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This invention relates to thermionic valve am 
plifiers and has particular, although not exclu 
sive, reference to amplifiers employed in tele 
vision systems in which picture films are trans 
mitted. 

It is well known that if the brightness of the 
image points viewed upon a cinema, projection 
screen are directly proportional to the points of 
the object from which they are derived, then 
the picture viewed will appear flat and lack bril 
liance. It is, therefore, the practice to develop 
picture films in such a manner that detail in 
the lighter or less opaque portions of the posi 
tive prints, is emphasised relatively to the detail 
in the darker or more opaque portions. A film 
developed in this manner is said to be developed 
to a gamma or intensity contrast of value greater 
than unity and when projected upon a screen 
the images derived from such a film possess more 
brilliance and detail than images projected from 
a film of intensity contrast equal to unity. The 
gamma or intensity contrast value employed is 
usually between 1 and 2. 
In the case of subjectS. transmitted directly 

by television, although the pictures normally re 
quire a gamma of between 1.5 and 2.0 So as to 
produce a pleasing effect, it is usual to transmit 
television signals at a gamma of approximately 
unity and to allow the necessary correction to be 
effected at the receiver, usually by utilising the 
curved characteristic of the receiving cathode 
ray tube. 
When a picture film is transmitted by means 

of a camera of the iconoscope type, the trans 
mitting tube, at the high light intensities used, 
tends to reduce the gamma below unity and thus 
reduces the intensity contrast of the film so that 
no correction is required before transmission. 
When a mechanical or other linearly operating 
system such as a cathode ray scanning tube and 
photo-cell is employed, the output from the scan 
ning device will have the same gamma as: that 
of the film which is scanned. As most commer 
cial films have a gamma of between 1.5 and 2.0, 
some provision must be made for gamma cor 
rection unless Special films are employed. The 
required correction represents the introduction of 
a fractional power conversion law between the 
input and the output and known forms of circuit 
arrangement for gamma correction do not provide 
for the easy operation of such a conversion law. 
The curvature of the normal valve characteristic 
is opposite to that required, namely, a power law 
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invention, therefore, is to provide alternative, 
forms of circuit arrangement which enable an 
approximately fractional power law between in 
put and output to be obtained. 
According to the present invention, a circuit 

arrangement for providing an output represent 
ing a fractional power of an input includes a 
thermionic valve through which current propor 
tional to the input is caused to flow, the connec 
tions in the circuit being such that the output. 
is determined by the relative potentials of the 
grid and cathode of the valve. 
In a particular circuit arrangement according 

to the invention the current fed to the cathode 
of said valve is arranged to be constant and its 
control grid is maintained at a fixed potential, 
the Output being taken from the cathode. The 
operation of the circuit, is such that the current 
through the valve is substantially a linear re 
production of the input, the linearity being en 
sured by the provision of negative feedback and 
the output is determined by the relative poten 
tials of the grid and cathode of the valve. 
The cathode of the valve may be fed from the 

anode of a second valve of high anode imped 
ance, said second valve being operated in a sub 
stantially linear manner as by the insertion of a 
resistance in its cathode lead, and the arrange 
ment being such that the current through the 
first valve is proportional to the input and the 
departure of the grid-cathode potential from the 
anode current cut-off value is proportional to a 
fractional power of the anode current with the 
result. that, the output at the cathode of the first 
valve represents, a fractional power of the input. 
In another form of circuit arrangement em 

bodying the invention a resistance is connected 
in the cathode lead of the first-mentioned valve 
and the output is taken from the cathode to a 
pair of valves, connected in push-pull and having 
a common cathode resistance so that the differ 
enees of potential applied to their grids are am 
plified and not the absolute potential of the cath 
ode and grid. 
In order that the invention may be more clear 

ly understood and readily carried into effect, al 
ternative forms of circuit arrangement embody 
ing the invention will now be described by way 
of example with reference to Figures 1, 2 and 3 
of the accompanying drawing. 

Referring to Figure 1 of the drawing, frepre 
sents an input lead to the control grid of a 
pentode valve 2, the anode of which is connected 
to the cathode of a valve 3. The grid volt 

between 1.5 and 2.0, and the object of the present age/anode current characteristic of the valve 3 
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has a power law greater than 1, and the power 
law is employed to give an output at the lead 4 
which is a fractional power of the input. The 
leads to the anode of the valve 3 and the screen 
ing grid of the valve 2 are connected to Suitable 
sources of high tension supply and the lead to 
the control grid of the valve 3 is connected to 
a suitable source of bias potential. It is assumed 
that the steady potential at the control grid of 
the valve 2 is maintained at a suitable value by 
a D. C. coupling from the input source or by re 
establishment of the direct current component 
at the grid. 
The valve 2 to which the input signals are ap 

plied is made to operate in a linear manner as, 
for example, by the insertion of a resistance 
(not shown) in the cathode lead. The current 
through the valve 3 due to the high impedance 
of the pentode valve 2 is, therefore, proportional 
to the input and since the departure of the 
grid/cathode potential from the cut-off value is 
proportional to a fractional power of the anode 
Current, the Output at the lead 4 will represent 
a fractional power of the input. 

In the arrangement of Figure 1, picture black 
Will be represented by a low current value from 
the valve 2 and picture white will be represented 
by a high current value. In order to obtain the 
complete power law it would be necessary to ad 
just the bias potential applied to the valve 3 so 
that it would be at the threshold of anode cur 
rent cut-off for signals representing picture 
black. Such an adjustment would, however, 
necessitate operating at a point in the charac 
teristic curve corresponding to a picture black 
With a very high impedance facing the output 
lead 4 with consequent large loss of response at 
high frequencies. In practice, therefore, it is 
necessary to operate the valve 3 so that it passes 
a Small current for picture signals representing 
black. 
The operating range for the valve 3 is selected 

to extend over a part of the characteristic curve 
of the valve exhibiting the necessary curvature 
in terms of grid voltage required against anode 
current Supplied. A sharp curvature Over the 
initial portion of the curve can be obtained by 
operating the valve 3 with as low an anode volt 
age as possible consistent With the transmission 
of the necessary signal without undue heating 
due to the flow of grid current. In practice also 
it is not possible to operate the valve 2 in a 
linear manner at Zero current and it is, there 
fore, necessary either to have an initial operating 
condition with a small standing current, or to 
connect a resistance between the output lead 4 
and a sufficiently highly positive point in a source 
of high tension Supply to cause Sufficient stand 
ing current to render the output of the valve 2 
linear. Alternatively, a diode may be used in 
place of valve 3, the anode of the diode replacing 
the grid and being taken to a fixed potential. 
In practice, however, diodes tend to give a very 
rapid curvature followed by a substantially linear 
characteristic, and are not, therefore, so Suitable 
as valves containing a grid. 

Figure 2 shows a System in which negative 
feedback is utilized to cause the input valve 5 to 
pass current proportional to the value of the 
input applied between grid and cathode by means 
of a high resistance 6 connected in the cathode 
lead. Assuming an initial operating condition 
at which a small current is flowing through the 
valve 5 for picture signals representing black, 
if the value of the resistance 6 is sufficiently 
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2,269,001 
high, positive increments in the input will cause 
increase in current flowing in the valve 5 pro 
portional to the input signals. As the valve 5 
has a power law greater than 1 connecting its 
anode current and the departure of the 
grid/cathode potential from the cut-off value, 
the grid/cathode potential of the valve 5 for 
linear signal current changes will be a fractional 
power of the input. The difference of potential 
is passed to the valves 7 and 8 connected in 
push-pull and having a common cathode re 
sistance 9 so that they amplify differences of po 
tential applied to their grids but do not amplify 
On account of the high resistance 9, the absolute 
potential of the cathode and grid. The output 
signal thus appears at the anode of both valves 
6 and 7 and can be taken away from the leads 
4, 4' separately or simultaneously from both in 
push-pull. A push-pull arrangement of the out 
put is more satisfactory due to the difficulty of 
completely eliminating the absolute potential of 
the cathode and grid of valve 5, as the resistance 
9 cannot be made infinite and is always shunted 
by the capacity of the cathodes of the valves 7 
and 8. The battery O indicates a suitable 
SOUrce of bias potential for the control grid. 

Figure 3 shows an arrangement in Which cur 
rent is fed from the anode of the valve cor 
responding with valve 3 in Figure 1 and 5 in 
Figure 2, back to its control grid. Anode re 
Sistances 2 and 3 connected to the valves 2 and 

respectively and the feedback coupling re 
Sistance 4 are made composite with the same 
ratios of decoupled and undecoupled resistances 
and the same time constant of condensers 5, 
f6, 9 and resistances which they shunt. These 
an Ode Connections permit a direct current cou 
pling of the kind described in the specification 
of British Patent No. 456,450 to be employed 
between the anode of the input valve 2 and the 
control grid of valve . The valve f is arranged 
to paSS nearly Zero standing current at input 
Signal levels representing picture black. The in 
put signals are applied to the lead with signal 
amplitudes representing white in the negative 
direction and linear current changes in the valve 
2 are produced due to the feedback resistance 7 
in the cathode lead, Changes of current at the 
anode of the Valve produce increments of cur 
rent in the valve and these increments tend 
to oppose the voltage applied to the grid of the 
Valve f. When the feedback from valve to 
its control grid is sufficiently great, changes of 
Current from the Valve 2 are opposed by changes 
of current from the valve so that as before 
the current flowing through the valve is ap 
proximately a linear replica of the input voltage 
at . The required condition that the voltage 
at the grid of the valve shall be a fractional 
power of the input voltage is, therefore, obtained. 
In One circuit arrangement anode resistance 3 

is made infinite and the resistance 4 is made 
Zero So that all current from the valve. is fed 
back. Such an arrangement renders rather crit 
ical the Setting of the exact operating point on 
the characteristic curve of valve fl. In an al 
ternative arrangement, therefore, the resistances 
3 and 4 may be made about equal so that ef 

fectively half the current from the valve is 
fed back to the anode of valve 2. The poten 
tial at the lower end of the grid leak resistance 
8 may be selected so that the standing current 
in the valve will be near the cut-off value at 
picture signals representing black. The action 
tending to lessen the gamma value may be re 
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duced by operating the valve to pass more 
current at black signal levels and by inserting a 
resistance between its cathode and earth in Order 

3. 
5. A thermionic amplifier comprising a power 

Supply, a first thermionic tube having a cathode, 

to obtain the same output range for the picture. 
black, to picture white signal input range ap 
plied at . 
I claim: 
1. A thermionic amplifier circuit Comprising a 

thermionic tube having a cathode, a control elec 
trode and an anode, a source of Signal energy, 
means to maintain current flow through said 
tube proportional to the amplitude of said signal 
energy, means to develop a non-linear potential 
difference between said control electrode and 
cathode, said non-linearity being With respect to 
the amplitude of said signal energy, and means 
for deriving output energy in accordance With 
said potential difference. - 

2. Athermionic amplifier circuit comprising a 
thermionic tube having a cathode, a control elec 
trode and an anode, a source of signal energy, 
thermionic means to maintain current flow 
through said tube proportional to the amplitude 
of said signal energy, means to develop a non 
linear potential difference between said control 
electrode and cathode, said non-linearity being 
with respect to the amplitude of Said signal 
energy, and means for deriving output energy 
in accordance with said potential difference. 

3. A thermionic amplifier circuit comprising a 
thermionic tube having a cathode, a control elec 
trode and an anode, a source of signal energy, 
means to maintain current flow through said 
tube proportional to the amplitude of said signal 
energy, thermionic means to develop a non-linear 
potential difference between said control elec 
trode and cathode, said non-linearity being with 
respect to the amplitude of Said signal energy, 
and means for deriving output energy in accord 
ance with said potential difference. 

4. A thermionic amplifier circuit comprising a 
thermionic tube having a Cathode, a control elec 
trode and an anode, a Source of Signal energy, 
thermionic means to maintain current flow 
through said tube proportional to the amplitude 
of said signal energy, thermionic means to de 
velop a non-linear potential difference between 
said control electrode and Cathode, Said non 
linearity being with respect to the amplitude of 
said signal energy, and means for deriving out 
put energy in accordance with said potential dif 
ference, 
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a control electrode and an anode, a resistance 
connected between said power supply and said 
cathode, a second thermionic tube having a cath 
ode, a control electrode and an anode, means to 
connect the cathode of said Second tube to the 
anode of Said first tube, means to supply energy 
from said power supply to the anode of said sec 
ond tube, means to supply signal energy to the 
Control electrode of said first tube, means to 
maintain the control electrode of said second 
tube at a substantially constant potential, and 
means to derive output energy from between said 
connecting means and the junction point of said 
power Supply and said resistor. 

6. An amplifying system comprising a first 
thermionic tube having a cathode, a control elec 
trode and an anode, the source of energy for 
energizing said anode, an impedance path con 
nected between said cathode and said source of 
energy, a source of signal energy connected to 
Said Control electrode, a push-pull stage of ther 
mionic tubes, each of said tubes having at least a 
Cathode, a control electrode and an anode, a di 
rect connection from said, Source of signal en 
ergy to the control electrode of one of the said 
push-pull tubes, a connection from said imped 
ance path to the control electrode of the other 
of Said push-pull tubes, and means to derive out 
put energy from both of the anodes of said push 
pull tubes. 

7. A thermionic amplifying system comprising 
a first thermionic tube having at least a cathode, 
a control electrode and an anode, means to Sup 
ply signal energy to the control electrode of said 
tube, means to supply energy to the anode of said 
tube, an impedance path connected between the 
cathode and said source of energy, a second 
thermionic tube having at least a cathode, a con 
trol electrode and an anode, coupling means be 
tween the anode of said first thermionic tube and 
the control electrode of said second thermionic 
tube, further coupling means between the anode 

5 of Said first thermionic tube and the anode of 
said second thermionic tube, and means to derive 
output energy between the control electrode and 
the Cathode of said second thermionic tube. 
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