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Activity 6 Refraction of Light

What Do You Think?
The Hope Diamond is valued at about 100 million
dollars. A piece of cut glass of about the same size
is worth only a few dollars. 

• How can a jeweler tell the difference between a diamond
and cut glass?

Record your ideas about this question in your Active Physics
log. Be prepared to discuss your responses with your small
group and with your class.

For You To Do
1.Place an acrylic block 

on a piece of white paper 
on your desk.

2. Carefully aim a laser pointer, or the
light from a ray box, so the light
beam moves horizontally, as you 

GOALS
In this activity you will:

• Observe refraction.

• Measure angles of incidence
and refraction.

• Measure the critical angle.

• Observe total internal
reflection.

Activity 6 Refraction of Light
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did in previous activities. Place a glass rod in the light beam
so that the beam spreads up and down. 

3. Shine the laser pointer or light from the ray box through the
acrylic block. Be sure the beam leaves the acrylic block on
the side opposite the side the beam enters. Mark the path of
each beam. You may wish to use a series of dots as you did
before. Label each path on both sides of the acrylic block so
you will know that they go together.

4. The angle of incidence is the angle between the
incident laser beam and the normal, as shown in
the diagram. Choose two other angles of incidence
and again mark the path of the light, as you did in
Step 3. As before, label each pair of paths.

5. Trace the outline of the acrylic block on the paper and
remove the acrylic block. Connect the paths you traced to
show the light beam entering the acrylic block, traveling
through the acrylic block, and emerging from the acrylic
block. Draw a perpendicular line at the point where a ray
enters or leaves the acrylic block. Label this line the normal.

6. Measure the angles of incidence (the angle in the air) and
refraction (the angle in the acrylic block).

a) Record your measurements in tables like the one shown.

b) Use a calculator to complete the chart by finding the sines
of the angles (sin button on calculator).

c) Is the value of a constant? This value is 
called the index of refraction for the acrylic block.

7. Set up the acrylic block on a clean sheet of white paper. 
This time, as shown in the drawing (next page), aim the
beam so it leaves the acrylic block on the side, rather than 
at the back.

sin �i
sin �R
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Never look directly at
a laser beam or shine a laser
beam into someone’s eyes.
Always work above the plane of
the beam and beware of
reflections from shiny surfaces.

Angle of 
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Angle of
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Physics Words
critical angle: the angle
of incidence for which a
light ray passing from
one medium to another
has an angle of refraction
of 90°.

index of refraction: a
property of a medium
that is related to the
speed of light through it;
it is calculated by dividing
the speed of light in
vacuum by the speed of
light in the medium.

Snell’s Law: describes the
relationship between the
index of refraction and
the ratio of the sine of
the angle of incidence
and the sine of the angle
of refraction.
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8. Make the first angle of incidence (angle 1) as small as
possible, so the second angle of incidence (angle 2)
will be as large as possible. Adjust angle 1 so that the
beam leaves the acrylic block parallel to the side of
the acrylic block, as shown. Measure the value of
angle 2.

a) Record the value of angle 2. It is called the critical
angle.

b) What happens to the beam if you make angle 2
greater than the critical angle? 

c) What you observed in (b) is called “total internal
reflection.” What is reflected totally, and where?

9. It is possible to bend a long, rectangular acrylic block so the
light enters the narrow end of the acrylic block, reflects off
one side of the acrylic block, then reflects off the other and
back again to finally emerge from the other narrow end. Try
to bend an acrylic block rectangle so that the light is
reflected as described. 

1

2

3

Normal

Normal

Angle of
Refraction

Angle of
Incidence

FOR YOU TO READ

Snell’s Law

Light refracts (bends) when it goes
from air into another substance.This is true
whether the other substance is gelatin, glass,
water, or diamond.The amount of bending is
dependent on the material that the light
enters. Each material has a specific index of
refraction, n.This index of refraction is a
property of the material and is one way in
which a diamond (very high index of
refraction—lots of bending) can be
distinguished from glass (lower index of
refraction—less bending).The index of
refraction is a ratio of the sine of the 
angle of incidence and the sine of the angle 
of refraction.

Index of refraction: n = 

This equation is referred to as Snell’s Law.

As light enters a substance from air, the light
bends toward the normal.When light leaves a
substance and enters the air, it bends away from
the normal. If the light is entering the air from a
substance, the angle in that substance may be
such that the angle of refraction is 90°. In this
special case, the angle in the substance is called
the critical angle. If the angle in the substance is
greater than this critical angle, then the light
does not enter the air but reflects back into the
substance as if the surface were a perfect
mirror.This is the basis for light fibers where
laser light reflects off the inner walls of glass
and travels down the fiber, regardless of the
bend in the fiber.

sin ∠ i
sin ∠ R
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Reflecting on the Activity and the Challenge
The bending of light as it goes from air into a substance 
or from a substance into air is called refraction. It is
mathematically expressed by Snell’s Law. When light enters
the substance at an angle, it bends towards the normal. When
light leaves the substance at an angle, it bends away from the
normal. As you create your light show for the Chapter
Challenge, you may find creative uses of refraction. You may
decide to have light bending in such a way that it spells out a
letter or word or creates a picture. You may wish to have the
light travel from air into glass to change its direction. You may
have it bend by different amounts by replacing one material
with another. Regardless of how you use refraction effects, you
can now explain the physics principles behind them.

Physics To Go
1. A light ray goes from the air into an acrylic block. In 

general, which is larger, the angle of incidence or the 
angle of refraction?

2. a) Make a sketch of a ray of light as it enters a piece of
acrylic block and is refracted. 

b) Now turn the ray around so it goes backward. What was
the angle of refraction is now the angle of incidence. Does
the turned-around ray follow the path of the original ray?

3. A light ray enters an acrylic block from the air. Make a
diagram to show the angle of incidence, the angle of
refraction, and the normal at the edge of the acrylic block.

4. Light rays enter an acrylic block from the air. Make drawings
to show rays with angles of incidence of 30° and 60°. For each
incident ray, sketch the refracted ray that passes through the
acrylic block. 

5. a) Light is passing from the air into an acrylic block. What is
the maximum possible angle of incidence that will permit
light to pass into the acrylic block?

b) Make a sketch to show your answer for Part (a). Include
the refracted ray (inside the acrylic block) in your sketch.
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6. a) A ray of light is already inside an acrylic block and is
heading out. What is the name of the maximum possible
angle of incidence that will permit the light to pass out of
the acrylic block? 

b) If you make the angle of incidence in Part (a) greater
than this special angle, what happens to the light?

c) Make a sketch to show your answer for Part (b). Be sure
to show what happened to the light.

7. a) Make a drawing of a light ray that enters the front side of a
rectangular piece of acrylic block and leaves through the
back side.

b) What is the relationship between the direction of the ray
that enters the acrylic block and the direction of the ray
that leaves the acrylic block?

c) Use geometry and your answer to Question 2 (b), to
prove your answer to Question 7 (b).

8. You have seen the colored bands that a prism or cut glass or
water produce from sunlight. Light that you see as different
colors has different wavelengths. Since refraction makes
these bands, what can you say about the way light of
different wavelengths refracts?
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Stretching Exercises
1. Cover the acrylic block with a red filter. Shine a red laser

beam into the acrylic block, as you did in For You To Do,
Steps 1 through 3. What happens? How can you explain
what happens?

2. Find some " diameter clear tubing, about 2 m long. Plug
one end. Pour clear gelatin in the other end, through a
funnel, before the gelatin has had time to set. Arrange the
tubing into an interesting shape and let the gelatin set. You
may wish to mount your tube on a support or a sturdy piece
of cardboard, which can be covered with interesting reflective
material. Fasten one end of the tube so laser light can easily
shine straight into it. When the gelatin has set, turn on the
laser. What do you see? This phenomena is called total
internal reflection.

3. Place a penny in the
bottom of a dish or glass.
Position your eye so you
can just see the penny
over the rim of the glass.
Predict what will happen
when you fill the glass
with water. Then try it
and see what happens.
How can you explain 
the results?

4. Place an empty, clear drinking glass over a piece of a
newspaper. When you look through the side of the glass near
the bottom, you can see the printing on the newspaper. What
do you think will happen if you fill the glass with water? Try
it and see. How can you explain the result? Does it help to
hold your fingers over the back of the glass?

1
2

Add
water
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Activity 7 Effect of Lenses on Light

What Do You Think?
Engineers have created special lenses that can
photograph movie scenes lit only by candlelight. 

• How is a lens able to project movies, take photographs, or
help people with vision problems?

Record your ideas about this question in your Active Physics
log. Be prepared to discuss your responses with your small
group and with your class.

For You To Do
1.Look at the lens your teacher has given you. 

a)  Make a side-view drawing of this lens in
your log. This is a convex lens.

2. Point the lens at a window or at something distant

GOALS
In this activity you will:

• Observe real images.

• Project a slide.

• Relate image size and
position.

Activity 7 Effect of Lenses on Light
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outside. Use a file card as a screen. Look for the image on
the file card. Move it back and forth until you see a sharp
image of the distant object. 

a) Describe what you see. Is the image large or small? 
Is it right side up or upside down? Is it reversed left
to right? This image is called “real” because you can
project it on the screen.

3. Measure the distance between the image and the lens.
If the object is very far away, this distance is the focal
length of the lens. The position of this image is the
focus of the lens. It is the same location at which
parallel rays of light would converge.

a) Approximate the object distance.
b) Measure the image distance.
c) Record your object and image distance. Note that the

image distance is also the focal length of the lens.

4. Set up a 40-W light bulb or a candle to be a light source.
Mount the lens at the same height as the light source. If you
are using a light bulb, point it right at the lens, as shown.

5. Place the light bulb about a meter away from the lens. Try 
to find the image of the light bulb on a screen. The screen
can be a file card or a sheet of paper. 

a) Record your results in a table, including the distance and
appearance of the image.

6. Adjust the position of the object to create a larger image. 

a) Describe how the position of the object, the image, and 
the size of the image have changed. Record the results
in a table.

Light

Lens
Screen

Do not use lenses with
chipped edges. Mount lenses
securely in a holder. Use only
light sources with enclosed or
covered electrical contacts. Keep
flammables/combustibles away
from the candleholder.

Focal length

Focus
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7. Create an object by carefully cutting a hole in the shape of
an arrow in an index card. Have someone in your group hold
the card close to the light bulb. 

a) Can you see the object on the screen? Describe what 
you see. 

b) Have the person holding the object move it around between
the light bulb and the convex lens. What happens? 

8. Project the object onto the wall. Can you make what you
project larger or smaller?

a) In your log indicate what you did to change the size of 
the image.

9. Create a slide by drawing with a marking pen on clear
acetate. Try placing a 100-W light bulb and the slide in
different positions. 

a) Describe how you can project a real, enlarged image of
your slide onto a screen or wall. 

b) How can you use the lens to change the size of the image? 
c) Explore the effect of different lenses. In your log, record

how you think this effect might be part of your light and
sound show.

Screen

Lens

Acetate slide

Caution:
Lamps get very hot. Be
careful not to touch the
bulb or housing
surrounding the bulb.
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FOR YOU TO READ

Lens Ray Diagrams

You are probably more familiar with
images produced by lenses than you are with
images from curved mirrors.The lens is
responsible for images of slides, overhead
projectors, cameras, microscopes, and
binoculars.

Light bends as it enters glass and bends again
when it leaves the glass.The convex
converging lens is constructed so that all
parallel rays of light will bend in such a way
that they meet at a location past the lens.This
place is the focal point.

If an object is illuminated, it reflects light in all
directions. If these rays of light pass through a
lens, an image is formed.

Although all of the light rays from the object
help to form the image, you can locate an
image by looking at two easy rays to draw—
the ray that is parallel to the principal axis and
travels through the focal point and the ray that
travels through the center of the lens
undeflected. (These rays are in red in the
diagram.)

You can use this technique to see how images
that are larger (movie projector), smaller
(camera), and the same size (copy machine) as
the object can be created with the same lens.

f

Image is smaller
and inverted.

Image is larger
and inverted.O

f

O

f
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If the object is close to the lens (an object
distance smaller than the focal distance), then
an image is not formed. However, if you were
to view the rays emerging, they would appear
to have come from a place on the same side of
the lens as the object.To view this image, you
put your eye on the side of the lens opposite
the object and peer through it—it’s a
magnifying glass!

Sample Problem

The diagram shows a lens and an object.

a) Using a ray diagram, locate the image of
the object shown.

b) Describe the image completely.

Strategy: Choose a location on the object to
be the origin of the rays.A simple choice would
be the tip of the arrow.At least two rays must
be drawn to locate the image.

Givens:

See the diagram.

Solution:

a)

b)
The
image is real, reduced, and inverted.

As the object moves closer to the lens, its size
will increase.At do = f there will be no image
and at do < f the image will be virtual and
upright.

eye

2f 2f ′f f ′

2f 2f ′f ′

Physics Words
converging lens: parallel
beams of light passing
through the lens are
brought to a real point or
focus (if the outside index
of refraction is less than
that of the lens material);
also called a convex lens.
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Reflecting on the Activity and the Challenge
You have explored how convex lenses make real images. You
have found these images on a screen by moving a card back
and forth until the image was sharp and clear, so you know
that they occur at a particular place. Bringing the object near
the lens moves the image away from the lens and enlarges the
image, but if the object is too close to the lens, there is no real
image. These images are also reversed left to right and are
upside down. You may be able to use this kind of image in your
sound and light show. You have also projected images of slides
on a wall. You may be able to add interest by moving the lens
and screen to change the size of these images.

Physics To Go
1. a) What is the focus of a lens?

b) If the image of an object is at the focus on a lens, where 
is the object located?

c) What is the focal length of a lens? 
d) How can you measure the focal length of a lens?

2. a) You set up a lens and screen to make an image of a distant
light. Is the image in color?

b) Is the image right side up or upside down?
c) Did the lens bend light to make this image? How can 

you tell?
d) A distant light source begins moving toward a lens. What

must you do to keep the image sharp?

3. a) You make an image of a light bulb. What can you do to
make the image smaller than the light bulb?

b) What can you do to make the image larger than the 
light bulb?

4. a) You have two lights, a lens, and a screen, as shown on
opposite page. One light is at a great distance from the
lens. The other light is much closer. If you see a sharp
image of the distant light, describe the image of the 
closer light.

b) If you see a sharp image of the closer light, describe the
image of the more distant light.
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c) Could you see a sharp image of both lights at the same
time? Explain how you found your answer.

5. Research how a camera works. Find out where the image is
located. Also find out how the lens changes so that you can
photograph a distant landscape and also photograph people
close up.

6. Using a ray diagram, locate the image formed by the lens
below.

7. An object 1.5 cm tall is placed 5.0 cm in front of a converging
lens of focal length 8.0 cm.  
a) Determine the location of the image.
b) Completely describe the image.

8. A relative wants to show you slides from her wedding in
1972. She brings out her slide projector and screen.  
a) If she puts the screen 2.8 m from the projector and the

lens has a focal length of 10.0 cm, how far from the lens
will the slide be so that her pictures are in focus?

b) If each slide is 3.0 cm tall, how big will the image be on
the screen?

Light Light Lens Screen

2f 2f ′f ′f
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9. The diagram shows an object 0.030 m high placed at point X,
0.60 m from the center of the lens. An image is formed at
point Y, 0.30 m from the center of the lens. Completely
describe the image.

10. The diagram represents an object placed two focal lengths
from a converging lens. At which point will the image be
located?

11. The diagram shows a lens with an object located at position
A. Describe what will happen to the image formed as the
object is moved from position A to position B.

2f f 2ff

C DBA

object

2f f 2ff

B

A

object

2f ′ f 2ff ′

Y

X

object
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Stretching Exercises
1. To investigate how the image position depends on the object

position, find a convex lens, a white card, and a light source.
Find the image of the light source, and measure the image
and object distance from the lens. Make these measurements
for as wide a range of object distances as you can. In addition,
make an image of an object outside, such as a tree. Estimate
the distance to the tree. The image of a distant object, like
the tree, is located very near the focus of the lens. Draw a
graph of the results. Compare the graph with the equation 

= �

2. Find a camera with a shutter that you can keep open (with a
bulb or time setting). Place a piece of waxed paper or a piece
of a plastic bag behind the lens, where the film would be if
you took a picture. Find the image and compare it to the
images you made in this activity. Focus the lens for objects at
different distances. Investigate how well the object and
image location fit the lens equation = � . 

Remember that the focal length of the lens is typically
printed on the lens.

3. Research how the concept of “depth of field” is important in
photography. Report to the class on what you learn.

1 
Di

1 
Do

1
f

1 
Di

1 
Do

1
f
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