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VARABLE UNING SYSTEM 
William F. Sands and George M. Day, West 
Collingswood, N. J., assignors to Radio Cor 
poration of America, a corporation of Delaware 
Application July 1, 1941, Seria No. 400,624 

(C. 250-40) 5 Claims. 
This invention relates to variable tuning sys 

tems for radio signal receiving apparatus and 
the like. More particularly, the invention re 
lates to a variable tuning system for the signal 
input and oscillator circuits of a superhetero 
dyne receiver, and has for its primary object, to 
provide a compact and simplified tuning system 
for such circuits in a single unit, whereby the 
system is adapted for use in miniature portable 
receivers of the personal or pocket type. 
It is a further object of this invention, to pro 
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vide a unitary, relatively wide range, variable . 
tuning system for the signal input and oscil 
lator circuits of a superheterodyne receiver 
which includes variable permeability tuning of 
an oscillator circuit and variable capacity tuning 
of a signal input or antenna circuit with unitary 
tuning means adapted to occupy minimum space 
in a receiver. 
It is a still further object of this invention, 

to provide a combined variable permeability 
tuning inductance and a variable capacitor hav 
ing fixed and movable elements arranged in co 
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axial relation to provide a compact unitary tun 
ing system for high frequency signal circuits. 
As is well known, in the tuning of a super 

heterodyne receiver, a loop antenna is often used 
both as a tuning inductance and as a signal co 
lecting means for the input circuit and is there 
fore effectively tunable through a predetermined 
frequency range such as the broadcast band, by 
variable capacitor means. The oscillator, how 
ever, is then tunable preferably by means of a 
movable tuning core or variable permeability in 
ductance. The latter inductance may be shield 
ed electro-magnetically and may also be prov 
vided with an outer magnetic sleeve for prevent 
ing eddy current losses in the first named shield 
eas. 

It is, therefore, a further object of this in 
vention, to provide a modified shield and core 
arrangement for a variable permeability tuning 
inductance which permits variable capacity tun 
ing of an additional circuit in unison with varia 
tions in the tuning of a circuit connected with 
the variable permeability tuning inductance, 

It is also a further object of this invention, 
to provide a unitary tuning system providing 
conjoint tuning control of a variable capacitor 
and a variable inductance having the movable 
and fixed elements thereof coaxially arranged 
and being coextensively movable, whereby simul 
taneous variation of tuning capacity and induct 
ance in unison or predetermined tracking rela 
tion is effected, 
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It is also an object of this invention, to pro 
vide a tuning system of the type referred to . 
Which may readily be constructed at low cost 
and which is particularly adapted for use in 
miniature receivers of the pocket or personal 
type. . . 

In its present preferred form as applied to a 
superheterodyne type of receiver fortuning the 
loop or signal input and oscillator circuits there 
of, the invention comprises a single unit coaxial 
type tuner including a permeability tuned in 
ductance coaxial and coextensive with a coaxial 
type variable capacitor, the variable permeabil 
ity tuning element being placed coaxially within 
the variable capacitor elements which serve as a 
shield. In addition, a magnetic sleeve may be 
used between the oscillator inductance winding 
and the inner cylinder or element of the capac 
itor to improve the Q of the coil and to extend 
the tuning range. A coating of fairly high di 
electric constant is placed on one of the engag 
ing surfaces of the variable capacitor portion of 
the tuning unit to provide a desired maximum 
capacity and to insulate the movable and fixed 
elements. 
The invention will, however, be further under 

stood from the following description, when con 
sidered in connection with the accompanying 
drawing, and its scope is pointed out in the ap 
pended claims. 

In the drawing, 
Figure 1 is a view on a greatly enlarged scale 

and partly in cross-section showing a tuning sys 
tem embodying the invention, 

Figure 2 is a schematic circuit diagram show 
ing the circuit connections for the system of 
Fig. 1 in a superheterodyne receiving system, 

Figure 3 is a graph showing curves illustrating 
certain tuning characteristics of the system of 
Figs, 1 and 2, and 
Figures 4 and 5 are fragmentary views partly 

in section and on the same scale as Fig. 1 show 
ing modifications thereof. 

Referring to Figs. 1, 2 and 4, an elongated 
inductance winding 5, provided with a rod-like 
movable tuning core 6 of magnetic material, is 
utilized for tuning any suitable circuit , such 
as an oscillator circuit as indicated in Fig. 2. 
The oscillator cathode, grid and anode electrodes 
8, 9 and fo, respectively, are contained in a suit 
able combined detector-oscillator tube f. The 
signal input grid of the device is indicated at 
2 and is connected to a signal input circuit 3 
comprising a loop antenna or inductance 4 and 
a shunt variable tuning capacitor 5 comprising 



2 
a fixed grounded electrode f and a movable 
electrode 7. 

Intermediate frequency signals are derived 
from the device through the output anode 
circuit f8 and a suitable tuned intermediate fre 
quency coupling transformer 9. As the circuit 
is shown only for the purpose of illustrating a 
present preferred use for the variable induct 
ance and capacity elements of the tuning Systein, 
further description of the mixer tube and other 
circuits of the receiver is believed to be unneces 
Sary. 
The inductance winding 5 is carried preferably 

by an insulating coil form 25 which is supported 
in a rubber bushing 26 or other suitable mount 
ing means, in one arm 2 of a supporting 
frame 28. 
The fixed element 6 of the variable capacitor 

means is a tubular shell having a partially closed 
end 30 supported by and mounted in a rubber 
bushing 3 or other suitable flexible or non-rigid 
supporting element carried by the coil form 25. 
The movable portion or element f of the variable 
capacitor means is a tubular member supported 
at One end on a shouldered insulating base 32 
secured to a longitudinally movable frame or car 
rier member 33 which slides on two guide rods 
34 extending longitudinally on opposite sides of 
the tuning unit between the arm 27 and an op 
posite arm 35 of the fixed frame 28. 
The carrier member or frame 33 is moved by 

any suitable means such as a tuning control knob 
indicated at 36 through the medium of a cord 
3T wrapped about the spindle 38 of the knob 
and connected with the frame as indicated at 
39 and 40 to cause the frame 33 to move along 
the rods 34 when the shaft, 38 is turned. In this 
case two idler wheels or pulleys 4 serve to guide 
the cord to produce longitudinal movement of 
the frame with respect to the axis of the tuning 
unit. Any other suitable arrangement, however, 
may be utilized for guiding, supporting and mov 
ing the capacitor element 7. 
The core 6 of the tuning inductance is con 

jointly movable with the capacitor element 7 
through a connection provided by a flexible wire 
or other suitable flexible element 42 embedded 
in the core 6 and connected with a screw thread 
ed spindle 43 mounted in the insulating support 
32. A clearance opening 44 is provided about 
the element 42 in the movable frame 33 whereby 
the core 6 is insulated from ground or 'chassis. 

Electrical connections are made to the Outer 
cylinder or electrode 7 through any suitable 
means such as a flexible conductor 45 connected 
with a terminal 46. In the case of the inner 
electrode 6, connection is made thereto by a 
conducting sleeve 47 preferably of copper, con 
tacting the inner wall of the cylinder 6 and con 
nected through a conductor 48 with a terminal 
49. In order to insulate the two elements of the 
variable capacitor, a layer of insulating mate 
rial indicated at 50 is placed on the outer cylinder 
although it may be placed on the inner face of 
the outer cylinder as well. This coating should 
be of relatively high dielectric constant to pro 
vide a sufficient capacity for tuning a circuit 
through a desired frequency range when the out 
er and inner cylinders are fully concentric. 

In the case of the arrangement of Fig. 4 the 
connection 48 is made directly with the inner 
cylinder 6. It will be noted that in this figure, 
as distinguished from the construction of the 
device of Fig. wherein an outer magnetic sleeve 
member 52 is provided to confine the flux and to 

2,838,184. 
prevent any possibility of eddy current loss in 
the shielding or capacitor elements, the Construc 
tion is of lower cost and of lighter weight for 
use in miniature portable receivers and the like. 
The use of the sleeve 52 surrounding the Wind 
ing throughout its length improves the Q of the 
coil and extends the tuning or inductance varia 
tion range, provided by movement of the core 
from a position without to a position fully within 

10 the winding. 
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The tracking relation between the tuning of 
a circuit containing the inductance Winding 5 and 
a circuit containing the elements 6 and IT as 
a variable capacitor, for example as shown in 
Fig. 2, is indicated in Fig. 3 by the curves 55 
and 56, respectively. It will be noted that in 
moving the core and the capacitor element 
through a range of movement of Substantially 
one inch, the tuning of the system is caused to 
pass through a frequency range of substantially 
550 to 1600 kc. which covers the present broadcast 
range, and that the tuning of the two circuits 
is in substantial tracking alignment throughout. 
The initial tracking relation between the two 

circuits is provided by adjustment of the core 6 
by means of the threaded spindle 42. This may 
be turned to cause the core to be moved with 
respect to the capacitor element f thereby to 
vary the inductance of the winding 5 with re 
spect to the tuning of the loop or other circuit 
associated with the capacitor means. 
A further aid in obtaining the tracking rela 

tion between the tuning of the two elements or 
circuits, as indicated by the curves 55 and 56 of 
Fig. 3, is obtained by making the oscillator or 
inductance winding 5 of variable pitch as indi 
cated. In one embodiment of the invention, the 
initial turns at the entering end of the core in 
cludes a short section as indicated, having a 
winding pitch of the order of 180 turns per inch, 
followed by a longer intermediate section having 
a winding pitch of the order of 116 turns per 
inch, and a final low frequency end section hav 
ing a winding pitch of the order of 92 turns per 

5 inch. 
As has been pointed out hereinbefore, the con 

struction shown in Figs. 1 and 4 is on a greatly 
enlarged scale. For example, the coil length may 
be substantially 7%, ’’ and the coil form 25 may 
have an outside diameter of .22' in actual prac 
tice. The outside diameter of the outer cylinder 
may be substantially 56' and the overal length 
of the tuning system may be approximately 2%'. 
Thus it is readily adapted for use in miniature 
receivers and the like where space and weight 
requirements as well as simplified low cost con 
struction is essential. . 

Referring now to Fig. 5 wherein the same ref 
erence numerals as in Figs. and 4 are (sed 
for like parts, in case the outer cylindrical mag 
netic sleeve 52 is provided, insulating supporting 
sleeves indicated at 60 are provided as in the 
embodiment shown in Fig. 1 so that the core or 
sleeve is slightly out of contact with the wind 
ing. In this case, however, the inner electrode 
of the variable capacitor is provided by a COat 
ing of conducting material 6 on the magnetic 
sleeve 52 to which the connection 48 is made as 
indicated, and an insulating dielectric coating 
indicated at 62 is provided to separate the Outer 
sleeve 7 therefrom as it moves in response to 
tuning control. This appreciably simplifies the 
system and reduces the weight although the cost 
of construction is slightly higher because of the 
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use of the Outer core or sleeve 52 and the proc 
esses involved in coating the latter. 
Terminal connections for the windings are in 

dicated at 63 and 64 in Fig. 1 although the ac 
tial connections with the Winding are omitted 
for the purpose of simplifying the drawing. 
While the invention has been described in its 

preferred application to the tuning of a Super 
heterodyne receiving system, it is not limited 
thereto, but may be utilized in connection with 
any circuits which may be conjointly tunable by 
means of a variable inductance and a variable 
capacitor having a predetermined tracking relan 
tion throughout the tuning range. w 
We claim as our invention: 
1. A variable permeability tuning system com 

prising in combination, a variable permeability 
tuning inductance, a variable capacitor having 
fixed and movable elements arranged in coaxial 
relation with each other and with said induct 
ance to provide a compact unitary tuning device, 
and means providing a fixed magnetic sleeve ele 
ment between said variable capacitor elements 
and Said tuning inductance. 

2. In a variable permeability tuning system, a 
variable permeability tuning inductance com 
prising an elongated Winding, an elongated mov 
able rod-like magnetic core for said winding, a 
magnetic shield Surrounding Said winding in 
spaced coaxial relation thereto, said system hav 
ing an inner fixed portion and an outer portion 
movable in unison with said core to provide a 
variable capacity with the fixed portion, and 
means providing an adjustable connection be 
tween Said core and Said movable portion. 

3. In a variable permeability tuning system, 
a tunable circuit including a variable permeabil 
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ity tuning inductance comprising an elongated 
winding, an elongated movable rod-like magnetic 
core for said winding, a shield comprising a 
sleeve of magnetic material surrounding said 
winding in fixed relation thereto, and an element 
of conducting material movable with respect 
to the sleeve in unison with said core to provide 
a variable capacity with said sleeve, a second 
tunable circuit including said variable capacity 
and means providing an adjustable connection 
between said core and said movable element to 
adjust the tracking relation in the tuning of said 
circuits. 

4. A unitary tuning system comprising two 
circuits, a variable capacitor device in One cir 
cuit and a variable inductance device in the 
other circuit, each of said variable devices hav 
ing a movable and a fixed element, said elements 
being coaxially arranged and said movable ele 
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ments being coextensively movable, and means 
for adjusting the relation between the movable 
elements of said capacitor and inductance de 
vices whereby simultaneous variation of capacity 
and inductance for predetermined tracking rela 
tion in the tuning of Said circuits is provided. 

5. In a superheterodyne receiving system, a 
radio frequency and oscillator tuning unit com 
prising a variable permeability oscillator tuning 
winding, a high frequency input circuit, and a 
variable capacitor for tuning said circuit com 
prising tubular conducting elements connected 
with said circuit and surrounding said inductance 
in spaced relation to each other to provide an 
electromagnetic shield therefor. 

WLLAM F, SANDS. 
GEORGE. M. DALY. 

  


