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3 Claims. (Cl. 181-3i) 

The present invention relates to loudspeakers. 
In the specification of my British Patent No. 769,204 

there is described a loudspeaker of novel construction and 
that specification is concerned with reproduction of inter 
mediate and low frequencies. 
One of the difficulties met with in reproducing the high 

est frequencies, and to a lesser extent also the intermedi 
ate frequencies, arises from the focusing effect of the dia 
phragm which radiates the sound. It is known that when 
the dimensions of the diaphragm, or that part thereof 
which is effective at any frequency, are comparable with 
the wavelength corresponding to that frequency, inter 
ference effects produce a concentration of sound intensity 
around the axis of the diaphragm. 
The original source of all signals which have to be re 

produced by a loudspeaker is a microphone. The wave 
form generated by a microphone contains not only a rep 
resentation of the sound waves reaching it directly from 
a source, such as a musical instrument, but also representa 
tions of reflections of the sounds from the source from 
the boundaries of the space in which the source is located. 
For satisfactory sound reproduction it is, therefore, neces 
sary to convert the signal waveform into sound waves all 
the frequency components of which are radiated in all 
directions, or at least over a wide angle. 
The present invention has for its principal object to 

apply these considerations to improving sound reproduc 
tion, and, as one important step in such improvement, to 
reduce the directional effects at the higher frequencies. 
According to the present invention there is provided a 

loudspeaker comprising two or more separately driven 
diaphragms arranged to reproduce different parts of the 
acoustic frequency range, these diaphragms being dis 
posed at least approximately in axial alignment. 
The axis of a diaphragm is a line from its center in the 

direction of its vibration and axial alignment of the dia 
phragms therefore means that their axes are coincident. 
The diaphragms should be arranged to be energized in 

phase, that is to say in such a manner that in response to 
a unidirectional transient they move in the same direc 
tion, that is, the diaphragms are driven in the same direc 
tion in space. 

According to a subsidiary feature of the invention the 
loudspeaker comprises a radiator of the low acoustic fre 
quencies of approximately cylindrical, frusto-conical, or 
flattened cylindrical or frusto-conical shape, so arranged 
in relation to the aforesaid diaphragms that the axis of the 
diaphragms passes eccentrically through the said radiator. 
The invention will be described by way of example with 

reference to the accompanying drawing in which 
FIGURE 1 is a view in sectional elevation of one em 

bodiment of the invention, FIGURE 2 is a plan view in 
Section on the line I-II of FIGURE 1 to a reduced scale. 

In the drawing a cabinet has an upper wall 10, a lower 
wall 11 and joining these walls a wall 12 of flattened frus 
to-conical shape. The upper part of the cabinet is di 
vided by two vertical transverse walls 13 and 14, a hori 
zontal transverse wall 15 and an inclined wall 16, all these 
walls extending from front to back of the wall 12. 

In the upper wall 10 are formed apertures 17 and 18. 
In aperture 18 is mounted a first loudspeaker unit 19 hav 
ing a diaphragm 20 and a driving electromagnet 2. 
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Three loudspeaker units 22, 23 and 24 of the same con 
struction as the unit 19 but of progressively smaller size 
are mounted in and over the aperture 17. Thus the unit 
22 is mounted in the aperture 17, the unit 23 is supported 
by brackets 25 above and in axial alignment with the unit 
22, and the unit 24 is supported by brackets 26 between 
and in axial alignment with the units 22 and 23. The dia 
phragms of units 19, 22 and 24 face upward and that of 
the unit 23 faces downward. 

in one example, the diaphragm of the first unit 19 has 
a diameter of about 11 inches, that of the second unit 22 
a diameter of about 10 inches and an axial height of 
about 4 inches, the diaphragm of the third unit 23 has a 
diameter of about 5 inches and an axial height of about 2. 
inches, and that of the fourth unit 24 a diameter of about 
2 inches and an axial height of about 1 inch. The four 
units are designed to operate over approximately the 
ranges 30 to 200, 200 to 1000, 1000 to 5000, and 5000 
upward respectively, and suitable cross-over networks are 
provided in order to feed to each unit the appropriate 
part of the frequency range. The mouths of the dia 
phragms of the second and third units 22 and 23 are 
spaced apart by about 5 inches, and the mouths of the 
diaphragms of the third and fourth units 23 and 24 aire 
spaced apart by about 2% inches. A circular baffle 27 
about 3% inches in diameter is supported by brackets 28 
about 34 inches in front of the mouth of the diaphragm 
of the first unit 19. Thus it will be noted that the second 
and third units and the third and fourth units are spaced 
apart by a distance less than the diameter of the larger, 
that is the diameter of the second and third units re 
spectively. - 

Over the upper wall 10 and enclosing the third and 
fourth units 23, 24, which project above the wall 10, is 
a cover 29 having honeycomb walls. These walls may 
be formed of approximately horizontal and vertical slats 
30 and 31. The openings may be covered with dust-proof 
fabric (not shown). 
The cross-over networks operate to prevent all signals 

cutside a given band from reaching a given units. As is 
known there is always a slight overlap between the adja 
cent frequency bands in the outputs of such cross-over 
networks. Diaphragms reproducing adjacent and over 
lapping bands of frequencies are driven in such a manner 
as to be in phase at the frequencies in the overlapping 
regions, that is, the diaphragms are driven in the same 
direction in space; the purpose in driving the diaphragms 
in phase in the overlapping frequency regions is to re 
duce directional effects by reducing the cancellation of 
sound waves that occur when diaphragms are driven in 
opposing phase. The arrangement of the second, third 
and fourth units 22, 23 and 24 in axial alignment serves 
to mask sounds of frequencies above the range proper to 
each of the second and third units. Moreover, the dis 
position of these diaphragms results in avoidance of focus 
ing effects. 

Aithough examples of dimensions and spacings for the 
second, third and fourth units have been given, in prac 
tice the spacings are so adjusted that all frequencies within 
the acoustic range of the loudspeaker are radiated in all 
directions around, and also through an angle above and 
below horizontal, at approximately uniform intensity. 
The unit 49 is loaded by the chamber 33 between the 

walls 12 and 14, 15 and 11 and 12 and 16, the cross 
sectional area of this chamber decreasing in a direction 
away from the unit 19. The chamber preferably termi 
nates in an aperture 34. The unit 22 is loaded by a cham 
ber 35 between the wall 16 and a further transverse wall 
36 and between the wall 36 and the wall 13, this chamber 
preferably terminating in an aperture 37. 
The side wall 12 of the loudspeaker constitutes the 
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main radiator of the lowest frequencies and it is noted 
that this wall is of approximately flattened frusto-conical 
shape and that the aligned axes of the second, third and 
fourth diaphragm. pass eccentrically through this radiator. 
A greater number of apertures or vents 34, 37 than 

shown may be desirable and it has been found that the 
reproduction of the lowest frequencies can be improved 
by covering these vents with soft material, such as foam. 
rubber, which may be about 7% inch thick. 

I claim: 
1. A loudspeaker having three frusto-conical dia 

phragms for reproducing Iow, medium, and high frequen 
cies respectively and of large, medium and small diameter 
respectively, loading means for said large diameter dia 
phragm comprising a chamber and partitions in said cham 
ber defining a nearly closed passage of cross-section de 
creasing in a direction away from said large diameter dia 
phragm, said chamber having boundaries including an 
apertured end wall and flexible side walls for radiating 
said low frequencies, said large and medium-diameter 20 
diaphragms being mounted in apertures in said end wall, 
means supporting said Small diameter diaphragm from 
said end wall substantailly coaxial with and spaced from 
said medium diameter diaphragm with the concave sides 
of said small and medium diameter diaphragms facing 
one another, and three independently energizable elec 
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tromagnetic driving means coupled to said three dia 
phragms respectively. 

2. A loudspeaker according to claim comprising with 
in said chamber further partitions defining a further load 
ing passage extend from the convex side of said medium 
diameter diaphragm and having a cross-section decreas 
ing progressively in a direction away from the medium 
diameter diaphragm. 

3. A loudspeaker according to claim 1 comprising a 
baffle of diameter substantially smaller than that of said 
large-diameter diaphragm and means for fixedly support 
ing said baffle spaced from and on the concave side of 
said large-diameter diaphragm. 
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