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Patented Feb. 13, 1940 

UNITED STATES 

2,190,082 

PATENT OFFICE 
90,082 
ND SOE O 

DNRECVR 
wadimir J. Polydoro?, withmette, In, assignor to 
Johnson Laboratories, Inc., Chicago, a OOrs 
poration of thenols 

Origiha application April 22, 1983, seria No. 
68,388. Divided and this application January 
21, 1937, Serial No. 12,460 

Claims. (C. 250-20) 
The invention relates to radio receiving appa 

ratus in which conpressed ferromagnetic cores 
are utilized as the tuning means. In such appa 
ratus, the ferromagnetic cores are arranged to 

5 be movable with respect to the inductance coils, 
and the variation of the inductance which pro 
duces the variable tuning is brought about by 
varying the effective permeability of the space 
Surrounding the coils. This method is there 

10 fore conveniently called "permeability tuning" to 
distinguish it from other methods of inductance 
variation, and from methods in which the capact 
tance is varied. m 
The several comminuted compressed ferro 

magnetic cores and inductance devices which are 
described in this specification are disclosed in 
my United States Patent No. 1,982,689 for Mag 
netic core material, and in my United States Pat 
ent No. 2,113,603, High-frequency inductance de 
vice; hence no claims covering such improve 
ments per Se are herein included. 

In permeability-tuned Systems containing seve 
eral tuned circuits and intended to be tuned by a 
single control handle, there arises the problem 
of So designing and constructing the tuning unit 
that each of the circuits will be tuned very close 
ly to the correct frequency for each setting of 
the single control. This is accomplished partly 
by designing and constructing the magnetic cores 
and the inductance coils so that they will be 
closely of the correct values, partly by providing 
a mechanism which will insure that the cores 
(or the coils) will move in unison, and partly by 
providing adjusting means so that any unavoid 
able discrepancies in the cores, the coils, or the 
operating mechanism can be compensated for. 
This application is a division of my applica 

tion, Serial No. 667,368, now Patent No. 2,158,252 
for Inductive tuning system, in which it is a 
principal object not only to provide suitable gang 
or multiple tuning means for permeability-tuned 
Systems, but also to provide, as a part of the 
complete mechanism, those essential adjustments 
by which the ganged units may be definitely 

45 aligned, so that they will be in substantial agree 
ment throughout the range of adjustability The 
present application is addressed to the adapta 
tion of the arrangements disclosed to circuits of 
the Superheterodyne type. 
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multiple tuning unit of the permeability-tuned 
type is that the inductance coils shall be closely 
of the correct values. This same requirement 
has existed in other and earlier multiple tuning 

55 units, and it is well known that by properly 

As has been indicated, the first essential in a. 

choosing the materials used and by adopting a 
suitable technic in the manufacture of such 
coils, they may be satisfactorily produced. It is 
recognized, however, that even with all reason 
able precautions the coils will not be exactly cor 
rect, and that, in general, some means for con 
pensating for those slight unavoidable discrepan 
cles which will exist must be employed. 

It is equally desirable to so design and pro 
duce the ferromagnetic cores that they also will 
have the required values of effective permeability. 
Here again, however, in spite of every reasonable 
precaution, slight discrepancies will remain and 
adjustments must be provided by which these 
discrepancies can be compensated. Methods 
which may be employed to make the cores of the 
desired values are described in my United States 
patent for Magnetic core material above referred 
to, and additional means are disclosed in this 
specification. 

In mechanisms for permeability tuning, the 
cores move in a straight line into and out of the 
Colls, and the requirement that they shal move 
in unison and shall be actuated by the single 
driving means is met by mounting the several 
cores oh a rigid gang-plate and by providing suit 
able guide means so that the only motion which 
the gang-plate can have is one of pure transla 
tion. There are, of course, many ways of ar 
ranging mechanically for this single translatory 
motion of the gang-plate and its associated cores. 
There are also many ways of arranging to pro 
duce this translatory motion by simple driving 
e.S. 
The tuning function is accomplished by the 

relative motion of the cores and the coils, and it 
is essential that each coil shall be placed in a 
correct position with respect to its cooperating 
core, in Order that each core may have the cor 
rect effect on its coll, so that each of the circuits 
will be tuned to the desired frequency for each 
setting of the cores. Because of the difficulty of 
establishing this precise relation by merely 
mounting the coils on an appropriately tesigned 
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rigid foundation plate, it is advisable to provide 
adjusting means by which the position of each 
coil may be adjusted with respect to its cooper 
ating core independently of the relation estab 
lished by the common mounting means, 
Each resonant circuit consists of a coll with its 

cooperating core and a capacitor which, in so 
far as the tuning operation is concerned, is fixed 
in value but which, for the purpose of establishing 
the initial conditions in the several tuned cir 
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cuits, is preferably made so that its capacitance 
is adjustable over a limited range. 

In Order to secure proper performance of the 
cores themselves, it is desirable to arrange in the 
design of the core bodies an adjustment by which 
slight discrepancies in the effective permeabili 
ties of the cores can be compensated. This ad 
justment is available after the cores have been 
completely fabricated and is preferably carried 
out before they are assembled on the gang-plate. 
It avoids the necessity for selecting a group of 
cores which are sufficiently close to the correct 
values without adjustment, and insures exact 
agreement of the several circuits at the low-fre 
quency end of the tuning range. 

In order to secure the full advantage of the 
Several adjustments which have been described, 
and in order to secure the best possible agree 
ment of the several circuits over the tuning range, 
it is preferable to carry out the adjustments in a 
prescribed order so that each adjustment will 
be made at that portion of the tuning range 
where it is most effective, and so that one ad 
justment will not affect another. Thus, assuming 
that the cores have already been adjusted to 
have the correct effective permeability, it is pref 
erable to adjust the capacitances in the several 
tuned circuits with the cores at the position of 
their minimum effect on the inductance of the 
coils. This adjustment is conveniently carried 
out at or near the highest frequency in the range 
for which the receiver is designed, and consists 
in tuning each of the several circuits to the de 
sired frequency by the adjustment of the ca 
pacitors. This takes care of any differences 
which may exist in the capacitances in the wir 
ing of the several circuits. 

In the superheterodyne method of radio re. 
ception, the signal passes through one or more 
circuits which are tuned to the signal frequency, 
is heterodyned with locally produced oscillations, 
is demodulated and then further amplified at an 
intermediate frequency, and is finally demodul 
lated to produce an audio-frequency current 
which is then rendered audible. In a super 
heterodyne radio receiver, that portion of the 
System through which the signal passes without 
a change in frequency usually includes an an 
tenna circuit and one or more variably tuned 
circuits with or without a thermionic amplifier 
tube, and is commonly called the "preselector.” 
The locally produced Oscillations, above referred 
to, are produced by a local oscillator the fre 
quency of which differs by the intermediate fre 
quency of the receiver from the signal frequency. 
Since the intermediate frequency remains fixed, 
the frequency of the Oscillator must be varied as 
the signal frequency is changed. Although the 
Oscillator frequency might be made lower than 
the signal frequency by an amount equal to the 
intermediate frequency, it is customary to op 
erate the oscillator at a frequency equal to the 
sum of the signal frequency and the interme 
diate frequency. If this frequency difference 
is maintained throughout the range of signal 
frequencies, the oscillator is said to be in “track' 
with the preselector. 
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To the extent to which the self-inductances of 
the coils in the preselector are precisely alike, 
the capacitors need only to be adjusted to make 
the capacitance values in these several circuits 
also alike. However, to the extent to which the 
inductance values are not alike, the adjustment 
of the capacitors will also compensate for the 
inductance differences, so that at the starting 

2,190,082 
point, corresponding to the minimum inductance 
and the highest frequency, the preselector cir 
cuits will be in exact alignment. 
The relatively movable ferromagnetic cores act 

only upon the inductances themselves. However, 
- each core acts to multiply the inductance value 
of its associated coil by a definite factor, no 
matter what the inductance value may be. If, 
therefore, the inductance value in a particular 
circuit is low, and if that circuit has been 
brought into desired alignment with the others 
by adjusting its capacitance to a slightly higher 
value, at an initial setting corresponding to the 
highest frequency, then the core will operate to 
tune that circuit over the desired range of fre 
quencies, and finally to the correct minimum 
frequency, in proper agreement with the other 
circuits. It remains only to adjust the posi 
tions of the coils with respect to their cooperat 
ing cores, so that each coil is suitably affected 
by its core. This adjustment is preferably car 
ried out at a frequency intermediate the two ends 
of the tuning range, in order to establish proper 
agreement of the Several circuits at this third 
or intermediate point. 
To summarize, therefore, agreement at the 

highest frequency is secured by adjustment of 
the capacitor, agreement at the lowest frequency 
is secured by adjustment of the core, and agree 
ment at a frequency approximately midway be 
tween the highest and the lowest frequency is 
secured by adjustment of the position of the coil. 
With exact agreement established at these three 
frequencies, substantial agreement is secured 
throughout the tuning range. 

he invention will be better understood if ref 
erence is made to the accompanying drawings, 
which are illustrative of preferred embodiments, 
and wherein: 

Figure is a plan view of an assembly of sev 
era high-frequency devices, in One unit, parts 
being broken away to reveal Subjacent elements; 
Figure 2 is a sectional view of said unit taken 

on the line 2-2 of Figure 1; 
Figure 3 shows diagrammatically a portion of 

a receiving circuit employing one of the new 
high-frequency units, this circuit being of the 
Superheterodyne type; 

Figure 4 shows diagrammatically an alternate 
form of OScillator Suitable for use in the receiver 
of Figure 3; and 

Figure 5 shows a modification of the high-fre 
quency device. 
The unit disclosed in Figures 1 and 2 has four 

shielded variable inductance devices arranged to 
operate simultaneously. This unit has a founda 
tion plate that is provided with flanges 2 to 
which rectangular shields 3 are removably Se 
cured by friction or by other means, and with 
ribs 2a which serve as mountings for the semi 
adjustable capacitors 4. A perforated lug a 
rising from an edge of said plate enables said 
unit to be connected with a suitable support, 
The foundation plate also is provided with 

hexagonal tubular thimbles 5 through each of 
which extends a longitudinally movable screw 
threaded rod 6 which terminates outside of the 
foundation plate , where it is provided with an 
adjusting nut T. Fixed to the inner end of each 
of the rods 6 is a coil form 8 having a hexagonal 
cavity 9 into which the hexagonal thimble 5 ex 
tends, the depth of this cavity being such as to 
permit the coil form to move longitudinally rela 
tively to the thimble, but without disengagement 
therewith, the coil form while thus moving being 
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2,100,082 
prevented from rotating by its hexagonal en 
gagement with said thimble. A helical spring O 
is disposed between said foundation plate and 
each of the coil forms 8, in order to maintain 
the coil forms in their adjusted positions. Each 
of the coil forms 8 has a flared wall and is 
open at the end t2, and carries an inductance 
coil 3. The mechanism just described constitutes 
means for adjusting the positions of each of the 
coils 3 individually with reference to the core 
portions 34, 39. 
The foundation plate , furthermore, is provided 

with tubular sockets f4 for guide rods f which 
are parts of the mechanism for relative motion in 
unison between the several coils and cores of the 
unit. 
The flanges 2, the hexagonal tubular thinbles 

5 and the tubular sockets f4 may be made integral 
with the plate f, as by die casting, or may be 
separately produced and secured to the plate in 
any suitable manner. 
Associated with and movable toward and from 

the foundation plate f is a preferably integral 
rectangular gang-plate 6, to which a jointed 
actuating rod 9 is attached. The gang-plate f 
has holes 20 in which the ends of guide tubes 2 
are fixedly secured. The guide rods 5, carried 
by the foundation plate f, telescope with and 
accurately fit these guide tubes. 
Carried by the gang-plate 6 are compressed 

ferromagnetic cores 56, which may be of the type 
having variable magnetic density along the mag 
netic path, as described in my above-men 
tioned United States Patent No. 1,982,689. These 
ferromagnetic cores cooperate with the in 
ductance coils 3 in such a way as to vary the 
effective permeability of the space surrounding 
the coils. Each ferromagnetic core has a cup 
shaped shell 34 open at one end to receive the coil 
3 and having, in its head 36, an internally 

threaded bushing 3 through which a screw 
threaded rod 38 extends, and in which said rod is 
longitudinally adjustable. 
Each core 56 also includes a plug 39 which is 

tapered so as to conform with the inner wall if 
of the coil form 8, and into which is moulded the 
inner end of the rod 38. The cup-shaped shell 34 
may be spaced from the rectangular gang-plate 
f6 by an insulating washer 40 to exclude unde 
sired influences of the metal gang-plate on the 
core, and to leave room for a lock nut 4 which 
engages the screw threads of the rod 38 and, by 
contract with the head 36 of the shell 34, locks 
the plug 39 in any chosen position. 
The aforesaid construction allows both the 

plug 39 and the shell 34 to be made separately and 
assembled by simply screwing the rod 38 into the 
bushing 37 of the outer shell, and then tightening 
the nut 4 until it locks the parts together. The 
core may thus be matched with other cores of the 
same unit so as to insure proper maximum values 
of inductance in all of the variable inductance de 
vices. This is accomplished by appropriately 
regulating the air gap 52 between the plug 39 and 
the head 36 of the shell 34, and then locking these 
parts together by the nut 4. The arrangement 
just described constitutes means whereby the core 
portions 34, 39 may be adjusted so that the cores 
Will have the correct effective permeability values, 
The rectangular gang-plate 6 is provided with 

holes 42 through which the outer ends of the 
screw-threaded rods 38 may be passed when the 
core portions 34, 39 are placed in position, nuts 43 
being screwed onto those ends to thereby firmly 

desired value. 

3 
unite the gang-plate B, the core portions 34, 39, 
and the insulating washer 40. 
When the cores and coils are assembled, as 

hereinbefore described, it is necessary to so adjust 
their relative positions that all the cores and coils, 
however positioned, will produce substantially cor 
rect inductance variations. These results may be 
Secured by the adjustment of the nuts and con 
sequent linear movement of each coil form 8 with 
its coil 3. 
The capacitors 4 may be of the semi-adjustable 

type, each having at least two plates 53 spaced by 
an insulator and resiliently held at any desired 
separation by a screw 54. The adjustable 
capacitors constitute the means whereby the 
several tuned circuits may be tuned to the correct 
frequency at the high-frequency end of the turning 
range. s 

Each of these capacitors is desirably disposed 
within one of the shields 3, whereby individual 
circuits are shielded from external influences and 
from each other. Hence, the problem of shield 
ing inter-connecting wires between component 
parts of the same circuit is eliminated. The 
shields have holes 3a affording access to the 
adjusting screws 54. 

In my United States Patents Nos. 2005,203 and 
2,113,603, an improved variable inductance de 
vice consisting, for example, of a core 34, 39, a 
coll 3 and shield 3, is adequately described, and 
it is there pointed out that such a device is capable 
of maintaining a substantially constant ratio be 
tween the inductance and the radio-frequency 
resistance. This property is secured by the ap 
propriate design and construction of the core and 
by so designing the coil that the inductance-to 
resistance ratio of the coil itself will have any 

It will be apparent that the use of 
such a variable inductance device in the preselec 
tor portion of a superheterodyne radio receiver, 
therefore, provides a preselector which is capable 
of substantially uniform selectance and uniform 
gain over a wide range of signal frequencies. 
Furthermore, by properly designing the oscillator 
employing the type of variable inductance device 
herein contemplated, the oscillator output voltage 
will remain. Substantially constant with changes 
in its frequency. Thus a superheterodyne radio 
receiver in accordance with the invention is capa 
ble of providing substantially uniform perform 
ance over a wide range of signal frequencies. 

Figure 3 shows a conventional superheterodyne 
circuit arrangement having a plurality of re 
sonant circuits but the tuning is accomplished by 
variable inductance devices such for example as 
those of Figs. and 2, preferably having the three 
adjustments above described for securing align 
ment between the several circuits, The core 56 
may have provision for adjustment of its effective 
permeability, the capacitors 57 will have means 
for the adjustment of their capacitance values, 
and means may be provided for the adjustment of 
the relative position of core 56 with respect to its 
coil f3. In a preferred embodiment of the circuit 
of Fig. 3, these adjustments will have the form 
described in connection with Figs. 1, 2 and 5. 
The motion of the several cores relative to the 
coils f3, to tune the system over the proper ranges 
of frequencies, may be secured by employing the 
drive arrangements described in connection with 
Figs. 1 and 2. It will be understood that equiv 
alent arrangements for the adjustments and the 
drive may be employed without departing from 
the scope of my invention. 

Referring to Figure 3, the signal is received 
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4. 
on the antenna or signal-collecting means 
and fed to the first tuned circuit through ca 
pacitor 62. The first tuned circuit includes an 
inductance coil 3 and a capacitor S. Block 9 
represents the first detector. The local oscilla 
tor is represented by block 83, and has associ 
ated with it a tuned circuit including inductance 
coil 3 and capacitor 5. 
In operation, first detector 79 combines the 

incoming signal and the output of the local Oscil 
lator 83 in the well-known manner to produce a 
signal of intermediate frequency. The preselec 
tor is tuned to the signal frequency by means 
of a movable core 56 which cooperates with in 
ductance coil 3 associated with first detector 79. 
The oscillator is maintained at a frequency high 
er than the signal frequency by an amount equal 
to the intermediate frequency of the receiver, 
the oscillator frequency being determined by the 
position of a movable core 78 relative to in 
ductance coil 3 in the input circuit of the OScil 
lator 83. The cores are ganged for simultaneous 
motion, as indicated by the broken lines. 

Figure 4 shows an alternate form of Oscillator 
arrangement for use in the superheterodyne radio 
receiver of Figure 3. Both the inductance coil 
3 and the core 56 of the Oscillator variable in 

ductance device may be substantially identical 
with those employed in the preselector portion 
of the receiver. The oscillator inductance Coil 
f3 is preferably so mounted as to permit of a 
slight axial adjustment. An additional inductor 
90 is connected in series with oscillator inducta 
ance coil 9. The use of this inductor 90 narrows 
the frequency range over which the oscillator 
is tuned by the variable inductance device, and 
its inductance value is so chosen as to insure the 
maintenance of the oscillator approximately in 
track with the preselector. Capacitor 8 is suit 
ably chosen to provide the desired limits for the 
Oscillator frequency range. 
The high-frequency tuning device of Figure 5 

includes two variable inductance devices. The 
inductance coils 3 wound on forms may be 
Substantially identical. The Core 56 of the up 
per variable inductance device includes a shell 
portion 34 and a plug portion 39, the two por 
tions being secured in a desired relation by means 
of Screw-threaded rod 38, and the core is at 
tached to gang-plate 6 by nut 43 and spacer 
40. The upper device is enclosed in an individual 
shield can 3, and is suitable for use in the pre 
selector portion of the superheterodyne receiver 
of Figure 3. The lower variable inductance de 
vice includes a core having a plug portion 8 
only. Plug 78 is attached to gang-plate 6 for 
simultaneous operation with core St. Induct 
ance coil 3 associated with plug 78 may be ar 
ranged to be axially adjustable in position with 
respect to gang-plate as shown by means of 
screw-threaded rod , adjusting nut 7 and spring 
D, the lower variable inductance device being 

adapted for use in the Oscator portion of the 
superheterodyne receiver of igure 3. 
In superheterodyne circuits, it is necessary to 

have one tuned circuit cover a different range of 
frequencies from the other tuned circuits, al 
though the two ranges may overlap to some ex 
tent. In such a superheterodyne circuit, the pre 
selector may be designed to cover the range from 
550 to 1500 kilocycles, and this will require an 
inductance variation of (1500)/(550), or 7.45. 
If the intermediate-frequency amplifier is de 
signed for a frequency of 15 kilocycles, the os 
cillator circuit will require to be tuned from 

range of frequencies to be covered by the Oscil 
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1500--175 kilocycles to 550--175 kilocycles, which 
requires an inductance variation of only 5.35. 
To obtain this range with a variable inductance 
device of the same type as used in the preselec 
tor, an additional fixed inductance coil, not acted 
upon by the moving core, may be inserted in the 
circuit in series with the coil of the variable in 
ductance device. 
When a sufficiently high intermediate fre 

quency is employed in Superheterodyne circuits, 
such for example as 450 or 500 kilocycles, the 
inductance variation necessary in the OScillator is 
Only of the order of 4 and may easily be accom 
plished by the use of the inner plug alone. In 
this case, similar coils may be employed for the 5 
preselector and for the Oscillator, as shown in 
Figure 5, the plug 78, which is used to tune the 
Oscillator circuit, being given a Suitable shape 
to produce the desired variations throughout the 

lator. In accordance with the invention, there 
fore, the oscillator is kept properly in track with 
the preselector by suitably shaping the oscillator 
core 78 to produce desired variations in the Os 
cillator frequency throughout the range. 

Having thus described my invention, what I 
claim is: 

1. A plurality of resonant circuits tunable Over 
a range of frequencies by tuning means which 
simultaneously varies the effective values of the 
inductance in each of Said circuits, electrical 
means for adjusting said circuits to substantially 
the same maximum frequency, magnetic means 
for adjusting said circuits to substantially the 
same minimum frequency, mechanical means for 
adjusting said circuits to substantially the same 
frequency intermediate said maximum and mini 
mum frequencies, and an additional resonant cir 
cuit having inductance, capacitance and tuning 
means of Such values that said additional cir 
cuit is tuned over a range of frequencies differ 
ing from that covered by the remaining resonant 
circuits but having a definite and desired relation 
thereto. 

2. A plurality of resonant circuits each having 
inductance coils and capacitance, and tuning 
means including ferromagnetic cores movable 
relatively to said coils which simultaneously 
varies the effective value of the inductance in 
each of Said circuits, said ferromagnetic cores 
being similarly shaped and being of such values 
of effective permeability that one of said circuits 
is tuned over a range of frequencies differing 
from that covered by the remaining circuits but 
having a definite and desired relation thereto. 

3. A plurality of resonant circuits each having 
inductance and capacitance, and tuning means 
which simultaneously varies the effective value 
Of the inductance in each of said circuits, said 
inductances, capacitances and tuning means be 
ing of such values that one of said circuits is 
tuned Over a range of frequencies differing from 
that covered by the remaining circuits but having 
a definite and desired relation thereto, electrical 
means for adjusting said circuits substantially 65 
to the desired maximum frequencies, magnetic 
means for adjusting said circuits substantially to 
the desired minimum frequencies, and mechani 
cal means for adjusting said circuits substantial 
ly to the desired frequencies at a setting interme- 70 
diate said maximum and minimum frequencies. 

4. In a radio receiver of the superheterodyne 
type, a signal collecting means, a first detector, 
a circuit tunable Over a predetermined frequency 
range coupling said signal collecting means and 
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Said detector, an oscillator coupled to said first 
detector for heterodyning an incoming signal to 
a signal having an intermediate frequency, said 
oscillator including a tunable circuit, said circuits 
having first and second inductance coils respec 
tively and comminuted ferromagnetic cores mov 
able with respect thereto and each having a ca 
pacitor, a third inductance coll in series in said 
last-mentioned circuit, and a uni-control means 
for tuning said circuits by relative movement be 
tween said first and second coils and said cores 
simultaneously, said third inductance coil being 
SO related to the inductance-varying effect of 
Said cores that over said frequency range the 
frequency of the oscillator output always differs 
from the tuning of said first-mentioned circuit 
by an amount substantially equal to said inter 
mediate frequency. 

5. In a radio receiver of the superheterodyne 
type, a signal collecting means, a first detector, 
a circuit tunable over a predetermined frequency 
range coupling Said signal collecting means and 
Said detector, an OScillator coupled to said first 
detector. for heterodyning an incoming signal to 
a signal having an intermediate frequency, said 
oscillator including a tunable circuit, said circuits 
having substantially identical first and second 
inductance coils respectively and substantially 
identical comminuted ferromagnetic cores mov 
able with respect thereto and each having a ca 
pacitor, a third inductance coil in series in said 
last-mentioned circuit, and a uni-control means 
for tuning said circuits by relative movement be 
tween said first and Second coils and said cores 
simultaneously, said third inductance coil being 
so related to the inductance-varying effect of 
said cores that over said frequency range the fre 
quency of the Oscillator output always differs 
from the tuning of Said first-mentioned circuit 
by an amount substantially equal to said inter 
mediate frequency. 

6. In a radio receiver of the superheterodyne 
type, a signal collecting means, a first detector, a 
first circuit tunable over a predetermined fre 
quency range coupling Said signal collecting 
means and said detector, said circuit including 
a first inductance coil, an oscillator coupled to 
said first detector for heterodyning an incoming 
signal to a signal having an intermediate fre 
quency, said oscillator including a second tunable 
circuit comprising a second inductance coil hav 
ing a comminuted ferromagnetic core which is 
movable with respect thereto, and a uni-control 
means for tuning said first circuit and for caus 
ing relative movement between said second coil 
and said core simultaneously whereby the tun 
ing of said first circuit and the frequency of the 
oscillator output may be varied simultaneously, 
and means whereby the relation between said 
core and said second coil may be adjusted, said 
core being so shaped that over said frequency 
range the frequency of the oscillator output al 
ways differs from the tuning of said first circuit 
by an amount substantially equal to said inter 
mediate frequency. 

7. In a radio receiver of the Superheterodyne 
type, a signal collecting means, a first detector, a 
first circuit tunable Over a predetermined fre 
quency range coupling said signal collecting 
means and said detector, said circuit including a 
first inductance coil, an oscillator coupled to said 
first detector for heterodyning an incoming sig 
nal to a signal having an intermediate frequency, 
said oscillator including a second tunable cir 
cuit comprising a second inductance coil substans 

S 
tially identical with said first inductance coil 
and having a comminuted ferromagnetic core 
which is movable with respect thereto, and a 
und-control means for tuning said first circuit 
and for causing relative movement between said 
second coil and said core simultaneously whereby 
the tuning of said first circuit and the frequency 
of the Oscillator output may be varied simultane 
Ously, and means for adjusting the relation be 
tween said core and said second coil, said core 
being so shaped that over said frequency range 
the frequency of the oscillator output always dif 
fers from the tuning of said first circuit by an 
amount substantially equal to said intermediate 
frequency. 

8. In a radio receiver of the superheterodyne 
type, a signal collecting means, a first detector, a 
circuit tunable over a pretermined frequency 
range coupling said signal collecting means and 
said detector, an oscillator coupled to said first 
detector for heterodyning an incoming signal to 
a signal having an intermediate frequency, said 
oscillator including a tunable circuit, said cir 
cuits each having an inductance coll, a capacitor 
and a comminuted ferromagnetic core which is 
movable with respect to Said coil, a uni-control 
means for tuning said circuit by relative move 
ment between Said coils and said cores simul 
taneously, means for adjusting the capalitance 
of one of Said capacitors, means for adjusting 
the relation between one of said cores and one 
of said coils, and means for adjusting the effec 
tive permeability of one of said cores, whereby 
over said frequency range the frequency of the 
oscillator output always differs from the tuning 
of Said first-mentioned circuit by an amount sub 
stantially equal to said intermediate frequency. 

9. In a radio receiver of the Superheterodyne 
type, a signal collecting means, a first detector, 
a circuit tunable over a predetermined frequency 
range coupling said signal collecting means and 
Said detector, an oscillator coupled to said first 
detector for heterodyning an incoming signal to 
a signal having an intermediate frequency, said 
Oscillator including a tunable circuit, said cir 
cuits having Substantially identical inductance 
coils and each having a capacitor and a com 
minuted ferromagnetic core which is movable 
with respect to said coil, a uni-control means for 
tuning Said circuits by relative movement be 
tween said coils and said cores simultaneously, 
means for adjusting the capacitance of one of 
Said capacitors, means for adjusting the rela 
tion between one of said cores and one of said 
coils, and means for adjusting the effective per 
meability of one of Said cores, whereby over said 
frequency range the frequency of the oscillator 
output always differs from the tuning of said 
first-mentioned circuit by an amount substantial 
ly equal to said intermediate frequency. 

10. In a radio receiver of the superheterodyne 
type, a signal collecting means, a first detector, a 
circuit tunable over a predetermined frequency 
range coupling said signal collecting means and 
Said detector, an oscillator coupled to said first 
detector for heterodyning an incoming signal to 
a signal having an intermediate frequency, said 
Oscillator including a tunable circuit, said circuits 
each having an inductance coil, a capacitor and 
a conminuted ferromagnetic core which is mov 
able with respect to said coil, a uni-control means 
for tuning said circuits by relative movement 
between said coils and said cores simultaneously, 
means for adjusting the capacitance of one of 
said capacitors, means for adjusting the relation 
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between one of said cores and one of said coils, 
and means for adjusting the effective permea 
bility of one of said cores, whereby respectively at 
high-frequency, middle-frequency and low-fre 
quency points within said frequency range the 
frequency of the Oscillator Output differs from 
the tuning of said first-mentioned circuit by an 
amount equal to said intermediate frequency. 

11. In a radio receiver of the superheterodyne 
type, a signal collecting means, a first detector, a 
circuit tunable over a predetermined frequency 
range coupling said signal collecting means and 
said detector, an Oscillator coupled to said first 
detector for heterodyning an incoming signal to 
a signal having an intermediate frequency, said 
Oscillator including a tunable circuit, said cir 
cuits having substantially identical inductance 
coils and each having a capacitor and a COm 
minuted ferromagnetic core which is movable 
with respect to said coil, a uncontrol means for 
tuning said circuits by relative movement be 
tween said coils and said cores simultaneously, 
means for adjusting the capacitance of one of 
Said capacitors, means for adjusting the rela 
tion between One of Said cores and One of said 
coils, and means for adjusting the effective per 
meability of one of said cores, whereby respec 
tively at high-frequency, middle-frequency and 
low-frequency points within said frequency 
range the frequency of the oscillator output dif 
fers from the tuning of said first-mentioned cir 
cuit by an amount equal to said intermediate 
frequency. 

12. In a radio receiver of the superheterodyne 
type, a signal collecting means, a first detector, a 
circuit tunable over a predetermined frequency 
range coupling said signal collecting means and 
said detector, an Oscillator COupled to said first 
detector for heterodyning an incoming signal to 
a signal having an intermediate frequency, said 
Oscillator including a tunable circuit comprising 
an inductance coil having a comminuted ferro 
magnetic core which is movable with respect 
thereto, a uni-control means for tuning said first 
circuit and for causing relative movement be 
tween Said coil and said Core simultaneously 
whereby the tuning of said circuit and the fre 
quency of the OScillator output may be varied 
simultaneously, and independent means for ad 
justing the rate of change of inductance in one 
of said circuits, said core being so shaped that 
Over said frequency range the frequency of the 
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oscillator output always differs from the tuning 
of said first circuit by an amount substantially 
equal to said intermediate frequency. 

13. In a radio receiver of the superheterodyne 
type, a signal collecting means, a first detector, a 
circuit tunable Over a predetermined frequency 
range coupling said signal collecting means and 
said detector, an oscillator coupled to said first 
detector for heterodyning an incoming signal to 
a signal having an intermediate frequency, said 
Oscillator including a tunable circuit, said circuits 
each having an inductance coll, a capacitor and 
a Comminuted ferromagnetic core which is mov 
able with respect to said coil, a third inductance 
coil in series in said last-mentioned circuit, a 
uni-control means for tuning said circuits by 
relative movement between said coils and said 
Cores simultaneously, and independent means for 
adjusting the rate of change of inductance in 
one of said circuits, said third inductance coil 
being so related to the inductance-varying effect 
of said cores that over said frequency range the 
frequency of the Oscillator Output always differs 
from the tuning of Said first-mentioned circuit 
by an amount Substantially equal to said inter 
mediate frequency. 

14. In a radio receiver of the superheterodyne 
type, a signal collecting means, a first detector, a 
circuit tunable over a predetermined frequency 
range coupling said signal collecting means and 
Said detector, an OScillator coupled to said first 
detector for heterodyning an incoming signal to 
a signal having an intermediate frequency, said 
oscillator including a tunable circuit, said cir 
cuits having substantially identical first and sec 
ond inductance coils respectively and substan 
tially identical comminuted ferromagnetic cores 
movable with respect thereto and each having a 
capacitor, a third inductance coil in series in said 
last-mentioned circuit, a uni-control means for 
tuning said circuits by relative movement between 
said Coils and Said cores simultaneously, and in 
dependent means for adjusting the rate of 
change of inductance in One of said circuits, said 
third inductance coil being so related to the in 
ductance-varying effect of said cores that over 
said frequency range the frequency of the oscil 
lator output always differs from the tuning of 
said first-mentioned circuit by an amount sub 
stantially equal to said intermediate frequency. 
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