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34.65 «» A telescope is constructed from two lenses with focal
lengths of 95.0 cm and 15.0 em, the 95.0-cm lens being used as the
objective. Both the object being viewed and the final image are at
infinity. {a) Find the angular magnification for the telescope. (b)
Find the height of the image formed by the objective of a building
60.0 m tall, 3.00 km away. {c) What is the angular size of the final
mage as viewed by an eye very close to the eyepiece?

38,66 ++ Saturn is viewed through the Lick Observatory refract-
ing telescope (objective focal length 18 m), If the diameter of the
image of Saturn produced by the chjective is 1.7 mm, what angle
does Saturn subtend from when viewed from earth?

34.67 «» A reflecting tele-

scope (Fig. E34.67) is to be Figure E34.87

made by using 2 spherical mir-
ror with a radius of curvature of
1.30 m and am eyepiece with a
focal length of 1,10 c¢m. The
final image is at infinity. (a)
What should the distance be-
tween the eyepiece and the mir-
ror vertex be if the object is
taken to be at infinity? (b) What
will the angular magnification be?

PROBLEMS

34,68 + Where must you place an object in front of a concave
mirror with radius R so that the image is erect and 2% times the size
of the object? Where is the image?

34,69 « I you run away from a plane mirror at 3.60 m/s, at what
speed does your image move away from you?

34.70 - An object is placed between two plane mirrors arranged
at right angles to cach other at a distance ) from the surface of one
mirror and a distance dy {rom the other. (2) How many images are

formed? Show the location of the images in a diagram. (b) Draw'

the paths of rays from the object to the eyé of an observer,
34.71 ++ What is the size of the smallest vertical plane mirror. m
which a woman of height A can see her full-length image? -

34.72 + Alight bulb is 3.00 m from a wall. You are to use a conﬁ' :
cave mirror to project an image of the bulb on the wall, w:th the’
image 2.25 times the size of the object. How far should lhe mirror .

be from the wall? What should its radius of curvature. be? . "

34.76 ++ A layer of benzene (2 = 1.50) 4.20 cm deep floats on
water {n = 1.33) that is 6.50 cm deep. What is the apparent dis-
tance from the upper benzene surface to the bottom of the water
layer when it is viewed at normal incidence?

34.77 ++ CP CALE You are in your car driving on a highway at
25 m/s when you glance in the passenger-side mirror (a convex
mirror with radius of curvature 150 cm) and notice a truck
approaching, If the image of the truck is approaching the vertex of
the mirror at a speed of 1.9 m/s when the truck is 2.0 m from the
miryor, what is the speed of the truck relative to the highway?
34.78 ++ Figure P34.78 shows a small plant near a thin lens. The
ray shown is one of the principal rays for the lens. Each square is
2.0 em along the horizontai direction, but the vertical direction is
not to the same scale. Use information from the diagram for the
following: (a} Using only the ray shown, decide what type of lens
{converging or diverging) this is. (b) What is the focal length of the
lens? (c) Locate the image by drawing the other two principal rays.
{d) Calculate where the image should be, and compare this result
with the graphical solution in part (c).

Figure P34.78
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34.78 »« Pinhole Camera. A pinhole camera is just a rectangu-
lar box with a tiny hole in one face. The film is on the face opposite
this hole and that is where the image is formed. The camera forms

_an 1mage wttkout a lens. (a) Make a clear ray diagram to show how
-;_:a pmho[ 'camera can form an 1mage on the film without using 2

34.73 «+ Aconcave mirror is to form an image of the filamerit of' &
headlight lamp on a screen 8.00 m from the mirror. The filamentis ' p;

6,00 mm tall, and the image is to be 24.0 em tall, {a) How far in

front of the vertex of the mirror should the filament be' p}aced" '

{b) What shouid be the radius of curvature of the mirror? -~

34.74 ++ Rear-View Mirror. A mirror on the passénger side of
: sphere in order for paraxial rays from an infinitely distant object to

your car is convex and has a radius of curvature with magnitude
18.0 em. {a) Another car is behind your car, 9.00 m from the mir-
ror, and this car is viewed in the mirror by your passenger. If this
car is .3 m tall, what is the height of the image? (b) The mirror
has a warning attached that objects viewed in it are closer than
they appear. Why is this so?

34.75 + Suppose the lamp filament shown in Example 34.1 (Sec-
tion 34.2) is moved to a position 8.0 ¢cm in front of the mirror,
{a) Where is the image located now? Is it real or virtaal? (b) What is
the height of the image? Is it exect or inverted? (¢) In Example 34.1,
the filament is 10.0 em in front of the mirror, and an image of the la-
ment is formed on a wall 3.00 m from the mirror. I the filament is
8.0 em from the mirror, can & wall be placed so that an image is
formed on it? If so, where should the wall be placed? i not, why not?

be brought to: a focus at the vertex of the surface opposite the point
of-incidence? - -

34, 82__ ¢+2A Glass Rod. Both ends of a glass rod with index of
refraction - 1.60 are ground and polished to convex hemispherical
surfaces. The radius of curvature at the left end is 6.00 cin, and the
radius of curvature at the right end is 12.0 cm. The length of the rod
between vertices is 40.0 cm, The object for the surface at the left
end is an arrow that lies 23.0 cm to the left of the vertex of this
surface. The arrow is 1.50 mm tall and at right angles to the axis.
(a) What constitutes the object for the surface at the right end of
the rod? (b) What is the object distance for this surface? (c) Is the
object for this surface real or virtual? (d) What is the position of
the final image? (e} Is the final image real or virtual? Is it erect or




inverted with respect to the original objeci? (f) What is the height
of the final image?

34.83 »+ The rod in Problem 34.82 is shortened to a distance of
25.0 cm between its vertices; the curvatures of its ends remain the
same. As in Problem 34.82, the object for the surface at the left end
is an arrow that lies 23.0 cm to the left of the vertex of this sueface.
The arrow is 1.50 mm tall and at right angles to the axis, (a) What
is the object distance for the smrface at the right end of the rod?
{b) Is the object For this surface real or virtual? {c) What is the
position of the final image? (d) Is the final image real or virtual? Is
it erect or inverted with réspect to the original object? () What is
the height of the final image?

34.84 + Figure P34.34 shows an object and its image formed by a
thin lens. (a}) What is the focal lengih of the lens, and what type of
lens (converging or diverging) is it? (b) What is the height of the
image? Is it real or virtual?

Figure P34.84
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34.85 + Figure P34.85 shows an object and its image formed by a
thin lens. (a) What is the focal length of the fens, and what type of
lens (converging or diverging) is it? (b) What is the height of the
image? Is it real or virtual?

Figure P34.85
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34.88 «»+ Atransparent rod 30.0 cm long is cut flat at one end and
rounded o a hemispherical surface of radius 10.0 em at the other
ead. A small objeet is embedded within the rod along its axis and
haifway between its ends, 15.0 cm from the flat end and 15.0 ¢m
from the vertex of the curved end. When viewed from the Rat end
of the red, the apparent depth of the object is 8.50 cm from the flat
end. What is its apparent depth when viewed from the curved end?
34.87 « BiB Focus of the Eye. The comea of the eye has a
radius of curvature of approximately 0.50 cm, and the aqueons
humor behind it has an index of refraction of 1.35. The thickness
of the comnea itself is small enough that we shall neglect it. The
depth of a typical human eye is around 25 mm, {a) What would
have to be the radius of curvature of the comea so that it alone
would focus the image of a distant mountain on the retina, which is
&t the back of the eye opposite the cornea? (b) If the comea
focused the mountain correctly on the retina as described in part
(), would it also focus the text from z computer screen on the
relina if that screen were 25 cm in front of the eye? If not, where
would it focus that text: in front of or behind the retina? (¢) Given
that the cornea has a radius of curvature of about 5.0 mm, where
does it actually focus the mountain? Is this in front of or behind the
retina? Does this help you see why the eye needs help from a lens
to complete the task of facusing?

34.88 +++ A transparent rod 50.0 em long and with a refractive
index of .60 is cut fat at the right end and rounded to a hemni-
spherical surface with a 15.0-cim radius at the left end. An object is
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placed on the axis of the rod 12.0 cm to the left of the vertex of the
hemispherical end, (a) What is the position of the final image?
(b) What is its magnification?

34.89 «ev A glass rod with a refractive index of 1.55 is ground
and polished at both ends to hemispherical surfaces with radij of
6.00 ¢cm. When an object is placed on the axis of the rod, 25.0 cm
to the left of the left-hand end, the final image is formed 65.0 o to
the right of the right-hand end. What s the length of the rod meas-
ured between the vertices of the two hemispherical surfaces?
34.90 - The radii of curvature of the surfaces of a thin converging
meniscus fens are B; = +12.0 cm and Ry = +28.0 e, The index
of refraction is 1.60. (a) Compute the position and size of the
image of an object in the form of an arrow 5,00 mm tall, perpendi-
cular to the lens axis, 45.0 cm to the left of the lens. (b) A second
converging lens with the same focat length is placed 3.15 m to the
right of the first. Find the position and size of the fina] image. Is the
final image erect or inverted with respect to the original object?
(¢) Repeat part (b) except with the second lens 45.0 cm to the ght
of the first,

34.91 + An object to the left of a lens is imaged by the lens on a
screen 30.0 ¢m to the right of the lens, When the lens is moved
4.00 cm to the right, the screen mast be moved 4.00 cm to the left
to refocus the image. Defermine the focal length of the lens,

34.82 + An object is placed 18.0 cm from 2 sereen, {a) At what
two points between object and screen may a converging lens with
2 3.00-cm focal length be placed to obtain an image on the screen?
(b} What is the magnification of the image for each position of the
lens?

34.93 ++ A convex mirror and
4 concave mirror are placed on

Figure P34,93

the same optic axis, separated \
by a distance . = 0.600 m. The k-x |
radius of curvature of each mir- ?_ |
ror has a magnitude of 0.360 m. % '
A light source is located a dis- ! !

&L = 0.600 m3!

tance x from the concave mir-
ror, as shown in Fig, P34.93.
{a) What distance x will result in the rays from the source return-
ing to the source after reflecting first from the convex mirror and
then from the concave mirror? {b) Repeat part (a), but now let the
rays reflect first from the concave mirror and then from the con-
vex one,

34.94 +» As shown in Fig. P34.94 the candle is at the center of
curvature of the concave mirror, whose focal length is 10.0 cm.
The converging lens has a focal length of 32.0 cm and is 85.0 cm
to the right of the candle. The candle is viewed looking through the
lens from the right. The Tens forms two images of the candle. The
first is formed by light passing directly through the lens. The sec-
ond image is formed from the light that goes from the candle to the
mirror, is reflected, and then passes through the lens. (a} For each .
of these two images, draw a principal-ray diagram that locates the
image. (b) For each image, answer the following questions:
(1) Where is the image? (ii) Is the image real or virtual? (iii) Is the
image erect or inverted with respect ta the original object?

Figure P34.84
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34.95 »++ Oneend of & long glass rod is ground to a convex hemi-
spherical shape, This glass has an index of refraction of 1.55.
‘When a small leaf is placed 20.0 cm in front of the center of the
hemisphere along the optic axis, an image is formed inside the glass
9.12 em from the spherical surface. Where would the image be
formed if the glass were now immersed in water (refractive index
1.33) but nothing else were changed?
34.96 +» Two Lenses in Confact. (a) Prove that when two thin
tenses with focal lengths f; and f, are placed in contacy, the focal
tength f of the combination is given by the relationship

I 1 1

—m 4 —

f h fa
(b} A converging meniscus lens (see Fig. 34.32a) has an index of
refraction of 1.55 and radii of curvature for its surfaces of magni-
tudes 4.50 cm and 9.00 cur, The concave surface is placed upward
and fiflled with carbon tetrachloride (CCly), which has n = 1.46,
What is the focal length of the CCly—glass combination?
34.97 +++ Rays from a lens are converging toward a point image
P located to the right of the lens. What thickness ¢ of glass with
index of refraction 1.60 must be interposed between the lens and P
for the image to be formed at P', located 0.30 ¢m to the right of P?
The locations of the piece of glass and of points P and P* are
shown in Fig. P34.97.

Figure P34.87
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34.88 »» AlLensinaLiguid, A lens obeys Snell’s law, bending
light rays at each surface an amount determined by the index of
refraction of the lens and the index of the medium in which the
lens is located. {a) Equation (34.19) assumes that the lens is sur-
tounded by air. Consider instead a thin lens immersed in a Hquid
with refractive index nyg. Prove that the focal length f is then
given by Eq. (34.19) with n replaced by n/n tig- (b) A thin lens with
index 7 has focal length f in vacuum. Use the result of part {a) to
show that when this lens is immersed in a liquid of index Mg it
will have a new focal length given by

g = [”qu(" - U}f

n - ”liq

30.99 +=+ When an object is placed at the proper distance to the
feft of a converging tens, the image is focused on a screen 30.0 cm
to the right of the lens. A diverging lens is now placed 15.0 cm to
the right of the converging lens, and it is found that the screen must
be moved 19.2 cm farther to the right to obtain a sharp image.
What is the focal length of the diverging lens?

34.180 -+ A convex spherical mirror with a focal length of mag-
nitude 24.0 em is placed 20.0 ¢m to the left of a plane mirror. An
object 0.250 cm tall is placed midway between the surface of the
plane mirror and the vertex of the spherical mirror. The spherical
mirror forms multiple images of the object. Where are the two
images of the object formed by the spherical mirror that are closest
to the spherical mirror, and how tall is each image?

34,101 *++ A glass plate 3.50 cm thick, with an index of refrac-
tion of 1.55 and piane parallel faces, is held with its faces horizon-
tat and its lower face 6.00 cm above a printed page. Find the
position of the image of the page formed by rays making a smali
angle with the normal to the plate.

34.102 + A symmetric, double-convex, thin lens made of glass
with index of refraction 1.52 has a focal length in air of 40.0 cm.
The lens is sealed into an opening in the left-hand end of a tank
filled with water. At the right-hand end of the tank, opposite the
lens, is a plane mirror 90.0 cm from the lens. The index of refrac-
tion of the water is %. () Find the position of the image formed by
the lens—water-mirror system of a small object outside the tank on
the lens axis and 70.0 cm to the left of the tens. (b) Is the image
real or virtual? (c) Is it erect or inverted? {d} If the object has a
height of 4.00 mm, what is the height of the image?

34.103 * You have a camera with a 35.0-mm-focal-length lens and
36.0-mm-wide film. You wish to take a picture of a 12.0-m-long
saithoat but find that the image of the boat fills only % of the width of
the fikm. {a} How far are you from the boat? (b} How much closer
must the boat be to you for its image to ll the width of the film?
34.104 »+ 310 What Is the Smallest Thing We Can See? The
smallest object we can resolve with our eye is limited by the size
of the light receptor cells in the retina. In order for us to distinguish
any detail in an object, its image cannot be any smailer than a sin-
gle retinal cell. Although the size depends on the type of cell (rod
or cone), a diameter of a few microns {pm) is typical near the cen-
ter of the eye. We shall model the eye as a sphere 2.50 cm in diam-
eter with a single thin fens at the front and the retina at the rear,
with light receptor cells 5.0 um in diameter. (a) What is the small-
est object you can resolve at a near point of 25 cm? (b) What angle
is subtended by this object at the eye? Express your answer in units
of minutes (1° = 60 min}, and compare it with the typical experi-
mental value of about 1.0 min. (Vote: There are other limitations,
such as the bending of light as it passes through the pupil, but we
shall ignore them here.)

34,105 « Three thin lenses, each with a focal length of 40.0 cm,
are aligned on a common axis; adjacent lenses are separated by
52.0 cr. Find the position of the image of a small object on the
axis, 80.0 cm to the left of the first lens.

34906 *+ A camera with a 90-mm-focal-length lens is focused on
an object 1.30 m from the lens. To refocus on an object 6,50 m
from the lens, by how much must the distance between the lens
and the film be changed? To refocus on the more distant object, is
the lens moved toward or away from the film?

34.107 ++ The derivation of the expression for angular magnifica-
tion, Hq, (34.22), assumed & near point of 25 ¢m. In fact, the near
point changes with age as shown in Table 34.1. In order to achieve
an angular magnification of 2.0, what focal length should be
used by a person of (a) age 10; (b) age 30; {c) age 607 (d) If the
lens that gives M = 2.0 for a 10-year-old is used by a 60-year-old,
what angular magnification will the older viewer obtain? {e) Does
your answer in part {d) mean that older viewers are able to see
more highly magnified images than younger viewers? Explain.
34.108 +» Angular Magnification. In deriving Eq. (34.22) for
the angular magnification of a magnifier, we assumed that the
abject Is placed at the focal point of the magnifier so that the vir-
tual image is formed at infinity. Suppose instead that the object is
placed so that the virtual image appears at an average viewer's
near point of 25 cm, the closest point at which the viewer can bring
an object into focus. (a) Where should the object be placed to
achieve this? Give your answer in terms of the magnifier focal
length f. (b) What angle 8’ will an object of height y subtend at the
position found in part (a)? {c) Find the angular magnification M
with the object at the position found in part {a). ‘The angle 8 is the
same as in Fig. 34.51a, since it refers to viewing the object without
the magnifier. (d) For a convex lens with § = +10.0 cm, what is
the value of M with the object at the position found in patt (a)?
How many times greater is M in this case than in the case where
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the image is formed at infinity? (¢) Tn the description of a com-
pound microscope in Section 34.8, it is stated that in a properly
designed instrument, the real image formed by the objective lies
just inside the first focal point F{ of the eyepiece. What advantages
are gained by having the image formed by the objective be just
inside F}, as opposed to precisely at Fi? What happens if the
image formed by the objective is just outside Fi?

34,109 +» B0 In one form of cataract surgery the person’s natu-
tal lens, which has become cloudy, is replaced by an ariificial lens.
The refracting properties of the replacement lens can be chosen so
that the person’s eye focuses on distant objects. But there is no
accommodation, and glasses or contact lenses are needed for close
vision. What is the power, in diopters, of the corrective contact
lenses that will enable a person who has had such surgery to focus
on the page of a book at a distance of 24 cm?

34110 +« BI0 A Nearsighted Eye. A certain very nearsighted
person cannot focus on anything farther than 36.0 cm from the eye.
Consider the simplified model of the eye described in Exercise
34.52. If the radius of curvature of the comea is 0,75 cm when the
eye is focusing on an object 36.0 cm from the cornea vertex and
the indexes of refraction are as described in Exercise 34.52, what
is the distance from the comea vertex to the retina? What does this
tell you about the shape of the nearsighted eye?

34.111 »+ Bl A person with a near point of 85 cm, but excellent
distant vision, normally wears corrective glasses. But he loses
them while traveling. Fortunately, he has his ofd pair as a spare.
{a) If the lenses of the old pair have a power of +2.25 diopters, what
is his near point {measured from his eye) when he is wearing the old
glasses if they rest 2.0 cm in front of his eye? (b} What would his
near point be if his old glasses were contact lenses instead?

34,112 »« The Galilean Telescope, Figure P34.112 is a diagram
of a Galilean telescope, or opera glass, with both the object and its
final image at infinity. The image [ serves as a virtual object for the
eyepiece. The final image is virtual and erect, (a) Prove that the
angular magnification is M = —f1/f2. (b) A Galilean telescope is
to be constructed with the same objective lens as in Exercise 34.65.
What focal length should the eyepiece have if this telescope is to
have the same magnitade of angular magnification as the one in
Exercise 34.65? (c) Compare the lengths of the telescopes.

Figure P34.112
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34.113 +++ Focal Length of a Zeom Lens. Pigure P34.113
shows a simple version of a zcom lens. The converging lens has
focal length £, and the diverging lens has focal length f, = —l fg'.
The two lenses are separated by a variable distance d that is always
less than ;. Also, the magnitude of the focal length of the diverg-
ing lens satisfies the inequality Ifa] = (f1 — ). To determine the
effective focal length of the combination lens, consider a bundle of
parallel rays of radius rg entering the converging lens. (ay Show
that the radius of the ray bundle decreases to ry = ro(f1 — )/ fi
at the point that it enters the diverging lens. (b) Show that the final
image I' is formed a distance s = ifal(F — dy/(ifal — f1 + d)
to the right of the diverging lens. {c) If the rays that emerge from
the diverging lens and reach the final image point are extended

Challenge Problems 1161

r

backward to the left of the diverging lens, they will eventually
expand to the original radius ry at some point Q. The distance from
the final image I to the point Q is the effective focal length f of the
lens combination; if the combination were replaced by a single
lens of focal length f placed at @, paratlel rays would still be
brought to a focus at ['. Show that the effective focal length is
given by f=flfal/(lfal = fi+d). @ T f =120cm,
fa = —18.0 cm, and the separation 4 is adjustable between 0 and
4.0 cm, find the maximum and minimum focal lengths of the com-
bination. What value of d gives f = 30.0cm?

Figure P34.113
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34114 + A certain reflecting telescope, constructed as shown in
Fig. E34.67, has a spherical miror with a radius of curvature of
96.0 cm and an eyepiece with a focal length of 1,20 cm. If the angu-
tar magnification has a magnitude of 36 and the object is at infinity,
find the position of the eyepiece and the position and nature {real or
virtunal) of the final image. (Note: |} is not equal to |f U/174), so the
image formed by the eyepiece is not at infinity.)

34,115 + A microscope with an objective of focal length 8.00 mm
and an eyepiece of focal length 7.50 cm is used to project an image
on a sereen 2.00 m from the eyepiece. Let the image distance of
the objective be 18.0 cm, {a) What is the lateral magnification of
the image? (b) What is the distance between the objective and the
eyepiece?

CHALLENGE PROBLEMS

34.116 ++» Spherical aberration is a blurring of the image formec
by a spherical miror. It accurs because paratlel rays striking the
mirror far from the optic axis are focused at a different point thar
are rays near the axis. This problem is wsually minimized by using
only the center of & spherical mirror. (a} Show that for a spherica
concave mirror, the focus moves toward the mirror as the paralle
rays move toward the outer edge of the mirror. (Iing: Derive a1
analytic expression for the distance from the vertex to the focus o
the ray for a particular parallel ray. This expression should be it
terms of (i) the radius of curvature R of the mirror and (i) th
angle # between the incident ray and a line connecting the cente
of curvature of the mirror with the point where the ray strikes th
mirror.) {b) What value of 8 produces a 2% change in the locatio:
of the focus, compared to the location for § very close to zero?
34,117 +++ CALL (a) For a lens with focal length f, find the small
est distance possible between the object and its real image. {t
Graph the distance between the object and the real image as
function of the distance of the object from the lens. Does you
graph agree with the result you found in part (a)?

34.118 +++ An Object at an Angle, A 16.0-cm-long pencil
placed at a 45.0° angle, with its center 15.0 cm above the optic ax
and 45.0 ¢m from a lens with a 20.0-cm focal length as shown i
Fig. P34.118. (Note that the figure is not drawn to scale.) Assurr
that the diameter of the fens is large enough for the paraxial appro?
imation to be valid. (&) Where is the image of the pencil? (Give i
location of the images of the points A, B, and € on the objec
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which are focated at the eraser,
point, and center of the pencil,

Figure P34.118

respectively) (b) What is the 8
length of the image (that is, the AR
distance between the images of AdsDem
points A and B)? {c) Show the 4

orientation of the image in a
sketch.

34.119 »»+ BIO People with
normal vision cannot focns their
eyes underwater if they aren’t

.

wearing a face mask or goggles and there is water in contact with
their eyes {see Discussion Question Q34.23). (2) Why not?
(b} With the simplified model of the eye described in Exsrcise 34.52,
what corrective lens {specified by focal length as measured in air)
would be needed to enable a person underwater to focus an infi-
nitely distant object? (Be careful—the focal length of a lens under-
water is not the same as in air! See Problem 34,98. Assume that the
corrective lens has a refractive index of 1.62 and that the tens is
used in eyeglasses, not goggles, so there is water on both sides
of the lens. Assume that the eyeglasses are 2.00 cm in front of
the eye.)

Chapter Dpening Auestion ?

A magnifying lens (simple magnifier) produces a virtual image
with a large angular size that is infinitely far away, so you can see
it in sharp focus with your eyes relaxed. {A surgeon doing micro-
surgery would not appreciate having to strain his eyes while work-
ing.) The object should be at the focal point of the lens, so the
object and lens are separated by one focal length.

Test Your Understanding Questions

38.1 Answer: (iv) When you are a distance 5 from the mirror, your
image is a distance s on the other side of the mirror and the dis-
tance from you to your image is 2s. As you move toward the mir-
ror, the distance 2s changes at twice the rate of the distance s, so
your image moves toward you at speed 2uv.

34.2 Answers: (a} concave, (b) {ii} A convex mirror always pro-
duces an erect image, but that image is smaller than the object (see
Fig. 34.16b). Hence a concave mirror must be used. The image
will be erect and enlarged only if the distance from the object
(your face) to the mirror is less than the focal length of the mirror,
as in Fig. 34.20d.

34.3 Answer: no The sun is very far away, so the object distance is
essentially infinite: s = ©0 and 1/s == 0. Material a is air (n, =
1.00) and material b is water {n; = 1.33}, so the image position
s’ is given by
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The image would be formed 4.0 drop radii from the front surface
of the drop. But since each drop is only a part of a compleie
sphere, the distance from the front to the back of the drop is less
than 2R, Thus the rays of sunlight never reach the image point, and
the drops do not form an image of the sun on the leaf. While the
rays are not focused to a point, they are nonetheless concentrated
and can cause damage to the leaf.

34.4 Answers: A and C When rays A and D are extended back-
ward, they pass through focal point Fy; thus, before they passed
through the lens, they were parallel to the optic axis. The figures
show that ray A emanated from point 0, but ray D did not. Ray B
is parallel to the optic axis, so before it passed through the lens, it
was directed toward focal point Fy. Hence it cannot have come
from point 0. Ray C passes through the center of the lens and
hence is not defiected by its passage; tracing the ray backward
shows that it emanates from point .

FioF,

34.5 Answer: (ili) The smaller image area of the CCD armay
means that the angle of view is decreased for a given focal length.
Individual objects make images of the same size in either case;
when a smaller light-sensitive area is used, fewer images fit into
the area and the field of view is narrower.

34.6 Answer: (iii)} This lens is designed to correct for a type of
astigmatism. Along the vertical axis, the lens is configured as a
converging lens; along the horizontal axis, the lens is configured
as a diverging lens. Hence the eye is hyperopic (see Fig. 34.46) for
objects that are oriented vertically but myopic for objects that are
oriented horizontally (see Fig. 34.47). Without correction, the eye
focuses vertical objects behind the retina but horizontal objects in
front of the retina.

34.7 Answer: (i) The object must be held at the focal poing,
which is twice as far away if the focal length f is twice as great.
FEquation (24.22) shows that the angular magnification M is
inversely proportional to f, so doubling the focal length makes
M% as preat, To improve the magnification, you should use a mag-
nifier with a skorter focal length.

34.8 Answer: (i) The objective lens of a microscope is designed to
make enlarged images of small objects, so the absolute value of its
lateral magnification m is greater than 1. By contrast, the objective
lens of a refracting telescope is designed to make reduced images.
For example, the moon is thousands of kilometers in diameter, but
its image may fit on a CCD array 2 few centimeters across. Thus
|m| is much less than 1 for a refracting telescope. (In both cases m
is negative because the objective makes an inverted image, which
is why the question asks about the absolute value of m.}

Bridging Prohlem
Answers: {a) 29,9 cmn to the left of the goblet
(b} 3.73 cm to the right of the goblet
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