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1. 
This invention relates to an accoustical device 

Which is particularly useful as an electrical re 
ceiver or earphone, although the device is also 
useful in transmitting apparatus and the like. 
In the past, electrical receivers have almost 

'invariably included a disk-shaped diaphragm 
which would become distorted in response to 
magnetic field fluctuations caused by voice modu 
lated currents and the like passing through an 
electromagnet coil. Such types of receivers have 
the outstanding objection of being somewhat 
cumberSome in construction, expensive to manu 
facture, and relatively heavy-furthermore, such 
types of receivers lack fidelity in reproduction 
due to the varying degrees of flexibility of the 
diaphragm at different portions thereof, and the 
restraining effect caused by clamping of the pe 
ripheral edge, also due to the damping effect 
caused by accidental touching of the vibrating 
diaphragm. 
An object of this invention, therefore, is to pro 

Wide an electrical receiving apparatus that is 
devoid of the above-named disadvantages of 
Common types of receiving apparatus-more spe 
cifically, to provide a receiver that is relatively 
Simple in construction, inexpensive to manufac 
ture and which possesses a high degree of fi 
delity. 
Another object of this invention is to provide 

an electrical receiving apparatus which includes 
a pair of permanent magnets arranged so that 
like poles are in confronting relationship. 
A further object of this invention is to provide 

an electrical receiver which is devoid of a dia 
phragm of the usual type and which may em 
ploy either a metallic housing or a diaphragm 
like metallic disk, the operation of which, how 
ever, is Somewhat different from that of the op 
eration of the well-known diaphragm. 
A further object of this invention is to pro 

vide a hermetically sealed housing enclosing a 
novel permanent magnet type of receiver which 
may be substituted for the voice coil of a con 
Ventional type loud-speaker of a radio when 
ever reception at lower volume is desired. 
A still further object' of this invention is to 

provide a novel type electrical receiver which 
is of such construction as to emit practically 
no Sound when used alone, but whose volume is 
increased by placement closely thereto, in con 
tacting relationship, a pillow or similar device, 
thus providing a means for individual radio re 
ception to allow, for example, a hospital patient 
to listen to broadcasts from the receiver located 
under his pillow without disturbance to nearby 
patients. 
Other objects and advantages of this inven 

tion will become apparent from a study of the 
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following Specification taken with the accom 
panying drawings Wherein: 

Fig. 1 is a schematic electrical wiring diagram 
showing an electrical receiver in cross-section 
which enabodies the principles of this invention; 

Fig. 2 is a plan view of the Spider included in 
the receiver shown in Fig. 1; 

Fig. 3 is a cross-sectional view taken along 
line III-III of Fig. 1; 

Fig. 4 is a front view of a radio receiver Show 
ing a switch for selectively connecting either the 
Speaker or receiver in the circuit, and - 

Fig. 5 is a wiring diagram including a croSS 
Sectional view of a modified form of receiver 
which may be substituted for the One shown in 
Fig. 1. 
Referring more particularly to FigS. 1, 2 and 3, 

numerals f and 2 denote a pair of permanent 
magnets of any suitable material of high mag 
netic permeability, such as an alloy of aluminum, 
nickel and cobalt, which magnets may be in bar 
form, as shown, or of any other Suitable Shape. 
The magnets may be wrapped With tape to serve 
as insulating spacing material and are ar 
ranged so that like poles will be in confronting 
relationship. As shown in the drawing, the two 
north poles are closely Spaced and face each 
other so as to provide a magnetic field therebe 
tween. 
A spider 3 made of any Suitable material, such 

as paper, or other insulating material, is formed 
So as to have an odd number of radially extend 
ing tines or arms, such as 4, which tines serve 
as supports for a coil 5 which is wound somewhat 
in pancake form on the Spider and which is 
Woven in Wave-like Or basket-weave form along 
Side the tines. An odd number of tines, Such 
as , is preferably provided for the purpose of 
having SucceSSive turns of coil 5 arranged. So as to 
be located on opposite sides of any individual 
tine. It should be understood, however, that the 
coil may take other shapes, Such as a Spiral shape, 
preferably in a flat plane. Successive turns of 
coil 5 are shown spaced for illustration but in 
reality are fine wires in contacting relationship. 
The housing comprises a cup-shaped portion 

6 and a cover portion 7 Sealed thereto So as to 
provide a hermetically sealed enclosure. A me 
tallic disk-shaped diaphragm 8 is supported on 
a spacer ring 9 which in turn rests on an an 
nular raised portion of the housing portion 6. 
If the Spacer ring 9 is made of rubber, deeper 
tones are obtained than if it were made of hard 
material, Such as plastic or metal, in which cases 
higher tones are obtained. Thus by proper Se 
lection of the spacer material, the desired pitch 
may be obtained. If desired, spacer 9 may be 
omitted altogether. Diaphragm 8 has supported 
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thereon an annular gasket O Serving as a Spacer 
element between the diaphragm and Spider 3. An 
insulating sheet or Spacer is rested on Spider 
3. The poles and 2 may rest on spacer . . An 
insulating Spacer or Sheet 5 may be interpOSed 
between the magnets and cover T. Such spacer 
may be omitted, however, if desired. A plug 2 
imay be used which is adapted to cooperate with 
a jack (not shown) in a radio receiver Set. Plug 
2 is connected by lead-in wires 3 to coil 5, 

which wires are introduced into the receiver, de 
vice through a grunnet 4. Thus there is pro 
vided a compact assembly wherein the parts are 
in close, Substantially contacting relationship SO 
as to be able to transmit notions therebetween 
and allow the entire assembly to vibrate or op 
erate in unison. In operation, it appears that 
the diaphragm vibrates without apppreciable 
flexing together with the remainder of the aS 
sembly. 

FigS. 4 and 5. ShoW a, inodification. Wherein a 
metallic housing, instead of a plastic or insulating 
housing, is used, comprising a body portion 6 
and a flat diaphragm-like end or cover portion. 

for enclosing the coil and magnets. The hous 
ing parts are preferably hernetically sealed to 
gether by soldering or the like in Order to provide 
best results in reception. Hermetic Sealing ex 
cludes moisture and deleterious gases from the 
atmosphere which may attack the insulation or 
magnetic parts. 
A Small air gap or clearance is provided be 

tween cover portion 7 and the magnets, that is, 
the tape or Wrapping about the magnets. An 
annular paper gasket 22 and a sheet of insulating : 
material 23 are interposed between the poles and 
Spider-coil assembly. If desired, sheet, 23 may he 
eliminated and reliance may be made on the in 
Sulating Wrapping about the magnet poles. An 
annular insulating spacer 24 is interposed be 
tween the spider-coil assembly 3d-5a and body 
portion 6 of the housing. Spacer 24 may be 
eliminated by providing a shoulder at the periph 
ery of portion similar to the shoulder on por 
tion 6 shown in Fig. 1. All the spacers or gaskets 
are preferably very thin so as to provide very 
close Spacing between the respective elements and 
provide electrical insulation therebetween and for 
the purpose of making the entire assembly very 
Compact in construction. 
Outside Surface of the metallic housing 6-7 
may be enameled, painted or otherwise coated 
With insulating or metallic material. The spider 
and the Inagnets may be secured together, with 
their intervening spacing material, as a single 
unit. 
The theory of operation of the above-described 

receiver is not too well-known, however, experi 
ments appear to indicate that the housing por 
tion does not distort or flex by different 
amounts at different areas of the surface under 
electromagnetic Variations in the manner of the 
Well-known type of metallic diaphragm, but in 
stead it seems as if the entire housing vibrates 
in unison together with the enclosed parts in 
response to electrical current variations flowing 
through coil Sid. This conclusion is arrived at 
principally because no material difference appears 
to result from the touching of housing portion 

: With One's hands, which touching would have 
a serious damping effect on an ordinary type of 
diaphragm. 
Of course, the magnetic lines of force wirich 

eina nate from the like north poles of permanent 
magnets ( and 2a will buck each other, conse 

If desired, the entire , 
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4. 
quently will diverge outwardly from the mid-point 
between the confronting poles and Will find a 
return path to the opposite poles thereof through 
portions of the housing. The magnetic field de 
Veloped by the current flow through the coil Wind 
ings is toroidal in form and encircles the coil 5d. 
The interaction of the two fields provides an 
electromagnetic effect which apparently causes 
Vibration of the entire assembly, which resultS 
in the emanation of sound corresponding to that 
of the Signal current passing through coil c. 
The housing should be made of relatively thin 
metal, preferably not thicker than thirty-five 
thousandths inch. By making the housing of 
thinner nateria, less of the base notes of radio 
reception are heard. Coil 5a. Should be very 
tightly wound about the Spider and preferably 
lacquered to effect stiffening of the coil to pro 
Wide a Spider-coil assembly having no individually 
In Oyable parts So as to prevent harmonics. Suich 
Coating also imakes the unit Waterproof and mois 
ture-proof. 
The electrical receive described is admirably 

adapted as a component, part of a radio set for 
the purpose of allowing an individual to selec 
tively obtain reception either from the loud 
Speaker of the radio sat or from the receiver at 
Will. It is also very useful in public address 
Systems. 
A convenient circuit is provided, in the case 

Of use With a radio receiver, by having primary 
Winding 29 of an output transformer, which is 
Connected to the output of radio 27, for example, 
and Which is of high electrical impedance (of 
the order of 550 ohms) cooperate with a sec 
Ondary Winding 38 of relatively low impedance 
(of the order of 4 ohms), which secondary wind 
ing is normally connected to the voice coil 3: 
of a Cld-speaker 32 of the radio set. A. Switch 
$3 may be provided for the purpose of Selectively 
Connecting the secondary winding 3 either to 
Voice coil 3 for normal radio reception, or to 
coil sa of the above-described receiver for rela 
tively Silent reception so as to enable the operator 
to listen to the receiver without disturbing per 
SonS nearby, such as under a pillow. 

he average voltage applied across the coil may 
be Only of the Order of 1.5 volts. Thus it will 
be seen that the receiver device consulinies an 
insignificant amount of power. 

If desired, the housing of either Fig. 1 or Fig. 5 
may be partially evacuated and filled with an 
inert gas, Such as a noble gas; furthermore, in 
Stead of providing a switch 33, as shown in Fig. 
5, a jack may be provided which may be mounted 
On the Side or panel of a radio Set so that when 
a plug, Such as 2 in Fig. 1, is inserted in the 
jack, the circuit to the voice coil of the speaker 
is broken, whereas the circuit to the coil of the 
receiver unit is made. Likewise, other variations 
Will be readily suggested to those skilled in the 
art to make the above-described receiver useful 
for the purpose intended. It should be noted that 
not only pillows serve as media for enhancing 
the sound emitted from the above-described novel 
receiver, but other objects, such as flat panels, 
doors, desks or the like, also have Somewhat of 
an enhancing effect when the receiver is placed 
in COntacting relationship therewith. It Will be 
apgarent to those skilled in the art that the 
above-described receiver can be used in aiding 
partly deaf people and may be worn on one's 
clothing, such as on a lapel of a coat, or may 
be adapted So as to be worn on the ear or in 
the ear, as is Well-known in the art. The above 
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described speaker can be made smaller and is 
particularly adapted to be reduced in size rather 
easily because of its extreme lightness and Sim 
plicity of construction. An enhancing effect on 
the volume is obtainable by contacting the re 
ceiver With a part of the body, such as the ear. 
Thus it will be seen that the above-described 

permanent magnet receiver provides a highly 
efficient, inexpensive type of receiver (or trans 
mitter) which is particularly useful as a rela 
tively silent means to provide individual radio 
reception without disturbing nearby persons by 
Virtue of the fact that the receiver is of Such 
construction that its enlanating tones or Signals 
are confined and enhanced or made louder by 
placement of a pillow or similar object in con 
tacting relationship thereWith; furthermore, I 
have provided a receiver whose outstanding qual 
ities are apparently attributed to the fact that 
it does not involve the well-known distortion ef 
fect of common types of receiver diaphragms, 
but instead appears to embody the idea of an 
entire assembly vibrating in unison for emitting 
Sound. 
While I have illustrated and described certain 

specific embodiments of my invention, it will be 
understood that this is by Way of illustration 
Only and that various changes and modifications 
may be made within the contemplation of my 
invention and within the scope of the following 
claims. 

I claim: 
1. Electrical receiving apparatus comprising a 

pair of opposed permanent magnet poles of the 
Same polarity, a metallic diaphragm disposed in 
spaced parallel relationship alongside said poles, 
and a coil wound in pancake form in a plane 
parallel to and interposed between that of the 
poles and diaphragm, said coil being Wound on 
a spider having an odd number of radially ex 
tending tines onto which the coil is wound in 
wave-like form, Successive windings being wound 
On opposite sides of any given tine. 

2. Electrical receiving apparatus comprising a 
pair of permanent magnets having opposed poles 
of the same polarity, a coil disposed alongside 
said poles and wound in a plane parallel to that 
of the poles, and a metallic housing totally en 
closing said poles and coil, said housing being 
of thin sheet metal, Said coil being wound on a 
spider having an odd number of radially extend 
ing tines onto which the coil is wound in wave 
like form, Suecessive Windings being wound. On 
opposite sides of any given tine. 

3. An electrical receiving device comprising a 
pair of flat permanent magnets disposed so that 
like poles thereof are in confronting relationship, 
a coil disposed along side said poles in a plane 
Substantially parallel thereto, a thin metallic 
hermetically sealed housing totally enclosing said 
poles and coil, and a plurality of thin spacer ele 
ments for separating said coil and poles from 
each other and from the housing. 

4. An electrical receiving device comprising a 
pair of flat permanent magnets disposed so that 
like poles thereof are in confronting relationship, 
a coil disposed alongside Said poles in a plane 
Substantially parallel thereto, a thin metallic 
hermetically sealed housing totally enclosing said 
poles and coil, and having at one side a dia 
phragm portion disposed alongside and in close 
ly spaced relationship to said poles and having 
at the other side a portion of reduced diameter 
as compared to said diaphragm portion for en 
closing said coil. 
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6 
5. An electrical receiving device comprising a 

pair of flat permanent magnets disposed So that 
like poles thereof are in confronting relationship, 
a coil disposed alongside said poles in a plane 
substantially parallel thereto, a thin metallic 
hermetically sealed housing enclosing said poles 
and coil, and having at one side a diaphragm por 
tion disposed alongside and in closely Spaced re 
lationship to said poles and having at the other 
side a portion of reduced diameter as compared 
to Said diaphragm portion for enclosing said coil, 
Said coil being wound on a spider having an odd 
number of radially extending tines onto which 
the coil is wound in Wave-like form, successive 
windings being wound on opposite sides of any 
given tine. 

6. An electro-acoustical device comprising a 
spider having a plurality of radially extending 
arms, a coil spirally wound on Said arms in the 
form of a single layer in a single plane, and a 
pair of permanent bar magnets insulatingly sup 
ported on said spider-coil assembly and having 
closely spaced confronting like poles for emanat 
ing magnetic flux in opposite directions and being 
in a plane parallel to that of the coil. 

7. In a device of the character described, a 
pair of bar magnets arranged with their mag 
netic axes in alignment and with adjacent pole 
faces of like magnetic polarity, a thin flat Sup 
porting member on Which said magnets are 
mounted, a coil of a pancake type mounted adja 
cent said supporting member and having wind 
ings in a common plane substantially parallel to 
the plane of said supporting member, and a hous 
ing member formed of thin sheet metal forming 
an enclosure for Said magnets, Supporting mem 
ber, and coil. 

8. In a device of the character described, a 
pair of bar magnets arranged with their magnetic 
axes in alignment and with adjacent pole faces 
of like magnetic polarity, a thin flat supporting 
member on which said magnets are mounted, a 
Coil pf the pancake type mounted adjacent said 
supporting member and having Windings in a 
common plane substantially parallel to the plane 
of said supporting member, and a housing mem 
ber formed of thin sheet metal forming an en 
closure for said magnets, supporting member, 
and coil, said housing member providing a dia 
phragm responsive to current changes in said 
coil. 
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