
Physics - Optics Problems


Plane Mirrors 
1. 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 


2. 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? 


3. 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?


4.  


5.   

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?

60°

18°

Normal

Incident light

Mirror

30°

Chapter 17 Assessment 479physicspp.com/chapter_test

■ Figure 17-18

■ Figure 17-19

■ Figure 17-20

Hutchings Photography 

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°
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Hutchings Photography 
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Concave Spherical (Converging) Mirrors 

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


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


8. 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.


9. 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?


Convex Spherical (Diverging) Mirrors 

10. A convex mirror has a focal length of 15.0 cm. A candle of 8.0 cm height is placed 60.0 
cm from the mirror. What is the lightbulb’s image position and height?


11. 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?


12. A convenience store uses a convex 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?




Snell’s Law  

13. A laser beam in air is incident upon ethanol at an angle of 
incidence of 37.0°. What is the angle of refraction?


14. Light travels from flint glass into ethanol. The angle of 
refraction in the ethanol is 25.0°. What is the angle of 
incidence in the glass?


15. A beam of light strikes the flat, glass side of a water filled 
aquarium at an angle of 40.0° to the normal.


A) At what angle does the beam enter the glass (n=1.50)?

B) At what angle does the beam enter the water (n=1.33)?


Index of Refraction 

16. What is the speed of light as it travels through a diamond?


17. The speed of light in a clear plastic is 1.90 x108 m/s. A ray of light strikes the plastic at 
an angle of 22.0°. At what angle is the ray refracted?


18. Find the critical angle for light traveling from ruby (n = 1.766) into air.  

19. The critical angle for light traveling from a green gemstone into air is 37.8°. What is the 
gem’s index of refraction?  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Snell’s Law of Refraction
What happens when you shine a narrow beam of light at the surface of

a piece of glass? As you can see in Figure 18-1, it bends as it crosses the
boundary from air to glass. The bending of light, called refraction, was first
studied by René Descartes and Willebrord Snell around the time of Kepler
and Galileo.

To discuss the results of Descartes and Snell, you have to define two
angles. The angle of incidence, θ1, is the angle at which the light ray strikes
the surface. It is measured from the normal to the surface. The angle of
refraction, θ2, is the angle at which the transmitted light leaves the surface.
It also is measured with respect to the normal. In 1621, Snell found that
when light passed from air into a transparent substance, the sines of the
angles were related by the equation sin θ1/sin θ2 ! n. Here n is a constant
that depends on the substance, not on the angles, and is called the index
of refraction. The indices of refraction for some substances are listed in
Table 18-1. The relationship found by Snell is valid when light goes across
a boundary between any two materials. This more general equation is
known as Snell’s law of refraction.

Figure 18-1 shows how Snell’s law applies when light travels through a
piece of glass with parallel surfaces, such as a windowpane. The light is
refracted both when it enters the glass and again when it leaves the glass.
When light goes from air to glass it moves from material with a lower
index of refraction to one with a higher index of refraction. That is, n1 " n2.
To keep the two sides of the equation equal, one must have sin θ1 # sin θ2.
The light beam is bent toward the normal to the surface.

When light travels from glass to air it moves from material having a
higher index of refraction to one with a lower index. In this case, n1 # n2.
To keep the two sides of the equation equal one must have sin θ1$ " sin θ2$.
That is, the light is bent away from the normal. Note that the direction of
the ray when it leaves the glass is the same as it was before it struck the
glass, but it is shifted from its original position.

Snell’s Law of Refraction n1 sin %1 ! n2 sin %2

The product of the index of refraction of the first medium and the sine of the
angle of incidence is equal to the product of the index of refraction of the
second medium and the sine of the angle of refraction.

Air Glass Air

!2"

!1"

!1

!2 ! !1
!1" " !2
!2" " !1

!2

■ Figure 18-1 Light bends toward
the normal as it moves from air to
glass and bends away from the
normal as it moves from glass to
air (a). The bending of light makes
objects appear to be shifted from
their actual locations (b).

Table 18-1
Indices of Refraction 

for Yellow Light
(# " 589 nm in vacuum)

Medium n

Vacuum
Air
Water
Ethanol
Crown glass
Quartz
Flint glass
Diamond

1.00
1.0003
1.33
1.36
1.52
1.54
1.62
2.42

• Refracting media and
lenses are light blue.
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Horizons Companies

2 TEACH
Concept Development
The Angle of Refraction Recall
with the law of reflection that the
angles are measured from the 
normal to the surface. This is also
true with refraction. The angle of
refraction is measured with
respect to the normal on the
opposite side of the surface from
the incident ray.

Critical Thinking
3-D Refracted light travels in a
plane. Ask students how to 
determine the plane of travel in 
a three-dimensional problem. 
The plane of travel is defined by the 
incident ray and the normal to the
surface. The refracted ray travels in
the same plane.

Identifying
Misconceptions
Direction of Refraction
Students may believe that light
always bends toward the normal
when it enters a material and
away from the normal as it exits
the material. Explain that the
direction in which the light bends
depends on the indices of refrac-
tion of the two materials. Light
bends toward the normal only if
the light goes into a material with
a larger index of refraction than
the incident medium.
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Technology
TeacherWorks™ CD-ROM
Interactive Chalkboard CD-ROM
ExamView ® Pro Testmaker CD-ROM
physicspp.com
physicspp.com/vocabulary_puzzlemaker

18.1 Resource MANAGER
FAST FILE Chapters 16–20 Resources

Transparency 18-1 Master, p. 89
Transparency 18-2 Master, p. 91
Study Guide, pp. 76–78
Enrichment, p. 87
Section 18-1 Quiz, p. 81

Teaching Transparency 18-1
Teaching Transparency 18-2
Connecting Math to Physics

■ Optical Illusion Some bever-
age glasses are made with thicker
walls so that they appear to hold
more beverage than they really
do. Have students work in pairs to
make drawings that show how it
works. Visual-Spatial



Convex Thin Lenses (Converging) 
20.  A 2.25-cm-tall object is 8.5 cm to the left of a convex lens of 5.5 cm focal length. 


A) Find the image position 

B) Find the height.


21. A 2.0-cm-tall object is located 25 cm from a convex lens with a focal length of 5.0 cm.

A) What is the orientation of the image?

B) Calculate the image position 

C) Calculate the height


22. A convex lens with a focal length of 22.0 cm is used to view a 15.0-cm-long pencil 
located 10.0 cm away. 


A) Calculate the image position 

B) Calculate the height


Concave Thin Lenses (Diverging) 

23. A double concave lens has a focal length of -24 cm. A candle is placed 72 cm from the 
lens. 


A) What is the magnification of the image?


24. A diverging lens has a focal length of -15.0 cm. An object placed near it forms a 2.0 cm 
high image at a distance of 5.0 cm on the same side of the lens.


A) What is the object position?

B) What is the object height?


