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LESSON PLAN – DAY 1
Topic: Solar Power as a Renewable Resource
Name: Benjamin Kay, Marine Biology Instructor, Santa Monica High School
Classes:  Earth Science, Biology, Marine Science, AP Environmental Science, Environmental Sustainability, Power/Energy, Design Engineering, & Technology Systems
Grade Level: 9-12
Major Concepts:  
1. What is solar power?  
2. How does it work?  
3. What are the different devices used to harvest solar energy?  
4. What are the benefits (environmental, economic, etc.) and current challenges of solar power? 
Performance Objective / Content Standards:  
The following are excerpts from the National Science Education Standards (NSES; pdf downloadable from http://books.nap.edu/html/nses/html/overview.html#content ) and the Science Framework (with standards) for California Public Schools (SFCPS; http://www.cde.ca.gov/ci/cr/cf/documents/scienceframework.pdf ) for grades 9-12.
NSES: Life Science - CONTENT STANDARD C: 

· Interdependence of organisms: 
· Living organisms have the capacity to produce populations of infinite size, but environments and resources are finite. This fundamental tension has profound effects on the interactions between organisms.

· Human beings live within the world’s ecosystems. Increasingly, humans modify ecosystems as a result of population growth, technology, and consumption.  Human destruction of habitats through direct harvesting, pollution, atmospheric changes, and other factors is threatening current global stability, and if not addressed, ecosystems will be irreversibly affected.

NSES: Earth and Space Science - CONTENT STANDARD D: 
· Energy in the earth system 

· Earth systems have internal and external sources of energy, both of which create heat. The sun is the major external source of energy. Two primary sources of internal energy are the decay of radioactive isotopes and the gravitational energy from the earth’s original formation.

· Geochemical cycles
· The earth is a system containing essentially a fixed amount of each stable chemical atom or element. Each element can exist in several different chemical reservoirs. Each element on earth moves among reservoirs in the solid earth, oceans, atmosphere, and organisms as part of geochemical cycles. 

· Movement of matter between reservoirs is driven by the earth’s internal and external sources of energy. These movements are often accompanied by a change in the physical and chemical properties of the matter. Carbon, for example, occurs in carbonate rocks such as limestone, in the atmosphere as carbon dioxide gas, in water as dissolved carbon dioxide, and in all organisms as complex molecules that control the chemistry of life.
NSES: Science and Technology - CONTENT STANDARD E: 

· Abilities of technological design

· Identify a problem or design an opportunity

· Propose designs and choose between alternative solutions

· Implement a proposed solution

· Evaluate the solution and its consequences

· Communicate the problem, process, and solution

· Understandings about science and technology

· Science often advances with the introduction of new technologies. Solving technological problems often results in new scientific knowledge. New technologies often extend the current levels of scientific understanding and introduce new areas of research.

· Creativity, imagination, and a good knowledge base are all required in the work of science and engineering.

· Science and technology are pursued for different purposes. Scientific inquiry is driven by the desire to understand the natural world, and technological design is driven by the need to meet human needs and solve human problems. Technology, by its nature, has a more direct effect on society than science because its purpose is to solve human problems, help humans adapt, and fulfill human aspirations. Technological solutions may create new problems. Science, by its nature, answers questions that may or may not directly influence humans. Sometimes scientific advances challenge people’s beliefs and practical explanations concerning various aspects of the world.

NSES: Science in Personal and Social Perspectives - CONTENT STANDARD F: 

· Personal and community health 
· Hazards and the potential for accidents exist. Regardless of the environment, the possibility of injury, illness, disability, or death may be present. Humans have a variety of mechanisms - sensory, motor, emotional, social, and technological - that can reduce and modify hazards.
· Personal choice concerning fitness and health involves multiple factors. Personal goals, peer and social pressures, ethnic and religious beliefs, and understanding of biological consequences can all influence decisions about health practices.

· Population growth
· Populations grow or decline through the combined effects of births and deaths, and through emigration and immigration.  Populations can increase through linear or exponential growth, with effects on resource use and environmental pollution.
· Populations can reach limits to growth.  Carrying capacity is the maximum number of individuals that can be supported in a given environment.  The limitation is not the availability of space, but the number of people in relation to resources and the capacity of earth systems to support human beings.  Changes in technology can cause significant changes, either positive or negative, in carrying capacity.
· Natural resources 
· Human populations use resources in the environment in order to maintain and improve their existence.  Natural resources have been and will continue to be used to maintain human populations.

· The earth does not have infinite resources; increasing human consumption places severe stress on the natural processes that renew some resources, and it depletes those resources that cannot be renewed. 

· Humans use many natural systems as resources.  Natural systems have the capacity to reuse waste, but that capacity is limited. Natural systems can change to an extent that exceeds the limits of organisms to adapt naturally or humans to adapt technologically.

· Environmental quality 
· Natural ecosystems provide an array of basic processes that affect humans. Those processes include maintenance of the quality of the atmosphere, generation of soils, control of the hydrologic cycle, disposal of wastes, and recycling of nutrients.  Humans are changing many of these basic processes, and the changes may be detrimental to humans.

· Materials from human societies affect both physical and chemical cycles of the earth.

· Many factors influence environmental quality. Factors that students might investigate include population growth, resource use, population distribution, overconsumption , the capacity of technology to solve problems, poverty, the role of economic, political, and religious views, and different ways humans view the earth.

· Natural and human-induced hazards 
· Natural and human-induced hazards present the need for humans to assess potential danger and risk.  Many changes in the environment designed by humans bring benefits to society, as well as cause risks.  Students should understand the costs and trade-offs of various hazards - ranging from those with minor risk to a few people to major catastrophes with major risk to many people.  The scale of events and the accuracy with which scientists and engineers can (and cannot) predict events are important considerations.

· Science and technology in local, national, and global challenges
· Science and technology are essential social enterprises, but alone they can only indicate what can happen, not what should happen. The latter involves human decisions about the use of knowledge.

· Understanding basic concepts and principles of science and technology should precede active debate about the economics, policies, politics , and ethics of various science- and technology- related challenges.  However, understanding science alone will not resolve local, national, or global challenges.

· Progress in science and technology can be affected by social issues and challenges. Funding priorities for specific health problems serve as examples of ways that social issues influence science and technology.

· Individuals and society must decide on proposals involving new research and the introduction of new technologies into society. Decisions involve assessment of alternatives, risks, costs, and benefits and consideration of who benefits and who suffers, who pays and gains, and what the risks are and who bears them.  Students should understand the appropriateness and value of basic questions - “What can happen?” - “What are the odds?” - and “How do scientists and engineers know what will happen?”

· Humans have a major effect on other species. For example, the influence of humans on other organisms occurs through land use - which decreases space available to other species - and pollution - which changes the chemical com position of air, soil, and water.

NSES: History and Nature of Science - CONTENT STANDARD G: 
· Science as a human endeavor 

· Individuals and teams have contributed and will continue to contribute to the scientific enterprise. Doing science or engineering can be as simple as an individual conducting field studies or as complex as hundreds of people working on a major scientific question or technological problem. Pursuing science as a career or as a hobby can be both fascinating and intellectually rewarding.

· Scientists have ethical traditions. Scientists value peer review, truthful reporting about the methods and outcomes of investigations, and making public the results of work. Violations of such norms do occur, but scientists responsible for such violations are censured by their peers.

· Scientists are influenced by societal, cultural, and personal beliefs and ways of viewing the world. Science is not separate from society but rather science is a part of society. 

· Nature of scientific knowledge 

· Science distinguishes itself from other ways of knowing and from other bodies of knowledge through the use of empirical standards, logical arguments, and skepticism, as scientists strive for the best possible explanations about the natural world.

· Scientific explanations must meet certain criteria. First and foremost, they must be consistent with experimental and observational evidence about nature, and must make accurate predictions, when appropriate, about systems being studied. They should also be logical, respect the rules of evidence, be open to criticism, report methods and procedures, and make knowledge public. Explanations on how the natural world changes based on myths, personal beliefs, religious values, mystical inspiration, superstition, or authority may be personally useful and socially relevant, but they are not scientific.

· Because all scientific ideas depend on experimental and observational confirmation, all scientific knowledge is, in principle, subject to change as new evidence becomes available. The core ideas of science such as the conservation of energy or the laws of motion have been subjected to a wide variety of confirmations and are therefore unlikely to change in the areas in which they have been tested. In areas where data or understanding are incomplete, such as the details of human evolution or questions surrounding global warming, new data may well lead to changes in current ideas or resolve current conflicts. In situations where information is still fragmentary, it is normal for scientific ideas to be incomplete, but this is also where the opportunity for making advances may be greatest.

SFCPS: Biology/Life Sciences: STANDARD SET 6. Ecology. Stability in an ecosystem is a balance between competing effects. 
· 6a - Students know biodiversity is the sum total of different kinds of organisms and is affected by alterations of habitats.
· “Biodiversity refers to the collective variety of living organisms in an ecosystem. This structure is influenced by alterations in habitat, including but not limited to climatic changes, fire, flood, and invasion by organisms from another system. The more biodiversity in an ecosystem, the greater its stability and resiliency…”

· 6b - Students know how to analyze changes in an ecosystem resulting from changes in climate, human activity, introduction of nonnative species, or changes in population size.
· “…Changes in ecosystems often manifest themselves in predictable patterns of climate, seasonal reproductive cycles, population cycles, and migrations. However, unexpected disturbances caused by human intervention or the introduction of a new species, for example, may destabilize the often complex and delicate balance in an ecosystem. Analyzing changes in an ecosystem can require complex methods and techniques because variation is not necessarily simple and may be interrelated with changes or trends in other factors. Rates and patterns of change, including trends, cycles, and irregularities, are essential features of the living world and are useful indicators of change that can provide data for analysis. Often it is important to analyze change over time, a process called longitudinal analysis.”

· 6d - Students know how water, carbon, and nitrogen cycle between abiotic resources and organic matter in the ecosystem and how oxygen cycles through photosynthesis and respiration. 

· “Living things depend on nonliving things for life. At the organism level living things depend on natural resources, and at the molecular level, they depend on chemical cycles. Water, carbon, nitrogen, phosphorus, and other elements are recycled back and forth between organisms and their environments…”

SFCPS: Earth Science: STANDARD SET 4. Energy in the Earth System (Solar Energy Enters, Heat Escapes). Energy enters the Earth system primarily as solar radiation and eventually escapes as heat.   

· 4a - Students know the relative amount of incoming solar energy compared with Earth’s internal energy and the energy used by society.
· The energy available from the Sun’s radiation exceeds all other sources of energy available at Earth’s surface. There is energy within Earth, some of which is primitive, or original, heat from the planet’s formation and some that is generated by the continuing decay of radioactive elements. Over short periods of time, however, only a small amount of that energy reaches Earth’s surface. The enormous amount of energy remaining within Earth powers plate tectonics. Human societies use energy for heating, lighting, transportation, and many other modern conveniences. Most of this energy came to Earth as solar energy. Some has been stored as fossil fuels, plants that stored energy through photosynthesis. Fossil fuels, including oil, natural gas, and coal, provide the majority of energy used by contemporary economies. This energy, which has been stored in crustal rocks during hundreds of millions of years, is ultimately limited. On average a U.S. household consumes energy at the rate of about 1 kilowatt, or 1,000 joules of energy, per second. The Sun delivers almost this much power to every square meter of the illuminated side of Earth. For this reason total energy use by humans is small relative to the total solar energy incident on Earth every day, but harvesting this energy economically poses a challenge to modern engineering.
· 4b - Students know the fate of incoming solar radiation in terms of reflection, absorption, and photosynthesis.

· The fate of incoming solar radiation, which is concentrated in the visible region of the electromagnetic spectrum, is determined by its wavelength. Longer wavelength radiation (e.g., infrared) is absorbed by atmospheric gases. Shorter wavelengths of solar electromagnetic energy, particularly in the visible range, are not absorbed by the atmosphere, except for the absorption of ultraviolet radiation by the ozone layer of the upper atmosphere. Some of the incident visible solar radiation is reflected back into space by clouds, dust, and Earth’s surface, and the rest is absorbed.  Plants and other photosynthetic organisms contain chlorophyll that absorbs light in the orange, short-red, blue, and ultraviolet portions of the solar radiation spectrum. The absorption of visible light is less for green and yellow wavelengths, the reflection of which accounts for the color of leaves. The plant uses the absorbed light energy for photosynthesis, in which carbon dioxide and water are converted to sugar, a process that is used to support plant growth and cell metabolism. A by-product of photosynthesis is oxygen. The amount of carbon dioxide in the atmosphere declines slightly during the summer growing season and increases again in the winter. The solar energy stored in plants is the primary energy source for life on Earth.

· 4c - Students know the different atmospheric gases that absorb the Earth’s thermal radiation and the mechanism and significance of the greenhouse effect.
· “…Human activity, such as the burning of fossil fuels, is increasing the concentration of greenhouse gases in the atmosphere. This buildup can potentially cause a significant increase in global temperatures and affect global and regional weather patterns. Predicting the precise long-term impact is difficult, however, because the influence of cloud cover and other factors is poorly understood.”
· 4d - Students know the differing greenhouse conditions on Earth, Mars, and Venus; the origins of those conditions; and the climatic consequences of each.

· “…The greenhouse effect is important to Earth’s climate because without that effect the planet would be much colder and more like Mars. But if the concentration of absorbing gases is too high, trapping too much heat in the atmosphere, excessive heating could occur on Earth, producing global warming and a climate closer to that of Venus…The concentration of greenhouse gases, principally that of carbon dioxide, is increasing in Earth’s atmosphere, a phenomenon caused primarily by the burning of fossil fuels for electricity and heat. Computer models of the greenhouse effect (a projected buildup of greenhouse gases) predict an increase in average global temperatures. If these models are accurate, the change predicted could have significant consequences on weather patterns and ocean levels. However, Earth’s climate system consists of a complex set of positive and negative feedback mechanisms that are not fully understood, and therefore predictions of changes in global temperatures contain some uncertainty.”

SFCPS: Earth Science: STANDARD SET 5. Energy in the Earth System (Ocean and Atmospheric Convection). Heating of Earth’s surface and atmosphere by the sun drives convection within the atmosphere and oceans, producing winds and ocean currents.
· 5a - Students know how differential heating of Earth results in circulation patterns in the atmosphere and oceans that globally distribute the heat. 
· “The Sun’s rays spread unequally across Earth’s surface, heating it more at the equator and less at the poles. As heat at the surface transfers to the atmosphere, circulation cells are created. At the equator, for example, hot, moist air rises, expands under lower atmospheric pressure, and cools, causing the air to release its water as precipitation. The air then moves either north or south away from the equator. In its eventual descent the air is compressed by higher atmospheric pressure and warms. Therefore, the air arrives at Earth’s surface in a state of low relative humidity. The air then flows back to the equator, completing the cycle. There are three such cycles (or cells) between the equator and the pole. The circulation in these cells regulates the general pattern of rainfall on Earth’s surface, with wet climates to be found under ascending air and dry climates under descending air. Therefore, wet climates are generally found at the equator, dry climates in bands at around 30 degrees north and south, wet climates in bands at around 60 degrees, and dry climates again at still higher latitudes. The same unequal heating of Earth’s surface that drives the global atmospheric circulation also causes large thermally driven currents in the oceans. These currents are important in global redistribution of heat. Air currents also distribute heat. Some of the atmospheric heat transport is carried out by exchanging warm and cold air, but water vapor is also a major transport mechanism. Heat is stored in water that evaporates at low latitudes and then is released when the water recondenses (as precipitation) at higher latitudes. For all these reasons combined, the equatorial regions are somewhat cooler, and the poles somewhat warmer, than might otherwise be expected. Earth’s axis is tilted with respect to the plane of its orbit around the Sun. As a result, different amounts of solar energy reach the two hemispheres at different times, thus causing the seasons. The ocean and atmosphere are a linked system as energy is exchanged between them. Ocean currents rise in part because cool or more saline waters descend, setting circulation patterns in motion. These currents also distribute heat from the equator toward the pole.”
· 5b - Students know the relationship between the rotation of Earth and the circular motions of ocean currents and air in pressure centers. 
· “Earth rotates on an axis, and all flow of fluids on or below the surface appears to be deflected by the Coriolis effect, making right turns in the Northern Hemisphere and left turns in the south…Combining convective air or water flows with Coriolis turning produces circular currents. For example, when a region, or cell, of lower-pressure (less dense) air exists in the Northern Hemisphere, higher-pressure air tries to flow toward it from all sides by convection. However, the Coriolis effect deflects these flows to the right, leading to a circular airflow, which appears counterclockwise when viewed from above.”
SFCPS: Earth Science: STANDARD SET 6. Climate is the long-term average of a region’s weather and depends on many factors.
· 6a - Students know weather (in the short run) and climate (in the long run) involve the transfer of energy into and out of the atmosphere.
· “Unequal transmission and absorption of solar energy cause differences in air temperature and therefore differences in pressure; winds are generated as a result. Solar-influenced evaporation and precipitation of water determine the humidity of the atmosphere. Evaporation and precipitation also transfer energy between the atmosphere and oceans because energy is absorbed when water evaporates and is released when water condenses. Climate is the long-term average of weather...”

· 6b - Students know the effects on climate of latitude, elevation, topography, and proximity to large bodies of water and cold or warm ocean currents.
· “…water has a very high specific heat, which causes water to remain within a relatively narrow temperature range between day and night and from season to season. Because of this phenomenon, regions near bodies of water have a tempered climate generally cooler than inland regions during hot weather and warmer than inland regions during cold weather…”

· 6c - Students know how Earth’s climate has changed over time, corresponding to changes in Earth’s geography, atmospheric composition, and other factors, such as solar radiation and plate movement.
· “…Dust and volcanic ash reduce the amount of energy penetrating the atmosphere, thereby changing atmospheric circulation, rainfall patterns, and Earth’s surface temperatures.  Variations in life in general, and human activity in particular, affect the amounts of carbon dioxide and other gases that enter the atmosphere…”
· 6d - Students know how computer models are used to predict the effects of the increase in greenhouse gases on climate for the planet as a whole and for specific regions.
· “Scientists now know enough about what controls complex climatic variations to construct computer-generated models on global and regional scales. Such models can now make useful predictions about the consequences of greenhouse gases, including the potential for changes in global and regional mean temperatures. Computer-generated weather models have been improved and broadened sufficiently to be useful in exploring long-term changes in weather that border on climatic predictors. Specific models have been constructed to predict effects of ozone depletion and an increase in greenhouse gases. Students can download current and historical data on weather from the Internet and use this information to explore whether a correlation exists between data on weather and on greenhouse gas production. Students’ conclusions may be compared with results from computer-generated greenhouse models and interpretations published in scientific papers or posted on the Internet. However, students should be advised to expect contrary opinions because interpretations of the same climatic data can vary widely.”

SFCPS: Earth Science: STANDARD SET 7. Biogeochemical Cycles
· 7b - Students know the global carbon cycle: the different physical and chemical forms of carbon in the atmosphere, oceans, biomass, fossil fuels, and the movement of carbon among these reservoirs.
· “…Some movement of carbon between reservoirs takes place through biological means, such as respiration and photosynthesis, or through physical means, such as those related to plate tectonics and the geologic cycle. Carbon fixed into the biosphere and then transformed into coal, oil, and gas deposits within the solid earth has in recent years been returning to the atmosphere through the burning of fossil fuels to generate energy. This release of carbon has increased the concentration of carbon dioxide in the atmosphere. Carbon dioxide is a primary greenhouse gas, and its concentration in the atmosphere is tied to climatic conditions.”
SFCPS: Earth Science: STANDARD SET 8. Structure and Composition of the Atmosphere
· 8b - Students know how the composition of the Earth’s atmosphere has evolved over geologic time and know the effect of outgassing, the variations of carbon dioxide concentration, and the origin of atmospheric oxygen.
· “…The present balance of gases in the atmosphere was achieved at least 600 million years ago. Small but important variations in the amount of carbon dioxide in the atmosphere have occurred naturally since then. Significant increases have been measured in modern times and attributed in large part to human activities, such as the burning of fossil fuels.” 

Materials and Equipment:  
1. Laptop with LCD projector or Smart Board and speakers to show PowerPoint presentation (Solar Power as a Renewable Resource)
2. HW handout: Q&A Worksheet for Nova program Saved by the Sun (goes with online video http://www.pbs.org/wgbh/nova/solar/program.html)
Independent Practice / Assignments:  
Classwork/Activity:  Warm up questions and Solar Energy Practice Quiz (embedded at end of PPT Presentation)
Homework:  Q&A Worksheet for Nova program Saved by the Sun (this doc goes with online video http://www.pbs.org/wgbh/nova/solar/program.html)
Outline of Lesson: designed for 56 min classroom period  
I. Warm up activity (10 mins): In class notebook/folder, students respond to the following questions on the board at beginning of period, writing down what they know.  Later in the period, after the PPT, students get time to work together to revise their answers.
1. What is solar power?  

2. How does it work?  

3. What are the different devices used to harvest solar energy?
4. What are the benefits (environmental, economic, etc.) and current challenges of solar power? 

II. PowerPoint Presentation (30 mins): Solar Power as a Renewable Resource
III. Quiz Game (6 mins): Students independently take practice quiz embedded at end of PPT. Teacher randomly selects students to obtain correct answers and gives out extra credit points for correct responses (EC is optional).  
IV. Debrief Warm-up Questions (6 mins): Students next share/discuss their answers with learning partners and teacher helps answer remaining questions, or better, has other students answer remaining questions for EC points.
V. Explain Tonight’s HW (4 mins): Present HW assignment (see above) due day after tomorrow.  If possible navigate to the online video, and show students how to start video from their home computer.  Pass out or email (if possible) students the Q&A Worksheet that they must fill out while watching the video at home.  The worksheet has the URL web address on it.  If one or several students do not have a computer, explain that they can view it at the library with headphones, or if possible after school using the classroom computer. 
Demo(s): 
Optional: Before the PPT, show solar video clip taken from the movie, Fuel.
Modifications: 
Instead of doing the PPT all in one day, the Teacher can do 10-mins a day for the first three days of the week, and start the solar car activity on day 1 of the solar unit.  Also, the PPT has a long section on climate change which can be skipped, but it does provide a very relevant “hook” for students.
References:  (also in PPT)
· http://www.educypedia.be/education/physicsjavalaboenergy.htm 

· http://www.solarenergy.org/resources/olderkids.html#1
· http://re-energy.ca/t_solarelectricity.shtml
· http://michaelbluejay.com/electricity/cost.html
· Earth’s Climate: Past and Future
· http://www.usc.edu/org/cosee-west/resources.html#WarmingWorkshop
· http://www.ipcc.ch/
· http://www.nasa.gov/worldbook/global_warming_worldbook.html 

· http://globalchange.nasa.gov/Resources/pointers/glob_warm.html 

LESSON PLAN– DAY 2
Topic: Building a Solar Powered Car
Name: Benjamin Kay, Marine Biology Instructor, Santa Monica High School

Classes:  Earth Science, Biology, Marine Science, AP Environmental Science, Environmental Sustainability, Power/Energy, Design Engineering, & Technology Systems

Grade Level: 9-12

Major Concepts:  
1. Photovoltaic cells can provide energy to an electric motor.

2. Identify environmental and mechanical factors that optimize PV panel efficiency and car speed: 
· Cloudy weather and/or air pollution decrease solar insolation (Watts/m2)

And from http://www.teachersdomain.org/resource/psu06-e21.sci.solarracing/ :
· The angle at which a solar cell is positioned in relation to the sun affects its power output.

· The amount of current produced by a photovoltaic cell is proportional to the amount of the light hitting the cell; therefore, increasing light intensity or increasing the size of the cell itself will increase the power output of the cell.

· In order to construct a solar powered system that will work at maximum efficiency, numerous factors pertaining to the design, such as gear ratio and power output, must be considered.

Performance Objective / Content Standards:  

NSES: Science as Inquiry - CONTENT STANDARD A: 
· Abilities necessary to do scientific inquiry 

· Indentify questions and concepts that guide scientific investigation

· Design and conduct scientific investigations

· Use technology and mathmatics to improve investigations and communications

· Formulate and revise scientific explanations and models using logic and evidence

· Recognize and analyze alternative explanations and models

· Communicate and defend a scientific argument

SFCPS: Investigation and Experimentations: I. Scientific progress is made by asking meaningful questions and conducting careful investigations. As a basis for understanding this concept and addressing the content of the other four strands, students should develop their own questions and perform investigations. 
· b. Identify and communicate sources of unavoidable experimental error.

· c. Identify possible reasons for inconsistent results, such as sources of error or uncontrolled conditions. 

· d. Formulate explanations by using logic and evidence. 

· g. Recognize the usefulness and limitations of models and theories as scientific representations of reality. 

· j. Recognize the issues of statistical variability and the need for controlled tests. 

· k. Recognize the cumulative nature of scientific evidence. 

· l. Analyze situations and solve problems that require combining and applying concepts from more than one area of science. 

Materials and Equipment:   

1. Car kits must be pre-ordered. They can be purchased from one of the following vendors: 

A. Kelvin School Projects – kit of 25 cars for $165 – cheaper option, but good cars.
B. SunWind Solar Industries – different models available, 10 cars for $160 or 15 car kits for $525 – expensive, but fancy cars.
C. Mini-Science.com – kit of 10 for $180 plus instructions available online
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] Kelvin Solar Car Instructions - Microsoft Word

Kelvin P,
280 Adams Blvd)
Farmingdale, NY 11735 US,

KELVIN®
ECO SOLARCAR RACER #841236

Contents: Tools Needed:

1~ Wood Base Knife

1 - Solar Cell Hammer

1= Motor Hot Glue Gun

1~ Gear Set Soldering Iron and Solder

1~ Sraw Ruler

2 Metal Axles Sand Paper

4= Wheels R Masking Tape

4 - Washers (Tools are available from Kelvin. See our catalog or visit our
1~ Instruction Sheet web page at wwvw.Kelvin.com)

Other items that may be needed include a flat running surface
‘and a light source, ither sun or floodlight.
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3. 6-7 large Ziplock plastic bags for each class of 30 students (or you can use reusable bags, plastic grocery store bags, or small boxes – anything big enough to store a solar car)
4. Colored Markers

5. Group Rubric Slips (one given to each student group - see below)
6. Laptop with LCD projector or Smart Board and speakers
7. 6-7 quarter sheets of blank or scratch paper for student groups to copy rubric on board
8. 6-7 copies of Kelvin School Project Instructions for solar car construction
Independent Practice / Assignments:  

Classwork/Activity: 
Build solar cars following Kelvin School Project Instructions (see word doc)
Homework:  
Part 1: Continue assignment from day 1 – Q&A Worksheet: Saved by the Sun
Part 2 (optional): Bring any extra design materials for your car (e.g., sequins, aluminum foil, stickers, etc.)
Outline of Lesson:  

I. Warm up activity (8 mins): In class notebook/folder, students respond to the following question on the board at beginning of period.   


1. If you were to build a vehicle that runs on solar panel, what environmental and mechanical factors would be important to optimize vehicle performance?
II. Read & Discuss Kelvin School Project Instructions Sheet and Rubric for Solar Car (10 mins): First, randomly divide the class into groups of 4 or 5 students, depending on how many cars you have/want to make.  Each group will make one car.  Distribute one copy of the car instructions to each group as well as a blank quarter sheet of paper for each group to copy the following rubric from the board:

Names of Group Members:

Date:

Period:

Name of Solar Car:   _____________

Teamwork, Participation, and Effort:   _____________(example: grade / 25 possible pts)
Design and Creativity:   _____________ 

Function and Speed:   _____________ 
TOTAL POINTS:   _____________

Meanwhile, one student from each group comes to the front of the room to retrieve car building materials.  Next, with the entire class, review the different parts and pieces of the car kit, while referring to a completed solar car model (if available).  Keep the completed model on display during the solar car activity for students to refer to.  All group members should write their initials on the underside of the car in pen along with the car name.  This can be done on masking tape, which can be adhered to the bottom of the car.  Before starting, review the grading rubric explaining that each group will be graded on (1) Design and Creativity, (2) Function and Speed (note: explain speed and driving straight are critical components).  Recommend to students dividing tasks (e.g., two assemblers, two designers, one leader who reads the directions and assigns tasks). Lastly, encourage originality and modifications with materials brought in from home (ex: some students place aluminum foil around the solar panel to concentrate light or make).  However, state that only one solar panel can be used per group.  See solar car fleet created by 5 classes (150 students) below.  Optional: Offer extra credit points to the cars that outperform the teacher’s model, the fastest car, and/or the best creative design. 
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III. Building the Solar Cars (30 mins): Student groups work in teams to assemble their cars.  After 25 minutes, remind students they should have their initials and car name on their cars.  Have students put all their pieces and parts in their individual Ziplocs or reusable bags, and store them in the cabinet until the next day.
IV. Debrief Warm-up Activity (5 mins):  Now that students have been working on their cars, ask them to rethink their original response from earlier in the class.  Call on a few individuals to share/discuss their answer.
V. Explain Tonight’s HW, Collect Kelvin Solar Car Instructions Sheet and Rubric (3 min): Tell students to continue working on HW from Day 1 – Q&A Worksheet: Saved by the Sun.  Remind students to bring any extra design materials for their cars (e.g., sequins, aluminum foil, stickers, etc.).  Collect Kelvin Solar Car Instructions Sheet and all group rubrics.
Demo(s): Optional:
1. http://www.youtube.com/watch?v=4_lSxhTatUU&feature=player_embedded (note: if your school blocks youtube, load the video on your laptop at home, keep the web address open, put your computer in sleep mode, and then press play when you get to school.
2. Guide students through one or more of the following quick activities that you didn’t do on Day 1 after re-introducing alternative energies: solar wind, geothermal, biomass, hydro, ocean. Next, turn focus to photovoltaic, solar thermal, and reflective and radiant energy.
Narrow focus to reflective and radiant energy:
a. Use a black and white cloth to explain how heat absorption works
b. Use a magnifying glass to show how light can be directed into heat energy

c. Pass around a piece of charcoal brick or a closed container of motor oil to show the different types of non-renewable energy sources, like oil natural gas, coal, or uranium 

d. use a mirror to bounce light into a dark area to show how light can be directed 
e. Show a completed solar powered car to show students what they’ll be doing, and whose car they will be racing against!  

Modifications: 
1. Partner struggling learners with teammates who are patient and adept peer teachers. 
2. A similar solar powered car lab with very detailed instructions can be found at http://re-energy.ca/pdf/cp_solarcar.pdf 
3. Another variation is to integrate a battery on the car that can be recharged through the solar array by turning a switch (e.g., http://www.coolstuffexpress.com/Solar-Powered-Car-Experiment-Kit.html).  
4. If the students are more advanced in physics and/or engineering, here are the handout and teacher’s guide on gear ratios and transmissions http://www.pspb.org/e21/media/Solar_Racing_v105_SH.pdf , http://www.pspb.org/e21/media/Solar%20Racing_v105_TN.pdf , respectively.

5. If you have more than two days to complete this project, or you teach using the block system, consider showing a powerpoint on efficient solar car design, downloadable from http://www.teachersdomain.org/resource/psu06-e21.sci.solarracing/ 
References:  

http://re-energy.ca/t-i_solarelectricitybuild-2.shtml
http://re-energy.ca/pdf/cp_solarcar.pdf
http://www.teachersdomain.org/resource/psu06-e21.sci.solarracing/
http://www.teachersdomain.org/resource/lsps07.sci.phys.energy.dfsolarcar/ 

http://www.nrel.gov/docs/gen/fy01/30830.pdf 
LESSON PLAN– DAY 3
Topic: Building a Solar Powered Car
Name: Benjamin Kay, Marine Biology Instructor, Santa Monica High School

Classes:  Earth Science, Biology, Marine Science, AP Environmental Science, Environmental Sustainability, Power/Energy, Design Engineering, & Technology Systems

Grade Level: 9-12

Major Concepts:  

1. Photovoltaic cells can provide energy to an electric motor.

2. Identify environmental and mechanical factors that optimize PV panel efficiency and car speed: 

· Cloudy weather and/or air pollution decrease solar insolation (Watts/m2)

And from http://www.teachersdomain.org/resource/psu06-e21.sci.solarracing/ :
· The angle at which a solar cell is positioned in relation to the sun affects its power output.

· The amount of current produced by a photovoltaic cell is proportional to the amount of the light hitting the cell; therefore, increasing light intensity or increasing the size of the cell itself will increase the power output of the cell.

· In order to construct a solar powered system that will work at maximum efficiency, numerous factors pertaining to the design, such as gear ratio and power output, must be considered.

Performance Objective / Content Standards:  
NSES: Science as Inquiry - CONTENT STANDARD A: 
· Abilities necessary to do scientific inquiry 

· Indentify questions and concepts that guide scientific investigation

· Design and conduct scientific investigations

· Use technology and mathmatics to improve investigations and communications

· Formulate and revise scientific explanations and models using logic and evidence

· Recognize and analyze alternative explanations and models

· Communicate and defend a scientific argument

SFCPS: Investigation and Experimentations: I. Scientific progress is made by asking meaningful questions and conducting careful investigations. As a basis for understanding this concept and addressing the content of the other four strands, students should develop their own questions and perform investigations. 

· b. Identify and communicate sources of unavoidable experimental error.

· c. Identify possible reasons for inconsistent results, such as sources of error or uncontrolled conditions. 

· d. Formulate explanations by using logic and evidence. 

· g. Recognize the usefulness and limitations of models and theories as scientific representations of reality. 

· j. Recognize the issues of statistical variability and the need for controlled tests. 

· k. Recognize the cumulative nature of scientific evidence. 

· l. Analyze situations and solve problems that require combining and applying concepts from more than one area of science. 

Materials and Equipment:   

1. . Kelvin School Projects Solar Car Instructions Sheet (see word doc)
2.[image: image3.png][SE)
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Contents: Tools Needed:
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Other items that may be needed include a flat running surface
‘and a light source, ither sun or floodlight.
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3. 6-7 large Ziplock plastic bags for each class of 30 students (or you can use reusable bags, plastic grocery store bags, or small boxes – anything big enough to store a solar car)
4. Colored Markers

5. Group Rubric Slips (one given to each student group)

6. Chalk
7. Laptop with LCD projector or Smart Board and speakers
8. 6-7 copies of Kelvin School Project Instructions for solar car construction

9. HW handout: Solar Car Q&A (printed on 1/2 sheets of paper to conserve paper)
Independent Practice / Assignments:  

Classwork/Activity: 
1. Finish building solar cars and race them outside on tennis court.
2. Start HW.

Homework:  
1. Pembina Institute Solar Car Q&A Worksheet (see word doc).  
Outline of Lesson:  

I. Review HW from Day 1 (10 mins): Q&A Worksheet: Saved by the Sun.  Stamp in completed HW, return it to students, and correct it as a group.  Alternatively, students can swap papers and grade their neighbor’s assignment as the teacher and/or students review correct responses.  
II.  Explain and Pass Out Tonight’s HW (1 min): Pass out Pembina Institute Solar Car Q&A Worksheet, and call attention to the website links (http://re-energy.ca/pdf/cp_solarcar.pdf and http://www.teachersdomain.org/resource/lsps07.sci.phys.energy.dfsolarcar/) on the worksheet wherein students can gain helpful information to answer the HW questions (also below).  Read question 1 from the HW worksheet, and tell students that after racing is finished today, they’ll need to collect data outside to answer question 1 of the HW.
1. Working under a bright light bulb or in direct sunlight, experiment with the angle of light hitting the solar panels. What angle gives you the fastest rotation of the wheels?

2. How would you modify this car to make the wheels turn faster?

3. How would you modify this design to make a car that could carry or pull a

heavier load?

4. How could you modify this design so that your car could run for short periods in complete darkness or low light situations?
5. Sketch a plan for a solar car large enough to carry a human. What technical problems would you have to overcome to build it?
III. Finish Building and Race Solar Cars (42 mins): Redistribute Kelvin Solar Car Instructions Sheets, one per group.  After about 20 mins, collect the instruction and rubric sheets from all student teams.  Line up all the cars on a table in the middle of the room.  Allow the class to orally participate in selecting the most creative car design.  Make notes/comments on the rubrics as needed (optional: give extra credit to the most creative car model).  Pin the rubrics to a clip board, and take the class outside to a sunny area with flat and smooth ground.  Tennis courts are ideal.  Mark the start and finish lines using chalk or simply use the lines on the tennis court.  Students are not allowed to push their cars off from the start line; rather, each team captain holds one finger on the car and simply releases his or her finger on the word, “go.”  You can establish the fastest cars through a series of heats, wherein one car gets eliminated per heat after one trial run.  If the cars are raced sideline-to-sideline, a member from each team should catch the car once it crosses the finish line (to avoid damage to the car).  One way to help assess students in the “Function and Speed” category is to rank the cars from fastest to slowest and whether or not they drive straight.  Additional methods if time permits: 1. Time each car individually using a stopwatch to determine the fastest car.  2. Do both a short distance/sprint race and a long distance/endurance race.  
IV. Collect Data for Question 1 of the HW (3 mins): Students do this with their teams.
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Demo(s): (Optional: Show students the following video about how to determine the best mount angle for the solar panel).  Highlight that the more perpendicular the sun rays are to the panel, the better. 
http://pbskids.org/dragonflytv/show/td_solarcar_video.html
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Done





Modifications: (same as Day 2)
1. Partner struggling learners with teammates who are patient and adept peer teachers. 

2. A similar solar powered car lab with very detailed instructions can be found at http://re-energy.ca/pdf/cp_solarcar.pdf 

3. Another variation is to integrate a battery on the car that can be recharged through the solar array by turning a switch (e.g., http://www.coolstuffexpress.com/Solar-Powered-Car-Experiment-Kit.html).  

4. If the students are more advanced in physics and/or engineering, here are the handout and teacher’s guide on gear ratios and transmissions http://www.pspb.org/e21/media/Solar_Racing_v105_SH.pdf , http://www.pspb.org/e21/media/Solar%20Racing_v105_TN.pdf , respectively.

5. If you have more than two days to complete this project, or you teach using the block system, consider showing a powerpoint on efficient solar car design, downloadable from http://www.teachersdomain.org/resource/psu06-e21.sci.solarracing/ 
References:  
http://re-energy.ca/t-i_solarelectricitybuild-2.shtml
http://re-energy.ca/pdf/cp_solarcar.pdf
http://www.teachersdomain.org/resource/psu06-e21.sci.solarracing/
http://www.teachersdomain.org/resource/lsps07.sci.phys.energy.dfsolarcar/ 

http://www.nrel.gov/docs/gen/fy01/30830.pdf 
LESSON PLAN– DAY 4
Topic: Building a Solar Powered Pizza Box Oven
Name: Benjamin Kay, Marine Biology Instructor, Santa Monica High School

Classes:  Earth Science, Biology, Marine Science, AP Environmental Science, Environmental Sustainability, Power/Energy, Design Engineering, & Technology Systems

Grade Level: 9-12

Major Concepts:  

1. Solar ovens are solar thermal harvesting devices that concentrate photons of solar radiation in a cooking compartment in order to heat food and/or liquid.
2. Solar ovens are saving lives in struggling communities around the world.
3. Large scale solar thermal harvesting systems are currently being built to provide cleaner energy.
Performance Objective / Content Standards:  

NSES: Science as Inquiry - CONTENT STANDARD A: 
· Abilities necessary to do scientific inquiry 

· Indentify questions and concepts that guide scientific investigation

· Design and conduct scientific investigations

· Use technology and mathmatics to improve investigations and communications

· Formulate and revise scientific explanations and models using logic and evidence

· Recognize and analyze alternative explanations and models

· Communicate and defend a scientific argument

SFCPS: Investigation and Experimentations: I. Scientific progress is made by asking meaningful questions and conducting careful investigations. As a basis for understanding this concept and addressing the content of the other four strands, students should develop their own questions and perform investigations. 

· b. Identify and communicate sources of unavoidable experimental error.

· c. Identify possible reasons for inconsistent results, such as sources of error or uncontrolled conditions. 

· d. Formulate explanations by using logic and evidence. 

· g. Recognize the usefulness and limitations of models and theories as scientific representations of reality. 

· j. Recognize the issues of statistical variability and the need for controlled tests. 

· k. Recognize the cumulative nature of scientific evidence. 

· l. Analyze situations and solve problems that require combining and applying concepts from more than one area of science. 

Materials and Equipment: (must be bought beforehand, ideally one set of materials and tools per group)
1. Materials per oven
· 1 small pizza box (1 ¾ in. x 10 ½ in.)  

· 22” x 10” of aluminum foil

· Saran wrap

· Scotch tape

· Latex black paint, black tempura paint, or black construction paper

· Glass or baking thermometer with degrees in Fahrenheit 
2. Tools

· Ruler

· X-acto knife

· Pencil

· Paintbrush

· Plastic bag

· S’mores material: chocolate coin, mini marshmallows, & a graham cracker
· Bamboo or chop sticks 

3. Laptop with LCD projector or Smart Board and speakers
4. HW handout: Podcast assignment graphic organizer
Independent Practice / Assignments:  

Classwork/Activity: 
1. Listen to Podcast: “Solar Firms Eye Bright Future in US” (10 mins):
http://www.npr.org/templates/story/story.php?storyId=92342742
2. Start building solar pizza box ovens
Homework: Podcast Assignment: The Potential of Solar Power (Listening time = 47mins) (see word doc) http://www.npr.org/templates/story/story.php?storyId=88239836   

Outline of Lesson:  

I. Review HW from Day 3 (5 mins): Pembina Institute Solar Car Q&A.  Stamp in completed HW, return it to students, and correct it as a group.  Alternatively, students can swap papers and grade their neighbor’s assignment as the teacher and/or students review correct responses.  

II.  Listen to and Take Notes on a Podcast: “Solar Firms Eye Bright Future in US” (10 mins):
http://www.npr.org/templates/story/story.php?storyId=92342742
(Solar firm Ausra has just opened a factory near Las Vegas where it is mass-producing 50-foot-long mirrors to cover 4 square miles of desert each year. The solar thermal system will power 500,000 homes. Other solar companies have the same idea.).  Teacher shows students how to navigate to the NPR news website and listen to a podcast. Students take notes in their folders as a continuation of their notes from Day 1’s PPT.

III. Introduce Tonight’s HW (1 min): Podcast Assignment: The Potential of Solar Power (Listening time = 47mins) (see word doc graphic organizer) http://www.npr.org/templates/story/story.php?storyId=88239836   

Just as they did for CW, students navigate to URL, listen and take notes, but this time organize their notes into one of three sections: (1) Benefits of and progress toward adopting solar power in the USA, (2) Challenges to adopting solar power in the USA, and (3), the History of solar power and interesting facts.
IV.  Pass Out Solar Pizza Box Oven Instructions Sheet and Start Oven Assembly (40 mins)
As with the solar car activity, randomly divide the class into teams of 4-5 students.   Send one individual to the front to obtain materials, while the other start filling out their names on the grading rubric, again a quarter sheet of scrap paper with the following information:   
Names of Group Members:

Date:

Period:

Teamwork, Participation, and Effort:   _____________(example: grade / 25 possible pts)

Neatness and Following Directions:   _____________ 


Function:   _____________ 

TOTAL POINTS:   _____________

Students should also write their names in pen on the underside of the pizza box.  Outer decoration with marker is optional if time permits.  If there are more student groups than there are supplies, resources will need to be shared.  The available construction materials do not allow for huge variation in design.  However, Demo 1 below is a video on how to make a pizza box solar oven, one that varies from the direction sheet herein, but may inspire students to experiment and deviate from the main design.  Successful groups will maintain as much as possible an air-tight seal between the cooking chamber and the outside air as well as find the optimum angle for the reflective oven flap.  Students need to finish Steps 1-5 by the end of the period and be ready to cook on Day 5.
Demo(s): 
1. http://www.youtube.com/watch?v=xbwliZJiHe8&NR=1

2. http://www.youtube.com/watch?v=R-_4g0Omtsw&feature=player_embedded
3. Guide students through one or more of the following quick activities after re-introducing alternative energies: solar wind, geothermal, biomass, hydro, ocean. Now, turn focus to photovoltaic, solar thermal, reflective and radiant energy  

Narrow focus to reflective and radiant energy
a. Use a black and white cloth to explain how heat absorption works

b. Use a magnifying glass to show how light can be directed into heat energy

c. Pass around a piece of charcoal brick or a closed container of motor oil to show the different types of non-renewable energy sources, like oil natural gas, coal, or uranium 

d. use a mirror to bounce light into a dark area to show how light can be directed 

e. Show a completed pizza box solar oven to show students what they’ll be doing. 

Modifications:

1. Place a thermometer into the solar oven and have a solar oven cook-off to see whose solar oven reaches the highest temperature.
2.  Instead of using the pizza box solar oven directions, try the Pembina Institute’s version which is slightly more advanced and more powerful (pdf available: http://re-energy.ca/t-i_solarheatbuild-2.shtml).
3.  http://www.youtube.com/watch?v=xbwliZJiHe8&NR=1 –this method uses black construction paper to line the inside bottom of the pizza box rather than tin foil and paint.
References:  
http://www.youtube.com/watch?v=xbwliZJiHe8&NR=1
http://re-energy.ca/t_solarheat.shtml 
http://re-energy.ca/pdf/solaroven.pdf   

http://re-energy.ca/pdf/solar-heat-bg.pdf
http://www.youtube.com/watch?v=R-_4g0Omtsw&feature=player_embedded 
LESSON PLAN– DAY 5
Topic: Building a Solar Powered Pizza Box Oven
Name: Benjamin Kay, Marine Biology Instructor, Santa Monica High School

Classes:  Earth Science, Biology, Marine Science, AP Environmental Science, Environmental Sustainability, Power/Energy, Design Engineering, & Technology Systems

Grade Level: 9-12

Major Concepts:  

1. Solar ovens are solar thermal harvesting devices that concentrate photons of solar radiation in a cooking compartment in order to heat food and/or liquid.

2. Solar ovens are saving lives in struggling communities around the world.

3. Large scale solar thermal harvesting systems are currently being built to provide cleaner energy.
Performance Objective / Content Standards:  

NSES: Science as Inquiry - CONTENT STANDARD A: 
· Abilities necessary to do scientific inquiry 

· Indentify questions and concepts that guide scientific investigation

· Design and conduct scientific investigations

· Use technology and mathematics to improve investigations and communications

· Formulate and revise scientific explanations and models using logic and evidence

· Recognize and analyze alternative explanations and models

· Communicate and defend a scientific argument

SFCPS: Investigation and Experimentations: I. Scientific progress is made by asking meaningful questions and conducting careful investigations. As a basis for understanding this concept and addressing the content of the other four strands, students should develop their own questions and perform investigations. 

· b. Identify and communicate sources of unavoidable experimental error.

· c. Identify possible reasons for inconsistent results, such as sources of error or uncontrolled conditions. 

· d. Formulate explanations by using logic and evidence. 

· g. Recognize the usefulness and limitations of models and theories as scientific representations of reality. 

· j. Recognize the issues of statistical variability and the need for controlled tests. 

· k. Recognize the cumulative nature of scientific evidence. 

· l. Analyze situations and solve problems that require combining and applying concepts from more than one area of science. 

Materials and Equipment:   

1. Materials per oven
· 1 small pizza box (1 ¾ in. x 10 ½ in.)  

· 22” x 10” of aluminum foil

· Saran wrap

· Scotch tape

· Latex black paint, black tempura paint, or black construction paper
· Glass or baking thermometer with degrees in Fahrenheit 
2. Tools

· Ruler

· X-acto knife

· Pencil

· Paintbrush

· Plastic bag

· S’mores material: chocolate coin, mini marshmallows, & a graham cracker
· Bamboo or chop sticks 

3. Laptop with LCD projector or Smart Board and speakers

4. CW handout: Solar Powered Pizza Box Oven Q&A Worksheet
Independent Practice / Assignments:  

Classwork/Activity: Solar Powered Pizza Box Oven Q&A Worksheet (see word doc; to be completed while S’mores are cooking)
Homework: none (
Outline of Lesson:  

I. Review HW from Day 4 (6 mins): Podcast Assignment: The Potential of Solar Power.  Stamp in completed HW, return it to students, and correct it as a group.  Alternatively, students can swap papers and grade their neighbor’s assignment as the teacher and/or students review correct responses.  Ask students their opinions on whether they think solar power, including solar thermal harvesting devices, represents a feasible replacement for fossil fuel burning on a large/national scale.
II. Use Solar Oven to Cook S’mores Outside (50 mins): REVIEW SAFTY – a. use sunglasses and avoid looking into the solar oven chamber as the light is intense.  b. use precaution when removing cooked food, as the chamber and food will be hot.  c. use a clean, mercury-free thermometers to insert into solar cooker. Collect the student group rubrics from Day 4, and pin them to a clipboard.   Next, pass out a copy of the Q&A Worksheet to each student (optional: or one copy per group), collect cooking materials, and go outside to an open sunny area on campus.  Make a S’more sandwich (optional: wrap sandwich in aluminum foil) and put it in solar oven.  Cooking time may vary based on time of day and weather.  For morning classes, you may need to have students test or return to their ovens at lunchtime.  Outside, student groups should tilt their ovens toward the sun using a rock or sweatshirt as a prop.  Once the food is inside, students should insert their thermometers, but emphasize an air-tight seal at the point of entry.  Students should immediately start recording temperature data for question 1 on the Q&A worksheet, plotting the temperature every 3 min for 30-45 mins.  One student per group should be responsible for keeping track of the time intervals using a watch timer and one student responsible for observing the temperature.  Students can answer the other questions on the worksheet between observations, and turn them in at the end of the period.  As the students work, grade the students’ ovens using the rubric sheets on the clipboard.  Before the period ends, inform students that solar cookers are being used around the world especially in underserved communities.  In Darfur, for example, there are refugee camps that use solar ovens on a daily basis.  In the camp of Iridimi, women’s lives are being saved, since solar cooking circumvents the dangers in traveling away from home to find firewood - http://solarcooking.wikia.com/wiki/Iridimi_Refugee_Camp.
 Questions 2-4 below are modified from the Pembina Institute at http://re-energy.ca/pdf/solaroven.pdf

1. Plot the temperature (deg. F) inside your pizza box oven every 3 mins on the graph below (not shown, see handout).  

2.  What was your oven’s maximum temperature, and how long did it take to reach that temperature?

3. How could you increase the efficiency of your pizza box cooker?  Describe 2 or 3 design changes that would help this cooker get hotter faster, and keep its heat better.

4. Describe one way that you could insolate your solar oven.  
5. What would happen if you painted the inside of the baking chamber white instead of black?

6. Name and explain at least 2 pros and 2 cons of solar oven cooking.
Demo(s):

1. http://www.youtube.com/watch?v=xbwliZJiHe8&NR=1

2. http://www.youtube.com/watch?v=R-_4g0Omtsw&feature=player_embedded
3. Guide students through one or more of the following quick activities after re-introducing alternative energies: solar wind, geothermal, biomass, hydro, ocean. Now, turn focus to photovoltaic, solar thermal, reflective and radiant energy  

Narrow focus to reflective and radiant energy
a. Use a black and white cloth to explain how heat absorption works

b. Use a magnifying glass to show how light can be directed into heat energy

c. Pass around a piece of charcoal brick or a closed container of motor oil to show the different types of non-renewable energy sources, like oil natural gas, coal, or uranium 

d. use a mirror to bounce light into a dark area to show how light can be directed 

e. Show a completed pizza box solar oven to show students what they’ll be doing. 

Modifications:

1. Using data collected with the solar oven thermometer, have a solar oven cook-off to see whose solar oven reaches the highest temperature.

2.  Instead of using a pizza box design, try the Pembina Institute’s version which is slightly more advanced and more powerful! (pdf available: http://re-energy.ca/t-i_solarheatbuild-2.shtml)
3.  http://www.youtube.com/watch?v=xbwliZJiHe8&NR=1 –this method uses black construction paper to line the inside bottom of the pizza box rather than tin foil and paint.
References:  

http://www.youtube.com/watch?v=xbwliZJiHe8&NR=1
http://re-energy.ca/t_solarheat.shtml 
http://re-energy.ca/pdf/solaroven.pdf   

http://re-energy.ca/pdf/solar-heat-bg.pdf
http://www.youtube.com/watch?v=R-_4g0Omtsw&feature=player_embedded 

http://solarcooking.wikia.com/wiki/Iridimi_Refugee_Camp  
