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Alfred Crossley and Herbert E. Meinema, Chi-
cago, IlL, assignors to Johnson Laboratories,
Inc., Chicago, IIl,, a corporation of Illinois

Application August. 10, 1935, Serial No. 35,634

14 Claims.

This invention relates to improvements in high-
frequency systems, and more specifically to im-
provements in high-frequency resonant systems.
Resonant systems of the type herein contem-

5 plated are generally employed to link the output
circuit of a first vacuum tube to the input circuit
of & second vacuum tube, are usually intended for
operation over a limited range of frequencies,
and are commonly employed in the intermediate-

10 frequency amplifier of a radio receiver of the
superheterodyne type.

An object of this invention is to provide an
improved type of resonant system which may be
adjusted to give a desired relation between selec-

15 tivity and gain when used in conjunction with
amplifying vacuum tubes.

Another object of the invention is to provide
an improved type of high-frequency resonant
system having a band-pass selectivity character-

.
!

un]deslred signals on nearby and adjacent chan-
nels.

An additional object of the invention is to pro-
vide improved means for coupling two vacuum
tubes, capable of producing a wide range of selec-
tivity characteristics.”

Still a further object of the invention is to.pro-
vide a high-frequency resonant system which
employs an improved type of inductor with very
advantageous results.

Although resonant systems of the type herein
contemplated may be employed- in any type of
high-frequency apparatus, they are particuldrly
23 useful in the intermediate-frequency amplifiers

of superhetercdyne radio receivers.
The overall selectivity characteristic of a super-
heterodyne radio receiver depends almost entirely

upon the selectivity characteristic -of the -inter- -

4o Mmediate-frequency amplifier. This depends, in
turn, upon the arrangement of the resonant cir-
cuits which are employed between the vacuum
tubes. In coupling devices of the prior art, con-
sisting of two tuned circuits which have a fixed

43 OF adjustable degrge of inductive coupling be-
tween them, if the degree of coupling is at & vaiue
designated as the optimum value, and the two
tuned circuits have been adusted to résonate at
the intermediate frequency, the resultant selec-

;0 tivity characteristic will have a pronounced single
peak and gradually sloping sides. This peak in-
dicates that the receiver will attenuate the higher
modulation frequencies, so that the output of the
receiver will sound muted. The gradually sloping

(=1
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istic, ‘with broad response to the desired signal
accompanied by increased discrimination against

sides of the selectivity characteristic indicate that .

(Ci. 178—44)

the receiver will not discriminate satisfactorily
against undesired signdls on nearby channels.

If the receiver is to provide high fidelity of re-
production without sacrifice in ability to dis-
criminate against stations on adjacent or nearby
channels, the selectivity characteristic must have
a broad and substantially flat top and steeply
sloping sides. When the coupling of a conven-
tional two-circuit coupling device is increased be-
yond the optimum point, a double-peaked selec- 19
tivity characteristic is obtained, but the top has a
pronounced central depression and the sides of
the characteristic are gradually sloped. Thus the
characteristic obtdinable from an overcoupled
two-circuit coupling device is, at best, only a 15
rough approximation of the desired broad flat-
topped and steep-sided selectivity characteristic.

Tn accordance with the present invention, in
order to make the sides of the selectivity charac-
teristic sufficiently steep, three highly efficient 20
resonant circuits are employed. When all three
mutual couplings are adjusted below the optimum
point, the resultant selectivity ‘characteristic has -
steep sides and a very high and narrow peak.
Such an adjustment is not satisfactory for use in
a radio receiver intended for high-fidelity repro-
duction of voice and music. It is necessary that
the steep sides of the characteristic be retained,
but that the peak be widened sufficiently to avoid
attenuation of the higher modulation frequen-
cies, if the resultant characteristic is to be of the
form required for high fidelity of reproduction.

Previous attempts to attain' a reasonably
satisfactory selectivity characteristic have in-

‘volved the use of complicated and expensive g
circuits, with accompanying difficulty in ob-
taining initial alignment. As against this,
the present invention solves the problem of
providing a. broad flat-topped steep-sided se-
lectivity characteristic by an arrangement 4o
-which is compact and inexpensive, and in which
the initial-alignment is readily obtained in a sim-
ple and definite manner. The resonant system -
of the present invention provides the proper

amount of coupling between its three tuned cir- 45 -

cuits to produce & selectivity characteristic which
closely approaches the ideal response, and means
are provided to alter the characteristic if desired.
The resonant system of the present invention
includes three tuned circuits and employs adjust- 50
able coupling between at least one pair of induc-
tors. . In a preferreq embodiment," adjustable
coupling is obtained by movement of the middle
one of the three inductors, the positions of the

other two inductors being such that this move- 55 -
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ment produces the desired variation in coupling
between the two outer inductors. By proper ad-
Justment of the tuned circuits and their mutual
couplings, it is readily possible to attain in’prac-
tice a close approach to the theoretically ideal
broad flat-topped and steep-sided selectivity
characteristic, ’

The inductors are preferably of the type hav-
ing ferro-magnetic cores, in order to concentrate
the magnetic fields and thereby facilitate the de-
sign of a compact and readily shielded device.
The low losses of this type of inductor are of
material assistance in obtaining the desired selec-
tivity characteristic. It will be understood that
other types of inductor may be employed within
the scope of the present invention, but not with-
out some sacrifice in the compactness and effi-
ciency of the resonant system.

The resonant system of the present invention
is readily adjustable, however, to a condition of
maximum selectivity, that is, to a condition in
which the selectivity characteristic has a riarrow
top and steeply sloping sides. This adjustment
may be desirable under certain conditions of op-
eration of g radio receiver, in which selectivity
is more important than high fidelity of reproduc-

- tion. The selectivity per stage with the resonant
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system of the present invention is superior ‘to
that obtained with the conventional coupling de-
vice employing only two tuned circuits.

The invention will be better understood by
relerence to the accompanying drawings, in
which: )

Figure 1 is a plan view of an illustrative em-
bodiment of the invention;

Figure 2 is an elevation of the device shown in
Figure 1;

Figure 3 is a schematie diagram of a resonant
system in accordance with the invention associ-
ated with appropriate auxiliary apparatus;

Figure 4 is a graph showing various selectivity
characteristics: . '

PFigure 5isan elevation, partly in section, of the
device of Figures 1 and 2 assembled on the chas-
sis of a radio receiver;

Figure 6 is an elevation ofia modified embodi-
ment in which two of the inductors are mounted
at an angle to the base;

Figure 7 is'an end view of the modification of
Figure 6; .

Figure 8 is an elevation of a second modified
embodiment in which the rotatable inductor is
mounted so that the angle WhiQﬁ its axis of rota-

- tion makes with the base may be adjusted; and
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Figure 9 is an end view of the modification of
Figure 8. i .

Referring to Figs. 1 and 2, an inductor con-
sisting of winding 1 and magnetic core 2 is fixedly
mounted upon insulating base 3 and its distance
from base 3 is determined by the length. of spacer
4. Winding 5 and core 6§ form the second induc-
tor, -which is pivotally mounted on base 3 by
means of a yoke T having an adjusting handle 8
and an indicating pointer 9. A third inductor,
consisting of ‘winding 10 and core i1, is fixedly
mounted on base 3 by means of yoke 12. Bracket
I3, riveted or otherwise suitably secured to base 3,
may be employed to secure the device to the
chassis or baseboard of the complete apparatus
in which the device is to be used. The three in-
ductors are so mounted relatively to the basé 3
that their magnetic centers (but not their axes)
lie approximately in a straight line parallel to the
longitudinal axis of the base 3. -

The three inductors {—2, 5—8, and 10—11 are

2,104,703

so positioned upon the base 3 that, when induc-
tor 8—86 is in the position shown, the magnetic
axes of the three inductors are substantially
mutually at right angles, the axes of inductors
5—$§ and 10—I1 being in a plane perpendicular

~ to the axis of inductor 1—2, and the axis of rota-

tion of yoke 7T being parallel to the axis of induc-
tor 1—2.

Referring to Fig. 2, the base 3, in addition to
supporting windings I, 5 and 10 with their asso-
ciated magnetic cores 2, 6 and i1, also carries
adjustable tuning capacitors | 4, 15 and 16, which
may be of any suitable type using either mica or
air as a dielectric. ‘ Capacitor 14 is connected
across inductor I—2; capacitor 15 is connected
across inductor 5—8; and capacitor 16 is con-
nected across inductor 10—1{. Each inductor
with its associated capacitor forms a resonant
circuit whose frequency may be adjusted by
means of the adjustable capacitor. _

This view also shows the pivot {1 by which
yoke 1 is secured to base 3, and spacer 4 which
suitably spaces inductor {—2 from base 3.

In Fig. 3, a resonant system in accordance with,
for example, the type shown in Figs. 1 and 2, is

+shown schematically as being connected between

a first vacuum tube 19 and a second vacuum tube
20, either or both or which may operate otherwise
than as an amplifier. For example, vacuum tube
19 may be the modulator, or vacuum tube 20
may be the demodulator of g superheterodyne re-
ceiver. Inductor {—2 is tuned by capacitor 14 to
form a parallel resonant circuit inserted in the
plate circuit of vacuum tube 18. Inductor 5—6
is tuned by capacitor {5 to form g link circuit
between ‘nductors (—2 and (0—11. Inductor
10—I1{ together with. its tuning capacitor 16
forms a parallel resonant circult and is inserted
in the grid circuit of vacuum' tube 20.

Referring to Fig. 4, a curve A is representative
of the selectivity characteristic of a conventional
two-circuit coupling device Wwith the coupling ad-
justed to the optimum point, Curve B indicates
the performance of. the same device when the
coupling is increased to a value substantially
greater than optimum. Curve A has an unde-
sirable high and narrow peak, and its sides have
a gradual slope. The sides of curve B are some-
what steeper, but there is an undesired central
depression in the top of the curve, :

Curve C is the selectivity characteristic of a
resonant system in accordance with this inven~
tion. It will be observed that curve C differs
from curves A and B because it has not only a
broad substantially flat top, but also increased
steepness of the sides, thus closely approaching
the theoretically ideal curve having vertical sides
and a horizontal top.

Still referring to Figure 4, curves A and B are
typical of all cases in which two resonant sys-
tems are coupled together, whether the systems
be mechanical, acoustic or electrical in nature.
Each of the resonant systems must first be tuned
accurately to the desired mean frequency, with
substantially zero coupling between the two sys-
tems. As the coupling is then gradually in-
creased, the mutual reactance tends to lower
the resonant frequency of one system and raise
the resonant frequency of the cther system, thus
inevitably producing an undesired depression in
the curve at the mean frequericy.

The three-circuit arrangement of the present
invention, when properly. constructed and ad-

-Justed, overcomes this difficulty without material

sacrifice in gain and with substantial increase
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in useful selectivity. In this case, there is pro-
vided means whereby the coupling between in-
ductor 1—2 and inductor 5—6 is maintained sub-
stantially at an optimum value, while the cou-
pling between inductor 5—6 and inductor 10—I1

is varied from zero to maximum overcoupled con- -

dition. As the coupling between inductor 5—6
and inductor {0—I1 is increased, there is re-
flected back into-inductor 1—2 a load which in-
creases with the increase in coupling, and means
are provided, as shown in the drawings, whereby
as the load is increased, the coupling between in-

-ductor {—2 and inductor 5—86 is also increased

to compensate for the load, and at the same time
maintain optimum coupling between inductor
{-—2 and inductor 5—6. Having optimum cou-
pling between inductor 1-—2 and inductor 5—6,

we obtain a selectivity curve between these cir-

cuits, which under minimum coupling between
inductor 5—6 and inductor (0—I{1{, produces a
normal shaped selectivity curve, but as the cou-
pling between inductor 5—6 and inductor 0—11
increases, the selectivity characteristic between
the circuits -of inductor {—2 and inductor 5—8§
is such that the resonant curve becomes broadey
at the peak, and this coupled with the selectivity
characteristics obtainable due to the circuits in-
cluding inductors 5—6 and 16—I1, which vary
from extreme selectivity to the double-peaked
condition shown in curves A and B of Figure 4,
combined, produces an effect which is shown in
curve C of this figure. In other words, for the
extreme overcoupled condition, the circuits in-
cluding inductors 5—86 and 10— | produce the
double-peaked characteristic common to two-
eircuit transformer characteristics, but when
these circuits are associated with the other cir-
cuit including inductor I—2 and means are pro-
vided to increase the coupling, we produce. the
effect wherein the selectivity characteristics of
the circuits including inductors {—2 and 5—6
fill in the gap, and as previously stated, combine
to produce the flat top characteristic. The de-
vices shown in Figures 6, 7, 8 and 9 produce the
ideal conditions, wherein means are provided for
increasing the coupling between inductor —2
and inductor 5—8 automatically as inductor 5-—6
is rotated, thus always providing optimum cou-
pling between these two units.

Fig. 5 shows a modified embodiment in which
the base 3 is secured to a shield 25 by means of
tubular rivets 22. Bracket 13,sat the upper end
of base 3, is utilized to support a vacuum tube
socket 23, which receives vacuum tube 24.. Shield

- can 25 is attached to the chassis 21 by any suit-

able means, as for example by angle brackets 26,
and has holes 27 to provide access to adjustable
capacitors 14, 15 and 16. The shield 25 is also
provided with a large hole 28 to clear the base of
vacuum tube 24, and with a slot, not 'shown, to
permit adjustment of the position of inductor
56 relative to the other two inductors by means
of handle 8.

"The arrangement of Fig. 5 is especially satis-
factory when vacuum tube 24 is of the compact
twin diode type having a metal shell, since this
combination provides a very. efficient and fully
shielded assembly. Other types of vacuum tubes
mawv he employed, however. with very satisfac-
tory results.

In the arrangement shown in Figs. 1 and 2, the
inductor 5—86 rotates about « vertical axis paral-
el to the magnetic axis of inductor 1—2. It is

* obvious that ihe inductor 5—6 could alternative-

ly be arranged to rotate around a horizontal axls

netic axes of inductors {—2 and 10—I1i,

3

parallel to the axis of inductor [0—II. If this
were done, then the coupling between inductor
56 and inductor (0—1i1 would change in the
same manner as the coupling between inductor

. 5--6 and inductor 1—2 in the original arrange-

ment. It is apparent that in either case the rate
of change of coupling of inductor 5—6 would be
much more rapid with respect to one of the out-
side inductors than with respect to the other out-
side inductor. '

~ Figs. 6, 7, 8 and 9 show modifications in which
it is possible to vary the rate at which the cou-
pling between the center inductor and each of
the outside inductors changes, as the center in-
ductor is rotated upon .its axis. ‘This is attained
by arranging to rotate the center inductor on an
axis which is not parallel to the axes of either of
the cutside inductors. These arrangements are
advantageous when it is desired to maintain the
coupling between the first and second inductors
at substantially optimum value while the cou-
pling between the second-and third inducters is
increased to the maximum permissible overcou-
pled condition, to produce the desired flat-topped
. steep-sided selectivity chara cteristic.

Figs. 6 and 7 show a side elevation and an end
view, respectively, of an embodiment of the in-
vention which has been found to be particularly
satisfactory with vacuum tubes of the 6AT and
6D6 types. In this embodiment the inductor
i—a2 is supported on a bracket 29 so that its axis
is. at an angle of 60° with the base 3. The in-
ductor 5—6 is rotatably mounted in the same

manner as in Figs. 1 and 2. The inductor i0—I11-

is positioned on a bracket 30 so that its axis makes
an angle of 30° with the base 3. It will be under-
stood that these angles may be varied to adapt
the design to the specific conditions under which
jt. is to be used and to secure the desired per-
formance. In this arrangement, the coupling
between inductor {—2 and inductor 5—8 changes
more rapidly than is the case in Figs. 1 and 2,
but still not so rapidly as the coupling between
inductor 5—6 and inductor 10—I (.

PFigs. 8 and 9 show a side elevation and an end
view, respectively, of another modified embodi-
ment of the invention in which center inductor
5-—6 is so mounted that the angle which its axis
of rotation makes with the base 3 may be ad-
justed after the device has been assembled. In

‘this modification the yoke T supporting the in-

ductor 5—8, instead of being mounted directly on
base 3, is pivoted from an insulating ring 31. the
ring in turn being secured to the base 3 by a
clamp 32 held by screws 33. By slightly loosen-
ing the screws 33, the ring 31 may be rotated,
thus changing the angular relation between the
axis of rotation of inductor 5—6 and the mag-
induc-
tors I—2 and {0—11 being mounted as in Pigures
1 and 2..

This modification is advantageous in a design
which is intended to be adaptable to a variety of
different conditions in the amplifiers with which
it is to be employed. Depending upon the vacu-
um tubes used and the particular form of se-
lectivity characteristic desired, the angle at

which the axis of rotation of the inductor 5—6 .

is positioned may he determined exverimentally
so as to produce any desired relation between the
rate of change of coupling between inductor 1—2
and inductor 5—=6, and betwasn inductor 5--—§
and inductor 16—I1.

In operation. the coupling between inductor
{—2 and inductor 16—!1 is substantially zero
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because of their_positions relative to each other
(and relative to the shield in Fig. 5). The lIink
circuit consisting of inductor 5—6 and capacitor
{5, however, provides a path by which a desired
degree of induction between inductors I-—-2-and
10—11 may be established. In Figs. 1and 2 when
the inductor 5—6 is in the position shown, the
coupling is at a minimum between inductors {—2
and 5—6 and between inductors 5—& and 10—1{1,
and the effective total coupling between inductors
i—2 gnd 10—11 is therefore at a minimum.

Still referring to Figs. 1 and 2, as inductor 5—§
is rotated from the position shown, its coupling
to inductor i—2 remains substantially unchanged,
while its coupling to inductor 10—11{ substantial-
ly increases. The coupling between inductors
5—6 and (—2 is initially established by posi-
tioning inductor 1—2 slightly above (or below)
the magnetic axis of inductor 5—6. The amount
of coupling required will depend upon the parallel
impedance across inductor {~2. The necessary
displacement of inductor {—2 is obtained by us-
ing & spacer 4 of suitable length in mounting the
inductor upon its dpindle.

Referring now to Figs. 8 and 9, it will be ap-
parent that if the ring 3f be turned until the
axis of rotation of inductor 5—8 is vertical, then
the arrangemeént of Figs. 8 and 9 will correspond
to the arrangement of Figs. 1 and 2. It will also
be apparent that if the ring 3! be turned until
the axis of rotation of inductor 5—-6 makes an
angle of 60° with the base, then the arrangement
will be the same as that shown in Pigs. 6 and 7.
It will also be apparent that by adjusting the
ring 31 to other angular positions, any desired
relation may be secured. When ring 31 is ad-
justed so that the axis of rotation of inductor
$5—6 is parallel to the magnetic axis of inductor
{—2 (and at right angles to the magnetic axis

of inductor {10—I1{), the minimum rate of change -

of coupling occurs between inductor 5—6 and in-
ductor {—2 (and the maximum rate of change
between inductor 5—8 and inductor 10—{1).
By rotating ring 31 90° from this position, the
minimum rate of change of coupling is secured
between inductors 5—8 and 10—l (and the
maximum rate of change between inductors 5—6
and 1—2).

In embodiments in accordance with Figs. 1
and 2, there will usually be a certain amount of
capacitive coupling between inductor 1—2 and
inductor 5—6. This capacitive coupling may be
sufficient so that with the slightly increased cou-
pling produced by the rotation of the inductor
5—6 substantially optimum coupling between in-
ductor 1—2 and inductor 5—8 is maintained,
while the coupling between inductor 5—6 and
inductor {0—11 is being increased. On the other
hand, in embodiments in which precautions are
taken to reduce the capacitive coupling to a very
small or negligible value, arrangements similar
to Figs. 6 and 7 or Figs. 8 and 9 will be found ad-

vantageous in order to secure a more rapid in--

crease in the coupling between inductor {—2 and
inductor 5—6 as inductor 5—6 is rotated to in-
crease its coupling with inductor 10—(1{.

As will be clear from what is to follow, it is by
virtue of these novel arrangements, and the high-
ly efficient design of the inductors themselves,
that the new and advantageous results of the
present invention are secured.

In practice, each resonant circuit is first ad-
justed to resonate at the mean frequency at which
the resonant system is to operate, care being
taken {0 have all couplings at their minimum

2,104,793

value. The position of inductor 5§ is altered
until the desired selectivity characteristic is at-
tained. The adjustment may be arranged to be
made by the user of a radio receiver, by employ-
ing one or more resonant systems of the type
herein disclosed, for the purpose of varying tne
selectivity and hence the fidelity of the receiver
in accordance with conditions existing at any
given time, during the operation of the receiver.

Although any suitable type of inductor may be
employed in the resonant system of the invention,
we prefer to employ inductors of the type de-
scribed in U, S. Patent No. 1,978,568 issued to
Crossley and Neighbors. Inductors of this type
include magnetic cores made in accordance with

" U. S. Patent No. 1,982,689 issued to Polydoroff.

Various coupling relationships between two in-

- ductors of this type are shown and described in

pending U. S, application for Letters Patent No.
719,906 of Neighbors and Meinema patented June
1, 1937 as U. S. Patent Number 2,082,589.

It will be understood that the mechanical meth-
ods of mounting the inductors may be varied, and
that, where more than one resonant system is
employed, the coupling adjustments may be
ganged in any sultable manner for operation by
means of a single control. It is also within the
scope of the invention to fixedly mount the middle
inductor at a desired position relative to the other
inductors.

.In a preferred embodlment of the present in-
vention, it is possible to obtain a selectivity char-
acteristic having a band width at one, hundred
times resonant voltage about half that of the
conventional type of two-coil intermediate-fre-
quency transformer. In a resonant system de-
signed to operate at a mean frequency of 456 kilo-
cycles, the measured band width at one hundred
times resonant voltage is only 30 kilocycles.

The use of three loosely coupled circuits in-
stead of the usual two would, in general, result in
a reduction in the gain obtainable. This loss in
gain, however, may be avoided and the gain main-
tained at substantially the same value as obtain-
able with conventional two-circuit coupling de-
vices by designing the inductor i—2, which is in-
cluded in the plate circuit of the first tube, with
greater inductance, so that its resonant imped-
ance is much higher. This construction main-
tains the gain at'normal values without notice-
ably decreasing the selectivity advantages ob-
tainable in the three-circuit coupling device. It
is apparent that the selectivity of the first reso-
nant circuit is in any case materially impaired by
the parallel load imposed upon it by the plate cir—
cuit of the associated vacuum tube.

The desirable steepness of the sides of the se-
lectivity characteristic which-is obtained with a
resonant system in accordance with the inven-
tion may be substantially retained, while at the
same time increasing the width of the top of the

-characteristic by adjusting the inductor 5—§ to

a position beyond the optimum coupling. Oper-
ation in the overcoupled condition is especially
satisfactory in the case of radio receivers in-
tended for high-fidelity reproduction of the re-
ceived signal. The fact that the coupling can
also be readily varied to a value giving high se-
lectivity greatly enhances the usefulness of the
receiver by permitting its satisfactory use under
conditions of severe interference or noise.

It will be understood that the middle iuned
circuit, which functions as a link between the twe
outer circuits, may be utilized for additionai pur-
poses. For example, the voltage across the link
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ductors for varying the selectivity of said reso-

circuit may be supplied to an additional vacuum
tube which operates to regulate the amplification
of one or more of the amplifying vacuum tubes of
the receiver. Other additional uses of the link
circuit will occur to those skilled in the art, and
in certain cases it may be desirable to adjust one
or more of the circuits to resonate at a different
frequency.

Having thus described our invention, what we
claim is:

1. A selective high-frequency resonant system
including three cooperating resonant circuits each
having a capacitor and an inductor, said inductors
being initially so mounted that their magnetic
axes are mutually at right angles, one of said in-
ductors being adjustable from its intial position
to vary its coupling with the other two inductors,
said other two inductors being so positioned that
the direct inductive coupling between them is sub-
stantially zero.

2. A selective high-frequency resonant system
including three cooperating resonant circuits each
having a capacitor and an inductor, said inductors
being positioned with their magnetic centers ap-
proximately in lime and with their magnetic axes
mutually at right angles, and means for moving
one of said inductors to a position at which its
magnetic axis is oblique to the magnetic axis of
one of the other two inductors to adjust the se-
jectivity of said resonant system.

3. A selective high-frequency resonant system
including three cooperating resonant circuits each
having a capacitor and an inductor, said inductors
being positioned with their magnetic centers ap-
proximately in line and with the magnetic center
of a first of said inductors slightly displaced from.
said line to provide a desired degree of coupling
between said first and a second of said inductors,
said second inductor being rotatively adjustable to
vary the coupling between said second and the
third of said inductors and thereby control the
selectivity of said resonant system.

4. A selective high-frequency resonant system
including three cooperating resonant circuits each
having a capacitor and an inductor, said inductors
being positioned with their magnetic axes mutu-
ally at right angles, one of said inductors being
rotatable to a position at which its magnetic axis
is obligue to the magnetic axis of one of the other
two inductors for adjusting the selectivity of said
resonant system. .

5. A selective high-frequency resonant system
including cooperating first, second and third res-
onant circuits, each having a capacitor and an
inductor, said inductors being positioned with
their magnetic centers approximately in line and
with their magnetic axes substantially mutually
at right angles, the inductor in said first circuit
having its magnetic center slightly displaced from
said line to provide a desired degree of coupling
between said first and second circuits, the induc-
tor in said second circuit being rotatable to vary

the coupling between said second and third cir- -
cuits for adjusting the selectivity of said reso--

nant system.

6. A selective high-frequency resonant system
including three cooperating resonant circuits each
having a capacitor and an inductor, the inductor
in one of said circuits having a materially higher
inductance than the inductors in the other two
circuits, said inductors being positioned with
their magnetic axes mutually at right angles,
one of said inductors being rotatively adjustable
to a position at which its magnetic axis is oblique
to the magnetic axis of one of the other two in-

5

nant system. .

7. A selective high-frequency resonant system
including three cooperating resonant circuits
each having a capacitor and an inductor, said
inductors being positioned with their magnetic
centers approximately in line and with the mag-
netic center of a first of said inductors slightly
displaced from said line to provide a desired de-
gree of coupling between said first and a second
of said inductors, said second inductor being ro-
tatively adjustable on an axis parallel to the
magnetic axis of said first inductor o establish
o desired over-all selectivity characteristic in
said resonant system. )

8. A selective high-frequency resonant system
including three cooperating resonant circuits each
having a capacitor and an inductor, said induc-
tors being positioned with their magnetic centers
approximately in line and with the magnetic cen-
ter of a first of said inductors slightly displaced
from said line to provide a desired degree of
coupling between said first and a second of said
inductors, said second inductor being rotatively
adjustable on an axis which is perpendicular to
a line through the magnetic centers of sald sec-
ond and the third inductors and oblique to the
magnetic axes of said first and third inductors
to establish a desired over-all selectivity charac-
teristic in said resonant system.

9. A selective high-frequency resonant system
including three cooperating resonant circuits each

_haying a capacitor and an inductor, said induc-

tors being positioned with their magnetic axes
mutually at right angles, one of said inductors
being rotatively adjustable on an aXxis parallel
to the magnetic axis of a second of said inductors
to a position at which its magnetic axis is oblique
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to the magnetic axis of the third of said induc- .

tors to establish a desired over-all selectivity
characteristic in said resonant system.

10. A selective high-frequency resonant sys-
tem including three cooperating resonant circuits
each having a capacitor and an inductor, said
inductors being positioned with their magnetic
axes mutually at right angles, one of said induc-
tors being rotatively adjustable on an axis which
is perpendicular to a line through the magnetic
centers of said inductors and oblique to the mag-
netic axes of the other two of said inductors, to a
position at which its magnetic axis is oblique to
the magnetic axes of said other two inductors to
establish a desired over-all selectivity character-
istic in said resonant system. :

11. A selective high-frequency resonant system
including cooperating first, second and third res-
onant circuits, each having a capacitor and an
inductor, said inductors being positioned with
their magnetic centers approximately in line and
with their magnetic axes substantially mutually
at right angles, the inductor in said first circuit
having its magnetic center slightly displaced
from said line to provide a desired degree of
coupling between said first and second circuits,
the inductor in said second circuit being rota-
tively adjustable on an axis parallel to the mag-
netic axis of the inductor in said first circuit to
establish a desired over-all selectivity character-
istic in said resonant system. :

12. A selective high-frequency resonant system
including cooperating first, second and third res-
onant circuits, each having a capacitor and an
inductor, said inductors being positioned with
their magnetic centers approximately in line and

with their magnetic axes substantially mutually 15
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at right angles, the inductor in said first circuit
having its magnetic center slightly displaced from
said line to provide a desired degree of coupling
between said first and second circuits, the con-
ductor in said second circuit being rotatively ad-
Justable on an axis which is perpendicular to a
line through the magnetic centers of the induc-
tors in said second and third circuits and oblique
to the axes of the inductors in said first and
third circuits to establish a desired over-all se-
lectivity characteristic in said resonant system.
13. A selective high-frequency resonant Sys-
tem including three cooperating resonant circuits
each having a capacitor and an inductor, the in-
. ductor in one of said circuits having a materially
higher inductance than the inductors in the other
two cireuits, said inductors being positioned with
their magnetic axes mutually at right angles, one

of said inductors being rotatively adjustable on

an axis parallel to the magnetic axis of a second
of said inductors to a position at which its mag-
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netic axis is oblique to the magnetic axis of the
third of sald inductors to establish a desired
over-all selectivity characteristic in sald reso-
nant system.

14, A selective high-frequency resonant system ¢
including three cooperating resonant circuits
each having a capacitor and an inductor, the {n-
ductor in one of said circuits having a materially
higher inductance than the inductors in the other
two circuits, said inductors being positioned with 1¢
their magnetic axes mutually at right angles, one
of said inductors being rotatively adjustable on
an axis which is perpendicular to a line through
the magnetic centers of said inductors and ob-
lique to the ,axes of the other two of said in- 14
ductors, to a position at which its magnetic axis
is oblique to the magnetic axes of said other
two inductors to establish a desired over-all
selectivity characteristic in said resonant system. ’&
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