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SOUND TRANSLATING DEVICE 

Albert L. Thuras, New York, N. Y., assignor to 
Bell Telephone Laboratories, Incorporated, 
New York, N. Y., a corporation of New York 

Application March 28, 1933, Serial No. 663,123 
Claims. 

This invention relates to sound translating de 
vices and more particularly to moving coil ac 
tuated loudspeakers of the horn type. 
In loudspeakers of the horn type, the impedance 

of the horn load is of a complex character and 
Comprises a reactance component due to the in 
ertia of the air column vibrated by the diaphragm, 
and a resistance component, commonly termed 
the radiation resistance. Both the resistance 
and the reactance component are variable with 
respect to the frequency of the sound waves prop 
agated by the diaphragm so that the acoustic 
power output of the device, which is dependent 
upon the horn impedance, varies with frequency. 
Consequently, in the reproduction of speech and 
music by Such a loudspeaker, all the frequencies 
in the audio range or in the desired range to be 
reproduced, are not translated with uniform in 
tensity, and as a result faithful and accurate 
transmission is not obtained. 
One object of this invention is to improve the 

transmission characteristics of loudspeakers and 
to enable thereby the faithful and efficient re 
production of speech and music. 
In One embodiment of this invention, a loud 

Speaker comprises a magnet having a hollow cy 
lindrical central or inner pole, an outer pole, and 
Concentrically disposed annular pole-pieces form 
ing a narrow annular gap concentric with respect 
to the bore in the central pole-piece. A dia 
phragm is Supported at its periphery by the mag 
net and is coaxially disposed with respect to the 
bore in the inner pole, the diaphragm being of 
materially greater diameter than the Outer pole 
of the magnet. An annular driving coil is con 
nected to the diaphragm and is disposed in the 
annular air gap. A hollow coupler member of 
Substantially the same diameter as the radiating 
portion of the diaphragm encircles the magnet 
and is concentrically disposed with respect to the 
bOre in the inner pole of the magnet. The cou 
pler member terminates adjacent the surface of 
the diaphragm. The throat end of a horn is 
adapted to be connected to the coupler member 
at the end remote from the diaphragm. A ta 
pered plug member is mounted on the magnet and 
is coaxially disposed with respect to the bore in 
the inner pole-piece. This construction provides 
a plurality of Sound ducts of Substantially equal 
length disposed one Within the Other and ex 
tending between the Surface of the diaphragm 
directed toward the magnet and the throat of the 
horn. The other surface of the diaphragm may 
be enclosed in a casing which may be lined with 
a sound absorbing material Such as felt. 

(C. 179-115,5) 
In accordance with one feature of this in Ven 

tion, the coupler member, plug, and magnet are 
SO constructed that the aggregate CrOSS-Sectional 
area of the several Sound ducts, in planes at right 
angles to the paths of Sound travel Varies uni- 5 
formly between the diaphragm and the throat of 
the horn. Preferably, the aggregate cross-sec 
tional area, increases exponentially from the di 
aphragm to the throat of the horn. 
In accordance with another feature of this 10 

invention, the magnet is so constructed that a 
high magnetic flux, which may be in excess of 
20,000 lines per Square inch, is provided in the 
airgap in the magnet, and a driving coil of grea; 
length and large conductor area is provided l, 
whereby a high acousto-electrical efficiency is 
obtained. 
In accordance with Still another feature of this 

invention, the chamber adjacent one Surface of 
the diaphragm is proportioned so that the stiff- 20 
ness thereof is substantially equal in magnitude 
to the mean reactance component of the horn 
load impedance throughout a range of audio fre 
quencies, whereby the reactance component of the 
horn load impedance is substantially neutralized 25 
throughout this range of frequencies. 
In accordance with a further feature of this 

invention, the resistance of the driving coil for 
the diaphragm, the resistance component of the 
horn impedance and the resistance of the Source 30 
of power are so proportioned that the acoustic 
output of the loudspeaker is Substantially con 
stant throughout a Wide range of audio fre 
quencies. 
The invention and the features thereof will be 35 

understood more fully from the following detailed 
description with reference to the accompanying 
drawings in which: 

Fig. 1 is a side view in cross-section of a loud 
speaker illustrative of one embodiment of this 40 
invention; 

Fig. 2 is an end view of the loudspeaker shown 
in Fig. 1, with portions of the casing and of the 
diaphragm broken away to show details of the 
magnet and coupler member assembly more 
clearly; 

Fig. 3 is a detail end view as seen from line 3-3 
in Fig.1 showing the association of the plug men 
ber and the magnet; 50 

Fig. 4 is an enlarged detail view showing the 
manner in which the leading-in conductors for 
the diaphragm actuating coil are brought out to 
external terminals: 

Fig. 5 shows diagrammatically an equivalent 55 
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2 
electrical netWork for the acousto-mechanical 
system of the loudspeaker shown in Fig. i; 

Fig. 6 is a typical characteristic illustrating 
the variation of the resistance component of the 
horn Ioad impedance with frequency; and 

Fig. 7 shows a typical horn reactance chara C 
teristic and illustrates graphically how the re 
actance component of a horn load in pedance 
may be substantially neutralized throughout a 
range of frequencies in accordance with a fea 
ture of this invention. 

Referring now to the drawings, a loudspeaker 
illustrative of One embodiment of this invention 
comprises a magnet having a hollow inner pole 
0 and an Outer pole if concentric with the 

pole O. The magnet is provided with a plurality 
of projections or webs 2 which extend outwardly 
from the pole f and are connected by a ring 
member 3 which may be integral thereWith. 
An annular field or excitation coil 4, which 
may be of the construction described in detail 
and claimed in my copending application, Serial 
No. 622,191, filed July 13, 1932, encircles the inner 
pole O. Extensions 5 of the coil 4 extend along 
and may be secured to one of the WebS 2, and 
are connected to external terminals 6 carried 
by the ring member 3 and insulated therefron 
by insulating sleeves or bushings T. 
A pair of annular pole-pieces 8 and 9 are 

Secured to the poles O and , respectively, by 
screws 20 and 21, respectively, and are Spaced to 
form a narrow annular airgap. Preferably the 
pole-pieces are arranged concentrically with the 
opening or bore in the pole 0. The magnet 
assembly is preferably of sufficient dimensions, 
and the coil 4 of such construction, that a flux 
of the order of 20,000 lines per Square inch can 
be maintained in the airgap formed by the jux 
taposed faces of the pole-pieces 8 and 9. In 
order to prevent fringing between the juxtaposed 
pole faces and thereby to confine the flux to the 
airgap, the pole-pieces 8 and 9 may be pro 
vided with beveled or chamfered Surfaces as at 
22 and 23, respectively. The pole-piece 8 may 
be formed with an enlarged portion as at 24 to 
provide a path of uniform reluctance between 
the pole O and the pole-piece. 
A diaphragm, which may be of the order of 20 

inches in diameter, is mounted upon the ring 
member 3 and comprises a flat peripheral pOr 
tion 25 secured between clamping rings 26 and 
27 which are secured to the ring member 3 as 
by screws 28. The diaphragm, all the surfaces 
of which are curved, has a relatively rigid por 
tion adapted to vibrate as a whole analogous to 
a piston, including a central, dished or dome 
shaped portion 29 and an annular portion 30 
Substantially V-shaped in cross-section and con 
centric With the central portion 29. The rigid 
portion of the diaphragm is connected to the 
peripheral portion 25 by an annular bowed flex 
ible portion 3. The entire diaphragm may be 
formed in a single piece, of suitable lightweight 
material, such as duralumin, and may be of uni 
form thickness, for example, 44 mils, or may be 
formed of a plurality of pieces of the same or dif 
ferent material. In Order to insure uniforn, 
vibration of all portions of the diaphragm and 
particularly to insure vibration of all parts of 
the rigid portion of the diaphragm in phase, the 
diaphragm should be accurately centered in the 
clamping rings 26 and 27 and the flexible annu 
lar portion 3 should be of uniform curvature 
throughout. 
The diaphragm may be actuated by an annu 

2,037,185 
lar coil 32, which may be of the construction de 
scribed in my Patent 1707,544, granted April 2, 
1929. The coil 32, which may be of the Order of 
8 inches in diameter, may be mounted on an 
annular Supporting sleeve 33, for example, of 
copper, which is Secured to the diaphragm, as by 
cementing, at approximately the edge of the 
central, dished portion. 29. The diaphragm is 
provided with a pair of Small apertures, (Only 
one of which is shown in Fig. 4) in each of which 
an insulating bushing or sleeve 34 is Secured. 
Leading-in conductors 35, which may be integral 
extensions of the coil 32, pass loosely through a 
corresponding one of the bushings or sleeves 34 
and extend along arched supports or fingers 36 
mounted. On the ring member 26 by Screws 3. 
The conductors 35 are connected at their Outer 
end to terminals 38. This construction allows 
the conductors to move freely as the diaphragm 
vibrates and the stresses introduced in the con 
ductors are distributed throughout a large por 
tion thereof so that rupture of the conductorS is 
prevented. 
In Order to prevent excessive local Vibration 

therein, the conductors 35 may be damped, for 
example, by means of a thin coating of a visCOUS 
material, for example, wax, applied thereto. The 
conductors preferably are so designed that the 
natural or resonance frequency thereof is below 
the lowest frequency to be translated by the 
loudspeaker. 
A metallic member, which may be of cast alu 

minum, comprising an annular rim portion 43 
and a hollow plug designated generally as 45 
connected to the rim portion 43, as ShoWin more : 
clearly in Fig. 3, by a plurality of radially ex 
tending integral arms 46 is secured to the mag 
net as by screws 44. The rim portion 43 and 
the plug 45 are preferably disposed coaxially with 
the opening or bore in the pole O. The plug 45 
is formed with oppositely directed Substantially 
conical surfaces 47 and 48, the proportioning of 
which will be described in detail hereinafter. 
A shell or hollow coupler member which may 

be of a suitable metal, for example Copper, en 
circles the magnet and comprises a cylindrical 
portion 49 of but slightly smaller diameter than 
the rigid portion of the diaphragm, having a 
flange 50 secured to the ring member 3 as by 
ScrewS 5f. 
are secured one to each of the projections Or 
webs 2 and also to the ring member 3, and 
serve to lock the coupler member in position. 
The coupler member is provided with an in 
Wardly curved portion 53 which terminates in an 
outwardly directed flange 54. The cylindrical 
and inwardly curved portions are coaxially dis 
posed. With respect to the opening or bore in the 
pole f. A horn member 55, shown in part in 
Fig. 1, forming a sound duct is connected at its 
throat to the shell or coupler member and is 
secured thereto, together with a washer 56, by 
bolts 57. This construction, it will be apparent, 
provides a plurality of coaxial Sound ducts or 
passageways between the Surface of the dia 
phragm to Ward the magnet aSSembly, and the 
throat of the horn SO that the Sound Waves ena 
nating from Substantially all portions of the dia 
phragm Surface are conveyed to the horn and a 
high efficiency is attained. 
In order to insure that the Sound waves origi 

nating at all points of the diaphragm reach the 
throat of the horn in phase, whereby Suppression 
or neutralization of any of the frequencies prop 
agated are prevented, the magnet, coupler mem 

A plurality of channel members 52 
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2,037,185 
ber, and plug are so designed and proportioned 
that the Sound Waves emanating from all points 
of the diaphargn traverse paths of substantially 
equal length in passing to the throat of the horn. 
The opening or bore in the pole O, the member 
43, plug 45, and coupler member, and the Outer 
pole of the magnet are so formed that the 
aggregate cross-sectional area of the Several 
Sound passageways or ducts formed thereby, in 
planes at right angles to the paths of Sound travel, 
varies in a desired manner. Preferably the ele 
ments aforenoted are so designed that this ag 
gregate area of the sound passageways or ducts 
increases exponentially from the diaphragm to 
Ward the throat of the horn 55. 
The rear Surface of the diaphragm may be en 

closed by a casing 58 having a lining 59 of a 
sound-absorbing material, Such as felt, therein. 
This casing provides a chamber having a uniform 
Stiffness effect over the Surface of the diaphragm 
which decreases any tendency of the diaphragm 
to Wabble at the low frequencies. 
The acousto-mechanical System of a loud 

speaker of the construction described may be 
represented, as is known, by an equivalent elec 
trical network Such as shown in Fig. 5. In this 
figure, the characters indicate the equivalent of 
impedances in the acousto-mechanical System of 
the loudspeaker as follows: 
E-Source of energy connected to the actuat 

ing coil 32, 
e-Voltage of the Source E or force at the 

actuating coil, 
Ro-Motionless resistance of the actuating de 

vice, i. e., the driving coil 32, plus the resistance 
of the source E, both referred to the acousto 
mechanical system, 
Mo-Mass of the vibratory element, i. e., the 

diaphragm, driving coil 32 and driving coil Sup 
port 33, 
Sl-Edge stiffness of the diaphragm, 
S2- -Stiffness of the chamber formed by the 

diaphragm and the casing 58, 
Mh-Reactance or mass component of the horn 

load impedance, 
Rh-resistance component of the horn load 

impedance. 
For practical purposes, in the loudspeaker de 

scribed the stiffness of the chamber between the 
diaphragm and the horn is sufficiently Small with 
respect to the other factors that it may be 
neglected. 
Although a loudspeaker of the construction de 

scribed hereinbefore may be utilized alone to 
translate speech and music, it may be used With 
particularly good results in Sound reproducing 
apparatus including a plurality of loudspeakers 
adapted to reproduce different bands of fre 
quencies of importance in speech and music most 
efficiently. If So used, a loudspeaker as ShoWin 
and described may be utilized to reproduce fre 
quencies between the lowest frequency it is die 
sired to translate and about 300 cycles. 

It is known that the horn load impedance in 
a loudspeaker of the horn type is of a complex 
character and comprises resistance and reactance 
components both of which are variable with fre 
quency. Typical characteristics showing the va 
riation of the resistance and reactance compo 
nents with frequency are shown in Figs. 6 and 7, 
respectively. It Will be apparent that in view of 
the non-uniformity of these components with re 
spect to frequency, the response characteristic 
of the loudspeaker, which is dependent upon the 
horn load impedance, will not be uniform so that 

3 
faithful reproduction of speech and music will 
not be obtained, assuming of course that the 
current supplied to the actuating unit, for ex 
ample to the driving coil 32, is of the same mag 
nitude at all the frequencies in the band to be 
reproduced. 
In accordance with a feature of this invention, 

the effect of the variations in the reactance com 
ponent of the horn load impedance is counter 
acted through the agency of the air chamber to 
the rear of the diaphragm. More specifically, the 
chamber is so proportioned that the stiffness of 
the system divided by 2nt times the frequency, 
that is, 

S.S. 
c 

is Substantially equal to the mean reactance of 
the horn load impedance throughout the range of 
frequencies to be reproduced by the loudspeaker, 
This is illustrated graphically in Fig. 7, in which 
Curve A shows the reactance component of the 
iOrin load impedance, curve B ShoWS the means 
value thereof, and curve C shows the stiffness 
of the chamber to the rear of the diaphragm. plus 
the edge stiffness of the diaphragm divided by 
27 times the frequency. It will be seen from 
these curves that the sum of the ordinates for 
Curves B and C at any frequency is Substantially 
Zero so that the Stiffness of the air chamber neu 
tralizes to a material degree, the reactance con 
ponent of the horn load throughout a Wide range 
of frequencies. It will be understood, of course, 
that the Ordinates of the graph in Fig. 7 are 
merely relative and that suitable units may be 
chosen as desired. 
The Stiffness of the air chamber may be con 

puted from the equation 
1.4X 106A2 

= — — (1) 
Where A is the area of the diaphragm and W is 
the voluine of the air chamber. The reactance 
component of the horn impedance may be as 
certained in Ways Well known to those skilled in 
the art. 
The sound power output of the loudspeaker 

for a constant vibrational velocity of the dia 
phragm is proportional, as is known, to the resist 
ance component of the horn impedance. From 
Fig. 5, it Will be apparent that the power dis 
sipated in the resistance Rh, neglecting the re 
actance component, is proportional to 

(Rik) R. (2) 
Consequently, the Sound power output of a loud 
speaker of which Fig. 5 is an equivalent network 
Will be proportional to the voltage of the source, 
the resistance of the horn load, and the resist 
ance of the Source and of the actuating device 
in the relation given in Equation 2. It follows, 
therefore, that a uniform output Will be obtained 
throughout a wide range of frequencies, if Ro 
and Rh are so proportioned that the change in 
the factor 

S. 

Rh . 
(Ro--R)? 

with frequency is Small. By differentiating this 
factor with respect to Rh and equating the dif 
ferential to zero, it is seen that the desired pro 
portionality is Ro–Rh. The optimum relation 
Ship between R0 and Rh will depend, of course, 
upon the form of the resistance characteristic of 
the horn load, as indicated for example by curve 
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4. 2,037,185 
D in Fig. 6. Preferably Ro is chosen between 
the maximum and minimum values of Rh, as in 
dicated by this curve. 
For a varying Rh, such as shown in Fig. 6, the 

minimum variation in sound output is obtained 
by equating the powers for the maximum and 
minimum values of Rh indicated by the charac 
teristic curve, thus, 

e )'r ( e )r (3) (Rii. ma. VR,+R, ) 'min 
Solving this equation for Ro, 

R=WRXR, (4) 
Thus, for a loudspeaker in which the resistance 

of the horn load varies as indicated in Fig. 6, using 
2.6 as the maximum value of Rh and 0.4 as the 
minimum value, Ro should, in accordance with 
equation 4, equal 

Or 1.02. 
For the maximum value of Rh, the Sound Out 

put is proportional to 
2.6e? 
(3.62) 

and for Ross-Rh, the sound output is proportional 
to 

1.02e2 
(2.04)? 

It will be seen, therefore, that for a loudspeaker 
including a horn having a radiation resistance 
varying by a factor of approximately 6%, as in 
dicated by curve D in Fig. 6, the maximum varia 
tion in sound output is but 20%. 

It will be understood, of course, that the Vari 
ous impedance values given are merely illustra 
tive of the invention and that many other values 
thereof may be used, and also that modifications 
may be made in the embodiment of the invention 
shown and described without departing from the 
scope and spirit of the invention as defined in the 
appended claims. 
What is claimed is: 
1. A sound translating device Comprising a dia 

phragm, means for actuating Said diaphragm, 
a sound duct, and means Coupling Said SOund 
duct to one surface of said diaphragm, Said means 
including a plurality of annular members dis 
posed one within another and spaced from one 
another to form a plurality of annular Sound 
passageways between Said surface and Said duct, 
one of said members being a magnet operatively 
associated with said actuating means. 

2. A loudspeaker comprising a diaphragm, 
means for actuating Said diaphragm, a horn, a 
coupler member extending from immediately ad 
jacent one surface of Said diaphragm and COn 
nected to the throat of said horn, Said coupler 
member being Substantially coextensive at the 
end adjacent said diaphragm. With the radiating 
portion of said diaphragm, and an annular mag 
net structure operatively aSSociated With Said 
diaphragm actuating means, disposed within said 
coupler member and Spaced therefrom, and ex 
tending from adjacent Said. One Surface. 

3. A Sound translating device comprising a 
magnet having inner and Outer poles, the inner 
of Said poles having a longitudinal bore extend 

ing therethrough, a diaphragm adjacent one end 
of Said magnet and extending beyond the lateral 
extremities thereof, and a hollow member en 
circling said magnet and Spaced therefrom to 
provide a sound passageway aSSociated with said 
diaphragm. 

4. A loudspeaker comprising a magnet having 
coaxial cylindrical poles disposed one within the 
other, a pair of pole-pieces on said poles Spaced 
to form an airgap, the inner of Said poles and 
pole-pieces having coaxial apertures extending 
therethrough, a plurality of webs extending out 
Wardly from the Outer of Said poles, a diaphragm 
mounted on said webs, an annular driving coil 
connected to Said diaphragm and disposed in Said 
airgap, a horn having its throat in juxtaposition 
to the end of the magnet remote from Said dia 
phragm, and a cylindrical coupler member co 
axial with Said poles, connected to said horn at 
one end and to said webs at the other end, Said 
coupler member encircling Said outer pole and 
Spaced therefrom. 

5. A Sound translating device comprising a 
diaphragm, actuating means for said diaphragm, 
a Sound duct, and means for coupling one surface 
of said diaphragm to said duct, said means in 
cluding a plurality of annular members inter 
mediate said Surface and Said duct defining a 
plurality of annular Sound paSSageWays disposed 
One within the other, one of Said members being 
a magnet operative associated with said actuat 
ing means, said members being proportioned so 
that the aggregate croSS-Sectional area of Said 
passageways varies exponentially between said 
diaphragm and Said duct. 

6. A loudspeaker comprising a magnet having 
a pair of poles disposed One Within the other, the 
inner of Said poles having a longitudinal bore ex 
tending therethrough, a diaphragm adjacent one 
end of Said magnet and extending beyond the 
lateral extremities thereof, a hollow member en 
circling said magnet and Spaced therefron to 
form a passageway coaxial With the bore in said 
inner pole, and a plug member adjacent one end 
of said bore, said poles, coupler member, and bore 
being proportioned so that the aggregate lateral 
cross-sectional area of the passageways bounded 
thereby increases exponentially away from said 
diaphragm. 

7. A loudspeaker comprising a magnet having : 
coaxial poles disposed One Within the other, co 
axial pole-pieces for Said poles Spaced to form 
an annular airgap, the inner of Said poles and 
pole pieces having coaxial bores extending there 
through, a plurality of webs extending outwardly 5: 
from the Outer of Said poles, a diaphragm Sup 
ported by Said WebS at its periphery, said dia 
phragm being coaxial with said bores, an annu 
lar driving coil connected to said diaphragm and 
disposed in Said airgap, a coupler member en 
circling Said Outer pole and Spaced therefrom 
to form a passageway coaxial with said bores, one 
end of Said member being adjacent the periph 
eral portion of Said diaphragm, a horn having its 
throat connected to the other end of said mem 
ber, and a plug member having oppositely di 
rected Substantially conical Surfaces one of Which 
extends into the bore in the inner pole-piece, 
and the other of Which terminates Substantially 
in the plane of the throat of Said horn. 
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