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My present invention relates to a variable per 
meability tuning system for superheterodyne re 
ceivers, and more particularly to the core, and 
coil structure utilized in the signal frequency and 
oscillator circuits of such receivers for effecting 
tracking between said circuits. 
In receivers of the superheterodyne type it is 

essential for .-satisfactory operation that the 
resonant frequency of the signal circuit differ 
from that of the oscillator circuit by substan 
tially a constant amount, this difference fre 
quency being commonly known as the interme 
diate frequency. It is the usual practice 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 
in percentage, 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 os 
cillator circuit must be "slowed up' in order. to 
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 
throughout a predetermined frequency raage. 
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 known meth 
of of securing tracking in a permeability-tuned 
superheterodyne receiver for the broadcast band 
uses a variable-pitch winding on the oscillator 
coil. Other methods have included shaped cores, 
tapped-coils, or a two-section coil, so that the 
core enters one section while it is leaving the 
other section. 
In the system: according to the present inven 

tion, a single constant-pitch coil is used in the 
oscillator circuit but it is so dimensioned" and 
positioned that as the oscillator core is with 
drawn from its coil (in tuning the receiver to 'a 
higher frequency) the core that is withdrawn 
from the coil included in the radio frequency is 
circuit enters the oscillator, coil in order to ob 
tain tracking. 

It is a further object of the invention to ar 
range the oscillator tuning inductance and the 
tuning inductance of the signal frequency circuit side to any suitable signal source, such as an 
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coaxially and in an axially spaced relation on 
a common coil form, or on separate coil forms 
of different diameters, the cores for the respective 
coils in each case being arranged to move in 
unison and in a manner such that at the high 
frequency end of the range as the coil for the 
signal frequency circuit is withdrawn from its 
associated coil it enters the oscillator coil wind 
ing to obtain thereby a predetermined relation 
in inductance variation of said coils with the core 
adjustment. 

Still another object is to provide an auxiliary 
Oscillator Winding so arranged on the coil form 
that at the high frequency end of the range it 
is influenced by the core of the signal frequency 
circuit in a desired manner to effect tracking 
between the signal frequency and oscillator fre 
quency circuits. 

Still a further object is to provide a simple 
and inexpensive construction for the variable 
tuning inductors of two circuits which are to be 
tuned by the same control and which are to be 
maintained at a constant frequency difference. 
The invention will be further understood how 

ever from the following description, when con 
sidered in connection with the accompany draw 
ing and its scope is pointed out in the appended 
claims. 
In the drawing, 
Fig. 1 illustrates a typical circuit of a tuning 

System for a superheterodyne receiver which will 
serve to explain the application of the present 
invention, and . 

Figs. 2, 3 and 4 show various core and coilar 
rangements in accordance with the invention. 

Referring first to Fig.1 which illustrates a 
typical converter circuit of a superheterodyne 
receiver, the tunable signal input circuit is shown 
at and the tunable oscillator circuit at 2. In 
the signal input circuit, the variable tuning in 
ductance Is is provided with a movable tuning 
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core indicated at Cs, while in the oscillator or 
Second circuit, the tuning inductance Lo is pro 
Vided With a movable tuning core, Co connected 
With the first tuning core, as indicated by the 
dotted line 3, for unitary tuning control move 
ment. 
The circuit includes a shunt-tuning capacitor 
for the inductance Is and a shunt trimmer 

'capacitor 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 L. 
The circuit - is, connected to ground as in 

dicated at and is connected at its high potential 
  



2 
antenna T, through Suitable coupling means, 
such as a coupling capacitor 8. 
The second tuned circuit 2 likewise includes 

shunt capacity means for the inductance Io com 
prising two series connected capacitors 9 and 0, 
the latter being adjustable in a similar manner 
to the capacitor 5, for adjusting the tuning at 
the low frequency end of the tuning range of the 
circuit 2: . . . . . . . - 
The oscillator circuit 2 in the present example 

is of the Colpitts type, having a cathode con- ". . . 

2,889,988 . . . . . . 

5 

10 

nection f between the capacitors 9 and 0, and 
being grounded as indicated at 
tential side thereof. . . . The input circuit is connected at its high po. 
tential side to a signal input grid 3 of a con 
bined detector-oscillator tube 4. The cathode 
f 5 is connected to ground 6 through a suitable 

f2, at the low po 

R. F. choke coil 7, the cathode terminal 8 of 
which is connected with the cathode tap of 
the oscillator circuit. . . . . . . . . . . . 
The circuit 2 is connected with a second sig 

nal grid 19 in the tube 4 for electronically mixing 
the signals from the circuit with oscillations 
to produce a predetermined intermediate fre 
quency in the output anode circuit 20 of the de 
tector-oscillator tube. Feedback for the pro 
duction of oscillations is provided in connection 
with the screen grid 2, which functions as an 
anode coupled to ground through a by-pass ca 
pacitor 22 in connection with a filter resistor 23 
in the screen grid supply circuit indicated at 24. 
The oscillator grid is provided with the usual 
grid coupling capacitor 25 and grid leak 26 to 
ground. ... " . . . . . . 

In connection with the circuit and the sig 
nal input grid 3, a coupling capacitor. 2 and 
grid resistor 28 are provided, the latter being 
connected to a bias supply lead 29, with a suit 
able by-pass to ground through a by-pass ca 
pacitor 30. - - 

- Signals are derived from the output circuit 20 
of detector-oscillator through a suitably tunedin 
termediate frequency coupling transformer 31. 

Referring now to Fig.2 along with Fig. 1, the 
same reference characters are used to designate 
like parts as in the preceding figure, the signal 
input circuit inductance being indicated at Ls 
and the oscillator tuning inductance being indi 
cated at Lo and their respective tuning cores 
being shown at Cs and Co. The inductance wind 
ings are each of constant or uniform pitch and 
are coaxially arranged and axially spaced on a 
common insulating cylindrical coil form 32 within 
which the cores are adapted to be reciprocated. 
The inner opposing ends of the cores are con 
nected by means of a rigid member, such as the 
rod 33, and the extreme outer ends of the cores 
are connected to suitable flexible means, such as 
a cable 34, which is entrained about idler pulleys 
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fo alone, the core Comay be adjusted relatively . 
to the core Cs as by varying the length of the 
connecting rod 33, so that its position corre 
sponding to the fully entered position 38 of the 
core Cs will be as shown by the dotted line 39. 
Since the oscillator core Lo is of uniform pitch, 
adjustment of its core Co in tuning the oscillator 
circuit toward the high frequency end of the 
range will result in a decided departure from the 
desired tracking frequency. In order to compen 
sate for this departure it is arranged that as 
the core Cs is withdrawn from its associated coil 
Is it enters into the field of the oscillator coil Io, 
thereby increasing the inductance of the latter 
coil and slowing up the frequency variation of 
the oscillator circuit to a sufficient extent to 
cause it to track properly with the signal circuit. 
In Fig. 3 an alternative arrangement for ob 

taining proper tracking is shown, separate coil. 
forms for the signal and oscillator coils being 
used. As illustrated the oscillator coil L'or is 
mounted on the larger diameter coil form 4f, 
since the increase in the coil diameter has the 
effect of slowing up the frequency variation of 
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the OScillator circuit With adjustment of its tun 
ing core Co. The use of separate coil forms per 
mits the position of each coil to be adjusted with 
respect to its core. In other respects this modi 
fication is like that shown in Fig.2 and will op 
erate in substantially the same manner. . . . . . 
In Fig. 4, as in Fig. 2, a common coil form 4 

is used, there being provided however an auxil 
iary oscillator coil winding Lo2 spaced from and 
suitably connected, in series or in parallel to the 
main oscillator coil Lo1. In operation, as the core 
Cs is moved to tune the signal circuit toward the 
high end of the frequency range it is gradually 
withdrawn from the signal coil Ls and permitted 
to enter the field of the auxiliary, oscillator coil 
Lo2, thereby increasing the inductance of the lat 
ter and affecting the oscillator circuit in a man 
ner similar to that described in connection with 
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60 
ferred embodiments of my invention, it will be 35, and an operating control shaft 36, the latter - 

being provided with a knob 37 for effecting the 
simultaneous adjustment of the cores. . . . . . . 

. The coil and core geometry of Lls and Cs are 
so chosen that movement of the core from its 
fully entered position (shown by the dotted line 
38) to a position wherein it is substantially with 
drawn, the tuning of the signal circuit will be 
varied through a predetermined frequency range, 
such as the present broadcast band, from the 
low end to the high end respectively, of said 
range. In order that the oscillator circuit may 
track with the signal circuit at the low end of 
the range more accurately than can be obtained 
by adjustment of the trimmer condensers 5 and 
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coil and a movable magnetic tuning co 

the previous modifications. - - - - - - 

In the modifications disclosed in Figs. 2 and 4 
the coils Ls and Lio (or Lol) do not necessarily 
have to be of the same length, diameter or wire 
size, nor do the length, diameter, or permeabil 
ity of the cores Cs and Co have to be the same, 
although from the standpoint of lower produc 
tion cost it would be desirable to have coils and 
cores of similar dimensions. In Fig. 4. the pitch, 
diameter or wire size of the two sections; Loi and 
Lo2 of the oscillator winding do not have to be 
the same. The coils in this case do not have to 
be near one another. For each application, how 
ever, it is necessary.to determine, by trial or cal 
culation, the dimensions, permeabilities, etc., of 
the cores and coils which will come closest to the 
true desired tracking. . . . . . . . . . . . . . . . 
While I have shown and described certain pre 

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 in 
vention. . . . . . . . . . . . . . . . . . . . . . . . . 
...What I claim is: . . . . . 

. In a permeability tuning system for use in 
radio apparatus having a pair of circuits to be 
tuned, each of said circuits comprising a tuning 

said tuning coils being coaxially arranged and their 
respective cores, so constructed and arranged 
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with respect to each other and with respect to 
the coils that as one of the COres is Withdrawn 
from its associated coil it is caused to enter into 
the other coil to thereby effect a predetermined 
tracking relation between said pair of circuits. 

2. In a permeability tuning System for a Super 
heterodyne receiver having a signal frequency 
circuit and an oscillator circuit, said circuits 
each comprising a tuning coil and a movable 
magnetic tuning core, said coils each being of 
uniform pitch and coaxially aranged, and said 
cores being so constructed and arranged with re 
spect to each other and with respect to the coils 
that as the signal frequency core is withdrawn 
from its coil it is caused to enter into the Oscil 
lator coil to thereby effect a predetermined track 
ing relation between said signal frequency and 
oscillator circuits. 

3. In a permeability tuning system for a super 
heterodyne receiver having a signal frequency 
circuit and an oscillator circuit, means for ef 
fecting tracking between the signal frequency 
and Oscillator circuits over a predetermined fre 
quency range Comprising a tuning coil and a 
movable tuning core for each of said circuits, 
means for moving said cores in unison to tune 
the System through said frequency range, said 
coils each being of uniform pitch and coaxially 
arranged, and Said cores being so constructed 
and arranged with respect to each other and with 
respect to their coils that upon simultaneous ad 
justment of the signal frequency and oscillator 
cores the inductance variation of the OScillator 
coil at One end Of the frequency range is brought 
about by the joint action of both cores upon 
the oscillator coil. 

4. In a permeability tuning System for a Super 
heterodyne receiver having a signal frequency 
circuit and an oscillator circuit, means for effect 
ing tracking between the signal frequency and 
oscillator circuits over a predetermined fre 
quency range comprising a tuning coil and a 
movable tuning core for each of Said circuits, 
means for moving said cores in unison to tune the 
System through said frequency range, said coils 
being coaxially arranged and at least the Wind 
ing of the oscillator coil being of uniform pitch, 
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the cores being so constructed and arranged with 
respect to each other and with respect to their 
coils that as the signal frequency core is with 
drawn from its coil to tune the system to a higher 
frequency it is caused to enter into the oscillator 
Coil. 

5. In a permeability tuning system as defined 
in claim 4, wherein the coils are mounted on a 
common insulating tubular form. 

6. In a permeability tuning System as defined 
in claim 4, wherein the coils are mounted on 
Separate insulating tubular forms of different 
diameters. 

7. In a permeability tuning system for a super 
heterodyne receiver having a signal frequency 
circuit and having an Oscillator circuit, means 
for effecting tracking between the signal fre 
quency and OScillator circuits Over a predeter 
mined frequency range comprising a tuning coil 
and a movable tuning core for each of Said cir 
cuits, means for moving said cores in unison to 
tune the system through said frequency range, 
an auxiliary coil associated With the Oscillator 
tuning coil, said coils being coaxially arranged 
and at least the Winding of the main oscillator 
coil being of uniform pitch, Said cores being so 
constructed and arranged with respect to each 
other and with respect to their coils that as the 
signal frequency core is withdrawn from its coil 
to tune the system to a higher frequency it is 
caused to enter into the auxiliary OScillator coil. 

8. In operating a tuning System which includes 
two circuits each having a coil and a relatively 
movable ferro-magnetic core to tune said cir 
cuits Over upper and lower frequency ranges re 
spectively, the method of regulating the induc 
tance variations produced by the relative move 
ment of said coils and said cores to maintain said 
circuits at a substantially constant frequency 
difference, which consists in the step of causing 
the core associated with the coil of the circuit 
operating over the lower frequency range to enter 
into the coil of the circuit operating over the 
upper frequency range and thereby partly affect 
the inductance variations of both coils at One end 
of said frequency ranges, 
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