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2 Claims. 

My invention relates to reactance control cir 
cuits and particularly to such circuits which are 
employed in the control of frequency. More 
particularly my invention relates to signal seek 
ing circuits employed in radio receivers, particu 
larly those of the superheterodyne type, and it 
has for its object the provision of improved means 
for controlling the frequency of the local oscilla 
tor utilized in Such circuits. 

In signal Seeking circuits employed in super 
heterodyne receivers means have been employed 
to control the frequency of the local oscillator 
in response to variations in the intermediate fre 
quency of the receiver and in such a way as to 
compensate for such variations. Thus this com 
pensating means has the effect of maintaining 
the intermediatae frequency practically constant 
notwithstanding movement of the tuning control 
over a considerable range in proximity to a po 
sition where the receiver is tuned to a desired 
frequency. This control may be effected by the 
use of an electron discharge control device con 
nected With the oscillator in Such a manner that 
it serves to vary the oscillation frequency in the 
desired manner. Since the control device consti 
tutes a load on the oscillation circuit the load 
ing effect of the device has been kept at a low 
value by using a form of Such device which has 
a high impedance. Such a device, however, is 
expensive and moreover has the disadvantage 
that since it has had a screen grid it required a 
Source of screen grid voltage. In accordance 
with my invention I employ a low impedance con 
trol device with which a greater control is pos 
sible and which is of more simple construction 
and hence less expensive, and also I provide spe 
cial means for reducing the loading effect of the 
device on the Oscillation circuit. 
My invention will be better understood from 

the following description taken in connection 
with the accompanying drawing, and its scope 
will be pointed out in the appended claims. 

Referring to the drawing, Fig. 1 is a circuit dia 
gram illustrating one embodiment of my inven 
tion; Fig. 2 is a circuit diagram illustrating a 
modification, and Fig. 3 shows sensitivity curves 
illustrating the operation of my invention. 
In the drawing I have shown conventionally a 

radio receiver having the antenna, , one or more 
stages of radio frequency amplification 2, the cou 
pling transformer 3 having the tuning capacitor 4 
across its secondary, the pentagrid converter 5, 
the first and second stages of intermediate fre 
quency amplification 6 and 7, the frequency dis 
criminating circuit 8, the second detector 9, and 

(C. 250-36) 
the audio output circuit f O. This receiver also 
comprises an electron discharge oscillation gener 
ator having the oscillation circuit 2 which in 
cludes the inductance 3, and the tuning capac 
itor 4 which connect through the alignment ca 
pacitor 5 and the by-pass capacitor 6. One side 
of this oscillator circuit connects with ground and 
the opposite side connects through the coupling 
capacitor it with the grid 8 of the converter 5 
and through the resistor 9 with the cathode 
thereof, 
The capacitor 4 of the oscillator is shown ar. 

ranged for unicontrol with the tuning capacitor 

0 

of the radio frequency amplifier and with the 
tuning capacitor 4 whereby the frequency of the 
Oscillator is maintained different by a constant 
amount from the frequency to which the radio 
receiving circuits of the receiver in tuned. In this 
Way a constant intermediate frequency is pro 
duced for all received signals. 
The converter 5 of the receiver may be of any 

suitable type but is shown as being one in which 
the oscillations received from the antenna are 
Supplied to the grid 2 which is separated from 
the anode and cathode of the converter by the 
Screen grids 22. The converter 5 is also provided 
With the grid 23 which functions as an anode 
and connects with one end of the tickler coil 24 
inductively associated with the inductance f3, the 
opposite end of which connects with the oscilla 
tion circuit 2 and through the resistor 25 with 
the source 26 of positive potential. 

Variations in the oscillation frequency are pro 
duced by the use of the electron discharge con 
trol device 30 and the control circuit 3 com 
prising the resistor 32 and the capacitor 33 con 
nected in series between the anode and cathode 
of the device 30. Inasmuch as the capacitor 33 
connects between the grid and cathode of the 
device 30, the device functions as an equivalent 
inductance. As has already been pointed out, the 
control device 30 which I employ is a low in 
pedance device represented as a triode whose in 
pedance is of the Order of 10,000 ohms. Were 
such a device to be connected across the oscil 
lation circuit 2 for the purpose of variably sup 
plying inductance acroSS that circuit, it would 
load the oscillation circuit to an objectionable 
degree. To compensate for Such an objectionable. 
loading on the oscillation circuit I provide the 
inductance f3 of the Oscillation circuit with an in 
termediate tap and connect the anode-cathode 
circuit of the control device 30 between said tap 
and One end of the inductance. . . By So doing. I 
have found that the loading effect of the low im 
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pedance device is reduced to a workable value 
without losing the advantage of the control effect 
of the device on the frequency of the oscillation 
circuit. 
The control effect of the device 30 is governed 

by the D. C. potential supplied to the grid of the 
device through the conductor 34 from a discrim 
inator of well known form comprising the dis 
criminating circuit 8 and the rectifier 9. Fron 
this discriminator a potential is supplied to the 
grid of device 30 which varies from a predeter 
mined value, as for example, ground potential, 
either positively or negatively depending upon the 
variations of the intermediate frequency from a 
desired fixed value. In this way the impedance 
between the anode and cathode of the discharge 
device 30 is varied whereby the device functions 
to supply a greater or less amount of equivalent 
inductance to the oscillation circuit 2 in Such 
a way as to produce a change in the frequency 
of the oscillation generator tending to restore 
the intermediate frequency to its normal value. 
The frequency discriminating circuit 8 con 

prises the transformer having the primary wind 
ing 36 and the secondary winding 37, both of 
which are tuned to the desired fixed intermediate 
frequency. The primary winding is connected 
between the intermediate-frequency ground and 
the midpoint of the secondary Winding through 
the capacitor 38. The opposite terminals of the 
secondary winding 37 are connecteed to the re 
spective anodes 39 and 4 of the double diode 4, 
the cathodes of which are connected together for 
alternating currents through the capacitor 42 
and for direct currents through the resistors 43 
and 44. One cathode of the double diode is 
grounded and the midpoint between the resistors 
43 and 44 is connected to the midpoint On the 
secondary winding 3 through the choke coil 45. 
The conductor 34 connects the grid of the device 
39 through the resistor A6 with the other cathode 
and with the resistor 43. Connected with a mid 
point of the resistor 44 is the conductor 4. 
which supplies automatic volume control voltage 
to the first intermediate frequency amplifier 6, 
the converter and the radio-frequency amplifier. 
The operation of the above-described. System 

is as follows: aSSuming that the tuning control 
of the radio receiver is adjusted for accurate 
resonance with the received carrier Wave, the 
intermediate frequency has the desired value to 
which the primary and secondary windings 36 
and 37 are tuned. The Voltage acroSS, the Sec 
ondary winding of the transformer in accordance 
with the Well known theory is displaced in phase 
from the voltage across the primary by 90°. 
With the connections shown the Voltage of the 
primary is Supplied in Series to One-half of the 
voltage of the Secondary through the anode 40 
of the double diode 4 and the capacitor 42 and 
it is supplied in series with the other half of the 
voltage of the Secondary through the anode 39 
and the capacitor 42. Because of the quadrature 
relation between the primary and Secondary volt 

75. 

5 ages the voltage on One-half of the secondary 
leads the voltage on the primary by 90°, whereas 
that on the other half of the Secondary lags be-, 
hind the voltage on the primary by 90°. Thus 
the voltage applied to anodes 39 and 40 when the 
intermediate frequency is at its desired value is 
equal, and accordingly, equal values of unidirec 
tional currentS flow from each of the diode anodes 
and hence through the resistors 43 and 44. It 
will be observed that these resistors are poled 
oppositely. That is, the voltages across the two 

2,210,781 
are opposite in polarity in the circuit between the 
conductor 34 and ground with the result that the 
conductor 34 is at ground potential when the 
intermediate frequency is at the desired value. 
The quadrature relation between the primary 

and the secondary voltages of the transformer 
exists, however, only when the oscillations sup 
plied thereto have the desired intermediate fre 
quency. If this frequency changes in either di 
rection, the phase of the secondary voltage varies 
from its 90° relation with the primary voltage in 
one direction or the other depending upon 
whether the frequency increases or decreases. 
For example, if the frequency increases, the phase 
shift may be in such a direction that the voltage 
on the upper half of the secondary winding ap 
proaches the aiding relation with the primary 
Voltage, whereas that on the lower half of the 
secondary winding approaches the opposing rela 
tion with the primary voltage. 
age applied to the diode anode 39 increases 
and that applied to the diode anode 40 de 
creases With the result that the unidirectional 
potential on resistor 43 increases, whereas that 
on the resistor 44 decreases and the con 
ductor 34 thus becomes positive with respect to 
ground. On the other hand, if the intermediate 
frequency decreases, an opposite shift in phase 
of the secondary voltage occurs With the result 
that the larger alternating current voltage is sup 
plied to the diode resistor 44 and the potential on 
the resistor 43 increases, whereas that on resistor 
44 decreases and the conductor 34 is driven 
negative. With respect to ground. 
The discharge device 30 responds to these vari 

ations in potential of the conductor 34 to pro 
duce corresponding variations in frequency of the 
OScillation generator f, since as has already been 
pointed out above the device 30 in connection 
with the circuit 3 functions as an equivalent in 
ductance connected between the intermediate 
tap on the inductance 3 and one end thereof. 
The resulting change in effective inductance 
across a portion of the inductance 3 thus causes 
a variation in the natural period of the oscillator 
to effect the desired frequency changes. 
In the modified form of my invention illustrat 

ed by Fig. 2 the anode of the electron discharge 
control device 30 is tied to the oscillator anode 23 
of the converter 5 and direct current voltage is : 
supplied from the Source 26 to the anode of device 
30 and to the grid 23 which functions as an anode 
through the resistor 50, which, for example, may 
have a resistance of 7500 ohms and through the 
resistor 5 , which, for example, may have a re- i. 
sistance of 4700 ohms. The cathode of the de 
vice 30 is connected to the common point of said 
two resistors 50 and 5 through the resistor 52, 
which, for example, may have a resistance of 
47,000 ohms. The lower end of the tickler coil 24' 
connects through the capacitor 53 whose 
capacitance, for example, may be 250 mm.f. with 
the grid of the device 30, which grid also con 
nects with the automatic frequency control dis 
criminator through the resistance 54 whose re 
Sistance, for example, may be 330 ohms and the 
resistor 55 whose resistance, for example, may 
be 47,000 ohms. The lower end of coil 24' also 
connects with ground through capacitors 58 and 
59. A point intern ediate the resistors 54 and 55 
is grounded through the bypass capacitor 56 
whose capacitance, for example, may be 0.05 
nfd. Since the resistance 54 and the capacitor 
53 comprise, a quadrature voltage dividing net 
Work for the grid of the device 30, the voltage 

Thus the volt 
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Supplied by this device to the tickler 24' will have 
a phase displacement relative to the normal volt 
age across that coil. Any change in the out of 
phase voltage supplied by the device 30, there 
fore, will change the oscillation frequency of the 
Oscillation circuit 2 of the OSciliation generator 

f'. Hence when variations occur in the inter 
mediate frequency the direct current voltage Sup 
plied from the discriminator to the grid of the 
device 33 will automatically modify the frequency 
of the oscillation circuit 2' just sufficient to re 
store the intermediate frequency to the desired 
value. 

In order that the voltage Supplied by the dis 
criminator may exercise full control the alternat 
ing voltage on the grid of the device 3 must be 
maintained at a constant Value notwithstanding 
changes in frequency in the OScillator circuit. To 
render the alternating voltage which is applied 
to the grid of device 3 constant under all turning 
conditions, I provide the capacitor 58 in the con 
nection between the oscillation circuit 2' and the 
tickler coil 24'. This capacitor may have a 
capacitance, for example, of 750 mmf. Without 

25 this capacitor the voltage supplied across capacitor 

30 

59 from the Oscillation circuit to the capacitor 53 
and the resistor 54 would increase as the fre 
quency of oscillations in the oscillation circuit 
decreased since the impedance and hence the 
voltage drop across the padder capacitor 59, 
which for example may have a capacitance of 
200 mm.f. obviously increases with a decrease in 
frequency. Since, however, the impedance of the 
capacitors 58 and 53 in like manner increase with 

35 a decrease in frequency, the resultant alternating 
voltage applied to the grid of device 30 is main 
tained practically (within 5%) constant not 
With standing changes in the oscillation fre 
quency. A further advantage of the capacitor 58 
is that it blocks the high voltage of the source 
26 from reaching the grid circuit of the converter 
5, this advantage being particularly important 
in installations where this grid circuit is in an ex 
posed position. The interimediate point of re 
sistors 5 and 5 is grounded through the filter 
capacitor 60 which, for example, may have a 
capacitance of 4 m. f. This capacitor in conjunc 
tion with the resistor 50 forms a resistance 
capacity filter to prevent voltage fluctuations of 
the direct current Supply circuit from reaching 
the anodes of the discharge devices 5 and 30 and 
causing an overall "flutter'. 
In Fig. 3 I have shown control tube sensitivity 

curves plotted between volts supplied by the dis 
criminator and the resulting kilocycles change in 
the frequency of the OScillation generator. 
Curves A and B Show this relation for carrier fre 
quencies of 1500 k. C. and 580 k. C. respectively 
obtained with that form of my invention illus 
trated by Fig. 1. Likewise curves C and D show 
the relation for carrier frequencies of 1500 k. C. 
and 580 k. c. obtained with the form of my inven 
tion illustrated by Fig. 2. From the above curves 
it will be seen that a more uniform sensitivity is 

3 
obtainable with the apparatus illustrated by Fig. 
2 than With that illustrated by Fig. 1, since the 
curves C and D show that Substantially equal 
changes occur in the oscillator frequency per dis 
criminator volt at any point in the frequency 
band between 1500 k, c. and 580 k, c. 
I have chosen the particular embodiments de 

scribed above as illustrative of my invention and 
it will be apparent that various various other 
modifications may be made without departing 
from the spirit and scope of my invention, which 
modifications I aim to cover by the appended 
claims. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. In combination, an oscillator having a fre 
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quency determining circuit, means for varying 
the frequency determined by said circuit, an elec 
tron discharge device having an anode, a cathode, 
and a control grid, a resistance connected be 
tween said Cathode and grid, means for Supplying 
to said grid a voltage having the same frequency 
as that of Said oscillator and Substantially in 
quadrature therewith, means for Supplying to 
Said control grid a direct current control voltage, 
means for coupling the anode-cathode circuit of 
said device with said oscillator and means com 
prising a capacitor for maintaining the alter 
nating voltage applied to said grid constant and 
independent of frequency changes of the oscil 
lator, said capacitor being connected in series. 
With Said resistance across a portion of said fre 
quency determining circuit, the variations of the 
impedance of said capacitor inversely with said 
frequency being sufficient to maintain said volt 
age constant and independent of the frequency. 

2. In a Superheterodyne receiver, an electron 
discharge OScillation generator having a fre 
quency determining circuit and a tickler coil in 
ductively coupled therewith, said coil having a 
normal voltage therein due to said coupling, 
means for applying to said coil a variable voltage 
Substantially in quadrature with the normal 
voltage thereof for varying the frequency of said 
generator, Said means comprising a grid-con 
trolled electron discharge device having its out 
put circuit coupled with said coil, means includ 
ing a quadrature voltage dividing network in 
cluding a resistor for applying to said grid a 
phase displaced voltage having the same fre 
quency as that of Said generator, means for ap 
plying a direct current control voltage to said 
Control grid responsive to variations in the in 
termediate frequency of Said receiver and means 
comprising a capacitor for maintaining the al 
ternating voltage applied to said grid constant 
notwithstanding frequency changes of the gen 
erator, said capacitor being connected in series 
With Said resistance across a portion of Said fre 
quency determining circuit, the variations of the 
impedance of Said capacitor inversely with said 
frequency being sufficient to maintain said volt 
age constant and independent of the frequency. 

NORTON. F. SHOFSTALL, 

20 

25 

30 

35 

50 

60 


