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This invention relates to a circuit arrangement 
for the ampli?cation and/or frequency-changing 
of electric oscillations whose gain can be con 
trolled by variation of the mutual conductance 
of at least one of the tubes and in which use 
is made of negative feedback. 
In the low-frequency ampli?er art it is general 

practice to use negative feedback coupling for 
the purpose of decreasing the distortions caused 
by the curvatures of the valve characteristic 
curves. In circuits for the ampli?cation and/or 
frequency-changing of high-frequency oscilla 
tions dif?culties also arise due to the curvature 

) of the valve characteristic curves, and among 
other things, to the occurrence of the so-called 
cross modulation in wireless receivers and due to 
the production of harmonics of the signal to be 
ampli?ed which, particularly in superheterodyne 
receivers, lead to the production of harmful beat 

* tones. It has been suggested before to use nega 
tive feedback coupling for obviating the said dis 
advantages in high-frequency amplifying and 
frequency-changing circuits. 
In high-frequency circuit arrangements it is 

common to control the gain by variation of the 
mutual conductance of the ampli?er and mixing‘ 
valves. Such a gain control is also used in some 
cases in low-frequency amplifying circuits. Now, 

"' by variation of the mutual conductance of the 
tubes a negative feedback is arranged in a man 
ner which is common practice in the low-fre 
quency amplifying art by causing a part of the 

_ voltage occurring in the anode circuit to occur in 
"" phase-opposition in the input circuit, the disad 

vantage exists that the intensity of the feedback 
decreases with decreasing mutual conductance. 
This not only has the effect of counteracting the 
desired gain control but in the usual manner of 
control in which the gain decreases with increas 
ing signal intensity the disadvantage exists that 
the feedback is a minimum when powerful sig 
nals occur in which case the probability of dif 
ficulties due to the curvature of the characteris 

' tic curves is a maximum, whereas in the event 
of feeble signals in which case there is only lit 
tle probability of ‘difficulties consequent upon the 
curvature of the characteristic curves, a maxi 
mum feedback is obtained so that the sensitive 
ness of the ampli?er is unnecessarily decreased. 
The invention has for its object to obviate 

these difficulties. According. to the invention, the 
feedback voltage or current is for this purpose 
derived from the circuit or circuits of one or more 
current carrying electodes of at least one of the 

40 

if in a circuit in which the gain is controlled_ 

(Cl. 250-20) 
contolled tubes whose alternating current in 
creases or at least remains constant if the gain 
is decreased. ' 

According to the invention, the feedback volt 
age or current is preferably derived from the cir 
cult of a current carrying electrode, arranged be 
tween the anode and the input contol grid of a 
multigrid valve and the gain control is obtained 
by variation of the bias of a gain control grid I 
arranged between the said current carrying elec- ‘ 
trode and the anode. In a suitable embodiment 
of the invention there is also‘ on the anode side 
of the gain control grid 8. current carrying elec 
trode which is electrically connected ‘to the ?rst- , 
mentioned current carrying electrode. 1" 
According to a further feature of the invention 

the feedback is brought about by including in 
the circuit of the said current carrying electrode 
or electrodes a feedback impedance which is also 
included in the input circuit of the valve and the 
anode circuit for the frequency of the oscillations 
to be ampli?ed and/ or to be changed in frequency 
is connected to that end of the feedback imped 
ance which is connected to the cathode. In fre 
quency changing circuit arrangements the gain 25 
control grid and the anode have preferably ar 
ranged between them a control grid to which the 
locally generated oscillations are fed, a screen 
grid being arranged on either side of this latter 
control grid, the circuits of the said control grid "‘ 
and the said screening grids for the frequency of 
the oscillations to be transformed are connected 
to that end of the feedback‘ impedance which is 
connected to the cathode. , 
According to a further embodiment of the in- 35 

vention the circuit of the said current carrying 
electrode or electrodes includes an inductance 
coll which is shunted by an ohmic resistance 
whose value is low compared with the impedance 
of the inductance and which is coupled inductive 
ly to a second inductance which is included in the 
input circuit of the valve in series with a tuned 
oscillatory circuit. 
A circuit arrangement in which the intensity 

of the feedback is independent of the gain can 
' be obtained by including in the input circuit of 
the tube a feedback impedance which has pass 
ing through it the alternating current of all cur 
rent carrying electrodes; the gain control being 
effected by variation of the bias of a gain control 
grid which is arranged on the side of the input 
control grid remote from the cathode and which 
is separated therefrom by one or more screening 
grids. ~ . 

In order that the invention may be clearly 1m. 
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2 
derstood and readily carried into effect the same 
will now be described more fully with reference 
to the accompanying drawing wherein Fig. 1 
shows a high frequency stage which embodies the 
present invention, Fig. 2 shows a modi?cation of 
the circuit shown in Fig. 1, Fig. 3 shows a fre-_ 
quency-changing or mixing circuit for use in a 
superheterodyne type of receiver according to 
the invention, and Fig. 4 shows a further modi? 
cation of the circuit of Fig. 1. 

Fig. 1 shows the ?rst stage of ,a radio receiver 
in which use is made of a multigrid valve I com 
prising in succession a cathode 2, an‘input con 
trol grid 3, a current carrying electrode 4, a gain 
control grid 5, a screening grid 6, a suppressor 
grid ‘I, which is connected to the cathode, and 
an anode 8. The antenna 9 is connected to earth 
through an inductance I0 which is coupled in 
ductively to a second inductance II, the latter 
forming part of an oscillatory circuit which, by 
means of a variable condenser I2 can be tuned to 
the frequency of the received oscillations. The 
oscillatory circuit II, I2 is connected to the in 
put control grid 3 of the valve I. The anode 
circuit of the valve I includes an inductance I3 
coupled to a tuned output circuit I4. The am 
pli?ed high-frequency oscillations are obtained 
from the terminals I5 and I6. The anode cir 
cuit and the circuit of the screening grid 6 are 
connected, so far as high frequencies are con 
cerned, to the cathode 2 of the valve I by means 
of a condenser H. The circuit of the current 
carrying electrode 4 includes a condenser I9 and 
a feedback impedance I8, the latter being also 
included in the input circuit of the valve I. The 
feedback impedance I8 is shown in the ?gure as 
a high-frequency non-shunted ohmic resistance. 
Instead of using an ohmic resistance, use may, 
however, be made of another feedback imped 
ance, for example, of a greatly damped parallel 
resonance circuit. The gain control grid 5 has 
supplied to it via a conductor 20 a variable bias 
for gain control, said bias being varied by hand 
or automatically in accordance with the ampli 
tude of the received signals. So far as high fre 
quencies are concerned the gain control grid is 
connected to the cathode via a condenser 2| so 
that the feedback voltage cannot occur in the 
gain control grid circuit. Since in many cases 
the conductor 20 is earthed at another point so 
far as high frequencies are concerned, it is pref~ 
erable that the conductor 20 should include a ?l 
ter resistance 22. 
The operation of the‘ circuit arrangement de 

scribed is as follows. The gain control grid 5 is 
placed at earth potential or at a negative poten 
tial so that part of the electrons emitted by the 
cathode will change their directions in the prox 
imity of this grid and will flow to the positive 
electrode 4. The more negative the gain control 
grid 5, the greater will be this part. If the gain 
of the tube is decreased by an increase of the 
negative bias of the gain control grid 5, the al 
ternating current flowing to the electrode 4 will 
consequently increase so that the alternating 
voltage set up across the feedback impedance I8 
increases. The intensity of the feedback there 
fore increases if the gain is reduced so that in 
the event of powerful signals, in which case the 
gain is generally to be limited to a minimum 
value and there is moreover a great risk of di?i 
culties occurring due to the curvature of the 
characteristic curve, the maximum negative feed 
back occurs, whereas in the event of feeble sig 
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nals the feedback is low and the sensitiveness of 
the receiver is consequently not unnecessarily 
limited. 
An important advantage of the circuit arrange 

ment described resides in that the desired gain 
control is assisted by the variation of the inten 
sity of the feedback so that a highly e?icient gain 
control is obtained. 

If the feedback impedance I8 is formed as an 
ohmic resistance, the latter may also serve fun 
damentally for generating the required negative 
bias for the input control grid 3. For obtaining 
sul?cient feedback ‘ the feedback impedance 
should, however, generally be formed by an ohmic 
resistance of the order of magnitude of about 
2000 to 4000 ohms, said value being too high for 
generating a suitable bias for the input control 
grid. ‘In order to obviate this di?‘iculty, the 
D. C. circuit of the input control grid in the cir 
cuit arrangement of Fig. 1 includes only a part of 
the resistance I8 due to the fact’ that a point, 
intermediate the ends of the resistance I8, is 
connected to the control grid 3 via a resistance 
23 whose value is high compared with that of 
the resistance I8, whereas the end of the resist 
ance I8 which is remote from the cathode is 
connected to the said control grid via a con 
denser 24 which forms part of the oscillatory cir 
cuit I I, I2. This measure ensures that the total 
high-frequency voltage is set up across the re 
sistance I8 but only a part of the D. C. voltage 
occurring across this resistance is fed to the input 
control grid. , 

In many commercially obtainable multigrid 
valves the grids 4 and 6, arranged on either side 
of the regulating grid 5, are electrically con 
nected within the tube. Such tubes may also be 
used in the circuit arrangement according to the 
invention since generally the alternating cur 
rent of the grid 4, which increases with increas 
ing negative bias of the gain control grid, sub 
stantially exceeds the alternating current of the 
grid 6, which decreases at the same time. The 
use of such tubes may even be advantageous if 
the feedback set up in the event of feeble signals 
is desired not to be limited excessively. 
A tube of this kind is used in the circuit ar 

rangement of Fig. 2. In this embodiment of the 
invention an inductive feedback by means of coils 
25 and 26 is substituted for the feedback imped 
ance I8. The common circuit of the grids 4 and 
6 includes the coil 25 which is connected to earth 
via a condenser 21. In order to obtain the cor 
rect phase of the feedback voltage the coil 25 is 
connected in parallel with an ohmic resistance 
28 whose value is small compared with the high 
frequency impedance of the coil 25 so that the 
voltage set up across this coil is substantially in 
phase with the alternating current of the grids 4 
and 6. The coil 25 is coupled inductively to the 
coil 26 which is included in the input circuit of 
the valve I in series with the oscillatory circuit 
II, I2. 

It must be observed that the circuit arrange 
ment generally in use with positive feedback and 
in which the feedback coil is coupled to the in~ 
ductance of the input oscillatory circuit is pref 
erably not used in the present instance since the 
use of this circuit arrangement for negative feed 
back would lead to considerable damping of the 
input oscillatory circuit and to a falling-off in 
selectivity. Moreover, this circuit would exhibit 
the additional drawbacks that complete linearis 
ing of the valve characteristic curve would not 
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be obtained since for this purpose the harmonics 
set up by the curvature of the characteristic 
curve would have to occur also in the feedback 
voltage and due to the induction of the feedback 
voltage in the input oscillatory circuit the har 
.monics would be weakened with respect to» the 
fundamental frequency 
In the circuit arrangement of Fig. 2 it is pos 

’ sible to obtain the desired negative bias of the 
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input control grid in the usual manner by means 
of a resistance 29 included in the cathode con 
ductor and short-circuited so far as high fre 
quencies are concerned, by means of a condenser 
29’. . ' a 

For the rest the operation of the circuit ar 
rangement of Fig. 2 is identical with that of the 
circuit arrangement of Fig. 1. 

, Fig. 3 shows a frequency-changing circuit ar 
rangement embodying the invention which com 
prises a mixing valve 30 having a cathode 3|, an 
input control grid 32, a current carrying elec 
trode 33, a gain control grid 34, a, screening grid 
35, an oscillator control grid 36, a second screen 
ing grid 31, a suppressor grid 38 connected to- the 
cathode, and an anode 39. The received oscil 
lations are fed to the input control grid 32. The 
anode circuit includes an intermediate-frequency 
circuit 40 which is coupled inductively to a sec 
ond intermediate-frequency circuit 4|. The os 
cillations whose frequency is changed are taken 
from the terminals [5 and It‘. A negative feed 
back is obtained by means of a feedback im 
pedance I8 which is included in the input circuit 
and has the alternating current of the electrode 
33 passing in it, for which purpose this elec 
trode is connected, so far as high frequencies 
are concerned, via a condenser l9 to that end of 
the feedback impedance which is remote from 
the cathode. In order to obtain the desired nega 
tive bias for the input control grid 32 the re 
sistance I8 is connected in parallel with the se 
ries combination of a high-frequency choke 46 
and a resistance 41 so that the total D. C. re 
sistance in the cathode conductor is less than 
the resistance of the feedback impedance l8, the 
latter being generally too heavy to ensure a suit 
able bias for the control grid 32. 
The anode circuit and the circuits of the 

screening grids 35 and 3‘! are connected, so far 
as high frequencies are concerned, to that end of 
the feedback impedance 18 which is connected 
to the cathode so that the feedback is only gov 
erned by the alternating current of the electrode 
33. 
The gain control is obtained by feeding a vari 

able bias to the gain control grid 34. If the gain 
control grid is rendered more negative, the al 
ternating current of the anode 39 decreases, 
whereas the alternating current of the electrode 
33 increases. The intensity of the negative feed 
back consequently decreases with increasing gain. 

‘The local oscillations are preferably fed to the 
oscillator control grid 33 in such manner that the 
feedback voltage set up across the impedance l8 
does not occur in the circuit of the oscillator 
control grid. For this purpose, in the present 
circuit arrangement the local oscillations set up 
by a separate oscillator valve 42 are transmitted 
inductively to a coil 43 connected between the 
oscillator control grid 36 and the cathode 3!, the 
desired negative bias of the oscillator control 
grid being obtained by means of a grid con 
denser 45 and a leak 44. The inductive coupling 
between the oscillatory circuit 42' of the oscil 
lator 4,2 and the circuit .of the control grid 36 

3 
upon which the local oscillations are impressed 
offers the particular advantage that the tuning 
condenser of the oscillator can be connected to 
earth, which in the event of a different manner 
of coupling, would lead to a short-circuit of the 
feedback impedance l3. 
Due to the fact that the oscillator control grid 

35 lies on that side of the gain control grid 34 
which is remote from the cathode, and in addi 
tion is separated from the gain control grid by 
a screening grid 35, the oscillator control grid 
exercises practically no controlling action on the 
electrons that change their directions in the 
proximity of the gain control grid so that the 
alternating current of the electrode 33 contains 
almost uniquely the frequencies of the received 
oscillations and does'not contain the frequency 
of the local oscillations. 
For a satisfactory operation of the circuit ar 

rangements so far described it is desirable that 
the feedback current or voltage, derived from the 
circuit of the electrode 4 (Fig. 1) or 33 (Fig. 3) 
respectively has practically the same time vari 
ations as the cathode alternating current. For a 
given Value of the control voltage there must 
therefore be between the instantaneous values 
of the cathode alternating current and the al 
ternating current of the electrode 4 or 33 respec 
tively, preferably a practically constant ratio, or, v, 

‘30 in other words the ratio in which the stream of 
electrons which passes through the apertures of 
the input control grid 3 or 32 respectively is di 
vided by means of the regulating grid 5 or 34 re 
spectively between the electrode 4 or 33 respec 
tively and the other conducting electrode of the 
valve l or 33 respectively must be practically in 
dependent of the intensity of the said stream of 
electrons and hence of the voltage of the input 
control grid 3 or 32 respectively. 
This condition can be satis?ed by a special 

valve construction and/or by a special choice of 
the biases of the various electrodes, for example 
by taking care that only a very low space charge 
can be formed in the proximity of the control 
grid 5 of 34 respectively. ' 
A further method of rendering the current dis 

tribution, brought about by the gain control grid 
5 or 34 respectively, practically independent of 
the voltage of the input control grid 3 or 32 re 
spectively consists in feeding a suitably chosen 
part of the input alternating voltage to the gain 
control grid, which may be effected in a simple 
manner by connecting the gain control grid so 
far as high frequencies are concerned, to a suit 
ably chosen point of the input oscillatory cir 
cuit II, l2 instead of connecting it to the oath 
ode via the condenser 2|. If it is assumed that 
the in?uence of the voltage, set up across the 
input control grid, on thecurrent distribution, 
brought about by the gain control grid, is due to 
the controlling action of the input control grid 
on the space charge set up in the proximity of 
the regulating grid, the effect of the above meas 
ure may be due to the fact that part of the in 
put alternating voltage which is supplied to the 
gain control grid neutralises the action‘ of this 
space charge. It is found that this compensa 
tion can be obtained for all values of the gain 
control voltage by feeding the same part of the 
input alternating voltage to the gain control grid. 
The action aimed at in this case is independent 
of the value of the gain control voltage. In the 
circuit arrangement shown in Fig. 3 it is in ad 
dition desirable that the current distribution 
brought about by the oscillator control grid 36 
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4 
is independent as far as possible of both the volt 
age of the input control grid 32 and the voltage 
of the gain control grid 34. 

All thecircuit arrangements described so far 
exhibit the property that the intensity of the 
feedback decreases with increasing gain, said 
property being generally advantageous since it 
has the effect of ensuring a very efficient gain 
control, while at the same time the sensitiveness 
of the circuit arrangement to feeble signals is 
high. There may, however, also be cases in 
which such efficient gain control or such high 
sensitiveness of the circuit arrangement respec 
tively is not desirable and in which consequently 
a negative feedback may be used whose inten 
sity is independent of the gain. 
A circuit arrangement which permits of ob 

taining a negative feedback substantially inde 
pendent of the gain is shown in Fig. 4. This 
circuit arrangement is substantially identical 
with that of Fig. 1 but is differentiated there 
from by the fact that the anode circuit instead 
of being connected, so far as high frequencies are 
concerned, to the cathode is connected via the 
condenser [9 to that end of the feedback imped 
ance [8 which is remote from the cathode so 
that the feedback impedance has passing through 
it the alternating current of all conducting elec— 
trodes of the tube I. Since variation of the bias 
of the gain control grid 5 primarily results only 
in an alteration of the current distribution be 
tween the electrodes 4, 6 and 8 but not in an 
alteration of the emission stream, the total cur 
rent of all conducting electrodes is substantially 
independent of the gain control voltage. The 
feedback voltage set up across the impedance [8 
will consequently also be practically independent 
of the gain. 
A particular advantage of the circuit arrange 

ment of Fig, 4 resides in that it can be arranged 
in a most simple manner for changing the fre 
quency of the received oscillations. For this 
purpose it is only necessary to connect between 
the gain control grid 5 and the point of con 
nection of the condenser 2| to the resistance 
22 an impedance across which are set up the 
local oscillations, for example the inductance 43 
shown in Fig. 3. Thus a frequency-changing 
arrangement with negative feedback is obtained 
which is substantially simpler than the circuit 
arrangement shown in Fig. 3 but which has the 
disadvantage compared with the latter circuit 
that the gain control is less efficient and the 
sensitiveness' to feeble signals is also less. 
For obtaining the desired bias for the input 

control grid 3 use is made in the circuit arrange 
ment shown in Fig. 4 of a high-frequency choke 
48 which short-circuits'for direct current a part 
of the resistance l8. 
Although all the embodiments described have 

reference to the input stage of a wireless receiver 
the invention can also be used at one or more 
following stages. The invention is also applica 
ble to low-frequency ampli?er circuits whose 
gain is controlled by variation of the mutual 
conductance of the ampli?er valves. 
We claim: 
1. A circuit comprising an electron discharge 

tube provided with a cathode, an anode and a 
plurality of grid electrodes interposed between 
the cathode and anode, a signal input circuit 
connected to one of the grid electrodes, an out 
put circuit connected to the anode, means for 
impressing a feedback voltage on the input cir 
cuit in phase opposition to the signal voltage, and 

2,232,850 
means for applying a gain control voltage to 
‘one of the grid electrodes other than the signal 
grid, the intensity of the negative feedback vary 
ing directly with changes in the numerical value 
of the gain control voltage. 

2. A circuit comprising an electron discharge 
tube provided with a cathode, an anode and a 
plurality of grid electrodes interposed between 
the cathode and anode, a signal input circuit con 
nected to one of the grid electrodes, an output 
circuit connected to the anode, means for im 
pressing a feedback voltage on the input circuit 
in phase. opposition to the signal voltage, said 
feedback means comprising an impedance con— 
nected to the cathode and included in a path 
common to the input circuit and the circuit of 
one of the grid electrodes, and means for apply 
ing a gain control voltage to one of the grid 
electrodes other than the signal grid. 

3. A circuit comprising an electron discharge 
tube provided with a cathode, an anode and a 
plurality of grid electrodes interposed between 
the cathode and anode, a signal input circuit con 
nected to one of the grid electrodes, an output 
circuit connected to the anode, means for im 
pressing a feedback voltage on the input circuit 
in phase opposition to the signal voltage, said 
feedback means comprising an unbypassed re 
sistance connected to the cathode and included 
in a path common to the input circuit and the 
circuit of one of the grid electrodes, and means 
for applying a gain control voltage to one of the 
grid electrodes other than the signal grid. , 

4. A circuit according to the invention de?ned 
in claim 3 wherein a direct current connection 
is provided between the signal control grid and 
the unbypassed feedback resistance for supply 
ing a direct current bias for the signal control 
grid. 

5. A circuit according to the invention de?ned 
in claim 3 wherein an intermediate point on the 
unbypassed feedback resistance is connected to 
the signal control grid for impressing thereon 
a suitable negative bias. 

6. A circuit according to the invention defined 
in claim 3 wherein an impedance is connected 
in shunt to the feedback resistance whereby the 
total direct current resistance in the cathode 
circuit is less than the feedback resistance and 
of su?icient value to provide negative bias to the 
control grid. 

7. A circuit comprising an electron discharge 
tube provided with a cathode, an anode and 
?rst, second and third grid electrodes interposed 
between the cathode and anode, a signal input 
circuit connected to the ?rst grid electrode, 
means for impressing a feedback voltage on the 
input circuit in phase opposition to the signal 
voltage, said feedback means comprising an im 
pedance connected to the cathode and included 
in a path common to the input circuit and the 
circuit of the second grid electrode, means for 
applying a gain control voltage to the third 
grid electrode, the intensity of the negative feed 
back varying directly with changes in the nu 
merical value of the gain control voltage, and an 
output circuit connected to the anode. 

8. A circuit according to claim 7, wherein a 
screen grid is interposed between the gain con 
trol grid and the anode, and a bypass condenser 
is connected between said screen grid and the 
cathode side of the feedback impedance. 

9. In a superheterodyne receiver, a frequency 
changing circuit comprising an electron dis 
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charge tube provided with at least a cathode, 
an anode, ?rst, second, third and fourth grid 
electrodes interposed between cathode and an 
ode, a signal input circuit connected to the ?rst 
grid, means included in the circuit of the second 
grid for impressing a feedback voltage on the 
input circuit in phase opposition to the signal 
voltage, means for applying a gain control volt 
age to the third grid electrode, means for im~ 
pressing local oscillations on the fourth grid elec 
trode, and means included in the anode circuit 
for deriving an intermediate frequency resulting 
from the interaction between the signal oscilla 
tions and the local oscillations. 

10. In a superheterodyne receiver, a frequency 
changing circuit comprising an electron dis 
charge tube provided with a cathode, an anode 
and a plurality of grids interposed between said 
cathode and anode, said grids comprising a sig~ 
nal control grid, a current carrying grid, a gain 
control grid and a local oscillator grid disposed 
in the order named, a signal input circuit con 
nected to the signal control grid, means included 
in the circuit of the current carrying grid for 
impressing a feedback voltage on the input cir 
cuit in phase opposition to the signal voltage, 
said feedback meanscomprising an impedance 
connected to the cathode and included in a path 

5. 
common to the input circuit and the circuit of 
the current carrying grid, means for applying 
a gain control voltage to the gain control grid, 
means for impressing local oscillations on the 
oscillator grid, and means included in the anode 
circuit for deriving an intermediate frequency 
resulting from the interaction between the signal 
oscillations and the local oscillations. 

11. A circuit according to claim 10 wherein the 
local oscillator grid is shielded on both sides by 
a screen grid, and a bypass condenser connected 
between said screen grid and the cathode side 
of the feedback impedance. 

12. A circuit according to claim 10 wherein the 
feedback impedance is constituted by an un 
bypassed resistance. 

13. A circuit according to claim 10 wherein the 
feedback impedance is constituted by a resist 
ance, and a series connected resistance and choke 
coil are connected in shunt to the feedback re 
sistance for reducing the total direct current re 
sistance in the cathode circuit to a suitable value 
for providing negative bias for the signal control 
grid. 
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