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AUTOMATICFREQUENCY CONTROL 
Joseph Douglas Brailsford, London, England, as 

signor to Radio Corporation of America, a cor 
poration of Delaware 

Application September 2, 1938, Serial No. 228,13 
In Great Britain October 5, 1937 

(C. 250-40) 8 Claims. 
This invention relates to radio receivers, and 

more particularly to automatic frequency con 
trol systems (A. F. C.) for use in Superheterodyne 
'eceivers. 
By the expression A. F. C. System, as herein 

employed, is meant a System whereby the tuning 
of a receiver as a whole is automatically mains 
tained correct for a station to be received. When 
once the said tuning has been set manually 
Within a predetermined short distance of the 
correct tuning position for that station. A. F. C. 
Systems are sometimes rather loosely termed 
"automatic tuning Systems' since a measure of 
automatic tuning is obtained thereby, although 
in fact ai. A. F. C. System provides merely ac 
curacy of tuning, selection between stations be 
ing effected by the usual manually Variable 
tuning control means. 
Superheterodyne receivers with A. F. C. system 

are now Well known and in common use. In 
general, such systems operate by taking energy 
from Some convenient intermediate frequency 
point of the receiver, passing it through a dis 
criminator network which is frequency selective, 
and utilizing the discriminator network output 
to actuate an auxiliary control device which exer 
cises a measure of control upon the local oscil 
lator frequency, the arrangement being such that 
so long as the intermediate frequency energy 
actually fed to the discriminator network is the 
predetermined intermediate frequency of the re 
ceiver no control is exercised, but (assuming the 
receiver is first manually tuned within a pre 
determined Small distance of the correct tuning 
position for the station to be received) if the in 
termediate frequency energy fed to the dis 
Cririinator netWork departs from the predeter 
mined intermediate frequency the output from 
the Said network actuates the auxiliary control 
device to vary the local oscillator frequency to 
Such an extent, and in such a sense, as to bring 
the intermediate frequency actually produced 
into substantial coincidence with the predeter 
mined value. In the usual type of arrangement 
the output from the discriminator network is 
rectified to produce a control bias which is ap 
plied to the control grid of a control valve whose 
anode-cathode space is included in a circuit 
Which is connected acroSS, and forms part of, 
the frequency determining circuit of the local 
oscillator So that the control valve acts as a 
variable reactance dependent in value upon the 
bias applied thereto, and, therefore, in turn de 
pendent upon the discriminator network output, 
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Now, it is very desirable that the range and 
law of control of an A. F. C. system in a super 
heterodyne receiver shall be substantially con 
stant throughout the tuning range of the re 
ceiver, and a defect of known A.F.C. systems is 
that this desirable result is not achieved, the 
range and law of control varying throughout 
the tuning range of the receiver in dependence 
upon the setting of the manual tuning control. 
It has been sought to reduce this defect by pro 
viding an inductance across the grid-cathode 
circuit of the control valve. This inductance is, 
therefore, in parallel with the effective con 
dense which is responsive for the phase chang 
ing action and has the effect of providing a cir 
cuit which, while acting as a capacity over the 
range of frequencies concerned, has an imped 
ance-frequency law such that a correcting action 
takes place. Although this provision doees un 
doubtedly reduce the variation of range and law 
of control, it still leaves an undesirably large 
amount of variation over the tuning range. 
The principal object of the present invention 

is to reduce or avoid this defect, 
The deviation of known A. F. C. systems from 

the ideal constant control is most marked on 
the higher frequency tuning bands, and it is, 
therefore, on these bands that the invention 
can be applied with most advantage. The said 
in Veratio is, however, of general application, and 
is not limited to its use on any particular wave 
band. 
Aecording to this invention a superheterodyne 

radio receiver is characterized in that control 
for A. F. C. action is exercised not only in de 
pendence upon departures from correct tuning, 
but also in dependence upon the setting of the 
manual tuning control means for the receiver as 
a whole, the second mentioned control being a 
Supplementary, or compensating, control oper 
atting to insure that the range and degree of 
A. F. C. action Shall be substantially the same 
throughout the tuning range of the receiver. It 
Will thus be seen that the characteristic feature 
of the present invention resides in the use in 
Combination of (1) the hitherto usual type of 
control in dependence upon departures from a 
Correct tuning position, and (2) the supplemen 
tary control for compensating purposes, this 
control operating automatically in dependence 
upon the Setting of the manual tuning control 
reans of the receiver, 
The present invention may be employed alone, 

Or in conjunction with the known expedient 
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above referred to of providing an inductance 
across the grid circuit of the control valve. 

In the drawings: 
Fig. 1 shows one form of the invention, 
Fig. 2 illustrates an alternative wherein the 

frequency control tube of Fig. 1 includes a phase 
Shift correction reactive impedance, 

Fig. 3 graphically shows the effect of the phase 
shift correction impedance of Fig. 2, 

Fig. 4 shows another embodiment, 

Sating bias, - - - - - - 

Fig. 6 illustrates still another modification, 

(). 
Fig. 5 shows a manner of securing compen 

Fig. 7 shows an alternative embodiment using 
the arrangements of FigS. 5 and 6. 

Referring to Fig. 1, which shows diagram 
matically one way of carrying out the invention, 
use is made as the control valve or “variable re 
actance valve' of a valve W-as shown, a pen 
tode-having at least two grids one of which G 
receives through resistance R main control bias 
obtained from a rectifier (not shown) fed from 
a suitable discriminator network (not shown) as 
in the usual way, and another of which G3 re 
ceives over lead W compensating bias applied in 
accordance with this invention and depending 
upon the Setting of the manually variable control 
means of the receiver. G2 is a screen grid. The 
anode-cathode space of the valve W is con 
nected at T, T2, across the frequency determin 
ing circuit (not shown) of the local oscillator 

The (not shown) of a superheterodyne receiver. 
anode A is connected to the cathode K, which 
is earthed, through a blocking condenser BC, a 
resistance R2, and a second condenser C, all in 
Series in the Order stated; the junction point of 
the condenser C with the resistance R2 being 
connected to the first control grid G. If desired 
an inductance L. may be connected as known per 
Se acroSS the Condenser C. : 
With this arrangement, by suitably dimension 

ing the elements R2-C the valve circuit may be 
caused to act like a reactance across the termi 
nals Ti-T2, the value of the reactance varying 
With the mutual conductance of the valve, 

In the description of Fig. 1 so far given it has 
been assumed that R2 is a pure ohmic resistance 
and C a pure reactance. In practice, of course, 
this assumption is inaccurate and there will be 
a stray capacity in shunt with R2 while, of course, 
the condenser C is shunted by the grid impedance 
of the valve W and various auxiliary components. 
These departures from the theoretical ideal con 
stitute causes of troubles which may, especially 
at higher frequencies and where a big range of 
control is desired, become serious. Such diffi 
culties may, however, be largely avoided where 
necessary, by Screening the valve Wii and the 

Such Screen resistance R2 by earthed screens. 
ing is represented in chain lines in Fig. 1. Where 
it is shown as constituted by a metallic screening 
tube ST through which the resistance R2, passes, 
and which itself passes through, and is connected 
to, an earthed metal plate EP1 and a metallic 
screening tube VT for the valve W1, the tube WT 
similarly passing through, and being connected 
to, an earthed metal plate EP2. An effect of 
the screening is to increase the effective capacity 
at C and also the stray capacity between T1 and 
T2 but this is of negligible consequence. The 

- important and desired effect of the screening is 
to reduce the capacity across R2. 
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Fig. 2 shows a further modification which 
differs from Fig. 1 mainly in that a reactive im 
pedance X, provided for the purpose of correcting 75, 

cathode voltage). 
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for undesired phase shift, is inserted in the 
cathode leg of the Valve W1. The impedance X 
may be an inductance, or a capacity (with a 
choke across it to pass the D. C.) or a combina 
tion of either with resistance. The effect of the 
impedance X is illustrated vectorially in Fig. 3. 
Assume that after the phase correction has been 
made by means of the cathode impedance X the 
anode current OI (the Wector of reference in 
Fig. 3) is in quadrature With the voltage across 
the input terminals TT2. Then OE represents 
the Voltage between G and K. The Supply volt 
age OS must, by assumption, be in quadrature. 
The voltage between G and earth will lead OS 
by nearly 90° and be smaller. OG represents this 
voltage. OE is the resultant of OG and the 
cathode voltage reversed in sign (minus the 

If X is a pure inductance the 
voltage across it will lead the current OI by 90° 
and therefore minus the cathode voltage-this 
is represented by the vector OC-will lead OI by 
90. OC must be so dimensioned that OE is the 
resultant of OG and OC for the original assump 
tion-namely that OI and OS are in quadra 
ture-to hold good. This requirement may 
clearly be satisfied by suitably selecting the 
dimensions of X. 
In a modification (not illustrated) the Com 

pensating bias is applied to the first control grid - 
GE and the main control bias to the third grid G3. 

In the embodiment illustrated in Fig. 4 the 
required compensating action is obtained by 
utilizing an auxiliary Walve W2 automatically to 
vary feedback for a control valve V1 which, as 
before, constitutes a variable reactance in the 
local oscillator frequency determining circuit. 
Here, as before, a pentode V1 is used as the con 
trol valve and the anode-cathode space A-K of 
this pentode in series with a resistance R3 in its 

fi cathode leg is connected at T1-T2 across the 
frequency determining circuit (not shown) of 
the local oscillator (not shown). Also connected 
across the series circuit V1-R3 is a series circuit 
consisting of a blocking condenser BC, a resist 

: ance R2, and a second condenser C; the junction 
point of the elements R2 and C being connected 
to the grid G1 as before. The main control bias 
obtained from the discriminator network and 
associated rectifier (not shown) is applied 
through a resistance R1 to the grid G1; the sec 
ond grid. G2 acts as a Screen grid; and the third 
grid G3 is connected to the cathode. K to act as 
a suppressor. The cathode K is capacity coupled 
by a condenser C3 to the anode A2 of the auxiliary 

4 valve W2, and the grid G1 is capacity coupled by 
a condenser C4 to the control grid. GW2 of the 
said valve. The auxiliary valve V2 may be as 
shown a triode. This auxiliary valve receives . 
anode potential through a suitable choke CH 
and compensating bias varying in dependence 
upon the setting of the manual tuning means of 
the receiver is applied through a suitable resist 
ance R4 to the control grid GW2 thereof. The 
cathode K2 of the auxiliary valve V2 is connected 
to earth. With this arrangement the cathode 
leg resistance R3 produces negative feedback due 
to the control valve anode current and positive 
feedback due to the auxiliary valve. Thus since 
the compensating bias controls the mutual con 
ductance of the auxiliary valve W2 the total feed 
back produced will depend upon the compensat 
ing bias. . . . . - - - - - 
In the foregoing description the method of 

obtaining the compensating bias has not been set 
forth, but obviously there are various different. 
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circuits which can be used for this purpose. For 
example the compensating bias could be derived 
from a graded potentiometer gang-controlled 
with the manual turning condenser. The tuning 
condenser law of most modern receivers is Such 
that an ordinary logarithmically graded poten 
tioneter would suffice for this purpose. Again 
a rectifier fed through a Suitable frequency de 
pendent or shaping network from across the fre 
quency determining circuit of the local OScillator 
could be utilized to provide the compensating 
bias. For the case where the Voltage acroSS the 
frequency determining circuit of the local OScil 
lator is constant or sufficiently nearly constant, 
excellent results may be obtained, as shown in 
Fig. 5, by deriving the compensating bias from 
across a capacity shunted resistance combina 
tion , 2, in the cathode leg of a diode 3 which 
is in Series in a loop circuit with said resistance 
2 and With a (preferably adjustable) condenser 
4, the said condenser being connected at the ter 
nina remote froin the diode anode to the 
"earthy' Side T2 of the frequency determining 
circuit (not shown) of the local oscillator and 
being connected at its other terminal through a 
resistance 5 to the other side T1 of the said fre 
cliency determining circuit. 
The invention is not limited to the use of a 

Single Valve control circuit for other arrange 
ments are possible. For example, as shown in 
Fig. 6, the main control bias may be applied 
through a Suitable resistance R.' to the control 
grid G-1 of one control valve V'I said control grid 
being connected through a condenser C5 to earth 
and to the anode A' of a second control valve 
W''1 to whose control grid G''1 the compensating 
bias is applied through a suitable resistance R.' '4. 
The Cathodes K-K’’ of the two control valves 
are connected together and to the “earthy' side 
of the frequency determining circuit (not shown) 
of the local oscillator, the control grid G''1 of 
the Second valve V1 being connected both to 
the other side of said predetermined frequency 
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circuit and also to the anode A' of the first con 
trol valve W1. Any known convenient means are 
provided for applying static bias potentials to 
the various valve electrodes but it is not thought 
heCeSSary to describe such means herein. 
In Fig. 6 the anode and grid static biasing ar 

rangementS have been omitted for the sake of 
clarity. It is, therefore, a diagrammatic repre 
Sentation of a two-valve circuit for producing a 
reactance by electronic means. The physical 
reactance C5 causes the voltage fed to the grid 
G1 to be in quadrature with the anode current 
of the Valve W'1. Thus, the anode current of 
Wil is in quadrature with the anode current of 
W1 and, therefore, with the grid voltage of W’’. 
It Will be seen, therefore, that the application of 
an alternating voltage to the terminals T-I 
results in a current between these terminals 
which is in quadrature with the applied Woltage. 
Fig. 6 is equivalent, therefore, to a reactance 
connected between the terminals T-T2. The 
value of this reactance can be shown by analysis 
to be dependent upon the product 

Cs 
g"g' 

g'1 and g1 being the respective mutual conduct 
ances of valves W''1 and W1. The fact that the 
compensating bias is applied to the valve W' is 
Simply to illustrate this possibility, as it will be 
Seen from the aforesaid expression that variation 
of any of the factors C5, g’’ or g' will vary the 
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4 will fall as the frequency rises. 

3 
apparent reactance between the terminals 
T-T2 and, therefore, affect the control. The 
terminals Ti-T2 are, of course, connected to the 
oscillator circuit as in the case of the previous 
figures. 
In a modification shown in Fig. 7 of the last 

described arrangement the Second Control Walve 
W''1 is also employed as the local OScillator of 
the receiver. In this modified arrangement the 
main control bias is applied through a Suitable 
resistance R, 1 to the third grid G '3 of a pentode 
W1 which constitutes the first control valve, and 
the compensating bias is applied through a suit 
able resistance R.' 4 to the first control grid G'. 
Of this Valve, the Second grid G'.2 acting as a 
Screen grid. The Valve receives automatic bias 
by means of the usual capacity shunted resist 
ance combination BR, in its cathode leg, and its 
anode-cathode circuit includes in addition to 
this self-bias resistance a blocking condenser 
BC and the manually Variable frequency deter 
mining circuit TCO of the local oscillator. The 
control grid G-1 of this first control Valve is con 
nected through a condenser to earth and is ca 
pacity coupled to the anode A' of a second con 
trol valve W''1 (also a pentode) whose first con 
trol grid G''1 is connected to its cathode K' 
through a resistance R'4. This resistance is 
shunted by a condenser C6 in series with a por 
tion of the inductance of the frequency deter 
mining circuit TCO. The second grid. G'2 of 
the Second control valve acts as a screen grid, 
and the third grid G3 thereof is connected to 
the Cathode K'' to act as a suppressor grid. 
Both Valves receive anode potentials through 
Suitable chokes CH CH'. Woltage is taken from 
the frequency determining circuit TCO from 
a CrOSS a portion of the inductance thereof to a 
diode network which Supplies the compensating 
bias. This network is as shown in Fig. 5. This 
arrangement is paliticuially suitable for use on 
Short Waves. 

Fig. 7 is COriplicated by the fact that the valve 
W''1 acts in the dual role of oscillator and the 
first valve of the arrangement of Fig. 6. The 
position of the terminals Ti-Tz will make this 
clear. Because of the resistance-capacity com 
bination 5-4, the voltage across the condenser 

NOW it can 
be shown that the control effect is proportional 
to the product of frequency times effective mu 
tual conductance of the compensating valve (or 
in the case of Fig. 6 compensating valves). In 
order that the control effect should be constant 
the effective mutual conductance must be in 
Versely proportional to frequency; that is, as the 
frequency rises the effective mutual conductance 
inust fall. It Will be evident, therefore, that since 
the voltage across the condenser 4 falls as fre 
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dency rises, the positive compensating bias ap 
plied to G'1 decreases and the mutual conduct 
ance falls, thus fulfilling the required condition. 
Variation of the tuning of T. C. O. will, of Course, 
change the frequency. Now, the bias over W is 
derived from rectification of the high frequency 
Voltage across the condenser. This COIndenser 
is in turn fed through the resistance 5. The im 
pedance of 4 varies with frequency, and, there 
fore, by potentiometer action the voltage across 
4 varies with frequency. Correct dimensioning 
of 4 and 5 results in a variation in the bias W. 
Which is a very close approximation to that re 
tied for complete compensation of the con 
O. 

The invention is not limited to the particular 
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circuits above described and various modifica 
tions may be made. In particular the network by 
means of which the compensating biasis obtained 
need not be as above specifically described but 
may take any of a variety of filter or frequency 
dependent forms known per se in dependence 
upon the requirements in any particular case as 
to the law of compensation. 
What is claimed is: 
1. In combination with a tunable oscillator 

circuit, means for tuning the circuit over a range 
of frequencies, an electron-discharge tube hav 
ing its plate to cathode impedance connected 
across the oscillator circuit to provide a Supple 
mental tuning element, means for varying the 
gain of the tube to vary the magnitude of the 
said impedance, and auxiliary means, responsive 
to adjustment of said tuning means over said 
range, for varying the gain of Said tube supple 
mentally of the first means With voltage derived 
from said oscillator circuit, said tube including 
at least two control grids between its plate and 
cathode, said first means varying the voltage of 
one grid, and said auxiliary means varying the 
voltage of the second grid. 

2. In combination with a tank circuit of an 
oscillator adapted to be tuned over a Wide range 
of frequencies, a tube having at least a cathode, 
anode and two control grids, means connecting 
the anode to cathode. path of the tube acroSS 
the tank circuit thereby to provide a reactive. 
effect across the latter, means for Varying the 
voltage of one grid to adjust the magnitude of 
said effect, and means for supplementally vary 
ing the voltage of the second grid. With Voltage 
derived from the tank circuit to maintain Said 
imagnitude adjustment according to a predeter 
mined law of Variation. 

3. In combination with the tank circuit of an 
Oscillator adapted to be tuned over a wide range 
of frequencies, a tube having at least a cathode, 
anode and two control grids, means connecting 
the anode to cathode path of the tube across 
the tank circuit thereby to provide a reactive 
effect across the latter, means for varying the 
voltage of one grid to adjust the magnitude of 
said effect, and means for supplementally vary 
ing the Voltage of the second grid with voltage 
derived from the tank circuit to maintain said 
magnitude adjustment according to a predeter 
mined law of variation, and both said varying 
means consisting of Sources of direct current 
Voltage of variable magnitude. - 

4. In combination with the tank circuit of an 
Oscillator adapted to be tuned over a wide range 
of frequencies, a tube having at least a cathode, 
anode and two control grids, means connecting 
the anode to cathode path of the tube across the 
tank circuit thereby to provide a reactive effect 
acroSS the latter, means for varying the voltage 
of one grid to adjust the magnitude of said ef 
fect, and means for supplementally varying the 
Voltage of the Second grid to maintain said mag 
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nitude adjustment according to a predetermined 
law of variation, said supplemental varying means 
comprising a rectifier coupled to said tank cir 
cuit to derive direct current voltage from oscil 
lations, and means for applying the derived volt 
age to the second grid. 

5. A radio receiver having manually controlled 
tuning means for selecting any one of a number 
of different carriers within a range of frequen 
cies, electronic means actuated by any inaccuracy 
in the operation of said tuning means which sub 
stantially compensates therefor, and a source of 
voltage derived from high frequency energy, 
whose magnitude is dependent on the tuning 
means adjustment, for controlling said electronic 
means to maintain the ratio of said compensa 
tion to said inaccuracy uniform over said range. 

6. In combination with a tunable oscillator 
circuit, means for tuning the circuit over a range 
of frequencies, an electron discharge tube having 
its plate to cathode impedance connected across 
the OScillator circuit to provide a supplemental 
tuning element, means for varying the gain of 
the tube to vary the magnitude of the said im 
pedance, and auxiliary means, responsive to ad 
justment of Said tuning means over said range, 
for Varying the gain of said tube supplementally 
of the first means with voltage derived from said 
OScillator circuit. 

7. In combination with a tunable oscillator 
circuit, means for tuning the circuit over a range 
of frequencies, an electron discharge tube hav 
ing its plate to cathode impedance connected 
across the OScillator circuit to provide a supple 
mental tuning element, means for varying the 
gain of the tube to vary the magnitude of the 
Said impedance, and auxiliary IneanS, responsive 
to adjustment of said tuning means over said 
range, for varying the gain of said tube supple 
mentally of the first means, said auxiliary means 
comprising a rectifier coupled to said oscillator. 
circuit to derive a direct current voltage from 
OScillations produced in the oscillator circuit, and 

s for applying the derived voltage to said 
Oe 

8. In combination with a tunable oscillator 
circuit, means fortuning the circuit over a range 
of frequencies, an electron discharge tube having 
its plate to cathode impedance connected aCOSS 
the Oscillator circuit to provide a supplemental 
tuning element, means for Varying the gain of 
the tube to vary the magnitude of the said im. 
pedance, and auxiliary means, responsive to ad 
justment of said tuning means over said range, 
for Varying the gain of said tube Supplementally 
of the first means with voltage derived from Said 
Oscillstor circuit, said oscillator circuit including 
a tube, means coupling the plate circuit of the 
0Scillation tube and an input electrode of said 
first tube, and said auxiliary means being con 
nected to said input electrode to vary the WOltage 
thereof. 

JOSEPH DOUGLAS BRAILSFORD. 


