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5 Claims.
1
This invention relates to transducers and par-
ticularly to transducers of the dynamic type as
contrasted with the magnetic type thereof.

In dynamic transducers as heretofore con- .

structed it has been recognized that in order to
obtain the desired sound transducing capsaeity
it has been necessary to resort to relatively large
dimensions in the transducers, with the result
that the weight of such transducers has been ex-
cessive when compared with the output capaci-
ties therecf. Where size and weight were deter-
mining and vital factors, it has been customary
to resort to the use of magnetic type transducers,
even though fidelity and range of frequency re-
sponse have been sacrificed through this pro-
cedure, and accordingly it is an important object
of this invention to enable dynamic transducers
to be employed even where weight and size are
determining factors in the selection of the type
of transducer to be used; and further objects re-
lated to the foregoing are to enable dynamic
transducers to attain a substantially flat fre-
quency response curve and a substantially flat
impedance curve over a wide range of frequen-
cies such as those frequencies utilized in ordi-
nary practice and particularly over the range of
frequencies used in conversation; and to enable
an output capacity to be attained in dynamic
speakers which is comparable to the output ca-
pacity of other types of transducers of compa-
rable size and weight.

One factor which has contributed in a large
measure to the foregoing disadvantages and lim-
itations inherent in prior dynamic speakers has
been found to be in the relatively complicated
manner of construction and assembly of the ele-
ments of the magnetic circuit, and with such prior
constructions the elements of the magnetic ecir-
cuit have been enclosed within a housing which
has added objectionable size and weight to the
transducers. A further object of this invention
is therefore to simplify the construction of the
magnetic circuits of dynamic transducers, and
an object related to the foregoing is to accom-
plish this simplification in such a manner that
an element of the magnetic circuit may func-
tion as the housing of the transducer. Further
and related objects are to form the magnetic
yoke of a dynamic fransducer with an annular
or circular transverse cross section, to incorpo-
rate positioning means in such an annular mag-
netic yoke whereby mounting of the outer pole
piece or plate may be readily and accurately ac-
complished, to provide a transducer wherein the
operative elements are fully shielded, and to ac-
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2

complish such shielding through use of the hous-
ing not only as a housing but also as a magnetic
shield.

In accordance with prior practice it has been
customary to provide an independent diaphragm
support which, after assembly upon the magnetic
voke, has been used tc support and position the
diaphragm and the veice coil. Through the ex~
ercise of proper care and skill in the formation
and assembly of the parts it has, of course; been
possible to attain accuracy of relationship of
the parts in such prior transducers, but even
then, the cost and added size resulting from the
use of such prior diaphragm supports have been
objectionable. In view of this it is a further ob-
ject of the present invention to enable means
formed integrally with or as a part of an ele-
ment of the magnetic circuit of such transducers
to function as a diaphragm support. -According
to one aspect of my invention it is a more specific
object to enable the diaphragm to be supported by
mieans formed integrally with the magnetic yoke;
and a further object related to the foregoing is
to form the magnetic yoke in a generally cup-
like form such that the diaphragm may be sup-
ported upen the rim of the cup-like magnetic yoke
while the outer pole piece or pole plate may be
loeated within and supperted by the cup-like yoke
in spaced relation to the rim thereof.

A further object of this invention is to sim-
plify the mounting and loeation of the outer pole
piece or pole plate in dynamic transducers and
a more specific object is to accomplish this
through the provision of means formed in the
cup-like magnetic yoke in spaced relation to the
bottom wall thereof and cooperating with the
separately formed outer pole piece to locate the
same accurately with the relation to the mag-
netic yoke.

A further object of this invention is to utilize
the outer pole piece or pole plate to support the
diaphragm, thereby to eliminate the cost of pro-
duction and assembly which has heretofere been
involved in the production and assembly of a
separate diaghragm support.

A further cbject is to enable a relatively small
permanent magnet to be used in a transducer in
such a relation that an extremely high flux den-
sity is produced in the magnetic gap of the trans-
ducer; and objects related to the foregoing are
to enable a transducer to be so constructed that
the space within the housing is efficiently uti-
lized, thereby to produce maximum flux density
in the magnetic gap and to attain this result in
relatively small transducers; to so mount the per-
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3
manent magnet that the magnet serves as the
inner side of the magnetic gap; and to utilize
permanent magnets of cylindrical form which
may be economically produced and which serve
the function usually performed by a separate in-
ner pole piece.

It has been pointed out hereinbefore that
dyhamic transducers embodying this invention
may be utilized either as microphones or speakers,
and when a transducer is used as the speaker
or earphone of a headset, many difficulties have
hereiofore been encountered which have ob-
jectionably increased the cost of production of
such speakers and have limited the usefulness
of the speakers. One objection which has been
found in prior speakers of the dynamic type
has been that in order to utilize such speakers
or earphones with remotely located receiving
apparatus it has been necessary to utilize voice
coils having a relatively high ohmic resistance,
and. in order to provide such s high resistance
it has been necessary to employ numerous layers
of relatively fine wire, with the consequent
difficulties in winding the coils. Accordingly it
is a further object of this invention to enable
voice coils having a relatively small ohmic
resistance to be employed in speakers which
are to be used as parts of a headset, and a
further object related to the foregoing is to
accomplish this result through the incorporation
of ‘a transformer within and as a part of the
speaker so that the length of the leads from the
speaker to the receiver is rendered immaterial
in a practical sense.

Speakers which are adapted for use as parts
of a headset are ordinarily arranged for co-
operation with a headband of a particular size
and construction, such headbands being in many
instances provided with a clip assembly at the
ends thereof adapted to be snapped into as-
sociation with cooperating means provided on
the speaker. Such clip assemblies are relative-
ly well standardized as to their dimensions, bub
in certain classes of work it has been found that

clip assemblies having two different dimensions .

are frequently encountered, and as a result it
has been found that speakers or earphones are
often unsuitable for use with the headbands which
are available. Therefore it is an object of this
invention to enable speakers or earphones to be
readily utilized in connection with clip assem-
blies of different dimensions, and an object
related to the foregoing is to accomplish this in
a simple and expeditious manner. More specif-
jeally, it is an object of this invention fo utilize
s cup-like magnetic yoke which has the side
walls thereof so formed as to provide differens
engaging means of different dimensions where-
by clip assemblies of different sizes may co-
operate with either one or the other of such en-
gaging means.

A further object is to simplify the assembly of
the diaphragm and voice coil element so that
accuracy of interrelation of these elements may
be readily attained. :

A further object is to enable a transducer to
be rendered waterproof in the sense that the
internal electrical elements cannot be reached
by water or moisture.

A further object of this invention is to simplify
the assembly of the cap plate upon the open end
of the speaker housing, and an object related
to this is to employ interlocking means for
rotatively relating the cap plate to the housing
and to employ a simple clamping means {0 hold
such interlocking means together.
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Other and further objects of the present-in-
vention will be apparent from the following
description and claims and are illustrated in
the accompanying drawings which, by way of
illustration, show preferred embodiments and
the principles thereof and what I now consider
to be the best mode in which I have contemplated
applying those principlés. Other embodiments
of the invention embodying the same or equiva-
lent principles may be used and structural
changes may be made as desired by those skilled

‘in the art without departing from the present

invention - and the purview of the appended
claims.

In the drawings:

Fig.1is a front elevational view of a transducer
embodying the features of Fig. 2 of the inven-
tion;

Fig. 2 is a sectional view taken substantially
along the line 2—2 of Fig. 1;

Fig. 3 is a sectional view taken along the line
3-—3 of Fig. 2; :

Fig. 4 is a plan view looking downwardly in

Figs.1and 2;

Fig. 5 is a view showing one face of the outer
pole piece; :

Fig. 6 is a sectional view of the diaphragm and
voice coil assembly; : :

Fig. 7 is a front elevational view illustrating
another alternative embodiment of the inven-
tion;

Fig. 8 is a side elevational view of the trans-
ducer shown in Fig. 7;

Fig. 9 is a rear elevational view of the trans-
ducer shown in Fig. 7;

Tig. 10 is a cross sectional view taken substan-
tially along the line {8—10 of Fig. 7;

Fig. 11is a cross sectional view taken substan-
tially along the line {1—I1 in Fig. 10; )

Tig. 12 is a fragmental sectional view taken
along the line (2—12 of Fig. 11;

Fig. 13 is a cross sectional view similar to Fig.
10 and illustrating an alternative embodiment of
the invention;

Pig. 14 Is a cross sectional view similar to Fig.
10 and illustrating an alternative embodiment of
the invention; -

Fig. 15 is a sectional view taken along the
15—15 of Fig. 14; and

Fig. 16 is a sectional view taken along the
line 16—16 of Fig. 15.

In the form of the invention illustrated in Figs.
1 to 6 inclusive of the drawings, the invention is
embodied in a transducer 10 adapted for use either
as a microphone or as a speaker, this particular
transducer being intended and adapted primarily
for use in portable radio broadcasting anhd receiv-
ing units so as to avoid duplication of transducers
therein. In accordance with the present inven-
tion the transducer {8 has its elements so formed
and related that the magnetic circuit is formed
in part by a cup-like member { I made from a fer-
rous metal such as steel which constitutes the
magnetic yoke and embodies a bottom wall 12 and
an annular side wall {3. Thus the cup-like mag-
netic yoke {1 may function as a housing for the
operative elements of the transducer. The side
wall 13 is tapered from its juncture with the bot-
tom wall {2 to a somewhat larger diameter at
the outer end thereof, and the bordering edge of
the outer end of the annular side wall {3 has an
outwardly projecting annular flange 14 formed
integrally therewith and parallel to the bottom
wall 12 to facilitate mounting of the transducer
10 in the unit in which it is to be employed. At
a point spaced from thé rear or bottom wall 12

line
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and from the flange 14, the side wall (3 has an
annular rabbeted groove 18 formed therein to
receive the outer peripheral edge of a soft iron
disc {9 which serves as the outer pole piece or
pole plate of the transducer, and it will be ob-
served that when the pole piece 18 is mounted in
the rabbeted groove 18, the pole piece {9 is spaced
a substantial distance from the bottom wall {2
of the yoke to afford space within which & per-
manent magnet 2§ and a soft iron inner pole
piece 2{ may be disposed. It will also be observed
that when the pole piece 19 is thus mounted it
is spaced from the end flange {4, thereby to af-
ford space within which a diaphragm 25 may be
disposed.

The permanent magnet 20 is in the present
case frusto-conical in form and has its larger end
seated against the inner face of the bottom wall
12 of the cup-like maghetic yoke, thereby to es-
tablish an efficient magnetic contact with the
magnetic yoke when the magnet 28 is drawn firm-
ly against the bottom wall 12. The permanent
magnet 26 has a recess 25 extending therethrough
which may be in the form of a lateral slot or in
the form of a kore, and a screw 27 is extended
through a relatively large opening 28A formed in
the kottom wall {2 so as to project through the
recess or bore 26 and into threaded engagement
with the inner pole piece 2{. The inner pole piece
21 has a relatively wide and thick fange 28 formed
on one end of a cylindrical body 29 s¢ that when
the screw 27 is tightened a relatively large area
contact is established between the small end of
the magnet 20 and the flahge 28 of the inner
pole piece 21. The cylindrical portion 29 of the
inner pole piece 21 is arranged to extend into 2
central circular opening 39 formed in the outer
pole piece or pole plate {9 centrally thereof, and
thus an annular magnetic gap is afforded between
the inner and outer pole pieces, and a voice coil
structure 31 carried on the diaphragm 25 is ar-
ranged to extend into this annular magnetic gap.

In order to assure accuracy of formation and
dimensions of the magnetic gap, the pole piece
{9 has a locating plate 35 formed from a non-
magnetic material such as brass and secured in
position on the inner face of the pole piece 19
by rivets 36. The locating plate 35 has an offset
portion 37 spaced from the plane of that face
of the pole piece 19 upon which it is mounted.
The portion 37 of the locating plate 35 has a
circular opening 38 formed therein arranged to
snugly embrace the periphery of the cylindrieal
portion 29 of the inner pole piece 21, and in
practice the openings 30 and 38 formed respec-
tively in the pole plate {9 and the locating mem-
ber 35 are simultaneously cut to their final size
by a suitable trimming tool so as to insure con-
centric location of the two openings 30 and 38.

In the assembly of the transducer 10, the per-
manent magnet 26 and the inner pole piece 21
are first placed in pesition within the cup-like
magnetic yoke f{ and the screw 21, bearing a
lock washer 48, is inserted through the opening
28 in the wall {2 and through the recess or bore
28 of the permanent magnet 20 and into threaded
engagement with the inner pole piece 21. The
serew 27 is not tightened at this time, however,
for it will be recalled that the locating ring 35 is
relied upon to accurately position the pole piece
21. The outer pole piece or plate 19 is then
placed in position in the groove {8 with the lo-
cating plate 35 engaged with the cylindrical por-
tion 28 of the pole piece 21, and the pole piece
18 is fixed into the rabbeted groove I8 with &
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press fit. While stich a press fit in many fn-
stanees affords the dasired mechanical and mag-
netic- conhection between the pole piece 19 and
the annular side wall 13 of the magnetic yoke,
I prefer to swage the metal of the wall 13 as at
42 in order to firmly connect the side wall 18
with the pole piece 19. Such a swaging operation
may be conveniently performed along the. edges
of air relief slots or openings 43 which are formed

in the side wall 13 intermediate the flange 14 and

the rabbeted groove 18, and to facilitate this
swaging operation, the edges 43’ of the openings
43 are preferably spaced slightly outwatrdly from
the outer face of the pole plate 19. Thus after
the outer pole Piece 19 has been secured per-
manently in position within the cup-like magnetic
yoke {l and in the accurately determined loca-
tion afforded by the rabbeted groove !8, the pole
plece 21 will also be located accurately through
the action of the locating plate 35. Thus after
this has been done, the screw 2T may be tightened
to produce the desired magnetic connection be-
tweent the pole piece 21 and the wall {2 of the
magnetic yoke and the opposite ends of the mag-
net 20.

The diaphragm 25 is preferably provided with
an auxiliary supporting structure operable to
damp the vibratory movement of the diaphragm
and thereby maintain the voicé coil 81 in its op-
timum relation to the magnetic gap, and this
end is attained in the transducer of Figs. 1 to 6
through the provision of a flexible suspension
member 44 mounted on the outermost face of
the pole plate 19 and engaging the diaphragm
just outwardly of the voice coil structure. Thus
the suspension member 44 is generally disc-like
in form and is made from a flexible sheet mate-
rial such as papér impregnated with a material
such as a thermo-setting plastic. The suspen-
sion  member 44 has a central opening therein
defined by an integral cylindrical portion 45
which is adapted to surround the voice coil strue-
ture 31 in spaced relation thereto so that the
free edge of the cylindrical portion 45 may en-
gage the innher face of the diaphragm 25. At
the othér énd edge of the cylindrical portion 45
the suspension member extends cutwardly to af«
ford a flexing pottion 44’ which preferzbly in-
cludes a plurality of ¢oncentric corrugations, and
at the outer edge an angularly disposed portion
extends from the portion 44’ to merge with an
outwardly projecting flat mounting flange 46.
The suspension meniber 44 is mounted on the
pole plate 19 with the cylindrical portion 45
concentric with the annular magnetic gap 30,
and this may be accomplished through the use
of a thermo-plastic adhesive which is applied to
the flange 46 thereof, and when the suspension
member is to be secured in position, the flange
46 thereof is pressed against the pole plate 19
under considerable heat and pressure so that
the thermo-plastic material bonds the flange 46
to the pole plate i9.

After the foregoing assembly operations have

9 been performed, the diaphragm 25 may be placed

in position and the leads {rom the voice ¢oil may
be connected to the respective terminals 48 and
49 which are carried on an insulating terminal.
plate 59 secured on the outside of the wall 13.
It should be observed that while the elements
of the terminal block might be put in place on
the wall ‘13 prior to the assembly of the ele-

. ments. of the magnetic cireuit, I prefer to do this

75

after -thé pole plate 19 and the suspension 44
are in place sincé by such-procedure the outer
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stirface of the housing [{ may be freely used
for centering and supporting purposes during. as-
sembly of these parts.
49 are secured cn the terminal plate 50 by rivets
5{ so that connecting arms 52 of the terminals
48 and 49 project beyond one edge of the ter-
minal plate; and the terminal plate 50 is posi-
tioned on the housing {i with an interposed layer
53 of insulating material, and is secured in place
by screws 54 extended through the terminal plate
50 ‘and threaded into the wall of the housing 1.

Tn. preparation for its mounting in position in
the housing {1, the diaphragm has a pair of small
metal rivets 55 secured therein as shown in Figs.
1, 2 and 6 and the ends of the voice coil are
connected thereto, as by solder, and at the same
time flexible woven lead wires 56 are soldered. to
the respective rivets 55 on the rear face of the
diaphragm 25. The lead wires 56 are extended

loosely and in a radial relation toward the open- o

ings 43 which are adjacent to the terminal block
50 and are drawn through openings in opposite
ends of a relatively stiff insulating sheet 57 which

is secured by a rivet 58 on the inner face of
the wall 13 so as to extend at its opposite ends ;

partially across two of the openings 43. The-op-
enings in the insulating sheet §7.through which
the lead wires 56 are extended are so positioned
as to maintain the lead wires out of contact with
the metal of the housing I,
drop of solder is placed on the wires 56 outside
of the insulating sheet 57 to prevent undue loose~
ness of the lead wires between the sheet 51 and
the rivets 5%5. Short insulating sleeves 60 are

then placed on the extended ends of the wires

58 which are then threaded through outwardly
extending openings in the arms 52 of the termi-
nals 48 and 49 and are soldered thereto at 52’
on the outer surfaces of the arms. The lead
wire 56 which is thus connected to the terminal
48 is extended as at 56’ and is soldered to the
rivet- 58 to afford a ground connectmn in .ac-
cordance with usual practice.

The diaphragm 25 and the cylindrical voice coﬂ
suppert, in this embodiment of the invention, are
separately formed as shown in Fig, 6, and are
secured together by means such as adhesive, and
it will be observed that the:diaphragm 23.has a
central opening therein which in the finished
transducer is closed by a cap 65 as shown in Figs.
2 and 4. When the leads 56 are being -connected
as just described the diaphragm 25 and the voice
coil structure are located loosely in position, and
after the connections between the wires 56 and
the terminals 48 and 48 have been completed 2
plurality of relatively thin shims made from paper
or like material are placed in position between
the cylindrical portion 29 of the inner pole piece
and the inner surface of the voice coil form, there-
by to accurately locate and center the voice coil
structure in the annular magnetic gap 36.  The
bordering edge of the diaphragm 25 is then se-
cured in position in a rabbeted annular groove
formed in the flange 14, and this may be accom-
" plished through utilization of a thermo-plastic
adhesive, the procedure being the same as that
described hereinbefore in connection with the
mounting of the suspension member 44. The
shims are then removed and the cap 65 is se~
cured in place by adhesive to complete the a,s-
sembly of the transducer. .

In the transducer 18 which is thus provided the
space between the diaphragm 25 and the sus-
pension member 44 is freely vented by the open-
ings 43, while the space behind the suspension

Thus the terminals 48 and:

and preferably a .,
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8
member 84 is vented into the relatively largé vol-
ume chamber afforded behind the pole plate {9
by a plurality of openings 87 formed in the pole
plate 19. In some instances the damping of the
diaphragm 25 may be improved by restriction of
the air flow through the openings 87, and this

"may be accomplished by gluing or otherwise

securing a sheet 68 of fabric across the openings
87 as shown in Figs. 2, 3 and, 5.

In Figs. 7 to 12 of the drawings the invention is
illustrated as embodied in a transducer 10
adapted particularly for use as a speaker or ear-
phone in a headset.” In this embodiment of the
invention a cup-like member 7{ made from a -
ferrous material such as steel affords a housing

‘for the principal elements of the speaker and

also serves as a magnetic yoke for the magnetic
circuit. The housing 71 is formed as by suitable
stamping and drawing operations to provide a
bottom wall 72 and a generally annular or cylin-
drical side wall 73 which is fanged outwardly at
74 at its outer end. In this embodiment of the
invention the outer pole piece or pole plate 79
is mounted on the flange 74 rather than directly
upon the side wall of the housing, and is secured
in place thereon by rivets 88 extended through
openings -appropriately spaced ebout the flange
74 and the mounting edge of the pole plate T8.
The pole plate 19 is dished inwardly as shown in
Figs. 10 and 12 so that the central portion there-
of in which a circular opening 8} is formed Is

spaced inwardly of the housing Ti, and through

this arrangement space is afforded for the mount-
ing of a diaphragm 82 between the pole plate 19

and a cap plate 83 which closes a substantial
portion of the open end of the housing 71 and
affords an open central arez 85 through which
sound energy may pass.

In the assembly of the pole plate 78 and the
cap plate 83-on the housing 714, the flange 74 is
provided with a plurality of openings 838’ of a size
adapted to receive the rivets 88, but such rivets
88 are employed only in alternate ones of the
openings 89’, the others of such openings being
engaged by projections §% formed at appropriate

‘points about the mounting edge of the pole plate

78. - The projections 88 are provided by what are
known as half-punches so that on the opposite
or outer face of the pole plate 79 these hali-
punching operations produce sockets 87 which
are arranged to receive complemental projections
£8 formed on the cap plate 83.

The cap plate 83 is. in accordance with thls
invention, formed .so as to afford an effective
magnetic shield for the internal elements of the
speaker 70 and this is accomplished by molding
the cap plate 83 from & plastic material so as to
incorporate a foraminous iron or steel plate 89 -
through substantialiy the entire area of the cap
plate.  In: the molding operation the cpenings
80 throughout the central area 83 are maintained
free of the plastic material, but throughout the
balance of the area of the plate 89 the plastic
extends through the openings 84 so as to be inter-
locked with the plate 89, The outer -face of the
plate 89 is preferably coversd and concealed by
the plastic material except in the central area
£5,-and the plastic material is formed to provide
clearance sockets 91 for the heads of the rivets
80 and to provide projections 88 for engagement
with the sockets 87 in the pole plate 79.

After the diaphragm 82 has been secured in
place by adhesive or the like on the outer face of
the mounting edge of the pole plate 19, the cap
plate may be put in position, suitable notches
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preferably being formed in the edge of the dia-
phragm to afford clearance for the rivet heads
and the projections 88. To secure these parts
together, a clamping ring 93 is put in position
with one flange 34 engaging the outer face of the
cap plate 83 and another flange 95 is formed at
the other edge of the ring, as by spinning, to en-
gage the rear face of the flange 74. 'Thus the
housing 71 is effectually closed and the internal
elements of the speaker are shielded by the plate
19 which is incorporated in the cap plate 83.
These internal elements of the speaker are, of
course, mounted within the housing 71 prior to
the final closure of the housing as aforesaid, and
these elements include means cooperating with
the cup-like magnetic yoke afforded by the hous-
ing 7t and with the pole plate 79 to afford an
annular magnetic gap within which a voice coil
structure 96 carried by the diaphragm 82 may
operate.

Thus, as shown in Figs. 10, 11 and 12, a cylin-
drical permanent magnet 97 is disposed in the
housing 74 substantially coaxial therewith, and af
screw 88 is extended throusgh a longitudinal bore
99 in the magnet 97 and into threaded engage-
ment with a stationary nut provided by a plate
100 which is welded to the bottom wall 72 of the
housing. The head of the screw $8 is seated in
the counterbored central ovening of a washer
i01 and the screw is initially left fairly loose
until the proper centered position of the magnet
87 has been determined. In accordance with the
present invention as illustrated in Figs. 10, 11
and 12 the outer end of the magnet 97 is utilized
as the central pole piece of the magnetic circuit,
and hence this end of the magnet extends into
the opening 8{ formed in the outer pole piece or
pole plate 79. To insure an accurately formed
magnetic gap the pole plate 79 has a locating
plate 103 secured by rivets 104 on the rear face
thereof, this locating plate being formed from
a non-magnetic material such as brass to afford
an offset annular portion 105 arranged to snugly
embrace the magnet 9. Hence when the pole
plate 79 is secured in place on the housing 71 the
locating plate 103 acts to center the magnet 97 in
the opening 81 of the pole plate 79, and thus an
accurately formed magnetic gap is afforded.
The screw 98 may then be tightened to produce
an effective magnetic path between the bottom
wall of the housing and the adjacent end of the
magnet 97.

The voice coil structure 96 is preferably formed
with its cylindrical voice coil form molded inte-
grally with the flexing portion of the diaphragm
as described in detail in my Patent No. 2,440,439,
issued April 27, 1948, and this voice coil form in-
cludes an annular external shoulder 107 facing
away from the diaphragm 82 as to serve as a guide
for locating the voice coil on the form. This
external shoulder {27 is formed by offsetting the
material of the voice coil form, and hence a cor-
responding internal shoulder is also formed so as
to face toward the diaphragm. Thus when the
screw 98 has been tightened, a diaphragm button
{88 having a cylindrical flange 189 thereon may
be mounted in closing relation to the outer end
of the voice coil form merely by inserting the
flange {09 into the form until it engages the
internal shoulder, in which position it is secured
by means such as adhesive. The diaphragm but-
ton {08 in this instance constitutes a part of the
loading portion of the diaphragm structure and
i= slightly domed to impart strength thereto.

With this arrangement the head of the screw 9§
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and the washer 101 are shaped o provide a domed
form generally complemental to the internal form
of the diaphragm button 108 and spaced uni-
formly therefrom. The open central area 85 of
the foraminous plate 89 is also slightly domed as
shown in Fig. 10 to conform with the shape of
the diaphragm button (08.

The ends of the voice coil, formed by wires 118,
are preferably led through the diaphragm 82,
near the voice coil form, as shown in Fig, 12, and
on diametrically opposite sides of the form and
are led outwardly in generally opposite directions
along the forward or outer face of the diaphragm,
to points substantially aligned with openings {11
formed in the pole plate 79. At these points the
wires {10 are led back through the diaphragm.
The portions of the wires {10 which are thus
located on the forward or outer face of the dia-
phragm are preferably covered by a water proof
surface coating. The ends of the wires (10 are
led through the openings i{! where they are
soldered to the free ends of connecting clips {12,
the other ends of the clips 112 being secured to
the rear face of the pole plate 19 by rivets 113.

The voice coil lead wires 110 must, of course,
be electrically associated with a receiver or other
source of signal current, and this is accomplished
by means including a terminal block {5 mounted
within the housing 71. As shown in Figs. 10 and
11, the terminal block 115 is molded from insulat-
ing material to include a neck portion {16 which
projects outwardly from the housing 71 through
a complemental slot 11T formed in the side wall
73 thereof, and a screw {18 extending through
the wall 72 and a bore in the terminal block 115
is threaded into one arm of an angle bracket {177,
which is in turn hel'd in place by a rivet 118’
which passes through the side wall 73 and the
other arm of the angle bracket. This serves to
hold the terminal block firmly in position.

The terminal block §15 has two parallel bores:
or sockets {20 formed therein and ovening out-
wardly through the neck portion i!86, and these
sockets are arranged to intersect with and extend.
through metallic sleeves 121 which are molded
in the terminal block in spaced and insulated re-
lation to each other. The sockets 128 are of a
size adapted to snugly receive metallic connector-
tips of the type conventionally used in radio and
telephone work, and these tips may be held in
place by screws {23A which are threaded into the
metal blocks or sleeves 121 and extend into the
sockets 120 and have their heads accessible on
the outside of the back wall 72 of the casing Ti.-
The tips of the connecfing wires may thus be held
in position in the sockets 120 and in electrical
association with the respective metal sleeves 121;
and to provide for connection of the metal sleeves
121 to the voice coil, each sleeve {21 has a metallic
ear or clip 123 extending therefrom inte an acces~
sible position within the housing Ti.

It has been pointed out hereinbefore that ear-
Phones or speakers are often used in remote loca-
tions with respect to the receiver with which they
are associated, and in the past it has been the
practice to employ high resistance voice coils in
such earphones in order to produce a properly
matched impedance in the plate circuit of the
amplifier. This prior practice has resulted in an
exceedingly high cost and large weight and size
in dynamic speakers, but in acecordance with the
present invention these objections are avoided
through the provision of:a transformer 125 in-
cluded within the housing 71 and employed as an

. electrical coupling between the metal terminals
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{2+ and the Iead wires 1y of the voice coil. Thus,
as shown in Figs. 10 and 11, the transformer §25
embodies mounting bracket 12§ which is fized
uron the pole piate 79 by a rivet {27 or the like.
The transformer 25 is so disposed on the pole
plate 78 that when the pole plate is put in posi-
tion in the housing ! the transformer will be
disposed within the housing in a position diamet-
rically opposite from the terminal block [(i5.
Prior te the mounting of the pole plate 7§ in the
housing the lead wires {28 from the secondary
winding of the transformer {25 are connected to
the respective connector clips fi2, there being
insulating sleeves surrounding the intermediate

portions of the wires {28, and the ends fhereof.

being connected to their respective clips {12 as
by soldering. The lead wires {28 from the ends
of the primary winding of the transformer (28
are relatively long, and prior to the mounting of
the pole plate 1% in the housing 7i, insulating
sieeves are placed on the wires 128 and the ex-
treme ends of the wires {29 are connected by
soldering to the respective clips 122 of the termi-
nals 124, Thus when the assembly of the parts
has been completed the speaker of this invention.
embodies means for matching the impedance of
the receiver with which it is to be used. and hence,
the voice coil may be of a relatively small size and
resistance and the other elements of the speaker
may be correspondingly reduced in size. Thus
the present speaker is adapted for use under all
of the conditions encountered in practice, and
particularly where long leads are to he interposed
between the receiver and the speaker.

When speakers of the kind shown in Figs. 7
to 12 are in use they are ordinarily mounted on
the ends of a headband of conventional construc-

tion, and such headhands embody clip assemblies

having spaced and resiliently related trunnions
which are adapted to be engaged with aligned
bearing sockets provided on the opposite sides
of the housing of each speaker. Each such clip
assembly is adapted to engage bearing sockets
having a predetermined spacing, and it has been
found in practice that in a particular class of
work there may be two different standards. used
in the spacing of the trunnions of the different
headbands encountered.  Hence in many in-
stances the speakers or: earphones must be
matched with the headbands available. thereby
causing objectionable delay in setting up or re-
pairing a communication system. However, in
accordance with this invention, the casing 71
is so formed as to afford two different sets of

bearing sockets spaced different distances apart

so as to enable different styles or sizes of clip
assemblies to be employed therewith. In ac-
complishing this desirable result the wall 73 of
the housing 714 is offset inwardly at diametrically
opposite points to form substantially narallel wall
sections 13’. These wall sections 73’ are dis-
posed in symmetrically related positions on op-
posite sides of the opening {7 and the terminal
block (15, and as shown in Fig. 8, the wall sec-
tions 73’ extend from the bottom wall 72 toward
the flange T4 for a distance slightly less than
one-half the distance hetween the bottom wall
and the flange 74. Thus the wall 13 is of cylin-
drical form between the ledge 73¢ and the flange
74. A pair of aligned hearing sockets 38 are
formed in the wall sections 73’ substantially cen-
trally thereof for cooperation with clip assem-
blies of one predetermined dimension or stan-
dard, while similar alighed bearing sockets (31
are formed in the areas of the wall 13 sub-

op vention has been embodied
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stantially midway between the ledges 13a and the
fiange T4 for cooperation with clip assemblies of
s, different predetermined dimension or standard.
Thus the speaker 70 of this invention may be
readily put to use with headbands of two different
standards to thereby facilitate set-up or repair
of radio and like communication systems.

As pointed out hereinbefore, the total weight of
a transducer is ofter a controlling factor in de-
termining whether or not it is suitable for use
in a particular situation, and while the embodi-
ments Hlustrated in Figs. I to 12 have maintained
the high and desirable performance character-
istics usually associated - with dynamic trans-
ducers while materially reducing the weight of
such transducers, an even greater weight
reduction may be attained through the use
of the embodiment of the invention illus-
trated in Fig. 13. In this form, the in-
in a transducer
78’ which is most of its structural characteristics
is similar to the transducer 70 hereinbefore de-
scribed, and in all instances where such corres-
pondence exists the same reference numerals
with a prime suffix have been applied in Fig. 13.

Thus the transducer 16’ has a housing 71’
which is cup-shaped and is flanged at its open
end-as at 74’. In this form of the invention the
housing 11’ also serves as the magnetic yoke of
the device, and a pole plate 794 is mounted on
the open end of the housing as by rivets 80’. The
pole plate 18A is dished inwardly in the same
géneral manner as in the transducer 70, thereby
ta locate the central opening 81’ thereof about
one end of the permanent magnet 97’ and in an
inwardly spaced relation to the cap plate §3’. In
this embodiment, however, the pole plate TSA
is formed so that it is relatively thin near its
outer edge, as indicated at 133, and gradually
increases in thickness toward the central opening
8t’. With this arrangement an effective mag-
netic path is afforded from the outer edge or
flange 134 to the magnetic gap, and yet a sub-
stantial reduction in material and in weight is

5 effected. - It will be observed that the flange 134

is in this embodiment substantially thinner than
the corresponding part shown in Fig. 10, and in
order to maintain the same thickness. or size
in the clamping ring 93’, & spacer ring 135 of
cardboard or fiber is positioned about the housing
and against the flange 74,

It will be recognized that a substantial portmn
of the weight in g transducer such as that to
which - this invention pertains is embodied. in
the housing, as 7{’, and in order that the weight
of the housing may be minimized, a relatively
wide and flat nut {36 is utilized to receive the
end of the screw 98’. The nut 136 has a lug 187
thereon adapted to engage a socket formed by
a half~-punch (38 in the bottom wall of the
housing, thereby to hold the nut against rotation
as the screw 88’ is tightened. The nut 136 is so
formed as to bear firmly against the outer face
of the bottom wall 12’ over a wide area, thereby
to afford an efficient magnetic path from the
magnet 97’ through the wall 12’ and to the nut
{36, and hecause of its thickness the nut 136
serves to afford ample cross sectional area in the
magnetic path near the central axis of the
housing. 'The nut 136 is tapered or rounded to
a thin outer edge, as indicated at 139, but such
taper is gradual so that the nut extends out-
wardly to point where the effective cross sectional
area. of the wall 12 is sufficient to provide an
efficient magnetic path.
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With this arrangement it is in many instances
possible to somewhat reduce the wall thickness
of the housing Ti1’, and as a result, the weight of
the transducer as a whole may be minimized
while maintaining efficient operation and per-
formance thereof.

In locations adjacent to magnetically. sensitive
apparatus such as magnetic direction finding or
indicating equipment, it is esential that stray
magnetic fields adjacent to stch sensitive apppa-
ratus be eliminated or at least minimized. With
the transducers illustrated in Figs. 10 and 13 it
will be. evident that the housing Tl or TI* serves
as the primary path for the magnetic flux so that
stray magnetic fields will be. present about such
transducers. Where such stray magnetic fields
are objectionable as in the above cited instances,
the present invention may be embodied in the
alternative form shown in Pigs. 14 to 16 which
retains the general form and size of the trans-
ducers of Figs. 10 and 13, but is so constructed
and arranged that stray magnetic fields are
avoided. Thus the transducer 10a of Figs. 14 to
16 has a generally cup~-shaped housing Tla which
is flanged at T4a at its outer end and is formed
with sockets 130a and 13fa so as to be adapted
for mounting in clip assemblies of different sizes
or designs in the same manner as the transducers
of Figs. 10 and 13.

In this alternative form of the invention the
housing Ti{a serves as a path for conducting the
magnetic flux to the annular magnetic gap of the
transducer, but in this form of the invention this
function of the housing Tla is accomplished. in
such a manner that the housing acts as a shield
rather than as a primary part of the magnetic
circuit, and means is provided within the housing
T1a to afford a primary magnetic circuit. To this
end a magnetic yoke {40 is formed from a rela-
tively heavy strip of soft iron or other magneti-
cally permeable material to afford a bottom mem-
ber 141, two side members 142 disposed at right
angles to the bottom member {41, and a top
member 143 which is provided by bending. the
ends of the side. members 142 inwardly toward
each other. These ends may be joined together
as by welding, and the two ends joined are
punched to afford an opening 8la which forms
the outer side of the magnetic gap. of the trans-

ducer, and hence the member (43 constitutes the ¢

outer pole piece in this embodiment of the in-
vention. On its inner face the top member 143
has a locating member 105¢. made from non-
magnetic material and held in place by rivets at
104c. Thus a permanent maghet 97a of cylin-

drical form may be extended through the locating -
member i98a¢ and into contact with the bottom-

member {4+ of the magnetic yoke. (40, and- a

screw 98a extended through an axial bore 98a.in.

the magnet is threaded into the bottom member
141 to hold the magnet 97a.in position.

The maghetic yoke 140 is supported in position
within the housing Tta by a mounting plate 19a
which has a central opening therein somewhat
jarger than the opening 8f{a so that the central
portion of the plate 19¢ may be secured to. the
outer face of the top member i43 in a central
relation to the opening 8ia, and such a connec-
tion is in the present instance afforded by the
rivets {08a. The mounting plate 18a¢ is dished
inwardly so that when its outer flange or edge

portion 19b is placed against the outer face of the.

flange T4a, the magnetic gap afforded by the
opening 8iac will be disposed a substantial dis-
tance inwardly of the open end of. the housing
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Hla. A diaphragm 82a¢ of a generally cone-
shaped form has a voice coil structure 96a sup-
ported thereon in such position that it may be
centered within the magnetic gap afforded be-
between the opening 8la and the magnet 87a.
The outer edge of the diaphragm 82a is disposed
in abutment with the outer face of the mounting
flange 190, and a magnetic shield in the form of
a metal plate 85 has its peripheral edge 85b dis-
posed against the outer mounting flange portion
of: the: diaphragm. 82a. The plate 85a, the dia-
phragm 82a.and the mounting plate 19a are held
in position on the flange T4a of the housing by a
plurality: of rivets 80a which are extended
through the several flanges, and in the present
instance a fibre gasket 145 is also secured in place
on the rear face of the flange T4a by means of
the rivets 80a. After the shield or plate 85a has
been secured in position as just described the
outer cap plate 83¢ may be placed in position
over the plate 89a, suitable interlocking means
being provided so that openings 80a in the cap
plate 83a may be accurately aligned with corre-
sponding openings 90b.in the shield plate 85a.
After the cap plate 83a has been placed in posi-
tion, it is secured in this position by an annular
clamping ring- 93¢, In the present instance the
shield plate 85a is offset in its central portion as
indicated at 14T, and a sheet of fabric 148 is
secured as by adhesive to the plate 85a in the
space afforded by the offset 1471. Through this
arrangement the reproduction characteristics. of
the present transducer may he governed to pro-
duce the desired frequency response character-

5. isties.

The transducer of Figs. 14 to 16 has a terminal
block 115a which is substantially similar to the
terminal block shown in Fig. 10 and which is
secured in. position by means such as a rivet
t18a. In connecting: the terminals 12fa of the
terminal. block to the coil of the voice coil
strueture 96, a transformer {25a is utilized in
substantially the same manner as in the embodi-
ment- shown in Fig. 10, and wires 128a are ex-

- tended: from the respective terminals 121a to the

opposite terminals of the primary of the trans-
former 125a. The transformer 125¢ is supported
on the plate 19a¢ by means including rivets 127a.
Wires 128a are extended from the secondary of
the transformer: to rivets {48 which are mounted
by means of insulating sleeves 150 in the mount-
ing plate 19¢ as shown in Fig. 14, and wires 110a
are extended.from the rivets 149 through the dia-
phragm 82a and to the opposite ends of the voice
coil in the same manner as in Fig. 12,

It will be observed that the bottom member
141 of the. magnetic yoke. 40 is supported out
of contact with the wall 12 of the housing, and
a similar spaced: relation. is afforded between the
side members. {142 and: the side walls of the hous-
ing. Since the. sockets. 130a are formed in the
offset; portions of the side wall, clearance slots
{52 are formed. in the members {42 so that the
inwardly: projecting bosses, formed in the wall
73a. when the sockets 12a are stamped, do not
contact the side members 142,  Thus it will be
clear that any stray magnetic. fields about the
magnetic. yoke 140 will pass to the walis T2q or
13a of the housing Tla and will be conducted to
the mounting plate 79¢ and thence to the mem-
ber- £43; which constitutes: the outer pole piece
and- defines the outer side-of the magnetic gap.
Hence: the: casing: Tle in this embodiment of the
invention serves as a path for magnetic flux, but

3. since the: primary magnetic path. afforded by the .
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yoke 1490 provides. the best and most effective
path to the magnetic gap, the flux density in the
housing 7la is maintained relatively small at all
times, such flux density in the housing Tla be-
ing so small that objectionable stray fields out-
side the housing are avoided. Where the walls
of the housing are relatively thin as in this em-
bodiment of the invention, the bottom wall 72a
may be strengthened by the formation of an
embossed panel 72b therein.

In securing the desired frequency response in
the transducer the back loading of the dia-
phragm 82a is preferably reduced through the
provision of a plurality of openings 19c¢ in the
mounting plate 79a, this arrangement being such
as to enable substantially the entire interior of
the housing to function as. a back chamber.
Further improvement of the frequency response
is also attained by forming the diaphragm 82¢
with an annular bead or corrugation 82b in the
outermost portion of the free area of the dia-
phragm, and with this bead it is found that the
flexing of the diaphragm: is relatively free under
all conditions. The mounting of the textile
member {48 between the cap plate and the shield
85a also contributes to ‘the attainment of the
desired frequency response, for by selection of
the fabric it is possible to eliminate or reduce
undesirable components of the voice energy.

It will be evident that the embodiments of this
invention illustrated in PFigs. 7 to 16, as thus de-
scribed, are waterproof in character since the
diaphragms are of waterproof construction and
are arranged to cooperate with the housing in
excluding water from the internal electrical ele-
ments, and in furtherance of this purpose a suit-
able lacquer may be applied within the housing
about the terminal block and at other points
where leakage might occur. When, however, the
transducers are employed for some uses, as for
example, in aviation work, it is desirable to pro-
vide for equalization of the pressure in the back
chamber, and where this is desirable and where
absolute protection against moisture is not vital,
this may be accomplished by providing relatively

small pin holes in the diaphragm adjacent to the

edge thereof.

Under other circumstances, where the water-
proof character of the transducer is to be pre-
served, the present invention enables the desired
equalization of the pressure in the back cham-
ber to-be attained through means which. pre-
vents entry of water. While such means might
be afforded in any of the embodiments shown
in Figs. 7 to 186, it is shown only in Fig. 14 where
an opening 154 is formed in the panel 726 of the
housing and a resilient sheet or membrane (55
of rubber or the like is secured on the inner face
of the bottom wall T2a so as to span the recess
afforded by the panel. The sheet 155 is secured
to the bottom wall T2a by adhesive so as to ex-
clude water from the electrical elements within

the housing, and yet when the pressure within:
the housing exceeds that outside the housing, the
resilient sheet 155 may be stretched into the re-

cess afforded by the panel 12b, thereby to reduce
the pressure in the back chamber to correspond
with the external air pressure which is applied
to -the sheet 155 through the opening 154.
‘Where the back chamber is thus completely

closed or sealed, the air confined within the back

chamber is of course compressed as an incident
to the operation of the diaphragm, and because
of the elastic properties of such air an undesir-
able variation in the frequency response of the
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transducer may result at some frequencies, but
in accordance with this invention, such an unde-
sired variation :is avoided by the provision of
means operable to dissipate the energy of the
air which is thus compressed within the back
chamber. As shown in Fig, 14, such means are
afforded by providing a fibrous filler material in
a substantial portion of the back chamber, and
while this construction may be employed in any
of the illustrated embodiments, it is herein shown
in but one of such embodiments. Thus, as shown
in Pig. 14, the rear portion of the housing is
filled with a fibrous material {66 such as kapok or
wood fiber. The fibrous material 160 is prefer~
ably compressed into blocks of the shape required
to fit about the elements of the magnetic circuit
and the transformer so that the preformed block
of fibrous material may be readily placed in po-
sition, but if desired the material 160 may be
packed in place bit by bit while the mounting
plate T9b is held in a slightly separated relation
to the open end of the housing. Where the ma-
terial is thus put in place bit by bit it has been
found desirable to place a protective shield of
textile fabric across the openings 79c¢, Fig. 16, or
the openings (11, Fig. 11, for by such an expedi-
ent the filler material {60 is maintained out of
contact with the diaphragm at all times. It will
be understood that for clarity of disclosure, the
fibrous filler material 180 is shown in but a small
portion of the back chamber in Fig. 14, but in
practice the filler material is placed in position
in all or a substantial portion of the back cham-
ber, and is compressed or packed relatively firmly
s0 as to place a high resistive load on the back
of the diaphragm and have an efficient dissipat-
ing action with respect to the energy of the air
as such air is compressed.  When the back cham-
ber has been filled to a relatively great extent
with wood fiber it has been found that the pres-
ent transducers of Figs. 7 to 16 have a frequency
response which conforms more closely t6 the de--
sired flat response curve than any prior trans-
ducer, and such close conformity has been found
to extend through the range of frequencies from
below one hundred cycles to above four thousand
cycles. Moreover, it has been found that with
the transducers of this invention the variation
from the normal frequency response which is
usually experienced at high altitudes is reduced
to a substantial extent, thereby to produce highly
improved operation in high altitude aviation uses.
Thus these transducers of Figs. 7 to 16 insure
maximum intelligibility of transmission under
all noise conditions, and such intelligibility ma-
terially exceeds that attained by prior transduc-
ers.

From the foregoing description it will be evi-
dent that the present invention enables dynamic
transducers to attain the desired transducing ca-
pacity while maintaining the size and weight
thereof at the minimum, and hence the trans-
ducers of this invention may be utilized where
such considerations are vital factors in deter-
mining what type of transducer is to be selected.
The use of a cup-shaped housing which also func-
tions as a magnetic yoke contributes in a large
measure to the attainment of this desirable re-
sult, and it will be observed in this connection
that the cup-shaped housing affords a magnetic
path of large cross sectional area so as to in-
crease-the effectiveness of the magnet in produc-
ing maximum flux density in the magnetic gap.
Moreover, the use of a cylindrical magnet ex-
tending into the outer pole piece angd serving as
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the .inner pole piece -enables the maximum of
magnetic Torce to be supplied in a transducer of
a given'size. These novel features, of course, en-
able maximum magnetic fiux to be attained at
the magnetic gap to thereby contribute to the
efficiency of the transducer as a whole, and par-
ticularly it has been found that the high flux
density attained in the magnetic gap of the trans-
ducers of this invention enables the voice coil
to be reduced radically in.size and resistance to
thereby correspondingly contribute to the desir-
able characteristics of the transducers of this
invention. The cup-shaped yoke and housing
employed in the present transducers is so related

to the form and location of the .outer pole piece 3

or pole plate that the yoke may alse function as
the primary supporting means for the diaphragm,
and hence the transducers are simplified as to
construction and assembly.

When the present invention is embodied in a
speaker or earphone the arrangement is such
that the cup-shaped housing provides means for
mounting -the earphone on. headbands having
different sizes of clip assemblies, and hence the
usefulness of the earphones is greatly increased.
In this embodiment of the invention the efficiency
of the cup-shaped magnetic yoke is such that the
magnet may be relatively small, and hence the
location of the coupling transformer within the

housing of the earphone is attained in accord- .4

ance with this invention without sacrifice of com-
pactness in the structure as.a whole,

In the illustrated embodiments of the invention
it will be evident that unusual simplicity of struc-
ture and assembly has been attained so that the
transducers may be produced with.great economy
of time and material. Moreover, it will be-seen
that the construction and arrangement of the
diaphragm and voice coil assembly contributes
materially to the economy of the present con-
struction, particularly in the mounting of the
diaphragm button on the diaphragm in the form
shown in Fig. 10, for it will be clear that the
diaphragm button may be quickly located in its

final position merely by insertion of the flange of .

the button into the voice coil form until it strikes
the internal shoulder of the form.

Hence, while I have illustrated and described
preferred embodiments of my invention, it is to be

understood that these are capable of variation

and modification and I therefore do not wish to
be limited to the precise details set forth, but
desire to avail myself of such changes and altera-
tions as fall within the purview of the following
claims.

Iclaim:

1. In a transducer, means including a perma-
nent magnet and an cuter pole piece of magnetic-
ally permeable material arranged to cooperate to
define an annular magnetic gap adjacent to one
end of the magnet, a diaphragm having g voice
coil structure disposed in said magnetic gap, a
cup-like housing formed from magnetically per-
meable material and disposed about said magnet
in such g relation that said annular magnetic gap
is located inwardly of the open end of said cup-
like housing, said pole piece being secured to
said cup-like housing to afford a magnetic path
between the pole piece and the housing, and
means completing a magnetic circuit from the
other end of said magnet to said outer pole piece
to enable af least a portion of the magnetic flux
to flow through said housing to said pole piece.

2. In a transducer, a cup-like housing formed
from magnetically -permeable material and
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having a ‘bottom wall and a generally annular
side wall,“a mounting plate extended across :the
open end .of said housing and secured to the side
wall of .said housing to provide a magnetic path
from said mounting plate to said side wall, 2 mag-
nesic. yoke formed from magnetically permeable
material to provide a bottom member, side mem-
bers and .a top member apertured to .constitute
said-top member as an outer pole piece, said outer
pole piece being permanently secured to .said
mounting member to support said magnetic yoke
within said housing ~with said botfom member
and side members thereof in spaced relation to
said bottom wall and side wall respectively of said
housing, a permanent magnet mounted on said
magnetic yoke with one end of the magnet in flux
transmitiing contact with said bottom member: of
the yoke 'and-with the cther end disposed within
said aperture in said pole piece to define an annu-
lar magnetic gap, and a diaphragm having a voice
coil structure disposed within said annular mag-
netic -gap and having ‘the outer edges of the
diaphragm mounted on the outer edges of said
mounting plate.

3. In a transducer, a magnetic yoke formed
from magnetically permeable material to afford a
bottom member, two side member and a top mem-
ber having -a-central aperture therein, a perma-
nenf magnet secured to said bettom member and
extended-into said aperture in-said top member to
afford an-annular magnetic gap, a mounting plate
formed from magnetically permeable -material

and secured 1o said top member, a cup-like hous-

ing formed from magnetically permeable material

-and-having said mounting piate secured across
the open end . ‘thereof to support said magnetic

yoke within said housing in spaced relation to-the
walls thereof; said ‘mounting plate.being secured
to said housing at the open engd thereof to afford
a magnetic path between said plate and said
housing whereby stray magnetic flux passing
from said yoke to said housing is transmitted
through said mounting plate to said top member
of said magnetic yoke.

4. In a transducer, a cup-like housing formed
from maguetically permeable material and
having a bottom wall and a generally annular
side wall, 3 mounting plate extended across the
open end of said housing and secured to the side
wall of said housing to provide a magnetic path
from said mounting plate to said side wall, a
magnetic yoke formed from magnetically perme-
able material to provide a bottom member, side
members and a top member apertured to consti-
tute said top member as an outer pole piece, said
outer pole piece being permanently secured to
said mounting member to support said magnetic
yoke within said housing with said bottom mem-
ber and side members thereof in spaced relation
t0 said bottom wall and side walls of said housing,
a permanent magnet mounted on said magnetic
yoke with one end of the magnet in flux trans-
mitting contact with said bottom member of the
yoke and with the other end disposed within said
aperture in said pole piece to define an annular
magnetic gap, a diaphragm having a voice coil
structure disposed within said annular magnetic
gap and having the outer edges of the diaphragm
mounted on the outer edges of said mounting
plate, a shield plate of magnetically permeable
material positioned across and in spaced relation
to the movable parts of said diaphragm, a cap
plate of insulating material positioned against
the outer face of said shield plate, said cap plate
and said shield plate having a plurality of cor-
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respondingly positioned perforations- therein
through which voice energy may pass into contact
with said diaphragm,means for locating said cap
plate and said shield plate in such a relation that
said perforations are in registry, and means for
holding said cap plate and said shield plate in
position on said housing.

5. In a transducer, a magnetic yoke formed
from magnhetically permeable material to afford
a bottom member, two side members and a top
member having a central aperture therein, a per-
manent magnet secured to said bottom member
and extended into said aperture in said top mem-
ber to afford an annular magnetic gap, & mount-
ing plate formed from magnetically permeable
material and secured to said top member, a cup-
like housing formed from maghetically permeable
material and having said mounting plate secured
across the open end thereof to support said mag-
netic yoke within said housing in spaced relation
to the walls thereof, said mounting plate being
secured to said housing at the open end thereof to
afford a magnetic path between said plate and
said housing whereby stray magnetic flux passing
from said yoke to said housing is transmitted
through said mounting plate to said top member
of said magnetic yoke, a diaphragm having a
voice coil structure disposed within said annular
magnetic gap and having the outer edges of the
diaphragm mounted on the outer edges of said
mounting plate, a shield plate of magnetically
permeable material positioned across said
diaphragm, a cap plate of insulating material
positioned against the outer face of said shield
plate, said cap plate and said shield plate having
a plurality of correspondingly positioned perfora-
tions therein through which voice energy may
pass into contact with said diaphragm, means for
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locating said cap plate and said shield plate in
such a relation that said perforations are in
registry, a sheet of fabric disposed between said
shield plate and said cap plate, and means.for
holding said cap plate and said shield plate in
position on said housing.

WEBSTER E. GILMAN.
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