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2.  If the angle of incidence of a ray of light is 42°, what is each of the following? 
 a. the angle of reflection

 b. the angle the incident ray makes with the mirror

 c. the angle between the incident ray and the reflected ray 

3.  If a light ray reflects off a plane mirror at an angle of 35° to the normal, what was the 
angle of incidence of the ray? 

13. An object is 36.0 cm in front of a concave mirror with a 16.0-cm focal length. 
Determine the image position.

14. A 3.0-cm-tall object is 20.0 cm from a 16.0-cm-radius concave mirror. Determine 
the image position and image height.

15. A concave mirror has a 7.0-cm focal length. A 2.4-cm-tall object is 16.0 cm from 
the mirror. Determine the image height.

16. An object is near a concave mirror of 10.0-cm focal length. The image is 3.0 cm 
tall, inverted, and 16.0 cm from the mirror. What are the object position and object 
height?

18. A convex mirror has a focal length of !13.0 cm. A lightbulb with a diameter of 6.0 
cm is placed 60.0 cm from the mirror. What is the lightbulb’s image position and 
diameter?

19. A convex mirror is needed to produce an image that is three-fourths the size of an
object and located 24 cm behind the mirror. What focal length should be specified?



20. A 7.6-cm-diameter ball is located 22.0 cm from a convex mirror with a radius of
curvature of 60.0 cm. What are the ball’s image position and diameter?

21.  A  1.8-m-tall girl stands 2.4 m from a store’s security mirror. Her image appears to 
be 0.36 m tall. What is the focal length of the mirror?

54. A ray of light strikes a mirror at an angle of 53° to the normal.

 a.What is the angle of reflection?

 b.What is the angle between the incident ray and the reflected ray?

50. List all the possible arrangements in which you
could use a spherical mirror, either concave or
convex, to form a real image.

51. List all possible arrangements in which you could
use a spherical mirror, either concave or convex, 
to form an image that is smaller compared to 
the object.

52. Rearview Mirrors The outside rearview mirrors of
cars often carry the warning “Objects in the mirror
are closer than they appear.” What kind of mirrors
are these and what advantage do they have?

Mastering Problems
17.1 Reflection from Plane Mirrors

53. A ray of light strikes a mirror at an angle of 38° to
the normal. What is the angle that the reflected
angle makes with the normal?

54. A ray of light strikes a mirror at an angle of 53° to
the normal.
a. What is the angle of reflection?
b. What is the angle between the incident ray and

the reflected ray?

55. A ray of light incident upon a mirror makes an
angle of 36° with the mirror. What is the angle
between the incident ray and the reflected ray?

56. Picture in a Mirror Penny wishes to take a picture
of her image in a plane mirror, as shown in Figure
17-18. If the camera is 1.2 m in front of the mirror,
at what distance should the camera lens be focused?

57. Two adjacent plane mirrors form a right angle, as
shown in Figure 17-19. A light ray is incident upon
one of the mirrors at an angle of 30° to the normal.
a. What is the angle at which the light ray is

reflected from the other mirror?
b. A retroreflector is a device that reflects incoming

light rays back in a direction opposite to that of
the incident rays. Draw a diagram showing the
angle of incidence on the first mirror for which
the mirror system acts as a retroreflector.

58. Draw a ray diagram of a plane mirror to show that
if you want to see yourself from your feet to the 
top of your head, the mirror must be at least half
your height.

59. Two plane mirrors are connected at their sides so
that they form a 45° angle between them. A light
ray strikes one mirror at an angle of 30° to the
normal and then reflects off the second mirror.
Calculate the angle of reflection of the light ray 
off the second mirror.

60. A ray of light strikes a mirror at an angle of 60°
to the normal. The mirror is then rotated 18°
clockwise, as shown in Figure 17-20. What is the
angle that the reflected ray makes with the mirror?
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46. The image will be at C, the cen-
ter of curvature, inverted, real,
and the same size of the object.

47. The image will be between C
and F, and will be inverted, real,
and smaller than the object.

48. You should order a parabolic
mirror to eliminate spherical
aberrations.

49. The image in a single convex
mirror is always virtual, erect,
smaller than the object, and
located closer to the mirror than
the object.

50. You can use only a concave
mirror with the object beyond
the focal point. A convex mirror
will not form a real image.

51. You may use a concave mirror
with the object beyond the cen-
ter of curvature or a convex mir-
ror with the object anywhere.

52. Convex mirror; it provides a
wider field of view.

Mastering Problems
17.1 Reflection from Plane

Mirrors
Level 1
53. 38°

54. a. 53°
b. 106°

55. 108°

Level 2
56. The image is 1.2 m behind the

mirror, so the camera lens
should be set to 2.4 m.

57. a. Reflection from the first 
mirror: 30°
Reflection from the second
mirror: 60°

b. See Solutions Manual
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58. The ray from the top of the head hits the
mirror halfway between the eyes and the
top of the head. The ray from feet hits the
mirror halfway between the eyes and feet.
The distance between the point the two rays
hit the mirror is half the total height. See
Solutions Manual.

Level 3
59. 15°

60. 48°

   



 

50. List all the possible arrangements in which you
could use a spherical mirror, either concave or
convex, to form a real image.

51. List all possible arrangements in which you could
use a spherical mirror, either concave or convex, 
to form an image that is smaller compared to 
the object.

52. Rearview Mirrors The outside rearview mirrors of
cars often carry the warning “Objects in the mirror
are closer than they appear.” What kind of mirrors
are these and what advantage do they have?
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53. A ray of light strikes a mirror at an angle of 38° to
the normal. What is the angle that the reflected
angle makes with the normal?

54. A ray of light strikes a mirror at an angle of 53° to
the normal.
a. What is the angle of reflection?
b. What is the angle between the incident ray and

the reflected ray?

55. A ray of light incident upon a mirror makes an
angle of 36° with the mirror. What is the angle
between the incident ray and the reflected ray?

56. Picture in a Mirror Penny wishes to take a picture
of her image in a plane mirror, as shown in Figure
17-18. If the camera is 1.2 m in front of the mirror,
at what distance should the camera lens be focused?

57. Two adjacent plane mirrors form a right angle, as
shown in Figure 17-19. A light ray is incident upon
one of the mirrors at an angle of 30° to the normal.
a. What is the angle at which the light ray is

reflected from the other mirror?
b. A retroreflector is a device that reflects incoming

light rays back in a direction opposite to that of
the incident rays. Draw a diagram showing the
angle of incidence on the first mirror for which
the mirror system acts as a retroreflector.

58. Draw a ray diagram of a plane mirror to show that
if you want to see yourself from your feet to the 
top of your head, the mirror must be at least half
your height.

59. Two plane mirrors are connected at their sides so
that they form a 45° angle between them. A light
ray strikes one mirror at an angle of 30° to the
normal and then reflects off the second mirror.
Calculate the angle of reflection of the light ray 
off the second mirror.

60. A ray of light strikes a mirror at an angle of 60°
to the normal. The mirror is then rotated 18°
clockwise, as shown in Figure 17-20. What is the
angle that the reflected ray makes with the mirror?
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46. The image will be at C, the cen-
ter of curvature, inverted, real,
and the same size of the object.

47. The image will be between C
and F, and will be inverted, real,
and smaller than the object.

48. You should order a parabolic
mirror to eliminate spherical
aberrations.

49. The image in a single convex
mirror is always virtual, erect,
smaller than the object, and
located closer to the mirror than
the object.

50. You can use only a concave
mirror with the object beyond
the focal point. A convex mirror
will not form a real image.

51. You may use a concave mirror
with the object beyond the cen-
ter of curvature or a convex mir-
ror with the object anywhere.

52. Convex mirror; it provides a
wider field of view.
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Mirrors
Level 1
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b. 106°

55. 108°

Level 2
56. The image is 1.2 m behind the

mirror, so the camera lens
should be set to 2.4 m.
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58. The ray from the top of the head hits the
mirror halfway between the eyes and the
top of the head. The ray from feet hits the
mirror halfway between the eyes and feet.
The distance between the point the two rays
hit the mirror is half the total height. See
Solutions Manual.

Level 3
59. 15°

60. 48°

61 .A concave mirror has a focal length of 10.0 cm.What is its radius of curvature?

17.2 Curved Mirrors

61. A concave mirror has a focal length of 10.0 cm.
What is its radius of curvature?

62. An object located 18 cm from a convex mirror
produces a virtual image 9 cm from the mirror.
What is the magnification of the image?

63. Fun House A boy is standing near a convex mirror
in a fun house at a fair. He notices that his image
appears to be 0.60 m tall. If the magnification of
the mirror is !

1
3

!, what is the boy’s height?

64. Describe the image produced by the object in
Figure 17-21 as real or virtual, inverted or upright,
and smaller or larger than the object.

65. Star Image Light from a star is collected by a
concave mirror. How far from the mirror is the image
of the star if the radius of curvature is 150 cm?

66. Find the image position and height for the object
shown in Figure 17-22.

67. Rearview Mirror How far does the image of a car
appear behind a convex mirror, with a focal length
of "6.0 m, when the car is 10.0 m from the mirror?

68. An object is 30.0 cm from a concave mirror of 
15.0 cm focal length. The object is 1.8 cm tall. Use
the mirror equation to find the image position.
What is the image height?

69. Dental Mirror A dentist uses a small mirror with a
radius of 40 mm to locate a cavity in a patient’s tooth.
If the mirror is concave and is held 16 mm from the
tooth, what is the magnification of the image?

70. A 3.0-cm-tall object is 22.4 cm from a concave
mirror. If the mirror has a radius of curvature of
34.0 cm, what are the image position and height?

71. Jeweler’s Mirror A jeweler inspects a watch with 
a diameter of 3.0 cm by placing it 8.0 cm in front 
of a concave mirror of 12.0-cm focal length.
a. Where will the image of the watch appear?
b. What will be the diameter of the image?

72. Sunlight falls on a concave mirror and forms an
image that is 3.0 cm from the mirror. An object that
is 24 mm tall is placed 12.0 cm from the mirror.
a. Sketch the ray diagram to show the location of

the image.
b. Use the mirror equation to calculate the image

position.
c. How tall is the image?

73. Shiny spheres that are placed on pedestals on a lawn
are convex mirrors. One such sphere has a diameter
of 40.0 cm. A 12-cm-tall robin sits in a tree that is
1.5 m from the sphere. Where is the image of the
robin and how tall is the image?

Mixed Review
74. A light ray strikes a plane mirror at an angle of 28°

to the normal. If the light source is moved so that
the angle of incidence increases by 34°, what is the
new angle of reflection?

75. Copy Figure 17-23 on a sheet of paper. Draw rays
on the diagram to determine the height and
location of the image.
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480 Chapter 17 Reflection and Mirrors For more problems, go to Additional Problems, Appendix B.

! Figure 17-22

! Figure 17-23

! Figure 17-21

17.2 Curved Mirrors
Level 1
61. 20.0 cm

62. 0.5 cm

63. 1.8 m

64. real; inverted; longer

Level 2
65. 75 cm

66. position: 33 cm; height: !4.1 cm

67. !3.8 m

68. !1.8 cm

69. 5

70. position: 70.5 cm; height: !9.4 cm

Level 3
71. a. !24 cm

b. 9.0 cm

72. a. See Solutions Manual
b. 4.0 cm
c. !8.0 mm

73. position: !9.4 cm; height: 0.75 cm

Mixed Review
Level 1
74. 62°

75. See Solutions Manual
The image height is 1.0 cm, and its
location is 2.7 cm from the mirror.
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Level 2
76. !6.9 cm

77. a. 22.9 cm
b. !1.8 cm

78. 58 cm

79. !72 cm

80. a. !1.5 m
b. 0.39 m



67.  How far does the image of a car appear behind a convex mirror, with a focal length 
of 6.0 m, when the car is 10.0 m from the mirror?

69.  A dentist uses a small mirror with a radius of 40 mm to locate a cavity in a patient’s 
tooth. If the mirror is concave and is held 16 mm from the tooth, what is the 
magnification of the image?

71 .  A jeweler inspects a watch with a diameter of 3.0 cm by placing it 8.0 cm in front 
of a concave mirror of 12.0-cm focal length.

 a.Where will the image of the watch appear?

 b.What will be the diameter of the image?

78.  What is the radius of curvature of a concave mirror that magnifies an object by a 
factor of +3.2 when the object is placed 20.0 cm from the mirror?

79. A convex mirror is needed to produce an image one-half the size of an object and 
located 36 cm behind the mirror. What focal length should the mirror have?

80.  A convenience store uses a surveillance mirror to monitor the store’s aisles. Each 
mirror has a radius of curvature of 3.8 m.
 a. What is the image position of a customer who stands 6.5 m in front of the 
      mirror?
 b. What is the image height of a customer who is 1.7 m tall?


