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The present invention relates fo tuned radio
signal circuits, and more particularly to signal
circuits of the type having ferro-magnetic or
magnetite core inductance tuning.

In conventional circuit design with inductance
tuniing of the type above referred to, the change
in permeakilily is made relatively small gnd usu-
ally is not measurabie because of the low flux
density and relatively large volume of the cores
ordinarily provided. It has been found, however,
that with magnetite core tuning inductances, the
vermeability may be varied appreciably as the
flux density in the core is increased to a relatively
high value.

The flux density may be increased by the pres-
ence of strong signals as in an IF amplifier, o in-
crease the signal current flow through the in-
ductance, or the core volume may be decreased
to a relatively small percentage of a normal core
volume, Tt has been found that as a result of a
relatively higher flux density than has heretofore
heen used for high frequency signal circuits, it
is possible to shift or vary the resonant frequency
of a tuned cireuit embodying such an inductance,

over a relatively wide frequency range with a 2

relatively narrow range of variation in the
strength of the applied signal or signal voltage,
becatse of the change in permeability, and that,
for maximum change of flux density with rela-
tively small voltage change, a low L/C ratio in
the funed circuit is necessary.

It is, therefore, an object of the present in-
vention to provide an improved tuned radio sig-
nal circuit embodying a tuning inductance or
inductive reactance device of the maguetite cora
type, wherein g higher than normal flux density
for radio signmal circuits is provided in the core
in response to an applied signal voltage to cause
the frequency response of the tined circuit to be
varied in response to variations in apnlied signal
strength or voltage.

It is also an obiect of the present invention to
provide an improved radio signal circuit of the
magnetite core inductance tuned type which is
resnonsive tn variations in signal strength to
cause a corresponding variations in permeabil-
ity and freguency response, whereby the circuit
is adapted for use in compensating circuits for
high frequency amplifiers, for example, as em-
rloyed in the RF and IF circuits of a super-
hetferodyne receiver, and also in connection with
AVC and APC circuits for radio receiving appa-
ratus and the like.

The invention is particularly adapted for use
in connection with the tuned signal conveying
circuits ¢f radio and other high frequency ap-
paratus, and has for its further object to provide
an improved tuned signal! conveying circuit, the

resonant frequency of which may be varied over a
relatively wide range in response to relatively
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sinall variations in the strength of the applied
signal or in response to variations in the applied
signal voltage.

Tt is also a further object of the present in-

ion to provide an improved tuned signal con-
vevin g circuit, the resonant frequency of which
may ie vamed in response to variations in the
sirength of the applied signal or in respeonse to
variations in the zpplied signal voltage when
such voitage variations are relatively wide and
the applied signsal is relatively strong.

In providing a circuit embodying the inven-
ticn, a tuning inductance or inductive reactance
of the ferrg-magnetic cors type in which the core
material is of magnetite is arranged to operate
with g relatively high fiux density for high fre-
quency mgwﬂ circuits, With magnetite cores in
uning inductances, this has besn found to
ase the effective permeability and to cause

i in the inductance value and a cor-
responding lo Jcrm of the resonance frequency
ed
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ohject of the
ntion to plov1de an moroved tuning
ductance element for high frequency radio sig-
nal cirecutts wherein the effective permeakbility
of a ferro-maznetic core may be varied in the
presence of strong signals and with a relatively
low variation in signal strength or voltage.
In e tuned radioc signal circuit such ag the cir-
uit of an intermediste frequency amplifier, it
has beenn found that the permeability variation of
a ferro-magnatic core tuning inductance may ba
increased by making the L/C ratic of the circuit
low, that is, by making the inductance relatively
low and t‘“ associated shunt tuning capacity rel-
atively high in value, thereby to vrovide an in-
crease in signal current flow since the flux in
the core depands upon the factor I2L. The flux,
har is proportional to I2, It is, therefors,

inven

refore,
an ob;ccd of the present invention to provide a
permeghbility tuvn,ola inductance for high fre-
quency tuned radio circuits arranged o take ad-
vantage of the inereased current available in a
circuit having a loew L/C ratio to increase the ef-
fect of fregquency variation with variations in
permeghility,

It is alsc an object of the present invention o
rrevide an improved high frequency radio signal
circuit of the ferro-magnetic tuned iype com-
ng a tuning inductance having a magnetite
cove and which, in the presence of strong signals,
responds to variations in signal strength or volt-
age to provide a change in the permeability of
the core and the inductance value thereof, and an
Improved control cireuit, such as an AVC cireuit
for radio receiving apparatus and the like, em-
bodying such tuning inductance or inductances.

nce an increase in signal strength or voltage
in a tuned circuit embodying the invention pro-
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vides a decrease in resonance frequency, the cir-
cuit may be utilized to compensate for variations
in capacity on the circuit caused by variations
in controlling potentials on associated amplifier
tubes such, for example, as variation in capacity
provided by an associated control grid in response
to variations in AVC potential thereon to main-
tain the resonance frequency substantially con-
stant.

The invention will, however, be better under-
stood from the following description when con-
sidered in connection with the accompanying
drawing, and its scope will be pointed out in the
appended claims. ’

In the drawing,

Figure 1 is a schematic circuit diagram of a
tuned radio signal circuit embedying the inven-
tion;

Figure 2 is a graph showing curves representing
operating characteristics of the circuit of Fig. 1
under differing conditions of adjustment;

Figure 3 is a circuit diagram of an intermedi-
ate frequency amplifier and second detector for
a superheterodyne radio receiving system also
embodying the invention; and

Figure 4 is a graph showing curves illustrat-
ing an operating characteristic of the circuit of
Fig. 3.

Referring to Fig. 1, a tuned radio signal cir-
cuit § is provided with a tuning inductance 6
and a shunt tuning capacitor 7 for said induct-
ance. A signal input circuit 8 is coupled through
a winding 9 with the inductance 6. This repre-
sents any suitable signal conveying circuit

adapted to be tuned to resonance at a predeter-

mined frequency.

In accordsnce with the inveation, the induct-
ance 6 is of the ferro-magnetic core type having
a core 10 of magnetite of such volume or cross-
section that the flux density therein is relatively
high. .

The magnetic circuit of the core 18 is preferahly
closed through g suitable path provided by mag-
netic core material providing a relatively large
volume or cross-sectional area. In the present
example, the ends of the core {8 engage the
inner surfaces of a ring {1 of magnetic material
having a large cross-sectional area with respect
to that of the core 10. )

By this arrangement, the core volume or cross-
section under the winding is decreased. The
signal intensity applied to the input circuit 8
and the voltage E in the tuned circuit 5 may be
relatively high as in an intermediate frequency
amplifier, with the result that the flux density
in the core 10 is increased to such a point that
the permeability of the core is affected and, as
hereinbefore pointed out, the effect is to increase
the permeability with increase in the flux den-
sity so that it is possible to shift the resonant
freaguency of the tuned circuit 5 over an apypre-
ciable frequency range by variation in the signal
intensity or voltage E across the tuned circuit.

As shown in Fig. 2 by the curve {2, it has been
found to be possible to shift the resonant fre-
quency of ‘the tuned circuit 5 from 460 kc., for

example, to 430 kc. with an RF voltage change-

of from zero to substantially ten volts. 'This is
with a low L/C ratio in the tuned circuit 5.
‘With a higher I./C ratio, the response curve may
be as indicated at {3 in Fig. 2, requiring a wider
variation of voltage H across the tuned circuit
to obtain the same shift of the resonance point.

“The value of the capacitor T or the value of
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C in the circuit 5 was 460 mmf. for obtaining
the curve 13, while for obtaining the curve 12, a
capacity of 4000 mmf. was employed across the
tuning inducfance. - The lower L/C ratio pro-
vides a higher current through and a lower
voltage across the tuning inductance. With a
higher value of tuning capacity, it is obvious
that for the same frequency or frequency range
the value of the inductance 6 and the number
of turns on the winding must ke lower. How-
ever, it has been found that with a lower num-
ber of turns, the flux through the core is in-
creased appreciably because of the fact that the
flux varies as the square of the current and only
as the first power of the inductance. )
The ratio of the reactance of the inductance
6 to its high frequency resistance, or the Q of
the coil, is reduced with increase in the strength
of the signal applied through the circuit 8 to-
the circuit 5, because the high frequency resist-
ance increases at a higher rate than the induct-

. ance or the effective permeability, and this re-
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sults in & decrease in the gain of any amplifier
stage in which the circuit is connected, which
is a desirable feature since it reduces the gain
for strong signals and permifs increased gain
automatically for weak signals.

This is for the reason that, in the present
system, the core of the inductance operates with
high frequency currents far below the knee of
the permeability-magnetomotive force or sat-
uration characteristic curve, but still relatively
higher than has heretofore been used in such
systems. This causes the permeability to rise
with increased RF voltage at E. The relatively
high flux density herein referred to is a flux
density which is high for that ordinarily ob-
tainable in high frequency signal circuits and
should not be confused with that used in power
and audio frequency circuits. On a usual sat-
uration curve, for example, a point above the
upper bend or knee is that which is ordinarily
considered to represent a high flux density for
power and audio frequency circuits, while @ point
on or above the lower bend of the same curve

_ would indicate a high radio frequency flux den-

G0

sity. 'The flexing of the curve is opposite for
the two cases, and it will therefore be seen that
the tangent to the curve more nearly approaches
the vertical for the radio frequency circuits and,
accordingly, in this region, as the RF voltage and
current increases, the permeability increases,
since the tangent to the curve becomes further
more nearly vertical.

As will be seen from the icurves of Fig. 2, the
voltage E required to change the resonant point
or tuning of the circuit 5 through a relatively
wide frequency range may be varied over a rel-
atively wide range or a relatively narrow range,
depending upon the L/C ratio of the tuning
elements in the circuit. This permits consider-
able latitude in the design of the circuit.

In any case, however, the range of frequency
variation and the variation of the @ of the coil
is relatively high only when the flux density is
increased to a relatively high value for such high
frequency rcircuits as hereinbefore noted, and
this is accomplished not only by providing an
inductance winding having a magnetite core of
relatively low volume or cross-section whereby
the flux density for high frequency circuits is
high per unit velume of the core, but is also
made possible at a lower input voltage E, by
providing the tuned circuit with a low L/C ratio.
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- In any funed eireuit, it is unneccessary to de-
part from the desirable features of magnetite
core tuning to obtain a shifting of the resonant
point or a frequency variation in the tuned cir-
cuit, since to obtain this characteristic, it is
merely necessary to decrease the length and di-
ameter of the coil and core assembly in such a
manner that the flux density per unit of volume
of the core is increased, and for a maximum
change in frequency with Iow voltage change, a
low L/C ratio is used in the tuned circuit.

Referring now to Fig. 3, an intermediste fre-
quency amplifisr c rewit is shiown in which & tube
1§ is provided as the last intermediate frequency
amplifier smge preceding a second detector tube
{8 In the signal channel of the receiver. The de-
tector is of the dicde rectifier type comprising a
pair of dicde electrodes i1 connected to the sec-
ondary 18 of IF coupnling transformer {8 which is
connected in series with a coupling coil 28 and is
tuned by a shunt adjustable capacitor 21.

The outpub circult 22 of the IF amplifier tube
i8 is connecterd with the tuned primary winding
23 alss provided with a shunt tuning capacitor
24 so that the two tuned circuits may respond to
the same frequency, such as 480 ke., for example,

The secondary circuit 18—38—21 is connected
at its low potential end through a dicde cutpud
resistor 28 o the cathode 285. Audio freguency
signal output is derived from the resistor 25
through an clitput lead 27, connected in the pres-
ent example (0 an amplifer grid 28 in the same
envelope with the dicde detector. Audio fre-
quency signals for further amglification and uti-
lization are derived from the cutput ancde 29 as-
sociated with the grid 23, through the cutput cir-
cuit 38.

The IF amplifisy tube 15 is provided with a
fu‘lerl Wrmt cire ht comprising a tum*m induct-
ance 3§ and a shunt tuning capacitor &5 therefor
forming the *11—34: szeondary civeuit of an IF
transformer &7 tuned primary of which is
m mafed at 3&. The secondary 28 is tuned by
and &lso by a core 39 of
1 such as magnetite arranged
ny suitable manner and being of such
1 area or volume that, in response
to normal signals supplied through the channel,
the voltags bress the circuit 35—26 causes the
flux density i re core fo he relatively high for
high freguency c.ircuif;s aithough far below the
upper bend of the usual saturation curve for in-
ductance elements in audio frequency and low
frequency power Cll‘Chlm, thereby to decrease the
frequency of reso he inpus cirenit by an
amount at least su overcome the effect
on the ,Jcmf cf t: r control grid 42 of
qnected thereto and
with a source of AVQ
ad 4i. As is well
:ive bias provided in
strength in an AVC
i the tuned civeuit

o,

magaeuc maie
thereinin g
crosg-sect

; 1e freguency response to
be shifted toward a higher resonmant frequency.
This te ‘ndancz is cvercome by the present ar-
rangems

To tal\ M%agc of the varis
in respongz io variati i
vary the tumng «f a resonan
ductance a
tuned cir
48 ang a shu
the coupling
indicated in the ar meg, the latter Wmmng is

abie permeshility
iznal strength to
t circuit having in-
e tuning means, a
wuning inductance
c mcﬁuor ﬁa, is associated with
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coupled to the tuning inductance electromagnet-
ically for the transfer of energy to the circuit 45.
The windings 28 and 43 are associated or coupled
in much the same manner gs indicated in Fig. 1
at § and 8, respectively, on 2 magnetite core £8
of low volume ov cross-section to permit satura-
tion or the relaiively high flux density, herein-
hefore referred to, at normal signal levels, there-
Iy to change the permeability of the core and the
tuning of the circuit 45, the frequency being de-
creased with increased signal strength.

As hereinkefore described, the increase in per-
meabilily causes an increase in inductance of the
windings £8 and tunes the circuit LO a lower fre-
guency, and to increase this effect, the magnetic
circuit is preferably closed, as in the arrangement
of g, i, and, furthermore, the ratio of the in-
wm‘ta;-ce &8 {o the capacity at ﬂ? that is, the

C ratic, s made low. This provides a mntlvmly
hiff‘a current and low inductencs in the winding
4% for a given freguency.

With an intermediate freguency circuit tuned
o 460 ke., the circuit 48 may be tuned to 480 ke.,
for example, with weak signal input. As the
applied signal strength is incressed, the 489 ke.
cireuit 48 will shift in resonant frequency to a
lower frequency, angmachms the intermediate
frequency 4893 ku s & limil, thus increasing the
C(J”pll{lg to the sCM“r"-a 'y 3 and causing the out-
put veltage from the funed circuit 45 to increase
at a higher rate than the signal,

A signal rectifier of the dicde type indicated
at B8 having a diode outpub 1-ﬁsmuor 81 may be
connected across the tunsd circuil 48 to provide
centrolling poventials for the AV circuit 41, the
connection being made as indicated, throush a
suitable filter camprising a sories resistor 52 and
a shunt filter capaciter 52. This causes a better
AV characteristic than is normally provided, as
indicated in the curves of Fig. 4, in which the
curve 58 is a resu:mse curve for g noirmal AVC
ereas the curve B§ represents the
recteristic of the circuit of Fig. 3,
clr,a"‘v ~howm: that the AVC characteristic is
much fatter in the present system.

I claim as my invention:

*'mnd radio signal circuit, an inductive
reactence responsive to the fiow of relatively
strong sign al cuirents therethrough to vary the
tuning of sald circuit from s higher to a lower
resonant frequency, said reactance comprising an
inductive winding and a cors element therefor
50 preportioned that the fux a?}\l permeanility
increase with an increase in signal potential
across zaid circuit and a resu i ng increase in
signal current through said winding,

2. In a tuned radio signal circuit, an inductive
reactance responsive to relatively strong signal
currant therethrough to vary the tuning of said
cire frem 8 higher to a lower rescnant fre-
quency with increase in siznal potential across
said cireuit, ssid inductive reactance com prising
an inductance wi_ ing and a ferro-magnetic core
clement thevein subiect to a relatively high fux
density in 1espnrssb to signal current of a prade-
ﬂxminec‘r_ value through said reactance and an in-
crease in the permesbility of said core element in
re s_&ume to an ucrwse in flux density effective
to cause said lowering ﬁf t’lc 1e.,onant frequency
of szid cireuit with increased signal potential,

8. In a tuned radio s:‘gz‘al circult, an inductive
reaciance responss torels latively strong signai cur-
rents therethrou z,h to vary the tuning of said cir-
cuit from a higher to a lower resonant frequency
with increase "n )gnal potential acress said cir-
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cuit, said inductive reactance comprising an in-
ductive winding -having a ferro-magnetic core
element providing a relatively high flux density
in respcnse to the fiow of signal currents in the
winding and an increase in the permeability of
said core element,

4. In a tuned radio signal circuit, an inductive
reactance responsive fto relatively strong signal
currents therethrough to vary the tuning of said
circuit from a higher to a lower resonant fre-
quency with increase in signal potential across
said circuit, said inductive reactance comprising
an inductive -winding having a. ferro-magnetic
core. element providing a relatively high flux
density in response to the flow of signal currents
in the winding and an increase in the perme-
ability of said core element, and means provid-
ing a shunt tuning capacitor for said inductive
winding of a capacity value such that the L/C
ratio of said circuit is relatively low.

5. In a tuned radio signal circuit, the com-
bination of a tuning inductance and a shunt
tuning capacitor therefor providing a circuit for
the fiow of signal currents through said in-
ductance, a ferro-magnetic core element for said
inductance of relatively small volume providing
a relatively high flux density therein in response
to an increase in signal currents through said
inductance and an increase in the permeability,

whereby the frequency response of said circuit 3

is decreased with increased signal strength, and
the L/C ratio of said circuit being relatively low
for maximum frequency change in the resonance
of said circuit in response to a relatively small
signal voltage change in said circuit.

6. In a radio signal circuit, means for varying
the tuning of said circuit in response to varia-
tions in a signal voltage applied thereto, said
means comprising an inductance, a tuning
capacitor in shunt therewith, a magnetite core
element for said inductance providing a relatively
high flux density in the core in response to signal
current flow in said inductance, and means for
applying radio signals to said circuit to cause the
flux and the permeability of said core to increase
with increased signal strength, thereby to in-
crease the value of szid inductance and to lower
the resonance frequency of said circuit.

7. In a tuned radio signal conveying circuit,
means responsive to variationg in signal voltage
across said circuit for varying the resonance fre-
quency of said circuit, said means comprising an
inductive tuning reactance in said circuit, a. ferro-
magnetic core for said reactance providing an
increase in flux density and permeability with
an increase in said voltage, and means for ap-
plying signals of a predetermined strength to
said circuit, said last-named means comprising
an intermediate frequency amplifier circuit, a
rectifier device connected with said first-named
circuit, and a control circuit for deriving an
automatic volume control potential therefrom.

8. In a tuned radio signal conveying circuit,
means responsive to variations in signal voltage
across said circuit for varying the resonance fre-
quency of said circuit, said means comprising
an inductive tuning reactance in said circuit, a
ferro-magnetic core for said reactance providing
an increase in flux density and permeability with
an increase in said voliage, means for applying
signals of a predetermined strength to said cir-
cuit, said last-named means comprising an inter-
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mediate frequency amplifier tuned circuit, a
rectifier device connected with said first-named
circuit, and a control circuit for deriving an auto-
matic volume conftrol potential therefrom, said
intermediate frequency amplifier circuit being
tuned to a predetermined intermediate frequency
and said first-named circuit being tuned to a
higher frequency by an amount substantially
equal to a range of frequency variation of said
first-named circuit corresponding to a variation
of the signal voltage across said first-named
circuit from a minimum to a maximum value.

9. In a radio signal conveying channel, the
combination of means providing a tuned sighal
circuit, an amplifier tube having a control grid
connected with said tuned circuit, means for
applying a biasing potential te said control grid
to vary the gain of said tube and the capacity
load provided thereby on said tuned circuit, and
means in said circuit for compensating for varia-
tions in said capacity load to maintain the
resonance frequency of said circuit substantially
constant, comprising an inductive reactance
winding in said tuned circuit and a ferro-
magnetic core element thereior providing a rela-
tively high flux density per unit volume in re-
sponse to signals through said circuit thereby
to increase the permeability of said core and to
decrease the frequency response of said circuit
with increased signal strength.

10. In a radio signal conveying circuit, the
combination of a tuned signal circuit comprising
a tuning inductance and a shunt capacitor there-
for, an amplifier tube having a control grid con-
nected with said circuit, means for applying auto-
matic volume control potentials to said control
grid in response to received signals, the capacity
load provided by said control grid being thereby
decreased with increased signal strength tend-
ing to increase the resonance frequency of said
circuit, and means for compensating for said in-
crease in resonance frequency comprising a mag-
netite core element for said inductance providing
a relatively high flux density per unit volume in
response to signals through said tuned circuit and
a corresponding iIncrease in the permeability
and a decrease in the frequency response of said
circuit substantially equal to the increase in fre-
quency response tending to be effected by volume
control of said grid.

11. In a radio receiver, an automatic volume
control system, comprising in combination, a
tuned signal circuit, a second tuned signal cir-
cuit coupled therewith, said second circuit being
tuned to a higher frequency than said first-
named circuit and comprising a tuning in-
ductance having a magnetite core element of
relatively small volume within said inductance
to provide a relatively high flux density per unit
volume in response to signals applied to said
second - circuit and of a value such that the
permeability of said core element is increased
thereby by an amount sufficient to decrease the
frequency response of said second circuit with
increased signal strength to substantially the
resonance frequency of the first-named circuit, a
rectifier device connected with said second-
named circuit, and means for deriving aute-
matic volume control potentials therefrom for
said receiver,
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