Angle/Energy Amount
Suggested Level: Grades 5 through 8

LEARNING OUTCOME
Following experiences with a solar panel, students are able to make an informed decision as to whether to
incorporate a photovoltaic device into their car design in order to adjust to the position of the sun in the sky.

LESSON OVERVIEW
In this lesson, students observe how changing the angle of the solar panel in relationship to the sun changes the
intensity of sunlight and affects the amount of electrical output from the solar panel.

MATERIALS
• Large-diameter straws
• Solar cells
• Motors with propeller or spinner
• One-minute timers
• Outdoor work area in sunlight
• Magnetic compasses
• Protractors mounted on rectangular blocks of wood

SAFETY
There are no particular safety precautions for this lesson.

TEACHING THE LESSON
Set aside one period plus parts of two others for this lesson.
A. Teacher demonstration: Use of the protractor and alignment of the straw with a light source.
	1. Using an overhead projector and an empty pen barrel, manipulate the pen barrel to demonstrate how it
can be positioned so that it casts a minimal shadow (a circle) when it is aligned with the rays of light coming
from the projector. Explain that when the pen, or any other straight tube (such as a straw), is pointed
directly at the sun, this same type of minimal shadow will be produced. Whenever the tube is out
of alignment with the sun, the sides of the tube will cast a more obvious shadow.
	2. Using a protractor, solar cell panel, and straw, demonstrate how to use the protractor to measure
angles in general and specifically how to measure the angle between sunlight rays and the surface of
the solar panel.
B. Pass out student handouts. Give students time to read and review the directions for this exercise.
C. Review procedures with students. Tell them that, with some care, they can rest the edge of the wood under the
solar panel on a flat surface and support it with their hands so that the angle between it and the sun’s rays will
remain somewhat constant. Remind them that they will be working in groups (three per group is optimum) and to
make sure they collect all the data asked of them.
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D. Warn students to be gentle with the fragile solar panels. Have students gather in groups and pick up equipment.
E. Designate the outside work area.
Lesson Extensions
At some locations, teachers might have a situation that allows them to take the class out on the roof to observe
the solar panels mounted on the rooftop of the school. Those students might measure the angle of pitch and the
directional orientation of the panels. During what part of the day can the most sun power be collected?

ACCEPTABLE STUDENT RESPONSES
Responses to Directed Questions:
Hypothesis: [variable responses] A typical response might be “As the angle increases, the amount of sunlight
collected will increase.”
2. If the straw is not perpendicular as seen from all sides, then the sunlight angle will not be hitting the collector
at 90°.
3. [variable] The data should show a gradual increase in value as the angle increases.
5. a) Title: How Sunlight Angle Affects Electric Energy Output from a Solar Panel
b) Label: Number of Turns
c) [variable according to data] Scale should have even gradations and encompass all student values.
Develop Your Understanding Section:
1. Sunlight angle
2. Direct relationship
3. 90°
4. Sunlight energy is more concentrated in a smaller area when the sun’s rays are more perpendicular. They are
spread over a wider area when the rays are received at a lower angle.
5. The car must have a mechanism to allow the direction of the solar panels to be changed according to the time of
day and the orientation of the race course.
6. The greatest amount of energy is received by that region of the earth receiving the most vertical sunlight rays.
The least energy is received at the top and bottom of the earth diagram.
7. The vertical rays hitting the solar panel transferred the most energy to the solar panel; vertical rays from the sun
hitting the earth’s surface must do the same.
8. a) near the equator; b) near the poles
9. The sun is higher in the sky in those areas receiving more vertical rays. Or, people leaving at lower latitudes
receive the most sunlight at noon.
10. No, it produces differences in weather and climate (warmer near the equator), and it leads to the development
of air masses over these source areas.
11. Air in the hot region rises and flows along the top of the atmosphere toward the poles. Air in the cold regions
flows along the earth’s surface toward the equator. These air movements are called winds. (They are the
underlying cause of the planetary wind system.) More sophisticated students might respond that the equator’s air
flows towards the tropics and sinks there. Polar air tends to flow along the earth’s surface and rises in temperate
regions. Temperate region air flows on top of the atmosphere, sinking both at the poles and in the tropics. In
effect, there are three circulation cells formed by these phenomena.
12. The school has a fixed position for its solar panel because it would be more expensive to provide
a movable system.
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13. Collectors face south. The optimum angle to install photovoltaic modules is between 30 degrees and latitude
minus 15 degrees. For ballast pan roof mounts on schools, the modules are installed at 30 degrees. For awning
mounts on schools walls, the modules are installed at 45 degrees so they do not stick out too much.
14. Facing the collector bank south at this angle maximizes sunlight absorption.
The purpose of this activity is for students to develop these understandings:
1) Ideally, the angle of the collecting panels should be adjusted in relation to the sun’s position.
2) This angle directly affects the electrical output of the solar panels.
3) This output in turn directly affects the rate of spin of the motor.
Solar energy absorption by the solar panel is optimized when the angle of insolation approaches perpendicular.
Student-collected data should reveal this pattern as collection closest to perpendicular should produce the greatest
number of spins on their motors.
The meteorology and astronomy components of the activity give students the opportunity to review differences
in the angle of insolation experienced on earth and its effect on climate and weather. The questions are meant
to stimulate thought and to lead to meaningful classroom discussion and clarification during post–data collection
review.
The more perpendicular the sun’s rays are to the collecting surface, whether it is the earth’s surface or the surface
of the solar panel, the more concentrated the energy will be and the greater the solar gain. This perpendicularity
leads to greater solar energy collection and more electrical output by the solar panel and also to warmer
temperatures in those areas of the earth receiving more direct sunlight. On earth, the differences in heating
create the basic variations in climate temperatures experienced from the equator to the poles. This temperature
imbalance induces heat energy flow from the equator toward the poles primarily in the form of winds (both surface
and large-scale planetary winds).

(STUDENT HANDOUT FOLLOWS)
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Name

Date

Angle/Energy Amount
Topic: Does the angle at which sunlight strikes a photovoltaic solar cell affect the amount of energy
collected by the solar cell?
[Before you continue, write a brief hypothesis that addresses this question.]

Materials needed:
• Large-diameter straw
• Solar cell
• Electric motor with propeller or spinner
• Timer
• Outdoor work area with sunlight
• Protractor mounted on a rectangular block of wood

Procedure: (Working in small groups is advised.)
1. Collect the materials you will need for this experiment.
2. When instructed to do so, carefully carry your equipment outside to the work area designated by your teacher. Stand so
that you are not blocking the sunlight to the solar cell. Resting the solar cell support board on a flat surface, tilt the solar
cell so that the sunlight hits the solar panel at an angle of 90° in all directions. (The straw must be perpendicular to the
solar panel when observed from all sides.)
QUESTION: Why does the straw have to appear to make a 90° angle when viewed from all sides?
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3. Being careful to hold the solar panel gently and to not block any of the sunlight from hitting the panel, count how
many times the electric motor turns during one minute. Enter your data in the correct location in the chart below.
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4. For each of the sunlight angles indicated on the chart above, repeat the data collection described in Steps 2 and 3.
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DEVELOP YOUR UNDERSTANDING
Respond to the following questions using information gathered during this activity whenever possible.
1. Which variable on the graph is the independent variable?

2. What term most accurately describes the relationship between the two variables on the graph?

3. Which angle of sunlight produced the greatest number of turns of your motor?

4. Explain why that angle of sunlight produced the greatest output of electrical energy from the solar panel.

5. How could this information and the procedures used in this activity be useful in the design of a solar-powered car?

6. The diagram below represents radiation from the sun (sunlight) approaching the earth. Add to this diagram by indicating
the part of the earth that is receiving the greatest amount of sunlight and the part of the earth receiving the least amount
of sunlight.

SUN’S RAYS

7. How did the information gathered during this activity relate to the answer you gave to Question 4?
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8. a) What general area of latitude on the earth normally receives the most direct and intense sunlight at noontime?

b) The least?

9. For people living in these areas of different latitude, how does the position of the sun differ at noontime?

10. Does the model of the earth shown above indicate that the earth is evenly heated?
What effect does this uneven heating of earth’s surface produce?

11. On earth, how does the extra heat move from the hotter region to the cooler region?

What is this movement called?

12. What explanation can you provide for why the solar panel on your roof is fixed in position rather than
movable to follow the sun?

13. In what direction are your school’s solar collectors facing and what is the angle of the panels in relationship to
horizontal?
Direction: ______________________

Angle: ____________________________

14. Explain why you think this direction and angular values were chosen.
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