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Subject Area: Science 
Strand C: Force and Motion 
Grade:   5      

 

Benchmarks 
SC.B.1.2.1:  The student knows how to trace the flow of energy in a system (e.g., as in an 
ecosystem).   
 
SC.B.1.2.4:  The student knows the many ways in which energy can be transformed from one 
type to another.   
 
SC.C.1.2.1:  The student understands that the motion of an object can be described and 
measured.   
 
SC.C.1.2.2:  The student knows that waves travel at different speeds through different materials. 
 
SC.C.2.2.2:  The student knows that an object may move in a straight line at a constant speed, 
speed up, slow down, or change direction dependent on net force acting on the object.   
 
SC.C.2.2.3:  The student knows that the more massive an object is, the less effect a given force 
has. 
 
SC.C.2.2.4:  The student knows that the motion of an object is determined by the overall effect of 
all of the forces acting on the object. 

 
TASK ANALYSIS  

The student…  
FORCE AND MOTION 

·  identifies force as any push or pull (e.g., gravity, electricity, and magnetism) that causes 
objects to change their state of motion. The greater the force is, the greater the change in 
motion. 

·  describes the motion of an object by its position, direction, and speed. 
·  investigates to discover that the speed at which things move differs greatly. Some things are 

so slow that their journey takes a long time; others move too fast for people to ever see them. 
·  uses scientific tools (e.g., stopwatch, meter stick) to measure the speed and distance traveled 

by an object and displays the data in a graphic representation. 
·  traces the flow of energy as it is converted from one form to another (e.g., potential to kinetic) 

through a system.  
·  discovers through activities that the more mass an object has, the more force it takes to 

change its state of motion.  
·  demonstrates how inertia (an object’s tendency to resist a change in motion), gravity, friction, 

and mass affect motion. 
·  uses a Slinky, rope, or spring to demonstrate that one way energy is transported is through 

waves (oscillations - back and forth or up and down motions) that travel from one place to 
another. 

·  understands that waves (e.g., sound, light) travel at different speeds through different 
materials. 
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TASK ANALYSIS  
The student…  
·  draws and describes some characteristics of waves (e.g., crest [highest point], trough [lowest 

point], length). 
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IT’S A BIRD! IT’S A PLANE! IT’S…  
 
BENCHMARKS and TASKS 
SC.C.1.2.1 The student understands that the motion of an object can be described and measured. 
SC.C.2.2.4 The student knows that the motion of an object is determined by the overall effect of all 
of the forces acting on the object.  

·  The student identifies force as any push or pull (e.g., gravity, electricity and magnetism) that 
causes objects to change their state of motion; the greater the force, the greater the change in 
motion. 

·  The student describes the motion of an object by its position, direction, and speed. 
·  The student investigates to discover that the speed at which things move differs greatly.  

Some things are so slow that their journey takes a long time; others move too fast for people 
to ever see them. 

·  The student uses scientific tools (e.g., stopwatch, meter stick) to measure the speed and 
distance traveled by an object and displays the data in a graphic representation. 

 
KEY QUESTION  
What defines speed and how is it measured? 
 
BACKGROUND INFORMATION  
Most of us have a personal idea of what is “fast.” Speed, however, is relative. What may seem fast 
in a car is slow in an airplane. Speed depends upon your frame of reference. Most people would 
have no concept of speed if it were not for their reference points. These might be buildings or 
electric poles that seem to appear and disappear quickly when driving along the highway. Without 
frames of reference and the vibration of the car, you would not realize that you were moving. In an 
airplane, your frame of reference might be on the ground, another airplane flying in a different 
direction, or clouds through which you are passing. 
 
Speed is defined as the distance traveled in a given amount of time. 
 
Average Speed  =  Total Distance    
             Total Time         

Comparative average speeds of different animals: 
Swimmer:        8 km/h     (5 mph) 
Runner:    32 km/h   (20 mph) 
Sailfish:  104 km/h   (65 mph) 
Cheetah:  112 km/h   (70 mph) 
Duck Hawk:  290 km/h (180 mph) 
 
MATERIALS  
Per group         Teacher 
1 set of Speed Activity Cards  1 calculator (optional)   1 toy car 
1 Speed Classification Sheet  1 meter stick     1 toy plane 
1 marble    chalk  
1 stopwatch    1 Speed data sheet      
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TEACHING TIPS  

1. Locate an area, such as the hall or cafeteria, where you can mark off 25-meter distances 
from a wall. 

2. Show students how to use a stopwatch. You may want to assign a timekeeper for each 
group. 

3. If your students are not familiar with the vocabulary on the Speed activity sheet, you will 
need to review certain terms: trial , distance, elapsed. 

 
ENGAGE 

1. Ask students to raise their hands if they think 60 mph is fast. Then ask students to raise their 
hands if they think 60 mph is slow. Now take out a small toy car and plane. Hold the car up,  
ask students to keep it in mind, and to raise their hands if they think 60 mph is slow. Hold up 
the plane, ask students to keep it in mind, and to raise their hands if they think 60 mph is 
slow. See if any of them changed their minds when you held up the visuals. If so, ask them 
to explain why they changed their minds.  

2. Distribute a set of Speed Activity Cards and a Speed Classification Sheet to each student 
group. Ask students to place each of the 12 activity cards in the appropriate columns on the 
classification sheet.  

3. Listen to the dialogue that will take place among students. They probably will not agree on 
the placement even within groups. Give them some time to reach consensus within groups. 

4. On the board create a chart similar to the Speed Classification Sheet. Ask volunteers to write 
items in the columns where their group placed them and to explain why they made that 
choice. (Accept reasonable answers and encourage discussion.)  

5. Tell students that everybody’s idea of speed may be different, but there is a way to measure 
it. 

 
EXPLORE 

1. Tell students they will find out how to measure speed by rolling a marble. 
2. Give each group the Speed data sheet. Give them time to read and ask any questions. 
3. Students should use a metric measuring tape or a meter stick to mark a distance of 25 m 

from a wall and then use chalk to mark a line at that point on the floor. 
4. One student will kneel 2 m behind the line and prepare to roll the marble.  
5. When the student doing the timing says, “Begin,” the student will roll the marble toward the 

wall. 
6. Once the marble has crossed the line, the timer should start the stopwatch.  
7. When the marble hits the wall, the timer should stop timing.  
8. The recorder should record the time on the Speed data sheet.  
9. Have students roll a second and then a third marble. 
10. Students should calculate the speed by dividing the distance the marble rolled (25 m) by the 

time it took for the marble to hit the wall.  
11. The recorder should record the speed for each trial in meters per second. 

 
EXPLAIN  
After students finish the activity, discuss the results.  
Which trial had the fastest speed?  
Which trial had the slowest speed?  
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What was the average speed of all the trials? (Add the speeds from each trial together and divide by 
the total number of trials.) 
How would the speed be affected if the distance was decreased, but the time remained the same? 
(The speed would decrease.)  
How would the speed be affected if the time was increased but the distance remained the same? 
(The speed would decrease.)  
What two factors, or measurements, are used to calculate an object’s speed? (the distance traveled 
and the amount of time it took to travel that distance.) 
If force is any push or pull that causes objects to change their state of motion, what forces were 
acting on the marble? (The student’s push and gravity were both forces acting on the marble.) 
What variables may have affected the speed of the marble? (the force used to push the marble, the 
surface over which it rolled, the mass of the marble, etc.) 
 
EXTEND/APPLY  
Have students reflect on their recent trips to amusement parks. Which ride was the fastest? How do 
you know? Students can contact area amusement parks to find out how fast the rides travel. 
 
EXTENSIONS 

1. Try the activity again using marbles of different sizes. 
2. Ask students to use library resources to find the top speeds reached by animals that run, fly, 

and swim. 
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1. Use a metric tape measure to mark a distance of 25 m from a wall. Use chalk to 

make a line at that point on the floor. 
2. Kneel 2 m behind the chalk line. While the timer says, “Begin,” roll the marble 

toward the wall.  
3. When the marble crosses the chalk line, the timer should start the stopwatch.  
4. When the marble hits the wall, the timer should stop timing.  
5. Record the time on this chart. 

 
Trial 

Number 
Distance of 

Roll 
Elapsed Time  Speed 

Distance/Time  
1 
 

   

2 
 

   

3 
 

   

 
 

   

 
6. Roll a second marble, then a third marble, trying to roll each one at about the 

same speed. 
7. For each of the trials, calculate the speed by dividing the distance the marble 

rolled (25 m) by the time it took for the marble to hit the wall. Record the 
speed for each trial in meters per second (m/s). 

8. How did the speed change as the elapsed time changed?  
 

________________________________________________________________________ 
 
 ________________________________________________________________________ 
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                SPEED ACTIVITY CARDS 
 

 

 
SNAIL 

 
RABBIT 

 
 

PLANT 
 

 
LIGHT 

 
 

OCEAN WAVE 
 

 
CAR 

 
 

JET 
 

PERSON 
 

 
RADIO 

 
TIME 

 
 

EARTH 
 

CHEETAH 
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Speed Classification Sheet 
THINGS THAT MOVE 
TOO SLOWLY TO BE 

SEEN 
 

THINGS THAT MOVE 
SLOWLY 

THINGS THAT MOVE 
FAST 

THINGS THAT MOVE 
TOO FAST TO BE SEEN 
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PENNY PUSH     
 
BENCHMARKS and TASKS   
SC.B.1.2.1 The student knows how to trace the flow of energy in a system (e.g., as in an ecosystem).  
SC.B.1.2.4 The student knows the many ways in which energy can be transformed from one type to 
another. 
SC.C.2.2.2 The student knows that an object may move in a straight line at a constant speed, 
speed up, slow down, or change direction dependent on net force acting on the object.  
SC.C.2.2.4 The student knows that the motion of an object is determined by the overall effect 
of all of the forces acting on the object  

·  The student identifies force as any push or pull (e.g., gravity, electricity and magnetism) that 
causes objects to change their state of motion. The greater the force is, the greater the change in 
motion. 

·  The student describes the motion of an object by its position, direction, and speed. 
·  The student traces the flow of energy as it is converted from one form to another (e.g., potential 

to kinetic) through a system. 
 
KEY QUESTION  
How is energy transformed from one type to another? 
 
BACKGROUND INFORMATION  
An object is in its equilibrium position when it is sitting still (no outside force is acting on it) and 
gravity holds it in place. The object has potential energy (stored energy). If two objects collide, 
momentum is transferred between them. When one moving object strikes a stationary object, the first 
moving object transfers some of its forward motion of energy, or momentum, to the stationary object, 
which is set in motion. The momentum can pass from one object to another and even to a third object. 
The moving object has kinetic energy (energy of motion).  
 
MATERIALS  
Teacher      Per pair of students 
Dominos      10 pennies 

1 quarter 
1 dime 
1 nickel 
variety of coins 

 
ENGAGE  

1. Create a straight-line path of standing dominos. Make sure each domino is no more that 1½ 
inches from the next domino. 

2. Ask students to predict what will happen when you push the domino at one end of the path.  
 
EXPLORE 
Student Directions:  

1. Arrange nine pennies in a row on a desk. Make sure each penny is touching the one next to it. 
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2. Place another (tenth) penny about 12 cm from one end of the row. Give that penny a quick push 
so that it slides into the ninth penny in the row. What happened? 

3. Rearrange the pennies. Try pushing the tenth penny harder. What happened? 
4. Rearrange the pennies. Now push the tenth penny more gently. What happened? 
5. Place eight pennies in a row so that each penny is touching the one next to it.   
6. Place the remaining two pennies about 12 cm from the back end of the row.   
7. Give the two pennies a quick push so that they both slide into the back end of the row. What 

happened? 
8. Use a quarter as the knocking coin. What happened? 
9. Use a dime as the knocking coin. What happened? 

 
EXPLAIN  
Force is any push or pull that causes objects to change their state of motion. What force caused the 
pennies to move? (The force was generated by the tenth penny pushing the ninth penny, the ninth 
pushing the eighth, and so on. Finally, when the pushing force was passed on to the penny at the far 
end of the row, that penny moved away from the others. The force of the knocker transferred all of its 
momentum to the row of pennies, setting them in motion. Momentum is the forward motion of 
energy.) 
What happened when you pushed the tenth penny into the other pennies harder? (The penny on the far 
end moved away from the group.)  
What happened when you pushed the tenth penny into the other pennies more gently? (The penny on 
the far end still moved, but not as far.) 
What happened when two pennies were pushed into the other pennies? (Two pennies from the far end 
moved away from the group.) 
What happened when a quarter was used as the knocking coin? (At least three pennies on the far end 
moved away from the group.) 
What happened when a dime was used as the knocking coin? (One penny from the far end moved away 
from the group.) 
What happened when a nickel was used as the knocking coin? (Two or three pennies on the far end 
moved away from the group.) 
Was the force of the knocker a push or a pull? (a push) 
Was the push of the knocker the only force acting on the pennies? (No, more than one force can, and 
usually does, act on an object at the same time.) 
When did an energy transformation occur? (The pennies had potential energy while they were at rest. 
If two objects collide, momentum is transferred between them. When one moving object strikes a 
stationary object, the first moving object transfers some of its energy, or momentum, to the stationary 
object, which is then set in motion. That moving object has kinetic energy. Potential energy was 
converted to kinetic energy when the knocker hit the pennies and they began to move.) 
 
EXTEND/APPLY  
Encourage students to design another experiment, using different sizes of coins in a row and a different 
size coin as a knocker. 
 
EXTENSION 
Try the same investigation on different surfaces.
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MOTION NOTIONS 
 
BENCHMARKS and TASKS  
SC.C.2.2.2 The student knows that an object may move in a straight line at a constant speed, 
speed up, slow down, or change direction dependent on net force acting on the object. 
SC.C.2.2.4 The student knows that the motion of an object is determined by the overall effect of all of 
the forces acting on the object. 

·  The student identifies force as any push or pull (e.g., gravity, electricity, magnetism) that 
causes objects to change their state of motion. The greater the force is, the greater the change in 
motion. 

·  The student describes the motion of an object by its position, direction, and speed. 
·  The student traces the flow of energy as it is converted from one form to another (e.g., potential 

to kinetic) through a system. 
·  The student demonstrates how inertia (an object’s tendency to resist a change in motion), 

gravity, friction, and mass affect motion. 
 

KEY QUESTION  
What is inertia and how does inertia affect the movement of objects? 
 
BACKGROUND INFORMATION  
The whole universe is in motion, from tiny particles to huge stars and planets. All objects tend to 
resist efforts to change their state of motion, whether they are actually moving or at rest. Newton’s 
First Law: Objects at rest tend to remain at rest. Objects in motion tend to stay in motion, traveling at a 
constant speed and in the same direction. The tendency of an object to remain at rest or to remain in 
motion is called inertia. However, all around us forces, pushes and/or pulls, act on objects, often 
making them change their state of motion.  
 
Mechanical energy is the energy an object has because of its motion or position. There are two kinds of 
mechanical energy - kinetic and potential. Potential energy is energy an object has because of its 
position or shape. In this activity, the marbles have stored, or potential energy, because of their shape. 
When the marbles are set in motion, the potential energy is transformed to kinetic energy, the energy 
an object has because it is moving. The greater the speed and the mass of an object, the greater its 
kinetic energy is. 
 
MATERIALS  
Teacher      Per group 
1 embroidery hoop     1 box lid (perhaps from a shoe box) 
5 marbles      1 marble or metal nut 
overhead projector     glue bottle 
       scissors 
       pieces of heavy cardboard 
       1 sheet of paper 
       1 small paper cup 
       paper clip 
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ENGAGE 
1. Put the embroidery hoop on the overhead. Set marbles in the hoop and turn on the overhead 

light. Ask: Why aren’t the marbles moving? (The force of gravity is the dominant force pushing 
on them from above, and it is equal to the force of the projector pushing on them from below.) 
How could you make these marbles move? (Students may suggest you move the hoop. Do this, 
creating a push or a pull and causing the marbles to move.) 
How could you change the direction of the marbles’ movement? (Try various suggestions. You 
may change the direction of the push or pull, perhaps in a circular motion.) 

2. Tell the students they are going to make a game which will depend on a basic principle of 
science, Newton’s First Law: Objects tend to resist efforts to change their state of motion 
whether they are actually moving or at rest. Let pupils try moving objects, such as a glue bottle 
or a marble, by moving a sheet of paper they have placed beneath the object. They will find that 
any object they test, once moving, tends to keep moving. When not moving, it tends to stay still 
unless a new force acts on it. 

 
EXPLORE 

1. Distribute a box lid, glue, scissors, thick cardboard, paper, and pencil to each group. 
2. Tell students to design a maze inside the cover by gluing in narrow strips of thick cardboard. 

The maze may have any pattern from simple to complex. (Students may choose to design the 
pattern on paper first and then use the patterns as templates to cut the cardboard.) Be sure 
students designate a starting and finishing point in the maze. 

3. Set the mazes aside to dry. 
4. Now students are ready to play the game. Lay the box lid on a table and the marble or nut at the 

starting point. Each player, without lifting or tilting the lid, slides it this way and that way until 
the marble or nut reaches the finish. This can be done a couple of ways, both depending upon 
inertia. First, they may slide the lid to get the marble or nut moving, and then stop the cover 
abruptly, letting the marble or nut keep moving. Or they may slide the cover abruptly, letting 
the marble or nut stay still. 

5. Students may keep records of how long it takes them to complete the track, beginning with the 
first attempt. A graph of successive times should show how much a player could improve his 
skills with practice. 

 
 
EXPLAIN  
Did the marble always go where you wanted it to go? Why? 
Force is any push or pull that causes objects to change their state of motion. What forces caused the 
marble to move? (the forces of gravity and the push and pull on the lid by the student) 
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What force caused the marble to move in directions often opposite from the way you wanted it to 
move? (Inertia: Objects tend to keep doing whatever they have been doing, whether moving or 
standing still.) 
When did an energy transformation occur? (The marbles had potential energy while they were at rest. 
Potential energy was converted to kinetic energy when the marbles started moving through the maze.) 
 
EXTEND/APPLY  

1. What does inertia have to do with people’s need to wear seatbelts? (When an auto starts to 
move, the people in it tend to stay still. When it stops suddenly, they tend to keep moving. That 
is why people need to wear seatbelts! They may be thrown out or hit their heads on the 
windshield because of inertia.)  
What are some other ways inertia is evident in our lives? 
Make a list of the ideas students suggest. Title the list Everyday Examples of Inertia. 

2. Put a paper clip in a paper cup lying on its side. Move the cup quickly, open end first, and then 
stop it suddenly. What does the paper clip do? (The paper clip keeps on moving because 
objects in motion tend to stay in motion, traveling at a constant speed and in the same direction. 
An object’s tendency to resist a change in motion is called inertia.) 
Put the paper clip back inside the cup, still resting on its side. Now, move the cup suddenly, 
bottom first. This time how does the paper clip react? (The paper clip stays just about where it 
was but falls onto the table as you slide the cup out from beneath it, because objects at rest tend 
to stay at rest.) 

 
ASSESSMENT 
In a science journal, have the students explain what this statement means: We must wear seatbelts 
because of inertia. 
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             LOSING YOUR MARBLES         
 
BENCHMARKS and TASKS 
SC.C.2.2.2 The student knows that an object may move in a straight line at a constant speed,  
speed up, slow down, or change direction dependent on net force acting on the object. 
SC.C.2.2.4 The student knows that the motion of an object is determined by the overall effect of  
all of the forces acting on the object. 

·  The student describes the motion of an object by its position, direction, and speed. 
·  The student demonstrates how inertia (an object’s tendency to resist a change in motion), 

gravity, friction, and mass affect motion. 
           

KEY QUESTION  
What are some forces that can affect the motion of an object? 
 
BACKGROUND INFORMATION  
Newton’s First Law of Motion: An object at rest will stay at rest unless acted on by an unbalanced 
force. An object in motion will stay in motion at the same speed and in the same direction unless acted 
on by an unbalanced force. Newton’s First Law of Motion is also called the law of inertia. Inertia is 
an object’s tendency to resist a change in motion. All objects have inertia. The greater an object’s 
mass, the greater its inertia, and the larger the force needed to overcome the inertia. 
 
Not all motion is linear (in a straight line). An object may oscillate, move back and forth, about a fixed 
point. It may also have circular motion caused by centripetal force, which keeps it moving in a circle 
instead of flying away. 
  
MATERIALS  
Per group 
1 raw egg and 1 hard-boiled egg (see Teaching Tips)       
1 circular bowl 
1 Ping-Pong ball and/or other small balls   
1 small rubber ball 
 
TEACHING TIPS  

1. Prepare one hard-boiled egg for each group ahead of time.  
2. Have students wash their hands thoroughly after handling eggs. 
3. Part 1 can be done as a teacher demonstration and this would require only two eggs – one raw 

and one hard-boiled. 
          
ENGAGE 

1. When a car turns a corner, what happens to the passengers? (They tend to sway or lean away 
from the curve.) 

2. Why does this happen? (The passengers are experiencing inertia. The particles in their bodies 
want to keep going in a straight line. However, the car exerts centripetal force on the 
passengers; it forces them to turn the corner, changing their direction.) 
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EXPLORE and EXPLAIN (Part 1)  
1. Give students one hard-boiled and one raw egg. Tell them the challenge is, without cracking 

the eggs, to determine which one is raw and which one is hard-boiled. 
2. Have students spin the eggs at the same time and discuss their observations. 
3. Have them spin the eggs again and use one finger to touch the top of each egg, causing a brief 

stop. (The cooked egg will stay still but the raw egg will start spinning again.)  
4. Ask students to predict which egg was hard-boiled and which one was raw. 
5. What would cause these results? (The insides of the egg have more inertia when they are 

liquid, like the raw egg, than when they are solid, like the hard-boiled egg. This slows the raw 
egg down so it stops spinning before the hard-boiled egg. However, when you stopped the eggs 
and then let go, the liquid in the raw egg was still moving. This movement, caused by inertia, 
started the egg spinning again.) 
 

EXPLORE (Part 2) 
1. Hold up a small rubber ball. Ask students if they can think of a way to make it move in a circle.  

Experiment with some of their ideas. 
2. Have students place a ball in the bowl and take turns within their groups, rotating the bowl in a 

circular motion.  
3. Repeat step 2 with the Ping Pong ball and other available balls. 
4. Why is the ball rolling around the bowl? (Force is being applied to it and it wants to move in a 

straight line, but it can’t because of the rounded walls.) 
5. Have students place the rubber ball on a desk and place the bowl over it. 
6. Tell them they are going to spin the bowl upside down with the ball beneath it. Have them 

think about what will happen before they try it. 
7. They should move the bowl in fast circular motions, making sure they hear the ball moving 

around the edge of the bowl. 
8. Now have students lift the bowl and observe the ball’s path. (It will move across the table in a 

straight line until it hits another object, which stops it, slows it down, speeds it up, or changes 
its direction.) 
 

EXPLAIN  
Explain how the ball  moved when you lifted the bowl and why that happened. (The ball moved in 
circles under the bowl as it spun, because its inertia was balanced by an inward force—the push of the 
curved walls of the bowl. This force is known as centripetal force. When the bowl was lifted, the 
centripetal force was ceased and inertia kept the ball going in its preferred straight line.)  
 
EXTEND/APPLY  

1. Play a game to help students visualize motion, including the direction and the changes in 
direction of moving objects. 
·  Draw a horizontal line on the chalkboard. Ask the class to think of some object that moves 

along a path like this (e.g., a marble rolling across a smooth floor). 
·  Draw a vertical line on the chalkboard. Ask what object might move along a path like this 

(e.g., a ball falling freely). 
·  Draw a diagonal line on the chalkboard. Ask what object might move along a path like this 

(e.g., a plane landing). 
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2. When you feel the students have the idea, draw other “paths of motion” and see who can name 
them. Some examples may be: 
·  handle of pencil sharpener as a pencil is sharpened 
·  pitched baseball 
·  rabbit hopping 
·  ball bouncing on the floor or down a flight of stairs 
·  pendulum 
·  pebble skipping across a pond 
·  reflector on the pedal of a moving bike 
·  skateboarder going down a ramp and then up a ramp 
·  pebble stuck on a moving auto tire (test by strapping chalk to the can and then rolling it on 

the chalkboard) 
3. Encourage students to design their own paths of motion and have the class try to guess what 

made the paths, or give students the paths you want them to draw on the board and see if they 
can design the path so the class can figure out what path they were assigned (similar to 
charades). 

 
ASSESSMENT 
Read the following scenario to the class and then have them respond: 
A boulder on top of a hill begins rolling down the hill when a boy pushes it. Once it starts down the 
hill, it continues to gain speed because of the force of gravity acting on it. Suddenly a new force acts 
on the boulder. 

·  Tell what this new force might have been. (Accept any reasonable answer.)  
·  Tell how this new force could change the motion of the boulder (e.g., change its direction, slow 

it down, speed it up, stop it). 
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              HIDE AND SEEK ENERGY           
 
BENCHMARKS and TASKS  
SC.B.1.2.4 The student knows the many ways in which energy can be transformed from one type to 
another.  
SC.C.1.2.1 The student understands that the motion of an object can be described  and measured.  

·  The student identifies force as any push or pull (e.g., gravity, electricity and magnetism) that 
causes objects to change their state of motion. The greater the force is, the greater the change in 
motion. 

·  The student traces the flow of energy as it is converted from one form to another (e.g., potential 
to kinetic) through a system. 

   
KEY QUESTION  
Does a ball dropped from knee-height have the same amount of energy as a ball dropped from above 
the head?  
   
BACKGROUND INFORMATION  
Mechanical energy is the energy an object has because of its motion or position. There are two kinds of 
mechanical energy - kinetic and potential. Potential energy is energy an object has because of its 
position or shape. As you hold each ball, it has stored, or gravitational potential energy. The higher the 
ball is held, the greater the amount of potential energy. When you drop each ball, the potential energy 
is transformed to kinetic energy, the energy an object has because it is moving. The greater the speed 
and the mass of an object, the greater its kinetic energy is. 
   
MATERIALS  
Per group       Per student 
1 large pan half-filled with wet sand      science journal                                  
4 tennis balls – same size, same mass 
1 metric measuring tape 
1 balance and mass set 
 
TEACHING TIP  
Take the students outside for this activity. 

 
ENGAGE   
Predict whether a ball dropped from a lower height will make a dent smaller than,  equal to, or bigger 
than the dent made by a ball dropped from a greater height. Chart predictions on the board. 
 
EXPLORE    

1. Have students find the mass of the tennis balls. (They should be approximately the same.) 
2. Model how students should carry-out the activity. 
3. Ask one student in each group to stand by the pan of sand and hold one of the tennis balls at 

knee-height over the sand. Tell the students to let the ball drop.  
4. Students in the group should closely observe the dent the ball made in the sand. 
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5. Next, have the same student stand by the pan of sand and hold the second tennis ball at knee-
height over the sand.  

6. All students in the group should observe the dents the two balls made in the sand. 
7. Students should use a metric measuring tape to measure and compare the depth and 

circumference of the two dents in centimeters. Record this data in the science journal.  
8. Next, have students repeat these steps but this time, the balls should be dropped from a height 

above the head. (Note: Students should use fresh balls, since the first two balls will likely be 
covered in sand.) 

9. Again, all students in the group should observe the dents the balls made in the sand. 
10. Students should use a metric measuring tape to measure and compare the depth and 

circumference of the two dents in centimeters. -Record this data in the science journal.  
11. Students should compare the two sets of data and determine the answer to the Key Question: 

Does a ball dropped from knee-height have the same amount of energy as a ball dropped from 
above the head?  

12. Have students smooth out the sand and try the investigation again by dropping the balls from 
two different heights. 

 
EXPLAIN  
Which ball had more energy as it hit the sand? (The ball dropped from above the head.)   
How can you tell that it had more energy? (The dent in the sand was bigger.) 
Why do you think the ball dropped from overhead had more energy? (It had more gravitational 
potential energy since it was held up at a higher position.) 
When did potential energy transform to kinetic energy? (When the ball was poised overhead, it had 
gravitational potential energy, or stored energy. When the ball was released and started to fall, 
potential energy was converted to kinetic energy, energy of motion.) 
Force is any push or pull that causes objects to change their state of motion. What force acted on the 
balls? (gravity) 
   
EXTEND/APPLY  

1. Have students brainstorm a list of follow-up questions to investigate: Would the results be the 
same if you dropped a different kind of ball? What would happen if you dropped balls with 
different masses from the same height?  

2. Have each group choose one of the questions and carry out another investigation.  
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BOUNCING BALLS! 
 
BENCHMARKS and TASKS 
SC.B.1.2.4 The student knows the many ways in which energy can be transformed from one type to 
another. 
SC.C.1.2.1 The student understands that the motion of an object can be described and measured. 
SC.C.2.2.2 The student knows that an object may move in a straight line at a constant speed, speed up, 
slow down, or change direction dependent on net force acting on the object. 
SC.C.2.2.4 The student knows that the motion of an object is determined by the overall effect of all of 
the forces acting on the object. 

·  The student identifies force as any push or pull (e.g., gravity, electricity, and magnetism) that 
causes objects to change their state of motion. The greater the force is, the greater the change in 
motion. 

·  The student describes the motion of an object by its position, direction, and speed. 
·  The student uses scientific tools (e.g., stopwatch, meter stick) to measure the speed and 

distance traveled by an object and displays the data in a graphic representation. 
·  The student traces the flow of energy as it is converted from one form to another (e.g., potential 

to kinetic) through a system. 
·  The student demonstrates how inertia (an object’s tendency to resist a change in motion), 

gravity, friction, and mass affect motion. 
 
KEY QUESTION  
What will happen if the same ball is dropped from the same height onto the same surface over and over 
again? 
   
BACKGROUND INFORMATION  
Sir Isaac Newton discovered basic laws about how things move. His first law of motion states that 
objects at rest remain at rest and objects in motion remain in motion unless acted upon by an external 
force - a push or pull - that sets them in motion. Gravity  is a force that’s always pulling things down 
toward the center of the planet. A tablecloth can be pulled out from underneath a set of dishes, if it is 
pulled quickly. This is because the dishes have inertia , a tendency to remain at rest. A bowling ball, 
once in motion, will continue in a straight line forever, unless it hits the pins, or friction eventually 
supplies the force to slow it down. 
 
In this activity, a force, gravity, acts upon the ball to pull it down when it is dropped. The force of the 
surface acts upon the ball to push it back up. The ball changes direction (acceleration). However, the 
ball does not bounce back to its original height because some energy is absorbed by the surface on 
which it was dropped. Some of the energy is changed into heat energy in the collision. 
 
As you hold each ball, it has stored, or gravitational potential energy. The higher the ball is held, the 
greater the amount of potential energy. When you drop the ball, the potential energy is transformed to 
kinetic energy, energy of motion.  
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MATERIALS  
Per group of 3     Teacher                     
crayons      1 kick ball   
Bouncing Balls! activity sheet   1 long sheet of white paper 
tape       tape 
1 tennis ball 
variety of other balls (e.g., Ping-Pong ball, rubber ball) 
 
TEACHING TIP  
Measurement is never exact. A measurement can always be taken to another, more precise decimal 
place. Measuring a ball in motion is even more difficult. Students should realize that their 
measurements are only approximations. 

 
ENGAGE   

1. Place a kick ball on your desk and wait for it to move under its own power. Ask the students, 
Will the ball move on its own?  (No way! A body at rests stays at rest unless acted upon by 
some force.) 

2. Stand beside a wall on which you’ve taped a long strip of paper. Drop the kick ball from chest 
height while a student marks the height to which the bottom of the ball bounces. Ask students 
to predict what will happen when you drop the ball again from the same height. Record their 
predictions and tell them you will return to this after they have had the opportunity to explore 
this idea . 

 
EXPLORE  

1. Explain that students will measure the bounciness of balls by comparing how high each ball 
bounces. Divide the class into groups of three and distribute the materials. 

2. Tape the activity sheet to the wall or to a heavy book so that the sheet stands on a flat surface 
such as a desk top or floor. 

3. Have each of the three group members take turns dropping a tennis ball from the top number 
(1.0) on Part 1 of the activity sheet onto the surface in front of it while another student watches 
the numbers and points to the spot to which the bottom of the ball bounced. 

4. Tell ball-droppers to mark the activity sheet to show how high the ball bounced.  
5. Repeat dropping the tennis ball two more times. Remind each student to mark how high the 

tennis ball bounced each time. 
6. Average the three heights to which the tennis ball bounced. Color the bar graph on Part 2 of the 

sheet for ball 1, the tennis ball.  
7. Let students experiment with three other kinds of balls. Record three tries for each type of ball.  
8. Have students label the charts with the type of ball they are using and make a mark to show the 

level to which the ball bounced each time.  
9. Students should color the bar graph in Part 2 to show the data collected for the three other types 

of balls.   
 
EXPLAIN  
What does your data show? (The same ball dropped from the same height onto the same surface 
always bounces up to about the same point. Gravity acts on the ball the same way each time.) 
How high did the tennis ball bounce each time? Why do you think so? 
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Did all of the balls react in the same way?  
What makes the ball bounce? (Gravity pulls the ball straight down when it is dropped. When the ball 
hits the hard surface [an outside force] it changes direction and is pushed back into the air. An object at 
rest will remain at rest, and an object in motion will continue moving in a straight line at a constant 
speed until an outside force acts on it.) 
What is this tendency for an object to resist a change in motion called? (inertia) 
When did potential energy transform to kinetic energy? (When the balls were held above the table, 
they had gravitational potential energy. When the balls were released, the potential energy transformed 
to kinetic energy.) 
 
EXTEND/APPLY  

1. Return to the Engage activity. Ask student to look at their earlier predictions and ask if they 
would like to change them based on what they have learned.  

2. Drop the kick ball two more times from the same height and each time have a student mark the 
bounce height on the paper. Students should be able to see that the same ball dropped from the 
same height onto the same surface always bounces up to about the same point. 

 



 

Science 5, Unit 2  23  
8/1/03 

Orange County Public Schools, Orlando, Florida       
 

 

BOUNCING BALLS! 
 PART 1 PART 2 

 
Printed with permission from GPN �  1991 3-2-1 Classroom Contact 
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MORE BOUNCING BALLS    
 

BENCHMARKS and TASKS  
SC.B.1.2.4 The student knows the many ways in which energy can be transformed from one type to 
another. 
SC.C.1.2.1 The student understands that the motion of an object can be described and measured. 
SC.C.2.2.2 The student knows that an object may move in a straight line at a constant speed, speed up, 
slow down, or change direction dependent on net force acting on the object. 
SC.C.2.2.4 The student knows that the motion of an object is determined by the overall effect of all of 
the forces acting on the object. 

·  The student identifies force as any push or pull (e.g., gravity, electricity, and magnetism) that 
causes objects to change their state of motion. The greater the force is, the greater the change in 
motion. 

·  The student describes the motion of an object by its position, direction, and speed. 
·  The student uses scientific tools (e.g., stopwatch, meter stick) to measure the speed and 

distance traveled by an object and displays the data in a graphic representation. 
·  The student traces the flow of energy as it is converted from one form to another (e.g., potential 

to kinetic) through a system. 
  
KEY QUESTION  
What is the relationship between the height from which a ball is dropped and the height to which it 
bounces?  
   
BACKGROUND INFORMATION  
Sir Isaac Newton discovered basic laws about how things move. His first law of motion states that 
objects at rest remain at rest and objects in motion remain in motion unless acted upon by an external 
force - a push or pull - that sets them in motion. Gravity  is a force that’s always pulling things down 
toward the center of the planet. A tablecloth can be pulled out from underneath a set of dishes, if it is 
pulled quickly. This is because the dishes have inertia , a tendency to remain at rest. A bowling ball, 
once in motion, will continue in a straight line forever, unless it hits the pins, or friction  eventually 
supplies the force to slow it down. 
 
In this activity, a force, gravity, acts upon the ball to pull it down when it is dropped. The force of the 
surface acts upon the ball to push it back up. The ball changes direction (acceleration). However, the 
ball does not bounce back to its original height because some energy is absorbed by the surface on 
which it was dropped. Some of the energy is changed into heat energy in the collision. The focus in 
this activity is on the pattern formed from the data. There is a relationship between the height of the 
drop and the height of the bounce for a particular ball striking a particular surface. 
 
As you hold each ball, it has stored, or gravitational potential energy. The higher the ball is held, the 
greater the amount of potential energy. When you drop the ball, the potential energy is transformed to 
kinetic energy, energy of motion.  
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MATERIALS  
Per group 
1 tennis ball 
1 meter stick 
More Bouncing Balls data sheet 
paper and crayons for a bar graph 
 
TEACHING TIPS  

1. If students compare the differences in bounce heights on a bar graph, they should find they 
form fairly consistent increments. They can then use this incremental distance to predict the 
bounce height for a drop from 120 cm. 

2. Measurement is never exact. A measurement can always be taken to another, more precise 
decimal place. Measuring a ball in motion is even more difficult. Students should realize that 
their measurements are approximations. 

 
ENGAGE 

1. Ask: If I stood on my desk and dropped a tennis ball from above my head, how high would it 
bounce compared to a ball dropped from above my head while standing on the floor?  

2. Hold the ball at both heights and have students help you measure each of those distances. 
Record the measurements but don’t drop the ball. 

3. Record students’ predictions and complete the activity after students have had the opportunity 
to Explore. 

  
EXPLORE 
Student Directions: 

1. Tape a meter stick to the wall. The bottom of the stick should be even with the top of the table. 
(One student in each group can hold the meter stick even with the top of the table.) 

2. On the data sheet, predict how far the ball will bounce when dropped onto the table from a 
height of 100 centimeters. 

3. One person will drop the ball, and it is very important for the other group members to closely 
observe the height to which the bottom of the ball bounces.  

4. Drop the tennis ball onto the table from a height of 100 centimeters. 
5. Based on the observations, determine the height of the bounce and record how high the bottom 

of the ball bounced.   
6. Repeat the procedure of predicting, dropping the ball, and recording the distance the bottom of 

the ball bounced from heights of 80 cm, 60 cm, 40 cm, and 20 cm. 
7. Use the data to create a bar graph. 
8. Discuss the bar graph. Do you see any patterns? 

 
EXPLAIN  
Discuss the groups’ data: 
Did all groups get the same data? Why? (How well variables are controlled can cause differences.) 
What are some variables that might have affected the outcome? (inaccuracies in measurement, 
different dropping styles, etc.) 
What does the graph tell us? 
Did you see a pattern in the data you collected? 
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How can we make a height-of-bounce prediction for a 120-cm drop? (Have students look at patterns in 
the graph.) 
When was potential energy converted to kinetic energy? (The ball held at the designated height had 
gravitational potential energy. When the ball was dropped, the potential energy was converted to 
kinetic, or moving energy.) 
What is the relationship between the height from which the ball is dropped and the distance it 
bounces? (As the height from which the ball is dropped increases, the distance the ball bounces 
increases.) 
 
EXTEND and APPLY 

1. Have students drop the ball from 120 cm to test their predictions. 
2. Return to the Engage activity and complete it.  

 
EXTENSIONS 

1. Repeat the investigation on different types of surfaces and with different types of balls (e.g., 
Ping-Pong balls, rubber balls). 

2. Have students drop a basketball and a tennis ball separately and at the same time. Both balls 
will bounce up to a position that is below where they were dropped. 
Next, have students drop the basketball and the tennis ball together. The tennis ball should be 
placed on top of the basketball as they are dropped. The tennis ball will bounce much 
higher than the position from which it was dropped, but the basketball will bounce much lower 
than before. Some of the original energy of the basketball was transferred to the tennis ball. 
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MORE BOUNCING BALLS   
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RAMPS AND SLIDERS 

 
BENCHMARKS  and TASKS 
SC.B.1.2.4 The student knows the many ways in which energy can be transformed from one type   
to another. 
SC.C.1.2.1 The student understands that the motion of an object can be described and measured. 
SC.C.2.2.2 The student knows that an object may move in a straight line at a constant speed, speed up, 
slow down, or change direction dependent on net force acting on the object. 
SC.C.2.2.3 The student knows that the more massive an object is, the less effect a given force has. 
SC.C.2.2.4 The student knows that the motion of an object is determined by the overall effect of all of 
the forces acting on the object. 

·  The student identifies force as any push or pull (e.g., gravity, electricity, and magnetism) that 
causes objects to change their state of motion. The greater the force is, the greater the change in 
motion. 

·  The student describes the motion of an object by its position, direction, and speed. 
·  The student uses scientific tools (e.g., stopwatch, meter stick) to measure the speed and 

distance traveled by an object and displays the data in a graphic representation. 
·  The student traces the flow of energy as it is converted from one form to another (e.g., potential 

to kinetic) through a system. 
·  The student discovers through activities that the more mass an object has, the more force it 

takes to change its state of motion. 
·  The student demonstrates how inertia (an object’s tendency to resist a change in motion), 

gravity, friction, and mass affect motion. 
 
KEY QUESTION  
What forces affect the amount of energy transferred to a moving object? 
   
BACKGROUND INFORMATION  
This lesson is a great opportunity for students to observe and apply some of Isaac Newton’s Laws of 
Motion. Newton was an excellent observer of everyday occurrences. Newton’s First Law of Motion 
states that objects at rest tend to stay at rest until a force acts on them. An object’s tendency to resist a 
change in motion is called inertia.  
 
A sphere is an object that has mass. When the sphere is held at the top of the ramp in this lesson, it is 
not moving, but it does have stored energy, called gravitational potential energy, due to its position. 
It will stay there with its potential energy until some force acts upon it. When the sphere is released, 
the force of gravity (a pulling force) takes over and the sphere rolls downward, releasing its stored 
energy. The energy is changed into kinetic energy, energy of motion. This kinetic energy is then 
transferred to the slider, which causes it to move. The heavier and larger the sphere is, the more 
potential energy it would have, the faster it would travel, and the farther the slider would move. This 
lesson provides an opportunity for students to experience physics that is fun, not intimidating! 
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MATERIALS  
Teacher      Per group 
overhead projector     1 large steel sphere (or marble)  
graph transparency     1 small steel sphere (or marble) 
       1 commercial ramp and slider or 
            slider: ½ paper cup - cut lengthwise or 
            a small milk carton with an open end 
            ramp: ruler with a groove  
       1 measuring tape 
       masking tape 
       Ramps and Sliders data sheet 
       1 calculator 
       1 sheet of graph paper 
       1 stopwatch 
 
TEACHING TIPS  

1. Have students tape their ramp to the table for stability. 
2. This lesson will likely require more than one class period. 

 
ENGAGE   

1. Have the ramp and slider set up in place on a smooth surface where everybody can see it. 
2. Ask: How far do you think the small sphere will go when it is released at level 2 on the ramp?  

Record student responses. 
3. Ask: How far do you think the small sphere will go when I release it at level 5 on the ramp?  

Record student responses.  
4. Discuss reasons for the wide range of responses given by students. Discuss the difference 

between a guess and a prediction. Since one needs reliable data to make a prediction, guide 
students to the conclusion that their responses must be guesses. 

 
EXPLORE  

1. Distribute the materials. Before starting the experiment, establish these guidelines: 
·  All experiments should take place in the area that you designate for each group. 
·  Make sure the sliders are placed even with the end of the ramp for each trial. 
·  The spheres should be released down the ramp – not pushed. 
·  Re-check the set up before starting each trial. 

(Note: If you are using rulers, marbles, and cups instead of commercial ramps and sliders, have 
students set the 4 cm mark of the ruler on a textbook to form a ramp. Designate markings on 
the ruler at which students should release the marbles.) 

2. Students should take turns releasing the small sphere three times from levels 1, 3, 4, and 6 on 
the ramp. STUDENTS ARE NOT TO TEST AT LEVELS 2 AND 5 AT THIS TIME . 

3. Each time students should record the distance the slider travels by measuring in centimeters 
from the end of the ramp to the leading edge of the slider.  

4. Each test should be repeated for a minimum of three trials with results averaged. 
5. Have students create a bar graph of their data.  
6. Collect one group’s data and create a bar graph on a transparency. Display the graph on the 

overhead. Discuss the results with the class and ask if they can see any pattern in the data. 
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7. Using this information, ask students if they can now predict how far a slider would travel when 
the same small sphere is released at levels 2 and 5 on the ramp.   

8. Discuss the small range of responses. Ask: How did the data collected help you predict? 
Explain that now students have data on which to base their predictions, so they are not just 
making wild guesses. 

9. Have all groups perform tests at levels 2 and 5 to verify the accuracy of their predictions. 
10. Have students repeat the investigation using the large sphere. Compare this data with that of the 

small sphere. 

EXPLAIN  
Why was the range of responses for the guesses so large? (No data was available to give the students a 
reasonable range of results.) 
Why was the range of responses for the predictions so small? (The data revealed a pattern 
that made it easier to determine what the actual result would be.) 
What information do you need in order to make accurate predictions? (reliable data) 
What sphere position made the slider travel farther? Why? (An object’s acceleration 
depends on the size and direction of the force acting on it and on the mass of the object.)   
From where did the energy come to move the sphere and the slider?  
(The sphere is sitting at rest at a level on the ramp; it is not moving, but it has stored 
energy, called gravitational potential energy due to its position. When the sphere was released, 
potential energy was converted to kinetic energy. When the sphere hit the slider, energy was 
transferred from the sphere to the slider and the slider moved.) 
As the sphere rolled down the ramp, according to Newton’s law, the sphere had inertia and should 
keep rolling along unless acted on by an outside force. What force caused the sphere to suddenly stop? 
(the force of friction from the table and the slider) 
How does the size of the sphere affect the slider? (The greater the force is, the greater the change in 
motion.)  
How did you predict the slider’s travel distance for levels 2 and 5?   
Were your predictions correct?  Explain why or why not. 
 
EXTEND/APPLY  
Have students repeat the investigation using stopwatches to time the spheres as they move. Students 
can then determine the speed of the spheres by dividing the distance traveled by the time it took.  
 
EXTENSIONS 

1. Suggest students add mass to the space on the sliders. Does mass make a difference in the 
distance traveled? 

2. Encourage students to experiment using the sliders on various surfaces (e.g., sandpaper, carpet, 
wax paper) to determine the effect of friction on sliding distance. 

3. Ask: At what ramp levels would you have to place the large sphere and the small sphere so that 
they would cause the slider to travel the same distance? (Let students try this!) 
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RAMP POSITION TRIAL 1 TRIAL 2 TRIAL 3 AVERAGE 
DISTANCE 

LEVEL 1 
 
 

    

LEVEL 3 
 
 

    

LEVEL 4 
 
 

    

LEVEL 6 
 
 

    

 
After studying the bar graph of the data collected at Levels 1, 3, 4, and 6, predict how far the slider will travel 
when the sphere is released from Levels 2 and 5. Record your predictions. 
 

RAMP 
POSITION 

PREDICTION TRIAL 1 TRIAL 2 TRIAL 3 AVERAGE 
DISTANCE 

LEVEL 2 
 
 

     

LEVEL 5 
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GET A GRIP 
 
BENCHMARKS and TASKS 
SC.C.2.2.3 The student knows that the more massive an object is, the less effect a given force has. 
SC.C.2.2.4 The student knows that the motion of an object is determined by the overall effect of all of 
the forces acting on the object.  

·  The student identifies force as any push or pull (e.g., gravity, electricity, and magnetism) that 
causes objects to change their state of motion. The greater the force is, the greater the change in 
motion. 

·  The student demonstrates how inertia (an object’s tendency to resist a change in motion), 
gravity, friction, and mass affect motion. 

 
KEY QUESTION      
How does friction affect the amount of force needed to move an object? 
 
BACKGROUND INFORMATION  
Friction  is a force that can start things moving, slow things down, and even stop things altogether. The 
friction between a moving object and the surface it’s moving on causes the object to slow down. All 
surfaces contain imperfections like bumps and craters. When two surfaces are rubbed against each 
other, the roughness of one surface catches on the roughness of the other surface, resulting in friction. 
The two things that affect the amount of friction are roughness of the surface and mass of the object. 
 
A force is a push or a pull on an object. The international unit of force is the newton, named after the 
English scientist Sir Isaac Newton. 
 
MATERIALS  
Class      Per group of 3 
hand lotion     1 heavy, used book 
      1 length of string 
Per student     1 spring scale 
hand lens     2 pencils 
Get a Grip activity sheet  
 
TEACHING TIP  

1. If students have not had experiences with spring scales, allow an exploration period prior to the 
lesson.  

2. Make sure students understand how to read the spring scales in newtons, units of force. 
        
ENGAGE  

1. Tell students to put their hands together and rub briskly for 10 seconds. Ask: What do you feel?   
2. Pour or squeeze a little hand lotion into the palms of students’ hands and again have them rub 

their hands together briskly. 
3. Ask: Why was it easier for you to rub your hands together the second time? (smoother surface) 

Why was there less heat? (less friction) 
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EXPLORE  
1. Divide the class into groups of three and distribute the materials. 
2. Have each group select three surfaces (e.g., desktop, cement, carpet) and list the surfaces in the 

spaces provided on the activity sheet.  
3. Ask them to run their hands over the surface, observe the surface with a hand lens, and then 

describe each surface in Part 1 of the activity sheet. 
4. Have students predict which surface will produce the most friction and which surface will 

produce the least friction when something moves across it by numbering the surfaces in Part 2 
on the activity sheet. 

5. Open a heavy book to the middle and tie a length of string around the binding. 
6. Attach the spring scale to the string. 
7. Have one group member place the book on the first surface and move the book across it by 

pulling on the spring scale, keeping the spring scale parallel to the surface. 
8. Another group member should determine the amount of force being exerted by reading the 

spring scale.  
9. Each student should record the measure of force in newtons on Part 3 of the activity sheet. 
10. Repeat the steps with the other two surfaces.  
11. Have students take turns pulling, measuring, and recording.   
 

EXPLAIN  
What information did you use to make your predictions? Were your predictions accurate? 
Which surface produced the most friction? 
Which surface produced the least friction? 
How can friction be reduced? 
How can friction be increased? 
Work is accomplished when an object moves as a result of force acting upon it. Was any work done? 
(Work was done because the book moved during every trial, but more force was required on some 
surfaces than on others.) 
On which surface was the inertia (an object’s tendency to resist a change in motion) the greatest? 
How does friction affect motion?   
 
EXTEND/APPLY  

1. Have students place the book on top of two pencils. Have students repeat the book-pulling 
investigation on all three surfaces while the book is resting on the pencils and then record the 
information on the activity sheet. 

2. Discuss:  
Was there more friction or less friction when the books were on the pencils? Why? (Only the 
pencils touch the surface; therefore, there is less contact with the surface and less friction.) 
What can you think of that works like the pencils to help move objects?  
What can you think of that you wear that is designed to increase friction? (sneakers, which 
allow us to stop more easily)  
Can you think of an animal that uses its mass and the scales on its underbelly to create friction 
between its body and the ground to help it move? (snake) 
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ASSESSMENT 
Sometimes friction needs to be increased, and sometimes friction needs to be decreased. Sometimes it 
is desirable, and sometimes it is not. Ask students to think about and explain situations when we need 
to increase friction and when we need to decrease friction. 
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Name: 

GET A GRIP 
 

Record the names of the surfaces you have chosen. 
 SURFACE 1 

______________ 
SURFACE 2 

______________ 
SURFACE 3 

______________ 
 

Part 1:   
Describe each 
surface by 
observing with a 
hand lens and by 
rubbing your 
hands over the 
surface. 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 

Part 2:   
Predict which 
surface will 
produce the most 
friction and which 
surface will 
produce the least 
friction by 
numbering from  
1 – 3. 

   

Part 3:   
Measure the 
amount of force in 
newtons required 
to move the object 
across the surface. 
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               CATCH A WAVE 
 
BENCHMARK and TASKS  
SC.C. 1.2.2 The student knows that waves travel at different speeds through different materials. 

·  The student uses a Slinky, rope, or spring to demonstrate that one way that energy is 
transported is through waves (oscillations – back and forth or up and down motions) that travel 
from one place to another. 

·  The student understands that waves (e.g., sound, light) travel at different speeds through 
different materials.  

·  The student draws and describes some characteristics of waves (e.g., crest [highest point], 
trough [lowest point], length). 

 
KEY QUESTION  
How do sound and light energy travel from one place to another? 
 
BACKGROUND INFORMATION  
Light and sound are forms of energy. Energy often travels as moving vibrations called waves. Some of 
these waves are easily visible and others are not. (See sketch.) Waves repeat themselves. How many 
times a wave repeats itself in a certain amount of time is called its frequency. 

 
Sound: Sound travels in waves. Sound waves can move through things at different speeds. Sound 
waves move best through solid objects like the earth, metal (e.g., turning fork), and wood. Sound 
waves do not travel as well through a gas such as air or through spongy materials like a pillow that 
contains air pockets. Sound travels four times faster in water. All sound travels from a vibrating object 
through waves. The more the waves are squeezed together, the louder the sound. The waves travel out 
in all directions from the vibrating object in a pattern like the ripples on a lake. Sound travels about 
1,100 feet per second, or 740 miles per hour. 
 
Light : To better understand light waves, it is helpful to compare light to sound. Both sound and light 
travel in waves. Light travels much faster than sound. Sound travels like a snail when compared to 
light, which travels like a bullet. Light travels 186,282 miles per second. Sound waves need to travel 
through something to be heard. Light waves do not need to travel through anything to be seen. Light 
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waves travel faster through air than through water, glass, or other substances. Light can go through 
some materials and not others.   
 
MATERIALS  
Teacher      Per group 
2-3 foot rope or a Slinky 1 clear plastic cup  
microwave popcorn (several bags) cooked   ½ cup oil 
radio ½ cup water  
1 bowl of water     red food coloring 
1 tuning fork       ½ cup alcohol 
glue bottle 1 straw 
       paper towels 
      
TEACHING TIP  
Set up containers of oil and alcohol and some measuring cups in a materials station. 
 
ENGAGE 

1. Start the lesson with a party. Bring in microwave popcorn to share with the class and play a 
radio. 

2. Ask: What do the microwave I used to prepare this popcorn, the radio, the lights in this room 
and the sun all have in common? (All produce energy that moves in waves.) Have students 
draw a picture of what they think these waves look like. 

3. Ask: What do you think of when you hear the term “wave”? Make a list or a Circle Map of 
anything the class suggests. Encourage students to add to or delete from the Circle Map as the 
lesson progresses. 

 
EXPLORE AND EXPLAIN (Part 1)  

1. Select a student volunteer and direct her to tightly hold one end of the Slinky or rope with both 
hands. Grasp the other end and move away from the student until the Slinky is loosely stretched 
between you.  

2. Explain to the class that you are going to send a message to the student. Snap the Slinky up and 
down once to send a wave of energy to the student’s hand. It will bounce back, or reflect, from 
the stationary end. Tell students that light reflecting from a shiny surface and even their 
reflections in mirrors are examples of light bouncing back. 

3. As the student volunteer holds the end of the Slinky tightly, vigorously create a standing wave 
in the coils by moving your hand rhythmically up and down slowly. Each wave is made up of a 
crest (high half) and a trough (low half). Have the class note that the waves are long and that 
your hand is moving slowly. Then model short waves by moving your hand up and down 
rapidly. (Practice finding the right rhythm to keep it going!) This time students should note that 
the short waves seem to have a lot more energy than the long ones. 

4. Draw waves on the board (See Background Information) and label the parts. Have students 
sketch long and short waves and label them.  

 
EXPLORE AND EXPLAIN (Part 2)  

1. Tell the class that this activity will show how light travels through air. 
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2. Ask a student to come to the front of the room. The rest of the class should sit at their desks 
with their chairs pulled in, leaving the aisles clear. They are simulating the great amount of 
space between particles in a gas such as air. 

3. Assign one student to be the timer. When you say “GO,” the timer will time the student as 
he/she walks as quickly as possible from the front of the room to the back. 

4. Say “GO.” The student will walk from the front to the back. 
5. After the student walks from the front to the back, record the time on the front board next to the 

words, Light wave traveling through air. 
6. Tell the class that the next activity will show how light travels as it goes through clear water. 
7. Ask the student to return to the front of the room. The rest of the class should sit near their 

desks with their chairs pulled out slightly, leaving aisles partially clear. They are simulating the 
amount of space between particles in a liquid, which would be less than the space between gas 
molecules. 

8. Prepare the timer. When you say “GO,” the timer will time the student as he/she walks as 
quickly as possible from the front of the room to the back.  

9. Say “GO.” The student will walk from the front of the room to the back. 
10. After the student walks from the front to the back, record the time on the front board next to the 

words, Light wave traveling through clear water. 
11. Tell the class that the next activity will show how light travels as it goes through translucent 

glass, a solid. 
12. Ask the student to return to the front of the room. The rest of the class should sit near their 

desks with their chairs pulled out slightly into the aisles and their arms stretched out to block 
the aisles a bit more. They are simulating the amount of space between particles in a solid, 
which will be far less than a liquid or gas. 

13. Prepare the timer. When you say “GO,” the timer will time the student as he/she walks as 
quickly as possible from the front of the room to the back.  

14. Say “GO.” The student will walk from the front to the back. 
15. After the student walks from the front to the back, record the time on the front board next to the 

words, Light wave traveling through translucent glass. 
16. Through which kind of material you tested did the light travel the fastest? (through gas) 
17. Through which kind of material you tested did the light travel the slowest? (through solids) 

 
EXPLORE (Part 3) 

1. Have each group send someone to a materials station to measure ½ cup of oil and ½ cup of 
alcohol for the group. 

2. Students should pour ½ cup of water and add several drops of red food coloring. 
3. Students should pour ½ cup of oil and ½ cup of alcohol into a clear plastic cup along with ½ 

cup of water colored light red. 
4. Have one student in each group place a straw in the glass. Ask students to discuss what they 

observe and to work together to write a short explanation of why it appears that way. (The 
straw will appear to be bent because light is traveling through the different liquids, or materials, 
at different speeds.) 

 
EXPLAIN (Part 3)  
Have a spokesperson for each group read the group’s explanation of why a straw passed through three 
different liquids appears to be bent. 
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EXTEND/APPLY  
1. Ask: How do you think you can stop light from reaching you? (Block it with some barrier that 

will make the light waves slow down or stop.) 
2. Tell students that not all waves (e.g., sound) can be easily seen by the naked eye. Do this by 

striking a tuning fork on a glue bottle and holding it up. Most students will not be able to detect 
the wavering of the prongs. Dip the ends of the fork in a bowl of water and have students 
observe the ripples caused by the motion of the fork in the water.  

 
EXTENSION 

1. Tell students that there are many different kinds of waves and that waves can vary from one 
another by their frequency or by the number of times a wave repeats itself in a certain amount 
of time. Waves look and act differently. Explain that waves travel through space at the speed of 
186,000 miles each second. If we think of their movement in terms of steps, the tall waves can 
take longer steps so we say they have longer wavelengths. The short ones travel just as fast, but 
they must take many small steps more frequently. We say that the longest waves have the 
lowest frequency and the shortest waves have the highest frequency and therefore the highest 
energy.  

2. Write the names of different types of waves on the board and briefly introduce each one: 
Radio waves are the longest electromagnetic waves. Radios convert radio wave energy to 
sound energy. 
Television waves are used to carry messages to a special device, the television.    
Microwaves act on the motion of molecules. They travel in straighter lines than radio waves  
Infrared waves are commonly known as heat.  
Visible lights are red, yellow, orange, green, blue, indigo, and violet; each color is a different 
sized wave. We have special sensors for detecting visible light – our eyes.  
Ultraviolet waves are sometimes called black light. Ultraviolet waves are absorbed by our skin 
and can cause sunburn. 
X-rays can pass right through our skin, but not our bones.  
Gamma radiation comes from certain elements in the earth’s crust. They can pass through thick 
concrete walls. 
Cosmic rays are the highest energy waves and the deadliest! They come from deep space and 
can pass through the earth. 

3. Choose eight students of varying heights. Give each student a sign labeled with one of the types 
of waves. Have them stand in a line shoulder-to-shoulder with the tallest person first, 
representing radio waves, the next tallest representing television waves, and so on to the 
shortest student representing cosmic rays. Tell them they will be creating waves similar to ones 
that might be seen in a baseball stadium. Each wave will have its own characteristics. 

4. Go down the line of students and ask each one, starting with radio as the tallest and slowest, to 
bend at the knees, up and down, when you give the signal. Each person should bend up and 
down a little faster than the taller one beside him. Cosmic should be moving rapidly – 
representing the highest frequency wave with the most energy. 
   

ASSESSMENT 
Draw pictures of waves at the beach, from small ones to huge ones. Label the parts of the wave: crest, 
wavelength, trough. Explain what waves of water have in common with sound and light. 
 

  


