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11. Claims. (C. 3-1). 
This invention relates to artificial larynges. 
An object of the invention is to enable a per 

son to produce artificial articulate sounds that 
simulate articulate sounds produced in the 

5 natural manner. Artificial larynges, particularly of the electrical 
type, have, up to the present time, the disadvan 
tage of large size. Experience, with individuals 
using such artificial speech aids indicates that to 
be generally satisfactory and commercially ac 
ceptable, they should be as small and as in 
conspicuous as possible. The size of the larynx 
tone generating or producing member or dia 

O 

5 aphragm, and of the driving mechanism, are fac 
tors. 
A large diaphragm is desirable because of the 

large amount of fluctuating air flow that must 
be pumped out of and sucked into the mouth 

20 small diaphragm vibrate with a large amplitude. 
In accordance with the invention, a marked re 
duction in size may be obtained if several dian 
phragms are made to vibrate in phase and to 
pump air into and out of the larynx mouth tube. 
A single diaphragm may be replaced by two 
diaphragms that move to and from each other 
in synchronism and vibrate with the same ame 
plitude as the single diaphragm, each diaphragm 

30 having a diameter .707 times that of the single 

25 

diaphragm; the chambers associated with the 
two diaphragms may be made more shallow; and 
the diaphragms may be coil driven or electro 
magnetically driven in accordance with this in 
vention. 
Another object, therefore, is to reduce the size, 

simplify the structure and increase the efficiency 
of the artificial larynx, particularly of the elec 
trical type. . 
A feature of the invention comprises an artifi 

cial larynx comprising a plurality of larnyx tone 
producing or generating members or diaphragms. 
Another feature comprises such a larynx- in 

40. 

which the diaphragms move toward and away 
43 from each other in synchronism. 

Still another feature comprises such a larynx 
in which the diaphragms are driven by coils at 
tached thereto and disposed in suitable magnetic 
air-gaps. . - 

50 A further feature comprises such a larynx in 
which the diaphragms are tuned to the same or 
different frequencies. 

. Another feature comprises an artificial larynx 
comprising an acoustical system having the 

55 characteristics of a band pass filter. 

phragm, of the chambers associated with the di 

tube of the larynx and the difficulty of making a 

Other and further features will be apparent 
from the description that follows hereinafter. 
A more complete understanding of this inven 

tion will be obtained from the following detailed 
description, read with reference to the appended 
drawings, wherein: 

Fig. 1 is a cross-sectional view of an electrical 
artificial larynx embodying the invention; 

Fig. 2 is a schematic diagram of a circuit for 
the device of Fig. 1; : 

Figs, 3 and 4 show alternative arrangements. 
for actuatirig or vibrating the larynx tone gen 
erating members or diaphragms; 

Fig. 5 represents an electric circuit analogue 
of the acoustical system of the device of Fig. 1; 

Fig. 6 is a cross-sectional view of another elec 

.0 

s 

trical artificial larynx embodying the invention; 
- Fig. 7 represents an electric circuit analogue 
of the acoustical system of the device of Fig. 6. 

Fig. 8 is a perspective view of the device shown 
in Fig. 1 with parts broken away to show in 
ternal structure; 

Fig. 9 is a similar perspective view of the device 
of Fig. 6; - m 

Fig. 10 is a simplification of Fig. 5 omitting 
R1,R2 and S3; and . Fig. 11 is the equivalent circuit of Fig. 10. 
The device of Fig. 1 is an electrical artificial 

larynx, designated generally as 10, comprising a 
hollow enclosure, casing or shell 12, containing a 
pair of spaced larynx tone producing members 
or diaphragms 4 that may be of metal and that 
divide the interior of the casing into a central 
air chamber 6, and outer air chambers 8. The 
casing is provided with inwardly projecting tubu 
lar portions 20, connecting the chambers 8 with 
the air outside of the casing, and, with the cham 
bers 8, proportioned so as to provide resonators 
On the Outer side of each diaphragm that res 
onate at a frequency preferably between the first 
and second harmonics of the associated larynx 
tone producing member or diaphragm. The cen 
tral chamber has an outlet constituted by the re 
entrant portion 22 of the casing, a mouth tube 
24, for example, of hard or soft rubber, providing 
a continuation of the tubular passage 26, where 
-by, when alarynx tone is generated, it may be 
introduced into the user's vocal cavities, there 
to be modulated as in the case of natural speech. 
The diaphragms are vibrated, preferably, by 
electrodynamic means comprising annular coils 
28 secured to but insulated from the inner sur 

- faces of the diaphragms and disposed in the air 
gaps 30 in a permanent magnet 32, suitably sup 
ported in the central chamber. The magnet may 

  



0. 

2 
be in two parts secured together at the portion 
intermediate the air-gaps by suitable fastening 
means, such as the screws 3, the same portion 
containing a plurality of drillings or passages 
33, connecting the cylindrical space within the 
magnet with the rest of the space constituting 
the chamber 6, the holes being sufficiently large 
and numerous so that the chamber constitutes a 
single acoustical stiffness in the frequency range 
of interest. As shown in Fig. 2, the coils are con 
nected in series with each other and with the 
circuit making and breaking contact 34, battery 
36 and a circuit controlling switch 38. When 
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the switch 38 is closed, current flows through the 
coils, and the interaction of the permanent mag 
net field and that developed by the current in 
the coils causes the coils to move in the air 
gaps to produce a corresponding displacement 
of the diaphragms. - To have the diaphragms 
move toward one another simultaneously and 
to move away from one another simultaneously, 
the current in one coil should circulate in a direc 
tion opposite to that in the other coil. The con 
tact 34 may be associated with either diaphragm, 
and may be on either side of the diaphragm de 
pending on the polarity of the battery. Although 
the coils 28 are as a whole insulated from the dia 
phragms 4 with which they are associated, the 
winding comprising the coil 28 on the diaphragm 
f4 which cooperates with contact 34 has one end 
electrically connected to said diaphragm. It is 
apparent, a 'soft iron magnetic structure with a 
suitable magnetizing winding could be substi 
tuted for the permanent magnet 32. The dia 
phragms, furthermore, may be tuned to Or made 
to have the same or different fundamental fre 
quencies of vibration. In the arrangement of 
Figs. 1 and 2, the diaphragms move toward each 
other initially, the circuit is opened between a 
diaphragm and the contact 34, current ceases to 
flow in the coils, and the diaphragms return to . 
their original positions, which causes the circuit 
to be closed again at the contact 34, and the 
cycle is repeated. In this way, as long as the 
Switch 38 is closed, the diaphragms are caused 
to vibrate and to generate a larynx tone that is 
introduced into the user's vocal cavities through 
the tubular passage 2 and the mouth tube 24. 

Fig. 1 is an electric circuit analogue of the 
acoustical system of the device of Fig. 1. Mi, 
R1 and S1 represent the acoustical mass, resist 
ance and stiffness of each diaphragm 4; S2, 
the acoustical stiffness of the chamber 8 on the 
outside surface of the diaphragm; and Ma and 
R2, the acoustical mass and resistance of the 
tubular portion 20 extending into the chamber S3 
represents the acoustical stiffness of the central 
chamber; Ma and Ra, the acoustical mass and re 
sistance of the outlet and mouth tube; and E, the 
driving force exerted through each coil. When 
the larynx is operated, the driving forces tend 
to send current in the directions indicated by the 
arrows so that they...send currents in phase 
through the shunt impedance. The energy dissi 
pated in the shunt resistance represents the use 
ful sound energy that is introduced into the 
mouth of the user of the larynx. In the fre 
quency range of interest, that is, from about 100 
to about 3000 cycles per second, the shunt stiff 
ness S is of such high impedance that it may be 
neglected, the shunt impedance being considered 
as comprising the inductance Ms and the re 
sistance R. This is a band pass filter with two 
passed bands, the attenuation being sufficient 
over the frequency range of interest so that the 

2,202,467 
currents all flow through the shunt impedance, 
attained by proportioning the elements of the 
filter to this end. 

If Fig. 5 is simplified by omission of R1 and 
R2 and of S, the circuit of Fig. 10 is obtained. 
Since it is desired to have large currents flow 

in the shunt arm of Fig. 10, the useful frequen 
cy range must fall within one of the theoretical 
attenuation bands of the filter. However, to have 
the insertion loss curve of a filter follow the theo 
retical attenuation curve, the filter must always 
be terminated in its image impedance. In the 
attenuation bands, this image impedance is a 
reactance that usually varies rapidly with fre 
quency, and if the filter is terminated in re 
sistances, reflections occur that will make the 
insertion loss depart widely from the theoretical 
attenuation. This must be taken into account 
in proportioning the parts of the larynx to in 
sure that, in the useful frequency range, large 
Currents flow in the resistance R3 so that max 
imum power is radiated into the mouth of the speaker. 
The problem of satisfying this last condition 

can be simplified if we desire from Fig. 10 the 

() 
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25 
exactly equivalent circuit shown in Fig. 11. Due 
to the symmetry of the system, no current flows 
across the line AB so that each filter is terminat 
ed in a resistance 2R3. The elements of the filter 
and the resistance 2R3 must be proportioned so 
that the resistance termination matches the fl 
ter impedance at some frequency within its pass- . 
band. Since no current flows across the line AB, 
we are then certain that the filter elements can 
be proportioned so that, in the useful frequency 
range, large currents flow through the resistance 
2R3. 

Instead of the moving coil arrangement of . 
Fig. 1, that of Fig. 3 or Fig. 4 may be used. In 
Fig. 3, armatures 40 are secured to the inner sur 
faces of the diaphragms 4, and an H-shaped, 
soft iron magnetic core 42 is disposed between 
the armatures. A magnetizing coil 44 is wound 
around the cross-bar 46 of the core, and is con 
nected, as shown, in series with the switch 38, 
battery 6, and contact 34, one armature and 
diaphragm forming part of the current path. In 
Fig. 4, a pair of soft iron magnetic core members 
48 and serially connected magnetizing coils 50 
wound thereon, are disposed between the arma 
tures 4. The coils are connected in series with 
contact 34, battery 36 and switch 38. In the ar 

5 

50 

rangements of Figs. 3 and 4, closure of switch 38 
closes a circuit from battery through contact 4, 
diaphragm, armature, magnetizing coil, switch to 
battery. Current flow magnetizes the core and 
causes the armatures and consequently the dia-. 
phragms to be attracted to the cores. The cir 
cuit is opened at contact 34, current ceases to . 
flow, the cores demagnetize and the armatures and diaphragms return to their original positions. 
This closes the circuit again and the cycle is re 
peated, and continues as long as the switch. 
is closed, to produce a sustained tone. 
The device of Fig. 6 is an electrical artificial 

larynx, designated generally as 60. It comprises 
an enclosure, casing or shell 6 comprising an 
annular central member or support 62 to the op 
posite rim portions of which diaphragms 
are secured, for example, by cement. The Sup 
port, has an inwardly extending tubular portion 
BS connecting the chamber 68 with the air out 
side the casing. The tubular portion and cham 
ber are proportioned so that together they con 
stitute a resonator, resonating at a frequency in 

6) 
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the region between the first and second har 
monies of the diaphragms. Annular coils 2 dis 
posed in the air-gaps of the magnet 2, are at 
tached to the diaphragms and connected in a 
circuit as shown in Fig. 2. An outer member 70 
is secured to the flange portions 72 of the sup 
port, and defines an outer chamber 4 having a 
tubular outlet 76 to which a mouth tube 24, may 
be coupled. . 

Fig. 7... is an electric circuit analogue of the . 
acoustical system of the larynx of Fig. 6. Mi, R1, 
S1 represent the acoustical mass, resistance and 
stiffness of the diaphragms; S4, the acoustical 
stiffness of chamber 68; MA and R4, the acous 
tical mass and resistance of the tubular paS 
sage of portion 66; S5, the acoustical stiffness of 
chamber 74; and M5 and R5, the acoustical maSS 
and resistance of the tubular passage 8 leading 
to the user's vocal cavities. In the frequency 
range of interest, that is, between about 100 and 
3000 cycles per second, the front chamber sim 
plifies to a resistance and an inductance, to give 
a band pass structure with one passed band. 
The elements of the filter are proportioned so 

25 that the useful frequency range of the device 
falls in the region of attenuation. This may be 
explained in a manner similar to that employed. 
with respect to Fig. 5. 
While this invention has been described with 

reference to specific embodiments thereof, it will 
be understood that it is not restricted thereto, 
but is to be considered as limited only by th 
scope of the appended claims. 
What is claimed is: ; : 
1. An artificial larynx comprising a case, 

larynx tone generating members in said case di 
viding it into three chambers, said members be . 

- ing spaced apart to define one of said chambers 
between them, means for actuating said mem- . 
bers, a tube from said one chamber for conducting . 
the tone generated to the mouth cavity of a 

- 40 

user, and tubular means connecting each of the 
other chambers with the atmosphere. 

45 
... 2. An artificial larynx comprising a pair of 
larynx tone producing members, means, to vi 
brate said members toward and away from each , 

... other in synchronism, said means comprising a 
coil attached to each member and magnetic 
structure containing air-gaps in which said coils 
are disposed, a casing for said members and . 
means, and means for conducting the tone pro 
duced by said members into the vocal cavities 
of a user. 
... 3. An artificial larynx comprising a casing, a . 
pair of larynx tone producing members, means 
to cause said members to vibrate toward and 
away from each other in synchronism, said means 
comprising an armature attached to each men 
ber, an H-shaped magnetic core between said 
armatures, and a magnetizing winding around 
the cross-bar of the core, a casing for said men 
bers, and means for conducting the tone pro 
duced by said members into the vocal cavities 
of a user. . . An artificial larynx comprising an annular 
support, two diaphragms, each respectively se- . 
cured at its periphery at each end of said sup 
port, the inner surfaces of said diaphragms de 
fining a sound chamber with said support, said 
support having a tubular portion connecting 
said chamber with the outside air, and an outer 
member forming a sound chanber with the 

3 
outer surfaces of said diaphragms, means for 
causing said diaphragms to generate a larynx 
tone, and means for conducting said tone into 
the Vocal cavities of a user. 

5. An artificial larynx comprising a pair of 
larynx tone producing diaphragms spaced apart 
to form a central Sound chamber, means forming 
an Outer Sound chamber on the outer side of 
each said diaphragms, tubular means connecting 
said outer chambers with the outside air, and 
tubular means for conducting larynx tone from 
said central chamber to the mouth cavities of a 
user, Said diaphragms, chambers and tubular 
means proportioned to constitute a band pass 
filter. 

6. An artificial larynx comprising a pair of di 
aphragms spaced apart to form a sound chamber 
between their inner surfaces, a resonator on the 
outer surface of each diaphragm, means for caus 
ing the diaphragms to generate a larynx tone, 
and means connected with the sound chamber 
for introducing such tone into a user's vocal 
cavities. . 

7. An artificial larynx comprising a pair of 
larynx tone producing members in a sound 
chamber and Spaced apart to form a second 
Sound chamber between their inner Surfaces, 
tubular means connecting said second sound 
chamber with the atmosphere, and tubular means 
for conducting the larynx tone from Said first 
mentioned sound chamber into a user's vocal 
cavities, said members, chambers and tubular 
means proportioned to constitute a band pass 
fter. . . . . - « 

8. An artificial larynx comprising a hollow en 
closure, a pair of spaced larynx tone producing 
diaphragms in said enclosure dividing it into a 
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chamber common to opposed surfaces of said di-, 
aphragms and a second chamber, means con 
necting one of said chambers with the out-. 
side air, and means for conducting larynx tone 
produced by said diaphragms from the other 
chamber to the vocal cavities of a user. 

9. An artificial larynx comprising a pair of 
larynx tone producing members tuned to resonate 
at different frequencies, an enclosure providing 
air chambers on opposite sides of Said members, 
means connecting one chamber with the outside 
air, and means for conducting larynx tone from 
another chamber to the vocal cavities of a user. so 10. An artificial larynx comprising larynx 
tone producing means, and means defining sound 
chambers with restricted outlets coupled to said 
tone producing means, said tone producing 
means, sound chambers and outlets being propor 
tioned to provide an acoustical system hav 
ing the characteristics of a band pass filter, the 
frequency range of the larynx 
region of attenuation. . . . 

11. An artificial larynx comprising a casing, 
larynx tone producing diaphragms in said cas 

falling in the - 

ing spaced apart to form a sound chamber, a 
coil attached to each diaphragm, a magnetic 
structure having air-gaps for said coils and hav 
ing a central space extending between the di 
aphragms constituting a part of said chamber, 
said structure containing a passage connecting 
said central space with the rest of said chamber, 
and means for conducting larynx tones into the 
vocal cavities of a user. 
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