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This invention relates to sound translating apparatus, 
and, more particularly, to a third order, pressure gradient 
responsive microphone. 

Third order pressure gradient responsive microphones 
are particularly useful in providing microphones with 
highly directional characteristics, and an ability to dis 
criminate against noise. Such microphones are useful in 
numerous commercial ?elds, especially in television 
broadcasting where it is desirable to pick up sound usual 
ly from a single direction while excluding all other noises, 
such as those from camera or other sources. 
A pressure gradient responsive microphone is one in 

which the output is substantially proportional to a de 
rivative order sound pressure with respect to distance 
from the source. Microphones of this type are classi?ed 
according to the order of the pressure derivative. 
Thus, a ?rst order microphone has an output proportional 
to the ?rst derivative. A second order microphone has 
an output proportional to the second derivative. An nth 
order microphone has an output proportional to the nth 
derivative. First order pressure gradient responsive mi 
crophones may comprise either two elements responsive 
to the pressure of a sound wave, or a single element re 
sponsive to the pressure gradient of a sound wave. A 
second order, pressure gradient, responsive microphone 
would require either two ?rst order microphones or four 
pressure microphones. A third order microphone would 
require either two second order microphones or four ?rst 
order microphones, or eight pressure microphones. An 
nth order microphone would require 2n pressure micro 
phones. 

Pressure gradient responsive microphones having 
third order operation have been effected with but a single 
pressure sensitive element. This has been accomplished 
by picking up acoustic energy from different points and 
transmitting the energy through acoustic chambers on 
opposite sides of the pressure sensitive element. A num 
ber of tubes or conduits are used to connect the ambient 
to the pressure sensitive elements. Considerable diffi 
culty is encountered in constructing acoustically sym 
metrical systems when a single pressure sensitive element 
is used. This is due to the fact that a slight variation in 
construction will result in a vast difference in the acous 
tical impedance within the system. 

It is an object of the present invention to provide an 
improved microphone structure having a third order, pres 
sure gradient response and having improved frequency 
response. 

It is a further object of this invention to provide an 
improved microphone structure having a third order re 
sponse which utilizes a minimum number of parts and 
which requires but a single pressure sensitive element. 

It is a further object of this invention to provide an 
improved microphone structure having a third order re 
sponse which is relatively simple and easy to construct. 

It is a still further object of this invention to provide 
an improved microphone structure in which the acoustical 
impedances within the system are more easily balanced. 
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In accordance with the present invention, the third 

order, pressure gradient responsive microphone comprises 
a housing member having a single pressure sensitive ele 
ment or diaphragm. A pressure plate is disposed on each 
side of the diaphragm within the housing. Each of the 
pressure plates has an annular groove. A plurality of 
spaced apart openings or indentations connects the an 
nular grooves with the ambient. The sizes of the openings 
in the pressure plate and the acoustical impedances of the 
annular grooves are controlled to bear ratios to each 
other in a manner to provide third order operation. 

Other objects and advantages of the present invention 
will become apparent and suggest themselves to those 
skilled in the art to which the present invention is di 
rected from a reading of the following speci?cation in 
connection with the accompanying drawing in which: 

Figure 1 is a view in side elevation of a preferred 
embodiment of a third order pressure gradient responsive 
microphone in accordance with the present invention; 

Figure 2 is an exploded perspective view partly in sec 
tion of the microphone shown in Figure 1; and 

Figure 3 is a schematic diagram of a simple electrical cir 
cuit equivalent to the acoustical network of the vibrating 
system of the microphone shown in Figure 1. 

Before referring to the accompanying drawing in 
greater detail, it is desired to point out the background 
theory which prompted the development of the present 
invention. In accordance with this theory, if it is desired 
to build a third order, pressure gradient responsive micro 
phone, instead of using eight pressure microphones, only 
?ve are necessary since one can utilize pressures P2, P3 
and P4 twice. Thus, for the ?rst pressure difference one 
obtains (Pi-P2), for the second pressure difference one 
has (P2-P3), for the third pressure difference one has 
(Pa-P4) and for the fourth pressure difference (Pr-P5). 
These may be combined and expressed as follows to ob 
tain third order operation: 

Expression 1 may be simpli?ed and written as follows: 

It will be noted that the third pressure P3 cancels out. 
Therefore, it is not necessary to utilize the microphone 

providing pressure P3 at all. A third order, pressure 
gradient responsive microphone may be constructed using 
a single pressure-sensitive element. According to Ex 
pression 1 above, ?ve pressure-sensitive elements must be 
considered in the case of a third order microphone. These 
elements may be denoted as the ?rst, second, third, fourth 
and ?fth elements respectively. Although it is necessary 
to take into account all ?ve elements, Expression 2 shows 
that only four elements are actually necessary. The out 
put of the third element is not used but is taken into ac 
count in the spacing of the other four elements. In other 
words, a third order microphone may be provided by ad 
mitting acoustic energy to a single vibratory element or 
diaphragm through four apertures (denoted herein as 
?rst, second, third and fourth elements corresponding, 
respectively, to the pressure at the ?rst, second, fourth 
and ?fth positions in space referred to in Equation 2 
above), directing the energy to one side of the diaphragm 
through the ?rst and third apertures and to the other side 
of the diaphragm through the second and fourth apertures 
and making the diaphragm movement twice as sensitive 
to a unit quantity of energy entering either the second or 
third apertures as to a unit quantity of energy entering 
either the ?rst or fourth apertures. 

Referring particularly to Figures 1 and 2 of the draw 
ing, there is shown an end view of a preferred embodi 
ment of the invention. An electro-mechanical inverter 
2, is mounted on the exterior of a casing or housing mem 
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ber 4 by a suitable attaching means and is connected to a 
diaphragm 6 by a drive rod 8. The drive rod extends 
through an opening 9 in a pressure plate it}. The casing 
member has four apertures l2, l4, l6 and lit to permit 
the acoustic chambers on the two sides of the diaphragm 
to be connected to the ambient, as will be subsequently 
described. 
The pressure plate It) consists of a circular disc having 

an annular groove 26). A pair of slots ‘or indentations 22 
and 24 are out along the peripheral edge of the disc and 
serve to connect an acoustic chamber formed by the an 
nular groove 2%‘ within the pressure plate to the ambient 
when the pressure plate is assembled and placed against 
the peripheral edge of a diaphragm 6. The central por 
tion 26 of the pressure plate is disc shaped and adapted 
to be the same shape as the diaphragm. A washer St? is 
adapted to provide proper spacing between the pressure 
plate lit} and the diaphragm 6 when the unit is assembled. 
The diaphragm 6 comprises a central dished portion 32 
having an upraised portion 33 and an integral, annular, pe 
ripheral portion 34. stiffening flutes or ribs 36 are pro 
vided between the central portion and the periphery of 
the diaphragm. This type of diaphragm permits en 
hanced vibration to be obtained. A washer or spacing 
member 33 is used to engage the peripheral portion of the 
diaphragm and to provide proper spacing between the di 
aphragm and a second pressure plate 4h. The second 
pressure plate also has an annular groove 42 to provide 
a second acoustic chamber and a pair of slot openings or 
indentations 44 and as to permit the acoustic chamber of 
the diaphragm to be connected to the ambient. The cen 
tral part of the second pressure plate is provided with a 
raised portion 43 of substantially the same shape as the 
corresponding portion of the diaphragm. A central open 
ing St) is provided to permit an adjustable spacing mem 
ber "52 to be inserted therein. A pair of set screws 54 and 
56 are provided to hold the spacing member in place. A 
holdoif screw 52; is provided to maintain the operating 
member at the desired distance. This permits a certain 
amount of balancing between the acoustic chambers on 
the two sides of diaphragms to ‘be attained. 
The assembled microphone unit comprising the two 

pressure plates with the diaphragm and the washers or 
spacing members mounted therebetween is designed to ?t 
into the cylindrical casing The circular ring so is de— 
signed to threadedly engage the inner portion of the eas 
ing and to exert a pressure against the upper pressure plate 
iii. The bottom pressure plate 50 rests against a ?ange 
51 which is integral with the case. A compact unit, as 
seen in Figure l, is thus provided when microphone is 
assembled and the ring so is screwed into position. 

In considering the operation of this microphone after 
assembly, it is seen that the diaphragm or pressure sensi 
tive element is mounted in a manner to respond to sound 
pressure impinging on oppostie surfaces thereof. 
The pressure plates it? and at) are arranged with the slot 

openings 22, 24, M and 46 disposed such that they open 
at spaced intervals on the cylindrical casing d. The four 
openings that are provided correspond, respectively, to the 
?rst, second, third and fourth elements referred to above. 
The openings are arranged in series relation. Two of the 
openings 22 and as occupy extreme positions and the two 
openings 24 and 4.4 occupy mean positions. As shown in 
Figure l, the openings are arranged alternatively on op 
posite sides of the plane of the diaphragm 6 so that the 
successive openings in the series are connected to alterna 
tive acoustic chambers which include the annular grooves 
20 and 42. 

in order that the second and third openings 24 and 44 
provide twice the sensitivity to the diaphragms as the ?rst 
and fourth openings the acoustical impedances of the sec 
end and third openings are made half as large as the 
acoustical impedances than the ?rst and fourth openings. 
The diaphragm is mounted between the two pressure 
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plates and is spaced therefrom at the peripheral edge by 
the thin annular washers. Each of the slot Openings is 
connected to the acoustic chamber. 
The acoustical circuit for the third order microphone, 

such as described, is illustrated by a simpli?ed electrical 
circuit shown in Figure 3, wherein: 
R1=the lumped acoustical resistance of the slot opening 

12 or pressure point; 
R2=the lumped acoustical resistance of the second 

opening 24 or pressure sensitive point; 
Razthe lumped acoustical resistance of the third 

opening 44 or pressure sensitive point; 
R4=the lumped acoustical resistance of the fourth 

opening 46 or pressure sensitive point; 
Rn =the lumped acoustical resistance of the diaphragm; 
L1=the lumped acoustical inertance of the ?rst open 

111a; 
L2=the lumped acoustical inertance of the second open 

111a; 
L3=the lumped acoustical inertance of the third open 

ms; 
L4=the lumped acoustical inertance of the fourth open 

111s; 
Ln=the lumped acoustical inertance of the diaphragm; 
C1=the lumped acoustical compliance of the cavity on 

the left hand side of the diaphragm as viewed in Figure 2; 
Cz=the lumped acoustical compliance of the cavity on 

the other side of the diaphragm; 
Cn=the lumped acoustical compliance of the dia 

phragm; 
V1=the sound pressure at the ?rst opening leading to 

one surface of the diaphragm; 
V2=tl1e sound pressure at the third opening leading to 

the same surface of the diaphragm; 
V3=the sound pressure at the second opening leading 

to the other surface of the diaphragm; 
V4=the sound pressure at the foruth opening leading to 

the same surface of the diaphragm as Vs; 
in=tl1e acoustical volume current through the dia 

phragm. 
If the sound pressure at all the apertures is identical 

at the same time, the voltage output of the microphone 
will be 0. If the sound pressure p is incident upon the 
second aperture and the pressure at all the other aper 
tures is 0, the displacement of the diaphragm will be twice 
that obtaining when the same sound pressure is incident 
upon the fourth aperture and the pressure at all the other 
apertures is zero. The same analogy may be drawn with 
respect to apertures 1 and 3. 

Referring particularly to Figure 3, in must be Zero when 
V1=V2=V3=V4. When V1=V and V2=Vs=V4=0, in 
must be half the value obtaining when V2=V and 

where V is any arbitrary voltage. Similarly, when V4=V 
and V1=V2=Va=0, in must be half the value obtaining 
when V3=V and V1=V2=V4=0. 

These conditions are satis?ed by the present invention 
by designing the microphone so that Cizcz, and 

The voltage output will be zero when this condition is 
met and the sound pressure at all the apertures is identical 
at the same time. 

Other impedance ratios and other hole spacings are 
possible and will suggest themselves to those normally 
skilled in the art. For example if the separation between 
the second and third apertures is made equal to the sepa 
rations between the ?rst and second and the third and 
fourth apertures, and if the impedances of the two dia 
phragm cavities are equal, the impedances of the ?rst 
and fourth apertures must be three times the impedances 
of the second and third apertures. 
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This invention provides improved frequency response 
characteristics possible by eliminating the long acoustic 
conduits which cause irregularity in the response fre 
quency characteristics at the conduit resonant frequency. 
The end corrections for the impedance of the tubes as 
they lead into cavities are unnecessary in the present in 
vention where the length of these tubes is extremely short. 
It is also much easier to damp the microphone by the 
insertion of suitable acoustical resistance material and thus 
improve the overall response frequency characteristic. 
An additional advantage is that the symmetry of the dia 
phragm pressure plates is easy to obtain and proper bal 
ancing of the microphone is dependent upon fewer pre 
cision parts. 
The annular grooves within the pressure plates provide 

acoustical chambers which are relatively easily matched 
during the manufacture of the pressure plates. Proper 
design of the pressure plates Will assure a minimum 
amount of adjustment after manufacture. 

It is seen that this microphone requires a minimum 
number of parts with only the two pressure plates requir 
ing any great degree of care in the manufacturing process. 
This, of course, permits easy assembly and lower costs 
of construction. 
The ?uted diaphragm used in combination with the 

other parts of the microphone aids in providing a micro 
phone which responds accurately and reproduces truly 
and without rattle substantially all the frequencies within 
the normal audible range. 
What is claimed is: 
l. A third order, pressure gradient responsive micro 

phone comprising a pressure sensitive element, a pressure 
plate disposed on one side of said pressure sensitive ele 
ment, said pressure plate having an annular groove to 
form an acoustic chamber, said pressure plate also having 
a plurality of spaced apart indentations connecting said 
annular groove with the ambient, a second pressure plate 
disposed on the opposite side of said pressure sensitive 
element, said second pressure plate having a second annu 
lar groove to form a second acoustic chamber, and a 
plurality of spaced apart indentations connecting said 
second annular groove to the ambient. 

2. A third order, pressure gradient responsive micro 
phone comprising a housing, a pressure sensitive element 
mounted within said housing, a pressure plate disposed 
on one side of said pressure sensitive element, said pres 
sure plate having an annular groove to form an acoustic 
chamber, said pressure plate also having a plurality of 
spaced apart indentations connecting said annular groove 
with the ambient, one of said indentations being so dimen 
sioned as to provide a larger acoustical impedance than 
one of the other indentations, a second pressure plate dis 
posed on the opposite side of said pressure sensitive ele 
ment, said second pressure plate having a second annular 
groove to form a second acoustic chamber, and a plurality 
of spaced apart indentations connecting said second annu 
lar groove to the ambient, one of said indentations of said 
second pressure plate being so dimensioned as to provide 
a larger acoustical impedance than one of said other in 
dentations. 

3. A third order, pressure gradient responsive micro 
phone comprising a housing, a diaphragm having a ?uted 
portion, a pressure plate disposed on one side of said 
diaphragm, said pressure plate having an annular groove 
to form an acoustic chamber, said pressure plate also hav 
ing a plurality of spaced apart indentations connecting 
said annular groove with the ambient, said annular groove 
being in substantial alignment with said ?uted portion of 
said diaphragm, a second pressure plate disposed on the 
opposite side of said diaphragm, said second pressure 
plate having a second annular groove to form a second 
acoustic chamber and a plurality of spaced apart indenta 
tions connecting said second annular groove to the am 
bient, said second annular groove being in substantial 
alignment with said ?uted portion of said diaphragm. 
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4. A third order, pressure gradient responsive micro 

phone comprising a housing, a diaphragm having a ?uted 
portion mounted within said housing, a pressure plate 
disposed on one side of said diaphragm, said pressure 
plate having an annular groove to form an acoustic cham 
ber, said pressure plate also having a plurality of spaced 
apart indentations connecting said annular groove with 
the ambient, one of said indentations being so dimensioned 
as to provide a larger acoustical impedance than one of 
the other indentations, said annular groove being in sub 
stantial alignment with said ?uted portion of said dia 
phragm, a second pressure plate disposed on the opposite 
side of said diaphragm, said second pressure plate having 
a second annular groove to form a second acoustic cham 
ber, and a plurality of spaced apart indentations connect 
ing said second annular groove to the ambient, one of 
said indentations of said second pressure plate being so 
dimensioned as to provide a larger acoustical impedance 
than one of said other indentations, said second annular 
groove being in substantial alignment with said ?uted 
portions of said diaphragm. 

5. A third order, pressure gradient responsivemicro 
phone comprising a pressure sensitive element, a pres 
sure plate disposed on one side of said pressure sensitive 
element, said pressure plate having an annular groove 
to form an acoustic chamber, said pressure sensitive ele 
ment also having a pair of spaced apart indentations 
connecting said annular groove with the ambient, one of 
said openings being so dimensioned as to provide twice 
the acoustical impedance as the other, a second pres 
sure plate disposed on the opposite side of said pressure 
sensitive element, said second pressure plate having a 
second annular groove to form a second acoustic cham 
her, and a pair of spaced apart indentations connecting 
said second annular groove to the ambient, one of said 
openings of said second pressure plate being so dimen 
sioned as to provide twice the acoustical impedance as 
said other opening. 

6. A microphone as de?ned in claim 5 wherein said 
indentations are disposed in series in spaced apart rela 
tion alternately on opposite sides of said pressure sensi 
tive element to provide a pair of extreme openings and 
a pair of mean openings, said extreme openings each 
being dimensioned to provide substantially twice the 
acoustic impedance of other of said mean openings, suc 
cessive ones of said series of openings being connected 
to alternate sides of said acoustic chambers. 

7. A third order, pressure gradient responsive micro 
phone comprising a pressure sensitive element, means 
connected with said pressure-sensitive element for con 
verting vibrations thereof into corresponding electrical 
signals, a pressure plate disposed on one side of said 
pressure sensitive element, said pressure plate having an 
annular groove to form an acoustic chamber, said pres 
sure plate also having a pair of spaced apart indentations 
connecting said annular groove with the ambient, one 
of said indentations being so dimensioned as to provide 
substantially twice the acoustic impedance as the other 
indentation, said pressure plate further having a central 
aperture, a spacing member adapted to fit into said cen 
tral aperture, means to attach said spacing member to 
said pressure plate, adjustable means to vary the spacing 
between said pressure plate and said pressure responsive 
element, a second pressure plate disposed on the op 
posite side of said pressure sentitive element, said sec 
ond pressure plate having a second annular groove to 
form a second acoustic chamber and a pair of spaced 
apart indentations connecting said second annular groove 
to the ambient, one of said indentations of said second 
pressure plate being so dimensioned as to provide sub 
stantially twice the acoustical impedance as said other in 
dentation. 

8. A third order, pressure gradient responsive micro 
phone comprising a housing member, a pressure sensitive 
element disposed within said housing member, a pres 
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sure plate disposed on one side of said pressure sensitive 
element, said pressure plate having an annular groove 
to form an acoustic chamber, said pressure plate also 
having a plurality of spaced apart openings connecting 
said annular groove with the ambient, a second pressure 
plate disposed on the opposite side of said pressure sen 
sitive element, said second pressure plate having a sec 
ond annular groove to form a second acoustic chamber 
and a plurality of spaced apart openings connecting said 
second annular groove to the ambient, said openings 
being disposed in series in spaced apart relation alternate 
ly on opposite sides of said pressure sensitive element 
to provide a pair of extreme openings and a pair of 
mean openings, said extreme openings each being dimen 
sioned to provide substantially twice the acoustical im 
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pedance as either of said mean openings, successive ones 
of said series of openings being connected to alternate 
sides of said acoustic chambers. 

9. A microphone as de?ned in claim 8 wherein said 
housing member is provided with a series of apertures 
in alignment with said openings, and a retaining ring is 
provided to threadedly engage said housing member to 
hold said second pressure plate in an operative position. 
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