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The present invention relates to improvements 
in devices Such as amplifiers adapted to employ 
very weak currents, particularly to devices com 
prising photoelectric cells. The arrangements 
acording to the invention are particularly ad 
Wantageous in Systems such as television systems 
where a wide band of frequencies is to be ampli 
fied. 
One object of the invention is to provide ampli 

fier devices in which the parasitic noises are con 
siderably reduced or partially or totally elim 
inated. 
Another object of the invention is to provide 

coupling circuits between photoelectric cells and 
Vacuum tubes employed in such amplifiers. 
The system considered by way of example in 

the following description comprises a simple 
photoelectric cell element connected to a vacuum 
tube amplifier, and may be considered as repre 
sentative of other more complicated arrange 
ments such as electron beam devices, for ex 
ample, the iconoscope associated with amplifiers. 
In such a system the harmful noises are mainly 
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due (a) to variations which are either slow or 
temporarily accentuated by the intensity of the 
current in the photoelectric cell under the ac 
tion of light, these variations resulting from the 
thermionic agitation in the resistances of the 
coupling circuits and in the internal and external 
plate resistances of the tube and (b) to the sud 
den variations of the plate current caused by 
secondary electron emission or from the degree 
of ionisation of the tube. The mechanical vibra 
tions and the variations in the feed of the tube 
also give rise to noises in the amplifier. 

In the majority of cases, however, the noise 
due to thermionic agitation in the coupling resist 
ance between the photoelectric cell and the 
vacuum tube is the most important and it is a 
particular object of the invention to reduce this 
noise. . . . . . 

Another object of the invention is to reduce 
the noise due to the fluctuation of the grid cur 
rent which becomes more troubleSome When the 
noise of the thermionic agitation in the coupling 
circuit has been stifled. 

Still another object of the invention is to re 
duce the noise due to the thermionic agitation in 

- the external resistances of the plate of the tube. 
50 
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The features of the invention are set out in 
the appended claims and will be clearly under 
stood by means of the following description read 
in relation to the attached drawing in which: 

Fig. 1 shows an example of coupling between 
a photoelectric cell and a vacuum tube of an 

resistance of the tube. 

for high frequencies. 

amplifier according to the characteristics of the 
invention; 

Fig. 2 shows an example of coupling between 
a photoelectric cell and a vacuum tube of an 
amplifier employing a return feed; and 

Fig. 3 shows an example of coupling adapted . 
to reduce distortion in signals due to the grid 
Fig.1 shows a photoelectric cell CP and a 

vacuum tube TV and their coupling circuit. ... In 
this coupling circuit, R represents a pure re 
sistance which is the resultant of the insulating 
resistance of the photoelectric cell, the resistance 
of the vacuum tube and of an additional re 
sistance. When a circuit is employed for opera 
tions on - a wide frequency band, the additional 

O 

resistance normally placed in the circuit is rela 
tively low (for example of the order of 10,000 
to 100,000 ohms) in order to reduce the effect of 
the capacity C which tends to reduce the gain 

For Such. values of the 
photoelectric cell resistance other components 
coming in the resistance R may be neglected. 
The capacity C mentioned and shown in the 
drawing is a pure capacity and its value is de 
te: mined by the capacities offered by the photo 
electric cell, the additional resistance, the con 
nection line, and the vacuum tube. 
The intensity of the current produced by the 

effect of light on the photoelectric cell will be 
called I and the difference of potential at the in 
put of the vacuum tube will be indicated by Es. 
This difference of potential at the terminals of 
the tube is equal to...I. Z, if Z represents the in-, 
pedance of R and of Cin parallel. Consequently: 

- IR 

E-VICE 
The difference of potential due to the thern 

40 ionic agitation at the input of the tube for a 
frequency band equal to 1 is at the input of the 
tube; . 

Er=2VET, 
in which relation k is the Boltzmann constant, 
T the absolute temperature and r the resistive 
component of the combination of R and C in 
parallel. Replacing r by its value. 

R 
. . . . 1--a2C2R2 

the difference of potential ET is written: 

- e - 2V-TR 
. T V1-+.C.R. 
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The term 

Es 
Er 

then becomes: 

E. IR -VI-F C2E2 I-VR 
fiv1.O.R.X2V-TR 27, 

Consequently this tern is in direct propor 
tion to 

-VR 
In Order to improve the signal-to-noise ratio 

of a photoelectric cell and an amplifier and Sup 
posing that the current I generated by light in 
the cell has been taken as great as possible and 
the temperature T as Small as possible, the resist 
ance R must thus be increased. 

However, the high frequencies will then be 
considerably attenuated. It is, however, always 
possible to compensate this attenuation by a cor 
rector network suitably provided. 
In the example under consideration the Com 

bination of R and C has been considered, but it 
is clear that any other combination of imped 
ances may be considered without abandoning the 
characteristic of the invention which consistS in 
reducing the resistive component of the combina 
tion of impedances considered. 
When the resistance R has no upper limit and 

is given an extremely high value, the resistance 
of the photoelectric cell and of the vacuum tube 
and the grid-cathode resistance are no longer 
negligible With respect to the resistance shunted 
on the connecting circuit, and as in general 
these resistances are not constant, the device 
tends to become unstable. Even for resistances 
of 10 to 100 megohms it may sometimes be neces 
Salty to avoid variations in the insulation re 
sistances by drying the air surrounding the en 
velopes of the photoelectric cell and the vacuum 
tube. Alternatively or in addition the tube may 
be chosen and operated So that the grid Current 
is of low intensity and consequently negligible. 
In this case in which the grid current and the 

in Suiation resistance no longer give a limit to 
the value of the resistance, the noise introduced 
by the resistance of the tube and the output 
plate circuit must then be considered. There is 
no reason to increase the input resistance fur 
ther when the noise due to the thermionic agita 
tion therein to the high frequencies is of the 
same order of intensity as the other noises. In 
order to take the greatest advantage of the re 
duction of this noise due to thermionic agitation 
it is consequently necessary to choose a tube 
giving only slight noises due to the effects of 
rapid or wavy fluctuation of the anode current, 
and to avoid any Secondary ionisation and emis 
Sion. The total noise produced by the tube 
should not be greater than the unavoidable noise 
due to the thermionic agitation in the plate cir 
cuit. One method of obtaining this condition is 
to reduce as far as possible the plate tension, 
even if the slope of the tube is thereby reduced. 

If the noises have been reduced SO that the 
noise due to thermionic agitation in the output 
plate resistance alone becomes innportant, this 
resistance must be increased aS much as poS 
sible so as to increase the amplification and to 
reduce the noise due to the thermionic agitation 
due to this resistance. There is no reason to in 
crease this resistance to a great, extent, first 
because the gain would be little when it became 
greater than the internal plate resistance, and 

2,202,522 
secondly because the distortion. Would be in 
creased. As the output resistance is shunted by 
the parasitic capacities of the tube, of the cou 
pling and of the connection circuit, the gain at 
the high frequencies would be less than at the 
low frequencies. 
This additional distortion can be reduced or 

Wholly compensated by the use of a return feed 
circuit of which an embodiment is shown in 
Fig. 2. 
The filament-grid circuit of the tube Com 

prising the photo-electric cell also comprises a 
source E in series with the cell, and a parasitic 
capacity C in shunt between the connection 
Wires, and a resistance Re in series With a bat 
tery E also shunted between the connection 
wires. The plate of the tube is connected to 
the high tension Source through a resistance Ra 
and a parasitic capacity Ca appears in Shunt 
on the output circuit of the tube. The return 
feed circuit between the plate and the grid com 
prises a resistance Rf and the parasitic capacity 
Cag. The values of Rg and Rf are taken. So as 
to have for the value of the return feed 6 a. 
value independent of the frequency: 

C-Fi - Ra - Cao C-i, and B-fir, C.C. 
The amplification u of the tube depends on the 
frequency, but its minimum value is taken such 
that in the formula of the resultant gain: 

= - I-6 
1--pag may be nearly equal to pig that is to say, 
p. 3 is large with respect to 1. Then at all fre 
quencies: ; 

a==constant 
Another effect of the return feed is to reduce 

at Very low frequencies the incoming load which 
OtherWise WOuld be considerable. 
The return feed must be such that the remain 

ing gain of the tube is still considerable. It 
Should also be noted that the existence of a re 
turn feed slightly reduces in itself the signal; 
noise ratio. 
The distortion due to the presence of the 

O 
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parasitic capacities in parallel with the high . 
resistance of the circuit can also be corrected in 
another way. When a wide frequency band is 
to be transmitted it may become possible to ig 
nore the frequencies lower than a certain value 
(for example, for a television image of 240 lines, 
the frequencies lower than 5000 p. p. s.). These 
frequencies may be eliminated by any well known 
means such as a filter F having a low frequency 
cut-off. The attenuation for all the frequencies 
higher than this value can then follow a simple 
law and may be compensated in a simple man 
ner by a Suitable netWork of resistances and ca 
pacities. In the case in which the lower fre 
quencies are partially required they can be re 
introduced by Separate means. - 
The SuppreSSion of the very low frequencies 

also has the advantage that the loading of the 
tube is much Smaller because these frequencies 

is ) 

would always have a very high amplitude on ac 
count of the high value of the grid resistance. 
By ignoring the very low frequencies and keep 

ing at a high level the lowest frequencies which 
must be considered, the following advantages 
can be obtained: 

1. The mechanical noise cannot disturb the 

io 
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amplifier and it is not necessary to take special . 
precautions from this point of view. 

2. The induction due to powerful low frequency 
fields does not have to be considered, which is 
advantageous on account of the difficulties met 
in low frequency systems. 

3. The current variations due to the feed net 
works have no influence on the device. The feed 
circuits, which before were expensive on ac 
count of the difficulty of filtering low frequen 
cies, can thus be simplified. 

4. The decoupling between the Various parts 
of the feed System is rendered easier. 

Fig. 3 represents a circuit including means for 
correcting the distortion due to a high grid re 
sistance. The photoelectric cell CP is connected 
to a Vacuum tube TV by a circuit comprising 
the batteries E and E' and by the resistance Rg 
shunted by the parasitic capacity C. This tube, 
in the output of which is placed in series with the 
battery E1, the anode resistance Ra shunted by 
the parasitic capacity Ca, is provided with a re 
turn feed obtained by a circuit comprising the 
resistance Rif shunted by the parasitic capacity 
Cag. 
The connection between the tube TV and a 

Second tube TV2 is composed of a coupling con 
denser Ci, a correction circuit comprising in par 
allel the resistance Re and the capacity Ce and 
finally in series with the source E1 the grid re 
sistance Rg shunted by the parasitic capacity Cs. 
The values RaCa, R.'gC'g, RcCe are low and the 

correction will be almost complete for the band, 
width concerned provided that the time constant 
RcCc has the same value as the constant RigC. 
In the case in which Rg is very high the input 
impedance is practically equal to 

l 
Co) 

and it is thien possible to dispense with Re and C. 
It is clear that the devices described above 

have Only been SO described by Way of example. 
and that the invention may be applied to various 
devices in which the parasitic noises must be 
reduced. 

3 
What is claimed is: 
1. An amplifier comprising a thermionic valve 

having a plate resistance of Such great magnir 
tude that noise due to thermionic agitation in 
said resistance is small and the amplifier gain 
at high frequencies tends to decrease and means 
for counteracting the decrease of gain compris 
ing a feed-back circuit including a resistance 
connected between the anode and grid of said 
valve for feeding a portion of the amplifier out 
put back to the input in phase opposition to the 
Signal to be amplified. 

2. An amplifier according to claim in which 
the ratio of the feed-back resistance to the grid 
leak resistance of the valve approximates to the 
ratio of the inherent input capacity to the in 

f 
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herent capacity across the feed-back resistance. 
3. A negative feed-back amplifier in which the 

feed-back circuit comprises an impedance con 
nected between the anode and control grid of 
the valve said feed-back circuit having a time 
constant approximating to that of the input in 
pedance of the valve whereby the ratio of feed 
back with respect to output substantially inde 
pendent of frequency. 

4. An amplifier according to claim 1, further 
comprising means for suppressing all frequen 
cies below a predetermined frequency range. 

5. An amplifier having a large plate resistance 
to reduce noise due to thermionic agitation, com 
prising a thermionic valve so constructed that 
substantially no grid current flows, means for 
compensating the high frequency gain losses in 
troduced by said large resistance, comprising a 
feed-back circuit connected between the anode 

30 

and grid of said valve for feeding back a por 
tion of the amplified output back to the input in 
phase opposition. . . . . . 

6. An amplifier according to claim 5, in which 
the ratio of the feed-back resistance to the grid 
leak resistance of the valve is substantially equal 
to the ratio of the inherent input capacity of 
the valve to the inherent capacity across the feed 
back resistance. x . . . 
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