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3,125,267 
UNESDRECTIGNAL MCRORPHONE 

Alpha M. Wiggins, Buchanaga, Micia, assignor to Electro 
Voice, incorporated, Bucanas, Mich. 

Filed Saia. 8, 1954, Ser. No. 463,099 
18 Cais. (C. 8-3E) 

The present invention relates to a microphone, and 
more particularly to a unidirectional microphone having 
a Substantially constant response for all frequencies with 
in a predetermined range. 

Heretofore, it has been found advantageous to employ 
preSSure gradient microphones because it was convenient 
to control their response pattern so as to make them direc 
tional. Since the sound responsive element in a pressure 
gradient microphone is open to the sound medium on 
both sides, the response is a function of the difference in 
Sound pressure between the two sides of the diaphragm. 
For a remote sound source, the magnitudes of the sound 
preSSures on the two sides of the diaphragm are substan 
tially the same, although there is a difference in phase 
between the two sound pressures. The force available 
for actuating the diaphragm is the vector sum of the two 
forces on opposite sides. Where the distance between 
opposite sides of the diaphragm is small compared to 
the wave length of the sound, the vector sum of the force 
acting on the diaphragm is proportional to the frequency. 
Hence, the mechanical impedance of the microphone must 
be proportional to frequency, if the velocity is to be in 
dependent of the frequency. This, therefore, requires 
the sound responsive diaphragm and element to be mass 
controlled throughout the pass band to obtain a uniform 
response. 

In order to obtain a uniform response characteristic, 
Some microphones have employed corrugated aluminum 
ribbons approximately .0001 inch thick, and others have 
used very flexible diaphragms, all of which are quite 
fragile. It is possible to tear out an aluminum ribbon by 
breathing on the microphone or by swinging the micro 
phone through the air on a boom. A mass controlled 
microphone is quite susceptible to shock which will pro 
duce a highly objectionable voltage output. Such volt 
age outputs are frequently generated when the micro 
phone is moved on a boom during a television program 
or during a motion picture sound recording. The force 
available for actuating the diaphragm of a microphone 
of this type is proportional to the frequency if the dis 
tance D from front to back of the diaphragm is very 
Small compared to the wave length of the sound. Where 
a pressure gradient microphone has a distance D, which 
is Small, the ratio of signal to shock susceptibility is 
rather low. 

Pressure gradient microphones also have a proximity 
effect which produces an increase in output at the low 
frequencies when the source of sound is at a small dis 
tance from the microphone. The proximity effect is in 
creased as the distance from the front to the back of the 
diaphragm is decreased. Therefore, objects of the present 
invention are to provide a unidirectional pressure gradi 
ent microphone which has virtually a constant force on 
the diaphragm at all frequencies, and which has a neg 
ligible proximity effect and also a high signal to shock 
susceptibility ratio. 

Other and further objects of the invention subsequently 
Will become apparent by reference to the following de 
Scription taken in conjunction with the accompanying 
drawings, wherein: 
FIGURE 1 is a sectional view of a microphone con 

Structed in accordance with the principles of the present 
invention and somewhat diagrammatically illustrated: 
FIGURE 2 is an electrical circuit diagram which is 
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2 
the equivalent of the acoustical circuit embodied in the 
microphone of FIGURE 1; 

FIGURES 3, 4, 5, 6, 7, 8 and 9 are vector diagrams 
explanatory of the operation of the microphone illus 
trated in FIGURES 1 and 2: 
FIGURE 10 is a front view of a microphone con 

structed in accordance with the principles of the present 
invention wherein certain portions have been broken 
away to illustrate the construction thereof; and 
FIGURE 11 is a side view of the microphone shown in 

FIGURE 10 with portions broken away to further illus 
trate other constructional details thereof. 

If it were possible to vary the distance between the 
front and back of a diaphragm in a pressure gradient 
microphone at a rate inversely proportional to the fre 
quency, the vector sum of the pressure on the diaphragm 
could be made independent of the frequency. Thus, the 
available force for actuating the diaphragm would be 
independent of the frequency, and under such conditions 
the sound responsive element should no longer be mass 
controlled, but should be resistance controlled. Thus, the 
sound responsive element could be constructed in the 
manner of a conventional pressure microphone. 

In a wide range dynamic pressure microphone, the 
diaphragm and voice coil assembly usually resonates be 
tween 400 and 600 cycles per second. The mechanical 
system of the diaphragm and voice coil is highly damped 
so that the stiffness and the mass reactance are small 
compared with the resistance of the system. With a 
constant sound pressure available for actuating the dia 
phragm versus frequency, the velocity of the moving ele 
ment of such a pressure microphone is independent of 
the frequency. A constant force on the diaphragm 
versus frequency can be obtained in a pressure gradient 
microphone if the effective distance between the sound 
entrances to opposite sides of the moving element is in 
versely proportional to the frequency. 

In accordance with the present invention, this is ac 
complished by providing multiple sound entrances or 
openings to the back of the diaphragm. At least one 
opening which defines a small distance from the front 
to the back of the diaphragm gives preference to the 
transmission of high frequency sound. Another entrance, 
which defines a relatively long distance from the front to 
the back of the diaphragm, includes a low pass filter and 
gives preference to low frequency sound. At intermedi 
ate frequencies the sound pressures enter both openings, 
and the pressures entering from the two openings add 
vectorially at the back surface of the diaphragm. By 
selecting the parameters of the low pass filter which is 
asSociated with the sound entrance at the greater distance 
from the diaphragm, the magnitude of a vector sum can 
be obtained over the pass band of frequencies which will 
be the equivalent of having a sound opening which moves 
along the axis of the microphone at a rate inversely pro 
portional to the frequency of the sound. 
A structure which accomplishes the foregoing objective 

is illustrated in FIGURE 1. A microphone is provided 
which has an electroacoustical transducer with a dia 
phragm 12 suitably supported by a ring 13 which forms 
a Sound port in a housing E6. The diaphragm 12 carries 
a voice coil i4 positioned within a suitable annular gap 
5 in a magnetic circuit means having an electromagnetic 
or permanent magnet structure. The gap 5 containing 
the voice coil 4 is in a Supporting structure or housing 
E6 having a high frequency entrance or opening 17 con 
nected by a passage 18 to the underside of the diaphragm 
12. The diaphragm 2 together with the housing 6 de 
fines a chamber 9 which comprises an acoustical capaci 
tance which is designated C in FIGURE 2: The Open 
ing 17, passage 18 and chamber 19 form a sound path 
to the side of the diaphragm opposite the port. The 
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passage 18 contains a resistance element 2 designated R1 
in FIGURE 2, which is a piece of felt or similar mate 
rial. For purposes of symmetry, two high frequency 
openings i7 and passages 8 are provided to the cham 
ber 19, thus forming a sound path equal in length to the 
one described above. The housing also defines a low 
frequency sound path or transmission line to the chamber 
19 comprising a tube 22, which defines a sound entrance 
or opening 22A for low frequencies at one end and a 
passage 23. The tube 22, passage 23 and opening 22A 
form a second sound path to the diaphragm. The pas 
sage 23 adjacent its junction with the chamber 19 like 
wise contains a resistance element 24 such as felt. At suit 
able intervals along the tube 22 other resistance elements 
25 are placed. The tube 22, passage 23 and resistance 
elements 25 constitute a means for limiting the frequencies 
transmitted through the opening 22A to a low frequency 
band. 

The housing 16 also contains another chamber 26 con 
nected by a passage 27 to the chamber 19 which has 
therein a resistance element 28. The resistance element 
28, the passage 27, and the chamber 26 constitute a ter 
minating impedance in the form of an acoustical re 
sistance and capacitance for the low frequency transmis 
Sion line comprising the passages 22 and 23 and their 
resistance elements 24 and 25. The passages 18, 22, 23 
and 27 are all imperforate passages with openings, desig 
nated 29, at each end. 
The reactance of the inertance of the opening of the 

passage 23 is low for allowing low frequency sound pres 
Sure easy entrance to the chamber 13. The resistances 
offered by the members 21 in the passages 18 are too 
high to produce any unidirectional action at low fre 
quencies since the passages are coupled to the large cham 
ber 26, and hence the microphone would tend to be omni 
directional at low frequencies. This omnidirectional 
characteristic at low frequencies is eliminated by the 
opening in the end of the chamber 22 at a relatively long 
distance from the diaphragm 2 and the provision of a 
terminating impedance for the low frequency transmission 
line formed by the chamber 22 and passage 23 in the 
form of the acoustical resistance and capacitance included 
in the chamber 26, passage 27, and the resistance element 
28. By having these properly proportioned, unidirec 
tivity of the microphone is accomplished for low fre 
quencies. 
FIGURE 2 is an electrical circuit diagram which is 

the equivalent of the acoustical system diagrammatically 
illustrated in FIGURE 1. F is the force generated by 
the Sound impinged upon the outer surface of the dia 
phragm 12. The inductor and capacitor MD and CD are 
the mass and compliance of the diaphragm 12 and the 
voice coil 14. The capacitance C is the acoustical ca 
pacitance of the chamber 9, R1 is the resistance over 
the high frequency openings produced by the felt 25, and 
F2 is the force due to sound pressure at the high frequency 
openings or passages 18, which is impressed through the 
resistance elements R1 or felt members 21 upon the ca 
pacitance C1 of the chamber 19. The mass reactance 
of these passages is so small that it is not shown on the 
diagram. The resistance R1 is for the two high frequency 
passages in parallel. Ma, R2, and C are the inertance, 
resistance and capacitance of the closed chamber 26, the 
passage 27 and the resistive element 28. R. M., are 
the resistance, and inertance of the low frequency open 
ing 23 and the resistive element 24. M1, Ra, Cs, and 
C4 represent the transmission line lumped constants of 
the passage 22 and the resistance elements 25, across 
which is impressed the low frequency force F. It is 
thus clear that the phase shift achieved by the low fre 
quency transmission line for sound waves within the pass 
band of the low frequency transmission line is approxi 
mately the same as that achieved by the sound path 
through the passages 18 for frequencies above the paSS 
band of the transmission line. 
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From FIGURES 1 and 2, the operation of the described 

microphone now should become apparent to those skilled 
in the art. The manner in which low frequencies are 
handled in order to obtain a unidirectional character 
istic has previously been described. At intermediate fre 
quencies, sound pressure from the low frequency opening 
will add vectorially with sound from the high frequency 
opening to produce a resultant sound pressure on the 
back of the diaphragm. This resultant sound pressure 
is equivalent to the sound pressure which would have 
been achieved at the rear of the diaphragm had its en 
trance been somewhere along the axis of the microphone 
between entrance 22A of the low frequency tube 22 and 
the entrance 7 of the high frequency passages 8. By 
selection of the parameters of the various openings, the 
effective opening to the back of the diaphragm can be 
made to assume an effective position along the axis of the 
microphone which is at a distance from the diaphragm 
inversely proportional to the frequency. This will pro 
duce an effective sound pressure for actuating the dia 
phragm which is virtually independent of the frequency 
while still maintaining a unidirectional characteristic over 
the frequency pass band. 
At the extreme high frequency end of the pass band, 

the diameter of the microphone becomes comparable to 
the wave length. This will produce a more directional 
characteristic than the cardioid pattern produced at the 
lower frequencies. 
FIGURE 3 is a vector diagram illustrating the relation 

of the prior art pressure gradient microphone having only 
a single opening to the back of the diaphragm E2. The 
force F1 is applied to the front of the diaphragm, and 
force F2 is applied to the back of the diaphragm. Force 
Fo is the resultant force available for actuating the dia 
phragm. The angle of the force F has been shown as 
2KD where D is the acoustical distance from the back 
to the front of the diaphragm, and K is equal to 

ot 
X 

where \ is the wave length. The factor of 2 is employed 
where the microphone is of the cardioid type and the 
Sound source is from the axial front of the microphone. 
FIGURE 4 is a vector diagram of the same microphone 

plotted in FEGURE 3, but at the condition when the fre 
quency of the sound is higher than that impinging under 
the conditions illustrated in FIGURE 3. A comparison 
of FIGURES 3 and 4, therefore, illustrates that the re 
Sultant force Fo for actuating the diaphragm is approxi 
mately proportional to the frequency if the wave length 
is large compared to the distance from the front to the 
back of the diaphragm. By such arrangement, where the 
force is proportional to frequency, the mechanical im 
pedance of the generating element must be proportional 
to frequency in order to produce a velocity independent 
of frequency, and hence this means that the generating 
element must be mass controlled. 
FIGURE 5 is a vector diagram of the present micro 

phone where sound is arriving on the front axis of the 
microphone, and the effective distance between the front 
and the back of the microphone is a variable quantity. 
D1 is the acoustical distance from the front of the micro 
phone to the low frequency opening 22A. At low fre 
quencies the sound enters the back of the diaphragm at a 
much greater distance so that the angle 2KD1 is large 
enough to produce a high resultant force F. In FIG 
URE 5, D1 is large due to the low frequency sound since 
at a low frequency sound from the high frequency open 
ings 17 is highly attenuated. 
FIGURE 6 is a vector diagram showing what happens 

at a higher frequency range, wherein D, is the acoustical 
distance from the front of the diaphragm to the high fre 
quency opening 17, and the force F is the force due to 
the high frequency sound passing through the high fre 
quency passages to the rear of the diaphragm. Sound 

75 from the low frequency opening 22A in the microphone 
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has been attenuated to a negligible quantity by the inter 
nal low pass filters as is apparent from an examination 
of FIGURES 1 and 2. 
FIGURE 7 illustrates the vector diagram at a fre 

quency in the mid range in which the force F due to 
the sound at the low frequency opening 22A and the 
force F3 due to the sound at the high frequency opening 
17 are both of import, both having been attenuated by 
the filters in the low and high frequency passages. F 
has an angle of 2KD2, whereas F2 has a greater angle of 
2KD1. This produces a resultant force F--F, which 
together with the force F1 produces a resultant effective 
force on the diaphragm Fo. Comparing the representa 
tion in FIGURE 7 with the representations in FIGURES 
5 and 6 shows that the resultant force on the diaphragm 
of a microphone constructed according to the present 
invention is substantially independent of the frequency. 

in conventional pressure gradient microphones, a prox 
imity effect is experienced which increases the output of 
the microphone for low frequencies if the microphone is 
in reasonably close proximity to the sound source. This 
is due to the magnitude of the sound pressure on the 
front of the diaphragm being appreciably higher than 
that exerted on the back of the diaphragm. In the previ 
Ous vector diagrams, it was assumed that the sound source 
was at an appreciable distance from the microphone. In 
FIGURE 8, the vector diagram is that of a conventional 
pressure gradient microphone for a low frequency in 
reasonably close proximity to the sound source, and also 
when used at a distance. In both cases, it was assumed 
that the Sound pressure exerted on the front of the dia 
phragm was the same. 

Force F1 is the force applied to the front of the dia 
phragm in either case, F2 is the force on the back of the 
diaphragm when the microphone is at a distance of 
several wavelengths from the sound source thus producing 
a resultant Fo. F is the force on the back of the dia 
phragm when the microphone is close to the sound 
source, which will give the resultant force of Fo' which 
is considerably greater in magnitude than Fo. This dif 
ference in the force explains the increase in the output of 
the microphone at bass or low frequencies. This effect, 
however, is not obtained in microphones embodying the 
present invention, since the resultant forces are compar 
able in magnitude. 
FIGURE 9 shows the vector diagram of the forces on 

the diaphragm of a microphone comprising the present 
invention. F is the force applied to the front of the 
diaphragm. The resultant force F--F due to distant 
sounds is much greater than F2'--F' where the micro 
phone is close to the sound source. The angle, however, 
is always large, so that the resultant force Fo for distant 
sources is very nearly the same as the resultant force Fo 
resulting from a sound source close to the microphone. 
From the foregoing it, therefore, should be apparent that 
in accordance with the present invention there has been 
produced a microphone which has a rugged resistance 
control generating action, one which is not susceptible to 
shock, and one where there is virtually no proximity effect. 

Reference may now be had to FIGURES 10 and 11 
which show certain details of a typical physical embodi 
ment of the present invention. Those portions corre 
sponding to the diagrammatic representation in FIGURE 
1 have been given corresponding reference characters in 
FIGURES 10 and 11. The housing or casing 16’ has an 
enlarged upper portion 31 terminating in an open end 
having internal threads 32 which are engaged by a three 
legged spider 33 and forming a sound port to the exterior 
of the housing. The spider has a central opening which 
is threaded to receive a thumb screw 34 to hold in posi 
tion a wind screen 35. The three legged spider 33 engages 
a gasket or support 13 and the peripheral portion of the 
diaphragm 12. The diaphragm 12 has a depending an 
nular ring which carries the voice coil 14 into a gap in 
the magnetic structure 16A. The magnetic structure 16A 
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6 
includes iron portions and two or more permanent mag 
netic pieces 36. The high frequency opening 17 on oppo 
site sides of the microphone, as is apparent from the 
front view of FIGURE 10, is protected by a suitable 
screen or grill 37. The magnetic circuit and structure 16 
is mounted on a stack of insulating plates 38 bolted there 
to by suitable bolts 39. The assembled stack of insulating 
plates 38 rests upon a gasket 41, and the entire assembly 
is retained in position by the three legged spider 33. A 
microphone transformer 42 is held in depending position 
from the insulating stack 38 by a plurality of bolts 43. 

It will be noted that the lower portion of the casing 
16’ has a reduced diameter portion 44 to fit on a suitable 
microphone fixture. Further details disclosed in FG 
URES 10 and 11 are merely construction and design de 
tails for the physical embodiment, and do not require any 
specific description since they would be readily understood 
by anyone skilled in the design of microphone casings and 
the like, and are not necessary for a complete understand 
ing of the principles of the present invention. Accord 
ingly it is to be understood that the disclosure does not 
represent any limitation in the present invention which is 
applicable to microphone irrespective of the type of elec 
tro-mechanical translating means employed, since it is 
contemplated that such variations and other embodiments 
may be made as are commensurate with the spirit and 
scope of the invention in the accompanying claims. 

I claim as my invention: 
1. A pressure gradient microphone having directional 

properties within a frequency band comprising a housing 
having a sound port therein, an electroacoustical trans 
ducer having a diaphragm confronting the sound port on 
one side, said housing having first and second openings, 
the first opening being spaced from the sound port by a 
shorter distance than the second opening, said housing 
having means defining a first sound path between the first 
opening and the side of the diaphragm opposite the sound 
port and a second sound path between the second opening 
and said side of the diaphragm, said means including a 
chamber common to both sound paths and in communica 
tion with the diaphragm, an acoustical impedance opera 
tively associated with the first sound path, means opera 
tively associated with the second sound path for limiting 
the frequencies transmitted therethrough to a low fre 
quency band, the first sound path transmitting a second 
band of frequencies above the low frequency band and 
including the higher frequencies of the low frequency 
band, the length of the first sound path shifting the phase 
of sound waves above the low frequency band approxi 
mately the same as the length of the second sound path 
shifts the phase of sound waves within the low frequency 
band, sound waves of a frequency within both the low 
and high frequency bands being transmitted to the dia 
phragm through both the first and the second sound paths. 

2. A pressure gradient microphone comprising the ele 
ments of claim 1 wherein the housing is provided with 
a second chamber and a passage between the second 
chamber and the first chamber. 

3. A pressure gradient microphone comprising the ele 
ments of claim 2 wherein the electroacoustical transducer 
comprises magnetic circuit means having an annular gap 
and a voice coil translatably disposed within the gap and 
mounted on the diaphragm. 

4. A pressure gradient microphone comprising the ele 
ments of claim 1 wherein the means for limiting the sound 
waves transmitted through the second sound path to a 
low frequency band comprises a tube and a passage con 
nected in cascade, the tube having a larger volume per 
unit length than the passage, and a plurality of acoustical 
resistance elements disposed at spaced intervals within the 
tube. 

5. A pressure gradient microphone comprising the ele 
ments of claim 1 wherein the acoustical impedance of the 
first sound path comprises a felt member extending en 
tirely across said first sound path. 
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6. A pressure gradient microphone comprising the ele 
ments of claim 4 in combination with an acoustical resist 
ance element disposed within the passage. 

7. A pressure gradient microphone comprising a hous 
ing having a sound port therein, an electroacoustical 
transducer disposed within the housing having a dia 
phragm with one side confronting the sound port, said 
transducer having magnetic circuit means with an annular 
gap and a voice coil translatably disposed within the gap 
and mounted on the diaphragm, said housing having first. 
and second openings therein, the first opening being 
spaced from the sound port by a shorter distance than the 
second opening, said housing having means defining a 
first chamber on the side of the diaphragm opposite the 
sound port and a first passage communicating with the 
first chamber and the first opening, said first passage and 
chamber forming a first sound path between the first 
opening and the side of the diaphragm opposite the sound 
port, an acoustical resistance element disposed in the first 
passage, said housing having means defining a tube and a 
second passage of smaller volume per unit length than the 
tube connected to one end of the tube, the other end of 
the tube being in communication with the second opening 
and the end of the second passage opposite the tube being 
in communication with the first chamber, the tube, second 
passage and the first chamber forming a second sound 
path between the second opening and the side of the dia 
phragm opposite the sound port, a plurality of acoustical 
resistance elements disposed at spaced intervals within 
the tube, said tube, second passage and resistance elements 
limiting sound waves passing therethrough to a low fre 
quency band, an acoustical resistance element disposed 
in the second passage, the first sound path transmitting 
a second band of frequencies above the low frequency 
band and including the higher frequencies of the low fre 
quency band, the length of the first sound path shifting 
the phase of sound waves above the low frequency band 
approximately the same as the length of the second sound 
path shifts the phase of sound waves within the low fre 
quency band, sound waves of a frequency within both 
the low and high frequency bands being transmitted to 
the diaphragm through both the first and second sound 
paths, said housing defining a second chamber and a third 
passage in communication with the second chamber at 
one end and the first chamber at the other end, and an 
acoustical resistance element in the third passage, said 
second chamber, third passage and resistance element 
forming a terminating impedance for the second sound 
path. 

8. A pressure gradient microphone comprising the ele 
ments of claim 1 wherein the housing is elongated and 
the sound port is disposed at one end thereof, said housing 
being provided with a third opening at the same distance 
from the sound port as the first opening and on the side 
of the housing opposite the first opening, said housing hav 
ing means defining a third sound path between the third 
opening and the side of the diaphragm opposite the Sound 
port, said third sound path being approximately the same 
length as the first sound path and including the chamber 
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in common with the first and second sound paths, and a 
second acoustical impedance operatively associated with 
the third sound path. 

9. A directional microphone for transmitting a pre 
determined range of frequencies which are audible by the 
human ear, comprising a diaphragm, means defining at 
least one elongated cavity coupled to one side of said 
diaphragm and which has a length lying between the 
shortest wavelength and the longest wavelength of said 
range of frequencies, said means defining at least one elon 
gated cavity including apertured portions disposed at 
points having different distances from said diaphragm to 
expose said one side of the diaphragm to the sound field 
surrounding the microphone, and mounting means carry 
ing said diaphragm and exposing the other side of said 
diaphragm to the sound field surrounding the micro 
phone. 

10. A directional microphone as set forth in claim 9, 
in which said means comprise a tube of uniform cross 
Section. 

11. A directional microphone as set forth in claim 9, 
in which said means comprise a tube having a free end 
and increasing in cross-section towards said free end. 

12. A directional microphone as set forth in claim 9, 
which comprises means defining an air chamber between 
the diaphragm and said cavity. 

13. A directional microphone as set forth in claim 9, 
which comprises means defining an air chamber connected 
to the diaphragm in parallel with said cavity. 

14. A directional microphone as set forth in claim 9, 
in which said means defining said cavity are formed with 
at least one slot. 

15. A directional microphone as set forth in claim 9, 
in which the front side of the diaphragm is directly ex 
posed to the Sound field and which comprises a rigid 
plate defining with the rear side of said diaphragm an 
air chamber between said diaphragm and said cavity 
which constitutes an acoustic impedance. 

16. A directional microphone as set forth in claim 15, 
which comprises a magnetic transmitter. 

17. A directional microphone as set forth in claim 15, 
which comprises means defining at least one additional 
acoustic impedance coupled to said air chamber, 

18. A directional microphone as set forth in claim 9, 
in which said means comprise a bundle of tubes of stepped 
length. 
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