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1

This invention relates to sonic direction find-
ing devices and more particularly to devices re-
sponding to and adapted for ascertaining the di-
rection of a source of sound, whereby a device
will be automatically guided or directed toward,
or in the direction of, the sound source.

An object of the present invention is to provide
novel means for indicating the direction of sound
waves emanating from a desired source. -

Another object is to provide a novel automatic
remote indicator for indicating thie direction of a
source of sound in accordance with the sound
waves emanating therefrom.

A further object of the invention is to provide
2 novel apparatus comprising directional and
non-directional microphones adapted for inter-
cepting sound’ waves emsanating from a given
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source of sound whereby, upon a displacement of -

the directional microphone from & predetermined
relationship with respect to the emanating sound
waves, the latter microphone is caused to be
turned bodily to its null position to thus contin-
uously :point to the direction of the source from
which the sound waves are radiating.”

Another object is:to.provide a novel apparatus
comprising & non-directional microphone and a
plurality of directional microphones so arranged
as to be adapted to intercept sound waves radi-
ating from s given source, whereby the apparatus
continuously indicates the direction of the source
from which the sound waves radiate.

A further object of the invention is to provide
the novel combination of a rotatable directional
microphone and & non-directional microphone
adapted for intercepting sound waves radiating
from a given source, and an induction motor
whereby the latter is energized in accordance
with the output of the microphones to rotate the
directional microphone to its null position after
a relative movement between the directional mi-
crophone and the source, thus continuuosly indi-
cating the direction of the source of the sound
waves intercepted by the microphones.

Still anether object is to provide a novel ap-
paratus comprising & plurality of stationary di-
rectional microphones and a non-directional mi-
crophone, and & multi-phase induction motor the
phases of which are energized in accordance with
the output of the microphones so as to operate
an indicator to thereby indicate the direction of
the source .of sound. :

Another and equally 1mportant object of the
present invention is to provide novel means for
automatically directing an object towards a de-
sired source of sound.
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A further object of the invention is to provide

4 novel sutomatic target-seeking dirigible bomb
" controlled by mechanism responsive to sound.

A still further object of the invention is to pro-
vide an automatic glider type device equipped
with novel sound responding apparatus for direct~-
ing or steering the glider in the direction of a
desired source of sound.

A still further object of the invention is to pro-
vide a novel glider device having control surfaces
thereon with a novel sonic responsive apparatus
the output of which is utilized to control the
glider surfaces thereby automatically directing
the glider to a source of sound.

An additional object of the present mvention is
to provide a target seeking dirigible bomb in the
form of a glider having a rudder and elevator
control surfaces with a novel sonic responsive
apparatus comprising a pair of directional mi-
crophones and & non-directional microphone,
whereby the rudder and elevator surfaces are
controlled in response to the output of the micro-
phones so that the target seeking dirigible bomb
is sutomatically directed toward a desired targst
which may constitute a source of sound such
as that defined by the propeller or engine of an
enemy bomber while in flight.

The above and other objects and novel features
of the invention will more fully appear from the
detailed description which follows when the same

-is read in connection with the accompanying
‘drawings. It is to be expressly understood, how-
ever, that the drawings are for the purposes of
illustration only and are not intended as a defi~
nition of the limits of the invention, reference for
the latter purpose being had primarily to the
appended claims.

In the drawings, wherein like reference char-
acters refer to like parts throughout the several
views, -

Fig.lisa schema.tlc representation of one forin
of the novel arrangement of the microphones

- in accordance with the present invention,
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Pig. 2 is 8 schematic representation of a sec-
ond form of the present invention embodying
the use of g plurality of directional microphones
and & non-directional microphone in combina-
tion with indicating means for indicating the
direction of a source of sound,

Fig. 3 is a graphic representation or pattern
illustrating the output characteristics of the di-
rectional microphone when it is rotated 360° in
azimuth, and

Fig. 4 is a dmgrammatic and partially sche-
matic representation of a mnovel target seeking
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* dirigible bomb equipped with the novel means of
the present invention.: [ ~

. The present Invention :coxitemplaqtesv the use
of sonic responsive devices the valtage output of .

‘which is' dependent upon the angular displace-
‘ment of the devices with respect to a source of
‘sound, and which is utilized to either operate:an

indicator to theréby indicete the direction of &

. sound source, or which may be converted into.
. driving power for automatically driving or steer-:
' ing & projectile having control surfaces thereon:

4
be: of ‘the: ribbon or: velocity type.. Microphone ..
10, in the present instance, is shown as a ribbon
type microphone having & magnet |1 between

the' poles of which is supported a: ribbon 1Z by

means - of suitable: means such as Bakelite 3.

The ribbon 12 is connected by way of leads 14
. t0 g suitable and conventional vacuum tube am-

plifier 15, the output of which is, in turn, con-

. nected by way of leads 18 to one phase of a two-

'to the source of sound. :The-sonic: responsive
devices may comprise either g rotatably mount-

‘' ed directionel microphone together with a non-
. -directional’ microphone, the output voltage of

woth of the microphones being ampiified to ener-::

15

gize an induction motor, whereby the latter op-

' erates %o rotate the 'directional microphone to

its’ null position, 'or a plurality of dirsctional

‘microphones together with 2 non-directional mi-

i crophone so arranged with respect to: a sound
- source that the outpui voltage of the micro-
.. phones due to the sound waves intercepted there-
by is communicated in amplifled form to oper-
. gte indicating means which indicate the direction:

20

25 :
*" tional microphone 27, which: may be of the crystal

- of the source:from which the sound waves ema=- :

“omate, it

In both of theiabove-m‘enti’oned foi’ms the ul-

‘ timate output voltage of the microphone arrange-
“‘'ment is utilized to operate indicating means.for:

30

continuously ' indicating ' the: direction  of the :

. source of sound. ‘However, an equally important

application of ‘the ‘dabove principle is: contem-
plated in: that the output of the microphones :

may be ultimately utilized to automatically direct

the source of sound: The device having the con-~

. ‘88
) device having control surfaces thereon toward

- ‘trol surfaces thereon and adapted to be‘automati- :

cally controlled by the ultimate microphone out-
‘put may be another airplane, glider; target seek~
ing dirigible bomb, etc. :

A particular and desirable use of the above-
described- automatic apparatus is for purposes
of warfare. For example, in defensive warfare,
a bomb built in the form of a glider having both
elevator and rudder surfaces may be carried by
‘an aircraft Alying at an altitude higher than the

altitude flown by enemy bombers and then

‘dropped in the general direction of the enemy
bombers whose engines or propellers by virtue
of their-sound will energize the microphones of
the gliding bomb so as to operate the rudder and
elevator controls to thus direct the bomb to the
enemy craft. A refined feature of this particu-
lar use may lie in the provision of a detonator
which in response to automatic volume control
may be energized to detonate the bomb within
any desired distance from the enemy target. It

40
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is to be noted that the glider device is not pro- -

vided with any motivating power of i{s own and
thus will tend to fall-toward the earth only and
will deviate from this path in response to the
sound waves emanating from the enemy target
at an altitude lower than the altitude of the craft
from which the bomb was. dropped and in a
position away from the plane dropping it. 'This
feature avoids the possibility of the bomb follow-
ing the plane which has-discharged it, for the
reason that the latter plane is at a greater alti-
tude and the glider bomb itself cannot reverse
its direction so as to fly upwardly. .
Referring now to the -drawings for a more de-
tailed description of the present invention, and
more particularly to Fig. 1 thereof, there is il-
lustrated a directional microphone 10 which may

60
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‘phase: induction motor {1 whose: stator :poles i8

comprise ‘the one ' phase while: stator poles (8
comprise the second:phase. ... 1.

If it be desired to mount the structure of Fig.
1 upon ‘an sircraft so as to at all times inform
the pilot of the direction of & source of sound

in which he is interested, the directional micro-
phone 10 wil] be mountéd upon a suitable shaft

20 which in turn has splined thereto a: gear 2{
meshing with a gear 22  carried by shaft 28 at

one end thereof, the shaft being provided at its
" other end -with a sultable gear 24 for meshing
‘with a driven gear 25 which is operated from the

rotor 26 of the two-phase induction motor 11.

- Mounted: above: the :directional microphone (0 .

and -in: close proximity thereto is s non-direc-.

‘type, having its output connected by way of a =

suitable: flexible cable. 28 to the Input of a con~

" yentional and suitable vacuum tube amplifier 28

whose cutput in turn is connected by way of leads .

30 to the second phase 19, 18 of the two-phase

induction motor iT1.: .
. By virtue of the fact

and the non-directional microphone 21 is of the

“crystal type, for example, the outputs of both.. "

microphones due  ‘to: thelr inherent operating

‘ characteristics, are substantially 90° out of phase

and since both amplifiers: 16 and 29 are.of a sim-
ilar type, the two inputs to.the induction motor
{7 in phases {8, 18 and 19, 19 are 90° apart which
provides the desired condition' for maximum
torque of the induction motor 11, )

For a better understanding of the output char-
acteristics of the directional microphone 10, ref-
erence 1s now made to Fig. 3 of the drawings
wherein the form of the microphone output is
shown in its relation to the angular position of
the microphone with respect to the sound source.
The voltage output of the microphone through-
ouf a rotation of 180° takes the form of & circle A
while at & reversal and a rotation of 180° by the
microphone and its ribbon (2 in an opposite di-
rection the voltage output takes the form of a
second circle B, the two taken. together forming
a familiar figure eight pattern. It may be noted
further that 180° ambiguity in indication will be
prevented for the reason that for each 180° ro-
tation of the directional microphone a phase re-
versal of 180° ensues in the output so that the
rotation of the induction motor is reversed. for
each 180°, ' ' ~ -

When the plane of the ribbon 12 of the direc-
tional microphone 10 is parallal to the direction
of the sound source, the sound waves act equally
upon both sides of the ribbon 12 so that the lat-
ter does not vibrate and thus there is no output
voltage in leads {4 from the microphone. Even
though the output voltage of non-directional
microphone 27 is uniform so that at all times
phase 19, 19 of motor {7 is energized, phase:18; 18
is de-energized and rotor 26 will not move.

As soon, however, as microphone {8 is displaced
angularly with respect to the sound sourceé, the
plane of ribbon 12 is no longer parallel to the

that directional micro- =
phone 10'is g ribbon or velocity type microphone:



- .Sound: waves emanating from the source but is
». at.some angular relationship with respect there-
-to0.and thus the ribbon is caused to vibrate and
‘in-proportion to.the amount of“its vibration a
~-voltage-is:induced in leads (4,"and amplified in
~-the:vacuum tube amplifier 15 to energizé phase

-.:18,:18 of the inductioni motor-whereby ‘the rotor .

is now caused to turn, driving gear 25 which in
- turn.drives gears 22 and 24 mounted oh shaft 23
to angularly move gear 2/ and shaft 20 therewith
until microphonie 10 is moved angularly to.a po-
sition wherein its ribbon-12 is again placed in a
‘relationship paralle] to the sound waves emanat-
* ing from the source. At this point the output of
microphone {0 is zero since it is in its null posi-
" tion and phase {8, 18 is de-energized, stopping ro-

tation of rotor 26 and thus maintaining micro-

phone- 10 in its null position. "Shaft 20 may be
provided with a suitable pointer 81 to cooperate
with a stationary. dial 82 carried by the craft so
that at all times pointer 31 will indicaté the di-
rection of the sound source. . o .

The same result as obtained with the use of

the structure of Fig. 1 for indicating the source

of sound may be obtained by a slightly modified
- form of apparatus which comprises, as shown in
Fig. 2, and which constitutes the subject matter

claimed in" divisional gpplication Serial No.

422,910, filed December 13, 1941, three directional
- microphones 33, 34 and 85, each.of which is
similar to the ribbon type directional microphone

2,432,446

42 _a.ﬁd‘a‘t its other end carries a pointer 56 co-

" operating with g stationary scale 57, .
- If it be assumed that the craft upon which the

novel apparatus of Fig. 2 is mounted is in such
a'position that the outputs of the microphones
33,°34 and 35 are of a value whereby the rotor

“48-0f inductive device 42 is maintained in & posi-

* tion shown in Fig. 2 and subsequently. the craft

10

~changes its heading with respect to the.sound

source, the rélationship of the microphones

‘changes with respect to the source and this change

" produces three different voltages in cables 36,

15

37 and 28, whose ratios depend upon the amount

“of angular displacement from the direction of

the sound source, thus producing a different

- energization of each of the threec phases of the

inductive device 42 whereby the magnetic fields

- - created by each of the phases'vary, this having

20

25

a different resultant due {o which a voltage is in-

‘duced in coll 43 of rotor 44, This voltage is ampli-

fled by way of amplifier 45 to energize phase 46

" of induction motor 47. "Since the second phase

51 of the induction mofor 47 is already energized
due to the output of non-directional microphone
48, rotor 52 of the induction motor is caused to
move angularly thereby drivihg gear 54 by way

.‘of gear 83 to angularly move rotor 44 to g new

30

~100f Fig. 1. These microphones 33, 34 and 35 are .

arranged or mounted one above the other, closely -

adjacent each other, in g cluster and in.such a
manner that the ribbon of éach is displaced 120°
with respect tothe other. In this arrangement the

microphones are stationary on the craft and their

output constitutes three different voltages, each
depending upon the angular relation of its respec-
tive ribbon with the sound source; and these out-
puts are in’ turn communicated by way of cables
86, 8T and 38 to each of three phases 39, 40.and
7] 4(3: an inductive device generally designated
at 42, - T

With a change in the heading of the craft
carrying the novel apparatus of Fig, 2, the output
of each of the three microphones: 33, 34 and 35
varies in accordance with the angular displace-
ment of the respective microphones with respect
to the sound source and this change in voltage in
being communicated to the three phases of the
inductive device 42 produces or sets up s mag-
netic field whose resultant changes to. thereby
induce & voltage in g coil 43 carried.by-a rotor
44 of the inductive. device 42. The voltage thus

position in which the voltage within coil 83 is
reduced to zero, This is the null position for the
rotor 44 and phase 46 of the induction motor is
de-energized and at the same time that rotor 44

~of the inductive device 42 has been turned to its
‘null position pointer 56 has been moved relatively

"with respect to dial or scale 57 to thus indicate the

36
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direction of the source of sound.

- It will now be apparent to those skilled in the
‘art that the apparatus of Fig. 2 is adapted for
continuously indicating the sound source and

~differs from the structure of Fig. 1 in that in the

latter, miérophone {8 is always urged bodily in

“the direction of the sotind source whereas in the
structure: of ‘Fig. 2 the microphones .are all
‘mounted stationarily with respect to the craft.

The -above-described apparatus together with
its principle of operation is adapted for many
uses; one of which is of great importance in that
it may be applied to a seli-directed soungd seek-

. ing glider type missile for use against night-fly- -

50

55

JInduced in coil 43 is amplified in 8 vacuum tube -

amplifier 4§ to energize phase -46-0f -a two-phase
induction motor 47 which in all respects is similar
to the iriduction motor 171 of Fig. 1. -
Arranged elther above or below.thé cluster of
microphones 33, 34 and 385 and in close proximity
thereto, is a non-directional microphone 48, simi-
lar to non-directional microphone 21 of Fig. 1,
whose ufiiform output is communicated by way:of
cable 49 to.the input of & suitable  vacuum tube
amplifier 50, similar. to-amplifier 45, the output

of which constantly.energizes. the second phase

61 of the Induction motor 47.

Induction motor 47, upon proper. energization
of both of its phases; drives its rotor.52 which is
coupled by suitable means to driving gear ‘83,
meshing with a gear-54,. The latter gear is car-: -
ried by a suitable shaft 65 which at one end is
connected with the rotor 44 of inductive device 75

ing enemy aircraft. This latter use is diagram-
matically illustrated in Fig. 4 wherein is shown
a glider 58 having wings 59 and elevator and
rudder control surfaces 60 and 61. Mounted in
the nose of the glider are two directional micro-
bhones 62 and 63 arranged one above the other
and displaced angularly with respect to each other

. 50 that their fibbons are substantially 90° apart,
“the output of each being fed into the input of

- 'two suitable vacuum tube amplifiers 64 and 65.

60

“-Likewise mounted in the nose of the glider §9
and either above or below, and closely adjacent
the microphones 62 ang 68, is a non-directional

. microphone 66, whose output in response to the
' sound waves emanating from a source of sound

85

~ amplifiers

70

15-90° out of phase with the outputs of micro-

phones 62 and 63 and is.fed into the input of a
suitable’ amplifier 87, similar in all respects to
68 and 6% of the directional micro-
phones, L :
" The elevator control surfaces 60 are joined by
8 ‘common shaft 68 having mounted thereon a
gear sector 69 which meshes with a worm 7180
driven by the shaft 7( of an induction motor 72.

‘ This-induction thotor is a two-phase induction

motor similar in all respects to those illustrated
in both Figures 1 and 2. : -
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The rudder surface 61 is mounted for move=- |

ment with a suitable .shaft 13 carrying a gear
sector 74 meshing with a gear 75 driven by shaft
16 of a second induction motor 11 constituting
& two-phase induction motor of the same type as
motor 72, :

One phase of each of the induction motors 72
and 77 is energized by ways of leads 18 from the
amplifier 61 of the non-directional mierophone
output. The second phase of induction motor 72
is. connected by way of -lead 19 with the ampli-
fier 65 of the output of the directional micro-
phone 62 which may be termed in this instance
the elevator control microphone, wkhile the sec-
ond phase of the induetion motor 77 is connected
by way of lead 80 with the output of amplifier
64 connected to the output of the directional
microphone 63 which may be termed the rudder
control microphone; Each of the amplifiers 84,
66 and 67 may be connected with' a suitable

‘source of power 81, .. : e

For a. better understanding of the operation
of the novel device of Figure 4, let it be assumed
that a defensive plane is flying over an enemy
bomber. which may be invisible due to either fog
or night flying. The defensive plane discharges
glider 58 and the latter will begin to glide and
descend while the defensive plane may go into a

slight climb to avoid energizing the controls at: .

the nose of the glider. Since the glider has no
motive power of its own, it is incapable of climb-~
ing and will thus tend to glide, or under the effect
of gravity be pulled earthwardly. Initially, the
accuracy of the glider is low, but as it travels
downwardly the volume of the sound waves from
the source increases angd the directive accuracy
of the glider increases for the reason that micro-

is determined by the volume of the sound waves
emanating from the sound source,

In order to protect the ground crew .should
the target seeking dirigible bomb fail to reach its
target or a predetermined distance of its target,
the glider;may be provided with soine well-known

. altitude control means whereby upon:reaching

10

a predetermined height above the earth the bomb

may be discharged, thereby protecting the ground

forces. . o
"There s thus provided a novel apparatus adapt-

-ed to either indicate the source of sound waves

.or to control and automatically direct a device

15
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phones 62, 63 and 66 at the nose of the glider .

become energized, in the manner hereinabove
set forth in connection with Figures 1 and 2,
s0 that in accordance with the angular relation
of the directional microphones 62 and 63 with
respect to the source of spund, the second phases
of the induction motors 72 and 17 will become
energized so as to operate both rudder and ele-
vator surfaces 60 and 6! to change the direction
of flight of the glider 58 until the latter is fly-
ing toward its target or the source. of sound.
Even if the target changes its heading, the glider
Will,nevertheless follow it for the reason that
the change in heading changes the sound source
thus changing the outputs of directional micro-
bhones 62 and 63 which in turn causes a varia-
tion in the operation of induction motors 72 and
77 to again operate the rudder and elevator sur-
faces to direct, the glider after the target. .
From the foregoing it will now be apparent to
those skilled in the art that a novel automatic

40
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sound directed device has been provided which -

may be termed a target seeking dirigible bomb
of the sonic type which is particularly adapted
for use against night-flying enemy aircraft. The
projectile may be further provided with a suit-
able relay 82 which is connected to the output
of amplifier 67 of the non-directional miecro-
phone 66 and may censtitute s marginal relay
which will only respond to a predetermined
amount of volume in amplifier 61 which may
be provided with a suitable well-known auto-
matic volume control device. This feature is use-
ful in that the target seeking dirigible bomb need
not actually strike or hit its target but may be
detonated due to the energization of Telay 82
when the target seeking bomb is within a pre-
determined distance. of the target which distance

60

85

70

such as a target seeking dirigible bomb toward
the sound source which consists in the conver-
sion of sound waves into electrical power which
may or may not be amplified so as to drive indi-
cating or control means as a function of the direc-
tion of the sound source. .
Although three embodiments of the. invention
have been illustrated and deseribed in detail, it

“is to be expressly understood that the invention

is not limited thereto. For example, various types
of directional microphones hesides the ribbon type
microphone hereinabove described may be used
and the non-directional microphone may be other
than the crystal type discussed. 'The directional
microphones together with the non-directional
microphone must be arranged one above the other
and in close proximity to each other so that the

‘sound waves intercepted .by each are of ‘& like

bhase so as to assure proper operation of the in-

‘dicating or control means., Various changes may

also be made in the design and arrangement of
the parts without departing from -the™$Birit and
scope of the invention as the same will now be
understood by those skilled in the art.  For a
definition of the limits of the invention refer-
ence will be had primarily to the appended claims.

What is claimed is: ‘

1. In combination, a plurality of directional
microphones arranged in a predetermined man- -
ner and a non-directional microphone,. the re-
spective outputs of said directional microphones
being a function of the angular displacement. of -
said microphones with respect to a sound source,
said non-directional microphone having a sub-
stantially continuous energy . output, driven
means, means energized in accordance with the
outputs of said microphones to drive said driven

means, and means operated by said energized

means to counteract the torque
energized means; N o

2. In a system for indicating the direction of
a sound source, a rotatably mounted directional
microphone normslly maintained in a predeter-
mined position with respect to said source so as
to have a zero voltage output in such position
and having a varying voltage output as'a function
of its angular displacement from said predeter-
mined position relative to said sound source, a
non-directional microphone having a substantial-

produced by said

1y uniform voltage output in response to sound

waves emanating from said source, driving means ,
connected directly with the output of said mi-
crophones operative during a displacement of
said directional microphone from said predeter-
mined position to drive said directional micro-
phone to said predetermined position whereby
said driving means are deenergized, and means

. driven by said driving means for indicating the

({]

direction of said sound source.

¢, 3. In-a system for indicating the jdirection_of B
‘a sound source, a rotatably mounted directional

microphone normally maintained in s .predeter-




- phones arranged in a predetermined manner so

mined position with respect to’said source so as
to have a zero voltage output in such position and
having a varying voltage outpui as a function

of its angular displacement from said predeter. -

mined position relative to said:sound source, &
non-directional microphone having a: substan-
tially uniform voltage output in response {o sound

. Wwaves emanating from said source, amplifiers for-

2,432,446
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Indicating means and said rotor winding whereby
the driving torque produced by said motor is coun.
teracted,

. 1. In g system for Indicating the direction of
& sound source, & plurality. of directional micro-
phones srranged in & predetermined manner so
that their respective outputs vary as s function

- -of the relative position of each of sald aicro.

each of said outputs, a polyphase induction mo-. -

tor connected to said amplifiers and having its
phases energized by the amplified outputs of said
microphones whereby, upon a relative displace-
ment of said directional microphone with said

sound source, said directional microphone is driv- -

en to its normally predetermined position and
the motor is deenergized, and means driven
by said motor for indicating the direction of said
sound gource. . ‘

4. In a system for indicating the direction of

¢ & sound source, a plurality of directional micro.

that their respective outputs vary as a functlon
of the relative position of each of said micro-

10
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20

phones relative to said sound source, & non-direc- -

tional microphone having a substantially uni-
form energy output in response to sound waves
emanating from said source, means for indicating
the direction of said sound source, means associ-
ated with the output of said non-directional and
directional microphones opersative during a rels-
tive displacement of said directional microphones

25

30

and said sound source for operating said indicat- -

ing means, and means operated..simultaneously
with said indicating means for:-counteracting the
drlving torque produced by said operating means.

5. In a system for indicating the direction of
& sound source, & plurality of directional micro-

phones arranged in g predetermined manner so

that their respective outputs vary as s function
of the relative position of each of sald micro.
phones relative to said sound source, & non-di-
rectional microphone having a substantially uni-

form energy output in response to sound waves

emanating from said source,
the direction of said sound source, a polyphase
induction motor having its ‘phases energized by
the. outputs of sald non-directional and direc-
tional microphones and operative during a rela-

means for indicating

a3

45

tive displacement of said directional microphones -

and sald sound source for operating said indicat-
ing means, and means operated simultaneously

50

with said indicating means for counteracting the -

driving torque produced by said motor.,

6. In & system for indicating the direction of
& sound source, & plurality of directional micro-
phones arranged in a predetermined manner so
that their respective outputs vary as & function
of the relative position of each of said micro-
phones relative to said sound source, & non-di-
rectional microphone having g substantially uni.
form energy output in response to sound wavesg
emanating from said source, an inductive device
having stator windings energized by the outputs
of sald directional microphones and a rotor wind-
Ing having a voltage induced therein in response
to a relative displacement of said directional mi-
crophones and said sound source, means for in-
dicating the direction of said sound source, and
8 polyphase induction motor having certain of its
phases energized by the output of said non-di-
rectional microphone and other of its phases en-
ergized by the voltage induced in the rotor wind-

ing of said inductive device during said displace-

ment of the directional microphones and the
sound source for simultaneously operating said

85
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phones relative to sald sound source, s non-direc-

. tional microphone having a substantially uniform

voltage output.in response to sound waves em-
anating from said source, an inductive device
having stator windings energized by the outputs
of said directional microphones and s rotor wind-
ing having a voltage induced therein in response
to & relative displacement of said directional mi-
crophones end said sound source, means for in-
dicating the direction of said sound source, and
& two-phase induction motor heving one phase

-energized by the output of sald non-directional

microphone and the other phese energized by
the voltage induced in the rotor winding of sald
inductive device during said displacement of the
directional microphones and the sound source for
simultaneously operating said Indicating means
and said rotor winding whereby the driving torque
produced by said motor is counteracted.

8. In a -system for inhdicating the direction of
& sound source, & plurality of directionil micro-
phones arranged in g predetermined manner 50
that their respective outputs vary as a function
of the relative positlon of each of said ricro-
phones relative to said sound source, & non-di.
rectional microphone having a substantially uni-
form energy output in response to sound ‘waves

- emanating from said source, an inductive device
" having stator windings energized by the outputs

of said directional microphones and & rotor wind-
ing having s voltage induced therein in response -

to a relative displacement of said directional mi-

crophones and said sound source, means mechan-
ically coupled with said rotor winding for indi-
cating the direction of sald sound source, and &
two-phase induction motor having one phase en-
ergized by the output of said non-directional mi-

_crophone and the other phase energized by the

voltage induced in the rotor winding of sald
inductive device during said displacement of the
directional microphones and the sound source
for operating said indicating means and sald ro-
tor winding whereby the latter attains s null po<
sition {0 de-energize said other phase of said in-
duction motor. - »

9. In a system for determining the direction of
8 sound source, s two-phase induction motor, g

‘rotatably mounted directional microphone nor-

mally maintained in a predetermined null posi-
tlon with respect to said source so 2§ to have
& zero voltage output in such null position and
having a varying voltage output as a function of
its angular displacement from said null position

- relative to said sound source, one phase of said

)

motor being directly connected for energization

-with the output voltage of said directional mi-

crophone, & non-directional microphone having
a substentially uniform voltage output in re-
sponse to sound weves emanating from sald
source, the other phase of said motor being di-
rectly connected for constent energization by-the
output voltege of said non-directions! micro-
phone, and connecting means actuated by sald
motor upon e relative displacement of said di.

‘rectional microphone from said null position rel-

ative to said source for driving said dirvectional
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microphone to its null position and de-energizing
said one phase of said motor, .

10. In combination, directional microphone
means the output of which is a function of the
angular displacement of the microphone means

with respect to sound waves emanating from a

sound source, a non-directional microphone hav-

ing a substantially continuous energy output in L

response to sound waves transmitted from said
source, an indicator for indicating the direction
of the sound source, a polyphase induction motor
having one of its phases energized by the direc-
tional microphone means and another of its
phases energized by the non-directional micro-
pbhone, whereby a driving torque is produced by
the motor in proportion to the direction.of the
sound source with respect to the position of the
direetional microphone means, and means driven
by said motor to counteract the driving torque
produced by said motor and to simultaneously

move the indicator to a position corresponding -

to the direction of the source of sound.
11. In combination, directional microphone
means the output of which is a function of the

angular- displacement of the microphone means:

with respect to sound waves emanating from a
sound source, a non-directional microphone hav-
ing a substantially continuous energy output in
response to sound waves transmitted from said
source, g polyphase induction motor having one
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of its phases energized by the directional micro.
phone means and another of its phases ener-
gized by the non-directional microphone, where-
by & driving torque is produced by the motor in
proportion to the direction of the sound source .
with respect to the position of the'directional
microphone means, means driven by said motor
to counteract the driving torque produced by said

‘motor, and means associated with said driven

means adapted to move simultaneously with said
driven means to a position corresponding to the
direction of the source of sound.

ALFRED A. STUART, Jr.
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