Convex Mirrors ; /
The analysis used for concave mirrors can be applied to convex mirrors. Even =

the mirror equation (Eq. 23-2) holds for a convex mirror, although the quanti- A
ties involved must be carefully defined. Figure 23-17a shows parallel rays

falling on a convex mirror. Again spherical aberration will be present

(Fig. 23—11), but we assume the mirror’s size is small compared to its radius of (a) f—f—
curvature. The reflected rays diverge, but seem to come from point F behind the

mirror. This is the focal point, and its distance from the center of the mirror is g1

the focal length. f. Tt is easy to show that again f = r/2. We see that an object 3 ~

at infinity produces a virtual image in a convex mirror. Indeed, no matter where 2 } :-:_“ ~
the object is placed on the reflecting side of a convex mirror, the image will be \ F c
virtual and upright, as indicated in Fig. 23-17b. To find the image we draw rays | ! .‘

and 3 according to the rules used before on the concave mirror, as shown in (b) |—dy—|~d,

Fig. 2:”4—]?b.'Nt)te that alr:huugh rays 1 and 3 don’t actually pass through points F FIGURE 23-17 Convex mirror-
and C, the [mc along w:hu:h cach is drawn does (shown dan‘lcd). ‘ (a) the focal point is at F. behind
The mirror equation, Eq. 23-2, holds for convex mirrors but the focal (he mirror; (b) the image 1 of
length f must be considered negative, as must the radius of curvature. The proof  the object at O is virtual, upright.
is left as a Problem. It is also left as a Problem to show that Eq. 23-3 for the  and smaller than the object. [Not to
magnification is also valid. scale for Example 23-4.]

Spherical Mirrors

1. Always draw a ray diagram even though you 3. Sign Conventions
are going to make an analytic calculation—the (a) When the object, image, or focal point is on the
diagram serves as a check, even if not precise. reflecting side of the mirror (on the left in our
From one point on the object, draw at least two, drawings), the corresponding distance is positive,
preferably three, of the easy-to-draw rays using If any of these points is behind the mirror (on the
the rules described in Fig. 23-13. The image point right) the corresponding distance is negative.”
is where the reflected rays intersect or appear to (b) The image height h; is positive if the image is
intersect. upright, and negative if inverted, relative to the

2. Apply the mirror equation, Eq. 23-2, and the object (/, is always taken as positive).
magnification equation, Eq. 23-3. It is crucially 4. Check that the analytical solution is consistent with
important to follow the sign conventions—next point. the ray diagram.

"Object distances are positive for material objects, but can be negative in systems with more than one mirror or lens—see Section 23-9.
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is convex with a radius of curvature of 16.0 m (Fig. 23-18). Determine the loca- Convex rearview mirror
tion of the image and its magnification for an object 10.0m from the mirror,
APPROACH We follow the steps of the Problem Solving Box explicitly. FIGURE 23-18 Example 23-4.

SOLUTION (1) Draw a ray diagram: The ray diagram will be like Fig. 23-17,
but the large object distance (d, = 10.0 m) makes a precise drawing difficult.
We have a convex mirror, so r is negalive by convention.

(2) Mirror and magnification equations: The center of curvature of a convex

mirror is behind the mirror, as is its focal point, so we set r = —16.0m so
that the focal length is [ = r/2 = —8.0m. The object is in front of the
mirror, d, = 10.0 m. Solving the mirror equation, Eq. 23-2, for 1/d; gives
i 1+ 1 1 -100-80 18
d f d, —80m 10.0m 80.0 m 80.0m
Thus d; = —80.0m/18 = —4.4 m. Equation 23-3 gives the magnification
4 (—44m) 1044 o
" d,  (100m)

(3) Sign conventions: The image distance is negative, —4.4 m, so the image is
behind the mirror. The magnification is m = +0.44, so the image is
upright (same orientation as object) and less than half as tall as the object.

(4) Check: Our results are consistent with Fig. 23—17b.
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