«4  Figure 34-32 shows an overhead view of a corridor with a
plane mirror M mounted at one end. A burglar B sneaks along the
corridor directly toward the center of the mirror. If @ =3.5 m, how
far from the mirror will she be when the security guard § can first see
her in the mirror?

Fig. 34-32 Problem 4.
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mation, including whether the image
is (e) real (R) or virtual (V) and (f) on
the same side of the surface as object -
O or on the opposite side,

*39 In Fig. 34-37, a beam of paral-
lel light rays from a laser is incident Fig. 34-37 Problem 39.
on a solid transparent sphere of index of refraction n. (a) If a point
image is produced at the back of the sphere, what is the index of re-
fraction of the sphere? (b) What index of refraction, if any, will pro-
duce a point image at the center of the sphere?
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«47 A lens is made of glass having an index of refraction of 1.5,
One side of the lens is flat, and the other is convex with a radius of
curvature of 20 cm. (a) Find the focal length of the lens, (b) If an
object is placed 40 cm in front of the lens, where is the image?



«43 A movie camera with a (single)
lens of focal length 75 mm takes a pic-
ture of a person standing 27 m away.
If the person is 180 cm tall, what is the 400 .
height of the image o the film? .

Fig. 34-39 Problem 42.

«88 If the angular magnification of an astronomical telescope is 40
and the diameter of the objective is 75 mm, what is the minimum di-
ameter of the eyepiece required to collect all the light entering the
objective from a distant point source on the telescope axis?

*82 ssm  In a microscope of the type shown in Fig. 34-20, the
focal length of the objective is 4.00 cm, and that of the eyepiece is
8.00 ¢m. The distance between the lenses is 25,0 cm, (a) What is the
tube length 57 (b) If image 7 in Fig, 34-20 is to be just inside focal
point I}, how far from the objective should the object be? What then
are (c) the lateral magnification m of the objective, (d) the angular
magnification m, of the eyepiece, and (e) the overall magnification
M of the microscope?
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Fig. 34-20 A thin-lens representation of a compound microscope (not to scale). The
objective produces a real image [ of object € just inside the focal point F) of the eyepiece,
Image [ then acts as an object for the eyepiece, which produces a virtual final image I that
is seen by the observer. The objective has focal length f;,; the eyepicce has focal length f,;
and 5 is the tube length.



=81 ssp  Figure 34-46a shows the basic structure of a human
eye. Light refracts into the eye through the cornea and is then
further redirected by a lens whose shape (and thus ability to fo-
cus the light) is controlled by muscles. We can treat the cornea
and eye lens as a single effective thin lens (Fig. 34-46b). A “nor-
mal” eye can focus parallel light rays from a distant object O to a
point on the retina at the back of the eye, where processing of
the visual information begins. As an object is brought close to
the eye, however, the muscles must change the shape of the lens
so that rays form an inverted real image on the refina (Fig.
34-46¢). (a) Suppose that for the parallel rays of Figs. 34-464 and
b, the focal length f of the effective thin lens of the eye is 2.50
cm. For an object at distance p = 40.0 cm, what focal length f’ of
the effective lens is required for the object to be seen clearly? (b)

Must the eye muscles increase or decrease the radii of curvature of
the eye lens to give focal length f'?
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103 ssm  Two thin lenses of focal lengths f; and f; are in contact.
Show that they are equivalent to a single thin lens for which the fo-

cal length is f = fifil(f; + fo).



112  You look down at a coin that lies at the bottom of a pool of
liquid of depth d and index of refraction n (Fig. 34-56). Because
you view with two eyes, which intercept different rays of light
from the coin, you perceive the coin to be where extensions of the
intercepted rays cross, at depth d, instead of d. Assuming that the
intercepted rays in Fig. 34-56 are close to a vertical axis through
the coin, show that o, = dfn. (Hint: Use the small-angle approxi-
mation sin § = tan 8§ = 4.)
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Fig. 34-56 Problem 112,



