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2 (Cais, 

Miy invention relates to telephone instruments, 
and its object is to provide a receiver of the So 
called loudspeaking type embodying Various fea 
tures of novelty for improving the acoustic re 

... production. The loudspeaker of my invention is 
particularly useful for radio reception, but it is 
broadly applicable in any connection. Where elec 
trical energy is utilized in the reproduction of 
Sound. 

It is a generally recognized fact that a tele 
phone receiver with only one diaphragm cannot 
give out high and low notes with an equal de 
gree, cf fidelity, because the acoustic capacity of 
a single diaphragm cannot possibly extend Over 
the entire musical scale. Thus, a diaphragin 
having a high natural frequency cannot properly 
respond to low notes, and a diaphragm that re 
sponds best to low notes does not operate Sat 
isfactorily on high notes. Then, too, a dia 
phragm that is held rigidly bound at its circum 
ferential edge will always accentuate frequen 
cies which are at or near the natural frequency 
of the diaphragm, thereby distorting the repro 
duction. 
issue, cut of the same horn or (as in the COne 
type speakers) from the Saine diaphragm, SO 
that, where orchestral or band music is repro 
duced, the fine notes of the violin and fute come 
from the Sane Spot as the deep tones Of the bass 
instruments. This is unnatural, foir in the ac 
tall rendition of Such music, the players are SO 
arranged that the high notes and the bass notes 
reach the hearers from different parts of the 
OO. 
In order to overcome the foregoing and other 

defects and objections in prior loudspeakerS, I 
have provided an instrument employing a plu 
rality of diaphragms (two are usually Sufi 
cient) having different acoustic capacities or 
characteristics, so as to encompaSS the entire 
musical scale. One diaphragm has a high nat 
ural frequency, and the other a low natural fre 
quency, the two together reproducing high notes 
and low notes with practically equal reSOnance 
and naturalness. These diaphi'agms, although 
controlled by the same telephone circuit, are ne 
chanically disconnected and therefore free to Op 
erate independently of each other, So that each 
produces its own vibrations without being ham 
pered by the movements of the other. For this 
purpose, I have devised a novel construction of 
electromagnetic mechanism in which a single 
magnet (preferably of the permanent type) pro 
vides two separate cylindrical air gaps. In each 
airgap operates a coil connected in a circuit of 

Also, in prior loudspeakers, all sounds 

(C. 19-15.5) 
variable currents, and each coil is connected 
With a diaphragm. In the embodiment which I 
prefer at the present time, the two coils are con 
nected in parallel in the telephone circuit. 
ACOSS One of the coils is connected a self-in 
duetion device (such as a choke coil), and acroSS 
the other coil is shunted a condenser. The Op 
erating coil with the self-induction device ac 
centuates the high notes and operates the dia 
phragm having a high natural frequency. The 
other operating coil, With the condenser connect 
ed across, einphasizes the low notes and actu 
ates the diaphragn. Which has a low fundamental 
requency. In this construction, the two dia 
phiagias (or more than two, if desired) cover 
the entire range of tones in Speech and usic, 
and theireby give a reproduction of minimum 
distortion at all frequencies occurring in prac 
tice. 
The size and area of the diaphragms are suf 

ficiently large to give a loudspeaking reproduc 
tion. Without the need of horns or other me 
chanical annplifiers, although Such may be add 
ed if desired. The diaphragms are preferably 
cone-shaped and are constructed of any suitable 
material which gives the diaphragm the proper 
degree of rigidity. The mounting of the dia 
phragms, as Will later appear, is Such that they 
may be left free at the circumference, So that 
they vibrate bodily with the same amplitude over 
their entire area. The practical advantages of 
this construction will become clear as the de 
Scription proceeds. 
Another feature in my new loudspeaker con 

sists in so mounting the diaphragms that their 
vibrations are projected in different directions 
into the free air. This adds to the naturalneSS 
of the reproduction, especially in band and Or 
chestral music, for the high notes projected by 
one diaphragm and the low notes of the other 
diaphragm Seemingly come from different parts 
of the room. A preferred method of producing 
this effect is to provide the Outer casing of the 
institument with a pair of Open chambers Op 
positely arranged, and in each chamber is 
mounted a diaphragm. As the diaphragms Wi 
brate, the high and low notes are projected in 
opposite directions, and this avoids the “choky' 
effect so apparent in those loudspeakers where 
all tones, high and low, issue Out of a single 
opening or from the same diaphragm. The 
chambers associated with the diaphragms are 
preferably bowl-shaped and amplify the sound 
produced by the diaphragms. 
The foregoing and other objects and advan 
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2. 
tages of my invention will be clearly understood 
from a detailed description of the accompanying 
drawings, which illustrate a preferred embodi 
inent and also modifications in certain details. 
In these dra Wings 

Fig. 1 represents an elevational view of a loud 
Speaker constructed in accordance with my in 
vention; 

Fig. 2 shows a plan view in cross-section on 
line 2-2 of Fig. 1; 

Fig. 3 is a detached view, in elevation, of the 
electromagnetic System which operates the dia 
phragms; 

Fig. 4 is a fragmentary view in section similar 
to Fig. 2, but enlarged to illustrate more clearly 
the mounting of the diaphragms and their op 
erative connections with the telephone coils; 

Fig. 5 shows a face view of the disk and spring 
airn on which each diaphragm is adjustably sup 
ported; 

Fig. 6 is an end view of the magnetic structure 
illustrated in Fig. 3, certain parts being shown 
in section for clearness; 

Fig. 7 is a cross-sectional fragmentary view of 
a double cone-shaped diaphragm; 

Fig. 8 is a fragmentary cross-sectional view of 
a modified construction for adjustably mount 
ing a cone-shaped diaphragm on a rod; 

Fig. 9 is a diagrammatic illustration of a pre 
ferred form of circuit connections for the tele 
phone coils which control the diaphragms; 

Fig. 10 is a cross-section on line O-O of 
Fig. 3; 

Fig. 11 shows a modified construction of mag 
netic frame in which tWO annular airgaps are ar 
ranged centrally in axial alignment; 

Fig. 12 is an edge View of Fig. 11; and 
Fig. 13 is a plan view of Fig. 11, certain parts 

being shown in Section for clearness. 
Referring to Figs. 1 and 2, there is an outer 

casing or frame comprising a base , a cylindrical 
wall or housing 2 which is open at both ends, 
and a pair of concave disks 3 and 4 securely con 
nected to the housing by any suitable means, 
as by screw 5 or otherwise. These disks, which 
act as sound boards or panels, are rigidly held 
in position by being fastened either to the hous 
ing 2, as by screws 5, or to the upright exten 
Sion of base , as by Screws 5'. The housing 2 
and the disks 3 and 4 form a closed chamber 6, 
practically dust-proof, containing the electro 
magnetic mechanism of the instrument. To per 
mit ready assembling and adjusting of the parts 
in this chamber, the housing 2 may be provided 
With a removable Section or it may consist of one 
or more sections hinged on base . In Figs. 1 
and 2, the housing 2 comprises a pair of sections 
2' hinged or otherwise movably connected at b 
to opposite sides of the base. The top edges of 
these separable sections meet at c, where they 
may be locked together by a suitable latch d, or 
any similar device adapted to be readily opened. 
When the housing 2 is made of the separable sec 
tions 2', the screws 5 are not necessary, since the 
concave disks 3 and 4 are secured to the base 
A independently of the sections 2', as by the 
Screws 5’ or otherwise. When I refer to the men 
bers 3 and 43 as disks, I do not mean that they 
must be circular, for they obviously may be of 
any other practical design. 
The concave or bowl-shaped disks 3 and 4, 

Which may be formed of Wood, metal or a suit 
a ble composition, constitute bowl-shaped cham 
ber's A and 8, in which are mounted the acoustic 
diaphragms 9 and (, respectively. These dia 
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phragms are preferably cone-shaped, as illus 
trated, and may be constructed of any material 
that is sufficiently rigid and light in weight 
Such as, stiff paper (preferably moisture-proof), 
fiber, stiffened cloth, bakelite canvas, aluminum, 
Or any other metallic or non-metalic Substance 
that is found practical for this purpose. The 
diaphragm chambers and 8 may be provided 
With decorative covers of grille work sufficiently 
Open to permit the ready passage of Sound. The 
concave disks 3 and 4 also act to reflect such 
Sound WaVeS as may Strike their surface, so that 
all Sound produced by the diaphragms is pro 
jected into the free air. It is thus clear that the 
bowl-shaped chambers and 8 amplify or re 
enforce the Sound produced by the operation of 
the cone-shaped diaphragms. 
AS Seen in Fig. 2, the diaphragms 9 and ) 

are of different size. The small diaphragm 9 
has a high natural period of vibration, and I may 
therefore conveniently call this the high dia 
phragm. The large diaphragm (), which has a 
relatively low fundamental frequency, will be 
referred to as the low diaphragm. The size, 
Weight and material of the diaphragms are so 
chosen as to Secure the best acoustic results with 
each diaphragm in any particular design and size 
of instrument under construction, as any expert 
in this art can determine. When I refer to the 
diaphragms as cone-shaped, I do not mean that 
the diaphragms must be in the exact mathemati 
cal Shape of a cone, but I use the term in its 
broad practical sense of a diaphragm constructed 
to give loudspeaking response. While such dia 
phragms are usually bulged in the shape of a 
cone, that is merely a mechanical convenience 
to impart the necessary rigidity or tautness to the 
sheet material of which the diaphragm is made. 
The back of each bowl-shaped disk 3 and 4 has 

a flat surface 2 on which is rigidly secured a 
plate 3 by means of screws 4 or otherwise. 
Each plate 3 is provided with a pair of hollow 
Screw Studs or posts 5 on which is supported a 
Vibratory strip A6 held in place by screws 7. 
The strip or arm 6 is made of spring steel or 
other Suitable resilient metal. At the center of 
each Spring strip 6 is fixed a screw-threaded 
bushing 8, which may consist of two parts 
screwed together, as shown in Fig. 4, for readily 
fastening the same to the spring strip. Through 
the bushing 8 passes a screw-threaded rod 9, 
which extends through an opening 9’ in the 
center of each disk 3 and 4. The opening 9’ 
constitutes a guide for the axially movable rod 
9, as will be clear from Figs. 4 and 7. On the 
Outer end of one of the rods 9 is mounted the 
diaphragm 9, and on the other rod is similarly 
mounted the diaphragm - 0, as shown in Fig. 2. 
In the present instance, merely by way of ex 
ample, each diaphragm is provided at the center 
with a rearwardly extending hub 20 (see Fig. 4), 
Which is Screw-threaded to receive the Outer 
Screw-threaded end of rod 9. A fixed pin or lug 
2 on rod 9 limits the inward movement of the 
diaphragrin. On the rod, and a nut 22 holds the 
diaphragm rigidly in place. Any other practical 
means may be enployed for mounting the dia 
phragms. On their respective rods 9. 

It Will be seen from the foregoing that, the dia 
phragms 9 and 0 are Supported at the center 
entirely by the vibratory spring strips 5, which 
are of the required strength and resiliency, as 
may easily be ascertained by experiment. The 
members 6 thus constitute resilient vibratory 
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2,049,784 
left-free at their circumferential edges and vibrate 
bodily with practically uniform amplitude over 
their entire area. Such uniform bodily vibration 
cannot take place where the diaphragm is held 
clamped around the edge, as in prior construc 
tions, for such a diaphragm. necessarily vibrates 
with maximum displacement at the center, from 
which the vibrations spreadin decreasing ampli 
tude toward the circumference. In a circular dia 
phragm, these transverse or radial vibrations pro 
duce So-called nodal circles, and along these nodal 
circles there is no vibration of the diaphragm. 
The essential result of this enforced manner of 
vibration of an edge-bound diaphragm is distor 
tion of the acoustic reproduction. This and 
other defects and objections inherent in edge 
bound diaphragms are obviated where the dia 
phragms, as in the construction above described, 
is free at the circumference and vibrates with 
Substantially the same amplitude over its entire 
surface, thereby giving a more natural reproduc 
tion. When I say that the diaphragms 9 and O 
are free at the edge, I mean that they are not 
held rigid along the circumference in a fixed sup 
port, and I do not exclude the possibility of pro 
viding a thin flexible membrane between the edge 
of the diaphragm and the adjacent disk 3 and 4. 
This-is-shown at 4' in Fig. 4. Such a thin mem 
brane might be used to close off the Space back 
of each diaphragm from the outer air, or to act 
as a yielding support for the circumferential edge 
of the cone without interfering with its free float 
ing movements. Of course, it will be understood 
that, So far as other features of my invention are 
concerned, the diaphragms 9 and O may be sup 
ported for vibratory movement in any other 
practical way. Also, while these diaphragms are 
primarily intended for use without horns, they 
may in certain instances be made Sufficiently 
Small to require the addition of amplifying horns, 
as when the instrument is to be embodied in a 
large radio cabinet where the horns are concealed 
from view. Ordinarily, however, the bowl-shaped 
sound-amplifying chamber 7 or 8 associated with 
each diaphragm makes the use of a horn un 
necessary. 
I will now describe the electromagnetic mecha 

nism for operating the diaphragms. A magnet 
indicated as a whole by M is rigidly mounted in 
the chamber 6 formed by the Outer Casing or ring 
member. This magnet, in the preferred con 
struction shown, comprises a base section 23, a 
pair of upright end legs 24 and 25, and a middle 
leg 26. These parts are preferably formed out 
of a single piece of magnet steel, if the magnet M 
is to be a permanent magnet. Or, the frame 
23-24-25 may be composed of steel laminae 
capable of retaining magnetization for a long 
time. In the broader aspect of my invention, 
magnet M may be constructed as an electro 
magnet, in which case the frame would be of soft 
iron. The middle leg 26 extends in the same 
plane as the base section 23, but the end legs 24 
and 25 lie in planes on either side of the base 
section, as best shown in Fig. 10. The purpose 
of this lateral displacement of the legs 24 and 25 
will presently become apparent. If the middle 
limb 26 is magnetized as the north pole N, the 
end legs 24 and 25 are the south poles S and S'. 
Obviously, the polar legs 24 and 25 may be north 
poles, and the middle leg 26 a South pole. 
The magnet M is secured to the flat bottom 27 

(or any other part) of chamber 6 by any suitable 
mean S. In Figs. 6 and 10, I have shown a pair of 

brackets 28 in the form of L-shaped plates, which 
are-fastened to the base of the instrument by 
screws. 29, and between these plates is clamped 
the-magnet frame by bolts 30 or other means. 
On the central leg 26 of magnet. M is mounted 

a transverse-polar arm. 3, fixed in place by any 
suitable means, such as screw bolts 32. The 
magnetic arm. 3, which may be solid or lami 
nated, terminates in annular heads or enlarge. 
ments 33 and 34, which are preferably wider 10, 
than the body of the arm (see Fig. 4) to provide 
an airgap of Sufficient depth, as Will presently 
be explained. Into the circular opening of polar 
head 33 extends centrally a cylindrical pole. 
piece 35 projecting laterally from the end of 15: 
polar leg 24. In like manner, a cylindrical pole 
piece 36 at the end of polar leg 25 projects cen 
trally into the opening of polar head 34. The 
pole pieces 35 and 36 extend laterally from their 
respective polar legs in opposite directions so. 20. 
as to lie fully within the cylindrical openings 
of the polar rings 33 and 34. If the pole pieces 
35 and 36. are made separate from the body of 
the magnet frame, they are secured to the legs 
24 and 25 by screws 3 or in any other practical 25: 
Way. If the magnet frame is made of cast iron 
or steel, the pole pieces may be integral with 
the body of the frame. The polar ring 33 and 
pole piece 35 form an annular airgap 38, and, 
the polar ring 34 and pole piece 36 form a simi- 301. 
lar airgap 39. 
The polar extension 3 carries a pair of slotted 

lugs 6 and A projecting laterally from the op 
posite sides of the arm. On lug 40 is pivoted an 
arm or lever 42 by means of a pin 43 (see Fig. 
4). A similar arm or lever 44 is pivoted on lug 
4. The inner end of arm 42 is pivotally con 
nected. With the inner end of the rod 9 which 
carries the diaphragm f. This connection may 
be of any practical form. In the present in 
Stance, there is a slotted nut 45 Screwed on the 
inner end of rod f9 and carrying a pin 46 which 
passes through the arm 42. The inner end of 
the operating arm 44 is similarly connected with 
the rod 9 of diaphragm 9. The outer end of 
arm 42 carries a coil 4, and the outer end of 
arm 44 supports a coil 48. Coil 47 is operatively 
held in the annular airgap 38, and coil 48 is: 
supported for movement in the airgap 39. A 
simple mounting for each coil is illustrated in. 
Fig. 4. The coil is wound on a cylindrical shell 
49 of light non-magnetic material (Such as Stiff 
paper, aluminum, etc.), and this shell is pro 
vided with radial extensions 58, which may sim 
ply be strips formed integral with the shell. The 
extensions 50 meet or cross each other at the 
central point 5, which represents a pin or stud 
for fastening the shell 49 to the outer end of 
the arms 42 (or 44). In this way, the coils 4. 
and 48 are rigidly connected to the arms 42 60 
and 44, and are held in proper position within 
the annular airgaps 38 and 39, respectively. 

Attention is called to the fact that the pivot 
point 43 of the operating arms or levers 42 and 
44 is considerably nearer the coil-supporting end 65. 
than the other end to which the diaphragms are 
connected. This means that the vibrations of 
the coils are transmitted to the respective dia 
phragms through the arms 42 and 44 in am 
plified ratio, depending on the ratio of length 10 
43-46 to length 43-5. In the particular ex 
ample illustrated, this increased tranmission ra 
tio is nearly 2:1, but it may obviously be varied 
as desired, depending upon the requirements of 
any instrument under construction. 
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4. 
The coils A and 48 are adapted to be con 

nected in a Suitable circuit Of Variable currents, 
Such as a telephone receiving circuit. In the 
diagram of Fig. 9, the two coils are connected 
in parallel in the circuit 52 of a radio receiving 
set R, which may be of any approved type. 
Across the coil Éi, which controls the low dia 
phragm , is connected a condenser 53 of proper 
capacity. The coil A8, which operates the high 
diaphragm 9, is shunted by a choke coil 54 of 
predetermined self-induction. If desired, the 
coindenser 53 and choke coil 53 may be adjust 
able, so that their correct electrical values may 
be readily ascertained in each instance. In 
other Words, the acoustic effect of either dia 
phragm is controllable independently of the 
other diaphragm, so that the combined Sound 
output of the two diaphragms may be regulated 
for the best acoustic result. By Virtue of the 
foregoing circuit connections, all current varia 
tions in circuit, 52 pass through both coils. HOW 
ever, the coil 47 receives variations of low fre 
quency more readily than those of high fre 
quency, since the latter are absorbed (as it 
Were) by the condenser. Contrariwise, current 
variations of high-frequency nore easily traV 
erse the windings of coil i8, and low-frequency 
currents tend to pass through the choke coil 54. 
In other words, coil is operates With best efii 
ciency on low notes, and coil 53 on high noteS. 
This means that diaphragm 9 and its control 
ling coil 8 cooperate to accentuate the tones in 
the higher register of the musical Scale, While 
coil S. and its diaphragm SE cooperate to en 
phasize the tones in the lower register. In this 
Way, each note reproduced, froin the lowest tone 
to the highest, is given itS prope Value. That 
is to say, the instrument is equally sensitive to 
high and low notes, and responds uniforimly at 
all frequencies. When I say that the diaphragm 
9 reproduces the high tones and the diaphragin 
A reproduces the low tones, I do not nean that 
the first diaphragm stands absolutely still on 
low notes and that the other diaphragm is in 
affected by high notes, for all frequencies pass 
through coils A and 43, but not in the same 
proportion or degree, as previously explained. 
What, I do near is that One diaphragn and coil 
predominate on high frequencies, and the other 
diaphragm and coil predoniinate on low fre 
quencies, 

It goes without Saying that the windings of 
coils and 33, the capacity of condenser 53 and 
the Seif-inductange of choke coil 5A aire so chosen 
as to obtain the InoS, Satisfactory operation of 
diaphragms and . This lies within the skill 
of the electrical man familiar with the art of 
telephone receivers and acoustic reproduction. 

it Will not be necessary to go into the theory 
on which the coils 3 and 38 operate when trav 
ersed by variable currents. I need only say that 
the flux of the Inaget passes across each annular 
air gap fron the polar ringS 33 and 34 to the 
cylindrical pole pieces 35 and 36 (or Vice versa). 
When current flows through the coils, the tend 
ency of each coil is to cut the Inagnetic lines of 
force a CrOSS the airgap by moving in a direction 
along its own axis. The direction and amplitude 
of movement of the coils at any moment depend 
Upon the direction and intensity of current flow 
ing thirough then, and these vibratory movements 
aire transmitted to the diaphragms 9 and 
through the connections previously described. 
The annular airgaps S3 and 39 are preferably 

shaped wider at the center than at the ends for 
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the purpose of making the density of the mag 
netic flux more uniform across the entire depth. 
of the airgap. This form of airgap is best ob 
tained by curving the circumferential Wall of the 
opening in each polar ring outwardly, as shown 5 
at a. in FigS. 4 and 6. In an airgap with a uni 
form Width (and therefore having uniform re 
luctance across its area), the magnetic lines of 
force have a tendency to crowd across the central 
pOrtions of the spaced pole-pieces between which 10 
the airgap is formed. As a result, the density of 
the magnetic flux across such an airgap is lower 
near the Outer edges of the pole-pieces than at 
the Center. A vibratory magnetic member op 
erating in an airgap having such a non-uniform 15 
flux distribution is not acted upon with equal 
force in different sections of the airgap. For 
instance, in loudspeakers of the so-called electro 
dynamic type as heretofore constructed, where a 
COil Operates in an annular airgap and is carried 20 
by an acoustic diaphragm, loud notes are not re 
produced With the proper intensity and are there 
fore not given their correct acoustic value. This 
is due largely to the fact, as I believe, that on 
Strong Vibrations the coil operates near the ends of 25 
the airgap where the magnetic field is weaker than 
at the middie. This objection is overcome by so 
Constructing the Walls of the airgap that the mag 
netic reluctance is slightly greater at the center 
than at the ends, whereby a substantially uni 
form flux density is obtained. It is obvious that 
the Sane result may be obtained by so shaping 
the cylindrical pole-pieces 35 and 36 as to widen 
the airgaps at the center. 
The normal position of the coils 47 and 48 in 

their respective airgaps is adjustable by simply 
turning the rod 3, which moves the inner end of 
airn (2 (or As) either toward the magnet or away 
from it, depending on which way the rod is turned. 
The pivotal adjustment of arm 42 or 44 by the 
Irotatable rod 9 may be accomplished by making 
either the part 8 or $5 a collar in which the 
rod turns and making the other part a nut in 
Screw-threaded connection with the rod. For ex 
ample, if part 8 is a collar in which the rod 9 
turns without axial movement, it is evident that 
turning the rod will move the nut 45 axially of 
the rod. Consequently, the arm 42 is rocked 
about its pivot to adjust the normal position of 
Coil 6. Or, if element 8 is a nut and element : 
is a collar in which the rod 9 turns but which 
can not move axially of the rod, rotation of the 
latter causes it to move axially in nut 8 and 
collar 55 follows the axial (but not the rotary) 
In OVenent of the rod. To permit easy adjusting 
of the rod 9 fron outside the casing and with 
Out disturbing any part of the mechanism, the 
Outer end of each rod 9 is slotted, as indicated 
at 3a, for the insertion of an instrument like a 
SCrewdriver. It will be understood that the normal 60 
position of coils 3 and 48 to some extent affects 
the Operation of the diaphragms, particularly as 
to volume. 
In Fig. 7, the rod 9 carries a diaphragm of 

double-cone shape, comprising two conical disks 65 
3á' and 55 placed edge to edge. The circum 
ferential edges are fastened together in any prac 
tical Way, as by screws or rivets 56, by gluing, 
Or otherwise. The diaphragm 54-55, like the 
diaphragms 9 and ), is free to vibrate bodily 70 
with uniform amplitude over its entire area. The 
tendency of the diverging walls of diaphragm 
4'-55 is to diffuse or scatter the sound waves 
more than the recessed diaphragms 9 and 0. 
What has been said about the materials of dia- 15 
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2,049,784 
phragms 9 and 0 applies to diaphragm 54-55, 
except that this double-cone construction per 
mits the use of even lighter materials. 
In Fig. 8, the diaphragm 5 is adjustably 

mounted on rod 9 by being clamped between a 
Small plate 58 and a nut 59. The plate 58 pro 
jects from One end of a screw-threaded bushing 
60 and is interiorly cone-shaped to receive the 
similarly shaped wall of the diaphragm. The 
inner face of nut 59 is likewise cone-shaped, so 
that the diaphragm is firmly held at the center 
With uniform pressure over the entire contact 
area. The Outer face of nut 59 may have a slot 
6 to permit easy manipulation thereof by a 
Suitable instrument. 
In FigS. 11, 12 and 13there is illustrated a modi 

fied construction of field magnet for providing a 
pair of centrally arranged annular airgaps. The 
magnet M', preferably a permanent steel magnet, 
has two outer limbs 62 and 63, and a central limb 
64. The two outer limbs constitute one pole 
(marked N in Fig. 11), and the limb 64 is the 
other pole, here assumed to be the south pole. 
The polar limbs 62 and 63 are connected by a pair 
of arms or bars 65 of soft iron or other material 
of high magnetic permeability. Bolts 66 or other 
fastening devices hold the arms 65 firmly to the 
ends of the polar limbs 62 and 63. Each arm 65 
is formed at the center into a ring 67, the two 
rings being in axial alignment. The rings 6 con 
stitute annular pole pieces. To the central limb 
64 is secured a cylindrical pole piece 68, which 
may be in the form of a single bar held in place 
by a Screw 69, as shown, or which may consist of 
two oppositely extending sections. The ends of 
pole piece 68 project centrally into the polar rings 
67 to provide the annular airgaps 70, in which op 
erate coils C and C connected to diaphragms 
D and D'. These diaphragms and their connec 
tions with coils C and C are indicated in Fig. 13 
for the sake of simplicity in a diagrammatic way. 
These diaphragms may be like diaphragms 9 and 
f), or like the diaphragm 54-55, or of any other 
practical construction. Also, the operative Con 
nections between coils C-C and diaphragm 
D-D' may be like the connections shown in Fig. 
'4, Or may comprise any other suitable means. 
The annular airgaps 7 may be shaped like the 
annular airgap in FigS. 4 and 6. The magnetic 
frame M' is secured to a base or other fixed sup 
port in any practical way. In Fig. 12, the dotted 
lines it represent any suitable securing means for 
the magnet. It will be observed that the polar 
arms 65 are Spaced from the central limb 6 a. 
considerable distance in Order to prevent mag 
netic leakage acroSS the intervening Space, as Such 
leakage would weaken the flux density across the 
annular airgaps. 
One of the main practical advantages of the 

magnetic structure shown in Figs. 11-13 is a more 
balanced flux distribution across the annular air 
gaps than is possible to obtain in the magnet 
Structure of Fig. 2. This advantage is due to the 
fact that in Figs. 11-13 each polar ring 67 is ar 
ranged between the polar limbs 62 and 63. 
Therefore, the magnetic flux enters (or leaves) 
the annular pole pieces 67 through two iron paths 
arranged Symmetrically with respect to the polar 
limbs 62 and 63. This construction, besides in 
creasing the unifornity of flux distribution, tends 
to decrease magnetic leakage. 

It is hardly necessary to mention that the parts 
shown in the various views are not drawn to 
relative proportions that are mathematically ex 
act. The drawings have been made as simple and 
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clear as possible, and on that account the parts 
are spread out more than Would be necessary in 
actual construction. The relative sizes and di 
mensions of the parts depend upon the particular 
size and design of instrument under construction, 5 
and are readily determined by the skilled experi 
menter. While the instrument of my invention 
is primarily intended for use as a telephone re 
ceiver, it will be understood that certain features 
may be employed in the construction of transmit- 0 
ters. 
Although I have herein ShoWn and described 

certain specific constructions, I want it under 
stood that I have done so merely by way of ex 
ample and not for the purpose of restriction or 5 
limitation. In the broader aspect of my inven 
tion, the various features of novelty may be me 
chanically embodied in other constructions than 
herein set forth. Also, it is evident that certain 
features of my invention may be employed with- 20 
Out certain other features. 
What I claim as my invention is: 
1. A loudspeaker of the cone type comprising a 

cabinet having a concave circular wall construct 
ed to form an open Sound-reflecting chamber, a 25 
cone-shaped diaphragm mounted in Said chamber 
adjacent to said wall, said diaphragm being so 
arranged as to diverge outwardly toward the open 
end of Said chamber, the Space in said chamber 
back of Said diaphragm being open to the outer 30 
air, So that sound waves generated back of the 
diaphragm are reflected by Said concave Wall Out 
of the cabinet, and electromagnetic means for op 
erating said diaphragm independently of said wall. 

2. In a telephone instrument, a magnet having 35 
an annular airgap, a coil in Said airgap, a pivoted 
arm to which said coil is connected, a resilient wi 
bratory Support, a rod adjustably secured to Said 
Support, a diaphragm mounted on the outer end 
of said rod, and means for connecting said arm to 40 
the inner end of said rod, said rod being rotatable 
from the outside of the instrument to rock said 
arm and thereby adjust the normal position of 
said coil in the annular airgap. 

3. A loudspeaker comprising, the combination 45 
of an Outer casing, a loudspeaking diaphragm, 
electromagnetic mechanism within said casing for 
Operating Said diaphragm, said mechanism in 
cluding a movable coil supported for vibration 
at all audible frequencies within a certain range 50 
and operatively connected to said diaphragm, and 
means Operable from outside the casing for ad 
justing the normal position of said coil in said air 
gap Without affecting its range of response. 

4. In a loudspeaker, a resilient vibratory mem- 55 
ber, an edge-free diaphragm supported at the 
Center by said member, electromagnetic actuat 
ing mechanism including a vibratory element, 
and an amplifying connection between said ele 
ment and said member for vibrating said dia- 60 
phragm, said resilient member also serving to hold 
said element in predetermined normal position. 

5. A hornless loudspeaker having an outer cas 
ing provided with two oppositely arranged re 
CeSSed Walls which form open chambers in sub- 65 
stantially axial alignment, a loudspeaking dia 
phragm operatively supported in each chamber, 
Said diaphragms being free at the circumference 
SO as to vibrate Over their entire surface With 
Substantially uniform amplitude, and electro- 70 
magnetic mechanism mounted in said casing be 
tween said Walls for simultaneously operating said 
diaphragms. 

6. A hornleSS loudspeaker having an Outer cas 
ing provided with two oppositely arranged re- 75. 
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ceSSed Walls which form open chambers, a pair of 
rods resiliently supported in said casing inde 
pendently of each other and each projecting 
through an opening into one of Said chambers, a 
loudspeaking diaphragm secured to the outer end 
of each rod, Said diaphragms being free at the 
circumference so as to vibrate over their entire 
surface with Substantially uniform amplitude, 
electromagnetic mechanism mounted in said cas 
ing between said Walls for simultaneously operat 
ing said rods independently of each other, and 
means comprised in said mechanisin whereby one 
of said diaphragms operates best on high fre 
quencies and the other diaphragm. Operates best 
On low frequencies. 

7. In a telephone receiver, a pair of inde. 
pendent arms pivoted interimediate their ends, a 
coil carried by One end of each arm, a single nag 
netic frame provided With two annular airgaps, 
said coils being operatively held in Said airgaps by 
said arms and being nowable independently of 
each other, a pair of independently supported 
diaphragms connected to the other ends of said 
arms, the pivot point of said arms being closer to 
the driving ends whereby a multiplying connec 
tion between each coil and One of Said diaphragms 
results. 

8. In a telephone instrument, a diaphragm, a: 
adjustable rod passing through said diaphragm, 
a vibratory coil, and a connection between said 
rod and said coil, said connection being such that 

35 

40 

45 

5 5 

60 

65 

rotary adjustment of said rod controls the nor 
mal position of said coil. 

9. In a telephone instrument, a magnet having 
an annular airgap, a coil Supported for vibration 
in said airgap, a diaphragm, a multiplying con 
nection between Said coil and said diaphragm, 
and means for adjusting Said connection to Wary 
the normal position of said coil in the 3irgap. 

10. In a telephone instrument, a vibratory Spring 
strip, a rod adjustably Supported by Said strip, 
a diaphragm adjustably mounted at its center On 
one end of said rod, said diaphragm being unsup 
ported at its circumference, a vibratory member 
controlled by current variations in a circuit, and 
a connection between said Spring Strip and Said 
member for operating said diaphragm in ampli 
fied transmission ratio. 

11. A hornless loudspeaker having a plurality 
of cone-shaped diaphragms of different natural 
frequencies, and electro-magnetic mechanism for 
Simultaneously operating said diaphragms, said 
mechanism including a plurality of vibratory coils 
connected each to One of Said diaphragms. 

2. In a loudspeaker of the cone type, a cone 
shaped diaphragm, a rod passing centrally 
through said diaphragm and terminating in a pro 
jecting end by which the rod is turnable in either 
direction, electromagnetic mechanisin for operat 
ing said diaphragm, and means whereby rotary 
adjustment of said rod controls the electromag 
netic action of Said mechanism. 

13. In a loudspeaker of the cone type, electro 
magnetic actuating mechanism including a 
Vibratory member, a rod connected to said men 
be and axially vibrated thereby, a cone-shaped 
diaphragm connected to said rod, and means 
Whereby said rod is turnable to adjust the normal 
position of said member. 

14. A hornless loudspeaker having an outer cas 
ing provided with two recessed walls oppositely 
arranged to form open chainbers in substantially 
axial alignment, a loudspeaking diaphragm op 
eratively Supported in each chamber, and electro 
magnetic mechanism mounted in said casing be 
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tween said Walls for simultaneously operating said 
diaphragms. 

15. In an electromagnetic loudspeaker, an edge 
free acoustic diaphragm comprising a pair of 
cones connected at the periphery and diverging 
at their apices to form a hollow chamber, a sleeve 
at the apex of each cone, at least one of said 
sleeves being Screwthreaded, a screwthreaded rod 
on which said sleeves are mounted, Whereby said 
diaphragm is adjustably Supported on said rod 
for vibratory movement, and electromagnetic 
means connected to said rod for vibrating the 
Same in an axial direction. 

i6. A loudspeaker having a coil movable in a 
magnetic field and adapted to vibrate in response 
to current impulses over a Wide range of audible 
frequencies, a diaphragm operated by Said coil, 
and manually operable means for adjusting the 
normal position of said coil in the magnetic field 
Without affecting its range of response. 

17. A loudspeaker comprising a casing, electro 
magnetic operating mechanism mounted in Said 
casing, said mechanism including a coil movable 
in a magnetic field and adapted to vibrate in re 
sponse to current impulses over a Wide range of 
audible frequencies, a diaphragm in Said casing 
operatively connected to said coil, and means 
operable from outside the casing for adjusting 
the normal position of said coil in the magnetic 
field, the operation of said adjusting means hav 
ing substantially no effect on the frequency re 
Sponse of the coil. 

18. In a telephone instrument, a magnet hav 
ing an annular airgap, a coil arranged in Said air 
gap for vibratory movement, a diaphragm, means 
for connecting said coil to Said diaphragm, and 
means for adjusting said connecting means to 
regulate the normal position of Said coil in the 
airgap. 

19. A loudspeaker comprising a cone dia 
phragm, a coil movable in a magnetic airgap, and 
a driving connection between said coil and dia 
phragm, said connection including two members 
pivotally connected in substantially right-angled 
relation, one of said members being connected to 
said coil and the other member being connected 
to Said diaphragm. 

20. In a loudspeaker, the combination of a cone 
diaphragm, electromagnetic means for operating 
Said diaphragm, Said means including a coil mov 
able in a magnetic air gap and connected to said 
diaphragm, said coil being responsive to audible 
frequencies Within a certain range, and rotary 
Screw means for adjusting the position of Said coil 
Without affecting its frequency response. 

21. In a loudspeaker, the combination of a cone 
diaphragm, electromagnetic means for operating 
said diaphragm, Said means including a coil now 
able in a magnetic airgap and connected to Said 
diaphragm, said coil being responsive to all au 
dible frequencies within practical limits, and 
means for adjusting the position of Said coil from 
the front of the diaphragm, said adjusting means 
having substantially no effect on the frequency 
response of Said coil. 

22. In a telephone instrument, the combina 
tion of an Outer casing, a diaphragm, electromag 
netic mechanism within said casing for operating 
Said diaphragm, said mechanism including a coil 
movable in a magnetic air gap and connected to 
Said diaphragm, said coil being responsive to 
audible frequencies within a certain range, and 
means operable from outside the casing for ad 
justing the normal position of said coil in said 
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airgap, said adjusting means having no effect on 
the frequency response of Said coil. 

23. A loudspeaker coin prising an outer casing, 
a pair of loud-speaking diaphragms supported at 
opposite ends of Said casing, a Sound-reflecting 
member nounted back of each diaphragm to 
throw the Sound out of the casing at each end 
thereof, said members being separated to form a. 
chamber acoustically insulated from said dia 
phrams, and electromagnetic mechanism in said 
chamber for simultaneously operating said dia 
phragms. 

24. A loudspeaker comprising an Outer casing, 
a pair of loud-speaking diaphragms supported at 
opposite ends of said casing, said diaphragms 
having different natural frequencies to accentu 
ate the upper and lower registerS respectively, a 
sound-reflecting member mounted back of each 
diaphragm to throw the sound out of the casing 
at each end thereof, said members being Sepa 
rated to form a chamber acoustically insulated 
from said diaphragms, and electromagnetic 
mechanism in said chamber for simultaneously 
operating said diaphragms. 

25. A loudspeaker comprising an Outer casing, 
a pair of loud-speaking diaphragins Supported at 
opposite ends of said casing, Said diaphragms 
having different natural frequencies to accentu 
ate the upper and lower registers respectively, a 
sound-reflecting member mounted back of each 

7 
diaphragm to throw the sound out of the casing 
at each end thereof, said members being sepa 
rated to form a chamber acoustically insulated 
from said diaphragms, and electromagnetic 
mechanism in Said chamber for simultaneously 
Operating said diaphragms, said mechanism in 
cluding a vibratory coil connected to each dia 
phragm. 

26. The combination of a cabinet, a loud 
Speaker device having a diaphragm, said loud 
Speaker device being mounted in said cabinet, a 
casing mounted rearwardly of said diaphragm 
and Substantially enclosing the rear of said dia 
phragm whereby sound waves from the rear of 
Said diaphragm are prevented from circulating 
in Said cabinet, and means for closing off the 
Space back of the diaphragm from the front of 
the diaphragm. 

27. The combination of a radio cabinet, a loud 
Speaker device having a vibratile diaphragm, 
means Supporting Said loud speaker device within 
Said cabinet With its diaphragin adjacent an 
opening in the cabinet, a casing arranged rear 
Wardly of said diaphragm to substantially enclose 
the rear of said diaphragm whereby sound waves 
from said diaphragm are kept out of Said cabinet, 
and means at the peripheral edge of said dia 
phragm for closing off the Space back of the dia 
phragm from the front of the diaphragm. 

ADOPHA. THOMAS. 
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