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This invention relates to-transducers and par-
tieularly to the dynamic type-as contrasted with
the magnetic type thereof.

Fransducers’ of “the -dynamic. -type ‘may; -of
course, be-employed either as speakers:or-as.mi-
crophones, and-in either: of these uses the fidelity
and range .of -frequency response 'is.in.:a -large
measure dependent upon-the -accuracy of forma-
tion, location and relationship-of the variousele-
ments'thereef, and is particularly.dependentupon
the accuracy of location of the voice :coil strue-
ture in the magnetic igap of -the transducer.
While it ‘has been possible, through the exercise
of great care and skill, to obtain-the-desired:op-
erational:characteristics in: prior-dynamic trans-
dueers, the difficulties -involved- have often re-
sulted-in wide variations of construction and.per-
formance, and to enable such difficulties to..pe
overcome in a simple and expeditious manner is
an:importan object of this invention..

The-aforesaid-difficulties-of producing the -de-
sired performance characteristics.in prior dynam-
ic.transducers have, of course, been encountered
in -transducers of various sizes -and -designs, but
where such transducers-have:been-of a relative-
lysmall size, the reduced tolerances-and-the re-
duced size have further increased -the difficulties
invelved in producing -a satisfactory dynamic
transducer, and ‘a further object of this inven-
tion -is. to enable fidelity and wide frequency.re-
spouseto be readily and uniformly attained par-
ticularly in -dynamic transducers .of relatively
small -size. Further objects related -to the fore-
going are to so form :and .arrange the elements
of the ‘magnetic circuit in such transdueers as to
assure accuracy.-of size-and-.location-of -the - mag-
netic:gap; to simplify the location and mounting
of the diaphragm; to insure accurate location
of -the .diaphragm relative to the magnetic -gap;
to -enable the voice coil-to be readily located -in
an’ accurately -determined position on :the voice
coil -support; -and -to so form and. interrelate the
bole -pieces of the magnetic circuit and the dia-
phragm -and the voice coil structure that uni-
. formity and accuracy of relationship-are invar-
iably attained in-the finished transducers.

In:dynamic transducers constructed in-accord-
ance-with prior-practice the provision of -the de-
sired magnetic circuit. from the magnet- to the
pole .pieces has required. assembly .and accurate
mounting -of a relatively large number of parts,
‘and - by -reason of the number-of parts and num-
her of -accurate-connections.involved the cost-of
production has been relatively high. Moreover,
in -those instaneces -where -the proper ‘degree .of

&

skill and care has mot been exercised in ssseri-
bling: ‘the snumerous “parts, “the ‘quality of per-
formance:has:been: relativelylow in transducers
of: the taforesaid chargcter. “It:is; therefore; ian-
other object of tHisutivention: tossimplify the pro-
duction:of the nagnetic.éircuit:of dynamic trang-

. ducers andthe:like; -and-ifurther objects reldted
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tothe foregoing:areto o formiand.rélate ‘the
elements of:themagneticelreuit.of dynaniic trans-
ducers that accuracy of relation ¢f-thae lements
thereof.is-attained :as an dncident to thelassem-
bly of such'elements; ‘torenable’s permanent mag-
net:used-as:a:part of thesmagnetic cireuit:in-such
& transducer to sfunétion in- ‘Producing proper
interrélation of the'othér Jparts; to-réduce ‘the
humber:6f :parts employed: and:the ‘numkper:of
conneeting' operations :réquired -in- the iproduc-~
tion ‘of 'such magnetic - cireilits;  to :enahle ‘both
pole‘s-fdﬁ:af;pex-‘manent:magnetzfor‘:u's‘ecin"-such-ma'g-
netic.circuits-to ‘be ‘engaged in :g, magnetic. sense
with:their-respective pole pitces:in a; similarman-
nerto thereby simplify ‘the interconnectioni- of
‘the-engaged parts; and to provide g Permanent
niagnet-of -novel: and-advantageous form-for use

28 in-the magnetic-circuits :of -such dynamic trans-
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I the usesof transducers; whether: they berem=
bodied -as ‘microphones-or-as speakers, it is>cus=
tomary to :provide g -separately formed support-
ing mounting ;member ‘which not only. acts as-a
carrier -for the fransducer-but also:serves-as a
carrier -for -the ‘connecting -leads ‘which 'are o
beelectrically associated with the ‘voice scoil-of
the ‘transducer, -The facility with which trans-
ducers may be-associated with:such a carrier or
mounting -means ‘is -often -an important factor
in «the wuse-of -equipment of :this character, and
it is a further object of this.invention -t0-enahle
transducers :t0 -be-so mounted ‘upon: g, headband
or-other.support in a-simple:and -effective-man-
ner;-and-a related:-object is-to.accomplish this.end
by means:of-asimple. and-novel-character. Other
objects related 40 the foregoing-are-to-enable the
desired electricdl .connections  to the-transducer
t0he -established as aninecident. to the. mounting
of such:a transducer.on asupport 'such as-a-head-
band;.and to enable a:-headbang for:such use to
be simply-and.ecenomically: produced.. -

‘Other-and -further -objects. of :the :present 4in-
vention will -be -apparent -from-the following -de-
scription: and-claims+and -are -ilustrated 4n the
accompanying: ‘drawings which, by way of ilus-
tration, show--preferred:-embodiments- and the
principle -thereof -and what I now consider to be
the best-mode in which T have-contemplated ap-
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blying that principle. Other embodiments of the
invention embodying the same or equivalent prin-
ciple may be used and structural changes may be
made as desired by those skilled in the art with-
out departing from the present invention and the
purview of the appended claims.

In thedrawings: .~ 10 00T

Fig. 1 is a perspective view illustrating the in-
vention as embodied in a headset having relative-
1y small dynamic speakers at opposite ends of the
head band;

Fig. 2 is an elevational view of
of one of the speakers;

Tig, 3 is a cross sectional view taken substan-
tially along the line 3—3 of Fig. 2; )

Fig. 4 is a sectional view taken substantially
along the line 4—4 of Fig. 3; . .~

Fig. 5 is an enlarged fragmental view show-
ing a part of the structure illustrated in Fig. 3;

Fig. 6 is a view similar to Fig. 3 and illustrating
another embodiment of the invention; )

Tig. 7 is a view similar to Fig. 2 and illustrat-
ing still another embodiment of the invention;

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

Fig. 9 is an enlarged fragmental view showing
part of the structure illustrated in Fig. 8; .

Fig. 10 is a cross sectional view similar to Fig.
8 and illustrating a further embodiment of the
invention; and - i .

- Fig. 11 is an elevational view similar to Fig. 7
and showing another manner of mounting.

While the present invention relates to trans-
ducers and may be utilized in both microphones
and speakers with equal facility, it is herein dis-
closed as particularly applied to speakers, and
in the form. shown in Figs. 1 to. 5 of the accom-
panying drawings, the invention is embodied in a
relatively small dynamic speaker. {0 adapted for
mounting on a head band [1 or the like so that
the speaker 10 may be held in close association
with an ear of the user.” The speaker 10 is gen-
erally cylindrical in cross-section and has a hous-
ing 12 closed at its outer end by a mounting plate
13 made from an insulating material such as a
synthetic resinous product and through which
the speaker is adapted to be mounted on the head
band (1., In accordance with the present inven-
tion the speaker 10 embodies a diaphragm 14
located within the housing 12 relatively close to
the outer or larger end thereof, and means for
actuating and controlling the diaphragm {4 are
disposed within the housing 12 between the dia-
phragm 14 and the inner or output end of the
speaker and are so formed that 2 loading passage
or cavity extends therethroughto efficiently trans-
mit the sound created by the diaphragm fo the
passages of the ear of the user: :

The magnetic circuit of the present speaker in-
cludes a permanent magnet 15 having a central
hub {6 with a central bore (T formed axially
therethrough, and at one of its ends the hub 16
has an annular skirt 18 which projects radially
therefrom and then extends endwise to terminate
in an annular face 19 which is preferably located
in the plane of the annular end face 20 of the
huyb i6. Thus the annular face 19 of the skirt
and the annular-face 20° of the hub 16 constitute
the opposite poles of the permanent magnet 5.
Concentric annular pole pieces 21 and 22 made
from soft iron or like material are disposed in
abutment with the annular pole faces 19 and 20
of the permanet magnet, the inner pole piece 22
having a central bore or opening 23 -formed there-
in in alisnment with the bore 1T of the perma-
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nent magnet. A locating or centering ring 24
made from a non-magnetic material such as brass
is disposed with its opposite edges seated with a
press fit in annular rabbeted grooves 26 and 21
formed in the adjacent annular corners of the
pole pieces 21 and 22, and hence the spacing ring
24 acts to locate the opposed annular faces of the
pole pieces 21 and 22 in accurately spaced rela-
tion, thereby to define an annular magnetic gap
30 within which the voice coil structure 31 asso-
ciated with the diaphragm 14 may operate.

- The central pole piece 22 is-held in an accu-
rately determined relation to the central hub {6

-of the magnet by a tubular eyelet 32 which ex-
“tends with a relatively snug fit through the open-

ings 23 and I7 in the pole piece 22 and the hub
16. " At one of its ends the eyelet 32 is outwardly
flanged as at 34 into a socket 86 which is coun-
tersunk into the outer face of the pole piece 22
concentric with the axis of the bore 238, while at
its other end the eyelet 32 is flanged outwardly at
38 to engage the end face 39 of the magnet 15.
Since the spacing ring 24 has a press fit with re-
spect to the two pole pieces 21 and 22, the eyelet
32 acts through the spacing ring 24 to hold the
pole piece 21 firmly against the annular face 19
of the magnet, and if desired the spacing ring 24
may be made a slightly coned form and may be
so disposed in the grooves 26 and 27 that the ring
is drawn toward a flat form as the eyelet 32 is
flanged into place. Through such an arrange- -
ment a firm engagement of the outer pole piece
21 witH the annular face {9 of the magnet 15 is
invariably assured. ) i

The diaphragm {4 has its outer or bordering
edge clamped between an annular border flange
40 on the mounting plate 13 and an opposed
clamping face provided on the pole piece 21, and
this is accomplished by so forming the housing
12 that it exerts the requisite clamping action
between the pole piece 21 and the mounting plate
i3. Thus, as shown in Fig, 3 of the drawings, the
housing 12 has a cylindrical portion 12’ which
surrounds the pole piece 2{ and the peripheral
edge of the mounting plate 13, and the housing
is offset inwardly to form an annular shoulder
41 facing endwise toward the outer end of the
speaker I8 and engaging the face of the pole
piece 21 which is remote from the diaphragm 4.
The desired clamping action is obtained by spin-
ning the end edge of the cylindrical portion 12’
of the housing radially inwardly to form a flange
42 which overlies the face of the mounting plate
13.and holds the same in firm abutment with the
pole piece 21. Beyond the shoulder 41 toward
the inner end of the speaker the housing 12 is
formed so as to be rounded inwardly as at 43 and
this rounded pottion of the housing 12 terminates
in an opening 44 which is substantially concen-
tric with the axis of the eyélet 32, The opening
44 in the housing is somewhat larger than the
central opening of the tubular eyelet 82, and a
protecting member 45 which is generally in the
nature of a grommet is inserted into the open-
ing 44 so that its central opening 46 forms a con-
tinuation-of the central opening of the eyelet 32.
The inner flange 41 of the grommet 45 extends
radially outwardly into the space between the
surface 89 of the permanent magnet and the
inner surface of the housing 12, while the outer
portion of the grommet 45 extends for a consid-
erable’ distance radially outwardly -and about the
rounded surface 43 of the housing {2, Thus the
grommet- 45, which is preferably made from a
resilient material such as rubber, may be pressed
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into thie- external auditory-canal of‘a user-so-that:
the bore” 46‘~of the grommet and ecentral open:.

ing-of‘the eyelet 32 cooperate fo-form: a-loadihg -

cavity extending: from- the dlaphra.gm 14:to" the:
external audltory canal ‘of the user. From:this-
i iat the- speaker- is- illis=
le in . the ‘drawing- accom-

tratediin: enlarged

panying-this- applicatmn ‘since: ‘the- -external ‘por-
tion - of* the ‘grommeti 45 is; i praetice; sized to-
fits into the - -éntrance-to ‘the external auditory--
canal-of*the average- adult-male and: the:other-
parts ‘of ¢ the -speaker-are’ related in sxze to-this-
grommnet: "Phe-inner flange 47'of the: grommiet s

of 'sueh*g thlckness that when it is~ 1nserted -be-
tween-thes faece 39+ of the magnet 15'and the: por=

tion of‘the-inner surface of ‘theé housing -2 which-
borders the opemng 44 tHe :flange- 47 -exerts: a
resiliént? force-upon’ the magnet 15% to -thereky-

coeperate-withithe eyelet 32 and ‘thHe press-fit-cons
nection between the two pole pleeest insurefirm- ¢
contact.of tthe pole face 19iwith the- annular pale
piece 21,

The voice-coil ‘structure- 31 ‘comprises a -coilsof:
wire:that is wound ‘upon-the outer surficeof the'

cylindtieat: supportmg form-49 made-from a-rela~

tively: stlff material‘such-as: 1mpregnated ‘paper:
or the-liKe; and the'voice coil: ‘structure-81: is-so-
mounted ‘on‘ thedlaphragm 14 tHat the voice:coil
structure-may-extend- ‘from tHe- diaphragm - 14:in-
an-axial direetion intothe - -annular-magnetic gap.-

305 Tt:is- recognized that ﬁdehty and- aceurate

response throughout - wide: frequency-range-are-

inas large ‘measure- dependent upon: aceurate lo-
cation or'dpacing of the-veice-coilistrueture-in

the annular magnetic gap; .ant in-accordance:

with-the ‘present’ mventlon the diaphragm- I4 the
voice- coil* structure: 31<ang* the d1aphragm sup-

porting <means-are constructed and: -relatédiin a-

novel ‘manner which+insures-the: des1red accuracy'
of“relation- and’ 1ocation of’ these elements: with

respeet to-each” other- and’ with respect to-the-

magnetie’ gap 30:

Té this-end- the-diaphragm: | & which is prefer--

ably formed-“from paper- xmpregnated ‘with a°ma-.

. terigdl*such’as g synthetic: resin: of* phenol-alde-
hydetype; is molded:or-otherwise-formed to-ems.

body laterlal posmomng ‘means adapted to coop-:

eraté w1th complemental means-on: the voice:coil:
structure-31: to- interloek the veice-coil'structure-

ine predetermined and: ‘preferably: concentrie re-.

lationshlp withrrespeet to the diaphragm; Inthe-
embodiment:of the:invention: 111ustrated in<Figs..

1-to-54of~the drawings; this' end-is-attained:by.

molding’ the-diaphragm:- |4iwith-an:offset cylin:.
drical wall section 50 of such a diameter as:to fit:

snuglvamhm tHe:cylindrical coil supporting form

49;:and‘the coil’supportifig: form49-is- seeured:in-
position-about'the cylindrieal wall:50 by adhesive.

or-other suitablé-means. Radially: outwardly:of
the--cylindrical> wall 50- the- diaphragm’. {4 is

molded-or otherwise formed:to: provide:a:readily:

bendable: and:relatively-flat: annular:portion 5i;
which at:its outer-édgesis.merged with.an annus-

lar:connecting portion:52idisposed:at:an-angle to-
The-connecting: portion: 52"

the-flat portion: 5l
merges Wwithua; relatively-short:or: narrow: cylin-
dricalwall:section 53 :which; in-turn, :jeins with

an:outwardly projecting edge:flange:54-disposed:.
in:a plane-parallel:to the portion:51 and:perpen+.
dicular:to:the axis of:the-diaphragny: The.cylin-.

drical -portion: 53:is:adéptedito:function in:ats

taining:accurate:positioning of:the diaphragm:{4:

andithesvoice:coil:structire: 34iin-a; concentricires

lation:to:thie:annular: magnetic:gap 305 and:this.
end:isattained:through-thesprovision:of:acoops..

erating annular: shoulder 58 formed: on the ‘pole:
piece - 21 'so- as to: Taces radially: ‘otitwardly: and:
adapf,ed to fit snuglyﬁwith&n th cyhndrm‘ oS
cating wall>53:oftHe 1aphragmx The:shoulder:
. B+ 55¢%is-formedisos as‘tosbe: éoncentric- wath the-an-
nulay magnetic. gap-30;: while-the cyliridFical lo-.
catmg Wa,ll 53 issso formed: on:the:diaphragm:(4§:
as-to be coneentiic ‘with: thesannulag: cylindijeal
wall 50°and the:veice: coil structure 81; and-hence:
10: when- the-vwall 53<ig: fltted: over- and about:the-
shouldér-55; the diapkiragm:{44s? ‘accurately ceri--
térediand xthe ‘voige:coil: strueture- 3 15is: disg ‘sed
iny the -desired: concentnc relatmn in:the annular:
magnetic gap 30 As.a furthe aid-in-producin
15: 2ecurate-and uniform assembly of ‘the i 'peake' £
the- fiange-4050f tHe: outervwall 13:is
as-to: fit- snugly- about the cylmdnca. P
ing- wall 53; tHereby toilocate the" ottér wall13:
of-the - speaker in‘an-accuraté and: concentne res
latlon with = respeet: to: the- ofHer - parts
speaker Undesired: stiess ons the ‘Walli53: :of'-the
d1aphragm isavoided by ‘makihg: the-shoulder 55+
ofa hieight considerably ‘sieater ‘than: the thiéks
ness-of-the-diaphragm-flange 54 angd- hence the-
o flange-40<of the-wall-13:4s i effeeu.
a lateral sense with-the: shioulder-55:an may- ap- :
ply stress to: thet cylindrical wall 53~ of the d1a-
phragm merely i in ‘compression: - -
With-the-structure: as thus' descnbed it will be-
05 evident~tHat® the- :space: betweeh ‘the- diaphragm:
1%:-and the:inner pole- picce 227 const;tutes the:
sound:chamber- 58:-of :the: present speaker “while
the space ‘betweenthe dla,phragm and: the outer:
end: of ‘the-wall| 3:constittites: “gj baek cha.mber‘59
85 The-back cliamber 59: may be vented dy- ‘eyelets:
60 which are extended: -through- tlie- walk: 135 at:
diameétrieally- opposite: points; and- these eye]ets
60:serve:as- termma,ls t6 which the‘ends or: 1éads:
of:the-:voice coil:may be conneeted: Thidss the
40: ends-of the .wires which form: the -voice:coil ‘are:
extended ‘along. opposite- sides<of ithe- oute s faces
of-the-cylindrieal’ form. 49 to the-portion: 54 of
the diapliragm-and-are-ledin opp0s1te directions:
dlong: the: portien 5l to: dlametneally oppos1te .
45° points- adjacent:-the: amniilag: ‘portion. 527 of: the:
diaphragm; at:whi¢h-pointsthe ends:cfithe wites:
are extended through:the: dla,phra,gm andigreled:
radially inwardly along: the: portion: §1: and -are
connectedto the respective-eyelets 60.as by solders:.
60 ing: ‘For- clarity: of: disclesure the eadsiof:the:
wires:-are- in: some- instanees: shown:. ag: being:
spaeed -from-the cylindrical’icoil support 49:and:
ffom-the face of the portion:54 of-the diaphragm,
but :in- practice-theses wiresiare: secured: to- the:
b5 surface by-adhiesive: On-the surface:ofithe por--
tion 51: of ithe: diaphragm: whichis ‘adjacent:to:
theeyelets:: 60, the: end$ of’the wires: ‘may-be:
free of the diaphragm:.portion:5i; thereby: to:
permit free-movement: ofi the:: dlaphra,gmg The:
602 spaece which-is-ineluded Between: the annular polé:
biece-21:and: the portion. 5i:of:the diaphragm:is:
also:vented or placed in free communieation with:
the:baek:chamber:59:by a'plurality of openings:62:
formed in the annular portion 51 . ofthe:.dias:
655 phragm It is to.be understosdin this connection
that: in: some: instances’.the: eyelstss 607 may: be
closed: by means-such-as:a plastic;sealing:coms-
pound; for:by so doing:the.frequency response of:-
the .diaphragm. may -be: modified:or. . damped: to?
70; meet:the demands of some types: ofiwork:. :
The: speaker:10 which:is:thus provided:inay: be
mounted-upon:a: head band:il or:other suitable:
supportsin:different: ways, but-as shown:in:Figs:,
13 2:and:3-such:-a; mounting: is: attained: throughs
75: the mounting of a:nubi65:within the:wall I §sand:
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centrally thereof. The- nut 65 is accessible
through a bore or passage 66 in the wall 13, and

on opposite sides of the bore 66 a pair or ribs 8§71

are motulded or otherwise formed upon the outer
side of the wall 13. 'The head band |1 is formed
from a relatively flexible strip 68 -of a metal such
as steel, and the strip 68 is of such a width that
it may fit snugly between the two ribs 61. The
strip 68 has a plurality of openings 69 formed
therein at longitudinally spaced points, and a
serew 10 may be inserted into a selected one of
the openings 69 and may be threaded into the
nut 65 to hold the speaker 18 and the head band
(i in an assembled relation. The head band #!
as shown in Fig. 1 includes an insulated covering
1i extending relatively close to the ends of the
strip 68, and the connecting leads or wires T2 are
moulded into the covering 11 along the opposite
side edges of the strip 68. The extending ends
of the wires 12 are connected as by soldering to
the respective eyelets 60 and an electrical circuit
is thereby established from the leads 12 to the
voice coil of the speaker. The wire 12 may be
extended from the covering T1 of the headband
at, any desired point as, for example, centrally of
the headband as indicated at 74.

The portion of the diaphragm {4 which is
located radially inwardly of the cylindrical wall 50
constitutes the active portion of the diaphragm,
and this portion of the diaphragm is shaped to
provide a slightly dome-like form, and the inner
face of the wall 13 is extended to provide a similar
dome-like form 15 to provide a back chamber of

substantially uniform depth and thereby atiain a

uniform loading of the rear face of the dia-
phragm. The other or active face of the
diaphragm 14 is also arranged to be substantially
uniform loaded during operation of the dia-
phragm, and this end is attained through the
formation of a sloping annular surface 16 on the
adjacent face of the pole piece 22. The slope of
the annular surface 16 is preferably such that the
sound chamber 58 has its smallest longitudinal

dimension at the radially outer edge of the sound’

chamber. Thus the spacing between the dia-
phragm 14 and the surface 16 gradually increases
toward the axis of the speaker.

In the speaker which is thus provided, the vi-
bration of the diaphragm 14 in .response to
variations in the intensity of the voice current
impressed on the voice coil results in the creation
of sound waves within the sound chamber 58, and
such sound waves are effectively transmitted to
the loading cavity of the speaker and hence to
the ear of the user. The mounting and arrange-
ment of the diaphragm 14 are such that the
diaphragm has a high fidelity of response over
a -wide range of frequencies,

size in which the diameter is somewhat less than

one inch, has been found to be- effective to re-:

produce speech and other sounds with greater
intelligibility than prior speakers of 8 corre-
sponding size.

The structure illustrated in Figs. 1 to 5 of the
“drawing whereby the present invention attains
the desired accurate location of the voice coil
structure in the annular magnetic gap may be
varied-in different respects, as for example, -in
the manner illustrated in Fig. 6 of the drawing
which illustrates an alternative form of the in-

vention, In this form the invention is embodied:
in a speaker 10’ wherein the major elements are-

of the same general form and are disposed in a
generally similar relationship as in the form of

and hence the:
present speaker, even in an exceptionally small’

10.
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the inventioh disclosed in Figs. 1 to 5, anid hencé -
specific description as to such parts and relation-
ships will be confined mainly to those aspects
where differences of form or relation are found.
The speaker {0 has a housing I2¢ closed at its
larger or outer end by a disk-like wall {3’ which
is held in place by an inwardly turned flange 42.
The housing 12¢ has a cylindrical portion simi-
l1ar to the portion 12’ and this cylindrical portion
merges directly with the inwardly curved portion
43’ rather than through a shoulder such as the
shoulder 41. Thus in this form of the invention
the resilient grommet 45’ which is inserted in the
end opening 44’ is relied upon to act between the
portion 43" of the housing and the end surface 39’
of the permanent magnet 19’ to hold the magnet
15/, the pole pieces 21’ and 22’, the diaphragm 14’
and the outer wall 13’ in firmly clamped relation -
to each other endwise of the speaker and aga,ms’c
the end flange 42’

The diaphragm {4’ has a flat annular portion
51’ disposed between the edge surface of the
flange 46’ and the opposed flat annular surface
of the pole piece 21’ so as to be clamped there-
between. Accurate location-of the diaphragm is
assured :through the provision of a cylindrical
locating wall section 53’ formed in the diaphragm
14’ about the outer edge of the flat portion 51’ in
such a. position and relation as to embrace a
cylindrical locating surface 5%’ afforded by the
radially facing  surface -of a -rabbeted groove
formed in an annular corner of the pole piece 21°.

" A flange 53’* preferably extends from the cylin-

drical locating wall section 53’ to impaxrt stiff-
ness to the wall section 53,

Another cylindrical locating wall section 507 is
also formed in the diaphragm (4’ to enable ac-
curate mounting of the cylindrical coil suppoiting
form 49’ on the diaphragm, and in this instance
the wall section 59’.extends from the annular
portion 51’ away from the magnetic gap 30, and
the diameter of the wall section 50’ is such fhat
the coil supporting form 49’ may extend snugly
within.- the wall section- 59’; and the parts are
secured- in. position by adhesive or other suitable
means. - In the assembly-of the parts, the location
of the coil supporting form: 49’ within the wall
section 50’ with the-end of the form 49’ engaged
with the portion ‘of the diaphragm radially in-
wardly of the wall section 50’ insures that the
voice .coil structure 31’ is concentric with the
axis of the diaphragm {4’, and hence in the
assembled speaker the voice coil structure is
located accurately 1n the annular magnetm
gap -30. -

“The pole p1eces 21’ and 22’ are held in properly
spaced relation by a nonmagnetic spacing ring
24’ .and the magnet 15 and the pole pieces are
held together by a central or axial eyelet 32’ in
substantially the same: manner as in the other
embodiment of -the invention, but as- shown in
Fig. 6, the sound chamber §8” is defined on.one
side thereof by an: annular bafile plate 76’ fixed
concentrically on the pole piece 22 and affording
a3 sloping-surface-similar to the surface 16 and
bhordering-the-flanged end of the eyelet 32’. - -

The.back chamber 59’ may he vented if de-
sired by metal eyelets 60’ extending through the
outer or mounting plate 13’, and the ends of the
wires ‘from the-voice coil-are led. through the
portion 51’ of the diaphragm (4’ and are con-
nected to the respective eyelets 60’ in a manner
similar tothat employed in-the structure of Figs.
1 to 5. Vent openings 62’ :in"the portion 51’ of
the diaphragm 14’ conhect the space adjacent
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the pole. piece. 21* with the.back chamber §9* to
insure free flexure -of the dia,phragm in response

to-voice or signal currents impressed on. the voice.

coil.

The speaker 18’ is arranged for association
with a headband.- I’ having projecting. conduc-
tors 80 which extend slidably throuzh spaced
parallel beres 81 formed in a boss 83 molded on
and as a part of .the wall 13’, Thus the recesses
84 open into the back chamber §9’, and angular
contact brackets 85 are disposed in . suitable
grooves in the inside face of the wall 13’ so that
onearm of each bracket 85 is-held in place by one
of - the eyelets 60’ while- the other arm of each
bracket 85 extends into.the adjacent one of the
recesses 84 and engages the side of the conductors
80. Thus the:contact brackets 85 are electrically
connected to- opposite ends of .the voice coil, and
the arrangement is. such that  when the con-
ductors 88 are projected through the bores 81, an
effective frictional engagement of the conductors
80 with their respective .contact brackets 85 es-

tablishes-the desired .electrical circuit to the voice-

coit. The frictional engagement of the contact
brackets 85 with the conductors -89 is such that
the speaker 18’ may be adjusted on the headband

11’ merely by movement.of the speaker. along the

conductors 80. ‘

In the embodiment- of the invention shown in
Figs. 7 to 9, inclusive; the:present .invention is
embodied in & speaker.(8a. which is adapted for
more convenient-mounting -upon a. headset band
{1a of ‘a headset, and in addition, this embodi-
ment’of the invention includes a diaphragm and
voice coil assembly whereby accurate assembly of
the parts of the:-speaker is facilitated.. 'The em-
bodiment of the’invention disclosed in Figs: 7 to
9 includes- a’ magnetic: circuit ' wherein the ele-
ments are-formed and related in substantially the
same manner as-in the previously describeq-em-
bodiments of theinvention, there being.an inner
pole piece 224, and an outer:pole pbiece 2ia-sepa-
rated by. a spacing: ring-24q;. and the two pole
pieces are-held:in an: operative relation with
respect. 10 a permanent magnet 15q by a tubular
member 32¢ which forms s loading chamber in
the same general manner:as the-member 32 dis-
closed in the ‘embodiment of the invention shown
in Fig. 3. The tubular member. 32¢; however, is
bermanently associated ‘with: one: element 120 of
a:sectional housing; the element-12¢ of the hous-
ing being ' molded from a moldable insulating ma-
terial-such as a cellulose-plastic, and the tubular
member:32¢:is olded in the end. wall of the cas-
ing section 12¢:with :an'interlocking -means such
as.spaced flanges: 90 engaged. with' the material
of‘the casing section12a:

The other “section 13¢ of the-casing: 1ncludes
a wall portion:generally similar to the 'wzall 12 cf
the: othei embodiments -of: the invention, and a
flange- 91" is:molded about: the edge: of this~wall
to provide scréw threadsas at 92:to engage com=
plemental:screw: threads: formed: on-:outer: peri-
phery of the open end of the-casing section 12a
The casing section’ 13¢ has an-ahnular shoulder

A%¢ formed:-interiorly: of the-flange 92-to engage

an anrular clamping portion 54a-of a diaphragm
structure 4z to clamp:the: diaphragm. : struc-
ture” againgt the: .outer  pole piece. 21a.  This
clamping action is:attained when the two: sections
of the casing are screwed together, it being noted
that clearance is provided 4at-93 between the pole
piece’2la and the:end:of the casing section 12a,
thereby to. insure: propef .clariping cof -the dia-

phragm-between ‘the shoulder:40¢ and the outer

10
pole.piece and.prober clamping of the pole pieces
against the magnet 15q;
In this embodlment of ‘the‘invention-the dia-'
phragm and voice: coﬂ structure-is: formegd in ‘a
novel manner which facilitates the: attainment of

" the desired accuracy. of relationship between the:
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operative elements’ of the- tfansducer: To this
end the dlaphragm and "voice- coil assembly: is
constructed in two sepdarately formed parts whlch
are so formed and’ related that they ‘may: be
readily placed in the"desired’accurate relation-:
ship with respect‘to each other. To this: -end the:
mounting portion 54d; the flexing portmn Slg-and’
the eylindrical voice ‘¢oil support 496 are: moulded:
as an integral unit Whlch is‘compléted by mount-
ing of a loading portlon 95" thereon’ in-4 - ‘clesing:
relation to one end ofthe-voice coil ‘support- 494.
The arrangement is such’that‘the clamping por-
tion 94a merges with' a'short: cylindricallocat-
ing wall: portion* 58 which in- the ‘ assembled
speaker is located in‘a snugly surroundmg relg-
tionghip with respect to at arinular shoulde# 550
formed: on - the ~outer- polé- p1ece ‘2@ THe: wall
section B3a-merges: w1th an -angularly- rdlsposed
portion 52¢ which' i§ in'turn connected: to - the

- flexing portion 5ia of ‘the dlaphragm and at'its
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inner, peripheral edge of the ﬂexmg portion Bla:
is Jolned 1ntegra11y to-one -end‘of ‘the: cylindrical
voice coil support #8a, THus it ‘will bé-clear: that
the voice coil support '49a and the- locatlng wall
53¢ may be molded or otherwise formeq so as
to. be  concentric to each other; ang through the.
formation of: the shoulder: 555 on’ the outer polé
piece 2la in an accurate cofcentric relationship
with Tespect to the anaulds: magnetlc gap-30i;
the desired’ mterrelationshlp of “the: operative
parts of the speaker may-beé attained in every-in-
stance ag- an incident to the: assembly of theése
parts.

In the formation -of “the - cyhndncal ‘Voice- coil
support” 49¢, the ‘material theéreof is molded 375}
provide an annular:shouldés 96 which acts as a
guide for locating the voide coil on the'voide 'coil
support, and: thus, since the voeice-coil support is
molded in a predetermined Telation to the: ﬂexmg
portion- &fa and the mounting portion:: 544 of
the diaphragm, this construction insures thatthe
voice’ coil Will be normally located: ify the: desired
relation to the magnetlc gap 300
. 'With the voice coll support 49¢ formed’ inte-
grally with the ﬂexmg portmn 5ia: of the dia-
phragm, the loadmg area or central’ sectlon 85
of the diaphragm may- e readily' and easily 10+
cated in the desired relation to the voice coil, and
this end is. preferably “attained through the* for-
mation of a cylindrical wall section™ 9T at the
other edge of the loading section 95 'so that the
cylindrical section91 may be teléscoped snugly
within the voice coil support 48e. Uniformity: of
relationship - mdy. be.assured. by the: formatmn
of ah outwardly.projecting ﬂange 98" at theend
of the cylindrical wall 87, and in the assembly of
the partsthe loading section. 95'is foreed inWa,rdly
into the voice coil support 49a untﬂ the ﬂange 98
engages the flexing portion 5la of the diaphragm,
and:.the parts are secured in’ this:relation by
means such as adhesive...

The. leads. or-wires from the opposite ends ‘of
the voice: coil are extended along the outer surs
face.of the voice. coil. support 49¢ toward the
flexing - section. 6le of.the.diaphragm and’ are
then extended outwardly.and through.the flex-
ing section 81d adjacent 10 the outer edge thereof
so:that the. leads may. be connected to suitable
terminal -means, In the embodlment of: the.1n=
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vention shown in Figs. 7 to 9 these terminal
means are constructed and arranged for co-
operation with a novel mounting and connecting
device whereby- the speaker 10a may be quickly
and easily associated with the connecting device
so as to establish the desired electrical circuit to
the two ends of the voice coil. The connecting de-
vice as herein shown is in the form of a head-
band ({e which has the two conductors included
therein. - Thus the headband {le comprises a
central insulating strip 100 against one side of
which a conductor strip {01 made from a ma-
terial such as silver is positioned. A resilient strip
{02 made from a material such as Phosphor
bronze is positioned on the other face of the con-
ductor strip 10f. A second flexible strip 103 made
from s material such as Phosphor bronze is dis-
posed on the other face of the insulating strip
100 while a second conductor member 104 made
from a material such as silver is disposed on the
other face of the resilient strip 103. The several
strips which are thus used to form the headband
{1a are held together by a plurality of rivets 105
which extend therethrough and are insulated
therefrom by insulating sleeves and washers 106
and 107 respectively.

The terminal means employed in this embodi-
ment of the invention are arranged to be quickly
and easily associated with the headband [1a, and
to this-end the terminals 110 and 111 are in the
form of headed studs which extend through the
end wall of the casing I3a and are riveted in
position as shown in Fig:. 9. The headed studs
110 and 1 | I are preferably tubular in form so that
the leads from-the voice coil may be extended
therethrough- and may be soldered thereto at the
exposed outer ends thereof as indicated at 112a.

The terminal 110 is formed with spaced annu-
lar flanges 112 and [13 thereon, the spacing of
these ‘flanges being substantially equal to com-
bined thickness of the resilient strip 103 and the
conductor strip 104, and these two strips are
formed with aligned keyhole slots 114 therein so
that the flange 112 may be passed through the
large end of the keyhole slot 114 and into an
enlarged clearance: opening |15 which is formed
in the strips 100, 184 and 102. After this has
been done the head band {1a may be moved end-
wise so as to engage that portion of the stud or
terminal 110 which:lies between the flanges 112
and 113 with the narrow portion of the key hole
slot 114. Thus. the headband is secured to the
terminal 110 against separating movement away
from the speaker 10a, and as an incident to the
establishment of this relation, the conductor strip
104 is engaged with and electrically connected to
the flange 113 of the terminal 110.

A generally similar connection may also be es-
tablished between the terminal 111 and the other
conductor strip .101 of the headband, and in ac-
complishing this- result the terminal {1 is
mounted on an outwardly projecting boss (16
formed on the casing section 13a. Thus the
flanges 112’ and 113’ of the terminal 111 are dis-
posed in different planes than the corresponding
flanges on the terminal 110, and are adapted for
operative association with a keyhole slot i
formed in the resilient strip 102 and the con-
nector strip 104. ‘A clearance slot {18 is formed
in the strips 100, 103 and 104 opposite the keyhole
slot 111, this clearance slot being arranged fo re-
ceive the boss 116 and the flange 113’. - The spac-
ing of the flanges [12’ and {13’ is such that after
the flange 113’ of the terminal 11 has been in-
serted through the large end of the keyhole slot

§ flanges.
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{11, the headband 1{e may be shifted in an end-
wise direction to engage the narrow portion of
the keyhole slot 117 with that portion of the ter-
minal 111 which is located between the two
This establishes an electrical connec-
tion between the strip 101 and the terminal {i1,
and in addition, the flange 112’ holds the head-
band | I against movement away from the speak-
er 10a. 'To hold the headband Ila against end-

10 wise movement, thereby to maintain the small

ends of the keyhole slots in engagement with the
terminals, a releasable latching means is pro-
vided which acts between the headband and the
speaker [0a. The latching. means as herein

15 shown is afforded by a rounded boss 120 formed

on the end wall of the casing section 13a¢ infer-
mediate the terminals (16 and f1{ in position to
engage 4 recess 121 formed in the end of one of
the rivets (05. This engagement is, of course,

g0 resilient, due to the material from which the

headband (e is formed, and hence as the head-
band {ia is shifted longitudinally to effect the
desired engagement of the keyhole slots with the
terminals 110 and 111, the recess i21 shaps into

95 engagement with the boss 120. Ii will be clear,

therefore, that the headband is effectively con-
_nected with the terminals of the speaker in a
simple and effective manner, and that as in inci-
dent to this connection, the proper electrical

30 connections are established to the voice coil. The

headset is then ready for use, and if desired, a
resilient guard member 45¢ may be associated
with the output end of the speaker, this being
attained through the provision of a flange 122 on

35 the tubular member 32¢ in position to be en-

gaged with a groove 123 formed in the inner
periphery of the guard member 45a.

In the embodiment of the invention shown in
Tig. 10, the speaker 18D is adapbed to be asso-

40 ciated with a headband {1b, and in this head-

band the voice current is transmitted through
resilient strips made from Phosphor bronze rather
than through separate conductor strips as in the
other embodiment of the invention.. In- the

45 speaker 10b the magnet 150, the inner pole piece

220, the outer pole piece 21b and the spacing ring
24b are substantially the same as hereinbefore
described in connection with the other embodi-
ments of the invention. In this embodiment of

50 the invention, however, the central tubular mem-

ber 320 is associated with the casing 120 formed
from g non-magnetic material such as brass, and
this is accomplished by the formation of a flange
125 on the outer end of the tubular member 32b.

55 The opening at the smaller end of the casing i2b

is arranged about a flanged shoulder 126 and the
material of the flange 125 is peened over the ouber
face of the casing 12b to hold the casing in place
on the tubular member 32b. The inner end of

60 the tubular member 32b is flanged at 34b so as

to engage the inner face of theé inner pole piece
22b, while the flange 125 engages the flat face 390
of the magnet 15b. Thus the formation of flange
34b on the inner end of the tubular member 32

65 serves to hold the elements of the magnetic cir-

cuit in the desired assembled relation within the
casing 12b. The outer end of the tubular mem-
ber 320 is extended beyond the flange 125, and is
flanged at 122b to hold a resilient guard member

70 45b in position to engage the ear of a user.

In this embodiment of the invention the casing
section 12b is utilized to hold the mounting wall
13b in position on the outer pole piece 21 and
the mounting wall 13b has a flange 40b which is

78 adapted to engage the mounting portion 54b of
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the diaphragm-14b. -~ The diaphragm:14b may be
formed: as- disclosed in:Figs. 1:to-5; or may-be
formed-as-illustrated in Figs. 8 and:9; butiin tHis
embodiment-of:the invention the moimting flange
54b-of the diaphragm has:a:slot formed ‘therein
through which a- relatively narrow tongue: 128
formed on the flange 465 of the wall 13t/may pass
into a corresponding:slot 129-formed in:the outer
pole piece 21b, thereby to hold the diaphiragm i4b
andthe mounting: wall'i3b against rotative move-
ment relative to each other and relative to the
elements of the magnetic circuit. With this con-
struction, the edge of the casing (2b may be eas-
ily flanged inwardly as at 42b-to held the moeunt-
ing wall (36 securely in position in the desired
clamping relation to the diaphiagm 14b.

In this embodiment of the invention similar
terminals 1160 and 11D are: provided on:the
mounting - wall {3b, and these- terminals: are
adapted for: association - with the: headband; 1b
in substantially the same manner as in theem-
bodiment shown in Figs. 7:t0:9:: In the embodi-
ment of the invention shown in Fig. 10, however,
the headband is formed from:a strip of; insulat-

ing material such as cellulose plastic on opposite -

sides of which a pair of resilient strips. #6256 and
{08b are-fixed by means: -such as rivets: 195b.
Those portions of the rivets: I£#8b which might
engage with the conductor: strip: 192b:are insu-

lated: therefrom by means.such' as fibre: eyelets.

or:sleeves 188b. Thus, in this embodiment of the
invention, the resilient strips 192b and {030,
which are made preferably from s material such
as Phosphor bronze, are relied upon to serve as

conductors, and the:spacing. of: the flanges: on :

terminals 1185 and 1tib is so arranged that the
desired electrical connection is established be-
tween the conductor strips and their respective
terminals when the keyhole slots 114 and 117b
in the headband ib are engaged with the re-
spective terminals {18b and 1{{b. Such engage-
ment is maintained by the resilient latching ac-
tion of a recess 121b formed in one of the rivets
105b and engaged with a rounded boss 120b
formed on the mounting wall 14b.

.In the embodiment of the invention shown
in Fig. 11, the two terminal studs 110¢ are of the
same form as the stud 110 and are mounted with
the corresponding flanges thereof in the same
plane. In other words, the boss {8 iz elimi-
nated in. this form of the invention, thereby
to reduce the thickness of the speaker as a whole.
With this arrangement the two conductors which
are to be connected to the respective terminals
(18c are disposed in the same plane and are pro-
vided by two semi-circular metal plates 182¢ and
103¢ having connecting arms {38 . extending
therefrom so that lead wires may be soldered
to the arms i38. 'The two plates 182¢ and 103¢
are mounted on or recessed into one face of a
circular plate 131 of insulating material so that
the straight edges of the two plates are spaced
slightly from each other, and the plates are se-
cured in such positions by rivets {85¢ similar to
the rivets 1085. The plates 182¢ and 182¢c have
keyhole slots |i4c and 117e, respectively, formed
therein at diametrically opposite points in such
a relation that the heads of the two terminal
studs [f8c may be inserted through the large
ends of the two keyhole slots. The small ends
or extensions of the slots are extended in op-
posite directions and are concentrically related
so that the speaker may then be rotated about
its axis to engage the reduced portions of ‘the
studs 1108c with the narrow portions of the slots
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I1dc and 1{Jc. In such movement:the heads:of
the-stiuds: pass-into clearance:openings: 115e-and
118c formed in the insulating plate 131, and:the
two studs are electrically connected to the studs
192c. and: 193¢ as in the -embodiments of the:in-
vention:shown:in Figs. 7.t0:10. This engagement
of* the: parts: is: maintained by latching engage-
Tment iof: the: recessed end. of -one: of:the rivets
165¢c with: & boss: such vas: the: boss: 120b:appro-
priately . positioned on. the: outer wall: of: the
speaker. = In:this: form of the invention the-plate
13- mayberounted on a headband; or: maysserve
merely as-a:connecting means:for:connecting-the
lead wires to:the voice:coil. In' this-latter:in-
stance; a molded-éar-piece of conventional design
is:fastened on:the flanged end 122 or 125:of the .
speaker so! that the:ear-piece may: be -inserted
into- the ‘passages of: dn ear of: the user: tozact
as a.:support-for the speaker:

From:the foregoing description: it w111-sbe: ap-
parent: that the present invention enables:-trans-

‘ducers: of: the:dynamic:type- to be: produced in

such'asmanner-as-to-insure-fidelity: of: perform-
ance and accuracy: of response: over-a:wide range
of - frequenecies.:. ‘The relationship‘of: the parts:is
sueh: that -transdicers: may. be-produced: over: a
wide range of sizes; including -exceedingly:small
sizes; and-in:all instances-the mere-assembly:of
the component parts:of the transducer:results:in
the-desired: accuracy of: relationship: of these
parts, and:hence: the desired: excellence: of: per-
formanece is invariably attained: Wherethe pres-
ent invention is:embodied in-a speaker it will be
evident: that’ the particular arrangement . of: the
clements:of: the-magnetie circuit: is-such-that:all
space within the speaker casing is efficiently
utilized, and as a result exceptionally good per-
formance characteristics may be embodied in-a
relatively small speaker. The novel form of per-
manent magnef, which is provided by the present
invention contributes in a great measure to the
simplicity . and -efficiency. of  the transducer,
whether such transducer be embodied as a speaker
or 28 a microphone, and moreover, this novel
form of permanent magnet enables the other
elements of the magnetic circuit to be accurately
related to the magnet and to each other in such
a manner as to produce accuracy of size and form
in the magnetic gap.

It will also be evident that the present inven-
tion, through the provision of a novel diaphragm,
has simplified the manner of assembly of dyna-
mic transducers, and this simplification is at-
tained in such a way that the elements of the
transducer when assembled are invariably located
in the desired relationship to each other. More-~
over, the formation of the voice coil support in-
tegrally with the mounting flange of the dia-
phragm contributes in a substantial degree to
the attainment of the desired-location of the voice
coil with relation to the magnetic gap, and
through the formation of a guiding shoulder on
the voice coil support, the manufacture of this
portion of the transducer is materially simpli-
fied. The present invention also enables speak-
ers to be embodied -as parts of a headset in an
exceptionally simple manner such that the de-
sired electrical connections are established as an
incident to the mounting of the speakers upon
the headband.

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
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"desire to avail myself of such changes and altera-
tions as fall within the purview of the following
claims: :

Iclaim: -

1. In a speaker adapted for use in a headset,
means forming a magnetic circuit including in-
ner and outer annular pole pieces concentrically
located and spaced to provide an annular mag-
netic gap therebetween, a diaphragm mounted on
said outer pole piece and having a voice coil
structure carried thereon and extending into said
-annular magnetic gap, said diaphragm being
spaced from one face of said inner pole piece to
define a sound chamber, means defining a back
chamber on the side of said diaphragm opposite
from said sound chamber, a permanent magnet
forming part of said magnetic eircuit and com-
‘prising g centrally bored hub having one end en-

10
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gaging said inner pole piece and having an annu- -

lar skirt extending outwardly from the other end
of the hub and then in an endwise direction in
spaced relation to said hub and info contact with
said outer pole piece, and a tubular fastening
‘member extending through. the bore of said hub
and operatively engaged with said magnet and
said inner pole piece to hold the same together,
‘said tubular fastening member opening into said
sound chamber to afford a passage through which
sound may travel from said sound chamber.

2. In a diaphragm for use in a transducer or
the like, a sheet of flexible yet relatively stiff ma-
terial formed to provide an outer annular mount-
‘ing portion and an integral flexing portion ex-
‘tending inwardly therefrom, said sheet of mate-
rial also being formed to provide a central load-
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ing portion offset from said flexing portion and
having a relatively short cylindrical wall portion
joining said loading portion and said flexing por-
tion, and said mounting portion and said flexing
portion being joined by an integral and relative-
ly short cylindrical wall section located concen-
trically with respect to the cylindrical wall sec-
tion which joins said flexing portion and said
loading portion. .
WEBSTER E. GILMAN,
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