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Patented Aug. 22, 1950 2,519,916 

UNITED STATES PATENT OFFICE 
2,519,916 

NERAL ELECTROMAGNETIC THROAT 
MCROPHONE 

Daniel William Martin, Indianapolis, Ind., as 
signor to Radio Corporation 
poration of Delaware 

of America, a cor 

Application April 30, 1945, Serial No. 591,070 
8 Claims. 

This invention relates to vibration translating 
devices and more particularly to a sound pow 
ered throat microphone of the inertia type adapt 
ed to be supported externally in contact with 
the throat adjacent the larynx of the user for 
translating voice sound waves or vibrations into 
corresponding signal currents. 
An object of the invention is to provide a small 

low mass microphone of the inertia type capable 
of generating sufficient signal voltage in response 
to speech vibrations, transmitted through the 
neck of a user to the casing of the microphone 
adapted to be worn in contact with the throat, 
to operate satisfactorily one or more telephone 
receivers without the use of external power such 
as amplifiers and batteries in circuit, as well as 
to operate properly with amplifiers. 
Another object of the invention is to substan 

tially improve the efficiency and linearity of re 
sponse, and thereby the intelligibility of devices 
of this type, without increasing size and weight. 
Certain devices in the prior art use push-pull 
magnetic structures which eliminate even har 
monic distortion components, but in the inven 
tion the odd harmonics are also eliminated due to 
the use of a balanced armature. 
Another object of the invention is to improve 

the construction of such devices in the Way of 
ruggedness, simplification, adaptability to quall 
tity production, serviceability, and low cost con 
sidering the performance obtained. 

Still another object of the invention is to pro 
wide a sound powered throat microphone of the 
inertia type having improved performance as a 
result of a novel magnetic unit in which mag 
netic and dynamic symmetry in a double air gap 
arrangement are combined with a rectilinearly 
moving magnetically balanced armature. AC 
cording to the invention, this combination is free 
from electrical response to spurious non-recti 
linear vibratory movements. For example when 
rocking occurs, the displacements of the ends of 
the armature in the two gaps are equal in mag 
nitude and opposite in direction. Because the 
magnetic fields in the two gaps are also opposite 
in direction and equal in magnitude, there is no 
flux variation in the armature due to the rocking 
motion, and therefore no contribution to the elec 
trical output. In conventional single gap ar 
rangements and unsymmetrical double gap ar 
rangements, rocking motion introduces double 
frequency distortion components into the elec 
trical output. 

Further, in accordance with the invention the 
vibratory device is adapted to operate in contact 
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with selected portions of the body of the user, 
such as the neck through which sound vibrations 
are transmitted from the throat. It comprises 
a casing containing a magnetic armature and an 
asSociated field magnet system including a per 
manent magnet, pole pieces and signal translat 
ing coil. The armature is secured to the casing 
by stiffness means for cophasal vibratory move 
ment therewith and the magnet system is sus 
pended from the casing by compliance means, 
the relations of the mass of the casing and arma 
ture to that of the magnet system, together with 
the characteristics of the stiffness and compli 
ance means, being Such that there is relative 
vibratory movement between the armature and 
pole pieces in accordance with sound vibrations 
transmitted through contact to the casing. The 
mass of the magnet System, the inertia member, 
exceeds that of the casing and armature, the 
driven member. 
In a preferred modification, using a magneti 

cally balanced armature, in combination with 
magnetic and dynamic symmetry, substantially 
only true rectilinear vibratory movement of the 
armature, i.e. in a direction normal to its plane 
Or length, generates Signal voltage and current, 
Spurious response due to rocking Vibratory move 
ments being balanced out. 
In the drawings: . 
Fig. 1 is an enlarged end elevation view partly 

in section of the device embodying the inven 
tion, the increased Scale size being of the ratio 
of about one to three, 

Fig. 2 is an enlarged side elevation view in Sec 
tion of the device embodying the invention, the 
Section being taken on the lines II-II of Fig. 1, 

Fig. 3 is an enlarged plan view of the device 
with top cover removed showing the interior, 
partly in Section, as viewed on line III-III of 
Fig. 1, this view being drawn on a smaller scale 
than are FigS: i and 2, the dimensions being 
twice those of an actual Working model from 
which the drawings were made, 

Fig. 3a is a top plan view of certain of the ele 
ments of Fig. 3 removed by sectioning, shown 
in elevation in Fig. 1, while Fig. 3b is a plan View 
of a flexible element partly visible in Fig. 3, 

Fig. 4 is an enlarged view in perspective of the 
device embodying the invention, the top cover 
being removed, and the scale being slightly Small 
er than in the case of Fig. 3, 

Fig. 5 is an enlarged plan view of a modifica 
tion embodying the invention, with portions of 
the casing removed to show the interior, 
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Fig. 6 is a further enlarged view, in perspective, 
of the magnet system shown in Fig. 5, 

Fig. 7 shows characteristic curves of perform 
ance of the devices shown in different figures, 

Fig. 8 is a block diagram showing a system in 
which a device embodying the invention has been 
Successfully employed, 

Fig. 9 is a diagrammatic plan view, partly in 
section, showing a form of the invention that is 
preferred, from the standpoint of performance, 
with parts removed to show the interior, 

Fig. 10 is a side elevation view partly in Section 
taken on lines X-X of Fig. 9 prior to renoval of 
parts, 

Fig. 11 is an end elevation view of the device, 
partly in section, taken on lines XI-XI of Fig. 10. 

Referring now to the drawings, Figs. 1 to 4, an 
inertia, type contact microphone comprises a 
molded casing 2 of insulating material including 
a base portion and a cover 3. In the casing is 
mounted a bar type armature 5 of highly perme 
able magnetic material, and a field magnet Sys 
ten consisting of a block magnet T of material 
having a high magnetic energy density, pole 
members 9, pole pieces 3, 5, 7, and a signal 
translating coil 9 surrounding the armature 5. 
The casing is of relatively low mass, rigid in con 
struction, and is substantially air tight for the 
purpose of excluding dirt and magnetic particles 
as well as reducing undesired air vibrations or 
external noise. However, the construction of 
the inner mechanism is such that entrance of air 
vibrations would have little or no effect. The 
casing 2 can easily be made water-tight by Sea 
ing the joints with suitable material. The mag 
net material of high magnetic density is an alloy 
of about 8% aluminum, 14% nickel, 24% cobalt, 
3% copper and rest iron and is described in Proc. 
IRE, October 1942, pages 437 to 440 by Ruder, also 
in G. E. Review, volume 45, Number 4, April 1942 
by B. M. Smith. It carries about twice the mag 
netic flux of ordinary magnet material compris 
ing aluminum, nickel, cobalt and steel, hereto 
fore Widely used, and has approximately three 
times as much available magnetic energy. It 
cannot be made and magnetized in horseshoe 
shapes because a D. C. or undirectional field must 
be applied during heat treating period. It is 
available only in bars or blocks with a linear mag 
netic axis. It displays its unusual magnetic 
properties only along the axis where the field 
WaS applied. Applicant has taken advantages of 
its shape and unusual characteristics and has 
adapted it in novel arrangement of magnetic 
parts to a Small efficient or highly sensitive trans 
ducer. 
The armature 5 is rigidly secured Within the 

Casing by means of support elements such as bolts 
2f and nuts 23. These support elements have a 
high degree of stiffness so that the armature 
moves in cophasal vibratory relation. With the cas. 
ing. The bolts are locked in place in the casing by 
a clamping action resulting from a threaded en 
gagement with a compliant support element 25 of 
braSS, the bolt threads engaging corresponding 
internal threads in holes 27 (Fig. 3b) in the ends 
of the flexible arms, respectively, of the compliant 
element 25. These ends of the arms acting as 
nuts for the bolts, are clamped tightly against; 
integrally molded seats in the lower casing. 
Likewise, the compliant element 25 is held in 
place in the casing and the magnet field system 
is bolted Securely in place on the body portion 
of this compliant member by means of bolts 29 
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4. 
the compliant member, a spacing element 32 be 
ing interposed between the magnet System and 
member 25 to provide clearance for the flexible 
arms of member 25. 
The compliance of these arms of element 25 

together with the mass of the magnet system is 
Such relative to the lesser mass of the casing and 
armature that there is relative vibratory move 
ment between the armature and the pole pieces, 
later described. The resonant period of the de 
Vice. can be made different for various applica 
tions by using compliant support members of dif 
ferent resilient material or thickness or by other 
changes in design. For example, in one case the 
microphone is used in announce systems em 
ploying loudspeakers. The compliant member 
WaS made of different material and design to give 
a Substantially higher resonant period, thereby 
attenuating lower audio frequencies, a desirable 
feature for actuating speakers. 
The block magnet is provided with a pair of 

mild Steel highly permeable interconnecting 
members 9 for completing the magnetic circuit 
through pole pieces , 3, 5 and 7, thereby 
effecting a Saving in space and magnet material 
and obtaining better magnetic effects than might 
be expected from a horseshoe shaped magnet of 
other material and comparable size. Flat planae 
faces on element 9 engage corresponding fiat 
polar north and south faces, respectively, of mag 
net , thereby establishing equipotential mag 
netic Surfaces at the ends of the magnet system 
members. By having the flux turn the corner 
Within the members 9 instead of within the mag 
net member , greater efficiency and a saving of 
magnet material is effected. Members 9 are pro 
vided with bottom flat faces at right angles to the 
first-mentioned faces disposed in a plane spaced 
below and parallel to the bottom face of said 
imagnet and to its magnetic axis for engaging the 
top face of a lamination element of pole piece . 
Each pole piece is made up of a group, say four, 
laiminations riveted together by rivets 33. Lami 
nal pole piece groups and 5 are separable 
from the remaining structure as shown in Figs. 
3 and 3a, whereas the laminae composing pole 
pieces 3 and t are riveted to a common plate 
35, as of brass, for ease of assembly, along with a 
Spacing laminae 37. The different groups of 
laninae constituting the four pole pieces are 
Spaced by laminae 3 a distance such that the 
vertical Spacing, or air gaps, between their in 
Wardly extending end portions is greater than 
the thickness of the armature 5. Whereas in the 
prior art the air gaps were formed by bending 
the in Wardly extending pole piece portions, in 
this arrangement he pole pieces, and component 
laminations, are all flat and of like shape for 
production and are easily assembled, with the 
resultant air gap formed as above mentioned. 
The lower edges of the spool ends 20 of the trans 
lating coil extend through an opening in the base 
plate 35 and bears against Spacer 32 and the body 
of flexible element 25. The upper edges of the 
spool support the magnet in spaced relation from 
the top pole pieces and 5. While the magnet 
is prevented from siliding downward by means 
Of the coil form it is limited in any upward ten 
dency to movement by means of a non-magnetic 
flexible clamp 39 of Phosphor bronze held in place 
by the heads of the screws 29 in the complete 
aSSembly. 

True rectilinear balanced magnetic armature 
action is obtained by reason of the fact that the the ends of which engage threaded holes 3 in 75 inwardly extending portions of the pole pieces 
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Overlap in such manner that pole pieces of like 
polarity are at diagonally opposite ends of the 
armature, and the steady flux traverses the two 
gaps in relatively opposite directions. Referring 
to Fig. 1, the pole piece f5 and its inward extend 
ing portion is, say a south pole, while the pole 
piece 3 and its inwardly extending portion is a 
north pole. At the other end of the armature, 
not shown, the inwardly extending portion of 
pole piece it beneath the armature is of South 
polarity while the inwardly extending portion 
of pole piece , overlapping the top of the ar 
mature, is of north polarity. This arrangement 
is more clearly shown in Fig. 5 and it is partially 
illustrated in Figs. 2 to 4. 

It will be understood that when the armature 
is in a neutral position in the two gaps, centered 
midway between the overlapping pole piece ends, 
there is negligible flow of magnetic flux in the 
armature which is, therefore, free of steady fux 
Saturation. As the armature moves relatively 
to the pole pieces in an upward direction from 
the mid position there is a flow of magnetic flux 
longitudinally through the armature from north 
pole piece f to South pole piece 5 in one di 
rection through the armature by reason of the 
air gap to those pole pieces being shortened. As 
the armature moves downwardly from mid posi 
tion to shorten the air gaps to pole pieces 3 
and 7 the flux flows in the opposite direction 
longitudinally through the armature. As the 
flux flows through the armature, signal current 
flows in one direction in the translating, coil as 
a result of induced potential, the current flow 
ing in the opposite direction as the flux flows in 
the opposite direction through the armature. 
This action will be readily understood by those 
skilled in the art and need not be further elab 
orated upon, attention being called to a broadly 
similar magnetic circuit arrangement in a loud 
speaker disclosed in Brigham Patent 1,533,372, 
April 14, 1925. 
One novel advantage of this arrangement as 

applied to inertia type microphones is that only 
rectilinear vibratory movement induces useful 
signal currents whereas undesired rocking move 
ment, which would ordinarily produce spurious 
response, is Substantially balanced out and in 
duces no current. This is illustrated in Fig. 7 
where curve A represents the response charac 
teristic in decibles versus audio frequency in 
cycles per second, of the device shown in Figs. 1 
to 4. The stiffness of the compliant support and 
the mass of the magnet system determines the 
resonant points. Curve B' illustrates the char 
acteristic produced by rocking movements in 
other arrangements, for example that shown in 
Figs. 5 and 6 hereinafter described. Curve A 
illustrates the performance characteristic to the 
sound powered device of Figs. 1 to 4. Curve B 
shows the performance of a similar device but 
With a stiffer compliant support for causing the 
first resonant peak to occur at a higher frequency, 
thereby attenuating the lower frequencies. Curve 
C represents the same device as does curve A but 
in combination with the capacitor and resistor 
circuit elements of Fig. 8. 

Figs. 5 and 6 show an earlier form of the pres 
ent invention. Fig. 5 shows a permanent magnet 
block of Ainico V with the pole pieces f’, 3, 
5’ and 7' attached directly to the polar ends 
of the block magnet 7' without the use of inter 
mediate separate connecting members as in Fig. 
1. Spacing elements 37' are disposed between 
pairs of pole pieces of like polarity for spacing 
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Same in different planes, the ends of adjacent 
unlike Ones constituting active air gaps in which 
the armature 5' shown in Fig. 5 is disposed. The 
pole pieces extend laterally and inwardly rela 
tive to the magnet and casing, instead of beneath 
the magnet, as in Figs. 1 to 4. The magnet sys 
tem, including the block of magnetic material, 
the pole pieces and the translating coil 9', are 
mounted upon an assembly plate 35' and mount 
ed upon a flexible Spider member 25. The center 
portion of the spider member is apertured and 
anchored to the casing around a central raised 
seat or boss 4 molded in the casing for rigidly 
supporting one end of the armature 5'. The outer 
ends of the flexible arms of the spider member 
25' are attached to the plate 35' supporting the 
magnet system. The other end of the armature 
is attached to an inwardly extending seat 6 on 
the Wall of the lower portion of the casing. 
While this arrangement, results in a Shallower 
construction and has certain of the advantages 
of the preferred modification, it lacks the dy 
namic Symmetry of the arrangement of Figs, 1 to 
4. The stiffness of the compliant element 25' 
was so chosen as to produce a main resonance 
above 800 cycles, as in the case of curve B, but 
the lack of symmetry produced a characteristic 
B' (Fig. 7). 

In one actual use, the preferred form, of Figs. 
1 to 4, is used as a sound powered throat micro 
phone in combination with a sound powered type 
of telephone headset. Reference is made to pat 
ent Anderson et al. 2,345,966, April 4, 1944, over 
which this invention is an improvement. The 
equipment carried by one user will consist of a 
throat microphone and a headset adapted to be 
connected in circuit with similar equipment worn 
by other users, resulting in ready communication, 
particularly in wartime on land or on the water, 
Without the necessity for amplifiers and bat 
teries. In other arrangements, however, ampli 
fiers for obtaining still better results are em 
ployed, arrangements being made for ready 
switching to sound powered operation in case of 
failure of amplifiers and/or power supply sources. 
Equipment known as “MI-2466' (later superseded 
by "MI-2478') consisted of a sound powered 
throat microphone and headset and included a 
volume control. 24 with the headset together with 
plug-in connections for an amplifier. See Fig. 
8. Sound powered cominunication is provided 
for emergency (power off) conditions as shown 
by the position f for the Switch in Fig. 8. In 
order to realize higher signal to noise ratio in 
extremely high noise levels an amplifier 22 
is used between the microphone 2 and ear 
phones 26 for better operation. The ampll 
fier 22 with a 500 ohm shunt resistor in its in 
put has a capacitor 8, of 0.1 mi?d. in series with 
its input to reduce the low frequency transmis 
sion from the throat microphone. The capacitor 
is not included in the circuit used for sound pow 
ered operation for the reason that the lower levels 
involved the additional low frequency response 
obtainable without the capacitor, is found to be 
advantageous. In some cases, the capacitor plus 
the higher resonance point, previously described, 
were used with amplification for best results as 
to intelligibility in systems employing loud 
SpeakerS. 

Still better results from dynamic symmetry can 
be obtained if the magnet system is compliantly 
supported in a plane With the air gaps. Such an 
arrangement is illustrated in Figs. 9 to 1 which 
may also serve to illustrate some of the features 
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inherent in the device of Fig. 1. it would have 
been preferable in Fig. 1 to have Supported the 
aagnet system in the nanner of Fig. 9 but Over". 
all size limit requirements did not permit of this 
arrangement and somewhat of a compromise had 
to be inade. The advantage of this suspension is 
that it, achieves a cancellation of the effects of 
recking vibratory notion fron the output. Signal 
to an even higher degree than in the Species of 
fig. 1... fin this arrangement one of the Spacing 
laminae 9 between the pole pieces is provided 
with an integral fiexible exteasion which engageS 
in locking relation the side Walls of the casing. 
The armature aract this special separation ine-liber 
are locked in the saiae plane, aia advantageous 
relation in that the axis of rotation is agtually 
in the plane of the gap. While it was 0}ally pal'allel 
to it and passing through the center line of the 
unit in the ariangement of Fig. 1. . 
Output energy due to rockiag ngtion or Vir 

bration parallel to the piane of the gap was bal 
aiced out to a first approxiination in the Struc 
ture of Species in Fig, 1 because of the fact that 
there existed a substantial arount of Syarhetry 
€ga:3S. equally Spaced from center, arishattle Sup 
ports equally spaced fron center, Spring supports 
equally spaced from center, equal gaps, eentered 
armature, mass of structure balanced about an 
axis in the armature), and as a result of having 
the magnetic field opposite in direction in the 
two gaps. With the spring supports, however, 
moved to the plane of the ariat the output 
voltage caused by rocking inotion is balanced gut 
to a still greater degree thaa in the case of Fig. 
1. The arrangement shown in Fig. 9 has been 
simplified by ornission of certain details illus 
trated in the other figures. The structures of 
Figs, i and 9 have other uses thaia throat micro 
phones. They are adapted to be eonialected to 
various vibratory devices under test. They can 
also be used as a telephone receiver, for exam 
pie, of the bone conduction type. they also have 
utility as electrical pigkups for musical instrug 
leatS. 
While the invention has been described for the 

purposes of illustration with respect to particut 
lar structures, it will be understood that other 
modifications and uses will become appareat to 
those skilled in the art, and it is intended to be 
limited only by the scepe of the following claims. 

claim as my invention: 
i. In a microphone of the inertia, type respon 

sive to voice frequency sound waves for transla 
tion thereof into corresponding electric currents, 
a housing adapted for operative direct contact 
with a selected Speech transmitting portion of 
the human body, an armature carried by said 
housing and Secured thereto for cophasai vibra 
tory movement therewith, a high inertia, Enenber 
comprising a translating coil surrounding said 
airinature, a magnet and pole pieces disposed in 
operative balanced magnetic relation to said ar. 
mature, compliant means attached to said hous 
ing at points substantially in a plane with said 
armature and supporting said coil, magnet and 
pole pieces for relative vibratory movement With 
respect to Said armature, said poie pieces cone 
prising two pairs of oppositely polarized pole 
pieces forning air gaps with said arnature and 
being disposed at each extremity of said armature 
in Such manner that rectilinear vibration of said 
arnature relative to said pole pieces induces a 
Substantial voltage in said coil, the arrangement 
and design of the microphone parts being char 
acterized by substantial dynamic symmetry rela 
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tive to said anaature, whereas recking novenient 
balances out and indices. Substantially no voltage 
in Said coil, . 

2. In a microgaeae of the iraeria, type l'espon 
sive to voice frequency. Souad Waves for transla 
tion thereof into Spondirag electrical cul 
reiats, a housing a vitag relatively low mass and 
arranged to be held in direct contact With a se 
legted Speech trajasaitting po of the human 
body, an anatsure garried by said housing and 

lating coil surrounding 
and pole pieces disposed in operative balanced 
magnetic relation to Said arrature, comaliant 
aeaias attaciaed to said housing at pgints Sub 

axy. i arrature and sup: 

rv ly pglarized 29ke pieces forming air gaps 
With said a natuie and being disg9Sed at each 
xtFenity of Said araature in such nanner that 

pole pieces of like polarity are disposed on eppo 
site sides ef said armature adjacent opposite ex 
trenities thereof, the hass of Said aeusing and 

use being QW relative to that of said inertia. 
. . . . . and such that, together with the char 

acteristics gf the cQapliant Bheans, there results 
je vibratory movement between said arma 

gle pieges in aggGdance with voice 
h contact between said 
ating device of the in 

trally withia said gel 
magnetic relation to and mounted independently 
ef Said Systeria, means for mounting said arma 
tufetiansversely of said casing and rigidly there 

5 to at spaced points for cophasai vibratory move. 
ment therewith, resilient means attached to said 
gasing at Spaced other points in substantially 
the same plane as said first-named points and 
Said gaps for egrapliantly Supporting said mag 
net System whereby to cancel the effects of rock 
ing vibratory notion. 

4. In a contagt microphone of the inertia type, 
an enclosed housing for excluding air vibrations, 
a bar type armature carried within said housing 
and secured for cephasal vibratory move 
ment thereWith, a translating coil disposed in 
magnetic relation to said arnature, a short rec 
tangular block magnet having first and second 
pole faces in planes ingrinal to its magnetic axis 
at opposite ends of the block, a pole member of 
2nagnetically permeable material engaging each 
of Said faces, a plurality of plane laminations of 
magnetically permeable material engaging said 
members and stacked upon each of said members 
in Spaced parallel relation to a neutral face of 
Said magnet, certain of said laminations of op 
posed polarity having portions extending inward 
ly froBn Said pole aembers in oyerlagping rela 
tigh toward each other and relative to one end 
of Said applaatuge for forging an active air gap 
in which said one end of said armature is cen 
teRed, others of Said againations of opposed polar 
ity having portions extending inwardly toward 
each other in Qverlapping relation at the other A. 

75 end of said armature for forming a second active 
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air gap in which said other end of Said armature 
is centered. 

5. In a contact microphone of the inertia type, 
an enclosed housing for excluding air vibrations, 
a bar type armature carried within said housing 
and secured thereto for cophasal vibratory move 
ment therewith, a translating coil disposed in 
magnetic relation to said armature, a short block 
magnet of high retentivity material having a 
linear axis with first and second pole faces on 
opposite ends of the block, a metallic pole mem 
ber of magnetically permeable material engag 
ing each of said faces, a plurality of plane lami 
nations of magnetically permeable material en 
gaging said members and Stacked upon each of 
said members in spaced parallel relation to a neu 
tral face of said magnet, certain of Said lamina 
tions of opposed polarity having portions ex 
tending inwardly from said pole members par 
allel to the magnetic axis of Said magnet and in 
overlapping relation toward each other relative 
to one end of said armature for forming an ac 
tive air gap in which Said one end of Said arma 
ture is centered, others of Said laminations of Op 
posed polarity having portions extending inward 
ly toward each other in overlapping relation at 
the other end of Said armature for forming a sec 
ond active air gap in which said other end of said 
armature is centered, the portions of like polarity 
being disposed at diagonally opposite ends of Said 
armature whereby only rectilinear vibratory 
movements of said armature induce signal cur 
rentSin Said coil. 

6. In a transducer, an armature, a translating 
coil, a short block magnet having a linear mag 
netic axis. With first and second pole faces at op 
posite ends of the block, a metallic pole member 
of magnetically permeable material for engaging 
each of said faces, a plurality of plane lamina 
tions of magnetically permeable material engag 
ing Said members and Stacked upon each of said 
members in Spaced parallel relation to a bottom 
face of Said magnet parallel to its magnetic axis, 
Certain of Said laminations of opposed polarity 
having portions extending inwardly from said 
pole members in overlapping relation toward each 
other and relative to one end of said armature for 
forming an active air gap in which said one end 
of said armature is centered, others of said lami 
nations of opposed polarity having portions ex 
tending inwardly toward each other in overlap 
ping relation at the other end of said armature 
for forming a Second active air gap in which said 
other end of said armature is centered, the por 
tions of like polarity being disposed at diagonally 
Opposite ends of Said armature whereby only 
rectilinear vibratory movements of said arma 
ture induce Signal currents in said coil, said ar 
mature extending in transverse relation to said 
magnetic axis. 

7. In a transducer, an armature, a translating 
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coil, a short block magnet having a linear mag 
netic axis with opposed pole faces at opposite 
ends of the block, a metallic pole member of mag 
netically permeable material for engaging each 
of Said faces, said members having flat faces en 
gaging Said pole faces and having second faces 
in a plane at right angies to Said flat faces said 
Second faces being spaced below a neutral face 
of said block magnet, a plurality of flat poie pieces 
of magnetically permeable material engaging Said 
Second faces and Stacked upon each other in par 
allel relation to said neutral face of Said mag 
net, certain of Said pole pieces of opposed polarity 
having portions extending inwardly from said 
pole members in overlapping relation toward each 
other for forming an active air gap in which one 
end of Saidarinature is supported centrally, others 
of said pole pieces of opposed polarity having por 
tions extending inwardly toward each other in 
Overlapping relation at the other end of said ar 
mature for forming a second active air gap in 
Which said other end of said armature is sup 
ported centrally thereto, and resiliens, means for 
flexibly Supporting Said magnet block and said 
pole pieces with said air gaps centered around 
opposite ends of said armature for relative vibra 
tion thereto. 

8. In a microphone of the inertia type, a hous 
ing, an armature carried by said housing and se 
cured thereto for cophasal vibratory movement 
therewith, a translating coil surrounding said 
armature, a magnet and pole pieces disposed in 
operative balanced magnetic relation to said ar 
mature, compliant means attached to said hous 
ing and Supporting said coil, magnet and pole 
pieces for relative vibratory movement with re 
Spect to Said armature, said pole pieces compris 
ing a pair of opposed pole pieces forming an air 
gap disposed at each extremity of said armature 
in such manner that rectilinear vibration of said 
armature relative to Said pole pieces induces a 
Substantial voltage in said coil whereas rocking 
movement balances out and induces substantially 
no voltage in Said coil, said compliant means be 
ing Substantially in the same plane with said 
air gaps. 
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