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PATENT OFFICE 
ALBERT L. THURAs, of NEW YORK, N. Y., ASSIGNOR TO BELL TELEPHONE LABORA 

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

SOUNDTRANSILATING DEVICE" 

Application filed August 15, 1930. serial No. 475,468. 

This invention relates to sound translating 
devices and more particularly to a method 
and means for increasing the response of 
such devices at the lower frequencies. 

5 An object of this invention is to increase 
the response of sound translating devices at 
the lower frequencies whereby the low notes 
of speech and music are more faithfully 
translated and in a more proportionate de- . 

i0 gree to the higher notes than has been 
possible hitherto. 
One feature of this invention comprises 

utilizing the sound vibrations translated by 
the two surfaces of a diaphragm to effective 

I5 lyreenforce each other by causing the sounds 
translated by one surface to be changed in 
magnitude and phase with reference to those 
translated by the other surface. 
Another feature of this invention resides 

20 in its application to a loud speaking receiver 
whereby the radiation resistance per unit area 
of the diaphragm thereof at the lower fre quencies is effectively increased by providing 
an acoustic path from the rear surface to 

25 the front surface of said diaphragm which 
at its outlet, in close proximity to said dia 
phragm, is substantially the same area as that 
of the E. said acoustic path defin 
ing an acoustic filter. 
Another feature of this invention is its 

application to a device for translating acous 
tic vibrations into electrical vibrations which 
consists in increasing the amplitude of vibra 
tion of the vibratory element of said device 
by causing a portion of the acoustic vibra 
tions to be translated to be directed against 
the rear surface thereof after having passed 
through an acoustic filter so proportioned 
as to stiffness and mass that such acoustic 
vibrations act to reenforce the effect of the 

30 

40 

vibrations impressed on the front surface of 
said diaphragm. 
In accordance with this invention the dia 

phragm of a sound translating device is en 
ES on one surface by a fluid chamber 
having a passage-way leading therefrom to 
the atmosphere adjacent the other surface of 
said diaphragm, said chamber and said pas 
sage-way being so dimensioned that the fluid 
contained therein provides a stiffness and a 

45 

mass element, respectively, of an acoustic 
filter, so proportioned that when the dia 
phragm is actuated to translate acoustic vi 
brations, the vibrations particularly those 
of the lower frequencies, translated by each 55 
surface of said diaphragm, are caused to 
reenforce each other to increase the response 
of said sound translating device. 
A more complete understanding of this in 

vention will be obtained by reference to the 60 appended drawings wherein: 
Fig. 1 is a front view of a sound trans 

lating device embodying features of this in 
vention; 

Fig. 2 is a sectional view taken along the 65 
line. 2-2 of the device shown in Fig.1; 

Fig. 3 shows a simplified schematic sketch 
of the device shown in Figs. 1 and 2; Fig. 4 illustrates the equivalent impedance 
circuit of the device shown in Figs. 1 and 2; 70 

Fig. 5 shows graphically the operating 
characteristics of a sound translating device 
such as shown in Fig. 1; 

Fig. 6 shows a view partly in section of 
another embodiment of this invention; 

Fig. 7 shows a front view of still another 
embodiment of this invention; 

Fig. 8 is a sectional view of the embodi 
ment shown in Fig. 7 taken along the 
line 8-8; - 80 

Fig. 9 shows a sectional view of a tele 
phone transmitter incorporating features of 

Fig. 10 is an electric circuit analogy of 
the acoustic elements involved in the opera- 8 
tion of the device shown in Fig. 9; Fig. 11 is an electric circuit analogy of 
the acoustic elements involved in the opera 
tion of a device similar to that shown in Fig. 
9 without features of this invention; Fig. 12 shows graphically the operating 
characteristics in the low portion of the fre 
quency range of the device shown in Fig. 9 
and of the same device without features of 
this invention; and - 95 

Fig. 13 shows typical overall response 
characteristics of the device shown on Fig. 
9 incorporating and not incorporating the 
features of this invention. 

Referring now to the drawings, there is 

this invention; 
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shown in Figs.1 and 2, a sound translating 
device of the loud speaking receiver type 
embodying the features of this invention 
consisting of enclosure member 1, which is 
here shown as of rectangular and box-like 
shape whose wall elements are held together 
by screws 3 and which provides a fluid cham ber 5 behind a vibratory element or dia 
phragm 7. o 
The diaphragm 7 may be of a light mate 

rial such as an alloy of aluminum or other 
suitable material. It comprises a curved cen 
tral portion with a surrounding reversely 
curved portion terminating in a flat rim. 
The diaphragm is shown supported in an 
aperture in the front wall 15 of the enclo 
sure member 1 and at its periphery is Se 
cured to said wall between mounting mem 
bers 8 in any suitable manner, for example, 
by screws 14. Current coil 9 is attached to 
the inner or rear surface of the diaphragm 
and is disposed in the magnetic air gap 16 
provided by the magnet 10 which may be 
either of the permanent magnet or of the 
electromagnetic type. Central pole portion 
17 of the magnet is preferably hollow there 
by providing a passage-way 11 whereby 
sound disturbances radiated by the rear sur 
face portion of the diaphragm inside the 
driving coil 9 may readily pass into the 
chamber 5. The magnet 10 is supported on 
the cross piece 13 which is, in turn, attached 
to a plurality of vertical supports 12 secured 
to the inner surface of the front wall 15. 
The inner surfaces of the walls of the cham 
ber 5 are lined preferably with layers of 
hair felt or other suitable sound absorbing 
material of such a thickness that soundra 
diations of the high frequencies given off by 
the rear surface of the diaphragm will be 
prevented from being reflected, but the low 
frequencies will suffer substantially no at 
tenuation. A plurality of tubular members 
4 open at each extremity, provide an outlet 
passage from the chamber 5 to the atmos 
phere adjacent the front surface of the dia 
phragm. These tubular members are pref 
erably situated as closely as possible adja 
cent the periphery of the diaphragm. As 

50 

55 

60 

65 

shown, each tubular member is at one ex 
tremity substantially flush with the front 
wall 15 of the enclosure member and has its 
other extremity projecting into the chamber 
5. When the diaphragm is caused to vi 
brate by the movements of coil 9 in response 
to the passage therethrough of currents 
which produce a variable field interacting 
with the fixed strength field of the magnet 
10, both the front and the rear surfaces of 
the diaphragm will cause acoustic disturb 
ances to be propagated through the fluid 
thereadjacent. The sound waves generated 
by the rear surface of the diaphragm, par 
ticularly the low frequencies, are caused to 
be conducted through said chamber and out 

1,869,178 
let passage to combine with the sound wayes 
generated by the front surface of the dia 
phragm and to reenforce the same at the low frequencies. 
In order that this invention may be more 

readily understood it is believed that a dis 
cussion of the theoretical considerations in 
volved in its operation and application to the 
loudspeaker receiver of Figs. 1 and 2 should 
be outlined. 
Theory and measurements show that gen 

erally speaking, the direct radiating type of 
loudspeaker of moderate size, has a relatively. 
small response and inadequate power output 
capacity at low frequencies. By the method 
comprising one feature of this invention and 
with a structure as described above for in 
creasing the response of loudspeakers at low 
frequencies, both sides of the diaphragm 7 are 
utilized and the radiating resistance per unit 
area of the diaphragm is thereby increased. 
By means of an acoustic stiffness and mass, 
the air displacement from the back of the 
diaphragm is shifted approximately 180 in 
phase and led out at the front of the dia 
phragm. The acoustic stiffness is obtained 
from the volume of air in the chamber 5 at 
the back of the diaphragm and the acoustic 
mass from the air in the outlet passage com 
prising the paths 6 in the tubular members 4 
leading from the chamber to the front of the 
diaphragm. The phase relation of the vol 
ume velocity of the diaphragm and the air 
in the passage opening is somewhat similar 
to that in an electricallow-pass filter in which 
the currents in the two adjoining series arms 
(containing small resistances) are nearly 180 
out of phase above the cutoff frequency of 
the filter. The acoustic system as regards 
power output differs considerably from the 
electrical filter in that the radiation resistance 
and air mass of the diaphragm and the corre 
sponding radiation resistance and air mass 
of the passage have a mutual reaction on 
each other and furthermore their acoustic 
impedances vary with frequency. A solu 
tion of this problem is rather complicated, 
but by making a few simplifying assumptions 
a general idea of the gain in sound power 
output can be obtained. If the area of the 
passage is taken equal to the effective area 
of the diaphragm and a frequency such that 
the vibratory velocity of the diaphragm is 
equal to the vibratory velocity of the air in 
the passage, then the effective radiating area 
is doubled and the radiation resistance per 
unit area is doubled compared with that of 
the diaphragm acting alone. Therefore for 
the same amplitude of the diaphragm in the 
two cases the power output will be approxi 
mately 6 decibels (hereafter abbreviated db.) 
higher when the passages are open. On low 
ering the frequency the air velocity in the pas 
sage will increase relative to that of the dia 
phragm thus effectively imposing an increas 
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1,869,178 
ingly larger resistance load on the diaphragm 
over that which would obtain at the same 
frequency with the passage closed. This will 
give an increasingly higher gain downto the 
cutoff of the acoustic system. Above the fre 
quency where a 6 db. increase is obtained the 
velocity in the passage will decrease with. 
increase of frequency until there is no velocity 
in the passage. Above, this frequency, the 
loud speaker will act substantially as if the 
-passage were closed. 
A simplified theory of the operation of this 

phase shifting acoustic system has been work 
ed out and approximate equations formulated 
for the case in which the area of the passage 
is equal to the effective area of the diaphragm 
and the mass of the mechanical moving ele 
ment (diaphragm and coil) is equal to the 
mass of air in the passage. 
The response of a loud speaker connected 

to the output of a vacuum tube may be ex 
pressed in terms of the acoustic power radi 
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ated when a constant voltage is impressed in 
series with the electrical impedance of the 
driving coil and the impedance of the source. 
The acoustic power is obtained by (1), de riving an expression for the velocity of the 
diaphragm and of the air in the passage in 
terms of the acoustic impedance and constant 
impressed voltage in the electrical circuit; 
(2) deriving an expression for the acoustic 
impedance of the air and the mutual imped 
ance caused by the velocity of the diaphragm 
and velocity of the air in the opening. 
power output is then the sum of the products 
of the square of these velocities and corre 
sponding resistances. 

Refer now to Figures 3 and 4 which show 
a simplified schematic sketch of the loud 
speaker, and its equivalent impedance circuit. 
Fig. 3 shows a single opening 18 only lead 
ing from the chamber behind the diaphra 
but the theoretical considerations are the 
same regardless of whether one or more open 
ings are employed if the area relations here 
considered are not departed from. 
To simplify the calculations the following 

assumptions have been made--(1) the area 
W_real V 

of the outlet passage from the chamber is 
equal to the effective area of the diaphragm, 

The 

partV2V 

3 
sidered are long compared with the dimen 
sions of the acoustical system. Letting, 
E = constant voltage in the electrical circuit. 

HE Fae mechanical force= i w 
Zo is impedance in the mechanical 

electrical circuit. 
which is equal to 

H2210-0 
2.-- 

circuit caused by the 

If the impedance in the electrical circuit 
is assumed to be a pure resistance equal 
to R. 

Hatfield intensity 
ls-length of wire in the moving coil 
fe-edge stiffness reactance of the diaphragm 
S j." stiffness reactance of volume of air in the enclosure. 
doms mass reactance of the diaphragm-mass reactance 

of the air in the opening. 
, V, Visvelocities in the various parts of tne acoustical 

Emechanical system. 
w y 2V A2 and 2 V, A2s air impedances imposed on the diaphragm 

and on opening respectively. 
A = effective area of the diaphragms area of the outlet 

passage. 
2 of air impedance per unit area of an area twice the area 

of the diaphragm. 

In the impedances 
V - V 

av,42 and 2V, AZ 
it is assumed that mutual air mass effect va 
ries with the velocity in the same way as the 
radiation resistance. These expressions for 
impedance are therefore only approximate 
ly correct. 
Applying Kirchhoff's laws to the circuit 

in Fig. 4: 

F-ZV, V+jon V.44 iv 
O-jam V,+43.4 y 
Vs V+V, 

If Z= r +ja 

Then the acoustic power output is 
real / V * Art AZ) V, E(AZ) V, -ív (1) 

The value of V is obtained from Kirchhoff's 
equations given above. 

2 

V= ---a-m-m-m- 
s So 2S . . ZA ZoS AZSo SS Zo +A2+ i +jom+;i ...2n.2n. join 

(3) the wavelengths of the frequencies con 

W= - - - 
RZ-S 

is . (2) the mass of air in the opening is equal to Substituting in equation (1), expressing Fin 
60 the effective mass of the moving element, and terms of E and dividing by 10, gives the acoustic power output in watts. 

5Air B21210-5E 
ZAZ ZoS AZSSS' 
2jom 2m 22m 3n 

2S . 
is +jon + 
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4. 

. The following electrical, mechanical and 
acoustical constants were used in an experi 
mental loud speaker incorporating the fea 
tures of this invention: 
Are 558 sq. C. : so-2x10 dynes/cm 
B15000 lines/sq. cm S=1x10" dynes/cm . 
is 330 cm missio grams 

Z spoS(X -- Y) 
where 
ps density of fluid 
C = velocity of sound 
s-area of diaphragm considered as piston, 
X- resistance factor of diaphragm considered as piston 
Y-reactance factor of diaphragm considered as a piston. 

This experimental loud speaker was simi 
lar in structure to that described with refer 
ence to Figs. 1 and 2. The diaphragm had 
an effective diameter of 10.5' (area-558 sq. 
cms) and was mounted in the aperture of 
the front wall of a box which was 84 ft. x 
34 ft. x 14 ft. Around the diaphragm and closely adjacent thereto thirteen, equally 
spaced 3 in. holes were provided in which 

30 

40 

45 

60 . 

were fitted tubular members of phenol fibre 
6 in. in length. These tubes were used be 
cause they were foundleasier to construct than the single opening for the loud speaker box. 
In this particular embodiment of the inven 
tion, the volume of the air in the chamber 5 
and in the tubular members 4 gave an acous 
tic stiffness and mass respectively which had 
a cutoff frequency of 40 cycles. 
The full line and the dotted line curves in 

Fig. 5 picture the sound output to be ex 
pected when a loud speaking device, such as 
described above, is operated with passage 
ways connecting front and rear surfaces of 
the diaphragm closed and opened respective 
ly, the source of impedance being equal to 
twice the impedance of the coil attached to 
the diaphragm of the speaker. These curves 
were plotted from power output calculations 
based on Formula (2) above. . The broken 
line curve is drawn through values of re 
sponse at particular frequencies obtained by 
taking the difference between measured val 
ues of response for the loud speaker with 
the passage-ways opened and closed and 
using the calculated response for the loud 
speaker with the chamber outlet passage-way 
closed as a base line. It will be apparent 
from these curves that the actual response of 
a loudspeaker embodying the features of this 
invention agrees closely with the theoretical 
response to be expected. If it is desired to 
avoid any pronounced peak in the response 
near the cutoff acoustic damping material 
may be placed in the outlet passage. 

It is apparent that this invention not only 
increases the relative response, but also in 
creases the sound power output capacity of 
direct acting types of loud speakers in the 
low frequencies. The air displacement from 
a loud speaker with this acoustic system is 

1869,178 

greater than the diaphragm displacement 
and the ratio of the air displacement to the 
diaphragm displacement increases as the fre 
quency decreases thus compensating to a 
large extent for the decrease in radiation re 
sistance. Since direct acting loud speakers 
are limited in their power output SE by the amplitude of motion of the diaphragm 
at low frequencies, the importance of this 
acoustic system is evident when the large 
acoustic powers developed by the long pipes 
of the organ and the low frequency instru 
ments of the orchestra are considered. This 

O 

75 

invention will permit the reproduction of the 
low frequencies of speech, and music in more proportionate degree to the high frequencies 
than has been hitherto possible. 

It is to be understood that the description 
of the experimental loudspeaking device built 
in accordance with this invention is of an 
illustrative nature only and is not intended 
as a limitation on the scope of this invention; 
nor is it intended that the recitation of what 
has been found to be a desirable relation be 
tween the diaphragm area and that of an out 
let passage connecting the fluid adjacent each 
surface of the diaphragm and that between 
the mass of the fluid in said passage and that 
of the diaphragm and coil should be con 
strued as a limitation. It will be apparent 
to those skilled in the art that variations in 
structure and proportions may be made with 
out departing from the essence of the inven 
tion. 

Fig.6 shows a side view partly in section 
of another embodiment of this invention. 
Instead of a rectangular enclosure behind the 
rear surface of the diaphragm, a cylindrical 
member 22, which may be of metal, 
tached to an annular member 24 which sup 
ports a diaphragm. similar to that of Fig. 
2, and a plurality of tubular members 4 pro 
avidin an outlet passage from within the 
chamber 28, provided by said member 22 and 
its curved base 27, in a manner similar to that 
described with reference to Figs. 1 and 2. 
Magnet 10 is supported by a cross piece 19 

is at 

95 

00 

05 

10 

which, at its extremities, is attached to angle 
pieces 29 in turn riveted or otherwise secured 
to the inner wall of the member 22. The base 
27 of the member 22 is preferably slightly 

115 

curved to avoid the possibility of a drumhead effect when the loud speaker is in operation 
and the member 22 is preferably cylindrical 
in order to substantially eliminate the effect 
of the natural frequency of the wall thereof. 
This invention may be structurally em 

bodied in still another form as shown in Figs. 
7 and 8. A cylindrical drum 31 having a 
slightly curved base 39 and an annular front 
wall 30 to which it is connected by bolts 40, 
provides an air chamber 32 behind a dia 
phragm 7 similar to that of Fig. 2, to which 
is attached a current coil 9 disposed in the 
magnetic air gap provided by the magnet 



1,869,178 
10 which is provided also with a hollow cent 
tral pole as shown in Fig. 2. Cylindrical 
tubes 33 and 34 held in spaced relation by the 
separating members 38 provide an annular 
passage 35 connecting the chamber 32 with 
the atmosphere adjacent the front surface of 
the diaphragm 7. The magnet 10is support 
ed by the cross piece 42 which at its extremi ties is attached to angle pieces 43, which are in 
turn secured to the inner surface of the tube 
33. The diaphragm, its actuating mechanism 
and the spaced tubes 33 and 34 may all be sup 
ported by the front wall 30 of the chamber 32, 
as shown, being secured thereto by screws 37 
The air in the chamber 32 and that enclose 
between the tubes 33 and 34 have such stiff 
ness and mass respectively that they form 
elements of an acoustic filter whereby the 
sound vibrations translated by each surface 
of the diaphragm at the low frequencies act 
to reenforce each other, thereby increasing 
the relative response and power output of the 
device in the low frequency region. This invention is not limited in its appli 

is cation to sound translating devices for re 

) 

producing sound, but may be applied to 
sound translating devices for changing acous 
tic vibrations into electrical vibrations. In 
Fig. 9 there is shown a transmitter of the 
moving coil type comprising a magnet struc 
ture 50 which is preferably of the perma 
nent magnet type having a central pole por 
tion 62 to which a curved pole piece 51 is se 
cured by means of the screw 63. The other 
pole piece consists of an annular plate mem 
ber 56 secured to the magnet by screws 57 
and having a central aperture, the bounding 
wall of which is in spaced relation to the pole piece 51 thereby providing a magnetic air 
gap in which a current coil 61 attached to the 

() 

diaphragm 60 is disposed. The diaphragm 
60 has a curved central portion surrounded 
by a flat portion and is preferably of a light 
metal, such as alloy of aluminum, although 
any other suitable material may be used 
therefore. Surrounding the upper portion 
of the central pole and the magnet immedi 
ately under the pole piece 51 is an annular 
member 52 which provides a very shallow 
recess 65 under the moving coil to insure 
sufficient clearance for the coil when vibrat 
ing and a narrow passage-way 66 therefrom 
leading into the hollowed portion or cham 
ber 53 of the magnet. The diaphragm 60 is 
supported at its periphery and clamped be 
tween ring members 55 and 59 by screws 58 
which thread into plate member 56. The 
ring 55 is provided with a tapered inner sur 
face 67 to substantially eliminate the increase 
in pressure on the diaphragm caused by the 
resonance of the chamber above the dia 
phragm. Extending through an opening 
provided in the ring members 55 and 59, the 
diaphragm 60 and the plate member 56, is a 
tube 54 which projects into the chamber 53 

5 

of the magnet thereby providing a passage 
way 64 connecting the interior of said cham 
ber with the atmosphere adjacent the front 
surface of the diaphragm. 
The operation of this device as a sound 

translating instrument for changing acoustic 
vibrations to electrical vibrations is as foll 
lows: 
The acoustic vibrations are impressed 

upon the front surface of the diaphragm 
such that a portion thereof acts thereagainst 
and another portion passes through the tube 
54 into the chamber 53 and acts upon the rear 
surface of the diaphragm. Those vibrations 
however, which act upon the rear surface o 
the diaphragm are so changed in phase and 
magnitude that they act to reenforce the ef 
fect of the vibrations impressed on the front 
surface of the diaphragm whereby the ampli 
tude of vibration of the latter is increased. 
This reenforcing action is particularly 
prominent at low frequencies, a great in 
crease in the response of the device over its 
response when not incorporating this feature 
of the invention being obtained. It will be 
understood, of course, that when acoustic 
vibrations are impressed upon the diaphragm 
currents varying in accordance with said 
acoustic vibrations will be produced in the 
coil 61 because of its movement in the field 
provided by the magnet 50. 

It will be apparent that the method out- - 
lined in the previous paragraph for increas 
ing the response of the transmitter at the 
low frequencies is similar to that for increas 
ing the response of a loud speaking receiver 
such as that described with reference to Figs. 
1 and 2. It is believed, however, that a clearer 
understanding of this invention as applied to 
a transmitter of the moving coil type will be 
obtained from the consideration which fol 
lows of the factors involved in its opera 
tion. 
The voltage generated by a moving coil 

transmitter is proportional to the velocity of 
the diaphragm. This fact makes the problem 
of getting a uniform response down to low 
frequencies difficult in a transmitter of prac 
tical sensitivity. It means that either the 
diaphragm must have a very low stiffness or 
some way must be provided to amplify the 
action of the sound waves on the diaphragm 
relative to that at higher frequencies. The 
method here described increases the force on 
the diaphragm at low frequencies sufficiently 
to compensate for the reactance of the edge 
stiffness downto relatively low frequencies. 
It is possible by this method to maintain a 
uniform response two octaves below the fre 
quency at which the edge stiffness of the 
diaphragm begins to show a decrease in the 
response characteristic of the transmitter. 
The force on the diaphragm at low fre 

quencies is increased by means of the connect 
ing tube 54 between the front of the dia 
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phragm 60 and the chamber 53 back of the 
diaphragm whereby the pressure at the front 
of the diaphragm after being changed both 
in magnitude and phase is inpressed on the 
back of the diaphragm. The magnitude and 
phase of the pressure on the back of the dia 
phragm are controlled by the 2Coustic con 
stants of the air in the tube and chamber. 
Fig. 9 shows the transmitter with the open 
end of the connecting tube close to the die 
phragm so that the phase of the pressure is 
he same over the diaphragm and tube open 
ing. Fig. 10 is a circuit diagram with pres 
sure applied to the mechanical and acoustic 
constants of the transmitter. Fig. 1 is a 
circuit, diagrain of the transmitter shown in 
Fig. 9 without the tube 54. A comparison 

gures readily shows the change 
wrough, therein by the insertion of the tube. 
The Sinai air chamber between the dia 
phragm and acoustic resistance, R., has been 
of nitted in the diagrars of Figs. 10 and it 
because of its negligible effect at low frequen 
cies. For convenience he pressure and the 
constants of the transi aitter have been re 
ferred to the effective area of the diaphragm; 
for example, the force Fis equai to the open 
air pressure at the diaphragan multiplied by 
the effective area of the diaphragm. 
The response or voitsgegenerated by the 

moving coil of the transmitter is propor 
tional to the yelocity of the diaphragm di 
vided by the force on the diaphragm. Ex 

3869,33 

for large tubes can be used. The tube imped 
&nce coefficient was therefore calculated from 
the general expression 

3. 

2 = -k2(Ar) 
i * Kri,(K) 

in which - A = dog end 

The calculiated coefficients of mass and resist 
ance for a transmitter tube of .112 cm radius 
are shown plotted in the lower portion of Fig. 
2. For 8 tube 3 cm long the mass and re 

sistance referred to the diaphragm were 
found from these curves to be 6.4 grams and 
600 ohms at about 50 cycles. 
ciently accurate to use these average values 
of impedance in the response Equation (3). 
The measured and calculated constants of 

a transmitter constructed in accordance with 
this invention were: 

Sos 2X03 dyes is 6.4 grains 
aso as .22 gram R = 600 ohms 
Ross 4000 ohns c. c 2rf dyies 
S. s.5X06 C 

Substituting these values in Equation (3) 
and solving for absolute values gives the 
upper full line curve A, shown in Fig. 12, pressing this ratio in terms of the mechanical piotted in decibels. 

and acoustic constants of the transmitter if the tube 54 is closed Equation (3) re 
there is obtained: duces to w 

o ... -- isz, 
- SS 8. ESSE SEY (3 Sri -- Sr. - (sing + Sne ---EE-- (Bon- S-S-E-a-SE, (8) c) as s 

in which v'o- 
- = - 7 - S - 20 s: eitective casess of the diaphraga, mass of the f E.-- i 972, -Se-S (4) 

coil and the nass of air in the resistance gap c. cy 

65 

reierred to the diaparagm. 
So = edge stifless of he diaphragm. 
Ro = resistance of the air gap referred to the dia 

thraga. w 
S see stiffness of She air in the transaitter chamber 

referred to the diaphraga. 
is and in = impedance of the air in the compensating tube 

referred to the diaphragm. 

In calculating the impedance of the air in the 
tube it was found that the radius () of the 
tube gave a vaiue of the discriminant, 

Fer - | in ory 

between and 10 in which neither Posseuille's 
coefficient, 

(E = 8) 

for narrow tube nor the simplified expression 
- 2-2,+(pot/2upo) 

If the above values are substituted now in 
Equation (4) the lower full line curve B, 
shown in Fig. 12, is obtained. These calcu 
lated response curves are indications of the 
greater response at the lower frequency to 
be expected of a given device when the method 
and means comprising this invention are em 
bodied therein. 
The dotted curves C and D show the ex 

perimentally measured response of the trans 
mitter in decibels when the tube is closed and 
opened respectively. These measurements it 
will be noted agree closely with the theoretical 
calculations; the variation in the two sets of 
curves below 50 cycles can be accounted for by 
a probable error of 10% in the measurement 
of the edge stiffness of the diaphragm. So. 

Fig. 13 shows the overall frequency re 
sponse of a moving coil transmitter and asso 
ciated transformer between 30 and 10,000 
with the tube 54 opened and closed. It will 

It will be suffi 
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be noted that above 200 cycles the response of 
the particular transmitter considered above 
appears to be unaffected by the presence of the 
passage-way between the front and rear of 
the diaphragm but that below that frequency 
the increase in response is very marked. 

It will be understood, of course, that al 
though specific dimensions and proportions 
have been given in describing the application 
of this invention to sound translation devices, 
the embodiments described are illustrative 
only of this invention which is to be con 
sidered as limited only by the scope of the ap 
pended claims. 
What is claimed is: 
1. A sound translating device comprisin 

a diaphragm, means defining an acoustic stiff 
ness adjacent one surface of said diaphragm, 
the other surface of said diaphragm being 
open to the atmosphere, and means defining 
an acoustic mass providing an acoustic path 
between the two surfaces of said diaphragm, 
said acoustic mass and stiffness proportioned 
so that over a portion of the frequency range 
the sound vibrations translated by the oppo 
site surfaces of said diaphragm have their 
magnitude and phase so related that they act 
to effectively reenforce each other whereby 
the amplitude of the translated vibrations is 
increased. 

2. A sound translating device comprising 
a diaphragm, one surface of which is open to 
the atmosphere, means defining a fluid cham 
ber enclosing the other surface of said 
diaphragm, and means closely adjacent the periphery of said diaphragm and defining a 
fluid passage-way leading from said chamber 
to the atmosphere and through which a move 
ment of fluid may occur when said diaphragm 
is actuated whereby over a portion of the fre 
quency range the vibrations translated by 
each surface thereof reenforce each other 
thereby increasing the amplitude of the trans 
lated vibration. 

3. A sound translating device comprising 
a diaphragm one surface of which is open to 
the atmosphere, means defining a fluid cham 
ber enclosing the other surface of said dia 
phragm, and means defining a fluid passage 
way leading from said chamber to the atmos 
phere and through which a movement of fluid 
into and out of said chamber may take place, 
the fluid in said chamber and said passage 
way having such stiffness and mass, respec 
tively, that when the diaphragm is actuated 
the low frequency vibrations translated by 
each surface are caused to have such magni 
tude and phase relationship that they effec 
tively reenforce each other to increase the 
amplitude of the translated sound. 

4. The method of increasing the response 
of a loudspeaking device at the low fre quencies which comprises utilizing the radia 
tion from each surface of the diaphragm 
whereby the radiation resistance per unit 

7 
area of the diaphragm is effectively increased 
and causing the sound waves from one sur 
face of the diaphragm to act in phase with 
those emanating from the other surface by 
providing an acoustic stiffness and mass 
through which the sound emanations from 
the one surface nustact before combining 
with those from the other surface. 

5. Aloudspeaking device comprising a da 
phragm, one surface of which is open to the 
atmosphere, means defining a fluid chamber 
enclosing the other surface of said dia 
phragm, and means defining a fluid passage 
way leading from said chamber to the atmos 
phere closely adjacent the surface of said 
diaphragm open to the atmosphere, said pas 
sage-way having an area substantially equal 
to that of the diaphragm and when said dia. 
phragm is actuated enabling fluid to be 
Red into and out of said chamber where 
y over a portion of the frequency range the 

acoustic disturbances emanating from the 
two surfaces of said diaphragm combine to 
reenforce each other. 

6. A loudspeaking receiver comprising a 
diaphragm, means for driving said dia 
phragm, and an enclosure for said driving 
means and the rear surface of said dia 
phragm, said enclosure having an aperture 
therein of substantially the same area as the 
diaphragm and adjacent thereto, the cham 
ber behind said diaphragm and the volume 
enclosed by said aperture providing the stiff 
ness and mass elements respectively of an 
acoustic filter through which sound disturb 
ances over a portion of the frequency range 
emanating from the rear surface of said dia 
phragm pass and are shifted through ap 
proximately 180° before combining with the 
sound disturbances emanating from the 
front of the diaphragm. 

7. A sound translating device comprising 
a diaphragm, means for utilizing the front 
and rear surfaces of said diaphragm as effec 
tive sound translating surfaces, said means 
comprising a fluid enclosure for the rear sur 
face of said diaphragm defining an acoustic 
stiffness, and a tubular member leading into 
said fluid enclosure connecting the same with 
the outside atmosphere adjacent the front 
surface of the diaphragm and defining an 
acoustic mass, said acoustic mass and stiffness 
acting as elements in an acoustic filter to 
change the magnitude and phase of the acous 
tic disturbances over a portion of the fre 
quency range which are transmitted to the 
rear surface of the diaphragm whereby said 
disturbances act to reenforce the effect of the 
sound disturbances impressed on the front 
surface of said diaphragm to increase the am 
plitude of vibration thereof. 

8. A sound translating device comprising 
a hollow magnet structure defining a mag 
netic air-gap, a diaphragm, means for sup 
porting said diaphragm, driving means at 

70 

s 

80 

85 

90 

95 

100 

OS 

0 

5 

20 

25 

30 



tached to said diaphragm and disposed in 
said air-gap, and a tube open at each end 
having one extremity adjacent said dia 
phragm and the other extremity projecting 
into the hollowed portion of said magnet 
structure and providing an acoustic path 
between the atmosphere and said hollowed 

20 

portion, the fluid in the latter and that en 
closed by said tube having such stiffness and 
mass, respectively, that the front surface is 
subjected to substantially all of the impressed 
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acoustic disturbances and the rear surface 
of said diaphragm is subjected to a portion 
only of the impressed acoustic disturbances, 
said mass and stiffness acting to change the 
magnitude and phase of a portion of said 
sound disturbances before the latter act upon 
the rear surface of said diaphragm where 
by the disturbances impressed on opposite 
sides of said diaphragm reenforce one an 
other to increase the amplitude of vibration 
of the diaphragm. 

9. A sound translating device comprising a . 
sound translating diaphragm having a driv 
ing means secured thereto and an enclosure 
for one surface of said diaphragm, the other 
surface being open to the atmosphere, said 
enclosure providing a shunt stiffness into 
which said one surface of said diaphragm 
works, and means providing an acoustic pas 
sage from said enclosure to the atmosphere 
adjacent the other surface of Said diaphragm, 
the area of said acoustic passage being sub 
stantially equal to the effective area of the 
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diaphragm and the mass of the fluid there 
in being substantially equal to the effective 
mass of the diaphragm and said driving 
8a.S. 

10. A sound translating device of the loud 
speaking receiver type comprising a sound 
translating diaphragm having a driving 
means secured thereto, an enclosure for one 
surface of said diaphragm defining a body 
of fluid there adjacent, said fluid providing 
an acoustic stiffness into which said one sur 
face of said diaphragm works, and means 
providing an acoustic passage between the 
enclosed surface and the other surface of said 
diaphragm, the fiuid in said passage having 
a mass substantially equal to the effective 
mass of said diaphragm and said driving 
means and the fluid in said enclosure an acous 
tic stiffness such that the low frequency 
sounds translated by the enclosed surface of 
said diaphragm act through said stiffness and 
mass to reenforce the sounds translated by 
the other surface of said diaphragm. 

11. A sound translating device comprising 
a diaphragm and means defining an acoustic 
filter of the low pass type between the two 
surfaces of said diaphragm, the stiffness and 
mass element of said filter proportioned with 
reference to said diaphragm so that sound 
vibrations translated by the two surfaces 
thereof are effectively utilized to increase the 
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response of said device at the low frequencies 
... over that of a device without said means. 

12. A sound translating device comprising 
a diaphragm and means defining an acoustic 
filter of the low pass type providing an acous 
tic path between the two surfaces of said dia 
phragm, said filter so proportioned that the 
low frequency sounds translated by said sur 
face of each diaphragm are so related in 
phase and magnitude as to effectively reen 
force each other. 

13. A sound translating device comprising 
a diaphragm and means defining an acoustic 
filter of the low pass type providing an acous 
tic path between the two surfaces of said dia 
phragm, the mass and stiffness elements of 
said filter proportioned so that the phase 
of the low frequency sounds translated by 
the surface of said diaphragm is substan 
tially reversed with reference to that of the 
sounds translated by the other surface of the 
diaphragm whereby the response of said de 
vice is increased over that of a device with 
out said means. 

14. A sound translating device comprising 
a diaphragm and means defining an acoustic 
filter providing an acoustic path between the 
two surfaces of said diaphragm whereby the 
sounds translated by one surface of said dia 
phragm are caused to so act with reference 
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to those translated by the other surface of 
said diaphragm so that the response of the 
device is increased at the lower frequencies 
over that of a device not having said means, 
said filter acting to substantially reverse the 
sound vibrations propagated therethrough 
and translated by said one surface. 

15. A sound translating device comprising 
a diaphragm and means defining an acoustic 
filter providing an acoustic path between the 
opposite surfaces of said diaphragm, the 
stiffness and mass of said filter proportioned 
so that the cutoff frequency is in the region 
of the lowest frequency to be translated. 

16. A sound translating device comprising 
a diaphragm and meains defining an acoustic 
filter providing an acoustic path between the 
opposite surfaces thereof, the stiffness and 
mass elements of said filter proportioned so 
that the acoustic vibrations translated by each 
surface of said diaphragm are caused to reeh 
force each other at low frequency. 

17. In an acoustic device, a diaphragm, 
means substantially closing one surface of 
said diaphragm from the atmosphere and de 
fining an air chamber there-adjacent, and 
means for acoustically coupling the opposite 
surfaces of said diaphragm, said means com 
prising a tubular member having one end 
open to the atmosphere and the other end 
within and opening into said air chamber. 

18. In an acoustic device, a diaphragm, 
means substantially closing one surface of 
said diaphragm from the atmosphere and de 
fining an air chamber there-adjacent, and 
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means for coupling the opposite surfaces of 
said diaphragm through said air chamber so 
that sound waves originating on the exposed 
surface of the diaphragm action opposite sur 
faces of the diaphragm to effectively increase 
the response thereof over the response with 
sound waves acting on one surface only, said 
means comprising a tubular member ES 
an open end in the vicinity of the expose 
surface of said SigE and another open 
end within the air chamber. 

19. An acoustic device comprising a dia 
phragm, driving means attached thereto, an 
enclosure for one surface of said diaphragm, 
the other surface being exposed to the atmos 
E. said enclosure providing an air cham 
r into which said one surface of the dia 

phragm works, and means providing an 
acoustic passage from said enclosure to the 
atmosphere, the area of said passage being 
substantially equal to the effective area of 
the diaphragm and the mass of the fluid 
therein being substantially equal to the ef 
fective mass of the diaphragm and driving 
means, said means comprising a plurality 
of tubular members. 

20. An acoustic device comprising a dia 
phragm, driving means attached thereto, an 
enclosure for one surface of said diaphragm, 
the other surface being exposed to the atmos 
here, said enclosure providing an air cham 
er into which said one surface of the dia 
phragm works, and means providing an 
acoustic passage from said enclosure to the 
atmosphere, the area of said passage being 
substantially equal to the effective area of the 
diaphragm and the mass of the fluid therein 
being substantially equal to the effective mass 
of the diaphragm and driving means, said 

0. means comprising a plurality of concentric 
spaced annuli. 

21. An acoustic device comprising a dia 
phragm, driving means attached thereto, an 

the diaphragm and the mass of the fluid 

enclosure for one surface of said diaphragm, 
the other surface being exposed to the atmos 
here, said enclosure providing an air cham 
E. into which said one surface of the dia 
phragm works, and means providing an 
acoustic passage from said enclosure to the 
atmosphere, the area of said passage bein 
substantially equal to the effective area of 
therein being substantially equal to the effec 
tive mass, of the diaphragm and driving 
means, said means comprising a plurality 
of individual tubes each defining a portion 
of the acoustic passage. 

22. An acoustic device comprising a dia 
phragm, an air chamber on the back side of 
the diaphragm, a second and larger air cham 
ber on the back side of the diaphragm, said 
chambers being connected by a narrow pas 
sageway, and hollow means providing a pas 
sage for sound waves of a portion of the 
audio frequency range between the front 

impedance to waves of a frequency 

chamber. { 
23. An acoustic device comprising a cas 

ing, said casing comprising a plurality of 
wall members defining an air chamber, one of said wall members having an opening 
therein, a diaphragm, said diaphragm mount 
ed in said opening, and means providing an 
air passage connecting the air chamber with 
the atmosphere outside of said casing ad 
jacent the periphery of the diaphragm, said 
means comprising a tubular member open 
at each end thereof. . - 
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side of the diaphragm and said larger air 
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24. An acoustic device comprising a dia 
phragm, an air chamber on the back side of the diaphragm, a second and larger air cham 
ber on the back side of the diaphragm, said 
chambers being connected by a narrow pas 
sageway, and means providing a passage for 
sound waves from the front side of the dia 
phragm to said larger air chamber, said pas 
sage having an impedance characteristic 
such that substantially no waves having a 
frequency greater than approximately two 
hundred cycles per second pass therethrough. 

25. An acoustic device comprising a dia phragm, an enclosure providing an air cham 
ber on the back side of said diaphragm, and 
means providing a passage from the front 
side of said diaphragm to said air chamber, 
said means comprising a hollow member open at its ends, said passage offering such a high 

eater 
than approximately two hundred cycles per 
second that substantially no waves above that 
frequency pass therethrough. 

26. An acoustic device comprising a dia 
phragm, a casing, said easing providing a 
substantially closed air chamber on one side 
of said diaphragm, said casing having an 

and a tubular member open at each end a 
cent said casing and providing a continuation 
of said opening, the casing chamber and said 
tubular member being proportioned so that 

opening therein adjacent said series: 

sound waves in the region below approxi 
mately two hundred cycles per second are 
translated by each side of the diaphragm, and 
sound waves above approximately two hun 
dred cycles per second are translated by one 
side of the diaphragm only. 

27. An acoustic device comprising a dia 
phragm, one surface of which is freely ex 
posed to the atmosphere, an enclosure form 
ing an air chamber on the other surface of 
the diaphragm, and means for fixing the 
lower cut-off of the device, said means com 
prising a hollow air enclosing member open 
at each end, extending into said chamber, 
and connecting the latter with the atmos 
phere adjacent the exposed surface of the 
diaphragm. f 

In witness whereof I hereunto subscribe 
my name this 13th day of August, 1930. 

ALBERT L THURAS 
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