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16 Claims. (Cl, 181—0.5)

The present invention concerns improvements
in or relating to apparatus for conducting sound,
whether for transmission, reception, reproduc-
tion or location of sound or combinations of the
same.

In known sound conducting arrangements of
the type in which sound is led from a small
opening to a large opening or vice versa the
bounding surfaces of the conduit or conduits con-
necting the two openings have taken either of
two forms.

In the first place they have been curved in the
direction of travel of the sound, for instance
they have taken the form of a flare or they
have been designed to follow an expotential law
or they have simply been provided with curves to
avoid the presence of sudden changes in the
contour of the surfaces. This form may con-
veniently be referred o as the “curved” form
of construction.

In the second form the surfaces have been
straight in the direction of travel of the sound
and have included reflecting surfaces inclined
at a marked angle with respect to the direction
of travel of the sound. In this case it has been
assumed that the sound when striking against
a gdeflecting or reflecting surface followed the
same laws as light and that the angle of re-

flection is equal to the angle of incidence soO
o that by arranging the deflecting surface at an

angle of 45°, the direction of sound is deflected
through 90°. This type will conveniently be re-
ferred to as the *rectilinear” type.

1t would appear as a result of experiments
that the curved type introduced considerable dis-
tortion of the sound butf it offered certain con-
structional advantages. The rectilinear type
seemed to give much better results as regards
distortiop but offered difficulties from the con-
structional point of view owing to the fact that
to obtain a compact construction it was necessary
to obstruct the available area of the larger open-
ing of the conduit, or alternatively to make a
very awkward shape, although it lent itself to
more compaect constructions than the “curved”
type. Previously in the rectilinear type the de-

flecting surfaces were designed to direct the

whole of the soundwave front from the inlet
towards the outlet of the conduit so that the
wave front was maintained in expanded or con-
tracted form.

The rectilinear type of sound-conducting ap-
paratus has iaken {wo forms.

In one, co-axial and radial sections of a con-
duit have been connected to each other by pro-

viding surfaces opposite the ends of successive
sections of the conduit which have taken the
forms of conical frustums or as regards the cen-
tral section of the passage the form of a cone
having 2n inclination of 45° to the common axis. &
Tn some places the radial section of the conduit
has been only virtually present by arranging
that two conical frustums meet at the extension
of two co-axial sections of the passages.

1n another, non-co-axial sections of a conduit
have been connected to each other. by providing
a surface inclined at 45° so as to lie across the
directions of the two interconnecting sections
of the conduit, while in some cases one section
of the conduit has only been virtually present
by arranging that two inclined surfaces meet
ab the extension of adjacent sides of two parallel
sections of the conduit.

It has further been usual to curve or taper
the sides of the conduit so that the gctual wall
surfaces of sections of the conduit are not strict-
1y parallel with the direction of those conduit
sections, while the suriaces inclined at 45° have
been determined in accordance with the inter-
section of such surface by extensions of the sec-
tions of the conduit they interconnect. For in-
stance extension of the suriaces of the walls of
two interconnecting sections of the ‘conduit tend
to meet on the periphery of the surface inclined
at 45° which is placed at their junction.

in sound-conducting apparatus according to
the invention in which the sections of the con-
duit connecting a large perimeter region with a
small perimeter region extend in a particular di-
rection, while it may include one or more sur-
faces inclined at 45° whose periphery is deter-
mined by the junction of the extensions of the
surfaces of two adjacent sections of the conduit
including virtual sections includes at least one
surface inclined at 45° which instead of facing 40
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‘two connecting sections of the conduit whether

virtual or actual is placed in such a position as
to increase the width of that section of the con-
duit in the direction from the small to the larger
perimeter region. It should be understood that
when the angle of 45° is referred to herein it
may be faken as covering close aprroximations
which give substantially equally satisfactory re-
sults. These and other features of the inven-
tion will be better understood by referring to
the accompanying drawings, in which

Figure 1 represents cross-sections of two ele-
mentary forms of sound-conducting apparatus
which while lying outside the scope of the claims
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illustrate an important principle incorporated in
the invention,

Figure 2 represents elementary forms which fall
within the scope of the present invention.

Figure 3 represents forms of sound-conducting
apparatus of much larger variation between sizes
of inlet and outlet.

Figure 4 represents elementary forms of sound-

' conducting apparatus having a multi-directional
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opening,

Figure 5 represents forms of sound-conducting
apparatus embodying the features of the inven-
tion with a central conduit section which pre-
vents any soundwaves passing through the ap-
paratus without reflection.

Figure 6 illustrates one example of a special
apparatus embodying the features of the inven-
tion, while :

Pigure 7 illustrates a more complex form of
multi-directional sound-conducting apparatus.

Figure 8 illustrates a further complex form of
multi-directional sound-conducting apparatus.

Figures 9 and 10 illustrate yet another example.

As a result of experiments it has been ascer-
tained that mouthpieces for telephone transmit-
ters embodying the arrangements shown in Fig-
ure la give superior results to mouthpieces of
either the curved or rectilinear type. This ele-
mentary mouthpiece is formed of two essential
sections, one co\ :isting of a section C of constant
width such as a cylinder and the other consisting
of a contracting or expanding section such as a
frustum of a hollow cone FC, the angle of incling-
tion of the surface of the expanding section to
the surface of the constant width section being
45°. With an elementary mouthpiece such as is
shown in Figure 1a soundwaves approaching the
mouthpiece in the direction of the arrows may be
considered as being formed of two groups, name-
1y an inner group represented by the arrows IA
and an outer group represented by the arrows OA.

The group represented by the arrows TA passes
without reflection to the diaphragm of the micro-
phone, while the group represented by the arrows
OA is reflected so as to converge on the inner
group at right-angles thereto. .-

It was noted that although no means were
provided for again deflecting the waves indi-
cated by OA so as to bring them in the direc-
tion -of the waves indicated by IA, yet they did
not appear to be lost as a much greater ampli-
tude of sound was detected by the microphone
than if a tube C only was employed.

Further experiments undertaken with this ele-
mentary form of sound-conducting apparatus
indicated that it could equally well be used in
connection with loudspeakers. That is to say
the source of sound instead of entering in at the
larger opening and being concentrated at the
smaller opening could be led to the smaller open-
ing and allowed to emerge from the larger open-
ing. Furthermore the sectional view illustrated
is not limited to a cylindrical construction but
could be applied equally well to a square con-
struction, or in fact any construction having a
similar cross-section which statement includes
walls having surfaces generated by the lines
shown in the drawings when moved in a closed
path or between planes parallel to the lines.
These remarks apply equally to the subsequent
figures to be described and for that reason no
plan view is indicated but it is anticipated that
for most constructional purposes the plan would
be circular as this permits of the sound-conduct-
ing apparatus being constructed from spinnings.

2,087,052
The material of which the sound-conducting ap-

paratus is constructed may consist of “bakelite”
or other moulding material if the apparatus is
to be formed by moulding but most satisfactory
results have been obtained by employing alumin-
lum anodically treated which is found to possess
good sound-reflecting qualities.

Figure 1b operates in a similar way to Figure
la but has the advantage in that the surface
or surfaces of the enlarged opening are parallel
to the desired direction of incoming waves and
therefore the waves which reach the deflecting
surfaces are more likely to be in the desired di-
rection.

Figures 2¢ and 2b are developments of Figures
la and 1b in that there are three conduit sec-
tions forming the mouthpiece, namely in Figure
2a a cylindrical section CI, & section constituted
by a frustum of a hollow cone FC and a further
cylindrical section C2 of smaller diameter than
Ci. The action of the arrangement of this figure
seems to be substantially the same as Figure la
except that it has the additional and most im-
portant feature of Figure 1b of having a certain
directional effect associated with the soundwaves
which reach the conical frustum FC.

Figure 20 illustrates a double stage of reflec-
tion. In this case incoming soundwaves may
be considered as divided into three groups, name-
ly the outer group OA, the middie group MA and
the inner group IA, so that the soundwaves
travelling in the direction of the arrows OA strike
against the surface of the conical frustum sec-
tion FCi and are therefore reflected in a trans-
verse direction to the soundwaves constituted
by the other two groups IA and MA. Then the
group of soundwaves MA is reflected by the sur-

face of the conical frustum section FC2 to cause

them to converge towards the soundwaves repre-
sented by IA so that in this case the principles

_of the invention are effected in two stages.

In Figures 2¢ and 2d the reflection takes place
in the opposite direction to that previously de-
scribed because in these cases it is the sound-
Wwaves represented by IA which are deflected out-
wards, while the soundwaves represented by the
arrows OA are passing into the mouthpiece. In
the construction of the mouthpiece shown' in
Figure 2¢ it will be noted that the outer sur-
faces are identical with those shown in Figure 2q
but internally two cones X inverted with respect
to each other and placed base to base lie with
their axes co-incident with the axis of the mouth-
plece and extending from the upper part of the
cylindrical tube CI to the upper part of the cylin-
drical tube C2. The slope of the cones X is at
an angle of 45° and consequently the waves OA
after being subjected to the transverse action of
the waves IA strike against the frusto-conical
surface of the section FC and are deflected at
right-angles thereto following the principles of
rectilinear reflection. They then strike against
the lower surface of the double cone X and are
thence deflected along the tube C2. It will be
noted that the surfaces of the conical frustum
section FC and the lower surface of the double
cone X form a virtual path. This will be under-
stood when it is considered as to how the design
would be changed if the width of the opening
between the bottom part of the tube Cl and the
outer edge of the double cone was less than that
shown. In that case the dimensions of both
the conical frustum section and the lower surface
of the double cone would be reduced so that a
blane surface would require to be provided to
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connect the upper and lower cones together and
this plane surface could constitute a wall to the
path referred to.. In this case the soundwaves
are intensified partly in accordance with the prin-
ciples of the invention and partly in accordance
with known principles of rectilinear reflection
where the soundwaves are caused to converge
from an outer cylindrical wall towards the axis.
1t is pointed out, however, that in the construc-
tion shown with the lowest reflecting surface in
the form of a cone there appears to be a concen-
tration of soundwaves at the centre which is
found to be very advantageous in effecting the
operation of a microphone.

Figure 2d is & modification of Figure 2¢ to the
extent that the cylindrical section Cf is of greater
diameter and the frusto-conical section FC is
larger so that the opening of the cylindrical sec-
tion C2 can remain the same size. In this case
the soundwaves must be considered in three
groups; an outer group OA, a middle group MA
and an inner group IA. In this case the waves
represented by IA are reflected so as to diverge
transversely across the path .of the waves OA
and MA. The concentrated waves OA and MA
strike against the frusto-conical reflecting’ sur-
face of the section FC. The waves OA travel to-
wards the lower surface of the double cone X
and are there deflected along the cylindrical sec-
tion C2, while the waves MA which are re-
flected by the lower part of the frusto-conical
wall of the section FC converge in a transverse
direction so as to again exert an amplifying effect
on the waves OA.

1t has been found that where it is desirable to
increase the size of the outer opening sc as to
offer a larger deflecting surface for soundwaves,
a division of the scundwaves gives improved re-
sults and Figures. 3a, 30 and 3c illustrate ex-
amples of sound-conducting apparatus showing
how the division of the soundwave may be
effected.

In Figure 3a the mouthpiece comprises an
inner partition IP resembling the elementary
structure shown in Figure 1b and comprising a
cylindrical wall C! and a conical frustum wall
FC1, together with an outer wall OW comprising
a cylindrical wall C2, a conical frustum portion
FC2 and a further cylindrical wall C3. A double
cone X may be provided, if desired, and although
it is not essential its
prove the efficiency. In this manner a conduit
having four sections is obtained, one section com-
prising the cylindrical walls OW, 1P, the second
section the inner frusto-conical wall FCi to-
gether with that part of the outer frusto-conical
wall FC2 lying between its junction with the
wall OW and the plane of the lower termination
of the wall FCI, the third section by the re-
mainder of the wall PC2 and the fourth section
by the cylindrical wall C3.
follows: 'The incoming soundwaves may be con-
sidered as comprising four parts represented by
the arrows ISA, ISB, ISC, ISD. The soundwaves
represented by ISD it will be noted pass direct to
the tube C3. Those represented by ISC are
deflected by the surface of the inner frustum of
the cone FCI so as to converge on the waves ISD
at right-angles. Those represented by ISA are
reflected successively by the upper part of the
conical frustum FC2, the outer part of the conical
frustum FC1 and by the lower part of the conicdl
frustum FC2 so as to react at right-angles upon
the stream ISD. The waves ISB are reflected by
frustum FC2 and

presence does seem to im- -

The operation is as’

3

converge at right-angles on to the waves ISA and
ISD.

Tt will thus be noted that the waves ISA and
1SB are divided from the waves ISC and ISD by
the inner partition IP and it seems as if there was
an advantage in limiting the width eof the
sound passages; probably because this would tend
to ensure soundwaves travelling in the desired di-
rection and the avoidance of soundwaves being
developed which travel in directions other than
those indicated. If the doublecone X is used the
waves ISC and ISD will be deflected in a similar
way to that described in Figure 2e. It will be
appreciated that the double cone as shown at X
or XI can be inserted in any of the Figures 3a,
3b, 3c.

Referring to Figure 3b, this is very similar in
operation to Figure 3¢ except that the outer wall
comprises three eylindrical portions C2,C3and Ct
and two conical frustums 7C? and FCR. Theonly
difference in operation is that the soundwaves
1SA reflected successively by the upper part of
¥C2 and the outer part of #Ci now strike the
surface FC3 instead of & continuation of the sur-
face FC2. The exfra cylindrical portion 3 seems
to give a cerfain amount of advantage, probably
due to enabling the soundéwaves proceeding in the
desired direction to be distinguished from any
waves which have leen created travelling in
other directions. 4 still further sub-division is
indicated by the chain dotted Iine and ofher
modifications will readily occur, an jmportant
feature of all constructions neing thaf there are
no spaces in which soundwaves are nob travelling
but that the whole of the sound-conducting pas-
sage is serving a useful purpose, either in allowing
the sound to pass straight throush or reflecting
it so that it will pass in & transverse direction o
the waves which are passing through.

Figure 3¢ shows & construction employing two
partitions instead of one bub it does not appear
necessary to deseribe its operation in defail as
this will be readily understocd from the descrip-
#ion of the other figures. ‘The inner partition TP
is similar to the partition IP of Figures 3a and
3p. The partition OP is an sdgditional partition
which operates similarly to the upper part of the
outer wall OW Figure 3B, while the outer wall
OW acts along the same general principles.
Mouthpieces according to this construction have
heen found to give good results.

In Figures 4 and 4& examples are shown of
sound-conducting apparzfus having ene opening
extending in different directions, for instance if
the diaphragm of a. telephone receiver or like
apparatus be placed opposite the opening O (Fig-
ure 4a) waves generated would travel between the
walls W and be deflected by the surfaces St and
S2 so as to travel beitween the parallel walls
Wi and the waves issuing past the opening Ot
would tend to travel in the same direction bub

owing to the walls W2 diverging at 45° a wave’

appears to be generated in a fransverse direction
which is reflected by the walls W2 and issues
parallel with the waves proceeding through Ol.
If the arrangement shown is considered as being
generated round the dotted line AB, it will be
appreciated that the walls W2 extend in all direc-
tions, the upper walls W2 forming one conical
frustum and the other walls W2 forming another
conical frustum. Alternatively the section shown
may be generated about a line such as CD, in
which case each of the walls W2 will generate &
frustum of a cone and the sounds will proceed in
two directions to the right and to the left. Fur-
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thermore it will be understood that instead of a
telephone receiver or other instrument producing

sound a microphone or similar instrument re-

ceiving sound could be placed opposite the open-
ing O and sounds issued in the vicinity would be
received through the space appointed by the walls
W2. It should be understood that this figure is
only an elementary form of multi-directional
scund-conducting apparatus and that mouth-~
pleces used in practice could be developed in a
similar way to that described with relation to
Pigures 1, 2 and 3. .
These latter remarks apply equally to Figure
4b which illustrates an alternative arrangement
of forming g multi-directional sound-conducting
apparatus which is also in an elementary form.
In this case the sound entering the opening O
basses successively past the walls W and the
walls Wi where due to the open space formed it
appears that soundwaves are generated in a direc-
tion at right angles to the original stream and are
reflected by the walls W! on to the outer portion
of the walls W2 and thence in the direction of
the arrows OA. The main soundwave proceeds
past the wall W3 and when it passes beyond these

walls the sound waves seem to be generated as-

before so as to strike against the walls W2 and
be reflected so asto emerge parallel to the original
sound wave. As with Figure 4a, the surfaces of
the walls shown could be generated about the
line AB or alternatively about the line CD and
similarly the loudspeaker could be replaced by g
microphone.

Pigures 5a, 5b and 5c, show examples of
mouth-pieces where there is a substantial ob-
struction in the centre. In Figure 5a the ob-
Struction takes the form of a cylindrical portion
CO and a conical portion CNO. The cylindrical
portion could, for instance, take the form of a
dial switch in an automatic telephone instrument
or could be used for affixing information thereto or
any other like purpose. The outer wall OW com-
prises a cylindrical portion CWI, a conical frus-
tum CFI, cylindrical portion CW2, conical frus-
tum CF2, cylindrical portion CW3, conical frus-~
tum CF3 and a cylindrieal portion CW4. The
arrangement of this figure gives a conduit having
Seven.sections, the location of which will be clear
from the explanation given with regard to Fig,
3a. The incoming soundwaves may be consid-
ered as divided into three groups represented by
the arrows IA, IB and IC. The waves IC are de-
flected by the lower part of the conical frustum
CFl and by the bottom portion of the cone CNO
in a direction which will pass through the cyi-
inder CW4. The waves IB strike the central
portion of the conical frustum CFI and are de-
flected so as to strike the central portion of the
conical portion CNO and thence to strike the
surface CF3 and be deflected so as to converge
on the waves represented by IC at right-angles.
The soundwaves represented by the arrows IA
which strike against the upper portion of the
conical frustum CFl are reflected so as to strike
against the upper portion of the cone CNO and
thence be reflected so as to strike against the
surface of the conical frustum CF2 and be
again reflected so as to converge at right-angles
to the main waves IC. A disadvantage of Fig-
ure 5z is that the area represented by the upper
surface of the cylinder CO is lost as regards
sound receiving or emitting. This is avoided by
the arrangement shown in Figure 5b in which
& double cone is employed. It will be noted that
this figure does not differ very much from Figure

-These soundwaves

2,087,052

2d except that it is of larger dimensions and the
operation can readily be followed. In Figure
Sc an example Is shown by which this feature of
the invention is only carried out in one stage,
namely at the enlarged opening where the sound
waves IA strike against the surface of the conical
member CM and are deflected at right-angles to
the soundwaves represented by the arrows IB.
pass by rectilinear reflection
to the opening O,

" Figure 6 shows an application of the invention
to a mouthpiece for a special design of transmit-
ter having dual sound-receiving surfaces, in
which the inner portion closely resembles the
constructions which have already been described,
while there is provided an outer portion giving
& separate sound channel which embodies both
means for giving rectilinear Yreflection and means
comprising the surfaces of the conical frustums
CF{ and CF2 whereby part of the soundwaves

" are caused to converge at right-angles to those

which reach the transmitter,

Figure 7 illustrates an example of multi-direc-
tional sound-conducting apparatus in a scme-
what more complex form than is illustrated in
Figure 4a, while Figure 8 illustrates a multi-dj-
rectional sound-conducting apparatus of 4 more
complex form to that shown in Figure 4b. In
view of the description which has already been
given it does not appear necessary to describe
these in any detail.

It should be explained that in the designs of
sound-conducting apparatus in accordance with
the invention the length of each sound surface
has been in experiments limited to one length of
3.8 cms. as & maximum to much smaller values
as regards the surfaces inclined at 45° to the di-
rection of the passage where the width of the
passage is small, and while the invention is not
restricted to any precise dimensions and while
1t is believed that the best results will be obtained
by working within the dimensions Indicated, it
Is possible that dimensions differing considerably

from those specifically mentioned may be found

to give satisfactory results in particular cases.
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It is believed that there is a relationship between .

these dimensions and the frequency of the sound-
waves which are being recefved. If therefore the
apparatus was to be used for listening to the
location of aeroplanes, for instance where the
noise is likely to be of a low frequency it would
pPossibly be found that very much larger dimen-
sions gave satisfactory results, while if on the
other hand it was intended to respond to very
high frequencies then the dimensions might re-
quire to be made smaller than indicated but it
would appear that the best results were obtained
by ascertaining for the particular nature of
sounds which were being received the best di-
mensions to employ having regard to the fact
that the larger the dimensions the greater the
tendency to distortion and the smaller the di-
mensions, particularly of the passages, the great-
er the apparent loss in transmission,

Figures 9 and 10 illustrate an example of sound
conducting apparatus constructed in accordance
with the invention and of which the dimensions
are as follows:

The dameier AK of the upperrmast cylindrical
borticn. is 11.25 cms., the dizineier CM of the
next cylindrical portion is alsc the diameter TU
of the base of the double cone TU equals 5.6
cms., the diameter EO of the third cylindrical
portion equals 2.8 cms., and the diameter GQ of
the fourth cylindrical portion eq 1.4 cms.
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The length AB=3.1 cms. slightly greater than
half the length SV which of course equals 5.6
cms. seeing that the slope of the lines ST, TV,
SU, UV is 45°. The lengths of the other cylin-
drical portions are as follows: CD equals 2.8
cms., EF equals 2.5 cms., GH equals 2.2 cms.

As the lines BC, LM, DE, ON, FG, QP repre-
sent the sides of conical frustums having slopes
of 45° their dimensions can be readily deter-
mined.

The sound-conducting apparatus when used
in conjunction with a microphone for receiving
sound usually requires a larger opening than one
having a 1.4 cm. diameter, and for this purpose
the parts FGQP and GHRQ are omitted.

Tests with a mouthpiece of this construction
which it will be noted closely resembies Fig. 5b
gave very good results indeed when employed in
connection with a microphone as just described.

The length EF and CD when employing & mi-
crophone at the section FP were varied and it
was found that when the length EF was reduced
to 1.2 cims., inferior results were obiained as re-
gards distortion but when the length CD was

‘redueced to 1.2 cms., the resulis were not as in~

ferior. It seems, therefore, that the lengths of
the cylinders nearer the smaller end are of greater
importance than elsewhere.

1t wili be appreciated that while it has been
assumed that the sound waves iraversing ihe
sound-conducting apparaius according fo the
jnvention behave in a varticular way it is 4iffi-
cult to ascertain whether this assumption is en-
tirely justifiable. Mouthpieces in accordance
with the mvention have been construeted and i
proper atiention is paid to the selection -of the
dimensions more efficient resuifs can be cbiained
than with mouthpieces of the curveé or the recti-
linear type of consiruction.

In the rectilinear type of constructions it is 1o
he observed that at each reflection minute in-
dividual components of the wave front are dae-
Aected S0 as to cross the paths of other individual
cormnponents and the effect of such crossings is
not known but only the general resulis of the
passage of the sound through the sound-con-
Jucting apparatus taken as a whole. In the type
of construetion in accordance with the invention
it will be moted that it is not the effect of the
minute individual components which is considered
as important but the provision of means whereby
the path of a substantial part of the wave front

taken as a whole is caused to cross the path of .

another part of the wave front and it is found
that the general results of the passage of sound
through the sound-conducting apparatus taken
as a whole which is provided with such means is
considerably better than in cases when such
means are not provided. .

Mouthpieces constructed in accordan:e with
the invention enable sound waves created ai a
distance from the larger end of the mouthpiece,
such as by a person speaking, to be received and
conducted as described to a microphone or the
ike and it is found that such soundwaves are
led to the microphone with a minimum of dis-
tortion and very efficient transmission so that
the microphone need not be especially sensitive,
in fact the microphone used in ordinary iele~
phone instruments may be employed and yet a
speaker one to two feet (30-60 cms.) away can
be apprehended as well as if not better than with
the ordinary telephone with the user’s lips close
to the mouthpiece, particularly as regards in-
telligibility. It further appears that the full

5

sound collecting value of the larger end of the
mouthpiece can be utilized so that to a certain
exteni the larger the opening the greater the
volume of sound which is picked up. Experi-
ments have been made up {0 a maximum diam-
eter of 16 cms.

While the use of & single double-cone, such as
shown at X in certain figures, has been described,
it is also to be understood that in some construc-
tions two or more double-cones may be employed,
such as both of those shown at X and Xt in
Fig. 3c. These double cones may be either of
equal size or of different size, according to the
position in which they are used. For example, in
addition o the double cone STUV shown in Fig.
g, further double cones may be inserted at the
positions DN and/or FP. Such a double cone is
shown at WXYZ situated at the position FP.

The apparatus shown in Figures 9 and 10 is
preferably consiructed of & series of aluminium
parts, which may bé formed as spinnings. The
sound reflecting surfaces and the parallel walls
of the inside of the device are anodically treated
so as to form thereon a suitably hard layer I
If desired, the ouier surfaces of the device may
pe similariy {reated.

Iclaim:—

1. Sound conducting apparatus comprising a
conduit having a continuous passage therethrough
and having at least three sections including a
iarge perimeter section and a small perimeter
section each embracing said passage, one of said
sections having & wall with its surface parallel to
a certain direction 50 as fo form a part of said
passage of constani width and the other of said
sections having a wall with a surface inclined at
approximaiely 45° o said direction and extend-
ing so as to form a part of said passage increas-
ing in widih in that direction of the passage leagd-
ing from ihe small to the large perimeter section.

2. Sound conducting apparatus comprising a
conduii having a continuous passage therethrough
and having ai least three sections including a
olurality of continuous sections forming said
passage conneciing a large opening with a small
cpening, a number of alfernate sections of said
plurality of sections having walls whose surfaces
are paralilel o a particular direction and the re-
maining sections having walls whose surfaces are
inclined ai approximately 45° to said direction.

3 Sound conducting apparatus comprising a
conduit having a continuous passage there-
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shrough and having at least three sections in- -

cluding at least one section having one wall with
its surface parallel io a certain direction and
ancther wall facing said first wall with its sur-
$ace inclined at approximately 45° to said direc-
tion and a section having walls with surfaces
parallel to each other, said sections forming said
passage having a large perimeter a% one end and
a small perimeter at the other end.

4. Sound conducting apparatus comprising a
conduit having a continuous passage there-~
through and having at least three sections in-
cluding a section forming part of said passage
of constant width with the surface thereof lying
parallel to a certain diréction and a second sec-
tion abuiting on one end of the first section and
forming a further pari of said passage with &
cross-section where it meets the first section
equal tc the cross-section of constant width and
coincident with it, while having an increasing
width the further it is away from the junction,
a surface of the wall of said second section being
inclined at approximately 45° to said direction.
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5. Sound conducting apparatus comprising &
conduit having a continuous passage there-
through and having at least three sections in-
cluding a section forming a part of said passage
of constant width with the surface thereof lying
parallel to a certain direction and a section abut-
ting on one end of the first section and forming
a further part of said Dassage with a cross-sec-
tion where it meets the first section equal to the
cross-section of constant width and coincident
with it while having a decreasing width the fur-
ther it is away from the junction, a surface of
the walls of said second section being inclined at
approximately 45° to said direction.

6. Sound conducting apparatus comprising a
conduit having a continuous passage there~
through and having a section forming a part
of said passage of constant width with the sur-
face thereof lying parallel to & certain direction,
2 second section abutting on one end of the first
section and forming a further part of said pas-
sage with a cross-section where it meets the first
section equal to the cross-section of constant
width and coincident with it while having an

increasing width the further it is away from the.

junction, a surface of the wall of said second
section being inclined at approximately 45° to
sald direction and a third section abutting cn the
other end of said second section and forming a
further part of said passage with a cross-section
of constant width equal to the largest cross-sec-
tion of the second section, :

7. Sound conducting apparatus comprising a
conduit having a continuous passage there-
through and having g section forming & part of
sald passage of constant width with the surface
thereof lying parallel to a certain direction, g
second section abutting on one end of the first
section and forming g part of said passage with
8 cross-section where it meets the first section
equal to the cross-section of constant width and
coincident with it while having an increasing
width the further it is away from the junction,
a surface of the walls of said second section being
inclined at approximately 45° to said direction
and a third section abutting on the other end
of said first section and forming a part of said
passage with a cross-section where it meets the
first section equal to the constant cross-section
and coincident with it while having a decreasing
width the further it is away from the junction,
the surface of said third section being inclined
at approximately 45° to said direction.

8. Sound conducting apparatus comprising a
section having an outer walled member with the
surfaces thereof lying parallel to & certain direc-
tion with an inner walled member lying within
the outer walled member and having a wall with
Its outer surface inclined at approximately 45°
to said direction, a second section having an out-
er walled member abutting on the outer walled
member of said first section and forming an ex-
tension of the outer surface of a passage enclosed
between said outer walled member and said in-
ner walled member of said first section and hav-
ing a surface inclined at approximately 45° to
said direction and an inner walled member abut-
ting on the larger end of said inner walled mem-
ber of said first section and also having & sur-
face inclined at approximately 45° to said direc-
tion, the inner and outer walled member of said
second section forming a passage having a smalier
perimeter than the perimeter of the passage be-
tween the outer-and inner walled members of said
first section,

2,087,052

9. Sound conducting apparatus comprising &
first section having an outer wall with its inner
surface parallel to a certain direction, a second
section having a wall contiguous with the outer
wall of said first section and having its inner
surface inclined to an angle of substantially 45°
to said direction, a third section having a wall
contiguous with the wall of the second section
at its smaller end and having its inner surface
parallel to the said direction, a walled member
having a surface lying between the walls of the
first section and whose outer surface is inclined
at an angle of substantially 45° to said direction
so as to reduce the cross-sectional distance be-
tween said outer surface and the inner wali of
said first section towards the end of said first
section connected to the second section and a
second walled member also Inclined at substan-
tially 45° to said direction and located between
the walls of sald second section and having its
surface parallel to the inner surface of said sec-
ond section, said second walled member being
contiguous to said first walled member.

10. Sound conducting apparatus ‘comprising a
conduit of at least three sections and having a

-continuous passage therethrough, at least one

section being formed of an outer wall and an
inner wall and another section being formed with
an outer wall only, the outer walls of all of said
sections being successively joined together, the
arrangement being such that throughout the
completed conduit the width of the passage is in
a number of sections substantially constant, the
bounding surfaces being parallel to each other
and to the direction of the passage of the con-
duift and in other sections varies uniformly, one
surface at least of sald remaining sections being
inclined at 45° to the direction of the conduit.

11. Sound conducting apparatus comprising a
conduit having a continuous passage there-
through and having a section adjacent one end
of said passage formed of & wall of circular cross-
section, a second section situated adjacent the
other end of sald passage and formed of circu-
lar outer and inner walls giving a passage of
annular cross-section, at least two interconnect-
ing sections between said first section and sald
second section, at least one of said interconnect-
Ing sections having walls with.surfaces paralle]
to a particular direction and at least one other
interconnecting section between said first sec-
tion and sald second section having surfaces in-
clined at- approximately 45° to sald direction
while onr of said latter Interconnecting sections
has walls which effect g uniform variation of
cross-section of the conduit.

12. Sound conducting apparatus comprising a
conduit of at least three sections one section
being of constant circular cross-section a second
section abutting on one end of said first section
and forming an extension thereof with a bound-
ing surface resembling that of a frustum of a
cone having an inclination of approximately 45°
and a third section abutting on. the outer end
of one of said other sections and having a struc-
ture similar to that of the section which is most
distant from it.

13. Sound conducting apparatus comprising a
conduit having a section provided with a cylin-
drical walled member, a sound reflecting mem-
ber centrally located in said cylindrical walled
member and having a conically shaped outer
surface inclined at approximately 45° to the sur-
face of the walls of said cylindrical walled mem-
ber, a second section provided with a frusto-
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conical walled member having its larger perim-
eter end abutting on said cylindrical walled
member and having its inner surface with an in-
clination of approximately 45°, and having 2

g second sound reflecting member centrally locat-
ed therein said second sound reflecting member
having & surface resembling the surface of &
cone and inclined at approximately 45° and hav-
ing its larger end abutting on the larger énd of

- 10 said first sound reflecting member, and a third
section abutting on’ the outer end of one of said
other sections and having & structure similar to
that of the section which is most distant from it.
14: Sound conducting apparatus comprising &

15 conduit having a section provided with a cylin-
drical walled member, & sound refiecting mem-
ber centrally located in said walled member and
having a conically shaped outer surface inclined

) at approximately 45° to the surface of said ¢y-
20 lindrical walled member, & second section pro-
vided with a frusto-conical walled member. abut-
ting on said cylindrical walled member and hav-

* ing its surface inclined at approximately 45° to
said cylindrical walled member and & second
95 sound reflecting ‘member centrally located in
said frusto-conical walled member and having a
surface resembling the surface of a cone and in-
clined at approximately 45° and abutting on
the larger end of said first sound reflecting mem-

30 ber, the second section forming & passage having
a perimeter decreasing in size from the perim-
eter of the first section and a third cylindrical

‘second section abutting

7

walled section which abuts on the smaller end
of said second section and forms an extension
thereof. . . .

15. Sound conducting apparatus comprising &
conduit having 2 continuous passage there-
through and having a section with a passage

_ part of constant cross-sectional width with the

surface thereof formed of anodized gluminium
and lying parallel to & certain direction and &
on one end of the first
section and forming part of said passage with
a cross-section at the junction where it -meets
the first section equal to the cross-section of the

_constant width dimension and coincident with

it, while having progressively’ increasing width
in a direction away from said junction, the sur-
face of said second section being also formed of
anodized aluminium and being inclined at ap-
proximately 45° to said certain direction.

16. Sound conducting apparatus comprising a
conduit having a large perimeter section, & smalil
perimeter section each ofcircular cross-section,
the walls of one of said sections lying parallel
to a certain direction and having 2 eross-section
of constant width and the other of said sections
having a frusto-conical inner surface with an in-
clination of substantially 45° and extending so
as to increase the width of that part of the pas-
sage in the direction of the passage from the
small to the large perimeter section.
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