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The present invention relates to a microphone structure
and more particularly to a new and improved microphone
having unidirectional properties.
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There have been several types of microphones known -

in the art which have response characteristics such that
they have been called unidirectional. By and large, these
devices have generally cardioid response patterns at se-
lected frequencies. A major difficulty with those devices,
however, is that the response curves were not uniform in
polar orientation with respect to the solid which would be
generated by rotation of the response pattern of a selected
plane and were not symmetrical with respect to the axis
of the microphone or a line normal to the diaphragm.

Particular difficulty existed due to variations in fre-
quency response characteristics and polar orientations.

Of the various types of unidirectional microphones,
one of the most well-known is the type utilizing a phase
shifting system and rear entry structure for effecting can-
cellation of behind-the-microphone signals, such as that
described and illustrated in Baumzweiger Patent No.
2,237,298, issued April 8, 1941.

The present invention overcomes these difficulties and
in accordance therewith there is provided a new unidirec-
tional microphone utilizing phase shifting characterstics
and which has a response pattern that is uniform in polar
orientation. Microphones embodying this invention uti-
lize an increased number of phase shifting and correcting
networks in a simplified structure whereby more uniform
frequency response is achieved and the acoustic circuit
elements are so oriented that the response pattern is
cardioidal and symmetrical in revolution about the longi-
tudinal axis of the microphone normal to the diaphragm.

Microphones embodying this invention utilize a system
of coaxially arranged, longitudinally distributed elements
providing localized and distributed acoustic capacitances,
resistances and inertances, whereby the desired results
discussed above are readily achieved in a structure which
may be relatively small and convenient to handle. Struc-
tures embodying this invention utilize not only the parts
which are generally considered to be the acoustic, mag-
netic and electrical components of a microphone, but also
utilize the shell and case of the device to provide the
coaxially arranged, longitudinally distributed acoustic
phase shifting network,

There is shown in the drawings an illustrative embodi-
ment of the instant invention in which the microphone
cartridge, consisting generally of the magnets and dia-
phragm, are so arranged in a shell and case that the
physical interrelation of the cartridge with the shell and
the case provides the distribution and localized capac-
jtance, resistance and inertance.

FIGURE 1 of the drawings which form a part of this
specification is a cross-sectiona] illustration of the afore-
mentioned illustrative embodiment of the present inven-
tion.

FIG. 2 is a simplified mechanical schematic illustration
of the microphone of FIGURE 1.

FIG. 3 is an electrical equivalent schematic illustration
of the acoustic analogue of the microphone of FIGURE
1, and

FIG. 4 is a further simplified electrical equivalent
schematic illustration of the acoustical analogue.

The microphone 1 shown in FIG. 1 is a rotationally
symmetrical device, mechanically, about the longitudinal
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axis thereof. The outer structure of the microphone in-
cludes, in this particular embodiment, a slightly conical
base 2 in which the microphone transformer 3 is housed
and mounted. At the back end of the base there is
secured a cable jack 4 which closes the end of the base
and provides for electrical connection to the system that
is to receive signals from the microphone. At an inter-
mediate position between the transformer and the cable
jack, the interior of the base is acoustically sealed from
the cable jack by a grommet 5 that is mounted on an
internal flange 6 in the base. An appropriate passage 7
in the grommet provides for the connecting wires for
coupling the transformer to the cable jack. This passage
is sealed with cement so that it does not destroy the
acoustic sealing qualities of the grommet,

The front end of the base is threadably attached, as at 8,
to an intermediate cylindrical shell and housing portion 9
within which the microphone cartridge assembly 10 is
mounted.

The housing is completed at its front end by an acousti-
cally permeable headpiece 11, also substantially cylin-
drical, which carries the perforated screen 12 for direct
entry of the acoustic vibrations to the cartridge of the
microphone.

The physical assembly of the microphone cartridge 10
includes a magnet 13 on the front end of which there is
secured an inner, cylindrical pole piece 14. The cylin-
drical inner pole piece is coaxially arranged with a tube-
like cylindrical outer pole piece 15 so disposed with respect
to the inner pole piece that it is radially spaced therefrom.
This provides an air gap 16 between the outer peripheral
surface of the inner pole piece and the inner peripheral
surface of the outer pole piece.

The spacing in coaxial arrangement of the inner and
outer pole pieces is maintained by a non-magnetic, such as
brass, spacing bushing 17 disposed therebetween rear-
wardly of the defined air gap. At its rearward end, the
outer pole piece is carried on a pole piece ring 18 that
is mounted on a yoke 19 affixed to the rearward end of
the magnet 13. The pole piece ring 18 and yoke 19 are
of magnetic material, such as iron, to provide a closed
magnetic circuit between the outer pole piece and the
rearward end of the magnet. With this arrangement, the
entire magnetic circuit is closed except for the radially
oriented air gap between the inner and outer pole pieces
at the front end of the assembly of the cartridge.

This air gap provides a radially oriented field in which
the voice coil 20 is disposed. The voice coil consists of a
number of turns of fine wire cemented together to form
a solid structure in the form of a short, thin-walled tube
which is arranged in the air gap in such a manner that
axial movement thereof will generate an E.M.F. to excite
the primary winding of the transformer by appropriate
electrical interconnection between these elements.

The voice coil is cemented to an appropriately con-
figurated diaphragm 21 of thin, flexible material which
will vibrate in accordance with the acoustic undulation
engaging the same. The diaphragm is carried on a resist-
ance ring 22 secured in place on the outer pole piece 15.
Ahead of the diaphragm, between its front surface and
the inner surface of the screen 12, there is provided a
protective, perforated resonator plate 23 mounted on the
interior of the headpiece, substantially parallel to the
diaphragm and radially of the microphone assembly. The
resonator plate 23 is provided with a plurality of cir-
cularly arranged poles 24.

The microphone cartridge is held coaxially within the
shell 9 by shock mount rings 25 and 26 disposed about the
pole piece ring 18 and the adjusting screw 27 at the
rearward end of the yoke 19, respectively, with the inner
peripheries thereof in tight engagement with the outer
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peripheries’ of the pole piece ring and the screw, and
with the outer peripheries of the shock mounts in firm
engagement with the inner peripheral surface of the
shell 9.

Additional structure provided in the microphone as-
sembly of FIG. 1 includes a cloth screen 28 disposed be-
hind the non-magnetic spacer bushing 17 in line with the
circularly arranged passages 29 in the bushing. In the
same general area, the space between the magnet 13 and
the outer pole piece ring 18 is substantially filled with felt
or acoustically similar material, as indicated at 30.

Proceeding rearwardly, the yoke 19 has a plurality of
circularly arranged apertures 31 therein, which are
closed at their rearward ends by a felt or a cloth washer
32 and backed by a pressure plate 33 having apertures
therein or being slightly smaller in diameter than the
felt washer 32. The pressure on the plate 33, and thereby
the compaction and acoustic qualities of the washer 32,
is adjustably controlled by a nut 34 threadably engaged
on the rearward end of the yoke and bearing against the
back side of the pressure plate 33.

For electrical connections within the microphone, term-
inal plates 35 and 36, carrying solder lugs thereon, are
mounted at the back end of the yoke 19 and behind the
apertured shock mount 26, respectively, and secured in
position by nuts 37 and 38 on the screw 27.

The microphone described in conjunction with the illus-
trative embodiment of FIG. 1 performs four significant
functions. These are (1) magnetic, (2) mechanical vi-
bratory, (3) electrical, and (4) acoustic vibratory.

The magnetic function of providing an appropriate field
for electro-magnetic relation with the voice coil is pro-
vided by the magnet, the inner pole piece, the outer pole
piece disposed with an airgap between it and the inner
pole piece, and the magnetic circuit closing elements of
the outer pole piece ring and the yoke, with the bushing
providing a stable spacing relation between the inner and
outer pole pieces to maintain a mechanically stable, and
therefore a magnetically stable, airgap.

The mechanical vibratory functions are provided by
the diaphragm to which the voice coil is mounted and
which is itself mounted on the resistance ring so as to
be effectively secured in proper radial position with the
voice coil disposed within the airgap without engaging
either of the pole pieces.

The electrical function is performed when the dia-
phragm is vibrated to axially move the voice coil in the
airgap so as to generate an E.M.F. transmitted to the
transformer by electrical connections therewith effected
at the terminal plates.

Of salient significance in connection with the present
invention are the acoustic functions provided by the cir-
cumferentially or peripherally symmetrical microphone
structure herein described. As noted above, microphones
embodying this invention have an essentially cardioidal
response pattern which is uniform and rotationally sym-
metrical about the major axis of the microphone. This
characteristic is provided by the phase-shifting interrela-
tion and rotationally symmetrical arrangement of the
components of the microphone.

The phase-shifting effects of this microphone are ob-
tained from the utilization of a plurality of isolated acous-
tic paths within the device itself. Thus, the acoustic vi-
bratory functions of the device are performed by the in-
terrelation of three distinctive acoustic paths, the first of
which is wholly isolated from the other two, and the
second and third of which are physically in series but
acoustically arranged in accordance with the electrical
symbol equivalent circuit arrangements shown in FIGS.
3 and 4 in conjunction with the simplified mechanical
equivalent schematic illustration of FIG, 2.

The first path, and the primary one for gemeration of
signals in response to acoustic undulations from a source
such as a voice, proceeds through the perforate screen
12 and the acoustically permeable headpiece 11 at the
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4
front of the microphone structure, through the chamber
between the screen and the resonator plate, and through
perforations in the resonator plate to the front face of
the diaphragm.

The pressure on the diaphragm from the first air path
is the primary signal source and is designated as Py in
FIGS. 2, 3 and 4.

The second acoustic path is provided by a rear entry
avenue progressing through a protective screen 39 under-
lying radial openings at the junction of the headpiece 11
with the shell 8 and at which the signal P, appears. The
acoustic signals Py, entering these apertures progress axi-
ally forwardly through a plurality of peripheral recesses
40 in the outer surface of the outer pole piece 15 and
the inner surface of the headpiece 11. The rear entry
signals progress from these recesses forwardly to the
back surface of the diaphragm 21. The entry to the
underside of the diaphragm and into the cavity 42 from
the recesses 40 is provided by circularly arranged aper-
tures 41 in the resistance ring 22. This cavity is effec-
tively an acoustic capacitance designated as C, in the
acoustic analogues of FIGS. 3 and 4. Appropriate pas-
sages provided by proper configuration of the diaphragm
in accordance with the principles of this invention pro-
vides for acoustic communication throughout the entire
chamber 42.

The compliance of the diaphragm to the acoustic un-
dulations presented to it is an acoustic capacitance de-
signated as C; in the equivalent analogues of FIGS. 3
and 4 while the diaphragm-voice coil assembly provides
an inertance designated by an equivalent L and an acous-
tic resistance R3. The inertance and acoustic resistance
of the slots or recess paths 40 and the apertures 41 are
indicated by equivalent elements L, and R; in the eguiva-
lent analogues of FIGS. 3 and 4.

The remainder of the acoustic path system of the mi-
crophone, while acoustically complex, is physically in se-
ries with the above-described second path and initiates in
the chamber 42. The path, herein described as the third
path, progresses from the chamber 42 through the cylin-
drical passages 43 defined by the voice coil 26 in the air-
gap, through the apertures 29 in the brass bushing, and
into the felt-filled chamber between the outerpole piece
ring and the magnet. This felt-filled cavity provides an
acoustic capacitance designated in the equivalent ana-
logues as C,, while the passages defined by the voice coil
in the airgap, the apertures in the bushing, and the acous-
tic action of the cloth washer, provide acoustic inertance
and resistance designated as L, and R, The acoustic
resistance of the felt pad 30 is designated by the equiva-
lent R%, in the analogue of FIG. 3.

From the felt-filled chamber, the third path continues
through the apertures 31 in the yoke 19 on the felt pad
32, the pressure and compression on which is controlled
by the nut 34 and brass washer 33 to the chamber 44
between the outer pole piece and the shell 9, the forward
end of which chamber is acoustically sealed by the shock
mount 25. This chamber 44 is in acoustic connection
with the microphone transformer chamber 45 by means
of apertures 46 in the shock mount 26 at the back end
of the shell 9. The total of the acoustic capacitances
of the chambers 44 and 45 are lumped as an equivalent
C'y in FIG. 3 while the passages 31 and the compressed
felt washer 32 provide acoustic inertance and resistance
designated in the equivalent analogue of FIG. 3 as L',
and Ry, :

Analysis of FIG. 3, which is the effective low frequency
analogue and of the simplified equivalent schematic of
FIG. 4, which is an effective schematic for medium fre-
quency signals, readily shows that the phase-shifting ca-
pacities of the network for establishing a relation be-
tween the signals F; and Py is such that the desired
cardioidal polar pattern is provided by structures embody-
ing this invention and is such that the polar pattern is
uniform and provides for uniform discrimination through
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the medium frequency range. The shape, dimensional
proportions and arrangement of the headpiece, cavities,
apertures, felt piece, felt and cloth washers, openings,
screens and recesses are chosen so as to transform the
lumped impedances shown in FIG. 3 into distributed
impedances which will, at higher frequencies, interact in
such a manner so as to provide unidirectional charac-
teristics at higher frequencies. Thus, this invention pro-
vides for uniform polar response over substantially the
entire audio spectrum while feedback at frequencies nor-
mally favored by the mechanical properties of a micro-
phone are avoided and the pattern is rotationally sym-
metrical about the major axis of the microphone.

It will be seen also that in accordance with this inven-
tion there is provided a new and highly improved syste-
matic arrangement of coaxially disposed, longitudinally ar-
ranged elemental interrelations providing effective inert-
ances, acoustic capacitances and resistances for appropri-
ate phase-shifting over wide frequency variation whereby
a microphone is more uniformly controlled for unidirec-
tional response in accordance with a predesired pattern.
The principles of this invention are readily applicable to
substantial modification and variation of embodiments
thereof, such that additional equivalent circuit compo-
nents may be piled in a structure for controlled response
characteristics without substantially increasing the bulk
of the microphone unit. For example, additional inert-
ance and resistance elements may be provided at the
openings 46 in the shock mount 26 to provide a separa-
tion of the capacitances of the chambers 44 and 45 in
this embodiment of the invention, thereby creating an
additional network in parallel with the capacitance C'y
of FIG. 3 or the lumped capacitance C;, of FIG. 4.

Thus, it is clear that numerous modfications and varia-
tions may be effected without departing from the spirit
and scope of the novel concepts and principles of this
invention.

I claim:

1. In a microphone having a housing, a diaphragm
mounted in said housing and a voice coil mounted on
one side of said diaphragm, an opening in said housing
at the opposite side of said diaphragm from said voice
coil to admit acoustic vibrations to said diaphragm from
a source external of said housing, a second opening in
said housing, a passageway in said housing defining an
acoustic communication between said second opening and
said one side of said diaphragm, a first chamber in said
housing, an acoustic resistance defining a communication
path between said first chamber and said one side of said
diaphragm, a second chamber in said housing and a sec-
ond acoustic resistance defining a communication path
between the first chamber and the second chamber.

2. In a microphone having a housing, a diaphragm
mounted in said housing and a voice coil mounted on one
side of said diaphragm, an opening in said housing at the
opposite side of said diaphragm from said voice coil to
admit acoustic vibrations to said diaphragm from a source
external of said housing, a second opening in said hous-
ing, a passage in said housing providing acoustic com-
munciation between said second opening and said one
side of said diaphragm, a first chamber in said housing,
an acoustic resistance providing a communication path
between said first chamber and said one side of said dia-
phragm, a second chamber in said housing and a second
acoustic resistance providing a communication path be-
tween the first chamber and the second chamber, said
chambers and said resistances being axially arranged to
provide a longitudinal major axis and being substantially
symmetrical about the major axis of the microphone.

3. A microphone having unidirectional response, char-
acteristics uniform in polar orientation with a polar re-
sponse pattern symmetrical over substantially the entire
audio spectrum, comprising a housing, a diaphragm
mounted in said housing, a voice coil mounted on one
side of said diaphragm, an opening in said housing pro-
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viding an acoustic entry to said diaphragm and coaxial
therewith at the side thereof opposite to said voice coil, a
chamber in said housing at said one side of said dia-
phragm, said one side of said diaphragm serving to de-
fine a portion of said chamber, a plurality of circum-
ferentially disposed and symmetrically arranged openings
in said housing in communication with said chamber, a
second chamber in said housing, an acoustic resistance
providing a communication path between the first men-
tioned chamber and said second chamber, a third cham-
ber in said housing, and a second acoustic resistance
providing a communication between said second chamber
and said third chamber.

4. A microphone having unidirectional response char-
acteristics uniform in polar orientation with a polar re-

_sponse pattern symmetrical over substantially the entire

audio spectrum, comprising a housing, a diaphragm
mounted in said housing, a voice coil mounted on one
side of said diaphragm, an opening in said housing pro-
viding an acoustic entry to said diaphragm and coaxial
therewith at the side thereof opposite to said voice coil, a
chamber in said housing at said one side of said dia-
phragm, said one side of said diaphragm serving to define
a portion of said chamber, a plurality of circumferentially
disposed and symmetrically arranged openings in said
housing in communication with said chamber, a second
chamber in said housing, an acoustic resistance provid-
ing a communication path between the first mentioned
chamber and said second chaamber, a third chamber in
said housing, and a second acoustic resistance providing
a communication between said second chamber and said
third chamber, said chambers and said acoustic resis-
tances being axially arranged to provide a longitudinal
major axis and being substantially symmetrical about the
major axis of the microphone.

5. A microphone having unidirectional response char-
acteristics uniform in polar orientation with a polar re-
sponse pattern symmetrical over substantially the entire
audio spectrum, comprising a housing, a diaphragm
mounted in said housing, a voice coil mounted on one
side of said diaphragm, an opening in said housing pro-
viding an acoustic entry to said diaphragm and coaxial
therewith at the side thereof opposite to said voice coil,
a chamber in said housing at said one side of said dia-
phragm, said one side of said diaphragm serving to define
a portion of said chamber, a plurality of circumferen-
tially disposed and symmetrically arranged openings in
said housing in communication with said chamber, a
second chamber in said housing, an acoustitc resistance
providing a communication path between the first men-
tioned chamber and said second chamber, a third cham-
ber in said housing, and an adjustable second acoustic
resistance providing a communication between said sec-
ond chamber and said third chamber.

6. A microphone having unidirectional response char-
acteristics uniform in polar orientation with a polar re-
sponse pattern symmetrical over substantially the entire
audio spectrum, comprising a housing, a diaphragm
mounted in said housing, a voice coil mounted on one
side of said diaphragm, a first chamber in said housing
at said one side of said diaphragm, said one side of said
diaphragm serving to define a portion of said chamber,
a second chamber in said housing disposed longitudinal-
Iy of said housing with respect to said first chamber, an
acoustic resistance providing a communication path be-
tween said first chamber and said second chamber, a third
chamber in said housing disposed longitudinally of said
housing with respect to said second chamber and located
on the side of said second chamber opposite the side on
which said first chamber is located, and a second acoustic
resistance providing a communication path between said
second chamber and said third chamber.

(References or following page)
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