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TUNED CIRCUITS
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Johnson Laboratories, Inc., Chicago, Ill., a cor-

poration of Illinois

Application June 26, 1935, Serial No. 28,436

11 Claims.

The invention relates to electrical networks of
the type employed in radio receiving apparatus,
and more particularly to the systems of tuned
high-frequency circuits which are ordinarily used
to produce the seléctive amplification of desired
frequencies in cascaded thermionic amplifiers.
The invention is especially addressed to the
problem of providing a suitable arrangement for
coupling two tuned high-frequency circuits of
the type in which the tuning is accomplished by
relative movement between the inductive winding
in each of the circuits and a ferro-magnetic core.

It is an object of the invention to provide cou-
pling arrangements which, in cooperation with
the inherent characteristics of the resonant cir-
cuits employed, will produce uniform amplifica-
tion and uniform selectivity throughout the tun-
ing range of the apparatus. Additionally, it is
an object of the present invention to provide cou-
20 pling means having the characteristics just de-

scribed, in which the. moving ‘ferro-magnetic
cores are utilized to secure these characteristics.

It is a further object of the present invention

to provide coupling means of such nature that

o5 the voltage generated in the second circuit will
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have a substantially constant relation to the -

voltage developed in the first circuit at all fre-
quencies throughout the tuning range. o

1t is well known that a resonant circuit tuned
by capacitance variation is inherently incapable
of uniform performance over any wide range of
frequencies. It has been shown by Polydoroff
in U. S. Patent 1,940,228 that the criterion for
uniform performance is that the ratio of induct-
ance to resistance shall remain constant. In
systems tuned by capacitance variation the in-
-ductance remains constant but the resistance in-
creases markedly as the frequency increases SO
that the ratio of inductance to resistance becomes
increosingly .unfavorable at the higher frequen-
cies.

In systems tuned by inductance variation, and
particularly in systems tuned by moving ferro-
magnetic cores, it is possible to so design the core
5 Wwith relation to the winding with which it is em-
ployed that the ratio of inductance to resistance
will be maintained substantially constant. This
is because, as the core is inserted into the wind-
ing to increase the inductance, it also auto-
matically increases the resistance, thus tending
to maintain the inductance to resistance ratio at
the same value.

My present invention is based upon the use of
resonant circuits tuned by ferro-magnetic cores,
and in which the cores and windings have been
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(CL 178—44)

so designed as to secure a constant ratio of
inductance to resistance in the tuned circuit per
se. It is apparent that when two Such circuits
are coupled together the coupling means must
have such a characteristic as to automatically g
increase the coupling between the circuits as the
resistance (and inductance) in each of the cir-
cuits increases.

In properly designed circuits of the type de-
scribed, which are known as “permeability tuned”
circuits, both the inductance and the resistance
are inversely proportional to the square of the
frequency to which the circuit is tuned. Thus,
in properly designed coupling arrangements in
accordance with the present invention and of the
types which I shall now describe, the coupling co-
efficient is inversely proportional to the first
power of the frequency.

My invention will be better understood from
the following description taken in connection g4
with the accompanying drawings, in.which the
various figures show a number of typical ar-
rangements embodying the principles of the in-
vention, and in which like reference numerals
refer to like parts:

Fig. 1 is an arrangement in which the magnetic
cores are directly connected -electrically and
grounded through a capacitor; T

Fig. 2 is an arrangement in which the two mag-
netic cores. are directly connected electrically
and grounded through a parallel resonant cir-
cuit; .

Pig. 3 is an arrangement in which the two
magnetic cores are directly connected electrically
and are grounded through a seri~s resonant cir-
cuit; :

Fig. 4 is an arrangement of variable capacitive
coupling later to be described;

Fig. 5 is an arrangement similar tc Fig. 1, ex-
cept that series coupling capacitors are employed,
the junction of these two capacitors being
grounded through a third capacitor.

Fig. 6 is an arrangement in which the two mag-
netic cores are each grounded directly and a link
cireuit is employed having coupling turns at 48
both the high potential and low potential ends
of the inductive windings in the tuned circuits;

Fig. 7 is an arrangement in which a simple link
circuit is grounded through a.capacitor; .
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Fig. 8 is an arrangement in which the link
circuit consists of a small number of coupling
turns forming a part of the second resonant cir-
cuit;

Fig. 9 is an arrangement in which a small g5
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number of coupling turns forms a part of the
inductance in each of the resonant circuits;.

Fig. 10 is an arrangement in which capacitive
coupling between the resonant cirecuits is em-
ployed;

Fig. 11 is an arrangement in which the link
circuit includes a capacitor; and

Fig. 12is an arrangement in which the coupling
is obtained by small stationary core members
magnetically connected.

As will be apparent from what is to follow,
in certain of the embodiments of my invention,
advantage is taken of the fact that there is a
small but nevertheless useful capacitance be-
tween each magnetic core and the winding into

which it is inserted. Additionally, advantage is
taken of the fact that this capacitance between
the core and the winding varies as the core is
inserted into the winding.

It will be understood that while these magnetic
cores consist of insulated magnetic ¢and con-
ductive) particles, and while the core body has
& relatively high electrical resistivity, neverthe-
less the core is capable of acting as one electrode
of 2 capacitor. This property of the magnetic
cores has already been pointed out by Polydoroff
in U. 8. Patent 1,940,228, and in technical

* papers by Polydoroff (see Proceedings of the In-
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stitute of Radio Engineers, May 1933, pages
690-709) and others.

Each of the circuit arrangements now to be
described in connection with the drawings is
capable of producing a variation of coupling
more or less closely following the relations given.

Relerring now to Fig, 1, inductance 1 and con-
denser I form a resonant circuit connected across
the terminals of thermionic amplifier 3. Induc-
tance 4 and condenser 5 form a resonant cireuit
connected across the terminals of thermionic am-
plifier 6. Magnetic core T moves into inductance
{ to increase the effective value of the inductance
and to thus tune the rescnant circuit f, 2 over
& desired range of frequencies. Magnetic core 8
moves into inductance 4 to increase the effective
value of the inductance and thus tune resonant
circuit 4, 5 over a range of frequencies.

The m%r\etlc cores 1, 8, the inductances 1,
4 and the condensers 2, 5 are so designed and
broportioned that the resonant circuits I, 2 and
4, § will be tuned over the same range of fre-
GLIGDCIGo by simultaneous motion of the magnetic
cores 1, 8, and for any position of the cores 1,
& will be tuned to the same frequency. Addi-
tionally, the magnetic cores 7, 8 are so propor-
tioned as regards shape and ma:,nctlc content,
with respect to the inductances 1, §, respectively,
that both the inductance and the resistance in
thie two resonant circuits are increased propor-
tonately by the insertion of the cores so that
tl:v ratio of inductance to resistance in each

. the resonant circuits i, 2 and 4, 5 per se is

naintained constant.

”*bg magnetic cores 7, 8 ars electrically con-
nected by a conductor 9. It will be understood

that in the arrangement shown in Fig, 1 there is
direct

no
dn

inductive coupling hetween
{ and the

the in-
inductance 4, and that there
-agnetic connection between the magnetic
and the magnetic core 8. Thus the only
coupling between the resonant ciccuit i,
the resenant circuit 4, 5 is of a capacitive nature.

The condenser {2 is connected between the high
potential end of inductance | and the high po-
tential end of inductance 4. Additionally, there
is an inherent capacitance between the magnetic

2 and
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core T and the inductance I, and a similar in-
herent capacitance between the magnetic core
8 and the inductance 4. These two inherent
capacitances are effectively in series by virtue
of the electrical connection 9 from the magnetic

ore T to the magnetic core 8. By appropriately
choosmg the condenser 12 in relation to the in-
herent capacitances between.the cores and the
inductances, the coupling coefficient between
the resonant circuit 1, 2 and the resonant cir-
cuit 4, 5 may be made approximately inversely
proportio*lal to the frequency to which the cir-
cuits {1, 2 and 4, 5 are tuned by the magnetic
cores 1, 8 respectively.

The magnemc cores 1, 8 are grounded through
a capacitor [{. This reduces the effective variable
capacitive coupling between the circuits I, 2

and 4, 5, and by proper choice of the condenser’

12 will produce a more nearly linear inverse re-
lation between frequencies to which the circuits
{, 2 and 4, § are tuned by the cores 1, 8, and
the effective mutual reactance.

Fig. 2 is a modification of Fig. 1, in which the
cores 1, 8 are grounded through a parallel raso-
nant circuit consisting of inductance {3 and con-
denser [4. This circuit 13, {4 may be designed

to resonate at a desired frequency to increase

the effective coupling coefficient between the
resonant cireuit I, 2 and the resonant circuit 4,
5 for any pertion of the frequency range, the
condenser IE heing appropriately chosen io se-
cure the desired relationship.

Fig. 3 i3 a modification of PFig. 1, similar to
Fig, 2 except that the cores 1, 8 are grounded
through a series resonant circuit consisting of in-
ductance 16 2nd condenser 11. This combina-
tion may bhe arranged to decrease the effective
coupling coefficient between the circuit I, 2, and
the circuit 4, 5 for any desired portion of the
frequency range, the condenser 18 being ap-
propriately chosen to secure the desired result.

In the arrangement shown in Fig. 4 the cir-
cuits [, 2 and 4, § are coupled hy means of a com-
men reactance comprising condenser 19 and
choke coils 26 and 21. Condenser 1%a is a
grounding condenser which controls the estab-
lished voltage common to both circuits. The
voltage drop across the common reactance 18,
20, 21 cduses a current to flow from the point
22 through coil 4, and through the inherent ca-
pacitance between the coil 4 and the core 8 to
ground. This current produces the initial volt-
age in circuit 4, 5.

The arrangement shown in Fig. 5 is similar
to the arrangement shown in Fig. 1, except that
the coupling capacitor 12 is eliminated and the
condensers 2, § are replaced by condensers 22,
24, which are not connected directly to the low
potential ends of the coils 1, 4 respectively, but
are connected together and grounded through
a condenser 25. The condenser 25 acts as a
coupling capacitance between the circuit I, 23
and the circuit 4, 24. In this figure, the varying
capacitive coupling between core T and the coil
{, and the varying capacitive coupling between
the core 8 and the coil 4, are effective to produce
the desired variation in the coupling coefficient.

Fig. 6 is an arrangement in which the link cir-
cuit 26 cousists of windings 27, 28 positioned at
the high potential ends of inductances | and 4,
respectively, and windings 29, 39 positioned at
the low potential ends of inductances | and 4.
respectiveiy. The windings 27, 28 and 23, 30 are
connected in series. It will be apparent that in
this arrangement the coupling between the
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winding 29 and the coil | and the coupling be-
tween the winding 30 and the coil 4, are increased
as soon as the cores 1, 8 start to enter the wind-
ings 1, 4. 'The coupling between the winding 27
and the coil 1 and the coupling between the
winding 28 and the coil 4, remain relatively low,
however, until the cores T, 8 are almost all the
way into the coils 1, 4. Each of the windings 21,
28 and 29, 30 consist of a relatively small number
of turns wound cirectly over the coils f and 4. :

Fig. 7 is similar to Fig. 6 except that the link
circuit 31, consisting of the windings 32, 33, Is
grounded through a condenser 34, which tends to
place a load on the link cireuit, which increases
with frequency, and thus reduces the effect of the
inductive coupling and the 'slight capacitances
between the windings 32 and the coil 1, and be-
tween the windings 33 and coil 4 at the nigh-fre-
quency.end of the band.

The arrangement shown in Fig. 8 is similar
o the arrangement of Fig. 6, except that the link
circuit 26 of Fig. 6 Is replaced by coupling turns
35 wound over the inductance {, but connected in
series with the inductance 36, Coupling turns
35 and inductance 26 in series constitute the in-
ductance of the second tuned circuit. The cou-
pling between the coupling turns 35 and the coil
1, which is relatively low before the core 1.is in-
serted, is increased by the presence of the core 1.

The arrangement shown in Fig. 8 is similar to
the arrangement in Fig. 8, except that coupling
turns 37 and 38 respectively are in series with
coils 3¢ and 40 and respectively wound over sald
coils 40 and 39. It will be understood that the

coupling between turns 37 and coil 40, and also -

the coupling between turns 38 and coil 39, are

- jnereased when the.cores 1, 8 are advanced into
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the coils 40, 39.

Tn the arrangement shown in Fig. 10 the cores
7, 8 are grounded and the capacitor 4f is con-
nected between intermediate points on induc-
tances | and &, these points being chosen with
relation to the size of capacitor 41,

The arrangement shown in Fig. 11 has a cou~
pling capacitor 42. The windings 43, 44 are por-
tions of the inductances |, & respectively, and are
wound over the turns thereof, the position of 43
on | and the position of 44 on 4 determining the
inductance of the windings 48, 44 for any posi-
tion of the cores 1, 8. The condenser 42 couples
the circuits §, 43, 2 and 4, 44, 5 in proportion to
the coupling coefficient determined by the mutual
inductance between 43 and I, and between 44
and 4. :

In the arrangement of Fig. 12 the coupling is
produced by a magnetic link consistiug of small
stationary cores 45, 46, secured near the high
potential ends of inductances f, & and joined by
a magnetic yoke #7. This magnetic yoke pro-
vides a small inductive coupling between the cir-
cuits , 2 and &4, 5, which is increased as the
cores 1, 8 are advanced into the colls {, 4 re-
spectively. .

As illustrative of the constants to be employed
in any of the circuit arrangements shown in
Figs. 1 to 12 inclusive, the following data are given
for the circuit of Fig. 5. Ina particular embodi-
ment of the arrangement of Fig. §, the colls I, [
each have an inductance of |13 microhenries and
consist of two-layer bank wound coils 2%’ long
by 12'* internal diameter. The capacitors 23 and
24 each has a capacitance of 90 micromicro-
farads. The capacitance of capacitor 11 is 0115
microfarad, and that of capacitor 25 is 0.015
microfarad.

* preferably mounted-approximately at the low

- coil 4 in Pig. 11, The effective inductance of

3

It will be understood that the constants just
given are illustrative of a practical embodiment
and are not to be taken as in any way limiting
the scope of my invention.

The arrangements of Figs. 4, 6, 7,8, 8, 10, 11 5
and 12, possess the advantage that the cores may
be directly grounded, thus eliminating the neces-
sity for magnetically and electrically insulating
them from the mechanism employed to produce
the relative motion between the cores and the 1g
coils. .

The position of the link circuit winding shown

in Pigs. 6, 77, 8 and 9 is somewhat critical. Re-

ferring to Fig. 6, for example, the coils 29, 30 are

15
potential ends of the coils 1, &4 and are prefer-
ably wound on insulating tubing having +7 wall
thickness and an internal diameter equal to or
slightly greater than the external diameter of
the coils 1, 4. The remaining coils 2T and 28
are preferably mounted approximately s inch
from the high potentiai ends of the coils f and &,

Tt will be observed that in the arrangements
shown in Figs. 10 and 11, the circuits f, 2 and
4, 5 are coupled not only by the condenser 41 in
Fig. 10 and the condenser 42 in Fig. 11, but alsc
by the portion 48 of the coil { and the portion 48
of the coil # in Fig. 10 and similarly by the por- -
tion 43 of the coil | and the portion 44 of the
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these portions of the coils is varied by the inser-
tion of the cores 1, 8. The effectiveness of the
coupling secured by virtue of these portions of
the windings may be adjusted by selecting the
position at which the taps for the connection of
condenser #1 in Fig. 10, or of condenser 42 in Fig.
11, are brought out. :

As has already been pointed out, it is highly
desirable that the resonant circuits {,2and 4,5
of Figs. 1 to 12 inclusive, should be so designed
that the resonant circuits in themselves possess
the characteristic of constant inductance to re-
sistance ratio. However, to the extent to which
the.resonant circuits deviate from this preferred
relation, it is possible, in accordance with my in-
vention, to make such adjustment of the rate at
which the coupling coefficient between the two
circuits decreases, as the frequency to which the
circuits are tuned increases, as to effectively com~
pensate for the deviations in the circuits them-
selves. o

Tt will be understood, therefore, that while my
invention provides coupling arrangements in
which the effective coupling coefficient between
two resopant circulis may be made substantial
inversely proportional to the freguency o which
the resonant circuits are tuned, I do not wish to
be limited to this precise relationship, but inciude
within the scope of my invention means by which
the coupling may be adiusted to gubomatical
compensate for slight deviations of the cire
themselves from the ideally constant ratic of
inductance to resistance.

Having thus described my invention, what
claim is: 85
1. A high-freguency system, having two reso-

nant cireuits, each civcuil including a capacitor
and an inductance coil, & magnetic core movable
relatively to each of sald inductanoce coils for
tuning said circuits in such a manner that the 7y
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ratio of inductance 6o rvesistance iz maintained
substantially constant, a variable coupling he-
tween said two circuits which increases as the
frequency of the system is decreased, and means
including said cores to so regulate sald couplinZ yg
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as to maintain substantially constant perform-
ance throughout the tuned frequency band.

2. A high-frequency system having two reso-
nant circuits, each ecircuit including a capacitor
and an inductance coil, a magnetic core movable
relatively to each of said inductance coils for
tuning said circuits in such a manner that the
ratio of inductance to resistance is maintained
substantially constant, a variable coupling be-
tfween said two circuits which increases as the
frequency of the system is decreased, said coupling
including a variable capacitance between each
core and coil; and a capacitor between sald cores
and the ground to so regulate said coupling as

5 to maintain substantially constant amplification

throughout the tuned frequency band.

3. A high-frequency system having two reso-
nant circuits, each circuit including a capacitor
and an inductance coil, a magnetic core movable
relatively to each of said inductance coils for tun-
ing said circuits in such a manner that the ratio
of inductance to resistance is maintained sub-
stantially constant, a variable coupling between
said two circuits which increases as the frequency
of the system is decreased, said coupling includ-
ing g variable capacitance between each core and
coil, and a parallel circuit through -which the

- cores are grounded to so regulate said coupling as

63

to control the amplification throughout the
tuned frequency band.

4. A high-frequency system having two reso-
nant circuits, each circuit including & capacitor
and an inductance coil, a magnetic core movable
relatively to each of said inductance coils for
tuning said circuits in such a manner that the
ratio of inductance to resistance is maintained
substantially constant, a variable coupling be-
tween said two circuits which increases as the
frequency of the system is decreased, sald coupling
including a variable capacitance between each
core and coil, and a series circuit through which
the cores are grounded to regulate sald coupling
and thereby control the amplification through-
out the tuned frequency band. '

5. A high-frequency system having two reso-
nant circuits, each circuit including a capacitor
and an inductance coil, a magnetic core movable
relatively to each of said inductance coils for
tuning said circuits in such a manner that the
ratio of inductance to resistance is maintained
substantially constant, a variable coupling be-
tween said two circuits which increases as the
frequency of the system is decreased, said coupling
including a variable capacitance between each
core and coil, and a capacitive reactance com-
mon to said resonant circuits to so modify said
coupling as to maintain substantially constant
amplification throughout the tuned frequency
kand,

8. A high-frequency system having two reso-
nant circuits each including a capacitor and an
inductance coil, a magnetic core movable rela-
tively to each of said inductance coils for tuning
said circuits in such a manner that the ratio of
inductance tc resistance is maintained substan-

2,106,226

tially constant, and a link circuit inductively
coupled to the ends of sald colls, the couplings
between said link circuit and said coils being so
varied by said cores as to maintain substantially
constant amplification throughout the tuned
frequency band.

7. A high-frequency system, having two reso-
nant circuits, each circuit including a capacitor
and an inductance coil, a magnetic core movable
relatively to each of sald inductance coils for tun-
ing said circuits in such a manner that the ratio
of inductance to resistance is maintained sub-
stantially constant, and a link circuit coupled
with said coils and connected through a capacitor
to ground, the coupling between said link circuit
and said colils being so varied by sald, cores as to
maintain substantially constant amplification
throughout the tuned frequency band.

8. A high-frequency system having two reso-
nant circuits each including a capacitor and an
inductance coll, a magnetic core movable rela-
tively to each of said inductance coils for tun-
ing sald circuits in such a manner that the ratio
of inductance to resistance is maintained sub-
stantially constant, and a link circuit coupled
with and including part of the inductance of said
coils, the coupling between said link circuit and
said coils being so varied by said cores as to
maintain substantially constant amplification
throughout the tuned frequency band.

9. A high-frequency system having two reso-
nant circuits, each circuit including a capacitor
and an Inductance coil, & magnetic core movable
relatively to each of said inductance coils for
tuning said circuits in such a manner that the

" ratio of inductance-to resistance is maintained

substantially constant, a link circuit coupled with
and including part of the inductance of said colils,
and a common capacitive reactance, the coupling
between said link circuit and said cofls belng so
varied by said cores as to maintain substantially
constant amplification throughout the tuned
frequency band.

10. A high-frequency system having two reso-
nant circuits each including a capacitor and an
inductance coil, a magnetic core movable rela-
tively to each of said Inductance colls for tuning
said circuits in such a manner that the ratio of
inductance to resistance is maintained substan-
tially constant, and a magnetic yoke cooperating
with said cores to so regulate the coupling be-
tween said coils as to maintain substantially con-
stant amplification throughout the tuned fre-
quency band.

11. A high-frequency system having two reso-
nant circuits each including a capacitor and an
inductance coil, a magnetic core movable rela-
tively to each of said inductance coils for tuning
sald circuits in such a manner that the ratio of
inductance to resistance is maintained substan-
tially constant, and means including said cores
to so regulate the coupling between said circuits
as to maintain substantially constant amplifica-
tion throughout the tuned frequency band.

WILLIAM A. SCHAPER.
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