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ENERGY CONVERSIONS

Fall 2007
Goal:  To help students understand the energy conversions between chemical, electrical, and light energy.

Fits Metro Davidson County schools Science Academic Standards for grade 6.

Text reference:  Chapter 12.

LESSON OUTLINE


Introduction, p. 2


Discuss different forms of energy.
I.
Electrical Energy → Chemical Energy - Electrolysis of Water, p. 3 

Tell students to follow the instructions on the instruction sheet.  These are the same as the ones given in your copy of the lesson.  You will still need to guide them through the procedures, making sure they understand the instructions.

A.
Distilled Water Experiment, p. 3

Students use two nickel electrodes and a 9-volt battery to test whether any reaction occurs with distilled water.  Nothing happens because distilled water doesn’t conduct electricity. 

B.
Salt Water Experiment, p. 4



Students then add a small scoop of sodium sulfate to the distilled water, stir with a


toothpick, and  then place the nickel electrodes in the water.  This time they should see


bubbles - more atone electrode than the other.  

II.
 Chemical energy → Electrical energy - Lemon Battery Demonstration, p.5


The lemon battery provides enough electrical current to run the digital clock.  This current is

 produced by the difference in activity of the copper and zinc electrodes that are inserted in the

 lemons.  (Each lemon should have a copper and zinc electrode in it.)

III.
Chemical energy → Electrical energy - 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

Students place the four electrodes in the lemon - copper wire, zinc-coated nail, iron nail, and paper clip. Voltage readings are taken with the voltmeter by connecting alligator clip wires to the voltmeter and then to the metal electrodes.  The other end of the red wire is connected to the copper wire and the other end of the black wire is connected to each of the other metals in turn and voltage readings recorded.
IV.
Light energy → Electrical energy - Solar Cells, p. 7


A.
Digital Clock



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

B.
Solar Calculator



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



the calculator doesn’t work.
V.
Chemical energy → Light energy- Chemiluminescence, p. 8 



(Lightstick Demonstration) 



The conversion of chemical energy to light energy is demonstrated with a lightstick.

VI.
Review Questions

Materials
1   lemon battery clock 

2   lemons (for the clock)

1   large lightstick

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

8    pairs of nickel electrodes in a plastic container
Demonstration #1:  ziploc bag containing

1   9-volt battery with wire leads


1   voltmeter – for demonstration in Part III

1   D battery – for demonstration in Part III

8  #1 ziploc bags containing the following items:

1   9-volt battery with wire leads

1   small container of sodium sulfate
1   small plastic scoop

1   toothpick

1   1/2 oz. bottle of distilled water

1  hand magnifying lens
8  #3 ziploc bags containing the following items:

1   lemon (stored in its own bag)

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

1  small bag containing:


1  copper wire electrode

 
1   paper clip


1   zinc-coated nail (galvanized; has shiny surface)


1   iron nail (has dull surface)

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:


energy conversions

chemical energy
solar cells


electrolysis



voltage


chemiluminescence


electrical energy

light energy

INTRODUCTION

Ask students:  What are the different forms of energy?   

 Accept logical responses.


Possibilities include - electrical, chemical, mechanical, heat, electromagnetic, and nuclear.  





In this lesson, students will study the following energy conversions:




•
electrical energy → chemical energy



•
chemical energy → electrical energy




•
light energy → electrical energy 



•
chemical energy → light energy


Organize students into eight groups of three or four students.

I.
Electrical energy → Chemical energy   - ELECTROLYSIS


Materials



1
Demonstration #1 ziploc bag containing






1
9-volt battery with wire leads

  






1
voltmeter – for demonstration in Part III






1 D battery – for demonstration in Part III


9
sets of nickel electrodes for electrolysis in a plastic container




8
#1 ziploc bags containing the following items:




1
9-volt battery with wire leads





1
small container of sodium sulfate



1
small plastic scoop




1
toothpick




1
1/2 oz. bottle of distilled water



1  hand magnifying lens

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

1
16 oz jar marked waste for pouring waste water from well plates 



30
observation sheets



30
pencils for recording observations - have students use own pencils  


30  instruction sheets in sheet protectors

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.

· Tell students that they are going to use electrical current from a 9-volt battery to try to decompose water.
· Take the 9-volt battery and wire leads from the Ziploc bag marked demonstration #1.
· Take one of the sets of nickel electrodes from the plastic container.
· Take one of the Petri dishes from Ziploc bag #2.
· Follow the diagram on the next page and show students the two wires that are attached to the 9-volt battery.

· 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. 
Demonstrate the hookup of a 9-volt battery and electrodes, 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.


[image: image1.jpg]



Disassemble your hookup and put the battery and electrodes back in the demonstration

ziploc bag.



Distilled Water Experiment

· Empty ½ oz container of distilled water into the Petri dish.


· Have students place the electrodes that they previously connected to the 9-volt battery  in the Petri dish that contains distilled water so that the electrodes are in the water.  (Refer them to the diagram on the instruction sheet.)
· Have one of the students in the group use the hand lens to see if any bubbles are forming around the end of the electrodes in the water.  
· Ask students to record observations on their observation sheet.  (Students should observe that nothing happens.)



Salt Water Experiment
· Use the small plastic scoop to get a small amount of sodium sulfate from the container.        

· Add the sodium sulfate to the Petri dish of distilled water.

· Stir the water and sodium sulfate with the toothpick.

· Follow the same procedure as before and place the electrodes in the Petri dish so  the electrodes are in the water that now contains a small amount of dissolved sodium sulfate.  

· Have one of the students in the group 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.


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.
Explanation:

The electrical energy in the battery was converted to chemical energy in 


the electrolytic solution when water (H2O) was broken into hydrogen and oxygen gases. The 


electrolytic solution contains a small amount of sodium sulfate, which conducted the electric current through the solution.  Pure water does not conduct electricity so water was not broken down in the pure or distilled water.

Collect the nickel electrode sets; place them back in the plastic container, and put the container back in the kit box.
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.   VSVS volunteers should collect the bags of materials and place them back in the kit box.  
II.
Chemical energy → Electrical energy: Lemon Battery Demonstration 




Materials




1
lemon "battery” clock





2
lemons

Hold the lemon battery clock so that students can see that it is working.  If it’s not working, make sure each lemon has a copper and a zinc electrode inserted in it.
· Ask students:  What is causing the clock to run?    



· Ask students: Do you see a batter?  There is no battery.
· Tell students that the lemon and the metals attached to the wires are functioning as the battery.







· Pull the metals out of the lemon to show them to the class and to show that this causes  the clock to stop working.  

· Share the following explanation with the students and tell them they will have a chance to measure the voltage produced by this circuit in the next section.

Explanation:   
This demonstration uses pieces of copper and zinc metal inserted into lemons and wired to a digital clock to show how a chemical reaction can produce enough electrical energy to run a clock.  The difference in reactivity of zinc and copper metals causes electron flow between the zinc and copper electrodes.  When zinc and copper metals are connected in series to the digital clock, the electrical power is sufficient to run the clock.  





.
III.  Chemical energy → Electrical energy:  Voltage Measurements 
Materials




8
#3 ziploc bags containing the following items:






1
lemon (stored in its own bag)






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






1
small bag containing:







1
copper wire electrode







1
paper clip







1
zinc-coated nail (galvanized; has shiny surface)







1
iron nail (has dull surface) 

A.  Demonstration of Voltmeter – Use the voltmeter and D battery in Demonstration bag #1

· Show the students the voltmeter.  

· Tell the students they will be using voltmeter measurements to provide information about the amount of electrical energy being produced by different chemical energy to electrical energy conversions.

· Tell a student volunteer to touch the red lead to the plus terminal of the flashlight battery and the black lead to the negative terminal of the battery.

· Turn the voltmeter to DC, the first setting, and read the voltage.   (Voltage should be about 1.5 volts or 1500 millivolts.)

· Tell students that the battery contains chemicals that undergo a chemical reaction to produce electrical energy from chemical energy. 

· Tell students that they will now measure the amount of voltage produced from different metals.  They will be sticking the metals into a lemon and measuring the voltage. The difference in reactivity of metals is what produces electrical energy when the metals are placed in the lemon and hooked up to form a circuit.   The different amounts of electrical energy produced from chemical energy  will be determined by measuring  the voltage when different combinations of metals are hooked up.
B.
Voltage Readings 

· Give each group one of the ziploc bags of materials.
· Have each group of students do the following:
· Place all four electrodes in the lemon -1 copper wire, iron nail (dull surface), zinc-coated nail (shiny surface), paper clip.  Electrodes should not touch each other.  If necessary, help students put the electrodes into the lemon.
· Attach the red wire alligator clip to the red voltmeter lead and the black wire alligator clip to the black voltmeter lead.
                        

· Copper and Iron
· Attach the other end of the red wire alligator clip to the copper wire.

· Attach the other end of the black wire alligator clip to the iron nail (dull surface).

· Record the voltage in the table on the observation sheet.  The voltage should be 0.4 volts or 400 mV.
· Copper and Zinc

· Leave the red alligator clip attached to the copper wire.

· Remove the black alligator clip and attach it to the zinc-coated nail.

· Record the voltage in the table on the observation sheet.  The voltage should be 0.9 - 1.0 volts or 900  - 1000 mV.
· Copper and a Paper Clip
· Leave the red alligator clip attached to the copper wire.

· Remove the black alligator clip and attach it to the paper clip.

· Record the voltage in the table on the observation sheet.  The voltage should be 0.9 - 1.0 volts or 900  - 1000 mV.
After groups have measured the voltages, ask them to put the lemon back in its bag. The electrodes, paper clip and nails should be returned to the small plastic bag. These two bags along with all other materials should be returned to ziploc Bag #3.  Collect these ziploc bags before going on to the next activity. 
Ask students to look at the voltage recordings and decide if the paper clip is iron or zinc-coated.

Based on the voltage values on the chart, paper clips are zinc-coated or galvanized.
Voltage Readings
	Metal Strips
	Approximate Voltage Values

	copper and iron
	0.4 volts or 400 mV

	copper and zinc
	0.9 - 1.0 volts or 900 - 1000 mV

	copper and paper clip
	0.9 - 1.0 volts or 900 - 1000 mV


Explanation:  
As was the case with the lemon clock, the lemon and the metals attached to the wires are functioning as the battery.  The purpose of the lemon is to conduct the electron movement from one electrode to the other.  The voltage measured with the voltmeter indicates the amount of electricity produced.  The larger the voltage reading, the bigger the difference in chemical reactivity of the metals being used..  Copper and zinc give the biggest voltage reading in this experiment.

IV.  Light energy → Electrical energy:  Solar Cells 

Materials



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

A.  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:

 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.  The light in the classroom is enough to activate this solar cell to produce enough electrical current to run the digital clock, but when the solar panel is covered, the clock doesn’t work.
B.
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.
V.
Chemical energy → Light energy:  Chemiluminscence   

Lightstick Demonstration




Materials
1 large lightstick

Ask students to name some hot objects that give off  light.




 Some examples are burning wood in fireplaces, incandescent light bulbs, a lit match, and fireworks.


Tell students that there are many examples of "cool" light produced by a process called 




chemiluminescence.  A lightstick is an example of a chemiluminescent reaction. A chemical called luminol gives off a blue color in a chemiluminescent reaction.  A common example in nature is the glow of the firefly or lightning bug.  In a biochemical reaction within the body of the firefly, light is produced through the action of an enzyme on luciferin.  This is called bioluminescence.


· Hold up the large lightstick.

· Remove the foil wrapper.
· Have one VSVS volunteer turn off the room lights.

· Bend the plastic tube slightly to break the thin vial inside.

· Shake the lightstick.

· Hold the lightstick up in the air and walk around the darkened room to give the students a closer look at the lightstick. 

· Turn on the lights.

· Share the following explanation with the students.

Explanation:

 Chemiluminescence occurs when a chemical reaction produces a molecule in an excited state.  Bending the lightstick to break the vial mixes two chemicals that react to produce a molecule in the excited state.  When this excited molecule changes to a more stable form, it emits light.   Special chemical reactions produce the excited molecule.  This is why the energy conversion is chemical energy to light energy. 

VI. Questions for Review

Go over the observation sheet with the students, and ask them to answer the review questions.   Discuss the review questions, including reference to vocabulary words whenever possible.

Ask students the following questions:
· What are the different forms of energy?
Different forms of energy covered in this lesson include electrical, chemical, light.  Other forms include mechanical, heat, nuclear, electromagnetic (light is just one part of electromagnetic spectrum, which is covered in another lesson later in the year).


· What type of energy conversions do the following represent?

· Electrolysis of water   (electrical to chemical)

· Lemon battery-powered clock (chemical to electrical)

· Turning on a flashlight (chemical to electrical to light)

· Using a lemon with different electrodes to produce an electrical current (chemical to

· electrical)

· Using solar cells to run a digital clock or calculator (light to electrical)

· What are some other types of energy conversions that we have not discussed today?        Examples include:  nuclear to electrical, electrical to heat, chemical to heat to mechanical to electrical (burning coal or natural gas in power plants to produce heat to produce steam to drive turbines to produce electrical energy), electrical to mechanical (electric cars), chemical to mechanical (burning gasoline in internal combustion engines – cars, trucks).

Lesson written by  
Dr. Melvin Joesten, Chemistry Department, Vanderbilt University





Pat Tellinghuisen, Coordinator of VSVS, Vanderbilt University






Susan Clendenen, Teacher Consultant, Vanderbilt University

ANSWER SHEET

OBSERVATION SHEET
Vocabulary Words:  energy conversions, electrolysis, electrical energy, chemical energy, light energy, solar cells, chemiluminescence, voltage

I.  Electrical Energy to Chemical Energy - Electrolysis

A.  Distilled Water Experiment – Observations 
Nothing happens because distilled water




 doesn’t conduct electricity


B.  Sodium Sulfate Solution Experiment – Observations  Small bubbles of gas are given off around  the nickel electrodes.  Twice as many bubbles are given off at one electrode  (negative – black alligator clip)  than at the other.  

II.  Chemical Energy to Electrical Energy - Voltage Measurements
VOLTAGE TABLE
	Metal Strips
	Voltage

	Copper and Iron


	0.4 volts or 400 mV

	Copper and Zinc

	0.9 to 1.0 volts or 900 – 1000 mV

	Copper and Paper Clip


	0.9 to 1.0 volts or 900 – 1000 mV


Compare the voltage readings for the copper and the paper clip with the readings for copper and


iron and copper and zinc.  Is the paper clip iron or zinc-coated? 
zinc
Which combination of metals produces the highest voltage?  
copper and zinc

III.  Review Questions


1.  What are the different forms of energy? electrical, chemical, mechanical, heat, 




electromagnetic (accept light), and nuclear


2.  What type of energy conversions to the following represent?



a.  Electrolysis of water electrical to chemical



b.  Lemon battery-powered clock chemical to electrical



c.  Turning on a flashlight chemical to light


d.  Using a lemon with different electrodes to produce an electrical current chemical to




 electrical



e.  Using solar cells to run a digital clock or calculator light to electrical


3.  What are some other types of energy conversions that we have not discussed today? 



Nuclear to heat to mechanical to electrical (nuclear energy used to heat water to steam to



 turn turbines to produce electricity)
OBSERVATION SHEET
Names ____________________________________

Vocabulary Words:  energy conversions, electrolysis, electrical energy, chemical energy, light energy, solar cells, chemiluminescence, voltage

I.  Electrical Energy to Chemical Energy - Electrolysis
A. Distilled Water Experiment – Observations ________________________________________

_______________________________________________________________________________
B. Sodium Sulfate Solution Experiment – Observations ___________________________________

_________________________________________________________________________________

II.  Chemical Energy to Electrical Energy - Voltage Measurements
VOLTAGE TABLE
	Metal Strips
	Voltage

	Copper and Iron


	

	Copper and Zinc

	

	Copper and Paper Clip


	


Compare the voltage readings for the copper and the paper clip with the readings for copper and


iron and copper and zinc.  Is the paper clip iron or zinc-coated? _____________

Which combination of metals produces the highest voltage? ___________________

III.  Review Questions


1.  What are the different forms of energy? ________________________________________



________________________________________________________________________


2.  What type of energy conversions to the following represent?



a.  Electrolysis of water ______________________



b.  Lemon battery-powered clock _______________



c.  Turning on a flashlight _____________________



d.  Using a lemon with different electrodes to produce an electrical current __________



e.  Using solar cells to run a digital clock or calculator ____________


3.  What are some other types of energy conversions that we have not discussed today? 
____________________________________________________________________________________
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ENERGY CONVERSIONS

Vanderbilt Student Volunteers For Science

INTRODUCTION
In this lesson, you will study the following energy conversions:



•
electrical energy → chemical energy


•
chemical energy → electrical energy



•
light energy → electrical energy 


•
chemical energy → light energy







I.
Electrical energy → Chemical energy   -  ELECTROLYSIS

[image: image2.jpg]





•
The VSVS team will demonstrate how to hook up the battery and electrodes.


• 
While they are demonstrating the hook ups, take the battery, hook-up wires, and set of nickel electrodes, and Petri dish they gave you and arrange according to their instructions, following the picture above.  Please handle the nickel electrode set-up with care.

A.
Distilled Water Experiment


• Empty the  ½ oz container of distilled water into the Petri dish.





• Plsce the electrodes that you previously connected to the 9-volt battery




in the Petri dish that contains distilled water so that the electrodes are in the water.  (Refer 




to the diagram above.)


• Have one of your group use the hand lens to see if any bubbles are forming around 





the end of the electrodes in the water.  



•
Record observations on your observation sheet.  

B.
Salt Water Experiment


• Use the small plastic scoop to get a small amount of sodium sulfate from the container.



• Add the sodium sulfate to the Petri dish of distilled water.



• Carefully stir the water and sodium sulfate with the toothpick.



• Follow the same procedure as before and place the electrodes in the Petri dish so 




the electrodes are in the water that now contains a small amount of dissolved sodium sulfate.  



• Have one of your group use the hand lens to see if any bubbles are forming around 





the end of the electrodes in the water.  Then pass the lens around so each 





student can look at the electrodes.
 

• Record observations.   If you observed anything different about what was happening at each electrode, record these differences along with the color of the alligator clip attached to the electrode.
II. Chemical energy → Electrical energy - LEMON BATTERY


•
 Demonstration by VSVS team using the lemon battery-powered clock.
III. Chemical energy → Electrical energy  - Voltage Measurements 



A.  Demonstration of a Voltmeter - The VSVS team will demonstrate how to use a 



voltmeter .

B.
Voltage Readings 



• Place all four electrodes in the lemon -1 copper wire, iron nail (dull surface), zinc-




coated nail (shiny surface), paper clip.  The electrodes should not touch each other. 



• Attach the red wire alligator clip to the red voltmeter lead and the black wire alligator




 clip to the black voltmeter lead.



(1) Copper and Iron



•  Attach the other end of the red wire alligator clip to the copper wire.




•  Attach the other end of the black wire alligator clip to the iron nail (dull surface).




•  Record the voltage in the table on the observation sheet.



(2) Copper and Zinc




• Leave the red alligator clip attached to the copper wire.




•  Remove the black alligator clip and attach it to the zinc-coated nail.




•  Record the voltage in the table on the observation sheet.



(3) Copper and a Paper Clip



•  Leave the red alligator clip attached to the copper wire.




•  Remove the black alligator clip and attach it to the paper clip.




•  Record the voltage in the table on the observation sheet.




•  Look at the voltage recordings and decide if the paper clip is iron or zinc-coated.

Put the lemon back in its bag and return the electrodes, paper clip and nails to the small plastic bag. These two bags along with all other materials should be returned to ziplock Bag #3.  
IV.  Light energy → Electrical energy -  SOLAR CELLS

A.
Solar Cells Power a Digital Clock





•  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.

• Have someone in the group put one hand over the solar panel.  Note that the clock doesn’t work.  



•  Remove the hand and the clock works.


B.
Solar Calculator

•  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). 



• Press several numbers to activate the calculator.  



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

V.
Chemical energy → Light energy -  CHEMILUMINESCENCE   






VSVS member demonstrates this conversion using a light stick.
VI.
 REVIEW QUESTIONS
Note:   If students mention potential and kinetic energy, explain to them that these are the two states 


of energy while the forms of energy represent different ways energy can be produced.








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.) 











For VSVS Information Only:  The electrolysis of water is using electrical energy to decompose water into hydrogen and oxygen gas.  This is a electrical energy to chemical energy conversion because the chemical decomposition of water requires energy, and this case, electrical energy is being used to cause the reaction to occur.











For VSVS Information Only:  Although the chemistry is too advanced for middle school students, this is an oxidation-reduction reaction in which the zinc metal is being oxidized, the citric acid solution in the lemon is acting as the electrolyte, water is being reduced around the zinc electrode to give hydrogen gas (very small amounts which aren't visible), and the pulp of the lemon is serving as a membrane for ion flow between the electrodes.  All batteries ranging from flashlight batteries to car batteries are based on the principles presented here for the conversion of chemical energy to electrical energy.











Note:  The meter usually reads voltage, but may read millivolts.  Students should look at the little letters in the lower right part of the window to see which measurement if being shown. If mV is shown, explain to the students that there are 1000 millivolts in 1 volt.
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