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Reissued Oct. 22, 1940

UNITED STATES

Re. 21,607

PATENT OFFICE

21,607

METHOD AND APPARATUS FOR GENERAT-
ING ELECTRICAL WAVES

Alfred L. W. Williams,

Cleveland, Ohio, assignor

to The Brush Development Company, Cleve-
land, Ohio, a corporation of Ohic

Original No. 2,126,437, dated August 9, 1938, Se-
rial No. 28,746, June 27, 1935. Application for
reissue August 19, 1939, Serial No. 291,074

23 Claims.

The invention relates to methods and appara-
tus for generating electrical waves corresponding
to fluid medium waves, such for example as
sound waves, and particularly methods and -ap-

8 Dparatus in which there is a selective action with
respect to the direction from which the fluid me-
dium waves approach.

An object of the invention is to provide an im-
proved method of generating electrical waves

10 corresponding to fluid medium waves in which

- the amplitude of the electrical waves generated

varies with the direction of approach of the fiuid
medium waves.

. More specifically, a further object of the in-

18 vention is to provide an improved method of gen-

erating electrical waves corresponding to fluid

medium waves in which the amplitude of the

electrical waves generated varies with the direc-.

tion of approach of the fluid medium waves from
20 2 maximum in one direction to a minimum in
the opposite direction.

Another object of the invention is to provide
improved apparatus suitable for use in carrying
out methods such as those above referred to.

28 A further object of the invention is to provide
* & microphone having uni-directional operating
characteristics. : :

Still another object of the invention is the pro-

. Vision of a microphone adapted to operate alter-
80 natively with uni-directional, non-directional, or
bi-directional characteristics.

Another object of the invention is the provi-
sion of a microphone having uni-directional op-
erating characteristics and further characterized

85 by a flat response throughout a relatively wide
range of frequencies.

A further object of the invention is the provi-
sion of microphones having operating character-
istics such as above referred to and which are

40 further characterized by structural simplicity,
compactness, light weight and relatively low cost
of production. ; :

My improved methods involve essentially uti-
lzing the different instantaneous wave pressures

45 ©of the fluid medium in suitably disposed adjacent
zones to generate electrical waves whose instan-
taneous values are proportional to the differences
between the said pressures. For fluild medium
waves approaching the said zones in two opposite

50 directions the differences in instantaneous pres-
sures are at a maximum while for fluid medium
waves approaching from intermediate directions
the differences in pressure between the two zones
are at a minimum for directions of approach

66 midway between the first named directions, Thus

o

(CL 179—135)

the generation of electrical waves is selective with
respect to the direction of approach of the fluid
medium waves with a maximum generation or
response in two opposite directions. By utilizing
the pressure variations of the fluid medium in a
third zone, suitably disposed in relation to the
two other zones, to generate corresponding elec-
trical waves and properly combining the latter
set of waves with the set of waves generated by
the different instantaneous pressures in the two
other zones so that the combined waves are in
phase, and therefore additive, when generated
by fluid medium waves approaching from one-di-
rection and are substantially 180° out of phase,
and therefore subtractive, when generated by
fluid medium waves approaching from the oppo-
site direction, there is secured an electrical re-
sponse that is unidirectional with respect to the
fluid medium waves. The phase angle between
the two sald sets of waves is substantially greater
than zero and substantially less than 180°. Ac-
cordingly, in order to combine the waves proper-
ly so that unidirectional response will be ob-
tained, it is necessary to shift the phase angle
between the two sets of waves so that the waves
of the two sets shall have the above mentioned
in-phase relation for fluid medium waves ap-
proaching from one directicn and 180° out-of-
phase relation for fluild medium waves ap-
proaching from the opposite direction. This is
" accomplished by passing either of the: said sets
of waves through a suitable phase shifting elec-
trical circuit. Preferably the method further
involves passing the electrical waves generated
by the different instantaneous pressures in two
of the zones through a circuit whose transmis-
sion efficiency varies inversely as the frequency
for the range of frequencies utilized so that the
electrical response secured is relatively flat.

My improved apparatus comprises a generator
having two. diaphragms suitably disposed adja-
cent each other so that their movements in re-
sponse to different instantaneous pressures of
the fluid medium waves generate electrical waves
having the bi-directional characteristics above
referred to. And, in order to secure the uni-di-
rectional response characteristics above referred
to the apparatus includes another generator
having a diaphragm exposed and sensitive to the
fluid medium waves. Further the apparatus
preferably includes a circuit to which the gener-
ators are connected and which has, within the
frequency range for which the apparatus is de-
signed, a transmission eficiency for waves from
the two-diaphragm generator varying inversely
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with the frequency and which circuit is adapted
to shift the phase angle between the output
voltage waves which is adapted to combine the
electrical waves of the two generators so that
they are substantially 180° out of phase for fluid
medium waves approaching from one direction
and substantially in phsase for fluild medium
waves approaching from the opposite direction,
and is also adapted to combine the said voltage
waves in the latter phase relations.

My improved methods and apparatus may
most conveniently be described and explained in
detail in conjunction with each other and I shall
now describe the preferred and alternative forms
of the apparatus illustrated in the accompanying
drawings and explain my improved methods as
carried out by the use of the said apparatus. The
known types of microphone generators, such as
the plezo-electric, dynamic, condenser and car-
bon types, may be employed in carrying out my
invention, although I prefer to make use of the
sound cell type of plezo-electric generators be-
cause of their remarkable compactness and fidel-
ity of response over a wide range of frequencies.

In the accompanying drawings, Fig. 1 is a side
elevation of a preferred form of my improved
microphone in which piwo-electrlc generators
are employed.

PFig. 2 is a front elevaﬁon of the same with a
foraminous supporting and enclosing casing
shown in dotted lines.

Pig. smaplanviewofthesaldmictophone

Mg. 4 is'a plan view of one of the generator
units of the microphone with a portion of the
strncturebrokmawaytobettershowtheeon-
struction.

Fig. 5 is & section on the line 5—8 of Fig. 4.

Pig. 6 is a diagram showing the microphone
-and a circuit, comprising suitable amplifying and

'+ modifying devices, wlthwmchthemlcrophone

may be connected in use.
Figs. 'Ia.ndaarediagrmmt!cviewsshowina
certain of the microphone generator units and

themannermwhichtheﬂuldmedmmwuvesact

upon said units.

Figs. 9and10aredhsrammtlcvlmofmodl- ’
fied forms of microphone in which are employed ¢

generator units of the plezo-electric type but ar-
ranged differently than are the units of the
microphone shown in Pigs. 1, 2 and 3.

¥g. 11 is a plan view of a modiiled form of
plezo-electric generator unit, with a portion of
the structure broken away to better show detalls
of comstruction.

Fig. 12 is a section on the line (2—12 of Fig. 11,

Fig. 13 is a disgram showing a microphone
comprising generator units of the condenser type
and a circuitt comprising amplifying and modi-
mfymgdemtowhichthemmmonekeon-

m.l&kaﬁ'ontelmﬁonotsmlanotberform
of microphone utilizing
units and embodying my invention.

Fig. 15 is a section on the line (§—(1§ of Fig. 14.

Pig. 15a is a sectional view of a generating unit
of the pieso-eleciric type which is similar to
the unit shown in Pigs. 4 and 5 except that the
electrical connections of the two crystal elements
are modified.

PFig. lelsa.djagrammaticvlewshowingthe
generators of the microphone shown in Pigs. 14
and 15 and a circuit comprising amplifying and
modifying devices, to which the mlerophone is-
connected.-

l'la.rlmdlaarediasramsoormpondmsto

plem-eleeh—lcgmersﬂim'

21,607
‘Figs. 7 and 8 but applicable to the form of micro-

phone shown in Figs. 14 and 15.

Fig. lsisadiacmmshowlnganothertormof
microphone having condenser type generator
units embodying the improved features of my in-
vention together with a circuit comprising am-
plifying and

Pig. 20 is a plan view of another form of piezo-
electric microphone suitable for use in carrying
out my invention, with a portion of the structure
broken away to better show detalls of construc-
tion.

Flg. 2llsa.sectimontheunezl—zl of Fig. 20.

Fig. 22 is a section on the line 22—322 of Fig. 20.

Referring first to Figs. 1 to 6, the microphone
comprises two identical generators designated in
their entireties by | and (g and a third generator
designated in its entirety by 2. The generator
2 consists of a piezo-electric sound cell genera-
tor unit such as is fully shown and described in
the application for United States Letters Patent
of C. B. Bawyer, Serial No. 658,649 filed February
25, 1933, now Patent No. 2,105,010, issued Jan. 11,
lm.‘md in British Letters Patent No. 409,040.
Each of these disclosures presents full details of
the construction and it will suffice for the pur-
poses of the present invention to state that the
sound cell generating unit which is designated
In its entirety by the numeral 3 comprises a
frame structure 4 of Bakelite or the like having
two inwu'dlyextendingmgslaupon the oppo-
site sides of which are supported two plate-like
crystalline piezo-electric generating elements
8, §a of the flexing type. The crystal elements
§, 8a are secured in place and tightly sealed
within the frame by thin sheets §, §a of paper or
the like which are cemented to the faces of the

“erystal elements and the frame. The electrodes
. of one polarity of the elements §, 5a are con-

nected by conductors 1 and 1a, respectively, to a
common conductor 8, while their electrodes of
the opposite polarity are connected by conductors
The flexible

Bach of the generators |, Iacomprlaestwoof

’t.heaolmdeengmentorunjtssmsposedsideby

_are welded or soldered
produce a frame of sufficient rigidity
support the generating units. When

§

the sald units are assembled in.the frame the
‘ generating units of the generators | and la are
‘connected In electrical opposition by joining

their conductors {0 as shown in Figs. 1 and 3.
Theqond:wtorlofmegenerstingtmitofeech

16, 17 and 18, the terminal 16 being connected to
two of the conductors 8 of the generators | and
la, the terminal {7 being connected to the con-

modifying devices to which the -
' microphone is connected.

16
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.amplifying devices.

ductor 8 of the generator 2 and the terminal
being connected to the grounded frame (1.

The microphone generators and their support-
ing {frame are mounted in a supporting and pro-
tecting casing shown by dotted lines in Pig. 2 and
designated in its entirety by 19. This casing
preferably comprisestop and bottom sections (9a,
18D, respectively, which are joined by a band 8¢
which extends horizontally around the casing.
The frame 11 is suitably supported in the casing
by blocks 20, 20 of felt, sponge rubber or the
like. The casing parts 19a, 19b are made of wire
screen or other foraminous material so as to
freely admit the air or other fluid medium.

In the use of the microphone shown in Figs.
1, 2 and 3 and above described, it preferably is
connected with a circuit comprising suitable
modifying devices and preferably also suitable
Such a circuit is illustrated
in Pig. 6. As shown in Fig. 6 the terimnal {6
of the microphone is connected to a two-stage
amplifier comprising vacuum tubes 2 and 22
and their conventional associated fllament-sup-
ply batteries 23, 23, grid-bias batteries 24, 24,
and plate-supply battery 25, grid-blocking con-
denser 26, plate-coupling resistance 21 and grid-
leak resistances 28, 28a. In addition a condenser
29 is connected between the plate and fllament
of the tube 21 and serves a purpose which will
later be explained. Terminal IT of the micro-
phone is connected to an amplifying tube 30
which is provided with filament and grid bat-
terles 31 and 32, respectively, and a grid-leak
resistance 38 and is also connected with plate-
supply battery 28 through a transformer 34 which
is a common coupling device for the two am-
plifiers. Transformer 34, in addition to cou-
pling together the two amplifying circuits, pro-
vides means for conducting the amplified waves
to a loud speaker, phonograph recorder or any
other device with which microphones are asso-
clated. Terminal (8 is common to the cathodes
of the two amplifying circuits. A three-position
switch- 38 is provided to short circuit generator
2 or generators { and la to alter the directional
characteristics of the apparatus as will later be
more fully explained.

While I have shown, in Fig. 6, an amplifier cir-
cult embodying three tubes of the triode type
with directly heated cathodes and with separate
filament and grid batteries, it will be understood
that other known types of tubes and sources of
operating potential may be employed. For in-
stance, the tubes may be of the indirectly heated
or heater type and, if desired, heated by alter-
nating current. Furthermore they may be of
the screen grid or pentode type and two or more

. tube functions may be combined within a sin-

70
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gle tube envelope. Also a common battery or
other source of potential may be used to sup-
ply all of the tubes and the grid blas may be
obtained from the voltage drop caused by the
plate current flowing through a resistance. Sim-
ilarly, other expedients well known in the art

may be employed in lieu of the arrangements

shown in Fig. 6.

In explaining the operation of the apparatus
above described, it may at the outset be assumed
that the switch 38 is set in open position as shown
in Fig. 6. The manner in which the fluid me-~

‘dium waves act upon the generators I, la and
.In

2 is illustrated in part by Figs. 7 and 8.
these two figures the generator la is omitted as
it is a duplicate of the generator | and func-
tions in the same manner both when considered

21,607 |

alone and when considered in combination with
the generator 2. .

In the operation of the microphone, within a
relatively wide range of frequencies, the unitary
generator 2 responds substantially uniformly to
fluid medium waves approaching from any di-
rection, the range of frequencies depending chief-
ly upon the dimensions of the generator. The
same thing is true of the individual generator
units 8, 3 of the generator | (and fa) but the
generator | as an entirety has decidedly direc-
tional operating characteristics due to the physi-
cal arrangement of its generating units and the
opposed electrical connection of the later.

This will now be explained with reference to
the diagrams of Figs. 7 and 8. In these figures
the generating units 8, 3 of generator { and the
generator 2 are'so arranged and connected that
when they are all subjected to fluid medium pres-
sure above zero, the left hand lead of the left

3

10

16

20

hand unit 8 of generator | is negative with re- .

spect to its other lead and the right hand lead
of the right hand unit 3 of generator’'| is neg-
ative with respect to its other lead and the left
hand lead of generator 2 is positive with re-
spect to its other lead. In other words, the po-
larity of the left hand unit 3 of generator | is
reversed with respect to the polarities of the
other two units. - The dotted polarity signs as-
soclated with generators | and 2 indicate this re-
lation. In Fig. 7, graph A illustrates the pres-
sure distribution of a fluld medium wave ap-
proaching the microphone from the direction in-
dicated by the arrow B. The abscissae of the
graph represent space distribution and the or-
dinates fluid medium pressure above or below zero
pressure, which Is shown by the axis C. By

“zero pressure” I mean the pressure of the fluid

medium when the latter is quiescent. This pres-
sure distribution is shown at the instant when
the pressure at the center of generator { is zero.
Left hand unit 3 is in & zone of compression and
right hand unit 3 is in a Zzone of rarification.
The effect of increased pressure on the left hand
unit is indicated by the concave shape of its faces
shown in full lines. The faces of right hand
generating unit 3 are shown convex because it is
in a zone of reduced pressure. Since the two
units 3, 3 are, as above described, arranged and
connected to have opposed polarities when sub-
Ject to fluid medium pressure above (or below)

‘zero, the output of generator | is proportional

to the difference in pressure on the units 3, 3
and {s maximum at the instant shown, with a
positive potential at terminal 16. The plus and
minus signs shown in solid lines indicate the
relative polarities of the generating units when

. they are influenced by the pressure wave A, At

25
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the instant shown generator 2 is in a zone of zero

pressure and hence its faces are shown (by solid
lines) in normal position. Since the average
DPressure acting on generator 2 at this instant
1s zero no voltage is generated by it and no po-
larity signs are shown. Dotted line D is a graph
of the pressure distribution one quarter cycle
later or in other words after the wave has pro-
gressed in direction B for a8 distance of one quar-
ter wave length. Units 3, 3 of generator | are
now acted upon by equal pressures and the faces
are shown slightly concave in dotted lines. Due
to the opposed electrical connection of units 3, 8
their outputs at the instant shown cancel each
other and there i1s no difference of potential be-
tween terminals (6 and 18. Generator 2 is now
in the zone of maximum pressure and the posi-

60
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tions of its faces are shown by the concave dot-

ted lines. The output of generator 2 is maxi-

mum at this instant and its pola.rltles are shown

- in dotted lines.

From the foregoing paragraph it can be seen
that, for the connections and direction of fluid
medium waves shown in Fig. 7, when terminal
18 is taken as a reference point, terminal 17
reaches a maximum negative potential one
quarter cycle after terminal 16 reaches a maxi-

mum positive potential. In other words, the out-
put of generator | (terminals 16 and (8) leads’

the output of generator 2 (terminals (T and 18)
by 270°, or lags said output by 90°.

By retarding the electrical wave of generator |(
until the fluid medium wave has progressed from
position A to position D, which represents a dis-
tance of one quarter wave length, the outputs of
generator | and generator 2 may be brought 180°

‘out of phase with each other. ,
In Fig. 8 a similar wave E is illustrated ap-

proaching the same microphone from the oppo-
site direction as indicated by the arrow F. The
right hand generator:unit of generator { at the
instant represented is in a zone of compression
and the left hand unit is in a zone of rarifica-
tion, as indicated by the full line positions of the
diaphragms of the generating unit. The output
of generator | at this instant is of the same mag-
nitude as shown for a similar wave in Fig. 7 but
of opposite polarity due to the reversal of the
pressures with respect to the units of generator (.

- 'At the instant represented generator 2 is in a

zone of zero pressure and. its faces are shown in

‘normal position in solid lines. At this instant no:
- output. is produced by generator 2 and so no

polarity signs are shown.

Dotted line G represents the pressure distribu-
tion after the wave has progressed in a direction
of the arrow for a distance of one quarter wave
length. Generating units 3, 8 of generator | are
now in equal pressure zones and the positions of
their faces are shown somewhat concave by the
dotted lines. At this instant the output of units
3. 3 are equal but due to the opposed connection
of units 3, 3 the output of generator { is zero. At

the instant fllustrated generator 2 is-in a zone.

of maximum pressure and the positions of its

.faces are shown as concave by dotted lines. Its

polarity is also shown in dotted lines and is the
same as for similar conditions in Fig. 7.

From consideration of the foregoing descrip-
tion and Fig. 8 it is apparent that when terminal
18 is taken as a reference point, the terminal 171
reaches a maximum negative potential one quar-
ter cycle after terminal 1§ reaches & maximum
negative potential. In other words, the output
of generator | (terminals 16 and 8) leads the
output of generator 2 by 90°.

By retarding the electrical waves of generator
{ until the corresponding fluld medium waves

. have progressed from position E to position &,

70
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which represents a distance of one quarter wave
length or a phase displacement of 90°, the out-

puts of generator { and generator 2 may be
:brought in phase with each other, whereas in

Fig. 7 retarding the output of generator {1 by 90°
brings the outputs 180° out of phase..
Byelectrically retarding the output of genera-

tor { .and then combining the retarded output

with the output of generator 2 the combined re-
sponse to fluid medium waves may be made to
vary as the direction of the waves is changed

from a maximum for waves in one direction to a

minimum for waves in the opposite direction.

21,607

For waves a.rriving from direction B in Fig. 7 the
retarded output of generator { will tend to cancel
the output of generator 2, providing a minimum
response. For waves arriving from direction Fin
Fig. 3 the retarded output of generator { will re-
enforce the output of generator 2, providing a
maximum response. Reversing the polarity of
generator | or generator 2 will reverse the direc-
tioris of maximum and minimum response.

For fluid medium waves approaching the mi-
crophone from any direction at right angles to
the .directions indicated by arrows B and P of
Figs. 7 and 8, units 3, 3 of generator | are af-
fected equally and simultaneously and hence, due
to their opposed connection, their outputs are
cancelled and the output of the microphone is
that of generator 2 alone. For fluid medium
waves approaching the microphone in directions
intermediate between those last referred to and
the direction B the output will vary from that of
the generator 2 to the minimum output for

waves in the direction B. And similarly, for fluid

medium waves approaching the microphone from

- directions intermediate between the direction at
right angles to directions B and F and the direc-’

tion F the output of the microphone will vary
from the output of the generator 2 to the maxi-
mum output of the instrument for fluid waves
approaching from the direction F.

As an alternative method of bringing the out-
puts into phase for waves from one direction and

- out of phase for waves from the opposite direc-

tion, the output of generator 2 may be retarded
instead of the output of generator i. In this case
the outputs will oppose for waves arriving as
shown in Fig. 8 and will aid each other for waves
arriving as shown in Fig. 7. The directions of

maximum and minimum response will then be.

reversed.

In the preceding paragraphs I have shown that
the output of generator | depends on the instan-
taneous difference between pressures on the two
units 3, 3 of said generator I. Now if we con-
sider one at & time the effects of successive sound
waves, of different frequencies but of the same
maximum instantaneous pressures, approaching

" generator { from either direction B or direction

F, we find that the maximum instantaneous

‘pressure difference will be very small for very

long waves and will increase as the wave length
decreases until the wave length equals twice the
center to center distance between the units 3, 3.
At this wave length, when one unit 3 is at a point

10

15

of maximum pressure in the sound wave, the .

other unit 3 is at a point of minimum pressure -

and hence the pressure difference is maximum.

"As the wave length is further decreased the dif-

ference in pressure decreases and becomes zero
when the wave length equa.ls the said center to
eenter distance.

For waves a.pproachlng from other directions
the frequency of maximum response or maximum
pressure difference depends on the a.ppareni. cen-
ter to center spacing of the units 3, 3. Such
spacing for waves from any direction is the dis-
tance a sound wave must progress in the given
direction to travel from a point on one unit 3

- of generator | to & corresponding point on the

other unit 3 of generator {. The apparent cen-
ter to center spacing equals the true center to
center spacing for sound waves arriving from
direction B or direction F of Figs. 7 and 8 and

‘approaches zero as the direction of the sound

waves approaches the perpendicular to direction
B or direction F.

65
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Stated in another way, maximum response oc-
curs for waves whose period is equal to twice the
time required for sound waves to travel from a
point on one unit 3 of generator | to a corre-
sponding point on the other unit 3 of generator
i. As the period of the wave is further reduced
the response drops, reaching zero when the period
is equal to the time required for a wave to travel
from 'a point on one unit 3 to a corresponding
point on the other unit 3 of generator .

The above relation may be expressed in the
form of equations. If we let i

P, =maximum instantaneous wave pressure

d=apparent center to center spacing of units 3, 3
Y=wave length of the fluid medium waves

J={requency of the fluid medium waves=%

where
a=nperiod of the wave .
Py=maximum instantaneous difference in pressure
between corresponding points on units 3, 3
at frequency f
v=velocity of propagation in the fluid medium -

Then we have .
(1) P;=2Pn sin(gx 180°)

. [
Or, since Y=, we have

g
@) P.=2P, sin(%fx 180°)

Or, since f =%: we have

3) P;=2P, s_in(%x%x 180°)

‘The ratio %is the time required for waves to pro-
gress from a point in one unit 3 to a correspond-
ing point in the other unit 3.

As an example, assume that sound waves of

various frequencies f or periods a approach gen-

erator | from direction B or direction F in Pligs.
7 and 8, and assume that d equals .578 inch, v
equals 13,000 inches per second, Pm equals 1,000
units of pressure. Then the above formula re-
duces to i

. . 578 .
Py=2X1000 sm(l3,000X‘fx 180°)=2000 sin(.008f)

and .

d_ .578

;-B’O—m-.m446

Tabulating values of Pa against f and a, we have

f(cycles) |a (seconds) Pa
100 .01 28
200 . 005 58
400 . 0025 112
800 . 00125 222
1, 600 . 000625 444
3, 200 . 000313 864
6, 400 . 000157 1, 560
11,250 | .00008%2 | .00 (a_,?)

As the foregoing Equation (2) indicates, the
pressure difference Pa i3 a sine function of the
frequency. However, from the above table of
values it is apparent that, for practical purposes,
particularly in the field of acoustics, the relation
may be considered practically linear up to nearly
the frequency of maximum pressure difference.

In order to obtain uniform response over the
operating range of frequencies it is desirable to
provide compensation for the above-mentioned
increase in response as the frequency increases.
In the preferred form of my apparatus I provide
means for simultaneously altering the response
of generator | and shifting the phase of the out-
put of generator | relative to the output of gen-
erator 2. This response-correcting and phase-
shifting means comprises condenser 29 of Fig. 6
and the plate resistance of vacuum tube 21 in
combination with resistances 2T and 28a. Con-
denser 29 is of such capacity that its reactance at
the lowest operating frequency is very small com-
pared with the plate resistance of tube 21. The
resistances 21 and 28a are very large compared
with the, highest operating impedance of con-
denser 29. Under these conditions the voltage
developed across condenser 29 and hence the
voltage applied to the grid of tube 22 decreases
as the frequency increases providing substantially
the necessary correction for the increase in re-
sponse of generator . Also the voltage de-
veloped across condenser 29 over a wide range of
frequencies is substantially 90 degrees out of
phase with the voltage applied to the grid of tube
2{ by generator . Hence the output of tube 22
for constant amplitude input varies inversely as
the frequency varies and is 90 degrees Hut of
phase with the output of generator |. This de-
creasing response of the amplifier taken in com-
bination with the increasing response with fre-
quency of generators | and la results in a sub-
stantially uniform output of tube 22 as the fre-
quency of fluid medium waves falling on genera-
tor | is varied. The output of generator 2 is am-
plified by vacuum tube 30 without otherwise being
altered. And since the output of generator 2 is
practically uniform with frequency, the output
of tube 30 will be substantially uniform. The
outputs of tubes 22 and 30 are combined in trans-
former 34. )

By proper adjustment of potentiometer 28a in
Fig. 6 the amplified and corrected output of gen-
erator { may be made equal in magnitude to the
amplified output of generator 2 for waves arriv-
ing from either direction B or F of Figs. 7 and 8.
Then for waves arriving from one of the above
mentioned directions the outputs will cancel and

- for waves arriving from the opposite direction

the outputs will combine to a value of twice that
of either output alone. ) i

From the foregoing description it will be seen
that in cases where a non-directional pickup

characteristic is required the generators (, la

may be disconnected or short circuited allow-
ing the non-directional generator 2 to function
alone, thus obviating the use of a separate micro-
phone. Furthermore, since the generators | and
ia have maximum response to waves from two
opposite directions as previously explained and

have no response to waves approaching from di-

rections at 90 degrees to the directions of maxi-
mum response my microphone may be used for
bi-directional pickup by disconnecting generator
2. 'These results are secured in the apparatus as
fllustrated in Fig. 6 by moving the switch 38 to

‘suitable positions, that is, to short circuit the

generators 1, {a, in the one case, and to short
circuit the generator 2, in the other case.

It will be obvious that a microphone having
bi-directional operating characteristics on;y can
be produced by the use of a generator or gen-
erators such as the generators |, la, the latter
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circuit including response correcting means such
as the condenser 28.

As previously explained, the response of the
generators I, fa rises with the frequency up to
the point where the period of the wave becomes
twice the time required for a wave to travel from
one unit 3 to the other unit 3 of generator 1. At
higher frequencies the response decreases reach-
ing zero at twice the frequency of maximum re-
sponse. Thus it can be seen that to obtain sub-
stantially uniform response with simple correct-
ing means, such as condenser 29, generating units
must be small enough to be placed one-half wave
length apart at the highest operating frequency.
Thus for a smooth response up to ten thousand
cycles per second the space should be no greater

than 0.65 inch. However, the theoretically op--

timum spacing specified can be departed from

substantially and still secure reasonably satisfac- '

tory results since the response does not drop to
Zero until twice the optimum spacing is reached.

Since microphones in service are used with
varying lengths of connecting cable, it is desir-
able, in some cases at least, to have the internal
impedance of the bi-directional and non-direc-
tional generators equal so that various lengths of
cable affect both generators equally. Since the
impedance of generators | and fa each com-
prise two generating units in series it is neces-
s&ry to connect two generators { and lg in par-
allel to obtain the same effective internal im-
pedance as that of generator 2. Obviously other
methods of connection can be employed. For in-
stance, the generating units 3, 3 of generator |
can be connected in parallel in opposed relation
and the generating units of generator Ig likewise
connected. Then, to maintain the impedance
balance, generators | and {a would be connected
in series. Obviously more than one generator 2
can be employed in combination with larger
numbers of generators I, lg, etc. For many uses,
as for example in acoustical work, generating
units of quite small size are required to permit
the necessary close spacing of such units in order

48 to secure a flat response over relatively wide

ranges of Irequency and I have found that the
plezo-electric generator units of the sound cell
type illustrated in Pigs. 1, 2 and 3 admirably meet

-these requirements.

While the arrangement of the generator units
shown in Pigs. 1, 2 and 3 is such as I prefer, var-

lous other arrangements can be employed. Thus -

in the modified microphone shown in Fig. 9 the
arrows B! and M in te the directions of the
fluid medium waves for maximum response of
the bi-directional generators 38 and 38a which
have their generating units 3a, 3a disposed: at
right angles to the directions B!, ! instead of
parallel thereto, the generator 37 having its gen-
erating unit 3a disposed parallel to the directions
BY, F1. The generators and their units are con-
nected electrically as shown in Fig. 9 and the
instrument has three terminals i8a, 17a, 18a cor-
responding to the terminals of the instrument
shown in Fig. 6 and these terminals I8a, {7g and
ll’amaybegonnectedwlththeampuﬂercircmt
fllustrated in Fig. 6. The construction of the
units 3g is identical with that ottheunlts3
already described.

Similarly, with the modification shown in Fig

10 the arrows B? and F2 represent the directions

of approach of the fiuid medium waves for maxi-

mum response of the bi-directional generators 38 .
and 38a and in this case the non-directional gen-

eratoru aswenutbegeneraﬂnzumtszb 3bor
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the generators 38 and 38a, is disposed at right
angles to the said directions. The terminals 16b,
11b and 18b of the microphone of Fig. 10 also may
be connected to the amplifying circuit shown in
Fig. 6.

While I prefer to employ sound cell generating

- units such as are shown in Figs. 4 and 5 in which

two oppositely disposed crystalline generating
elements are mounted on the same frame, it will
be understood that sound cell units each employ-
ing a single crystalline generating element can
be employed. I have shown a sound cell of this
character in Figs. 11 and 12. Here the unit which
is designated as an entirety by 40 comprises a
cupped frame structure 41, a flexing crystalline
element 42 of the same character as the elements
8, 8a in the previously described construction, and
a flexible sheet 43 of paper or the like which is
cemented to the element 42 and the edge part
of the frame &f so as to tightly enclose the crys-
talline element, said element being operatively
supported upon lugs 4fa on the frame &f. The
element 42 has its electrodes provided with leads
44 and 45 corresponding to the leads 8 and (0 of
the first described sound cell.

In Fig. 13 I have shown another form of micro-
rhone embodying my invention. Here the gen-

.erators are of the condenser type and the micro-

phone comprises a bi-directional generator 46
and a non-directional generator 41. The latter
generator and each of the two units 48, 48 of the

generator 46 comprises a cup-shaped base or

frame 49 formed of some suitable insulating ma-
terial, a metallic back plate 50 and a diaphragm
§1 which may be of metal or of some material
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such as mica provided with a conducting coating

opposite the back plate 50. The edges of the
diaphragm are tightly sealed to the top periph-
eral part of the base or frame 48. The operation
of condenser type microphones is well known to
persons familiar with the art. The diaphragms
Bi and back plates 50 form electrical condensers
whose capacities vary in accordance with the
variations in fluid medium pressure acting on the
diaphragms. Battery 52 electrically charges the

- capacities of the two generator units of generator

46 through resistances §3 and 54. It will be ob-
served that battery 62 supplies similar charges
to units 48, 48. The two units, however, are con-
nected in series in opposed relation so that si-
multaneous increases or decreases in their capac-
ities cause no resulting output. However, when
they are actuated by fluld medium waves ap-
proaching .from certain directions the instan-
taneous values of capacity of the two units will
be different with resulting output.  Battery 5§

-supplies an electrical charge for the capacity of

generator 41 through resistance §6. QGenerator
47 is equally affected by waves from any direc-
tion or, in other words, is non-directional. The
microphone has terminals 16c, 1Tc and I8¢ to
which an amplifying circuit §7, similar to that
of Fig. 6, is connected. Condensers 68 and 59 are
provided to isolate batteries 52 and §5, respec-
tively, from the amplifier without affecting the
outputs of the generators.

It will be observed that the generating units
48, 48 of the generator 46 and the generating unit
constituting generator 4T have the same kind of
space relationship as the unit of the generators
{ and 2 of the first described microphone and the
instrument of Fig. 13 operates in the same gen-
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eral way as that of Figs. 1, 2 and 3. That is to

say, the microphone when connected in circuit
as shown in Fig. 13 functions as a uni-directional
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mstrument and by moving the switch 35a either
the generator 46 may be short circuited to render
the instrument non-directional or the generator
4T may be short circuited to render the instru-
mernt bi-directional.

In Figs. 14, 15 and 16 I have jllustrated still
another form of uni-directional microphone in
which piezo-electric crystalline generators are

employed. Here the microphone consists of two -

bi-directional generators 60, 60a and a non-
directional generator 61. Each of the generators
60, 60a consists essentially of a flexible crystalline
element of the same character as the elements
5, 5a of the first described microphone, said ele-
ment being mounted upon two opposite lugs 82a

of a supporting frame 62 with interposed pads 63

of felt or the like.. Each generating element of
the generators 80, 80a are provided with terminal
leads 64, 65 as shown in Fig. 14.

The generator 81 consists of a piezo-electric
sound cell, such as is shown in Figs. 4 and 5 and
need not be further described. This sound cell
or generating unit is mounted in notches 620 of
the frame 62 with interposed cushions 66. The
generator 61 is provided with terminal leads 67
and 68 and the leads of the three generators are
connected as shown in Figs. 14 and 16 to ter-
minals 16d, 17d and 18d of the instrument.
These terminals are in turn connected to an
amplifying circuit 69 of the same charatcer as
the amplifying circuit of Fig. 6. The circuit in-
cludes a three-position switch 35b. It will be
observed that the generators 80, 60a of the micro-
phone are connected in series in aiding relation,
two generators being used to obtain greater out-
put. The generators 60 and 60c each provides
bi-directional resporise. This will become evi-
dent when it is considered that a wave arriving
from any point in the plane of generators 66 and
60a will react on both surfaces of each of said
generators equally and simultaneously, resulting
in no flexure. Waves arriving from other direc-
tions will react on one surface of each generator
before reacting on the other surface causing a
The character of gen-
erators 60 and 60a is such that the maximum
voltage is generated at the instant of maximum
flexure. Maximum output will be obtained when
the waves arrive from directions normal to the
surface of the generators 60 and 60ec. Thus it
can be seen that they have the same bi-direc-

tional response as the units previously described.:

In Fig. 17 I have illustrated graphically at H
the pressure distribution of a fluid medium wave
approaching the microphone of Fig. 14 from a

"direction indicated by the arrow J. This wave

(4]

-

is shown at the instant of maximum pressure on
generator 61. The faces of generator 81 are
therefore shown in concave position in solid lines
and the resulting polarities are also shown in
solid lines. At the instant illustrated generators
60 and 60a are acted upon by equal pressures on
their opposite faces and hence at this instant
there is no flexure of these generators, as shown
by solid lines. The dotted line at K illustrates
the same wave one quarter cycle later. Genera-
tor 81 is now in a zone of zero pressure and its
faces are shown in normal position in dotted
lines. At this instant there is no output from
generator 6f and so no polarity signs are shown.
Generators 80 and 80a at the instant illustrated
are acted upon by greater pressure from the
right hand side than from the left hand side and
their resulting flexure is shown in dotted lines.
At instant shown the pressure difference is maxi-

7

mum and hence their outputs are maximum.
Thelir polarities at this instant are also shown
in dotted lines.

" From the last preceding paragraph it can be

seen that when terminal 18d is taken as a refer-.
ence point terminal 16d reaches a maximum
positive potential one-quarter cycle after ter-
minal 11d reaches a maximum negative potential.
In other words, the output of generator 61 leads
the output of generators 60 and 60a by 270° or
lags by 90°.

Fig. 18 presents a graph L of the pressure dis-
tribution of a fluid medium wave approaching the
microphone of Fig. 14 from the direction indi-
cated by arrow M. It represents the instant of
maximunr pressure on generator 61. The out-
put of generator 61 is a maximum at this instant
and of the same polarity as for similar condi-
tions shown in Fig. 17. Generators 60 and 60a
are acted upon equally on both faces and hence
they do not flex at this instant. Dotted line N
represents the pressure distribution one quarter
cycle later. Generator 61 is now in a zero pres-
sure zone and its faces are shown in normal posi-
tion in dotted lines. Generators 60 and 60a are
now acted upon by greater pressure on the left
hand side than on the right and this difference
in pressure is maximum at the instant shown

10

15

20

and their resulting flexure is shown in dotted

lines. Their polarities are also shown in dotted
lines. -The output of generators 80 and 60a is
therefore maximum but opposite in polarity to

‘the output for conditions shown in Fig. 17.

From the foregoing description, it is evident

that when terminal 184 is taken as a reference
point, terminal 16d reaches its maximum nega-
tive potential one-quarter cycle after terminal
11d reaches its maximum negative potential.
other words, the output of generator 61 leads the
output of generators 60 and 60a by 90°, whereas
under the conditions shown in Fig. 17 the output
of generator 61 lags the output of generators 80
and 60a by 90°.

Retarding the electrical output of generators
60 and 80a by 90 degrees will bring their outputs
in phase with the output of generator 61 for
sound waves arriving from one direction and 180
degrees out of phase for sound waves arriving
from the opposite direction.

Since both faces of each generator 60 and 60a
are exposed to the fluid medium waves the de-
flection of these units at any instant is propor-
tional to the instantaneous difference in pressure
on opposite faces. For plane waves of constant

. amplitude the pressure differential between two

points, as has previously been explained in con-
nection with the tabulated values for Equation
(2), for practical purposes increases substantially
linear]y with increase in frequency for frequen-
cles less than some critical value depending upon
the distance between the two points. Since the
outputs of generators 60 and 80a are propor-
tional to their flexures and their flexures are
proportional to the pressure differential which
in turn is substantially proportional to the fre-
quency, their outputs are substantially propor-
tional to the frequency. This is the same type
of response obtained from generators { and la
as explained in connection with Figs. 7 and 8.
Since the response of generators 80 and 60a
depends on a difference in pressure on opposite
faces the response will be zero for waves ap-
proaching 80 and 60a from any direction in the
central plane of the units because from such
directions waves act on both sides equally and

In
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simultaneously. The maﬂmum response OCCurs

‘for waves approaching from directions normal to

the faces of generators 80 and $8a. Thus there
are two directions of maximum response and &
plane of zero response with intermediate values
of response between, as in the case of the first
described instrument. The output of generators
60 and 68a combined with the output of genera-

tor 61 provides uni-directional pickup in the same

manner as do the bi-directional generators |
and fa and non-directional generator 2 of Figs.
1,2and 3.

As a modification of the construction shown
in Figs. 14 and 15 the bi-directional generators

60, 68c may be replaced by generators of the

sound cell type of construction such as shown

. in Fig. 15a. The construction of this generator

is like that of the sound cell shown in Figs. 4 and
5 except that the two generating elements § and

80 5a are electrically connected in opposition as will

70

be seen from a comparison of Fig. 15¢ with Fig.
5. Fluid medium waves arriving from directions
in the plane of the generator flex the two piezo-
electric elements equally and simultaneously but
in opposite directions, and due to the manner in
which the elements are connected their output
waves cancel. Fluid medium waves arriving
from other directions have different instanta-
neous effects on the two elements. The ogutputs
therefore do not cancel and the resulting output
is similar to the output of generators 68 and 86z
of Fig. 14. Thus the operation of the micro-
phone employing such reversed sound cells in
lieu of the generatcrs 60, 68a is the same as the
operation of the microphone in Figs. 14 and 15.

In Fig. 19 I have shown a microphone operat-
ing in the same general way as the microphone
shown in Figs. 14 and 15 but in which the gen-
erating units are of the condenser type. The
microphone comprises a bi-directional generator
10 and a non-directional generator 711. The bi-
directional generator comprises a frame 72 of
suitable insulating material, a metallic back plate
13 mounted in the frame and formed with a
number of perforations 73a to allow free passage
of the fluid medium, and a diaphragm 14 of
metal or of some such material as mica with a
conducting coating opposite the back plate 18.

The generator 7| comprises a frame 18 of in--

sulating material, a metallic back plate 76 and a
diaphragm 71, the construction of this generator
being the same as that of the generatlng units
of Fig. 13.

. Diaphragm 14 and back plate 73 of generator
10 form a capacity which varies under the in-
fluence of fluid medium waves. Diaphragm 17
and back plate 18 of generator 7! also form a
capacity whose value varies under the influence
of fluid medium waves. Battery 18 applies elec-
trical charges to the capacities of generators 10
and T{ through resistances 19 and 88. Since the
back plate of generator 10 is perforated the gen-
erator will have bi-directional characteristics for
the reasons explained in connection with gen-
erators 60 and 60a of Figs.17 and 18 as applied
‘to the microphone of Figs. 14 and 15. Variations
in the capacities of generators 780 and 7{ under
the influence of fluld medium waves cause alter-
nating potentials to be applied to the terminals
i6e, tTe and .18e.. Condensers 8! and 82 are
provided to isolate battery 18 from terminal i8e
and (Te. These terminals are connected to
amplifier circuit 83 which is of the same char-
acter as the amplifier circuit of ¥ig. 6. The cir-

"
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meansofwhleheitherthegenmtornorthe
generator 71 can be short circuited so that the
microphone will function non-directionally or
bi-directionally as well as uni-directionally. -
In Figs. 20, 21 and 22 I have illustrated a bi-
directional generator in which two separate

mechanical diaphragms are employed o actuate

a single generator unit of the crystalline piezu-
electric type. In this generator there is a flex-
ing crystalline piezo generator element 84 of the
twisting type disclosed in United States pafent
to Sawyer Reissue No. 20,680 (Fig. 10) to which
reference may be made for a detailed description.
In this type of generating element the response
is due to a twisting of the element and is pro-
portional to the amount of the twisting. This
generator is provided with terminal leads 84a and
84b and is mounted in a casing comprising a
cupped bottom section 88 and a cover plate 86
secured to the bottom section by means of cap
screws 81, the parts 8% and 8¢ being formed of
suitable ' insulating material. The generating
element is supported from the bottom of the case
by means of a centrally disposed block 88 and
two corner blocks 89, 89, these blocks being
preferably formed of some material such as rub-
ber, the blocks being cemented to the case and to
the crystal element. The free corners of the
plate-like crystal element carry blocks 80, 88 to
which are attached circular diaphragms 8§, 81,
the peripheries of which rest upon andi are
cemented to the edges of circular apertures lia
in the top plate 8. -

When the diaphragms 81, 91 a.re acted upon
by different pressures a twlsting flexure of the
crystalline element 84 results. When diaphragms
81, 81 are acted upon simultaneously by the same
pressure no twisting flexure results. 'Accordingly
fluid medium waves arriving from directions
parallel to a line joining the centers of the dia-
phragms act upon the two diaphragms with
different forces as shown in connection with the
first described generator of Figs. 7 .and 8.
difference in force results in a twisting motion
of the crystalline element causing the genera-
tion of corresponding electrical ocutput. Fluid
medium waves reaching the generator from
directions 90 degrees from the above mentioned
directions act on the two diaphragms equally and
simultaneously and produce minimum output.
Thus it will be seen that this generator has the
same bi-directional characteristics as those pre-
viously described and may be combined with
non-directional generators for unl-directional re-
ception where desired.

As will readily be understood by those ‘skilled
in such matters, other forms of amplifying cir-
cuit than those illustrated can be employed in
connection with my improved microphone. In
the circuits illustrated and described I have em-
ployed a condenser, as the condenser 29 in Fig. 6,
which cooperates with the plate resistance of an
amplitying tube to shift the phase and alter the
response of the bi-directional generator or gen-
erators after the output of that generator has
been partially amplified. It will be obvious that
this phase shifting and modifying function can
be performed before any amplification of the
output of the bi-directional generators by the
provision of suitable known means for that pur-

pose and, turthermore, the output of the non-

directional generator may be combined with the
altered output of the bi-directional generater
before amplification.

This
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manner above described, are adapted for use in
the carrying out of my improved method of
generating electrical waves. The design of the
microphone, and more particularly of the bi-

. directional generator thereof, involves the selec-

tion of adjacent zones which are defined by the
diaphragms of the bi-directional generator.
When fluid medium waves act upon the dia-
phragms the fluid medium pressures thereon arc
utilized to generate electrical waves in the man-
ner previously described. ’

I prefer to design the bi-directional generators
80 that the zones defined by their diaphragms are
disposed in relation to each other so that the
maximum time required for a fluld medium wave
to travel from a common point of one of sald
Zones to a corresponding point.of the other zone
is ‘less than the period of the shortest wave
within the range of frequencies for which the
electrical waves are to be generated. By means
of the bi-directional generator the different in-
stantaneous wave pressures of the fluid medium
in the two zones Is utilized to generate elec-
trical ‘waves whose instantaneous values are pro-
portional to the differences between the said
pressures, and the waves so generated are then
passed through a circuit whose transmission ef-
ficiency varies inversely as the frequency within
the sald range of frequencies so that within the
sald range a generating efficlency relatively uni-
form with respect to frequency is attained for
fluid medlum waves approaching from any given
direction.

It will further be seen that the arrangement
of the non-directional generating unit of my im-
proved microphone involves the selction of a
third zone of the fluild medium and when the
instantaneous wave pressures in this third zone
corresponding to the differing pressures of the
two zones of the bi-directional generator are
utilized to generate electrical waves and the
waves generated by the two generators are com-
bined in phase for flyid medium waves approach-
ing the zones from one direction, a generation
of electrical waves uniformly efficient with re-
spect to frequency is attained and the response
varies from a maximum for fluid medium waves
approaching from one direction to a minimum for
fluld medium waves approaching from the op-
posite direction. ,

I have shown and described the preferred pro-
cedure in practicing my improved’ method and
preferred forms of construction of my improved

- microphone and associated devices but it will
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be understood that other specific procedures and
other.forms of construction and arrangement of

the apparatus and its parts can be employed in -

carrying out my invention as defined in the ap-
pended claims. -

What I claim is:

1. The method 0f generating electrical waves
corresponding to fluid medium waves within a
given range of frequencies which comprises se-
lecting two zones of the fluld medium disposed
in relation to each other so that the maximum
time required for one of the fluid medium waves
to travel from a given point of one of said zones
to a corresponding point of the other zone is less
than the period of the shortest wave within the
sald range af. frequencies, utilizing the different
instantaneous wave pressures of the fluid medium
in the 'sald zones to generate electrical waves
whose corresponding instantaneous voltage val-
ues are proportional to the differences between
the said pressures, utilizing the corresponding in-

9

stantaneous wave pressures in a third zone-of the
fluid medium to generate electrical waves whose
Instantaneous voltage values are proportional to
the instantaneous wave pressures in said third
zone, and combining the two sets of electrical
waves so generated so that they are substantially
in phase for fluld medium waves within the said
range approaching the said zones from one di-
rection. '

2. The method of generating electrical waves
corresponding to fluild medium waves within a
given range of frequencies which comprises se-
lecting two zones of the fluld medium disposed
in relation to each other so that the maximum
time required for one of the fluld medium waves

" to travel from a given point of one of said ‘zZones

to a corresponding point of the other zone is less
than the period of the shortest wave within the
said range of frequencles, utilizing the different
Instantaneous wave pressures of the fluid medium
in the said zones to generate electrical waves
whose 'instantaneous voltage values are pro-
portional to the differences between the said
pressures, passing the last named waves so gen-
erated through a circuit whose voltage trans-
mission efficlency varies substantially inversely
as the frequency within the said range of fre-
quencies, utilizing the corresponding instantane-
ous wave pressures in a third zone of the fluid
medium to generate electrical waves whose in-

stantaneous voltage values are proportional to

the Instantaneous wave pressures in said third
zone, and combining the last named- waves and
the waves passed through the said circuit so
that the waves of the two sets of waves are
substantially in phase for fluld medium waves
within the said frequency range approaching the
sald zones from one direction. . )

3. In apparatus for generating electrical waves
corresponding to fluld medium waves within a
given range of frequencies, the combination of a
generator comprising diaphragm means having
a pair of surfaces.sensitive to the fluld medium
waves and so disposed in relation to each other
that the maximum time required for one of said
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waves to travel from a given point of one of said

surfaces to a corresponding -point of the other
surface is less' than the period of the shortest
wave within the said range of frequencies, said

generator being adapted to generate electrical-

waves whose instantaneous voltage values- are
proportional to the differences between the cor-
responding instantaneous fiuild medium pressures
on said diaphragm surfaces, a second generator
assoclated with the first named generator and
adapted to generate electrical waves correspond- .
ing to the fluid medium waves approaching it
from any direction, the phase angle between the
output voltage waves of the two generators being
substantially greater than zero and substantially
less than 180°, and a circuit to which the two gen-
erators are connected comprising means adapted,
within the said range of frequencies and when the
generators are generating electrical waves corre-
sponding to fluid medium waves approaching the
apparatus from a given direction, to shift -the
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phase angle between said output voltage waves to -

substantially 180° and combine
the latter phase relation. )

4. In apparatus for generating electrical waves
corresponding to fluid medium waves within a
given range of frequencies, the combination of
a generator comprising diaphragm means hav-
ing a pair of surfaces sensitive to the fluid me-
dium waves and so disposed in relation to each

the said waves in
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other that the maximum time required for one
of said waves to travel from a given point of one
of said surfaces to a corresponding point of the
other surface is less than the period of the
shortest wave within the said range of fre-
quencies, said generator being adapted to gener-
ate electrical waves whose instantaneous volt-
age values are proportional to the differences be-
tween the corresponding instantaneous fluid me-
dium pressures on said diaphragm surfaces, a
second generator assoclated with the first named
generator and adapted to generate electrical

. waves corresponding to the fluid medium waves

approaching it from any direction, and a circuit
to which the two generators are connected com-
prising means adapted, within the said range of
frequencies, to render the response of the first
generator substantially uniform and to combine
the outputs of the generators substantially 180°
out of phase with each other when the genera-

tors are generating electrical waves correspond-

ing to fluid medium waves approachlng the ap-
paratus from a given direction.
5.-In apparatus for generating electrlcal waves
corresponding to fluid medium waves within a
given range of frequencies, the combination of

" a generator having a pair of diaphragms sensi-
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tive to the fluld medium waves so disposed in:

relation to each other that the maximum time
required for a fluid medium wave to travel from
a given point of one of said diaphragms to a cor-
responding point of the other diaphragm is less
than the period of the shortest wave within said
range of frequencies, said generator being adapt-
ed to generate electrical waves whose instantane-
ous voltage values are proportional to the dif-
ferences between the corresponding instantane-
ous. fluid medium pressures on said diaphragms,
a second enerator associated with the first named
generator and adapted to generate electrical

waves corresponding to the fluid medium waves

approaching it from any direction, and a circuit
to which the two generators are connected com-
prising means adapted, within the said range of
frequencies, to combine the outputs of the gen-
erators substantially 180° out of phase with each
other when the generators are generating elec-
trical waves corresponding to fluld medium waves
approaching the apparatus from a given direc-
tion.

6. In apparatus for generating electrical waves
corresponding to fluild medium waves within a
given range of frequencies, the combination of a
generator comprising:a pair of generating units
each having a diaphragm sensitive to the fluld
medium waves, the diaphragms of the two units
being so disposed in relation to each other that
the maximum time required for one of sald waves
to travel from a given point of one of said dia-
phragms to a corresponding point of the other
diaphragm is less than-the period of the shortest
wave within the said range of frequencies, the
said generating units being connected in op-
posed electrical relation and each being adapted
to generate electrical waves corresponding to the
fluid medium waves, a second generator associ-
ated with the first named generator and adapted
to generate electrical waves corresponding to the
fluid medium waves approaching it from any di-
rection, and a circuit to which the two generators
are connected comprising means adapted, within
said range of frequencies, to combine the outputs

of the generators substantially 180° out of phase:

with each other when the generators are generat-

ing electrical waves corresponding to fiuid medi-
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. um waves approaching the apparatus from 8
given direction.

7. In apparatus for generating electrical waves
corresponding to fluid medium waves within a
given range of frequencies, the combination of a
generator comprising diaphragm means having a
pair of surfaces sensitive to the fluid medium
waves and so disposed in relation to each other
that the maximum time required for one of said
waves to travel from a given point of one of said
surfaces to a corresponding point of the other
surface is less than the period -of the shortest
wave within the said range of frequencies, said
generator being adapted. to generate electrical
waves whose instantaneous voltage values are
proportional to tl.2 differences between the cor-
responding instantaneous fluid medium pressures
on said diaphragm surfaces, a second generator
adapted to generate electrical waves correspond-
ing to the fluild medium waves approaching it
from any direction and so disposed in relation to

10

15

the first generator that the fluid pressure upon it

is zero when the difference in the pressures on

the diaphragm surfaces of the first generator is & -

maximum, and & circuit to which the two gen-
erators are connected comprising means adapted,

. within the said range of frequencies, to shift the
phase relation between the electrical waves of the .
two generators substantially 90 degrees and to

combine the said waves.

8. In apparatus for generating electrical waves
corresponding to fluid mediurh waves within a
given range of frequencies, the combination of a
generator comprising diaphragm means having a
pair of surfaces sensitive to the fluid medium
waves and so disposed in relation to each other
that the maximum time required for one of said
waves to travel from a given point of one of said
surfaces to a corresponding point of the other
surface Is less than the period of the shortest
wave within the said range of frequencies, said
generator being adapted to generate electrical
waves whose instantaneous voltage values are

30

proportional to the differences between the cor- -

* responding instantaneous fluid medium pressures’

on sald diaphragm surfaces, a second generator
associated with the first named generator and
adapted to generate electrical waves correspond-
ing to the fluild medium waves approaching it
from any direction, a circuit to which the two
generators are connected comprising means
adapted, within the said range of frequencies, to
combine the outputs of the generators substan-
tially 180° out of phase with each other when the

generators are generating electrical waves cor-
responding to fluid medium waves approaching.
. the apparatus from a given direction, and means

for electrically disconnecting one of the two gen-
erators from the circuit without disconnecting the

‘other.

9. In apparatus for generating electrical waves
corresponding to fluld medium waves within a
given range of frequencies, the combination of a
pair of generators each comprising two generat-
ing units each of which has a diaphragm sensitive
to the fluld medium waves, the diaphragms of

45
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the two units being so disposed in relation to each .

other that the maximum time required for one

. of said waves to travel from a given point of one

of said diaphragms to a corresponding point of
the other diaphragm is less than the period of
the shortest wave within the said range of fre-

. quencies, the said units of each gererator being

connected in opposed electrical relation and each
being adapted to generate electrical waves cor-
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responding to the fluld medium waves, and a third
generator having a diaphragm sensitive to the
fluid medium waves and adapted to generate elec~
trical waves corresponding to the fluid medium
waves approaching it from any direction, the
three generators being disposed in spaced relation
one above the other with their diaphragms sub-
stantially parallel and with the diaphragms of
one of the two-unit generators substantially in
vertical alignment with the diaphragms of the
other two-unit generator and with the diaphragm
of the third generator symmetrically disposed In
relation to a plane midway between, and normal
to the planes of, the diaphragms of the two-unit
generators. _

10. In apparatus for generating electrical
waves corresponding to fluid medium waves with-
in a given range of frequencies, the combination

of a pair of generators each comprising two gen- .

erating units each of which has a diaphragm
sensitive to the fluid medium waves, the dia-
phragms of the two units being so disposed in
relation to each other that the maximum time
required for one of said waves to travel from a
given point of one of said diaphragms to a cor-
respondihg point of the other diaphragm is less

than the period of the shortest wave within the *

said range of frequencies, the said units of each
generator being connected in opposed electrical
relation and each being adapted to generate elec-
trical waves corresponding to the fluid medium
waves, a third generator having a diaphragm
sensitive to the fluld medium waves and adapted
to generate electrical waves corresponding to the
fluid medium waves approaching it from any di-
rection, the three generators being disposed in
spaced relation one above the other with their
diaphragms substantially parallel and with the

diaphragms of one of the two-unit generators.

substantially in vertical alignment with the dia-
phragms of the other two-unit generator and
with the diaphragm of the third generator sym-
metrically disposed in relation to a plane midway

between, and normal to the planes of, the dia-"

phragms of the two-unit generators, and a circuit

to which the three generators are connected com-

prising means adapted, within the said range of
frequencies, to shift the phase relation between
the electrical waves of the third generator and
those of the two two-unit generators substantially
90 degrees and to combine the said waves.

11. In apparatus for generating electrical

waves corresponding“to fluid medium waves with- .
in a given range of frequencies, the combination -

of ‘a generator comprising diaphragm means

having a pair of surfaces sensitive to the fluid

medium waves and so disposed in relation to each

other that the maximum time required for one-
of said waves to travel from a given point of one '

of said surfaces to a corresponding point of the
other surface is less than the period of the
shortest wave within the said range of frequen-
cles, said generator being adapted to generate
electrical waves whose instantaneous voltage val-
ues are substantially proportiona: to the differ-
ences between the corresponding instantaneous
fluid medium pressures on said diaphragm sur-
faces, a second generator adapted to generate
electrical waves corresponding to the fluild me-
dium waves approaching it from any direction
and so disposed in relation to the first generator
that the fluid pressure upon it is zero when the
difference in the pressures on the diaphragm
surfaces of the first generator is a maximum,

-and a circuit to. which the two generators are

11

connected comprising means adapted, within the
said range of frequencies, to render the response
of the first generator substantially uniform and
to shift the phase relation between the electrical
waves of the two generators substantially 90° and
to combine the said waves..

12. In apparatus for gene€rating e‘ectrical
waves corresponding to fluld medium waves with-
in a given range of frequencies, the combination

of a generator comprising a pair of generating

units each having a diaphragm sensitive to the

. fluid medium waves, the diaphragms of the two

units being so disposed in relation to each other
that the maximum time required for one of said
waves to travel from a given point of one of said
diaphragms to a corresponding point of the other
diaphragm is less than the period of the shortest
wave within the said range of frequencies, the said
generating units being connected in opposed elec-
trical relation and each being adapted to gener-
ate electrical waves corresponding to the fluid
medium waves, a second generator adapted to

generate electrical waves corresponding to the

flufd medium waves approaching it from any di-
rection and so disposed in relation to the first
generator that.the fluid pressure upon it is zero
when the difference in pressures on the generat-
ing units of the first generator is a maximum,
and a circuit to which the two generators are
connected comprising means adapted, within the
said range of frequencies, to shift the phase re-
lation between the electrical waves of the two
generators substantially 90° and to combine the
said waves.

13. In apparatus for generating electrical
waves corresponding to fluid medium waves with-
in a given range of frequencies, the combina-
tion of a generator comprising a pair of gener-
ating units each having a diaphragm sensitive

to the fluld medium waves, the diaphragms of ‘

the two units being so disposed in relation to
each other that the maximum timie required for
one of sald waves to travel from a given point of
one of said diaphragms to a corresponding point

" of the other diaphragm is less than the period

of the shortest wave within the said range of
frequencies, the said generating units being con-
nected in opposed electrical relation and each
being adapted to generate electrical waves cor-
responding to the fluid medium waves, a second
generator adapted to generate electrical waves
corresponding to the fluid medium waves ap-
proaching it from any direction and so disposed
in relation to the first generator that the fluid
pressure upon said second generator is zero when

" the difference in the pressures on the diaphragm

surfaces of the first generator is a maximum, and
a circuit to which the two generators are con-
nected comprising means adapted, within the said
range of frequencies, to render the response of
the first generator substantially uniform and to

I
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50

shift the phase relation between the electrical °

waves of the two genersdtors substantially 90° and
to combine the sald waves.
14. In apparatus for generating electrical waves

corresponding to fluid medium waves within a-

given range of frequencies with maximum gen-
eration for fluid medium waves approaching from

~a given direction, the combination of a genera-

tor comprising a pair of generating units each

having a diaphragm sensitive to the fluid medium

70

waves, the two units being so disposed in relation ~

fo each other that the center to center distance
between diaphragms of the two units is less than

the length of the shortest waves within said range
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of frequencies and the said generating units being
connected in opposed electrical relation and each
keing adapted to generate electrical waves corre-
sponding to the fluid medium waves; a second
generator adapted to generate electrical waves
corresponding to the fluid medium waves ap-
proaching it from any direction and so disposed
in relation to the first generator that the fluid
pressure upon it is zero when the difference in the
pressures on the diaphragms of the first genera-
tor is a maximum; and.a circuit to which the
two generators are connected comprising means
adapted, within the said range of frequencies, to
shift the phase relation between the electrical
waves of the two generators substantially 90°
and to render the response of the first generator

substantially uniform over the said range of fre-

quencies and to combine the said waves.

15. In a directional microphone for operation
over a given range of frequencies, the eombina-
tion of a bi-directional microphone having re-
sponse substantially proportional to frequency
within the given range of frequencies, a second
microphone sensitive to fluid medium waves ap-
proaching it from any direction and whose re-
sponse is substantially uniform with respect to
frequency within the given range of frequencies,
the two microphones being so disposed in rela-
tion to each other that their electrical outputs
are substantially 90° out of phase over the given
range of frequencies, electrical circuit means con-
nected to the bi-directional microphone and
adapted to render the output of the bi-directional
microphone substantially uniform and to shift the
phase of said output by substantially 90°, and
means for combining the output of the second
microphone and the altered output of the bi-di-
rectional microphone.

16. In a directional microphone for operation
over a given range of frequencies, the combination
of .a bi-directional microphone having response
substantially proportional to frequency within the
given range of frequencies, a second microphone
sensitive to fluid medium waves approaching it
from any direction and whose response is sub-
stantially uniform with respect to frequency
within the given range of frequencies, the two
microphones being so disposed in relation to each

"other that their electrical outputs are substan-

tially 90° out of phase over the given range of
frequencies, electrical circuit means connected to
the bi-directional microphone and adapted to
render the output of the bi-directional micro-
phone substantially uniform and to shift the
rhase of said output by substantially 90°, ‘and

switching means adapted alternatively to select

the output of the bi-directional microphone or the
output of the second microphone or to combine
the outputs of both microphones.

17.  In apparatus for generating electrical waves
corresponding to fluild medium waves, the com-

bination of a generator comprising diaphragm-

means having a pair of surfaces sensitive to the
fluld medium waves, said generator being adapted
to generate electrical waves whose instantaneous
voltage values are proportional to the differences

between the corresponding instantaneous fluid.

medium pressures on said diaphragm surfaces, a
second generator associated with the first named
generator and adapted to generate electrical
waves corresponding to the fluid medium waves
approaching it from .any direction, the phase
angle between the output voltage waves of the
two generators being substantially greater than

zero and substantially less than 180°, and a cir-
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cult to which the two generators are connected
comprising means adapted, when the generators
are generating electrical waves corresponding to
fluld medium waves approaching the apparatus
from a given direction, to shift the phase angle
between said output voltage waves to substantially
180° and combine the said waves in the latter
phase relation.

18. In apparatus for generating electrical waves
corresponding to fluid medium waves, the combi.-
nation of a generator comprising diaphragm
means having a pair of surfaces sensitive to the
fluid medium waves, said generator being adapted
to generate electrical waves whose instantaneous
voltage values are proportional to the differences
between the corresponding instantaneous fluid
medium pressures on said diaphragm surfaces, a
second generator adapted to generate electrical
waves corresponding to the fluid medium waves

approaching it from any direction and so dis-.

posed in relation to the first named generator that
the fluld pressure upon it is zero when the dif-
ference in the pressures on the diaphragm sur-
faces of the first generator is & maximum, and a
circuit fo which the two generators are connected
comprising means adapted to shift the phase rela-
tion between the electrical waves of the two gen-

erators substantially 90 degrees and to combine”

the said waves.

19. In apparatus for generating electrical waves
corresponding to fluid medium waves within a
given range of frequencies, the combination of a
generator comprising diaphragm means having a
pair of surfaces sensitive to the fluid medium
waves and so disposed in relation to each other
that the maximum time required for one of said
waves to travel from a given point of one of said
surfaces to & corresponding point of the other
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surface is less than the period of the shortest -

wave within the said range of frequencies, said
generator being adapted to generate electrical
waves whose instantaneous voltage values are
proportional to the differences between the corre-
sponding instantaneous fluid medium pressures
on said diaphragm surfaces, a second generator
adapted to generate electrical waves correspond-
ing to the fluid medium waves approaching it
from any direction and so disposed. in relation to
the first named generator that their electrical
outputs are substantially 90 degrees out of phase
with each other over a given range of frequencies,

- and a circuit to which the twn generators are con-

nected comprising means adapted, within the said
range of frequencies, to combine the outputs of
the generators substantially 180° out of phase
with each other when the generators are generat-
ing electrical waves corresponding to fiuid me-
dium waves approaching the apparatus from a
given direction. .

20. In apparatus for generating electrical

- waves corresponding to fluid medium waves, the

combination of a bi-directional generator com-
prising means having a pair of surfaces sensitive
to fluld medium waves, said generator being
adapted to generate electrical waves in response
to variations in the difference between the fluid
medium pressures on said surfaces, a. secend gen-
erator associated with the first named genera-
tor and adapted to generate electrical waves in

- response to fluid medium waves approaching it

from any direction, circuit means for combining
the outputs of the generators substantially 180°
out of phase with each other when the genera-
tors are generating electrical waves in response
to the fluld medium waves approaching the ap-
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paratus from a given direction, and switching
means for cutting out at will one of the two gen-
erators, whereby the directional characteristic
of the other generator or the directional charac-

teristic of the combined generators may be se- .

lected aiternatively.

921. In apparatus for generating electrical
waves corresponding to fluid medium waves, the
combination of a bi-directional generator com-
prising means having a pair of surfaces sensitive
to fluid medium waves, said generator being
adapted to generate electrical waves in response
to variations in the difference between the fiuid
medium pressures on said surfaces, a second gen-
erator adapted to generate electrical waves in
response to the fluid medium waves approaching
it from any direction and so disposed in relation
to the first named generator that the fluid pres-
sure upon it is zero when the difference in the

‘pressures on the said surfaces of the first gener-

ator is & maximum, circuit means for combining
the outputs of the generators substantially 180°
ocut of phase with each other when the genera-
tors are generating electrical waves in response’
to the fuid medium waves approaching the ap-
paratus from a given direction, and switching
means for cutting out at will one of the two gen-
erators, whereby the directional characteristic of
the other generator or the directional character-
istic of the combined generators may be selected
alternatively. :

22. In .apparatus for generating electrical
waves corresponding to fluid medium waves with-
in a given range of frequencies, the combination
of a generator comprising means having a pair of
surfaces sensitive to the fluid medium waves and
so disposed in relation to each other that the
maximum time required for one of said waves to
travel from a given point of one of said surfaces
to a corresponding point of the other surface is
less than the period of the shortest wave within
the said range of frequencies, said generator be-
ing adapted to generate electrical waves in re-
sponse to variations in the difference between the
fluid medium pressures on said surfaces, & second
gencrator associated with the first named gen-
erator and adapted to generate electrical waves
corresponding to the fluld medium waves ap-

13

proaching it from any direction, circuit means
to which the two generators are connected
adapted, within said range of frequencies, to
combine the outputs of the generators substan-
tially 180° out of phase with each other while the
generators arc generating electrical waves in re-
sponse to fuid medium waves approaching the
apparatus from a given direction, and switching
means for cutting out at will one of the two gen-
erators, whereby the directional characteristic of
the other generator or the directional character-
istic of the combined generators may be selected
alternatively.

23. In apparatus for generating electrical
waves corresponding to fluid medium waves with-
in a given range of frequencies, the combination
of a generator comprising means having a pair

" of surfaces sensitive to the fluid medium waves

and so disposed in relation to each other that
the maximum time required for one of said waves
to travel from a given point of one of said sur-
faces to a corresponding point ot the other sur-

-face is less than the period of the shortest wave

within the said range of frequencies, said gener-
ator being adapted to generate electrical waves
in response to -variations in the difference be-
tween the fluid medium’ pressures on said sur-
faces, a second generator adapted to generate
electrical waves corresponding to the fluid medi-
um waves approaching it from any direction and
so disposed in relation to the first generator that
the fluid pressure upon it is zero when the differ-
ence in the pressures on the diaphragm surfaces
of the first generator is a maximum, circuit
means to which the two generators are connected
adapted, within said range of frequencies, to
combine the outputs of the generators substan-
tially 180° out of phase with each other when
the generators are generating electrical waves in
response to the fluid medium waves approaching
the apparatus from a given direction, and switch-
ing means for cutting out at will orte of the two
generators, whereby the directional characteris-
tic of the other generator or the directional char-
acteristic of the combined generators may be se-
lected alternatively. :

ALFRED L. W. WILLIAMS.
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