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1 
My invention is concerned with electro-acoustic 

transducers, and, more particularly, with trans 
ducers whose vibrating systems are stiffness 
controlled over a large portion of the frequency 
range of operation. 
In a vibrating system that is stiffness-con 

trolled, the mechanical stiffness of the vibrating 
element offers practically all the impedance to 
the alternating force which is used to set the sys 
tem into vibration. Stiiiness-controlled vibrat 
ing systems are well-known in the art. A very 
common transducer employing a stiffness-con 
trolled vibrating system is the conventional tele 
phone receiver in which a magnetic disc is 
clamped near its periphery and is driven by mag 
netic forces generated within the unit. In the 
frequency region over which the diaphragm stiff 
ness is the controlling impedance, the displace 
ment of the diaphragm per unit driving force is 
independent of frequency, which results in ap 
proximately constant sound pressure in the ear 
provided the receiver is properly sealed thereto. 
In the telephone receiver, the diaphragm, which 
is relatively ?exible, is enclosed by a cover. 

It is a purpose of my invention to provide a 
transducer in which the mechanical stiffness of 
the vibrating diaphragm is very much higher than 
the stiffness employed in the conventional type of 
telephone receiver so that the diaphragm may 
be designed as one of the external surfaces of the 
transducer and yet remain rugged- even under 
rough conditions of handling. 
The general procedure that I employ for con 

structing my new type of transducer is to mold 
two portions; a body portion including the pole 
pieces and magnet assembly as inserts in the 
molded part, and a diaphragm portion including 
a magnetic armature assembly molded as an in 
sert. The diaphragm portion consists of a rela 
tively thick convex shell which is somewhat thin 
ner in the region de?ning the vibratile section of 
the piece. These two inexpensive halves are then 
made ?at over their mating surfaces and are 
bonded together to form a very simple hermeti 
cally sealed unit. To secure maximum strength 
for the transducer, the external surface is de 
signed to approximate a smooth, ?attened ellip 
sold. 

In one application of my new transducer, it is 
placed under a pillow and is connected to a radio 
to reproduce a program directly to a person lying 
in bed. For this use, the weight of the person’s 
head which is transmitted through the pillow to 
the vibratile section of the diaphragm portion of 
the structure, must notde?ectthe diapragm to‘ an 
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extent suf?cient to change materially the air gap 
dimension. I found that for satisfactory use of 
the transducer for this application, a diaphragm 
compliance of the. order of .001 inch displacement 
per three pounds applied at its center point gave 
very good-results. With the proper magnetic cir 
cuit which I employed, I was able to realize normal 
sound intensity reproduction of a radio program 
with an input of about one volt applied to the 
transducer terminals. The impedance of the 
transducer measured approximately 200 ohms at 
1000 cycles. 
ducer was about 31/2 inches and the diameter» of 
the under-cut vibratile section of the diaphragm 
portion was approximately 21/2 inches. When 
this transducer was held in the hand, it felt about 
the same as a solid Bakelite object and there was 
no sense of ?exibility to the diaphragm surface 
as would'be the case if a conventional telephone 
receiver were held with its diaphragm surface 
exposed to the vtouch. 

In a somewhat smaller version of my new trans 
ducer, designed for use as a portable microphone 
which is impervious to weather conditions or 
which may be covered with a very soft smooth 
surfaced cushion for use as a comfortable head 
set, I ?nd that a diaphragm compliance as high 
as .601 inch de?ection per pound of force applied 
to its center point is possible without sacri?cing 
the desirable ruggedness and reliability features 
of my simpli?ed transducer. ‘ 
A better understanding of my invention will 

become apparent after reading the speci?cations 
and claims which follow: 
An object of my invention is to improve the 

ruggedness of an electro-acoustic transducer of 
the vibrating diaphragm type. ‘ 
‘Another object of my invention is to simplify 

the construction of a transducer, thereby re 
sulting in lowering its manufacturing cost. 
A further object of my invention is to provide 

a transducer in which the vibrating diaphragm 
is an integral part of the external surface of the 
structure and having sufficient rigidity so that 
the performance is not materially affected by 
resting the weight of a person’s head over the sur 
face of the diaphragm. 
Another object of my invention is to mold the 

magnetic- material of a magnetic type of trans 
ducer as inserts into the major portions of the 
structure, thus eliminating the cost of mounting 
the magnetic structure separately. 
A further object of my invention is to provide 

a transducer design in which two portions are 
scaled together thus totally enclosing the force 

Theoverall diameter of this trans- ‘ 
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generating mechanism and eliminating the need 
for screws or other fastening devices. 
A still further object of my invention is to pro 

vide an enclosed housing of which one surface is 
designed to act as a vibratile diaphragm and 
within which enclosure is mounted the electro 
mechanical transducer mechanism which is op 
eratively connected to drive the diaphragm 
surface. 
Another object of my invention is to provide a 

method of manufacturing a transducer in which 
high mechanical precision results at a very low 
cost. 

Still another object of my invention is to pro 
vide a simple anchor for a ?exible cable sealed 
through the transducer housing so that the cable 
may be neither pulled out nor pushed into the 
housing. 
A further object of my invention is to provide a 

transducer design which is completely water 
proof. 
Another object of my invention is to improve 

the design of a transducer so that improved com 
fort will result when the unit is worn as a head 
phone. 
Other objects and advantages of my invention 

will become evident by reading the speci?cations 
which follow. The novel features that I consider 
characteristic of my invention are set forth with 
particularity in the appended claims. The in 
vention, itself, however, both as to its organiza 
tion and method of operation, as well as advan 
tages thereof, will best be understood from the 
following description of several embodiments 
thereof, when read in connection with the ac 
companying drawings, in which— 

Fig. 1 is a plan view of an electro-magnetic type 
of transducer which embodies the teachings of 
my invention. The diaphragm portion has been 
partially cut away to show the cable anchoring 
and other internal structural details. 

Fig. 2 is a section taken along the line 2-2 of 
Fig. 1. 

Fig. 3 is a section showing another magnetic 
type of transducer in which the polarizing flux 
is supplied from an electromagnet in the elec 
trical circuit of the device. 

Fig. 4 shows a cross-section of another type 
of transducer which embodies the teachings of 
my invention and makes use of a magnetostric 
tion element as the transducer means. 

Fig. 5 is a section through a transducer em 
ploying the teachings of my invention and em 
ploying a piezo-electric crystal as the transducer 
element. 

Fig. 6 shows means for adapting one of my 
new transducer units so that it may be Worn as 
a head phone with improved comfort as com 
pared with previous types of head phone con 
structions. 

Fig. '7 is a section taken along the line 1-‘! 
in Fig. 6 showing the pivot means employed for 
allowing the head phone unit to adjust itself to 
a balanced position on the ear. 
Referring more particularly to Fig. l and to 

Fig. 2 which is a section along the line 2—2 of 
Fig, 1, the reference character 1 represents the 
main body of the transducer which is preferably 
molded to the desired shape. During the mold 
ing of the body 1, two pole piece assemblies 2, 
together with a permanent magnet 3, are placed 
in the mold as inserts such that the lower por 
tions of the pole pieces 2 and the entire magnet 
3 are permanently embedded Within the mate 
rial when the piece is made as indicated in Fig. 
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2. I have found it preferable to build up the 
pole piece assemblies 2 by cementing the neces 
sary number of laminations in a ?xture to pro 
duce the required thickness of the stack. The 
magnet 3 is also cemented to the pole pieces 2 
so that the resulting sub-assembly is easily han 
dled and used effectively as a solid single insert 
which is dropped into the mold during manufac 
ture of the body I. As a result of this method 
of fabrication, an inexpensive magnetic trans 
ducer construction is realized in which all fas 
tening devices to hold the critical magnetic com 
ponents are eliminated and a clean, rugged unit 
is produced in which the magnetic materials are 
permanently imbedded within the structure with 
uniform accuracy. 

Still referring to Figs. 1 and 2, the reference 
character ‘4 indicates the diaphragm portion of 
the transducer. A stack of armature lamina 
tions 5 are pro-assembled as previously described 
in connection with the pole piece 2 and the arma 
ture assembly 5 is then used as an insert when 
molding the diaphragm 4. The design of the 
diaphragm 4 has as one of its main objectives 
the possibility of allowing the vibrating surface 
to remain as an unprotected part of the com 
plete external transducer surface, thereby pro 
ducing a smooth, solid unit having the approxi 
mate external appearance of a ?attened ellipsoid 
and not requiring any protecting grilles or other 
precautionary measures for preventing damage 
to the structure. In order to achieve this ob 
jective, I found it necessary to make the me 
chanical compliance of the diaphragm low 
enough so that a force of several pounds applied 
directly to the diaphragm surface will cause only 
a few thousandths of an inch displacement of 
its center point. For a transducer of this type, 
which I built for reproducing radio programs 
through a pillow when a person is lying in bed 
or reclining on a chair, I found it desirable to 
make the compliance of the diaphragm such that 
a force of ?ve pounds applied to its center point 
would not cause more than .002 inch displace 
ment. To achieve this order of magnitude of 
compliance, I found that a plastic diaphragm 
designed as shown by reference character 6 in 
Fig. 2, having an unsupported diameter of about 
21/2 inches and a material thickness at the thin 
nest portion of about 1/8", resulted in a very 
practical structure of pleasing proportions and 
simple to produce. In another transducer of the 
same type designed primarily for use as a micro 
phone and as a head phone and requiring an un 
supported diaphragm diameter of about 11/2 
inches, I found that the diaphragm compliance 
could be as high as .001 inch displacement per 
pound of force applied to its center point. If 
the compliance were made appreciably higher, 
the ruggedness of the transducer would be im 
paired and it would become necessary to employ 
precautionary measures as is the general practice 
in head phones of conventional design in which 
the diaphragm is never exposed as an external 
surface of the structure, but is covered by a grille 
or the like. 

Still referring to Figs. 1 and 2, two coils of wire 
6 are placed over the exposed tips of the pole 
pieces 2 and are cemented to the flat internal 
surface of the housing I. The coil leads ‘I are 
connected to terminal pins 8 which are forced 
into a pair of holes suitably located in the body 
of the housing I, which is molded of a non-con 
ducting material. The ?exible cable 9 has a 
molded tapered sleeve I0 whose largest end is 
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forcedinto rtheventrancexholepinothe zbodyil ‘to 
aprovide :a snug, "moisturee'proof :?t ‘between the 
:cable and ‘the "housing. 2 During ':assembly, the 
cablezis threaded‘through' the hole in the housing 
‘from: the: inside‘ of t the: body : l ,>;and the flanged 
portion 1. I, which is connected to or integral with 
theend .of athegcableis: is forced ‘over the: lugs l2 
‘whichoare integrallywm'olded asgpartl .of ~the body 
I, and into asmallrcon?ningspacewbetweenthe 
j-lugsaI‘Zi-andthe wall of thehousing,=with;a re 
lsultingaanchoring of ~ .thelcable. so ~. that it "maybe 
1 neither a pulled rout -;nor,; pushed into the housing. 
The-rcable leads are soldered to the . pins es 
;tablishing electrical connectionv to 1 the .coils is. 
: siBefore "connecting the .two housing portions 
ltogether, ,the diaphragm portion 1'4, with its 
.molded insertarmature assemblyt, islmachined 
tolinsure that the exposedsuriace of the comma 
lture _:5 {lies in ‘Y the same plane as :1 the‘ mounting 
ziiacerof the aflange portion- of the diaphragm 1 6i. 
Thc'housing or back gportionil, with :itsimolded 
.insert pole piece assemblies :2, is i also. machined 
:sorzthatrtheplane of the. pole tipslies paral-lelto 
-the§ plane-of the peripheral mounting face . of the 
~=-housing sand :the plane‘ of the .pole tip surfaces 
is set below the plane of the peripheral-mound 
.ing .facepf thelhousing-bythe distance required 
.for. establishing-the desired airIg-ap at ?naLas? 
#sembly. ‘In the?nalassembly ofthe diaphragm 
.portionsltothe back‘portion l, a ?lm of. cement 
[1.3 employed between :the two surfaces that 
are shown in contact. Thehousing pieces-Lt and 
l .arepreferably .held. ina ?xture whichinain 
tainsconcentricity .of thegtwo parts and simul~ 
.taneouslyzapplies a {pressure to .insure intimacy 
.ofthe two surfaces beingbonded. By following 
#the . described procedure, a completely - enclosed, 
water-proof, rugged transducer results which 
permits uniformity of dimensional tolerances at 
.a .very?low cost of manufacture. lIt.is,.of course, 
obvious .thatscrews. or other well~known means 
maylbe employed .for attaching .the diaphragm 
+4 .to thebody i; .howevensuch .anlassembly will 
;entail.-.an increase in manufacturing cost :and 
,willnotresultiina bonded watereproof surface 
“between the .two‘pieces unless a gasket .is em~ 
ployed, which will ‘further increase the costand 

dimensional tolerance 

'in ' the air 'gap ‘dimensions. 
In ‘Fig. v3 is ‘shown a cross-sectional view of‘ an 

other type 'of v‘transducer employing the same 
basic structural design as has been described in 
"connection with "Fig. il. andt'Fig. ,?The‘only dif~ 
‘Terence ‘in this modi?ed ‘transducer is that the . 
‘pole piece and magnet assembly of Fig. Z'has been 
replaced byastackiof iu~shapcd laminations 'l‘k’l 
“which are molded as'an integral part ‘of ' the house‘ 
ing I by'the method previously described. For 
the‘structure‘o'f ‘Fig. 3, a DJC.polarizingr "current 

sentthrough ‘the coils "d (‘to establish the de 
siredia'irvgapf?ux and then audicefrequency cur 
rents are ‘super-imposed" to cause actuation of the 
diaphragm. This simpler structure leads'to econ~ 
"omy if employeddireétlyiin=the plate circuit-oi I 
an‘output tubeiin which the normal plate'current 
provides the necessary polarizing ?ux, as “de 
scribedin greater detail in ‘my co~pending appli 
~cati0n, SeriailiNo.v 598,270, ‘filed June‘B, r1945. 

~‘Anothermodi?cation of *the same? basic struc-- ‘ 

ture previously described. is shown‘in Fig. this eexamplevthe housing ‘I. does not include any 

Ymagnetic parts as vinserts. Instead, 1a lbi-metallic 
*magnétos'triction element 15, as ‘described in ‘my 
co-pending application Serial No. 588,691, ‘Y?le‘d 

‘B 
April116,.19.¢l5, now U. ST‘Patent ‘No. 2,475,148, 

employed as the transducer means. A'special 
coil form it provides a suitable mounting-for. it 
self and also provides a locating surface for 
causing the bi-»metallic strip [5 to'pass accurate 
ly'through' theiaaial openingv of the coil'form, the 
screw l lfbeing' used to secure the bi-metallicistrip 
.l 5' to the coil form. A more complete description 
oithis constructional ‘detail may he found in my 
co-pending application, Serial No. 598,270,:?led 
June 8, 119%. A coil of wire 18 is wound on the 
coil form is and the ends of the coil are suitably 
connected to a cable in ainianner similar to that 
shown in Fig. l. Torthe free end of the'bi~metal 
lic niagnetostriction reed is attached the drive 
pin ill, which'is so located that it is aligned along 
the'central axis of the bodyll at assembly. The 
diaphragm portion a has a hole through its cen 
ter which is countersunk at its outer edge, as 
indicated. After the diaphragm d and body l‘are 
vassembled. as previously described, a hard cement 
7253 is used. toi?ll the small conical cavity exposed 
on the centeroi’ the diaphragm, thus securing an 
ii'itiniatg bond between the drive pin 19 and the 
diaphragm and also effectively sealing the 
trap ucer to ‘makethe unit Water-proof. 

11 ‘g. 5 is shown another modi?cation of‘my 
improved transducer in which a piezo-electric 

“ _ nt is employed as the transducer means. 

For this modi?cation, the housing 5 has no mold 
ed inserts and a piece-electric crystal element 
such as a W€11~lili10Wll Rochelle salt twister ‘2|, is 
at ..ched to the inside housing surface by :means 
oi mounting pads Themounting pads 22 are 
employed to mount three corners of the square 
crystal element on the fourth iree'corner is 

'ured the drive pin ill which is so located that 
when the crystal is ‘assembled, the pin I9 lies 
along the center axis of the housing. The dia 
phragm ii is prepared identically as described in 
connection with s and the assembly also 
vlollov-ms the identical procedure there described. 
in 6 is shown the application'of my new 

type of transducer as an improved‘form'of;head 

(A Cr: 

'60 

lo 

‘the rivets .23. _ 
vamat'serial having the consistency of foam‘rubber 

phone. As previously mentioned, I ?nditpref 
enable-to lteep'the compliance of the ‘diaphragm 
no higher than .001 inch de?ection per pound 
of force applied at its center in order to insure 
‘ruggedness and ‘permit the employment ‘of the 
diaphragm as part of the external structure of 
the head phone. On the rear .of‘the housing I, 
.is molded a pair of‘ridges 23, also "shown in the 
cross-sectional detail in Fig. '7, between'which 
ridges ispivoted'the ?attened end of the head 
phone simportingsteni 25. A pin 24 isemployed 
‘to provide a hearing .for the end of, the ‘stem 

This pivot, plus the freedom of rotation of 
the wrod in‘the mounting bracket 26, ‘permits 

universal swivel motion of the head phone so 
thatiteasily sets itself to'tbe best orientation on 
a person’s ear. A portion of the head band “is 
shown attached. to the bracket 2d ‘by means of 

‘A soft molded outer ‘cover 29 ‘of 

is ed over the headphone unit presenting 
co. .zinuous soft convex surface to the “ear of 

the wearer. This shape of- soft surface provides 
extreme comfort when'vlearing phones contin 
uously over long periods of time. In the conven~ 
tional herd~suriace phones, the ears become pain 
iul points of contact with the struc~ 
ture. In the conventional modification of head 

in which soft rubber seals are arranged 
to-surround the ear, enclosingit inside va rubber 
1sealed chamber, considerable discomfort rresults 
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from the high humidity that is created due to 
lack of adequate ventilation of the ear. The 
convex surface shown in Fig. 6 distributes the 
pressure very uniformly over various portions of 
the outer ear and head and also leaves ventilat 
ing slits between the folds of the ear structure 
and the convex surface when worn, which serve 
to keep the ear refreshed and comfortable. In the 
choice of the material for the cover 29, it is pref 
erable to select one which attenuates sound to an 
increasing degree as the frequency is increased. 
The necessity for this choice of material results 
from the fact that the vibrating portion of the 
sound generator employing the construction de~ 
scribed is stillness-controlled over a large portion 
of the audio-frequency range, which results in 
constant displacement of the diaphragm over a 
wide range of frequencies for constant generated 
driving force in the transducer element. If 
such a system is employed as a head phone and 
is not sealed to the car, as is the case in my new 
improved arrangement, the sound intensity gen 
erated will increase with increasing frequency. 
By employing material whose attenuation char 
acteristic causes increased attenuation with in 
creasing freouency, the proper balance between 
low and his frequency response may be main 
tained. Another method may be resorted to for 
proviclhig uniform response as a function of 
frequency in connection with the magnetic and 
magnetostriction systems indicated in Figs. 1, 
2, 3, and 4:. It is possible to design the coil wind 
ings magnetic circuit such that the electrical. 
impedance of the unit is primarily an inductance 
over most of the frequency range. If such an 
impedance is connected across a circuit whose 
impedance is approximately equal to the resistive 
component of the coil impedance, the high-fre 
quency compensation for the head phone may 
be electrically realized without resorting to ac 
coustic attenuation in the cover ped 29. A com 
bination of electrical and acoustic compensation 
is also possible for conditions where highest qual 
ity reproduction is essential. Although it is not 
shown, I may place holes through the center por 
tion of the cover 29 for the purpose of reducing 
the high-frequency losses through the cover, if 
I so desire. 

If any of the described transducers are used as 
microphones, the stiffness-controlled mechanical 
system will automatically result in uniform re 
sponse versus frequency over the entire range of 
frequencies lying well below the resonant fre 
quency of the diaphragm assembly. Any of the 
transducers, therefore, results in an ideal micro 
phone for use under adverse conditions such as 
in a rain storm or at sea, where dependability and 
ruggedness are a primary concern in the installa 
tion. 
Although I have shown several speci?c em 

bodiments of my invention for the purposes of 
illustrating the novel features, there will be other 
variations that will be obvious to those skilled in 
the art. and I. therefore, desire that my invention 
shall not be limited except insofar as is made 
necessary by the prior art and by the spirit of 
the appended claims. 

I claim as my invention: 
1. In combination in electrohmechanical 

transducer for generating sound waves in a gase 
ous medium, a housing having an opening, a vi 
bratile diaphragm attached to said housing clos 
ing said opening, electro-mechanical force gen 
erating means attached to said housing and ar 
ranged to impart said generated forces to cause 
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8 
vibrations of said diaphragm only in directions 
substantially normal to the surface thereof, the 
mechanical compliance of the diaphragm lying 
in the approximate range 0.001 to 0.0003 inch dis 
placement per pound of force applied at its cen 
ter point. 

2. The invention set forth in claim 1, charac 
terized in that the active diameter of said dia 
phragm is not greater than 3 inches. 

3. In a telephone receiver for generating sound 
waves in a gaseous medium, a body having an 
open side, electro-mechanical force generating 
means secured to said body, a diaphragm struc 
ture having a vibratile section secured to said 
body closing said open side, said force generating 
means being arranged to vibrate said diaphragm 
only in directions substantially normal to the sur 
face thereof, the compliance of said vibratile sec 
tion of said diaphragm structure being less than 
.001 inch displacement per pound force applied 
to its center, whereby said diaphragm protects 
said electro-mechanical generating means with 
out aid of a grille or the like, and the resonance 
frequency of said diaphragm lying near the upper 
portion of the frequency range of operation of 
said telephone receiver. 

4. The invention described in claim 3, charac 
terized in that the vibratile section of saiddia 
phragm structure is covered with a compressible 
material which offers greater attenuation to 
sound waves at the higher audio frequencies than 
at the lower audio frequencies. 

5. In an electro-mechanical transducer for 
generating sound waves in a gaseous medium, a 
casing, a vibratile diaphragm supported by the 
casing, electro-mechanical force generating 
means disposed within the casing and arranged 
to impart vibrations to said diaphragm with re 
spect to said casing and in directions substan 
tially normal to the surface of said diaphragm 
substantially throughout the ordinary audio-fre 
quency range of a radio program, said diaphragm 
having a mechanical compliance of less than 0.001 
inch per pound of force applied at its center, and 
the resonance frequency of said diaphragm lying 
near the upper portion of the frequency range of 
operation of said transducer. 

6. A vibratile diaphragm according to claim 5 
further characterized in that the diaphragm is 
molded of plastic material and has a portion of 
said electro-mechanical force generating means 
anchored permanently therein. 

'7. The invention set forth in claim 5, further 
characterized in that the shapes of said body por— 
tion and said diaphragm portion are such as to 
present an external overall convex surface to the 
assembled transducer, a portion of said external 
surface serving as the vibrating element. 

8. In an electro-mechanical transducer adapt 
ed to reproduce sound in gaseous media, a vi 
bratile diaphragm, electro-mechanical force gen 
erating means arranged to impart vibrations to 
said diaphragm substantially throughout the or 
dinary audio-frequency range of a radio pro 
gram and in directions substantially normal to 
the plane of said diaphragm, said diaphragm 
having a mechanical compliance of less than 
0.001 inch per pound of force applied at its cen 
ter point, and a cover disposed in contact with 
a vibratile portion of said diaphragm and com 
posed of a compressible material which offers 
greater attenuation to sound waves at the higher 
audio-frequencies than at the lower audio-fre 
quencies. 
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9. An electro-mechanical transducer adapted 
for the reproduction of intelligible speech‘in a 
gaseous medium, comprising a round, hollow 
sealed housing of generally ellipsoidal cross-sec 
tion, said housing comprising a body portion and 
a. vibratile diaphragm portion composed of mold - 
ed plastic insulating material and presenting a 
smooth convex exterior surface, electro-mechan 
ical force generating means within said housing 
and adapted to vibrate said diaphragm with re 
spect to said housing in directions substantially 
normal to said diaphragm, said diaphragm hav 
ing a mechanical compliance of less than 0.001 
inch per pound of force applied to its center, 
whereby said diaphragm protects said force gen 
erating means without the aid of a grille or the 
like, said diaphragm having a plane marginal 

p. Ll 

surface sealed to a plane marginal surface of the ‘ 
body portion, the inner surface of said diaphragm 
being undercut beneath the plane of said plane ; 
marginal surface, an armature molded into the 
central portion of said diaphragm and a ?eld 
structure molded into said body portion, said ar 
mature and ?eld structure having pole faces dis 
posed in predetermined relationships to the 
planes of the plane marginal surfaces of said dia 
phragm and body portions, whereby an air gap 
of desired size is provided when said parts are 
assembled. 

10. An electro-mechanical transducer adapted 
for the reproduction of intelligible speech in a 
gaseous medium, comprising a hollow sealed 
housing comprising a body portion and a vibratile 
diaphragm portion composed of molded plastic 
insulating material, said diaphragm having a ' 
plane marginal surface secured to a plane mar 
ginal surface of the body portion, an armature 

1O 
molded into the central portion of one of said 
portions and rigidly connected thereto and a 
?eld structure molded into the other of said por 
tions and rigidly connected thereto, said arma 
ture and field structure having pole faces disposed 
in such relation to the planes of said plane mar 
ginal surfaces to provide an air gap when said 
diaphragm and body portions are assembled, said 
vibratile diaphragm portion having a mechan 
ical compliance lying in the approximate range 
0.001 to 0.0003 inch displacement per pound of 
force applied at its center point. 
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