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A Letter to Issues and Physical Science Students

As you examine the activities in this book, you may wonder, “Why does 
this book look so different from other science books I’ve seen?” The 
reason is simple: it is a different kind of science program, and only some 
of what you will learn can be seen by leafing through this book!

Issues and Physical Science uses several kinds of activities to teach science. 
For example, you will observe and test the properties of elements and 
 compounds. You will model the atoms and molecules that make up these  
substances. You will design and conduct investigations to explore energy 
transfer. You will investigate the motion of a cart on a ramp, and apply 
what you learn to the physics of automobile accidents and safety 
features. A combination of laboratories, investigations, readings, 
models, debates, role plays, and projects will help you uncover the 
nature of science and the relevance of physical science to your interests.

You will find that important scientific ideas come up again and again 
in different activities throughout the book. You will be expected to do 
more than just memorize these concepts: you will be asked to explain 
and apply them. In particular, you will improve your decision-making 
skills by using evidence to weigh outcomes and to decide what you 
think should be done about the scientific issues facing our society.

How do we know that this is a good way for you to learn? In general, 
research on science education supports it. In particular, the activities in 
this book were tested by hundreds of students and their teachers, and 
then modified on the basis of their feedback. In a sense, this entire book is 
the result of an investigation: we had people test our ideas, we interpreted 
the results, and we then revised our ideas! We believe the result will show 
you that learning more about science is important, enjoyable, and 
relevant to your life.

SEPUP Staff
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 Van watched Diego take a strange palm-sized device out of his 
backpack. “Hey Diego, what is that?” 

“It’s my solar charger. My cell phone is dead and I need to recharge it.”

As Diego unfolded a small plastic case with black panels inside it, Van 
said, “That can charge a phone? Wow, that’s cool. How does it work?”

“Well, these solar panels absorb the Sun’s energy and make electric-
ity out of it,” explained Diego as he connected the charger to his cell 
phone. “It’s great because I don’t have to plug the phone into the 
wall. I can charge it outside.”

“Looks expensive,” said Van. “How’d you get it?” 

“It didn’t cost that much so I bought it with my allowance. I found  
it on-line one day when I was supposed to be doing my homework. 
Compared with plugging the phone into the wall, it cost money to 
start. But soon it saved more money than I paid and from now on it 
won’t cost anything to charge my phone. The sun gives free energy! 
My parents like that they don’t pay to charge my phone on their 
electric bill.”

“Does it run on batteries?” asked Van.

“No, it runs on sunlight,” said Diego. “It works pretty well and is bet-
ter for the environment.”

Van wasn’t exactly sure what Diego meant when he said that the 
solar panels were better for the environment. He wondered why it 
made a difference where the electricity came from. He wondered 
how the energy supplied by the sun was the same or different than 
the energy supplied by a battery. 

• • •

In this unit, you will learn about the transfer and transformation of 
energy in our everyday lives. By exploring how energy can be used 
more efficiently at home, you will learn the answers to some puzzling 
questions: Where does all the energy around us come from? Are there 
different types? Does it ever run out? How does it get from one place 
to another?

Energy
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53 Home Energy Use

 Yasmin and her mother examined the form that came with their new water 
heater. “Look,” said Yasmin, “We can get a huge rebate!”

Her mother looked more carefully at the paper. “You’re right, our water heater 
qualifies because it is more energy efficient than our old one.”

 As Yasmin’s mother sat down and started to fill out the form, Yasmin read over 
the accompanying flyer. Something caught her attention again. “Mom, did you 
know that there is a free service that will come here and tell us how to save even 
more energy?” 

“Oh that would be great,” said Yasmin’s mother. “Last winter we had a pretty high 
electricity bill. I don’t want to waste my hard-earned money if I don’t have to.”

What does it take to reduce energy use in a home?CHALLENGE

INVES T IGATIO
N
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Home Energy Use • Activity 53

MATERIALS

For each student
 1  Student Sheet 53.1, “Anticipation Guide: Ideas About 

Energy” 

PROCEDURE
 1. In your group, brainstorm a list of typical household activities where 

you see energy in use. 

 2.  Put your list in order, from the most to least energy used in a typical 
home during one year. 

 3.  Look at the table on the next page related to two homes that are similar 
in size but located in different parts of the country. 

 4.  For each of the home features, explain as best you can how that feature 
is related to the energy consumption in the home. 

 5.  Compare the data for Home A and Home B on the next page. For each 
home feature, decide which house you think consumes less energy. 
Record your ideas for each home in your science notebook.

Local utility companies charge  
residents monthly for electricity 
and other energy uses.
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Activity 53 • Home Energy Use

Comparing Energy Use in Two Similar Homes

Home Feature Home A, Texas  Home B, New York 

Heating source Oil Natural gas 

Cooling source Electricity Electricity 

Insulation Ceiling  Exterior walls, ceiling 

Window type  10 single pane 5 single pane, 3 double pane 

Window treatment Reflective film No treatment 

Hot water heater Electric Natural gas 

Air conditioning Central 1 high-efficiency window unit 

Appliances 3 high efficiency, 3 not high efficiency  5 high efficiency  

Lightbulbs  10 incandescent  3 incandescent, 8 compact fluorescent 

Nearby vegetation Grass  Tall shrubbery, maple trees

Home A, Texas Home B, New York 



ANALYSIS
 1.  How do the climates of the two home locations influence the energy 

used in the homes? 

 2.  In the context of this activity, what does the term “energy efficient” 
mean? Explain, and give an example from this activity.

 3.  If the people who live in homes A and B have similar lifestyles, which 
home do you think uses less energy in a year? Use data from the table to 
support your choice.

 4.  What could be done to reduce the energy needs of:

a.  Home A?

b.  Home B?

 5.  Reflection: What steps have you and your family taken to reduce 
energy use in your home?
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 Yasmin spent part of the morning helping her mother install weather strip-
ping at the bottom of the doors to the outside of their house. When they 

finished, they started talking about energy. Yasmin knew from school that energy 
can cause objects to change, move, or work. Yasmin’s mom was thinking about 
how energy moved through the house. She told Yasmin that energy is observable 
when it moves from one place or object to another. “Like when the oil in the fur-
nace is burned and energy is released. Or when I swing this hammer,”  
she said. “The energy from my hand is transferred to the hammer and then to  
the nail.” 

Energy appears in many ways. Potential energy is stored energy that has not 
yet been used, such as energy stored in the oil in the furnace, the built-up elec-
tron charge on your clothes, or a rubber band that is fully stretched. When 
potential energy is due to an object’s position above the earth, such as how 
high a hamme r is held, it is called gravitational potential energy. When  
an object is moving, it has kinetic energy. For example, a faster-moving 
hammer has more kinetic energy when it hits a nail than a slower one.

How does the height and mass of an object affect its gravitational 
potential energy?
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54 Drive a Nail

CHALLENGE

LABORATO
R

Y



SAFETY

Nails are sharp and can cause injury if misused. Follow the safety 
precautions your teacher demonstrates.

PROCEDURE
 1. Look at the metal rods. Record the similarities and differences between 

them in your science notebook. Be as specific as you can about each rod.

 2. Look at the plastic tubes. Record the similarities and differences between 
them in your science notebook. Be as specific as you can about each tube.

 3. Design an experiment that will determine which combination of plastic 
tubes (long, short) and metal rods (long, short) transfers the most and 
the least energy to the nail. 

When designing your experiment, think about these questions:

 What is the purpose of your experiment?

 What variable are you testing?

 What is your hypothesis?

 What variables will you keep the same?

 What is your control?

 How many trials will you conduct? 

 Will you collect qualitative or quantitative data or both? How will 
the data help you form a conclusion?

 How will you record the data?
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Drive a Nail • Activity 54

MATERIALS

For each group of four students
 2 plastic tubes (one long and one short)
 2 steel rods (one long and one short)
 2 aluminum rods (one long and one short)

For each pair of students
 1 nail
 1 foam block
 1 metric ruler



 4.  Record your hypothesis and your planned experimental procedure in 
your science notebook.

 5.  Make a data table that has space for all the data you need to record  
during the experiment. 

 6.  Obtain your teacher’s approval of your experiment.

 7.  Conduct your experiment, and record your results.

ANALYSIS
 1. Which combination of tube height and rod mass transferred the most 

and least energy to the nail? Explain the evidence you gathered to make 
this conclusion.

 2. Where was the rod located when there was the most:

a.  gravitational potential energy?

b.  kinetic energy?

 3. Do you think that all the energy from the rod transferred to the nail? 
Describe any evidence that showed it did or did not. 

 4. How do the following variables affect how much energy is transferred to 
the nail?

a. Mass of the rod

b. Height of the rod

c. Shape of the rod
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 5. In the situation shown below, how much gravitational potential and 
kinetic energy does the block have at each position? 
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2561 LabAids SEPUP IAPS SB 
Figure: PhysSB D 54.03 
LegacySansMedium 10/11.5 

a. When released from rest:
 Potential energy = 100 J
 Kinetic energy   = _____

b. Halfway down:
 Potential energy = _____
 Kinetic energy   = _____

c. Just before it hits:
 Potential energy = 0
 Kinetic energy   = _____



 Energy is transferred when it moves from one place to another, as 
in the last activity when the energy from the rod was transferred  

to the nail. Energy is transformed when it changes from one type to 
another. In the last activity, the gravitational potential energy of the rod 
when held up high was transformed into kinetic energy just before it hit 
the nail. In this activity, you will further explore the transformation of 
gravitational potential energy into kinetic energy.

The next day, Yasmin and her Uncle Raymond spent the day at the amusement 
park. They went there often because her uncle worked for the park. Of all the rides, 
Yasmin loved the roller coaster the most. That got her thinking. “Uncle Raymond,” 
she said, “this roller coaster is kind of like the hammer and the nail. At the top of 
the hill there is a lot of potential energy in the cars and the passengers.” 

“That is right, Yasmin,” Uncle Raymond said. ”And as we move down the hill, the 
gravitational potential energy is transformed into kinetic energy. We move the 
fastest at the bottom where there is the most kinetic energy.” 

“Geeeez, there is energy everywhere,” Yasmin said. Then she had an idea. “Uncle 
Raymond, would you be willing to come to school and talk to my class about 
energy and roller coasters?”

How is energy transformed on a roller coaster?
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55 Roller Coaster Energy

CHALLENGE

ROLE PLAY



PROCEDURE
Use Student Sheet 55.1, “Talking Drawing: Roller Coaster Energy,” to prepare 
yourself for the role play.

 1.  Assign one of the four roles to each person in your group. 
• Mateo Masoni, interviewer for the Student Science Hour
• Raymond Li, engineer for Coasters Inc.
• Dr. Sara Low, physics professor
• Niki Jackson, amusement park director

 2.  Read the following role-play aloud as a group.
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Roller Coaster Energy • Activity 55

MATERIALS

For each student
 1  Student Sheet 53.1, “Anticipation Guide: Energy Ideas,” 

from Activity 53, “Home Energy Use”
 1   Student Sheet 55.1, “Talking Drawing: Roller Coaster 

Energy”

It’s a Thrill! Roller Coaster Energy 
 Mateo:  Welcome to the Student Science Hour. Today we have brought together a 

panel of experts who will help us explore the science behind roller coasters. 
What is responsible for the thrilling ride down a coaster? Energy! 

  Panelists, please introduce yourselves, and describe your backgrounds.

 Dr. Low:  Hello, my name is Sara Low. I am a physics professor at State University. 
Specifically, I study how energy transforms from one type to another.

 Ms. Jackson:  My name is Niki Jackson. I am in charge of the amusement park. One of my 
responsibilities is to make sure the guests are safe while they are having a 
good time. I use my science and business background to help decide what 
types of coasters we should have in the park.

 Mr. Li:  And I’m Raymond Li. I’m an engineer for a company that designs and 
builds roller coasters. My expertise is in classic wooden coasters that are still 
in use and need to be maintained. 



 Mateo:  I’m glad that you could take the time to join us today. Now let’s talk about 
park rides. Ms. Jackson, I understand that some riders worry that roller 
coasters are dangerous. I mean, hanging hundreds of feet in the air cannot 
possibly be safe, right?

 Ms. Jackson:  Although roller coasters are designed to frighten passengers, they are statis-
tically the safest ride in the park. Not to mention one of the most popular.  
A person has a one in one-and-a-half billion chance of being killed on a 
roller coaster. That mortality rate is lower than for children’s wagons, chew-
ing gum, golf, and folding lawn chairs. 

 Mr. Li:  The safety of the riders is a very serious matter for roller coaster designers 
and engineers. Safety factors are built into every aspect of the coaster. Coast-
ers are built much stronger than they need to be. We also duplicate the 
safety factors in case of failure. The majority of incidents at amusement 
parks result from unsafe behavior by the guests’ or operators rather than the 
park’s equipment. Although it rarely happens, people have died on a 
coaster due to a heart ailment they didn’t know they had.

 Ms. Jackson:  Every day, safety experts go over every centimeter of track and examine 
each portion for wear and tear, or anything that could indicate a problem.

 Mateo:  Dr. Low, can you describe the energy transformations that are involved in  
a roller coaster?

 Dr. Low:  The cars, hooked together to form the train, are pulled up the first hill, 
known as the lift hill, by a cable or chain. The energy that runs the cable 
comes from traditional energy sources such as electricity. That energy is 
transformed into the motion that lifts the train and passengers. As the train 
travels up the lift hill, it gains gravitational potential energy. The higher it 
goes and the more massive the train and people in it, the more gravitational 
potential energy it will have at the top.

 Mr. Li: I’d like to add that once the train reaches the peak of the first hill, the train 
is disengaged from the chain and no more energy is put into the train sys-
tem until it reaches the end of the ride. Tall coasters give more exciting rides 
because they start with more gravitational potential energy. 

 Dr. Low:  It’s true that when the park compares roller coaster designs, the lift hill 
height is an important consideration.

 Mateo:  But energy must be involved after the first peak.

 Dr. Low:  Oh yes. Energy is transformed throughout the ride. The gravitational poten-
tial energy of the train and passengers at the top of the hill becomes trans-
formed into kinetic energy as it rolls down the first hill. At the bottom, the 
kinetic energy is the greatest and the train is moving the fastest. 
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 Mateo:  Then the coaster climbs the next hill. Mr. Li says energy is not added to the 
train, so how does it get up the next hill?

 Dr. Low:  The kinetic energy at the bottom of the hill sends it up the next hill. As it 
climbs the hill, the kinetic energy of the train is transformed back into gravi-
tational potential energy. At the top of the next hill, most of the energy has 
been transformed into potential energy and the process starts over again. 
Coasters are a result of continuous energy transformations between gravita-
tional potential energy and kinetic energy. 

 Mateo:  I have noticed that on a roller coaster, the first hill is taller than all the oth-
ers. Why is that? 

 Mr. Li:  That is a good observation, Mateo. In fact, each hill the coaster travels up  
is smaller than the previous one. That is because every time gravitational 
potential energy is transformed into kinetic energy, some of it is also trans-
formed into other types of energy. Some of the transformed energy heats up 
the wheels and tracks. Some more of the transformed energy results in the 
sound of the train riding on the track.
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The Kingda Ka roller coaster 
in New Jersey is one of the 
tallest in the world. The first 
hill is 139 meters (456 feet)  
tall and its top speed is 
57 meters/second (128 miles 
per hour).



 Mateo:  I get it. If the next hill is too high, the train won’t make it to the top because 
it has lost some energy. 

 Dr. Low:  Well, yes. But to be accurate, the energy isn’t lost. It is still there, but it is no 
longer kinetic or gravitational potential energy. It has been transformed 
into different types of energy during the process.

 Mr. Li:  A properly designed roller coaster has enough energy to complete the entire 
course without additional outside energy despite the reduction of available 
kinetic energy as it travels. At the end of the ride, brakes bring the train to a 
complete stop, and it is pulled back into the station by a cable. 

 Mateo:  I have one last question for each of you. What is your favorite kind of roller 
coaster ride?

 Mr. Li:  I like wooden roller coasters. Although corkscrews and loops are much more 
difficult to build in wooden coasters, the wooden ones give a rougher ride, 
and, I think, a great sensation of being airborne. There is a lot of debate 
about which is better, wooden or steel coasters, but I definitely think the 
wooden ones have more character and provide the best ride. 

 Ms. Jackson:  Our park has an inverted roller coaster where the train runs under the track 
instead of on top of it. That type is my favorite because your legs are 
exposed instead of your arms, which makes it feel really scary. 

 Dr. Low:  I like coasters that are tall. By tall, I mean a tall lift hill. There is even one 
that that is over 120 meters, which is about 400 feet. All that energy means 
it hits 225 km/hr, or 140 mph, at the bottom of the first hill. It is a short ride, 
just two hills, but very thrilling. 

 Mateo:  Unfortunately we have run out of time for the Student Science Hour. Thank 
you all for joining us today.
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The first hill of a roller coaster is always the tallest and the following hills decline in height. 
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ANALYSIS
 1. Look at the diagram of a roller coaster below. At which point does  

a train on this roller coaster:

a. have the most gravitational potential energy? Explain your choice.

b. have the most kinetic energy? Explain your choice.

c. have both kinetic and gravitational potential energy? Explain your 
choice.

 2.  Kinetic energy is related to the speed of an object. In which place, Point 
E or Point F, is the train moving faster? Explain in terms of kinetic 
energy. 

 3. As the train travels on the track, the energy of the train changes back 
and forth from gravitational potential to kinetic. What other energy 
transformations occur as the train travels the track? Explain. 

 4.  Why can’t a roller coaster go up a hill that is higher than the hill it just 
came down?

EXTENSION
Learn more about roller coasters by visiting the Issues and Physical Science 
page of the SEPUP website.

2561 LabAids SEPUP IAPS SB
Figure: PhysSB D 55.04b
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CHALLENGE

56 Shake the Shot

 In the last activity, some of the kinetic energy of the train was trans-
formed into thermal energy during the roller coaster ride. In this activity, 

you will explore a similar transformation. You will investigate the trans-
formation of kinetic energy—in this case, moving metal pellets, or shot, 
in a vial—into heat. Heat is the movement of thermal energy from hot to 
cold. An object does not “have” heat. Rather, heat is the process of energy 
movement from a higher-temperature object to a lower-temperature object 
because of the temperature difference. Temperature is a measure of the 
average energy per molecule of a substance. Although related, temperature 
and heat are not the same thing. For example, a spoonful of water and 
a large pot of water both boil at the same temperature. However, the pot 
of boiling water has more total energy and releases more energy during 
cooling than the spoonful of water. 

Although temperature and heat are not the same thing, they are related 
because temperature measurements are used to determine heating. In this 
activity, you will measure a change in temperature to indicate the trans-
formation of energy. The change is due to friction, which heats up objects 
when they rub against each other.

How can kinetic energy be transformed into another energy type?

INVES T IGATIO
N

2561 LabAids SEPUP IAPS SB
Figure: PhysSB D 56.01
LegacySansMedium 10/11.5

100°C

Boiling water in a pot and spoon are at the same temperature, but have different 
amounts of thermal energy.  
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SAFETY

Handle the thermometers carefully. Do not forcefully push the 
thermometer into the shaker. If accidental breakage occurs, inform 
your teacher immediately.

PROCEDURE
 1. Prepare a data table similar to the one below. 

 2.  Take the room temperature with the thermometer, and record it in your 
science notebook. 

MATERIALS

For each group of four students
 1 shaker containing metal pellets (shot) 
 1 thermometer with shaker cap attached
 1 cup with 100 mL of cool water
  supply of paper towels
  timer with a second hand

Shot Shaker Data

     Average 
  Initial  Final Temperature Temperature 
 Time   Temperature  Temperature Change Change  
 (sec) Trial (°Celsius) (°Celsius) (°Celsius) (°Celsius) 

 10 1     

 10 2     

 10 3     

 20 1     

 20 2     

 20 3     

 30 1     

 30 2     

 30 3     



 3.  Take the regular cap off the shaker and replace it with the one with 
the thermometer attached, making sure the thermometer bulb is 
surrounded by the pellets as shown to the left. 

 4.  Observe the initial temperature of the pellets. If the initial temperature 
is more than 2ºC above room temperature, remove the inner vial 
containing the pellets and immerse it in cool water until the temper-
ature is within 2ºC of room temperature. Dry it off, and place it back 
inside the larger vial.

 5.  In your data table record the initial temperature of the pellets.

 6.  Exchange caps, and make sure the regular cap snaps tightly onto the 
shaker. Then, while holding the cap on with your thumb, shake the vial 
as fast as you can for 10 seconds. 

 7.  Turn shaker onto its side, remove regular cap and gently insert the 
thermometer with shaker cap attached. When the cap is secured, turn 
the shaker upright.

 8. Wait until the alcohol in the thermometer stops moving and record the 
temperature.

  Hint: The thermometer reading rises slowly, so you may need to be 
patient to get an accurate reading. 

9. Find the temperature change by subtracting the initial temperature from 
the final temperature. Record the temperature change in the data table.

 10. Repeat Steps 4–9 for Trials 2 and 3. 

 11. Calculate the average temperature changes for the three trials, and 
record them in the table.

 12. Repeat Steps 4–11, this time shaking the vial for 20 seconds.

 13. Repeat Steps 4–11, this time shaking the vial for 30 seconds.

ANALYSIS
 1. For each time interval, why did you perform three trials and then 

average the temperatures? 

 2. Describe any possible sources of error in your experiment, and explain 
how each may have affected your results.

 3. Use evidence gathered in this investigation to describe the relationship 
between: 

a. shaking time and temperature change.

b. shaking time and energy transfer. 

Activity 56 • Shake the Shot

D-20

The shaker assembly



D-21

Shake the Shot • Activity 56

 4. Of the two descriptions below which, a or b, correctly describes the 
transformation of energy shown in the diagrams below? Explain your 
choice. 

a.  potential energy  temperature

b.  kinetic energy  thermal energy

3789 LabAids SEPUP IAPS SB 2e
Figure: PhysSB D 56.03REV
LegacySansStdMedium 10/11.5
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CHALLENGE

 Many devices that we use every day transform electrical energy 
to other forms of energy, such as sound, light, and thermal 

energy. One common device is the electric motor, in which electricity and 
magnetism make a wire coil spin. In this activity, you will build a simple 
electric motor and investigate some of the factors that affect how it spins. 
You will also use a motor as a generator to light an LED bulb.

How can you make a motor spin faster?

56A Motors and Generators 

LABORATO

R
Y

Electric motors run many devices, both large and small.

MATERIALSMATERIALS

For the class
 1 set of neodymium magnets

For each group of four students
 3 battery holders with batteries
 2 bar magnets
 2 wire leads with clips
 1 pair of copper support strips
 1 motor mount
 1 wire coil
 1 electric motor
 1 compass
 1 LED bulb

For the class
 1 set of neodymium magnets

For each group of four students
 3 battery holders with batteries
 2 bar magnets
 2 wire leads with clips
 1 pair of copper support strips
 1 motor mount
 1 wire coil
 1 electric motor
 1 compass
 1 LED bulb
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PROCEDURE

Part A: Investigating electric motors

 1.  In your group, make a simple electric motor by setting up the 
equipment shown in the diagram below. Put the magnet close to the 
coil, but do not connect the wire leads to the battery yet.

 2. Spin the coil of wire with your fingers. Check that the coil stays centered 
between the copper support strips and that it does not hit the magnet.

 3. Connect the wire leads to the battery, and record your observations.

  Hint: If the coil doesn’t move, try giving it a small push with your finger 
to start it. If it still doesn’t move, let your teacher know.

 4. Disconnect the wire leads from the battery.

 5. Design an investigation to test the variables that influence how fast the 
motor spins.

  When designing your experiment, think about the following questions:

 What is the purpose of your experiment?

 What is your hypothesis?

 What variable are you testing?

 What variables will you keep the same?

 What data will you record?

3789 LabAids SEPUP IAPS Energy SB
Figure: 3789EnergySB D 56A_03
LegacySansStd Medium 10/11.5

N (red)

Copper support strip
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 6. Record your hypothesis and your planned experimental procedure in 
your science notebook.

 7. Conduct your investigation, and record your results in your science 
notebook.

Part B: Investigating electric generators

 8. Hold the small electric motor about 1 cm from a compass, and move it 
around the compass. Record your observations.

 9. With the two wire leads attach the motor to the battery holder as shown 
below. Unclip one of the leads from the battery. Record your observa-
tions in your science notebook.

 10. Reclip the wire leads so that their positions are switched from the way 
that they were in Step 9. Observe and record any similarities and differ-
ences between these observations and those you made in Step 9. Unclip 
one of the wire leads from the battery.

 11. Repeat Steps 9 and 10 but replace the motor with the LED bulb. Record 
your observations in your science notebook.

 12. Repeat Steps 9 and 10, but this time use the wires to attach the motor to 
the LED bulb instead of to the battery holder, as shown below.

3789 LabAids SEPUP IAPS Energy SB
Figure: 3789EnergySB D 56A_04
LegacySansStd Medium 10/11.5

3789 LabAids SEPUP IAPS Energy SB
Figure: 3789EnergySB D 56A_05
LegacySansStd Medium 10/11.5
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 13. Hold the body of the motor in one hand, and grasp the rotor of the 
motor between the thumb and forefinger of your other hand. Spin the 
rotor as fast as you can. Do this several times, and record your observa-
tions in your science notebook.

 14. Repeat Step 13, but this time spin the motor in the other direction.

ANALYSIS
 1. Electromagnetism refers to the magnetism that occurs when electric 

charges are in motion. What evidence did you observe for the existence 
of electromagnetism in this activity?

 2. What does an electric motor need in order to work?

 3. What does an electric generator need in order to work?

 4. Using evidence from your investigation, describe the variables that 
influence how fast a motor spins.

 5. Predict the variables that would affect the amount of electricity a 
generator generates. Explain the reasoning behind your prediction.

EXTENSION
Design an experiment to investigate how changes to the coil affect how fast 
a motor spins.
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57 The Conservation of Energy

 Energy is involved in everything that happens. We are aware  
of energy when it is released or absorbed. Examining the changes  

of energy in action has led to one of the most important scientific ideas 
central to all science disciplines. 

What is the guiding principle behind the behavior of energy?CHALLENGE

Energy, light, and sound are released when fireworks explode. 

READIN
G
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READING
Use Student Sheet 57.1, “Three-Level Reading Guide: Conservation of Energy”  
to guide you through the following reading. 

ENERGY ACTION
Releasing Energy, Absorbing Energy
From our everyday experiences, energy seems to us like it is something that 
people consume. It often appears that energy is “used up” when, actually, 

it has not disappeared. Instead, energy is transferred 
and/or transformed into another energy type. For 
example, the energy in the food we eat food provides 
thermal energy for our bodies. Or the chemical energy 
in gasoline is released and transformed into the 
motion of the car. Everyday energy “consumptions” 
are really energy transformations in which energy is 
released. 

Following energy as it is transferred and transformed 
shows us a chain of interactions that both release and 
absorb energy. Take oil, for example. Oil formed in the 

ground over millions of years from the decay of dead plants and small ani-
mals. The energy in the plants originally came from sunlight, which the 
plants transformed into chemical energy through the process of photosyn-
thesis. The energy in the animals came from the food they ate. When oil in 
a furnace burns, the chemical potential energy in the oil is released as ther-
mal energy which we feel as warmth.

MATERIALS

For each student
 1  Student Sheet 53.1, “Anticipation Guide: Ideas About 

Energy,” from Activity 53, “Home Energy Use”
 1  Student Sheet 57.1, “Three-Level Reading Guide: 

Conservation of Energy”

Oil was formed over millions 
of years deep inside the 
earth from decayed plants 
and animals. The plants and 
animals absorbed energy 
from other sources such as 
food and sunlight.



The Law of Conservation of Energy
If you compared the amount of chemical potential energy of the oil in the 
furnace before it was burned to the amount of thermal energy coming out 
of the furnace, you would find they were different. There is less energy 
released from burning oil than there was chemical potential energy stored 
in it. What happened to the other energy? Not all of the chemical energy in 
the oil is transformed into thermal energy during the burning. Some was 
transformed into an energy type that’s easy to overlook. In the case of the 
burner, a small amount of the chemical potential energy in the oil was 
transformed into light and some into sound, and some remained in the ash 
and was not released. Sometimes the “missing” energy from a process is 
called “lost energy.” This lost energy has turned into another energy type 
that is not recognized or used. Sound and light may not be energy useful 
for heating in this example, but it must be considered part of the total 
energy released by the burning oil. 

The total amount of energy in a system is the same before and after a 
transformation. Energy can be transferred or transformed, but cannot  
be lost or destroyed. This idea is known as the Law of Conservation of 
Energy. This means that the total amount of energy before something hap-
pens must be equal to the amount afterward, regardless of the process or 
energy types involved. The Law of Conservation of Energy doesn’t say 
which kind of energy must be present before and after an event, just that 
the total energy doesn’t change.

The Law of Conservation of Energy is one of the central principles in sci-
ence and applies to many disciplines. For example, a biologist can apply 
this law when examining a food web. Biologists have tracked the amount 
of chemical energy in a producer, such as grass, through several consum-
ers, such as a cow and a person. It appears that some of the chemical 
potential energy in all of the grass eaten by the cow is “lost” before the 
person drinks milk from the cow. However, a closer look reveals that this 
chemical energy was transformed into a variety of energy types, including 
the mechanical energy used by the cow to move around and the energy 
released by the cow’s metabolism. 

The Process of Heating
Thermal energy is almost always released during an energy transformation. 
For example, a lightbulb transforms electrical energy into light, but the sys-
tem loses energy by heating. A hot lightbulb is evidence of this. When you 
drive a nail into a block, the nail becomes warm, indicating that some of 
the mechanical energy hitting the nail was turned into thermal energy. The 
process of heating, although useful in many situations and critical to life, is 
not always desirable. With the lightbulb, usually the desirable energy type  
is light, not thermal energy. 
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Thermal energy that is released during a transfor-
mation is not lost or destroyed but is dissipated, or 
spread out, which makes it hard to harness. There-
fore, transforming thermal energy into other types 
of energy is more difficult than many other trans-
formations. Even with the most innovative technol-
ogy, only about 40% of thermal energy can be con-
verted into useful mechanical energy. Similarly, it 
is difficult to convert thermal energy into chemical 
or electrical energy. Although many transforma-
tions release thermal energy, it can be a challenge 
to capture and use it. 

Energy Efficiency
No energy transformations result in 100% useful 
energy, and people who are concerned with energy 
evaluate energy transformations by efficiency. Effi-
ciency is the ratio of useful energy that is released to 
the total energy absorbed by the process. For exam-
ple, a car’s engine transforms the chemical potential 
energy of gasoline into other types of energy. About 
74% of the energy in the gasoline is released by 
heating, but only the remaining 26% is transformed 
into motion from the engine. Although no energy is 
created or destroyed, the engine’s efficiency is only 
26%, or the portion of useful energy that was 
released. Interestingly enough, since the engine has 
to overcome air, road, and transmission resistance, 
it turns out that only about 3% of the original chem-
ical potential energy actually moves the car. 

Appliances and other devices are rated by the gov-
ernment for their energy efficiency. When a certain 
model of an appliance is described as “energy effi-
cient,” it usually means that it uses less energy than 
comparable models that produce the same result. 
For example, a newer refrigerator that has an 
“Energy Star” consumes less energy than older mod-
els of refrigerators consume to cool the same vol-
ume of food at the same temperature. By consum-
ing less energy to do the same work, an Energy Star 
appliance increases efficiency. 

A combustion engine is assembled.  

The interior of a motor.  
 

Large generators at a hydroelectric power plant. 



An important idea that is related to efficiency is the term conservation. 
Energy conservation (not to be confused with the Law of Conservation  
of Energy) means to reduce, or “save,” the total energy transformed in the 
first place. For example, someone who turns out lights when not using 
them is conserving energy. Keeping a lightbulb off when not in use is 
related to conservation because it will use less energy, or conserve energy. 
Another way to conserve energy is to use an energy-efficient device that 
uses less energy when it is on. Using energy efficiently saves energy 
resources, reduces environmental pollutants, and reduces cost. For these 
reasons, learning how to convert energy more efficiently is a major goal  
of technology and engineering. 
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New appliances come with a tag that provides an energy efficiency rating.
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ANALYSIS
 1.  Which of the following diagrams accurately applies the Law of 

Conservation of Energy to a toaster in use? Explain your choice. 

    thermal energy
a. Electrical energy  light  

   sound

    thermal energy
b. Chemical potential energy   

   light 

 2. Your friend tells you that a “generator makes electricity.” Do you agree 
or disagree with her statement? Explain why in terms of the Law of  
Conservation of Energy.

 3. Your friend says that when he measured how much electricity was 
provided by a battery, it was less than the potential energy in the  
battery. He concluded that the transformation violated the Law of 
Conserva tion of Energy. Do you agree? Explain, using the ideas  
of the Conservation of Energy. 

 4.  Which energy is often called the “graveyard of kinetic energy” and why?

 5. What is the efficiency of an engine that gives off 70% thermal energy?
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 Since energy is never created or destroyed, it is possible to follow 
energy transfer through many transformations. If you follow energy 

transformations far enough, you will find something interesting: most of  
the energy here on earth can be traced all the way back to the Sun. The Sun 
emits electromagnetic energy, or light, which is produced from nuclear  
reactions occurring in its center. When the Sun’s energy reaches us here  
on Earth, it is transformed into many types of energy that sustain life. 

Can you follow the transforming energy?CHALLENGE

INVES T IGATIO
N

Most of the energy found here on Earth can be traced all the way back to the Sun.
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PROCEDURE
 1. Look at the table “A Summary of Energy Types” on the next page that 

describes different types of energy found in nature or human inventions. 

 2. With your group, examine the eight Energy Event Cards, and compare 
them to the table. 

 3. Chose an Energy Event Card, and identify all the energy types involved 
in the transformation shown. Use Student Sheet 58.1, “Follow the 
Energy,” to record the energy types before and after the transformation. 

 4.  In the last column on Student Sheet 58.1, “Follow the Energy,” write 
a complete sentence or two that describes the energy transformation 
shown on the Energy Event Card. Include all the energy types you listed.

 5. Repeat Steps 3–4 for the other seven Energy Event Cards.

ANALYSIS 
 1. Copy the lists of words shown below.

 List 1:  List 2:  List 3: 
kinetic energy chemical energy fossil fuels 
potential energy  potential energy stored energy 
light  nuclear energy chemical energy 
sound thermal energy absorb energy 
  release energy

a. Look for a relationship among the words in each list. Cross out the 
word in each list that does not belong with the others.

b. Circle the word in each list that is a category that includes the others.

c. Explain how the word you circled relates to the other words in the 
list, and how the word you crossed out does not fit in the list.

MATERIALS

For each group of four students
 8 Energy Event Cards

For each student
 1 Student Sheet 58.1, “Follow the Energy”
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A Summary of Energy Types

Energy Type Name Depends on Description Example  

Potential  Chemical Type of substance Energy stored in the  Energy stored in fossil fuels 
Energy   bonds of atoms and food

 Elastic Springiness of Energy stored by  Energy stored in a stretched 
  object stretching or  rubber band or compressed  
   compressing foam 

 Electric (static) Electron-charge  Energy stored by the Charge building up on 
  buildup  buildup of charges  person walking on a rug or 
   (electrons or ions)  combing fine hair 

 Gravitational  Height and mass Energy stored due to  Energy stored due to the 
   an object’s mass and  mass and position of a 
   height train on the top of a roller 
     coaster or water at the top 

of a waterfall 

 Nuclear Stability of atom Energy that is stored  Energy stored in uranium- 
   in the nucleus of  238 atoms, energy stored 
   atoms   in the nucleus of hydrogen 

atoms in the center of the 
Sun

Kinetic  Electric  Charge,  Movement of charge Lightning, electricity 
Energy (current) conductivity and energy from one  through wires 
   place to another  

 Light Intensity and  Energy transferred by Sunlight or X rays 
  frequency the rapid movement  
   of electromagnetic  
   fields 

 Motion  Mass, speed Movement of an  Wind or a moving train 
 (kinetic)  object from one place   
   to another  

 Sound  Loudness  Energy transferred  Music in air or voices under 
   by the vibration of  water 
   an object  

 Thermal Mass, material,  Energy transferred in Hot plate heating up water, 
  and temperature transit from a hot to  or hot water cooling to 
   a cold object room temperature 
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 2. The diagram below shows the transfer of energy from the Sun all the way 
to a student using a computer. Using the table  on the previous page, decide 
on the type of energy at each of the situations. There may be more than 
one energy type at each place. 

2561 LabAids SEPUP IAPS SB 
Figure: PhysSB D 58.02 
LegacySansMedium 10/11.5 

Inside of sun 

Energy transferred 
to Earth 

Plant grew through 
photosynthesis 

Fossil fuels formed over millions 
of years from dead plants 

1 

2 

3 

4 

5 Fossil fuels are 
taken from the 
ground and refined

6 Power plant 
burns fossil 
fuels 

8 Computer 
uses energy 

7 Energy is transferred 
to the community 
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 Mom, there is one thing I don’t get about heat,” said Yasmin. “ I under-
stand that heat is a transfer of energy from hot to cold. That makes 

sense when two things touch each other, like when a hot pack warms up my 
hands. But what about air? How can thermal energy move through nothing?”

“Well, air is not nothing,” said her mother. “The energy is transferred when mol-
ecules bump into each other. It doesn’t matter if the molecules are in a gas, like 
air, or in a liquid or a solid.” 

One of the ways that energy is transferred is by conduction. Conduction is 
the process by which energy is transferred directly when materials touch 
each other. Conduction is a result of electron and atomic collisions inside 
the materials. Any solid, liquid, or gas can transfer energy by conduction. 
Sometimes an object can change phase because it has absorbed energy by 
conduction, such as an ice cube that turns from solid to liquid when it 
melts in a drink. Materials that have a structure that easily allows energy 
transfer are called conductors. Examples of good conductors are copper 
and aluminum. 

How can you increase the energy transferred to an ice cube?CHALLENGE

2561 LabAids SEPUP IAPS SB 
Figure: PhysSB D 59.01 
LegacySansMedium 10/11.5 

Hotter 
object 

Cooler 
object 

LABORATO
R

Y

CONDUCTION IN A GAS 

The diagram shows the collision of a single hot atom (red) and cool atom (pink). As a result of the 
collision, some of the thermal energy from the hot atom is transferred to the cool one. 
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SAFETY 

Do not put the ice or the bag in your mouth.

PROCEDURE
 1. Review the Ice-Melting Rules shown below.

 2. With your group, discuss the things you could do to melt as much of the 
ice cube as possible in the set timeframe. Record your ice-melting plan 
in your science notebook.

 3. Your teacher will instruct you on how to get your ice cube. Then melt as 
much of it as you can in the time allowed. 

 4. When the contest is over, carefully pour the water from your plastic bag 
into the graduated cylinder, and record the volume of the water in your 
science notebook. Each member of your group will do this separately.

 5. Record the volume of water your teacher obtained in the control bag.

MATERIALS

For each group of four students
 1 50-mL graduated cylinder 
 1 plastic cup

For each student
 1 ice cube
 1 sealable plastic bag

2561 LabAids SEPUP IAPS SB
Figure: PhysSB D 59.02
LegacySansMedium 10/11.5

Ice-Melting Rules

•  Keep the ice cube in the plastic bag until the end of the contest.

•   You may not put the ice or the bag in your mouth.

•   Handle your bags carefully. A broken bag will disqualify you.

•   Keep all water in the plastic bag. Water that spills or leaks out of the 
bag will not be measured.

•   Watch carefully for your teacher’s start and stop signals.

•   As soon as the contest time is up, remove the remaining ice from the 
plastic bag, place it in the cup provided, and set it aside.



ANALYSIS 
 1.  What volume of water did you collect? Compare your results with the 

control and with other students’ results. 

 2. What did you do to maximize the rate at which your ice melted? 
Describe the techniques you used.

 3. When melting the ice, how did you use: 

a. conduction?

b.  energy transformation(s)?

 4. Which of your classmates’ techniques seemed to transfer:

a. the most energy?

b.  the least energy?

 5. List all of the variables that affected how fast the ice melted. Choose one 
of these variables, and design an investigation to test if changing this 
variable would affect the melting speed.
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60 Ice-Preserving Contest

 Yasmin wanted to know what her mother was doing. It was a beautiful 
fall day, but instead of heading outside as usual, she was pulling out 

hammers, nails, masks, and a big roll of thick, cloth-like material. Uncle Ray-
mond was on his way over, too. “Mom, what’s going on?” Yasmin asked. 

“I am going to insulate the house today,” her mother said. “I want to reduce our 
energy bill by making the house more energy efficient.” 

Yasmin looked over the items on the floor. She loved to build things. “Can I 
help, Mom?” 

“Sure you can. Just make sure to put on long sleeves and a mask so you won’t 
inhale fibers from the insulation.”

Sometimes we need to minimize the transfer of energy. Materials that are 
poor conductors and, therefore, slow down the rate of energy movement 
are called insulators. Examples of insulators are wood, wool, and paper.  
In houses, insulating materials help to keep energy from transferring out-
doors in the winter and from moving inside in the summer. 

How can you insulate an ice cube?CHALLENGE

LABORATO
R

Y

This fiberglass insulation minimizes the heat transfer through the wall.  
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SAFETY 

Do not put the ice or the bag in your mouth.

PROCEDURE
 1. Review the Ice-Melting Rules in Activity 59, “Ice-Melting Contest,” and 

“Additional Contest Rules” shown here.

 2. Discuss with the class how to set up a control for this contest.

 3. Work with your partner to design an insulating container for your ice 
cube. Discuss how you think your design will prevent energy transfer. 
Decide what materials you will need, and sketch your design in your 
science notebook. 

 4. With your teacher’s permission, build the insulating container. 

 5. Your teacher will instruct you on how to get your ice cube. Then preserve 
as much ice as you can in the time allowed. 

 6. As your ice cube sits in its insulating container, read the article on the 
next page. Answer the questions with your partner.

 7. When the contest is over, carefully pour the water from your plastic bag 
into the graduated cylinder, and record the volume of water in your  
science notebook. Each member of your group will do this separately.

 8. Record the volume of water your teacher obtained in the control bag.

 9. With your partner, present your design to another pair of students. Get 
their feedback on what could improve your insulating container. Then 
switch roles, and provide ideas on how to improve the other pair’s design.

 10. With the feedback from the previous step, redesign the insulating 
container to improve it.

MATERIALS

For each group of four students
 1 50-mL graduated cylinder
 1 plastic cup

For each pair of students
 1 ice cube
 1 sealable plastic bag
 1 empty 1.89-L (1/2-gal.) milk carton 
  materials from home for preserving your ice cube

ADDITIONAL  
CONTEST RULES

•  Keep the ice and 
bag on the table 
until directed to 
start the contest. 

•  No commercial 
coolers or ther-
moses allowed.
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ANALYSIS
 1. What volume of water did you collect? Compare your results with the 

control and with other pairs’ devices. 

 2. What did you do to decrease the rate at which your ice melted? Describe 
the materials and techniques you and your partner used.

 3. Which among your and your classmates’ techniques seemed to transfer:

a. the most energy?

b.  the least energy?

 4. Look carefully at the pictures of buildings below. In your science 
notebook, write a short description of each picture. Be sure to include:

a.  what material you think the house is made of.

b.  how well you think that material insulates from thermal energy 
transfer.

EXTENSION
Research the materials that are shown in the houses below, and use the 
information to rank the houses from the best to the worst insulated. 

A B

C D



READING
Keeping Cool
It’s the hottest day of the summer. Your friend comes to visit, and the two of 
you decide to get cold drinks from the refrigerator. Once you have them, 
you alternate between sipping the cool drink and holding it against your 
hot forehead. Because of conduction, some of the energy from your body 
transfers to the cool drink when it touches your forehead. It may feel like 
the cold is moving into your body, but in actuality, what you feel is the loss 
of the thermal energy that transfers to the drink. The drink gets warmer 
while your head gets cooler. The energy transfer cools your body, and it 
feels great.

Before the refrigerator was invented, people used iceboxes to transfer 
energy from food to ice. Iceboxes were usually made of wood and were 
lined with such insulating materials as cork, sawdust, and seaweed. Large 
blocks of ice placed in the icebox absorbed energy from the food that peo-
ple put in the icebox. As more and more energy was transferred to the 
block of ice, it melted. A drip pan collected the melted water, and emptying 
it daily was a common kitchen chore. The ice had to be replaced every few 
days, creating business for companies that cut ice in the winter from north-
ern lakes and rivers, and stored and delivered it. Eventually, commercial 
freezers made artificial ice for iceboxes. 

The first iceboxes were developed in the mid 1700s but did not have wide-
spread use until the 1900s. At the start of the 20th century, about half of 
homes in the United States had an icebox, and half had no cooled storage 
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Men cut large blocks of ice from a lake, 1942
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at all. Modern refrigerators started appearing in homes around 1915, and 
by 1944, 85% of American homes had one. Today, virtually all homes in the 
developed world have refrigerators. The invention of the refrigerator has 
allowed the modern family to preserve food products for much longer peri-
ods of time than was previously possible. 

In a closed icebox, the ice is warmed as energy is transferred to it from the 
food. In a modern refrigerator, the air in the refrigerator absorbs the energy 
from the food. Then a special gas absorbs energy from the air in the refriger-
ator. That gas, known as a refrigerant, expands as it absorbs the energy. In 
order for the refrigerant to expand, however, it had to have been compressed 
in the first place. The initial compression of the refrigerant takes energy. The 
energy is usually provided through a motor. (This explains why refrigerators 
consume energy even though there is less energy in the inside air of the 
refrigerator than outside.) The energy from the refrigerant is transferred to 
the air immediately outside the refrigerator with fans. A simplified version of 
the refrigeration cycle is shown on next page. 

It is important to note that the diagram shows the refrigerant circulating 
in this cycle and not the air inside the refrigerator. The refrigerant is a spe-
cial gas that is housed in the machinery behind the refrigerator compart-
ment. The gas never touches the food or the air in the compartment as it 
circulates. Only thermal energy is transferred from the food compartment 
to the refrigerant. 

Iceboxes required new ice every few days.



Air conditioners and refrigerators work on similar principles. In fact, air 
conditioning was developed in the early 1900s around the same time as 
refrigerators. Early air conditioners were made to improve industrial pro-
cesses that need stable humidity and temperature, like printing, rather 
than for use in people’s home. These days, air conditioning is common-
place in the United States in cars, houses, apartments, and commercial 
buildings to keep people comfortable.

Window-mounted room air conditioners, like refrigerators, have refrigerant 
flowing in the back of the device. In central air-conditioning systems the 
refrigerant equipment is usually located in an outdoor box next to the house 
or on the roof of the building. Fans in the air conditioner blow hot air away 
from the air conditioner and the cooled air toward the rooms to be cooled. 

Both air conditioners and refrigerators work most efficiently when the vol-
ume of air they are trying to cool is well insulated. This prevents energy 
from moving into the space being cooled. For example, a refrigerator needs 
to be lined with insulating materials and have a good seal on the door. Air 
conditioners in a house should be in a well-sealed space that doesn’t allow 
much energy to transfer through doors, walls, and windows.

The scientific understanding of energy transfer led inventors to develop 
solutions to the problems of controlling temperature. The development of 
the refrigerator and air conditioner has improved the quality of life and the 
way people live their everyday lives. 
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THINKING IT OVER
 1.   Which statement is scientifically accurate? 

a. “Don’t let the cold energy out of the fridge!” 

b. “Don’t let the energy into the fridge!”

  Explain your choice in terms of energy transfer.

 2.  Why is the air immediately around a refrigerator warm?

 3.   What happens if an air conditioner is used in a house that is not well 
insulated and not well sealed? Explain in terms of energy transfer. 
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 Yasmin, her mom, and Uncle Raymond were at a restaurant having break-
fast. Uncle Raymond complained that his coffee had cooled off. He asked 

the waiter for a “touch up” of hot coffee. The waiter filled Raymond’s half-full cup 
of cool coffee with steaming hot coffee. Raymond knew that Yasmin was studying 
energy. He looked over at his niece. “Now, Yasmin,” he asked, “Is my coffee too 
hot to drink?”

What happens to the energy when hot and cool water are mixed?CHALLENGE

LABORATO
R

Y
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PROCEDURE
 1. With your partner, consider what will happen if you mix each of the 

following:

  Experiment 1: 60 mL of hot water (60°C) with 60 mL of cool water (20°C)

  Experiment 2: 60 mL of hot water (60°C) with 30 mL of cool water (20°C)

MATERIALS

For each pair of students
 1 50-mL graduated cylinder
 2 foam cups
 2 metal-backed thermometers
 1 plastic spoon 
  supplies of hot and cool water

2561 LabAids SEPUP IAPS SB
Figure: PhysSB D 61.02a
LegacySansMedium 10/11.5
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  Experiment 3: 30 mL of hot water (60°C) with 60 mL of cool water (20°C)

 2. Discuss what you think will happen to the energy and the temperature 
for each experiment. Record your predictions in your science notebook.

 3. Make a table similar to the one below in your science notebook.

 4.  With your partner, follow your teacher’s instructions for obtaining  
60 mL of cool water and 60 mL of hot water in each of your foam cups.

 5.  Measure the starting temperature of the cool and hot water. Record the 
temperatures in the table. 

 6. Quickly add the cool water to the hot water. Stir gently with a spoon 
until the temperature of the mixture remains steady. Record the final 
temperature in the data table. 
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Mixing Water Data

Experiment Water Volume (mL)
Starting 
 Temperature (°C)

Final 
 Temperature (°C)

Temperature 
Change (°C)

1 Hot 60

Cool 60

2 Hot 60

Cool 30

3 Hot 30

Cool 60
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 7. Calculate the temperature change for the mixture. Record the change  
in the table.

 8. Empty the cups and repeat Procedure Steps 4–7, but use the volumes  
for Experiment 2 and Experiment 3. 

ANALYSIS
 1. Were the results what you expected? Compare your and your partner’s 

predictions to the actual results. 

 2. When you mixed equal volumes of hot and cool water, how did the 
final temperature compare to the starting temperatures?

 3. When you mixed unequal volumes of hot and cool water, how did the 
final temperature compare to the starting temperatures?

 4.  For all the experiments, explain what happened to the thermal energy 
in the water when the hot and cool water were mixed.

 5.  In any of the experiments, would it have been possible for the final  
temperature to be greater than the initial temperature? 

 6. Did any energy leave the cup-and-water system? Describe the evidence 
that supports your answer.

EXTENSION
Design an experiment to measure the temperature changes of hot and cool 
water that are not directly mixed, but instead are held next to each other. 
Use a plastic cup to separate the water, as shown in the diagram below. 
Before conducting the experiment, predict the temperature of the hot and 
cold water after a certain amount of time. 
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 When hot water melts an ice cube, some of the thermal energy 
of the liquid water is transferred to the ice through heating. 

This energy overcomes the forces between molecules in the ice. When 
enough energy has been transferred to the ice to create a phase change, the 
ice melts. The amount of thermal energy the ice absorbed while melting 
is equal to the thermal energy that the water released. This energy can be 
quantified by measuring the temperature change of the water and then 
using it to calculate the energy the water lost. 

How much energy does it take to melt an ice cube? CHALLENGE

The ice cubes absorb thermal energy, which causes them to melt.

INVES T IGATIO
N
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SAFETY 

Use caution when working with the hot water. If you spill any on 
your hand, hold your hand under cool water for five minutes.

PROCEDURE
 1. Follow your teacher’s directions for obtaining an ice cube and some 

hot water.

 2. Put 100 mL of hot water into the foam cup.

 3. Record the starting temperature of the hot water in your science 
notebook. 

 4. Immediately shake any water off of the ice cube, and place it in the 
hot water.

 5. Gently stir until the ice is completely melted. Observe the cup carefully 
since it can be difficult to see the moment at which all the ice has 
melted. 

 6. As soon as the ice has melted, measure and record the final temperature 
of the water. 

 7. Calculate the change in the water temperature, and record it in your  
science notebook. 

MATERIALS

For each pair of students
 1 50-mL graduated cylinder
 1 foam cup
 1 ice cube in a plastic cup
 1 metal-backed thermometer
  plastic spoon
  source of hot and cool water



 8. Calculate the amount of thermal energy lost by the water by using the 
formula below:

   energy released (°C g)  =   temperature change  ×    mass of  
        of water (°C)                water (g)

  Hint: 1 mL of water weighs 1 gram.

 9.  Record the energy lost by the water in your science notebook.

ANALYSIS
 1. If the energy absorbed by the ice is exactly equal to the energy lost by 

the water, what was the amount of energy needed to melt the ice?  
Show your calculation.

 2.  Do you think all of the energy lost by the hot water was transferred to 
the ice? Explain. 

 3. Do you think that stirring the mixture had an effect on the melting of 
the ice? Explain why or why not. 

 4. Based on your answers to Analysis Questions 2 and 3, do you think your 
calculation of the heat energy absorbed by the ice is likely to be too high 
or too low? Explain. 

 5. How is the energy transfer in this experiment similar to the energy 
transfer that occurs in a house? Explain, and provide an example.

D-52

Activity 62 • Quantifying Energy



D-53

63 Measuring Calories

LABORATO

R
Y

 Scientists use a device called a calorimeter, as shown below, to 
measure the amount of chemical potential energy there is in all sorts 

of materials. To determine the chemical energy of a material, scientists first 
measure the mass of a sample of the material. Then they place the sample 
in a sealed container called a bomb. They put the bomb in a well-insulated 
container filled with a known volume of water. An electrical spark from 
inside the bomb starts the sample burning. The water in the container 
absorbs the energy released by the burned sample. A thermometer measures 
the change in the temperature of the water. The potential energy of the 
original material is equal to the thermal energy transferred to the water.

In this activity, you will use a simple calorimeter to measure the amount of 
stored energy in a nut. When you eat a nut, or any other food, the poten-
tial chemical energy in it is released and used by your body. A calorimeter 
can determine the amount of stored energy in the nut, measured in calo-
ries. A calorie is the energy unit you explored in Activity 62, “Quantifying 
Energy”—it is the energy required to raise the temperature of one gram of 
water by 1°C. When describing the energy available in food, such as with the 
nut, the unit Calorie is used. A Calorie, with a capital C, is 1,000 calories. 

How many Calories are in a nut? CHALLENGE

2561 LabAids SEPUP IAPS SB
Figure: PhysSB D 63.01
LegacySansMedium 10/11.5
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SAFETY 

Be sure to wear safety goggles during this investigation. Long hair must 
be tied back, and loose sleeves rolled up. If anything besides the nut 
starts to burn, inform your teacher immediately. Be especially careful 
not to get clothing or your hair near the flame. Make sure to keep a 
cup of water close by the experiment as a fire-safety precaution. 

Notify your teacher if you are allergic to nuts.

The can may become quite hot. Carefully follow all instructions from 
your teacher.

PROCEDURE
 1. Carefully place the nut on the fuel holder.

 2. Pour 100 mL of water into the can.

 3. Set up your calorimeter with the can hanging from the bent coat hangar 
as shown on the next page. Position the bottom of the can so it will be in 
the flame of the burning nut, but not so low that it will put out the flame.

MATERIALS

For each group of four students
 1 wire coat hanger, wrapped with aluminum foil
 1 aluminum beverage can
 1 nut
 1 SEPUP fuel holder
 1 50-mL graduated container 
 1 glass thermometer
  wooden matches or lighter
 1 cup of water
  tongs or potholder

For each student
 1 pair of safety goggles
 1  Student Sheet 53.1, “Anticipation Guide: Ideas About 

Energy,” from Activity 53, “Home Energy Use”
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 4. Just before lighting the nut, record the starting 
temperature of the water.

 5. Light the nut. When it begins to burn, slide it 
under the can, and let it burn completely. If 
you think the nut stopped burning before all 
its energy was transformed, ask your teacher 
for advice on relighting it.

 6. As soon as the nut stops burning, use the 
thermometer to stir the water gently inside the 
can, and record its final temperature.

 7. Calculate the change in the water temper-
ature, and record it in your science notebook. 

 8. Calculate, in calories, the amount of heat energy the water gained, by 
using this formula:

  energy released (calories) =   temperature change   ×    mass of 
         of water (°C)                water (g) 

  Hint: 1 mL of water weighs 1 gram.

 9.  There are 1,000 calories in 1 Calorie. Determine how many Calories 
were in the nut, and record it in your science notebook.

ANALYSIS 
 1. How many Calories were in your nut? Show your calculation.

 2. Explain, in terms of energy transfer and transformation, what caused 
the temperature of the water to change.

 3. Was all of the energy from the burning nut transferred to the water? If 
not, explain what happened to the energy that was not transferred to 
the water.

 4. How would you improve the design of this calorimeter so that it would 
work better? 

a. Draw a detailed, labeled diagram of your improved calorimeter. Be 
sure that you could build it yourself, if you had the materials. 

b. Explain why your design is better than the one you used.

 5. If you burned a puffed cheese snack of the same size as the nut, would 
you get the same result? Why or why not?

THE CALORIMETER 
APPARATUS.



 6.  A curious student wanted to know if the calorimeter would work with 
different amounts of water. The table below shows the results from 
her burning three nuts of the same type and mass, but using varied 
amounts of water in the can. Explain from the table below whether the 
calorimeter measured the energy in the nut properly when used with 
each amount of water.

EXTENSION
With your teacher’s permission, measure the temperature change caused 
by burning a marshmallow or a puffed cheese snack.
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Nut Experiment Data

   Temperature  
Experiment  Mass of Water (g)  Change (°C)

Nut 1  200  19

Nut 2  100  39

Nut 3  50  77

Food nutrition labels 
are required to show 
information about the energy 
in the food, measured in 
Calories.  



D-57

CHALLENGE

64 Electricity Generation

 Now that Yasmin understood that energy can be measured, she started 
paying more attention to amounts of energy in her daily life. For exam-

ple, she noticed that in addition to paying for heating the house with natural gas, 
her parents get a bill every month for the amount of electricity the family uses. 
When Yasmin took a household energy survey, she found that electricity was in 
almost constant use. She wondered where all that electrical energy came from.

Electrical energy used in the home and elsewhere comes from transforming 
natural resources of one kind or another. Some of those natural resources are 
renewable, and some are nonrenewable. A renewable resource is one that 
has a continuing supply, such as sunlight, water, wind, and biomass. To be 
considered renewable, a resource must be supplied faster than it is used up.  
A nonrenewable resource, such as coal, natural gas, and petroleum, is one 
that has a limited supply; once it is used up there is no more of it. 

What are the advantages and disadvantages of the different sources of 
energy that produce electricity in the United States? 

READIN
G

Electricity is brought to communities from power plants through transmission lines.  
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READING
Use Student Sheet 64.1, “Three-Level Reading Guide: Electricity Generation,” to 
help you complete the following reading.

Where Does Electricity Come From?
Electrical energy is a convenient and important kind of energy. For over 
100 years, people have put it to work in almost every area of human life. 
Americans use about 3.9 million million kilowatt-hours of electricity every 
year. (One kilowatt-hour is equal to the energy needed to light a 100-watt 
lightbulb for 10 hours.) 

The term electricity generation refers to any one of several types of energy 
that is transformed into electricity. The transformation is usually done at a 
centralized power plant, which then distributes the electricity to the area 
around the plant. The first power plants burned coal to generate electricity. 
As well as coal, today’s power plants run on other fossil fuels, the force of 
water, and nuclear energy. The newest ways of generating electricity— 
often called alternative energy—include solar power, tidal harnesses, wind 
generators, biomass, and geothermal resources. In fossil fuel, biomass,  
geothermal, or nuclear power plants, heat is released that boils water. High-
pressure steam from the water turns the blades of a turbine. A turbine is 
like a large fan that uses mechanical energy to turn the blades. Then a gen-
erator transforms the rotating energy of the turbine into electricity. 

Electrical power comes mainly from regional power plants. Those power 
plants are themselves fueled by various energy sources. In the United 
States, the major sources are coal, nuclear power, and natural gas. The 
chart on the next page shows the types of electricity generation we use in 
the United States and in what amounts. The map on the next page shows 
what parts of the country use what kinds of fuel.

MATERIALS

For each student
 1  Student Sheet 64.1, “Three-Level Reading Guide: 

Electricity Generation”
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Nonrenewable Resources 

Fossil Fuels—Coal, Petroleum, and Natural Gas

Fossil fuels such as coal, petroleum (crude oil), and natural gas come from 
plant materials and small animals that have been buried in the earth for 
millions of years. They are nonrenewable energy sources because it takes 

millions of years and special conditions for these fuels to 
form. Fossil fuels are convenient for us because the United 
States already has the infrastructure (such as railroads 
near coal mines, pipelines, power plants, and relay sta-
tions) to get and transport these fuels and transform their 
potential energy into electrical energy. Another advantage 
of fossil fuels is that the amount of energy released per kilo-
gram of fuel burned is much greater than what burning 
renewable fuels, such as biomass, produces. The efficiency 
for burning varies, depending on the fuel, but fossil fuel 
efficiency is about 38–47%.

A big problem with burning any fuel is that it produces carbon dioxide, 
which contributes to global climate change. Coal is the leading fuel source 
for electricity generation in the United States. When coal burns, however, 
the gases that are produced are major air pollutants. A growing body of 
evidence suggests that the carbon dioxide released from burning fossil fuels 
is the major cause of global warming. Petroleum, which is the raw material 
for gasoline, diesel, heating oil, and other fuel oils, and natural gas pro-
duce less pollution than coal. Natural gas produces the least pollution of 
the fossil fuels, but releases the least amount of energy per kilogram. There 
have been some technological advances that can reduce the amount of 
pollutants released during burning, particularly at coal plants.

Nuclear Energy 

When atoms of radioactive elements, such as uranium and 
plutonium, are split apart, a huge amount of energy is 
released. Nuclear energy plants do not produce the air pol-
lution of fossil-fuel-burning plants, nor do they produce car-
bon dioxide. The efficiency of a nuclear power plant, how-
ever, is about 35%. Of greater concern, nuclear power 
plants generate radioactive waste that can cause severe 
health and environmental problems. As a result, waste 
from nuclear power plants requires special handling, con-
tainers, transportation, and storage facilities so that the 
waste is safely contained for millions of years. The danger 
to nearby communities in the case of an accident is far 
greater than for other kinds of power plants. 
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Nuclear fuel is usually categorized as a nonrenewable resource because the 
uranium mined from the earth cannot be replenished. However, a small 
amount of uranium can generate huge amounts of electricity. Compared to 
chemical energy such as fossil fuels, nuclear energy releases the largest 
amount of energy with the smallest mass. 

Renewable Resources

Biomass Energy 

Some power plants can burn biomass, such as wood, paper, organic 
material, or even garbage. The energy released by the burning is 
transformed into electricity in a similar way as energy is trans-
formed from fossil fuels. Unlike fossil fuels, biofuels are a renewable 
resource because we will always produce waste products and we can 
continually grow plants used for biomass. Burning biomass can 
decrease the amount of waste that ends up in landfills, but it raises 
some environmental concerns because burning biofuels gives off 
pollution, although less than that from burning fossil fuels. Burning 
just about anything, even organic material, releases carbon dioxide 
that contributes to global warming. Even burning wood releases tox-
ins, such as carbon monoxide, into the air. Sometimes collecting 
and transporting enough biomass to keep a power plant running is 
inefficient because the amount of energy per pound of biomass 
burned is not high. The efficiency varies from 22–40%, depending 
on the material burned.

Geothermal Energy 

Geothermal energy is the product of heat transferring from the interior of 
the earth (the prefix “geo-” means earth) to the surface. Thermal energy in 

some places inside the earth is so intense that water 
seeping through the area boils. Energy companies 
pipe the naturally occurring hot water, steam, and 
other hot gases to the surface where it will run tur-
bines or heat buildings directly. Once the water is 
cooled, it is injected back deep into the earth, where 
it reheats. Some of the steam and other gases are 
released to the air. Unfortunately, some of the gases 
are foul smelling. Generally, however, geothermal 
power does not pollute the air or release carbon 
dioxide. Geo thermal power plants do not take up 
much room, and little or no other kind of energy is 
needed to run them. However, the efficiency of a 
geothermal power plant is only 15%. 



One limitation of geothermal energy is that only certain places on earth 
have water under the earth’s surface hot enough to be used for geother-
mal plants. Many of these places are near active or recently active volca-
noes, and many people do not want to live nearby. The amount of heat 
in the earth is enough to classify this type of energy as renewable, 
although some geothermal regions eventually cool down.

Hydroelectric Energy 

In a hydroelectric plant, moving water turns the blades of turbines (the pre-
fix “hydro-” means water). It does this by transforming the gravitational 

potential energy of water at the top of a waterfall into 
kinetic energy and then into electricity. While naturally 
flowing rivers and streams can be used to produce 
small amounts of electricity, large hydroelectric plants 
usually require the construction of a large dam. Hoover 
Dam, a large dam on the Colorado River, created a 
waterfall of 122 meters (400 feet), which is more than 
twice as high as Niagara Falls. Hydroelectric power is a 
renewable resource because the water cycle continually 
supplies water to streams and rivers. Building hydro-
electric dams also creates lakes and reservoirs that 
increase the local water supply. This kind of power does 
not produce any pollution or waste outside of making 
the dam. Although building a dam is very expensive, 
once the dam is built, the cost of power is very low. Its 
efficiency is the highest of all types of electricity-gener-
ating plants and can be nearly 95%. 

Dams do have negative environmental effects, such as a loss of fish and 
other aquatic animals and plants in the area. Building a large dam floods 
the area upstream, in some cases drowning out forests and forcing whole 
towns to move away. Downstream, the amount and quality of water may 
also change because the dam will have changed the flow of the water.

Solar Energy

Energy from the Sun can be converted directly into electricity by solar 
cells—no turbine or generator is necessary. This makes solar energy a con-
venient way to get electricity. The Sun’s energy can also be used to heat 
water and other liquids to spin turbines, although this is less common than 
solar cells. Some solar energy is collected on the small scale of individual 
houses, which can easily power an individual home. Making the equip-
ment for solar power produces some pollution, but using solar power does 
not. The efficiency of using solar cells to convert energy is about 15%.
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There are large-scale solar facilities designed to serve the needs of a whole 
community. It takes a large number of solar collectors, and therefore large 
areas of land, to collect enough solar energy to power a community. 
Although solar energy is a renewable resource, communities relying on it 
need storage facilities or other sources of electricity for nights and cloudy 
days. Some parts of the country would have trouble generating enough 
electricity for their needs because of their climates.

Tidal Harness

Tidal harnessing captures the kinetic energy of ocean water between high 
and low tides. This kinetic energy turns the blades of a turbine connected to 
a nearby generator. This type of energy only works in areas where there is 
at least 3-meters (10 feet) difference between high and low tides. Because 
tides are predictable, the energy is reliable. The efficiency is nearly 90%. 
Once the equipment is built, there is almost no chemical pollution. How-
ever, the equipment is so large that it increases the turbidity of the water 
nearby, and this affects birds and other wildlife. Although not used in the 
United States, there is hope that it may become a major source of energy 
here in the future.

Additionally, huge floats that use the 
waves to turn the blades of a turbine can 
harness the energy in ocean waves. Since 
waves are free and the equipment does 
not cost very much, there is almost no 
cost for the energy. However, waves are 
unpredictable, and it takes large waves to 
produce a significant amount of electric-
ity. Not all areas around the world have 
consistently big waves. The equipment is 
noisy, and it is easily damaged by the 
constant pounding of the waves.



Wind Energy 

Wind, which is simply moving air, can turn the blades of turbines. Today, 
large assemblies of windmills, known as wind farms, have been set up in 
areas of the country where the wind blows for long periods of time. Because 
each wind turbine produces a relatively small amount of electricity, vast 
areas of land are needed to hold all the windmills it takes to produce signif-
icant amounts of electrical energy. There are also small wind turbines 
designed for household electricity pro-
duction for people who live in windy 
areas. As with solar energy, wind 
energy can be a good power source for 
people who want to power their own 
homes. 

Wind turbines generate no pollution 
beyond that produced while making 
them. They do create some noise. The 
wind turbine shown at right was 
designed to prevent injury to birds 
and bats, which have sometimes been 
killed by the blades of older models. 
Although wind energy is a renewable 
resource, communities relying on it 
need large storage facilities or other 
sources of electricity for times when 
the wind is not blowing.

ANALYSIS
 1. Which energy sources are: 

a. renewable?

b. nonrenewable?

 2. Which type of electrical energy generation do you feel has: 

a. the most important advantage?

b. the greatest disadvantage?

 3. A sunny and windy city near a mountain river currently uses 40% coal, 
30% natural gas, 25% hydroelectric, and 5% other renewable methods 
for generating electricity. The community needs more electricity, and 
you have been hired to recommend the type(s) of electrical generation 
to install. Which energy facility(ies) should this city build for the future? 
Be sure to weigh the advantages and disadvantages of each energy type 
that you recommend.
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 4.  Look at the information below about the top four electricity-producing 
countries in the world. 

a. What trends do you see in electricity generation of the major 
producers?

b.  France generates its 530 billion kilowatt hours (kWh) of electricity, 
using 10% fossil fuels, 11% hydroelectric, 78% nuclear power, and 
less than 1% geothermal, wind, and biomass. How is France’s energy 
generation similar to or different from the trends you identified in 
Analysis Question 4a? 

EXTENSION 1
Contact your local electricity company, and find out what percent of their 
electrical generation comes from each source. They may call this the local 
“Electricity Generation Portfolio.”

EXTENSION 2
Investigate how the use of fossil fuels in the United States compares to other 
countries. Go to the Issues and Physical Science page of the SEPUP website. 

2010 Annual Electricity Generation, by Country

Country

Total 
 Generation 
 (billion kWh)

Methods of Electricity Generation (%)

Fossil Fuels Hydroelectric Nuclear Power

Geothermal, 
Wind, and 
 Biomass

United States 4,120 70 6 20 4

China 3,965 79 18 2 1

Japan 1,013 63 7 27 3

Russia 983 66 17 17 <1
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CHALLENGE

 One way of transforming potential energy into electricity is by 
battery. Batteries do not provide the large amounts of electricity 

that power plants do, and they don’t serve communities in the same way 
as power plants. They are, however, a source of electricity that is important 
to everyday life, whether in a car, a phone, a wristwatch, or a hearing aid.

Batteries contain metals and other chemicals that store potential energy. 
When the chemicals in the battery are connected to a device and allowed 
to react, they release electrical energy. Once the reactants are used up, the 
battery no longer can produce electricity and is “dead.” In rechargeable 
batteries, the battery regains potential energy when it is charged—by 
another source of electricity. 

What combination of metals makes the best battery to power a  
small motor?

LABORATO
R

Y



SAFETY 

Wear safety goggles at all times during this lab. Do not allow the 
solutions to touch your skin or clothing. Clean up any spills immedi-
ately. If acci dental contact occurs, tell your teacher and rinse exposed 
areas. Wash your hands after completing the activity.

PROCEDURE
Part A: Testing the Motor

 1. Put 25 ml of water into the plastic cup. Add 5 packages of salt. Add  
25 drops of hydrogen peroxide. Stir until all of the salt is dissolved. 
Carefully pour the mixture into the SEPUP wet cell. This is the battery’s 
electrolyte—the material that makes the liquid electrically conductive.

 2. Attach a small piece of masking tape to the motor shaft to make a flag. 
This will allow you to see when the spindle on the motor is turning.

 3. Clip one wire lead onto the copper strip and another wire lead onto the 
magnesium strip. Clip the other ends to the motor. 
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MATERIALS

For each group of four students
 1 dropper bottle of 3% hydrogen peroxide solution
 1 small piece of sandpaper

For each pair of students
  SEPUP wet cell chamber 
  strip of each of the following metals:
   copper 
   iron 
   magnesium
   zinc
 5 packages of table salt 
 1 plastic spoon
 1 50-mL graduated cylinder
 2 wire leads—one red and one black, with clips
 1 clear plastic cup
 1 electric motor
  masking tape
  paper towel

For each student
 1 pair of safety goggles



 4. Lower the copper and magnesium strips into the outside slots of the 
SEPUP wet cell as shown. There should be a small amount of metal 
sticking out of the cells. 

 5. Observe the motor spinning. 

  Hint: If the motor doesn’t spin, try giving the flag a small push with 
your finger to start it. If it still does not spin, let your teacher know.

 6. Once the motor spins, disconnect the wire leads. Remove the two metal 
pieces. Dry them, and then shine them with a piece of sandpaper. It is 
extremely important to completely dry the metals on a paper towel and 
clean both sides with the sandpaper!

Part B: The Effects of Different Metals

 7. You just tested two metals, copper and magnesium, that, along with 
the electrolyte, transformed chemical energy into electrical energy. The 
motor transformed the electrical energy into the mechanical energy 
that caused the shaft to turn. Design an investigation to test other 
combinations of metals. While you’re designing the investigation, think 
about the following questions:

 What is the purpose of your investigation?

 What will you observe or test?

 What materials will you need to conduct your investigation?

 How will you record your observations?

 How will you use the results to make a conclusion?
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 8. Obtain your teacher’s approval for your investigation.

 9. Conduct your investigation, and record the results in your science 
notebook.

Part C: Other Effects

 10. Investigate what happens when you place the metals closer together. 
Use two strips that caused the motor to turn slowly. Place them in the 
slots at opposite ends of the SEPUP wet cell. In steps, move one strip from 
slot to slot so that it gets closer to the other strip. Observe what happens 
to the motor during each step. Make a table in your science notebook to 
record the results. 

 11. Investigate what happens to the direction the shaft turns when you 
reverse the connections. Use the zinc and copper combination of metals 
to explore this. Record your observations in your science notebook.

 12. Investigate what happens to the motor as you gradually remove both of 
the metal strips from the electrolyte. Use a combination that caused the 
motor to spin rapidly to explore this. Record your observation in your 
science notebook.

ANALYSIS
 1. Was there a chemical change when you inserted the strips into the 

electrolyte? Describe any evidence that supports your answer. 

 2. Use your results from Part B to rank the metal combinations from 1 to 6, 
with 1 as the highest-releasing electrical energy rate, and 6 as the least. 
Describe any evidence that determined the ranking.

Magnesium/copper

Magnesium/iron

Zinc/copper

Zinc/magnesium

Zinc/iron

Copper/iron
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 3. Look at the table below that describes the reactivity of the metals used in 
this activity. Compare the table to your response in Analysis Question 2.

  Based on the comparison:

a. Does reactivity alone indicate what combinations of metals will 
release the most energy? 

b. What patterns do you see that could indicate why the most and least 
energy combinations occurred?

c. Gold is the least reactive metal known and tends not to give up 
electrons. Which metal from the table would you pair it with to 
make a strong battery? Explain your choice. 

 4. Make a table that summarizes your investigation in Part C. It should 
identify each effect, summarize the results, and include a brief expla-
nation of why you think each result happened. 

 5.  From the materials in this activity, draw and label a battery that would 
produce the most energy.

EXTENSION
Design and conduct an investigation that tests the effect of changing the 
concentration of the electrolyte.
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Reactivity of Common Metals

Metal Reactivity Tendency to Give Up Electrons

Magnesium Most Most 

Zinc

Iron

Copper Least Least
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CHALLENGE

 In Activity 56A, “Motors and Generators,” you generated electricity by 
transforming the kinetic energy of a spinning coil and the potential 

energy associated with a magnet. You also made a motor spin by applying 
an electric current to a coil of wire positioned close to a magnet. In neither 
case did the magnet touch the rest of the motor or generator. How then was 
the magnet able to affect the motor and generator?

The answer is that there is a magnetic field around the magnet. The field 
cannot be seen by the human eye but can be detected by the effect that it 
has on other magnetic objects. In this activity you will map magnetic fields 
with a compass. You will also read about fields and electromagnets.

What are the properties of magnetic fields?

65A Energy and Magnetic Fields 

LABORATO

R
Y
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Magnetic 
field lines

A representation of the 
Earth’s magnetic field
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PROCEDURE
Part A: Investigating magnetic fields

 1.  With a partner, take a small piece of modeling clay and fix one of the 
bar magnets flat inside the bottom of a tasting cup.

 2. Fill the large plastic cup about two-thirds full of water. Make sure that 
the plastic cup is far from other magnets and from anything that 
contains iron.

 3. Float the tasting cup on the water. If the tasting cup tilts to one side 
adjust the position of the magnet so that it is better centered.

 4. Observe the movement of the tasting cup and the direction that the bar 
magnet is pointing. Record your observations in your science notebook.

 5. Remove the magnet from the tasting cup, and place it end to end with 
a second magnet in the center of a sheet of paper. Position the magnets 
on the paper so that the ends with the red dots are pointing north. 

 6. Sketch the outline of the magnets on the paper. Mark the end with the 
red dot with the letter N and the other end with a letter S.

 7. Place the compass close to the corner of one end of the magnets.

 8. With a pencil make a dot on the paper to mark the position of the 
needle of the compass pointing away from the magnets.

 9. Move the compass a small distance away from the magnets so that the 
other end of the needle is touching the dot you made in Step 8. 

MATERIALS

For each pair of students
 2 bar magnets
 1 9-oz plastic cup
 1 small tasting cup
 1 small piece of modeling clay
 1 small compass
 3 sheets of paper
  water
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 10. With a pencil make a dot on 
the paper to mark the position 
of the needle of the compass 
pointing away from the 
magnets as shown top right.

 11. Repeat Steps 9–10 until the 
dots go off the page or return 
to the magnets.

 12. Draw a smooth line through 
the dots you have made. Add 
an arrow to the center of the 
line pointing from the N end 
of the magnet to the S end.

 13. Position the compass at 
another spot next to the 
magnets. Repeat Steps 8–12.

 14. Repeat Step 13 at a minimum 
of eight positions around the 
magnets.

 15. Place the two magnets about 
5 cm apart in the center of a 
fresh sheet of paper. Arrange 
the magnets so that the N 
end (red dot) of one magnet is 
facing the S end of the other 
as shown center right.

 16. Follow Steps 6–14 to plot the 
magnetic field between the 
two magnets.

 17. Repeat Steps 15 and 16 with 
the two magnets arranged in 
the center of a fresh sheet of 
paper so that the N ends of the 
two magnets face each other 
as shown bottom right.
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PART B: READING
Magnetism and Electromagnetism 
Force Fields
When you pull a door open or push a drawer closed, you are applying a 
force directly to the door or drawer. It isn’t always necessary, however, to 
make physical contact to apply a force provided a field is present. A field is 
a way of describing how two objects can interact with one another without 
touching. You will have experienced three types of fields—gravitational, 
magnetic, and electric. Gravitational fields affect anything with mass. 
Magnetic fields affect anything that is magnetic. Electric fields affect any-
thing with charge. For each of these fields, work must be done to move 
against the field. For example, to move a mass away from the surface of the 
Earth requires work to be done, as when you lift a rock. As work is done  
the mass gains potential energy. When the mass is released it falls back to the 
Earth’s surface and transforms the potential energy into other forms of 
energy, such as kinetic energy.

There are many similarities between gravitational, magnetic, and electric 
fields, but there are some important differences. Electric and magnetic 
fields can be made to cause both attraction and repulsion. When your 
clothes stick to your body on a dry day, it may be due to attraction between 
opposite charges on your body and clothes. When the north poles of two 
magnets are close together, they will repel one another. Gravitational 
fields, on the other hand, only cause attraction and never repulsion. Elec-
tric and gravitational fields are similar in that they only need a single mass 
or charge to form a field. Magnetic fields always involve pairs of north and 
south poles.

We spend our entire lives in the Earth’s magnetic field. Humans are not 
usually sensitive to magnetic fields, but birds and some mammals detect 
them. Some animals, such as migrating sea turtles, even rely on the Earth’s 
magnetic field to navigate great distances. The Earth’s magnetic field 

stretches into space and protects the surface of 
the Earth from charged particles from the sun 
(called the “solar wind”). 

The Earth’s magnetic field 
provides protection from the 
Sun’s solar wind. (Illustration 
not to scale.)
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Electromagnetism
The bar magnets that you used in the activity contained iron. Metals such 
as iron, cobalt, and nickel can behave as magnets. However, magnetic 
fields are also be produced by the flow of electricity. This is called electro-
magnetism. Unlike a regular bar magnet, an electromagnet can be con-
trolled by varying the electric current. It becomes stronger when more cur-
rent is applied and will stop being a magnet when the current is switched 
off. To make electromagnets even stronger, the electrical wires are often 
wound in coils around an iron core. Some electromagnets are tiny and are 
used to control switches in circuits as shown at left. They may also be big 
and powerful, such as those used to move cars and other metal objects in 
scrap yards, as shown below.

ANALYSIS
 1. What made the floating magnet move in Procedure Step 4?

 2. What is a compass needle? Explain by using evidence from this activity.

 3. State which kind of field causes the effect described in each of the 
following situations. Give reasons for your answers.

a.  An anchor sinks to the bottom of a lake.

b.  Your hair sticks to a comb.

c.  Two paper clips attract each other.

 4. Describe the energy trans-
formations in each of the 
following situations. Give 
reasons for your answers.

a.  A hot-air balloon takes 
passengers on a ride.

b.  An electromagnet is used 
to move a car to the top of 
a pile of junk.

Junkyards use large 
electromagnets to move 
iron and steel.

A reed switch is a tiny electro- 
 magnet found in some 
electronic devices. 
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CHALLENGE

 The batteries in the previous activity were part of an electrical 
circuit. A circuit is any path along which electrical energy 

can transfer. A circuit has to be a continuous loop made of electrically 
conducting material, such as copper. A circuit will work only if all the 
conductors in the loop are connected. For example, a light switch breaks a 
circuit when turned off and completes the circuit when turned on. 

There are many kinds of circuits that range from simple to complex. With 
batteries a simple series circuit is one where all the components in the cir-
cuit are connected in succession with a battery. There is only one path for 
the electrical energy in the circuit. In a parallel circuit, the components 
are set up in the circuit so that the electrical energy has more than one con-
ducting path from the battery. 

How is energy transferred and transformed in an electrical circuit?

INVES T IGATIO
N

A printed circuit board uses conductive pathways etched onto a board to connect components.  
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PROCEDURE
Part A: Conductors in a Circuit 

 1. With your partner, use the equipment to make one of the bulbs light up. 
In your notebook, draw a diagram of the circuit. 

 2. Replace the bulb and the socket with the motor. Observe and record 
what happens when the motor is part of the circuit.

 3. Replace the motor in the circuit with the buzzer. Observe and record 
what happens when the buzzer is part of the circuit. 

MATERIALS

For each group of four students
 1 buzzer
 1 motor
 1 strip each of:
   aluminum 
   copper 
   iron 
   zinc 
   magnesium 
   polystyrene plastic
 1  small carbon rod 
 1  glass rod 
 1 ceramic tile 
 1 block of wood 
 1 piece of granite
 1 lightbulb in socket
 2 wire leads with clips 

For each pair of students
 2  wire leads with clips
 1  D (1.5 V) battery
 1 battery holder
 1 lightbulb in socket

2561 LabAids SEPUP IAPS SB 
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 4. Design an investigation to determine what items from the materials list 
conduct electricity when placed in the circuit. Describe your design in 
your science notebook. Be sure to include:

The purpose of your investigation.

What you will observe or test.

What materials you will need for conducting your investigation. 

What materials you predict will be good conductors.

How you will record your observations.

How you will use the results to make a conclusion.

 5. Obtain your teacher’s approval of your investigation.

 6. Conduct your investigation, and record your results.

Part B: Series and Parallel Circuits

 7. In your group of four, combine all your materials. Connect two 
batteries, four wire leads, and three lightbulbs in series. Use the diagram 
below to help you build the series circuit. 

 8. Unscrew one of the bulbs from the socket and observe what happens. 
Secure the lightbulb back into the socket, and record your observations 
in your science notebook. 

 9.  Remove one of the bulbs and one wire from the circuit. Reconnect 
and then observe the circuit. Record your observations in your science 
notebook.

 10. Remove another bulb and wire from the circuit. Reconnect the circuit, 
and observe it carefully. Record your observations in your notebook. 
Make sure to comment on the differences between the 3-, 2-, and 
single-bulb combinations in series.

 11. Disconnect the circuit.
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 12. Now build a parallel circuit using two batteries, six wire leads, and three 
lightbulbs. Use the diagram below to help you make the parallel circuit. 

 13. Remove one of the bulbs from its socket, and observe what happens. 
Return the lightbulb to the socket, and record your observations in your 
science notebook.

 14. Replace one of the bulbs with the motor, and observe what happens. 

 15. Replace the motor with the buzzer, and observe what happens.

 16.  Remove the motor, and observe the circuit with two bulbs. Record your 
observations in your science notebook.

 17. Remove another bulb and a wire from the circuit, and observe the 
circuit carefully. Record your observations in your science notebook. 
Make sure to comment on the differences between the 3-, 2-, and single-
bulb combinations in parallel.

ANALYSIS 
 1. Which materials were the best conductors? Explain how you know these 

materials conducted electricity better than other materials.

 2.  Describe the transfer and transformation of energy involved in a battery 
that lights up a bulb and runs a motor in a circuit.

 3.  Create a larger version of the Venn diagram shown below. Record the 
similarities of series and parallel circuits in the space that overlaps. In 
the labeled spaces that do  
not overlap, record differ-
ences between the circuits. 

 4.  Holiday lights are light-
bulbs that are wired in 
a parallel circuit. Why 
is this a better idea than 
putting them in series?
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Three lightbulbs in parallel
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 Yasmin knew the lights in her room transformed electrical energy into 
light energy as part of an electrical circuit in the house. One time, she 

accidentally touched a lightbulb of a lamp she had just turned off, and it was 
quite hot. That means that some of the electrical energy was transformed into 
heat instead of light. She wondered how much of the bulb’s energy was “lost”  
or given off as heat. 

What is the efficiency of a lightbulb?CHALLENGE

LABORATO
R

Y
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SAFETY 

Do not try this investigation with any other kind of battery or electrical 
energy source without consulting your teacher. Never, under any 
circum stances, place plugged-in electrical appliances in or near water. 

PROCEDURE
Part A: Collecting Data

 1. Using the graduated cylinder, carefully measure 12 mL of water into the 
circular cup of one of the hot bulb trays.

 2. Carefully place the foam cap with the bulb over Cup A and insert the 
thermometer, as shown on the next page. 

 3. Make a data table in your science notebook like the one on the next page.

 4. Measure and record in the table the initial temperature of the water.

 5. Prepare a control for this experiment in the second hot bulb tray. Decide 
in your group what to place in the control cup and what measurements 
to take.

MATERIALS

For each group of four students
 1 9-volt battery
 1 battery harness and leads
 1 foam cap with flashlight bulb and socket
 1 foam cap
 2 hot bulb trays
 1 graduated cylinder
 2 metal-backed thermometers
 1 timer 

For each student
 1  Student Sheet 53.1, “Anticipation Guide: Ideas About 

Energy,” from Activity 53, “Home Energy Use”



 6. Clip one wire to one of the prongs on the brass socket. Clip the other 
wire to the other prong.

 7. Connect the battery to the harness so that the bulb lights, as shown 
above. Keep the lighted bulb in the water for exactly 3 min. Time this as 
precisely as you can.

 8. After 3 minutes, disconnect the battery from the bulb. Measure and 
record the temperature of the water. 

 9. Calculate the temperature changes of the water in the experimental 
and control cups. Record the results in your data table.
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Lightbulb Data

Cup
Volume of 
Water (mL)

Time  
(minutes)

Initial 
 Temperature (°C)

Final 
 Temperature (°C)

Temperature 
Change (°C)

Experiment

Control
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Part B: Calculating Efficiency

 10. Make a table in your science notebook like the one below. Show your 
work and the calculations done in Procedure Steps 11–14 in this table. 

 11. Calculate the thermal energy released from the flashlight bulb using 
the equation:

energy released (calories) =   temperature change (oC) × mass of water (g) 

  Hint: 1 mL of water has a mass of 1 gram.

 12. If the flashlight bulb uses about 27 calories of electrical energy for each 
minute it is lit, calculate the electrical energy input using the equation:

electrical energy absorbed (calories) =
  time bulb is lit (minutes)  
× 27 calories per minute

 13. Calculate the percent of thermal energy produced by the bulb using  
the equation:

thermal energy output (%)   =        
thermal energy released    

× 100%
  electrical energy absorbed 

 14. Calculate the light efficiency of the bulb using the equation:

 Light efficiency (%) = 100% − thermal energy output (%) 

Lightbulb Calculations

Cup
Thermal Energy 
Released (calories)

Electrical Energy 
Absorbed (calories)

Thermal Energy 
Output (%) Light Efficiency (%)

Experiment

Control



ANALYSIS
 1. Answer the following questions about the control in Cup E:

a. Why should you use a control in an experiment?

b. What did you place in the control cup? Explain why.

c. What measurements did you take? Explain why.

d. What did the results of your control tell you?

 2. A typical lightbulb is about 5% efficient at producing light energy. Does 
your calculation agree with this? Explain why you think your calcu-
lation is or is not the same.

 3. Are lightbulbs better at producing light or heat? Explain, using results 
from this experiment. 

 4. Do you think you would be more concerned about inefficient bulbs in a 
home that is in a warm climate or a colder one? Explain.
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An incandescent, compact 
fluorescent,  and halogen 
lightbulb.



D-85

Hot Bulbs • Activity 67

A light-emitting diode (LED) is 
an expensive but efficient kind of 
lightbulb. Although not typically 
used in homes, they are often 
used in car headlights, bicycle 
lights, traffic lights, and other 
road signs.

 5. The bulb used in this activity is an incandescent lightbulb. Look at the 
table below that compares an incandescent lightbulb to other kinds 
of bulbs that are about the same brightness. Answer the following 
questions:

a. Which is the best lightbulb? Using the table, explain the evidence 
that helped you decide.

b. Why do you think people buy more incandescent lightbulbs than 
any other bulb?

Comparisons for Equally Bright Lightbulbs

Characteristics Incandescent
Compact 

 Fluorescent Halogen

Efficiency 5% 20% 9%

Rate of energy use 100 watts 23 watts 60 watts

Average lifetime 1,000 hours 12,000 hours 2,000 hours

Cost of one bulb $0.75 $8.50 $6.00

Cost of electricity over  
lifetime of bulb $12.00 $33.50 $14.00

Total cost per hour 1.28¢ 0.35¢ 1.00¢
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 Yasmin and her family were interested in renewable energy sources. After 

doing a little research, she began to focus on solar energy. She wondered if 
solar energy has enough advantages to justify installing it where she lives. Com-
pared to other parts of the country, the climate Yasmin lives in tends to be cloudy 
and cold, particularly in winter.

While sunlight supplies only a small portion of the electricity used in the 
United States today, this amount is increasing. The Sun’s energy is becom-
ing a popular source of energy as more and more people view solar cells as 
a technology that can contribute to a sustainable energy supply. Solar  
photovoltaic (fo-toe-vol-TAY-ick) cells, also known simply as solar cells, 
transform sunlight directly into electricity. Often a group of photovoltaic 
cells are connected together, usually in series.

How can you use solar cells to produce the most energy possible?
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CHALLENGE

Photovoltaic cells on the 
rooftops of homes provide 
electrical energy.



PROCEDURE
Part A: Making a One-cell Circuit

 1. With your group, set up a circuit that uses the photovoltaic cell to run 
the motor, as shown in the diagram below. 

• Decide on a method to measure how fast the motor spins. 

• Design an experiment to test how the angle of the Sun on the cell 
affects the rate at which the motor spins. While you’re designing  
the investigation, think about the following questions:

• What is the purpose of your investigation?

• What will you observe or test?

• What materials will you need for your investigation?

• How will you record your observations?

• How will you use the results to make a conclusion?
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MATERIALS

For each group of four students
 1 electric motor with tape flag on spindle
 1 solar cell
 2 wire leads with clips, one red and one black, with clips
 1 piece of cardboard
 1 protractor
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 2. Obtain your teacher’s approval for your investigation.

 3. Conduct your investigation, and record the results in your science 
notebook.

Part B: More Effects 

 4. Design a second investigation similar to the one in Procedure Step 
3. Investigate how the amount of sunlight that falls on the solar cell 
affects the speed of the motor. Simulate the effects of a cloudy day by 
blocking portions of the cell with the cardboard. 

 5. Join with another group to connect two solar cells in series to drive the 
motor. Measure the speed of the motor, and record it in your science 
notebook. Compare it to the speed of a single cell. 

ANALYSIS
 1. For the solar single-cell setup that made the motor spin the fastest:

a.  Sketch and describe the setup, including the position of the solar cell 
relative to the Sun. 

b.  Explain why you think this setup worked the best. 

 2. For the two-cell setup:

a. Sketch and describe the setup.

b. Compare and explain the effect of having two solar cells in series to 
having one.

 3. In most of the United States, why don’t solar cells provide enough 
electricity to run a house through a full day or a full year? Use evidence 
from this investigation to explain.

EXTENSION
Build a circuit where two solar cells are combined in parallel to run the 
motor. Measure the speed of the motor, and compare it to the speed when 
the cells are combined in series. 
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Three lightbulbs in parallel

The schematic diagram  
for a photovoltaic cell
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CHALLENGE

 Most of the energy types on Earth can be traced back to energy 
radiating from the Sun. As important as the Sun is to us, only a 

small fraction of its total radiant energy reaches Earth. Of the energy that 
does reach Earth, we can use only some of it to directly heat such things as 
houses, pools, office buildings, and food. In the last activity, you explored 
how solar energy can be transformed into electricity. In this activity, you 
will determine how efficient it is to transform the Sun’s radiant energy into 
thermal energy. 

What is the efficiency of a solar energy collector?

LABORATO
R

Y



SAFETY

Do not try this investigation with any other kind of battery without 
consulting your teacher. Never, under any circumstances, place 
plugged-in electrical appliances in or near water. Be careful not to 
break the thermometers. Be aware that the metal on the thermom-
eters may become quite hot in the sunlight.

PROCEDURE
Part A: Gathering the Data

 1. With your group, use the diagram of the completed setup shown on the 
next page to guide you through the procedure. 

 2.  Adjust the angle of the plastic holder so that it faces the Sun. 

 3.  Attach one end of the black tubing to the pump by pushing it into  
the cylindrical opening on the side of the pump’s base. The pump  
transports the heated water to and from the cup through the tubing.

 4.  Attach the red wire to the positive terminal of the pump (look for the 
small +). Connect the black wire to the negative terminal of the pump 
(look for the small –).

 5. Place the pump upright in the foam cup. Avoid pinching the tubing.

 6.  Place the other end of the black tubing in the cup. This end of the tube 
returns the water to the cup. Make sure it is positioned so that it does 
not pour water onto the pump.
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MATERIALS

For each group of four students
 1 water pump, with clear tubing and connector
 1 piece of black plastic tubing 
 1 white plastic tubing holder
 1 D-cell (1.5 V) battery
 1 battery holder 
 2 wire leads with clips: one red, one black 
 2 metal-backed thermometers
 1 50-mL graduated cylinder
 1 foam cup
 1 plastic cup



 7. Place the battery in the holder so that its tip (positive end) faces the side 
of the holder that has the red connector. Attach the red wire from the 
pump to the red wire from the battery. 

  Note: Do not attach the black wire at this time!

 8. Measure 100 mL of water into the plastic cup. Carefully pour just 
enough water from the plastic cup into the foam cup, which contains 
the pump, to cover the base of the pump.

  Note: Do not completely submerge the pump in water. 

 9. Place a thermometer in the foam cup with the pump. Take the temper-
ature of the water in that cup. Leave the thermometer inside the cup. 

 10.  Make a data table of your own design to record the temperature of the 
water every minute for 15 minutes. Remember to include a place to 
record the temperature of the class control.

 11. To start the water pump, connect the black wire to the negative terminal 
of the battery. Begin timing. As water goes from the cup into the tubing, 
slowly add the rest of your 100  mL water. Do not allow the water level 
in the cup to rise more than 1 cm above the base of the pump.
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 12. Allow the pump to run for 15 minutes with direct sunlight on the 
tubing. Measure the temperature of the water every minute. Record this 
data in your table. 

  Note: Check the pump every few minutes to make sure it is still sitting 
in the water. The pump will be damaged if it runs without water.

 13. After 15 minutes, disconnect the wires from the pump. Record the final 
temperatures of the water in the pump cup and the class control data. 
Calculate the change in temperatures, and record it in your table.

Part B: Calculating Efficiency

 14. Make a table like the one below in your science notebook. Show the 
calculations for Procedure Steps 15–18, and record them in your table.

 15. You put 100 mL of water in the cup. Calculate how many calories of 
energy were transferred to the water.

  Hint: Look back at Activity 67, “Hot Bulbs,” to remember how to 
calculate the calories transferred to the water. 

 16. The tubing holder is approximately 20 cm wide. 

a. With your group, decide what method you should use to determine 
the area of the solar heater.

b. Estimate the surface area of the solar heater in centimeters. Explain 
how you came up with this number.

 17. If the Sun supplies 1.5 calories of energy per square centimeter per 
minute to the Earth, calculate how many calories were supplied to your 
tubing in 15 minutes. 

 18. Calculate the efficiency of the solar heating system using the following 
equation:

 Efficiency (%) =  
 calories transferred to the water × 100%

 
 calories supplied to the tubing
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Calculating Energy Efficiency

Energy transferred to water (calories) 

Area of solar heater (cm2) 

Energy transferred to the tubing (calories) 

Efficiency of heating system (%)  



Part C: Improve the Design

 19. With a partner from your group, brainstorm ways to improve the solar 
heating system.

 20.  Present your design to the other pair in your group. Get their feedback 
on what might improve your insulating container. Then switch roles, 
and provide feedback on their ideas.

 21. As a group of four, choose the best ideas from the brainstorming, and 
redesign the solar heating system.

 22.  Retest the solar heating system as described in Part A of the Procedure.

 23.  Recalculate the efficiency of the solar heating system as described in 
Part B of the Procedure. 

ANALYSIS
 1. The efficiency of a photovoltaic cell is about 11%. How does the 

efficiency of your solar heater compare?

 2. How could you improve the design of your collector to increase its 
efficiency?

EXTENSIONS
Run the pump for the solar water-heater system using electricity from two 
solar cells placed in series rather than the battery. Investigate whether one 
solar cell will run the pump or if it takes more. Investigate ways to control 
the speed of the pump using the solar cells.
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collector at her home to warm 
a tea kettle.



 When solar energy hits an object, the light can do several 
things. The light can be absorbed, or captured, by the object 

and transformed into heat. The light might also be transmitted, or travel 
through, the object and remain unaffected. Or, the light could be reflected, 
or bounced off, the surface of the object. In many cases, the light does some 
of each of these three. An example is when light hits glass: most of the light 
is transmitted through (since you can see through it), some is reflected (since 
you can see your own image), and a small amount is absorbed (since the 
glass heats up). Every object transmits, reflects, and absorbs some amount of 
solar energy depending on its individual properties.

Can you control the solar energy in a model house?
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PROCEDURE
Part A: Build Your Model Houses

 1. With your group, and using the materials provided for the class, modify 
one of your boxes (model house) so that it will absorb as much solar 
energy that can be transformed into heat as possible. Do not cut into or 
change the volume of the box.

 2. Place one of the metal-backed thermometers in the center of your 
house. 

 3. Using the class materials, modify the other box so that it will absorb as 
little energy as possible. Do not cut into or change the volume of the box.

 4. Place the second metal-backed thermometer in the center of your 
second house.

 5. In your science notebook, draw a diagram of the two houses, and 
explain the choices you made in building it. Label the houses, “Warm 
House” and “Cool House.”
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MATERIALS

For the class
  tape
  pieces of cloth and/or paper of different colors
  newspaper
  aluminum foil

For each group of four students
 1 piece each of:
  clear plastic film
  tinted plastic film
  reflective plastic film
  black paper
 2 metal-backed thermometers
 2 boxes
 1 pair of scissors
 1 stopwatch



Part B: Testing Your Model Houses

 6. Making sure your houses are NOT in sunlight, measure the temperature 
inside each house, and record it in your science notebook.

 7. Place your houses in the sunlight for the time allowed by your teacher.

 8. Record the final temperature inside your houses.

 9. Calculate the temperature change in each house, and record it in your 
science notebook.
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monly used on commercial 
buildings to help control the 
solar energy going through  
the windows. 



ANALYSIS
 1. What was the change in temperature of each of the two houses you 

designed? If the changes were different, explain why. In your expla-
nation use the words absorb, reflect, and transmit.

 2. Compare your designs to those of your classmates. What materials 
tended to:

a.  absorb solar energy? Explain.

b. reflect solar energy? Explain.

c. transmit solar energy? Explain.

 3. Imagine you are living in Texas during the summer. What type of  
window film would you want on your home’s windows? Explain your 
choice, using evidence from this activity.

a. clear

b. tinted grey

c. reflective

 4. Imagine you are living in New York during the winter. What type of 
window film would you want on your home’s windows? Explain your 
choice, using evidence from this activity.

a. clear

b. tinted grey

c. reflective
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 It would be simple to design an energy-efficient home if the temperature 
was always 21°C (70°F), and people did not use appliances. Most people, 

however, live in areas where the temperature varies a lot, and they depend 
on their refrigerators, furnaces, air conditioners, televisions, computers, 
and other appliances and electronic devices. In this activity, you will read 
about the major factors that determine how much energy is used in a home. 
You will also read about some actions people can take to use energy more 
efficiently. 

How can features in a home affect the energy efficiency of a home? 

Use the “Listen, Stop, and Write” strategy to help you with this reading. Listen  
as your teacher reads aloud. When he or she stops reading, close your book.  
Write down the main ideas you just heard.

READING
Energy Use in the Home
Every year, the United States consumes more energy than any other coun-
try in the world. As shown in the diagram below, about 22% of that energy 
is used in residential homes. The diagram also shows how residential 
energy is generally used. 

Most people can reduce their costs and consumption of nonrenewable 
energy by focusing on their transportation and their homes. Just by driving 
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a gas-efficient car and driving less, for example, a person will buy less gas-
oline. Reducing energy use in the home, however, can be a little more chal-
lenging, especially for those who live in extreme climates where heating or 
air conditioning can be essential. Increasing efficiency in the home, how-
ever, is an important way to reduce energy use.

How much energy a home uses is affected by the size of the home, the 
number of people living in it, its location, the climate, and the type of 
energy available. In any case, however, better energy efficiency costs less 
and is less harmful for the environment. 

Insulation
The biggest energy cost in a home is from maintaining a comfortable tem-
perature. Since energy moves from a warmer to a cooler area, it can be dif-
ficult to keep warm air inside the building when it is cold outside and to 
keep hot air outside when it is very warm outside. The less energy it takes to 
accomplish that, the more energy-efficient the building. One way of slow-
ing the movement of energy is to use insulating materials, such as concrete 
brick, and to insulate the walls of the building. In the summer insulation 
keeps a home cooler, and in the winter it keeps a home warmer. Insulation 
that is placed between walls and between floors and ceilings is made of 
various materials and comes in many forms, such as rolls or blankets of 
fibers, sprayed-in foam, or rigid sheets. It can be anywhere from three to 75 
centimeters (1–30 inches) thick. How much insulation a building should 
have depends on its design, the climate, local energy costs, and the home-
owner’s budget. While most buildings have insulation in the walls, an 
energy-efficient home usually has insulation under the floors and above 
the ceilings as well. 

Windows
Windows are a major source of energy transfer in a building. While most 
windows still have single panes of glass, high-performance windows have 
dual panes or even triple panes. This means there are two or three pieces of 
glass with a layer of air or some other gas, such as argon, in between them. 
That layer of air or gas acts as an insulator, preventing energy transfer. 
Additionally, high performance windows may have glazes that are similar 
to the films that you worked with in the last activity. These prevent energy 
transfer and also protect furniture from sun damage. High-performance 
windows have frames made of wood or fiberglass that also insulate. The 
windows are sealed tightly in their frames so air cannot leak in or out. No 
matter how efficient the window is, however, it does not block energy trans-
fer as well as a solid wall does. Therefore, the more window space a home 
has, the less energy-efficient it will be overall.
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Heating and Cooling Equipment
Heating systems are a significant factor in the total amount of energy used 
in a home—nearly half of a family’s energy bill is spent on heating and 

cooling it. Most of the time, a home’s 
location determines what type of energy 
is available for heating and cooling. For 
example, natural gas is the cleanest-
burning fossil fuel, but in many areas of 
the United States, it is not available. 
People in those areas must depend on 
electric heaters, oil, or propane gas for 
heat. Although renewable sources such 
as wind, solar, and geothermal energy 
are environmentally friendly, they are 
not available in many areas. Even if 
they are available, the cost to install 
them can be very high. 

Many heating systems are built around 
a central furnace that burns a fossil 
fuel. A duct system or radiator system 

then distributes hot air or hot water around the house. The most common 
sources of energy for this type of heat are natural gas, propane, and oil. 
Sometimes a heater or furnace is located in one room only and energy is 
not distributed through the home; you might see this is in an old country 
house with a wood stove or in an apartment with a fireplace or a wall 
heater in the living room. Houses that do not have some kind of furnace 
often have baseboard heaters that run on electricity. The electricity comes 
from a utility company or from a renewable source such as solar. 

Buildings can be cooled in several ways, too. A cooling system that includes 
air conditioning is one way, but passive-energy designs can also be effective. 
A passive-energy design doesn’t depend on external energy to run it, as an 
air conditioner does. Instead it involves building the house in a way that the 
physical structure of the house and its outdoor surroundings control the 
temperature. One effective passive design for keeping a house cool is to 
plant trees and vegetation close to the house to provide shade, especially  
by the windows. Overhangs, such as wide roofs and window awnings that 
block the sunlight, are effective as well. Windows that block or reflect sun-
light help keep energy out of a building. Another way to keep a house cool 
is to take advantage of natural ventilation. Architects often design houses 
with windows and doors placed in ways that allow air to circulate when 
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there are breezes. Fans—whether ceiling fans, portable fans, or whole house 
fans—are less expensive to operate than an air-conditioning system. Unfortu-
nately, some climates are too hot for houses to stay cool with these  methods 
only—especially in summer. Many house in hot climates need both  passive- 
energy designs and air conditioning. 

Water Heaters
Most water heaters that supply hot water to bathrooms and kitchens con-
sist of a large tank of water and a source of energy, such as gas, fuel oil, 
electricity, or even solar panels. Cold water runs into the tank at the bot-
tom, and then as it heats up, a pipe takes it from the top of the water 
heater and through pipes to your faucets. Once the water is heated, it must 
stay warm and ready for use, and so energy-efficient water heaters are well 
insulated. Traditional hot water heaters use a significant amount of energy 
to keep the water in the tank warm so it is ready all the time. Newer water 
heaters, called “tankless” heaters, heat the water on demand instead of 
continually warming a tank that experiences energy loss. A tankless water 
heater system can supply a whole house or just a couple of faucets, such as 
in a bathroom. Tankless heaters are much more energy-efficient than tradi-
tional tank heaters, but sometimes they involve running water for a long 
time at the tap before hot water comes out.
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Lighting and Appliances
Compact fluorescent lightbulbs use about one-third of the energy of typical 
incandescent bulbs. Additionally, because they do not get as hot, they are 
safer than other bulbs, especially halogen bulbs. As you discovered in a 
previous activity, compact fluorescent bulbs cost more to buy initially but 
save energy over time.

The energy efficiency of household appliances varies greatly. Older appli-
ances, such as gas stoves where pilots for burners and the oven are always 
burning, tend to be much less energy-efficient than new ones. Even how 
appliances are used can make a difference in the amount of energy they con-
sume. For example, leaving air space around a refrigerator’s coils and keep-
ing them clean makes a refrigerator more efficient. Opening the refrigerator 
door as little as possible and running a dishwasher on the shortest cycle or 
without the dry cycle improves energy efficiency. For washing clothes, using 
a low-water, front-loading machine and cold water save energy.

New appliances have two tags on them. One states the cost of the appli-
ance; the other states how much it costs to operate the appliance for a 
year. This is called the energy rating because it gives a measure of the 
appliance’s energy usage. Energy Star appliances have a high energy rat-
ing because they use energy more efficiently than standard appliances. 
However, Energy Star appliances are generally more expensive to buy. 
Like lightbulbs, often the least expensive appliance costs more money  
to operate.

Making Choices
When home dwellers select the things that make up their homes, such as 
construction materials, insulators, heaters, air conditioners, windows, and 
appliances, they are often faced with hard economic choices. On one hand, 
it takes less money to buy less efficient equipment. The payoff from a fluo-
rescent lightbulb, an Energy Star appliance, or a new kind of water heater 
is not immediate. Over a few years, however, the extra up-front cost for an 
energy efficient item pays off, and the consumer starts saving money. 

Many state and federal programs help home dwellers get the cash they 
need to buy more efficient equipment through rebates, tax incentives,  
and loans. Often, it makes the most sense to improve many things at once. 
For example, getting a more efficient furnace is not nearly as effective as 
getting the furnace and then keeping the heat in the home with new win-
dows and insulation. Making an energy efficient home involves planning 
ahead, spending some money, and then having bit of patience for the sav-
ings to start. 
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ANALYSIS
1. What are three things that people who live in older houses can do to 

make their houses more energy efficient? Explain why those actions 
would succeed.

2. Your community is building a new school on a tight budget. The town 
planners do not want to buy energy-efficient equipment for the school 
because it will cost more. Do you agree with this idea? Explain why or 
why not.

3. Reflection: What energy-efficient features described in the reading do 
you have, or could you have, in your own home?

EXTENSION
Find out more about making a home energy-efficient by going to the Issues 
and Physical Science page of the SEPUP website. Then use all the information 
you have to make an energy-improvement plan specifically for your home. 
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This homeowner in Oregon took advantage of a tax incentive to outfit her home with a solar panel 
hot water system.  



 The winter after Yasmin helped her mom insulate their house was very cold. 
When the energy bill came, they looked at it together to see the effect of 

the new insulation. “It is $320 lower than last winter!” said Yasmin triumphantly. 

“Yes,” said her mom, “But remember, it cost $400 to buy the insulation.”

 Her mom’s remark upset Yasmin. She said, “Well, then why did we do it? We just 
lost money!” 

 “Because,” her mother explained, “the savings are not a one-time event. We will 
continue to save every winter from now on. So next year, the insulation cost will be 
recovered. Every year after that, the money saved goes into our pocket.” 

“I see,” said Yasmin thoughtfully, “It is better to look at energy use over a long time.” 

In this activity, you are part of a team of energy experts that works with 
families to reduce energy costs in the home. Your job is to improve energy 
efficiency and reduce the use of nonrenewable resources. The families each 
have a budget of $5,000 that they can spend now, and they will have 
another $5,000 in a few years for more improvements. Some families have 
also thought about borrowing money now or saving their current funds 
until later so they can make more improvements at one time. 

Can you help a family decide what energy improvements they should 
invest in? 
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PROCEDURE
 1. With your group, review the table of Energy Improvements shown 

below. Discuss what each improvement means. In your science 
notebook, explain how energy is conserved by each improvement. 

 2. With the class, review the family profile on the next page. 
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MATERIALS

For each student
 1 Student Sheet 72.1, “Family Energy Profile” 
 1 Student Sheet 72.2, “Energy Calculations”

Energy Improvements 

Energy Use in Home Ways to Improve Efficiency

Heating and cooling  Install a programmable thermostat 
Add insulation 
Replace windows 
Seal windows, doors, ducts 
Replace source or burner 
Replace AC system 

Water heater  Change type or use more efficient model 

Refrigerator/freezer  Buy efficient model such as Energy Star 

Lights  Use compact fluorescent 

Other  Buy efficient appliances and electronics 
Add passive-energy devices 
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Buffalo

Family Energy Profile: Buffalo, New York

ANNUAL ENERGY COST: $8,700

Average summer temperature: High: 27°C (80°F) Low: 18°C (63°F)

Average winter temperature: High: 0°C (32°F) Low: –7°C (19°F)

Yasmin, her brother Joe, and their mother live in a small house. Last 
summer, Yasmin helped her mom insulate the house, for which they got 
a rebate from the state. They think there must be more ways to save 
energy in their house. They use electric baseboard heat. They have a 
very old electric water heater and appliances, including the refrigerator 
that just broke. The windows are original to the house that was built in 
the 1960s, but the house has good ventilation and is shaded by trees. 
Yasmin’s mom plans to do a lot of improvement work herself, except for 
large installations such as furnaces or solar panels. 

Approximate Improvement Costs & Savings

Improvement
Cost of Materials 

 (dollars)
Cost to Install 

( dollars)
Annual Energy 

 Savings (dollars)

Programmable thermostat 50 50 300

Dual-pane windows (throughout house) 1,000 1,000 400

Seal windows, doors, ducts 100 50 300

Solar panels (at home) 10,000  
(including rebates)

Included 2,200

Wind power (at home) 10,000  
(including rebates)

Included 1,900

High-efficiency electric heat pump 1,300 200 1,300

Energy Star gas furnace 2,000 200 3,000

High-efficiency oil furnace 2,000 200 2,500

High-efficiency central air conditioning 3,000 1,000 20

Energy Star single-room air conditioner 200 20 10

Energy Star electric water heater, tankless 1,000 200 1,800

Energy Star gas water heater 500 200 850

Compact fluorescent lightbulbs 400 20 110

Energy Star refrigerator/freezer 1,500 50 20

Energy Star washing machine 500 50 100

Energy Star dryer, electric 500 50 50

Energy Star dishwasher 500 50 30

Deciduous trees and other shade vegetation 400 100 50



 3. Your teacher will assign you a family that is profiled on Student Sheet 72.1, 
“Family Energy Profile.” Read the profile carefully.

 4. Consider the following for your family:

• Needs based on the average high and low temperatures in the location

• Immediate cost of the improvement versus the cost over a longer time

• Major environmental impact of improvements

• Other recommendations that are not included in the table of Energy 
Improvements

 5. Use Student Sheet 72.2, “Energy Calculations,” to help you calculate the 
long-term benefits of the improvements. 

 6. Use your ideas and your “Family Energy Profile” Student Sheet to decide 
what improvements your family should implement. As you work: 

• Listen to and consider explanations and ideas of other members of 
your team.

• If you disagree with your team members about what features to 
include, explain why you disagree.

ANALYSIS
 1. Write a report that gives your energy-improvement recommendation  

for your family within the budget given. In the report, explain why you 
recommend the improvement(s). Include a discussion of the trade-offs 
involved in the choices you made.

 2.  Would the recommendations you made work for families in other 
locations? Explain why or why not.

 3.  If money were not a limiting factor, what else would you recommend for 
your family?

4. How does reducing energy costs help the environment? 

EXTENSION 1
Go to the Issues and Physical Science page of the SEPUP website, and investigate 
what energy saving measures you and your family can take where you live. 
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EXTENSION 2
Research the electricity costs in your area and compare them to the cities in 
the table below.
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Electricity Costs in Five Cities*

Cost of  
Electricity (kWh)

Cost of Heating: 
Electric Heat  

per year ( dollars)

Cost of Cooling:  
Central Air  Conditioning  

per year (dollars)

Boise .06 1,900 80

Buffalo .15 5,400 90

Chicago .08 2,900 100

Houston .10 860 470

Palm Springs .12 830 1,200

* The costs are for homes of a similar size and the same number of people living in each home.
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 rating. See Energy Star rating.
gravitational fields, D74
gravitational potential energy, 

D8, D34

H
heat

definition, D19
and energy transformation. 

See thermal energy.
heating systems, energy 

 efficiency, D100–101
heating with solar energy,  

D89–93
height, and gravitational 

 potential energy, D8
Hoover Dam, D62
hot and cold water mix, D46–49
household energy use

air conditioners, D44
comparison chart, D6

energy efficiency
annual cost, D106, D108
appliances, D102
biggest cost, D99
cooling systems, D100–101
heating systems, D100–101
improving, D104–108
insulation, D41, D99
lighting, D102
location, and cost, D108
tradeoffs, D102
typical family profile, 

D106
in the U.S., D98–103
water heaters, D101
windows, D99

ice boxes, D42–43
reducing, D4–7
refrigerators, D42–44

hydroelectric energy, D62

I
ice, and energy transfer, D36–38
ice boxes, D42–43
insulation

energy efficiency, D99
household, D41, D99
ice boxes, D42–43
refrigerators, D44

insulators, D39

K
kinetic energy

compared to other forms, D34
definition, D8

Kingda Ka roller coaster, D15

L
Law of Conservation of 

Energy, D28. See also energy, 
 conservation.

light energy, D34
lightbulbs

in circuits, D77–79
compact fluorescents, D102
energy efficiency, D80–85
types, efficiency comparison, 

D85
lighting, energy efficiency, D102
lost energy, D28

M
magnetic fields

definition, D71
types of, D74

mass, and gravitational potential 
energy, D8

measuring energy
bomb (sealed container), D53
calories vs. Calories, D53
calorimeter, D53
melting ice, D36–38, D50
metal pellet activity, D18–21
missing energy, D28
mixing hot and cool water, 

D46–49
movement energy. See kinetic 

energy.
nutrition facts label, D56

motion, energy of. See kinetic 
energy.

motors, electrical, D22–25

N
natural gas, D60
noise. See sound.
nonrenewable energy sources. See 

also renewable energy sources.
coal, D60
definition, D57
fossil fuels, D60
natural gas, D60
nuclear energy, D60–61
petroleum, D60

nuclear energy, D34, D60–61
nutrition facts label, D56
nuts, caloric content, D53–56
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O
oil, D60

P
parallel circuits, D76, D78–79
passive-energy design, D100–101
petroleum (oil), D60
photovoltaic cells, D86–88. See 

also batteries.
pollution

biomass energy, D61
coal, D60
fossil fuels, D60
geothermal energy, D61–62
hydroelectric energy, D62
natural gas, D60
nuclear energy, D60–61
petroleum, D60
solar energy, D62–63
tidal harness, D63
wind energy, D64

potential energy, D8, D34. See 
also gravitational potential 
energy; kinetic energy.

power plants, D58–59

R
reflected solar energy, D94
refrigerant, D43–44
refrigeration cycle, D44
refrigerators

energy efficiency, D44
history of, D42–44
insulation, D44

releasing energy, D27
renewable energy sources. See also 

nonrenewable energy sources.
biomass energy, D61
definition, D57
geothermal energy, D61–62
hydroelectric energy, D62. See 

also tidal harness.
solar energy, D62–63

tidal harness, D63. See also 
hydroelectric energy.

wind energy, D64
roller coaster, and transformed 

energy, D12–17

S
series circuits, D76, D78–79
shot activity, D18–21
solar cells. See photovoltaic cells.
solar energy

absorbed, D94
collecting, D94–97
electricity from, D62–63
heating with, D89–93
photovoltaic cells, D86–88
reflected, D94
solar heating, D89–93
tracing energy from, D32–35
transmitted, D94

solar wind, D74
sound energy, compared to other 

forms, D34
stored energy. See potential 

energy.
Sun. See solar.

T
temperature, D19
thermal energy

compared to other forms,  
D34

conduction, D36
conductors, D36
efficiency, D28–29
heating process, D28–29
insulators, D39, D41. See also 

insulation.
transferring

household insulation,  
D41, D99

insulators, D39
melting ice, D36–38

mixing hot and cold water, 
D46–49

preserving ice, D39–45
tidal harness, D63
transferred energy

conduction, D36
conductors, D36
definition, D12
electrical circuits, D76–79
insulators, D39, D41
maximizing, D36–38
minimizing. See insulation; 

insulators.
from the Sun, D32, D35
thermal. See thermal energy, 

transferring.
transformed energy. See also 

 batteries.
definition, D12
electrical circuits, D76–79
following, D32–35
heat from. See thermal energy.
potential to kinetic, D8–17
roller coaster example,  

D12–17
transmitted solar energy, D94
turbines, D58

U
United States

annual electricity 
 consumption, D59, D65

energy efficiency, D98–103
power plants, types and 

 distribution, D58–59

W
water heaters, energy efficiency, 

D101
wind energy, D64
wind farms, D64
windmills, D64
windows, energy efficiency, D99
wood, as energy source, D61
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Abbreviations: t (top), m (middle), b (bottom), l (left), r (right), c (center)

All illustrations by Seventeenth Street Studios, except as follows:  
Pages B-26, B-36, B-43, B-63, B-66, B-72, B-73, B-80, B-81: Precision Graphics.

“Talking It Over” icon photo: ©Michael Keller/The Stock Market

Front cover photo (DNA analysis): © 2008 Kevin Curtis/Photo  Researchers, Inc.

Unit opener (D-2, D-3): tm: ©2001 Michael Krasowitz/FPG; tl: ©2001 Bob Elsdale/ 
The Image Bank; bl: ©2001 Doug Struthers/Stone; mr: ©2001 Charles Thatcher/Stone; 
bc: ©Lester V.  Bergman/CORBIS; br: Donna Markey; D-4 ©2001 David Young-Wolff/Stone;  
D-8 ©Tania  Midgley/CORBIS; D-15 ©Buddy Mays/CORBIS; D-17 t: ©Lester V. Bergman/ 
CORBIS, b: ©2001 Spike Walker/Stone; D-18 Sylvia Parisotto; D-19 ©Dr. Dennis  Kunkel/
PHOTO TAKE; D-22 ©2001 American Images Inc./FPG; D-27 © David P. Hall/ CORBIS;  
D-31 ©Bettmann/CORBIS; D-39 © Carolina Biological  Supply Co./PHOTOTAKE; D-41 ©2001 
Spike Walker/Stone; D-42 ©2001 Spike Walker/Stone; D-44 ©Biophoto Associates/Photo 
Researchers, Inc.; D-48 m: ©Lynda Richardson/CORBIS, bl: © Bob Krist/CORBIS, br: ©2001 
Steve  Satushek/The Image Bank; D-56 Pedigree adapted with permission from Robert J. Huskey,  
Emeritus  Professor, Dept. of Biology, University of  Virginia; D-70 ©Peter Turnley/CORBIS; 
D-78 ©Richard T. Nowitz/CORBIS; D-81 ©Bettmann/CORBIS
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