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Patented June 27, 1944 2,352,488 

vIDEo sIGNAL CoNTRoL SYSTEM 
Louis F. Mayle, Fort Wayne, Ind, assignor to : 

Farnsworth Television and Radio-Corporation, 
a corporation of Delaware . . . . . . . . . 

Application September 19, 1942, serial No. 458,928 
7 Claims. (CI, 178-72) . 

This invention pertains generally to television 
systems and more particularly to a method and 
apparatus for controlling and adjusting the 
gamma of television signals. 

It is known in the art that the quality of a 
reproduced television image may be impaired as 
a result of the fact that detail effects such as are 
given to a picture by its natural color, are lost. 
Also television transmitting apparatus may be 
of such a nature that video signals are distorted 
and decreased in level to such an extent that 
the reproduced signal does not create a faithful 
image of the initial picture subject matter. Fur 
thermore, each element of a reproduced tele 
vision image may be exactly proportional in 
brightness to the corresponding element of the 
original image and, therefore, the reproduced 
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frequency signal without affecting the overall 
magnitude of that signal. " . . , , , , ...:;'... . . . ;" | 0, 0, ? : : "", 
A still further, object of this invention is to 

provide, in a television system, a signal trans. 
lating channel for gontrolling the gamma of a 
video frequency signal and imparting overall gain 
to that signal. . . . . . . . . . . . 
There is provided, in accordance with this in 

vention, a signal translating channel in a tele 
vision system which consists of a multi-electrode 
electronic device for controlling the gamma of a 
video frequency signal. The electronic device 

image may appear flat and lack efficient con 
trast to be interesting to an observer. This effect 
may be the result of the fact that the contrast 
ratio and average brightness of the reproduced 
image is generally lower in comparison to the 
corresponding characteristics of the picture being 
transmitted. Therefore, it is frequently desirable 
in television transmission that video frequency 
signals be distorted in certain portions of their 
amplitude range for providing better fidelity of 
reproduction. Such distortion is known as 
gamma control, more particularly defined as the 
slope of the input-output or stimulus response 
curve of the system plotted to a logarithmic scale. 
There are known in the prior art, various de 

vices for controlling the gamma of video fre 
quency signals to provide faithful reproduction 
of television images whereby the contrast be 
tween the light and dark portions of a television 
image is increased. These devices are subject to 
several disadvantages in that adjustments there 
in affect the overall gain of the system and the 
brightness level of the reproduced scene. Fur 
thermore, prior art devices for controlling the 
gamma of video frequency signals generally can 
provide a gamma greater than unity but not a 
gamma less than unity. 
Accordingly, it is an object of the present in 

vention to provide a novel method and appara 
tus for adjusting the gamma of video frèquency 
signals in a television system. 
Another object of this invention is to provide, 

in a television System, apparatus for imparting 
a gamma to a video frequency signal which may 
be either greater or less than unity. . 

It is a further object of this invention to pro 
vide, in a television system, a video signal trans 
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should preferably comprise at least two control 
electrodes and an anode, one control electrode 5 having an input voltage-anode current character 
istic which tends to provide a gamma greater than 
unity, the other control electrode having an in . 
put voltage-anode current characteristic which 
tends to provide a gamma less than unity. The 
gamma control channel is connected in the video 
frequency amplifier circuit by means of a voltage 
dividing device such as a pair of oppositely con 
nected potentiometers, one potentiometer being 
connected through its adjustable tapito one con 
trol electrode of the electronic device and the other potentiometer being connected through its 
adjustable tap to the other control electrode of 
the electronic device, thereby to provide a means 
for dividing a video signal and applying a por 
tion thereof to each control electrode of the elec 
tronic device. The adjustable taps on the op positely connected potentiometers are preferably 
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mechanically connected to provide a common 
control which may be adjusted to increase the 
voltage drop across one potentiometer and simul 
taneously decrease the potential across the other 
potentiometer. Thus, the portion of video fre 
quency signal impressed on each control electrode 
may be varied to exactly apportion the video fre 
quency signal between the two control electrodes. 
Since the characteristic of one control electrode has a gamma or exponent greater than unity 
and the characteristic of the other electrode has 
a gamma or exponent less than unity, each por 
tion of the video frequency signal may have im 
parted thereto a gamma either greater or less 
than unity. . . . . . . 

For a better understanding of the invention together with further objects and advantages 
thereof, reference is made to the following de 
scription taken in connection with the accom panying drawings, and its scope will be pointed 
out in the appended claims. 
In the drawings: . . - 

lating device for varying the gamma of a video 55 Fig. 1 is a circuit diagram of a complete tele 

  

  



vision transmitting system illustrating conven 
tional portions of the system in schematic form 
and including a video frequency signal trans 
lating channel embodying the present invention. 

Fig. 2 is a graph, illustrating the grid voltage 
plate current characteristics of the control elec 
trodes of the signal translating channel. 

Fig. 3 is a graph, illustrating the operation, 
under certain conditions, of the signal translat 
ing channel shown in Fig.1. 

Fig. 4 is a graph, illustrating the operation, 
under certain conditions, of the signal translats". 
ing channel, shown in Fig. 1. 
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2,352,488 
to equal unity, the resulting curve would de 
scribe an angle of 45° with respect to the abscissa. 
If the gamma is chosen as greater than unity, 
the resulting curve would describe an angle 
greater than 45° with respect to the abscissa. If 
gamma is chosen as less than unity the reverse 
is true. V 

Potentiometer. 34 is connected across the out 
put circuit. 22 of picture signal amplifier 20, and 
potentiometer 35 is connected in parallel with 
potentiometer 34 by the cross connection 36. 
The sliding contacts 37 and 38, of potentiometers 

Referring to Fig.1 of the drawings, the tele 
vision transmitting system includes a conven 
tional picture pickup tube, an object 2 and a 
lens system 3 for focussing an image on the 
screen 5 of tube . The tube f is provided with 
electron gun 7 and a power supply f2 to provide 
an electron bean for scanning. Screen. 5: This 

* tube is illustrated by way of example, as conven 
tional in the television art, and it is not intended 
that this invention shall be limited to use with any particular type of pickup device. 
The cathode ray beam of tube is deflected 

by means of plates 9 and ?o which are connected 
to a source of line scanning waves and field scan 
ning waves 3; and f4 respectively. The sources 
3 and 4 are controlled by the synchronizing 
pulse generator is in a manner well known in 
the prior art. The output of screen 5 in tube 
isimpressed across the output resistor 18 con 
nected to the input circuit of the picture signal 

d between synchronizing and blanking pulse 
generator 6 and picture signal amplifier 20 for 
impressing ablanking pulse on amplifier 20 as is 
well known in the prior art, There is provided in accordance with this in 
vention, a signal translating channel 25 con 
nected to the output circuit 22 of picture signal 
amplifier 20 and the output circuit 26 of channel 
25 is connected to a conventional radiant energy 
transmitter 30 wherein the video frequency signal. 
is impressed on a carrier and radiated by an 
tenimia, 3 . . . . . . . . . . . . . . . 

Signal translating channel 25 consists of the 
multi-electrode electronic device 32 and a voltage dividing device consisting of potentiometers 34 
and 35 mechanically connected in tandem. Such 
a connection is well known to those skilled in 
the art and is, therefore, not shown in detail. 
Electronic device 32 is chosen to have the grid 
voltage-anode current characteristics shown in 
Fig. 2. Curve A, the grid voltage-anode current 
characteristic of grid 49, has an exponent or 
gamma less than unity. Curve B, the grid 
voltage-anode current characteristic of grid 4, has an exponent or gamma greater than unity. 
For ideal gamma control in accordance with this 
invention, curves A and B of Fig. 2 should be 
complementary, but satisfactory gamma control 
is obtainable even though these curves are not 
exactly complementary. Curves A and B are 
substantially parabolic in form and, therefore, 
follow the equation. X= y where exponent a is 
the gamma. - - - • 
The grid voltage-anode current characteristics 

of grids 40 and 4 may be illustrated also on a 
log-log scale by converting the equation y=X 
to its logarithmic form which is log y=a.log ac 
and plotting a logarithmic graph. Curves A and 
B would then be straight lines the slopes of which 
would be determined by the gamma or term a 

nplifier 20, there being a connection 2 pro- . 
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source: of biasing potential, C-. 

34 and 35 respectively, are connected to the 
control electrodes 40 and 4f respectively, of tube 
32. Sliding contacts 37 and 38 are mechanically 
connected, as indicated at 39, to provide a com 
mon control for potentiometers 34 and 35, such 
that each sliding contact may be simultaneously 
moved in the same direction. Control electrodes 
40 and 4 fare biased through grid resistors 44 and 
45 respectively in accordance with the potential 
drops as determined by the adjustments of the 
taps of bias resistor 46 which is connected to a 

The anode 42 
of tube 32 is connected to transmitter. 30 and to 
a source of anode potential B+ together, with a 
peaking circuit consisting of resistor 46 and in 
ductance 4T which is conventional in the prior 
art. The remainder of the signal translating 
channel consists of well known circuit elements 
and connections and, therefore, it is not neces 
sary that they be explained in detail. It should 
be noted that signal translating channel 25 may 
be an integral part of amplifier 20 but for pur 
poses of illustration it is shown as a separate 
unit. / , , ... ? - 

The circuit illustrated in Fig. 1 with the ex 
ception of channel 25, operates in a conventional 
manner...and, therefore, will only be described in 
a brief manner. The screen 5 of tube is scanned 
under the control of deflecting plates 9 and 9 
by a cathode ray beam to impress a video fre 
quency signal consisting of a chain of electrical 
impulses across the resistor 8 representative of 

- the successively scanned elemental areas of the 
object 2. The video frequency signal appear ng 
across resistor 18 is amplified in a conventional 
manner by picture signal amplifier 20 and im 
pressed on the output circuit 22. . 
Signal translating channel 25 imparts a gamma 

to the picture signal either greater or less than 
unity depending upon the adjustment of the po 
tentiometers 34 and 35, and upon the gamma of 
the video signal delivered by the picture pickup 
device. Since, the adjustable sliding contacts 
37 and 38 are i mechanically connected as indi 
cated at 39, they may be adjusted simultaneously 
to move upwardly or downwardly, increasing the 
output of one from zero to maximum and de 
creasing the output of the other from maximum 
to zero. Thus, for purposes of illustration, it 
may be assumed that the mechanical connection 
39 simultaneously moves sliding contacts 37 and 
38 upwardly or downwardly, so that the signal ap 
pearing in the output circuit 22 may be divided in 
any desired proportions between the control elec 
trodes 40 and 4. - 

Fig. 3 illustrates, by means of a graph, the re 
Sults when the voltage across the output circuit 
22 is impressed on the grid 40 or grid 4 of tube 
32. It also illustrates the results when one-half 
of the voltage across output circuit 22 is in 
pressed on each of the grids 40 and 4f. Curve c 
in Fig. 3 represents the full video voltage across 

in the logarithmic equation. If gamma is chosen 75 output circuit 22. For purposes of example, curve 
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e represents a video voltage wave moving eight 

i equal increments of brilliance from a black to 
white, and whose gamma is unity. Let it be as 
sumed that the sliders 37 and 38 are first adjusted 
to their lowermost positions so that full voltage e 

, is impressed on grid 4 and zero-video voltage 
on grid 4.0. 
point by point on curve B, the characteristic of 
grid 4 ?, the voltage resulting in the output of 
tube 23 is represented by curve C. Curve B is as 
Sumed to have an exponent, or gamma greater 
than unity. For purposes of: example, curve ? 
has an exponent of 2. Thus, the video output at . . . . 
22 has had its gamma increased by a factor of 2. 
Since curve e had a gamma of° 1, curve! C’ has a * 1; 
gamma of 2. From inspection of curve C it is ap 
parent that the black portion of the signal is 
expanded while the white portion is contracted. 
Thus black portions of the transmitted picture 
are emphasized with respect to its white portions, 

If the potentiometer setting is changed so that 
both sliders 37 and 38 are moved upwardly to the 
upper limit of their movement, full video voltage 
e is impressed on the grid 40 and there is zero 
video voltage-on grid 41. Again referring to Fig. 
3, there is shown a projection of curve eto curve 
A, which is the characteristic of grid 40, and volt 
age H' appears in the output of tube 32, this volt 
age having a gamma corresponding to that of 
curve A which is for this example, equal to 4. 
Inspection of curve H reveals that the white por 
tion of the signal is expanded and the blackpor 
ition is contracted thereby to emphasize the white 

When voltage curve, e is projected 

projecting the curve %e on the cu, 
is obtained a voltage component'G 

0. 

- acteristics such as those illustrat 
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portions of the transmitted picture with respects 
to its blackportions. . In this case the gamma of 
curvee has been changed from 1 to 2 as repre 
sented by curve H'. · · .." . 

· By adjusting the sliders 37 and 38 of the po 
tentiometer to the half-way position, one-half of the voltage e is impressed on each of the grids 40 

35 ? 

illustrated herein. 

40 
and 4. There is illustrated in Fig. 3 by the curve 
%.e. Projecting this curve to the curves A and 
B there results the curves D' and D respectively. 
The curve D's having a gamma of one-half and 
curve D having a gamma of 2. By adding these 
two curves, there is obtained the output voltage 
which appears in the anode circuit of tube 32. 
This is illustrated by the curve D-D which has 
a gamma of approximately one since it lies in 
substantially a straight line. In this case there : 
is substantially no distortion of signal. Thus, 
the transmitted picture is not distorted as re 
gards contrast between black and white. 

Fig. 4 of the drawings illustrates the results 
when the potentiometer is adjusted to impress % 5. 
of the output voltage in circuit 22 on one grid and 
A of the output voltage on the other grid. In 
the first instance, let it be assumed that the po 
tentiometer is adjusted downwardly to the point 
where 34 of the output voltage in circuit 22 is 
impressed on grid 4f and 4 of the output voltage 
in circuit 22 is impressed on grid 49. Projecting 
the curve 34 e to the curve B, there is obtained 
voltage : component Fhaving a gamma of 2. Pro 
jecting the curve 4 e to the curve A, there is 
obtained a voltage component F having a gamma 
of 4. Adding curves F and F there is obtained 
a curve F--F" having a gamma greater than unity 
and expanding in amplitude the black portion of 
the signal, and contracting the white portion, but 
not as much as represented by curve C of Fig. 3. 
Reversing the above procedure, the potentiom-- 

eter is adjusted upwardly until the sliders 37 and 
38 impress A e, e being the output voltage in 
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Fig. 3. . . . . . . . . 

quency signal. 
The curves. A 

those illustrated in Fig.2 m 

of gamma control may be introduced in 

but not as m uch as represented by 
From the above, it is eviden 

tion provides a signal translati 

??? ?? ????? ?-? U? ?? 18 nd 4 are plotted . to have an arbitrary exponent or gamma for pur 
poses of illustration, but it will be obvious to those 
skilled in the art that the shape or exp 
such curves is dependent upon the grid ( 
istics of the particular tube utilized in the signa 
translating channel. It has been found that a. 
tube conventionally designated as a 6L7 has - 

One characteristic having a gamma' 
unity and the other characteristic having a ga. 
maless than unity. Any multi-electrode vacuum 
tube whose grid characteristics are similar to 

be utilized in : signal translating channel for the purposes of ac 
complishing the objects of this invention and, 
therefore, it is not intended that this inve 
shall be limited to the particular 
it should be understood that different degrees 

vision system to compensate distortion of a video 
frequency signal which may result, for example, 
from the particular type of picture pickup tube 
which is used, or from the particular transmit 
ting or receiving channel. The curves A and B, 
such as illustrated in Fig.2 of the drawings, need 
not have a gamma greater than unity and also 
less than unity by reason of the fact that distor 
tions of the signal may require that one curve. 
have a gamma of unity and the other have a 

(5.5 

gamma greater than unity. It may be desirable 
that both curves have a gamma greater than 
unity or less than unity or it may be desirable 
that a portion of each curve have a gamma of 
unity and another portion have a gamma greater 
or less than unity. From this it will be obvious 
to those skilled in the art that it is within the 
scope of this invention to provide a gamma ad 
justing channel for distorting a video frequency 
signal to any degree which may be necessary to 
correct distortion introduced by one or more ele 
ments of the television system. 
In the drawings there is illustrated a signal 

translating channel 25 the circuit elements of 
which have been assigned specific electrical values 
but these have been disclosed for purposes of ill 
lustration only, and it is not intended that the 
invention shall be limited to a circuit of those 
specific values. , ' ' ' 
While there has been described what is at pres 

ent considered the preferred embodiment of the 
invention, it will be obvious to those skilled in 
the art, . that various changes and modifications 
may be made therein without departing from the 
invention, and it is, therefore, aimed in the ap 

circuit 22, on grid 4 and %e on grid 40. By 75 pended claims to cover all such changes and modi 
  

  

  

  

  

  

  

  



4 
fications as fall within the true spirit, and Scope: 
of the invention. . . . . . . . . . . . . . . . . . 
What claim is: . . . 

2,352,488 
i tronic device, the input voltage-anode current 

Atelevision signal translating system com 
prising a signal channel, a first means for con 
trolling, a flow of electrons, a second means for controlling a flow of electrons, the input voltage 
anode current characteristic of said first means providing a gamma greater than unity, the input 
voltage anode current characteristic of Said Sec 
ond means providing a gamma less than unity, 
and a voltage dividing means coupled between 
said channel and said first and second-means, for 
dividing the television signal and impressing it on 
each of said first and second means to impart a 
gamma to the resulting signal, which may be 
cither greater or less than unity. . . . . . . 
2. A television signal translating system com 

prising a signal channel, a multi-electrode. elec 
tronic device, the input voltage anodes current 
characteristic of one electrode providing a gamma greater than unity, the input voltage-anode, cur 
rent characteristic of another electrode providing 
a gamma less than unity, and a voltage dividing 
means coupled between said channel and said 
electrodes for simultaneously dividing the tele 
vision signal and impressing it, on each of said 
electrodes to impart a gamma to the resulting 
signal which may be either greater or less than 

3. A television signal translating system com 
prising a signal channel, a multi-electrode elec 
tronic device, the input voltage-anode current 
characteristic of . one electrode providing a 
gamma greater than unity, the input voltages 
anode current characteristic of another electrode 
providing a gamma less than unity, a first out 

characteristic of , one grid providing a gamma 
greater than unity, the input voltage-anode cur 
rent characteristic of another grid providing a 
gamma less than unity, a first input poten 
tioneter coupled between said channel and said 
one grid, a second input potentiometer coupled 

O 

between said channel and said other grid and 
control, means, common to said potentiometers 
for operating them to increase the output of one 
potentiometers and simultaneously to decrease 

, the output of the other potentiometer, whereby 
the television signal in said channel may: be di 
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vided, and impressed on each of said grids to in 
part, a gamma to the resulting signal which may 
be either greater or less than unity. 

5. The method of translating a television signal 
comprising the steps of dividing a video signal 
into at least two components, imparting a gamma. 
greater than unity to one of said components, 
imparting a gamma less, than unity to the other 
of said components and combining said compo 
.nents to obtain a signal having a ganna either 
greater or less than unity. v. 

6. The method of translating a television sig 
nal comprising the steps of dividing a video signal 
of a given voltage into voltage components the 
sum of which is equal to said given voltage, im 
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put potentiometer coupled between said channel 
and said one electrode, a second input poten 
tiometer coupled between said channel and said 
other electrode and control means for operat 
ing, said potentiometers to, increase the output 
of one potentiometer and decrease the output of 
the other potentiometer, whereby the television 
signal may be divided and impressed on each of 
said electrodes to impart a gamma to the result 
ing , signal which 
than unity. 

parting a gamma greater than unity to one of 
said components, imparting a gamma less than 
unity to the other of said components and com 
bining said, components to obtain a signal hav 
ing a gamma, either greater or less than unity 
and an amplitude substantially equivalent to 
the amplitude of said video signal. . . . . . 

7. The method of translating a television sig 
nal comprising the steps of dividing a video sig 
nal of a given voltage into voltage components 
the sum of which is equal to said given voltage, 

40 

45 
may be either greater or less 

A television signal translating system com 
prising a television channel, a multi-grid elec 50 

impressing each component on a different grid of 
an electron tube, imparting a gamma greater 
than unity to one of said components, impart 
ing a gamma less than unity to the other of said: 
components and controlling the output of said 
electron, tube by said components to obtain a 
signals having a gamma, either greater or less 
than unity and a magnitude substantially equiv 
alent to the magnitude of the input signal. 

  


