[image: image1.jpg]Solar F.ducaton for NY
C

Scohoo Power

...Naturally





Orienting a Photovoltaic Cell

SPN LESSON #26

TEACHER INFORMATION

LEARNING OUTCOME:  After investigating the relationship between incident rays and collecting surface, students are able to state that as the angle between the two increases, the output power increases.

LESSON OVERVIEW:  The purpose of this lesson is for students to learn the optimum angle for orienting a solar collector relative to the rays of incoming sunlight. Equinoxes, solstices, and various locational ideas might need to be reviewed before students undertake their investigations using meters, light sources, and photovoltaic cells.

GRADE-LEVEL APPROPRIATENESS:  This Level III Physical Setting lesson is intended for use with students enrolled in high school physics or physical science classes.

MATERIALS:  Student handout, light bulb and fixture, mounted photovoltaic cell, stands for mounting the light fixture and photovoltaic cell, connecting wires, DC ammeter, protractor
SAFETY:  The only sources of electricity used in this experiment are photovoltaic cells, which produce very low currents, but as a matter of habit students should exercise the usual care in experimenting with simple electric circuits. The light bulb and fixture should also be handled with the same safety as any lamp, including not touching a hot light bulb.
TEACHING THE LESSON:  Discuss with students where the Sun appears in the sky at noon on special days of the year—the vernal and autumnal equinoxes, and the summer and winter solstices. Since New York State lies entirely within the Northern Hemisphere, the Sun is always found in the south at noon. If the northerly latitude of the location is x, the angle between the Sun and the zenith (directly overhead) at noon at both equinoxes is x; it is (x – 23.5() at the summer solstice and (x + 23.5() at the winter solstice. Ask students how they think a photovoltaic cell should be oriented relative to the Sun’s rays in order to get maximum output power. Then hand out the equipment and ask students to carry out the directions on the handout.

ACCEPTABLE RESPONSES FOR DEVELOP YOUR UNDERSTANDING SECTION: 


The following data were measured results using a 100 W bulb 20 cm away from a photovoltaic cell:

	angle between incident rays and PV cell (deg)
	angle (rad)
	Current (mA)
	Maximum current* sin(angle)

	90
	1.57
	1.4
	1.40

	75
	1.31
	1.3
	1.35

	60
	1.05
	1.1
	1.21

	45
	0.785
	0.9
	0.99

	30
	0.523
	0.6
	0.70

	15
	0.262
	0.3
	0.36

	0
	0
	0.1
	0.00


1. What happens to the output power from the photovoltaic cell (as measured by the reading on the milliammeter connected to the photovoltaic cell) as the angle between the incident rays and the surface of the photovoltaic cell increases?

Answer:  As the angle between the incident rays and the surface of the photovoltaic cell increases, the output power increases.

2. How closely does the milliammeter reading correlate with the maximum milliammeter reading times the sine of the angle between the incident rays and the surface of the photovoltaic cell?

Answer:  In the sample data provided above, the two correlate rather well.

3. Consider the following representation of an incident ray and a photovoltaic cell. The incident ray is represented by an arrow that forms the hypotenuse of a right triangle whose legs are a portion of the photovoltaic cell and a line segment perpendicular to the photovoltaic cell.  
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What feature of this diagram represents the incident ray multiplied by the sine of the angle between the incident ray and the photovoltaic cell?

Answer:  The incident ray multiplied by the sine of the angle between the incident ray and the photovoltaic cell is the horizontal line perpendicular to the photovoltaic cell. It represents the vector component of the incident ray that is perpendicular to, or directly incident upon, the photovoltaic cell.

4. How could your interpretation of the diagram in question #3 explain a correlation between the output power, as measured by the milliammeter reading, and the maximum power times the sine of the angle between the incident ray and the surface of the photovoltaic cell?

Answer:  The strong correlation between the milliammeter reading and the milliammeter reading at 90 degrees multiplied by the sine of the angle between the incident rays and the surface of the photovoltaic cell suggests a vector model for the oncoming light, and also suggests that only the component of the light directed perpendicular to the photovoltaic cells is being absorbed by the cell. This is well illustrated in the diagram. The horizontal line equals the length of the incident ray times the sine of the angle between the incident ray and the photovoltaic cell. It is the component of the incident ray that is perpendicular to the photovoltaic cell.
ADDITIONAL SUPPORT FOR TEACHERS

SOURCE FOR THIS ACTIVITY:  This lesson is not adapted.

BACKGROUND INFORMATION:  The output power from a photovoltaic cell is greatest when the incident light rays are perpendicular to the surface of the photovoltaic cell.  This suggests a vector model for the oncoming light, and also suggests that only the component of the light directed perpendicular to the photovoltaic cells is being absorbed by the cell. This can be illustrated in the following diagram:




The horizontal line equals the length of the incident ray times the sine of the angle between the incident ray and the photovoltaic cell. It is the component of the incident ray that is perpendicular to the photovoltaic cell.


In this lesson the output power of the photovoltaic cell is measured by the reading of an ammeter connected to the terminals of the photovoltaic cell. This is valid because, in a first approximation, the maximum output of a photovoltaic cell occurs at constant voltage. What varies with the incoming intensity of light is the output current. Since the output power equals the output voltage times the output current, and the former is essentially constant, the output current (ammeter reading) varies proportionally to power.  

REFERENCES FOR BACKGROUND INFORMATION:  Richard Perez, State University of New York at Albany, ASRC (private communication) 

LINKS TO MST LEARNING STANDARDS AND CORE CURRICULA:  1: M1.1, 2.1, 3.1, S1, 2.1, 3.1, 3.3; 6: 5.1; 7: 1; 4: 4.3h, 5.1b 

Standard 1—Analysis, Inquiry, and Design:  Students will use mathematical analysis, scientific inquiry, and engineering design, as appropriate, to pose questions, seek answers, and develop solutions.


Mathematics Key Idea 1:  Abstraction and symbolic representation are used to communicate mathematically.


M 1.1:  Use algebraic and geometric representations to describe and compare data.


Mathematics Key Idea 2:  Deductive and inductive reasoning are used to reach mathematical conclusions.


M 2.1:  Use deductive reasoning to construct and evaluate conjectures and arguments, recognizing that patterns and relationships in mathematics assist them in arriving at these conjectures and arguments.


Mathematics Key Idea 3:  Critical thinking skills are used in the solution of mathematical problems.


M3.1:  Apply algebraic and geometric concepts and skills to the solution of problems.


Science Key Idea 1:  The central purpose of scientific inquiry is to develop explanations of natural phenomena in a continuing, creative process.


Science Key Idea 2:  Beyond the use of reasoning and consensus, scientific inquiry involves the testing of proposed explanations involving the use of conventional techniques and procedures and usually requiring considerable ingenuity.


S 2.1:  Devise ways of making observations to test proposed explanations.


Science Key Idea 3:  The observations made while testing proposed explanations, when analyzed using conventional and invented methods, provide new insights into phenomena.


S 3.1:  Use various means of representing and organizing observations and insightfully interpret the organized data.

S 3.3:  Assess correspondence between the predicted result contained in the hypothesis and the actual result, and reach a conclusion as to whether or not the explanation on which the prediction was based is supported.

Standard 6—Interconnectedness: Common Themes:  Students will understand the relationships and common themes that connect mathematics, science, and technology and apply the themes to these and other areas of learning.


Key Idea 5:  Identifying patterns of change is necessary for making predictions about future behavior and conditions.


5.1:  Use sophisticated mathematical models, such as graphs and equations of various algebraic or trigonometric functions.

Standard 7—Interdisciplinary Problem Solving:  Students will apply the knowledge and thinking skills of mathematics, science, and technology to address real-life problems and make informed decisions.


Key Idea 1:  The knowledge and skills of mathematics, science, and technology are used together to make informed decisions and solve problems, especially those relating to issues of science/technology/society, consumer decision making, design, and inquiry into phenomena.

Standard 4—The Physical Setting:  Students will understand and apply scientific concepts, principles, and theories pertaining to the physical setting and living environment and recognize the historical development of ideas in science.


Key Idea 4:  Energy exists in many forms, and when these forms change 

energy is conserved.


4.3:  Students can explain variations in wavelength and frequency in terms of the source of the vibrations that produce them, e.g., molecules, electrons, and nuclear particles.

4.3h:  When a wave strikes a boundary between two media, reflection, transmission, and absorption occur. A transmitted wave may be refracted.


Key Idea 5:  Students can explain and predict different patterns of motion of objects.


5.1b:  A vector may be resolved into perpendicular components.
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Should you have questions about this activity or suggestions for improvement, 

please contact Bill Peruzzi at billperuz@aol.com

(STUDENT HANDOUT SECTION FOLLOWS)

Name ___________________________________

Date ____________________________________

Orienting a Photovoltaic Cell

If you have a photovoltaic power system on the roof of your school, observe where the photovoltaic cells are placed. Toward what direction in the sky are they facing? How does this relate to where the Sun is most often found in the sky? In this experiment you will use a light bulb to model the Sun, orient a small photovoltaic cell in various directions to the incoming light rays from the light bulb, and measure the output power of the photovoltaic cell.  

In this lesson the output power of the photovoltaic cell is measured by the reading of an ammeter connected to the terminals of the photovoltaic cell. This is valid because, in a first approximation, the maximum output of a photovoltaic cell occurs at constant voltage. What varies with the incoming intensity of light is the output current. Since the output power equals the output voltage times the output current, and the former is essentially constant, the output current (ammeter reading) varies proportionally to power.

DEVELOP YOUR UNDERSTANDING
Mount a 100 W incandescent light bulb in a light fixture on a stand and a photovoltaic cell on another stand at the same height 20 cm from the surface of the light bulb. Connect the output terminals of the photovoltaic cell to a milliammeter to measure the cell’s output power, as explained above. Initially orient the photovoltaic cell so that the incident rays from the bulb are perpendicular to its surface (90o angle between surface of photovoltaic cell and incident rays), and record the milliammeter reading in a table like the following:

	angle between incident rays and PV cell (deg)
	Current (mA)
	Maximum current* sin(angle)

	90
	
	

	75
	
	

	60
	
	

	45
	
	

	30
	
	

	15
	
	

	0
	
	


Reorient the photovoltaic cell so that the angle between the incident rays and the surface of the photovoltaic cell assumes the other values listed in the table and record the respective milliammeter readings. In the third column, calculate the maximum milliammeter reading times the sine of the angle.

1. What happens to the output power from the photovoltaic cell (as measured by the reading on the milliammeter connected to the photovoltaic cell) as the angle between the incident rays and the surface of the photovoltaic cell increases?

2. How closely does the milliammeter reading correlate with the maximum milliammeter reading times the sine of the angle between the incident rays and the surface of the photovoltaic cell?

3. Consider the following representation of an incident ray and a photovoltaic cell. The incident ray is represented by an arrow that forms the hypotenuse of a right triangle whose legs are a portion of the photovoltaic cell and a line segment perpendicular to the photovoltaic cell.  




What feature of this diagram represents the incident ray multiplied by the sine of the angle between the incident ray and the photovoltaic cell?

4. How could your interpretation of the diagram in item #3 explain a correlation between the output power, as measured by the milliammeter reading, and the maximum power times the sine of the angle between the incident ray and the surface of the photovoltaic cell?
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