Physical Science

Science

Module 

PS-6.1
Interactions of Matter and Energy

Lessons

A - B

Instructional Progression: 

In the 6th grade students explained how energy can be transformed from one form to another (including the two types of mechanical energy, potential and kinetic, as well as chemical and electrical energy) in accordance with the law of conservation of energy (6-5.2).

In Physical Science students will expand their concept of conservation of energy by applying the concept to transformations between various types of energy. Students will understand cause and effects relationships involved in transformations..
Taxonomy level of indicator:

2.3-B Understand Conceptual Knowledge
Key Concepts:

Law of conservation of energy

Work

Energy/Energy forms: Mechanical energy, Electrical energy, Chemical energy, Light energy,

Sound energy, Thermal energy

Energy transformation
Content Overview:
It is essential for students to

· The law of conservation of energy states that energy cannot be created or destroyed. Energy can be transformed from one form to another, but the total amount of energy never changes.

· Energy is the property of an object or a system that enables it to do work.


Work is done when a force is applied to an object, and the object moves some distance in response to the force in the direction of the force.

Work is the product of the force applied to an object and the distance the object is moved in the direction of the force (displacement) (PS-6.3)

· If you consider a system in its entirety, the total amount of energy never changes.

· There are many different kinds of energy.

Mechanical energy is energy due to the position of something or the movement of something. Mechanical energy can be potential, kinetic, or the sum of the two.

Chemical energy is a type of energy associated with atoms, ions, and molecules and the bonds they form. Chemical energy will change to another form of energy when a chemical reaction occurs.

Electrical energy is energy associated with current and voltage.

Thermal energy is the energy associated with the random motion and arrangement of the particles of a material.

Light energy is energy that associated with electromagnetic waves.

Sound energy is energy associated longitudinal mechanical waves.

· These different kinds of energy can change from one form to another (energy transformation) without changing the total amount of energy. Examples might include:

Example 1

Explain conservation of energy in terms of energy transformation in an electric circuit with a battery and a light bulb burning.

Chemical energy changes to electrical energy.
The electrical energy flows through the light bulb and turns electrical energy to light and thermal energy.

The total of the energy from the chemical reaction in the battery is equal to the total energy that it transforms into.

Example 2

Explain conservation of energy in terms of energy transformation when a baseball is thrown to another ball player.

A ballplayer converts chemical energy from the food he/she has eaten to mechanical energy when he/she moves his/her arm to throw the ball.

The work done on the ball converts the energy of the arm movement to kinetic mechanical energy of the moving ball.

As the ball moves through the air, it has both kinetic and potential mechanical energy.

When a second player catches the ball, the ball does work on the player’s hand and glove giving them some mechanical energy.

The ball also moves the molecules in the glove moving them faster and thus heating the glove.

The player that catches the ball absorbs the energy of the ball, and this energy turns to heat.

The total heat produced is equal to the energy used to throw the ball.

Most energy transformations are not 100% efficient. When energy changes from one form to another, some of the original energy dissipates in the form of energy that is not usable. Usually it dissipates as heat.
Teaching Lesson A:
Blast Off!
Introduction to the lesson:
Chemical energy is converted to light, heat, sound, and mechanical energy in a rocket engine and in the cylinders of automobile engines. This activity serves as to engage the students’ minds in exploring energy conversions.
Lesson time:

0.5 day
Materials Needed:

2-liter plastic bottle

Cap with hole

Ball point pen barrel (with “guts” removed)

Duct tape

String

About 20 ml of 70% isopropyl alcohol

Long match or candle on a stick

Goggles

Essential Question:
What energy transformations occur when fuel (alcohol) is burned in a bottle?

Procedure:
	1.
	Use the tip of a hot glue gun to punch a hole in the bottle cap. The diameter of the hole should be approximately one centimeter.

	2.
	Lay the bottle on its side and securely tape the barrel of the pen to the top.

	3.
	Thread the barrel with a string that will reach about 1/3 or ½ way across room. This is about 20-30 ft long.

	4.
	Tie the end of the string from the bottom of bottle to something sturdy at the front of room. (I usually tie to the television stand.)

	5.
	Put on goggles.

	6.
	Place about 20 ml of alcohol in the bottle and swirl it until the bottle is filled with vapor.

	7.
	Pour out the excess liquid. Be sure to remove all liquid alcohol from the area!!

	8.
	Screw on the cap. Tie the end of string near bottle mouth to a desk leg near middle of room.

	9.
	Light a match or the candle.

	10.
	Turn off lights.

	11.
	Hold the match flame near the hole in cap until the rocket blasts


Assessing the Lesson:

Formative Assessment 

Student observations and responses


Have students make observations. Did they see, feel or hear anything?

Allow the students to feel the bottle. 

Ask students whether they have ever performed this activity? Listen for possible answers. If students have only seen this demo and mention nothing else, ask how they arrived at school today (by car, bus, etc.). Then explain to students that they have experienced this same activity thousands of times as the spark plugs fired and ignited the gasoline in the cylinders of the vehicle in which they were riding.

Now shall we try it again? Place about 20 ml of alcohol in the bottle, swish, empty the excess and try to refire the system. The experiment will NOT work. Why not? Elicit responses. This is a good time to discuss the need to exhaust the gases produced in the bottle before adding new fuel. The gases produced by the burning of the alcohol are carbon dioxide and water vapor.  In the same way, exhaust gases must be removed from the automobile cylinders. 

You can pour out the carbon dioxide gas because it is denser than air and when the water cools it can also be poured out. The bottle may also be cleaned quickly by filling it with water and pouring it out. If using this method, rinse the bottle with a small amount of alcohol before repeating the demonstration.

Teaching Lesson B:
Station Break
Introduction to the lesson:
Energy can be changed from one form into other forms. This is called energy conversion. People have invented ingenious ways of converting one form of energy into other useful forms. Throwing a rock transforms chemical energy in the body into mechanical energy. Starting a fire is a way of converting chemical energy into heat and light. A steam engine is a more complex engine. It converts heat energy into motion. In an electric generator, motion is converted into electrical energy. In all energy conversions, the useful energy output is always less than the energy input, with some energy wasted as heat.

What are some different forms of energy? The energy from the sun is light and heat. The energy of motion is mechanical which turn the blades of a fan. Chemical energy is released when different chemicals react or change form as in the explosion of a firecracker. Electrical energy is the flow of electrical charge through a wire.

The human body is like a machine designed to convert the chemical energy from food into mechanical energy evidenced by movement of our arms and legs. Food gives up the chemical energy to produce heat (body temperature) and mechanical energy (muscle power). Batteries change chemical energy directly into electrical energy. Chemical energy in burning wood or coal turns into heat and light.

These are examples of simple conversions. There are many energy conversions that take more than one step. In a car, for example, chemical energy in gasoline is converted to heat by burning the fuel and then to mechanical energy. The heat creates a force that pushes the pistons (this is mechanical energy). Gears transfer this mechanical energy into the movement of the wheels.

Lesson time:

.5 day

Materials Needed:

Station #1 - Radiometer
Radiometer, hair dryer, flashlight  (lamp), paper fan
Station #2 - Quiet, Please!
Battery powered tape recorder, battery powered radio, battery powered toys that make sound
Station #3- Toyland
A variety of toys which can be wound up and then move by jumping or spinning

Station #4 - Shush!
Party noisemakers, bells, any wind or percussion musical instruments

Station #5 - Nuts!
A variety of fruits and nuts
Station 6- Plug It In!
Use any devices that need to be plugged in to operate. Include those that produce motion and/or heat. Some good examples would be a hair dryer, an electric fan, an electric pencil sharpener, an electric mixer without beaters and a heating pad
Essential Question:
What energy transformations take place in ordinary devices such as small appliances, toys and food?

Procedure:

Station 1

Try to rotate the radiometer using the light, the heat from the hair dryer, and moving air from the fan. Record the type of energy in and out.
Station 2 

Look at each device and decide what type of energy operates it.

Station 3

Wind up each toy and allow it to work and decide what type of energy operates it. 
Station 4

Make each instrument work and decide what type of energy operates it.
Station 5

Look at each food. Decide what kind of energy it needed to grow. Eat a sample. Decide what happens to the energy.
Station 6

Decide on the kind of energy needed to operate the device. Decide what energy conversions are taking place.
Assessing the Lesson:

Formative Assessment 

Data Table
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Summative Assessments
Lessons A & B

Assessment 1

Ask students to identify each of the energy forms present in the story below.

The Unfortunate Weekend:
After much arm-twisting, Alex and Andrew have finally been given permission by their parents to go on a weekend camping trip. They load up their gear and head out of town on foot. After walking for nearly two hours, they finally reach their destination; a secluded spot in a small wooded area in the country. After a quick rest they set up their camp, consisting of a small tent and a pile of firewood. Unfortunately their matches have gotten a bit wet and they are unable to get a campfire started. That's OK...They are hungry enough to eat cold hot dogs. Darkness is soon upon them and they begin feeling a bit isolated without the warm comfort of a campfire. They decide to use their flashlight to brighten up the tent and have a quick card game. But after only 10 minutes of use, the light becomes dimmer and finally goes out. What bad luck. They forgot the extra batteries! Things go from bad to worse as the sound of distant thunder rolls toward them. Soon the sky is lit with bright flashes of lightning and the ground seems to shake with the thunder. Not a good night to be out. Andrew wishes he were back home, but Alex insists they are having a good time. As the rain continues to pour down, water begins dripping through the roof of the tent. Alex sees this as a bad sign. The lightning is so intense that it seems to be steady. "Wait a minute", says Andrew, "that is a steady light". "Someone is coming, where can we hide?" But before an escape can be planned, the tent unzips and in steps Dad. Alex feels a rush of relief. Although he would never admit it, he was very happy to be "rescued" on a night like this! 
Answers

The Unfortunate Weekend:
After much arm-twisting, Alex and Andrew have finally been given permission by their parents to go on a weekend camping trip. They load up their gear and head out of town on foot. After walking for nearly two hours, they finally reach their destination; a secluded spot in a small wooded area in the country. After a quick rest they set up their camp, consisting of a small tent and a pile of firewood. Unfortunately their matches have gotten a bit wet and they are unable to get a campfire started. That's OK...They are hungry enough to eat cold hot dogs. Darkness is soon upon them and they begin feeling a bit isolated without the warm comfort of a campfire. They decide to use their flashlight to brighten up the tent and have a quick card game. But after only 10 minutes of use, the light becomes dimmer and finally goes out. What bad luck. They forgot the extra batteries! Things go from bad to worse as the sound of distant thunder rolls toward them. Soon the sky is lit with bright flashes of lightning and the ground seems to shake with the thunder. Not a good night to be out. Andrew wishes he were back home, but Alex insists they are having a good time. As the rain continues to pour down, water begins dripping through the roof of the tent. Alex sees this as a bad sign. The lightning is so intense that it seems to be steady. "Wait a minute", says Andrew, "that is a steady light". "Someone is coming, where can we hide?" But before an escape can be planned, the tent unzips and in steps Dad. Alex feels a rush of relief. Although he would never admit it, he was very happy to be "rescued" on a night like this! 

Assessment 2

Energy Diagrams
Materials:
Envelope containing symbols of forms of energy.
Procedure:
In this activity, you will be using cards and arrows to make your own energy conversion diagrams. Using your cards, the below diagram for the doorbell would look like this: 
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Most energy conversions are not this simple. The energy conversion diagram below shows a more complicated process; the energy conversions involved in operating a car. In a car the chemical energy in gasoline is eventually converted to mechanical energy in a moving car.
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1. Make energy conversion diagrams for five different devices in your home.

Write the name of the device above each arrow. Don't forget to include heat energy for those devices that heat up when they are used.


2.
Name one device that converts electricity into light, heat and sound. 
Make an 
energy conversion diagram for this device. Don't forget to 
write the name of the 
device above the arrow.
Groups

1.
Think of an object/device that must make a large number of different energy conversions to operate. Make the longest energy conversion diagram you can think of for this object that makes sense. Don't forget to write the name of the devices/objects involved in each conversion above each arrow.
2. 
Present your work to the class.

*** Note to teacher: You might wish to award some prize to the group with the longest set of energy conversions.

[image: image3.png]Sound Flecteieal
Magnetic Mechanical
{motion)

Heat Elastic




Use these symbols on cards to make your energy diagrams

Assessment  3
Summative Assessment
EOC type Questions

1.
Which of the following could be used to


convert light energy to electrical energy?


A. 
a windmill


B.
a chemical storage battery


C. 
a solar cell


D. 
rotating coils in a magnetic field
2.
The stored energy in a battery can BEST


be described as


A.
 thermal


B.
 chemical


C.
 nuclear


D.
 kinetic
  [image: image4.emf]
3.
Which type of energy change is occurring in the pictures above?


A. 
mechanical energy to chemical energy


B. 
potential energy to kinetic energy


C.
 chemical energy to heat energy

D.
 solar energy to nuclear energy
4.
What type of energy does the windmill use to do work?  


A. 
mechanical






B. 
nuclear


C. 
chemical


D. 
electrical

Answers:
1. C

2. B

3. B

4. A

SOUTH CAROLINA SUPPORT SYSTEM INSTRUCTIONAL GUIDE

	Content Area:  Science
	Science Inquiry Skills-These standards should be addressed during the first few weeks of school and revisited throughout each unit.                                                   Physical Science

	Recommended  Days of Instruction:  1
	(one day equals 90 min)

	Standard(s) addressed:  PS–6 The student will demonstrate an understanding of the nature, conservation, and transformation of energy.

	

	Energy Transformations

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	PS–6.1
Explain how the law of conservation of energy applies to the transformation of various forms of energy (including mechanical energy, electrical energy, chemical energy, light energy, sound energy, and thermal energy).


	SC Science Standards Support Guide https://www.ed.sc.gov/apps/cso/standards/supdocs_hs.cfm?

Adopted Physical Science Textbook (see appendix for correlations)

ETV Streamline SC

Basics  Physics: Exploring Energy

Examples of Energy 1:08

Work, Force and Energy 1:14

Potential and Kinetic Energy 2:07

Seven Forms of Energy 5:05 

Matter and Energy: Energy: What Is It?

Energy is defined. Potential and kinetic energy are described as well as the Law of Conservation of Mass and Energy

	Module 6.1
Lesson A

Blast Off – A Demo 

Lesson B 

Station Break- A lab activity
	Summative Assessment 1
The Unfortunate Weekend

Assessment 2 

Energy Diagrams
Assessment 3

EOC type questions

Assessment Guidelines:

The objective of this indicator is to explain how the law of conservation of energy applies to energy transformations, therefore, the primary focus of assessment should be to construct a cause and effect model showing that energy is conserved as it continually transforms from one type to another. 


	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	
	Newton’s Cradle

http://wwow.osu.edu/experiments/nth/newtonscradle.html
North Carolina State University

http://www.physics.ncsu.edu/pira/demosite.html
NSTA energy websites                              

http://www.sclinks.org/retrieve_outside.asp?sl=742111109955$818133665555
Energy Classifications

http://www.energyquest.ca.gov/story

	
	Assessments should require that students understand transformation of different types of energy and the relationship of this transformation to the conservation of energy. In addition to explain, assessments may require that students

Exemplify energy transformations;

Compare the forms of energy;

Infer the transformations of different types of energy within given situations;

Summarize major points about energy transformations;

Recall the forms of energy.


Standard:	The student will demonstrate an understanding of the nature, conservation, and transformation of energy.








Indicator:	Explain how the law of conservation of energy applies to the transformation of various forms of energy (including mechanical energy, electrical energy, chemical energy, light energy, sound energy, and thermal energy).





Other Indicators Addressed:  PS-1.1








