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Subject Area:          Science                                                                              BLOOM’S TAXONOMY 

Strand B: Energy 
Grade:  5       
 

Benchmarks 
SC.A.1.2.2:  The student knows that common materials (e.g., water) can be changed from one 
state to another by heating and cooling.   
 
SC.B.1.2.1:  The student knows how to trace the flow of energy in a system (e.g., as in an 
ecosystem). 
 
SC.B.1.2.2:  The student recognizes various forms of energy (e.g., heat, light, and electricity).  
 
SC.B.1.2.3:  The student knows that most things that emit light also emit heat. 
 
SC.B.1.2.4:  The student knows the many ways in which energy can be transformed from one type 
to another.  
 
SC.B.1.2.5:  The student knows that various forms of energy (e.g., mechanical, chemical, 
electrical, magnetic, nuclear, and radiant) can be measured in ways that make it possible to 
determine the amount of energy that is transformed. 
 
SC.B.1.2.6:  The student knows ways that heat can move from one object to another. 
 
SC.B.2.2.2:  The student recognizes the costs and risks to society and the environment posed by 
the use of nonrenewable energy. 
 
SC.B.2.2.3:  The student knows that the limited supply of usable energy sources (e.g., fuels such 
as coal or oil) places great significance on the development of renewable energy sources. 
 
SC.E.1.2.3:  The student knows that the Sun is a star and that its energy can be captured or 
concentrated to generate heat and light for work on Earth. 

 
TASK ANALYSIS 

The student… 
ENERGY 

·  defines energy as the ability to do work or to exert a force and recognizes that work is done 
every time a force is used to move something. 

·  describes energy as stored energy (potential) or energy of motion (kinetic). 
·  recognizes that energy comes in many different forms: (e.g., mechanical, energy of position 

and motion; electrical, energy of moving electrons; chemical, energy stored in chemical 
bonds; thermal, heat energy - the energy of moving and vibrating molecules; nuclear, energy 
contained in the nuclei of atoms; and radiant, energy that travels in waves like sunlight). 

 

Level 1  Level 2  
Knowledge Application 
Comprehension Analysis 
Application Synthesis 
 Evaluation 
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TASK ANALYSIS 
The student… 
·  measures the gain or loss of energy by using a variety of tools (e.g., thermometer, electric 

meter, meter stick). 
·  demonstrates that light travels very rapidly in straight lines. When it strikes an object, light is 

reflected, absorbed, or it passes through causing it to be refracted. 
·  discovers through experiences ways that energy can be transformed from one form to another 

(e.g., electricity to light, light to heat, mechanical to heat, potential to kinetic). 
·  demonstrates that heating and cooling cause changes in the properties of materials and that 

many kinds of changes occur faster under hotter conditions. 
·  experiments to discover that some materials conduct heat much better than others, and poor 

conductors can reduce heat loss. 
·  discovers that when warmer things are put with cooler ones, the warm ones lose heat and the 

cool ones gain it until they are all the same temperature. A warmer object can warm a cooler 
one by contact or at a distance. 

·  experiences that heat energy moves from one place to another in three different ways: 
radiation, convection, and conduction. 

·  identifies natural resources and their importance. 
·  classifies resources as renewable or nonrenewable. 
·  examines the risk factors associated with the use of nonrenewable energy sources. 
·  explains that the energy in fossil fuels, such as oil and coal, comes from the sun indirectly, the 

main source of energy for people, because the fuels come from plants that grew long ago. 
·  recognizes that the limited supply of usable energy sources (e.g., fuels such as coal or oil) 

places great significance on the development of renewable energy sources. 
·  explores the development of alternative energy sources (e.g., solar energy, winds, synthetic 

fuels, geothermal energy). 
·  develops a plan for energy conservation. 
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ROCKET BALLOONS  

 

 
BENCHMARKS and TASKS 
SC.B.1.2.1 The student knows how to trace the flow of energy in a system (e.g., as in an 
ecosystem.) 
SC.B.1.2.2 The student recognizes various forms of energy (e.g., heat, light and electricity). 
SC.B.1.2.4 The student knows the many ways in which energy can be transformed from one type to 
another. 

·  The student defines energy as the ability to do work or exert a force and recognizes that 
work is done every time a force is used to move something. 

·  The student describes energy as stored energy (potential) or energy of motion (kinetic). 
·  The student recognizes that energy comes in many different forms: (e.g., mechanical, 

energy of position and motion; electrical, energy of moving electrons; chemical, energy 
stored in chemical bonds; thermal, heat energy - the energy of moving and vibrating 
molecules; nuclear, energy contained in the nuclei of atoms; and radiant, energy that 
travels in waves like sunlight). 

·  The student discovers through experiences ways that energy can be transformed from one 
form to another (e.g., electricity to light, light to heat, potential to kinetic). 

 
KEY QUESTION  
What happens to an inflated rocket balloon when the air is released? 
 
BACKGROUND INFORMATION  
There are two kinds of mechanical energy – kinetic and potential. Potential energy is energy an 
object has because of its position or shape. Kinetic energy is the energy an object has because it is 
moving. The greater the speed and the mass of an object, the greater its kinetic energy. When the 
rocket balloon has been inflated and the neck is being pinched closed, the balloon has potential 
energy (stored energy). When the rocket balloon is released and moves along the track, the potential 
energy is transformed to kinetic energy (energy of motion). 
 
Newton’s three laws of motion can be used to explain the movement of all objects in the universe. 
Newton’s Third Law states, “For every action, there is an equal but opposite reaction.” Newton’s 
Third Law says that when one object exerts a force on a second object, the second object exerts a 
force back that is equal in size but opposite in direction. All forces act in pairs. In this activity, when 
the air inside the balloon escapes, it pushes the balloon forward - an equal and opposite reaction. 
 
 
 



Science 5, Unit 1 
8/1/03  

Orange County Public Schools, Orlando, Florida       
 

5 

MATERIALS  
Per group 
4 balloons of various sizes/shapes (Note: Every group must have the same set of 4 balloons.) 
straws 
cellophane or masking tape 
1 metric measuring tape 
10 m of fishing line or string coiled around an index card 
Rocket Balloons data sheet 
 
TEACHING TIPS  

1. Assign launch teams before the lesson starts. 
2. This activity should be done in a large, open area.  
3. For each group, cut 10 m of fishing line and wrap it around an index card. Tape the line to 

the card.  
4. This activity provides a perfect opportunity for supporting mathematics benchmarks/tasks in 

the measurement strand. As students are measuring the distance the balloons travel, insist 
they use metric measurement. If they record measurements in centimeters, reinforce how 
easily they can convert to meters since 100 cm = 1 m, they just need to move the decimal 
point (e.g., 367 cm or 3.67 m). 

 
ENGAGE 

1. Ask students how they would move a balloon from one end of the room to the other. Give 
balloons to several students and allow them to demonstrate their ideas. 

2. Inflate a balloon and ask students to predict what will happen when you release it. Release it 
and observe. 

 
EXPLORE 

1. Ask a team of four student volunteers to help you demonstrate how to set up a rocket 
balloon track. Give one student the card of fishing line and have her slip a straw onto one 
end of the line. Extend the fishing line out and have a second student hold the opposite end 
of the line some distance away. 

2. Have a third student select a balloon, blow it up, and pinch the end closed while the fourth 
student tapes the balloon to the straw. Be sure the balloon is taped to the straw and not to the 
line itself. (See the illustration below.) 
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3. Have students predict how far they think the balloon will travel when released. 
4. As the two students are holding the line taut and about shoulder height, the student who is 

pinching the balloon closed should release it. 
5. Then one student should measure the distance the balloon traveled and record it on the data 

sheet. 
6. Distribute materials to the teams. Challenge students to experiment with the four balloons of 

various shapes and sizes to see how far they can cause a balloon to travel along the track. 
(Some teams may need to lengthen their tracks!) 

 
EXPLAIN  

1. Allow teams to demonstrate their most successful launches for the class and to explain the 
conditions of the launch. 

2. Discuss:  
What caused the rocket balloon to move along the tracks? (When the air inside the balloon 
escapes, it pushes the balloon forward - an equal and opposite reaction.) 
When did an energy transformation occur during the activity? (Potential energy changed to 
kinetic energy. At the instant the balloon was released, the potential energy, energy stored 
while the balloon was pinched closed, changed to kinetic energy, energy of motion, which 
caused the balloon to move along the track.) 
How did balloon size affect the flight? (The more air that was released, the greater the 
distance the balloon traveled.) 
Which of the four balloons traveled the greatest distance? Why do you think so? 
Which of the four balloons traveled the shortest distance? Why do you think so? 
What other variables may have affected the distance the balloons traveled? (the way the 
balloon was attached to the straw, the tautness of the line) 

3. Remind students that energy is the ability to do work or exert a force and work is done every 
time a force is used to move something. Ask: Was any work done? (The force of the air 
escaping from the balloon pushed the balloon along the track. The balloon moved, so work 
was done.) 

 
EXTEND/APPLY  
Have students think about how launching a rocket balloon is similar to popping a kernel of popcorn. 
(The small amount of water in the starch inside the hull turns to steam, which builds up pressure, 
and POP! If there is no lid, the popcorn will shoot into the air just as the balloon shoots along the 
track.) 
 
EXTENSIONS 

1. Have students predict what will happen if they place the balloon on the track vertically 
rather than horizontally. Try it and see what happens! 

2. Encourage students to investigate with tracks at different angles. Encourage the use of a 
protractor to measure the angles of the tracks. 

 
ASSESSMENT 
Have students describe in their journals other examples of action and reaction forces. 
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Investigators:  

 
ROCKET BALLOONS 

 
Experiment with a variety of balloon rockets. Measure the distance the balloon 
traveled. If applicable, write the distance traveled in at least two ways (e.g., 241 cm 
and 2.41 m). 
 

Balloon Number 
 

Distance Traveled 
 

1 
 

 

2 
 

 

3 
 

 

4 
 

 

 
 

 

 
 

 

 
 

 

 
 
Write your conclusions about the activity. 
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FUN IN THE SUN 
 

BENCHMARKS and TASK  
SC.B.1.2.2 The student recognizes various forms of energy (e.g., heat, light, and electricity). 
SC.B.1.2.3 The student knows that most things that emit light also emit heat. 
SC.E.1.2.3 The student knows that the Sun is a star and that its energy can be captured or 
concentrated to generate heat and light for work on Earth. 

·  The student recognizes that energy comes in many different forms: (e.g., mechanical, 
energy of position and motion; electrical, energy of moving electrons; chemical, energy 
stored in chemical bonds; thermal, heat energy - the energy of moving and vibrating 
molecules; nuclear, energy contained in the nuclei of atoms; and radiant, energy that 
travels in waves like sunlight). 

 
KEY QUESTION  
How does light interact with objects? 
 
BACKGROUND INFORMATION  
Light  is a form of energy that travels at very high speeds. Light can pass through air, water, glass, 
and many other materials. Light can easily pass through materials that are transparent, like clear 
window panes. Some materials, such as opaque objects, do not permit light to pass through them. 
Opaque objects are usually solid materials, such as books or wooden blocks. Light that hits an 
opaque object is blocked. A shadow is then formed in the shape of the object blocking the light. 
Transparent, translucent, and opaque objects can all create shadows. An opaque object casts a 
shadow that looks totally dark because it blocks all of the light rays falling on it; no light passes 
directly behind the object. A transparent or translucent object casts a lighter shadow because it 
blocks only some of the light rays falling onto it.  
 
Photosensitive paper is used in this activity. Photosensitive paper works because the paper is coated 
with a thin film of a chemical that is changed by the ultraviolet rays that are absorbed from the sun. 
You can see this change when the color of the paper changes from blue to off-white. 
 
MATERIALS  
Teacher   Per student     
scissors 1 black, construction paper folder containing 2 pieces of sun-  
overhead projector      sensitive paper 
   
Per class 
several shallow pans of water 
variety of magnifiers 
assortment of paper (colored tissue, construction paper, acetate, foil, and notebook paper)  
              
TEACHING TIPS  

1. Photosensitive paper can be purchased at local school supply stores and through science 
catalogs. 

2. Cut photosensitive paper into 10 cm-squares prior to the lesson. Florescent light damages 
paper. Cut sun sensitive paper in a dark place and store it in a dark folder made from 
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folded black construction paper or the activity may not work. (Each student will need a 
black, construction paper folder containing two pieces of sun-sensitive paper.) 

3. Go outside ahead of time and choose a suitable area for the activity. Place several shallow 
pans of water in the activity area. 

 
ENGAGE 
Darken the room and use a light source, such as an overhead projector, beamed at the screen. Allow 
the students to explore shadows by using different objects to create shadows on the screen and by 
standing at various distances between the projector and the screen.  
Ask:   
What is the largest shadow you can make?  
What is the smallest shadow you can make? 
How does the distance between the light source and the object affect the shadow?  
Can all objects cast a shadow?  
 
EXPLORE 

1. Explain to students that they are going to explore how special light-sensitive paper interacts 
with light. Demonstrate how to use the materials they will be using outside. 

2. Give sun-sensitive paper in a protective folder and a magnifier to each student. 
3. Take students outside. Tell them to remove the sun paper from the folder and place it on a 

hard, flat surface. 
4. Have students immediately place the magnifier on top of the paper. (Note: Students should 

be using different kinds of magnifiers, so different effects can be seen.) 
5. Have students leave the paper and the magnifier in the light until the paper turns almost 

white (approximately 3-5 min. or longer). 
6. Students should place the paper in a pan of tap water for about one minute. 
7. Have students lay their papers on a flat surface to dry and watch the images appear! 

 
EXPLAIN  
What colors do you see on the sun-sensitive paper? (White and different shades of blue are usually 
noted.)  
Why do you think there were different shades of blue? 
Do all parts of your magnifier look the same? (Tell students to observe the magnifiers they used. 
This is a good time to introduce the terms transparent, translucent and opaque. Transparent, 
translucent and opaque parts of the magnifiers will produce different shades of blue on the sun-
sensitive paper because some parts will allow light to pass through and some will not.) 
Do all objects cast a shadow? 
What causes shadows to be cast? 
 
EXTEND/APPLY  
Encourage students to design another experiment. Students will need another sheet of sun-sensitive 
paper in the dark construction paper folder and assorted squares of opaque, transparent and 
translucent paper from which to choose. (See materials list.) Students can explore to see how much 
light can pass through the different materials. 
 
EXTENSIONS 

1. Use a variety of objects (leaves, rocks, etc.) to create additional sun prints. 
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2. Try sun printing at different times of the day. How does the time of day affect exposure time 
and shadow lines? 

3. Make a school and home search for other examples of transparent, translucent, and opaque 
objects and think about why that type of material was used in the object. 

 
ASSESSMENT 
Tell students to pretend they are architects and ask them to draw a simple building. Tell them to use 
transparent, translucent, and opaque glass in the design. They should show where they would use 
the different types of glass and justify why they would use it in those places. 
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SPOTLIGHT ON LIGHT 
 
BENCHMARK and TASKS  
SC.B.1.2.2 The student recognizes various forms of energy (e.g., heat, light, and electricity). 

·  The student recognizes that energy comes in many different forms: (e.g., mechanical, 
energy of position and motion; electrical, energy of moving electrons; chemical, energy 
stored in chemical bonds; thermal, heat energy - the energy of moving and vibrating 
molecules; nuclear, energy contained in the nuclei of atoms; and radiant, energy that 
travels in waves like sunlight). 

·  The student demonstrates that light travels very rapidly in straight lines. When it strikes an 
object, light is reflected, absorbed, or it passes through, causing it to be refracted. 

 
KEY QUESTION  
Does light travel in a straight line? 
 
BACKGROUND INFORMATION  
Light , a form of radiant energy, is necessary in order for us to see. What the human eye sees as 
light, such as the glow from a candle, is actually radiant energy, also referred to as electromagnetic 
radiation. Light radiates outward in straight lines in all directions from a source, such as the sun or a 
lamp, to an object, such as a tree. The light is reflected to our eyes, where it stimulates special 
nerve receptors on the retina at the back of the eyeball, which then transmit information through the 
optic nerve to the brain. When light strikes an object, it is not reflected in just a certain direction, 
but is scattered in all directions. This allows the object to be seen from different viewing positions.  
 
Light always travels in straight lines until it strikes an object or surface. Evidence that light travels 
in straight lines is provided by the fact that shadows are the same shape as the objects that cast 
them. When light strikes an object, the direction of its straight-line path may change. The fact that a 
beam of light can be reflected from a mirror or converged by a lens are examples of how light may 
change its direction upon striking an object or surface. Light may also bend around the edges of an 
object or as it passes through a small opening. 
 
When light passes from one medium to another, light changes direction slightly. This is called 
refraction. Refraction occurs because light travels at different speeds through different materials.  
 
MATERIALS  
Teacher       Per group  
1 flashlight       3 prepared index cards 
2 dusty chalkboard erasers     1 plain index card for the screen 
1 ruler        1 flashlight 
scissors       clay 
The Wonder of Light, Jan Adkins, Ranger Rick  1 metric ruler 
 
Per student 
science journal 
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TEACHING TIP  
Prepare index cards ahead of time. (See illustration.) 
 
 
 
 
     One-inch square notch 
   
     
ENGAGE 

1. Have students watch as you aim a flashlight at the chalkboard from about six feet away. 
Darken the room as much as possible and turn on the flashlight. Clap dusty erasers in front 
of the light so students can see the light rays clearly. Have a student outline the spot of light 
on the board with chalk. 

2. Ask:  
What did you see? 
What made the spot on the board? 
What can we do to show the path that the light rays took? 

 
EXPLORE 

1. Tell students that they are going to be investigating the path in which light rays travel. Ask 
for ideas on how they could conduct such an investigation. (Try some of the ideas, if 
possible.) 

2. Organize the students into groups. 
3. Show students how to use clay to anchor the index cards to the table about 10 cm apart with 

the square notches aligned in a straight line. 
4. The student holding the flashlight should lay it on the table behind the notch of one of the 

end cards. 
5. Have the students use clay to anchor an index card screen at the end opposite the flashlight. 

 

 
 

6. Darken the room so students can observe any light pattern on the index card screens. 
7. Have students record observations in their science journals. 
8. Next, tell students to move the index cards so the notches are not in a straight line and then 

observe any light patterns on the screen.  
9. Students should record observations in their science journals. 

 

  index card 
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EXPLAIN  
How were the index cards arranged when the light rays reached the screen?  
Why did the light rays reach the screen when the notches were aligned?  
What happened when the notches were not aligned? (When the notches were in a straight line, the 
rays were able to pass through the openings, but the rays were blocked by the card when the notches 
were unaligned.) 
 
EXTEND/APPLY  

1. Periscopes are used for seeing around corners. Allow students to make periscope models. 
2. Ask students to reflect on this idea: How would shadows be affected if light did not travel in 

a straight line? (If light could go around corners, there would be no shadows. Objects could 
not block light; the light would just travel on around the object.) 

3. Read The Wonder of Light by Jan Adkins.  
 
ASSESSMENT 
Ask students to reflect on why we cannot see around corners. (Light only travels in straight lines. It 
cannot travel around a corner without the help of a reflector.)  
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BOUNCING BEAMS 
 
BENCHMARK and TASKS  
SC.B.1.2.2 The student recognizes various forms of energy (e.g., heat, light, and electricity). 

·  The student recognizes that energy comes in many different forms: (e.g., mechanical, 
energy of position and motion; electrical, energy of moving electrons; chemical, energy 
stored in chemical bonds; thermal, heat energy - the energy of moving and vibrating 
molecules; nuclear, energy contained in the nuclei of atoms; and radiant, energy that 
travels in waves like sunlight). 

·  The student demonstrates that light travels very rapidly in straight lines. When it strikes an 
object, light is reflected, absorbed, or it passes through, causing it to be refracted. 

 
KEY QUESTION  
What will happen to a ray of light when it hits a mirror? 
 
BACKGROUND INFORMATION  
Light energy travels in a straight path. When light is reflected from a shiny, smooth surface, it 
behaves very much like a bouncing ball. A ball will bounce off a wall at the same angle at which it 
is thrown. Light will bounce off a mirror at the same angle at which it hits the mirror. 
Law of Reflection: The law states that the angle of reflection is equal to the angle of incidence. 
This means that the angle at which light bounces off a surface (angle of reflection) will be the same 
as the angle at which it strikes the surface (angle of incidence). The angles will be equal, but in the 
opposite direction. The angle of incidence is the angle formed by the incoming ray of light and a 
line perpendicular to the mirror. The angle of reflection is the angle formed by the reflected ray of 
light and a line perpendicular to the mirror. 
 
               mirror 
 

 
  angle of incidence    angle of reflection 

 
 
 
 
 

light source  perpendicular line 
 
 
The law of reflection applies even when light strikes rough surfaces, but when light shines on a rough 
surface, the light rays get reflected at many different angles. That is why you cannot use a rough surface as a 
mirror. 
 
MATERIALS  
Per class 
1 ball    several small mirrors 
several flashlights 
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ENGAGE 

1. Have one student roll a ball against a wall while the class observes. Where did the ball travel 
after it hit the wall? 

2. Ask students to predict where the ball will travel when it is rolled so that it hits the wall head 
on. (The ball will roll directly back to the student.) 

3. Ask students to predict where the ball will travel when it is rolled so that it hits the wall at an 
angle. (The ball will strike the wall at an angle and roll back at the same angle but away 
from the student.) 

4. Have students line up and then sit down parallel to the wall and a few feet from it. Place a 
mark on the wall at which students should aim.  

5. Hand the ball to one student. Ask students to predict which one of them will catch the ball 
when it is rolled to the mark by that student. Have the student roll the ball. 

6. Repeat this process several times from different angles. 
 

wall 
 
 
 
 
 
 
 
 
 
 
             Ball 1           Ball 1 

Ball 2    Ball 2            
 
EXPLORE 

1. Place a mirror on the wall where the marker was located. (Students should still be seated 
parallel to the wall and a few feet from it.) 

2. Hand a flashlight to someone in the group. Ask the students to predict where the light will 
be reflected when that student shines the flashlight on the mirror. 

3. Ask the student to shine the flashlight on the mirror so the other students can see where the 
light is reflected. Continue by having students pass the flashlight to different people and 
allow each one to predict on whom the light will shine. 

4. Vary the activity by: 
·  having students predict who should hold the flashlight in order to have it reflect on a 

certain person. 
·  distributing more than one flashlight to the group. 
·  placing more than one mirror on the wall. 
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EXPLAIN  
Is the light going through the mirror? How can you tell? 
If the light is not going through the mirror, where is it going? (The mirror blocks the light and 
prevents it from passing through. The light hits the mirror, bounces off, and is thrown to another 
place. When light is “thrown” by an object, like a mirror, the light is said to be reflected.)  
How is rolling the ball against the wall similar to a light beam hitting a mirror? (Light behaves like 
a bouncing ball, because it reflects off a surface to another place. It travels in a straight line, just as 
the ball does.) 
How could you predict accurately where the ball would bounce or where the light would be  
reflected? 
 
EXTEND/APPLY  
Ask students to think of other things that cause mirror-like reflections. (Examples may include 
chrome on cars, shiny surfaces, and water.) 
 
EXTENSIONS 

1. Let students experiment with mirror writing (writing that can be read correctly only when 
held in front of a mirror). 

2. Have students shine a beam of light on a concave and/or a convex lens and observe. Discuss 
their observations. 
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                          LIGHT BENDERS 
 
 
BENCHMARK and TASK  
SC.B.1.2.2 The student recognizes various forms of energy (e.g., heat, light, and electricity). 

·  The student demonstrates that light travels very rapidly in straight lines. When it strikes an 
object, light is reflected, absorbed, or it passes through, causing it to be refracted. 

 
KEY QUESTION  
What happens when light travels from one material to another? 
 
BACKGROUND INFORMATION  
A swimming pool appears shallower than it really is. A pencil in a glass of water appears bent. 
These effects are caused by the change in the speed of light  and the change in the direction of light 
when it passes from one material to another. These effects are due to the refraction (bending) of 
light. Refraction occurs when light enters a medium, like oil or water, at a slant (at any angle other 
than a right angle). Each time the light enters or leaves one clear substance and travels diagonally 
into another, the slanted light beam penetrates the next clear substance at a slightly different angle. 
This gives the illusion that the object is broken or bent. The degree of refraction depends on the type 
of material. Light slows down when it enters a more viscous (slower-flowing) medium and speeds 
up when it leaves the medium. The difference in speed at surfaces also causes light to bend. 
Refraction may also make objects in liquids appear closer and/or bigger than they really are.  
 
Light is refracted, or bent, as it passes through a prism, a transparent object with flat faces that 
refracts light. A prism breaks visible, white light, into a spectrum, a light arrangement separated 
according to wave length, frequency and energy. Color is the way the human eye perceives various 
wavelengths of light. If the wavelengths are in the visible portion of the family of wavelengths and 
all the same kind, a color of the spectrum is seen: red, orange, yellow, green, blue, indigo, or violet 
(ROY G BIV). A mixture of visible light wavelengths produces other colors such as brown, purple, 
olive green, etc. 
   
MATERIALS  
Per group     Per pair of students  
tape      1 Styrofoam cup  
1 flashlight     1 pencil or straw 
1 shoe box     water 
scissors     1 coin 
1 prism      small amount of vegetable oil 
1 comb      1 clear plastic cup 
1 sheet of white paper 
Light Benders data sheet 
 
TEACHING TIP  
The prisms that are used should be colorless and transparent, have flat sides, and no sharp edges.  
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ENGAGE 

1. Distribute a Styrofoam cup and a coin to each pair of students. Tell students to place the cup 
with the coin in it on a flat surface. 

2. Have students look at the coin and then slowly move the cup away until the coin is beyond 
their line of vision. 

3. Leaving the cup in place, one partner should begin to slowly pour water into it, until the 
student who is observing can see the coin once again. (Both students should try this.) 

4. Ask: When were you able to see the coin again? (when the water rose to a certain level in 
the cup) 

5. Students should remove the coin and pour the water into the clear plastic cup. Have them 
add a small amount of oil to the cup of water. Have students observe the layers of water and 
oil and discuss the layer of air that is on top of the oil. Discuss how the three layers are 
different from each other. Ask: Do you think light will travel through all three layers in the 
same way? 

6. Have students place a straw or pencil into the water and oil so that it is resting in a diagonal 
position. Encourage them to share their observations. (The straw will look as though it has 
been broken. This is called refraction, the bending of light.) 

 
EXPLORE 

1. Tell students that they are going to investigate bending white light (visible light). 
2. Divide the students into groups. Have one student in each group pick up the materials and 

the Light Benders activity sheet. 
3. One student in each group should draw and cut out a semi-circle about 3 cm high on the 

shoe box. 
4. A comb should be taped across the opening of the box. 

 
 
 
 
 
 
 
 
 
 
 
 

5. Tell each group to place a flashlight on the desk, turn it on, and place the box over it. 
6. Have students slip white paper under the edge of the box and adjust the flashlight until light 

rays can be seen clearly on the paper.  
7. Tell students to place the prism about 5 cm in front of the opening of the box. 
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8. Darken the room and let the students place the prism at various positions in front of the light 
box to observe how the bending of the light is affected. 

9. Have students place their prisms at three different angles. On the Light Benders activity 
sheets, they should draw where the prism was placed and how the light rays reacted each 
time.  

 
EXPLAIN  

1. Discuss students’ observations. 
2. Explain that light is refracted, or bent, as it passes through a prism. A prism breaks visible, 

white light, into a spectrum, a light arrangement separated according to wave length, 
frequency and energy. Color is the way the human eye perceives various wavelengths of 
light. If the wavelengths are in the visible portion of the family of wavelengths and all the 
same kind, a color of the spectrum is seen: red, orange, yellow, green, blue, indigo, or violet. 
When light passes through a prism, each wavelength, or color, is bent at a different angle. 
This is because the color of light is an indication of its energy; blue light is more powerful 
than red light, so it bends more than red light. Green light, in the middle of the spectrum, 
refracts at a greater angle than red light, but at a lesser angle than blue light. 

 
EXTEND/APPLY  
Discuss rainbows.  
Where have you seen rainbows?  
What may have caused the rainbows to appear? (When conditions are right, water in the air, such as 
raindrops, can act as prisms and refract the sunlight as it passes through, causing the light to 
separate into the spectrum of colors.) 
 
EXTENSION 
Bend white light by shining a light onto a mirror submerged in water. Tilt the mirror so that 
reflected light strikes a white surface. What do you see on the white surface? 
 
ASSESSMENT 
In their science journals, have students explain what causes light to sometimes be refracted. 

 

Paper 

Prism 

Flashlight 
inside 
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LIGHT BENDERS 

 
Names ____________________________________________________ 
 
 
Draw your prism in position in front of Box 1. Show how the light bent. 
 
 
 
 
 

 
Box 1 

 
 
Place your prism in another position. Draw your prism in that position and 
show how the light bent in Box 2. 
 
 
 
 
 

       Box 2 
 
 
Choose a third position for the prism. Draw your prism in that position and 
show how the light bent in Box 3. 
 
 
 

 
 

Box 3 
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MAKE MINE COOL! 
 

BENCHMARKS and TASKS 
SC.A.1.2.2 The student knows that common materials (e.g., water) can be changed from one state 
to another. 
SC.B.1.2.6 The student knows ways that heat can move from one object to another.  

·  The student measures the gain or loss of energy by using a variety of tools  
(e.g., thermometer, electric meter, meter stick). 

·  The student demonstrates that heating and cooling cause changes in the properties of 
materials and that many changes occur faster under hotter conditions. 

·  The student discovers that when warmer things are put with cooler ones, the warm ones lose 
heat and the cool ones gain it until they are all the same temperature. A warm object can 
warm a cooler one by contact or at a distance. 

·  The student experiences that heat energy moves from one place to another in three different 
ways: radiation, convection, and conduction. 

 
KEY QUESTION  
How is energy transferred? 
 
BACKGROUND INFORMATION  
Energy in the form of light, heat (thermal energy), electricity, and magnetism is abstract and 
difficult to define simply and accurately. A simple scientific definition is, “Energy is the ability to 
do work.” In other words, you can use energy to bring about certain changes in systems or their 
surroundings.  
 
The concept of adding salt to lower the freezing point of water or the melting point of ice is a 
difficult concept. Normally, water freezes when the temperature reaches about 32 degrees 
Fahrenheit (0 degrees Celsius). The addition of a foreign substance, such as salt, interferes with the 
formation of the ice crystals, and the freezing/melting point is lowered. When you mix salt with 
water you actually lower this freezing point. Salty water will still freeze, but the temperature has to 
be colder than it would for normal water. The exact freezing temperature of saltwater depends on 
the concentration of salt in the water. A 10% salt solution freezes at 20 degrees Fahrenheit and a 
20% solution freezes at 2 degrees Fahrenheit. The more salt you add, the colder it must get before 
the water freezes.  
 
By lowering the temperature at which ice is frozen, we can create an environment in which the 
liquid freezer pop can get colder than 32 degrees Fahrenheit and freeze solid. The ice absorbs 
energy from the liquid freezer pop since the liquid freezer pop is warmer. (Conduction is the flow of 
heat through a substance from areas of higher temperature to areas of lower temperature.) This 
causes the liquid freezer pop to get cooler, because heat energy is being released from it. When the 
freezer pop has released enough heat energy, the liquid will undergo a change of state from a 
liquid  to a solid or semi-solid state. 
 
MATERIALS  
Per student 
science journal 
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Per pair of students     Per class 
1 freezer pop      1 large bag of ice in a cooler 
1 16 oz. plastic cup filled with ice   enough frozen pops for every child 
2 tablespoons of rock salt in a cup    
1 thermometer       
paper towels        
newspaper   
   
TEACHING TIP  
Purchase 6-inch long freezer pops, if possible, instead of longer ones. 
 
ENGAGE 
Show students the liquid freezer pops. Discuss that freezer pops are in a liquid state and are not 
usually eaten this way. Ask students what they could do to change the freezer pops to a different 
state - from a liquid to a solid – other than placing them in a freezer. 
 
EXPLORE 

1. Organize students into pairs. Have students cover their desks with newspaper for easier 
clean-up. Give each pair of students a cup of ice, a liquid freezer pop, and the cup of salt. 

2. Tell students to insert their freezer pops into the ice. Have them insert the thermometer 
into the cup of ice and note the starting temperature in their science journals. Caution 
students to be careful placing the thermometer down into the ice so the thermometer does 
not break. 

3. Students should sprinkle about half of the salt onto the ice. 
4. Students should take turns moving the freezer pop vigorously up and down in the cup of 

ice. The other student should rotate the cup and put mild pressure on it to keep the ice 
close to the freezer pop. 

5. After a few minutes, students should sprinkle the rest of the salt onto the ice and add more 
ice, if needed. 

6. This procedure should continue until the bottom half of the freezer pop is partially frozen. 
(It may not be frozen solid). Tell students to reverse the freezer pop and continue the 
process until the other half is nearly frozen. 

7. Remind students to note the temperature of the ice once the pop is frozen and to record the 
ending temperature in the science journal. Students should calculate the temperature 
difference and reflect on why there was a change in the temperature of the ice. 

8. Give one solidly frozen freezer pop to each pair of students, so that every child has a 
freezer pop to eat.  

 
EXPLAIN  
Discuss: 
How did the properties of the freezer pops change? (The freezer pops changed from a liquid to a 
solid or semi-solid state.) 
What caused the freezer pops to change state? (Energy must be taken away from a liquid to make it 
a solid. As the ice melted, it absorbed heat energy from the warmer liquid pop, which then became 
cooler and nearly frozen.) 
Was there a change in the temperature of the ice? (The temperature of the icy water began to 
decrease. When salt comes into contact with ice, the freezing point of the ice is lowered.) 
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Why did the temperature change occur? (The addition of a foreign substance, such as salt, interferes 
with the formation of the ice crystals and lowers the freezing point of water and the melting point of 
ice. Water will normally freeze at 32 degrees Fahrenheit [0 degrees Celsius]. Salt lowers the 
freezing point and causes the ice to start melting.) 
Did the heat energy flow from the freezer pop to the ice or from the ice to the freezer pop? (Heat 
energy flowed from the freezer pop to the ice. The freezer pop was warmer and released heat energy 
to the cooler ice. When heat flows through a substance from an area of higher temperature to an 
area of lower temperature, this is called conduction.) 
 
EXTEND/APPLY  
Discuss why salt is spread over icy roads in the north during the winter. (Putting salt on ice makes 
the ice melt, because the salt lowers the melting temperature causing the ice to melt more quickly. If 
the temperature of the surrounding air is higher than this new melting point, the heat energy flows 
to the ice/salt solution and it will melt. Salt lowers the freezing point typically to the mid-20s 
Fahrenheit. If the air temperature is greater than the mid-20s, ice sprinkled with salt will melt.) 
 
EXTENSIONS  

1. Ask: Do you think it would take the same amount of time to freeze a liquid freezer pop as to 
melt a frozen pop? Have the class try this activity. 

2. Fill one zipper-type plastic bag with warm water and one with cold water. Place a 
thermometer in each bag and note the temperature. Put both bags together so that they are 
touching each other. Ask students to predict any temperature changes that may occur in this 
system in which the hot and cold water interact, but do not mix. Observe and note any 
temperature changes. 

 
ASSESSMENT 
Have students explain in their journals the energy transfer that occurred when the freezer pop was 
changed from a liquid to a semi-solid state. 
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THE HEAT IS ON 
  
BENCHMARKS and TASKS 
SC.A.1.2.2 The student knows that common materials (e.g., water) can be changed from one state 
to another by heating and cooling. 
SC.B.1.2.1 The student knows how to trace the flow of energy in a system (e.g., as in an 
ecosystem). 
SC.B.1.2.2 The student recognizes various forms of energy (e.g., heat, light, and electricity). 
SC.B.1.2.3 The student knows that most things that emit light also emit heat. 
SC.B.1.2.6 The student knows ways that heat can move from one object to another. 

·  The student demonstrates that heating and cooling cause changes in the properties of 
materials and that many kinds of changes occur faster under hotter conditions. 

·  The student experiments to discover that some materials conduct heat much better than 
others, and poor conductors can reduce heat loss. 

·  The student experiences that heat energy moves from one place to another in three different 
ways: radiation, convection, and conduction. 

 
KEY QUESTION  
How does heat energy travel? 
 
BACKGROUND INFORMATION  
Heat is the name given to the energy that is transferred from one object to another by virtue of a 
difference in their temperatures. Whenever two samples of matter having different temperatures 
come into contact, energy is transferred from the one of higher temperature to the one of lower 
temperature until both have the same temperature.  
 
The flow of heat through a substance from areas of higher temperature to areas of lower 
temperature is called conduction. Conduction can be explained by the kinetic energy of atoms 
within the material. Heat causes the atoms to vibrate more rapidly. These atoms vibrate against 
nearby atoms, which do the same until the kinetic energy moves throughout the object. The faster 
the atoms vibrate, the warmer the object becomes. 
 
Metals, such as silver and copper, are best among common metals in conducting heat. A list of 
common substances in the order of their ability to conduct heat is shown. They are listed from the 
first, being the most efficient conductor of heat, to the last, being the least efficient conductor of 
heat: copper, gold, iron, glass, brick, water, nylon, wood (oak), concrete, wool, air. 
 
MATERIALS  
Per group           
2 cans the same height    paper towels     
clock or timer      matches 
2 sheets of heavy-duty aluminum foil   toothpicks   
     (about 24 cm x 30 cm each)   water (for fire extinguisher)    
1 piece of foil to wrap around the candle  
1 votive candle           
10 chocolate chips         
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Per student      Teacher 
The Heat is On activity sheet    Graham Crackers 
safety goggles      Hershey Bar 
       marshmallows 
 
TEACHING TIPS  

1. Ask for parents or other adult volunteers to help supervise groups while they are using 
open flames. 

2. All loose clothing and hair should be secured, and students should wear safety goggles. 
3. Water should be available. 
 

ENGAGE 
Hold up some Graham Crackers, marshmallows, and Hershey chocolate squares. Ask: How is heat 
energy related to these three foods? Those students who have eaten S’mores will, at this point, want 
to tell you that they have done so. Tell students you will be returning to the question after the 
activity. (Heat radiated from the campfire to a marshmallow held above it on a stick. The hot 
marshmallow was placed on a chocolate square that was on a Graham Cracker square. Through 
conduction, the chocolate was heated and melted.)  
 
EXPLORE 

1. Distribute student materials.  
2. Have students put on their safety goggles and make sure all loose clothing and hair have 

been secured. 
3. Students should fold one piece of foil in half four times. They should bend the ends of the 

foil down about 2 centimeters and hook the ends over the tops of the two cans to create a 
bridge.   

4. Next, students should evenly place five chocolate chips along the foil bridge.  
5. Students should wrap foil around the candle to create a cylinder. 
6. Place the candle in the center under the bridge. 
7. Have students refer to the activity sheet, Trial #1. They should predict the order in which 

they think the chips will melt.  
8. Have students number the chips on the diagram to show the predicted melting pattern. 
9. Students should predict the total melting time of the chips and write that time on the activity 

sheet in the space provided. (Total melting time is the time needed for the last chip to start 
melting.) 

10. One student should volunteer to be the timer. That student will watch the clock and call out 
the time when group members report that the last chip has melted. 

11. The adult helper should light the candle while students record the starting time.  
12. Have students observe the chips as they melt, paying attention to the order in which they 

melt and how their physical properties change. They should continue to observe the chips 
until the last one is melted. (They may need to use a toothpick to gently touch the chips to 
check for melting.) 

13. Students should record the ending time on the activity sheet while the adult safely 
extinguishes the candle. 

14. Have students discard the used foil bridge. 
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15. Next students will record the actual melting pattern and the actual total melting time on the 
activity sheet for Trial #1. 

16. Have students discuss with their groups how the closeness to the flame affected the chips 
and write their responses on the activity sheet. 

17. Ask students to share some of their responses with the class. 
18. Students should use the remaining sheet of foil to fold another bridge, once again evenly 

placing 5 chips along the bridge. 
19. This time, place the candle at the far left under the bridge. 
20. Have students refer to the activity sheet, Trial #2. They should predict the order in which 

they think the chips will melt and number them that way on the activity sheet.  
21. They should again predict the total melting time and record it on the activity sheet. 
22. The adult helper should light the candle while students record the starting time on the 

activity sheet. 
23. The student timer will need to watch the clock carefully. Group members will observe and 

call out as each chip melts. The timer will need to report the amount of time that has passed 
so students can draw a chip on the timeline to show the time it took for each chip to melt. 

24. Students will record the actual melting pattern on the activity sheet while the adult helper 
safely extinguishes the candle. 

25. Students should clean up their work areas. 
 

EXPLAIN  
What caused the chocolate chips to melt? (heat energy from the candle)  
The heat from the candle never touched the chocolate chips, so how did it heat them? (Heat radiated 
from the candle to the foil. Vibrating atoms bumped other atoms and the heat energy traveled along 
the foil bridge by means of conduction.) 
What melting pattern did you observe when the candle was in the middle? (The chip right above the 
flame melted first and then the two chips beside the middle one melted, followed by the outer two 
chips.) 
What melting pattern did you observe when the candle was placed to the far left? (The chip under 
the flame melted first and then the chips melted in order from left to right.) 
Why did those melting patterns occur? (Heat energy travels outward from the area closest to the 
heat source.) 
Did the heat energy travel from warm to cool or from cool to warm? (The conduction of heat 
through a solid will always be from a warmer object to a cooler one, which was the pattern that 
occurred in both trials.) 
 
EXTEND/APPLY  
Have students brainstorm both negative and positive examples of ways heat is conducted through 
materials in their daily lives (e.g., hot pavement burns bare feet; hot chocolate heats the sides of a 
ceramic mug and they can’t hold it; items in the oven require a pot holder in order to be lifted off 
oven racks; a heating pad warms and soothes sore muscles). 
 
ASSESSMENT 
How does heat energy enable us to enjoy S’mores? (Heat radiates from a campfire to a 
marshmallow held above it on a stick. The hot marshmallow is placed on a chocolate square that is 
lying on a Graham Cracker. Through conduction, the chocolate is heated and melted.)  
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Name 

THE HEAT IS ON 
Trial #1 
Number the chips to show the melting pattern. 
 
      Predicted Melting Pattern   Actual Melting Pattern 
       

       
 

Predicted total melting time: ____ Actual total melting time: ____ 
 
Starting time: ____________   Ending time: ___________ 
 
 

Trial #2 
Number the chips to show the melting pattern. 
 
      Predicted Melting Pattern   Actual Melting Pattern 
 

Predicted total melting time: ____ Actual total melting time: ____ 
 
Starting time: ____________   Ending time: ___________ 

 
 
Draw chips on the timeline to show when each started to melt in Trial #2. 

 
Melting Time in Minutes 

 
     
0                                        1                                        2                                        3                                        4                                        5                                   6     
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HOT RODS 
 
BENCHMARKS and TASKS 
SC.A.1.2.2 The student knows that common materials (e.g., water) can be changed from one state 
to another by heating and cooling. 
SC.B.1.2.3 The student knows that most things that emit light also emit heat. 
SC.B.1.2.6 The student knows ways that heat can move from one object to another. 

·  The student experiments to discover that some materials conduct heat much better than 
others, and poor conductors can reduce heat loss. 

·  The student experiences that heat energy moves from one place to another in three different 
ways: radiation, convection, and conduction. 

 
KEY QUESTION  
Which metal conducts heat the fastest? 
 
BACKGROUND INFORMATION  
The transfer of heat through a solid is called conduction. Heat always moves from warmer objects 
to cooler objects until both objects have the same temperature. 
 
Conduction is the flow of heat through a substance from areas of higher temperatures to areas of 
lower temperatures. Conduction involves the transfer of energy from atom to atom. Conduction 
can be explained by the kinetic energy of atoms within the material. Heat causes the atoms to 
vibrate more rapidly. These atoms vibrate against nearby atoms, which do the same until the kinetic 
energy moves throughout the object. The faster the atoms vibrate, the warmer the object becomes. 
 
Conductors, metals such as silver and copper, are best among common metals in conducting heat. 
Aluminum, then iron, follows silver and copper in order of heat conducting properties. 
 
MATERIALS  
Per group 
safety goggles (1 pair per student)  2 large trays 
1 candle     1 box of safety matches 
2 spring-type clothespins   1 clock or timer      
1 solid aluminum rod    1 solid brass rod 
Hot Rods data sheet    1 solid copper rod 
water (for fire extinguisher)  
  
TEACHING TIPS  

1. Caution students about open flames, hot metals and the safe use of matches.  
2. Ask for parents or other adult volunteers to help supervise groups while they are using 

open flames. 
3. All loose clothing and hair should be secured, and students should wear safety goggles. 
4. Water should be available. 
5. Rods can be obtained at local hardware stores or ordered from science supply companies. 
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ENGAGE 
Ask students if they have ever played the game, Hot Potato. Ask: How could you pass a hot potato 
to someone in such a way that would cause no discomfort? Discuss the various ways in which they 
could protect their hands.  
 
EXPLORE 

1. Ask students if they think all metals conduct heat equally well. Discuss their responses and 
any prior experiences they may have had. 

2. Hold up three metal rods:  aluminum, brass, and copper. Ask: Which metal rod – brass, 
copper, or aluminum - do you think will conduct heat the best?  

3. Distribute materials to groups. Allow students to practice using clothespins as rod holders. 
Students may need to use more than one clothespin to support the rods. 

4. Have students put on their safety goggles and make sure all loose clothing and hair have 
been secured. 

5. Show students how to drip three bits of melting wax from a burning candle onto each of the 
rods to act as heat indicators. The wax drops will melt and fall off as the heat passes under 
them and down the rod. 

6. Ask adult helpers to light the candles and supervise as groups place the three rods on a tray 
and melt wax onto the rods. The drops should be evenly spaced. Have students place the 
drops the same distance apart (e.g., one inch apart or 1½ inches apart). Also, be sure you 
clarify for students what “drop” means. (Each “drop” may consist of one, two, or three drips 
of wax from the candle, but be consistent.) Once these drops are dripped onto the rods, set 
the rods aside to cool.   

 
 
 
 
 
 

 
 

 
 
 
 
7. Once the wax drops have cooled on the metal rods, students should use clothespins to hold 

the rods over burning candles to determine melting times. Decide in advance what “melting” 
means. (It is usually determined by when the wax liquefies and rolls under the rod or 
actually falls off the rod.) 

8. One student in each group should be the timekeeper. 
9. Make sure students record on the Hot Rods data sheet the predicted melting time, starting 

time, and the time that the last wax drop on each rod melts. 
 
EXPLAIN  
Compare and discuss the data: 
On which rod did the wax drop the quickest?  
On which rod did the wax drop the slowest?  
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How long did it take to melt the wax on the slowest melting rod?  
How long did it take to melt the wax on the fastest melting rod?  
Which metal was the best heat conductor? 
 
EXTEND/APPLY  
Have students to look through their kitchen cabinets. Ask: What kind of material is used for making 
pots and pans? Why do you think so? (Metal. Copper is an excellent conductor. Some pots and pans 
have copper-coated bottoms to allow more even heating.) 
 
ASSESSMENT 
Explain why most long-handled barbecue tools are metal with wooden handles. Use the words 
conductor, energy and heat in your answer. 
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HOT RODS 
 

 
 

 
DROP 1 

 
DROP 2 

 
DROP 3           

 
Predicted 

time 
Actual 
time 

Predicted 
time 

Actual 
time 

Predicted 
time 

Actual 
time 

 
 

Aluminum 
Rod 

 
 
 
 
 

     

 
 

Brass Rod 

 
 
 
 
 

     

 
Copper 

Rod 
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WHAT MAKES THE BEST INSULATOR? 

 
 
BENCHMARKS and TASKS  
SC.B.1.2.1 The student knows how to trace the flow of energy in a system (e.g., as in an 
ecosystem). 
SC.B.1.2.6 The student knows ways that heat can move from one object to another. 

·  The student measures the gain or loss of energy using a variety of tools (e.g., thermometer, 
electric meter, meter stick). 

·  The student experiments to discover that some materials conduct heat much better than 
others, and poor conductors can reduce heat loss. 

·  The student experiences that heat energy moves from one place to another in three different 
ways: radiation, convection, and conduction. 

 
KEY QUESTION  
What kind of material makes the best insulator? 
 
BACKGROUND INFORMATION  
Thermal energy moves quickly in some materials. These materials are called conductors. A frying 
pan is made of metal because the metal allows the thermal energy to move easily from the hot stove 
to the pan and to the food. Metals are good conductors of thermal energy. An insulator is a material 
through which thermal energy cannot move easily. Insulators are poor conductors of heat and can 
reduce heat loss. We use insulators to keep things warm (keep the heat in) and to keep things cool 
(keep the heat out). 
 
MATERIALS  
Per group       
300 mL of hot water (about 75º C)     graph paper 
1 measuring cup for measuring at least 300 mL of water  1 timer 
1 aluminum soda can with the pull-tab removed 
1 thermometer (must fit in soda can opening) 
1 larger can, such as a coffee can (The soda can will be placed in the center of the large can with  
     insulation all around.) 
variety of materials to be used as insulators (e.g., Styrofoam peanuts, bubble plastic, sand, cotton   
     balls, vermiculite, newspaper, shredded paper) 
What Makes the Best Insulator? data sheet 
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TEACHING TIPS  
1. Students need to be able to place the thermometer in the soda can opening to measure the 

water temperature. Delta or AIMS makes an affordable metal, v-back, classroom alcohol 
thermometer that easily fits into the opening. Another option is a glass classroom 
thermometer. Nasco has one in the elementary catalog that is affordable. 

2. If individual timers are not available, a classroom timer can be used. Students can begin 
their investigation at the same time, and the teacher can call time each minute for 15 minutes 
to let students know when to read their thermometers.  

 
ENGAGE 
Ask students what they do to keep warm on a cold day. Point out that when we wear a coat or 
sweater we are covering our body with an insulator to keep warm. Insulators can help us keep heat 
in or keep heat out. Ask students to think of insulators they have used to keep heat out and begin a 
list. (Students might mention such things as Styrofoam coolers, etc.). Tell the students they will be 
doing an investigation to learn more about insulators. 
 
EXPLORE 

1. Tell students that they will be doing an investigation to discover which materials make the 
best insulators. On the board, list the insulating materials that will be used. Have students 
predict which material they think will make the best insulator. Tally the predictions on the 
board. 

2. Give each group of students one type of insulating material (see Materials list) to test for the 
class, a large can, a soda can, a thermometer, and a timer. 

3. Show students how to place 2-3 cm of insulating material in the bottom of the outer 
container (large can). Set the soda can on this, centering it in the outer container. 

4. Students should pack the space between the soda can and the larger can with insulation. 
5. When the class is ready to start the investigation, have students add 300 mL of hot water to 

the soda can, insert the thermometer into the water, and start the timer. 
6. After one minute has passed, students should record the first temperature on the group’s data 

table. 
7. Students should continue to record the temperature every minute for 15 minutes. 
8. Have each group calculate the temperature change that occurred in the soda can by 

subtracting the 15-minute temperature reading from the 1-minute temperature reading. 
9. Tell the groups to construct a line graph showing the temperature of the water during the 

fifteen-minute time period. 
10. As groups report the results of their experiment, students should record the name of the 

insulating material and the temperature change in the class data table section of the 
observation sheet.  

 
EXPLAIN  

1. Discuss:  
What does the line graph show happened to the temperature of the water during the 
experiment?  
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Which insulating material let the water cool off the fastest? How do you know? (It was the 
material that insulated the can in which the water showed the greatest change in 
temperature.)  
Which material kept the water warm the longest? How do you know? (It was the material 
that insulated the can in which the water showed the smallest change in temperature.)  
Which material was the best insulator?. . . the poorest insulator? 
How do the results of the experiment compare with the predictions you made earlier?  

2. Discuss with students that heat travels slowly through good insulators because the particles 
they are made of do not move much when particles from hot objects bump into them. 
Insulators can be used to keep things hot or to keep things cold. 

 
EXTEND/APPLY  
Return to the class list started in the Engage section and have students think of other examples of 
insulators to add to the list, including insulation that is used around their houses (e.g., insulation 
used around outside pipes, insulation in the attic, thermos bottles). 
 
EXTENSIONS 

1. Have students construct a bar graph comparing the temperature changes for the different 
insulating materials that were tested. 

2. Ask students to bring in other materials to test in order to extend the investigation to find the 
best possible insulator. 

 
ASSESSMENT 
Have students reflect on this question: Animals that have wool keep warm because of their wool. A 
sweater or coat made of wool will keep you warm, too. Why? 
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WHAT MAKES THE BEST INSULATOR? 

   
     Group Data Table 

                                                   Temperature 
Insulator 1 

min. 
2 

min. 
3 

min. 
4 

min. 
5 

min. 
6 

min. 
7 

min. 
8 

min. 
9 

min. 
10 

min. 
11 

min. 
12 

min. 
13 

min. 
14 

min. 
15 

min. 
 
 
 
 

               
 
 
 

 

 
      Class Data Table 

Insulating Material   Temperature Change 
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           GET A RISE OUT OF HEAT 
 
BENCHMARKS and TASKS 
SC.A.1.2.2 The student knows that common materials (e.g., water) can be changed from one state to 
another by heating and cooling. 
SC.A.1.2.6 The student knows ways that heat can move from one object to another. 

·  The student recognizes that energy comes in many different forms: (e.g., mechanical, energy 
of position and motion; electrical, energy of moving electrons; chemical, energy stored in 
chemical bonds; thermal, heat energy - the energy of moving and vibrating molecules; 
nuclear, energy contained in the nuclei of atoms; and radiant, energy that travels in waves like 
sunlight). 

·  The student demonstrates that heating and cooling cause changes in the properties of materials 
and that many kinds of changes occur faster under hotter conditions. 

·  The student experiences that heat energy moves from one place to another in three different 
ways: radiation, convection, and conduction. 

 
KEY QUESTION  
How does temperature affect the speed of molecules? 
 
BACKGROUND INFORMATION  
Convection is the transfer of heat (thermal energy) in a fluid through currents. The fluid can be any 
substance that flows—liquids such as water, coffee, molasses, and even gases, such as air. An example 
of convection in a liquid would be a pot of coffee heating. Fluid right above the heat source rises, 
spreads out, then cools, sinks and is heated again in a continuous cycle. This continuous cycling of a 
fluid is called a convection current. 
 
On the earth, parts near the equator receive more direct rays of sunlight than do parts of the earth near 
the poles. The sunlight is concentrated, and therefore warms the earth more near the equator than it 
does farther north or south. This uneven heating sets up convection currents in the atmosphere. 
 
MATERIALS  
Per group      Per student    
red food coloring in a dropper bottle   science journal 
1 cup of ice water           
1 cup of hot water     Teacher 
1 baby food jar hot water or hot plate for heating water 
1 rubber band cooler for ice 
1 blue ice cube       
1 plastic 6-liter container of water       
1 piece of aluminum foil     
2 identical jars – one filled with ice water and one filled with hot water, colored red 
1 index card      
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TEACHING TIPS  
1. Ahead of time, freeze blue-colored water in an ice tray to make blue ice cubes. 
2. Fill the 6-liter containers with water (to within 2-3 inches of the top). Allow the water to stand 

that it is at room temperature for the activity. 
 
ENGAGE 

1. Have ten students come to the front of the room and simulate water molecules in a solid (ice). 
They should jiggle in place. 

2. Then have them simulate cool water. (They move a little more freely now.) 
3. Next, have them simulate hot water. (They move very freely now.) 
4. Distribute materials. Have each group prepare two cups of water: pour cold water into a cup 

with ice and pour hot water into the second cup. While students are thinking about the 
simulation, ask them to predict what will happen when a drop of food coloring is dropped into 
the cup of ice water and another drop is dropped into the cup of hot water. 

5. Students should observe while one member of the group adds the drops to the cups. 
6. Ask: How did the food coloring react in the different temperatures of water? Why do you think 

so? 
 
EXPLORE (Part 1) 

1. Using two identical jars, have students fill one with very cold water (drained from ice water) 
and the other with hot water, colored red. (Baby food jars work well.) 

2. Next, they should place an index card over the jar of cold water and turn it over on top of the 
jar of warm water, matching the mouths of the jars on either side of the card. 

 
 
 
 
 
 
 
 
 
 
 
 

3. Ask students to predict what will happen when the index card is removed. Have one student 
carefully pull the card out while another student keeps the mouths of the two jars aligned.  

4. Discuss what happened. 
 
EXPLAIN (Part 1)  
Discuss: 
What did you observe?  
What made the warm water rise into the cold water? (The cold water sank to the bottom, pushing the 
red hot water up toward the top.) 
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After seeing this, what do you think happens to the hot water at the bottom of a pan sitting on a hot 
burner?  
 
EXPLORE (Part 2) 

1. Give each group a 6-liter container of water (filled and set aside several hours earlier). 
2. Tell each group to fill a small baby food jar with hot water and add three drops of red food 

coloring. Students should cover the jar opening with aluminum foil and secure it with a rubber 
band. 

3. Have students gently lower the small jar into the 6-liter container (toward one side). The jar 
should be on its side. 

4. Ask students to predict what will happen when they puncture the aluminum foil with a pencil 
point so the colored hot water can flow out. Discuss their responses before letting them 
puncture the foil. (As the foil is punctured, a fountain of hot water will be released.) 

5. Have students gently place a blue ice cube at the side of the container opposite the jar and 
observe what happens. 

 
 
 
 
 
 
 
 
 
 
 
 
 

EXPLAIN (Part 2)  
What is happening to the red food coloring? (It is rising and beginning to stream toward the ice cube.)  
What is causing this to happen? (The cold water around the ice cube sinks to the bottom of the 
container, setting up a convection current.) 
How is this an example of a convection current? (Convection is the transfer of thermal energy in a 
fluid. The warm water is less dense than the cold water, and the warm water rises and displaces the 
cold water. The cold water, in turn, sinks. The movement of water that results is called a convection 
current.) 
How do you know the cold water is sinking? (The ice cube is melting, and the blue water is falling to 
the bottom.)  
What does this tell you about cold water? (It is dense and sinks to the bottom.)  
What does the blue dye do when it falls to the bottom? (It slowly slides across the bottom of the 
container.)  
What makes this happen? (The cool, blue water pushes against the warm, red water because the warm 
water is lighter and can be pushed by the cooler, heavier water.) 
What is causing the ice cube to stay at its own end of the container? (The warm water current is 
flowing toward that end.) 
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EXTEND AND APPLY  
Discuss with students how, when uneven heating of the ocean occurs, it results in convection currents, 
which are the major currents on our globe.  
 
ASSESSMENT 
Have students respond to the key question in their journals: How does temperature affect the speed of 
molecules? 
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A CURRENT AFFAIR 
BENCHMARK and TASKS  
SC.B.1.2.6 The student knows ways that heat can move from one object to another. 

·  The student recognizes that energy comes in many different forms: (e.g., mechanical, energy 
of position and motion; electrical, energy of moving electrons; chemical, energy stored in 
chemical bonds; thermal, heat energy - the energy of moving and vibrating molecules; 
nuclear, energy contained in the nuclei of atoms; and radiant, energy that travels in waves like 
sunlight). 

·  The student experiences that heat energy moves from one place to another in three different 
ways: radiation, convection, and conduction. 

 
KEY QUESTION  
How are rooms heated or cooled? 
 
BACKGROUND INFORMATION  
Convection is the transfer of heat (thermal energy) in a fluid through currents. The fluid can be any 
substance that flows—liquids such as water, coffee, molasses, and even gases, such as air. An example 
of convection in a liquid would be a pot of coffee heating. Fluid right above the heat source rises, 
spreads out, then cools, sinks and is heated again in a continuous cycle. This continuous cycling of a 
fluid is called a convection current. 
 
On the earth, parts near the equator receive more direct rays of sunlight than do parts of the earth near 
the poles. The sunlight is concentrated, and therefore warms the earth more near the equator than it 
does farther north or south. This uneven heating sets up convection currents in the atmosphere. 
 
MATERIALS  
Teacher      Per student 
1 hot plate      spiral pattern 
overhead projector     aluminum foil (20 cm x 30 cm) 
several thermometers     scissors 
       1 metric ruler 
       thread 
       1 candle 
       matches 
       tape 
       glue 
 
TEACHING TIP  
Make copies of the spiral pattern on cardstock. Have students glue aluminum foil to the back of the 
pattern and then cut out the spiral OR tape insulation tape to the back of the spiral pattern before 
cutting it out.  
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ENGAGE 
1. Remind students that they observed evidence of convection in water in the Get a Rise Out of 

Heat activity and now they are going to explore convection currents in another fluid – air. 
2. Turn a hot plate on high. Project a strong light from an overhead or slide projector so that it 

shines over the hot plate and onto a screen. Darken the room. 
3. Students should be able to see the rippling shadows of part of a convection current projected 

directly onto the screen. Explain that while a complete convection current cannot be seen using 
this method, you can see the air being drawn in from next to the hot plate and then rising above 
it. Remind students of what they learned in the previous lesson: convection currents occur in all 
fluids, both liquids and gases, when the fluid is heated unevenly. 

4. Based on this demonstration of hot air rising, ask students to predict where the warmest area in 
the room is located.  

5. Place thermometers at a few locations in the room (base of the wall, middle of the wall, top of 
the wall, near the ceiling). After a short while, have students record the temperatures at each 
location and display the results. Compare the results to their predictions. (Note: Try this ahead 
of time. Temperatures in some rooms with central heat/air will not vary.) 

 
EXPLORE 

1. Distribute materials. Have students use the spiral pattern to cut a circle of aluminum foil 
10-15 cm in diameter.   

2. The circle should then be cut into a spiral as shown. Use a small piece of tape to attach a length 
of thread to the center of the foil circle. 

 

 
 

3. Based on their knowledge of convection currents, have students predict what will happen to the 
spiral when it is hung near a heat source. 

4. Attach the spiral to a table edge so that it is approximately 10 cm above a heat source.  (This 
could be a hot plate or a small votive. Stress safety precautions and supervise closely if 
students are using matches and lighted candles.) 
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EXPLAIN  
What happened to the spiral? (It began to spin.)  
What caused this to happen? (Rising air caused it to spin.)  
Where have you observed convection currents making objects move? (roof turbines, holiday 
decorations suspended over candles) 
 
EXTEND/APPLY  
Discuss the turbines found on the roofs of some buildings. 
Can you explain why those turbines turn? (Hot air rises in the building vents through the turbines, 
making them spin.) 
Where would be the most efficient place to locate heating vents when a home is built? 
 
ASSESSMENT 
Have students reflect on this question: Where in a house should air conditioning vents be installed for 
maximum cooling efficiency? 

.
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    SPIRAL PATTERN 
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WATER TURBINE 
 
BENCHMARKS and TASKS 
SC.B.1.2.2 The student recognizes various forms of energy (e.g., heat, light, and electricity). 
SC.B.1.2.4 The student knows the many ways in which energy can be transformed from one type to 
another. 
SC.B. 2.2.2 The student recognizes the costs and risks to society and the environment posed by the use 
of nonrenewable energy. 
SC.B.2.2.3 The student knows that the limited supply of usable energy sources (e.g., fuels such as coal 
or oil) places great significance on the development of renewable energy sources. 

·  The student defines energy as the ability to do work or to exert a force and recognizes that work 
is done every time a force is used to move something. 

·  The student describes energy as stored energy (potential) or energy of motion (kinetic). 
·  The student discovers through experiences ways that energy can be transformed from one form 

to another (e.g., electricity to light, light to heat, mechanical to heat, potential to kinetic). 
·  The student classifies resources as renewable or nonrenewable. 
·  The student recognizes that the limited supply of usable energy sources (e.g., fuels such as coal 

or oil) places great significance on the development of renewable energy sources. 
·  The student explores the development of alternative energy sources (e.g., solar energy, winds, 

synthetic fuels, geothermal energy). 
 
KEY QUESTION  
How can water, a renewable resource, be used to produce energy? 
 
BACKGROUND INFORMATION  
Without an adequate energy supply, our society would drastically change. Our supply of 
nonrenewable resources is finite. Renewable resources, such as water, solar energy, and wind 
replenish themselves in a short period of time.  
 
In hydroelectric power stations the power of flowing water is used to produce electricity. When water 
is stored, it has gravitational potential energy (stored energy). The water held back by the dam has 
potential energy. When the water is released and begins to flow downhill through pipes to the power 
station, it has kinetic energy (energy of movement). The water rushes over large wheels called 
turbines and makes them turn. The turbines turn the generators, which change the energy of moving 
water into electrical energy. Hydroelectricity provides over six percent of the energy used in the world 
today. Since water comes from rain or melting ice, it never runs out. 
 
The water turbine works because of Bernoulli’s Principle, which states: The pressure in a fluid 
decreases as the speed of the fluid increases. As water begins to flow through the turbine holes, its 
speed increases. As soon as the water flow begins to increase in speed, the internal pressure in the 
turbine decreases 
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MATERIALS  
Teacher      Per group 
1 half-gallon milk or juice carton   water      
1 metric ruler      masking tape 
duct tape      1 half-gallon milk carton, 
1 nail            with 5 holes pre-punched by the teacher 
           string 
       scissors 
 
TEACHING TIPS  

1. In advance, use a nail to punch three holes of the same size in a milk carton in a vertical line 
about 4 cm apart from the bottom of the container up the side to the top. Cover the holes with 
one long strip of tape. (See illustration in the Engage section.) 

2. In advance, complete the first two steps of the milk carton preparation for each group:  
·  Using the nail, punch a hole in the bottom right corner of each side of the milk carton. 
·  Another hole should be punched in the middle of the top section of the carton. 

 
 
 
 
 
 
 
 
 
 
 
ENGAGE (Teacher Demonstration) 

1. Take the class outdoors. Fill the milk carton with water, but keep the holes covered. Ask: After 
I remove the tape, from which hole will the water flow the farthest? 

 
 
 
 
 
 
 
 
 
 

2. Discuss the students’ ideas. 
3. Remove the tape and observe what happens. 
4. Discuss: 

Which stream of water is shooting out the least? (the hole near the top of the can) 
Which stream of water is shooting out the farthest? (the hole on the bottom) 
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Why does the water shoot out the farthest from the bottom hole? (The weight of the water and 
air above the opening is pressing down and making the water flow out the farthest. Water 
pressure increases with depth.) 

 
EXPLORE 

1. Distribute the prepared milk cartons (see Teaching Tips) and string to the groups.  
2. Fill the milk carton with water. 
3. Have students thread the string through the top hole of the carton and tie it securely so the 

carton will hang from the string.  
4. Tape over each hole with duct tape.  
5. Go outside and hang the milk carton from a branch or other sturdy structure. 
6. Remove the tape from one corner and watch what happens. 
7. Remove the tape from all the corners and watch what happens! 

 
EXPLAIN  
What happened when you removed the tape from one hole? (The water poured out of the hole and 
pushed the carton in the opposite direction, making it turn.) 
What happened when you removed the tape from all the holes? (The more holes there were, the faster 
the carton turned.) 
How is this like a turbine? (Some turbines use water or steam that is forced at a high speed through 
many small holes to turn them around.) 
When did the water have potential energy? (when it was stored in the milk carton) 
When did the water have kinetic energy? (when the water flowed from the carton, causing it to turn) 
Is water a renewable or nonrenewable resource? Why? (Water is renewable because of the continuous 
water cycle.) 
Why is it more beneficial to use water rather than coal or oil to produce energy? (Many of our energy 
sources are nonrenewable [e.g., fossil fuels like coal and oil]. They cannot be replaced by nature as 
quickly as they are used so it is important that we use renewable energy sources when possible.)  
Why is it important to develop and use alternative energy sources, like water? (We are exhausting our 
energy resources at an alarming rate, so scientists must continue exploring alternative fuel sources that 
are efficient and affordable. Also, alternative energy sources are far less polluting than traditional 
fuels.) 
If energy is defined as the ability to do work and work is done every time a force is used to move 
something, was any work done? (The water was a force that caused the turbine to move, so work was 
done.) 
 
EXTEND/APPLY  
Explain to students that hydroelectricity provides over six percent of the energy used in the world 
today. Water is a renewable resource, because of the continuous water cycle and it never runs out.  
Ask: Why is it important for our country to further develop alternative sources of energy? Students 
should research to find out more about how alternative energy sources are being explored. 
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SOLAR POWER 
 
BENCHMARKS and TASKS 
SC.B.1.2.2 The student recognizes various forms of energy (e.g., heat, light and electricity). 
SC.B.1.2.4 The student knows the many ways in which energy can be transformed from one type to 
another. 
SC.B.1.2.5 The student knows that various forms of energy (e.g., mechanical, chemical, electrical, 
magnetic, nuclear, and radiant) can be measured in ways that make it possible to determine the amount 
of energy that is transformed. 
SC.B.1.2.6 The student knows ways that heat can move from one object to another. 
SC.B.2.2.2 The student recognizes the costs and risks to society and the environment posed by the use 
of nonrenewable energy. 
SC.B.2.2.3 The student knows that the limited supply of usable energy sources (e.g., fuels such as coal 
or oil) places great significance on the development of renewable energy sources. 
SC.E.1.2.3 The student knows that the Sun is a star and that its energy can be captured or concentrated 
to generate heat and light for work on Earth. 

·  The student recognizes that energy comes in many different forms: (e.g., mechanical, energy 
of position and motion; electrical, energy of moving electrons; chemical, energy stored in 
chemical bonds; thermal, heat energy - the energy of moving and vibrating molecules; 
nuclear, energy contained in the nuclei of atoms; and radiant, energy that travels in waves like 
sunlight). 

·  The student measures the gain or loss of energy by using a variety of tools (e.g., thermometer, 
electric meter, meter stick). 

·  The student discovers through experiences ways that energy can be transformed from one form 
to another (e.g., electricity to light, light to heat, potential to kinetic). 

·  The student experiments to discover that some materials conduct heat much better than others, 
and poor conductors can reduce heat loss. 

·  The student experiences that heat energy moves from one place to another in three different 
ways: radiation, convection, and conduction. 

·  The student examines the risk factors associated with the use of nonrenewable energy sources 
(e.g., economic factors and health factors). 

·  The student explains that the energy in fossil fuels, such as oil and coal, comes from the sun 
indirectly, the main source of energy for people, because the fuels come from plants that grew 
long ago. 

·  The student recognizes that the limited supply of usable energy sources (e.g., fuels such as coal 
or oil) places great significance on the development of renewable energy sources. 

·  The student explores the development of alternative energy sources (e.g., solar energy, winds, 
synthetic fuels, geothermal energy). 

 
KEY QUESTION  
How can we heat water using the sun as an energy source? 
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BACKGROUND INFORMATION  
Natural resources are the raw materials we use for housing, clothing, transporting, heating, cooking, 
etc. They include the air we breathe, the water we drink, the land we farm, and the space we use for 
living. They are all the things we use in our physical environment to meet our needs and wants. 
Natural resources can be classified as renewable or nonrenewable. Renewable resources (e.g., water, 
solar energy, wind) are materials that can be replenished through natural and/or human processes. 
However, people sometimes use renewable resources in such a way that they disappear completely. 
Nonrenewable resources (e.g., fossil fuels) cannot be replenished. All fossil fuels, the energy source 
most commonly used today, started out as plants that got their energy from the sun. It took millions of 
years for the stored energy to be chemically changed to coal, petroleum, and natural gas, so fossil 
fuels are classified as nonrenewable.  
 
Solar energy will most likely be available far into the future, so we can think of it as being unending, a 
form of renewable energy. Solar energy doesn’t cause air pollution or involve damaging the earth’s 
surface, and it requires no difficult and expensive extraction procedures. Since we are exhausting our 
energy sources at such an alarming rate, solar energy is a source we need to explore and develop.  
 
Direct conversion of solar energy is being used in many parts of the world to heat water, dry crops, and 
to distill fresh water from impure water sources. The main problem with solar energy is what to do 
when the sun doesn’t shine. By careful design and positioning of houses, sunlight can be used to warm 
homes and domestic water. This will help to reduce fossil fuel use, but at this time, it’s not enough to 
replace traditional fuels entirely. Sunlight can be concentrated by solar collectors. The collectors can 
focus sunlight from a large area onto a central vessel in which water is heated to become very high 
temperature steam. The expanding steam can power a turbine and generate electricity on a large scale. 
 
This activity gives students a chance to see how the direct heating of water by radiant heat from the 
sun is accomplished. The plastic trays act as solar collectors and are designed to increase the direct 
collection of energy from the sun. The ridge system in the tray helps to increase the surface area in the 
tray and keep the water closer to the top. The plastic lid prevents air flow, which would cool the water. 
The black trays increase the intensity of the energy collected. Students can explore the effect that two 
variables have on the amount of solar energy transferred to the water. 
 
A good absorber of radiant energy appears black because it absorbs rather than reflects light. A good 
absorber of radiant energy is also a good emitter (thermal equilibrium – all objects absorb as much 
energy as they emit.) A black pot of tea cools faster than a silver pot.  
 
Heat energy is transferred by: conduction (the transfer of energy from molecule to molecule – 
collisions between atoms or molecules), convection (movement of a hotter substance such as water 
heated in a boiler in a basement rising to warm the radiators upstairs), and radiation (the transmission 
of energy by electromagnetic waves). 
 
MATERIALS  
Per pair of students      
1 black and 1 white t-shirt 
2 thermometers 
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Per group 
2 black solar trays 
2 white solar trays     
2 solar tray covers 
4 thermometers 
large container of water (a gallon milk jug works well) 
Solar Energy data sheet 
 
TEACHING TIPS  

1. Locate an area outside in full sunlight for setting up the solar trays.  
2. The trays will need to be left outside undisturbed on grass or soil (rather than concrete) for a 

period of time. 
3. Set the jugs of water outside in the sun ahead of time so the water will be the same temperature 

as the outside air. 
 
ENGAGE 

1. Have students pair with a partner. One should bring a light-colored t-shirt and one should bring 
a dark-colored t-shirt to class. 

2. Tell the students to lay their shirts in a sunny area and to place a thermometer inside each shirt. 
3. At set intervals, have students read the thermometer and record the temperature. 
4. Discuss the results. 

 
EXPLORE 

1. Show the class the black and white solar trays and covers. Demonstrate pouring water into the 
trays only up to the fill line of the tray.  

2. Pass the data sheets and have students predict the order of the solar collectors from most 
efficient to least efficient (to be determined by the final temperature of the water). 

3. Distribute materials to students and move outside to the designated area. 
4. Place the four thermometers in the bucket of water and record the temperatures after three 

minutes. (The thermometers should register approximately the same temperature.) Tell students 
that this will be the starting temperature for all the trays. Have students record the starting 
temperatures on the data sheets. 

5. Direct each group to set out all four trays and pour water into them. Have students place a 
thermometer face up in each tray in such a way that it can be easily read. 

6. Tell students to place a tray cover on one white tray and one black tray. Make sure the lids are 
securely sealed or this will affect the results. The other two trays should be left uncovered. 

7. On the data sheets, have students record the time the trays were set up. 
8. Return to the classroom and discuss the use of solar energy.  
9. Return to the site approximately ½ hour later and have students record the time on the date 

sheet. 
10. Have students record the temperature of the water in the two open trays first, followed by the 

two covered trays. 
11. Students should pour out the water and return to the classroom with all materials. 
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EXPLAIN  
1. Have students order the four trays according to the temperature of the water. 
2. Discuss: 

Which of the four trays resulted in the warmest water? Why do you think so? 
Which of the four trays resulted in the coolest water? Why do you think so? 
What factors may have influenced the temperature readings? 
How did the results compare with your predictions? 
What effect did the lid have on the temperature? (The lid prevents air flow and prevents the 
solar energy from escaping.) 
What effect did color have on the temperature? (Dark colors absorb radiant energy which 
causes an increase in temperature. Light colors act as reflectors and bounce light off.) 
How was the heat energy transferred? (The sun is a star and its energy was used to generate 
heat by radiation, the transmission of energy by electromagnetic waves.) 
How does this experiment relate to the t-shirt experiment you did earlier? 
What are the risks of continuing to rely on fossil fuels as our main energy sources? (Fossil 
fuels, such as coal and oil, are nonrenewable and in limited supply. It took millions of years for 
the fossil fuels to be formed, so they cannot be replaced by nature as quickly as they are used. 
Extracting fossil fuels requires difficult and expensive extraction procedures. Burning fossil 
fuels causes air pollution.) 
Why is it important to develop alternative energy sources, like solar energy? (We are 
exhausting our energy resources at an alarming rate, so scientists must continue exploring 
alternative fuel sources that are efficient and affordable. Also, alternative energy sources are far 
less polluting than traditional fuels.) 
What are some things we can do to help preserve our supply of energy? (car pool, develop 
alternative energy sources, reduce, reuse, recycle) 

 
EXTEND/APPLY  

1. Have students brainstorm about how their lives would be impacted if our nonrenewable energy 
sources were unavailable for use. How would life as they know it change? 

2. Discuss why people choose light-colored cars as opposed to dark-colored cars. Which cars do 
you think would be cooler in the summer? (You might arrange ahead of time to take the 
students to the faculty parking lot and measure the inside temperatures of a light and dark-
colored car at intervals throughout the school day. Caution students that this should only be 
done with adult supervision.) 

 
ASSESSMENT 
Ask students to respond to the question, Why do people often choose to wear white or light-colored 
clothes in hot weather? 
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 SOLAR POWER 
 
Beginning Time:     Ending Time: 
Solar Collector Beginning 

Temperature 
Ending 
Temperature 

Difference in 
Temperatures 

White tray, uncovered 
 
 

   

White tray, covered 
 
 

   

Black tray, uncovered 
 
 

   

Black tray, covered 
 
 

   

 
In the first column, list the solar collectors from most effective to least effective, according to your 
prediction. In the second column, list the solar collectors in order of effectiveness based on the  
actual results. 
 

Prediction Actual Results 
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HOME ENERGY AUDIT 
 
 
 
BENCHMARKS AND TASKS  
SC.B.1.2.5 The student knows that various forms of energy (e.g., mechanical, chemical, electrical, 
magnetic, nuclear, and radiant) can be measured in ways that make it possible to determine the amount 
of energy that is transformed. 
SC.B. 2.2.2 The student recognizes the costs and risks to society and the environment posed by the use 
of nonrenewable energy. 

·  The student measures the gain or loss of energy by using a variety of tools (e.g., thermometer, 
electric meter, meter stick). 

·  The student identifies natural resources and their importance. 
·  The student classifies resources as renewable or nonrenewable. 
·  The student examines the risk factors associated with the use of nonrenewable energy sources. 
·  The student explains that the energy in fossil fuels, such as oil and coal, comes from the sun 

indirectly, the main source of energy for people, because the fuels come from plants that grew 
long ago. 

·  The student develops a plan for energy conservation. 
 
KEY QUESTION  
How well does your family conserve energy in your home? 
 
BACKGROUND INFORMATION  
Natural resources are the raw materials we use for housing, clothing, transporting, heating, cooking, 
etc. They include the air we breathe, the water we drink, the land we farm, and the space we use for 
living. They are all the things we use in our physical environment to meet our needs and wants. 
Natural resources can be classified as renewable or nonrenewable. Renewable resources (e.g., trees, 
animals) are materials that can be replenished through natural and/or human processes. However, 
people sometimes use renewable resources in such a way that they disappear completely. 
Nonrenewable resources (e.g., fossil fuels) cannot be replenished. 
 
Fossil fuels (e.g., oil, coal) are formed through natural processes. When plants and animals die, some 
energy is still stored in the tissues of their bodies. Over millions of years, as layers of dead plant and 
animal material build up at the bottom of swamps, lakes, and oceans, this energy becomes concentrated 
into energy-rich materials such as oil or coal. The energy can be traced back to the sun supplying 
energy for the plants to make their own food. When you turn on the air conditioner or a lamp, you’re 
using energy. Much of the energy we use comes from burning fossil fuels, such as coal, natural gas, 
oil, and gasoline. If we use all the available fossil fuels, no additional amounts of them will ever be 
available to us – at least not for millions of years. They are nonrenewable.  
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People must become more concerned about decreasing the demand for natural resources and saving 
energy. Without an adequate supply, our society would drastically change. To understand energy 
conservation we have to first understand what energy is. Simply put, energy is the ability to do work. 
The more steps there are between the primary energy source and its final use determines the energy 
waste factor; the more steps, the more waste. For example, if we want to light a lamp in our home, we 
receive energy from a power plant. The power plant receives its energy from turbines. The turbines 
receive their energy to spin from steam power that, in turn, receives its energy from the burning of 
fossil fuels. The problem is that whenever energy changes from one form to another, some of it is 
changed to heat energy, which dissipates into the atmosphere.  
 
MATERIALS  
Per student 
Home Energy Audit worksheet 
 
TEACHING TIPS  

1. This activity will take several weeks to complete. 
2. Communicate with parents ahead of time so they will be prepared to support this investigation. 

 
ENGAGE 

1. Ask students to brainstorm a list of natural resources. (See Background Information.)  
2. After the lists have been compiled, students should use a Tree Map to classify the resources as 

renewable or nonrenewable.  
3. Ask students to think about ways to save energy and what they could do to become less reliable 

on natural resources, especially nonrenewable resources.  
 
EXPLORE 

1. Ask: How would you like to win a bet with your parents that you could help them save money 
on their electric bill? Do you think that by making your parents more aware of their energy 
usage, you can help them save energy costs? 

2. The students will have a discussion about energy conservation in their homes and talk about 
ways they could all become more energy conscious. 

3. Next, tell them that with a little help from science, you have come up with a plan to help them 
save energy costs in their homes. If they are willing to participate and if your plan works, their 
parents may agree to treat them. 

4. Students will use the Home Energy Audit sheet, interview each family member, and put tally 
marks next to their responses. Explain how students should complete the interview process with 
their family members. 

5. After collecting all the responses, students will share the data with family members. They 
should note the areas with the most tallies, especially those checked next to “very easy” and 
“easy.” 

6. Finally, students will ask family members if they are willing to avoid using appliances marked 
in the “very easy” and/or “easy” columns for a period of one week. Once everyone has agreed 
not to use the specified appliances, students are ready to start the next phase of the 
investigation. 
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7. Teach the class how to read an electric meter so they can determine the amount of kilowatt-
hours their family uses in a week’s time. (This data can be displayed as a collective bar graph 
in the class.) 

 
·  Explain to the students where electric meters can be found on the outside walls of their 

homes. 
·  Most electric meters have four or five dials, each numbered from 0 to 9 in opposite 

directions. Every other dial turns counter-clockwise. To read the dials, start with the right 
most dial. If the pointer is between two numbers, read the lower of the two numbers.  

·  Read each meter and record the numbers for each dial. Write the numbers down right to 
left. 

8. Now that students have the data from their audits and they know how to read an electric meter, 
see if they can use this information to help their families lower the electric bill. Students should 
take a meter reading at the beginning of a week and again at the end of a week during which the 
family is using appliances as per usual. They should then subtract the two readings to determine 
the number of kilowatt-hours the family uses in one typical week.  

9. Students will take another meter reading at the beginning of the week before the family reduces 
energy consumption by using fewer appliances and again at the end of that week. By 
comparing that reading with the first reading they can see if their families were able to reduce 
the number of kilowatt hours used. If there is a savings, then they can collect on that bet! 

 
EXPLAIN  
How many kilowatt-hours did your family use during a typical week? 
Was your family able to conserve energy by using fewer appliances?  
By how much were they able to reduce their energy consumption? 
Which appliances were the most difficult to give up for a week? Why do you think so? 
Why do we need to conserve energy? (When you turn on the air conditioner or a lamp, you’re using 
energy. Much of the energy we use comes from burning fossil fuels such as coal, natural gas, oil, and 
gasoline. If we use all the available fossil fuels, no additional amounts of them will ever be available to 
us – at least not for millions of years. They are nonrenewable resources.) 
How would you and your family be affected if we completely depleted our supply of fossil fuels (coal, 
petroleum, gas) and they were no longer available to us?  
Even if you and your family don’t give up the use of certain appliances permanently, what can you do 
to reduce the amount of energy you use? (Buy energy-efficient appliances; think before opening the 
refrigerator door, etc.) 
What did you and your families learn about energy conservation during this investigation? 
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EXTEND AND APPLY  
1. Students should bring the data they have collected from their family’s home energy audit to 

class. They will use this data to create a class graph. 
2. Challenge students to find out more about fossil fuels and how the energy we use today (e.g., 

coal, oil) can be traced back to the sun and plants and animals that lived millions of years ago.  
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HOME ENERGY AUDIT 
 

       How difficult would it be for you to give up this appliance for a one-week period? 
 Very 

Easy 
Easy Difficult Very 

Difficult  
Impossible Not 

Applicable 
Air conditioner       
Blender       
Can opener       
Carving knife       
Clocks       
Clothes dryer       
Clothes washer       
Coffeemaker       
Computer       
Curling iron       
Dishwasher       
DVD/VCR        
Electronic games       
Fans       
Freezer       
Frying pans       
Garbage disposal       
Hair dryer       
Hot water heater       
Ice cream maker       
Iron       
Lights       
Microwave oven        
Mixer       
Popcorn maker       
Power tools       
Radios       
Range       
Record player/CD       
Refrigerator       
Space heaters       
Televisions       
Toaster       
Toothbrushes       
Trash compactor       
Vacuum cleaner       
       
 

  


