander,' which increases the band-Width 
to any desired amount, although this occurs at the 
expense of CVer-all gain. 
Reference Will be made to Fig. 2 for a further 

Complete understanding of the invention, but first 
it Will be seen, fron the showing of Fig. , that 
the Sigals sent through the peaking inductance 
68 and the coupling condenser 69 are supplied to 
the control electrode it of the equalizer and hum 
Coin pensating tube. 35. This tube has its grid or 
control electrode suitably biased by the grid 
resistor 3. The cathode element, it is appro 
priately biased to provide both adequate and criti 
Cal degeneration by the series connected cathode 
resistors 8 and i3 which are shunted to ground 
2 by the variable capacity element . In the 
arrangement shown, the grid resistor 3 corre 
Sponds approximately to the resistor 3 associated 
With the tube and the cathode 4 connects to 
ground 2 through the cathode resistor. 6- and 
the Series connected resistor 79, and thence 
through a very low variable resistor. 8, which 
last nated resistor, When functioning in com 
bination. With the capacity element 83, serves in 
a mainer later to be explained (particularly in 
connection with Fig. 3) to provide for hum com 
pensation. The output energy from tube 35, is 
fed fron the anode 85through the coupling con 
denser 8 to the grid or control electrode, 89 of 
the final cable natching tube. 5. The plate load 
for the tube S is provided by the plate resistor 
S. connected in series with the shunt, peaking 
inductance 93, as well as the resistor element 95 
of 8 filter combination comprising resistor. 95 and 
condenser 6. 
Considering how the circuit schematically rep 

resented by Fig. 2, the camera tube herein as 
Stinned as the “Orthicon' device is schemat 
ically represented so that its plate or mosaic ele 
In ent 3, when scanned by a suitable scanning 
bean, provides a signal across the load resistor 
39 across which some distributed capacity value 
existS, represented in Fig. 2 by the capacity 22, 
which is the inherent stray capacity of the scan 
ning or camera, tube which cannot be avoided. 
he connections by way of the tubes 5, 25; and 

65 intern ediate the camera, tube output and the 
equalizing tube 35 are indicated by the dotted 
Outline in Fig. 2 Separating the coupling condenser 
2 and the control electrode of the tube 35. 
Also, it Will be appreciated that, for reasons of 
Sinaplicity of illustration, sonne of the connected 
cathode elements are onnitted in the arrangement 
of Fig. 2, So that the particular showing of the 
capacitive cathode degeneration provided by the 
Cathode degenerative resistor and the shunt con 
denser is made more clearly apparent. 
The circuit arrangement, shown by Fig. 2 is both 

Schematic and extremely generalized in form, but 
parts of the Systern are shown apart from the 
showing of Fig. i to make still clearer certain of 
the essential features of the invention. It can 
be appreciated, in this sense, that the source of 
Video signals which is to be fed to the final output 
may be assumed to be generated by a signal gen 
erator tube of the so-called “constant-current' 
type, Such as the tube schematically illustrated 
as the "Orthicon' which is terminated by a 
relatively large load resistor 9 connected to its 
Signal: plate. 
AS was above explained, the inevitable capacity 
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to ground, indicated in the dotted outline of ca 
pacity element i , causes a characteristic decay 
of the higher frequency signals with respect to 
the lower frequency video signals across this load 
resistor 9. One of the purposes of this invention, 
as was above suggested, is to provide cathode 
degeneration in the compensator tube 35 by 
means of the cathode resistor 9 which is shunted 
by the variable capacitor . This resistor com 
bination may be so adjusted and the time con 
stants so established and the relationship... be-, 
tween the cathode, resistance, input, resistance 
and plate inductance so established that the volt 
age drop produced is just equalized and the plate 
voltage drop across the plate resistor 9; assumes 
a Substantially constant Value for all frequencies. 

It thus becomes apparent that the conditions 
of the cathode circuit are Critical, and that the 
time constant formed by the product of the cath 
ode resistor 9 and its shunt capacity should 
be equal to the time constant of the camera, tube 
output circuit including the product of the stray 
capacity 22 and the load resistor 9. Mathemat 
ically expressed, this condition is represented as 
follows: 

1. 
rec-rincin-2, 80 

where "k represents the cathode resistor 9; Ck 
represents the cathode capacity ; rin represents 
the resistor 9; Cin represents the input capacity 
22; and feo represents the cutoff frequency of the 
signal Which Will be at frequency f1 for curve A 
in Fig. 4. Next, the value chosen for the Cathode 
resistor 9 should be such that the degeneration 
factor equals the voltage drop at the input sys 
tem. This condition may be mathematically ex 
preSSed as follows: 

where rik again represents the cathode resistor 9 
of the tube 35; gm represents the transconduct 
ance of the tube 35; b represents the band width 
which is to be considered, for example, 0 to fa for 
curve B in Fig. 2; and, again, fco represents the 
cutoff frequency, which will be at frequency f2 in 
curve B in Fig. 2. Summarized in slightly differ 
ent terminology, it might be stated that the time 
constant of the equalizer cathode circuit equals 
the time Constant of the input and the degenera 
tion factor equals the signal attenuation. When 
these conditions are fulfilled, the plate voltage 
from the equalizer tube 35 appears to be equalized 
to the first order and the system disclosed acts 
and functions as a band-stretcher, so that any 
desired band Width of signals may be uniformly 
transmitted, even though slightly and somewhat 
at the expense of over-all gain, but with the prod 
luct of gain and band width being constant. 
Under Such circumstances, some relatively mi 

nor high frequency losses occur, but adequate 
Compensation is accomplished by the inductance 
element 93 connected in series. With the plate load 
resistor 9 to serve as a peaking coil. Also, Fig. 2 
makes still clearer the showing of the inductive 
plate impedance 93, which serves not only to ex 
pand considerably any falling frequency response 
Of the input signal but to yield a substantially 
constant gain and negligible phase shift over the 
entire expanded frequency band up to the peaking 
frequency. This third condition may be mathe 
matically expressed as follows: 
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10 
where Lp represents the plate inductance 93; r. 
represents the plate load resistor 9; ris again 
represents the cathode resistor 9; cit again rep 
resents the cathode capacity ; and gim again 
represents the transconductance of the tube 35. 

It might be remarked that the inductance ele 
ment 93 is limited Only by the condition that 
resonance With the plate capacity of the tube 35, 
which is represented schematically by the con 
denser Cp on Fig. 2, should preferably occur out 
Side the frequency band to be transmitted. In 
this Way, the maximum size of the plate resistor 
3 is also limited to some extent. It also may 
be remarked in connection with the peaking in 
ductance 93, that if conditions occur such that 
resonance With it and the plate capacity. Cp of 
tube 35 is omitted in the upper portion of the 
frequency Spectrum to be transmitted, the plate 
coil or inductance 93 may be used to some ex 
tent for aperture correction, in which case a 
larger plate impedance of the tube 35 becomes 
pOSSible. It thus becomes apparent, from what 
is shown by Fig. 2, that there has been provided 
a source of Video signals which normally occupy 
a Wide frequency band of the order of 4 to 6 
negacycles, for instance, according to presently 
accepted standards, although for higher definition 
Scanning and increased field repetition ratio the 
frequency band naturally becomes Wider. The 
frequency band mentioned, for illustrative pur 
poses Only, is for a 525 line picture scanning at 
30 frames per second interlaced. 
From the foregoing it will be appreciated that 

the problem which is solved by this invention is 
broadly that of providing equalization of a signal 
OVer a predetermined and selected frequency band 
to include all frequencies from the lowest up to 
and including Some selected high frequency, such 
as represented by fa in Fig. 4. Thus, for instance, 
at this selected frequency an input voltage rep 
resented by e1 which may be assumed to be equal 
to 1.00 in signal amplitude, as per Fig. 4, will be 
transmitted uniformly throughout the complete 
frequency band between zero frequency (D. C.) 
and the Selected upper frequency limit fa. Under 
these circumstances, if it be assumed that the 
Signal for transmission is obtained from a suit 
able constant current source, such as a television 
camera tube of the type disclosed, across an input 
circuit represented by the resistance 9 and the 
distributed capacity 22, it will be appreciated that 
the input voltage may be represented 

217 
1- pric (1) 

Where r1 represents the load resistance 9 of the 
Source: Cs represents the source capacity (ca. 
pacity 22); e1 is the input voltage; ii is the input 
current and p=icy. 

It will be seen, for instance, that without com 
pensation, as shown by curve A of Fig. 4, the 
response drops to the half power point where 

es 

- 
- V2 

at frequency f1 (for instance). This represents 
a response drop of 3 db, so that the signal re 
Sponse reaches a point which is frequently known. 
as the "cut-off' frequency which has been rep 
resented by a frequency value f on the curve of 
Fig. 4. This frequency 

fe 27trics (2) 
The present invention solves the problem of 

providing ways and means by which the band of . 
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frequencies between zero frequency and the fre 
quency f1, above noted, whereat the response was 
assumed to be at the cut-off value represented 
by a decrease of 3 db. in output, may be ex 
panded by a factors and still provide uniformity 
of response throughout the band of increased 
Width. For reference purposes the 'stretching 
factor's may be assumed equal to the ratio of fa 
(the new, frequency) to f1 so that 

-2 s= (3) 
It is a well known fact that with cathode degen 

eration, the plate current flowing in some tube, 
such as tube 35, becomes as follows: 
- 819m 1. C i-g-(e-e) = 2 --e.g., H- (4) 

1 + 1 a. I+pii, 
where ip represents the plate current, e1 repre 
sents the input voltage, ek represents the cathode 
output voltage, gm represents the transconduct 
ance of the tube 35, p is as above, ris is the cathode 
resistance, 79 and ck is the cathode capacity. TT, 
for instance. If now. Equation 4 above and Equa 
tion 1 above be combined and the plate inductance 
of the tube 35 be considered, then the overall 
amplification of the system shown by Fig.2 may 
be considered as follows: 

PL 
2= gnp It prick. -- (5) 

iiri 1--girl -- pric. 1-- price 
(1--gar). 

where ep is the output voltage, as in Fig. 2, rip is 
the plate resistor 9 of tube 35, Lp represents the 
plate inductance S3 of tube 35 and the other quan 
tities are as above noted. 
From the foregoing it will be apparent that the 

first part of Equation 5, above, namely. 
- 9mp. 

1 gmirk 
shows no frequency values and amounts to a mere 
representation of the fact that D. C. amplifica 
tion takes place. 
The second part of Equation 5, above, namely, 

1 + price 
1- price 

becomes unity where the time constant of the sig 
nal input equals. the time constant of the cath 
ode circuit of the tube 35, as stated hereinabove 
Should be the case. 
The last portion of Equation 5, namely, 

PL 
-- r 

of R.C. 
1 - (1--gar). 

is one where the numerator of the equation would 
be equal to unity if there were no inductance in 
the plate circuit of tube 35. This third part of 
the equation represents the capacity attenuation 
where a capacity element, Such as capacitor 77, is 
placed in shunt with the cathode resistance, such 
as resistor 79. In this third portion of the equa 
tion that part of the denominator of the equation 
which is represented by 

1 gmri 

is known as the degeneration factor. According 
ly, where a falling off in the response character 
istic-such as shown by curve B of Fig. 4 is apparent 
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12 
tube 35, which falling off reaches the cut-off-level 
or a point where the signalis equal to 

l 
V2 

of the input or down 3 db. at a point, purely by 
Way of example in Fig. 4, of about 4.25 mega 
cycles, it becomes evident that this falling off 
of the response from the amplifier can be avoided. 
through the inclusion of some factor which is of 
equal value out of opposite sign to the capacity 
factor of the denominator of the third portion. 
of Equation 5. This inductance value is reached 
where the following condition holds true, namely, 

Lp 1 
re 27tf 

Thus, the inductive time constant 
La. 

p 

may be regarded as some constant which might 
be assumed as equal to a constant factor K. Ac 
cordingly, as herein above indicated, the following 
relationships are established from the circuit. 
herein above explained. 

Cetic (6) 

1+g-r-s- (7) 
and 

Lip- 1 
r2.nf, (8) 

In Equations 6 and 7 above, it will be seen that 
each defines a cathode circuit in which both the 
resistance, and the bypass. capacities, values are 
unique and, accordingly, the value of the scathode 
resistance may readily be established from the 
equation 

r=(-1) 
and by the same analysis the cathode capacity is 
equal to 

n 
2af (s-1) 

As is evident from the curve of Fig. 4, the re 
sponse will now be down 3 db. at the frequency fa 
where there is no plate inductance element, such 
as the inductance 93. However, the inclusion of 
inductance 93 tends to peak the response and 
prevents the falling off as the frequency f2 is: 
reached. To prevent any overshoot it is im 
portant that the plate resistance values that is, 
the value of the resistor 9, should be limited to 
a value where rp=Airf2Op, where Cp represents 
the plate capacity as indicated by Fig. 2 of the 
drawings. It will be seen that this value is one 
half that of the resistance value for conventional 
amplifiers with shunt peaking. Under these cir-. 
cumstances, the over-all gain in the System is. 
then represented as 

2-gne 
211 S 

and, it will be observed that the product of gain 
and bandwidth is again constant. 

In connection. With this invention, as herein 
above explained, and possibly at the expense of 
further repetition and additional reference to the 
mathematical analysis, it must be again em 
phasized in Summary that the scanning system 
may be looked upon as a constant-current source 

ce 

if there is no inductance in the plate circuit of the 75 where output is terminated by a load resistor 
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(such as resistor 9) of such a magnitude that an 
attenuation of the higher signal frequencies, as 
compared to the lower signal frequencies, occurs 
across this output resistor. This signal energy 
output which appears across the load resistor 
9 is then supplied to a signal amplifier tube 5, 
which is provided with a critically controlled 
cathode degenerative resistor 79 which is caused 
to become effective at the lower frequencies only, 
due to the fact that a by-pass condenser 7 to 
pass the high frequencies is placed in shunt With 
it. Then, in addition, an inductive element 93, 
to provide high frequency peaking, is included 
in series with the plate resistor 9 of the Signal 
amplifier tube 35, so that the desired frequency 
band of signals is efficiently transmitted. 
The equalization effects, resulting from such 

a condenser shunted cathode degenerative re 
sistor 79 is such that the time constant of the 
cathode circuit is made equal to that of the sig 
nal input and the degenerative factor is made 
equal to the signal attenuation factor. With re 
gard to the plate circuit of such an amplifier, it 
will be appreciated that the time constant of the 
circuit formed by the plate resistor 9 and the 
peaking inductance 93 is at least equal to, or 
greater than, the shortest signal period to be 
transmitted. 
To state the foregoing slightly differently, it Will 

be seen that the circuits herein described furnish 
equalizing effects which compensate for the de 
caying or falling frequency response which re 
sults from an input circuit whose time constant 
is longer than that of the higher frequency sig 
nal components of the video signal output of the 
video signal source. To this end, cathode degen 
eration is provided, and the time constant of the 
cathode circuit of the tube 35 is made equal to 
that of the signal input circuit and the controlled 
amount of degeneration is made equal to that of 
the signal decay, that is, the ratio of the Signal 
input at the highest signal or cutoff frequencies 
and at the critical frequency of the input circuit. 
Now, considering the circuit of Fig. 3, there is 

also represented thereby certain of the elements 
shown more completely by Fig. 1, although Fig. 
3, being schematic in nature, Serves to explain 
more readily the operation and functioning of 
parts of the circuit of Fig. 1. In the circuit of 
Fig. 3, like numerals represent like parts of Figs. 
1 and 2. 

sented in Schematic form in Fig. 3 as the bat 
tery 36, although it must be appreciated that 
this is purely schematic and any desired source 
of energy may be utilized. Naturally, be 
cause of the ripple effects above, explained, it is 
to be assumed that the operating voltages for the 
Various tubes of the System. Will be derived from 
rectified alternating current. To this end, the 
ripple above mentioned, which occurs to some ex 
tent with fluctuations in the power supply, is rep 
resented in schematic manner by the element 98 
in Fig. 3. 

It was above pointed out in the discussion of Fig. 
1 that the plate filters for the tubes 25 and 35, 
which filters are represented respectively by the 
filter networks 53, 54 and 95, 96 having time con 
stants which are conventionally designated, re 
spectively, by T1 and T2, cannot conventionally 
be designed in apparatus of the nature herein dis 
closed to be extremely efficient filtering elements, 
with the result that some fluctuations tend to be 
come effective at the grid or control electrode 7 
of the equalizing tube and the same energy fluc 

It might be remarked further that 
the connection terminal 36 of Fig. 1 is repre-, 
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4. 
tuation is found to be present also at the screer 
electrode of the compensating tube 35. 
To provide an output signal which becomes sub 

stantially completely free from any hum effects, 
a compensating Woltage, which is derived from 
the plate supply line for the various tubes, is fed 
through an appropriate network comprising the 
capacity element 83 and the resistor 8, so that a 
Voltage equal, but of opposite sign to the hum 
Voltage at the grid or control electrode , is in 
jected into the Cathode circuit of the equalizing 
tube 35 by way of the connection of the cathode 
resistor 9 to the junction point of connection 
of the capacity 83 and the resistor 81. The re 
Sistor 8 is usually of extremely low value with a 
maximum resistance of the order usually of about 
20 ohms, which is variable, as indicated, and usu 
ally adjusted at approximately its centermost 
Value. The result is that the combination of the 
condenser 83 and the resistor 8 may be made 
such that the hum frequency of 120 cycles, which 
Would normally tend to be introduced from the 
usual A. C. power supply which is rectified and 
filtered, is substantially completely compensated. 
In addition, the hum compensation provided by 
the network formed in the capacity 83 and the 
resistor 8 and designated as having a time con 
stant T3 is also effective against any 120 cycle 
modulation which is caused by magnetic fields 
of heater elements of the tubes of the system 
where the heater elements are heated by the usual 
60 cycle power supply from the A. C. power sup 
ply mains. 
Continuing now with a consideration of the re 

maining portions of the circuit of Fig. 1, it was 
above explained that the Output of the equalizing 
tube 35 is fed by way of condenser 8 to energize 
the cable matching tube 45 (for instance, a tube 
of the 6AG-7 type to act as a class 'A' amplifier) 
by application to its grid or control electrode 89. 
The input coupling, provided by condenser 8 
has a relatively small time constant because the 
input signal to the cable matching tube 45 has, 
as above explained, already received a low fre 
quency emphasis. A cable matching stage, pro 
vided by tube 45, has its screen current adjusted 
by way of the resistor of and is preferably oper 
ated in a linear manner over a relatively wide 
range of plate current. In order to avoid any feed 
back, the anode or plate electrode 2 is grounded 
through the trap circuit comprising the plate 
resistor 03 and the capacity C4 connecting to 
ground 2. The screen electrode 5 of the tube 
also is grounded by way of the connection of the 
by-pass condenser 7 to the tube cathode 08, 
so that the grid-to-screen capacitance is reduced 
by the degeneration factor of the tube. The re 
sult is that the total grid capacity of the tube 45 
is extremely small and, therefore, can properly be 
placed in shunt with the plate resistor 9 of the 
equalizer tube 45 without impairing uniform 
transmission of the desired wide frequency band 
which, as above stated, may be at least in the 
range of four to six megacycles. The output en 
ergy from the cable matching tube 45 is fed by 
Way of its cathode into the concentric output 
cable represented at 55 which, in accordance with 
known practice, has its outer shell connected to 
ground and which is also terminated in the so 
called 'characteristic impedance' (9 which is 
generally within the range of 75 to 120 ohms. The 
resultant output signal, as it appears at the out 
put terminals), is then fed to a suitable line or 
control or mixing amplifier, not shown. - 
While purely for purposes of illustration various 
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type of tube components used in the above, de 
scribed circuit have been illustrated, it will be un 
derstood that these are shown purely...by way, of 
example. 

Having. now described the invention, what is 
claimed is: 

1. In a television circuit, a, constant current 
source of video signalling energy covering a rel 
atively wide predetermined frequency band and, 
across which source an inherent capacity exists, 
a load resistor connected to the said source and 
producing an attenuation of the higher range of 
the signalling frequency, energy as compared to 
the lower frequency range of the said energy, a 
Video; signal amplifier tube having at least a 
cathode, an anode and a control electrode, means: 
to impress the: signal output from the said load 
resistor upon the: control electrode of said tube, 
a degenerative: resistor element connected to the 
cathode of said tube to provide controlled de 
generation at the lower frequencies of the said 
video signal energy range, and a by-pass Con 
denser connected in parallel: with the said cath 
ode, degenerative resistor- to pass readily the 
higher frequencies of the said: video signal fre 
quency range; the time Constant of the cathode 
resistor and cathode capacity being made equal 
to that of the input resistor and the input ca 
pacity of the signal Source, and the value of the 
cathode resistor being such that the degeneration 
factor introduced thereby is equal to the voltage 
drop: at the input due to the load resistor of the 
signal source at the cutoff frequency. 

2. In a television circuit, a constant current 
source of video signalling energy-covering a rela 
tively wide. predetermined frequency band- and 
across, which source an inherent capacity exists, a 
load resistor connected to the Said. Source and 
producing an attenuation of the: higher range of 
the signalling; frequency: energy as compared to. 
the lower frequency range of the Said, energy, a 
video signal amplifier tube, having at least a 
cathode, an anode and a control electrode, means: 
to: impress the signal, output from the said load 
resistoriupon the control electrode of said tube, 
a degenerative resistor element connected to the 
cathode of said tube to provide; controlled, de 
generation at the lower frequencies of the said 
video signal energy, range, a by-pass condenser: 
connected in parallel with the said cathode de 
generative resistor to pass readily the higher fre 
quencies of the said video signal frequency range, 
the: time coastant, of the cathode resistor and 
cathode capacity, being made equals to that of the 
input resistor and the input capacity of the Sig 
nal source, and the value of the cathode resistor 
being such that the "degeneration factor intro 
duced thereby is equal to the Voltage drop, at the 
input due to the load resistor of the signal 
Source: at the cutoff frequency, a peaking element. 
and a load resistor. element serially connected in 
the anode: circuit of said tube to provide peaking 
in the higher frequency range, and the ratio of 
the plate inductance to the plate resistance being 
equal to the ratio of the time constant of the: 
cathode resistori and cathode capacity combina 
tion to the quantity one plus the product of the 
tube transconductance times the tube cathode 
resistO?: 

3. A television amplifier. comprising a substan 
tially constant current source of video signalling 
energy for developing video signal energy; output: 
having a frequency ranges covering a frequency 
band between extremely low, and extremely. high 
frequencies, and across which source an inherent 
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16 
capacity exists, a load resistor, connected to re 
ceive the output energy... from said, video sig 
nailing energy source, said resistive output, being. 
of such magnitude...that it, together with the in 
herent. capacity of the signal source, produces 
attenuation of the higher signal frequencies as 
compared to the lower signal frequencies, a 
thermionic: signal: amplifier tube. for amplifying 
said signals, resistive means, connected in the 
cathode circuit of said tube: to provide controlled 
cathode degeneration at the lower frequency 
range of the said signals, only, a condenser ele 
ment connected in parallel with said cathode re 
sistor for by-passing the higher frequency range 
of signals...to be amplified, the time constant. of 
the said resistor. and capacitor of the cathode. 
circuit being made substantially, equal to that 
of the signal input: circuit and the degeneration 
of the low frequency signalling energy, being 
made substantially equal to the signal decayat. 
the higher frequency range, a resistor and in 
ductance element, serially connected in the out 
put circuit of said tube and together having a 
time constant substantially of the same order 
as that of the shortest signal, period to be trans 
mitted and being resonant outside any frequency. 
band to be passed, and a load circuit connected: 
to receive the output energy from said tube, 

4. A television amplifier comprising a substan 
tially constant cui'rent, source of video signalling: 
energy for developing video signal energy output: 
having a frequency range covering; a frequency. 
band between extremely low, and extremely high 
frequencies, a load resistor connected to receive 
the output. energy from said video signallingen 
ergy source, said resistive output being of such, 
magnitude that it, together with the inherent ca 
pacity of the signal source, produces attenua 
tion of the higher'signal. frequencies as compared 
to the lower signal frequencies, a... thermionic 
signal amplifier tube for amplifying said: signals, 
resistive means, connected in the cathode: circuit. 
of said tubes to provide: critical controlled cath 
Ode. degeneration, at the lower frequency range 
of the said signals. Only; a condenser element 
connected in parallel with said cathode resistor. 
for by-passing the higher frequency range of 
signals to be amplified, the time. Constant of the 
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said resistor and capacitor of the cathode cir 
cuit being made substantially equal to that of 
the signal input circuit and the degeneration of 
the low frequency signalling energy being made 
substantially equal to the signal decay at the 
higher frequency, range, a, resistor, and induct 
ance element serially connected in the output 
circuit of said tube, and together having a time 
constant substantially of the same order as that, 
of the shortest signal; period to be:transmitted, a. 
coupling tube to receive the output energy from 
said output load impedance, and a load circuit 
connected, as a cathode follower to said coupling. 
tube, 

5. In a television circuit, as constant current 
source of video signalling energy covering a pre 
determined frequency band, a load: resistor-con 
nected to receive; the output from:said, source and 
tending to cause, an attenuation of a higher 
range...of signalling...frequencies as: compared to 
the lower frequency, range of the said signalling 
frequencies, said, constant current source: pro 
viding an inherent and unavoidable distributed. 
capacity, a video. signal: amplifier tube: having a 
predetermined transconductance: characteristic 
and having, at least; a cathode, a control elec 
trode, and an anode, means to impress the signal 
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output developed across the said load resistor 
upon the control electrode of the said tube for 
amplification, a degenerative resistor element 
connected to the cathode of the tube, a by-pass 
condenser connected in parallel with the said 
cathode resistor to pass readily the higher fre 
quency components of the said video signal fre 
quency range impressed upon the control elec 
trode of the said tube, a Series combination con 
prising an inductive peaking element and a load 
resistor Serially connected in the anode circuit 
of the said tube, the said capacitors, resistors, 
tube, and inductive element bearing a relation 
ship one to another Such that 

Lp rice 
religiri 
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where ris represents the cathode resistor; Ck 
represents the cathode resistor bypass condenser; 
ri represents the load resistor; Cs represents the 
inherent capacity of the source; gm represents 
the transconductance of the amplifier tube; b. 
represents the band width or frequency range of 
the signalling frequencies developed by the 
Source; foo represents the Cutoff frequency at 
which the high frequency signal components are 
attenuated; Ip represents the plate or anode in 
ductance; and rip represents the plate or anode 
resistance of the amplifier tube. 
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