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SOLAR ENERGY LESSON 

Fall 2008
Goal:  To help students understand the potential of solar energy as an alternate energy source.
LESSON OUTLINE

I.  Introduction, p. 2

Discuss the use of sun energy (solar energy) to provide alternate sources of energy through (a) a solar furnace and (b) photovoltaic cells (solar cells).
(a) A solar furnace focuses the sun on banks of mirror reflectors which are used to heat water.
(b) Solar cells convert solar energy to electrical energy.
This lesson will demonstrate the use of solar cells as a source of electrical energy.
II.
Light energy → Electrical energy  (Solar Cells and Solar Panels)

A.  Demonstration of model for photovoltaic cell (solar cell)

B.
Digital Clock



Students connect a solar cell to a digital clock and observe that the clock works.

C.
Solar Calculator



Students observe that the calculator has solar cells and when they are covered up, 



the calculator doesn’t work.
III.
Voltage Measurements, p.5 


A.
Demonstration of Voltmeter 

The voltage of a flashlight battery is checked with a voltmeter.  Make sure the students understand the use of the voltmeter - DC voltage is being measured and the voltage reading is usually in Volts (Millivolt readings might be observed if the connections aren’t good.)  

B.
Voltage Readings and Amperage Readings
Students measure voltage of solar panels-one is wired in parallel and one is wired in series.  A 75-watt bulb is held about two inches away from the solar panel to simulate solar energy.  A VSVS team member demonstrates the measurement of amperage of the two solar panels.  Results indicate parallel wiring gives 1.5 volts and 300 mA and series wiring gives 4.5 volts and 100 mA current – review that current is additive in parallel wiring and voltage is additive in series wiring.
C.   
Light Energy to Electrical Energy to Mechanical Energy

Students hook up the fan motor to both solar panels to see which one runs the

fan motor. (They learn that the fan motor requires parallel wiring to give 1.5 volts and 300 mA current.  Parallel wiring increases current and keeps voltage the same as one solar panel).  

D. Light Energy to Electrical Energy to Chemical Energy


Explain to students that distilled water doesn’t conduct electricity so it is necessary to add

a small amount of a salt so that the resulting solution will conduct electric current.  The

solution they are using has a small amount of sodium sulfate added so the solution will



conduct the electric current.
Students hook up the electrolysis of salt solution to both panels to see which one works.  (They learn that the electrolysis of water requires series wiring to give 4.5 volts and 100 mA. Series wiring increases voltage and keeps the current the same as one solar panel.)
IV.
Review 
Materials
8 solar panels wired in parallel

8 solar panels wired in series

8 motors with fan blade

8 portable lamps with electrical cords (contain a 75 watt bulb)
A set of pictures in sheet protectors that show the following:


Solar furnace

Solar heating panels on a house for hot water heater

Solar cell


Solar cell panels on a space satellite 

Solar cell panels on a house 


Solar cell panels as source of power for company or small community 
Solar panels used to electrolyze water for hydrogen fuel (Honda)


9    petri dishes in #2 ziploc bag (for electrolysis)
9    pairs of nickel electrodes in a plastic container
9  #3 ziploc bags containing the following items:


1   voltmeter


1   red wire with alligator clips on both ends


1   black wire with alligator clips on both ends


1   D-sized flashlight battery

8  #1 ziploc bags containing the following items:


1 ½ oz container of water sodium sulfate added (use 0.05 M stock solution to fill bottles)

1  hand magnifying lens
1 storage container with lid containing the following:


8   numbered sets of a solar cell panel with alligator clips mounted on plastic card and a


 digital clock with alligator clips mounted on plastic card


8     solar-powered calculators

30   observation sheets
30    pencils for recording observations - have students use own pencils  
34    instruction sheets in sheet protectors (one per student) 

1      16 oz jar marked waste for pouring waste water from Petri dishes - electrolysis section
1       roll of paper towels

While one team member starts the Introduction, another should write the following vocabulary words on the board:


solar energy


solar furnace

solar cells


semiconductors
voltage


amperage



light energy 

electrical energy
chemical energy  
electrolysis
I.  INTRODUCTION

Discuss the use of sun energy (solar energy) to provide alternate sources of energy with (A) a solar furnace and (B) solar cells.
A. Convert light energy to heat energy
Show picture of a solar furnace.

A large collection of mirrors is used to concentrate the heat to boil water, creating steam to drive turbines that generate electricity.  This is like the production of electricity by power plants that burn coal or use nuclear energy to create the heat energy needed to produce steam to drive turbines to produce electricity.
Show picture of solar heating panels on top of a house

A solar hot water heater works by having panels on house tops which have pipes containing an antifreeze solution which are heated by the sun.  The pipes of hot circulating antifreeze pass through a water heater and heat the water.
B.  Convert light energy to electrical energy
Show the pictures of solar cell panels on a space vehicle, house grid, company grid
Solar cells are semiconductors which conduct electricity when light strikes them. Most solar cells are made from silicon.  Point out the difference between the solar heating panels in (A) and the solar panels in (B).
This lesson will focus on the use of solar cells to produce electrical energy.  The early production of solar energy cells required the use of pure silicon, which is expensive to produce.  As a result, obtaining electrical energy from solar energy cells has not been economically competitive with other methods of producing electrical energy.  However, research on using cheaper materials to produce solar energy cells along with the increasing cost of fossil fuels is bringing more attention to the use of solar energy cells as an alternate energy source.
II.  SOLAR CELLS AND SOLAR PANELS   Light energy → Electrical energy  


Materials


1
solar cell and 1 solar panel for demonstration



1
storage container with lid containing the following:



8
numbered sets of a solar cell panel with alligator clips mounted on a plastic





 card and a digital clock with alligator clips mounted on a plastic card

8   solar-powered calculators

How do Solar Cells Work?
Solar cells are photovoltaic ("photo" meaning light and "voltaic" meaning producing electricity) substances that convert light energy into electrical energy.  Most of the solar cells used in commercial applications (to provide power for space stations, space satellites, calculators) are made from silicon.  They are called semiconductors because they do not produce an electrical current until light hits them.  
A.  Demonstration of a Solar Cell

Think of a solar cell as a thin silicon wafer with small amounts of impurities which cause the wafer to product a direct electrical current when light photons strike its surface.  Solar cells can be wired together to form solar panels.
Show students an example of a solar cell and a solar panel. 
B.  Solar Cells Power a Digital Clock

Give each group one of the numbered sets of solar cell panel and digital clock and one of the solar-powered calculators.

Tell the students to follow the directions on their instruction sheets:




· Hook the alligator clips of the solar cell to the alligator clips on the digital clock.  Be sure that the red alligator clip is attached to the red alligator clip on the clock and the black alligator clip is attached to the black alligator clip on the clock.

· Note that the clock works.
· Ask a student in each group to put one of their hands over the solar panel.  Note that the clock doesn’t work.  

· Remove the hand and the clock works.










                     

Explanation:  The light in the classroom is enough to activate this solar panel to produce enough electrical current to run the digital clock, but when the solar panel is covered, the clock doesn’t work.
C.
Solar Calculator

Have students do the following:
· Look at the top of the solar calculator and count the number of solar cells in the panel (dark squares or rectangles separated by clear lines or portions).  The calculators in the kit usually have four solar cells. 

· Press several numbers to activate the calculator.  

· Cover the solar cells with your hand and note that the calculator doesn’t work.

Explanation:  

 Solar cells are used to provide electrical power in a wide range of applications.  The solar cells in calculators are like the one that students hooked up to the digital clock.  Once the calculator is activated, you can cover the solar panels with your finger to show that the calculator will not work unless enough light reaches the solar panels. Hundreds of solar cells can be hooked together to provide enough electrical power to run a TV.  Space satellites have huge panels of solar cells to provide electrical power for operation.

Collect the sets of solar cells and digital clocks, being careful to replace the rubber band around each set.  Collect the solar calculators.  Put the sets and the solar calculators in the storage container and place it in the bottom of the kit box.
III.  Voltage Measurements 
A.  Demonstration of Voltmeter 


Materials




Demonstration #1:  ziploc bag containing



1   voltmeter 



1   D battery

Show students how to check the voltage of a D battery with a voltmeter.  Make sure the students understand the use of the voltmeter - DC voltage is being measured and the voltage reading is usually in Volts (Millivolt readings might be observed if the connections aren’t good.)  
B.  Voltage Readings 

Materials


8  #3 ziploc bags containing the following items:


1   voltmeter


1   red wire with alligator clips on both ends


1   black wire with alligator clips on both ends



1   D-sized flashlight battery 

8 solar panels wired in parallel


8 solar panels wired in series


8 motors with fan blade


8 portable lamps with electrical cords (contain a 75 watt bulb)

Demonstrate to the students how to turn on the light and hold it two inches from the solar panel.

Pass out the materials listed above.  Be sure to supervise the students when they are testing the solar panels to make sure they are doing it correctly, and that the lights are being held correctly.
· Tell students to measure the voltage of the 1.5 volt battery.

· Tell students to measure the voltage of the parallel-wired solar panel and to record their value on the observation sheet.
· Tell students to measure the voltage of the series-wired solar panel and to record their value on the observation sheet.

Demonstrate the measurement of the amperage for both the parallel and series wired solar panel and tell the students to record the values on their observation sheet.

.  

Explain to students the difference in the voltage and amperage for parallel and series circuits  First write down the values for one of the panels.  1.5 volts (V) and 100 milliamps (mA).

Parallel circuits:  Voltage stays the same as for one panel (1.5 V) but current is






 additive (100 mA x 3 =300 mA)

Series circuits:  Amperage stays the same as for one panel (100 mA), but voltage 






is additive (1.5V x 3 = 4.5 V).

C.  Light Energy → Electrical Energy →Mechanical Energy
Have students hook up the fan motor to the parallel-wired and series-wired circuit to determine which one will run the fan motor.  The light bulb should be turned on and held about two inches over the solar panel during the testing.  Tell them to record which one was required to run the motor.
D.  Light Energy → Electrical Energy →Chemical Energy
Materials

8  #1 ziploc bags containing the following items:


1 ½ oz container of water sodium sulfate added (use 0.01 M stock solution to fill bottles)

1  hand magnifying lens


9    petri dishes in #2 ziploc bag (for electrolysis)

9    pairs of nickel electrodes in a plastic container 
Have students follow the procedure for pouring the salt solution into the Petri dish.  The nickel electrodes should be dipped into the solution in the Petri dish and connected to both the parallel and series circuit to determine which one will provide enough electrical energy to electrolyze the water.
Electrolysis of Water 

Tell students to follow the instructions on the instruction sheet.  You will still need to guide them through the procedures, making sure they understand the instructions.
Explain to students that distilled water doesn’t conduct electricity so it is necessary to add a small amount of a salt – we will use sodium sulfate – so that the resulting solution will conduct electric current.
Give each group a #1 bag of materials, a petri dish, a set of nickel electrodes, and an observation sheet.  Also give each student one of the instruction sheets.  Ask students to use their own pencils to record observations.


· Empty ½ oz container of salt solution into the Petri dish.

· Show students how to hook up the set of nickel electrodes to each wire by attaching the alligator clip to the short end of the electrode.  Explain that the nickel is acting as an electrode because nickel conducts electricity.  Tell them to check their set-up with the picture on the instruction sheet, and show them how the electrodes can be placed in the Petri dish.  Emphasize to students that the nickel electrodes and their mount should be handled with care.  Refer them to the picture on the instruction sheet (also given below) for the correct hookup and placement of the nickel electrodes in the Petri dish.  Note that the alligator clips are connected to the short end of the nickel electrodes.

· Have students place the electrodes into the Petri dish that contains the solution so that the electrodes are in the solution.  
· Then they should carefully connect the other end of the alligator clips of the red and black wires to the solar panel wired in series. (Refer them to the diagram on the instruction sheet.)
· One of the students in the group should turn on the light bulb and hold it about two inches from the solar panel.

· Another student in the group should use the hand lens to see if any bubbles are forming around the end of the electrodes in the water.  Then tell students to pass the lens around so each student can look at the bubbles.
· Record observations.   Ask students to notice which electrode (black connection or red connection) has the most bubbles.  Answer:  Black connection.
· The student holding the light bulb source should turn the light bulb off.
· One of the students in the group should disconnect the electrode wires from the series-wired panel and reconnect the electrode wires to the parallel-wired solar panel.

· Students should make sure the electrodes are dipped in the solution in the Petri dish.

· The student holding the light bulb source should turn on the light bulb and hold it about two inches from the solar panel.  (Students will discover that the parallel-wired solar panel doesn’t work.)

Have the students carefully take apart the hookup.  Collect the Petri dishes and empty them into the “waste jar” or the sink.  Then place them back in Ziploc bag #2.   Have students put the other materials in Bag #1.

Collect the nickel electrode sets; place them back in the plastic container, and put the container back in the kit box.
While one of the VSVS team members is discussing the results, other VSVS team members should collect the bags of materials solar panels, fan motors, light bulb assemblies. and place them back in the kit box. 

Be sure to get all components back – this kit contains many expensive items.  Count all items before you put them back in the kit – 16 solar panels, 8 light bulbs with cords, 8 fan motors, 8 voltmeters, 9 electrolysis setups, etc.

Discussion of Electrolysis Experiment
The light energy from the bulb was converted to electrical energy which was converted to chemical energy in the solution when water (H2O) was broken into hydrogen and oxygen gases. The solution contains a small amount of sodium sulfate, which conducts the electric current through the solution.  Pure water does not conduct electricity so it was necessary to add an ionic substance (sodium sulfate) to get electron flow through the solution.
Show picture of panels of solar cells being used to electrolyze water to get hydrogen fuel for hydrogen-powered vehicles (Honda).  

There are currently some vehicles being used to test the use of hydrogen as a fuel.  The advantage

of using hydrogen as a fuel is no pollution since the product of burning hydrogen is water.  The

disadvantages include (1) developing a safe way to handle and transport hydrogen, and 

(2 building a distribution network to make it readily available.
Ask the students the following questions:
· What is the formula for water?  H2O; Explain that this formula shows that water is made up of two parts hydrogen and one part oxygen.
· What kind of bubbles are forming in the Petri Dish?  Hydrogen and Oxygen gas
· Which electrodes had the most bubbles?  The electrode connected to the black (negative) alligator clip.  It may be difficult to notice the ratio is 2:1.
· Based on the formula for water, which bubbles are being produced in larger amounts: hydrogen or oxygen?  The formula for water shows that water has twice as many hydrogen atoms as oxygen atoms.  There are more bubbles around one electrode.  Those are the hydrogen bubbles.
IV.
Review 
Review the results and questions on the Observation Sheet.  
SOLAR ENERGY LESSON

Observation Sheet
Name _________________________________ 
Vocabulary Words

solar energy, solar furnace, solar cells, semiconductors, voltage, amperage




light energy, electrical energy, chemical energy , electrolysis

III. B.  Voltage and Amperage Readings
One solar panel


Voltage _______
Current _______
Three solar panels wired in parallel
Voltage _______
Current ________

Three solar panels wired in series
Voltage _______
Current ________

III. C. Which wiring of solar panels will run the fan motor?  ________________
III. D.  1. Which wiring of solar panels will electrolyze water? ________________
2. What is the formula of water?  _______________

3. What gases are given off at the electrodes?  _________ and ________

General Questions:  Circle your choice.

1. Which requires more voltage?  Running a fan motor or electrolyzing water?

2. Which requires more amperage?  Running a fan motor or electrolyzing water?

Note:   The following instructions are on the instruction sheet.  Have students follow their instruction sheet and check to make sure their hookups are correct.  Use a paper towel to wipe up any spilled solutions from the Petri dishes in the following experiments











Note:  Students should observe tiny bubbles of gas at both electrodes. Ask them to observe whether one electrode has more bubbles than the other.  (One electrode should have twice as many bubbles as the other.  The students may have difficulty seeing that the electrode (negative electrode – black wire) where hydrogen bubbles are emitted is giving off twice as many bubbles because the hydrogen bubbles are smaller than the oxygen bubbles.) 
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