Physics: Unit 4: Energy Transformation and Conservation

Comprehensive Curriculum

Concept Correlation

Unit 4:  Energy Transformation and Conservation
Time Frame:  Regular Schedule – 5 weeks; Block Schedule – 2.5 weeks
	Big Picture: (Taken from Unit Description and Student Understanding)
· Everything is either matter or energy.

· Energy may be converted from one form to another and energy must be available when work is done.

· Energy consumption may be quantified and must follow laws of conservation.

· Work done over time is power.

· Simple machines may be used to make work easier, but do not reduce the total amount of work done.

	Guiding Questions
	Activities
The essential activities are denoted by an asterisk.
	GLEs
	DOCUMENTATION                       
Documented GLEs

GLES 

Bloom’s Level

GLES

Date and Method of Assessment

Analysis

PS 19

Synthesis

PS 20

Application

PS 21

Application

PS 22

Knowledge

SI 2

Comprehension

SI 12

Reflections



	Concept 1:  Energy Transformation and Conservation
22. Can students discuss the relationship among work, power, and energy and solve problems demonstrating these relationships?

23. Can students explain and solve problems demonstrating energy being transformed from potential to kinetic energy?

24. Can students list ways individuals consume energy?

25. Can students calculate mechanical advantage and efficiency of simple machines?

26. Can students explain why energy is so expensive even though energy comes ultimately from the sun?

27. Can students apply energy and work transformations to real life situations?

28. Can students discuss why we have energy shortages?
	*Activity 22:  Pulley  Lab

GQ 25
	SI 4, 5; PS 20
	

	
	*Activity 23:  Personal Energy Audit

GQ 22, 24, 26, 28
	SI 5, 6, 7, 12, 14; 

PS 21
	

	
	*Activity 24:  Power Lab

GQ 22, 23, 27
	SI 2, 7, 8; PS 4, 5, 19, 21, 23, 24
	

	
	*Activity 25:  Heat of Fusion

GQ 24, 26


	SI 5, 6; PS 4, 22
	

	
	Activity 26:  Converting Sunlight to Heat – How Modern Technology Enhances the Study of the Greenhouse Effect and Global Warming
GQ 24, 27, 28


	SI 7, 8, 14; PS 21
	

	
	*Activity 27:  Problem Set

GQ 22, 23, 25
	SI 5; PS 4, 19, 20, 21
	


Physics Equipment List

Unit 4 – Energy Transformation and Conservation
Activity 22 (CC Activity 1) Process Guide for Simple Machines BLM, Research materials, two single pulleys, two double pulleys, different masses, string, spring scales, meter sticks, calculators, textbook or problems worksheet

Activity 23 (CC Activity 2) The Planet Electric video, textbook or problems worksheet, calculators, science learning logs
Activity 24 (CC Activity 3) Lab Report Format and Rubric: Experimental Determination of Student Horsepower BLM, research materials, bathroom scales, stairs/bleachers or sloping sidewalk, meter sticks, textbook or problems worksheet, calculators, science learning logs
Activity 25 (CC Activity 4) For each group - Calorimeter or styrofoam cup, thermometer or computer interfaced temperature probe, magnifying lens, freezer, water, ice, balance, calculator, textbook or problems worksheet  
Activity 26 (CC Activity 5) For each student - Research tools, textbooks
Activity 27 (CC Activity 6) For each student - Textbook or problems worksheet, calculator

 Unit 4 Concept 1:  Energy Transformation and Conservation

GLEs 

*Bolded GLEs must be assessed in this unit

	 PS 19
	Explain quantitatively the conversion between kinetic and potential energy for objects in motion (e.g., roller coaster, pendulum) (PS-H-F1)  (Analysis)

	PS 20
	Calculate the mechanical advantage and efficiency of simple machines and explain the loss of efficiency using the dynamics of the machines (PS-H-F1)  (Synthesis)

	PS 21
	Explain and calculate the conversion of one form of energy to another (e.g., chemical to thermal, thermal to mechanical, magnetic to electrical) (PS-H-F1)  (Application)

	PS 22
	Analyze energy transformations using the law of conservation of energy (PS-H-F2)  (Application)

	SI 2
	Describe how investigations can be observation, description, literature survey, classification, or experimentation (SI-H-A2)  (Knowledge)

	SI 12
	Cite evidence that scientific investigations are conducted for many different reasons (SI-H-B2) (Comprehension)

	PS 4
	Perform dimensional analysis to verify problem set-up (PS-H-A1)  (Application)

	PS 5
	Use trigonometric functions to make indirect measurements (PS-H-A1)  (Comprehension)

	PS 23
	Apply the law of conservation of momentum to collisions in one and two dimensions, including angular momentum (PS-H-F2) (Application)

	PS 24
	Apply the concept of momentum to actual situations with different masses and velocities (PS-H-F2) (Analysis)

	SI 4
	Conduct an investigation that includes multiple trials and record, organize, and display data appropriately (SI-H-A2) (Application)

	SI 5
	Utilize mathematics, organizational tools, and graphing skills to solve problems (SI-H-A3) (Analysis)

	SI 6
	Use technology when appropriate to enhance laboratory investigations and presentations of findings (SI-H-A3) (Comprehension)

	SI 7
	Choose appropriate models to explain scientific knowledge or experimental results (e.g., objects, mathematical relationships, plans, schemes, examples, role-playing, computer simulations) (SI-H-A4) (Application)

	SI 8
	Give an example of how new scientific data can cause an existing scientific explanation to be supported, revised, or rejected (SI-H-A5) (Analysis)

	SI 14
	Cite examples of scientific advances and emerging technologies and how they affect society (e.g., MRI, DNA in forensics) (SI-H-B3) (Synthesis)


	Purpose/Guiding Questions:

· Discuss the relationship among work, power, and energy and solve problems
· Explain and solve problems demonstrating energy transformation from potential to kinetic energy
· List ways individuals consume energy
· Calculate mechanical advantage and efficiency of simple machines
· Explain why energy is so expensive even though it comes from the sun
· Apply energy and work transformations to real life situations
· Discuss why we have energy shortages
	Key Concepts/Vocabulary:

· Energy
· Work
· Power
· Mechanical Advantage
· Efficiency
· Simple Machines
· Laws of Conservation

	Assessment Ideas:

· Written Tests
· Lab Reports and Rubrics
· Self & Peer-Evaluations
· Practice Problems
· Graphs
Activity-Specific Assessments:

· Activities 22, 23, 24, & 26
	Resources:

· Single pulleys (2)
· Double pulleys (2)
· Different metric masses (2)
· 2 meters of string
· Spring scales
· Meter sticks
· The Planet Electric video from United Streaming
· Research Materials, BLMs
· Library
· Textbooks
· Problems (textbook or worksheet)
· Calculators
· Graph paper or software
· Bathroom scale
· Stairs/bleachers or sloping sidewalk
· Calorimeter or styrofoam cup
· Thermometers
· Water
· Ice
· Balance


Instructional Activities

Note:  Essential activities are key to the development of student understandings of each concept.  Substituted activities must cover the same GLEs to the same Bloom’s level.

**Essential Activities:  22, 23, 24, 25, 27
**Optional Activities:  Activity 26
Activity 22:  Pulley Lab (CC Activity 1)

(SI GLEs: 4, 5; PS GLE: 20) 

If students need a review of simple machines, the following websites are excellent resources: www.mos.org/sln/Leonardo/InventorsToolbox.html and http://science.howstuffworks.com/pulley1.html.

Discuss with students the concept of efficiency of machines. Point out that no real machine can be one hundred percent efficient since some mechanical energy is converted to heat energy due to friction. Remind them that all machines, no matter how complex, are a combination of up to six simple machines, and the design determines the mechanical advantage and thus its efficiency. Challenge students to do a literature search for efficiency values for various machines such as bicycles, automobile engines, lever systems of the human body, and even plants carrying out photosynthesis. 

Ask students to describe some uses of pulleys that they have seen; some of them may have visited a science museum where they used a “come along pulley” to raise themselves above the ground. Set-ups for pulleys are illustrated in most physics lab manuals. Student groups will need two single pulleys, two double pulleys, at least two different metric masses, about 2 m of string, a spring scale, and a meter stick. Instruct students to set up pulleys with one, two, and four lifting strands. Remind them to pull vertically and at constant speed as they determine the force and distance for work input and work output.

[image: image1.jpg]



Following a teacher demonstration of calculations, have students calculate the mechanical advantage and efficiency of each pulley system and be sure to explain that loss of efficiency exists because energy has to be used to overcome friction. Students should run multiple trials. As an application, ask the students to draw a diagram of a system with a mechanical advantage of six that could be used to lift a boat. Teacher modeling of problem solving and the assignment of additional problems involving simple machines should follow this activity. 

Note:  The Process Guide for Simple Machines BLM can be used as an assessment for this activity.
Writing Strategy
· Locate efficiency values for various machines and organize the information into a data table to be shared among students for class discussion.


Activity 23:  Personal Energy Audit (CC Activity 2)

(SI GLEs: 5, 6, 7, 12, 14; PS GLEs: 21)

Begin the activity by discussing the hazards of high voltage electricity with your students and stress that they need parental supervision when investigating their home electrical wiring and appliances. Next, view the LPB Cyberchannel (www.lpb.org/cyberchannel)  

video, The Planet Electric, or a similar video, that explains electrical power generation. Follow this with a discussion of the cost of generating power and the difficulties of meeting the huge demand for affordable energy worldwide, even with emerging technologies. Ask students to compare and contrast the quality of life for people in the world today who do and do not have electric power as part of their daily lives. 

This activity presents a great opportunity to explore the idea that scientists conduct investigations for many different reasons. Discuss the various reasons for the students’ conducting the energy audit: to heighten their awareness of personal energy use, to discover how their energy needs are met locally, to study factors in their home construction and landscaping that affect energy consumption, and to realize their personal contribution to carbon dioxide which is linked by many scientists to global warming. Include in the preliminary discussion what the source of the students’ home electricity is (coal, oil, nuclear, hydroelectric, etc), why their form of electric power is expensive, and what specific impact their particular power source has on the environment. Ask students to determine how much they are charged by their supplier for a kilowatt-hour of electricity.  If your students live in an area where nuclear reactors are used to produce power, the following web site would be of interest to them: http://www.eia.doe.gov/fuelnuclear.html. 

Provide students with directions for recording data in their science learning logs (view literacy strategy descriptions) to complete an audit of the amount of energy their household uses in a typical week; they can convert this to a month and actually compare their estimate with the electric bill for that month. It is necessary for students to locate their electric meters and to discuss with parents any measures taken during construction to reduce heating and cooling costs, such as insulation, North-South placement of windows, tree planting, and energy efficient appliances. They can also use their data to calculate how much carbon dioxide their electricity consumption adds to the atmosphere for a given time period.  The lab handout explains how to do this calculation. This handout entitled Personal Energy Audit may be obtained from www.riverdell.k12.nj.us/staff/molnar/labenergyuseaudit.htm.  Additional information and suggestions may be found at www.enviroliteracy.org. Students may open the energy link and select the form of energy used for their local generation of electricity. If there are students who live in housing where their utilities are paid and do not have access to meters, they may use the meter readings of relatives or share a classmate’s data. 

The teacher should introduce and model various problem solutions involving energy conversions that include the conversion of heat from mechanical to electrical energy; these problems will also include work and power conversions. Provide guided practice in problem solving. 

Activity 24:  Power Lab (CC Activity 3)

(SI GLEs: 2, 7, 8; PS GLEs: 4, 5, 19, 21, 23, 24)

This activity allows students to look at the history of our awareness of energy conversions and to apply James Watt’s work to an everyday occurrence. Ask student groups to research the work of Count Rumford, James Joule, Thomas Newcomen, James Watt, and Sadi Carnot and record their findings in their science learning logs (view literacy strategy descriptions). They will find some interesting information about how our ideas of energy have changed over the centuries, such as the caloric theory being replaced as recently as the mid-nineteen hundreds with the kinetic-molecular theory. They may also discover that the idea of energy being converted from one form to another is a relatively recent one. Their information should be incorporated into an introduction to the lab activity. Also discuss the idea that investigations are not just experimentation but can involve descriptive components as well as literature research. 

Explain to students that this activity is a model that demonstrates James Joule’s definition of horsepower. Have a few student volunteers weigh themselves on a metric bathroom scale (or convert pounds to newtons) and run up a flight of stairs while another student times their ascension. Students will need the vertical height and may remember from the elevator lab in a previous unit that the height of one step on the stairs multiplied by the number of steps can be used to calculate this height. Students may then calculate the horsepower of each of the stair climbers with multiple trials. If there are no stairs at your school site, use a sloping sidewalk, a hill, or any kind of elevation that raises the students above the ground. The angle of incline may be estimated and used along with the length of the slope to calculate the rise (remind students that potential energy is based on vertical distance of the object above the ground). If there are no slopes available, provide students with a data set so they can complete the lab with paper-and pencil only. This will help them with the concept of work and give them experience in using horsepower units.

All data collection and processing should be recorded in their science learning logs. The BLM grading rubric is suitable for scoring their work.

At the end of the activity, the teacher should continue to expand the explanation of energy conversions and energy conservation begun in Activity 2, including potential energy and kinetic energy conversions and conservation of momentum and energy following collisions. This may include conversion of kinetic energy to mechanical energy and to light, heat, and sound. Provide students with a writing prompt for a learning log entry which will require them to summarize their new knowledge about the historical evolution of our understanding of the nature of energy and energy transformations. Problem solving strategies with appropriate dimensional analysis and use of significant figures should also be modeled. Follow-up problems should be assigned. 

Reading Strategy

· Organize researched information on energy into a time-line or an outline form of specific events to be reader friendly when sharing with the class during a discussion.

Activity 25:  Heat of Fusion (CC Activity 4)

(SI GLEs: 5, 6; PS GLEs: 4, 22)

Remind students to take care when using thermometers since they are fragile glass. Also remind them that these alcohol thermometers must be stored upright when not in use. 

An introductory explanation by the teacher on temperature and heat including specific heat capacity, the first two laws of thermodynamics, and latent heats of fusion and vaporization should precede this activity.

Begin the activity with a discussion of the first law of thermodynamics (conservation of energy) as it applies to a closed system and how the use of a calorimeter is based on this law. Based on the principle of energy conservation during heat transfer, ask students to brainstorm effective methods of collecting data to minimize errors. They should mention heat loss or gain during transfer of materials and problems with reading the temperature changes precisely. If they have done specific heat activities in previous classes, students will probably recall getting high experimental errors. Ask them to suggest remedies that may reduce error.  Some possible solutions are to use hand-held magnifying lenses when reading the thermometer, having two students take readings to confirm the temperature, and having a method of transferring ice without touching it with hands.
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Students will need a calorimeter cup, thermometer, water, ice, and a triple-beam balance. If a refrigerator with a freezer compartment is available, record the temperature of the freezer compartment so the initial temperature of the ice is known. Otherwise, put the ice in a closed insulated container, let the temperature stabilize and then check it with a thermometer. For precise results, it should not be assumed that the beginning temperature of the ice is 0°C. Instruct students to find the mass of the empty cup, the cup plus 200 ml of water, and after the system stabilizes, the initial temperature. Then they will quickly transfer about 40 grams (two cubes) of ice to the calorimeter cup and allow it to melt; they can then take the final temperature and weigh the cup to find the mass of the ice. If a calculator or computer interfaced heat probe is available, it may be used to collect temperature changes. Students should complete at least two trials, three if time permits.  The data should be recorded in the student learning log (view literacy strategy descriptions) and may be used to calculate the heat of fusion of ice. Since the calculation of heat of fusion is complicated, it may be necessary for the teacher to work through an example calculation before students attempt the lab calculations. It is important that the teacher model the use of dimensional analysis to minimize errors during calculations. In the conclusion of their lab write-ups, students need to discuss how the use of the calorimeter demonstrates the first law of thermodynamics. Additional related problems should then be assigned. 

Activity 26: Converting Sunlight to Heat – How Modern Technology Enhances the Study of the Greenhouse Effect and Global Warming (CC Activity 5) 

(SI GLE: 7, 8, 14; PS GLEs: 21)

Students are presented with the SQPL topic (view literacy strategy descriptions): 

Current technological advances support (or do not support) a cause/ effect link between greenhouse gases and global warming.  
The position taken is not important to the activity; it is the development of a question-provoking process that is important. Using split-page notes (view literacy strategy descriptions), ask students to develop some questions that they will need to answer in their literature search. Some obvious ones would be “What is global warming?”, “What are greenhouse gases?”, “How can sunlight be converted to heat?”, “What are the modern technologies used?”, “What kinds of models are used to study global warming and greenhouse gases?”, etc. Questions may be shared by writing them on the board, and then students may transfer them to the left side of the split-page note columns. As they begin their investigation, they should answer the questions in the right hand columns.  The class should stop periodically to share information they have found.  The NOAA website http://www.ncdc.noaa.gov/oa/climate/globalwarming.html is an excellent place to start, as it leads to many other valuable links.

The outcome of the exercise should be to better student understanding of how scientists use technology to study and develop support for controversial topics. 


Activity 27:  Problem Set (CC Activity 6)

(SI GLE: 5; PS GLEs: 4, 19, 20, 21)

As part of the unit review, ask students to assist in compiling a list of all the concepts that have required a mathematical solution; then ask them to suggest possible equations for solving each problem type. Provide students with a set of practice problems that are representative of the concepts addressed. These should include mechanical advantage and efficiency of simple machines, energy conservation, and work, power, and energy.

Optional Teacher-Made Activities (See Appendix)


•”Coupled Resonant Straws” – (Analysis) GLE SI 1, 4-5 & PS 19, 22


 Energy conversion with a torsion pendulum


•”Specific Heat of a Metal” – (Application) GLE SI 4-5 & PS 22


 Determination of specific heat of a metal through conservation of energy
General Guidelines

Assessment techniques should include the use of scale drawings, models, sketches of lab set-ups, laboratory investigations with reports for which students have been given the grading rubric in advance, performance-based assessments including projects and oral and written research reports, reflective assessment including group discussion and analysis of laboratory work, and traditional summative assessments including paper-and-pencil quizzes and tests. Assessments could include the following:

· Students should be monitored during activities and the teacher should make note of pertinent observations. This may be done in the form of journaling or an observation rubric.

· All student-generated work should be evaluated.

· Use a rubric to assess student proficiency in all laboratory techniques and skills including social/group skills 

· A format for writing laboratory reports should be provided by the teacher. Students should write reports including analysis of the significance of the activity as it relates to the concept being studied.

· When appropriate, students should be given the opportunity to help develop grading rubrics.

· For multiple-choice items on written tests, allow students to justify their responses. This may identify poorly written test items as well as student misconceptions.

· Students should be given opportunities to evaluate their own work and progress through journaling and/or as part of their laboratory reports.

General Assessments

· The student will collect data reflecting the precision of measuring devices used.

· The student will collect data from a real world setting and use it to analyze real energy consumption.

· The student will do calculations using dimensional analysis to set up and solve work, power, energy, mechanical advantage and efficiency problems.

· The student will analyze and discuss laboratory results, noting safety elements, accuracy, precision, sources of error and strategies to improve the activity.

· The student will discuss energy sources and production.

Resources

Videos 

· www.unitedstreaming.com:
Physics: A World in Motion: Conservation of Momentum and Energy

Physics: A World in Motion: Collinear conservation of Momentum 

The Planet Electric (Describes how electricity is generated.)

· www.lpb.org/cyberchannel



Physics: A World in Motion: Conservation of Momentum and Energy

Physics: A World in Motion: Collinear conservation of Momentum 

The Planet Electric (Describes how electricity is generated.)

Websites

· Energy Audits
www.enviroliteracy.org 

· NSTA SciLinks - Heat Engines: Thermodynamics explains how heat is transferred and includes diagrams. Potential Energy gives math formulas and example problems for potential and kinetic energy and includes

www.scilinks.org
· Simple machines

www.mos.org/sln/Leonardo/InventorsToolbox.html - review of simple machines.

http://science.howstuffworks.com/pulley1.htm - has a good illustration of how a block and tackle works. 

Name/School_________________________________             Grade ______________________


Feedback Form
This form should be filled out as the unit is being taught and turned in to your teacher coach upon completion.
	Concern and/or Activity Number
	Changes needed*
	Justification for changes 

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


* If you suggest an activity substitution, please attach a copy of the activity narrative formatted like the activities in the APCC (i.e. GLEs, guiding questions, etc.).
Assessment


Students’ personal energy consumption audits may be assessed in the form of a checklist. This may be generated through student input as part of the pre-lab discussion of the activity.





Assessment


A lab report graded with a rubric is appropriate for the activity. See Lab Report Format and Rubric: Experimental Determination of Student Horsepower BLM.








Assessment


Prepare a unit test based on assigned problems and concepts studied. This should include (a) multiple choice items, (b) math problems involving work, power, energy transformations and conservation of energy, mechanical advantage, and efficiency of simple machines and (c) discussion questions related to the history, research, and environmental impact of energy production.








Assessment


The Process Guide for Simple Machines BLM can be used to assess this activity.  It promotes applied thinking and reasoning about the use of simple machines in real world applications.
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