2.21. Cone-Surface Source.26—The directional characteristics?? of a
paper or felted paper cone used in the direct radiator-type loudspeaker
may be predicted theoretically from the dimensions and shape of the cone
and the velocity of sound propagation in the material. For this type of
analysis the cone is divided into a number of ring-type radiators as shown
in Fig. 2.24. The dimension of the ring along the cone should be a small

26 Carlisle, R. W., Jour. Acous. Soc. Amer., Vol. 15, No. 1, p. 44, 1943.

27 The analysis in this section assumes that there is no reflected wave at the outer
boundary. In order to obtain a uniform response frequency characteristic the reflected
wave must be small. If the reflected wave is small, the effect upon the directional
pattern may be neglected. ;
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fraction of the wavelength of sound in the paper. The output of the cone
at any angls is the vector sum of the vectors dg, A1, dz. .. A4 where the
A’s are the amplitndes of the individual rings.

The phase angie of the amplitede of the fivst ring is

=10 2.38
The phase angle of the amplitude of the second rng is
_afd Iy
ﬂ_‘[ = ZH(E - E) Lt i B 237

The phase angle of the amplitude of the third ring is

g fhtd: D1+ D
0 = 2n(Bt 2 DLt oo .38
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Frc. 2.24. CGeometry for cbiaining the directional pattern of a cone-type radiator.

The phase angle of the amplitude of the nth ring is

Hﬂ=2ﬂ(d1+tfg...tiﬂ_ﬂl—l-ﬂz,,,ﬂﬂ)cus“ 2 15
JLA Ap
where dy, ds, . . . = axial distances shown in Fig. 2.24 in centimeters, and
M, I, .. . = distanees along the cone shown in Tig. 2.24 in centi-
meters,

A4 = wavelength of sound in air, in centimeters,
Ap = wavelength of the sound in the paper cone, in centi-
meters, aid
« = angle between the axis of the cons and the lne joining
the observation point and the center of the first ring.

The 1elative amplitude of the vector 4. is given by
A Ban BT (21’:” i cs) 2.40

where #n — radivs of the #th ring, in centimeters,
Dy == width of the nth ring along the cone, in centimeters,
A4 = wavelengih of sound in air, In centimeters,
&« — angle between the axis of the cone and the line joining the
observation point and the center of the conc, and
Jo = Bessel function of zero order.
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The directional characteristic of the cone is

K=n K=n
D Agcosfx —j > AgsinOg
__K=0 K—0

R, = 2.41

K=n
2, 4x
E=0

where R, = ratio of the pressure for an angle o to the pressure for an angle
e =0

A consideration of equation 2.41 shows that the directional pattern is
a function of the frequency and becomes sharper as the frequency increases.
For a particular frequency, cone angle, and material the directional patterns
are practically similar for the same ratio of cone diameter to wavelength.
For a particular frequency and the same cone material the directional
pattern becomes broader as the cone angle is made larger. For a particu-
lar frequency and cone angle the directional pattern becomes broader as
the velocity of propagation in the material decreases (see Sec. 6.2).



