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This invention relates to producing sound 
waves corresponding to electrical waves or 
mechanical force waves, or vice versa, and 
aims to provide means capable of faithfully 

is reproducing complex waves, and especially 
to provide a loudspeaking telephone receiver 
capable of faithfully reproducing electrical 
variations as sound such as speech or music. 
The invention will be described hereinafter 

accordance with such application of the in 
vention, an inflexible diaphragm is so 
mounted and so actuated, as set forth herein 
after, that the ratio of the power output in 

5 the form of sound to the electrical power in 
put due to the current corresponding to the 
sound to be reproduced, is substantially the 
same for all frequencies in the range of 
frequencies to be reproduced. 

Fig. 1 of the accompanying drawings is a 
diagram, and Fig. 2 a graph, for facilitating 
explanation of the invention; Fig. 3 is a sec 
tional elevation of an embodiment of the in 
vention; Fig. 4 is a top plan of a detail of Fig. 
3, partly broken away; and Fig. 5 is a frag 
mentary sectional perspective view of the de 
vice of Fig. 3. 

Before describing the structure of Figs. 3 
to 5 in detail, it will be well to set forth cer 

0 tain theoretical considerations regarding an 
horn. 
When a body vibrates in an elastic medium 

such as air, the power that is developed in 
the form of sound waves may be expressed 
by Pip where P is the power, 

oy is the velocity with which the body 
vibrates, 

p is a factor which we may call the radia 
0 tion resistance. 

5 ever, in general a 

The analogous equation for an electrical 
rircuit is power= RI. In the latter case the 
resistance, R, is as a rule constant, at least to 
the first order of approximation, p is, how 

inction not only of the 
character of the vibrating body and the me 
dium but also of the frequency of vibration. 

If a plane disc 7 situated in an infinite 
plane 8, as shown in Fig. 1, vibrates as a unit 
perpendicularly to its plane, p will vary after 

the manner shown in the curve A of Fig. 2, 
as may be seen if values of the radiation re 
sistance per unit area of the diaphragm, for 
values of the product of diaphragm radius 
times frequency which lie between 10° and 10°, 
are calculated (all in c. g. s. units) from 
Equation 10, page 164, section 302, volume 2 
of Rayleigh's “Theory of Sound' (published 
by MacMillan and Company, London, 1894), 
and plotted as in Fig. 2. Here R is the radius 
of the disc, f is the frequency, and 

p 
-P 
R 

the ordinate, is the radiation resistance per 
unit area of the disc. For values of Rf up 
to 10 c.g. s. units, the quantity 

P 
R 

varies approximately as (R.f)?. Up to this 
value of R.f for a disc of given radius the 
radiation resistance would vary as the square 
of the frequency, e. g. if we made =4 cm., 
we would have 

is of 
from 0 to 2500 p.p.s.or p Kf and P=Ef v? 
up to 2500 p.p.s. 

electromechanical loud speaker without a In any practical case such a disc would 
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have to have some form of elastic support. 
This would mean that the disc, which has a 
certain mass, would have a resonant fre 
quency of some finite value. Above this res 
onant frequency the velocity of the disc is 
given, to a close approximation by 

F 
mo 

where F is the force acting on the disc, m is 
the mass of the disco F2nf. For the region 
above resonance and below 2500 p. p. s. we 
should then have 

P-Kraft K 
- m?(2f)2(2m)? 

This equation shows that, P, the sound de 
veloped by the disc would be independent of 
frequency for a constant applied force. If 

F2 

85 

90 

95 

00 



2 

now we apply the force F by electrical means 
in such away that F is proportional to the 
current, I, we shall have the ratio of sound output to electrical power input (which is 
proportional to I) the same for all fre 
uencies between resonance and 2500 p.p.s. Above 2500 p.p. s p varies comparatively 

little with frequency. At 5000 p.p.s. the ve 
locity of motion of the disc under the assumed 

o condition would have one half theyalue it 
has at 2500 p.p.s. From 2500 to f p. S. 
the sound output would, therefore, drop 6 
T.U. and up to 10,000 p.p.s. another 6T.U. 
(The abbreviation.T. U.is for the transmis 

is sion unit discussed in the following articles: 
The Transmission Unit', by R. W. L. Hart 

ley, in Electrical Communication, July, 1924, 
published by the International Western Elec 
tric Co., Inc., New York; and The Trans 20 mission Unit and Telephone Transmission 
Systems, by W. H. Martin, and "Practical 
Application of the Transmission Unit', by 
C. W. Smith, both in the Bell System Tech 
nical Journal, July, 1924, published by the 

25 American Telephone and Telegraph Co., 
New York.) E. variation is not excessive 
for this large expanse of frequency. 
In practice it might not be advisable to use 

the disc in a plane of very large extent as 
30 was assumed in the preceding discussion. If 

the back of the disc is closed off so as to pre 
vent radiation from the side, the sound out 
ut will be reduced by 6 TU. at the lower 
equencies by the removal of the infinite 

35 plane. The omission of the infinite planethus in part offsets the drop at the higher fre 
quencies because of the fact that there pap 
proaches a constant value. A receiver con 
structed as described below renders it pos 

40 sible to transmit a band of frequencies ex 
tending from, say 100 to 7000 cycles per sec 
ond, with the transmission loss varying less 
than 6 TU. throughout such frequency band, 
and at the same time, to maintain the diam 

45 eter of the diaphragm large enough to eco 
nomically obtain satisfactory value of sound 
output. 

Construction of the receiver 
so To operate on the principles just set forth, 

a receiver should preferably satisfy the fol 
lowing conditions: The disc or diaphragm 
should be constructed so that it will move as 
a unit at all frequencies at which the receiver 

Ss is to operate, or if not as a unit, its mode of 
motion should not change throughout the 
frequency range; the natural frequency of 
the diaphragm should lie below the lowest 
frequency, we wish to E. one side of 80 the disc should be completely shut off from 
the outside air; the force on the diaphragm 
should be proportional to the current input; 
the impedance of the receiver winding 
should not vary greatly with frequency; and 

65 the disc should be mounted so that it is free 

or aluminum. Its diameter should be suffi 

1,812,880 
to execute large amplitudes of motion, in 
order to obtain a sound output of sufficiently 
large volume. . . . 

. One construction, adapted to meet these 
conditions is shown in Figs. 3 to 5. In that 70 
construction, the diaphragm 10 comprises a 
circular central portion 11 bulging in one 
direction, and an annular rim 12 flaring from 
the periphery of the central portion in that 
direction, the diaphragm thus having a 
W-shaped cross section, as indicated in Fig. 
3. The central portion 11 is preferably 
dome-shaped, as shown, since a structure of 
this shape is specially adapted to move as a 
unit up to very high frequencies when driven 
from its base as described hereinafter. How 
ever, the portion 11 may be of any shape, for 
instance conical, suitable for obtaining the 
requisite stiffness, and may, if desired, be 
annularly or radially corrugated to increase 
its stiffness. For the sake of rigidity, the 
rim or outer portion 12 of the diaphragm 10 
is preferably frusto-conical, as indicated in 
Figs. 3 and 5. However, the rim 12 may be 
of any suitable shape, for instance, down 

75 
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90 

wardly concave and upwardly convex, suit 
able for obtaining the stiffness requisite to 
enable the rim to be vibrated as a unit up to 
very high frequencies when driven from its 
inner periphery as described hereinafter. 
If desired, the rigidity of the rim 12 may be 

95 

increased by annular or radial corrugations, 
not shown. Preferably, the diaphragm 10 
is of thin light metal, for instance duralumin 

00 

ciently small to insure the desired degree of 
uniformity of transmission efficiency over 
the frequency range to be transmitted. The 
mass of the diaphragm should be sufficiently 
small to enable the receiver to have the de 
sired sensitivity. Preferably the diameter 
should be as small as 5 inches, and the mass 
as small as 5 gr, 
The diaphragm is so mounted as to close 

an opening in a wall 15 of a casing 16 which 
closes off one side of the diaphragm from 
the surrounding air. The magnet 18, which 
is shown as an electromagnet but may, if 
desired, be a permanent magnet, is enclosed 
in the casing 16 and rigidly connected to the 115 
casing by any suitable means such, for in 
stance, as rods 19. As shown, the magnet 
comprises a winding or coil 20 surrounded 
by a paramagnetic flux path, 21 having an 
annular air-gap 22 therein at the end the 
hollow core 23 adjacent to the diaphragm 10. 
Terminals 24, only one of which is shown, 
are provided for coil 20, so that the coil may 
be energized by direct current. 
The driving system for the diaphragm is 125 

shown as of the movable coil type, the coil 
25 for receiving the telephonic current being 
situated in the radial magnetic field in the 
EE 22. This type of driving unit has a 
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large force factor, and the impedance of the 130 
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coil is substantially the same for the fre 
quencies of importance in music. Binding 
posts 26, only one of which is shown form 
terminals for the coil 25. This coil is rig 
idly connected to the diaphragm at the junc 
tion of the central portion 11 and the rim 12, 
as shown in Figs. 5 and 3, so that the elements 
11, 12, and 25 form a rigid unit. A ring 30 
preferably of verythin metal, forinstancedu 

0 ralumin or aluminum extends outwardly from 
the periphery of the rim 12, in the plane of 
that periphery. Ring 30 is supported from 
the wall 15. Preferably the outer periphery 
of the ring engages the outer cylindrical wall 
31 of an annular recess 31 in the inner edge 
of the wall, and above and below the ring 30 
the recess is filled with paper rings 32, such 
as are used for so-called book damping. If 
desired, the paper rings may be caused to 
hold ring 30 tightly near its outer periphery 
and loosely near its inner edge, for instance 
by tapering (not shown) the recess so that 
it is narrower near wall 31 than near the 
periphery of the diaphragm. The paper 
rings offer only slight opposition to move 
ment of the diaphragm 10 in the direction per 
pendicular to the plane of the ring 30, and 
thus permit substantially free vibration of 
the diaphragm as a unit in that direction, 
with large amplitude, for instance a double 
amplitude of two millimeters, while at the 
same time maintaining the coil 25 in proper 
position for vibration in the air-gap 22. A 
member 34 preferably in the form of an an nular spider comprising a hub portion 35, a 
rim 36, and radial spokes 37 connecting the 
hub and the rim, is rigidly connected to and 
extends outwardly from the junction of the 
central portion 11 and the rim 12 of the dia 

g 

phragm 10. Preferably, the hub 35 of the 
spider 34 is integral with the central portion 
11 of the diaphragm, as indicated in Fig. 5, 
and is of thin light metal, for instance du 
ralumin or aluminum, with the rim annu 
larly corrugated as at 38, the hub annularly 
corrugated as at 39, and the spokes radially 
corrugated as at 40 (see Fig. 4). All of these 
corrugations open into the plane of the spokes. 
The rim of the spider is supported from 

the structure of magnet 18 and casing 16, preferably by being clamped in the inner 
edge of a ring 45rigid with ma 
spider 34, as well as the ring 30, supports the 
diaphragm and moving coil for substantial 
ly free vibration perpendicularly to the plane 
of the spider, with large amplitude, while 
maintaining the coilin proper position in the 
air-gap. The annular corrugations 38 and 
39 allow the width of the spider 34 to in 
crease when the spider is flexed from its nor 
mal position and the radial corrugations 40 
ES to prevent undesirable vibrations in the spider. 
In order to keep the resonant frequency of 

gnet 18. The 

3 

the diaphragm low, Reft as low as 100 
t cycles per second, 

casing 16 is of such size that the volume of 
air in the chamber is large compared to the 
maximum volumetric displacement executed 
by the diaphragm during its normal opera 

8W tion. For instance, with a diaphra 
ing a diameter of the order of 3A, inches, and 
a magnet having a diameter of the order of 6 
inches and a length of 4 inches, the casing 16 
may be a box-like casing having dimensions 
of the order of 12' by 12' by 8 in depth. To reduce standing waves within the casing, 
preferably the hole through the magnet core 
is flared and the portion of the chamber not 
occupied by the magnet is substantially filled 
with some damping material such as loose 
wool or down 5i as indicated in the drawing. 
To reduce eddy currents, slits 50, parallel 

to the axis of core 23, are provided in the end 
of the core adjacent coil 25. 
The PE rings 32 effectively prevent pas 

sage of air or sound waves around the edge 
of the diaphragm 10, from the outside to the 
inside, or vice versa, of the chamber formed 
by casing 16, and yet, as noted above, permit 
substantially free vibration of the dia 
phragm, as a whole, through large ampli 
tudes, at the frequencies to be reproduced. 
The paper rings also prevent sound originat 
ing at one face of the diaphragm from im 
pinging on one face of the ring 30 and being 
transmitted through that ring to the air on 
the other side of that ring. The paper rings 
also prevent resonant vibrations of the ring 
30 itself. 
In the operation of the device as a tele phone receiver, coil 20 is energized by di 

rect current, to create a steady, radial elec 
tromagnetic flux across gap 22; and the bind 
ing posts 26 (only one of which is shown) 
of coil 25 are connected to the source (not 
shown) of telephonic current, the variations 
of which are to be reproduced as sound. The 
diaphragm and the coil 25 vibrate as a whole, 
in accordance with the variations in the late 
ter current, the diaphragm giving off the 
sound corresponding to those current varia 
tions. The device is of course reversible. 
That is, sound waves impinging on the dia 
phragm will cause the device to function as 
a transmitter, E. spondingly varying E. M. F. 
By properly fixing the extent of the wall 

15 beyond the periphery of the diaphragm 10, 
the effect of the wall in increasing the sound 
output of the receiver at low frequencies more 
than at high frequencies, can be made such 
as to give the best results under the particu 
lar operating conditions encountered. For 
instance, if the range of frequencies which it 
be desired to transmit with substantially un 
iform efficiency lies below 2500 cycles per 
second and the radius of the diaphragm be 4 
cm., it may be advisible to have the wall 15 

e chamber formed by 

in coil 25 a corre 
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wide enough to maintain the efficiency as high 
as practicable over that frequency range; 
whereas, if the frequency range which it be 
desired to transmit with substantially uni 
form efficiency extends from 3500 cycles per 
second or 5500 cycles per second down to 
3E low frequencies, and the radius of the 
iaphragm be 4 cm. and 3 cm in these cases, 

respectively, it may be desirable to have the 
extent of the wall only great enough to raise 
the efficiency at the low frequencies sufficient 
ly to attain the greatest practicable equali 
zation of transmission efficiency over the fre 
quency range up to 3500 cycles per sec 
ond or 5500 cycles per second in these 
two cases, respectively. The specific fre 
quency and radius values here mentioned are 
merely illustrative. As a further example, 
if the frequency range which it be desired to 
transmit with substantially uniform efficien 
cy extends from 5000 cycles down to quite 
low frequencies, and the radius of the dia 
phragm be 4 cm., then it may be desirable 
to have the extent of the wall negligibly 
small, in accordance with the principles here 
inbefore explained. 

Distortion due to non-linear response 
Not only may the receiver of this invention 

be made to have practically a uniform re 
sponse over the whole frequency range to be 
reproduced, as for instance the range of fre 
quencies of importance in music, but it is, 
moreover, free from another type of distor 
tion introduced by most loudspeakers. This 
latter type of distortion is produced if at a 
given frequency the displacement is not pro 
portional to force. Since this receiver oper 
ates above the resonant frequency of the dia 
phragm, the amplitude, 

Time? 
if the diaphragm moves as a unit m, the ef 
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fective mass of the diaphragm, is constant 
and a and F are proportional. 
The broad features involving the general 

principles disclosed herein may be embodied 
in many organizations widely different from . 
those specifically shown and described, with 
out departing from the spirit of the invention 
defined in the appended claims. 
What is claimed is: 
1. An acoustic device comprising a dia 

phragm, an air chamber for which said dia 
phragm forms a closure member, the air in 
closed in said chamber forming a cushion for 
said diaphragm, and means mounting said 
diaphragm on said air chamber, the volume 
of said inclosed air being sufficiently large 
and the stiffness of said mounting means suf 
ficiently small in magnitude to maintain the 
resonance frequency of the diaphragm below 
the frequency range of importance in music. 

2. An acoustic device comprising a direct 

1,812,889 

acting diaphragm, an air chamber for which 
said diaphragm forms a closure member, the 
air inclosed in said chamber forming a cush 
ion for said diaphragm, and means mounting 
said diaphragm on said air chamber, the vol 
ume of said inclosed air being sufficiently 
large and the stiffness of said mounting 
means sufficiently small in magnitude to 
maintain the resonance frequency of the dia 
phragm below the frequency range of im 
portance in music. 

3. An acoustic device comprising a plunger 
type diaphragm having a W-shaped cross sec 
tion and an air chamber for which said dia 
phragm forms a closure member, said cham 
ber being too large to cause resonance of the , 
diaphragm above 100 cycles per second. . 

4. An acoustic device comprising a plunger 
type diaphragm having its natural frequency 
below the frequency range of inuportance in 
speech, an air chamber for which said dia 
phragm forms a closure member, and a driy 
ing coil rigid with said diaphragm, said 
chamber being too large, in comparison to 
the maximum volumetric displacement exe 
cuted by said diaphragm in normal opera 
tion, to cause resonance of the diaphragm in 
said frequency range. 

5. A device comprising a diaphragm hav 
ing a natural frequency of vibration below 
the range of frequencies of importance in 
speech and having a radiation resistance 
varying substantially as the square of the 
frequency of vibration of the diaphragm over 
said frequency range, and means responsive 
to current of speech frequencies for driving 
said diaphragm with a force proportional 
to said current, 

70 

so 

5 

100 

6. An acoustic device comprising a dia 
phragm having a natural frequency of vibra 
tion below the range of frequencies of im 
portance in music and having a radiation 
resistance varying substantially as the square 
of the frequency of vibration of the dia 
phragm over said frequency range, and means 
responsive to current of frequencies of said 
range for driving said diaphragm with a 
force proportional to said current. 

7. A device comprising a diaphragm hav 
ing a natural frequency of vibration below 
the range of frequencies of importance in 
speech and having a radiation resistance 
varying substantially as the square of the 
frequency of vibration of the diaphragm 
over said frequency range, and means respon 
sive to power variations representing sound 
waves for causing said diaphragm to gener 
ate sound wave power proportional in mag 
nitude to said first mentioned power varia 
tions. 

8. A device comprising means responsive 
to electromotive force, of the frequencies of 
the range important in music, for generating 
mechanical force substantially proportional 
to the electrical current delivered to said 
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means due to said electromotive force, and a 
diaphragm movable as a whole, in response 
to said mechanical force, with velocity sub 
stantially inversely proportional to the fre 
quency of said electromotive force for a given 
value of said mechanical force. 

9. A device comprising a direct acting dia 
phragm having a natural frequency of vi 
bration below the range of frequencies of im 
portance in speech and having a radiation 
resistance varying substantially as the square 
of the frequency of vibration of said dia 
phragm over said frequency range, means 
responsive to current of speech frequencies 
for driving said diaphragm with a force 
proportional to said current, and a wall ex 
tending outwardly from, and substantially 
in the plane of, the periphery of said dia 
phragm, and increasing the sound power * produced by said diaphragm. 

10. A device comprising a piston type, di 
rect acting diaphragm having a natural fre 
quency of yibration below the range of fre 
quencies of importance in music, means re 
sponsive to current of the frequencies of said 
range for driving said diaphragm with a 
force proportional to said current, and a wall 
extending outwardly from, and substantial 
ly in the plane of, the periphery of said dia 
phragm, a distance of such magnitude, with 
regard to the diameter of the diaphragm, as 

5 

5 

25 

30 

to substantially equalize the sound power 
output, per unit of said force, over said range. 

11. An acoustic device comprising a dia 
phragm, an air chamber for which said dia 
phragm forms a closure member, the air in 
closed in said chamber forming a cushion for said diaphragm, and means mounting.Said 
diaphragm on said air chamber, the volume 
of said inclosed air being sufficiently large 
and the stiffness of said mounting means suf 
ficiently small in magnitude to maintain the 
resonance frequency of the diaphragm below the frequency range of importance in music, 

45 said first mentioned means comprising book 
damping means for said diaphragm. 

12. A device comprising a diaphragm hav 
ing a W-shaped cross section, book damping 
means for said diaphragm, and driving 

50 means for said diaphragm attached to the 
symmetrical cusps of said cross section. 

13. A device comprising a diaphragm pro 
vided with book damping means and having 
a natural frequency of vibration below the 

55 range of frequencies of importance in speech 
and having a radiation resistance varying 
substantially as the square of the frequency 
of vibration of the diaphragm over said fre 
quency range, and means responsive to cur 

60 rent of speech frequencies for driving said 
diaphragm with a force proportional to said 
current. 

35 

40 

14. An acoustic device comprising an in 
flexible diaphragm having a natural fre 

65 quency below a range of frequencies to be re 

5 
produced, means closing off one side of said 
diaphragm from the surrounding sound. 
propagating medium, means supporting said 
diaphragm for substantially free vibration, as 
a unit, with large amplitude, at the frequen 
cies of said range, and means responsive to 
current of the frequencies of said range for 
driving said diaphragm with a force pro 
portional to said current. . . - 

15. A loud speaking telephone receiver 
comprising a diaphragm having a forwardly 
bulging central portion and a rim flaring 
backwardly from the bulging portion, means 
closing one side of said diaphragm off from 
the surrounding air and mounting said dia 
phragm for vibration as a whole, at the fre 
quencies of importance in speech, and means 
attached to said diaphragm at the junction of 
said bulging portion and said rim and re 
sponsive to current of said frequencies for 
driving said diaphragm. 

16. A device comprising a paramagnetic 
body forming a flux path with an air gap 
therein, an inflexible diaphragm for vibra 
tion as a whole, a coil, means rigidly connect 
ing said coil to said diaphragm, and means 
supporting said diaphragm for vibration as 
a whole, at the frequencies of importance in 
speech, with said coil centered in said gap, 
said means including annularly and radially 
corrugated means connected to said dia 
phragm and extending outwardly from said 
diaphragm, with respect to the axis of said 
dihy in the direction of said vibration. 

17. Aloud speaking receiver comprising a 
paramagnetic body forming a flux path with 
an air gap therein, a diaphragm having a 
forwardly bulging central portion and a rim 
flaring backwardly from said bulging por 
tion, a coil, means rigidly connecting said 
coil to the junction of said central portion 
and said rim, an annular web extending out 
wardly from the periphery of said dia 
phragm, an annular spider extending out 
wardly from the periphery of said central 
portion, and means, including said web and 
said spider for supporting said diaphragm 
and said coil for vibration with said coil 
centered in said air gap. 

18. An acoustic device comprising a dia 
phragm, an air chamber for which said dia 
phragm forms a closure member, the air in 
closed in said chamber forming a cushion for 
said diaphragm, loose fibrous material oc cupying the major portion of said air cham 
ber, means mounting said diaphragm on 
said air chamber, the volume of said inclosed 
air being sufficiently large and the stiffness 
of said mounting means sufficiently small in 
magnitude to maintain the resonance fre 
quency of the diaphragm below the frequency 
range of importance in music. 

19. A loudspeaking receiver comprising a 
piston type, direct acting diaphragm hav 
ing a natural frequency of vibration below 
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100 cycles per second, means closing one side of said diaphragm of from the surrounding 
air, and means responsive to current of fre 
quencies of the range between one hundred 
and five thousand cycles per second for driv g said diaphragm, said diaphragm having 
a diameter sufficiently small to maintain the 
minimum value, for said frequency range, of 
the ratio of sound power output to the square 

10 of said current, as high as 25% of the maxi 
mum value of said ratio for said frequency 
range. . . . . r 

20. An acoustic device comprising a direct 
acting, piston type diaphragm, an air cham 

liber for which said diaphragm forms a clo 
sure member, fibrous material in said air 
chamber for reducing standing waves there 
in, the air enclosed in said chamber forming 
a cushion for said diaphragm, and means 

20 mounting said diaphragm on said air cham 
ber for vibration of said diaphragm as a 
whole, the volume of said enclosed air being 
sufficiently large and the stiffness of said 
mounting means sufficiently small in magni. 
ture to maintain the resonant frequency of 
the diaphragm below one hundred cycles per 
second, said diaphragm having a diameter 
sufficiently small to render said device capa 
ble of transmitting a band of frequencies ex 
tending from one hundred cycles to seven 
thousand cycles per second with a maximum 
variation in transmission loss, with fre 

- quency, of six transmission units. 
21. A loudspeaking receiver comprising a 

piston type, direct acting diaphragm having 
a natural frequency of vibration below one 
hundred cycles per second, means closing one 
side of said diaphragm off from the surround 
ing air, and means responsive to current of 
the frequencies of importance in music for 
driving said diaphragm, said diaphragm hav 
ing a diameter sufficiently small to render 
said receiver capable of transmitting a band 
of frequencies having a width of approxi 
mately seven thousand cycles per second with 
a maximum variation of transmission loss as 
low as six transmission units. 

22. Aloudspeaking receiver comprising a 
piston type, direct acting diaphragm, means 
closing one side of said diaphragm off from 
the surrounding air, and means responsive to 
current of frequencies of the range of im 
portance in music for driving said dia 
phragm, said diaphragm having a diameter 
sufficiently small to render said receive capa 
ble of transmitting, with a maximum distor 
tion as low as six transmission units, a band 
of frequencies extending from a frequency of 
the order of one hundred cycles per second to 
a frequency of the order of six thousand 
cycles per second. . 

23. An acoustic device comprising a dia 
phragm, a coil secured thereto for driving 
the diaphragm, a pair of concentric pole 

65 piecesseparated by a gap in which said coil 

1,812,880 
is positioned, one of said pole-pieces g 
an axial opening therein, and means in sai 
opening for absorbing sound waves. 

24. An acoustic device comprising a rigid diaphragm having a curved inner portion o 
and a flat peripheral portion, means for sup 
porting the diaphragmat its peripheral por 
tion so that it is capable of vibrating as a 
whole, means for actuating said diaphragm 
comprising a pair of concentric pole-pieces' 
separated by an annular gas and an actuating 
coil EY to said diaphragm, and means 
for centering said coil in said gap, said means 
being expansible when said coil is moved 
from its normal position to enable the coil to 
move axially. 

25. An acoustic device comprising a rigid 
diaphragm, means at the periphery of the 
diaphragm for supporting it so that it is free 
to move E. , means for actuating said dia 
phragm comprising pole-pieces separated by 
a narrow gap and an actuating coil secured . 
to said diaphragm, and a spider-like men 
ber for preventing lateral movement of said 
coil in said gap, said member being provided 
with annular corrugations to allow the width 
of the member to increase when it is flexed 
form its normal position and with radial 
corrugations to prevent undesirable vibre 
E. said member when the coil is via 
rated. 
26. An acoustic device comprising a dia 

phragm having one face thereof exposed di 
rectly to the surrounding air, means attached 
to said diaphragm at points removed from 
the center thereof for driving it, means to 
prevent the sound waves radiated by the ex 
posed face of the diaphragm from interfer 
ing with those radiated by the other face of 
said diaphragm, and means for damping the 
waves given off by said other face of the dia 
phragm. . . . . . . . 

27. An acoustic device comprising a casing 
having a front wall with an aperture there 
in, side and back walls, a magnet mounted 
within said casing having annular polepieces 
spaced to form an annular air gip, a dia phragm comprising a curved portion and 
surrounding annular portion, a coil in said 
air gap secured to the diaphragm at the edge 
of the curved portion thereof, means for sup 
porting the outer rim of said diaphragm in 
the aperture in said casing so that it is free. 
to move substantially as a whole, and means. within said casing and surrounding said magnet for damping sound waves given of 
by one side of the diaphragm. 

28. A loud speaking device comprising a 
dished diaphragm having one face thereof. 
exposed directly to the surrounding air and 
of sufficient size to radiate sound directly into 
the surrounding air without the employment 
of a horn, means including a coil attached to 
said diphragmat E. removed from the center thereof for driving it, a casing having 
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an aperture into which said lights fits, 
and means within said casing for dampin 
the sound waves given off by the unexpose 
face of said diaphragm. 

29. The combination of a diaphragm for 
radiating sound waves directly into the sur 
rounding air without the employment of a 
horn, means including a coil attached to said 
diaphragm and a magnet structure for driv 

loing it, a casing having an aperture in one 
wall thereof in which said diaphragm is dis posed and a filling of sound deadening mate 
rial in said casing and surrounding said mag 
net structure. 

5. In witness whereof, I hereunto subscribe 
my name this 30th day of March, A.D. 1925. "ESWXR56 WNE. 
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