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at the terminals of the coils causes the sleeve and dia-
phragm to reciprocate linearly under balanced forces
wi{hin the air gap defined by the magnetic circuits.

13 Claims, 4 Drawing Figures
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1
PERCUSSION AIR MOTOR

This is a continuation of application Ser. No. 165,962
filed July 7, 1980 now abandoned. -

This invention relates to a percussion air motor. More
particularly, this’ invention relates to a percussion air
motor, such as & loudspeaker, for converting electrical
signals into corresponding percussive air movements.

It is well known that transducer systems, especially of 10

the type which convert electrical energy into mechani-
cal energy, are ineflicient in operation. Generally, only
a small fraction of the total electrical energy supplied to
such transducer systems is actually converted and made
svailable as mechanical energy.

It is also well known that when the electrical energy
supplied to a transducer system is in the form of a de-
sired signal, the resulting signal in the converted energy
form, will not accurately correspond to the input signal.

The difference in signal content between the input and 20

output signals is a form of distortion which is a function
of the construction of the transducer system. Further, as
transducers are usually operated as components in
larger systems, an inefficiency in converting from one

form of energy to the other will increase the distortion 29

of the larger system. For example, an inefficient audio
speaker which converts electrical energy from an am-
plifier into mechanical energy for creating percussive
air movements, i.e., sound pressure waves, requires such

large amounts of electrical energy to be delivered from 30

an amplifier in order to achieve acceptable sound pres-
sure levels that the distortion introduced into the over-
all system by the amplifier will increase.

As is known, transducers which are used as loud.

speakers generally have s driving assembly for receiv- 35

ing an electrical signal and s disphragm which is con-
nected to the driving assembly to vibrate in accordance
with the received signal. The driving assembly, e.g. a
voice coil, usually has 8 coil of wire and a magnet core

mounted within the coil to move in response to the 40

magnetic field caused by the coil upon energization. In
these cases, the cail is secured to the disphragm, e.g. at
a central point, while the diaphragm is hinged or the
like at the outer peripbery. In other cases, it has been

known to have the disphragm driven by peripheral 45

forces. One such system is described in U.S. Pat. No.
3,979,566. iy

However, in this system,- the diaphragm is driven in
an unbalanced manner such that distortion may well
result. Other similar systems
Nos. 3,012,107; 2,535,757-and 2,520,646. It must be
noted that any improvement in the mechanical advan-
tage of a transducer system will affect only the particu-
lar form of the available mechanical energy. In other

words, in a transducer system which produces recipro- $$

cating axial mechanical motion in response to an electri-
cal input, a varistion in the mechanical advantage will
cause short and forceful strokes to be exchanged for
longerz, but weaker ones, or vice versa. The actual work

available, defined by the product of the mechanical 60

force and the distance over which the force operates,

will remain the same, signifying that s fundamental

;l:hpmtinthemvu:ionefﬁdencyhnnotbeen
ieved.

In many cases, the construction of loudspeakers have 6$

genenally focused upon the diaphragm, being the ele-
ment which directly couples to the air medium, as the
mass of primary interest. Although the development of

are described in U.S. Pat. %0

2

an effective low mass diaphragm is a worthwile design
goal, advances in materials sciences and manufacturing
methods have enabled the production of diaphragms
which are low in weight with respect to.the driving
assembly. Since it is known that efficiency is related to
the ratio of voice coil weight to diaphragm weight, as
diaphragm weight is reduced, so must the weight of the
driving coil, if efficient operation is to be retained. This
is especially significant in peripherally driven trans-
ducer systems wherein the driving coils are situated at
the periphery of the diaphragm, thereby having de-
creased the mechanical advantage with respect to the
coupling of low frequency signals which are center-
loaded in the diaphragm.

It becomes apparent from this analysis, that although
the mechanical advantage of an electromagnetic trans-
ducer system operating at high frequencies is improved
by peripheral drive, the same advantage does not hold
true for low frequencies which produce maximum air
pressure at a region near the center of the diaphragm,
which region is furthest from the peripheral drive
means. Thus, the operating efficiency of electromag-
netic acoustic transducer systems at high audio frequen-
cies which radiate along the surface of the transducer
diaphragm, can be improved by producing a low mass
peripheral drive system. Moreover, such reduced driv-
‘ing means mass will also improve the efficiency of the
transducer system at low frequencies because instanta-
neous low frequency sound pressure waves are pro-.
duced essentially by causing the diaphragm to push the
air axially with the entire width.of the diaphragm face.
Since the pressure is maximized at the center of the
diaphragm, the drive coils appear to be at one end of a
radial moment arm, while the air load is at the other
end.

Accordingly, it is an object of this invention to pro-
vide an electromechanical transducer system with im-
proved energy conversion efficiency.

It is another object of this invention to provide an
electromechanical transducer system which retains a
high correspondence between the signal content of the
respective input and output signals.

It is a further object of this inveation to provide a
transducer system which is economical to manufacture
and simple to assemble.

It is another object of the invention to eliminate dis-
tortion in & transducer.

It is another object of this invention to provide equal
but separate electro-magnetic circuits for each direction
of alternating current flow.

Briefly, the invention provides a transducer, suchasa
loudspeaker, which is formed, in part, of a sleeve, a
diaphragm secured to and within the sleeve in a central
plane and electromagnetic means disposed in symmetric
relation to said sleeve for reciprocating the sleeve and
disphragm in a linear manner to produce a balanced

The means for reciprocating the sleeve and dia-
phragm includes & pair of coils wound about the sleeve
in symmetrical relation about the central plane and
means defining a pair of stationary magnetic circuits
disposed in symmetrical relation about the ceatral
plane. The coils are equally wound to effect equal and
co-directional electromagnetic forces therein in re-
sponse to an alternating current supplied to the coils
while each magnetic circuit is disposed about a respec-
tive one of the coils.
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The arrangement of the coils and magnetic circuits
relative to the sleeve and diaphragm improves low and
high frequency operation of acoustic transducers by
providing a peripheral drive system which contains Jess
mass and is more efficient in converting electrical to
mechanical energy than prior art systems.

By winding the coils in symmetric relation, and par- ‘

ticularly, as mirror images of each other, an isomagnetic
equilibrium is obtained at the plane of the diaphragm.
The magnetic circuits are each of the type which pro-
duces magnetic lines of flux radially across an air gapin
which is disposed a portion of the sleeve which contains
the respectively associated coil. Energization of the
coils by application of an electrical signal at the coil
ends or terminals results in corresponding mechanical
motion of the sleeve in a direction paralle! to the central
axis of the magnetic circuits.

In this construction, the transducer, i.e., loudspeaker,
is able to produce sound which is distortion free as the
electromotive forces imposed on the sleeve are applied
symmetrically, ie, in a balanced manner. Thus, the
diaphragm is able to reciprocate, i.e., vibrate, in a bal.
anced manner to produce a true sound wave corre-
sponding to the electrical signal received.

Further, in this construction, the combined mass of
the mirror image coil is less than the mass of a single coil
required in previously known transducer systems for
producing the same energy conversion efficiency. Thus,
conversion efficiency is improved over prior art single
coil systems having equivalent mass.

Still further, the reduced effective equivalent mass of

13

25

3o

4

As shown in FIGS. 2 and 3, an electromagngtic
means is provided in the transducer 10 for reciprocagng
the sleeve 13 and diaphragm 14 in a linear manner in a
direction transverse to the central plane of the sleeve 13
to produce 8 balanced sound. This means includes a pair
of coils 18, 16 equally wound about and on the sleeve 13
in symmetrical relation to the diaphragm 14 and a pair
of stationary magnetic circuits 17, 18 disposed in sym-
metrical relation.about the disphragm 14. The coils 15,
16 are equally wound on the sleeve 13 in fixed relation
to effect equal and codirectional electromotive forces
therein in response to an alternating current supplied to
the coils 15, 16. As shown in FIG. 4, the equally wound
coils 18, 16 are wound to achieve a mirror image sym-
metry with respect to one another. Only two windings
are shown in each coil for purposes of clarifying the
winding directions. Each coil 15, 16 has a pair of ends or
leads 19, 19, 20, 20’ which extend away from the sleeve
13 to a suitable common tap (not shown) in the frame
11. In addition, the current entering lead 19’, 20° of each
coil is located under the wound coil. The coils 15, 16are
energized in parallel by applying an electrical signal
from a suitable common source (not shown) to the ter-
minals 19, 19, 20, 20’ at the tap (not shown). The sym-
metrical arrangement shown provides an equal distribu-
tion of incoming electrical current throughout each coil
18, 16.

In this embodiment, the current leads for the two
coils are illustrated as being next to one another. Varia-
tions in the placement of leads 19, 19" with respect to

. leads 20, 20’ will establish manufacturing methods and

the peripheral drive system elevates the mehanical reso- .

nant frequency of the sleeve thereby improving the
ability of the sleeve to cause high frequency signals to
radiate across the surface of the diaphragm. Addition-
ally, reduced sleeve mass, with respect to & given con-
version efficiency, reduces the effective moment arm at
low frequencies thereby further improving the mechan.
ical advantage and efficiency of low frequency opers-
tions,

These and other objects and advantages of the inven-
tion will become more apparent from the following
detailed description and sccompanying drawings in
which:

FIG. 1 is a perspective view of the transducer con-
structed in accordance with the invention;

FIG. 2 is a cross-sectional view of the transducer of
FIG. 1; .

FIG. 3 is an enlarged view of the slecve,
associated parts of the
ducer of FIG. 1; and

FIG. 4 is an illustrative arrangement for winding the
coils on the sleeve in accordance with the inveation.

Referring to FIG. 1, the transducer 10 has a generally
cylindrical configurtion with open ends.

As shown in FIG. 2, the transducer 10 includes a
central mounting frame 11 by which the transducer 10
can be mounted in a suitable housing or on a suitable
support. The frame 11 is of annular shape and has a pair
of inwardly directed spaced apart flanges 12. In addi-
tion, a thin-walled flangeless sieeve 13 is housed within
the frame !landnﬂatdisc-slupeddiaphngm 14 is
secured to and within the sleeve 13 in a central plane of
the sleeve 13. The sleeve 13 is made of any suitable
material, such as brass, while the diaphragm 14 is like-
wise made of a suitable material, such as metal, ig
brass. )

coils and
magnetic circuits of the trans-
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signal transformation requirements.

Referring to FIG. 2, the magnetic circuits 17, 18 are
mounted in the frame 11 in spaced apart relation and are
abutted against the flange 12. Each circuit 17, 18 in-
cludes a pair of concentric spaced apart pole rings 21, 22
disposed about a respective coil 18, 16. One pole ring 21
acts, e.g. as & South pole, while the other pole ring 22
acts as a North pole. In addition, each circuit 17, 18 has
an annular magnet 23 secured to the outer pole ring 22,
a transfer ring 24 secured to the inner pole ring 21 and
an annular transfer plate 25 secured to the magnet 23
and transfer ring 24. As indicated, the transfer plate 28
forms a circular opening in communication with the
diaphragm 14.

The pole rings 21, 22 define air gaps in which the
sleeve 13 and respective coils 1S, 16 are located and
across which magnetic lines of flux flow. The magnetic
flux thus flows via the magnet 23, transfer plate 28 and
transfer ring 24 between the pole rings 21, 22. In this
construction, the magnets 23, pole rings 21, 22 and flux
transfer plates 28 are made of low loss magnetic mate-
tial. The transfer rings 24 are made of cast iron..

A pair of resilient pads 26, for example of compress-
ible fiber, are mounted between the pole rings 21 to
center the diaphragm 14. These pads 26 are sufficiently
resilient to avoid imparting a damping effect on the
reciprocating motion of the diaphragm 14 during opera-
tion.

In operation, an electrical signal in the form of an
alternating current is supplied to the terminals l?._l!’.
20, 20 of the two coils 18, 16. The signal is then divided
into two balanced currents which are passed through
the two coils 18, 16. Magnetic flux lines are then devel.
oped in each coil 18, 16 and interact with the stationary
lines of flux generated across the pole rings 21, 22. Asa
result, an electromotive force is created to move each
coil 15, 16 and, thus, the'sleeve 13. As these forces are
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co-directional, ie. directed in the same direction, for
example to the right as viewed in FIG. 2, the sleeve 13
and diaphragm 14 move to the right. As the current
alternates, so does the direction of electromotive forces.
Thus, the sleeve 13 and diaphragm 14 move to the left §
as viewed in FIG. 2. A linear reciprocating motion is
thus effected in the diaphragm 14.

It is noted that the stationary magnetic field width
and flux density is dependent on the size and width of
each respective wound coil 15, 16.

In one embodiment, the inner pole ring 21 has an
outside diameter of 3.593 inches while the outer pole
ring 22 has an inner diameter of 3.525 inches to form an
annular air gap of 0.032 inches. The sleeve 13 has an
inner diameter of 3.607 inches while the coil 1S, 16 has
an outer diameter of 3.643 inches to give a clearance of
0.032 inches from the outer pole ring 22. The coils may
be formed of wires of width of 0.003 inches and a height
of 0.012 inches.

The use of two coils 15, 16 and two magnetic circuits
12, 18 for driving the diaphragm 14 results in a balanced
movement. If a single magnetic circuit were used with
the two coils 18, 16 or if two magnetic circuits 17, 18
were used with one symmetrically placed coil, there
would be an imbalance of forces. This imbalance of 25
forces, in turn, restricts the electrical current from gen.
erating motion t0 maximum potential. Further, the
length of two equal and parallel coils 18, 16 compared
to & single series conductor of equal total length reduces
the time required for a current to travel their lengths,
That is, the time is reduced by one-half. Thus, s trans-
ducer employing this parallel arrangement generates an
increased efficiency relative to time.

The invention thus provides a transducer which,
when used as 2 loudspeaker, can reciprocate a dia-
phragm in a balanced manner and, as such, can produce
sound waves without distortion. As s result, Jess power
is required to produce sound of a given intensity.

The transducer 10 may be provided with suitable
gridlike diffuser covers at the open ends for diffusion of 40
the produced sound waves. These covers can be se-
cured in place in any known manner,

What is claimed is:

1. a transducer comprising

a sleeve;

a diaphragm secured to and within said sleeve in a

central plane thereof; and

electromagnetic means disposed in mirror image sym-

metric relation to said sleeve for reciprocating said
sleevemddinphngminnlinarmnnertopro-so
duce a balanced distortion free sound.

2. A transducer as set forth in claim 1 wherein said
means includes & pair of coils wound about said sleeve
in mirror image symmetrical relation about said central
plane, said coils being equally wound to effect equal and 55
co-directional electromotive forces therein in response
to an alternating current supplied to said coils, and -
means defining a pair of memry magnetic circuits
disposed in symmetrical relstion about sazid central
phne.eschmdmgnmmnitbdngdispaedlboma (]
respective one of said coils.

3. A transducer as set forth in claim 1 wherein said
diaphragm is a flat disc. .

4. A transducer as set forth in claim 3 wherein said
disc is made of metal. 68
5. A transducer as set forth in claim 2 which further
comprises a frame having said magnetic circuit defining

means mounted therein in stationary relation.
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6. A transducer as set forth in claim 5 wherein each
magnetic circuit includes a pair of concentric spaced
apart pole rings having one end of said sleeve disposed
concentrically therebetween.

7. A transducer as set forth in claim 6, wherein each
magnetic circuit includes an annular magnet secured to
one of said pole rings, a transfer ring secured to the
other of said pole rings and an annular transfer plate
secured to said magnet and said transfer ring, said trans-
fer plate defining an opening in communication with
said diaphragm.

8. A transducer as set forth in claim 6 which further
comprises at least one resilient pad for centering said
diaphragm relataive to said pole rings.

9. A transducer as set forth in claim 1 wherein said
electromagnetic mesns is disposed to reciprocate said
sleeve in a direction transverse to said plane.

10. A transducer as set forth in claim 9 wherein said
electromagnetic means includes a pair of coils equally
wound about and on said sleeve in mirror image sym-
metrical relation about said central plane for conducting
an alternating current therethrough in parallel from a
common source.

11. A transducer as set forth in claim 10 wherein said
sleeve is flangeless.

12. A transducer comprising

a sleeve;

a diaphragm secured to and within said sleeve at a
central plane thereof;

a first coil of wire wound about said sleeve on one
side of said plane, said coil having a pair of ends
extending away from said sleeve to conduct an
alternating current through said coil to effect an
electromotive force therein;

first means on said one side of said plane defining a
magnetic circuit about said first coil;

2 second coil of wire wound about said sleeve on an
opposite side of said plane in mirror image symme-
try to said first coil, said second coil having a pair
of ends extending away from said sleeve to conduct
an alternating current through said second coil to
effect an electromotive force therein equal to and
directed in the same direction as said electromotive
force in said first coil;

second menas on said opposite side of said plane de-
fining a second magnetic circuit about said second
coil; and

& common source of alternating current connected to
said first coil and said second coil.

13. An electroscoustic transducer apparatus for con-

verting electrical energy to mechanical energy, said

Spparatus comprising
first and second magnetic circuits, esch circuit having
a permanent magnet and at least one magnetic flux
transistive element for producing an elongated
annular sir gap for conducting magnetic flux;
tubular sleeve means disposed in said gap between
said magnet and said element of each magnetic

circuit;

first and second coils mounted on respective ends of
said tubular sleeve and wound in identical mirror
image relation to one another for conducting an
alternating current therethrough in parallel from a
common source;

a diaphragm disposed within said tubular sleeve and
midway between said first and second coils; and

a frame holding said first and second magnetic cir-
cuits in mirror image relationship with one another.

®
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(5711 ABSTRACT

An electrical circuit for inductance conductors. trans-
formers and motors is provided wherein two coils of
electrically conductive wire are coiled about a bar of
magnetizable material such that they are disposed in
mirror image symmetsical relation with each other. A
tap is connected to one end of each coil to conduct an-
electrical current thereto to magnetize the bar. A sec-
ond tap is connected to the other ends of each coil to
conduct an electrical current therefrom.

16 Claims, 1 Drawing Sheet
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1

ELECTRICAL CIRCUIT FOR INDUCTANCE
CONDUCTORS, TRANSFORMERS AND MOTORS

This invention relates to an inductance conductor.,
More particuiarly, this invention relates to an electrical
circuit for an inductance conductor, a transformer, a
generator and a motor.

As described in U.S. Pat. No. 4,584,438, an electrical
circuit can be constructed with a pair of coils wound in
mirror image symmetricai reiation about a central plane
30 as to drive a diaphragm located in the central plane
to provide a balanced and distortion free sound wave
corresponding to an electrical signal delivered to the
circuit,

It is aiso known that electromagnetism resuits from
the passage of an electrical current through a wire
which is wrapped around a core of magnetizable mate-
rial. Generally, in the known electromagnetic struc.
tures, the curent enters the wire at one end. travels
along the entire length of the wire, and exits at the other
end of the wire with a magnetic force being produced as
the current passes through the coil of wire. The mag-
netic force produced is usuaily associated with a pro-
portional amount of work

It is also known that an increase in magentic force
and a corresponding increase in work output can be
accomplished by increasing the flow rate of the current
through the coil of wire,

Rotary motion motors or generators employ such
coiled inductance conductors. These coiled induction
structures are designed using a single wire wound and
layered around a laminated core to reflect 2 desired
resistance and inductive reactance,

As is known, a core transformer is based on the prin-
ciple that energy will be transferred by induction from
one conductor to another by means of a varying mag-
netic flux, provided that both conductors are on a com-
mon magnetic circuit. In the conventional transformer,
a primary winding of wire is wound about a core with
a secondary winding of wire wound about the primary
winding, [n addition, an electrical current under a high
voltage is usually passed through the primary winding
to induce a current of lower voltage in the secondary
winding. During this time, an electric current travels
through the length of each wire coil from one end to the
other producing the effects described above.

In the past, transformers of relatively large size, for
example, of 20 KVA which are used in power transmis-
sion generate a hum or buzz during operation which is
usually objectionable to personnei working in the sur-
rounding environment or to people living in the sur-
rounding environment. In addition, heat is generated in
the windings and where excessive must be dissipated to
avotid a meit-down.

In the past. attempts to obtain more efficient electsi-
cal transformers. electrical generators and the like have

i

usuaily concentrated on the constructional aspects of 0

these devices rather than on the electrical circuitry for
these devices. As a resuit, efficiencies which can be
obtained have been reiatively limited.

Accordingly, it is an object of the invention to pro-
vide an electrical circuit which permits an increase in
efficiency to be obtained in electrical apparatus such as
transformers, generators, induction motors, and the
like.

65
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It is another object of the invention to increase the
effictency of a transformer in a relauvely simple man-
ner.

It is another object of the invention to provide a
relauvely simpie eiectrical circuit to permit a reduction
in size of a transformer, generator. or motor of a given
output. .

It is another object of the invention to provide an
electrical circuit which permits a decrease in the
amount of current required for the circuit to perform a
given amount of worie )

Briefly, the invention provides an electricai circuit
wherein a pair ofcoils of eiectrically conductive wire
are coiled about a common axis in mirror image sym-
metrical relation to each other and connected in paraliel
electricaily. To this end. 2 common tap is connected to
one end of each coil in order to conduct an eiectncal
current thereto while a second common tap is con-
nected to a second end of each of the coils to conduct
the electrical current therefrom.

The mirror image symmetry of the coils is believed to
have the effect of increasing the flow rate of current
through the circuit by decreasing the inductive time
constant. This constant (T) is the ratio of the inductance
(L) measured in Henries to the resistance (R) measured
in Ohms. In this respect, the inductive time constant is
reduced because the current travels a shorter distance
from tap to tap as compared with a singie coil between
the two taps or a pair of coils in series between the taps.
Further, there is an increase in the magnetic lines of flux
which are generated as compared with a singie coil of
the same coil length,

In one embodiment, the electrical circuit can be in-
corporated into an inductance conductor, for exampie
by winding the two coils about a bar of magnetizable
material. When the coils are energized. the bar becomes
magnetized and can be used in a conventional manner.

In another embodiment, the electrical circuit can be
incorporated into a transformer. In this case, a primary
winding formed of 4 pair of mirror image wound coils is
wound about a core while a secondary winding also
composed of a pair of mirror image wound coils is
disposed concentricaily about the primary winding and
the core. The transformer aiso has a common tap con-
nected to one end of each coil of the primary winding
and a common tap connected to the remaining ends of
each coil of the primary winding. In like manner. a pair
of taps are connected to the secondary winding.

It is believed that the mirror image winding of both
the primary winding coils and the secondary winding
coils provides an increase in the magneric lines of flux so
that there is an increased efficiency in the use of such a
transformer. For example, when comparing a conven.
tionally wound transformer with primary and second-
ary windings and a rated resistance of 125 Ohms for
stepping down a voitage of 110V to 3 V, a transformer
wound in accordance with the invention with the same
resistance provides a step-down voitage of 5.8 V for an
input voitage of 110 V. Thus. an efficiency of aimost
100% can be achieved. Further. this efficiency can be
achieved with a reduction in the size of the wire used
for winding the transformer. Also, it has been found
that for the same output, a transformer can be con-
structed with mirror image wound coils so as to operate
at 2 lower amperage than the conventionaily wound
transformer.

The electrical circuit can also be incorporated into an
electrical generator. In this respect. the generator
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would be wound in simiiar fashuon to a transiormer as
descnibed above.

In another embodiment. the siectncal circust can be
incorporated into a motor. In this respect. the motor i
constructed with a rototable snaft and an electromag-
neuc dnve jor rotaung the snaft. The dnve. in twm,
includes a magneuzable bar having a North pole and a
South pole in spaced facing reiation and a pair of coils
of electneally conducuve wire coiled in murror image
symmetncal reiation about the bar and connected in
parallei to conduct an electrical current therethrough in
order to magnetize the bar for driving the shaft.

These and other objects and advantages of the inven.
tion will become more apparent from the followang
densiled descnpdon and accompanying drawings in
which:

FIG. 1 is a perspective view of a coiled inductance
conductor constructed in accordance with the inven-
tion:

FIG. 2 is a side view of the conductor shown in FIG.
1

FIG. 3 is an illustrative example of the motor which
utilizes the invention;

F1G. 4 depicts a conventonal transiormer of the
prior art:

F1G. § is a transformer constructed in sccordance
with this invention: and :

FI1G. 6 is a side view of the transformer shown in
FI1G. 8. ’

Referring to FIGS. 1 and 2, the inducrance conductor
10 inciudes a U-shaped bar 11 of magnenzable material
and a pair of coils 12, 13 of electrically conductive wire,
each of which is coiled about a base of the bar 11 and
thus atoul a cununun axis. Further, dic cous i%. 13 are
wound in mirror imsge symmetry to each other and
with an equal number of turns.

In addition, 2 common tap 14 or like means is con-
nected to one end of each coil 12, 13 in order to conduct
an electrical current into the coils 12, 13 in order to
magnetize the bar 11 while a second tap 18 is connected
in common to the remaining ends of each coil 12, 13 in
order to conduct the electrical current therefrom. In
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this regard, the coils 12. 13 are connected in parallel

between the taps 14, 18. Suitable leads 16, 17 are aiso
connected to the respective taps 14, 15 to conduct an
elecirical current.

In order to wind the coils 12, 13 about the bar 11, the
bar 11 is mounted in a suitable rowtsble jig or the like
and a pair of wires of equal size and material are thereaf-
ter wound simultaneousiy about the bar 11 from the
center of the bar 11 ourwardly. The two ends of the
wares leading to the bar 11 can then be connected to the
common t2p 14 while the two trailing ends of the wires
can be connected to the common wap 15. The taps can
be subsequentially connected to the leads 16, 17 or vice
versa.

The inductance conductor 10 can be used for any
suitable purpose for which previously known indue-
tance conductors have been constructed. For example,
the inductance conductor msy be incorporated in a
choke or ballast for a fluorescent-type light buib in
order to smooth a DC current.

Referring to FIG. 4. as is known. a conventional
transformer 18 is usually constructed of a bobbin 19
having a magnetizable core 20 around which a pnmary
winding 21 and a secondary winding 22 are wound. For
example, the primary winding 21 is usually coiled about
the core 20 in one or more iamunations or layers while
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the secongary winding 22 1s wound aobout the pnmary
winding tn another senes of laminations or iavers. These
laminauons are snown scnematcally in F1G. 4.

In addition. the pnmary winding 1s usuaily connected
between switabie taps 23, 24 for the flow of current
while the secondary winding 22 is connected between 2
separate pawr of taps 26 for the flow of current. Usually.
the wndings 21, 22 are wound of wires of a dissimilar
number of turns so that an input voitage can be steppea-

‘down to 8 lower voitage.

Refernng to FIGS. § and 6. wherein like reference
characters indicate like parts as above, s transiormer 27
employing an eiectrical circuit in accordance with the
invention has a primary winding 28 formed of a pair of
coils 29, 30 of eiectrically conducuve wire wound in
murror image symmetry about the core 20. In addition.
a secondary winding 31 includes a pasr of.coils 32. 33
which are wound in mirror image symmetry about tne
core 20. In this respect, the secondary winding 31 is
disposed concentncally about the primary winding 28
and an insulating sheath (not shown) is concentncally
disposed between the windings 28. 31.

As indicated in FIG. 5. the wire used for the coils 29,
30 of the pnmary winding 28 are thinner than the wires
used for the coils 32, 33 of the secondary winding 31.

The coils 29, 30 of the pnmary winding 28 are aiso
connected in paralle] berween and to a pair of common
taps 34, 38 with suitable electrical leads 36. 37 bemng
connected (0 the respective taps 34, 3§ to conduct 2
flow of current through the pnmary winding 28. Like-
wise, the coils 32, 33 of the secondary winding 31 are
connected in parallel between and to a parr of taps 38,
39 each of which is connected to a suitable iead 40. 41
i vtder 10 eonduct a current therethrough.

By way of example, a step-down transiormer was
coastructed in accordance with the circuit indicated in
FIG. § and compared with a convennonally wound
transformer having a circuit as indicated in FIG. 4.

The convenuonal step-down transformer had a pn-
mary winding 21 formed of No. 32 wire while the.
secondary winding 22 was formed of a coil of No. 18
wire and was wound to provide a primary resistance of
125 Ohms and a secondary resistance of 0.20 Ohms so as
to step down a voltage of 117 voits to 3.09 voits,

The step-down transformer construcied in accor-
dance with FIG. § used thinner wire than that of the
conventional transformer in order to obtain a rated
resistance of 250 Ohms for each coil. To this end. the
primary coils 29, 30 were wound of No. 40 wire while
the coils 32, 33 of the secondary winding 31 were
wound with No. 22 wire. In addition. each coil 29. 30 of
the primary winding 28 had 1000 turns in 10 lavers or
100 turns per layer to give a resistance of 125 Ohms.
The coils 32, 33 of the secondary winding 31 had 65
turns in 5 layers or 13 turns per layer to give a resistance
of 0.4 Ohmsior each coil. A non-ferrous metal sheath,
for example. of copper, was located concentrically be-
tween the windings 28, 31 in order to insulate the wind-
ings from each other.

When the conventional step-down transformer was
subjected to an input voitage of 117 voits. the output
voitage was 3.09 voits; however, when the transformer
wound in accordance with FIG. § was subjected to the
same input voitage, the transformer provided an output
of 5.77 volts or nearly doubie the output of the conven.
tonally wound transformer,

A transformer can aiso be wound in the manner indi-
cated in FIG. § so as to provide the same output as a
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conventional transformer, for example 3 volts in the
above example, in which case, iess current would be
used, for exampie to illuminate a light buib. Testing has
indicated that there is a reduction of about 259 to 33%
less current used. -

Referring to FIG. 6, a transformer may be con-
structed with & core 20, connected to 8 pair of flanges 42
30 that the core and flanges define a bobbin. Such a
bobbin can be incorporated into other structures in
order to complete a transformer. o

Referring to FIG. 3, wherein like reference charac.
ters indicate like parts as above, the electrical circuit,
for example as shown in FIG. 1 can also be inco
rated into a motor 43. As indicated, the motor 43 is
constructed as s conventional shaded pole motor and
need not be further described. As indicated, the motor
43 includes a rotatable shaft 44, for example for driving
a fan (not shown). In addition, the motor 43 has an
electromagnetic drive for rotating the shaft 44. This
drive includes a magnetizable bar 48 having a North
pole and a South pole in spaced facing relation and a
pair of coils 12, 13 of electrically conductive wire coiled
in mirror image symmetrical relation about the bar 45
and connected in parallel to conduct an electrical cur-
rent therethrough to magnetize the bar 48 for driving
the shaft 44.

Again, in comparing a motor 43 wound in the manner
indicated in FIG. 3 for driving a fan with a motor
wound in conventional fashion, i.e. with a single coil of
wire sbout a bar 48, the motor constructed in accor-
dance with FIG. 3 provided faster acceleration than the
conventional motor as well as a greater velocity to the
fan. Further, after current was shut off from each mo-
tor, it was found that the fans decelerated to a stop in
substantiaily the same time. In essence, the motor con-
structed in accordance with FIG. 3 provided a greater
output than the conventional motor. Also, for the same
output, 8 motor wound in accordance with FIG. 3 re-
quires sbout 25% less amperage.

The invention thus provides an electrical circuit
which is capable of increasing the efficiency of existing
electrical motors, transformers, generators and like
electrical apparatus.

Further, the invention provides an electrical circuit
which is capable of reducing the size and weight of
electrical apparatus such as motors, transformers and
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generators for a given output. Still further, the use of 43

the electrical circuit, for example, in s transformer can
reduce the amount of heat generated during transforma.
tion of a voltage while also eliminating or substantially
reducing the hum normally associated with large tran-
formers.

What is claimed is:

1. An inductance conductor comprising

a bar of magnetizable material;

a first coil of electrically conductive wire coiled
about said bar;

a second coil of electrically conductive wire of equal
resistance 10 said first coil coiled about said bar in
mirror image symmetrical.relation to said first coil;

a first common tap means connected to one end of
said coils to conduct an electrical current sumul-
taneously thereto to magnetize said bar: and

a second common tap means connected to a second
end of each of said coils to conduct an electrical
current sumulitaneously therefrom.

2. An inductance conductor as set forth in claim 1
wherein said bar is U-shaped with said coils wound
about a base of said bar.

3. An inductance conductor as set forth in claim 1
wherein said bar is made of metallic material.
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4. An inductance conductor as set forth in claim 1
wherein said first coil has a resistance of 250 ohms and
said second coil has a resistance of 250 ohms.

S. A transformer comprising

a core: .

a primary winding on said core including a pair of
coils of electrically conductive wire wound in mir-
ror image symmetry about said core: and )

8 secondary winding on said core including a pair of
coils of electrically conductive wire wound in mir-
ror image symmetry about said core.

6. A transformer as set forth in claim § wherein said
secondary winding is disposed concentricaily about said
primary winding.

7. A transformer as set forth in claim 6 wherein said
coils of said primary winding are of thinner diameter
that said coils of said secondary winding.

8. A transformer as set forth in claim $ wherein said
primary winding has a resistance of 250 Ohms and said
secondary winding has a resistance of 0.4 Qhms.

9. A transformer as set forth in claim $ which further
comprises a first common tap connected to one end of
each coil of said primary winding to conduct an electri-
cal current thereto, a second common tap connected to
a second end of each coil of said primary winding to
conduct an electrical current therefrom, a third com-
mon tap connected to one end of each coil of said sec-
ondary winding to conduct an electrical current thereto
and a fourth common tap connected to 2 second end of
each coil of said secondary winding to conduct an elec-
trical current therefrom.

10. A transformer as set forth in claim 5§ which further
comprises 8 pair of flanges secured to opposite ends of
said core to define a bobbin.

11. A transformer as set forth in claim 8 wherein said
primary and said secondary windings have a respective
resistance to step down 1 delivered voltage from 110
volts to 5.8 volts, -

12. A transformer as set forth in claim 11 wherein said
primary winding has a resistance of 250 Ohms.

13. A transformer as set forth in claim § wherein said
wire of said primary winding is a No. 40 wire and said
wire of said secondary winding is No. 22 wire and
wherein each coil of said primary winding has 1000
turns in 10 laminations and each coil of said secondary
winding has 13 turns in 5 laminations.

14. A transformer as set forth in claim 5 which further
comprises an insulating sheath concentrically between
said windings. .

18. A motor comprising

a rotatable shaft: and

an electromagnetic drive for rotating said shaft, said
drive including a magnetizable bar having a North
pole and a South pole in spaced facing relation and
a pair of coils of electrically conductive wire of
equal resistance coiled in mirror image symmetri-
cal relation about said bar and connected in parallei
10 conduct an electrical gurrent simultaneously
tll::;zthrough to magnetize said bar for driving said
s

16. An electrical circuit comprising

8 pair of coils of electrically conductive wire equal
resistance coiled about a common axis in mirror
image symmetrical relation to each other:

8 common tap connected to one end of each of «aid
coils to conduct an electrical current simulta-
neousiy thereto; and

8 common tap connected to a second end of each of
said coils to conduct an electrical current simuita-

neously therefrom.
L ] [ ] [ ] ] L ]



OPEN CROSS-SECTIONAL WIRE U.S. Patent No. 5,985,448

AN OPENING IN MAGNET WIRE MATERIAL IS MORE RESPONSIVE TO
INDUCED FIELDS THAN WITH NO OPENING.

DISPLACING MATERIAL DURING WIRE MANUFACTURING CREATES OPENING

 MATERIAL DATA:
A). WIDTH = .012" J
B) . THICKNESS = .006"
C). OPENING DEPTH = .003" 14%] g
D). OPENING LOCATION =

( midway width ) > 7
E). OPENING ANGLE =
( 14 degree wedge )
F). MAGNET POLE LOCATIONS = c
( N north, S south ) _c o
D L/g0°
A

OPENING DETAILS:

* THE OPEN CROSS SECTION CREATES A "U" SHAPE MAGNET WITH A
NORTH POLE FACE AND A SOUTH PLOE FACE.

* OPENING DEPTH IS 50% AT RIGHT ANGLES FROM THE OUTSIDE SURFACE.
* LESS THAN 50% DEPTH PRODUCES LESS MAGNET POLE FORCE.

* MORE THAN 50% DEPTH PRODUCES MORE MAGNET POLE FORCE UNTIL
MATERIAL YIELD STRENGTH BECOMES UNACCEPTABLE.

OPENING BENEFITS:
* OPENING LOWERS MANUFACTURING COST AND INCREASES LIFE SPAN.

* OPENING INCREASES SKIN SURFACE AREA WHICH INCREASES ELECTRIC
CAPACITY.

* OPENING DIMENSION AND INSIDE TO OUTSIDE GEOMETRY INFLUENCES
AMOUNT OF CAPACITY.

* OPENING INCREASES MATERIAL NOBILITY BECAUSE THE SAME MATERIAL
MASS HAS LESS ELECTRIFIED HEAT RISE COMPARED TO NO OPENING.

* NATURAL CIRCULATING MAGNETIC FIELDS RESPOND TO THE SINGLE
OPENING AND ALTER THE WIRE MOTION FROM "ROTATION TORQUE" TO
"CHANGE IN OPENING SIZE". THIS ALTERED CONDITION REDUCES
WIRE MATERIAL VIBRATION AND WEAR.

* OPENING REDUCES CHARACTERISTIC IMPEDANCE AND EDDY DECAY TIME.




QUESTIONS ABOUT VOICE COIL WINDINGS

WHAT IS:

PITCH LEAD DIRECTION?

ANGLE OF INCLINATION?

EQUAL MAGNET POLE FORCE?

MIRROR IMAGE SYMMETRY RELATIONSHIP?

LEFT DIRECTED HALF
OF A WHOLE CIRCUIT

PITCH LEAD ——

DIRECTION r/L/a/l.[\\
N

ANGLE OF _—

INCLINAT ION

TRADITIONAL PRACTICE WINDS
HALF OF A WHOLE CIRCUIT
WHICH PRODUCES TWIST WASTE
AND UNEQUAL MAGNET POLE
FORCE. A HALF CIRCUIT IS
INCOMPLETE WHEN COMPARED
TO A WHOLE CIRCUIT.

MIRROR IMAGING WINDING MACHINE

¢ .’\.\
—

RIGHT DIRECTED HALF
OF A WHOLE CIRCUIT

CIRCUIT MIRRORING PRODUCES
EQUAL MAGNET POLE FORCE

S AND ELIMINATES TWIST WASTE

ELECTRICALLY PARALLEL
CONNECT ION

LEFT DIRECTED HALF AND RIGHT
DIRECTED HALF WOUND IN MIRROR
IMAGE SYMMETRY RELATIONSHIP AND
ELECTRICALLY CONNECTED IN
PARALLEL, IS A WHOLE CIRCUIT.

COIL WOUND ON 2" COIL DIAMETER,

SLOTTED BOBBIN FLEX LEADS WITH

TRANSIENT SNUBBERS
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Voice-Coil Winding
Mirror Image Magnetics Company is offering a radical, if 4 k\) FIGURE 1:
imole. vor | technolozy for i C . / \ / Mirror Image’s

not simple. voice-coil technology for license. Percussion Air ! \ ! ) ;

M (#4,584,438) is for an clectromagneti duci ff1 ) ! | simple technique
viotor 1#4,J84, s for Al agnetic conductor e v 1y { of winding voice
circuit that is wound in a Mirror Image symmetrical rcla- ! T B B 1 coils.

tionship. Electric Circuit for Inductance Conductors, ul H H ‘| '\ i
Transformers, and Motors (#4,806,834) cxpands the Mir- \ '\\ > ! \ \\J !
4 \

ror Image symmetry circuit to transformers and motors. At
first glance this appears rather unusual, but is (according to

MIM) actually a relatively simple method for winding voice " "
coils in such a way as to canccl out some of the inductive Mm m@
MY iy

characteristics of the voice coil. The methodology shows the
mirror coil winding to be a single picce of wire that is wound Vamwet
in opposite directions with a different angular pitch (Fig. 1).
While this certainly appears to be a difficult winding to ac-

complish in a production situation, the company claims that
the coil can actually be wound faster than standard single-
direction coils.

Claims and bhencfits made for this winding technique in-
clude superior clarity, lower distortion, reduced cddy current
decay time, lower impedance and losscs, increased motional

linearity (by decreasing the twisting and torque), and lower
heat coefficient for higher power handling for a given wind-
ing size. For more information on the parallel-mirrored
image voice-coil circuit, contact Mirror Image Magnetics,
PO Box 81, Averill Park, NY 12018-0081, Voice/FAX
(518) 674-2233.

VALUES OF BENEFIT FOR THE MIRRORED ELECTROMAGNET CIRCUIT COMPARED TO
TRADITIONAL NON MIRRORED CIRCUITS OF EQUAL MASS AND DC RESISTANCE.

1. MULTIPLE TRANSDUCERS SYNCHRONIZE TO REDUCE COUNTER E M F.

2. 100% INCREASE IN MOTION ACCELERATION- DECELERATION AND REVERSAL
(INCREASES SIGNAL TO MOTION CORRESPONDENCE).

~N o FE W

300% DECREASE IN ENERGY CONTAINMENT (USE OF SMALLER AMPLIFIER).
. INCREASED BAND WIDTH, INCREASED SPL, LONGER LASTING.

50% INCREASE IN SKIN SURFACE AREA (INCREASES FORCE).

. DOUBLE THE NUMBER OF TURNS (INCREASES FORCE).

. CIRCUIT NORTH POLE STRENGTH IS CONCURRENT AND EQUAL TO SOUTH

POLE STRENGTH (SYNCHRONIZES MAGNET POLARITY FOR BALANCE).
8. MIRRORED MAGNET WIRE FORMED CIRCUIT REFLECTS AN ELECTROMAGNET

UNITY SIGNATURE.



(of ymmage Mag, o, Mirrored Magnet Wire Formed Circuits Reflect An Electromagnet Unity Signature.

A CR . .
S ¢ % Electromagnet unity is a mirrored projection of halves that reflect a coherent whole
and a state of oneness.

: : ? . They electrify magnet pole face locations at the same time.
What Are Non Mirrored Circuits?  They electrify magnet pole face locations at different times.

Rrncwssion rbin Mot MOVING COIL LOUDSPEAKER AND MICROPHONE

The Areusston A Motn  contains a MIRROR IMAGE COIL B circuit
which is formed by coiling a first magnet wire that is directed
to the left and at the same time, coiling a second magnet wire
that is directed to the right. These two coiled magnet wires
are electrically connected in paralilel.

MIRROR IMAGE COIL
PARALLEL CIRCUIT

MIRROR IMAGE COIL B A
SCHEMATIC SYMBOL \)

The MIRROR IMAGE COIL Bl circuit inside a Rrcucsds Az Mot , has
two characteristics that differ from other coiled electromagnet
circuits.

1. When electrified, the coils north magnetic pole force is
concurrent and equal to the coils south magnetic pole force. Why,
because the signal energy divides so that a first half goes to
the north pole face location at the same time a second half goes
to the south pole face location.

2. The pitch angle of inclination for a left directed coil
is canceled by the opposite pitch angle of inclination for a right
directed coil. This condition eliminates twist and torque coil
motion distortion that is present in other coiled circuits.

MIRRORED CIRCUIT PERFORMANCE IS SUPERIOR TO NON MIRRORED CIRCUITS
WHEN COMPARING EFFICIENCY, CLARITY, MULTIPLE APPARATUS SYNCHRO-
NIZATION, COST, AND LIFE SPAN.

ELECTRIC TERMINALS
EMF DIRECTION SOUTH POLE <= < NORTH POLE EMF DIRECTION

LEFT LEAD DIRECTED CIRCUIT HALF & \\1smGHnsAnnmmn£DcmcmTHuf



MIRRORED COILS & Averill Park, NY 12018-0081  (518) 674-2233

CONCURRENT COILING IS THE MANUFACTURING METHOD FOR MIRRORED COILS

TO ELECTROMAGNETICALLY SYNCHRONIZE WITH EACH OTHER.

WHEN TWO MIRRORED COILS ARE WOUND SEQUENTIALLY, THE MAGNETIC FLUX
FORCE FROM A FIRST WOUND LEFT DIRECTED COIL HAS NO EQUAL AND
OPPOSITE MAGNETIC FLUX FORCE TO SYCHRONIZE WITH WHEN BEING WOUND.
THEREFORE, THIS SEQUENTIAL COILING AND WINDING PROCESS IS NOT AS
STRONG AS THE CONCURRENT COILING AND WINDING METHOD.

SEQUENTIAL COILING PRODUCES UNEQUAL ELECTRIC IMPEDANCES FOR
MIRRORED CIRCUIT HALVES WHEN LEVEL WOUND NEXT TO ONE 4NOTHER.
INDUCTION IS INFLUENCED BY A COILED MAGNET WIRES SURROUNDINGS.

A FIRST COILED CIRCUITS ELECTRIC IMPEDANCE IS DIFFERENT THAN A
SECOND COILED CIRCUITS ELECTRIC IMPEDANCE BECAUSE A FIRST CIRCUITS
SURROUNDING IS AIR, WHILE THE SECOND CIRCUITS SURROUNDING IS THE
FIRST CIRCUIT. THIS CONDITION PRODUCES UNEQUAL IMPEDANCES AND
UNBALANCES ELECTROMAGNET FORCE CHARACTERISTICS FOR THE TWO HALVES
WHEN ELECTRICALLY CONNECTED IN PARALLEL.

CONCURRENT MIRRORED COILS STANDARDS NOMENCLATURE

LEFT WIRE RIGHT WIRE
BACK FEED BACK FEED
TOP POSITIONED TOP POSITIONED
LEFT PITCH - RIGHT PITCH
LEFT WIRE RIGHT WIRE
FINISH END }\\\ FINISH END
BLUE NORTH =—— Z ~. —>  RED SOUTH
~_
\\ x \.\
LEFT END B RIGHT END N
LOCATION ) LOCATION
/ MIDWAY } MANDREL
/ LOCATION \ ROTATION

LEFT WIRE START END RIGHT WIRE START END



AUDIO LOUDSPEAKER VOICE COIL COMPARISON TEST

PARALLEL MIRRORED MAGNET WIRE VOICE COIL CIRCUIT
_ COMPARED TO
NON MIRRORED SINGLE MAGNET WIRE VOICE COIL CIRCUIT

So that no question exists as to which circuit is superior, the magnet wire material and weight
must be the same for the mirrored circuit as it is for the non mirrored circuit. Why? Because
of the “Conversation of Mass” law which is a principle of classical physics that states the total
mass of any material system is neither increased nor diminished by reactions between the parts
— called also “Conservation of Matter” law.

Measured values of benefit show the mirrored electromagnet circuit possessing superior
clarity, lower distortion, reduced eddy current decay time, lower circuit characteristic
impedance, lower losses, increased motion linearity, and the circuit has lower heat rise so it
lasts longer when compared to the non mirrored electromagnet circuits.

Constructing the non mirrored circuit, for example, uses a single wire and is of (64) circular
mil cross section area, formed from end to end; reflecting a specific DC resistance, for a
specific number of turns and layers, for a specific length and weight of wire.

Constructing an equal weight parallel mirrored circuit; it possesses two wires, each wire is of
(32) circular mil gross section area. The two electrically parallel connected mirrored wires are
(64) circular mil cross section area and are the same length and weight that the non mirrored
(64) circular mil cross section area wire is.

The parallel mirrored circuit differs because the two opposite wire directed circuit halves
balance magnet polarity so that magnet North Pole force at the same time is equal to the
magnet South Pole force.

The parallel mirrored wire circuit halves, when compared to the single wire circuit, will

possess 50% more wire skin surface area and will possess double the number of winding turns
for the same wire weight.

PARALLEL MIRRORED MAGNET WIRE LOUDSPEAKER/MICROPHONE VOICE COIL CIRCUIT
——_M

LEFT PITCH WIRE _l Two identical circular mil cross section area
magnet wires starting ends begin together midway
between coils at bobbin slot and are lead inside

L\ ) 3 bobbin slot to diaphragm where they connect
BOBBIN SLOT — together making terminal contact I.

Finished ends of magnet wires join together
PITCH WIRE
RIGHT — midway between coils and are lead to diaphragm
\\ // / where they connect together making terminal
+ CONTACTI —— =XET//] contact II.
— CONTACTI 17
- 9 o/l Circuit shows wires starting ends under coil and

wires finishing ends above coils.




THIS MUTUAL INDUCTION ACCELEROMETER TEST WAS DESIGNED TO MEASURE
THE ACCELERATION AND DECELERATION VALUES FOR AN ASSEMBLY APPARATUS
THAT MUTUALLY CONNECTED TWO DYNAMIC MOVING PARALLEL ELECTRIC COILS

WHEN ELECTRIFIED BY AN ALTERNATING CURRENT.

THESE GRAPHS SHOW VOICE COILS ACCELERATION VALUE FOR A SPEAKER
ASSEMBLY WITH MIRRORED COILS AND A SPEAKER ASSEMBLY WITH NON
MIRRORED COILS.

MIRRORED VOICE COII. SPEAKER ASSEMBLY = A LEFT PITCH DIRECTED
VOICE COIL PARALLEL TO A RIGHT PITCH DIRECTED VOICE COIL.

NON MIRRORED VOICE COIL ASSEMBLY = A LEFT PITCH DIRECTED VOICE
COIL PARALLEL TO A LEFT PITCH DIRECTED VOICE COIL.

MIRRORED COILS

EEFEERNEN
II’E.IIII‘“I.IH.‘

NON MIRRORED COILS

ACOmLERATE VA

ON | { A

ADENE GRAPH IV ARAVANETA

N A mLEEE A
EEEEEEEEN I
i W s ] W

60 Hz. IN , 60 Hz. QUT

(100% AMPLITUDE) (50% AMPLITUDE)

THE TEST SPEAKER ASSEMBLIES HAD 3"Dia. VOICE COILS - 2 LAYERS -

8 Ohms D C RESISTANCE, AND WERE ELECTR
60 Hz. A C SIGNAL. ' IFIED BY A 3 VOLT,

THE TEST SPEAKER ASSEMBLIES HAD AN ALUMINUM TIE ROD TO CONNECT
TWO SPEAKERS, WITHOUT CONES, JUST SPIDERS, AND A LONG COIL FORM
BOBBIN WITH COILS AT EACH END OF THE COIL FORM BOBBIN.

MIDWAY BETWEEN THE COILS WAS A THIN 18" SQUAR ]
COMB PANEL FASTENED TO THE COIL FORM BOBBIN. = "o oM HONEY

THE TEST SPEAKER ASSEMBLY WAS MOUNTED IN A FRAME.
AN ACCELEROMETER WAS LOCATED ON THE ALUMINUM PANEL.

60 Hz. IN , 120 Hz. QUT
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MIRRORED COIL WINDING MACHINE

Mirrored Coil Winding Machine. #*

Left Coil Wire.

Right Coil Wire.

Right Traverse With Rack And Wire Guide Motion Direction.
Pinion.

Left Traverse With Rack And Wire Guide Motion Direction.
Collapsible Mandrel And Rotation Direction.

Wire Start End.

Slotted Bobbin.

Remote Controled Digital Signal From Telephone Modem
Programs Machine To Wind Precise Number of Mirrored Coils.

Traverse Laterial Motion Reverses Dlrectlon Within One
Spindle Revolution.



