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ith the ellipse. ii can be shown that the lilies = ±a/e act as direc
the hyperbola and that

PF = e PD1 and PF, = e P1)2.

any point on the hyperbola, F1 and F2 are the foci, and D and B0
)ints nearest P on the (lirectrices (Fig. 1(1.11).
)mplete the picture, we now define the eccentricit of a parabola
1. Equations (17). (18), and (20) then have the common form
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:entricity of a parabola is e = 1.

‘focus—directrix” equation PF = e P1) unites the parabola, el
hyperbola in the following way. Suppose that the dish flee PF ofa
Mn a fixed point F (the focus) is a constani multiple of its distance
ed line (the directrix). That is.., suppose

I’F = e P1)

the constant of proportionality. Then t lie path traced by P is
bolaife = I
ce of eccentricity e if e < I, and
bola of eccentricity r if e > I.

ion (21) may not look like much to get exciied about. There are
iates in it and when we try to translate it into coordinate form it_I.n different ways, depending on the numerical size of e. At least,
[t happens in the Cartesian plane. However, in the polar coordij
,as we shall see in Section 10.7. the equation PF = e PD trans
single equation regardless of the size of,’. an equation so simpL
been the equation of choice for astronomers and space scientists
300 years.

Like the parabola, ellipses and hyperbolas have reflective properties that
are iniportant in science and engineering, if an ellipse is revolved about its
major axis to generate a surface (the surface is called an ellipsoid), and the
interior is silvered to prodtice a mirror, light from one focus will be re
flected to the other focus (Fig. 10.12). Ellipsoids reflect sound the same way.
and this property is used to construct whispenng galleries, rooms in which a
person standing at one flicus can hear a whisper from the other focus. Ellip
soids also appear in instruments used to study aircraft noise in wind tunnels
(sound at one LOULIS can be received at the other focus with relatively little
interference from other sources).

Light directed ioward one foctis of a hyperbolic mirror is reflected to
ward the other Ibetis (Fig. 10.13). Ibis property of hyperbolas is combined
with the reflecilve properties of parabolas and ellipses in designing modern
telescopes (Fig. 10.14)

10.14 In this schematic drawing of a
reflecting telescope, starlight reflects off
a primary parabolic mirror toward the mir
ror’s focus F,. It is then reflected by a small
hyperbolic mirror, whose focus is FH = F,,
toward the second focus of the hyperbola,
F[ = FH. Since this focus is shared by an
ellipse, the light is reflected by the elliptical
mirror to the ellipse’s second focus to be seen
by an observer.

Reflective Properties

tuary Hall in the U.S. capitol building is
Iliptical. A person standing at one focus
.n carry on a whispered conversation with
jiorteone at the other focus even when the
room is noisy.
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10.13 In this profile of a hyperbolic
mirror, light coming toward focus F1 is
reflected toward focus F,.
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