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Applicatier Aay 3, i933, Scrial No. 

The present invention relates to tuined radio 
signal circuits, and more particularly to Sigilal 
circuits of the type having ferro-raginetic C: 
EYagnetite COre inductance turning. 
In conventional circuit design with inductance 

tuning of the type above referred to, the change 
in permeability is inade relatively Small and usu 
ally is not measurable because of the low flux 
censity and relatively large Volune of the CoreS 
ordinarily provided. It has been found, however, 
that with magnetite core tuning inductances, the 
permeability may be varied appreciably as the 
flux density in the core is increased to a relatively 
high Vallie. 
The flux density may be increased by the pres 

ence of strong signals as in an IF amplifier, to in 
crease the signal current flow through the in 
ductance, or the core Volume Inay be decreased 
to a relatively small percentage of a normal core 
volume. It has been found that as a result of a 
relatively higher flux density than has heretofore 
been used for high frequency signal circuits, it 
is possible to shift or vary the reson&nt frequency 
of a tuned circuit embodying such an inductance, 
over a relatively wide frequency range with a 
relatively narrow range of variation in the 
strength of the applied signal or signal Voltage, 
because of the change in permeability, and that, 
for maximum change of flux density with rela 
tively sin all voltage change, a low L/C ratio in 
the tuned circuit is seceSSary. 

It is, therefore, an object of the present in 
vention to provide an improved turned radio sig 
nal circuit embodying a tuning inductance or 
inductive reactance device of the magnetite cor3 
type, wherein a higher than normal flux density 
for radio signal circuits is provided in the core 
in response to an applied signal Voltage to cause 
the frequency response of the tuned circuit to be 
varied in response to variations in applied signal 
strength or voltage. 

It is also an ohiect of the present in Vention to 
provide an improved radio signal circuit of the 
magnetite core inductance tuned type Which is 
responsive to variations in signal strength to 
callse a corresponding variations in permeabil 
ity and frequency response, whereby the circuit 
is adapted for use in compensating circuits fo!' 
high frequency amplifiers, for example, as en 
ployed in the RF and IF circuits of a super 
heterodyne receiver, 2nd also in connection With 
AVC and AFC circuits for radio receiving appa 
ratls and the like. 
The invention is particularly adapted for liSe 

in connection with the tuned signal conveying 
Circuits of 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 3, 
relatively wide range in response to relatively 
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therefore, is proportional to I2. 

Cr in response to Variations in the applied 
Voltage. 

t is also a further object of the present in 

veying circuit, the resonant frequency of which 
Inay be Wai'ied in response to variations in the 
Streri gth of the applied signal or in response to 
Variations in the applied signal Voltage when 
Stich Voitage variations are relatively wide and 
the applied signal is relatively strong. 

in providing a circuit embodying the inven 
tion, a turning inductance or inductive reactance 
of the ferro-in2gnetic core type in which the core 
laterial is Cf Inagnetite is arranged to operate 

With 2, relatively high fiux density for high fre 
clercy Sigila circuits. With magnetite cores in 
the tuning inductances, this has been found to 
increase the effective permeability and to cause 
an increase in the inductance value and a cor 
responding lowering of the resonance frequency 
Of the turned circuits. 

It is, therefore, a still further object of the 
present invention to provide an improved tuning 
inductance eerinent for high frequency radio sig 
nal circuits wherein the effective permeability 
of a fer:0-magnetic core may be varied in the 
presence of strong siginals and With a, relatively 
low, Variation in signal strength or voltage. 

in a tuned radio Siginal circuit such as the cir 
cuit of an intern ediate frequency amplifier, it 
has beef found that the permeability Variation of 
2, ferro-3239 Retic core tuning inductance may ba 
increased by raking the T/C ratio of the circuit 
low, th:3t is, by making the inductance relatively 
low and the 3.SSociated shunt tuning capacity rel 
atively high in Waltie, thereby to provide an in 
Citease in signal current flow since the flux in 
the core depends upon the factor IPL. The flux, 

It is, therefore, 
an object of the present invention to provide a 
permeability tinable inductance for high fre 
Clergy tuned radio circuits arranged to take ad 
Vaintage of the increased current available in a 
circuit having a low L/C ratio to increase the ef 
fect of fred len?cy Waitiation. With variations in 
permeability, 

It is also an object of the present invention to 
provide an improved high frequency radio signal 
circuit of the ferro-magnetic tuned type com 
prising 3 tiling inductance having a magnetite 
Core 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 
in proved control circuit, such as an AVC circuit 
for radio receiving apparatus and the like, em 

g Such t!ning inductance or inductances. 
Since an increase in signal strength or voltage 

in a tuned circuit embodying the invention pro 
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Wides 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 AWC 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 claim.S. 

In the drawing, 
Figure it is a Schematic circuit diagram of a 

tuned radio signal circuit embodying the invents 
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 5 is provided with a tuning inductance 6 
and a shunt tuning capacitor 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 accordance with the invention, the induct 

ance 6 is of the ferro-magnetic core type having 
a core f) of magnetite of such volume or cross 
section that the flux density therein is relatively 
high. 
The magnetic circuit of the core fe is preferably 

closed through a 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 engage the 
inner surfaces of a ring f of magnetic material 
having a large cross-sectional area, with respect 
to that of the core 0. 
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 ) 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 
frequency of the tuned circuit 5 Over an appre 
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 L/C ratio, the response curve may 
be as indicated at 3 in Fig. 2, requiring a wider 
Variation of Voltage E. across the tuned circuit 
to obtain the same shift of the resonance point. 
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2,245,340 
C in the circuit 5 was 400 minlf. for obtaining 
the curve 3, while for obtaining the curve 2, a 
capacity of 4000 mm.f. was eimployed across the 
tuning inductance. The lower L/C ratio pro 
Wides a higher current through and a lower 
Woltage 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 be 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 a 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 permits 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 a point 
On or above the lower bend of the same curve 
would indicate a high radio frequency flux den 
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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 curves 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 Q of the coil 
is relatively high only when the flux density is 
increased to a relatively high value for such high 
frequency circuits 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 volume of the core, but is also 
made possible at a lower input voltage E, by 

The value of the capacitor 7 or the value of 75 providing the tuned circuit with a low L/C ratio. 



2,245,340 
In any tuned circuit, it is uineccessary 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 le:ngth and di 
ameter of the coil and core assembly in Silch a 
manner that the flux density per unit of Woltline 
of the core is increased, and for a maxillain 
change in frequency with low voltage change, a 
low L/C ratio is used in tile tuned circuit. 

Referring now to Fig. 3, an internaediate fre 
quency amplifier circuit is shown in which a tube 
A5 is provided as the last, interinediate frequency 
amplifier stage preceiling a Second detector tube 
S in the signal channel of the receiver. The de 

tector is of the diode rectifier type coil prising a 
pair of diode electrodes a connected to the Sec 
ondary 3 of F coupling transformer 3 which is 
connected in series with a coupling coil 28 and is 
tuned by a shunt adjustable capacitor 2 . 
The output, circuit, 23 of the IF amplifier tube 

is is connected with the tuxed primary Winding 
23 also provided with a situnt tuning capacitor 
24 so that, the two tined circuits may respond to 
the sane frequency, such as 460 kc., for example. 
The seconday circuit, 3-33-2 is connected 

at its low potential end through a diode output 
'esistor 5 to the cathode 23. Audio frequency 
signal output is derived from the resistor 25 
through an cliput, lead 22, connected in the pres 
ent example to an alniiiar grid 28 in the Sanhe 
envelope with the diode detector. Audio fre 
quency signals for further amplification and ulti 
lization are derived firgin the output anode 9 a S 
scciated with the grid 23, through the output cir 
cuit $8. 
The ti' atypifier 

tuned input circuit comprising a tuning induct 
ance $5 and a shti; turning capacitor 35 therefor 
forning the tuned sacondally circuit of an i: 
transformer 35, the tired priinary of which is 

a indicated at Secondary 35 is tuned by 
and also by a core 33 of 

Yagnatic n&terial Sich as Ina'ginetite arranged 
therein in any Suitable in anner and being of such 
cross-sectic: 
to nolia Sig 

3. 

as Sippied thirough the channel, 
the voltage across the circuit 33-33 causes the 
flux density in the cre to be relatively high for 
high frege; ity circuits aithough far below the 
upper bend of the Sua Satuiation curve fol' in 
ductance ele}}lents in audio frequency and low 
frequency pgwai circuits, thereby to decrease the 
freqJency of resoil.a.ince of the input, circuit by an 
arouint, 3.2, least Suficier, to overcome the effect, 
on the circuit of the input, or control grid is of 
the amplifier which is coinected thereto and 
througia the is guitain ca 3 with a source of AVC 
potential piavided by the lead AS is well 
knoWin, the increase in legative bias provided in 
reSpcIRSe to increaSCd Signai strength in an AWC 
System c3,2SES i.;3 ii 
to be decre3Seii aid the frequency response to 
he shifted Gward a higher resonant frequency. 
his tendency is overconne by the present, ar 

rangeiO3:25. 
io take advaitage of the variable permeability 

in re3)3:3Se to variations in signal strength to 
asy the tlining (if a resonant circuit having in 
ductanc3 ferro-mag2etic core tuning means, a 

Lit 53, coin prising a tuning inductance 
53 and a Shiri, capacitor É', is associated With 
the coupling winding 33 in Such a manner that, as 
indicated in the drawing, the latter winding is 
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3. 
coupied to the tuning inductance electroinagnet 
ically for the transfer of energy to the circuit 45. 
The Windings 2 and 33 are associated or coupled 
in nuch the same imanner as indicated in Fig. 1 
at S and 6, respectively, on a magnetite Core 48 
of low volume or cross-section to permit Satura 
tion or the relatively high flux density, herein 
bafore referred to, at noiraal Signal levels, there 
by to change the permeability of the core and the 
tiring of the circuit 23, the frequency being de 
creased with increased signal strength. 
As herein leafore described, the increase in per 

reeability causes an increase in inductance of the 
Windings É6 and tunes the circuit to a lower fre 
guency, and to increase this effect, the magnetic 
circuit is preferably closed, as in the arrangement 
of Fig. i., and furthermore, the ratio of the in 
ductance G to the capacity at £3, that is, the 
I/C ratic, is made low. This provides a relatively 
high current, aid low inductance in the winding 
£3 for a given frequency. 
With an intern ediate frequently circuit tuned 

to 460 kc., the circuit, ÉÉ may be tuned to 430 kc., 
for example, with weak signal input. As the 
applied signal strength is increased, the 480 kc. 
circuit (35 will shift in resonant frequency to a 
lower frequency, appro3 ching the inter;inediate 
frequency 460 kc. as a lirnit, this increasing the 
couping to the Secoilgary 3 and causing the out 
put voltage from tile tied circuit $5 to increase 
at a higher rate than the signal. 
A signal rectifier of the diode type indicated 
53 having a diode oitut, resistor : may be 
anected across the tuned circuit, 35 to provide 

controlling potentials for the AVC circuit (, the 
connection being made as indicated, through a 
suitable filter coin piising a, Series resistor 52 and 
a shunt filter capaci 5:3. This causes a better 
AVC characteristic than is noi'naily provided, as 
indicated in the carves of Fig. 4, in which the 
curve 55 is a resonse curve for a noi'nal AWC 
cGinnection, whereas the curve 53 represents the 
AVC contsol characteristic of the circuit of Fig. 3, 
clearly showing that the AVC characteristic is 
much atter in the present syst3;. 

in as my invention: Cl3,in 
1. In a tuned radio signal circuit, an inductive 

reactange 'eScorsive to the flow Ci relatively 
strong signal currents therethrough to vary the 
tuti:g of Said circuit frcin a higher to a lower 
I'eSonant frequency, said leact2:3ce coimprising an 
inductive winding and a core ele:nent therefor 
So proportioned that the fux and permeability 
jiaC3'ease With an increase in signal potential 
a COSS Said circuit and a resulting increase in 
Signal cirrent through said winding. 

2. In a turned radio signal circuit, an inductive 
t{t&lice i.esponsive to relatively strong signal 

Current therethrough to vary the turning of said 
circuit from a higher to a lower resenant fre 
Cuency with increase in signal patential across 
Said circuit, said inductive reactance conprising 
an inductance Winging and a fero-Inagnetic core 
eleigent thelein subject, to a relatively high fiux 
density in response to signal current of a grede 
tennii Falue through. Said reactance and an in 
crease in the perineability of said core element in 
reSCI)se to an increase in flux density effective 
to cause Said lowering of the resonant frequency 
of Said cir2uit With increased signal potential. 

3. in a tuned radio sigial circuit, an inductive 
i"Cactance response to relatively st:"Cing signai cur 
i"eitS till Crethrough to vary the tuning of said cir 
cuit froin a higher to a lower resonant frequency 
With increase in Signal potential across said cir 
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4. 
cuit, said inductive reactance comprising an in 
ductive winding having a ferro-magnetic core 
element providing a relatively high flux density 
in response to the filow 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 to 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 COin 
bination of a tuning inductance and a shunt 
tuning capacitor therefor providing a circuit for 
the fow of Signal currents through Said in 
ductance, a ferro-magnetic core element for Said 
inductance of relatively. Small Wolume 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 : 
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 fioW 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 said inductance and to lower 
the resonance frequency of Said circuit. 

7. 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 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 turned 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 turning 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, means for applying 
Signals of a predetermined strength to Said cir 
cuit, Said last-named means comprising an inter 
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2,245,840 
mediate frequency amplifier tuned circuit, a 
rectifier device connected with said first-named 
circuit, and a control circuit for deriving an auto 
matic volume control potential therefron, 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 signal 
circuit, an amplifier tube having a control grid 
connected with said tuned circuit, means for 
applying a biasing potential to 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 therefor 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 increase 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 auto 
matic Volume control potentials therefrom for 
said receiver, 

ROBERT L. HARVEY. 


