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UNITED STATES PATENT OFFICE 
EDWIN H. SMYTHE, OF EVANSTON, ILLINOIS, ASSIGNOR TO BELL TELEPHONE LABORA- 

TORIES, INCORPORATED, OF NEW YORK, N. Y., A CORPORATION OF NEW YORE 

ACOUSTIC DEVICE — 

- Application filed November 2, 1927. Serial Ho. 230,571, 

This invention relates to acoustic devices 
and more particularly to large direct-acting 
sound radiators. 

An object of the invention is to impart 
5 Vibrational energy to substantially all por- 

tions of a large sound radiating area as near- 
ly simultaneously as possible. 

Another object of the invention is to sup- 
port a large radiating surface by an extended 

19 distributing system which imparts vibration- 
al energy to the surface. 

Tn accordance with a broad aspect of the in- 
vention a large radiating surface, having such 

- a degree of flexural rigidity as may readily be 
15 attained with small material weight, is cou- 

pled to a driving element through a multiple 
torsional distributing system of relatively 
high torsional rigidity, so that energy is com- 
municated to substantially all parts of the 

20 entire area of the radiating surface at a veloc- 
ity that is high as compared with the flexural 
velocity of propagation in the material of, 
the radiating surface. 

In accordance with one embodiment of the 
25 invention, the sound radiator comprises a 

large plane diaphragm of relatively light ma- 
terial to one surface of which a plurality of 
parallel torsional members or tubes are at- 
tached along their length by means of webs. 

30 The torsional tubes are attached to supporting 
members on a frame surrounding the edges 
of the sound radiator. A transverse torsional 
tube or member attached to the opposite sur- 
face of the diaphragm and supported in a 
manner similar to the parallel members, is 
connected to a driving element which trans- 
mits energy to it, and through. it distributes 
the energy to the system of parallel torsional 
tubes and the diaphragm. The multiple tor- 
sional system of this invention forms a high- 
ly efficient means of distributing the energy 
from the driving element to all portions of 
the area of the diaphragm substantially si- 
multaneously, and at a velocity high as com- 
pared with the velocity of flexura: propaga- 
tion in the diaphragm. 

Other embodiments of the invention com- 
‘prise a large number of parallel torsional 
members spaced close together so that the 
members themselves provide the sound ra- 
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diating surface; or a thin sheet of material 
may be affixed to the torsional members to act 
as the radiating surface. These members are 
driven by one or more transverse torsional 
members which are coupled to the driving 
element. ‘ 

A feature of the invention relates to the use 
of a sound radiator in which the transverse or 
flexural rigidity of the radiating surface may 
vary inversely with the number of parallel 
torsional members employed in the distribut-: 
ing system. For instance, if the width of the 
radiating surface between adjacent torsional 
members is small, very little flexural rigidity 
is necessary in the material of the radiating 
surface ; if the width is greater, the radiating 
surface is given a greater degree of flexural 
rigidity. 

Another feature of the invention relates to ° 
the radiating surface or diaphragm being 
supported substantially solely by the torsion- 
al distributing system. In this arrangement 
the diaphragm is entirely or substantially 
free at the edges and is supported by the webs 
extending from the torsional tubes of the dis- 
tributing drive. 

The invention is not limited to a plane sur- 
face diaphragm since the same fundamental 
principles may be applied to other types of 
sound radiators. Nor isthe invention limited 
to the particular form of torsional distribut- 
ing systern disclosed as a number of varia- 
tions operating on the same principle are pos- 
sible. 

These and other features of the inven- 
tion will be clearly understood from the fol- 
lowing detail description in connection with 
the accompanying drawings in which— 

Fig. 1 shows in elevation one embodiment 
of the invention with the parallel and trans- 
verse torsional members supporting the sound 
radiator therebetween. 

Fig. 2 is a cross-sectional side view of Fig. 
1 taken on the line 2—2. 

Fig. 3 is a top view in cross-section on the 
‘line 2-8 of Fig: 1. 

Fig. 4 illustrates'in perspective the detailed 
assembly of the torsional members and the 
diaphragm. _ ; 

Fig. 5 illustrates in cross-section a modi- 
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fied arrangement of the invention in which 
. the closely spaced torsional members act as 
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whi 

a vibrating sound radiator. 
Fig. 6 shows in perspective portions of the 

parallel members connected to the torsional 
driving member. 

Fig. 7 is a modification of Fig. 5 wherein 
2 sound-radiator having a definite degree of 
flexural rigidity is attached to the parallel 
torsional members. ‘ 
Eig. 8 shows in perspective the detailed 

construction of the arrangement shown in 
ig. 7. 

igs. 9, 10 and 11 illustrate the various 
steps in forming a type of light torsional 
member.employed in this invention; and 

Fig. 12 shows in cross-section a portion of 
the radiating surface within the casing and 
a closure between the edge of the radiating 
surface and the casing. 

The sound radiator shown in Figs. 1, 2 and 
3 comprises a box-like casing or frame 15,: 
which may be made of wood or other. suit- 
‘able material, and which has an opening at 
the front and rear. A plurality of parallel 
supporting members 16 are located within 
and close to one edge of the casing 15 and are 
attached to the side walls thereof. These 
supporting members may be of wood and ma 
be equally spaced apart in the ‘casing. x 
similar supporting member 17 is located near 
the center of the casing or frame and is 
attached to the upper and lower walls of 
the frame in a position transverse.to the 
parallel supporting members 16. Attached 
to each supporting member is a long narrow 
driving or torsional member 18 which may be 
constructed_in a variety of shapes and ma- 
terials but is preferably made of light stiff 
material, such as paper, and formed into a 
tube provided with opposite tangential webs 
19 and 20.. The webs 19 of the parallel driv- 
ing members 18, which are horizontally dis- 
posed in the form illustrated, are attached or 
glued to the lower flat surfaces of the support 

1g. 4, 
le the web 19 of the transverse driving 

' tubular member 18 is glued to the fiat sur- 
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face of the transverse’ supporting member 
17. The tubular driving members 18 form 

' light rigid levers:or torsional members which 

“66 

‘are fulerumed along one edge by the webs 19 
and are connected to a driven vibratory sur- 
“face 21, such as a large plane diaphragm or 
sound ‘radiating surface, by the opposite 
‘webs 20 of the torsional members. The edge 
22 of these webs is bent at:right angles to the © 

-waves to the air. Instead, the torsional dis- _ .plane of the-web‘and attached to the surface 
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_ of the diaphragm 21 along the whole length 
of the driving members 18. 

The connection of the driving members or 
torsional tubes 18 both with-the diaphragm 
and with the casing or frame along the hori- 
zontal and vertical webs of the torsional dis- 
tributing system which they constitute forms 
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an efficient means of supporting the radiat- 
ing surface substantially solely by the dis- 
tributing system. When the number of tubu- 
lar members distributed over the large plane 
surface of the diaphragm is small the surface 
should have a proportionately higher degree 
of flexural rigidity. By increasing the num- 
ber of driving tubes 18 connected to the dia- 
phragm a lesser degree of flexural rigidity is 
necessary in the diaphragm surface and it is 
possible to impart vibratoty movement to a 
large radiating surface of small flexural ri- 
gidity simply by arranging the driving tubes 
or members close together and supporting 
‘the radiating surface by means of the webs 
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projecting from the torsional driving mem- 
bers, 

The large radiating surface or diaphragm 
21, as shown in the drawing, is out of con- 
tact with the walls of the casing 15 and while 
the surface may be arranged within the cas- 
ing so slightly separated therefrom that the 
air displacement through the space between 
the edge of the radiating surface and the 
casing causes very little detrimental effect, it 
may be desirable to close the space between 
the edge of the diaphragm and the casing. 
This may be accomplished by means of strips 
of flexible material 27, such as felt. 

A driving motor element, such as an elec- 
‘tromagnetic unit 23,-is centrally positioned 
in the casing 15 and supported on a base 24 
extending between the upper and lower walls 
of the casing. The driving rod 25 projecting 
from the unit 23 is coupled to the mid-point 
of the transverse torsional driving member 18 
‘by the rigid link member 26 in such a man- 
ner that the driving member is turned or 
twisted about a longitudinal axis. Through 
the medium of the transverse driving member 
18, the energy supplied by the motor element 
23 is applied to the other driving tubes 18 and 
torsionally transmitted by them to substan- 
tially all portions of the area of the radiating 
‘surface 21 ata velocity that is high as com-. 
pared with the flexural velocity of propaga- 
tion in the material of the radiating surface. 
‘This is accomplished by the reaction upon, 
the diaphragm of the torsional forces set. up 
-in the driving tubes with reference to their 
-fulcrum upon the frame, the forces being ex- 
erted through the continuous webs through 
which the tubes have connection with the dia- 
phragm and casing. : 

: In Fig. 5 is shown a modification of the in- 
vention in which no, continuous plane radiat- 
ing surface is employed for imparting sound 

-tributing system acts as a sound radiator and 
comprises a structure in which a large num- 
ber of parallel supporting members 28 are ar- 
-ranged in the center of the casing 15. The 
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torsional members 80 are similar to those em- _ 
ployd in the structure described in the pre- 
ceding figures but have singlé webs 29 which. 20
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‘parallel torsional members 41 are 
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are fastened to the lower surfaces of the sup- 
porting members 28. The torsional tubes are 
arranged as close together as possible, and a 
thin tongue of felt 31, or other suitable ma- 
terial, also attached to the supporting strips 
28 has its free end in the plane of the axes 
of the torsional tubes 30 and substantially 
fills the air space between the tubes. The 
close relation of the horizontal torsional tubes 
30 causes them to act as a substantially con- 
tinuous radiating surface. Vibratory motion 
is imparted to the closely spaced parallel 
members 80 by a single transverse torsional 
member 32 which lies to.the rear of the hori- 
zontal member and extends through cut-out 
portions in the supporting members 28, webs 
29 and tongues 31 as shown in Fig. 6. The 
transverse torsional member 32 is connected 
to the members 30 by short, light, rigid rods 
33 which extend tangentially from the tor- 
sional member 32 and are attached to the 
members 30 at a point diametrically opposite 
the point of contact of the tangential web 
.29. A continuous tangential web 34 on the 
transverse tubular member 32 is attached tu 
a supporting member 35 which extends from 
the upper to the lower wall of the casing 15 
and may be attached to the supporting mem- 
bers 28 by-a notched joint. The transverse 
torsional member 82 is therefore fulerumed 
along one edge by the web 34 and is connected 
on the opposite edge to the driven system 
of torsional members 30 by the connecting 
rods 33. A driving element 36 supported on 
a vertical baseboard 87 has its driving rod 
38 connected to the free end of an arm 39 
rigidly attached to the torsional member 32 
intermediate the ends thereof. , 

Figs. 7 and 8 show a further modification 
in which a light but relatively rigid radiat- 
ing surface is driven by the torsional dis- 
tributing system of this invention. The 

provided 
with oppositely disposed tangential webs 42 
and 48. The members 41 are arranged in the 
casing 15 and are equally spaced and sup- 
ported by the strips 44 extending from the 
side walls of the casing 15. A driving tor- 
sional member 45 is arrariged transversely to 
the rear of the parallel torsional members 41 
and located equi-distant between the ends of 
the members 41. The transverse torsional 
member 45 is supported by its continuous web 
46 extending toward the rear of the casing 
15 and attached to the associated supporting 

member 47 in a manner similar to the con- 

struction described in connection with Fig. 5. 
The coupling of the driving member 45 to the 

parallel members 41 consists of light rigid 

rods 48 attached to the members at points 
opposite the tangential supporting webs. An 

arm 49 extends from the driving member 45 

and is attached to the rod 50 of the electro- 

magnetic unit 51 supported on the base 52 at- 

tached to the casing. The ends of the parallel 
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webs 48 of the driven torsional members 41 
are bent downwardly to form connecting sur- 
faces for the sound radiating surface 53 
which is made of relatively light material, 
suchas paper. The radiating surface is made 
comparatively rigid by the corrugations 54 
which extend along the surface of the sound 
radiator in a direction transverse to that of 
the torsional members 41. A suitable border 
of light felt strips 55 surrounds the edge of 
the radiator 53, to close the air space be- 
tween the casing and the radiating surface. 

A simple method of forming the light 
rigid tubular torsional members employed in 
the distributing drive of this invention is 
‘shown in Figs. 9, 10 and 11 in which long 
strips of material 56, such as paper, are 
placed between two halves of a cylindrical 
form 57, made of wood. The wooden form 
57 is rotated 90° while the ends of the paper s; 
strip 56 are held in a horizontal plane as 
shown in Fig. 10, and a plastic substance, 
such as glue or paste, is applied to the sur- 
face of the paper strip along a line shown 
at 58. The form 57 is then rotated 180° 
while pressing the extending ends of the 
paper toward the cylindrical form sufii- 
ciently to bind the adjacent surfaces of 
the rolled paper strip as shown clearly in 
Fig. 11. When the glue or paste has dried 
-the semi-cylindrical halves of the form may 
be removed, being made collapsible for that 
purpose if desired, and a light rigid tubular 
member is produced in which the central 

portion 59 forms a strengthening means for 
the tube and the ends 60 and 61 project tan- 

gentially from the opposite surfaces of the 
tube to act as webs. 

In Fig. 12 is shown other means for clos- 
ing the air space around the edge of the ra- 
diating surface. This arrangement consists 
in attaching a strip 62 of light material, 
such as tissue or silk, to the edge of the dia- 
phragm 63 and the casing 64. 

The use of “torsional member” or equiva- 
lent term in the specification and claims is. 

intended to include both solid and hollow 
members of variously shaped cross-sections, 
and of various materials. For example, hol- 

low tubular torsion members such as those 
specifically disclosed may conveniently be 

formed of light, thin, elastic’ sheet metal, 

such as duralumin. ae 
What is claimed is: 
1. An acoustic device comprising a radiat- 

ing surface having small flexural rigidity, a 
driving element, and a multiple distributing 
drive system connecting said driving element 

with substantially all portions of the area of 
said radiating surface and adapted to com- 

municate energy from said driving element 
to substantially the entire area of said radiat- 
ing surface at a velocity high compared with 

the velocity of flexural propagation through 
the material of said radiating surface. 
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2, An acoustic radiator comprising a dia- 

phragm, a driving element, and a torsional 
system distributing driving force from said. 
element to substantially all portions of the 
area of said diaphragm simultaneously. 

3. An acoustic radiator comprising a dia- 
phragm, a driving element, a torsional sys- 
tem distributing driving force from said ele- 
ment to substantially all portions of the area 
of said diaphragm simultaneously, and 
means for supporting said diaphragm solely 
by said torsional system. 

4, An acoustic radiator comprising a dia- 
phragm, a driving element, and a torsional 
system distributing driving force from said 
element to continuous parallel paths of said 
diaphragm substantially simultaneously. 

5. An acoustic radiator comprising a dia- 
phragm, a driving element, and a multiple 
torsional system arranged to support said 
diaphragm and distribute driving force 

. from said element thereto. 
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6. An acoustic radiator comprising a 
sound radiating surface, a driving element, 
and a multiple torsional power distributing 
system arranged to support said surface and 
connect said surface with said driving ele- 
ment. 

7. An acoustic. radiator comprising a 
sound radiating surface, a multiple torsional 
driving support for said surface, and means 
for imparting vibratory motion to said driv- 
ing support. 

8. An acoustic radiator comprising a driv- 
ing element, a multiple torsional distribut- 
ing system driven thereby, and a radiating 
surface supported by said system and receiv-_ 
ing vibratory movement therefrom. 

9. An acoustic radiator comprising a ra- 
diating surface, a driving element, and a 
distributing system connecting said driving 
element with said radiating surface, said dis- 
tributing system: comprising a plurality of 
parallel members extending ‘across one face 
of said surface and adapted to distribute 
energy from said driving element to said ra- 
diating surface at a velocity high ‘as com- 
pared with the fiexural velocity of propaga- 
tion in the material of the radiating surface. 

10. An acoustic radiator comprising a ra- 
diating surface, a driving element, and a dis- 
tributing system connecting said driving el 
ment with said radiating surface, said dis- 

_ tributing system affording a plurality of tor- 
55 sional energy communicating paths between 

any part of said radiating surface and said 
driving element. ; 

1i. An acoustic radiator -comprising a 
radiating surface having small flexural 
rigidity, a driving element, and a torsional 
distributing system connecting said drivin 
element with said radiating surface an 
adapted to impart substantially bodily move- 
ment to said radiating surface at low fre- 
quencies. — 
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12. An acoustic radiator comprising a 
radiating surface having small flexural 
rigidity, a driving element, and a distribut- 
ing system connecting said driving element 
with said radiating surface and adapted to 
‘communicate energy from said driving ele- 
ment to substantially all portions of the area 
of said radiating surface at a velocity high 
as compared with the flexural velocity of 
propagation in the material of the radiating 
surface. . 
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18. An acoustic radiator comprising a ~ 
driving element, a plurality of parallel driven 
torsional members, and a transverse driving 
member connecting said driving element to 
said parallel members to impart vibratory 
motion to said members substantially simul- 
taneously. . . 

14, An acoustic radiator comprising a driv- 
ing element, a plurality of parallel driven 
torsional members, a transverse driving mem- 
ber connecting said driving element to said 
parallel members, and a radiating surface 
connected to and moving with said parallel 
members. - 

15. An acoustic radiator comprising | 
‘driving element, a plurality of parallel me 
bers, a transverse member, means for connect- 
ing said transverse member to said parallel 
members, and means for connecting said driv- 
ing element to said transverse member to im- 
part torsional movement to all of said mem- 
bers substantially simultaneously. 

16. An acoustic radiator comprising a 
driving element, a plurality of parallel tor- 
sional members, a transverse torsional mem- 
ber, means for connecting said transverse 
member to said parallel members, means for 
connecting said driving element to said trans- 
verse member, and a large radiating surface 
actuated by said members. So 

17.. An acoustic radiator comprising a driv- 
ing element, a plurality of parallel torsional 
members, a transverse torsional member, — 

‘20. 
to said parallel members, means for connect-". ~ 
means for connecting said transverse member 

80 

85 

90 

95 

100 

‘105 

ing said driving element to said transverse ° 
member, and a large radiating surface actu-* 
ated by said members, said radiating surface: - 
being supported solely by said parallel tor- 
sional members. ~ ” 

18. An acoustic device compfising a casing, 
‘a driving element, a plurality of parallel tor- 
sional members having continuous. webs, ’. 

120 means for supporting said webbed’ members 
from said casing, a transverse torsional mem- 
ber coupled to said parallel members, and 
means for connecting said transverse member 
to said driving element, . 7 

19. An acoustic device comprising a casing, 
a.driving element, a plurality of parallel tor- 
sional members having continuous webs, 
means for supporting said webbed members 
from said casing, a transverse torsional mem- 
ber coupled to said parallel members, said 
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transverse member being connected to said 
driving element, and a sound radiating sur- 
face supported by said parallel members. 

20. A tubular drive member for an acoustic 
device having a strengthening portion within 
the member and a tangential web projecting 
therefrom. 

21. A distributing device for sound radia- 
tors comprising a tubular member having an 
integral strengthening portion within the 
member and an integral extension projecting 
therefrom. 

22. The method of forming a rigid mem- 
ber of light flexible material for an acoustic 
device on a collapsible die which comprises, 
placing said material centrally between two 
halves of said die, bending the projecting 
ends of said material at opposite right angles 
with respect to the portion of material be- 
tween said die, applying adhesive material 
to each projecting end on a line defined by the 
right angle bend, rotating said die one half 
revolution while pressing said projecting | 
ends against said die and adhesive material, 
and removing said die. 

In witness whereof, I hereunto subscribe 
my name this 27th day of October, A. D. 1927. 

EDWIN H. SMYTHE. 
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