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1 
My present invention relates to a variable per 

meability tuning system for superheterodyne re 
ceivers, and more particularly to means employed 
in a tuning System of the type mentioned for 
effecting tracking between the signal frequency 
and oscillator circuits of such receivers over a 
predetermined tuning range. 

In receivers of the superheterodyne type it is 
essential for satisfactory operation that the re 
Sonant frequency of the signal or antenna, circuit 
differ from that of the oscillator circuit by sub 
stantially a constant amount, this difference fre 
duency being commonly known as the interme 
diate frequency. It is the usual practice in such 
receivers to tune the oscillator circuit through a 
frequency range higher than the range through 
which the signal circuit is tuned. As a result, 
in order to insure a constant frequency difference, 
the frequency range of the Oscillator circuit must 
be narrower, and if the variable tuning elements 
of the two circuits are to be uni-controlled, as is 
the usual practice, suitable means must be pro 
vided whereby the frequency variation of the 
oscillator circuit is "slowed up' so that it can keep 
in step with the frequency variation of the signal 
circuit. 

It is therefore one of the objects of my inven 
tion to provide, in a superheterodyne radio re 
ceiver, an improved variable permeability tuning 
System for causing the oscillator and signal input 
circuits to track accurately one with the other at 
a multiplicity of points throughout a predeter. 
mined frequency range. 
There are several known methods and means 

for effecting tracking in the tuning of two or more 
circuits by variable permeability tuning means, 
Some of Which are impracticable because of cost 
or manufacturing difficulties. One method of 
Securing tracking in a permeability-tuned super 
heterodyne receiver for the broadcast band uses 
a variable-pitch winding for the oscillator induc 
tor. Another method is disclosed and claimed 
in the patent to W. D. Landon, No. 2,248,242, as 
signed to the same assignee as the present appli 
cation, and involves the use of a larger diameter 
Winding for the oscillator inductor than for the 
Signal frequency inductor and the connection of 
an adjustable capacitor across a lesser portion of 
the oscillator inductor, the associated tuning core 
entering the shunted portion of the inductor. 
The lesser portion is substantially one-third the 
length, from the core entering end to the tap on 
the winding. 
A further method is disclosed and claimed in 

the patent to W. H. Conron, No. 2,263,613, as 

12 Claims. (C. 250-20) 
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Signed to the same assignee as the present appli 
cation, and involves the use of an oscillator induc 
tor of larger winding diameter than that of the 
Signal frequency inductor and the connection of 

whole of the oscillator inductor. 

2 
The system according to the present invention 

embodies an alternative arrangement and utilizes 
one or more adjustable tracking inductors shunted 
across one or more lesser portions, respectively 
of the oscillator tuning inductor winding, said 
one or more portions being removed from the low 
radio frequency (R. F.) potential end thereof, or 
a combination of an adjustable tracking inductor 
and an adjustable tracking capacitor shunted 
across lesser portions of the oscillator inductor 
Winding at the high and low potential ends there 
of, respectively, or an adjustable tracking induc 
tor shunted across a lesser portion of the signal 
frequency turning inductor winding at the low 
patential end thereof. The term 'lesser' is en 
ployed to designate a portion less than half the 
length of the winding. 
The novel features characteristic of my inven 

tion are set forth with particularly in the ap 
pended claims. The invention itself, however, 
both as to its organization and mode of opera 
tion together with further objects and advan 
tages thereof, will best be understood by reference 
to the following description taken in connection 
With the accompanying drawing in which 

Fig. 1 illustrates a typical circuit of a tuning 
System for a Superheterodyne receiver in which 
there has been embodied the present invention, 

FigS. 2, 3, 6 and 7 show modified forms of the 
invention disclosed in Fig. , and 

Figs. 4 and 5 show alternative mountings for 
certain circuit elements shown diagrammatically 
in certain other figures. 

Referring first to Fig. Which illustrates one 
form of the invention as applied to a typical con 
verter circuit of a superheterodyne receiver, the 
tunable signal input circuit is shown at f and 
the tunable oscillator circuit at 2. In the signal 
input circuit, the variable tuning inductor con 
prises a first solenoid winding L's provided with a 
first movable tuning core indicated at Cs, while 
in the oscillator or second circuit, the tuning in 
ductor comprises a second Solenoid winding Io 
provided with a second movable tuning core Co 
mechanically connected with the first tuning 
core, as indicated by the dotted line 3, for unitary 
tuning control movement. 
The circuit includes a shunt fixed capacitor 4 

for the inductor LisCs and a shunt trimmer capac 
itor 5, the latter being adjusted to establish the 
low frequency end of the tuning range when the 
COre Cs is moved fully Within the Winding Is. 
The circuit is connected to ground as indicated 
at 6 and is connected at its high potential side to 
any Suitable signal source, such as an antenna, T, 
through a suitable coupling capacitor 8. 
The OScillator or Second tuned circuit 2 likewise 

includes shunt capacity means for the inductor 
LoCo comprising two series connected capacitors 

an adjustable inductor in parallel across the 69. 9 and f, the latter being adjustable in a similar manner to the capacitor 5, for adjusting the 
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alignment at the low frequency end of the tuning 
range of the circuit 2. The oscillator circuit in 
the present example is of the Colpitts type, hav 
ing a cathode connection between the capac 
itors 9 and 0, and being grounded as indicated 
at 2, at the low potential side thereof. 
The input circuit is connected at its high 

potential side to a signal input grid 3 of a com 
bined detector-oscillator tube 4. The cathode 
i5 is connected to ground 6 through a suitable 
radio frequency choke coil f, the cathode ter 
minal 8 of which is connected with the cathode 
tap f of the oscillator circuit. 
The circuit 2 is connected with a Second signal 

grid 9 in the tube 4 for electronically mixing 
the signals from the circuit with the locally 
generated oscillations to produce a fixed prede 
termined intermediate frequency in the output 
anode circuit 20 of the detector-Oscillator tube. 
Feedback for the production of OScillations is 
provided in connection with the screen grid 2, 
which functions as an anode connected to ground 
through a by-pass capacitor 22. A filter resistor 
23 is connected between the screen grid and its 
supply source indicated at 24. The oscillator grid 
is provided with the usual grid coupling capac 
itor 25 and grid leak 26 to ground. 
The high potential end of circuit is con 

nected to signal input grid 3 through a coupling 
capacitor 27 and the grid resistor 28 is connected 
to a bias supply lead 29, the junction there 
between being connected to ground through a by 
pass capacitor 39. Signals are derived from the 
output circuit 20 of the detector-oscillator Sys 
tem through a suitably tuned intermediate fre 
quency coupling transformer 3. 
In permeability tuned superheterodyne circuits 

such as described above, it is customary to pro 
vide uniformly wound tuning inductors of the 
solenoid type, and to secure the required “track 
ing' at the two extreme ends of the band (or at 
two arbitrarily chosen frequencies close to the 
ends of the band) by the use of an oscillator in 
ductor winding (Lio) of larger diameter than the 
signal frequency inductor winding (Lis) as in the 
above mentioned Landon and Conron patents. 
Two point tracking is also obtainable with the 
use of equal diameter inductor windings Lis and 
Lio. In this case cores Cs and Co may be of uni 
form diameter but differing permeabilities in the 
signal frequency and the oscillator circuits, re 
Spectively, or of uniform and substantially iden 
tical permeability but with the oscillator core 
Co of a different diameter than the signal fre 
quency core (Cs) or cores if there are more than 
one signal frequency circuit. 

For satisfactory operation, however, it is 
necessary to produce a third or inner tracking 
point, and additional tracking points if desired. 
If by way of illustration only, it be assumed that 
a given oscillator frequency (fo) is higher than 
the corresponding signal frequency (fs) by the 
amount or value of the intermediate frequency 
(I. F.), (i. e., fosefs--I. F.), the desired third and 
additional cross-over points may be secured by 
any Suitable means which will cause the induct 
ance (or more correctly, the reactance) to vary 
most rapidly as the core is moved through the 
region of the end of the inductor winding which 
is first penetrated by the core, and to have the 
slowest change at the fully penetrated end of the 
inductor winding. The desired relationship for 
the variation in the inductance (or the re 
actance) of the oscillator inductor structure de 
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4. 
quency, the signal and the oscillator frequencies 
at the ends of the respective signal and oscillator 
range, and the particular geometry and structure 
of the signal frequency and Oscillator inductor 
Windings and CoreS. 

In the above mentioned Landon patent the de 
sired third alignment, or croSS-Over point, is Se 
cured by shunting a low R. F. potential portion 
of the oscillator inductor Winding with an ad 
justable tracking or trimmer capacitor. Since 
the resonant frequency of the tapped Winding 
portion of the oscillator inductor and the shunt 
trimmer is considerably above the oscillator fre 
quency, this region of the inductor is responsible 
for a more rapid inductance change, i. e., the re 
gion behaves as though the density of winding 
of the inductor had been physically increased in 
the tapped portion. In the above Conron patent 
in which a larger diameter Oscillator inductor 
winding is used to secure the two end (or outer) 
tracking frequencies, an adjustable inductor is 
shunted across the entire OScillator inductor to 
determine the shape of the tuning curve. 

I have determined that a third and intermedi 
ate or inner tracking point may be secured by 
placing an adjustable tracking inductor L1 across 
a lesser portion of the Oscillator inductor wind 
ing, which portion is removed from the grounded 
end into which the core enters and is connected 
between spaced points or taps 37 and 38 on the 
winding, as shown in Fig. 1. Additional cross 
over or tracking points may be secured by add 
ing additional taps and shunt or parallel induc 
tors as shown in Figures 2 and 3 which are par 
tial views representing modifications of the Os 
cillator portion shown to the right of the dash 
line ac-y in Fig. 1. 
In Fig. 2 an additional shunt tracking inductor 
2 is connected across an intermediate lesser por 

tion of and to taps or points 38 and 4 on the 
OScillator inductor winding Lo and is in series 
with the first tracking inductor L1. In Fig. 3 an 
additional inductor L3 is shunted across a greater 
tapped portion of the inductor winding Lo, being 
connected to taps 37 and 42. Inductor L3 is par 
tially in shunt across or in overlapping relation 
with the first tracking inductor L1, or in shunt 
with the latter and an intermediate portion of 
the inductor Winding Lo in series. The term 
'greater tapped portion' is intended to mean 
a portion that is greater than half the length of 
the winding. The inductors L1, L2 and I3 are 
shown adjustable as by means of movable iron 
COres. For a final design however the shunting 
inductors could be of a predetermined value and 
therefore non-adjustable. In Fig. 3 the tracking 
inductors L1 and L2 are connected in shunt with 
lesser and greater portions, respectively, of the 
Oscillator tuning inductor winding Lo. 

In Fig. 4 a structure is shown in which a track 
ing inductor winding L4, corresponding to induc 
tor Il in Fig. 1, is wound on the oscillator wind 
ing form F somewhat removed from the oscil 
lator tuning inductor winding and connected to 
taps 37 and 38, as in Fig. 4. A tracking inductor 
may be wound over the tapped portion as at L5 
in Fig. 5. Indeed, where the oscillator inductor 
winding is sufficiently widely spaced, it may be 
possible in some cases to wind the tracking in 
ductor E5 between the turns of the tapped por 
tion, and connected to taps 37 and 43, thus form 
ing a bi-filar wound portion on the oscillator in 
ductor. The species of Fig. 5 is part of the sub 

pends, of course, upon the intermediate fre- 75 ject matter of patent application Serial No. 
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29,628, filed May 27, 1948 for High-frequency 
strap-wound coils, 

In the modification disclosed in Fig. 6 the 
shunting tracking inductor disclosed in Fig. 1 is 
combined with the shunting capacitor arrange 
ment utilized in the above Landon patent. The 
capacitor C1 is connected between tap 44 of Wind 
ing Lo and ground, and with the tapped portion 
at the low potential end of the oscillator inductor 
provides one of the desired intermediate tracking 
points. The shunt tracking inductor L1 is con 
nected between taps 37 and 38, and with the 
shunted portion at the high potential end of the 
tuning inductor provides a further intermediate 
croSS-Over or tracking point. 

If it is desired to have one end of the shunt 
tracking inductor at ground potential, the latter 
may be placed in the signal frequency circuit be 
tween tap 45 and ground, in shunt across a por 
tion of the signal frequency inductor winding Lus, 
adjacent the end thereof which is at low R. F. 
potential and at which the core enters, as shown 
in Fig. 7. In this combination the tracking in 
ductor functions similarly to the tracking induc 
tor connected to the high potential end of the 
oscillator tuning inductor in Fig. 1. The core 
Cs is mechanically connected with core Co of the 

apped Oscillator inductor winding Lo as in 
Fig. 1. 

Specifically the present invention differs from 
the Landon and Conron arrangements in the foll 
lowing important respects. The Landon arrange 
ment may be considered as a permeability tuning 
equivalent of the variable capacitor tuning ar 
rangement in which the plates of the oscillator 
tuning condenser are differently shaped than 
those of the signal frequency circuits. It provides 
Only a first approximation to the continuously 
shaped OScillator plates case, and achieves the 
desired result by adding reactance changing 
means to the low potential or core entering end 
of the inductor winding. The Conron arrange 
ment may be considered as a permeability tuning 
equivalent of the variable capacitor case using 
Similar signal frequency and oscillator capacitors 
but with a shunt padding capacitor in the oscilla 
tor circuit. As previously stated, this arrange 
ment is limited to two alignment points, 
The present invention involves a different 

means than in the Landon arrangement of secur 
ing a permeability tuning equivalent of the cut 
plate capacitor case, it being possible with said 
means to procure an approximation to the con 
tinuously cut-plate equivalent, thereby resulting 
in a multiplicity of cross-over points. The de 
sired result is achieved by reducing the reactance 
changing rate of the Oscillator tuning inductor 
at the high R. F. potential end of the winding, 
or the portion of the winding which is removed 
from the core entering end. Stated somewhat 
differently, the shunt capacitor in the Landon 
arrangement increases the effective inductance 
Of the tapped portion of the tuning inductor, 
whereas the shunt tracking inductor or inductors 
in the present invention decrease the effective in 
ductance of the tapped or shunted portion or por 
tions of the tuning inductor, and the tuning range 
thereof. This is a desirable tracking feature for 
the oscillator when tuned above the frequency 
of the signal circuit as in the illustration given 
above. 

It is to be understood of course that the present 
invention for obtaining one or more intermediate 
tracking points may be used in conjunction with 
any of the known arrangements of the prior art 
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6 
which provide two outer point tracking at or 
near the ends of the tuning range. Some of these 
are indicated in the legend applied to Fig. 1 of 
the drawing. One method involves the use of a 
larger inner diameter inductor Winding for the 
oscillator than for the signal frequency circuits, 
the cores being of like diameter. A second 
method involves the use of similar diameter tun 
ing inductor windings for both the signal fre 
quency and oscillator circuits. The cores for the 
respective tuning inductors may be of identical 
geometry and of uniform but different per 
meability. Thus, for the generally employed use 
of the oscillator frequency above the signal fre 
quency (i. e., fo=fs--I. F.) the required shorten 
ing of the oscillator range may be secured by the 
use of a lower permeability for the oscillator core 
than for the signal core. Another method in 
volves the use of similar diameter inductor wind 
ings as in the above second method, and in which 
the signal frequency and oscillator cores may 
each be of uniform diameter and permeability, 
and of the same permeability as each other, but 
the required shortening of the oscillator range 
may be secured by making the Oscillator core 
of Smaller diameter or cross-sectional area, than 
that of the signal frequency core. In other Words, 
in the first and third methods the effective radial 
spacing between the oscillator inductor winding 
and its core is greater than that between the 
signal frequency inductor winding and its core. 
Stated differently, the ratio of the effective diam 
eter of the oscillator winding to that of its core 
is larger than the ratio of the effective diameter 
of the signal frequency winding to that of its core. 
While I have shown and described certain pre 

ferred embodiments of my invention, it will be 
understood that various modifications and 
changes will occur to those skilled in the art with 
out departing from the spirit and Scope of this 
invention. I therefore contemplate by the ap 
pended claims to cover any such modifications as 
fall within the true Spirit and scope of my inven 
tion. 
What I claim is: 
1. In a variable permeability tuning system, 

the combination of a plurality of tunable signal 
conveying circuits and means in one of said cir 
cuits for effecting a predetermined tracking re 
lation, with two outer tracking points and at 
least one inner tracking point, in the tuning of 
Said circuit With at least One other of Said cir 
cuits, said means comprising a tuning inductor 
winding of the Solenoid type, an adjustable track 
ing inductor connected in shunt across a lesser . 
portion of and to Spaced points on said tuning 
inductor winding for effecting said inner tracking 
point, and a movable tuning core of ferro-mag 
netic material movable within the inductor wind 
ing to vary the tuning thereof. 

2. In a variable permeability turning system, 
the combination of a plurality of tunable signal 
conveying circuits and means in one of said cir 
cuits for effecting a predetermined tracking re 
lation, with two outer tracking points and at least 
One inner tracking point, in the tuning of Said 
circuit with at least one other of Said circuits, 
said means comprising a tuning inductor winding 
of the Solenoid type, a tracking inductor con 
nected in shunt across a lesser portion adjacent 
to one end of said winding for effecting said 
inner tracking point and a tuning core of ferro 
magnetic material movable within and adapted to 
enter said winding at the end remote from the 
shunted portion thereof, - 
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3. In a variable permeability tuning system, 
the combination of a plurality of tunable circuits 
and means in One of Said circuits for effecting 
a predetermined tracking relation in the tuning 
of Said circuit with at least one other of Said 
circuits, said means comprising a tuning induc 
tor Winding of the Solenoid type, a plurality of 
tracking inductors connected in shunt across dif 
ferent portions of said winding removed from 
One end thereof and a movable turning core of 
Conminuted ferro-magnetic material movable 
within and adapted to enter the winding at said 
end thereof. 

4. In a radio tuning System, the combination 
of two tunable circuits each having a tuning 
inductor comprising a winding provided with a 
magnetic tuning core adapted to enter one end 
thereof and to move therethrough, thereby to 
provide variable tuning of said circuits over dif 
ferent frequency ranges, uni-control means for 
moving Said cores conjointly in predetermined 
relation to each other, thereby to cause track 
ing in the tuning of Said circuits, and a track 
ing inductor connected in shunt With a lesser 
portion of one of Said windings to improve the 
tracking of Said circuits in a predetermined por 
tion of the tuning range of said system, said 
tracking inductor being of such a value as to 
Substantially reduce the effective inductance of 
Said lesser portion and the tuning range of said 
One of Said tuning inductors. 

5. In a Superheterodyne receiver, the combina 
tion with a tunable signal circuit having a tun 
ing inductor comprising a Solenoid winding pro 
Vided with a movable magnetic core tuning ele 
ment, of an oscillator circuit having a second tun 
ing inductor comprising a second solenoid wind 
ing and a Second movable magnetic core tuning 
element adapted to enter one end thereof in 
the tuning movement of the core element, and 
means including an adjustable tracking induc 
tor connected in shunt with a portion of one of 
Said tuning inductor windings and to an inter 
mediate tap thereon, said tracking inductor be 
ing of Such value as to substantially reduce the 
effective inductance of said portion and the tun 
ing range of Said one of said inductors. 

6. The combination defined in claim 5 wherein 
the inner Surfaces of the solenoid windings and 
the magnetic cores are respectively of the same 
diameter and Said one of said tuning inductors 
is Said OScillator circuit inductor 

7. The combination defined in claim 5 wherein 
the effective radial spacing between said winding 
and core of Said OScillator tuning inductor is 
greater than that between said winding and core 
of Said Signal frequency inductor. 

8. In a Superheterodyne receiver, the combina 
tion with a tunable signal circuit comprising a 
tuning inductor having a Solenoid winding pro 
vided with a movable magnetic core tuning ele 
ment, of an oscillator circuit comprising a sec 
Ond tuning inductor having a second solenoid 
winding provided with a second movable mag 
netic core tuning element adapted to enter one 
end thereof in the tuning movement of the 
core element, and a tracking inductor connected 
in shunt with said second tuning inductor and 
between points thereon defining a lesser portion 
of the Second tuning inductor at the end removed 
from the core-entering end for reducing the 
effective inductance of said portion and the tun 
ing range of Said Second inductor, said oscillator 
circuit being tunable in unison with, and to a 
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8 
higher frequency range than, Said signal cir 
cuit. 

9. In a superheterodyne receiver, the combina 
tion with a tunable signal circuit having a first 
tuning inductor comprising a first solenoid wind 
ing provided with a first movable magnetic core 
tuning element, of an oscillator circuit having 
a second tuning inductor comprising a Second 
Solenoid winding and a Second movable mag 
netic core tuning element adapted to enter one 
end of the said second winding in the tuning 
movement of the core element, and a pair of 
inductors each connected in shunt with a differ 
ent portion of and to an intermediate tap on 
the second winding at the end remote from the 
core-entering end. 

10. The combination defined in claim 9 where 
in the shunting inductors are connected in series 
with each other. 

11. In a Superheterodyne receiver, the combi 
nation with a tunable Signal circuit having a 
first tuning inductor comprising a first solenoid 
Winding provided with a first movable magnetic 
core tuning element, of an oscillator circuit hav 
ing a second tuning inductor comprising a second 
Solenoid winding and a Second movable magnetic 
core tuning element for Said last named wind 
ing adapted to enter one end thereof in the tun 
ing movement of the Second core element, a ca 
pacitor connected in shunt with a portion of 
and to an intermediate point on the second wind 
ing adjacent to Said end, and a tracking induc 
tor connected in shunt with a portion of and to an 
intermediate point on the Second tuning induc 
tor at the end remote from the core-entering 
end. 

12. In a superheterodyne receiver, the combi 
nation with a tunable signal circuit having a 
first tuning inductor comprising a first solenoid 
Winding provided with a first movable magnetic 
core tuning element, of an oscillator circuit 
having a Second tuning inductor comprising a 
Second Solenoid Winding provided with a Second 
movable magnetic core tuning element, said cores 
adapted conjointly to enter corresponding ends 
of the said windings in the conjoint tuning move 
ment of Said cores, and a tracking inductor con 
nected in shunt with a lesser portion of and to an 
intermediate point on the first winding adjacent 
to the core-entering end thereof. 

WILLIAM FRANCIS SANDS. 
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