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9 Claims.

"This invention relates to acoustic devices and
more particularly to sound translating devices
capable of converting sound waves into electrical
variations and including an acoustic impedanpe

" 5 element of the general constructions disclosed in

®  my Patent 1,795,874, granted March 10, 1931, and

Patent 2,085,130, granted June 29, 1937, to An-
drew E. Swickard.

- One object of this invention is to increase the

10 directional selectivity characteristic of - sound
translating devices. More specifically, one ob-
ject of this invention is to increase the discrimi-
nation, by a sound translating device, between
sound waves emanating from a source located at

15 a particular direction with respect to the trans-
lating device and sound waves emansting from
points at other directions with respect to the
device. )

In one illustrative embodiment of this inven-

90 tion, a sound translating - device comprises a
transmitter element, an impedance element in-
cluding a cluster of open-ended tubes of progres-
sively increa
coupler element acoustically

o5 of each of i

the tubes to the vibratile element, f
example the diaphragm, of the transmitter. = "
Tn accordance with one feature of this inve:
tion, the tube. or the inlet orifices thereof ar

made of areas progressively varying in a prede-
30 termined relation whereby a high degree of dis-:

crimination is obtained between sound 'waves

traveling parallel to the longitudinal axis of the

impedance element and jncident upon the inlet

ends of the tubes and sound waves traveling in
g5 other directions.

The invention and the foregoing and other
features thereof will be understood more clearly
and fully from the following detailed description
with reference to the accompanying drawing in

40 Which: . )

Fig. 1 is a perspective view of a sound trans-

lating device comprising an impedance element
_‘illustrative of one embodiment of this invention;
*  Fig. 2 is an end view of the impedance element

illustrated in Fig. 1 showing the configuration,
" relative areas and disposition of the tubes;

Fig. 3 is a detail perspective view with parts

broken away illustrating a modification of the
- tubes of the impedance element shown in.Figs.
go 1and2; and
. Fig. 4 is a graph illustrating the directional
discrimination for soiind translating devices in-
cluding an impedance element constructed in
accordance with this invention,
65 Referring now to the drawing, the directional

sing length and a compression or'
connecting one ehd.

(CL 181—0.5)

sound translating device shown in Figs. 1 and ’2_ ‘

comprises an acoustic impedance element 10, a
transmitter 1, which may be of the electrostatic,
electrodynamic or other type; having a dia-
phragm or other vibratile member {6, and a com-
pression or coupler member 12 connecting the
impedance element 10 to the transmitter .
The acoustic impedance element 10 comprises
g plurality of parallel cylindrical tubes 13 open
at opposite ends and arranged in substantially
spiral formation as shown in Fig. 2. The tubes
i3 are of progressively varying length, may be
held together in a compact assembly by a spiral
band 14, and have their ends nearest the trans-
mitter 11 coplanar and equally spaced from the
diaphragm 16 or other vibratile element of the
transmitter. 'There may be, for example, forty-
nine tubes 13 increasing in length according to
an arithmetical progression along the spiral.
The length of the longest tube 13A preferably is
substantially equal to the wave-length of the
lowest frequency to be translated by the device
‘and the shortest tube 3B may have a length
sibstantially one-forty-ninth the length of the
longest tube. Preferably each tube is of a length
slightly longer than that which would result from
the arithmetical progression indicated in order
446 introduce a small attenuation which tends to
~make the response characteristic more uniform.
" In the operation of the device shown in Figs. 1
and 2, sound waves enter the ends of the tubes I3
remote from the transmitter {1, pass through the
tubes and into the coupler member 12 where they
produce pressures reacting upon the diaphragm
{6 or other vibratile element of the transmitter
whereby the sound waves are translated into elec-
trical impulses. If the sound wave arrives ab
the impedance element {0 traveling in the direc-
tion indicated by the arrow a in Fig. 1, parallel
to the longitudinal axis of the impedance element
{0, all of the components of the wave passing
through the tubes 13 arrive at the transmitter 1
in phase and at the same time, despite the dif-
ferent. lengths of the tubes, inasmuch as in a
tube of appreciable size the velocity of sound is
substantially the same as the velocity in open air.
Hence, the waves passing through the individual
tubes combine in the coupler member 2 and
create a pressure, which is the arithmetical sum
of the pressures attributable to the various waves.
‘When, however, the sound waves incident upon
the impedance element i0 are traveling in other
directions, such as indicated by the arrows b, ¢
and d in Fig. 1, the waves traversing the indi-
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coupler member at different times inasmuch as
the time of travel of a wave through a tube,
under these circumstances, is dependent upon
the length of the particular tube traversed. Con-
sequently, an out-of-phase relationship will ob-
tain at the entrance to the coupler member for
waves traversing different length tubes and can-
celation of the pressures attributable thereto will
occur with the result that but a relatively small
electrical output of the transmitter will obtain.
Hence, the device discriminates between incident
sound waves traveling parallel to the longitudinal
axis of the impedance element and incident waves
traveling at angles to the axis of the impedance
element. This discriminating effect is dependent
upon, among other factors, the relative length
and number of the tubes and the angle of inci-
dence of the sound waves. If the tubes are of
equal cross-sectional areas, the ratio of the sum
total of the pressures or volume velocities created
in the coupler member for sound waves incident
at an angle to the longitudinal axis of the im-
pedance element to the sum total when the waves
travel parallel to this axis may be expressed as

&_—11 sin 5 o
Vo n sin%’

where Vp is the sum total of the pressures or
volume velocities for sound waves incident at an
angle 6 to the longitudinal axis of the impedance
element, Vnx is the sum total for sound waves
incident parallel to the longitudinal axis of the
impedance element, n is the number of tubes,
and ¢ is

%l(l—cos 0)

o being 27 times the frequency, ! the difference
in length between successive tubes and ¢ the
velocity of sound.

A plot of this equation for a forty-nine tube
impedance element, the tubes being of equal
areas; is shown by the curve X in Fig. 4, wherein
the decrease in response is plotted as ordinates
against abscissae of the angle of sound incidence.

The magnitude of the volume velocity of a wave
traversing any of the tubes is dependent upon
the received volume velocity of the wave which is
dependent upon the effective cross-sectional area
of the tube or the area of the inlet end thereof.
That is to say, inasmuch as the pressure and
particle velocity at the inlet ends of the tubes
are constant, the volume velocity will be propor-
tional to the effective cross-sectional area of the
tube. Thus, different volume velocities may be
obtained by making the tubes of different cross-
sectional areas, as illustrated in Fig. 2, or by hav-
ing the tubes of the same cross-sectional area
but with inlet orifices of different areas. In one
form, shown in Fig. 3, the inlet end of each tube
13 of area So.may have fitted therein a cap I5
having & central orifice of area

Sy

The particle velocity through the orifice will be
a constant and the volume velocity will be re-
duced in the ratio

Sy

So

If the cross-section areas (or inlet orifices) of

2,225,312

the tubes are varied progressively in the relation
given by the series

n1n+1n1

A A @
that is, if the longest and shortest tubes have
the same cross-sectional area, the next longest
and next shortest tubes have equal areas twice
as large as the areas of the shortest and longest
tubes, and so on, it can be shown that the abso-
lute value of the ratio for the summation of the
volume velocities of the tubes of the impedance
element is given by the relation

,2... .2, 1

Vd 2 sin -—4—'
Vo s @
Va » sin %

The total volume velocity for such an impedance
element is given by the relation

_JoI . Jnol 2
Vo=V ¢ [1+ejwl(l—cos o)+e—2—c(1—cos 0)] 4)

where L is the length of the Iongest tube, e is the
Naperian base, Vo is the total volume velocity
for 6=0 and the remaining characters are as
defined hereinabove,

From a comparison of Equations 1 and 3 it
will be seen that the latter is the square of the
characteristic of half the number of tubes all
having equal areas. The directional discrimina-
tion of a sound translating device including an
impedance element of forty-nine tubes the areas
of which vary progressively in the relation noted
above is indicated by the curve Y in Fig. 4 from
which it will be apparent, by comparison with
curve X, that thus progressively varying the
areas of the tubes (or the inlet orifices thereof)
increases discrimination of the device against
sound waves incident at an angle to the longi-
tudinal axis of the impedance element.

The degree of discrimination may be increased
by using area relationships which correspond to
fewer terms and a higher power in the right-
hand side of Equation 4. This, it will be noted,
requires a greater variation between the largest
and smallest area tubes,

A particularly suitable construction is ob-
tained if the area of the tubes (or the inlet
orifice thereof) is made proportional to the sine
of successively increasing angles as 1ndlcated by
the relation

S1=A4 sin «; S2=4 sin 2«: . . . Sv=A4 sin N« (5)

where S: is the area of the shortest tube, A is a
constant and Sz . . . Sy are the areas of suc-
ceeding tubes according to length.

I{ can be shown that the greatest discrimina-
tion obtains when (n4-1) a=mw, 2 being the num-
ber of tubes. For this case, the absolute value
of the ratio of the response for waves incident
at an angle to the longitudinal axis of the im-
pedance element to the response for waves in-
cident parallel to this axis is given by the rela-

L [ ()R

VN 4(n+1)|- sm"’g—smzv’
where the characters are as defined heretofore.
The discrimination obtained with an im-
pedance element having tubes the areas of which
vary progressively in accordance with the rela-
tion 5 is illustrated by curve Z in Fig. 4 from

(6)
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which it will be apparent that the discrimina-
tion is greater than for a device wherein the

_ tube areas vary progressively as given by rela-

[

tion 2. It may be noted, furthermore, that for
a forty-nine tube impedance element the sine

_ series variation in areas requires a variation in

10

40

area of only 16 to 1 from the tube of greatest
area to the tube of smallest area whereas the
power series requires a variation of 25 to 1 in
areas.

It will be understood, of course, that the spe-
cific embodiments of this invention shown and
described are but illustrative and that various
modifications may be made therein without de-
parting from the scope and spirit of this inven-
tion as defined in the appended claims.

What is claimed is:

1. An acoustic sound wave receiving device
comprising a cluster of closely adjacent parallel
open-ended tubes varying in both length and
effective cross-sectional area in predetermined
progressive relations such that the sensitivity of

the device is a. maximum for sound waves in-

cident thereon parallel to said tubes.

2. An acoustic device in accordance with

claim 1 wherein said tubes increase progressive-
ly in length and the -effective cross-sectional
area of successive tubeswj(icording to length in-
creases from both the longest and shortest
tubes to an intermediate tube,
_ 3. An acoustic device in accordance with claim
1 wherein said tubes are of the same cross-sec-
tional area and have inlet orifices varying in
predetermined progressive relation,

4, An acoustic device in ‘accordance with
claim 1 wherein the shortest and longest tubes
have the smallest and substantially the same
effective cross-sectional area and corresponding
successive longer and shorter tubes have sub-
stantially the same effective cross-sectional area.

5. An acoustic impedance element comprising
a cluster of parallel open-ended tubes of pro-
gressively increasing lengths, the effective cross-
sectional area of any tube being proportional
to A sin Ne, where A is a constant, N is the
number of the tube determined by its position

- according to length,

T
“Tatl
and 7 is the number of tubes.

3

6. An acoustic impedance element comprismg"

a cluster of open-ended tubes of progressively in-
creasing lengths, the effective cross-sectional
area of said tubes varying in accordance with
the relation

n—1 ntl n—1
—_—a— —a -—2

L2... ) )

. 2,1

where 7 is the number of tubes.’

7. A sound translating device comprising a

multiplicity of closely adjacent parallel tubes
arranged in spiral relation and each having an
inlet end and an outlet end, the outlet ends of
said tubes being in a common plane, said tubes
being of progressively increasing lengths and
varying in effective cross-sectional area in suc-
cession according to length such that the total
volume velocity of sound waves traversing. said
tubes is a maximum for waves incident upon
the inlet ends of said tubes parallel to the longi-
tudinal axes of said tubes.

8. A sound translating device in accordance

with claim 7 wherein the shortest and longest
tubes have the smallest and substantially the

same effective cross-sectional area -and corre-

sponding successively longer and shorter tubes
have substantially equal effective cross-sectional
areas. :

9. A sound translating device comprising a
multiplicity of closely adjacent tubes arranged
in spiral relation and of progressively increas-
ing lengths, said tubes having one end in a
common plane, and said tubes varying in effec-
tive cross-sectional area in succession according
to length, the effective cross-sectional area of
each tube being proportional to A sin Na«, where
A is a constant, N is the number of the tube
determined by its position according to length,

__.‘Ir
*ThFl

and 7 is the number of tubes.

WARREN P. MASON.
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