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1

The present invention relates to a variable in-
ductance device, and more particularly to a high
frequency inductance device of the permeability
tuned type in which relative movement of a mag-
netic core and an inductance coil serves to change
the inductance of the coil for tuning or other pur-
poses.

It is common practice in devices of this type
to provide a solenocid type of inductance wound
around a cylindrical coil form and a similarly-
shaped magnetic core which is movable axially or
longitudinally within the coil form, so that as the
core is moved through its range of travel there
is introduced into the field of the coil varying
amounts of the core to increase correspondingly
the inductance value of the coil.

‘Where space is .an important factor in the
design of radio apparatus, such as receivers of
the portable type, permeability tuned coils of the
above-mentioned type do not readily lend them-
~ selves to compactness and simplicity, since suffi-
cient . clearance must be allowed for the linear
core travel which is generally from one to two
inches.

It is, therefore one of the objects of the pres-
ent invention to provide a novel, variable in-
ductance coil and core combination which does
not require longitudinal displacement of the core
with respect to the coil for effecting inductance
changes, but rather an angular displacement of
the core.

Another object is to provide a core composed
of a plurality of sectors having different perme-
abilities and a fixed coil so wound upon a partial
surface of revolution that the coil undergoes a
wide change in inductance upon rotation of the
core.

A further obJect is to provide a multiplicity of
coils wound on a surface of revolution, each on
a different portion thereof and operating in a
different frequency range, and a core composed
of sectors having different permeabilities, the
combination being suitable for use as the tuning
device in multi-band receivers.

These and other objects and advantages of
the invention will be apparent from the following
specification when taken with the accompanying
drawings; in which:

Fig, 1 is a view in perspective of the novel core
and coil combination constituting the variable
inductance device in accordance with the inven-
tion;

Figs. 2, 3 and 4 are views in cross-section show-

ing modified forms of the variable inductance .

device disclosed in Fig, 1;
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PFigs, 5 and 6 are views in perspective of still
further modifications;

Figs. 7 and 8 disclose arrangements adapted
for multi-band operation, utilizing respectively
the composite cores of Figs. 3 and b;

Fig, 9 is a modification of the system disclosed
in Fig. 7, for multi-band operation; and

Pig, 10 discloses the use of a pair of ganged
variable inductors according to the invention in
a receiver circuit of the superheterodyne type.

Referring now to the drawings wherein like
reference characters represent, the same or corre-
sponding parts in all of the figures, a variable in- -
ductor embodying the basic idea of the invention
is disclosed in Fig. 1 and comprises a coil { wound
on g tubular, cylindrical coil form 2, within which
there is coaxially disposed a semi-circular core
3 of magnetite or powdered iron, it being under-
stood that such cores are commonly formed by
molding the magnetite or powdered iron with suit-
able binding material. The core is constrained
against axial or longitudinal movement by suit-
able means, not shown, but is capable of rota-
tional movement by means of suitably journalled
shafts 4, 5 extending from the opposite ends of
the core, one of which may be provided with a
control member for effecting angular adjustment
of the core which constitutes the variable tuning
element of the inductor, _

The coil | is preferably rectangulal in shape
and is so wound on the coil form that it occupies
only an arcuate portion of the surface, Asshown
in Fig, 1 the shorter sides of the coil extend over
an arc of substantially 180 degrees and the other
two sides extend in an axial direction. In the il-
lustrated position of the core with respect to the
coil, wherein the core is so disposed as to have
a minimum interlinkage with the magnetic field
of the coil, the coil inductance will be at a min-
imum in the presence of the core. Upon rotation
of the core in either direction increasing amounts -
thereof will be introduced into the fleld of the
coil to thereby gradually increase the inductive
value of the coil until, when the core has been
rotated through 180 degrees to be completely con-
tained within said field, the coil inductance will
be at a maximum. It will be seen that the maxi-
mum tuning range will be secured for Fig, 1, and
indeed for each of the modifications to be de-
scribed hereinafter, when the coil form has a
very small wall thickness and the core diameter
is such as to provide only a very slight clearance
to the inside surface of the coil form.

The variable inductor of Fig. 2 is similar to
that of Fig. 1 except that in addition to the semi-




3,481,438

elrcular section 8 of ferro-magnetic material, the
core is provided with a second semi-circular sec-
tion 8 of sultable dielectric material, The core
of Fig, 2 is the electrical equivalent of the core
shown in Fig. 1, since the latter may be consid-
ered to possess a second or dielectric portion of
air, However, for practical and structura] rea-
sons the core of Fig. 2 is to be preferred since
the dielectric portion 6 of the core Serves as a
counter-balance for the magnetite or powdered
iron portion which will cause the core to be re-
tained in any of its positions of adjustment.

The variable inductor disclosed in Fig. 3 makes
use of a core which comprises two semi-circular
portions 3 and 1, the former consisting of mag-
netite or powdered iron, and the latter of a high
conductivity, non-ferrous material, such as copper
or brass. The use of a core material of high con-
ductivity is not, in general, advisable for use in
the broadcast band due to severe loss in the “Q”
or figure of merit of the circuit. However, at
higher frequencies, particularly above 20 mega-
cycles, the use of a core material of high con-
ductivity does not cause such loss in Q. Conse-
quently, the inductor of Fig, 3 is suitable for use
in high frequency circuits whereas that of Fig. 1
or 2 may be used for frequencies in the broadcast
range, or lower.

Since the effect of introducing a core of mag-
netic material into the field of a coil is to in-
crease the inductance of the coil, whereas the
effect of a high conductivity, non-magnetic core
is to decrease the coil inductance, it is possible
with the composite core structure of the type

- disclosed in Fig. 3 and others to obtain a wide
range of inductance variation of the coil. The
variable inductor of Fig. 4 is also suitable for
use at high frequencies, the core thereof compris-
ing a portion 7 of high conductivity, non-ferrous
material and a portion 6 of dielectric material.

In Fig. 5 the coil I’ extends over an arcuate
portion of the coil form 2 for about 120 degrees
and the core is composed of three longitudinal
sections of different permeabilities, namely, a sec-
tion 3 of magnetite or of powdered ironm, a section
6 of dielectric, and a section 71 of high conduc-
tivity, non-ferrous material, each extending for
the full length of the core and occupying an arc
extending for substantially 120 degrees. The
maximum range of inductance variation of the
coil as shown in Fig. 5, and hence its tuning, may
be performed by a total rotation of only 240 de-
grees as follows: Beginning with the core at the
position shown where the sector of iron coincides
with the winding, the inductance is a maximum.
As the iron is withdrawn and more of the dielec-
tric is introduced, assuming clockwise rotation of
the core, the inductance is gradually decreased
until at the end of rotation through 120 degrees
the whole of the dielectric sector coincides with
the winding at which position the inductance will
.be substantially that of the coil in the absence
of the core. With continued core rotation the di-
electric is withdrawn and the core sector of high
conductivity, non-ferrous material is introduced
to cause thereby a further gradual decrease in

- the coil inductance until at the end of the second
120 degree rotation the hole of the high conduc-
tivity core sector coincides with the winding at
which final position the coil inductance will be a
minimum.

An alternative core assembly is shown by Fig. 6
in which the sector T of non-ferrous material-and
the sector 6 of dielectric material are inter-
changed. The tuning may thén be performed by
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& total core rotation of only 120 degrees as fo}-
lows: from the position shown (where the iron
coincides with the winding), through an inter-
mediate region in which varying portions of both
sectors 8 and 1 are positioned under the winding,
until finally the high conductivity non-ferrous
sector T coincides with the winding. It is evident
that the shape of the tuning curve and of the vari-
ation of “Q” curve will be quite different for the
structures of Figs. 5 and 6. If desired, the high
conductivity portion may be omitted for use on
lower frequency bands with a resulting operation
over only 120 degrees of rotation (as for Fig. 6).,

By mounting two or more coils on different por-
tions of the cyclical coil form, the present inven-
tion may be adapted for multi-band operation.
Two such modifications are disclosed in Figs. 7
and 8 for two-band and three-band operation, re-
spectively. In Fig. 7 the two coils 8 and 9 are dis-
Posed each on opposite half-portions of the coil
form and are operative in two different frequency
bands, one of which may be a relatively low fre-
quency band and the other a high frequency band,
or both may be high frequency bands, such as,
for example, the international short-wave enter-
tainment bands. One pair of adjacent ends of the
coils 8 and 9 are jointly connected to ground at
10, and the other pair of coil ends are individually
connected to terminal contacts (1 and 12, By
means of a switch 13, one or the other of coils 8
and 9 is adapted for connection to the signal con-
trol grid of an electron discharge tube (4 which
may be a radio frequency amplifier or a converter,
Although g core composed of a magnetite or pow-
dered iron portion 3 and a high conductivity, non-
ferrous portion is shown in Fig. 7, it is obvious that
the core could also be made up of a section 3 and
a dielectric section 6, or else of sections 6 and 1.

The arrangement of Fig, 8 is similar to that
of Fig. 7 except that it is adapted for operation
in three frequency ranges. In this case there are
employed the composite core of Fig. 5 composed
of sectors 3, 6 and T and three coils 8’, 9 and 10’
which extend each through an arc of 120 degrees.
The coils 8’ and 9’ are similarly connected to
ground and to the switch terminals 1, 12 as the
coils 8 and 9 in Fig. 7, the third coil {0’ having
one end connected to ground and its other end to
a terminal contact (2’ for cooperation with the
movable switch arm 3, The manner of opera-
tion of Fig. 8 will be clear from the description
given above. The tuning for each band is per-
formed by a total rotation of 240 degrees as for
the arrangement of Fig. 5. If desired, however, a
core such as used for Fig. 6 may be used in the
multi-band assembly of Fig. 8. Similarly, where
the tuning across each individual band is to be
performed with a rotation of only 120 degrees,
either a section 3 or a section 71 may be used with
a 240 degree section of dielectric material (. €.,
double section 6). If desired, the sections of dif-
ferent permeability may be used to tune different
bands. Thus, the high-conductivity, non-ferrous
section may tune a very high frequency band and
& magnetite or powdered iron section used to tune
another winding across a lower frequency band.
A possible variant of this is the use of two 120
degree magnetite or powdered iron sections hav-
ing quite different magnetic properties for tuning
different windings across relatively high and lower
frequency bands, and the third section of the core
may be of dielectric material.

For any of the foregoing arrangements, addi-
tional bands may be covered merely by switching
various capacitors across the coil, or by connect-
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ing suitable series and/or shunt coils across the
coil, By way of illustration only, one such circuit
is shown in Fig. 9 in which the variable inductor
assembly of Fig. 7 is used in connection with a
six-position band-switch I8 to cover a total of six
bands. As shown, coil 8 is adapted in the first
position of the switch to have shunted thereacross
a coil 16 and in the third position a condenser 17.
Similarly, the coil 8 is adapted in the fourth and
sixth switch positions to have a coil 18 and a con-
denser 19 connected in shunt therewith, respec-
tively. In the second and fifth switch positions,
the respective coils alone determine two of the
frequency bands.

Although all of the foregoing describes the use
of a single assembly, it will be evident that two
or more of the above units may be “ganged” by
suitable mechanical means for use in radio re-
ceivers such as the conventional tuned radio fre-
quency (T. R, F.) type or the generally-employed
superheterodyne receivers, 'Thus, one assembly
may be used in the antenna stage (or signal fre-
quency circuit) while another may be employed
in the local oscillator circuit. One such arrange-
ment is shown by way of example in Fig. 10 which

" shows the variable inductors fs and fo unicon-
trolled by mechanical means represented by the
dotted line connection 20 and included respec-
tively in the signal frequency and oscillator cir-
cuits' of a conventional converter stage in a
superheterodyne circuit.

It will be apparent also that the inductance de-
vices according to the invention may be coupled
or “ganged” by suitable mechanical means to
rotatable type variable capacitors, Indeed, where
the shape of the active plates, or the dielectric
surfaces, of the rotatable capacitor are arcuate
sections of a cylindrical surface, then the entire
assembly may be mounted in a coaxial manner.
The variable inductor and the variable capacitor
may be connected in the same circuit to give an
extended tuning range, or they may be connected
in separate circuits. For example, the variable
capacitor may be used to most efficiently tune the
loop antenna circuit, while the variable inductor
may be used to tune the oscillator circuit of the
receiver.

While I have shown and described several pre-
ferred embodiments of the invention, it will be
understood by those skilled in the art that modi-
fications and changes may be made without de-
parting from the spirit and scope of the inven-
tion.

What I claim is:

1. Avariable inductor comprismg a tubular coil
form, a coil wound on said coil form and occu-
pying only a partial surface of revolution of the
form, and a core coaxially mounted with respect
to the coil form having such configuration that
upon rotation thereof there are introduced into
the field of the coil varying portions of the core,
said core having the property of affecting a
change in the inductance of the coil.

2. A variable inductor comprising a tubular
coil form, a coil wound on said coil form and
occupying only a partial surface of revolution of
the form, and 'a composite core of sectors having
different permeabilities coaxially mounted with
respect to the coil form, said core adapted upon
rotation to have varying portions of the core sec-
tors moved into the fleld of the coil to thereby
affect variations in the inductance of the coil.

3. A variable inductor comprising a tubular
coil form, a coil wound on said coil form and
occupying only a partial surface of revolution of
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the form, and a ferro-magnetic core substan-
tially semi-circular in cross-section coaxially
mounted with respect to the coil form, said core
adapted upon rotation thereof to have varying
portions of the core introduced into the field of
the coil to thereby vary the inductance of the coil,

4. A variable inductor comprising a tubular
coil form, a coil wound on said coil form and
occupying only a partial surface of revolution of
the form, and a cylindrical core having at least
one portion of ferro-magnetic material ahd an-

other of high conductivity, non-ferrous material
coaxially mounted with respect to the coil form,
said core adapted upon rotation thereof to have
varying portions of each core portion introduced
into the field of the coil.

5. A variable inductance device compnsmg a
hollow c¢ylindrical coil form, a coil of rectangular
shape wound on said form and having its two
opposite short sides in the form of an arc and its
two other longer sides extending in an axial
direction, and an inductance-changing core co-
axially disposed within the coil form and adapted
for rotational movement whereby varying por-
tions of the core are introduced into the field of
the coil to vary its inductance,

6. A variable inductance device comprising a
hollow cylindrical coil form, a coil of rectangular
shape wound on said form and having its two
opposite short sides in the form of an arc and
its two other longer sides extending in an axial
direction, and an inductance-changing core com-

" posed of a plurality of sectors, each of a different
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permeability, coaxially disposed within the coil
form and adapted for rotational movement
whereby varying portions of the core sectors are
introduced into the field of the coil to vary its
inductance.

7. A variable tuning instrumentality for use in
a multi-band receiver, comprising a hollow cylin-
drical coil form, a plurality of coils so disposed on
said form as to occupy different arcuate portions
thereof, a core composed of a plurality of sectors,
each of a different permeability, disposed in con-
centric relation with respect to the coil form and
to the several coils as a group, means for selec-
tively connecting one of said coils into circuit,
and means for rotating the core to successively
introduce its sectors of different permeabilities
into the field 'of the selected coil. '

8. A variable tuning instrumentality for use in
a multi-band receiver, comprising a hollow ¢ylin-
drical coil form, relatively high and low frequency
coils so disposed on said form as to occupy differ-
ent arcuate portions thereof, a cylindrical core
composed of two longitudinally extending por-
tions, each semi-circular in cross-section and of
different permeability, said core being disposed in
concentric relation with respect to said coil form
and to the several coils as a group, the core por-
tions of higher and lower permeabilities being
cooperatively related respectively with the low
frequency and high frequency coils, means for
selectively connecting one of said coils into cir-

‘cuit, and means for rotating the core to effect -

inductance variations of the selected coil due to
the angular adjustment of its associated core
portion.

9. A variable tuning instrumentality as defined
in claim 8 wherein the core portions.consist re-
spectively of powdered iron and of high conduc-
tivity, non-ferrous material.

10. A variable tuning mstrumentahty for use
in a multi-band receiver, comprising a cylindrical
coil form, relatively high and low frequency coils
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50 disposed on said form as to occupy different
arcuate portions thereof, a cylindrical core com-
posed of three longitudinally extending portions,
each extending over substantially 120° of arcuats
section and of different permeability, means for
selectively connecting one of said coils into cir-
cult and means for rotating the core to suc-
cessively {ntroduce its portions of different per-
meabilities into the field of the selected coil.

11. A variable tuning instrumentality for use
in a multi-band receiver, comprising a cylindrical
coil form, relatively high and low frequency coils
so disposed on said form as to occupy different
arcuate portions thereof, a cylindrical core com-
posed of three longitudinally extending portions,
each extending over substantially 120° of arcu-
ate section and of different permeability, said
core being disposed in concentric relation with
respect to the coil form and to the several coils
as a group, the core portions of higher and lower
permeabilities being cooperatively related respec-
tively with the low frequency and high frequency
coils, means for selectively connecting one of said
coils into circuit, and means for rotating the
core to effect inductance variations of the selected

10

coll due to the angular sdjustment of its asso-
ciated core portion,

12, A variable tuning instrumentality as de-
fined in claim 11 wherein the core portions con-
sist respectively of powdered iron, of dielectric
material, and of high conductlvity, non-ferrous

material,
WILLIAM F. SANDS,
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