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INQUIRY LAB – BACKGROUND

Reflection and Refraction  
Concepts 

● Light waves
● Reflection
● Refraction
● Transmission

Background 

When light hits a boundary between two different substances, three phenomena can 
occur—reflection, absorption, and transmission. Reflection occurs when a light ray 
bounces off a surface, such as when light strikes a mirror. Absorption occurs when light 
energy is retained in a substance and changed into another type of energy such as 
heat. A classic example of this is a black surface becoming extremely hot on a sunny 
summer day. The black surface absorbs most of the light energy, which is then 
converted into heat energy. 

Transmission occurs when light strikes a new substance and then continues to travel 
through that substance, such as light that travels in air and then passes into water. As 
light is transmitted, refraction often occurs. 

Refraction is the bending of a wave that occurs when it enters a new substance. Most of 
the time when light strikes a surface, all three phenomena will occur simultaneously. 
This is why when you look into a calm pool you often will see a faint reflection of 
yourself as well as what is at the bottom of the pool. The water also gets warmer on a 
sunny day. In this case, light reflection, transmission, and absorption are all occurring.
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INQUIRY LABS – OPEN

Reflection and Refraction 
How can you model the behavior of light waves, and describe what they do when 
they bounce off of objects or pass from one medium into another?   

Visible light is a form of energy that is given off by natural or human-made objects such 
as the Sun or a lightbulb. Other objects may reflect light, enabling them to be seen. 
Light waves change direction as they are reflected by other objects, and may also 
change speed and direction as they pass from one transparent medium into another. 
Explore the principles of reflection and refraction as these properties of visible light are 
investigated.

Focus on Science Practices
SEP 2  Develop and Use Models
SEP 7  Engage in an Argument from Evidence
SEP 8  Obtain, Evaluate and Communicate Information

Materials Per Group

● Cork
● Mirror, plane
● Mirror, support
● Protractor sheet

● Pin
● Semicircular lens, 1
● Water, 100 mL

Safety  

Optics materials are considered safe. Do not look through lenses at bright light objects 
especially the sun, as it can be harmful to the eyes. Follow all laboratory safety 
guidelines.

Procedure 
Part I: Reflection
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What is the relationship between the angle of incidence and the angle of reflection?

SEP Develop a Model Use the following procedure to explore the relationship between 
the angle of incidence and the angle of reflection for visible light. The procedure 
provides directions on how to set up the available equipment and supplies, but does not 
stipulate how their use might yield pertinent data. Once you have set up the equipment 
you will be directed to develop a procedure that can help you model the relationship 
between the angle of incidence and the angle of reflection. 

1. Insert the pin into the narrow end of one cork and set aside for step 7.

2. Place the mirror in the mirror support as shown in Figure 1. Note: Make 
sure the bottom of the mirror support is flat against the work surface so the 
mirror stands upright without leaning forward or back.

Figure 1

3. Place the mirror in the center of the protractor sheet as shown in Figure 2. 
The mirror should be on the horizontal line (90°) on the protractor sheet.

Figure 2
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4. Place the cork without the pin at the 40° mark in Quadrant 4 on the 
protractor sheet as seen in Figure 2.

5. Close one eye and look at the reflection of the cork in the mirror from 
Quadrant 3.

6. Adjust your line of sight so the image of the cork is in line with the center 
of the protractor. Note the angle on the protractor corresponding to your 
eye position (line of sight). Record the angle and Quadrant number in the 
data table.

1. Develop a procedure to explore the relationship between the angle of 
incidence and the angle of reflection, using the apparatus you have set up. 
Record your detailed procedure; and identify the independent variable(s), 
the dependent variable(s) and the control variable(s).

  

Table 1

Reflection

Cork Position Eye Position Position of Cork 
with Pin

Observations

Quadrant Angle Quadrant Angle Quadrant Angle

4 40°
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4

3

Part II: Refraction

What happens to the direction of light as it moves from one medium into another, does it 
change?

SEP Develop a Model Use the following procedure to explore whether and how light 
changes direction when it travels from one medium into another. The procedure 
provides directions on how to set up the available equipment and supplies, but does not 
stipulate how their use might yield pertinent data. Once you have set up the equipment 
you will be directed to develop a procedure that can help you understand what occurs 
when light passes from one medium into another. 

7. Fill the semicircular dish ¾ -full with water (approximately 100 mL.)

9
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8. Place the protractor sheet on the work surface so Quadrants 1 and 2 are 
toward the observer.

9. Carefully place the dish on the protractor sheet so the flat side faces 
Quadrants 3 and 4, the midpoint line on the dish is centered at the 
intersection of the quadrants, and the curved section is in Quadrants 1 
and 2 as shown in Figure 3.

Figure 3

10. Insert the pin into the narrow end of the cork.

11.Place the cork at the 50° mark in Quadrant 4 on the protractor sheet.

12.Close or cover one eye and look through the water-filled dish from 
Quadrant 1 so your line of sight is from the 50° mark to the center vertical 
line on the dish. Note: For best results, keep your eye level at the same 
height as the tabletop.

13.Are you able to see an image of the cork and pin in the water? Record 
your observations for 50° in the data table.

14.Keeping one eye closed, move your head and line of sight along the 
curved part of the dish until the cork-and-pin image appears in the water. 
Which way did your line of sight move with respect to the normal line (0°)? 
Add to your observations for 50° in the data table.

15.Continue to move your head and line of sight along the curved part of the 
dish until the cork-and-pin image in the water lines up with the vertical line 
on the flat side of the dish.

16.With the image of the pin and vertical line aligned, take the toothpick and 
place it vertically along the outside of the curved part of the dish so it is 
aligned with the vertical line and the image of the pin. This will mark your 
line of sight.

10
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17.Note the angle on the protractor where the toothpick is placed and record 
the angle and Quadrant number in the data table.

18.  Develop a procedure to further explore how light bends as it transitions 
from air into water. Record your detailed procedure; and identify the 
independent variable(s), the dependent variable(s) and the control 
variable(s).

  

Table 2

Refraction

Light 
Transmission

Observations Pin Quadrant Pin Angle Toothpick  
Quadrant

Toothpick 
Angle

Air to Water 4 50°

11
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Air to Water 4 30°

Air to Water 4 70°

Analyze and Interpret Data
1. SEP Communicate Scientific Information  The relationship between the angle 

of incidence and the angle of reflection is known as the Law of Reflection. Based 
on your observations, write the Law of Reflection.

2. SEP Evaluate Evidence Five students are seated at their desks, which are 
spaced equally apart, in the front row of a classroom (see diagram). The 
instructor places a large plane mirror on the board directly in front of the middle 
student. When student 1 looks at the center of the mirror, which student’s image 
will be seen? Use observations from the lab to support your explanation.

12
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3. SEP Evaluate Evidence The archer fish captures its prey by knocking insects off 
a branch with a stream of water from its mouth. To compensate for the refraction 
of light as it is transmitted from air into water, would the fish aim above or below 
the image of the insect it sees? Use observations from the lab to support your 
explanation.

13
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INQUIRY LAB – GUIDED

Reflection and Refraction     
How can you model the behavior of light waves, and describe what they do when 
they bounce off of objects or pass from one medium into another?   

Visible light is a form of energy that is given off by natural or human-made objects such 
as the sun or a lightbulb. Other objects may reflect light, making them visible. Light 
waves change direction as they are reflected by other objects, and may also change 
speed and direction as they pass from one transparent medium into another. Explore 
the principles of reflection and refraction as these properties of visible light are 
investigated.

Focus on Science Practices
SEP 2  Develop and Use Models
SEP 7  Engage in Argument from Evidence
SEP 8  Obtain, Evaluate and Communicate Information

Materials Per Group

● Cork
● Mirror, plane
● Mirror, support
● Protractor sheet

● Pin
● Semicircular lens, 1
● Water, 100 mL

Safety  

Optics materials are considered safe. Do not look through lenses at bright light objects 
especially the sun, as it can be harmful to the eyes. Follow all laboratory safety 
guidelines.

Procedure 
Part I: Reflection

14

G
u

id
e

d
 I

n
q

u
ir

y 
La

b



NAME       DATE       CLASS

Copyright © 2022 Flinn Scientific, Inc. All Rights Reserved.
Flinn Scientific  and its affiliates are not responsible for any modifications made by end users to the content posted in its original format.

What is the relationship between the angle of incidence and the angle of reflection?

1. Insert the pin into the narrow end of one cork and set aside for step 7.

2. Place the mirror in the mirror support as shown in Figure 1. Note: Make sure the 
bottom of the mirror support is flat against the work surface so the mirror stands 
upright without leaning forward or back.

Figure 1

3. Place the mirror in the center of the protractor sheet as shown in Figure 2. The 
mirror should be on the horizontal line (90°) on the protractor sheet.

Figure 2

4. Place the cork without the pin at the 40° mark in Quadrant 4 on the protractor 
sheet as seen in Figure 2.

5. Close one eye and look at the reflection of the cork in the mirror from Quadrant 3.

6. Adjust your line of sight so the image of the cork is in line with the center of the 
protractor. Identify your line of site by noting the angle on the protractor 
corresponding to your eye position. Record the angle and Quadrant number in 
your data table.

15
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7. Place the cork with the pin in it behind the mirror—either in Quadrant 1 or 2—at 
the location where the image of the first cork appears to be. Use the pin as a 
guide to more accurately position this cork behind the mirror.

8. Look at the angle on the protractor where the cork and pin were placed behind 
the mirror. Record the angle and Quadrant number in the data table for the cork 
and pin position. Observe and record the size of the cork with the pin compared 
to the virtual image. Also note the distance the cork was placed behind the mirror 
compared to the distance from the first cork to the mirror.

9. Repeat steps 4–8, choosing a different cork position in Quadrant 4. Record the 
new angle for this position in the data table.

10.Repeat steps 4–8, placing the cork in a different position in Quadrant 3. In what 
Quadrant will your line of sight be?

16
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Table 1

Reflection

Cork Position Eye Position Position of Cork 
with Pin

Observations

Quadrant Angle Quadrant Angle Quadrant Angle

4 40°

4

3
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Part II: Refraction

What happens to the direction of light as it moves from one medium into another, does it 
change?

11.Fill the semicircular dish ¾ -full with water.

12.Place the protractor sheet on the work surface so Quadrants 1 and 2 are toward 
the observer.

13.Carefully place the dish on the protractor sheet so the flat side faces Quadrants 3 
and 4, the midpoint line on the dish is centered at the intersection of the 
quadrants, and the curved section is in Quadrants 1 and 2 as seen in Figure 3.

Figure 3

14. Insert the pin into the narrow end of the cork.

15.Place the cork at the 50° mark in Quadrant 4 on the protractor sheet.

16.Close or cover one eye and look through the water-filled dish from Quadrant 1 so 
your line of sight is from the 50° mark to the center vertical line on the dish. Note: 
For best results, keep your eye level at the same height as the tabletop.

17.Are you able to see an image of the cork and pin in the water? Record your 
observations for 50° in the data table.

18.Keeping one eye closed, move your head and line of sight along the curved part 
of the dish until the cork-and-pin image appears in the water. Which way did your 
line of sight move with respect to the normal line (0°)? Add to your observations 
for 50° in the data table.

19.Continue to move your head and line of sight along the curved part of the dish 
until the cork-and-pin image in the water lines up with the vertical line on the flat 
side of the dish.

18
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20.With the image of the pin and vertical line aligned, take the toothpick and place it 
vertically along the outside of the curved part of the dish so it is aligned with the 
vertical line and the image of the pin. This will mark your line of sight.

21.Note the angle on the protractor where the toothpick is placed and record the 
angle and Quadrant number in the data table.

22.Repeat steps 15–21 two more times, placing the cork and pin in Quadrant 4 at 
30° and 70°, respectively.

23.Carefully rotate the dish and protractor sheet together so the flat side of the dish 
is toward the observer.

24.Repeat steps 15–21 three times, placing the cork and pin next to the curved side 
of the dish in Quadrant 1 at 45°, 30°, and 10°, respectively. The observer should 
look through the flat side of the dish, starting from the corresponding angles in 
Quadrant 4 as shown in Figure 4. The toothpick should be placed along the 
circumference of Quadrant 4 to mark the line of sight. Record observations in the 
“Water to Air” portion of the data table.

Figure 4
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Table 2

Part II. Refraction

Light 
Transmission

Observations Pin Quadrant Pin Angle Toothpick  
Quadrant

Toothpick 
Angle

Air to Water 4 50°

Air to Water 4 30°

Air to Water 4 70°
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Water to Air 1 45°

Water to Air 1 30°

Water to Air 1 10°

21
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Analyze and Interpret Data
1. SEP Communicate Scientific Information  The relationship between the angle 

of incidence and the angle of reflection is known as the law of reflection. Based 
on your observations, write the law of reflection.

2. SEP Evaluate Evidence Five students are seated at their desks, which are 
spaced equally apart, in the front row of a classroom (see diagram). The 
instructor places a large plane mirror on the board directly in front of the middle 
student. When student 1 looks at the center of the mirror, which student’s image 
will be seen? Use observations from the lab to support your explanation.

3. SEP Evaluate Evidence The archer fish captures its prey by knocking insects off 
a branch with a stream of water from its mouth. To compensate for the refraction 
of light as it is transmitted from air into water, would the fish aim above or below 
the image of the insect it sees? Use observations from the lab to support your 
explanation.

22
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INQUIRY LABS – ADVANCED

Reflection and Refraction 
How can you model the behavior of light waves, and describe what they do when 
they bounce off of objects or pass from one medium into another?   

Visible light is a form of energy that is given off by natural or human-made objects such 
as the Sun or a lightbulb. Other objects may reflect light, enabling them to be seen. 
Light waves change direction as they are reflected by other objects, and may also 
change speed and direction as they pass from one transparent medium into another. 
Explore the principles of reflection and refraction as these properties of visible light are 
investigated.

Focus on Science Practices
SEP 2  Develop and Use Models
SEP 7  Engage in an Argument from Evidence
SEP 8  Obtain, Evaluate and Communicate Information

Materials Per Group

● Cork
● Mirror, plane
● Mirror, support
● Protractor sheet

● Pin
● Semicircular lens, 1
● Water, 100 mL

Safety  

Optics materials are considered safe. Do not look through lenses at bright light objects 
especially the sun, as it can be harmful to the eyes. Follow all laboratory safety 
guidelines.

Procedure 
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Part I: Reflection

What is the relationship between the angle of incidence and the angle of reflection?

SEP Develop a Model Use the following procedure to explore the relationship between 
the angle of incidence and the angle of reflection for visible light. The procedure 
provides directions on how to set up the available equipment and supplies, but does not 
stipulate how their use might yield pertinent data. Once you have set up the equipment 
you will be directed to develop a procedure that can help you model the relationship 
between the angle of incidence and the angle of reflection. 

1. Insert the pin into the narrow end of a cork.

2. Place the mirror in the mirror support as shown in Figure 1. Note: Make sure the 
bottom of the mirror support is flat against the work surface so the mirror stands 
upright without leaning forward or back.

Figure 1

3. Place the mirror in the center of the protractor sheet as shown in Figure 2. The 
mirror should be on the horizontal line (90°) on the protractor sheet.

Figure 2
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4. Develop a procedure to explore the relationship between the angle of incidence 
and the angle of reflection using the apparatus you have set up. Record your 
detailed procedure; and identify the independent, dependent and control 
variables.

  

Table 1

Reflection

Cork Position Eye Position Position of Cork 
with Pin

Observations

Quadrant Angle Quadrant Angle Quadrant Angle

4 40°
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4

3
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Part II: Refraction

What happens to the direction of light as it moves from one medium into another, does it 
change?

SEP Develop a Model Use the following procedure to explore whether and how light 
changes direction when it travels from one medium into another. The procedure 
provides directions on how to set up the available equipment and supplies, but does not 
stipulate how their use might yield pertinent data. Once you have set up the equipment 
you will be directed to develop a procedure that can help you understand what occurs 
when light passes from one medium into another. 

5. Fill the semicircular dish ¾ -full with water (approximately 100 mL.)

6. Place the protractor sheet on the work surface so Quadrants 1 and 2 are toward 
the observer.

7. Carefully place the dish on the protractor sheet so the flat side faces Quadrants 3 
and 4, the midpoint line on the dish is centered at the intersection of the 
quadrants, and the curved section is in Quadrants 1 and 2 as seen in Figure 3.

Figure 3

8. Insert the pin into the narrow end of the cork.
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9. Develop a procedure to explore how light bends as it transitions from air into 
water. Record your detailed procedure and identify the independent, dependent 
variable and the control variable(s).
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Table 2

Refraction

Light 
Transmission

Observations Pin Quadrant Pin Angle Toothpick  
Quadrant

Toothpick 
Angle

Air to Water 4 50°

Air to Water 4 30°

Air to Water 4 70°

30



NAME       DATE       CLASS

Copyright © 2022 Flinn Scientific, Inc. All Rights Reserved.
Flinn Scientific  and its affiliates are not responsible for any modifications made by end users to the content posted in its original format.

Analyze and Interpret Data
1. SEP Communicate Scientific Information  The relationship between the angle 

of incidence and the angle of reflection is known as the Law of Reflection. Based 
on your observations, write the Law of Reflection.

2. SEP Evaluate Evidence Five students are seated at their desks, which are 
spaced equally apart, in the front row of a classroom (see diagram). The 
instructor places a large plane mirror on the board directly in front of the middle 
student. When student 1 looks at the center of the mirror, which student’s image 
will be seen? Use observations from the lab to support your explanation.

3. SEP Evaluate Evidence The archer fish captures its prey by knocking insects off 
a branch with a stream of water from its mouth. To compensate for the refraction 
of light as it is transmitted from air into water, would the fish aim above or below 
the image of the insect it sees? Use observations from the lab to support your 
explanation.
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INQUIRY LAB – SHORT

Reflection and Refraction  
How can you model the behavior of light waves, and describe what they do when 
they bounce off of objects or pass from one medium into another?   

Visible light is a form of energy that is given off by natural or human-made objects such 
as the Sun or a lightbulb. Other objects may reflect light, enabling them to be seen. 
Light waves change direction as they are reflected by other objects, and may also 
change speed and direction as they pass from one transparent medium into another. 
Explore the principles of reflection and refraction as these properties of visible light are 
investigated. In this short version of the lab your teacher will assign your lab group 
either Part I or Part II, and you will share data with another group(s) so that you can 
complete your analysis.

Focus on Science Practices
SEP 2  Develop and Use Models
SEP 7  Engage in an Argument from Evidence
SEP 8  Obtain, Evaluate and Communicate Information

Materials Per Group

● Cork
● Mirror, plane
● Mirror, support
● Protractor sheet

● Pin
● Semicircular lens, 1
● Water, 100 mL

Safety  

Optics materials are considered safe. Do not look through lenses at bright light objects 
especially the sun, as it can be harmful to the eyes. Follow all laboratory safety 
guidelines.

Procedure 
Part I: Reflection
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What is the relationship between the angle of incidence and the angle of reflection?

1. Insert the pin into the narrow end of one cork and set aside for step 7.

2. Place the mirror in the mirror support as shown in Figure 1. Note: Make sure the 
bottom of the mirror support is flat against the work surface so the mirror stands 
upright without leaning forward or back.

Figure 1

3. Place the mirror in the center of the protractor sheet as shown in Figure 2. The 
mirror should be on the horizontal line (90°) on the protractor sheet.

Figure 2

4. Place the cork without the pin at the 40° mark in Quadrant 4 on the protractor 
sheet as seen in Figure 2.

5. Close one eye and look at the reflection of the cork in the mirror from Quadrant 3.

6. Adjust your line of sight so the image of the cork is in line with the center of the 
protractor. Note the angle on the protractor corresponding to your eye position 
(line of sight). Record the angle and Quadrant number in your data table.
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7. Place the cork with the pin in it behind the mirror—either in Quadrant 1 or 2—at 
the location where the image of the first cork appears to be. Use the pin as a 
guide to more accurately position this cork behind the mirror.

8. Look at the angle on the protractor where the cork and pin were placed behind 
the mirror. Record the angle and Quadrant number in the data table for the cork 
and pin position. Observe and record the size of the cork with the pin compared 
to the virtual image. Also note the distance the cork was placed behind the mirror 
compared to the distance from the first cork to the mirror.

9. Repeat steps 4–8, choosing a different cork position in Quadrant 4. Record the 
new angle for this position in the data table.

10.Repeat steps 4–8, placing the cork in a different position in Quadrant 3. In what 
Quadrant will your line of sight be?

34



NAME       DATE       CLASS

Copyright © 2022 Flinn Scientific, Inc. All Rights Reserved.
Flinn Scientific  and its affiliates are not responsible for any modifications made by end users to the content posted in its original format.

Table 1

Reflection

Cork Position Eye Position Position of Cork 
with Pin

Observations

Quadrant Angle Quadrant Angle Quadrant Angle

4 40°

4

3
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Part II: Refraction

What happens to the direction of light as it moves from one medium into another, does it 
change?

11.Fill the semicircular dish ¾ -full with water (approximately 100 mL.)

12.Place the protractor sheet on the work surface so Quadrants 1 and 2 are toward 
the observer.

13.Carefully place the dish on the protractor sheet so the flat side faces Quadrants 3 
and 4, the midpoint line on the dish is centered at the intersection of the 
quadrants, and the curved section is in Quadrants 1 and 2 as seen in Figure 3.

Figure 3

14. Insert the pin into the narrow end of the cork.

15.Place the cork at the 50° mark in Quadrant 4 on the protractor sheet.

16.Close or cover one eye and look through the water-filled dish from Quadrant 1 so 
your line of sight is from the 50° mark to the center vertical line on the dish. Note: 
For best results, keep your eye level at the same height as the tabletop.

17.Are you able to see an image of the cork and pin in the water? Record your 
observations for 50° in the data table.

18.Keeping one eye closed, move your head and line of sight along the curved part 
of the dish until the cork-and-pin image appears in the water. Which way did your 
line of sight move with respect to the normal line (0°)? Add to your observations 
for 50° in the data table.
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19.Continue to move your head and line of sight along the curved part of the dish 
until the cork-and-pin image in the water lines up with the vertical line on the flat 
side of the dish.

20.With the image of the pin and vertical line aligned, take the toothpick and place it 
vertically along the outside of the curved part of the dish so it is aligned with the 
vertical line and the image of the pin. This will mark your line of sight.

21.Note the angle on the protractor where the toothpick is placed and record the 
angle and Quadrant number in the data table.

22.Repeat steps 15–21 two more times, placing the cork and pin in Quadrant 4 at 
30° and 70°, respectively.

23.Carefully rotate the dish and protractor sheet together so the flat side of the dish 
is toward the observer.

24.Repeat steps 15–21 three times, placing the cork and pin next to the curved side 
of the dish in Quadrant 1 at 45°, 30°, and 10°, respectively. The observer should 
look through the flat side of the dish, starting from the corresponding angles in 
Quadrant 4 as shown in Figure 4. The toothpick should be placed along the 
circumference of Quadrant 4 to mark the line of sight. Record observations in the 
“Water to Air” portion of the data table.

Figure 4
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Table 2

Part II. Refraction

Light 
Transmission

Observations Pin Quadrant Pin Angle Toothpick  
Quadrant

Toothpick 
Angle

Air to Water 4 50°

Air to Water 4 30°

Air to Water 4 70°

Water to Air 1 45°
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Water to Air 1 30°

Water to Air 1 10°
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Analyze and Interpret Data
1. SEP Communicate Scientific Information The relationship between the angle 

of incidence and the angle of reflection is known as the Law of Reflection. Based 
on your observations, write the Law of Reflection.

2. SEP Evaluate Evidence Five students are seated at their desks, which are 
spaced equally apart, in the front row of a classroom (see diagram). The 
instructor places a large plane mirror on the board directly in front of the middle 
student. When student 1 looks at the center of the mirror, which student’s image 
will be seen? Use observations from the lab to support your explanation.

3. SEP Evaluate Evidence The archer fish captures its prey by knocking insects off 
a branch with a stream of water from its mouth. To compensate for the refraction 
of light as it is transmitted from air into water, would the fish aim above or below 
the image of the insect it sees? Use observations from the lab to support your 
explanation.
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ANALYZING DATA

Refraction—Snell’s Law  
As light travels from one medium into another, refraction often occurs. Refraction is the 
bending of a wave that occurs when it enters a new substance as shown in Figure 1. 
This bending occurs because the speed of light changes when it passes from one 
substance to another, due to a difference in the densities of the two substances. In 
1621, Dutch astronomer and mathematician Willebrord Snellius (1580–1626) came up 
with a quantitative law of refraction, which is known today as Snell’s law. In this activity 
you will analyze data on the transmission of light from air into water to derive Snell’s 
law.

Figure 1
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Angles of Incidence and Refraction for Light Moving from Air into Water

Angle of Incidence, θ1 (degrees) Angle of Refraction, θ2 (degrees)

10 7.5

15 11.2

20 14.9

25 18.5

30 22.1

35 25.5

40 28.9

45 32.1

50 35.2

55 38.0

60 40.6

65 43.0

70 44.9

75 46.6

80 47.8

85 48.5

90 48.8

95 48.5

100 47.8

105 46.6

110 45.0

115 42.9

120 40.6
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1. CCC Patterns Given a two-variable data set like that in the table, how can you 
begin to uncover the mathematical relationship between the two variables, i.e. 
whether there is a linear relationship between the variables, a linear relationship 
between the inverse of one variable and the absolute value of the other, or some 
other relationship? 

2. SEP Analyze Data Is there a linear relationship between the angle of incidence 
and the angle of refraction? Explain.

3. SEP Use Math Use graphing software or the space to construct graphs to 
determine which one of the following x-y plots of the data yields a straight line: θ1 

vs. θ2, ln(θ1) vs. θ2, θ1 vs. θ2
2, or sin(θ1) vs. sin(θ2).
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4. CCC Patterns Describe how detection of a pattern between two variables in 
nature, such as between the angle of incidence and the angle of refraction for 
light transmitted across an intermedia boundary, can be useful in understanding 
the natural world.
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ENGINEERING WORKBENCH

Waves and Erosion    
How can you prevent losing beaches to erosion?

As ocean waves wash ashore, some of the matter from beaches gets washed away. 
Over time, this can change the landscape and can cause some beaches to be lost. One 
way to prevent this loss is through the use of a breakwater system. Breakwaters are 
structures, usually made of rocks or concrete objects, that are used to prevent erosion 
of ocean shorelines. These barriers help to diminish the force of incoming waves by 
interfering with their movements and scattering their energy.

You have been asked by the Army Corps of Engineers to design a breakwater system 
to reduce the rate of loss of our shorelines. In this activity, you will develop and test your 
breakwater system to protect a simulated beach from erosion. 

Focus on Engineering Practices

SEP 1 Define the Problem
SEP 2 Develop and Use Models
SEP 3 Plan and Carry Out Investigations
SEP 6 Design Solutions

Materials Per Group
● Beaker or plastic cup
● Clay
● Gravel
● Paint tray liner
● Pipecleaners

● Ruler, 15 cm 
● Sand
● Scissors
● Tap water
● Toothpicks

Safety   

This activity is considered to be nonhazardous. Be sure to follow all laboratory safety 
guidelines and all safety procedures provided by your teacher. Find more information 
about the safety icons in the Safety Section.

Develop a Solution 
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1. SEP Define the Problem In your own words, briefly define the problem.

2. SEP Identify Criteria and Constraints What will make your design a success? 
How will you know? What limitations will your design account for? You may 
choose to consider cost, safety, reliability, and aesthetics as well as possible 
social, cultural, and environmental impacts when identifying criteria and 
constraints. List all the criteria and constraints you have identified or that your 
teacher has provided. 

Criteria Constraints

3. SEP Obtain Information Go online and research breakwaters to help you 
develop your system. Look for information related to the following questions.

a. What is the relationship between a wave’s amplitude and its 
strength/ability to erode a beach? 

b. What is the relationship between a wave’s wavelength and frequency and 
its strength/ability to erode a beach? 

c. What is the relationship between a wave’s speed and its strength/ability to 
erode a beach?
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d. How can these relationships impact the type of system you build to diffract 
water waves and reduce their impact on a beach?  

e. What is the economic cost of breakwaters? About how often will they need 
to be repaired?

f. What is the environmental impact of breakwaters? How might they affect 
wildlife?

4. SEP Design a Solution Decide how your breakwater system will be developed. 
For example, where on the beach or in the water will it be located? Which 
materials will you use? Describe your reasoning. 

5. SEP Design a Solution Draw a model of your breakwater system. 
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6. SEP Test Your Solution Describe how your group will test your system. Will 
your teacher or a group member make waves? What are some ways you can 
promote consistency in the testing? Record your observations.

7. SEP Evaluate Your Solution Review your group’s criteria and constraints.  
Based on your observations, do you consider your breakwater system 
successful? Why or why not? Be specific and use evidence to support your 
claims.

8. SEP Communicate Your Solution Shoot a video about your design. Be sure to 
include your design planning, testing, and evaluation steps, in addition to the final 
design. When complete, upload your video to the Student Project Video Center. 
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9. SEP Refine Your Solution Review your classmates’ Waves and Erosion 
projects in the Student Project Video Center. How well did they do? What 
improvements could they have made? Leave constructive comments for the 
projects you view. Compare your system with those your classmates produced. 
How might you improve your system to better meet your criteria and constraints? 
Would you modify any of your criteria or constraints?
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SCIENCE PERFORMANCE TASK

Discovering the Speed 
of Sound in Open Air    

How can you determine the speed of a sound wave for a given sound wave?

Phenomenon We experience sound in many ways, such as through talking, music, and 
noise. However, we do not hear sound as soon as it happens. During a lightning storm, 
we see the lightning before we hear the thunder from the lightning. Jets, when flying at a 
certain speed, can cause a booming sound because sound travels at a finite speed.

In this lab, you will develop a method to determine the speed of sound in air. You will 
have access to tools that produce sound waves at different frequencies to compare the 
speed of sound each tool makes.

Focus on Science Practices

SEP 3  Plan and Carry Out Investigations
SEP 4  Analyze and Interpret Data
SEP 5  Use Mathematics and Computational Thinking
SEP 6  Construct Explanations

Materials Per Group
● Clamp holders, 2
● Clamps, universal extension, 2 
● Graduated cylinder, 250-mL 
● Petroleum jelly (optional)
● Plastic tube, clear, 1” diameter, 2 ft 
● PVC tube, white, ½ ” diameter, 2 ft

● Rubber stopper, #5 
● Ruler, metric 
● Support stand 
● Tuning forks, set of 8 
● Tuning fork activator 
● Water, 200-mL

Safety   

This lab is considered to be nonhazardous. Please follow all laboratory safety 
guidelines.

Procedure 

Part I
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1. Set up a support stand and attach one universal extension clamp to the top of the 
rod, and a second universal extension clamp to the bottom of the rod.

2. Place a rubber stopper in the bottom of the clear plastic tube.

3. Attach the clear plastic tube to the support stand using the universal extension 
clamps as shown in Figure 1. The rubber stopper should be resting on the base 
of the support stand.

Figure 1

4. Place the white PVC tube inside of the clear plastic tube.

5. Fill a large graduated cylinder with 200 mL of water.

6. Make sure the end of the clear plastic tube is completely sealed by pouring a 
small amount of water into the tube and watching for any leaks. Petroleum jelly 
may be put around the edge of the stopper if leaking does occur.

7. Pour the rest of the water from the graduated cylinder into the sealed plastic 
tube. The water should be near the top of the tube but not overflowing.

Part II

8. SEP Plan an Investigation Plan a procedure to determine the speed of sound in 
open air using the apparatus you set up. How can the apparatus help you 
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determine your dependent variable(s)? Use the provided materials in your 
procedure. Use the provided table as a guide. 

 
Record your detailed procedure. Before you carry out your investigation, get your 
teacher’s approval.
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Table 1

Speed of Sound

Frequency 
(Hz)

Tube 
Length (cm)

Tube 
Length “L” 

(m)

Wavelength 
(m)

Speed of 
Sound (m/s)

Average Speed of 
Sound (m/s)

256

288

320

341
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Analyze and Interpret Data

1. SEP Use Math  Show the formula needed to calculate wavelength. Show the 
calculations for one of the frequencies you tested. Remember to use the correct 
units. Complete the Wavelength column of the data table for the other 
frequencies.

2. SEP Use Math  Show the formula needed to calculate the speed of sound. Show 
the calculations for one of the frequencies you tested. Label the answers with the 
correct units. Complete the Speed of Sound column of the data table for the 
other frequencies.

3. CCC Patterns  Look at your data in the frequency and wavelength columns of 
the data table. As the frequency increases, what happens to the wavelength?

4. SEP Construct an Explanation  Based on your data, what similarities and/or 
differences do you notice between the different frequencies and the speed of 
their respective sound waves? Use the equation from question 2 to explain how 
the similarities and/or differences occur.
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5. SEP Use Math  The expected average speed of sound for all those tuning forks 
in air at STP, standard temperature (273 K) and pressure (1 atm), is 331 m/s. 
How does your measured average speed of sound in air compare to the actual 
accepted value? Calculate the percent error between your measured average 
and the accepted average speed of sound.

6. SEP Use Math An easy way to estimate the speed of sound in air produced by a 
256 Hz tuning fork is to calculate the following 331.5 m/s + 0.6(T) ; where T is the 
temperature measured in Celsius. Measure the temperature in your lab or 
classroom using a thermometer. Calculate the expected speed of sound 
produced by a 256 Hz tuning fork at that temperature and compare it to the 
expected speed in a very hot area, where the temperature is 38°C.

7. SEP Apply Scientific Reasoning  In general, do you think the speed of sound 
would increase or decrease if it travels through a liquid or solid? Explain the 
reasoning for your answer.
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