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The present invention relates to sound trans 
lating apparatus, and more particularly to a Sec 
ond order, pressure gradient responsive micro 
phone with a high order of directivity over a 
Wide range of useful Sound frequencies. 

Directional microphones are universally en 
ployed to discriminate against undesirable 
Sounds normally picked up by the acoustical Sys 
tem of sound translating apparatus. It has been 
established that a directional Sound collecting 
system with a directiviy pattern which does not 
vary materially with the frequency is the most 
desirable, being particularly useful in recording 
Sound motion pictures, television, orchestras, 
radio, Stage productions and in many Sound re 
enforcing applications. 
One of the most important applications is that 

Cf Sound pickup in television. The action in 
television covers a long period of time and a 
relatively large range, with rapid changes in 
pickup points. In addition, it is becoming in 
creasingly desirable that the microphone be kept 
out of the picture at all times. In the Sound 
pickup systems in use today, the microphone is 
usually mounted at the end of a boom which can 
be moved around by the operator to cover the 
action and at the same time keep the micro 
phone out of the picture. This System is quite 
cumbersome, and difficulty is experienced at 
times in covering the action. If a microphone 
With a high order of directivity is employed, it 
is possible to use a number of these microphones 
arranged in fixed, Spaced positions to cover the 
entire area of action. As the action changes 
from One area to another, the appropriate micro 
phone may be brought into action, as by fading 
between microphones through a control device or 
monitoring console. It will be seen readily that, 
under this improved sound collecting system, the 
action can be covered in a more satisfactory 
manner than by means of a boom, particularly 
When the action is complex and shifts rapidly 
from One part of the stage to another. In addi 
tion thereto, there is another outstanding ad 
Wantage for this method of sound pickup, namely, 
that the sound is picked up from the front of 
the stage rather than overhead as in the case 
of boom microphone pickup. The net result is 
that better illusion is obtained because the sound 
corresponds to the picture. 

It is, of course, well known that directional 
Sound collecting Systems may be divided into two 
classes, namely, wave and gradient types. In the 
case of gradient Systems, which depend upon dif 
ferences in preSSure, two major problems are 
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encountered, namely, (1) similarity of frequency 
response of the units to obtain proper balance, 
and (2) adequate Sensitivity. We have been Suc 
cessful in overcoming these two problems by our 
present invention and have developed a second 
Order pressure gradient microphone with a high 
order of directivity and sensitivity, and which is 
particularly adapted for use in a sound collect 
ing System. Such as that outlined above. 
A Second Order pressure gradient responsive 

microphone with a unidirectional directivity pat 
tern may be obtained from a combination of two 
first Order pressure gradient responsive micro 
phones and a suitable delay network, or from the 
combination of two unidirectional microphones 
each consisting of a first Order, pressure gradient 
l'esponsive microphone and a zero order, pressure 
gradient responsive microphone. 
The theory of operation of both of these sys 

tems is explained in Olson Patent No. 2,301,744. 
Of the two Systems, the latter system has been 
found more Suitable, particularly when a broad 
frequency range is desired. 

It is well known that the upper limit of the 
useful frequency range of a second order, pres 
Sure gradient responsive microphone of the type 
employing two unidirectional microphones, such, 
for example, as the microphone shown and de 
Scribed in Olson Patent No. 2,301,638, is deter 
mined by the distance between the units. This 
upper frequency limit is given by 

C 
f e- (l) 

Where 

fe=upper frequency limit in cycles per second, 
c=velocity of Sound, in centimeters per second, 
and 

d=distance between the units in centimeters. 
The Voltage output of a gradient microphone of 
the type mentioned above, in the low frequency 
range, that is, in the range for which da<x, is 
given by 

d 
rt 2er (2) 

Where 

e-voltage output of the combination, in volts, 
e-Voltage output of an individual unit, in volts, 
d=distance between the units, in centimeters, 
and 

N-Wavelength, in centimeters. 
If the upper limit is 10,000 cycles per Second, 
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the distance between the units will be relatively 
Small, as given by Equation 1. Under these 
Conditions, Equation 2 shows that the voltage out 
put in the low frequency range will below. There 
are two alternatives, namely, (1) to use two sys 
tems of the type employing two unidirectional 
microphones, as mentioned above, one covering 
the low frequency range, with a relatively large 
distance between the units, and one covering the 
high frequency range with a relatively small dis 
tance between the units, or (2) to use a pressure 
gradient system of the type mentioned above for 
the low frequency range and a wave type system 
for directivity in the high frequency range. We 
have found the latter type of microphone to be 
the preferred type from the standpoint of overall 
Size and weight, and since it requires fewer ele 
ments, it is easier and less costly to produce. 
The primary object of our present invention, 

therefore, is to provide a second order pressure 
gradient responsive raicrophone with a high order 
of directivity over a wide range of useful sound 
frequencies. 
Another object of our present invention is to 

extend the useful range of Sound frequencies of 
a second order, pressure gradient responsive 
microphone while at the same time preserving 
a high Order of directivity and sensitivity. 

It is also an object of our present invention to 
provide an improved second order pressure gra 
dient responsive microphone which has linear 
dimensions which are relatively small, and one 
which is simple in construction, yet highly ef 
ficient in use. 

In accordance With our present invention, Our 
improved second order, pressure gradient respon 
sive microphone comprises a pair of unidirec 
tional microphone units disposed in tandem along 
a common axis and With the vibratile elements 
thereof mounted in predetermined, Spaced-apart 
relation and facing in the same direction. So that 
their directional axes of maximum response are 
Substantially in common. An acoustic resist 
ance in the form of a labyrinth pipe structure is 
mounted behind each vibratile element with an 
opening in each pipe behind the vibratile ele 
ment of a size to impart a unidirectional chale 
acteristic to each microphone unit. The lab 
yrinth pipe structure also serves as a framework 
for supporting the respective magnetic structures : 
with their associated vibratile elements, as well 
as the output transformer and electrical cross 
over network, therebetween. The two micro 
phone units are effectively connected so that 
their signal output voltages are in opposite phase 
relation and function as a Second Order, preSSure 
gradient responsive microphone below Substan 
tially a predetermined Sound frequency. A Ca 
pacitor is connected in circuit with one of the 
microphone units for cancelling the signal out 
put voltage thereof above this predetermined 
sound frequency so that the microphone assem 
bly functions as a first order pressure gradient 
microphone. Thus, the microphone assembly 
operates as a first order, pressure gradient re 
sponsive microphone in the higher range of Sound 
frequencies, and as a second Order, pressure gra 
dient responsive microphone in the lower range 
of sound frequencies. 
The novel features characteristic of our in 

vention, both as to organization and method of 
operation, as well as additional objectS and ad 
vantages thereof, will be understood better from 
the following detailed description, when read in 
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4. 
connection with the accompanying drawing in 
which 

Figure 1 is a perspective view, as seen from one 
side, of a second order, pressure gradient re 
Sponsive microphone in accordance with one 
form of our present invention, the protective 
screen enclosure having been removed, 

Figure 2 is a perspective view of the micro 
phone shown in Fig. 1, as seen from the front, 

Figure 3 is an enlarged side view of the lab 
yrinth connector mounted behind the ribbon 
element of one of the microphone translating 
units and employed to couple the vibratory ele 
ment of this unit to the damped labyrinth pipe, 

Figure 4 is an end View of the labyrinth con 
nector shown in Fig. 3, 

Figure 5 is a curve showing the directional 
characteristic of either of the unidirectional mi 
crophone units Shown in Fig. 1, 

Figure 6 is a curve showing the combined di 
rectional characteristics of the two unidirec 
tional microphone units shown in Fig. 1, and 

Figure 7 is a diagrammatic view showing the 
microphone output circuit arrangement. 
Referring more particularly to the drawing, 

wherein similar reference characters designate 
corresponding parts throughout, there is shown 
a second order, pressure gradient responsive 
microphone comprising two unidirectional mi 
crophone units 3, 5 of the dynamic type each of 
which is similar to a unidirectional microphone 
of the kind shown and described in the above 
mentioned Olson Patent No. 2,301,638. 

Each of the unidirectional microphone units 
3, 5 comprises a magnetic structure having an 
air gap 8. Within which a conductive ribbon Or 
other vibratile element 9 is disposed for vibratory 
movement in response to Sound wave energy in 
pinging on opposite sides thereof. The ribbon 
element 9 is exposed on One side to incident 
Sound Waves, and the other side of the ribbon 9 
is enclosed and terminates in an accoustical 
resistance in the form of a labyrinth structure or 
closed pipe which is filled with suitable damp 
ing material. The labyrinth structure , for 
convenience of manufacture and aSsembly, Com 
prises two parts, namely, an elongated, folded 
pipe 3, and a labyrinth connector 4 which is 
disposed directly behind and encloses the ribbon 
9. An opening 5 is provided in the labyrinth 
connector 4 directly behind the ribbon 9 to pro 
vide acoustic inertance to sound waves approach 
ing the ribbon 9 through the opening, and a 
screen 7 of fine mesh is mounted Over the open 
ing to provide an acoustic resistance for the 
opening 5, in a manner more fully disclosed, 
for example, in our copending application Serial 
No. 687,419, filed July 31, 1946. By suitable 
choice of constants, each microphone unit is 
constructed to produce a directional response 
characteristic having substantially the same 
cardioid pattern, such as that illustrated by the 
curve 8 in Fig. 5 of the drawing. 
The two, folded pipes 3 are spaced from each 

other laterally, as clearly shown in Figs. 1 and 
2, the microphone units 3 and 5 being mounted 
therebetween in spaced-apart relation and in 
proXimity to the ends of the two labyrinth struc 
tures. 
The effective length of each of the closed pipes 

13, which are required to maintain proper phase 
relations in the low frequency range, is about 
100 inches. Therefore, in order to provide a 
Compact unit or assembly, the closed pipes 3 are 
folded in the manner shown in rigs. 1 and 2. 
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While the respective folds 9 of the pipes 3 can 
be disposed in any suitable manner, they should 
be spaced apart a sufficient distance to provide 
a completely open framework to provide accessi 
bility for sound waves to opposite sides of the 
ribbon elements 9 and to reduce objectionable 
resonances which may occur between the lab 
yrinth structures. The labyrinth structures or 
frameworks are appropriately spaced apart So 
that the magnetic structures 1 of the units 3, 5 
as well as the transformers 2, the condenSer 
25 and other elements of the electrical CrOSS 
over network can be mounted or supported there 
between. 
The two microphone units 3, 5 should be very 

smooth and free of irregularities in response, 
and the sensitivity of the two units must be the 
same Within a fraction of a decibel over the en 
tire operating frequency range in order to func 
tion efficiently. If these conditions are not 
maintained in the gradient frequency range a 
high order of cancellation will not be obtained. 
In order to provide these conditions, special 
techniques should be followed. For example, 
the distance between the ribbon elements 9 of 
the two microphone units 3, 5 should be approxi 
mately one-half the wave length of the highest 
frequency to which that one of the microphone 
units 3, 5 which is cut off at substantially a suit 
able mild-frequency, as hereinafter set forth, is 
responsive and small compared to the Wave 
length at the lowest frequency to which the 
system is responsive. The outputs of the two 
microphone units 3, 5 should be connected in 
series and in phase opposition so that, together, 
the response corresponds to the pressure gradi 
ent of the pressure gradients in the range below 
said mid-frequency. As shown in the electrical 
circuit of the microphone in Fig. 7 of the draw 
ing, a capacitor 25, which has a value Sufficient 
to cut off the signal output of one of the micro 
phone units 3, 5 at approximately the upper 
end of the operating range of the System as a 
second order pressure gradient responsive 
microphone (that is, at substantially the afore 
mentioned mid-frequency), is connected in cir 
cuit. With the output of the microphone unit 
to be cut off so that the remaining microphone 
unit is alone responsive to Sound waves above 
substantially that mid-frequency cut-off fre 
quency. Thus, according to one second order, 
pressure gradient microphone, which was de 
signed and constructed similar to that illus 
trated in Figs. 1 and 2, the two microphone units 
3, 5 were disposed 12 inches apart with the ex 
posed sides of the ribbon elements 9 facing in 
the same frontal direction. The configuration 
of the respective parts of the magnetic struc 
tures 7 and the elements of the compound 
acoustical networks which terminate the rib 
bons were chosen so that diffraction and the 
acoustical network cooperate to form a direc 
tional system. The upper end of the operating 
range of this system, as a second order, preS 
sure gradient responsive microphone is approxi 
mately 1000 cycles. In the overlap frequency 
band from 1000 cycles to 2000 cycles, the System. 
operates as a combination gradient and diffrac 
tion system, and in the frequency range above 
2000 cycles, the one unit, preferably the front 
unit, operates alone. 
From the foregoing description, it will be ap 

parent that we have provided an improved, com 
pact, highly directional second order gradient 
microphone employing two unidirectional mi 
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crophone units so related as to provide a direc 
tional pattern given by the expression (1--cos 0) 
cos 0, where 9 is the angle between the direction 
of the incident sound and the major axis of 
the microphone, as represented by Figure 6. 
The pickup distance of the microphone de 
scribed herein is considerably greater than that 
of the unidirectional microphone With a car 
dioid characteristic for the same reproduced 
reverberation and ambient noise. 
While We have described and illustrated but 

a single modification of our second order pres 
sure gradient responsive microphone, it will, of 
course, be obvious to those persons skilled in the 
art that various changes and modifications are 
possible Within the spirit of our invention. 
Therefore, we desire that the particular form 
of Our invention described herein shall be con 
sidered as illustrative and not as limiting. 
What is claimed is: 
1. A sound translating device comprising a 

pair of microphone units each of Which com 
prises (1) a magnetic structure having an air 
gap with a magnetic field therein, (2) a con 
ductive element mounted in said field for vibra 
tion in response to acoustical Waves, and (3) 
means closing one side of Said conductor pro 
viding acoustic resistance and inertance to 
sound waves approaching Said conductor from 
said one side, and (4) a pair of labyrinth pipe 
structures, each of said pipe structures being 
associated with a separate One of Said micro 
phone units, said means for closing One Side of 
each of Said conductors constituting coupling 
means between said conductors and their 
respectively associated labyrinth pipe structures, 
said conductors being disposed in Spaced apart 
relation, and means for, effectively connecting 
the signal output voltages of Said microphone 
units in opposite phase relation, said last men 
tioned means including means connected in 
circuit with one of said microphone units for 
cancelling the signal output voltage thereof 
above a predetermined frequency. 

2. A sound translating device according to 
claim 1, wherein said conductors are mounted 
substantially parallel and in tandem along a 
common axis with the side opposite said one 
side facing in the same frontal direction. 

3. A sound translating device according to 
claim 2, wherein said microphone units have 
Substantially the same Sensitivity, and Wherein 
said conductors are spaced apart a distance 
of the Order of one-half wave length of the 
highest frequency to which said microphone 
unit is responsive and Small compared to the 
Wave length at the lowest frequency to Which 
said one microphone unit is responsive. 

4. A Sound translating device according to 
claim 3, wherein said labyrinth pipe structures 
comprise separate, folded frameworks, wherein 
said magnetic structures of each of Said units 
are mounted between said frameworks, and 
wherein the respective folds of each of said 
frameworks are spaced apart, thereby to pro 
Wide an Open framework. 

5. A Sound translating device comprising a pair 
of relatively elongated, reversely folded labyrinth 
structures, said labyrinth structures being spaced 
from each other laterally, and a pair of micro 
phone units mounted between said labyrinth 
structures in spaced relation to each other, each 
of Said microphone units including means for 
providing said units with a unidirectional re 
Sponse characteristic and comprising a magnetic 
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structure having an air gap with a magnetic field 
therein, a conductive element mounted in said 
field responsive to Sound waves impinging there 
on, and coupling means mounted behind each 
of said conductive elements for closing one side 
thereof, said coupling means being connected re 
spectively to separate ones of said labyrinth 
structures. 

6. A sound translating device comprising a pair 
of relatively elongated, reversely folded labyrinth 
Structures, said labyrinth structures being Spaced 
from each other laterally, and a pair of micro 
phone units mounted between said labyrinth 
structures in proximity to the ends thereof and 
in spaced relation to each other, each of said 
microphone units including means for providing 
said units with a unidirectional response chair 
acteristic and comprising a magnetic structure 
having an air gap with a magnetic field therein, 
a conductive element mounted in said field re 
Sponsive to Sound waves impinging thereon, and 
coupling means mounted behind each of said 
conductive elements for closing one side thereof, 
said coupling means being connected respectively 
to separate ones of said labyrinth structures. 

7. A sound translating device comprising a pair 
of relatively elongated, reversely folded labyrinth 
structures, Said labyrinth structures being spaced 
from each other laterally, and a pair of micro 
phone units mounted between said labyrinth 
structures in spaced relation to each other, each 
of said microphone units including means for 
providing Said units with a unidirectional re 
Sponse characteristic and comprising a magnetic 
structure having an air gap with a magnetic field 
therein, a conductive element mounted in said 
field responsive to Sound Waves impinging there. 
on, and coupling means mounted behind each of 
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said conductive elements for closing one side 
thereof, said coupling means being connected re 
Spectively to separate ones of said labyrinth 
structures, each of said coupling means having 
an opening therein disposed directly behind the 
conductive element associated therewith. 

8. A sound translating device comprising a pair 
of relatively elongated, reversely folded labyrinth 
structures, said labyrinth structures being spaced 
from each other transversely, and a pair of 
microphone units mounted between said laby 
rinth structures in proximity to the ends thereof 
and in Spaced relation to each other, each of said 
microphone units including means for providing 
Said units with a unidirectional response char 
acteristic and comprising a magnetic structure 
having an air gap with a magnetic field therein, 
a conductive element mounted in said field re 
Sponsive to sound waves impinging thereon, cou 
pling means mounted behind each of said con 
ductive elements for closing one side thereof, said 
coupling means being connected respectively to 
Separate ones of said labyrinth structures, each 
of Said coupling means having an opening therein 
disposed directly behind the conductive element 
associated therewith, and acoustic resistance 
means disposed over said openings. 

HARRY F. OLSON. 
JOHN PRESTON. 
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