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This invention pertains to new and improved trans 

dulcers, and more specifically to transducers utilizing vari 
able reluctance in imagnetic circuits. 
The term “transducer' is commonly employed in a 

generic or broad sense to designate devices which are 
used in converting energy of one type into another type 
of energy. Thus, for example, a phonograph pickup is a 
type cf transducer which is used to change mechanical 
energy into electrical energy. In the case of a phono 
graph pickup the mechanical energy is derived from the 
contact of a stylus or needle with a phonograph record, 
and the electrical energy produced by a transducer serv 
ing as a phonograph pickup may be in the form of a 
change of capacitance or the like depending upon the 
nature of the transducer employed. Because of the fact 
that transducers are used as devices allowing the conver 
sion of energy from one form to another the basic prin 
ciples of any type of transducer may be applied in a 
number of different types of devices such as microphones, 
loud speakers and the like. Any transducer which is in 
tended for one application may usually be applied by ap 
propriate modifications of a routine engineering nature to 
at least a number of other different types or applications. 
A broad generalized object of this invention is to pro 

vide new and improved transducers. Another general 
objeat of this invention is to provide transducers which 
may be easily and conveniently constructed at a compara 
tively nominal cost. A further broad object of this in 
wention is to provide transducers which may be easily 
lised and which are quite reliable in operation. A more 
specific object of the present invention is to provide trans 
ducers which utilize variable reluctance in a magnetic 
circuit. A related object of the present invention is to 
provide transducers of this type in which the change in 
reluctance is a result of motion or mechanical force. 

These and other objects of the present invention will 
be fully apparent to those skilled in the art to which the 
investion pertains froin a detailed consideration of the re 
mainder of this description including the appended claims 
and the accompanying drawing in which: 

FiG. is a perspective view of a transducer of this 
invention; 

FiG. 2 is a cross-sectional view taken at line 2-2 of 
FiG. 1; 

F.G. 3 is a cross-sectional view similar to FG. 2 of a 
modified in part transducer of this invention; 

FIG. 4 is a perspective view of another modified trans 
ducer of this invention; 

:FSG. 5 is a cross-sectionai view taken at line 5-5 of 
FiG. 4; 

FIG. 6 is a perspective view of a further modified trans 
ducer of this invention; 

FIG. 7 is a cross-sectional view taken at line 7-7 of 
s 

FiG. 8 is a cross-sectional view taken at line 8-3 of 
?G,6. 
The accompanying drawing is primarily intended so 

as to clearly iiiustrate several presently preferred em 
bodinents or forms of this invention. Those skilled in 
the art of transducers will realize from a consideration 
of the drawing and of the remainder of this specification 
that the basic features or principles of this invention as 
herein described may be embodied within other differ 
ently appearing and differently employed transducers 
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through the exercise of routine design or engineering 
skill. 
As an aid to understanding this invention it can be 

stated in essentially summary form that it concerns trans 
ducers, each of which is formed so as to include a flexible 
core having ends, means for rigidly mounting one of the 
ends of this core, means for flexing the core secured to the 
other end of the core, coil means positioned around the 
core between these ends, and imagnetic means for creating 
a magnetic field within the core and within the coil, the 
permeability of this path being capable of being varied 
upon movement of the means for flexing the core. 
The actual nature of this invention is best more fully 

explained or described by referring directly to the accom 
panying drawing. In Fig. 1 there is shown a transducer 
6 of the present invention designed for use as a phono 

graph pickup. This transducer includes an eiongated re 
silient ferromagnetic bar 12, an end 14 of which is de 
signed so as to be mounted rigidly in any sort of an 
appropriate camping device (not shown) as, for exam 
pie, a clamping device located within the pickup arth of 
a phonograph. The other end 6 of the bar 12 rigidly 
carries a stylus or needle 18 which may be mounted upon 
the bar 2 in any convenient known manner. 
A smail circular cavity 28 is located within the end 
6 of the bar i2. A corresponding cavity 20 is also lo 

cated opposite the end 46 of the bar 12 within a pole 
iece 22 formed of ferromagnetic material. These cavi 

ties 26 carry the ends of a non-metallic flexible core 24. 
Core 24, as further defined hereinafter is embedded with 
a ferromagnetic material dispersed throughout its mass. 
if desired, the ferromagnetic core 24 may be secured in 
place through the use of known conventional adhesives 
or the like. Preferably small pin-like projections 26 are 
formed upon the bar 2 and the pole piece 22 within the 
cavities 29 so as to engage the interiors of the ends of 
the core 24, firmly holding this core 24 in the desired 
location. Various other equivalent lineans serving to hold 
the core in place may be employed. 
A pole 28 of a permanent magnet 36 is located against 

the pole piece 22 in the transducer 18, while the other 
pole 32 of this magnet 38 is located adjacent to, but 
spaced from the end 6 of the bar 12 a sufficient dis 
tance so as to permit motion of this end 56 during the 
use of the transducer. Brackets 34 for mounting pur 
poses are preferably formed on both the magnet 30 and 
the pole piece 22 so that these parts may be rigidly se 
cured in place as to an internal surface of a phonograph 
pickup arm through the use of screws, bolts or the like 
(not shown). 

During the use of the transducer 8 current from an 
appropriate external source (not shown) is supplied to 
a coil 36 located around virtually the entire length of 
the core 24 through wires 33. Preferably this coil 36 
is loosely disposed around the core 24 and is of a rela 
tively rigid character; if desired, however, it may be sonne 
what flexible and located in closer contact with this core. 
As the stylus 8 is moved, the core 24 will be deformed 
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ior flexed slightly; this in turn will cause a variation in 
the ferromagnetic path created by the magnet 3 so as 
to cause a change in the impedance of the coil 36. With 
the transducer 3 the spring-like or resilient character of 
the bar 12 will always return the stylus to a desired initial 
position. If desired, the bar 2 may be rigid and mount 
ed by a pivot or universal joint (not shown) in such a 
way that the stylus 3 is the only means capable of vary 
ing the reluctance path involved. 

In order to permit maxim. In flexing of ferromagnetic 
core 24 in order to achieve a maximum change in the 
ferromagnetic path within the transducer () it is pre 
ferred to form this core 24 out of a resilient material, 
such as polychlorprene, rubber or the like, although, if 
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desired, the core 24 may be formed out of comparatively 
more rigid, yet flexible materials, such as polyethylene, 
nylon or various equivalents. 

in FIG. 3 of the drawing there is shown a cross-sec 
ional view of a modified transducer 49 which is essen 
tially similar to the transducer 9. For convenience of 
description the parts of the transducer 46 which are sub 
stantially similar or identical to corresponding parts of 
the transducer is are designated by the primes of the 
numerals previously applied, and are not separately desig 
nated. 

in the transducer 4 the poie piece 22 previously de 
scribed is dispensed with and instead of this poie piece 
the magnet 33' is extended so that a pole 23 of it direct 
ly faces the end 6 of the bar 12'. This pole 23' is pref 
erably directly provided with a cavity 23' and a projec 
tion 26' both as previously described. 

In the transducer. 43 the core 24' is created using any 
of the materials indicated in the preceding discussion of 
the core 24. In the transducer 43 this core 24' is loaded' 
with a plurality of discrete particles 42 of ferromagnetic 
material. This may also be the case with core 24. These 
particles may consist of known iron alloys, ferrites or the 
like of non-permanent magnetic nature, all of which are 
capable of conveying or conducting magnetic fiu X. The 
proportions of such particles used will vary upon the 
nature of the material used in creating the core 24' prop 
er. In general, as high a proportion of Such particles 
should be used as is possible without deleteriously affect 
ing the physical structure of the core 24' to a point where 
this core is mot structurally stable. 

In Fig. 4 of the drawing there is shown a further 
inodified transducer 44 of the present invention which 
consists of an elongated bar 46 adapted to be mounted in 
a similar manner to the bar 2 previously described. This 
bar contains a cavity 43 from the interior of which there 
extends a projection S3. This cavity 43 is directly op 
posite a corresponding cavity 48 and a projection 59 lo 
cated on a mounting bracket 52. This bracket 52 is pref 
erably provided with an opening 53 designed to facilitate 
its being secured rigidly in place. 
The cavity 48 and the projection 50 engage or hold 

a core 54 which is substantially similar to the cores 24 
and 24' previously described. This core 54, however, 
is “loaded with a plurality of discrete particles 56 of a 
permanently magnetized material. Suitable materials 
are permanent magnetic alloys, barium ferrite, and the 
like. If desired, these permanent magnetic particles 56 
may be oriented so as to have poles located at the ends 
of the core 54, or they may be located in a random man 
ner as far as magnetic orientation is concerned. Around 
the exterior of the core 54 there is located a wire coil 
58 corresponding to the coil 36 previously described. 
This coil 58 is, of course, adapted to be connected elec 
trically to the other equipment (not shown) through 
wires 69. 
When a stylus 62 connected to the bar 45 adjacent to 

the cavity 48 is moved up and down as by contact with 
a vertically modulated groove in a phonograph record a 
variation in the magnetic flux pattern created by the Small 
permanent magnets 55 within the core 54 will occur. 
Such a change in flux pattern will be reflected in the im 
pedence of the coil 53. 

Hf desiredi, it is possible to modify the transducer 44 
so as to form both the mounting bracket 52 and the bar 
46 out of a ferromagnetic material such as iron and to 
insert between them another bar of ferrorinagnetic mate 
rial 64 such as is indicated in phantom in FIG. 4 of the 
drawing. This bar 64 is preferably spaced from either 
the bar 46 or the bracket 52 by a small space 65 as in 
dicated so as to accommodate motion. Either the bar 
54, the bracket 52 or the bar 46 or any combination of 
these may be permanently magnetized if desired so as to 
provide additional magnetic flux serving to “drive’ the 
transducer 44. 
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A. 
in FIG. 6 of the drawing there is shown a still further 

modified transducer 7 of the present invention which 
is primarily designed to be used in obtaining effects such 
as are commonly associated with Stereophonic Sound re 
production. This transducer 70 includes an elongated 
resiliest bar 72 formed out of iron or other equivalent 
ferromagnetic materials. This bar 72 has an end 74 
which is adapted to be securely held by an appropriate 
mounting bracket (not shown). The other end 76 of 
this bar 72 carries a stylus 73 which may ba Secured in 
piace by any convenient means. 
The bar 72 is provided with internal cavities 36 which 

are disposed at a 90° relationship with respect to one 
another on the exterior of this bar so that cores 82 
imilar to the cores 24 previously described are held with 
in these cavities 89 so as to project at right angles to 
one another. Similar cavities 38 are located Within por 
tions of a generaliy T-shaped ferroinaginetic Inclinting 
pole piece 84. If desired, projections 86 similar to the 
projections 26 previously described i3ay be used in the 
cavities 33 so as to aid in holding the cores 82 which 
inay be inpregnated with magnetic particles like the 
ferromagnetic particles previously described in connec 
tion with cores 24' and 546. Cores S2 ray be ingreg 
rated with ferromagnetic particies as previously described 
in connection with cores 54 and 24. 
The poie piece 34 is provided with IGuinting holes 33 

which are adapted to be used in securely inguinting this 
poie piece ir a desired position. A small permanent nag 
net 96 is preferably attached to the gole piece 34 ? 
to extend from it toward the bar 72, but so as to have 
a surface S2 located from the bar 72 by a small space 
S4 sufficient to acco.innacdate noveilent between the 
magnet 95 and the bar 72. 
Such movement in the transducer 78 occurs when tie 

stylus 73 is moved back and forth or up and down within 
the grooves of a phonograph record or the like. Such 
ragvement causes a change in the magnetic reluctance 
path between pole piece 34 and bar 72. A current will 
be generated as a result within the coils 96 surround 
ing the cores 82. By virtue of the fact that the two 
coils 93 are located at an angle with respect to one 
another the change in current in each of these coills Will 
be different, due to the differential positions of end 75 
With respect to pcie piece 34 compressing one or elongat 
ing the other of cores 82. 

it will be realized from the aforegoing description that 
the transducer 7.9 may be modified in various ways as 
indicated in FIGS. 3 and 4 of the drawing so as to incor 
porate within the cores 82 either ferroinagnetic particles 
which are not permanently magnetized, or permanently 
riaagnetized particles of this type. In the latter case it 
is possible to obtain eifects of the type desired by omitting 
from the structure the permanent magnet 989 in whicn 
case 96 Would designate an extension of polepiece 84. 

It will also be realized that any of the transducers 
herein shown and described may be modified so that the 
cores used within them are held in place in different 
Inanners than the specific manner shown. The important 
thing within any of the transducers illustrated is to hold 
the cores in place so as to achieve the type of Eagnetic 
action inherent in the structures described in the preced 
ing. It will also be realized that the basic features or 
principles of transducers embodied within the transducers 
iii., 49, 44 and 70 may be embodied within other differ 
ently appearing units used for phonographic reproduction 
or other purposes such as pressure sensing or the like. 
if desired, the transducers described may be operated in 
a reverse manner so as to be "driven” so as to produce 
motion. When they are used in this raisier current 
is, of course, Supplied to the coilís and in them so as to 
cause Such raction. By appropriate adaptation of this 
type involving their use they can be ein ployed as speakers, 
etc. Also, if desired, the magnets employed need not 
be perinanent inagnets. By appropriate operation of the 
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doils used the parts described can be operated by mag 
netic flux created by these coils alone. Because of these 
facts this invention is to be considered as being limited 
only by the appended claims forming a part of this 
disclosure. 

claim: 
1. A transducer which includes: a ferromagnetically 

loaded, non-metallic, flexible core having ends; means for 
rigidly mounting said core secured to one end of said 
core; means for moving said core secured to the other 
end of said core; coil means positioned around said core 
between said ends, and magnetic means for creating a 
magnetic field within said core, said magnetic means 
being fixedly attached to said means for rigidly mounting 
said core, and being spaced from said means for moving 
said core to form thereby a variable reluctance path, 
whereby movement of said means for moving said core 
will result in a variation in said field. 

2. A transducer as defined in claim 1 wherein said 
magnetic means comprises permanent magnet means 
mounted adjacent to said ferromagnetically loaded, non 
metallic, flexible core, said permanent magnet means hav 
ing pole means located adjacent to said ends of said core. 

3. A transducer as defined in claim wherein said 
magnetic means "includes' a plurality of permanently 
magnetized particles embedded within said flexible, non 
metallic core. 

4. A transducer which includes: an elongated core of 
flexible non-metallic materiai including magnetic particles 
having ends, said core being formed out of a flexible 
elastomeric composition; a ferromagnetic pole piece se 
cured to each of said ends of said core; means for rigidly 
mounting one of said pole pieces; means for transmitting 
motion to the other of said pole pieces; coil means posi 
tioned around said core between said ends; and perma 
nent magnet means having poles, one of said poles being 
located in contact with said one of said pole pieces, the 
other of said poles being positioned adjacent to and spaced 
from Said other of said pole pieces, permitting movement 
of said core. 

5. A transducer as defined in claim 4 wherein said mag 
netic particles include a plurality of ferromagnetic par 
ticles located in said core. 

6. A transducer as defined in claim 5 wherein said par 
ticles are permanently magnetized. 

7. A phonograph pickup which includes: a flexible, 
non-metallic core including magnetic particles, said core 
having ends; means attached to one of said ends of said 
core for rigidly holding said end of said core in place; a 
phonograph needle attached to the other of said ends of 
said core, said phonograph needle being capable of caus 
ing movement of said core when moved; coil means posi 
tioned around said core between said ends; and magnetic 
means for creating a magnetic field within said core, said 
field being capable of being varied in accordance with 
movement of said phonograph needle and said core. 

8. A phonograph pickup as defined in claim 7 wherein 
said magnetic means comprises permanent magnetic 
means mounted adjacent to said core, said permanent 
magnet means having pole means located adjacent to said 
end of said core. 

9. A phonograph pickup as defined in claim 7 wherein 

s 
said magnetic means includes a plurality of permanently 
magnetized particles positioned within said core. 

9. A transducer which includes: two flexible non 
metallic cores including magnetic particles located at an 
angle with respect to one another, said cores having ad 
jacent moveable ends and fixed ends spaced from said 
moveable ends; a separate coil means positioned around 
each of said cores between the ends thereof; means for 
moving said cores secured to the movable ends thereof; 
and magnetic means for creating a magnetic field extend 
ing through each of said cores between the fixed and the 
movable ends thereof said magnetic means being fixedly 
attached to said fixed ends of said cores and spaced from 
said means for moving said cores to form a variable re 
luctance path therebetween. 
1. A transducer as defined in claim 10 wherein said 

magnetic means includes a pole piece attached to said 
fixed ends of said cores and a permanent magnet spaced 
from said movable ends of said cores. 

12. A transducer which includes: an elongated bar 
formed out of ferromagnetic material, said bar having a 
fixed and a movable end; a phonograph needle attached 
to said movable end of said bar; a non-metallic flexible 
core including magnetic particles therein, one end of said 
core being attached to said movable end of said bar; 
means for rigidly mounting said other end of said core; 
coil means positioned around said core between the ends 
thereof; and magnetic means connected to said means for 
rigidly mounting and spaced from said bar, said magnetic 
means including permanent magnet means for creating a 
magnetic field extending through said bar and said core, 
said field extending between said ends of said core. 

13. A transducer as defined in claim 12 wherein said 
permanent magnet means includes a plurality of perma 
nently magnetized particles embedded within said core. 

14. A transducer which includes an elongated bar 
formed out of ferromagnetic material, said bar having an 
end; two flexible non-metallic cores having magnetic par 
ticles therein, and being located at an angle with respect 
to one another, each of said cores having a movable end 
attached to said end of said bar and a fixed end spaced 
from said movable end; a separate coil means positioned 
around each of said cores between the ends thereof; 
means for rigidly mounting said fixed ends of said cores; 
and magnetic means for creating a magnetic field extend 
ing through each of said cores between the ends thereof. 

15. A transducer as defined in claim 14 wherein said 
magnetic means comprises: a permanent magnet, said 
permanent magnet having a pole located adjacent to and 
spaced from said bar. 
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