(D) Lens A has a magnification (Eq. 23-9)
dia 30.0cm
=—-——=- = —0.500.
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Thus, the first image is inverted and is half as high as the object (again Eq. 23-9):

his = mahos = —0.500h,, .
Lens B takes this image as object and changes its height by a factor
dig 50.0 cm
mp — —5g =

dnl} 50.0cm

The second lens reinverts the image (the minus sign) but doesn’t change its
size. The final image height is (remember A, is the same as h;,)

= —1.000.

Total magnification is
g = mphyg = mphys = mpmy hos = {mml.‘,,)h‘m.

Mol = Mip Mp
The total magnification is the product of m, and my;, which here equals m ., =
many = (—1.000)(—0.500) = +0.500, or half the original height, and the
final image is upright.
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Measuring f for a diverging lens. To measure the focal
length of a diverging lens, a converging lens is placed in contact with it, as
shown in Fig. 23-42. The Sun’s rays are focused by this combination at a
point 28.5 cm, behind the lenses as shown. If the converging lens has a focal
length f- of 16.0cm. what is the focal length f, of the diverging lens?
Assume both lenses are thin and the space between them is negligible.

APPROACH The image distance for the first lens equals its focal length
(16,0 cm) since the object distance is infinity (oc). The position of this image,
even though it is never actually formed, acts as the object for the second
(diverging) lens. We apply the thin lens equation to the diverging lens to find
where the final image is.

SOLUTION Rays from the Sun are focused 28.5 cm behind the combination,
so the focal length of the total combination is f; = 28.5cm. If the diverging
lens was absent, the converging lens would form the image at its focal
point—that is, at a distance fe- = 16.0cm behind it (dashed lines in
Fig. 23-42). When the diverging lens is placed next to the converging lens, we
treat the image formed by the first lens as the object for the second lens. Since
this object lies to the right of the diverging lens, this is a situation where d, is
negative (see the sign conventions, page 651). Thus, for the diverging lens, the

object is virtual and d, = —16.0cm. The diverging lens forms the image of
this virtual object at a distance d; = 28.5cm away (this was given). Thus,
l 1 1 | 1

= — = + = —0.0274cm™".
fo d, d —160cm 285cm em

We take the reciprocal to find f, = —1/(0.0274cm™) = =36.5cm.

NOTE If this technique is to work, the converging lens must be “stronger”
than the diverging lens—that is, it must have a focal length whose magnitude
is less than that of the diverging lens.
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