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This invention relates to thermionic valve 
circuits. 

It has often been desirable in such circuits to 
arrange for the cathode current to be the Sane 
as, or a substantially constant fraction of, the 
anode current. When it is desired to employ neg 
ative feedback from the current Supplied to a 
complex load circuit in the anode circuit of a 
valve, it may be found that it is not possible to 
insert a resistance at any point in the anode to 
earth circuit owing to the high capacity of the 
valve anode to earth. in these circumstances it 
is common practice to insert the feedback. resist 
ance in the cathode-earth circuit... With Such an 
arrangement it is necessary to ensure that the 
cathode current is the same as, or a constant 
fraction of, the anode current and When a triode 
valve is employed, which is always Operated With. 
the control electrode negative with respect to the 
cathode so that no control electrode current flows, 
the Cathode current is equal to the Space current 
reaching the anode and except for very high fre 
quencies where the shunting effect of the Cathode 
earth stray capacity is appreciable compared with 
the cathode feedback resistance, the potential 
measured at the cathode is a true measure of the 
anode current and is suitable for feedback pur 
poses. However, it is often desirable in such a 
feedback circuit to use a tetrode or other multi 
grid valve and if, as is usually the case, one or 
other of the electrodes between the Cathode and 
the anode draws current then the cathode cur 
rent is not the same as, or a constant fraction Of, 
the anode current with the result that the cath 
ode potential is not a true measure of the anode 
current. Likewise, where a triode Valve. is en 
ployed and the control electrode is drive posi 
tive so that current foWS to this electrode, the 
cathode potential is again no longer a true meas 
ure of the anode current. Such effects are par 
ticularly noticeable when employing valves in 
which the wires of the various electrodes are 
aligned, in which case current, drawn, for exam 
ple, by a screening electrode is not even approxi 
nately a constant fraction of the anode current. 
In circuits other than feedback circuits, Similar 
difficulties may arise. One example of such a cir 
cuit is where impedances are provided in the 
anode and Cathode circuitS and it is desired to 
obtain a true pushpull output from the anode and 
Cathode impedanceS. 
The object of the present invention is to pro 

vide an in proved Circuit employing a thernionic 
valve having one or more electrodes between the 
cathode and anode which draw signal current but 

5 Claims. (CI. 179-171) 

5 

O 

15 

25 

30 

40 

50 

55 

2 . 
in which the variation of signal current in the 
Cathode load is arranged to be the same as, or a 
Substantially constant fraction of, the variation 
of the anode signal current. 
According to the invention a, thermionic valve 

circuit is provided employing a valve having one 
Or more electrodes between the cathode and anode 
which are likely to draw current, said valve also 
having an impedance in the anode circuit and an 
impedance in the cathode circuit, and wherein 
in order that the cathode load current variation 
is maintained more nearly equal to, or more near 
ly a constant fraction of, the anode current varia 
tion, Said one or more electrodes which are likely 
to draw current are decoupled to the cathode. 
Where the invention is applied to a valve in which 
the Screening electrode draws current, the feed 
resistance for said electrode is arranged to be 
large compared with the cathode impedance so 
that variations in the screen current are returned 
Substantially entirely direct to the cathode and 
do not flow through the cathode load impedance. 
The impedance of the decoupling condenser em 
ployed at the lowest frequency to be considered 
in the signals passed by said valve should not be 
Iinore than the cathode load impedance. If it is 
required for the valve to pass a D. C. signal con 
ponent, the decoupling condenser may be re 
placed by a constant voltage device such as a 
neon discharge unit or floating battery or float 
ing power unit. In the case where a valve is em 
ployed in which the control electrode is driven 
positive, Said electrode may be driven from a 
Cathode follower and the anode of the cathode 
follower is decoupled to the cathode of said valve. 

In Order that the said invention may be clearly 
understood and readily carried into effect, the 
Sane Will now be more fully described with ref. 
erence to the accompanying drawings, in which: 

Figure 1 illustrates a circuit arrangement ac 
cording to one embodiment of the invention, 

Figure 2 illustrates a circuit arrangement ac 
Eling to another embodiment of the invention, 

a. 

Figure 3 illustrates a further embodiment of 
the invention. . ; ; 
The invention is shown in Figures 1 and 2 as 

being applied to a thermionic valve circuit em 
ploying a cathode impedance for obtaining nega 
tive feedback, it being required that the potential 
as measured at the cathode of said valve shall be 
a true measure of the anode current of the valve. 

Referring now to Figure 1 of the drawings, the 
valve is shown as a tetrode valve having a cath 
ode 2, control electrode 3, screening electrode 4 
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and anode 5. The cathode is provided with a re 
sistance 6 and the anode 5 with a load impedance 
7, which may be a complex load, through which 
the anode is connected to the positive terminal 
of a source 8 of anode current, the negative ter 
minal of which is earthed, as shown. The Screen 
ing electrode 4 is maintained at a positive poten 
tial by connection to the positive terminal of the 

Since in source 8 through a feed resistance 9. 
operation the screening electrode 4 will draw 
current and in order that the potential varia 
tions measured at the cathode shall be a true 
measure of the anode current variations, the 

10 

screening electrode 4 is decoupled directly to the 
cathode 2 through a decoupling condenser 0 
which is connected, as shown, between the Screen 
ing electrode 4 and the upper end of the cathode 
resistance 6. The feed resistance 9 is arranged 
to be large compared with the cathode resistance 
6 so that variations in the current drawn by the 
electrode 4 are returned substantially entirely 
direct to the cathode and do not flow through 
the resistance 6. The impedance of the decou 
pling condenser 0 at the lowest frequency con 
sidered in the signals passed by the valve should 
not be more than the resistance 6. In the ex 
ample shown in Figure 1 the control electrode 3 
may also be driven positive and this control elec 
trode is also decoupled to the cathode 2. In order 
to effect such decoupling, signals applied to the 
valve are fed thereto from input terminals f 
via, a valve 2 which, in the example shown, is a 
triode valve, but which may be any other valve 
used as a triode, said valve 2 being provided 
with a cathode resistance f3 so that it functions 
as a cathode follower. The cathode of the valve 
f2 is Supplied from a Source of negative poten 
tial. 4. The anode of the valve 2 is connected 
through a load resistance 5 to the positive ter 
minal of the Source of anode current 8 and the 
anode of the valve 2 is decoupled via a decou 
pling condenser 6 to the cathode 2 of the valve f. 
Providing the resistances 3 and 5 are large 
compared with the resistance 6, any current 
drawn by the control electrode 3 of the valve is 
effectively returned to the cathode 2 without 
passing through the resistance 6 via the cathode 
anode path of the valve 2. The impedance of 
the decoupling condenser 6 at the lowest fre 
quency considered in the Signals applied to the 
terminals f should not be more than the resist 
ance 6. It is of course aSSumed that the valve 2 
is operated under such conditions that the control 
electrode of Such valve does not pass current. 
By virtue of the arrangement shown in Figure 

1, the potential measured at the cathode of the 
valve is a true measure of the anode current of 
the valve and the feedback potential produced 
across the resistance 6 is employed in well known 
manner to produce the required negative feed 
back. - 

Figure 2 of the drawings illustrates a further 
embodiment of the invention in which the de 
coupling condensers 0 and 6 are replaced by 
neon discharge units and in which the feedback 
potential produced across the cathode resistance 
6 is amplified and fed back to the valve . In 
Figure 2 signals to be amplified are applied to 
input terminals f f and thence to a pair of valves 

and 8, the cathodes of which are coupled 
together and connected to a cathode-load re 
Sistance 9, the anode of the valve 8 being con 
nected via a load resistance 20 to the positive 
terminal of the source of anode current 8 and is 
connected, as shown, via a D. C. coupling circuit 
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4. 
comprising resistance 2, condenser 22 and re 
sistance 23 to the control electrode of the valve 
2 which functions in the manner described with 

reference to Figure 1. Instead of the anode of 
the valve 2 being connected through a con 
denser 6 to the cathode of the valve , as in the 
arrangement shown in Figure 1, it is connected 

.. thereto via a neon discharge unit 24. Such form 
of decoupling enables a D. C. signal component 
to be passed. Ilikewise, the screening electrode 4 
Of the valve is also decoupled to the cathode 2 
Of the valve Via, a neon discharge unit 25. In 
Figure 2 the feedback potential developed across 
the resistance 6 is applied to the control electrode 
of the valve 8 where it is amplified and ultimately 
applied to the valve . 
With the arrangements shown in Figures 1 

and 2 of the drawings, if the control electrode 
of the valve f is driven positive, the gain of the 
cathode follower 8 suffers a slight but fairly 
Sharp discontinuity at the point when current 
flows to the control electrode of the valve and 
this is liable to cause a small but undesirable 
transient oscillation in the output particularly 
if the valve 2 is employed in a feedback loop as is 
the case with the circuit shown in Figure 2. In 
Order to reduce such transient oscillation a cir 
cuit of the kind described in U. S. Patent 2,358,428 
can be employed in place of the valve 2. Figure 
3 of the drawings illustrates a circuit similar to 
that shown in Figure 1 but modified to include a 
pair of valves 26 and 27 in place of the valve 2. 
It will be seen that the two valves 26 and 27 are 
arranged in a manner similar to that described 
in Figure 1 of the aforementioned patent. The 
valve 27 as well as the valve 28 is arranged to 
Set up signals between the control electrode and 
Cathode of the valve under the control of sig 
nals applied to the control electrode of the valve 
26. In the absence of signals the anode currents 
of the valves 26 and 27 are opposite in sense but 
When signals are applied to the control electrode 
of Valve 26 the currents vary oppositely so that 
the Signal contributions fed between the control 
electrode and cathode of valve are in aiding 
Sense. The effective slope of the circuit employ 
ing the two valves 26 and 27 is therefore much 
higher, compared with the case in which the 
Single valve 2 is employed, so that the discon 
tinuity in gain when current commences to flow 
to the control electrode 3 of the valve is less 
marked. The valve 27 is provided, as shown, with 
a cathode resistance 28, the cathode of this valve 
27 being decoupled to the cathode 2 of the valve 
through decoupling condenser. 29. This decou 
pling is in place of the decoupling of the anode 
of valve 2 in Figure 1 since, due to the employ 
ment of the two valves 26 and 27, the lower valve 
27 Will take greater current load than the upper 
valve 26. The anode of the valve 26 can also be 
decoupled by decoupling condenser. 30 to the cath 
ode 2 of the valve to obtain better results. 
Although the invention has been described 

above as applied to negative feedback circuits, it 
Will be understood that the invention can be 
applied to other types of circuits. 
What We claim is: 
1. In an electronic signal amplifying System 

for operation over a desired frequency range in 
cluding a predetermined low frequency of signals, 
the combination of a first electron discharge de 
Vice having a cathode electrode, an anode elec 
trode and control and screen electrodes, a cath 
Ode electrode feedback resistor for obtaining neg 
ative feedback, and a circuit arrangement for 
maintaining the cathode and anode currents of 
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Said first electron discharge device at Substan 
tially a constant ratio comprising a first in 
pedance means coupling Said screen and cathode 
electrodes, a Second electron discharge device hav 
ing an anode circuit, a cathode circuit and a sig 
nal input circuit, a direct connection between 
Said Cathode circuit and said control electrode, 
Second impedance means coupling Said anode cir 
cuit and said cathode electrode, direct-current 
energizing means having positive and negative 
terminals, a load impedance coupling said anode 
to said positive terminal, respective impedance 
elements having impedance values relatively large 
with respect to said feedback resistor coupling 
Said Screen electrode and Said anode circuit to 

O 

5 
Said positive terminal and coupling said cathode 
circuit to said negative terminal, said negative 
terminal and Said feedback resistor being con 
nected to a point of reference potential, and said 
first and Second impedance means at Said pre 
determined frequency of signals applied to said 
signal input circuit having impedance values not 
greater than the impedance of said feedback re 
Sistor. 

2. In an electronic signal amplifying system, 
the combination as defined in claim 1, in which 
the first impedance means comprises a capacitor, 
and in which the Second impedance means com 
prises a capacitor. 

3. In an electronic Signal amplifying System, 
the combination as defined in claim 1, in which 
the first impedance means comprises a gas dis 
charge device. 
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6 
4. In an electronic signal amplifying system, 

the combination as defined in claim 3, in which 
the Second impedance means. Comprises a gas 
discharge device. 

5. In an electronic signal amplifying System, 
the combination as defined in claim i, in which a 
third electron discharge device has an anode con 
nected to the cathode circuit, a cathode capaci 
tively coupled to the cathode electrode, a control 
element capacitively coupled to the anode circuit, 
and a resistive Connection between said control 
element, and said cathode. 

ERIC AWRENCE CASLING WHITE. 
ROLAND WILLIAM ELBOURN. 
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