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This invention relates broadly to improvements
in high-frequency amplfying systems, and more
particularly to systems designed to" be-operated
at & fixed frequency, sueh for example as those

5 inthe intermedjate-frequency amplifiers of super-
heterodyne radio receivers.  Such systems, in
general, include, in addition to the amplifying
thermionic relay,
two inductors ang their tuning capacitors, the

16 inductors being arranged either in magnetic rela-
tion or elge capacitively coupled to each other.
The capacitors are normally of a type having very
low losses, and include means for g small adjust-
ment of the capacitance, "The efficiency of the

15 complete design depends to g very large extent
upon the inductors,

An object of thig invention is to Provide novel
types of coupling means for use in such amplify-
ing systems, which, because

20 materially inerease the efficiency of the system.
Additionally, it is the object of this invention to
provide designs for the resonant circuits of such
amplifying systems which will be more compact,
and which can be easily adjusted to the desired

25 coupling.

Purther objects . of the invention are attained
by the employment of cylindrical and preferably
hollow magnetic cores for the inductors in order

© that, when they are adjusted relatively to each
30 other, values of coupling ranging from negligible

" to somewhat greater than optimum may be read-
ily secured. The hollow cores also provide a more
economical form than solid cores, and incidentally
afford means for their ideal mounting,

A still further object of the invention is at-
tained by so mounting the inductors that their
axes are at right angles to the longest dimension
of the shield can which is used in conjunction
with such devices. This shield is usually neces-
40 sary to prevent interaction hetween ‘adjacent

components of the equipment and the induetors
of the device, and

ient myvunting means and mechanical protection

for the device. It hag been found that the above-
45 described positioning of the inductors gives an

advantageous reduction in losses when the device
is housed in a compact shield;

Additional objects of the invention are at-
tained by provision for convenient adjustment

50 of the degree of coupling between the inductors
from without the shield, and for establishing the
spacing of the Ieads to the inductors in order to
brevent. undesired variations in the stray capaci-
tances of the device, ag for instance might oceyr

55 were one of the leads to shift relatively to the

shield, .

Circuits of the class here contemplated nor-
mally oceur in pairs, one rescnant circuit heing
connected to the output terminals of a first ther-

90 mionic relay, and another circuit being connect-

35

a resonant system consisting of -

of their design, will.

incidentally provides conven-
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may be reversed,
relays may in certain
types of apparatus be arranged so that it does not,
operate strictly as an amplifier. These varig-
tions, however, are not, material with respect to
the application-and scope of the present, invention.

In present-day designs, coupling devices of the
class here under consideration normally do not
employ magnetic cores. Across the first inductor,
and also across the second inductor, there is con-
nected a capacitor whose capacitance is adjust-
able over a limited range. By suitably designing
the primary and secondary inductors and by
adjustment of the associated capacitors, each of
the circuits may be tuned to be resonant at the
desired frequency. In order to develop a maxi-

the current in the first inductor, it is essential
that the inductive coupling between the two in-
ductors shall be closely of the optimum value,
In present designs, it is customary to establish the
degree of coupling in the design of the device, so
that when the inductors are assembled, the proper
coupling will exist,

Because of the losses which normally exist in
air-core inductors of the type now commonly
used, it is not essential to provide means for ad-
justing the coupling between the primary and
secondary inductors after the unit is assembled.
It is usually sufficient to determine experimentally
what physical relation between the two inductors
will give approximately the correct coupling and
then to mechanically design the device so as to
produce this relation.

In the designs herein described, the losses in
the inductors themselves are greatly decreased,
and it therefore becomes desirable to provide
means for accurately adjusting each unit to the
desired coupling between primary and secondary.
The present invention, therefore, includes de-
signs for inductors having greatly increased efti-
ciency, and arrangements whereby two such in-
ductors may be inductively related in a coupling
device with means for producing an accurate
adjustment of the inductive coupling. The in-
ductive coupling may be arranged to either add
to or oppose the inherent capacitive coupling,

The increased efficiency of the inductors them-
selves is secured by introducing g magnetic core,
These cores are preferably of a type made by
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compressing individually insulated magnetic par-
ticles of very small size. The size of the par-
ticles which will be most advantageous for use
in any particular design will depend largely upon
the frequency for which the system is being de-
signed. In general, the higher the frequency, the
smaller the particles will be. The insulation of
the individual particles must be sufficiently com-
plete to produce a very high electrical resistivity
in the compressed comminuted core, which will
then have very low electrical losses.

In cores of this preferred type, it is readily pos-
sible to secure effective permeability of the or-
der of from 2 to 4. This greatly decreases the
size of the winding itself, because less turns are
required for any desired value of inductance.
This materially decreases the resistance of the
winding. Since the losses in air-core inductors
of present designs are the chiet source of ineffi-
ciency in high-frequency coupling devices, a re-
duction in the size of the winding will produce a
corresponding decrease in the losses of the sys-
tem, provided that the losses introduced by the

introduction of the magnetic core are sufficiently

small. Cores of the type which we have de-
scribed possess this property of extremely low
losses, so that our iron-core inductors are very
much more efficient than the equivalent air-core
inductors.

Because of the higher efficiency of the iron-
core Inductors, it is possible to obtain greater
secondary voltage with less coupling than is per-
missible with air-core inductors. This results
in an increase in the electrical efficiency of the
device. In a high-frequency amplifier, for ex-
ample, it is possible to get substantially twice the
amplification while maintaining the selectivity
the same as it would be with air-core induc-
tors, or, if desired, it is possible to obtain ap-
proximately twice the selectivity while maintain-
ing the sarhe amplification. Similarly, a fifty
per cent. increase in both amplification and
selectivity can be secured.

This invention will be better understood by
reference to the accompanying drawing, which is
illustrative of practicable mechanical embodi-
ments of the invention. It will be understood
that numerous mechanical arrangements other
than those shown may be employed to provide
means for mechanical adjustments to vary the
inductive coupling Wetween the primary and sec-
ondary inductors, all within the scope of the pres-
ent invention.

Referring to the drawing, Figure 1 is an ele-
vation, partly in section, of a high-frequency
coupling device employing magnetic cores;

Figure 2 is an elevation, in section, taken at
line 22 of Figure 1;

Figure 3 is an elevation, partly in section, of
a modifled form of high-frequency coupling de-
vice, and

Figure 4 is an elevation, in section, taken at
line 4—4 of Figure 3.

Referring to Figures 1 and 2, the device here
fllustrated includes an insulating base |, prefer-
ably of a ceramic material. Secured to the base
{ are capacitors 2 and 3, which are so designed
that their capacitances are adjustable over a
limited range. The capacitance of capacitor 2
is altered by means of nut 4, and the capacitance
of capacitor 3 is adjusted by means of screw
5, located inside of nut 4.

Frame 6 is preferably cast or molded in one
plece of an insulating material such as bakelite,
to avoid the cost of assembling operations which

2,082,500

would be necessary if it included, as it might, a
plurality of elements. Threaded inserts 1 are
molded into the feet of frame 6, and, in conjunc-
tion with sleeves 8 and nuts 9, secure the frame
6 to the base {. Inserts T also pass through holes
in the top of shield 10, thereby serving to main-
tain the base | in a definite position relative to
shield 10. A hole in the top of shield 10 gives
access to adjustments 4 and 5 of capacitors 2
and 3.

Coil 11, which is preferably of the universal-
wound type, is cemented or otherwise suitably
secured to its cylindrical magnetic core {2, which
in turn is mounted on frame 6 by means of in-
sulating rod {3. As shown, the axis of the induc-
tor I1—12 is perpendicular to the longitudinal
axis of shield 10. Coil 14, of the same construc-
tion and usually of the same size as coll 1,
is likewise mounted on its core 1§, which in turn
is secured to the insulating rod 16. A threaded
insert 11 is molded into the end of rod 16, and
passes through a slot 18 in frame 6. The nut
{9 serves to secure inductor {4—I5 in a desired
position relative to inductor 11—12, and access
is had to nut §9 through a suitable opening 20
in shield 10.

The slot 18 in the frame 6 is of length sufficient
to provide the necessary range of coupling varia-
tion required by the design.

The leads 2§ to the device are secured in slots
92 in frame 6 by means of tape bands 23 or in
any other suitable manner. The whole device
is mounted upon the chassis of the equipment
with which it is to be used by means of threaded
studs 24 suitably secured to the shield i0.

In quantity production of devices of the type
shown in Figure 1, it will usually be preferable
to design the insulating frame & with the slot 18
to permit coupling adjustment. After a consid-
erable number of units have been manufactured,
the exact position for the movable inductor to
give the proper degree of coupling for the par-
ticular design will be known, and a jig may be
made so that the inductors may be accurately
positioned in the slot without resort to any elec-
trical method of observing the performance of
each device.

Tnductor 18—185, therefore, may be fixed in
a predetermined desired position relative to in-
ductor 1f—12, instead of being adjustable, with-
out departing from the scope of the present in-
vention. This makes possible a slight reduction
in the cost of manufacture of the device without
sacrificing any important feature of the inven-
tion.

The device shown in Figures 3 and 4 employs
a different method of mounting the inductors
and also has an alternative arrangement for
varying the coupling between them. An insulat-
ing base |, preferably of a ceramic material, has
mounted on it adjustable capacitors 25 and 26,
which are adjustable by screws 21 operating in
countersunk nuts 28. Insulating brackets 29 sup-
porting inductors 11—I12 and 14—15 are secured
to base | by means of bolts 30 and nuts 3. Bolts
30 together with nuts 3ia also secure base | to
the shield can 10, which in this embodiment is
of rectangular cross section.

The leads 21 to the device pass through grooves
22 in base |, and connecting holes 22a convey the
leads through the base to the terminals of the
capacitors. Base | also supports shaft 32, which
has a slot for a screwdriver at its outer end, and
to the inner end of which is attached metallic
vane 33, preferably made of copper or aluminum,.
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Axial motion of shaft 32 iz prevented by shoulder
34 an

electrical Connection from the vane 33, to the
shield, and therefore to ground,
37 prevents the shaft 32 from rotating sufficiently
to sever lead 36,

Shield can 10 is brovided with holes to receive
serews 21 and shaft 32, and with suitably at-
tached threaded pieces 24 for securing the whole
device to the chassis of the equipment with which
it 1s to be used. Thus adjustment of the capaci-
tances of capacitors 25 and 26, and or the posi-
tion of vane 38, is readily made from without the
shield even after assembly of the device on the
chassis of the equipment.

The inductive coupling between the inductors
mmay be varied over g substantial range by rotat-
ing the metallic vane 83. The presence of agn
ungrounded vane will appreclably increase the
capacitive coupling between the inductors. If
the vane is grounded by means of lead 36, the
capacitive coupling between the Inductors will
be considerably decreased,

In either embodiment
shown, the inductive coupling adds to or opposes

the two inductors. Which arrangement is used
depends largely upon how the device is to be
employed, and is not material to the scope of the
present invention, .

It will be noted that the methods useq in the
bresent invention for adjusting the coupling be-
tween the inductors of the device are such that
the adjustment may be readily changed when
desired.

Various methods for making the vane 33 re-
main fixed in g desired position may be em-
ployed, as for instance g spring washer under
collar 35. In other cases, rotation of the vane is
a convenient method for obtaining variation in
the degree of selectivity of the coupling device,
as for instance to permit wide-band or highly
selective performance from the same device at
the option of the operator. By mechanically
ganging the vanes of several units, g, substantial
range in selectivity may be readily obtained.

Having thus described our invention, what we
claim is:

1. A high-frequency coupling device including
two resonant circuits

inductors,
spaced from each other as to secure substantially
optimum coupling between said circuits,

2. A high-frequency coupling device including
two resonant, cireuits each having an inductor,
said induectors each having a winding and 8 com-
minuted magnetjc core, a conductive shield sur-
rounding said inductors, said inductors being po-
sitioned with their axes parallel and at right
angles to the axis of said shield to reduce the
coupling between said inductors, and an insu-
lating frame for supporting said inductors from
said shield and for so spacing them from each
other as to secure substantially optimum cou-
pling between said circuits,

d collar 35. A flexible lead 36 provides an -

3

3. A high-frequency coupling device including
two resonant circuits each having an Inductor,
said inductors each having g winding and a com-
minuted magnetic core, a conductive shield sur-
rounding said inductors and having a closed end,
sald inductors being positioned with their axes
parallel and at right angles to the axis of said
shield to reduce the coupling between said in-
ductors, and an insulating frame for supporting
said indyctors from said shield and for so spac-
ing them from each other as to secure substan-
tially optimum coupling between said cireuits,
said frame being mounted upon the closed end of
said shield.

4. A high-frequency coupling device including
at least two resonant circuits each having an
inductor, tubular magnetic cores for each of said

be mounted on one side of said shield wherehy
desired coupling between sald inductors ig
achieved.

5. A high-frequency coupling device including
at least two resonant circuits each having an
indugtor, magnetie cores for each of said in-

tioned between said inductors for varying the in-
ductive coupling therebetween, whereby desired
coupling between said inductors is achieved.

6. A high-frequency coupling device including
two resonant circuits each having an inductor,

sald inductors each having a winding and g com-
minuted magnetie core, & conductive shield sur-

pling between said circuits.

7. A high-frequency coupling device Including
at least two resonant circuits each having an in-
ductor, means for supporting saiq Inductors with
their axes

by desired coupling between sald inductors is
achieved. )

8. A high-frequency coupling device including
two resonant circuits each having an inductor,

ductors may be adjusted to secure substantially

optimum coupling between said circuits,
CHARLES C. NEIGHBORS,
WILFRED H. JAMES,
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