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RESTORING FORCE 

?!agnetic suspension 

For many years one of the major problems with conventional speakers 

has been to get the moving coil back to its starting position rapidly after an 

electrical signal had driven it out. As far as is known to this writer. such has 

been done with a mechanical spring. or a spring assisted by air compressed in 

an enclosure behind the speaker diaphragm. with varying amounts of force from 

the air and the spring. There have been many heated arguments about isothermal 

and adiabatic compression of air in the cabinets with much mathematical data to 

support either side. 

A moving coil loudspeaker reproduces sound as a result of an electrical 

signal flowing in a coil in a magnetic field. which causes the coil to move in the 

field carrying the diaphragm with it. the direction being determined by the polar

ity of the signal. The signals are generally derived from two basic forms: a 

single d. c. transient which pushes in one direction only; and the sine form which 

pushes in two directions alternately. In musical sounds you get both, and infinite 

combinations of them. 

Suppose we look at the simple sine wave signal represented in Fig. 1. The 

arrows symbolize the electrical signal pushing on the coil and speaker cone, first 

in one way and then the other. We can quite properly say that the length of the ar

rows represents the push on the coil and c one. From point.,!. to point � the amount 

of push is increasing and from � to .£ it lessens to zero, then it turns around and 

does the same thing over in the opposite direction. Now from b to c and from d to 

� as the arrows get shorter and the push lessens, something has to move the coil 

and cone backward. which is what is called the "restoring force". How much of a 
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job does the restoring force have to do? Looking at Fig. I again, the distance 

from point ~ to point!. is time. At 50 cps it is I /50th of a second. Therefore, 

the restoring force must be able to move the coil and cone from point ~ to point 

c in 1/4 of that time or I /ZOOth of a second. The motional velocity of the cone 

will depend on the frequency and the distance the cone travels on its amplitude. 

Since the loudspeaker is a velocity device, to maintain constant acoustical power 

output, the excursion of the cone must vary as the inverse square of the frequency. 

At Z5 cps, although the frequency has been cut in half, the amplitude or excursion 

has to quadruple. So although the cone has to move from ~ to .£ in only 1/ lOOth of 

a second, it has to go four times as far - its motional speed must be doubled. 

The above data would seem to indicate that the restoring force would not 

be so important at the higher frequencies because amplitude varying by squares 

would be in reverse direction, so motional speed would be going down. Unfortu-

nately when the frequency goes up, the matter of inertia becomes a question. At 

say 3000 cps the electrical signal has to start up a mass, the coil and cone, from 

no velocity, and get it out to its stopping point in a split second; the restoring 

force has to bring it to a dead stop and start it in the opposite direction. and stop 

it at the starting point. This situation worsens with increasing frequency. It has 

been calculated that at 60 cps with a cone excursion of 1/4 inch the forces involved 

are around 93 times the acceleration of gravity, and at 10,000 cps it is up around 

I 
Z060 g's. With a large magnet this g element can be overcome, but getting it 

back is another matter. 

Why is this restoration speed essential? Since the outward thrust is ex-

tremely rapid (due to the magnetic action of the coil and magnet), by the time the 
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coil has begun to return to its starting position, the next signal is ready to 

energize it again. One can easily see how inefficient this process can be. 

On the one hand, we have a signal ready to perform work; on the other hand, 

a voice coil which is never back in time to take full advantage of it. But we 

are speaking of only a simple signal. What happens when the voice coil has 

to deal with complex signals or transients which are so important for achiev

ing natural Bound? The problem becomes infinitely greater. 

We ran some experiments with a conventional coil to see how fast the 

restoring force would make it move. Pulling the coil to full amplitude with a 

strong light thread, then connecting the coil to an 8 ohm load to match it and 

placing an oscilloscope across same for observation, we burned through the 

thread and noted that the coil moved about 1/4 inch in 1 /350th of a second. 

That is fairly fast and this speed can be kept up to about 90 cps, but once we 

get much above that the coil starts lagging behind the signal considerably. 

Next we used a d. c. transient at 10 cps and it was possible by utilizing the 

oscilloscope and expanding the sweep frequency to 100 cps to determine the 

time required for the voltage to rise to its maximum point. It was 1/ l300th of 

a second! To reproduce this signal the coil must move out to maximum excur

sion in 1/1300th of a second, be stopped and moved back in 1/1300th of a second. 

With this coil moving at best in 1 /350th per second this was obviously an impos

sibility. 

From this simple experiment a logical question arises: If the magnetic 

thrust is faster than the mechanical restoration force, why not employ magnetic 

restoration? This is exactly what Mr. Harold Luth, Chief Engineer of the 
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Hartley Products Corporation evolved and patented under the name of Mag-

netic Suspension (Patent No.3, 160, 716). It was mentioned earlier that a 

fixed magnet helps thrust the voice coil outward. In the Hartley- Luth Mag-

netic Suspension speaker, this same magnet is used to return the coil back 

to its neutral position. This is accomplished quite uniquely as follows: A 

thin film of iron, backed by a thin strip of plastic, is placed around the coil 

form beneath the coil winding. The geometry of the film is very carefully 

adjusted for maximum axial force, in both positive and negative directions. 

Because there is no mechanical suspension (in the form of a spider or ac

cordion pleated disk), the voice coil with its iron band rests at a neutral 

point within the magnetic field of the fixed magnet. From this position it re

sists motion in either direction. Because the fixed magnet is quite powerful, 

to move the coil and cone from this IIrest ll position to the maximum outward 

thrust would require a force of nearly two pounds. But this would be true only 

if we used a mechanical force. Here we have a magnetic force generated by the 

coil and aided by the force of the fixed magnet. Together, they do the job rather 

handily. 

Previously discus sed was the speed of a conventional coil suspension and 

it was found to move from its maximum excursion to its rest position in 1/ 350th 

of a second. By a similar method Mr. Luth determined the speed of Magnetic 

Suspension to be 1/ 1600th of a second. This is truly fast, but there were other 

interesting observations. In Fig. 2 the traces noted on the oscilloscope of the 

conventional coil and the Magnetic Suspension coil are superimposed. On the 

solid line curve for the MS coil the voltage collapse curve pretty much follows 
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that normally obtained in an inductor. But in the dotted curve for the mech

anical suspension the voltage collapse curve contains a number of intermediate 

peaks. In an amplifier this would probably be called ringing, in loudspeakers 

it's usually called hangover, but in any event it is the result of the mechanical 

s pring bouncing. 

The critical positioning of the magnet and coil is a delicate operation, 

and the method employed is outside the scope of this article. Nonetheless, 

this magnetic spring is an engineer's delight. It is non-mechanical, it never 

changes, it never fatigues, and is unaffected by temperature changes. What's 

more, it doesn't bounce! When the coil moves to its maximum excursion and 

is released, it flies back to its neutral position and stops exactly at dead center. 

There is no overshoot and the action is linear. 

It has been emphasized that one of the great barriers to faithful repro

duction of sound is a sluggish voice coil. We also know that a pure unadorned 

sine wave signal is rarely encountered. With the voice coil now in a position to 

perform with lightning speed, the results are translated into superlative trans

ient respons e. It is this quality of magnetic suspension which makes it possible 

to convey every nuance within the kaleidoscopic spectrum of music. 

Does magnetic suspension represent the ultimate in natural sound repro

duction? We don't think so, but it is a long step in that direction and provides 

the encouragement for continued work in this area. 
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rest<>ring force for a moving voice coil in an electro
dynamic loudspeaker or other transducer that is generally 
linear with respect to the coil displacing force, completely 
reactive to transient impulses and free from undesirable 
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·5 resonances, thereby relegating the function of mechanical 
suspension devices, as far as possible, to that of centering 
the coil during movement. 

This ,invention relates to devices utili2;ing a magnetic 
. field and more particularly to a conductor coil in a 
transducer. 

Another object of this invention is to provide a voice 
coil for a transducer comprising a magnetic material that 

10 is spatially coexistent with the current carrying conductor. 
It is common practice to operate a conductor coil lin 

an air gap having a strong magnetic field and to pass 
an electric current through the conductor coil causing it 
to move in the magnetic field, or to move the coil !in the 
field to induce an electrical current in the coil. In some 15 
applications, the coil is moved from its neutral position 
by a momentary application of an electric current and is 
then returned to its neutral position by means of me
chanical spring deVices. Various types of solenoid 
switches, relays and tr·ansducers, such as microphones and 20 
loudspeakers operate in this manner. 

More specifically and by way of example, in a moving 
coil or electrodynamic loudspeaker, a voice coil is affixed 

to the apex of a cone or diaphragm which is flexibly 
supported on a frame at the base diameter of the cone by 25 
an annular cloth ring called a "surround," and is also sup
ported at the voice coil connection by a smaller, flexible 
annular ring called a "spider." The voice coil is generally 
mounted with its axis at right angles to magnetic lines of 
flux in a strong magnetic field, that is produced by a ring 30 
magnet and pole piece attached to the under side of the 
speaker frame. The "surround" and ,the "spider" cen
trally locate the voice coil and cone and hold them in a 
neutral :uclal position about the pole piece. An audio 
frequency output from an amplifier is passed through the 35 
voice coil and causes a force to be exerted in a direction 
of the axis of the coil, displacing the coil in the magnetic 
field, the displacement varying with the magnitude of the 
current passing through the coil. 

The flexible nature of the supporting devices allows the 40 
coil movement and also supplies a spring or mechanical 
restoring force to move the coil back to its neutral position 
when the amplifier frequency is at zero. The coil and 
diaphragm move back and forth in an axial direction due 
to a variation in the amplitude of the audio signal and 45 
produce audible sound, The coil restoring force should 
increase linearly with the displacement force ·in order to 
accurately reproduce the audio output of ,the amplifier, 
but an actual loudspeaker system, such restoring force is 
non-linear and such non-linearity increases rapidly as the 50 
displacement force is increased, causing serious distortion 

Still another object of .this invention is to provide a low 
reluctance path to magnetic lines of fiux in an electro
magnetic system which results in the linear return of a 
conductor that has been displaced in a magnetic field to its 
original or neutral position, and which may be used in 
transient switching devJces, remote positioning devices, 

. transducers and any electro-magnetic device dependent 
upon a spring action for zero positioning. 

Further objects and advantages will become apparent 
from the following detailed description taken in connec
tion with the accompanying drawings, in which: 

FIGURE 1 is a cross-sectional elevation of an electro
dynamic loudspeaker embodying the invention. 

FIGURE 2 is an enlarged view of the voice coil cross 
section shown in FIGURE 1. . 

FIGURES 3 and 4 ·are traces as shown by an oscil
loscope comparing the operation of applicant's loudspeak
ers with that of a conventional speaker. 

While this invention is susceptible to embodiments of 
different forms, there is shown in the drawings and will 
herein be described dn: detail an embodiment of the inven
tion with the understanding that the present disclosure is 
to be considered as an exemplification of the principles of 
the invention, and is not intended to limit the invention 
to the embodiment illustrated. The scope of the invention 
will be pointed out in the appended claims. 

Referring to the drawing, a suitable supporting struc-
ture for a loudspeaker js shown, including a permanent 
ring magnet 4 with a plate 5, having a centrally located 
hole 6 therein, mounted on its top surface, and a circular 
plate 7 with a centr.ally disposed cylindrical pole piece 8, 
mounted on the bottom surface of magnet 4. The plates 
are ·secured to ring magnet 4 by a plurality of tie bolts 9. 
The pole piece 8 is smaller in diameter at !its top portion 
than the hole 6 and extends axially upward through the 
ring magnet 4 and the hole 6 terminatnig near the top 
surface of the plate 5. A str~ng magnetic field is estab
lished by the magnet 4 in a circular air gap for-med be
tween the surface of hole 6 and .the outer surface of pole 
piece B. A plurality of upwardly and outwardly extending 
legs 10 originate at the outer periphery of plate 5 and 
terminate in an annular ring 11 to form the "basket" of 
the loudspeaker and a felt ring lla is cemented to the 
top surface of ring 11 providing a cushion for mounting 

of ·the sound waves and undesirable resonances, especially 
when transient impulses of a high amplitude are impressed 
upon the voice coil. The same defect is found in a 
dynamic microphone. 55 the loudspeaker. 

A primary object of this invention is to provide a new 
and novel voice coil for an electrodynamic loudspeaker or 
other transducers that will allow them to respond to sound 
waves and transient impulses and transmit said waves and 
impulses free from undesirable resonances and disortion. 60 

Another object of this invention is to provide a non
mechanical restoring force for a moving conductor in an 
electro-magnetic system. 

Another object of this invention is to provide a magnetic 

The operating or moving components of applicant's 
loudspeaker consist of a cone-shaped diaphragm 12, 
which may be of the conventional type, affixed at its apex 
to the end portion of a hollow cylindrical voice coil 13. 
The diaphragm 12 and ,the coil 13 are mounted ill the 
loudspeaker supporting structure in such a manner that 
the voice coil is concentric with and surrounds the pole 
piece 8 and is free to move axially in the air gap. 

l1he means for supporting the diaphragm and coil 
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the loudspeaker and a felt ring 11a is cemented to the 
top surface of ring 11 providing a cushion for mounting 

of ·the sound waves and undesirable resonances, especially 
when transient impulses of a high amplitude are impressed 
upon the voice coil. The same defect is found in a 
dynamic microphone. 55 the loudspeaker. 

A primary object of this invention is to provide a new 
and novel voice coil for an electrodynamic loudspeaker or 
other transducers that will allow them to respond to sound 
waves and transient impulses and transmit said waves and 
impulses free from undesirable resonances and disortion. 60 

Another object of this invention is to provide a · non
mechanical restoring force for a moving conductor in an 
electro-magnetic system. 

Another object of this invention is to provide a magnetic 

The operating or moving components of applicant's 
loudspeaker consist of a cone-shaped diaphragm 12, 
which may be of the conventional type, affixed at its apex 
to the end portion of a hollow cylindrical voice coil 13. 
The diaphragm 12 and ,the coil 13 are mounted in the 
loudspeaker supporting structure in such a manner that 
the voice coil is concentric with and surrounds the pole 
piece 8 and is free to move axially in the air gap. 

l1he means for supporting the diaphragm and coil. 
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consist of ,an annular ring or "surround" 15 of cloth or 
other flexible material forming a flexible connection be
tween the "basket" rim 11 and the base portion of the 
diaphragm 12. Additional support for the diaphragm 
and coil is provided 'by an annulur ring or "spider" 16 5 
of flexible sheet material affixed to the voice coil ad
jacent its connection to the apex of the diaphragm and 
to the top plate 5, forming a flexible connection there
between. 

4 
Example IV 

A strip of paper coated on one side with a ,band of 
catalyzed resin has iron powder dusted onto and rolled 
into the band, as with a Tubber roller, and allowed to 
cure. The paper is cemented to the .outer surface of a 
cylindrical aluminum tube onto which a thin layer of 
siliccne rubber has be~n precoated. A double layer of 
conductor coil is wound about the magnetic hand. The 
rubber coating acts as a yielciable surface between the 
tube and the conductor winding. 

Example V 

The "spider" 16 which supports the voice coil 13 in 10 
the speak~r frame is made more flexible in applica!lt's 
loudspeaker than in a conventional loudspeaker for the 
purpose of utilizing the suspension device as centering 
means only, to keep the coil in axial alignment as it A coil as in Example IV except that a double band 

15 of magnetic material is used, one on each side of the 
paper strip. 

is moved in the air gap, and to afford very little, if any, 
opposition or restoring force to the movement of the 
coil. 

A preferred form of applicant's voice coil is shown 
in FIGURE 2 and comprises a cylindrical aluminum 
tube 2D having its outer surface precoated with a sili
cone rubber 21. A cylindrical paper form 22 having 
a band of magnetic material 23 disposed on its outer 
surf.ace extending from the edge to the center of the 
form is cemented concentrically about the tube 20, and 

Example VI 

A magnetic iron conductor is wound about the outer 
20 surfac~ of a cylindrical paper form. 

Example VII 

a conductor 24 is wound in a double layer coil over the 25 
magnetic material. The ends of the conductor 24 are 
extended out to one of the legs 10 and terminate in a 
connection 25. 

A layer of magnetic iron foil is formed about and 
affixed to the outer surface of a cylindrical paper form 
and a conductor wound about the iron foil. 

The above examples show that the voice coil of ap-
plicant's invention can be made up in many various ways. 

In operation, the magnetic material 23 of the coil 13 
offers a relatively low reluctance path for the magnetic 30 
lines of flUx in the air gap and as the coil is displaced 
axially upward or downward from its neutral posi
tion in the air gap, by an audio signal applied to the 
voice coil, the magnetic flux will follow the ,path of 
low ~eluctance offered by the magnetic material rather 35 
than the path of high reluctance offered by the air gap. 

It should be noted that the greater the amount of mag
netic material us~d in the construction of the coil, the 
lower the reluctance to the magnetic line of flux. 

The curves of FIGURES 3 and 4 show a comparison 
between the restoring forces operating on a loudspeaker 
coil havin:; a magnetic material disposed coaxially with 
the coil conductor as described in Example V and an 
identical speaker coil but without the magnetic mate-

As the magnetic lines of flux follow the magnetic ma
terial, they ·are bent in the direction of coil movement 
and act to restore the coil to its neutral position when 
the displacement -force is removed or reduced to zero. 40 
The flux lines act as a "magnetic spring" producing a 
coil restoring force that is completely linear to the coil 
displacing force. 

rial, as measured on an oscilloscope. In each instance, 
the coils were placed on a magnetic structure and fas
tened with a "spider" except that the "spider" used with 
the magnetic coil was of a larger diameter in order to 
form a more flexible mounting and relegate its func-
tion to centering pur·poses only. The cons were raised 
a fixed distance above the gap ·and released. It can be 
said that if there were no inductance in the coil, and 
no initial forces or gravitational forces that the trace 
would bea straight line. The trace shown in FIGURE 

Various methods of coil construction may be resorted 
to in order to piOduce a magnetic material spacially co- 45 
existent with a conductor coil, and a few 'are enumerated 
in the following examples: 

Example I 

An iron powder is sprinkled onto the sticky surface 
of ordinary masking tape ·and an adhesive applied to 
the inside surface of a conventional voice coil compris
ing a conductor wound on a cylindrical paper form. The 
sticky side of the masking tape is then pressed against 
the adhesive and allowed to dry after which a solvent 
is applied to the masking tape removing it and leaving 
the iron powder attached to the inside surface of the 
coil form. 

Example II 

A self-supporting double layer cylindrical coiled con
ductor is cemented to the outside surface of a cylindri
cal aluminum tube and the .outside surface of the coil 
coated with a catalyzed epoxy resin, dusted with iron 
powder and allowed to cure. 

Example III 

An adhesive cement is made up with a low viscosity 
epoxy resin and iron powder, and used for fastening the 
turns of a two-layer cylindrical conductor coil together 
as well as to cement the coil to the outer surface of a 
cylindrical paper form. 

3 is the result obtained from the magnetic coil and it 
can be seen that the restoring force is completely linear. 
In FIGURE 4, the trace obtained by the non-magnetic 

50 coil shows a slow take-off which is due to the restric
tion offered by the "spider"and a non-linear restoring 
force where considerable bouncing took place due to 
the "spider." It is apparent from viewing the two curves 
that the restering force offered by the "magnetic spring" 

55 effect is superior to the mechanical "spider" device since 
the restoring force of the "magnetic spring" is completely 
linear to the coil displacing force. 

Utilizing applicant's invention in a loudspeaker results 
in excellent time constants when transient impulses are 

60 imposed on the voice coil. Because of the linear restor
ing force provided by the "magnetic spring" effect, ap
plications for applicant's invention include, any device 
dependent upon spring action for zero positioning, such 
as meters, relays, transient switching devices and remote 

65 positioning devices. 
I claim: 
A transducer comprising: a voice coil consisting of a 

cylindrical non-magnetic form with a current conductor 
wound about its outer surface and having a magnetic ma-

70 terial' and a thin layer of yieldable material interposed 
between said conductor and said outer surface; a cylin
drical pole piece having lines of magnetic flux extending 
radially outward therefrom; means for mounting said 
voice coil concentric with and about said pole piece so 

75 that said coil is free to move in its axial direction from a 
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4 
Example IV 

A strip of paper coated on one side with a ,band of 
catalyzed resin has iron powder dusted onto and rolled 
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is moved in the air gap, and to afford very little, if any, 
opposition or restoring force to the movement of the 
coil. 

A preferred form of applicant's voice coil is shown 
in FIGURE 2 and comprises a cylindrical aluminum 
tube 2D having its outer surface precoated with a sili
cone rubber 21. A cylindrical paper form 22 having 
a band of magnetic material 23 disposed on its outer 
surf.ace extending from the edge to the center of the 
form is cemented concentrically about the tube 20, and 

Example VI 

A magnetic iron conductor is wound about the outer 
20 surfac� of a cylindrical paper form. 
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a conductor 24 is wound in a double layer coil over the 25 
magnetic material. The ends of the conductor 24 are 
extended out to one of the legs 10 and terminate in a 
connection 25. 

A layer of magnetic iron foil is formed about and 
affixed to the outer surface of a cylindrical paper form 
and a conductor wound about the iron foil. 

The above examples show that the voice coil of ap-
plicant's invention can be made up in many various ways. 

In operation, the magnetic material 23 of the coil 13 
offers a relatively low reluctance path for the magnetic 30 
lines of flUx in the air gap and as the coil is displaced 
axially upward or downward from its neutral posi
tion in the air gap, by an audio signal applied to the 
voice coil, the magnetic flux will follow the ,path of 
low �eluctance offered by the magnetic material rather 35 
than the path of high reluctance offered by the air gap. 

It should be noted that the greater the amount of mag
netic material us�d in the construction of the coil, the 
lower the reluctance to the magnetic line of flux. 

The curves of FIGURES 3 and 4 show a comparison 
between the restoring forces operating on a loudspeaker 
coil havin:; a magnetic material disposed coaxially with 
the coil conductor as described in Example V and an 
identical speaker coil but without the magnetic mate-

As the magnetic lines of flux follow the magnetic ma
terial, they ·are bent in the direction of coil movement 
and act to restore the coil to its neutral position when 
the displacement -force is removed or reduced to zero. 40 
The flux lines act as a "magnetic spring" producing a 
coil restoring force that is completely linear to the coil 
displacing force. 

rial, as measured on an oscilloscope. In each instance, 
the coils were placed on a magnetic structure and fas
tened with a "spider" except that the "spider" used with 
the magnetic coil was of a larger diameter in order to 
form a more flexible mounting and relegate its func-
tion to centering pur·poses only. The cons were raised 
a fixed distance above the gap ·and released . It can be 
said that if there were no inductance in the coil, and 
no initial forces or gravitational forces that the trace 
would bea straight line. The trace shown in FIGURE 

Various methods of coil construction may be resorted 
to in order to piOduce a magnetic material spacially co- 45 
existent with a conductor coil, and a few 'are enumerated 
in the following examples: 

Example I 

An iron powder is sprinkled onto the sticky surface 
of ordinary masking tape ·and an adhesive applied to 
the inside surface of a conventional voice coil compris
ing a conductor wound on a cylindrical paper form. The 
sticky side of the masking tape is then pressed against 
the adhesive and allowed to dry after which a solvent 
is applied to the masking tape removing it and leaving 
the iron powder attached to the inside surface of the 
coil form. 

Example II 

A self-supporting double layer cylindrical coiled con
ductor is cemented to the outside surface of a cylindri
cal aluminum tube and the .outside surface of the coil 
coated with a catalyzed epoxy resin, dusted with iron 
powder and allowed to cure. 

Example III 

An adhesive cement is made up with a low viscosity 
epoxy resin and iron powder, and used for fastening the 
turns of a two-layer cylindrical conductor coil together 
as well as to cement the coil to the outer surface of a 
cylindrical paper form. 

3 is the result obtained from the magnetic coil and it 
can be seen that the restoring force is completely linear. 
In FIGURE 4, the trace obtained by the non-magnetic 

50 coil shows a slow take-off which is due to the restric
tion offered by the "spider" and a non-linear restoring 
force where considerable bouncing took place due to 
the "spider." It is apparent from viewing the two curves 
that the restering force offered by the "magnetic spring" 

55 effect is superior to the mechanical "spider" device since 
the restoring force of the "magnetic spring" is completely 
linear to the coil displacing force. 

Utilizing applicant's invention in a loudspeaker results 
in excellent time constants when transient impulses are 

60 imposed on the voice coil. Because of the linear restor
ing force p rovided by the "magnetic spring" effect, ap
plications for applicant's invention include, any device 
dependent upon spring action for zero positioning, such 
as meters, relays, transient switching devices and remote 

65 positioning devices. 
I claim: 
A transducer comprising : a voice coil consisting of a 

cylindrical non-magnetic form with a current conductor 
wound about its outer surface and having a magnetic ma-

70 terial' and a thin layer of yieldable material interposed 
between said conductor and said outer surface; a cylin
drical pole piece having lines of magnetic flux extending 
radially outward therefrom; means for mounting said 
voice coil concentric with and about said pole piece so 

75 that sa id coil is free to move in its axial direction from a 
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neutral position; means for moving said voice coil in a 
direction at right angles to said lines of magnetic flux; and 
means for bending said flux lines in the direction of coil 
movement including a low reluctance path to said flux 
lines offered by said magnetic material and which serves I) 

as the principal force ,to return the coil to its neutral posi. 
tion. 
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