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TELEPHONE. 
Application filed March 26, 1925. Serial No. 18,620, 

The invention relates to improvements in 
telephones and particularly to loud speak 
ing or other receiving telephones which are 
adapted to reproduce sound, such as speech 
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and music, with great faithfulness and ab 
sence of distortion. 

In its preferred form the invention com 
prises an electrostatic telephone, the inven 
tion, however, not being limited to this 
form. 
In our co-pending application, Serial No. 

518,425, electrostatic telephone, filed Novem 
ber 28, 1921, we have disclosed a telephone, 
the diaphragm of which is subdivided by 
annular clamping rings into a plurality of 
ring shaped portions which are adapted to 
vibrate independently of each other, these 
diaphragm portions each having a natural 
rate of vibration corresponding to some fre 
quency within the acoustic range. 
By the provision of a sufficient number of 

diaphragm annuli each having a different 
natural rate of vibration, the diaphragm will 
have resonance peaks corresponding to vari 
ous fundamental tones and their overtones, 
and by the provision of a suitable damping 
factor, the reasonance peaks thus formed 
will be flattened, so that the vibration of the diaphragm will correspond quite closely 
with the various frequencies which are to 
be reproduced throughout the acoustic 
The present invention is in some aspects 

thereof an improvement upon that disclosed 
in our said co-pending application. In ac 
cordance with the present invention a plu 
rality of diaphragm portions are provided 
each of which possesses no decided natural 
rate of vibration as a whole. Each of these 
diaphragm portions or members resonates 
to a plurality of frequencies so that one of 
these diaphragm members or portions may 
respond to various frequencies within one 
range while another diaphragm member or 
portion responds to various frequencies ex 
tending through a different range. This is 
accomplished by the provision of diaphragm 
members or portions of irregular shapes, 

- and in the preferred form of the invention 
50 this is accomplished by subdividing the dia 

phragm into a plurality of annular portions 
each of which is of a varying width. Thus 
the diaphragm may be clamped in position 
by eccentrically arranged clamping rings 

so mounted as to provide a plurality of an 
nular diaphragmportions each of which 
may increase in width progressively through 
say 180°, or generally speaking throughout 
the arc of some radial angle of the annulus, 
the diaphragm annulus decreasing progres 
sively in width throughout the remainder 
of its angular extent. With such an ar 
rangement the various diaphragm portions 
may be caused to resonate to substantially 
all frequencies throughout an extended 
lange. In the preferred arrangement, the 
highest individual natural rate of vibration 
of one diaphragm annulus or portion will 
be rather close to the lowest natural rate of vibration of an adjacent diaphragm por 
tion, it being thus possible to produce a de 
vice in which there is a fairly uniform vari 
ation of the natural rates of vibration of the 
diaphragm from a very low level to a high 
level within the acoustic range. 
An object of the invention is the provision 

of improved devices of the character re 
ferred to above. 
Other objects of the invention comprise 

the provision of improved devices whereby 
sound may be reproduced with a minimum 
of distortion and preferably by a dia 
phragm, the total area of which is sufficient 
to render the use of an amplifying horn un 
necessary, when the device is used as a loud 
speaker for reproducing the sound in an 
auditorium or the like. 
The invention accordingly consists in the 

improved arrangements and combinations 
of parts and features of construction all as 
will be more fully described in the follow 
ing specification, and as will be particularly 
pointed out in the appended claims. 
In order that the invention may be more 

thoroughly understood attention is hereby 
drawn to the accompanying drawings form 
ing part of the invention and illustrating by 
way of example certain preferred embodi 
ments of the invention. 

Referring to the drawings, Fig. 1 repre 
sents a face view of one form of telephone, 
operated electro-magnetically, and com 
prised within the invention; 

Fig. 2 is a vertical section taken on line 
2-2 of Fig. 1; 

Fig. 3 is a face view of a modified form 
of construction embodying an electro-static telephone, certain parts being broken away; 
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Fig. 4 is a vertical section on line 4-4 of 
Fig. 3, taken on an enlarged scale; 

Fig. 5 is a partial front elevation of a 
modified form of electro-static telephone; 
and 

Fig. 6 is a section taken on line 6-6 of 
Fig. 5. 
firring to the drawings, the construc 

tion shown in Figs. 1 and 2 is illustrated as 
applied to an electro-magnetic telephone, 
but it should be understood that this is mere ly by way of example. The diaphragm 1 is 
supported about its periphery and also at a 
point eccentric with respect to the dia 
phragm. A supporting plate 2 is illus 
trated having a peripheral forwardly ex 
tending flange against which the edge por 
tion of the diaphragm seats and to which it 
is secured, as for example, by means of the 
clamping ring 4 between which and the sur 
face of seating flange 3 the edge portion of 
the diaphragm is clamped by suitable means 
such as screws 5. The plate 2 is also pro 
vided with a forwardly extending boss 6, 
against which the diaphragm is clamped by 
suitable means such as a circular plate , a 
screw 8 being illustrated as extendin 
through member 7 and the diaphragm an 
into the boss 6. 

It will be noted that the center line C of 
member 7 and boss 6 is spaced somewhat 
away from the center C of the diaphragm. 
The portion of the diaphragm which is 
to vibrate is accordingly an annulus of vary 
ing width, bounded at its inner edge by the 

riphery of the clamping member 7, and 
EE at its outer edge by the inner edge 
of the clamping ring 4. 
In the form of construction shown in the 

drawing, electromagnets 9-9 are indicated, 
diagrammatically, as being E. by 
plate 2, in position to actuate the diaphragm 
in response to varying currents passing 
through the electro-magnet circuit. Any de 
sired number of these electro-magnets may 
be used, the same preferably being spaced at 
points intermediate the clamping member 
and the outer clamping ring 4. It should 
be understood that, if the invention be em 
bodied in an electro-static telephone instead 
of an electro-magnetic telephone, capacity 
surfaces will take the place of the electro 
magnets, similar constructions being de 
scribed hereinafter in connection with the following figures of the drawing. 
In the construction illustrated in Figs. 1 

and 2 the varying width of the vibratory 
diaphragm annulus causes the same to have 
different natural rates of vibration which 
vary in accordance with the varying widths 
of the diaphragm as explained. The dia 
phra will accordingly resonate to a plu 
rality of different frequencies throughout 
a more or less extended range. 

Referring next to the form of construction 
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shown in Figs, 3 and 4 of the drawings, a 
construction is shown in which the diaphragm 
is subdivided into a plurality of annular por 
tions, each of varying width, and each hav 
ing a range comprising a plurality of natural 
rates of vibration. This construction is 
shown as applied to an electrostatic or con 
denser type of telephone, which constitutes 
the preferred form of construction 
In the construction illustrated, a fixed 

condenser plate 10 is shown with which co 
EEE diaphragm 11. This dia p F. constitutes the movable element of 
the electro-static telephone and in the pre 
ferred form of construction the diaphragm 
is formed of insulating material carrying a 
coating 12 of electrically conducting ma 
terial. Preferably the diaphragm is formed 
of an exceedingly thin disc of mica, which 
is preferably coated with a suitable con 
ducting metal. The conductive coating may, 
for example, be a thin silver coat deposited 
on the diaphragm from a solution compris 
ing silver nitrate and other substances, the 
invention, however, not being limited in this respect. The sheet of micaised in the dia 
phragm is preferably of a thickness of only 
about 3/100 of a millimeter, while the diam 
eter of the diaphragm is preferably quite 
large, as for example about A meter, the 
invention not, however, being limited to 
such dimensions. It is noted, however, 
that mica is particularly well adapted for 
use in our preferred construction, since a 
uniform sheet of mica may be obtained, by a 
splitting process so that it is possible to ob 
tain a sheet of a thickness as slight as 1/100 of 
a millimeter, and of a diameter, for example, 
A meter. Such extreme thinness and large di 
ameter are possible because of the high ten 
sile strength of the mica. The advantages 
of mica for the desired purpose are ex 
plained in our co-pending application, Serial 
No. 518,425, referred to. In our preferred 
construction the diaphragm is placed under 
a considerable tension, which may be nearly 
as great as the elastic limit of the mica, it 
being noted that the elastic limit of mica is 
exceedingly high in relation to its tensile 
strength. The mica stands such high ten 
sion exceedingly well in practice. It should 
be noted that the exceeding thinness of the 
nica diaphragm Inakes for lightness and 
absence of inertia, and it also should be 
noted that the hard smooth surface of the 
nica better fits the same for the propaga 
tion of sound waves than would a porous or 
non-uniform surface. 
The diaphragm is clanped against suit 

able seating surfaces, which preferably are 
integral with the fixed plate 1(). In the 
construction illustrated, plate 10 is provide it 
with an annular outer rim portion 13, which 
is concentric with the plate and against 
which the edge portion of the diaphragm 
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may be seated. In the construction shown 
the plate 10 is also provided with a boss 14 
against which the diaphragm is clamped, 
this seating portion 14 being eccentrically 
situated with respect to the plate 10 and 
with respect to the diaphragm. It will be 
noted that, in the construction shown, from 
the center line of boss 14, at 15, is somewhat 
separated from the center line 16 of plate 10. 
A seating ring 17 surrounds boss 14, this 

ring preferably being concentric with a 
point, such as point 18, Fig. 3, which is 
somewhat separated from the centers both of 
boss 14 and the plate 10 itself. When the diaphragm is clamped against seating sur 
faces 14 and 17, an annular vibrating por 
tion will thus be provided between seatin 
portions 14 and 17, which will be of a widt 
which varies continuously, first increasing 
uniformly throughout a portion of its cir 
cumference and then uniformly decreasing 
in width throughout the remainder of its 
circumference. - 

Another annular vibrating diaphrag 
portion is formed between the eccentric ring 
17 and an outer seating ring, which, in the 
present construction, takes the form of a 
iring 19, which may be concentric with the 
plate 10 itself. This outer diaphragm por 
tion, bounded by the eccentric ring at its 
inner edge and the concentric ring at its 
outer edge, will, therefore, be a diaphragm 
ortion of ring shape, generally speaking, 
E. of a varying width. The space between 
ring 19 and the outer edge of the plate 10, 
in the construction illustrated, is utilized 
for tensioning and clamping the diaphragm. 
The diaphragm is clamped in position by 

means of a construction which comprises 
pressure rings or the equivalent, this prefer 
ably taking the form of a spider having an 
outer annular rim 20 and radiating spokes 
or arms 21. This spider construction is 
provided with a boss 22 which is adapted to 
align with the eccentric boss 14 on plate 
10 when the rim 20 of the spider is aligned 
with the outer edge of plate10. The spider 

SS 

is also provided with an eccentric ring 23, 
which is adapted to align with the eccentric 
ring 17 on plate 10. All of the parts de 
scribed of the spider may be formed, if de 
sired, as an integral metal construction, 
which may, for example, very readily be 
cast. us 

In assembling the plate, diaphragm and 
clamping member therefor, the diaphragm 
is positioned against the plate 10 with con 
ductive coating 12 on the side of the dia phragm away from the plate. The spider 
imay then be secured to the plate by means 
of screws 24 or other suitable securing de 
vices passing through the rimportion. 20 of 
the spider and through the edge portion of 
the diaphragm and into the rim portion of plate 10. Preferably insulating material 25 

is provided about each of the screws 24 to 
prevent the formation of any creeping paths 
for electrical currents along the screws from 
the spider to the fixed plate. The conductive 
coating 12 on the diaphragn) may extend 
radially only so far, if desired, as the inner 
edge 26 of the faced clamping portion 20 of 
the rim of the spider member, or if desired 
the conductive coating may be continued 
to the outer periphery of the diaphragm, 
which may be at the outer edge of the plate, 
it being noted that the mica body or base 
of the diaphragm serves as an insulation 
between the parts. 
The diaphragm may be tensioned by suit 

able devices such, for example, as peripher 
ally arranged members 27, which may be 
carried or engaged by screws 28 threaded 
through suitable openings in rim 20 of the 
spider member. These pressure devices 27 
may be of wedge shape or other suitable 
shape, and are caused to press against the 
diaphragm to tension the latter as desired. 
Plate 10 may be provided with recessed por 
tions 29 in alignment with the pressure de 
vices 27, the diaphragm being pressed into 
these recesses by members 27 as the tension 
ing proceeds. Preferably the diaphragm is 
tensioned up to a point quite close to the 
elastic limit of the mica, as stated above. 
The fixed plate 10 is provided with capac 

ity surfaces intermediate the clamping or 
seating portions of the plate, which capacity 
surfaces are to serve as the fixed plate men 
ber of the device with which the adjacent 
portions of the conductive coating carried 
by the diaphragm will co-act. As shown, 
these fixed capacity surfaces may take the 
form of ring shaped members integral with 
the body of plate 10. These capacity sur 
faces are Pr: erably rings of varying widths, 
positioned intermediate the clamping or 
seating portions of the plate, the fixed ca 
pacity rings being widest at points at which 
the corresponding diaphragm annulus has 
the greatest width and vice versa. 

In the construction shown, one fixed ca 
pacity annulus 30 is intermediate the boss 
14 and the seating ring 17, and an outer 
capacity annulus 31 is itioned interme 
diate rings 17 and 19. As stated, these ca 
pacity surfaces are preferably formed of 
varying widths. Thus the annular surface 
30 may be bounded on the inside by a circle 
32, the center of which is at a point 32", 
while the E. 30 is bounded on the outer 
side by a circle 33, the center of which is at 
a different point such, for example, as point 
33. Similarly the outer capacity annulus 
31 is of varying width having its inner and 
outer edges bounded by circles which are 
formed about different points as centers. It 
will be noted that the construction described 
gives the capacity surface in each instance a 
varying width, which may be widest at a 
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point at which the corresponding diaphragm 
portion is the widest. 
The seating rings or portions 14, 17 and 

19 and the fixed capacity surface rings 30 
and 31 are provided with very accurately 
faced upper surfaces so that the diaphragm 
when at rest will be separated from the 
fixed capacity surfaces by a very small gap, 
the capacity surfaces being set back from 
the seating surfaces. This gap, for example, 
may be a matter of a very few one hun 
dredths of a millimeter. The accurate es 
tablishment of this distance, in the construc 
tion illustrated is provided by the accuracy 
with which the seating surfaces and fixed 
capacity surfaces of plate 10 are finished, 
and variation in the width of the gap be 
tween the diaphragm and the fixed capacity 
surfaces is prevented by the fact that the 
parts which establish the gap are all formed 
of metal, having the same co-efficient of ex 
pansion throughout. 
The close adjustment of the diaphragm to 

the fixed capacity surfaces causes a damping 
of the vibrations of the diaphragm, which 
damping is desired, but not to as great an 
extent as would be provided by the con 
struction described. Accordingly, the damp 
ing effect may be somewhat reduced by the 
provision of suitable openings through the 
condenser plate 10 through which the air in 
the gap between the diaphragm and the fixed 
capacity surfaces may escape to greater or 
less extent during the vibration of the dia 
phragm. In the construction shown the 
openings for the escape of the air prefer 
ably take the form of concentric circular 
channels extending entirely through the fixed 
capacity ring portions 30 and 31 of the plate 
10. These circular grooves 34, in the case of 
the inner condenser ring 30, may, for exam 
ple, be formed about the point 32 as a cen 
ter. Some of these circular channels will ex 
tend entirely through 360°, entirely around 
the fixed capacity portion 30 of the plate, 
while some of these circular channels 34 will 
extend through less than 360 of length since 
they will run out through the outer periph 
eral surface of ring 30, with which they are 
eccentric. The circular channels 34, formed 
through the outer capacity ring 31, are simi 
lar. The rings of metal intermediate the 
circular channels 34 and 34 are, of course, 
held together by suitable connecting por 
tions of the metal which may bridge across 
the various circular channels at points which 

... may, for example, be out of alignment with 

GO 

5 

each other. 
In the construction described, the vibrat 

ing diaphragm portion intermediate the seat 
ing portions 17 and 18 of the plate will have 
various individual rates of vibration extend 
ing through one g of acoustic frequen 
cies, while the outer diaphragm annulus be 
tween seating rings 17 and 19 will have va 
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rious other natural individual frequencies 
extending through a different range of the 
acoustic frequencies. The outer diaphragm 
annulus as arranged will have a higher range 
of frequencies than the inner diaphragm an 
nulus and the arrangement preferably is such 
that the lowest natural frequency of the 
outer annulus is nearly the same as the high 
est natural rate of the inner annulus. This 
... of the lowest natural rate of the 

outer diaphragm portion with the highest 
natural rate of the next adjacent inner dia phragm portion may be arranged by making 
the least width of the inner diaphragm an 
nulus substantially equal to the greatest 
width of the outer diaphragm annulus. 
With such an arrangement as many eccen 

tric diaphragm rings may be arranged one 
with another as is required, so that the range 
of natural vibration of the diaphragm may 
extend substantially from the lowest up to 
the highest acoustic frequencies which will 
have to be reproduced. In case such an ar 
rangement requires a telephone having too 
great a total diameter, a plurality of such 
telephones may be used, and this is in fact 
the preferred arrangement. 

In the construction as illustrated, the highest frequency of one diaphragm portion 
may, as stated, be substantially equal to the 
lowest natural frequency of the adjacent 
diaphragm annulus. This is evidenced by 
substantial equality of the smallest width of 
the inner diaphragm annulus, indicated at 
d, with the greatest width of the outer 
diaphragm annulus, indicated at d, the ref 
erence characters d', d', d' and d being used 
to indicate the respective widths of the dia 
phragmportions from the bottom to the top 
of the diaphragm along the central vertical 
axis, referring to Fig. 3. With this ar 
rangement, however, an absolutely uniform 
variation of the natural rates of vibration 
of the entire diaphragm is not produced. 
Uniform variation throughout the entire 
diaphragm is possible when the widths of 
one diaphragm portion overlap the widths 
of the adjacent portion to the extent of 90° 
of angular displacement, and such an ar 
rangement may readily be accomplished 
within the present invention. This arrange 
ment may be used when two or more tele 
phones are used in place of a single one be 
cause of the fact that one telephone would 
be too large, as stated above. In this case 
the several telephones may have their widths 
of vibratory diaphragmportions displaced 
to the extent of 90 with reference to one 
another. 
To make the above matter of overlapping 

widths somewhat clearer, it should be noted 
that each diaphragm annulus increases pro 
gressively in width from its greatest width, 
as at d, to its least width, at d', where d 
and d are illustrated as being on the verti 
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cal axis, and that accordingly the width of 
any annulus, such as the outer annulus, is 
intermediate its greatest and least widths at 
the intermediate point; that is, or the hori 

is zontal axis, or 90 away from either the 
or the diposition. Frthe best distribu 
tion of resonance frequenties, therefore, the 
least width,d, of théinner annulus should approximately equad, not the greatest width 

10 of the oceaniulus, but the width of 
the outer annulus at a point intermediated 
and d, in which case width d would of 
course be less than width d of the outer 
annulus aligned therewith, and greater than 
width d. - 
The diaphragmirings may and preferably 

are so calculated that approximately equally 
large surfaces are operative at all frequen 
cies whereby all frequencies are reproduced 
in proper proportion one to another, 
A modified form of construction is shown 

in Figs. 5 and 6. In this case the dia 
phragm 11, having a conductive coating 12', 
is secured in position between the fixed con 
diaphragm is shown as clamped about its 
outer periphery, by devices which are con 
centric with the diaphragm itself, and about 
one inner circle which is eccentric with the 
diaphragm so as to produce a single vibra tory diaphragm annulus of varying width. 
In the construction illustrated, the plate 

10' has a ring portion 35 which is secured to 
an outer flanged ring 36 by means, for ex 
ample, of screws 37 extending through a pe 
ripheral flange of rim 35 and into ring 36, 
insulating material 38 preferably being used 
about screws 37 and between the adjacent 
faces of rim 35 and ring 36. The clamping 
or pressure applying member comprises an 
outer concentric rim portion 39, together 
with radial arms 40. An eccentric ring 41 
is carried by the arms 40, Clamping and 
pressure applying members 42 extend 
through this ring and are adapted to press 
the adjacent portion of the diaphragm 
against correspondingly positioned seats 43, 
formed in the fixed condenser member 10'. 

, The ring 36 to which the fixed plate 10' 
50 is secured is fastened to the rim 39 of the 

spider member by means, for example, of 
screws 44 which extend peripherally around 
the device. The diaphragm is secured un 
der tension at its outer edge by means of clamping and tensioning devices 45, 45, 
which extend through the rim 39 of the 
spider member in two concentric rows one 
within the other. r 
These clamping members may comprise 

small wedge shaped blocks 46, 46, seated 
in suitable openings in the rim 39 and bear 
ing against the adjacent surfaces of the di 
aphragm. These pressure applying mem 
bers bear with line contact against the di 

6 aphragm and may be forced more or less 
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fiom either the d' 

bers 46 and 46. 

denser plate 10' and a spider member. The 

tightly against the diaphragm by the small 
screws 45, 45. Suitable recesses 47, 4' are 
provided in the face of ring 36 and rim 
35 of the fixed E. construction respective . in which the adjacent portions of the 70 
iaphragm will be pressed when the clamp 

ing members are tightened. Screws 42, ex 
SES through the eccentric ring 41, are similarly caused to operate pressure apply 
ing members 48, which are similar to mem- 75. 

The plate 10' is Ele with a fixed ca pacity surface 49 which extends in the form 
of a ring of varying width around the de 
vice intermediate the circles along which the 80 
diaphragm is clamped at 48 and 46. This 
annular capacity surface is only illustrated 
in part, since it will be understood that its 
width may vary throughout its E. ex 
tent in the same manner as was explained in 8 
connection with Fig. 3 Air in the gap 
between the fixed capacity surface and the diaphragm may be relieved by the provision 
of channels 50 which may be formed in a 
similar manner to the channels 34, described 90 
in connection with Figs. 3 and 4. 
The capacity surface 49 is set back sligh 
. from the seating surfaces on which the iaphragm will be clamped, adjacent the 

recesses 43 and 47 so as to establish a slight 9 
ap between the fixed capacity surface and 

the de E. as was explained in connec 
tion with the construction shown in Figs. 
3 and 4. The construction may be completed 
by a cover plate 51 which may be secured 00 
to the rim flange 36 of the plate construc 
tion 3. means of screws 52 so as to cover , 
over the plate construction together with 
the screws 37 and 44. 

In the construction described, the di- 105 aphragm is both clamped and placed under 
he desired tension by suitable adjustment 
of the pressure devices 48, 46' and 46, no 
screws or other devices passing through the 
SEF, itself. It will, of course, be un- 10 derstood that similar clamping and tension 
ing means may be used desired in con nection with the form of construction shown 
in Figs. 8. and 4. The fixed plate member. 
10' g if desired, be constructed in the 
form of a spider instead of in the form of 
a solid plate, in which case the member 10' 
will comprise the rim 35 connected to the 
hub 53 by means of radial arms which carry 
the fixed capacity surface rings 49. 

It will be understood that electrical con 
nections are to be suitably made to the fixed 
and movable members of the condenser tele 
phone. Thus in the form shown in Figs. 
3 and 4 one connection is, of course, made to the plate 6 and the other connection to 
a suitable point such as the rim 20 of the 
File: which, of course, is in contact with the conductive coating 12 of the diaphragm. 
In the form shown in Figs. 5 and 6 suitable 
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connection may 
member 10' and with the rim 39 - of the 
spider construction. 
The device, as described, in its various 

5 forms, particularly in the forms illustrating 
the same, as an electrostatic telephone, is 
particularly well adapted for use as a loud 
speaker or sound reproducer, which may be 
employed, for example, to reproduce sound 

10 in theaters or concert halls, or the like. 
When so used, sufficiently loud reproduction 
may be given without the use of any ampli 
fying horns or the like, whereby the errors 
of reproduction due to such devices are ob 
viated, and this is obviously true because 
of the considerable size of the diaphragm 
which is preferably employed and by the 
employment of two or more similar devices 
if necessary, as described above. In this 
connection it will, of course, be understood 
that the electrical currents operating the, 
device may be suitably amplified as by means 
of the usual vacuum tube amplifiers, so 
that the diaphragmportions may be given 
a sufficient amplitude of vibration in case 
loud reproduction is desired. It will also 
be noted that the device, because of its large 
number of natural rates of vibration, pro 
vides for vibration of the diaphragm in 

30 resonance with a considerable number of 
acoustic frequencies which are to be re 
produced whereby resonance peaks are 
formed throughout the entire range of fre 
quencies which are to be reproduced. Dis 
tortion in reproduction is, however, pre 
vented by the damping effect provided, so 
that the resonance peaks will be flattened. 
'Accordingly, in a graph or characteristic 
curve portraying the operation of the di 
aphragm at all frequencies reproduced, the 
tops of the resonance peaks will be con 
nected together by a smooth curve which is 
substantially the same as that which would 
represent the correct vibration of the di 
aphragm for the various frequencies if the 
diaphragm had no natural rates of vibra 
tion at all. That is to say, we consider it 
impractical to so arrange such a large di 
aphragm as we prefer to use, that the nat 
ural rate of vibration of the same will be 
outside the acoutic range; and, accordingly, 
we provide for as large a number of natural 
rates of vibration within the acoustic range 
as is possible and obtain the effects de 
scribed. 

It should be understood that the invention 
is not limited to the exact details of the con 
struction which have been particularly de 
scribed, but that the same is considered to be 
of a considerable breadth as is indicated by 
the scope of the appended claims. 
What I claim is: 
1. In a telephone, the combination of a 

diaphragm, a plate, and means for clamping 
the diaphragm to the piate, in spaced rela 
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tion thereto, comprising rings eccentric to 
the diaphragm to provide vibratory dia 
phragmportions having different natural 
rates of vibration. - 

2. In a telephone, the combination of a diaphragm, a plate, and means for clamp 
ing the diaphragm immovably to the plate, 
about the periphery of the diaphragm and 
at a point eccentric with respect to the dia 
pig so as to provide a complete annu 
ar diaphragm portion of varying width 
spaced from said plate and surrounding said 
point. 

In a telephone, the combination of a dia 
pnra 
the diaphragm to the plate, about the pe 
riphery of the diaphragm and about a cir 
cle eccentric with respect to the diaphragm 
and intermediate the center and periphery 
thereof, so as to provide a vibratory dia 
phragm portion extending completely 
around said circle. 
! 4. In a telephone, the combination of a 
tdiaphragm, a plate, and means for so 
clamping the diaphragm to the plate, as to provide a plurality of complete ring shaped 
diaphragm portions, eccentric to the E. 
hragm, of varying widths and having dif 
erent natural rates of vibration. Y 
5. In a telephone, the combination of a 

diaphragm, a member to which the same is 
secured, and means for so clamping the dia 
phragm immovably to said E. as to 
provide a vibratory diaphragm portion in 
the shape of a complete annulus fa width 
uniformly increasing throughout a portion 
of the angular extent of the annulus, and uniformly decreasing throughout the re 
mainder of the angular extent of the an 
nulus. 

6. In a telephone, the combination of a 
diaphragm, a member to which the same is 
secured, and means for so clamping the dia 
phragm immovably to said member as to 
provide a vibratory diaphragm portion in 
the shape of a complete innius of varying 
width, whereby the diaphragm will have a 
plurality of different natural rates of vibra 
tion throughout its area. 

7. In a telephone, the combination of a 
diaphragm, a member to which the same is 
Secured, and means for so clamping the dia 
phragm to said member as to provide a pair 
of separately-vibratory diaphragm portions, 
each in the shape of an annulus of varying 
width, one surrounding the other, each an 
nulus having a plurality of different natural 
rates of vibration, the rates of vibration to 
which one annulus responds lying within 
one range, and the rates of vibration to 
which the secoil annulus responds lying 
within a diffe '0 it range. 

8. In 2 telephone, the combination of a 
diaph: rm, a 1:1ember to which the same is 
securei, and lai'i is for so clamping the di:- 
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phragm to said member as to provide a plu rality of separately-vibratory diaphragm 
portions, each in the shape of an annulus of varying width, said annuli being radially 
one within the other, each annulus having 
a range of frequencies to which it resonates, 
the lowest natural frequenty of one annulus 
being close to the highest natural frequency 
of the adjacent annulus on one side thereof. 

9. In a telephone, the combination of a diaphragm, a fixed condenser plate having 
a seating surface and a capacity surface, and 
means for clamping said diaphragm against 
said seating surface so as to provide a vibra 
tory annular diaphragm portion of varying E. separated from said capacity surface 
by a slight gap. - . 

10. In a Ephone, the combination of a diaphragm EE 
width, an annular capacity surface separated 
from said diaphragm by a slight gap, and 
means for securing said parts in position, 
with said diaphragm under tension. 

11. In a telephone, the combination of a 
diaphragm of irregular shape, calculated to 

30 

A. 

5 

5) 

65 

resonate locally to various frequencies, a 
plate closel Aliane to said diaphragm to 
produce a damping effect, said plate having 
openings therethrough to somewhat relieve 
the damping effect, and means for secur ing said parts in position with said dia phragm under tension. 

12. In a telephone, the combination of a 5 diaphragm of irregular shape, calculated to 
resonate locally to various frequencies, said 
diaphragm being of insulating material with 
a conductive coating, a condenser plate close 
ly adjacent to the insulated side of said dia phragm, and means for securing said parts in position. 

13. In a telephone, the combination of a diaphragm having a plurality of separated 
parts each having a plurality of different 
natural rates of vibration, supporting means, and means for securing said diaphragm 
thereto under tension, and for separating 
the parts of said diaphragm. 

14. In a telephone, the combination of a 
diaphragm, a member to which the same is 
secured, and means for so clamping the 
diaphragm to said men her as to provide a 
air of separately-vibratory diaphragm por 

tions, R in the shape of an annulus of 
valving width, one surrounding the other, 
each annulus having a plurality of different 
tral rates of vibration, the rates of vi 

is ration to which one annulus responds lying 
s', it in one range, and the rates of vibration 

which the second anals responds lying 
thin a dif', 'elt range, the outer annulus 
responding to a higher range of frequencies 
than the initi', 

15. In a teichone, the combination of : iaphragm leans, comprising a plurality of 

securings: 
FE each annulus having a plurality 

0. 

an effective, vibratory ' portion of annular shape with varying 

7 

annuli of varyigyidth, one radially within 
the other, EFEig heans, and means for said annulithereto about their pe 

f different natural rates of vibration, the range of frequencies of one annulus being 
different from the range of another. 

16. In a telephone, the combination of diaphragm means, comprising a plurality of 
portions of irregular shape, supporting 
means, and means for securing said portions 
thereto about all their edges. 

17. In a telephone, the combination of 
diaphragm means, comprising a plurality of 
portions of irregular shape, formed of in 
sulating material and having a conducting 
coating thereon, a fixed condenser plate, and 
means for securing said portions in position 
spaced a slight distance from said plate, 
with the conductive coatings on the opposite 
side from said plate, said coatings being 
connected together electrically. 

18. In a telephone, the combination of 
diaphragm means, comprising a plurality 
of portions of irregular shape, formed of 
insulating material and having a conducting 
coating thereon, each portion being adapted 
to resonate to a different range of fre 
quencies, capacity surfaces spaced slight dis 
tances from the insulated sides of said por 
tions, and means for securing said parts in 
position and for electrically connecting to 
gether said capacity surfaces, and said dia phragm means portions. 

19. In an electrostatic telephone, the com 
bination of movable plate means, compris ing a plurality of irregularly shaped dia 
phragm portions, each portion being adapt 
ed to resonate to a different range of fre 
quencies capacity surfaces spaced slight dis 
tances therefrom, and means for securing said parts in position and for electrically 
connecting together said capacity, surfaces, 
and the portions of said movable plate 
leaS, 

20. In an electrostatic telephone, the com 
bination of diaphragm, means, comprising a plurality of annuli of varying width, one 
surrounding the other, fixed means provid 
ing capacity surfaces, each comprising an 
annulus of varying width, spaced slight dis 
tances from said disphragm annuli, and 
naeans for securing said means in position. 

21. In an electrostatic telephone, the com 
bination of diaphragm means, comprising a 
plurality of annuli of varying width, one 
surrounding the other, fixed means provid 
ing capacity surfaces, each comprising an 
annulus of varying width, spaced slight dis 
tances fron said diaphragm annuli, and 
means for secting said means in position, 
said fixed means having circular openings 
extending therethrough from said capacity 
surfaces. 

22. In an electrostatic telephone, the con 
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bination of a fixed condenser plate having 
an annular capacity surface and annular 
seating surfaces at the outer and inner sides 
of said capacity surface a diaphragm con 
prising a movable condenser element, and 
diaphragm-securing means: comprising a 
spider construction having a rim portion 
adapted to be secured to said fixed plate, and 

means carried by said spider construgtion 
for clanping said diaphragm against said 10 
seating surfaces with E. diaphragm spaced 
slightly from said capacity surface. 

JOSEF ENGL. 
JOSEPH MASSOLE. 
HANS WOGT. 
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bination of a fixed condenser plate having means carried by said spider construction 
an annular capacity surface and annular for clamping said diaphragm against said 0 
seating surfaces at the outer and inner sides seating surfaces with the diaphragm Spaced 
of said capacity surface, a diaphragm come slightly from said capacity surface. 
prising a movable condenser element, and diaphragm-securing means, comprising a JOSEF ENGL. 
spider construction having a rim portion JOSEPH MASSOILE. 
adapted to be secured to said fixed plate, and HANS WOGT. 
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