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	NUMBER OF LESSONS
	5

	TARGETED STANDARDS/
LEARNING EXPECTATIONS
	Physical Science: Energy (www.state.tn.us/education/ci/cistandards2001/sci/ciscig68stand.htm)

Learning Expectations 14.4: Understand that one form of energy can be transformed into another form of energy. 

Performance Indicator: 6.14.spi.3 Recognize a variety of energy transformations.



	SUMMARY OF PERFORMANCE ASSESSMENT
	Students are given this scenario to enact:  You are a group of junior inventors who has been invited to participate in a contest sponsored by the Young Tennessee Scientists Association at the Opryland Hotel.  The YTSA invites you to design a model showing an energy transformation that will conserve energy in the best possible way.  Top winners of the contest may receive up to $50,000 in cash prizes!  




	OVERVIEW OF STUDENT LEARNING ACTIVITIES

	>>>LESSON  1
	Students investigate a variety of renewable energy resources, as well as the benefits and drawbacks of each. 
In this lesson, students will use Internet resources to investigate renewable sources of energy. The students should already have a basic understanding of energy, and know several examples of renewable and nonrenewable sources.

	Engagement:
Renewable & Alternative Energy Resources


	

	 >>>LESSON 2
	This is an exploratory lesson and students engage in conceptual activities including factual analysis, whole group discussion, and Internet activities involving energy transformations.

	Exploration:
Exploring Ideas about Energy Transformations


	

	 >>>LESSON 3
	This lesson is designed to give students a basic understanding of energy transfer including heat, light, etc. through demonstrations and class discussion.

	Explanation:
Energy Types and Energy Transfers


	

	 >>>LESSON 4
	Students work in groups of four to design and create a roller coaster that can be used to analyze the energy exchanges involved in such a system.

	Extension:
Roller Coasters and Energy Exchanges


	

	 >>>LESSON 5
	Students are given the task of being a group of junior inventors that has been invited to participate in a contest sponsored by the Young Tennessee Scientists Association at the Opryland Hotel.  The YTSA invites students to design a model showing an energy transformation that will conserve energy in the best possible way.  Top winners of the contest may receive up to $50,000 in cash prizes!  



	Performance Assessment:
Model Designs for Conserving Energy
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	TENNESSEE
Go to…

>>>6-8

	Performance Indicator: 6.14.spi.3-- Recognize a variety of energy transformations.



	Go to 
State  Standards…
	

	BENCHMARKS FOR SCIENCE LITERACY
	By the end of the 8th grade, students should know that
· Energy cannot be created or destroyed, but only changed from one form into another. 

· Most of what goes on in the universe-from exploding stars and biological growth to the operation of machines and the motion of people-involves some form of energy being transformed into another. Energy in the form of heat is almost always one of the products of an energy transformation. 

· Heat can be transferred through materials by the collisions of atoms or across space by radiation. If the material is fluid, currents will be set up in it that aid the transfer of heat. 

· Energy appears in different forms. Heat energy is in the disorderly motion of molecules; chemical energy is in the arrangement of atoms; mechanical energy is in moving bodies or in elastically distorted shapes; gravitational energy is in the separation of mutually attracting masses. 



	Go to Benchmarks…
	

	NATIONAL SCIENCE EDUCATION STANDARDS
	TRANSFER OF ENERGY 

· Energy is a property of many substances and is associated with heat, light, electricity, mechanical motion, sound, nuclei, and the nature of a chemical. Energy is transferred in many ways. 

· Heat moves in predictable ways, flowing from warmer objects to cooler ones, until both reach the same temperature. 

· Light interacts with matter by transmission (including refraction), absorption, or scattering (including reflection). To see an object, light from that object--emitted by or scattered from it--must enter the eye. 

· Electrical circuits provide a means of transferring electrical energy when heat, light, sound, and chemical changes are produced. 

· In most chemical and nuclear reactions, energy is transferred into or out of a system. Heat, light, mechanical motion, or electricity might all be involved in such transfers.[See Unifying Concepts and Processes] 



	Go to NSES…
	


	CONTENT CLARIFICATION
Associated K-12 Mathematics Standards and Benchmarks

	Go to Science Net links…
	BENCHMARKS FOR SCIENCE LITERACY

	K-2  BENCHMARKS
	       1.    The sun warms the land, air, and water.

	3-5  BENCHMARKS
	1. Things that give off light often also give off heat.

2. When warmer things are put with cooler ones, the warm ones lose heat and the cool ones gain it until they are all at the same temperature.

3. Some materials conduct heat much better than others.


	6-8  BENCHMARKS
	1. Energy cannot be created or destroyed, but only changed from one form into another.

2. Most of what goes on in the universe from exploding stars and biological growth to the operation of machines and the motion of people involves some form of energy being transformed into another.

	9-12  BENCHMARKS
	1. Whenever the amount of energy in one place or form diminishes the amount in other places or forms increases by the same amount.

2. Heat energy in a material consists of the disordered motions of its atoms or molecules.

3. Transformations of energy usually produce some energy in the form of heat, which spreads around by radiation or conduction into cooler places.

4. Different energy levels are associated with different configurations of atoms and molecules.

5. When energy of an isolated atom or molecule changes, it does so in a definite jump from one value to another, with no possible values in between.

6. Energy is released whenever the nuclei of very heavy atoms, such as uranium or plutonium, split into middleweight ones, or when very light nuclei, such as those of hydrogen and helium, combine into heavier ones.

	Go to NSES…
	NATIONAL SCIENCE EDUCATION STANDARDS

	K-4  STANDARDS
	LIGHT, HEAT, ELECTRICITY, AND MAGNETISM
· Light travels in a straight line until it strikes an object. Light can be reflected by a mirror, refracted by a lens, or absorbed by the object. 

· Heat can be produced in many ways, such as burning, rubbing, or mixing one substance with another. Heat can move from one object to another by conduction. 

· Electricity in circuits can produce light, heat, sound, and magnetic effects. Electrical circuits require a complete loop through which an electrical current can pass. 

· Magnets attract and repel each other and certain kinds of other materials. 
CONTENT STANDARD B:
As a result of the activities in grades K-4, all students should develop an understanding of
· Properties of objects and materials 

· Position and motion of objects 

· Light, heat, electricity, and magnetism 



	5-8  STANDARDS
	CONTENT STANDARD B:
As a result of their activities in grades 5-8, all students should develop an understanding of
· Transfer of energy 
TRANSFER OF ENERGY 

· Energy is a property of many substances and is associated with heat, light, electricity, mechanical motion, sound, nuclei, and the nature of a chemical. Energy is transferred in many ways. 

· Heat moves in predictable ways, flowing from warmer objects to cooler ones, until both reach the same temperature. 

· Light interacts with matter by transmission (including refraction), absorption, or scattering (including reflection). To see an object, light from that object--emitted by or scattered from it--must enter the eye. 

· Electrical circuits provide a means of transferring electrical energy when heat, light, sound, and chemical changes are produced. 

· In most chemical and nuclear reactions, energy is transferred into or out of a system. Heat, light, mechanical motion, or electricity might all be involved in such transfers.[See Unifying Concepts and Processes] 

· The sun is a major source of energy for changes on the earth's surface. The sun loses energy by emitting light. A tiny fraction of that light reaches the earth, transferring energy from the sun to the earth. The sun's energy arrives as light with a range of wavelengths, consisting of visible light, infrared, and ultraviolet radiation. 


	9-12  STANDARDS
	CONTENT STANDARD B: As a result of their activities in grades 9-12, all students should develop an understanding of
· Conservation of energy and increase in disorder 

· Interactions of energy and matter 

CONSERVATION OF ENERGY AND THE INCREASE IN DISORDER 

· The total energy of the universe is constant. Energy can be transferred by collisions in chemical and nuclear reactions, by light waves and other radiations, and in many other ways. However, it can never be destroyed. As these transfers occur, the matter involved becomes steadily less ordered. [See Content Standard C (grades 9-12)] 

· All energy can be considered to be either kinetic energy, which is the energy of motion; potential energy, which depends on relative position; or energy contained by a field, such as electromagnetic waves. 

· Heat consists of random motion and the vibrations of atoms, molecules, and ions. The higher the temperature, the greater the atomic or molecular motion. 

· Everything tends to become less organized and less orderly over time. Thus, in all energy transfers, the overall effect is that the energy is spread out uniformly. Examples are the transfer of energy from hotter to cooler objects by conduction, radiation, or convection and the warming of our surroundings when we burn fuels. 

INTERACTIONS OF ENERGY AND MATTER
· Waves, including sound and seismic waves, waves on water, and light waves, have energy and can transfer energy when they interact with matter. [See Content Standard D (grades 9-12) ] 

· Electromagnetic waves result when a charged object is accelerated or decelerated. Electromagnetic waves include radio waves (the longest wavelength), microwaves, infrared radiation (radiant heat), visible light, ultraviolet radiation, x-rays, and gamma rays. The energy of electromagnetic waves is carried in packets whose magnitude is inversely proportional to the wavelength. 

· Each kind of atom or molecule can gain or lose energy only in particular discrete amounts and thus can absorb and emit light only at wavelengths corresponding to these amounts. These wavelengths can be used to identify the substance. 
In some materials, such as metals, electrons flow easily, whereas in insulating materials such as glass they can hardly flow at all. Semi- conducting materials have intermediate behavior. At low temperatures some materials become superconductors and offer no resistance to the flow of electrons.


	CONTENT CLARIFICATION
Related Content Knowledge

	SCIENCE FOR ALL AMERICANS
	ENERGY TRANSFORMATIONS

Energy appears in many forms, including radiation, the motion of bodies, excited states of atoms, and strain within and between molecules. All of these forms are in an important sense equivalent, in that one form can change into another. Most of what goes on in the universe—such as the collapsing and exploding of stars, biological growth and decay, the operation of machines and computers—involves one form of energy being transformed into another. 

Forms of energy can be described in different ways: Sound energy is chiefly the regular back-and-forth motion of molecules; heat energy is the random motion of molecules; gravitational energy lies in the separation of mutually attracting masses; the energy stored in mechanical strains involves the separation of mutually attracting electric charges. Although the various forms appear very different, each can be measured in a way that makes it possible to keep track of how much of one form is converted into another. Whenever the amount of energy in one place or form diminishes, the amount in another place or form increases by an equivalent amount. Thus, if no energy leaks in or out across the boundaries of a system, the total energy of all the different forms in the system will not change, no matter what kinds of gradual or violent changes actually occur within the system.

But energy does tend to leak across boundaries. In particular, transformations of energy usually result in producing some energy in the form of heat, which leaks away by radiation or conduction (such as from engines, electrical wires, hot-water tanks, our bodies, and stereo systems). Further, when heat is conducted or radiated into a fluid, currents are set up that usually enhance the transfer of heat. Although materials that conduct or radiate heat very poorly can be used to reduce heat loss, it can never be prevented completely.

Therefore the total amount of energy available for transformation is almost always decreasing. For example, almost all of the energy stored in the molecules of gasoline used during an automobile trip goes, by way of friction and exhaust, into producing a slightly warmer car, road, and air. But even if such diffused energy is prevented from leaking away, it tends to distribute itself evenly and thus may no longer be useful to us. This is because energy can accomplish transformations only when it is concentrated more in some places than in others (such as in falling water, in high-energy molecules in fuels and food, in unstable nuclei, and in radiation from the intensely hot sun). When energy is transformed into heat energy that diffuses all over, further transformations are less likely. 

The reason that heat tends always to diffuse from warmer places to cooler places is a matter of probability. Heat energy in a material consists of the disordered motions of its perpetually colliding atoms or molecules. As very large numbers of atoms or molecules in one region of a material repeatedly and randomly collide with those of a neighboring region, there are far more ways in which their energy of random motion can end up shared about equally throughout both regions than there are ways in which it can end up more concentrated in one region. The disordered sharing of heat energy all over is therefore far more likely to occur than any more orderly concentration of heat energy in any one place. More generally, in any interactions of atoms or molecules, the statistical odds are that they will end up in more disorder than they began with.

It is, however, entirely possible for some systems to increase in orderliness—as long as systems connected to them increase even more in disorderliness. The cells of a human organism, for example, are always busy increasing order, as in building complex molecules and body structures. But this occurs at the cost of increasing the disorder around us even more—as in breaking down the molecular structure of food we eat and in warming up our surroundings. The point is that the total amount of disorder always tends to increase. 
Different energy levels are associated with different configurations of atoms in molecules. Some changes in configuration require additional energy, whereas other changes release energy. For example, heat energy has to be supplied to start a charcoal fire (by evaporating some carbon atoms away from others in the charcoal); however, when oxygen molecules combine with the carbon atoms into the lower-energy configuration of a carbon dioxide molecule, much more energy is released as heat and light. Or a chlorophyll molecule can be excited to a higher-energy configuration by sunlight; the chlorophyll in turn excites molecules of carbon dioxide and water so they can link, through several steps, into the higher-energy configuration of a molecule of sugar (plus some regenerated oxygen). Later, the sugar molecule may subsequently interact with oxygen to yield carbon dioxide and water molecules again, transferring the extra energy from sunlight to still other molecules.


	Go to SFAA…
	

	BENCHMARKS FOR SCIENCE LITERACY 
(ESSAY)
	At this level, students should be introduced to energy primarily through energy transformations. Students should trace where energy comes from (and goes next) in examples that involve several different forms of energy along the way: heat, light, motion of objects, chemical, and elastically distorted materials. To change something's speed, to bend or stretch things, to heat or cool them, to push things together or tear them apart all require transfers (and some transformations) of energy.

At this early stage, there may be some confusion in students' minds between energy and energy sources. Focusing on energy transformations may get around this somewhat. Food, gasoline, and batteries obviously get used up. But the energy they contain does not disappear; it is changed into other forms of energy.

The most primitive idea is that the energy needed for an event must come from somewhere. That should trigger children's interest in asking, for any situation, where the energy comes from and (later) asking where it goes. Where it comes from is usually much more evident than where it goes, because some usually diffuses away as radiation and random molecular motion.

A slightly more sophisticated proposition is the semi quantitative one that whenever some energy seems to show up in one place, some will be found to disappear from another. Eventually, the energy idea can become quantitative: If we can keep track of how much energy of each kind increases and decreases, we find that whenever the energy in one place decreases, the energy in other places increases by just the same amount. This energy-cannot-be-created-or-destroyed way of stating conservation fully may be more intuitive than the abstraction of a constant energy total within an isolated system. The quantitative (equal amounts) idea should probably wait until high school.

Convection is not so much an independent means of heat transfer as it is an aid to transfer of heat by conduction and radiation. Convection currents appear spontaneously when density differences caused by heating (conduction and radiation) are acted on by a gravitational field. (Though not in space stations, unless they are rotating.) But these subtleties are not appropriate for most 8th graders.



	GRADES:
	

	Go to Benchmarks…
	


	CONTENT CLARIFICATION
Research into Student Learning and Ideas about Teaching

	Go To Benchmarks…
	By the end of the 8th grade, students should know that
· Energy cannot be created or destroyed, but only changed from one form into another. 

· Most of what goes on in the universe-from exploding stars and biological growth to the operation of machines and the motion of people-involves some form of energy being transformed into another. Energy in the form of heat is almost always one of the products of an energy transformation. 

· Heat can be transferred through materials by the collisions of atoms or across space by radiation. If the material is fluid, currents will be set up in it that aid the transfer of heat. 

· Energy appears in different forms. Heat energy is in the disorderly motion of molecules; chemical energy is in the arrangement of atoms; mechanical energy is in moving bodies or in elastically distorted shapes; gravitational energy is in the separation of mutually attracting masses. 



	BENCHMARKS FOR SCIENCE LITERACY
	

	Go to NSES…
	In grades 5-8, the focus on student understanding shifts from properties of objects and materials to the characteristic properties of the substances from which the materials are made. In the K-4 years, students learned that objects and materials can be sorted and ordered in terms of their properties. During that process, they learned that some properties, such as size, weight, and shape, can be assigned only to the object while other properties, such as color, texture, and hardness, describe the materials from which objects are made. In grades 5-8, students observe and measure characteristic properties, such as boiling points, melting points, solubility, and simple chemical changes of pure substances and use those properties to distinguish and separate one substance from another.

Students usually bring some vocabulary and primitive notions of atomicity to the science class but often lack understanding of the evidence and the logical arguments that support the particulate model of matter. Their early ideas are that the particles have the same properties as the parent material; that is, they are a tiny piece of the substance. It can be tempting to introduce atoms and molecules or improve students' understanding of them so that particles can be used as an explanation for the properties of elements and compounds. However, use of such terminology is premature for these students and can distract from the understanding that can be gained from focusing on the observation and description of macroscopic features of substances and of physical and chemical reactions. At this level, elements and compounds can be defined operationally from their chemical characteristics, but few students can comprehend the idea of atomic and molecular particles.

TRANSFER OF ENERGY 

· Energy is a property of many substances and is associated with heat, light, electricity, mechanical motion, sound, nuclei, and the nature of a chemical. Energy is transferred in many ways. 

· Heat moves in predictable ways, flowing from warmer objects to cooler ones, until both reach the same temperature. 

· Light interacts with matter by transmission (including refraction), absorption, or scattering (including reflection). To see an object, light from that object--emitted by or scattered from it--must enter the eye. 

· Electrical circuits provide a means of transferring electrical energy when heat, light, sound, and chemical changes are produced. 

· In most chemical and nuclear reactions, energy is transferred into or out of a system. Heat, light, mechanical motion, or electricity might all be involved in such transfers.[See Unifying Concepts and Processes] 

· The sun is a major source of energy for changes on the earth's surface. The sun loses energy by emitting light. A tiny fraction of that light reaches the earth, transferring energy from the sun to the earth. The sun's energy arrives as light with a range of wavelengths, consisting of visible light, infrared, and ultraviolet radiation. 



	NATIONAL SCIENCE EDUCATION STANDARDS:
CONTENT-SPECIFIC
INFORMATION

GRADES:
	


	PERFORMANCE ASSESSMENT
	>> Go to Cover Sheet
>> Go to Content Clarification
> Go to Curriculum Integrations
>> Go to Lesson…
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	>>> ROLE OR PERSONA…
	>>> TARGETED BEHAVIOR…
	>>> AUDIENCE…
	>>> PRODUCT OR ACTION…

	You are a…
	…who has been asked to…
	…who has been asked by…
	…who will…

	PERFORMANCE TASK
	You are a group of junior inventors who has been invited to participate in a contest sponsored by the Young Tennessee Scientists Association at the Opryland Hotel.  The YTSA invites you to design a model showing an energy transformation that will conserve energy in the best possible way.  Top winners of the contest may receive up to $50,000 in cash prizes!  



	PERFORMANCE ASSESSMENT

	CRITERIA FOR SUCCESS
	PERFORMANCE INDICATORS



	
	5
	4
	3
	2
	1

	Speaks Clearly
	Speaks clearly and distinctly all (100-95%) the time, and mispronounces no words.
	Speaks clearly and distinctly all (100-95%) the time, but mispronounces one word
	Speaks clearly and distinctly most ( 94-85%) of the time. Mispronounces no more than one word.


	Often mumbles or can not be understood OR mispronounces more than one word
	Speech was totally inaudible

	Time-Limit


	Presentation is 5-6 minutes long.


	Presentation is 4 minutes long.


	Presentation is 3 minutes long.


	Presentation is 2 minutes long.
	Presentation is less than 2 minutes.

	Stays on Topic


	Stays on topic all (100%) of the time.
	Stays on topic most (99-90%) of the time.


	Stays on topic some (89%-75%) of the time.


	Stays on topic some (74%-65%) of the time.


	It was hard to tell what the topic was.



	Content


	Shows a full understanding of the topic.


	Shows a good understanding of the topic
	Shows a good understanding of parts of the topic.


	Does not seem to understand the topic very well.


	Does not seem to understand the topic at all.



	Props
	Student uses a 3-D model or 2-D poster that shows considerable work/creativity.


	Student uses a 3-D model or 2-D poster that shows moderate work/creativity.
	Student uses a 3-D model or 2-D poster that shows little work/creativity.


	The prop chosen detracts from the presentation.
	The student uses no prop.

	Vocabulary


	Uses several (6 or more) words or phrases that are related to energy.


	Uses 5 or more words or phrases that are related to energy.


	Uses 4 or more words or phrases that are related to energy
	Uses 3 or more words or phrases that are related to energy.


	Uses less than 3 vocabulary words that are related to energy.

	COMMENTS
	


	CURRICULUM INTEGRATIONS 
	>>Go  to TN Curriculum Standards
>> Go to 
Cover Sheet
>> Go to Content Clarification
> Go to Performance Assessment
>> Go to Lesson…
1 | 2 | 3 | 4 | 5 | 6 | 7 | 8


	ENGLISH/
LANGUAGE ARTS
	1.01 Continue to develop oral language and listening skills.

1.02 Develop an understanding of the concepts of print.

1.09 Refine study skills and develop methods of research to enhance learning.

1.10 Develop skills to facilitate reading in the content areas. 

1.11 Read independently for a variety of purposes.
6.2.13 Locate and analyze information to prepare written works and presentations 


	> Go to English/Language Arts Standards…
> TN English/Language Arts
	

	SOCIAL STUDIES
	6.2.02 Discuss economic connections, conflicts, and interdependence.

a. Define various types of economies and their methods of production and consumption. 

b. Apply economic concepts to evaluate historic developments. 

c. Explain the economic impact of improved communication and transportation. 

d. Appraise the relationship among scarcity of resources, economic development, and international conflict. 

6.2.03 Understand the potential costs and benefits of individual economic choices.

a. Differentiate between needs and wants. 

b. Analyze how supply and demand, and change in technologies impact the cost for goods and services. 

c. Evaluate the relationship between creditors and debtors. 



	· Go to Social Studies Standards…
· TN Social Studies Standards
	

	· Go to Technology Standards…
· TN Technology Standards
	

	> Go to Benchmarks…

	> Go to Geography Standards…

	> Go to History Standards…


	CURRICULUM WEB LINKS
	>>> Go to Marco Polo…
	

	NAME OF WEB LINK
	WEB ADDRESS
	DESCRIPTION

	Science Net Links
	http://www.sciencenetlinks.com/lessons.cfm?BenchmarkID=4&DocID=153

	Lesson Plan activity sheet on renewable energy resources

	The Mummy’s Tomb
	http://www.miamisci.org/af/sln/mummy/

	Building a Better Pyramid and Cooling the Mummy’s Tomb discuss insulation.

	The Mummy’s Tomb Raceway
	http://www.miamisci.org/af/sln/mummy/raceways.html

	Deals with building a roller coaster.

	U.S. Department of Energy
	http://www.eere.energy.gov/consumerinfo/factsheets/ef4.html

	The U.S. Department of Energy's Ask an Energy Expert allows students to ask specific questions of specialists from the Energy Efficiency and Renewable Energy Clearinghouse (EREC).



	Energy Story
	http://www.energyquest.ca.gov/story/index.html

	Energy Story has a chapter devoted to each type of renewable energy.

	Richard Lewis’s webpage
	http://teacherweb.com/TN/wilsoncentralhighschool/richardlewis/photo3.stm

	Instructions for building a roller coaster.

	National Renewable Energy Laboratory
	http://www.nrel.gov/clean_energy/

	Clean Energy Basics

	California Energy Commission
	http://www.energy.ca.gov/commission/economic_development.html

	Economic Development Programs at the Energy Commission

· California - Discover Its Energy, from State of California's Energy site, offers a basic introduction to each energy resource.




	Lesson Title: Renewable & Alternative Energy Resources               STAGE OF LEARNING CYCLE:
FOR THE TEACHER                                                                             ENGAGEMENT
	>>> Go to FOR THE STUDENT…
	1

	LESSON OVERVIEW
	Students investigate a variety of renewable energy resources, as well as the benefits and drawbacks of each. This lesson will probably take two class periods.

	INSTRUCTIONAL GOALS
	In this lesson, students use Internet resources to investigate renewable sources of energy. The students should already have a basic understanding of energy, and know several examples of renewable and nonrenewable sources.  
This lesson is designed to help students investigate and evaluate renewable energy sources. Most students can name several renewable resources, but have little understanding of them. It's important for students to examine controversial issues associated with renewable energy sources from multiple perspectives; by exploring benefits, drawbacks, and social ramifications, students will develop a deeper appreciation for these complex issue

	FORMATIVE ASSESSMENT
	Ask the following questions in order to review basic ideas and find out what students already know about renewable and nonrenewable energy sources. Be sure to determine if students hold any misconceptions.  

· Is there more than one source of energy? 
· What are some sources of energy?  

· What is meant by a renewable energy source? What are some examples? 

· What is meant by a nonrenewable energy source? What are some examples?  

· Discuss major differences between nonrenewable and renewable/alternative energy sources.  

· Do you know of any places where renewable/alternative energy sources are regularly being used?  

Let students know that they will focus on renewable/alternative energy sources in this lesson.

	LESSON ORGANIZATION
	Opening the Lesson: 
(15  minutes)
	Let students know that they will focus on renewable/alternative energy sources in this lesson. Go to The On-Line Renewable Energy Education Module to read these sections related to renewable energy sources: 

· What are the environmental benefits of renewable energy? 
· How much would it cost a household to do renewable energy?

After students have read the reports, ask them questions such as the following:  

· Why do these reports suggest that communities should begin to look at alternative energy resources?  
· There were five sources of energy described on this site. What are they?  

· What are the benefits of using renewable energy technologies?  

· Why aren't some renewable resources widely accepted today?  

· What is meant by "environmental costs"? "Social costs"? What are examples of each?  

· What energy resource is cheapest in the short run? In the long run?  

· Divide students into teams of four or five. Each team will be responsible for researching one of the following: Solar; Wind; Geothermal; Biomass; or Hydropower systems



	
	Developing the Lesson: 
(45  minutes)

	Distribute student worksheets and explain the scope of the lesson to students. Explain the final product (the vote), as well as all steps leading up to that. Be sure that due dates are clear and recorded on the student sheets. If they aren't known yet, be sure to remind students to record them as they are determined.  

In their research, students could use any of the following online resources, as well as any others you find appropriate. They could also use print resources available in the classroom or library.  

· California - Discover Its Energy, from State of California's Energy site, offers a basic introduction to each energy resource.  

· Clean Energy Basics provides more in-depth information.  

· Energy Story has a chapter devoted to each type of renewable energy.  

· The U.S. Department of Energy's Ask an Energy Expert allows students to ask specific questions of specialists from the Energy Efficiency and Renewable Energy Clearinghouse (EREC).



	
	Closing the Lesson: 
(50  minutes)
	As outlined on the Renewable Energy Resources activity sheet, after students have finished their research and one-page summaries, they should present their findings to the class. They could use PowerPoint or other creative presentation formats.  

At appropriate times during the presentations, lead discussions to help the rest of the class process the information and compare the benefits and the drawbacks of each type of resource. Ask questions such as: 

· What are the potential impacts of the different types of energy?  

· What are the benefits of each?  

· What are the drawbacks of each?  

· Are there any environmental impacts from using different types of energy?  

· Are there economic impacts from the different types of energy?  

· What sort of social issues impact the use of alternative sources of energy?  

· What is the major factor that has kept alternative energy sources from being universally accepted/adopted? 



	TEACHING RESOURCES
	Materials: 
· Renewable Energy Resources activity sheet—one copy for each student

Preparation: 

· Gather resources for student research, including reviewing the websites suggested in the Development.  
· Determine due dates for various steps of the lesson, if possible.

·  http://www.sciencenetlinks.com/lessons.cfm?DocID=26



	ENRICHMENT ACTIVITIES
	Have students go to Energy Quest's Experiment with Water to Produce Energy to design their own water wheel. They can experiment with the number of blades, the size of blades, the speed of running water, and the size of the wheel.  


For a hands-on activities related to solar energy, go to Make a Pizza Box Solar Oven on Solar Now Project's site.  


Students can share their findings on renewable energy with a local congressperson via e-mail. If they don't know the address, they can find it at Determining Your Representative From Your Zip Code.  


Students can further research the benefits and limitations of renewable alternative energy sources at the U.S. Department of Energy's Energy Efficiency and Renewable Energy Network site. This site lays out the different types of renewable energy in a short but succinct style that will appeal to many students. 

	ACCOMMODATIONS FOR SPECIAL LEARNERS
	Students can work in cooperative groups if necessary.

	STANDARDIZED TEST ITEM GENERATOR
	

	> Go to State Exam Test  Items…
	


	LESSON TITLE: Renewable & Alternative Energy Resources
FOR THE STUDENT
	>>> Go to FOR THE TEACHER…
	1

	LEARNING EXPECTATIONS
	You will investigate a variety of renewable energy resources, as well as the benefits and drawbacks of each. 

	ASSESSMENT
	It is important for students to examine controversial issues associated with renewable energy sources from multiple perspectives; by exploring benefits, drawbacks, and social ramifications, students will develop a deeper appreciation for these complex issues.  



	LEARNING ACTIVITY
	Distribute student worksheets and explain the scope of the lesson to students. Explain the final product (the vote), as well as all steps leading up to that. Be sure that due dates are clear and recorded on student worksheets. If they aren't known yet, be sure to remind students to record them as they are determined.  

In their research, students could use any of the following online resources, as well as any others you find appropriate. They could also use print resources available in the classroom or library.  

· California - Discover Its Energy, from State of California's Energy site, offers a basic introduction to each energy resource.  

· Clean Energy Basics provides more in-depth information.  

· Energy Story has a chapter devoted to each type of renewable energy.  

· The U.S. Department of Energy's Ask an Energy Expert allows students to ask specific questions of specialists from the Energy Efficiency and Renewable Energy Clearinghouse (EREC).



	ENRICHMENT ACTIVITIES
	Have students go to Energy Quest's Experiment with Water to Produce Energy to design their own water wheel. They can experiment with the number of blades, the size of blades, the speed of running water, and the size of the wheel.  


For hands-on activities related to solar energy, go to Make a Pizza Box Solar Oven on Solar Now Project's site.  


Students can share their findings on renewable energy with a local congressperson via e-mail. If they don't know the address, they can find it at Determining Your Representative From Your Zip Code.  


Students can further research the benefits and limitations of renewable alternative energy sources at the U.S. Department of Energy's Energy Efficiency and Renewable Energy Network site. This site lays out the different types of renewable energy in a short but succinct style that will appeal to many students. 



	LESSON TITLE: Exploring Ideas about Energy Transformations                    STAGE OF LEARNING CYCLE:
FOR THE TEACHER                                                                                            EXPLORATION
	>>> Go to FOR THE STUDENT…
	2

	LESSON OVERVIEW
	This is an exploratory lesson and students engage in conceptual activities including factual analysis, whole group discussion, and internet activities involving energy transformations.

	INSTRUCTIONAL GOALS
	Students will be involved in activities that promote student concept understanding in energy transformations by exploring ideas and concepts.

	FORMATIVE ASSESSMENT
	Students will be monitored by teacher observation and anecdotal record and journal writings.

	LESSON ORGANIZATION
	Opening the Lesson: 
(5  minutes)
	Students are introduced to a statement about energy that may be controversial, rarely known or in some way generate strong opinions from the students.  Student record their feelings in their science journal.   In the corners of the room are phrases stating AGREE, DISAGREE, STRONGLY AGREE, and STRONGLY DISAGREE.  The students will choose which phrase represents their feelings about the statement and go stand by that phrase.  

http://www.eere.energy.gov/consumerinfo/factsheets/ef4.html


	
	Developing the Lesson: 
(35  minutes)
	Students return to their seats and the teacher opens the discussion by inviting students to discuss why they chose that particular phrase and explain their decision.  Open the discussion to all ideas.

Students will use the internet to explore two websites on energy. 

http://www.miamisci.org/af/sln/mummy/
http://www.miamisci.org/af/sln/mummy/raceways.html
Students read the first chapter of ebook.  The Energy Story  

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

	
	Closing the Lesson: 
(10  minutes)
	Refer back to the original statement about energy.  Ask students to record any new feelings regarding the statement addressed at the beginning of the lesson in their journal.   Ask students to choose a phrase (AGREE, DISAGREE, STRONGLY AGREE, STRONGLY DISAGREE) that matches their feelings about the statement and go stand by that phrase.  Take note of any changes in the number of students by each phrase.  Ask students to return to their seats.   Students report their findings in a group discussion format from their Internet research exploring all ideas and points.  Students may possibly still hold some misconceptions about energy that will be clarified in future lessons.  Some points to look for are: energy can not be created or destroyed, but only changed from one form to another, energy in the form of heat is almost always one of the products of an energy transformation.  Close the lesson.

	TEACHING RESOURCES
	Computer access

	ENRICHMENT ACTIVITIES
	http://www.miamisci.org/af/sln/index.html
http://www.miamisci.org/af/sln/wolfman/


	ACCOMMODATIONS FOR SPECIAL LEARNERS
	Slow readers may need to read with a partner.  

	STANDARDIZED TEST ITEM GENERATOR
	

	> Go to State Exam Test  Items…
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	LEARNING EXPECTATIONS
	You should begin to grasp the concept that energy can not be created or destroyed, but only changed from one form to another and energy in the form of heat is almost always one of the products of an energy transformation.  

	ASSESSMENT
	Teacher observation of the final group discussion.  Teacher will make anecdotal record of where students’ thinking is about standard concepts on energy transformation.    Teacher will assess journal entries noting changes in thought processes.

	LEARNING ACTIVITY
	The students will be provided opportunities for speaking skills in whole group discussion, factual analysis of a statement, journal recordings and websites for research on the topic as well as access to information to assist in the formation of concepts and ideas on energy transformation.


	ENRICHMENT ACTIVITIES
	http://www.miamisci.org/af/sln/index.html
http://www.miamisci.org/af/sln/wolfman/



	LESSON TITLE: Energy Types and Energy Transfers                                              STAGE OF LEARNING CYCLE:
FOR THE TEACHER                                                                                               EXPLANATION
	>>> Go to FOR THE STUDENT…
	3

	LESSON OVERVIEW
	Students gain a basic understanding of energy transfer including heat, light, etc. through demonstrations and class discussion.

	INSTRUCTIONAL GOALS
	Illustrate that energy can be transferred to one type of energy to another with varying degrees of efficiency; energy is defined as the ability to do work; different types of energy are heat, light, radiation, chemical, mechanical, and electrical.



	FORMATIVE ASSESSMENT
	Have students create a journal listing different types of energy, the types of energy that were transferred in this lesson, and to draw a picture of one of those types of energy.

	LESSON ORGANIZATION
	Opening the Lesson: 
(15   minutes)
	KWL with students to determine their knowledge on these types of energy. 
Have students get into groups of 3-6 and make a list of various types of energy that they know of.
What are some of the energy types your group listed?

List types on the board. Make sure that heat, light, radiation, chemical, mechanical, and electrical are listed. Also explain that some types are radiant energy like heat, light, magnetic, and nuclear energy.
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Developing the Lesson: 
(30  minutes)
[image: image2.jpg]




	Procedure:

Explain that a tesla coil emits a frequency of AC (alternating current) electricity through the air. Have the student bring the fluorescent light bulbs close to the tesla coil.
What is happening to the light bulbs?
How does a light bulb normally work?
What must be happening in order for the fluorescent light bulb to be working?
Let's now see if we can transfer it into heat.
Call on other students to bring the incandescent light close to the light bulb. 
What is happening to the bulb? Is it getting hot? 
So we transferred electricity to heat and light?
Can we transfer light energy to another form of energy?
Explain that a radiometer is a tool used to measure light energy.
Have students shine the laser on the radiometer.
What happened to the radiometer?
So can light make things move?
How? 
Students can further their investigations into the transformation of light to electrical to mechanical energy by researching a Solar Sail. 
Can light be used to create heat?
Using an incandescent light, have students hold out their hand and close their eyes. Instruct them to tell when and if they feel heat as you wave the light over their hand.
Was light changed to heat energy?
Can light be used to make chemical energy?
Using a bright light source, hold thionen to light. Explain to students that the change in color is the thionen's way of storing light energy as chemical energy.

Did light change to chemical energy?
Can we change light back to electrical energy?


	
	Closing the Lesson: 
(10   minutes)
	Explain to students that solar means light from the sun and that solar panels directly transfer light into electricity such as in a calculator, solar cars and on buildings. 
What else is Solar energy used for?
Discuss that solar energy is used for photosynthesis in plants and can be used to 
heat objects in devices such as solar cookers.

Review with students the different types of energy and the ways that they can be transferred.




	TEACHING RESOURCES
	Tesla coil, plasma ball, laser, radiometer, light source, thionen solution, incandescent bulb, fluorescent bulb.



	ENRICHMENT ACTIVITIES
	Go to this website and follow the animation link follow the instructions.  Create a diagram of your components and draw  your energy diagram     http://www.sep.org.uk/downloads/ec1/energy_circus.swf

	STANDARDIZED TEST ITEM GENERATOR
	

	> Go to State Exam Test  Items…
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	LEARNING EXPECTATIONS
	Illustrate that energy can be transferred to one type of energy to another with varying degrees of efficiency; Energy is defined as the ability to do work; Different types of energy are heat, light, radiation, chemical, mechanical, and electrical.



	ASSESSMENT
	You will create a journal, listing different types of energy, the types of energy that were transferred in this lesson, and to draw a picture of one of those types of energy.



	LEARNING ACTIVITY
	See teacher notes above.  Teacher guides the demonstrations and group discussions.



	ENRICHMENT ACTIVITIES
	Go to this website and follow the animation link follow the instructions and create a diagram of your components and draw  your energy diagram     http://www.sep.org.uk/downloads/ec1/energy_circus.swf



	LESON TITLE: Roller Coasters and Energy Exchanges                                           STAGE OF LEARNING CYCLE:
FOR THE TEACHER                                                                                                  EXTENSION
	>>> Go to FOR THE STUDENT…
	4

	LESSON OVERVIEW
	Students work in groups of four to design and create a roller coaster that can be used to analyze the energy exchanges associated with such a system.

	INSTRUCTIONAL GOALS
	Students will understand that one form of energy can be transformed into another form of energy.

	FORMATIVE ASSESSMENT
	Self-Assessment is provided with the use of a criteria checklist:

Construction:
Height under 1 meter....5 pts
Length under 1 meter...5 pts
Freestanding on a base...5 pts
Contains a loop....10 pts
Contains a second elevation....10 pts

Contains a banked curve….10pts
Evaluation:
          Ball traverses entire track safely....10 pts
          Car traverses entire track safely....20 pts

Journal:
           Entries must be made each day....25 pts



	LESSON ORGANIZATION
	Opening the Lesson: 
(5   minutes)
	Distribute handouts and answer any questions.

Handouts can be found at: http://teacherweb.com/TN/wilsoncentralhighschool/richardlewis/photo3.stm


	
	Developing the Lesson: 
(40  minutes)
	Have students work in groups to build coasters.

	
	Closing the Lesson: 
(5   minutes)
	 Students evaluate their coasters using the checklist.


	TEACHING RESOURCES
	A Matchbox car and a golf ball and handouts.  Handouts can be found at http://teacherweb.com/TN/wilsoncentralhighschool/richardlewis/photo3.stm.

 All other materials are supplied by the students.

	ENRICHMENT ACTIVITIES
	A fresh egg can be placed at the end of each track when tested.  The object is to gain enough speed to complete the track yet slow down enough not to crack the egg waiting at the end.



	STANDARDIZED TEST ITEM GENERATOR
	

	> Go to State Exam Test  Items…
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	LEARNING EXPECTATIONS
	Design and create a roller coaster that can be used to analyze the energy exchanges involved in such a system.

	ASSESSMENT
	Self-Assessment is provided with the use of a criteria checklist:

Self-Assessment is provided with the use of a criteria checklist:

Construction:
Height under 1 meter....5 pts
Length under 1 meter...5 pts
Freestanding on a base...5 pts
Contains a loop....10 pts
Contains a second elevation....10 pts

Contains a banked curve….10pts
Evaluation:
          Ball traverses entire track safely....10 pts
          Car traverses entire track safely....20 pts

Journal:
           Entries must be made each day....25 pts



	LEARNING ACTIVITY
	Instructions
You are to form groups and research coaster designs from literature or actual structures noting bracing points and reinforcements and how each design takes into account gravitational and load forces and the materials used.  You and your group are then responsible for designing and building a roller coaster.   You will need to keep daily journals regarding research, results, changes, and the construction process.  Your journal should include preliminary and completed sketches or drawings.

Specifications

· Each coaster should not exceed one meter in height or length. 

· The coaster must be free standing and attached to a base.

· There is no weight limit for the coaster but it must be portable.

· The track must include a loop and a second elevation.

· Any design can be used as long as the roadbed is flat and unobstructed to allow a matchbox car and golf ball to travel its length.
Procedure
Each coaster must first allow a matchbox car and then a golf ball to traverse the entire track safely.


	ENRICHMENT ACTIVITIES
	You can try using a fresh egg and place it  at the end of each track when tested.  The object is to gain enough speed to complete the track yet slow down enough not to crack the egg waiting at the end.


	LESSON TITLE: Model Designs for Conserving Energy                               STAGE OF LEARNING CYCLE:
FOR THE TEACHER                                                                       PERFORMANCE ASSESSMENT
	>>> Go to FOR THE STUDENT…
	5

	LESSON OVERVIEW
	Students are given the task of being a group of junior inventors who have been invited to participate in a contest sponsored by the Young Tennessee Scientists Association at the Opryland Hotel.  The YTSA invites students to design a model showing an energy transformation that will conserve energy in the best possible way.  Top winners of the contest may receive up to $50,000 in cash prizes!  



	INSTRUCTIONAL GOALS
	SEE PERFORMANCE ASSESSMENT > Go to Performance Assessment

	STANDARDIZED TEST ITEM GENERATOR
	

	> Go to State Exam Test  Items…
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