SPIRIT 2.0 Lesson: 

Measuring Solar Energy
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Instructional Component Used: Energy/Energy Transfer

Grade Level: High School

Content (what is taught): 

· Review of Thermal Energy Equation Q = mct (Heat = mass x specific heat x temperature change)

· Only a fraction of the solar energy incident upon the atmosphere actually reaches the surface

· Measurement of the amount of solar energy per cm2 reaching the surface at a location

Context (how it is taught):

· The temperature change of a container of (dark colored) water is measured; from the mass and temperature change, the amount of heat gained is calculated

· The heat gained by the water comes from absorbed solar radiation

· The total energy gained by the water divided by the surface area of the container is a measurement of the solar radiation per cm2  reaching the surface


Activity Description:

In this activity, students will place a cup of water containing a known mass of water (dark colored) in an insulated cup covered with clear plastic wrap.  The cup is placed in a sunny location and allowed to sit undisturbed for 10 minutes.  At the end of the 10 minute period, the water is gently stirred and its change in temperature is measured.  From the data, the number of calories of heat gained by the water can be determined and converted to joules of energy.  Since the change in temperature is due to solar radiation measured, the total energy gained by the surface area of the top of the cup, the ratio of energy to area gives a measure of solar radiation reaching the ground at that location.  This value can be compared with the standard value of 1.37 kW/m2.

Standards:

Science 
Technology

Engineering
Math

Materials List: 

· Plastic wrap

· Rubber band

· Two Styrofoam cups

· Graduated cylinder

· Ruler
· Water and food coloring

Asking Questions: (Measuring Solar Energy)
Summary: Students will identify various sources of renewable/alternative energy and speculate about the viability and the amount of energy.  Eventually, the instructor will move the discussion towards solar energy.

Outline: 

· The instructor will give students illustrations of “energy in the news”.  This could be assigned the day before as a lead-in to this experiment. 
· Questioning about the types of energy used and the viability of renewable energy resources 
· Discussion culminates with questions about how solar energy is used and its usefulness in meeting our energy needs
Activity: 

	Questions
	Answers

	What are some examples of “energy in the news” with which you are familiar?
	During 2010—the gulf oil spill, drilling in the Arctic and offshore, fluctuating gasoline and natural gas prices, new nuclear power plants, more wind farms in Nebraska and Iowa, etc.

	What is your view as to the viability of some of the commonly mentioned renewable sources of energy?
	Answers may vary.  Discussion could include wind (some NIMBY concerns), solar, bio-fuels (does it really reduce fossil fuel use given the energy consumed in its production?), hydroelectric (limited in possible locations-disrupts marine life), tidal energy (untested), etc. 

	Which forms of energy that we use relies on solar energy?
	Almost all of them: fossil fuels were once plant and animal life, winds are driven by changes in temperature, hydroelectric depends upon the water cycle, and bio-fuels require photosynthesis. 

Nuclear does not require the sun.

	What are your views about the availability and practicality of solar energy in particular?


	Answers may vary.  Discussion should include clouds, daytime-only, expense, widespread availability, many ways to use it.

	What are some ways to directly use solar energy?
	The solar radiation can create heat by warming the air in a building.  It can heat water on rooftop collectors.  It can create electricity via photovoltaic cells or by concentrating its rays to heat water to run a generator.

	How much energy is actually available from the sun?  Is there any way to measure it?
	Answers may vary.  A lot?  Maybe?


Exploring Concepts: (Measuring Solar Energy)
Summary:  Students will conduct inquiries into optimal ways of capturing solar thermal energy.

Outline: 

· A discussion will be held (what does/doesn’t get hot in the sun)
· Students will create a surface to be tested using one assigned surface material and one color

· The surfaces will be placed in direct sunlight and their temperatures measured and recorded

· A class discussion will be held regarding the findings.

Activity:  Students will be asked what they’ve noticed about items that are placed in the sun.  Do some get hotter than others?  Students will tell of their experiences.  The teacher might expect that students will state the black items and shiny metal get very hot (by the way, shiny metal gets very hot because although it reflects most of the energy away, it is very poor at emitting the heat once it does obtain it-thus it continues to heat up rather than radiating away its heat rapidly as black items do).  Students will be randomly assigned type of material and color.  They will prepare a 15 cm x 15 cm surface of this material and color.  Each of the surfaces will be placed in direct sunlight with temperatures taken at the surface every 3 minutes.  A simple and accurate way to measure the surface temperatures is with the use of an infrared (sometimes inaccurately called a laser) thermometer.  The teacher may be able to borrow one of these from a science lab or auto repair shop.  Another method of measuring surface temperature may be with the use of an instant read thermometer usually used for cooking, or a thermometer attached to an outdoor temperature-sensing probe (the author has not tested these ideas).  Students will record the air temperatures both in the sun and in the shade, as well as the temperature readings obtained from their surface.

Materials:

· Sample surfaces might be:  wood, metal, brick, concrete, roofing shingle, asphalt, and plastic (perhaps pieces of an old children’s toy, synthetic decking, or an old cutting board)

· Sample colors might be: black, white, gray, off-white, purple, red, chrome, gold, etc.  

· Optional finishes could be used such as matte, shiny, and/or metal flake

· Infrared or other surface-measuring thermometer

· Varied materials and paints.

Instructing Concepts: (Measuring Solar Energy)
Energy and Energy Transfer

Definition of Energy: Energy is defined as the capacity to do work that causes physical change within a closed system.  In a closed system, energy cannot be created or destroyed only transformed into a different type.
Energy Types:  Some scientists state that there are only two types of energy potential and kinetic.  Potential energy is stored energy.  Kinetic energy is energy resulting from motion.  Many forms of energy exist within these two types: mechanical, electrical, thermal, nuclear, wind, chemical, water, geothermal, wave, light, and sound.  

Energy Transfer/Conversion:  Energy can be converted or transferred from one form to another.  

The Law of Conservation of Energy from physics says that the total energy in a closed system is constant over time.  Most forms of energy can be converted from one form to another with a high degree of efficiency.  The exception to the rule is thermal energy: all of the energy in the universe may one day be converted to thermal energy which slowly cools until a very cold equilibrium is reached.   Conversion of thermal energy is limited by the second law of thermodynamics.  A result of this law is that energy cannot be created or destroyed.  It can only be changed from one state to another.  Examples where this change in state occurs are:

1) Hydroelectric dams: Dammed water (potential), moves through turbines and turns them (kinetic) which causes a generator to create electricity (electrical).

2) Electric lamp: Electricity (electrical) makes a light bulb light up (heat and light)

3) Microphone: Sound energy converted into electricity.

4) Fossil Fuel power plant: Fossil fuels (potential) are burned (thermal) to heat water which in turn moves turbines (kinetic) to create electricity (electrical).

5) Friction: Kinetic energy is turned into thermal energy.

6) Solar cells: Light energy is turned into electricity (electrical)

This list is far from exhaustive but should point out the many different ways that energy can be transformed.  

Energy Costs:  The cost of energy is more than the price that you pay for the electricity, gasoline, natural gas, etc. that you use.  The financial costs of these items are paid everyday and vary depending on the location where the energy was purchased and the time of year.  The use of energy has hidden costs associated with it such as climate and environmental impact.

Energy Efficiency:  Energy efficiency is defined as the process of using less energy to provide the same level of service.  Creating more efficient products such as higher mileage cars, florescent light bulbs, high efficiency furnace and AC units, or appliances can do this.  It can be caused by better insulation or building design.  

Energy Conservation:  Energy conservation is the effort to reduce the consumption of energy.  The goal of conservation is to preserve finite resources and reduce pollution.  It can be accomplished by creating more efficient related energy products or simply by creating habits that utilize less energy such as turning off the lights or carpooling.

Organizing Learning: (Measuring Solar Energy)
Summary:  Students will measure the amount of solar energy reaching a particular location at the surface of the earth.

Outline: 

· Students will measure the mass of water needed to nearly fill a Styrofoam cup (food coloring will be used to make the water dark).  The temperature of the water will be measured.  The cup will be covered with a clear plastic wrap and placed in sunlight.

· The cup will sit in the sun for 10 minutes and the temperature of the water will be measured.  The formula Q = mct will be used to determine the amount of energy absorbed by the water over the interval.  Measuring the diameter of the cup will allow the student to determine the area over which solar energy was absorbed.

· Energy/Area gives the amount of energy received per square centimeter over the length of the experiment.

· The Power formula (P = Energy/Time) can now be used to determine the energy delivered to each square centimeter each second.  

Activity: Students will create a “solar energy collector” by placing a dark liquid (water with food coloring) in a Styrofoam cup.  In fact, a double layer (cup in a cup) would be better insulation.  The water needs to be as dark as possible to absorb the most sunlight.  It is reasonable to assume the specific heat of the water mixture is the same as plain water.  Once the sample is prepared, the temperature needs to be taken.  Next, carefully put plastic wrap over the top and secure it with a rubber band (this will prevent evaporation).  Allow the cup to sit in the light for 10 minutes, then gently remove the plastic wrap, stir the water gently with the thermometer, and record the highest temperature reached as the final temperature.  Once the final temperature is measured, the temperature change and mass of the water can be used to calculate the energy transferred into the cup.  The following calculations need to be made:

1) Calculate energy absorb by the liquid. Thermal Energy Q = mct (Heat = mass x specific heat x temperature change).

2) Calculate energy per area.  E = Q / A where Q is the thermal energy absorbed and A is the surface area of the cup.
3) Calculate energy / area / time. P = E / t where E is the energy per area and t is the time the experiment ran.  

When the calculations are done, a class discussion should center around these points:

1) Did the value we calculated for P approach the accepted value of solar energy reaching the edge of the atmosphere (about 1.37 kW/m2 or 137 mW/cm2)?

2) Could we have improved the energy transfer?
3) Were the results of the experiment surprising?
4) What recommendations would you make regarding the efficiency transfer rate of solar energy?
Understanding Learning: (Measuring Solar Energy)
Summary:  Students will be assessed on the principles of energy transfer.

Outline: 

· Formative assessment of energy transfer

· Summative assessment of energy transfer

· Performance assessment of energy transfer

Activity:  Students will be assessed on energy transfer by answering writing prompts and completing a performance assessment.

Formative Assessment

As students are engaged in the lesson ask these or similar questions:

1) Are the students able to set up the experiment and collect the data?

2) Are the students able to do the necessary calculations for heat gained and surface area of the cup?

3) Are the students able to calculate ratios for energy per area for the length of the experiment and energy per area per second?

4) Are the values determined reasonable?

5) Can the students explain the sequence of steps in collecting the data and the reason for each calculation?

Summative Assessment

Students can answer the following writing prompts:

1) Explain what energy transfer means and cite 4 examples of the transfer of energy.

2) In the lab exercise that you completed, explain how the transfer of energy occurred.

3) Speculate/investigate what happens to the energy that reaches the atmosphere, but does not reach the surface of the earth.  Why is the energy transfer not efficient?  Explain your reasoning.

Performance Assessment
Consider the feasibility of powering a laptop with a large solar cell.  If a laptop consumes 200 W of power, what size of solar cell (in square meters) would be needed based on the value students have computed and assuming a solar cell is 100% efficient.
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