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This invention relates to improvements in 
translating apparatus of the electrodynamic or 
moving coil type. More particularly, the inven 
tion relates to improvements in the moving coil 

5 of Such apparatus and to improvements in the 
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elements associated with the moving coil. The 
invention is especially applicable to acoustic ap 
paratus and in the following specification it is 
specifically described and illustrated as applied to 
loudspeakers. The invention is also applicable 
to microphones and to other types of translating 
and energy converting apparatus. 
The performance of a loudspeaker is given by 

the ratio of the acoustical output to the electrical 
input. This ratio may be defined in a number 
of Ways depending upon the loudspeaker and the 
method of measurement. In general, the most de 
sirable loudspeaker is one in which this ratio re 
mains constant over a certain frequency band; 
namely, the Working range of the loudspeaker. 
It is an object of the present invention to modify 
the vibratile system of an electrodynamic loud 
Speaker SO as to obtain a more uniform response 
over a greater frequency range than has hereto 
fore been possible. 

In the present day, flat-baffle, cone loudspeaker 
of the electrodynamic type, the response is gen 
erally considerably attenuated above 3,000 cycles. 
This reduction in response at the high frequencies 
is primarily due to the large maSS of the heavy 
voice coil necessary for obtaining good low fre 
quency response, and to the decrease in current 
through the voice coil resulting from its increase 
in electrical reactance with increase in frequency. 
At low frequencies, the velocity of all parts of 

the vibrating System are in phase. Therefore, 
the low-frequency output is principally deter 
mined by the ratio of the applied force (which is 
the product of the field strength, length of the 
wire in the voice coil, and the current) to the 
combined mass of the cone, air load and coil. In 
order to obtain a good low-frequency output it 
is necessary to resort to a large Voice Coil, i. e., 
a coil having a comparatively large number of 
turns. 
As the frequency increases, the effective maSS 

of the cone at the driving point decreases. When 
this mass becomes comparable to the mass of the 
voice coil, the output can be increased by em 
ploying a lighter voice coil, and by designing this 
coil so that the ratio of its inductance to its 
resistance is Small. Thus the reduction in cur 
rent due to the electrical reactance will be mini 
mized and the force will remain essentially con 
stant as the frequency increases. 
The mass of the voice coil can be decreased by 

using aluminum Wire in place of copper wire or 
by reducing the number of turns. The ratio of 
mass to resistance for an aluminum coil is one 
half that of the corresponding copper coil. The 

Space occupied by the aluminum coil is about 65% 
greater than that occupied by the corresponding 
Copper coil. Therefore, it is logical to use alumi 
nun for a high-frequency coil, where lightness 
and not Space is a factor, and copper for a low- 5 
frequency coil where the number of turns in a 
given Space is of greater importance than weight. 
The primary object of the present invention 

is attained by vibrating a conical diaphragm of 
Substantially uniform thickness and material, by lo 
means of a voice coil system generally similar 
to the voice coil system described and claimed in 
the Copending application of Abraham Ringel 
S. N. 661,237 filed March 17th, 1933. The Ringel 
application describes and claims a voice coil lS 
System consisting of a high-frequency winding 
and a low-frequency winding disposed on the 
Same coil form and separated by a compliant cou 
pling. 
The voice coil system according to the present 20 

invention, consists of a pair of coils on the same 
coil form with a compliant coupling therebe 
tWeen. One of the coils consists preferably of a 
Copper coil of a relatively large number of turns 
and the other coil consists preferably of a light 25 
aluminum coil of a lesser number of turns. The 
large copper coil is for driving the cone at low 
frequencies. The aluminum coil is for driving 
the cone at high frequencies. 
Although an aluminum coil has certain in- 30. 

herent qualities which make it especially suit 
able for use as the high-frequency winding, in 
Some instances it is more desirable to use a coil 
of copper Wire of a lesser number of turns than 
are in the low-frequency winding, as the high- 35. 
frequency Winding. In the latter instance the 
high-frequency, copper Winding preferably con 
Sists of finer Wire than that used in the low fre 
Cuency winding. 
Another object of the invention is to provide 40 

circuits for Supplying energy to the high-fre 
quency and low-frequency Windings in such a 
Way that the Windings will function as driving 
coils in the most efficient manner. 
Other and more specific objects of the inven- 45 

tion will become apparent upon reading the foll 
lowing specification and appended claims in con 
nection. With the accompanying drawings which 
illustrate diagrammatically an approved form of 
a diaphragm and voice coil according to the in- 60 
vention, and circuits for energizing the voice coil. 
The drawings also illustrate apparatus to which 

the invention has been applied and character 
istic curves for the apparatus. 

In the drawings Fig. 1 is a cross-sectional view 
of apparatus embodying the invention; 

Fig. 2 is a diagram of a circuit for energizing 
the Windings shown in Fig. 1; 

Fig. 3 is a graph illustrating the impedance 60 
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2 
characteristics of certain of the elements of the 
circuit of Fig. 2; 

Fig. 4 is a graph illustrating response charac 
teristics of apparatus embodying the inventio 
and of other apparatus; 

Fig. 5 is the diagram of an electrical circuit 
which is the equivalent of the mechanical appa 
ratus of Fig. 1; 

Fig. 6 is a perspective view of the diaphragm 
and driving coil System of Fig. 1; 

Fig. 7 is a view of a detail of the apparatus il 
lustrated in Fig. 1, and 

Fig. 8 is a diagram of another circuit that can 
be used for energizing the windings shown in 
Fig. 1. - 

An approved form of the invention is illus 
trated diagrammatically in Fig. 1. A truncated 
conical diaphragm - is. Supported at its larger 
base by an annular rim of flexible material 2 suit 
ably secured to a support 3 which may be a baffle 
or any other suitable member. The diaphragm 
is centered and Supported at its Smaller base. by 
a spider member 4 of usual construction. The 
spider member may be secured to the central pole. 
piece of the pot magnet 5, as shown, or it may ex 
tend outwardly from the diaphragm to Suitable 
Supporting means. 
The diaphragm is vibrated by the flow of 

current through the voice coil System located in 
the air gap between the pole pieces of the pot 
magnet 5. Only a fragment of the magnet Sys 
tem is shown as it is of Well known construction. 

. The magnet is energized either by means of per 
manent magnetization or by a winding preferably 
surrounding the central pole. - . 
The voice coil system consists of a low fre 

quency winding 8 and a high frequency winding 
both Wound. On a coil form 8. The low fre 

quency winding 6 comprises a comparatively large 
humber of turns of copper wire and the high 
frequency winding according to one form of the 
invention, comprises a smaller number of turns 
of airninuin Wire. In an approved construction 
the low frequency winding has approximately 
150 turns of #32 enameled copper wire and the 
high frequency Winding has approximately 60 
turns of #34 enameled aluminum wire. Other 
combinations can be used, however, if found more 
Satisfactory. Both Windings are Supported on a 
form 3 Secured to the truncated diaphragm at the 
Smaller base thereof. 

Suitable mechanical and electrical systems de 
Signed so that each Winding will operate in its 
proper frequency range, are provided for that 
purpoSe. The mechanical Systern consists of a 
compliant coupling 9 formed in the voice coil 
form 8 between the coils 6 and ... The electrical 
System consists of electrical reactance members 
arranged, for example, as in circuits 9 and 
of Figure 2. , 1 
At low frequencies the large coil 6 provides 

the driving force for vibrating the diaphragm. 
The flow of current through the coil causes it 
to move in the magnetic field between the poles 
of magnet 5. The motion of the coil 6 is trans 
mitted to the diaphragm at low frequencies 
through the compliant coupling 9. At high fre 
quencies the circuit ( including coil 7 and coin 
denser , provides a low impedance path for the 
actuating currents, thus causing coil to be the 
driving coil. Both coils are energized over a 
band of intermediate frequencies. 
The flexibility of the compliant coupling is 

made such that, for a coil of a given mass, there 
is Substantially no transmission of motion be 
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tWeen coil 6 and the remainder of the system at 
high audio frequencies, whereas, at low audio 
frequencies, motion is transmitted from coil 6 
to the remainder of the system substantially with 
Out loSS. This is due to the fact that the conn 
pliant coupling is absorbent to vibrations at high 
audio frequencies, while it is non-absorbent to 
vibrations at low audio frequencies and, there 
fore, transmits low audio frequencies. The rea 
SOn that the voice coil compliance 9 is absorbent 
to certain frequencies, while transmitting certain 
other frequencies is that the mechanical in 
pedance of the compliance is inversely propor 
tional to the frequency, while the mass of the 
Voice coil is proportional to the frequency. The 
compliance, therefore, shunts out the motion of 
the heavy coil and prevents transmission of the 
motion of this heavy coil to the light coil and 
the cone. - - - - - - - . . . . 

At an intermediate frequency range, both coils 
are energized and the coupling 9 trainSmits vibra 
tions between the low frequency winding 6 and 
the diaphragm to a substantial extent. The com 
pliance of the coupling 9 is adjusted so that this 
intermediate frequency range throughout which 
there is an overlap of the energy supplied to 
the two coils, occurs at a desired part of the 
audio frequency spectrum. 
The compliance preferably consists of a single 

Corrugation pressed into the coil form. The 
stiffness of the compliance can be varied by vary 
ing the depth and shape of the corrugation and 
by the application of a stiffening substance to 
the corrugation. - . 

In an approved modification using a diaphragm 
approximately 8-inches in diameter at its larger. 
base, and adapted to cover a frequency range 
of approximately 80 cycles to 8,000 cycles per 
Second, it was found desirable to adjust the 
compliance so that the overlap occurred between 
2,000 and 2,500 cycles per second. 
As shown in Fig. 2, the high-frequency and 

low-frequency windings are connected in par 
allel. A one microfarad condenser is connected 
in Series with the high-frequency winding . 
The impedance of the winding in series with 
the One microfarad condenser is such that 
appreciable current does not flow through the 
Winding at frequencies lower than approximately 
2,000 cycles per second. The impedance of the 
low frequency winding 6 is such that appreciable 
current does not flow through the winding at 
higher frequencies, i.e., above 2,500 cycles per 
Second. These values inay be changed, however, 
if diaphragms of other sizes and physical prop 
erties are used, and when the operating conditions 
are changed. 

Fig. 3 shows the impedance curves for the 
windings. 
Due to the large inductance of the low-fre 

quency winding 6, the simple filter comprising 
the COndenser, has been found to work satis 
factorily. The shunting action of the low fre 
quency coil at high frequencies (Fig. 2) is prac 
tically negligible. Due to the small capacity in 
the high frequency arm, the shunting effect of 
this branch is very Small at low frequencies. 

It has been found desirable in some instances 
to adjust the combined inductance of the two 
coils 6 and 7 and the capacity of the condenser 

So that the circuit including these elements 
Will resonate at the overlap frequency. 
In Fig. 4 the output characteristic of an eight; 

inch cone driven with a double coil of the type 
described hereinbefore, is compared with the out 
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2,007,748 
put characteristic of a standard single cone of the 
same size. The characteristic of the cone with 
the double coil drive is shown by a solid line 
whereas the characteristic of the standard cone 
is shown by a dotted line. The improved response 
of the double coil drive at the higher frequencies, 
is apparent. 
An equivalent circuit of the mechanical sys 

tem, is shown in Fig. 5. The mass of the copper 
coil 6 is represented by the inductor 20, the maSS 
of the aluminum coil 7 is represented by the in 
ductor 2, the mass of the cone f by the induc 
tor 22, the compliance between the coils 6 and 7 
by the capacitor 23, the compliance of the cone 
suspending means by the capacitor 24 and the 
resistance of the cone by the resistor 25. The 
driving force f at low frequencies is represented 
at 26 and the driving force f at high frequencies 
is represented at 27. The mass and resistance 
of the cone at the driving point are functions of 
the frequencies. 

Referring to the equivalent circuit, the velocity 
of the cone When driven by the low-frequency 
coil 6 is Xif and the velocity of the cone when 
driven by the high frequency coil 7 is xhf. At 
any instant the velocity of the cone given by the 
expression 

velocity=Xir--X, Eq. (1) 
Where, 

- - f2. 
Xifzz, zz, zz. Eq. (2) 

and 

: f:(21-22) Xuzzizzi, ZZ, Eq. (3) 
where, referring to Fig. 5, 

Z1 =mechanical impedance of the branch Z1 
shown in Fig. 5. 

Z2 =mechanical impedance of the branch Z2 
shown in Fig. 5. 

Z3 =mechanical impedance of the branch Z3 
shown in Fig. 5. 

Z1 =iwm 20 
a=2nf, 
f=frequency, 

m20=mass of the heavy coil (inductor 20 of 
Fig. 5), 

22 "...C. 
C23=compliance of the mechanical member 

separating the two coils (capacitor 23 of 
Fig. 5) 

1. 2=jang joc. jong -- ros, 

pm21-mass of light coil (inductor 2 of Fig. 5) 
C24-compliance of cone suspension System, 

(capacitor 24 of Fig. 5) 
m22-effective mass of the cone (inductor 22 of 

Fig. 5) 
(r25-resistance due to air load on the cone and 

dissipation in the suspension System 
(resistor 25 of Fig. 5). 

When the mechanical impedance Z2 equals the 
mechanical impedance -Z1 the Velocity equals 
zero. The compliance C23 is adjusted So that this 
occurs at approximately 2200 cycles for the 8'' 
cone hereinbefore referred to. 
Above this frequency, the velocity of the cone 

due to the high frequency coil increases, while 

3 
the velocity of the cone due to the low frequency 
coil decreases. The logical place to divide the 
current between the tWO coils is the point where 
the Velocity due to each coil is the same. This 
occurs at about 2,000 cycles to 2,500 cycles. The 
overlap region is given by: 

Xif=Xhf Eq. (4) 
The performance of this system may be sun 

marized theoretically by stating that at low fre 
quencies the heavy coil exerts the preponderant in 
fluence upon the cone. The compliant link causes 
this to be segregated from the cone at about 2,500 
cycies, just before the cone would ordinarily have 
a peak of resonance. Simultaneously, the phase 
relations between the heavy coil and the light coil 
are Such that their combined driving effort on the 
Cone is properly proportioned relative to the range 
above and below this frequency. At high fre 
quencies the light coil acts as the active driver. 
The high frequency range is limited only by the 
maSS of this coil, the mass of the cylinder by 
Which it is connected to the cone and the radia 
tion characteristic of the cone. Lightening the 
coil and cylinder therefore increases the high 
frequency range. 

Figure 6 illustrates a diaphragin to which the 
inventioi has been applied. It has been found de 
Sirable to fasten the voice coil leads to a part of 
the Vibratile System, Such as the apex portion of 
the diaphragm, as shown at 33 and 3. The leads 
for the low-frequency winding 6 are attached to 
the diaphragm by Suitable means 35 and the 
leads for the high-frequency winding are at 
tached to the diaphragm by attaching means 
S. If the leads, especially the leads for the high 
frequency Winding, are not Supported as at 3i, 
their naSS is added to the mass of the high-fre 
Cuency Winding and the riass of the portion of the 
WOice Coil form on which it is wound. This tends 
to increase the mass of the vibratile parts at tile 
higher frequencies to such an extent as to ma 
terially affect the high-frequency response. In 
Some instances it has been found desirable to 
increase the length of the portion of the coil form 
On which the high-frequency winding is Sup 
ported, and to attach the leads to the coil form 
between the winding and the diaphragm. Cara 
Should be taken, however, not to make the high 
frequency portion of the coil for in too long as 
this increases the mass of the parts vibrating at 
the higher frequencies. It is an object of the in 
Vention to reduce to a minimi in the mass of the 
parts which vibrate at the higher frequencies. 

It may also be found desirable to support the 
Voice coil leads on the Spider member. The Spider 
member is eSpecially adapted to Support the voice 
coil leads if it is arranged to extend from the 
diaphragm to the outer pole piece rather than 
to the inner pole piece as in Figure 1. 

In Winding the coils on the form it has been 
found desirable to first wind the copper coil, i. e., 
the low-frequency winding 3. The leads from the 
copper coil are brought out at an acute angle over 
the bead or coinpliant coupling 9 as shown at 40 
in Fig. 7. They are brought to a slot 4 in the 
coil form 3, where they are given a sharp turn 
and laid in the plane of the coil form as shown 
at 62, longitudinally in the slot 4. The light 
coil , i. e., the high frequency Winding, is then 
wound over the leads from the low frequency coil 
6. The acute angles formed as at 4, prevent the 
deformation of the compliant coupling or bead 9 
frolin causing sharp bends in the leads. Breakage 
of the leads is thereby a Voided, 
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rent flows in both coils. 

4. 
After the coils are wound, both of the coils and 

the bead or coupling 9 may be painted with 
thinned ambroid, or a similar type of varnish. 
The coil assembly is then cemented to the dia 
phragm in any approved manner, such as by 
means of suitable tabs formed on the cone. The 
leads inay then be secured in any approved nail 
ner, to the diaphragm, the coil form, the Spider 
member, or to any other part of the Vibratile SyS 
tem or to any other member, as desired. 

If it is desired to increase the stiffness of the 
bead or coupling 9, additional ambroid may be 
added or a shallower corrugation may be used. If 
it is desired to decrease the stiffness of the coul 
pling, less ambroid should be used Or a deeper 
corrugation should be made. It has been found 
that paper works very well as material for this 
purpose. Where greater strength is desirable 
metal such as duralumin and phosphorous bronze, 
may be used as the compliant coupling between 
the sections of the coil form. - 
Four leads may be brought out from the Wind 

ings 6 and , as shown in Fig. 6. However, it has 
been found that the mass of the vibratile System 
can be reduced by connecting corresponding ends 
of the two windings (assuming they are Wound 
in the same sense) to form a common terminal 
and to thereby reduce the leads to three in nuin 
ber. . - - 

In some instances the value of the condensei 
may be reduced fron One microfarad to One 

half or even one third of a microfarad. In gen 
eral, however, it is desirable to have the COIl 
dition 

1. a =2n fL-2arf Lif Eq. (5 2fO q. (5) 

Where 
Li-inductance of low frequency coil 
Lif-inductance of high frequency coil 
C-capacity of condenser 

exist with the value of -f- being substantially 
in the middle of the frequency range of the Over 
lap. The overlap region is given by 

Xif=Xif Eq. (4) 
To reduce the space occupied by the coils it is 

sometimes desirable to connect the two coils in 
series with a condenser shunting the heavy coil. 
The connection diagram is shown in Fig. 8. The 
two coils are wound in the same Sense and the end 
of the heavy coil is connected to the beginning of 
the light coil. At low frequencies the Same cur 

When the ultimate in 
low-frequency efficiency is desired, the resistance 
per unit length in each section should be made 
the same regardless of whether copper Or alumi 
num is used. Consider the circuit shown in Fig. 
8. The current in the heavy coil is given by 

E2. - law------- . (6 laziz, zz, Z.Z. Eq. (6) 
The current in the light coil is given by 

E(2-2) 
Iizzzzzz, Eq. (7) 

Z1=ZL--Zd, 
ZL=Impedance of light coil, 
ZG =Impedance of generator, 
Za=Impedance of heavy coil, 
Z3=Impedance of condenser. 
At the resonance frequency of the mass of the 

heavy section with the compliance, the velocities 
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of the two coils differ in phase by 180°. In order 
that the overlap frequency shall not show a dim 
inution in response with respect to the re 
mainder of the range, it is desirable that the 
phase in the two coils differ by a fairly large 
angle. Due to the relatively large inductance of 
the heavy coil with its large number of turns and 
the presence of the capacitor in parallel with this 
coil, together with the small inductance of the 
light coil makes it possible to obtain this result 
in practice. 
The force developed in the heavy coil is 

F1=BLI Eq. (8) 
B =flux density, 
l =length of wire in the heavy coil, 
I2=current in the heavy coil obtained from 

Equation (1). 
The force developed in the light coil is 

F2=Blli Eq. (9) 
where - 

B=flux density, 
l =length of Wire in the light coil, . . 
Il-current in the light coil from Equation (2). 
From a consideration of the foregoing equa 

tions, it is possible to choose the constants so that 
uniform response will result in the same manner 
as for the parallel connection of Fig. 2. 

It is to be understood that the apparatus and 
circuit diagrams Set forth and the constants re 
ferred to, are for explanation and illustration 
only and that many changes can be made in the 
apparatus, circuits and constants without depart 
ing from the Spirit and substance of the inven 
tion, the scope of which is to be limited only by 
the appended claims. 
What I claim is: 
1. A transducer comprising a frusto-conical 

diaphragm of Substantially uniform thickness and 
rigidity throughout its entire area, a coil form 
connected to said diaphragm at the Smaller base 
thereof by a connection which is effective in 
transmitting vibrations to substantially the same 
extent at all frequencies, a compliant coupling di 
Viding Said coil form into a pair of Sections, and a 
winding on each section. . . . . . 

2. A transducer comprising a conical dia 
phragm of substantially uniform rigidity through 
out its area, a coil form Secured to the apex por 
tion of Said diaphragm by a connection effective 
in transferring Vibrations at all frequencies, a 
Winding on Said form adjacent Said diaphragm, a 
second winding of more turns and of greater mass 
than the first mentioned winding spaced from 
the first mentioned winding, and a compliant 
coupling in the coil form betWeen Said Windings, 

3. A coil system for an electrodynamic acoustic 
device comprising a coil form, a pair of Windings 
on said form, and a compliance in Said form be 
tween said windings, said compliance having a 
relatively low mechanical impedance at fre 
quencies above approximately 2,500 cycles per sec 
ond and a relatively high mechanical impedance 
at frequencies below approximately 2,000 cycles 
per Second. 

4. A coil system for an electro-acoustical trans 
lating device comprising a pair of windings, a coil 
form section for each winding, and means physi 
cally connecting said coil form sections, said 
means being effective to transfer vibrations to 
Some extent at frequencies between 2,000 cycles 
and 2,500 cycles per second, effective to transfer 
substantially all vibrations at lower frequencies 
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2,007,748 
and substantially ineffective in transferring 
vibrations at higher frequencies, 

5. A transducer comprising a frusto-conical 
diaphragm substantially uniform in rigidity 
throughout its entire area, a coil form secured to 
the smaller base of Said diaphragm by a connec 
tion equally effective at all audio frequencies in 
transferring vibrations, a pair of Windings on said 
coil form, a compliant coupling in said form be 
tween said windings, and means providing a low 
impedance path for high frequency electrical va 
riations connected in shunt with One of said 
Windings. 

6. An electro-acoustical translating device conn 
prising a diaphragm, a voice coil form connected 
With Said diaphragm, a pair of windings on Said 
coil form, a compliant coupling in said coil form 
between Said Windings, One of said Windings hav 
ing such an electrical reactance that it offers a 
high impedance to frequencies above approxi 
mately 2,500 cycles per second and a lower im 
pedance to lower frequencies, and means con 
nected in circuit with the other winding, which 
in connection With said other winding, offers a 
high impedance to frequencies below approxi 
mately 2,000 cycles per second and a lower im 
pedance to higher frequencies. 

7. A voice coil system for electrodynamic acous 
tic apparatus comprising a coil form, a pair of 
windings on said form, a compliant coupling be 
tween said Windings, and connections and electri 
cal reactance means whereby the flow of alter 
nating currents at frequencies higher than 2,500 
cycles per second is materially less through one of 
said windings than the other, and the flow of al 
ternating currents at frequencies lower than 2,000 
cycles per second is materially less through the 
said other winding than the first-mentioned 
Winding. 

8. A transducer comprising a diaphragm, a 
voice coil form secured to Said diaphragm, a pair 
of windings on said form, connections and electri 
cal reactance means whereby there is a low im 
pedance path for bypassing high frequency alter 
nating currents around one of Said Windings and 
providing a low impedance path for low frequency 
alternating currents through the Said winding, 
said means permitting an Overlap of Said high 
and low frequencies over a band of approximately 
500 cycles, and a compliant area in Said coil form 
between said windings, said compliant area having 
a relatively high mechanical impedance at cer 
tain frequencies, a relatively low mechanical in 
pedance at certain other frequencies, and a mod 
erate value of mechanical impedance over a band 
of frequencies substantially the same as the band 
of frequencies of said overlap. 

9. A transducer comprising a diaphragm, a 
voice coil form secured to said diaphragm, a pair 
of Windings on said form, circuit arrangements 
whereby there is a larger flow of alternating cur 
rents above 2,500 cycles per second through. One 
of said windings than through the other and a 
larger flow of alternating currents below 2,000 cy 
cles per second through the said other winding 
than through the first-mentioned winding, Said cir 
cuit arrangements permitting an overlap through 
the band from approximately 2,000 cycles to 2,500 
cycles per second, and a compliant area in Said 
coil form between said windings, said compliant 
area being effective in transferring vibrations at 
frequencies below 2,000 cycles per Second, Substan 
tially ineffective in transferring vibrations at fre 
quencies above 2,500 cycles per second, and effec 
tive to a varying degree in transferring vibra 

5 
tions throughout the range between 2,000 and 
2,500 cyeles per second. 

10. A loudspeaker comprising a conical dia 
phragm of Substantially uniform rigidity through 
out its entire area, a voice coil form, a connection 5 
between said coil form and the apex portion of 
said diaphragm which is substantially equally ef 
fective in transferring vibrations at all audio fre 
quencies, a high frequency winding and a low 
frequency Winding On Said coil for n, a compliant 
coupling between said Windings, a condenser con 
nected in series with said high frequency wind 
ing, leads connecting said high frequency Wind 
ing and condenser in parallel with Said low fre 
quency winding, said low frequency Winding hav 
ing a high innipedance to high frequencies and 
said condenser and high frequency Winding hav 
ing a high innipedance to low frequencies, Said low 
and high frequencies having an overlap over a 
Small range of frequencies. 

11. A loudspeaker comprising a conical dia 
phragm, a voice coil form, a connection between 
Said coil form and the apex polition of Said dia 
phragm which is Substantially equally effective 
in transferring Vibrations at all audio frequen 
cies, a high frequency Winding and a low fre 
quency winding on said coil form, a compliant 
coupling between said Windings, a condenser con 
nected in Series with Said high frequency Winding, 
leads connecting Said high frequency Winding and 
condenser in parallel with said low frequency 
winding, said low frequency Winding having a 
high impedance to high frequencies and said con 
denser and high frequency winding having a high 
impedance to low frequencies, Said low and high 
frequencies having an overlap over a small range 
of frequencies, said windings and condenser being 
adjusted to resonate at the Overlap frequency. 

12. In an electrodynamic acoustic device, the 
combination of a diaphragm consisting Solely of 
a conical member of substantially uniform rigidity 
throughout its entire area, and a translating coil 
secured thereto, said translating coil comprising 
a plurality of turns of a Suitable conductor and a 
plurality of turns of a second conductor, a unit 
length of which has materially less mass than a 
unit length of the first-mentioned conductor, the 
plurality of turns of the Winding of less maSS 
being positioned between the diaphragm and the 
plurality of turns of the first-mentioned con 
ductor. 

13. A driving coil for vibrating the diaphragm 
of an electrodynamic loudspeaker, Said diaphragm 
consisting solely of a conical member of substan 
tially uniform rigidity throughout its entire area, 
comprising a plurality of turns of conductive ma 
terial arranged so that the greatest mass is 
located at the end of the coil farthest from the 
diaphragm. 

14. A driving coil for vibrating the diaphragm 
of an eiectrodynamic loudspeaker, said diaphragm 
consisting solely of a conical member of Substan 
tially uniform rigidity throughout its entire area, 
comprising a plurality of sections, the first Section 
consisting of a large number of turns distributed 
over a comparatively small area, the Second Sec 
tion consisting of a small number of turns dis 
tributed over an area, which is large compared to 
the area occupied by a similar number of turns 
in the first mentioned Section. 

15. A driving coil of the type described in claim 
14 in which the second mentioned Section is 
arranged between the first mentioned Section and 
the diaphragm. 
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16. A loudspeaker comprising a sound wave 

producing device constructed and arranged for 
reproducing all frequencies within the audio fre 
quency range, said device having the shape of a 

5 frustum of a cone, a voice coil form, a connection 
between the smaller base of the cone and the 
voice coil form which is substantially equally 

effective in transferring vibrations at all audio 
frequencies, a compliance dividing said coil form 
into sections, a winding on each -section, and 
electrical filtering means associated with one of 
said Windings. . . . 

HARRY F. OLSON. 
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