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This invention relates to radio receivers, and more par-
ticularly to a radio receiver of the subminiature type
adapted to be carried or worn on the person of the user.

Many types of small portable radio receivers have been
devised, some of which include battery power supplies
and vacuum tube detecting and amplifying means, and
others of the crystal detector type and without batteries
or amplifying means. The receivers of the type includ-
ing batteries have in general been cumbersome and too
large in size to be conveniently carried or worn on the
person. Prior receivers of the crystal detector type with-
out batteries or amplifying means have been unable to
deliver sufficient volume to prove satisfactory to the user,
even when turned to a powerful transmitter a few miles
distant.

There is a real need in many fields for a small miniature
radio receiver adapted to be worn or carried on the per-
son. In the military services, and in civil defense work,
for example, such receivers would have widespread use
for transmitting intelligence to soldiers or civil defense
workers. Miniature radio receivers adapted to be plugged
into the ear, for example, could also find great utility in
connection with public activities, such as football games,
in which spectators equipped with such radio receivers
could receive a running description of the game to supple-
ment their visual impressions.

Accordingly, it is an object of this invention to provide
a radio receiver of the subminiature type which provides a
strong clear signal without requiring the use of batteries
or amplifying means, such as vacunm tubes or transistors.

It is a further object of this invention to provide a radio
receiver of the subminiature type which is light in weight
and inexpensive to manufacture.

In achievement of these objectives, there is provided in
accordance with this invention a miniature radio receiver
of the crystal detector type in which an inductive tuning
winding is carried by the diaphragm member which pro-
duces the sound waves, the audio frequency currents pro-
duced by the rectifying action of the crystal detector pass-
ing through the inductive winding and reacting with a
permanent magnet field to provide a dynamic speaker ac-
tion. The powdered magnetized metal forming the per-
manent magnet field, in addition to providing a dynamic
speaker action by its reaction with the audio frequency
current passing through the inductive winding also pro-
vides permeability tuning of the radio frequencies in the
inductive winding. In one embodiment of the invention,
the permanent magnet field means is adjustably spaced with
respect to the inductive winding to permit tuning the re-
ceiving circuit to a desired frequency. In another embodi-
ment of the invention, the permanent magnet field re-
mains fixed with respect to the inductive winding, the
spacing of the permanent magnets with respect to the
inductive winding being such as to provide resonance at
a predetermined frequency. The permanent magnet field
is preferably provided by magnetically oriented permanent
magnet particles held in a binder or holder of non-metaihc
plastic or ceramic material,
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Further objects and advantages of the invention will
become apparent from the following description taken
in conjunction with the accompanying drawings in which:

Fig. 1 is a perspective view, partially diagrammatic and
schematic, of a miniature radio receiver in accordance with
one embodiment of the invention;

Fig. 2 is a side elevation view of the radio receiver of
Fig. 1;

Fig. 3 is a perspective view, partially diagrammatic
‘and schematic, and with the casing broken away, of a
modified radio receiver in accordance with the invention;

Fig. 4 is a side elevation view of a modified type of
diaphragm having an inductance carried by both surfaces
of the diaphragm; and

Fig. 5 is a side elevation view of a still further modi-
fied type of receiver in which the permanent magnet field
is in the form of a hollow tubular member which sur-
rounds the inductive taning winding.

Referring now to the drawing, and more particularly to
Figs. 1 and 2, there is shown a subminiature radio re-
ceiver generally indicated at 10 and comprising a casing
or housing 12 preferably formed of plastic or other dielec-
tric material and including a body portion 14, which
may be generally cylindrical in shape, and end walls 16
and 18. Disposed within casing 12, and preferably lying
in a plane generally parallel to end walls 16 and 18, is
a very thin dielectric disk member 20. Disk 20 is dis-
posed adjacent but spaced from end wall 16 and is sup-
ported with respect to casing 12 by a suitable retaining
means indicated at 22. End wall 16 is provided with an
aperture 24 located on the longitudinal axis of housing
12, and a hollow, sound conducting ear plug 26, formed
of rubber or other suitable material, is connected over

-aperture 24,

An inductive winding 28 in the form of an electrically
conductive non-magnetic spiral is positioned on one sur-
face of disk 29, winding 28 preferably being positioned
on the disk by any of the well known methods of printed
circuitry and becomes magnetic only when current is fow-
ing in it. The two ends of winding 28 are connected by
conductors 38 and 32 to opposite sides of a germanium di-
ode detector 35. A radio frequency by-pass condenser
34 is connected in paraliel with detector 36 across con-
ductors 3¢ and 32. The use of by-pass condenser 34 is
optional, but the condenser is preferably employed to mini-
mize any tendency of the unrectified radio frequency cur-
rent components to block the crystal detector 36. This
tendency to block occurs particolarly at very high radio
frequencies, such as those encountered in frequency modu-
lation reception. This by-pass capacitor also partially tunes
the spiral inductance. "One end of winding 28 is also con-
nected by means of a conductor 38 to a metallic ear clip
49 which Is positioned exteriorly of casing 12 and is
adapted to be clipped onto the ear of the user to permit
the body of the user to serve as an antenna.

Disposed adjacent disk 28 but in spaced relation thersto
is a disk 42 made of plastic or other suitable dielectric
material. Embedded in disk 42 are powdered metal par-
ticles 44 which are permanently magnstized in the direction
N-S, preferably along an axis perpendicular to the plane
of disk 29 and inductance 28. Disk 42 is mounted on and
carried by a threaded rod or shaft 46 which passes through
a threaded bearing in end wall 18 of the housing, A
krurled operating knob 48 is connected to the outer end of
rod 4§ exteriorly of the housing.

In using the radio receiver shown in Figs. 1 and 2, the
user inserts ear plug 26 in his ear, and fastens ear clip
40 to an ear Iobe. The connection of ear clip 48 to the
ear lobe provides am antenna connection to the tuning
circuit comprising spiral inductive winding 28 with the
listener’s bedy serving as an antenna. Tuning to the
desired frequency is accomplished by turning knob 48
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to rotate shaft 46 and thus move disk 42 axially with
respect to disk 28 and winding 28. Movement of disk
42 with respect to winding 28 changss the inductance

value of winding 28 due to the change in the spacing of -

the. ferrous particles 44 with respect to the winding 28,
thereby varying the fxequency to which the circnit is
taned.

Dicde detector 38 rectifies the radio frequency signal

and produces audio frequency currents in accordance with
.10

the audio modulation of the radic frequency carrier
These audio frequency currents flow through winding 28
and produce a magnetic field which reacts with the
permanent magnet field produced by ferromagnetic par-
ticles 44 in disk 42. The réaction of these two magnet
fields with each other provides a dymamic speaker action
which vibrates disk 28 and produces sound waves. These
sound waves pass through aperture 24 in end wall 16
and through plug 26 to the ear of the listener.

~ Volume control is obtained in the embodiment of Fig, 1
by adjusting disk 42 to be just slightly off the position
which produces peak resonance in the tuning circuit.

The radio receiver herein-before described will receive
amplitude modulated radio signals and will also satis-
factorily receive frequency miodulated broadcasts which
are modulated by voice frequencies or other frequency
modulated smnals of a relatively narrow range of modu-
lation.

The embodiment shown in Fig. 3 includes a housing
12’ made of plastic or other suitable material and an
ear plug 26" both generally similar to those described in
the embodiment of Fig. 1. Positioned with housing 12’
substantially centrally of the longitudinal axis thereof,
and perpendicular to-that axis, is a very thin dielectric
disk 20’ having positioned on a -surface thereof sub-
stantially perpendicular to the longitudinal axis an induc-
tive winding 28’, both the disk 20 and winding 28’ being

similar to those prevmhsly described in connection with.

the embodiment of Fig. A hook 12" which is part
of the casing 12’ is prov1ded to loop over the ear to
support the radio receiver.

Positioned within casing 12’ adjacent the end wall 16’
to which ear plug 26’ is commected and in spaced rela-
tion to 'disk 20’ is a highly magnetized thin metal disk
46 having numerous perforations 48 therethrough. Dis-
posed on the other side of disk 20” and in spaced relaticn
thereto is a thin solid metal disk 56 which is also highly
magnetized. Disks 28’, 46 and 56 are supported with
respect to housing 12’ by suitable supports indicated at
52.

Tﬁe opposite ends of winding 28’ on disk 20 are con- !

nected by conductors 54 and 56 to the opposite sides
of a radio frequency -by-pass capacitor 58. One side
of a germanium dicde or other suitable solid state de-

‘tector 606 is conmected to conductor 56 and thus to one

side of capacitor 58 and to one end of winding 28’. The
other side of germanium diode detector 69 is connected
to the stator 62 of @ volume control resistor. The rotor
64 of the volume control resistor is connected to com-
ductor 54 and. thus-to one side of capaciter 58 and to
one end of winding 28’. - Rotor 64 projects through the
casing 12 to the exterior of the casing where it is accessi-
ble for manual operation.

In order to utilize the capacitance between disks 46
and 59 in the tuning circuit, disk 4§ is connected by con-
ductor 66 to conductor 56 and thus to one end of wind-
ing 28’. Disk 5¢ is connected by conductor 68 to one
end of the stator resistor 62 of the volume coatrol and
thence through rotor 64 to the opposite side of winding
28’. ~Thus, the capacitance betwesn plates 46 and 50 is
connected in parallel with winding 28’. Disks 46 and
50 serve as permeability tuners due to the fact that they
are formed of magnetic material and thus affect the
inductance of winding 28’. In the embodiment shown,
disks 46 and 58 are fixed with respect to winding 28/,
thereby causing the inductive tuning circuit to be resonant
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at a fixed frequency. However, obviously, disks 46 and
59 could be made rhovable with respect to spiral winding
28’, thereby permitting tuning to different frequencies.
Also, the disks 46 and 50 could be of the type shown in
Fig. 1 in which permanently magnetized ferrous par-
ticles are embedded in a dielectric material.

An ear clasp 70 having a screw threaded clamping ele-
ment for engagement with the ear lobe of the listener is
disposed exteriorly of casing 12°. Ear clasp 70 is con-
nected. to the tuned circuit by conductor 72. An antenna
coupling capacitor 74 is connected in series with conductor
72 between ear clasp 70 and the very semsitive detector
60. When ear clasp 76 is connected to the ear lobe of
the listener, the body 'of the listener then serves ias an
antenna and is ¢connected to the tuning circuit,

The audio modulations of the radio frequency carrier
are detected and rectified by germanium diode detector
68. The rectified audio currents pass through conduc-
tive spiral 28’ on dielectric disk 28 and react with the
permanent magnet field of magnetized disks. 46 and 50.
Disk 28’ then vibrates as a dynamic speaker element to
produce sound waves which pass through the perfora-
tions 48 of disk 46 and thence through aperture 24 and
ear plug 26’ to the ear of the listener.

The. capacitance and permeability inductance values
of the embodiment of Fig. 3 preferably remain fixed, so
that the receiver remains tuned to a single predetermined
frequency. Volume control is obtained by adjustment of
the rotor 64 of the resistor, rotor 64 being accessible
to the listener from the exterior of the casing.

As shown in Fig. 4, the conductive spirals 28 and 28’
on the disks 20 and 20’ may be positioned on both major
surfaces of the disk. When this is done, the two con-
ductive spirals 28" are connected in series with each
other, as, for example, by a conductor 29 passing through
the disk 29".

As shown in Fig. 5, the permanent magnet field may
be provided by a permanently magnetized hollow tubular
member 75 of magnetic material which surrounds the
dielectric disk 76 on which the inductive winding 77 is
positioned. Tubular member 75 may be of plastic con-
taining magnetized particles, Disk 76 is disposed within
the magnetized tube 75 substantially midway of the length
of the tube. Tube 75 is preferably magnetized along
its longitudinal axis, so that one end is a north pole and
the opposite end is a south pole. Winding 77 is connected
to a solid state rectifier, such as a germamum rectifier,
as previously described. Winding 77 is also provided
with an antenna connection such as those previously de-
scribed. - The rectified audio component of the radio
frequency signal passes through winding 77 and sets up a
magnetic field which reacts with the magnetic field pro-
vided by the permanently magnetized tubular member 75,
The reaction of the two fields causes a vibration of the
disk 76 to provide a dynamic speaker action.

It can be seen from the foregoing that there is provided
in ‘accordance with this invention a miniature radio re-
ceiver ‘which is simple in construction and economical to
manufacture and sell. The radio receiver requires no
batteries for its operation, and provides a dynamic speaker
action due to'the position of the current carrying inductive
winding on the diaphragm member relatlve to the per-
manent magnet field,

While there have been shown and described particular
embodiments of the invention, it will be obvious to those
skilied in the art that various changes and modifications
may be made therein without departing from the inven-
tion, and, therefore, it is aimed to cover all such changes
and modifications as fall within the true spirit-and scope
of the invention such as the employment of three or four
contact germanium elements instead of the dual contact
detector element shown, Furthermore, if desired a silicon
strip sun operated battery could be employed with this
invention where amplification is-desirable. - - A still-further
modification may be employed wherein-the detected audio
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currents may be employed to power a signal amplifying
transistor in accordance with this invention.

Having thus set forth and disclosed the nature of this
invention, what is claimed is:

1. A subminiature radio receiver comprising a casing,
a thin diaphragm of dielectric material disposed within
said casing and inductive tuning winding carried by said
diaphragm for receiving a radio frequency signal, means
for providing a low reluctance permanent magnet field
having low core losses at radio frequencies adjacent said
winding, and means connected in circuit with said winding
to detect an audio frequency component of a radio fre-
quency signal and feed said audio frequency back to said
tuning winding, said audio frequency component react-
ing with said permanent magnet field to dynamically re-
produce audible sound.

2. A subminiature radio receiver comprising a casing,
a thin diaphragm of dielectric material disposed within
said casing, an inductive tuning winding carried by said
diaphragm, a low reluctance permanent magnet field
means having low core losses at radio frequencies dis-
posed in said casing adjacent said winding, and means
connected in circuit with said winding to detect an audio
frequency component of a radio frequency signal and
feed said audio frequency component back to said tuning
winding, said audio component co-acting with said per-
manent magnet field to dynamically vibrate said dia-
phragm according to said audio component.

3. A miniature radio receiver as defined in claim 2 in
which said magnet field means is adjustably movable with

" respect to said winding to vary the resonant frequency

of said tuning winding.

4. A miniature radio receiver as defined in claim 2 in
which said magnet field means is disposed on opposite
sides of said inductive winding.

5. A miniature radio receiver as defined ir claim 2 in
which said magnet field means is in fixed spaced relation
to said winding whereby said winding remains tuned to
a predetermined fizxed frequency.

6. A miniature radio receiver comprising a casing, a
thin diaphragm of dielectric material disposed within said
casing, an inductive tuning winding carried by said dia-
phragm and adapted for connection to an antenna means
for receiving a radio frequency signal, means for provid-
ing a permanent magnet field having low core losses at
radio frequencies adjacent said winding, and means con-
nected in circuit with said winding to detect an audio
frequency component of said radio frequency signal and
feed said audio frequency component back to said tuning
winding,

7. A miniature radio receiver comprising a casing, a
diaphragm of dielectric material disposed within said
casing, an inductive tuning winding carried by said dia-
phragm for receiving a radio frequency signal, a low
reluctance permeability tuning means having low losses
at radio frequencies disposed within said casing adjacent
said winding, and means connected in circuit with said
winding to detect an audic frequency component of said
radio frequency signal and feed said audioc frequency
component back to said tuning winding.

8. A miniature radio receiver comprising a casing, a
diaphragm of dielectric material disposed within said
casing, an inductive tuning winding carried by said dia-
phragm and adapted for connection to an antenna means
for receiving a radio frequency signal, a low reluctance
permeability tuning means having low losses at radio fre-
quencies disposed within said casing adjacent said wind-
ing, said permeability tuning means being adjustably mov-
able with respect to said winding to vary the resonant
frequency of said winding, and means connected in cir-
cuit with said winding to detect an audio frequency com-
ponent of said radio frequency signal and feed said
audio frequency component back to said tuning winding.

9. A miniature radio receiver comprising a casing, a
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diaphitagm of dielectric material disposed within said
casing, an inductive tuning winding carried by said dia-
phragm for receiving a radio frequency signal, a perma-
nently magnetized permeability tuning means having low
losses at radic frequencies disposed within said casing
adjacent said winding, and means connected in circuit
with said winding to detect an audio frequency component
of said radio frequency signal and feed said audio fre-
quency component back to said tuning winding.

10. A miniature radio receiver comprising a casing, a
thin diaphragm of dielectric material disposed within said
casing, an inductive tuning winding carried by said dia-
phragm and adapted for connection to an antenna means
for receiving a radio frequency signal, permanent magnet
means having low losses at radio frequencies disposed in
said casing adjacent said winding, and means connected
in circuit with said winding to detect an audio frequency
component of said radio frequency signal and feed said
audio frequency component back to said tuning winding.

11. A miniature radio receiver comprising a casing, a
thin diaphragm of dielectric material disposed within said
casing, an inductive tuning winding carried by said dia-
phragm, means disposed in said casing for providing a
low reluctance magnetic field adjacent said winding hav-
ing low losses at radio frequencies, and solid state rec-
tifier means connected in circuit with said winding to
detect an audio frequency component of a radio frequency
signal and feed said audio frequency component back to
said tuning winding.

12. A miniature radio receiver comprising a casing, a
diaphragm of dielectric material disposed within said
casing, an inductive tuning winding carried by said dia-
phragm for receiving a radio frequency signal, a magnetic
permeability tuning means having low losses at radio fre-
quencies disposed within said casing adjacent said wind-
ing, and a solid state rectifying means disposed within
said casing and connected in circuit with said winding to
detect an audio frequency component of said radio fre-
quency signal and feed said audio frequency component
back to said tuning winding.

13. A miniature radio receiver comprising a casing, a
diaphragm of dielectric material disposed within said cas-
ing, an inductive tuning winding carried by said diaphragm
and adapted for connection to an antenna means for re-
ceiving a radio frequency signal, magnet means having
low losses at radio frequencies disposed within said cas-
ing adjacent but spaced from said diaphragm, means for
varying the spacing of said magnet means from said wind-
ing, and means connected in circuit with said winding to
detect an audio frequency component of said radio fre-
quency signal and feed said audic frequency component
back to said tunming winding. :

14. A miniature radio receiver comprising a casing, a
diaphragm of dieleciric material disposed within said cas-
ing, an inductive tuning winding carried by said dia-
phragm and adapted for connection to an antenna means
for receiving a radio frequency signal, permanent magnet
means disposed in said casing adjacent said winding, said
magnet means including a plurality of similarly oriented
magnetic particles embedded in a non-magnetic holding
means, and means connected in circuit with said winding
to detect an audio frequency component of said radio
frequency signal and feed said audio frequency com-

_ponent back to said tuning winding.

15. A miniature radio receiver as defined in claim 14,
in which said magnet means is adjustably movable with
respect to said winding to vary the resonant frequency
of said tuning winding.

16. A miniature radio receiver as defined in claim 14
in which said magnet means is disposed on opposite sides
of said inductive winding.

17. A miniature radio receiver as defined in claim 14
in which said magnet means is in fixed spaced relation to
said winding whereby said winding remains tuned to a
predetermined fixed frequency.
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18.. A miniature radio receiver comprising a-casing,:2a
dizphragm .of dielectric material “disposed within -said
casing, an inductive tuning winding carried: by said ‘dia-
phragm and-adapted for ‘connectionto an antenna means
for Teceiving d radio frequency signal, a-generally hollow
cylindrical ‘permanent ‘magnet :member disposed within
said casing, said diaphragm being . positioned within the
hollow interior of said magnet member, ‘and means con-
nected in circhit with said winding to-detect an audio fre-
quency component of said radio frequency signal and feed
said audio frequency componert back to said tuning wind-
ing. ¢ , o L

19. A miniature radio receiver comprising a casing, a
diaphragm of dielectric material disposed within said cas-
ing, an inductive tuning winding carried by said -dia-
phragm and adapted for connection to an antenna means
for receiving a radio frequency signal, a generally hollow
cylindrical’ permanent - magnet member disposed within
said casing, said diaphragm being positioned within the

10

8
hollow :interior of said cylindrical magnet member in 2
plane substantially perpendicular to the longitudinal axis
of 'said magnet, snd means connected in- circuit -with said
winding to detect an audio frequency component of said
radio frequency -signal -and feed said audio. frequency
comporent back to-said tuning winding. -
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