FIGURE 23-10 If the object’s
distance is large compared to
the size of the mirror (or lens),
the ravs are nearly parallel. They
are parallel for an object at
infinity (o).
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FIGURE 23-11 Parallel rays
striking a concave spherical mirror
do not focus at precisely a single
point. (This “defect” is referred to
as “spherical aberration.”)

FIGURE 23-12 Rays parallel to
the principal axis of a concave
spherical mirror come to a focus at F,
the focal point, as long as the mirror
is small in width as compared to its
radius of curvature, r, so that the
rays are “paraxial"—that is, make
only small angles with the axis.
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These rays strike the

mirror, and they are
essentially parallel.

Focal Point and Focal Length

To see how spherical mirrors form images, we first consider an object that is
very far from a concave mirror. For a distant object, as shown in Fig. 23-10,
the rays from each point on the object that strike the mirror will be nearly
parallel. For an object infinitelv far away (the Sun and stars approach this),
the rays would be precisely parallel. Now consider such parallel rays falling
on a concave mirror as in Fig. 23-11. The law of reflection holds for each of
these rays at the point each strikes the mirror. As can be seen, they are not
all brought to a single point. In order to form a sharp image, the rays must
come to a point. Thus a spherical mirror will not make as sharp an image as
a plane mirror will. However, as we show below, if the mirror is small
compared to its radius of curvature, so that a reflected ray makes only a
small angle with the incident ray (20 in Fig. 23-12), then the ravs will cross
each other at very nearly a single point, or focus. In the case shown in
Fig. 23-12, the rays are parallel to the principal axis, which is defined as the
straight line perpendicular to the curved surface at its center (line CA in the
diagram). The point F, where incident parallel rays come to a focus aflter
reflection, is called the focal point of the mirror. The distance between F and
the center of the mirror, length FA| is called the focal length, f, of the
mirror. The focal point is also the image point for an object infinitelv far away
along the principal axis. The image of the Sun, for example, would be at F.

Now we will show, for a mirror whose reflecting surface is small compared
to its radius of curvature, that the rays very nearly meet at a common point, F,
and we will also calculate the focal length f. Tn this approximation, we consider
only rays that make a small angle with the principal axis; such rays are called
paraxial rays, and their angles are exaggerated in Fig. 23-12 to make the labels
clear, First we consider a ray that strikes the mirror at B in Fig. 23-12. The point
C is the center of curvature of the mirror (the center of the sphere of which the
mirror is a part). So the dashed line CB is equal to r, the radius of curvature,
and CB is normal to the mirror’s surface at B. The incoming ray that hits the
mirror at B makes an angle 6 with this normal, and hence the reflected ray,
BT also makes an angle # with the normal (law of reflection). Note that angle
BCF is also # as shown, The triangle CBF is isosceles because two of its
angles are equal. Thus we have length CF = BF. We assume the mirror
surface is small compared to the mirror’s radius of curvature, so the angles are
small, and the length FB is nearly equal to length FA. In this approximation,
FA = FC. But FA = f, the focal length, and CA =2 X FA = r. Thus the
focal length is half the radius of curvature:

r
f= 5 (23-1)

We assumed only that the angle # was small, so this result applies for all other
incident paraxial rays. Thus all paraxial rays pass through the same point F.

Since it is only approximately true that the rays come to a perfect focus at F,
the more curved the mirror, the worse the approximation (Fig. 23-11) and the
more blurred the image. This “defect” of spherical mirrors is called spherical
aberration; we will discuss it more with regard to lenses in Chapter 25. A
parabolic reflector, on the other hand, will reflect the rays to a perfect focus.
However, because parabolic shapes are much harder to make and thus much
more expensive, spherical mirrors are used for most purposes. (Many astronom-
ical telescopes use parabolic reflectors.) We consider here only spherical mirrors
and we will assume that they are small compared to their radius of curvature so
that the image is sharp and Eq. 23—1 holds.
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