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Solar SunFlower Features

Protractor measures
the tilt angle of the array

The Sunflower’s solar array contains 
Six - 64 watt photovoltaic modules

A small photovoltaic module 
powers the data logger

OUTSIDE INSTRUMENT PANEL: has 
12 volt and 5 volt dc ports that draw 
power from the battery.  An indicator 
light shows when array power is being 
diverted to the air heater.  Volt and 
amp meters measure the output of 
the photovoltaic array.

HINGED OUTLET PANEL:
Behind this small door is are 
additional 12 volt and 5 volt ports 
for the array and the battery.

Diversion load air heater. Solar power is diverted 
to this heater when the battery is fully charged.

Small wheel adjusts
the array’s tilt angle

Pin locks the solar 
array’s rotation

Large wheel rotates the array’s 
azimuth: the direction it faces 
on a compass rose.

The base houses a 68 amp-hour 
battery, and a TriStar charge 
controller to maintain proper battery 
charge. The controller diverts excess 
power to the air heater when the 
battery is fully charged.
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Solar SunFlower Panels

5 volt USB battery port

12 volt battery socket

12 volt battery terminals

Outside Instrument Panel

Hinged Outlet Panel

5 volt USB array port

12 volt array socket

12 volt array terminals

Indicator light shows 
when array power is 
being diverted to the 
air heater. 

12 volt battery sockets

5 volt USB battery ports

 Volt and amp meters 
measure the array output.

TriStar meter shows charge 
controller information, 
such as: battery voltage, 
temperature, array output, 
and cumulative watt-hours 
collected over time. Screen 
displays continuously loop.
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TEACHER GUIDES 
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GOAL
Increased student understanding of magnetic declination in relation to solar array orientation and performance.

OVERVIEW
Solar experiments often require orienting a photovoltaic array to true south, 
east or west. Finding true south, and calibrating the SunFlower array’s 
relationship to it, can be part of other solar lessons or done as a separate 
exercise in basic astronomy and geometry.
In this lesson students are introduced to the relationship between the earth 
and the sun, and the procedure for locating the true cardinal directions 
without a compass.
Then they label the cardinal (compass) directions on the tabletop of 
the SunFlower. Next, they locate a true north-south line, and draw a 
perpendicular east-west line. Finally they find the direction of true south on 
the cylindrical base of the SunFlower, and mark the base accordingly.
Note: If marks are made with removable tape and chalk, this setup can be 
repeated by different students. 

MATERIALS
•  Magnetic compass
•  Drafting triangle
•  Removable tape (e.g. painter’s or gaffer’s tape)
•  Chalk
•  Straightedge (ruler or yardstick)
•  There Are Two North Poles Handout
•  Solar SunFlower Setup (Finding Cardinal Directions) worksheet
•  Finding True South worksheets & materials
•  True South Quiz

VIDEOS (ONLINE) 
•  YouTube video: Intro to Solar Orientation: 
(http://www.solarschoolhouse.net/intro2solarorientation)

ASSESSMENT
True South Quiz, classroom participation

INSTRUCTIONAL PROCEDURE
1) Introduce solar orientation with the Intro to Solar Orientation YouTube video. Stop the video at 4:20.
2) Ask students to think about where the sun is in the sky when it delivers the most energy. Remind 
them that the sun is always toward the south in the northern hemisphere, even at noon on the longest day 
of the year.

Solar Sunflower Setup: 
IDENTIFYING TRUE CARDINAL DIRECTIONS - page 1

GRADE LEVEL: 
Upper elementary to high school 

TIME: One class period

The True North Pole & Magnetic 
North Pole are in different places.
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INSTRUCTIONAL PROCEDURE - continued 

3) Ask students how they could aim the SunFlower’s array toward 
the south cardinal direction. 
4) Demonstrate finding magnetic south on the compass rose. 
5) Introduce the subject of magnetic declination with the There 
Are Two North Poles handout. 
6) Explain how a compass is also affected by local magnetic 
disturbances, such as local iron ore deposits, large metal 
objects and electronic equipment.
7) Explain the process of finding the true cardinal directions 
without a compass, and the specific reason for doing it (magnetic 
disturbances near the base of the Solar Sunflower can make 
compass readings inaccurate).
8) Take students outside to the SunFlower. Point out how the 
SunFlower is aligned with the spokes connecting the large 
wheel to the table top. 
9) Use whichever method of finding true south you are most 
comfortable with (see pages 11-12).
10) Go through the Solar Sunflower Setup worksheet (see page 13). 
This worksheet guides you through the process of marking a chalk 
cross (aligned to the true cardinal directions) on the ground in front 
of the Sunflower. Then mark the table top of the SunFlower with 
reference compass directions. See illustration at right.
11) Return to the class and have students complete the True South Quiz.

Solar Sunflower Setup: 
IDENTIFYING TRUE CARDINAL DIRECTIONS - page 2

Chalk cross aligned with the true 
cardinal directions.
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GOAL
Increased student understanding of solar orientation, solar electric systems and photovoltaic efficiency. 

OVERVIEW 
Students develop hypotheses for optimal solar orientation, and derive formulae for calculating watts, amps 
and volts. They build simple tools to measure sun angles and calculate array efficiency. Finally they test their 
hypotheses with the Solar SunFlower and a solar radiation meter, graph their results and derive conclusions.

OBJECTIVES
After completing this lesson, students will be able to:
•  Formulate a hypothesis on the best solar orientation for maximum power.
•  Derive the formulas for calculating amperage and voltage when 

given the formula for wattage.
•  Calculate any of the three variables (wattage, amperage, voltage) 

when given the values of the other two.
•  Conduct a scientific investigation calculating wattage  at 

different angles from the sun.
•  Adjust the SunFlower’s orientation and measure its output
•  Use a pyranometer (solar radiation meter) to collect 

irradiance data at different sun angles. 
•  Graph array orientation vs. irradiance (solar energy input) 

on an XY graph and interpret the effect of orientation on irradiance.
•  Graph irradiance (solar energy input) vs. energy output (wattage) on an XY graph and interpret the effect of 

irradiance on energy output of a solar array.
•  Construct a Sun Angle Quadrant, and use it to measure sun angles (solar altitude).
•  Calculate perpendicular array tilt angles for specified sun angles.
•  Calculate solar array efficiency.

MATERIALS
•  SOLRAD™ Solar Radiation Meter (or other pyranometer) 
•  Sun Angle Quadrant templates (plus: paper, scissors, tape, string, & paperclips for making Quadrants) 
•  Using the SOLRAD™ Handout
•  Reading Sun Path Charts Handout
•  Optimal Orientation Worksheet
•  Unit One Quiz

VIDEOS (ONLINE)
•  YouTube video: Why Solar? (http://www.solarschoolhouse.net/whysolar)
•  YouTube video: Intro to Solar Electricity (http://www.solarschoolhouse.net/intro2solarelectricity)
•  YouTube video: Intro to Solar Orientation (http://www.solarschoolhouse.net/intro2solarorientation)
•  Online video: Making a Sun Angle Quadrant (http://www.solarschoolhouse.net/quadrant)

ASSESSMENT
Optimal Orientation Worksheet, Sun Angle Quadrant, Unit One Quiz, classroom participation

Solar Sunflower Unit One: 
DETERMINING OPTIMAL ORIENTATION - Page 1

GRADE LEVEL: 
Upper elementary to high school 

TIME: Three class periods
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INSTRUCTIONAL PROCEDURE

DAY ONE: Introduction to Solar Power
1) Introduce the use of solar power using the Why Solar? video: 
(http://www.solarschoolhouse.net/whysolar)
2) Briefly discuss student experiences with solar technology. Assign the Why Solar? Worksheet for homework. 
3) Introduce solar electricity, and the terms: watts, amps, and volts using the Intro to Solar Electricity video:
(http://www.solarschoolhouse.net/intro2solarelectricity). Stop the video at 7:20. 
4) Give a short lecture explaining the power equation for calculating wattage. 
5) Monitor classroom while students complete Part 1 of the Power Equation Worksheet.  
Once a student’s answers have been confirmed correct the teacher gives the student permission to move on and 
answer the practice problems in part 2 of the worksheet.

DAY TWO: Introduction to Solar Orientation
3) Introduce solar orientation using the Intro to Solar Orientation video:
(http://www.solarschoolhouse.net/intro2solarorientation). Stop the video at 9:44. 
4) Explain how to measure the sun’s altitude using a Sun Angle Quadrant. Show how to make a Sun Angle 
Quadrant using the video on this webpage: 
(http://www.solarschoolhouse.net/quadrant). 
5) Pass out the Sun Angle Quadrant templates and materials. Have each student build a Sun Angle Quadrant. 
6) Take the class outside to the Solar SunFlower. Explain the modules, array, rotation mechanism, tilt mechanism, 
amperage meter, voltage meter, chargeable battery and electrical outlets. 
Focus the students’ attention on the tilt angle, and on the array’s relationship to true south. Encourage them to 
think about how these aspects of orientation affect the energy output of the SunFlower. Explain the operation of 
the SOLRAD meter.
7) For homework, have students construct a hypothesis for the following scientific question:
What is the optimal angle of incidence of sunlight for the highest energy output of a solar array?

DAY THREE: Experimentation, Data Analysis and Conclusion 
1) Break students into small groups. Have them share their hypothesis and discuss ideas for testing them.
2) Explain the procedure for data collection using the Optimal Orientation Worksheet. Review the operation of the 
SOLRAD meter, and the method for aligning the SOLRAD with the SunFlower using a Sun Angle Quadrant.
3) Take students outside for data collection with the SunFlower, the SOLRAD meter, and the Sun Angle Quadrant. 
Data collection will be done in groups with each student being part of the collection process. Have students enter 
their data on pages 2 and 3 of the Optimal Orientation Worksheet. 
4) Return to the classroom and demonstrate the procedure for calculating solar array efficiency on page 6 of the 
Optimal Orientation Worksheet.  Guide students in graphing their data on pages 4 and 5 of the Worksheet, and 
completing the efficiency section on page 6. Have students complete these sections for homework if necessary.
5) Pass out the Unit Two Quiz. Give students until the end of the class period to complete it. 

Solar Sunflower Unit One: 
DETERMINING OPTIMAL ORIENTATION - Page 2
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GOAL
Increased student understanding of the relationship between electrical power and electrical energy, 
the methods for powering AC loads from DC sources, and the fundamentals of sizing stand-alone 
photovoltaic systems.

OVERVIEW 
Students analyze the feasibility of powering specific AC (alternating current) appliances with the 
SunFlower’s battery backup system. 

Students calculate the average daily electrical output of the SunFlower’s photovoltaic array, and determine 
the energy available from the system’s battery. 

Students then calculate the power and energy requirements of various AC loads in relation to the total DC 
energy available from the SunFlower in a given time.

OBJECTIVES
After completing this lesson, students will be able to:
• Calculate the instantaneous power available from a photovoltaic array given voltage and 

amperage data.
• Estimate the average number of peak sun hours per day at a given location. 
• Calculate the total average daily energy available from a photovoltaic array.
• Calculate the total energy requirements for powering specific AC devices from DC sources.
• Extrapolate SunFlower-sized system to household scale.

MATERIALS
•  Introduction to Solar Electricity worksheet
• Powering AC Appliances Worksheet 
• Peak Sun Hours Handout
•  Watts, Watt-Hours and Amp-Hours Handout

VIDEOS (ONLINE)
• YouTube video: Intro to Solar Electricity (http://www.solarschoolhouse.net/intro2solarelectricity)

ASSESSMENT
Introduction to Solar Electricity worksheet, Powering AC Appliances Worksheet, classroom participation

INSTRUCTIONAL PROCEDURE
DAY ONE: Introduction to Solar Electricity & Battery Backup Systems
1) Pass out the “Introduction to Solar Electricity” worksheet, and the “Watts, Watt-Hours and Amp-
Hours” Handout. Inform students that the “Introduction to Solar Electricity” worksheet will be today’s 
homework assignment.

Solar Sunflower Unit Two: 
POWERING AC APPLIANCES - Page 1

GRADE LEVEL: 
Upper elementary to high school 

TIME: Two class periods
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INSTRUCTIONAL PROCEDURE - continued 

2) Introduce solar electricity, and the terms: watts, amps, and volts using the Intro to Solar Electricity video:
(http://www.solarschoolhouse.net/intro2solarelectricity). Stop the video at 7:20.
3) Explain the basic relationship between power and energy using the concepts of watt-hours and amp-hours 
presented in the “Watts, Watt-Hours and Amp-Hours” Handout. 
4) Introduce the Powering AC Appliances exercise with the Powering AC Appliances Worksheet. Explain 
the process of powering AC devices with DC electricity using inverters. Demonstrate an example of 
converting instantaneous power requirements (in watts) to total daily energy requirements (in amp-
hours). 
5) Introduce the concept of peak sun hours with the Peak Sun Hours Handout. Have students practice 
estimating yearly average peak sun hours at various locations by referencing the chart in the handout. 
6 )Explain the procedure for calculating battery amp-hour capacity, including a discussion of battery life 
vs. depth of discharge, temperature vs. battery capacity, and discharge rates vs. capacity ratings. 

DAY TWO: Introduction to Lead-Acid Battery Technology
1) Review the concepts of energy vs. power, and the relationship between amps to amp-hours, and watts 
to watt-hours.
2) Demonstrate the procedure for using utility bill data to estimate average daily energy use. Introduce 
the idea of extrapolating from small stand-alone photovoltaic systems to household scale grid-tie 
installations. 
3) Guided Practice: Have students complete pages 1-3 of the Powering AC Appliances Worksheet. 
4) Pass out the Unit Two Quiz. Give students until the end of the class period to complete it. 

Solar Sunflower Unit Two: 
POWERING AC APPLIANCES - Page 2
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STUDENT GUIDES 
& WORKSHEETS

NOTE: Student guide and worksheet 
page references correspond to the 
SMUD Solar SunFlower - Student Guide



11

SOLAR SUNFLOWER 
CURRICULUM

NOTE: Magnetic disturbances near the base of the Solar Sunflower can make compass readings inaccurate. 
Use non-compass methods for finding true north and south.
You can find true north and south on a sunny day without a compass if you know the time for solar noon at your 
location. Solar noon is not the same as clock-time noon. Solar noon is the exact middle of the day. It’s halfway 
between sunrise and sunset. The Sun is due South in the sky then, and a straight stick that’s perpendicular to the 
ground casts a shadow that points to true north. By drawing a line on 
the ground over this shadow, you can map out a compass rose on the 
ground for more solar explorations.

MATERIALS
•  Straight stick or wooden dowel about two feet long
•  Accurate watch or clock
•  Drafting triangle
•  Tape
•  Chalk
•  Straightedge (ruler or yardstick)
•  Newspaper or Internet (to find the time for Solar Noon) 

FINDING SOLAR NOON
To find local solar noon on a particular date, find the times of sunrise 
and sunset in a local newspaper. Calculate the length of time between 
sunrise and sunset. Then take half that amount and add it to the time 
of sunrise. This gives you a close time for local solar noon.

Example:
Sunrise: 6:30 am, sunset: 7:00 pm
Time difference = 12.5 hours. Half of that is 6.25 hours or 6 hours and 15 minutes. Add 6 hours, 15 minutes to the 
sunrise time to get 12:45 p.m. as the approximate local solar noon.

The US Naval Observatory lists solar noon on their website: http://aa.usno.navy.mil/data/docs/RS_OneDay.html. 
Enter your location and date, and the time for “Solar Transit” on the next webpage is solar noon for your location 
on that day.

FINDING TRUE NORTH & SOUTH
1.  Tape the stick or dowel to the side of the triangle. Place the 
triangle and stick upright on the ground as straight and vertical 
as you can get them.
2. At solar noon, use the straightedge to trace a chalk line over 
the shadow of the stick.  The shadow will fall to the north of the 
stick, giving you an accurate True North and True South line. 
3. Mark the north and south ends of the line with an “N” and a 
“S.’ 
4. Use the triangle to draw an east-west line at a right angle to 
the north-south line. Facing north, west is 90 degrees (a right 
angle) to the left and east is 90 degrees to the right.
5. Mark the west and east directions with a “W” and an “E.”

At solar noon, the shadow of a stick that’s 
perpendicular to the ground points to true 
north & south.

Draw a line at a right angle to the north-south 
line to find the west and east directions. 

FINDING TRUE SOUTH
(Solar Noon Method)
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A compass points to the MAGNETIC north & south poles, but we get the most 
solar energy when we orient solar devices toward TRUE south. You can find the 
approximate true south direction with just a paper cup & a stick.
Note: See There Are Two North Poles (page 37) for a detailed explanation of true 
north & magnetic north.
MATERIALS
•  Paper cup
•  Wooden skewer or kabob stick
•  Rubber band
•  A few rocks
•  Sharp pencil & chalk
•  Tape
DIRECTIONS
1. Make a small hole in the bottom of the paper cup with a sharp pencil. Push the skewer through the hole from the 
inside of the cup. If the hole gets too big, put a piece of tape over it & insert the skewer again.
2. On the inside of the cup, attach a small rock to the end of the skewer with a rubber band. This keeps the cup 
from blowing over in a breeze.
3. Place the cup upside down on level ground, and trace the outline of the base with chalk to make sure it stays in 
the same place.
4. Mark the tip of the skewer’s shadow with chalk or a small object, like a 
pebble. Make the mark as small as possible, but be sure you can find it later. 
This is the WEST mark, and you can label it with a ‘W’.
5. Wait a half hour or more. The tip of the shadow will move west to east. 
4. Mark the new position of the shadow’s tip with another pebble or scratch. 
This is the EAST mark, and you can label it with an ‘E’.
5. Draw a straight line between the two marks. This is the west-east line.
7. Draw a perpendicular line across the west-east line, & label the end closest 
to the cup with an ‘S’. This end points roughly toward true south. 
Accuracy improves closer the equator, & as the time of year approaches the equinoxes. Note: Holding a small 
card, like an index card, on the east-west line makes it easier to draw a perpendicular line. 

The True North Pole & Magnetic 
North Pole are in different places.

Put the cup on a level surface. 
Mark the tip of the shadow & 
label it with a ‘W’.

Wait awhile & mark the tip of the 
shadow. Label this mark with a ‘E’. 
Draw a line between the two marks.

Draw a perpendicular line across the west-
east line, & label the end closest to the cup 
with an ‘S’. This end points to true south. 

Attach a rock to the skewer with a 
rubber band to weight the cup.

FINDING TRUE SOUTH
(Sun Tracking Method)

SOLAR SUNFLOWER 
CURRICULUM

NOTE: Magnetic disturbances near the base of the Solar Sunflower can make compass readings 
inaccurate. Use non-compass methods for finding true north and south.
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NOTE: Magnetic disturbances near the base of the Solar Sunflower can make compass readings 
inaccurate. Use non-compass methods for finding true north and south.
Use basic astronomy and geometry principles to find true south. Then make temporary marks on the SunFlower 
that identify the true cardinal (compass) directions.
MATERIALS
•  Drafting triangle
•  Removable tape (e.g. painter’s or gaffer’s tape)
•  Chalk
•  Straightedge (ruler or yardstick)
•  Finding True South worksheets & materials
1) The Solar SunFlower’s array of solar panels is aligned with the spokes 
connecting the large wheel to the table top. The array faces the same 
direction as the spoke in front of the instrument panel. Use tape or chalk 
to label this direction with an “S” for south on the table top.
2) Label the spoke 90 degrees clockwise with a “W” for west, and the 
spoke 90 degrees counter-clockwise with a “E” for east. 
3) Use your chosen Finding True South method to locate true north-south 
(see pages 11-12)
4) Draw a large cross aligned with the true cardinal directions about 6” to 
one foot in front of the SunFlower’s base.
5) Place a yardstick on the north-south line, and put a triangle next to it on 
the west-east line. See Fig. 1.
6) Move the yardstick side-to-side on the east-west line to find the 
minimum distance to the SunFlower. See distance “A” in Fig. 2.

7) Tape or chalk a vertical line 
on the base from the north-south line to 
the tabletop. 
8) Use the triangle to make sure the 
vertical line is perpendicular to the 
ground. See Fig. 3.
9) Rotate the top of the SunFlower until 
the “S” spoke is aligned to the vertical 
line on the base cylinder. 
The SunFlower’s solar array is now facing 
true south. 

10) When the “E” and “W” spokes are aligned with vertical, the array is facing in 
those directions. 
Note: These spoke alignments with the vertical line can vary by several degrees 
and still yield meaningful data.

Fig. 2. A yardstick placed parallel to the 
north-south line measures the minimum 
distance to the east-west line. (A).

Fig. 3. True south line on the 
Sunflower base.

Fig. 1. Chalk cross aligned with the 
true cardinal directions.

SOLAR SUNFLOWER 
CURRICULUM

SOLAR SUNFLOWER SETUP
(Finding Cardinal Directions)
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Watch the “Why Solar?”video and complete the following worksheet.
1) List 5 different things you have seen in the world that use solar energy. Explain how each thing uses solar energy.

2)  Aside from the fact that burning oil creates pollution, what is the major concern about relying on oil as the fuel 
source in our world?

3) Burning fossil-based fuels is causing the CO2 levels in our atmosphere to continue to increase.  What are some 
problems that this is creating for our world?

4) How could solar power address the concerns and problems resulting from fossil fuel use?

SOLAR SUNFLOWER 
CURRICULUM“WHY SOLAR?” Worksheet 

NAME DATE PERIOD

1. Solar panels: Convert sunlight into electricity.
2. Solar hot water collectors: heat water with sunlight
3. Plants: Convert solar energy into sugar using photosynthesis
4. Passive solar homes: capture and store solar energy as heat in thermal mass to 
maintain comfortable indoor temperatures.
5. Clotheslines: Use the heat of the sun to evaporate water to dry clothes.
6. Solar Ovens: Use sunlight to cook food.
7. Wind turbines (windmills): Winds are partly caused by uneven heating of the air by 
the sun. Windmills convert the energy of the wind into electricity.
8. Magnifying glasses: Focus the sun’s heat to etch wood.

The use of solar electricity, solar hot water systems, solar ovens and passive 
solar buildings could greatly reduce the direct burning of fossil fuels, as 
well as reducing the use of fossil fuels for the transportation, mining and 
refining of coal, oil and natural gas.

There’s a limited amount of oil, and we’ll run out of it.

1. Global warming
2. Acidification of the oceans from increased CO2 absorption
3. Increased extreme weather conditions (hurricanes, flood, droughts) from global warming
4. Animal and plant species extinction caused by habitat destruction from climate 
changes
5. Human habitat destruction caused by rising sea levels from melting of polar ice caps
6. Effects on agriculture, such as reduced yields from drought, and decreased protein 
content in grains from increased temperature and CO2 levels.

6-13-2012 0SAMPLE
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PART 1: Use the formula for wattage to come up with the formulas for amperage and voltage.

Wattage Formula Amperage Formula Voltage Formula

PART 2: Use the three formulas from Part 1 to solve the following problems (show your work):

1)  A solar module delivering 10 amps at 12 volts 
would produce electricity at a rate of how many watts?

2)  A cell phone charger draws 80 milliamps at 110 
volts. At what rate (in watts) is it using electricity? 
(Hint: 1 milliamp equals .001 amp).

3)  A light draws 5 amps at a rate of 60 watts. How 
much voltage is pushing the current through the light?

4)  The Solar Sunflower is converting sunlight into 
electricity at a rate of 150 watts to power a device. 
The volt meter shows 14.2 volts. What should the amp 
meter read?

5)  A battery is supplying 6.9 amps at a rate of 200.6 
watts.What voltage is the battery supplying?

6)  It takes 6.7 volts of electrical pressure to push 
current through a device at a rate of 54.7 watts. How 
much current is the device using?

SOLAR SUNFLOWER 
CURRICULUM

Power Equation Worksheet

WATTS = VOLTS X AMPS

NAME DATE PERIOD

AMPS = WATTS/VOLTS VOLTS = WATTS/AMPS

Amps x Volts = Watts

10 amps x 12 volts = 120 watts
Amps x Volts = Watts

80 milliamps x .001 = .08 amps

.08 amps x 110 volts = 8.8 watts

Amps = Watts/Volts

150 watts / 14.2 volts = 10.56 amps

Amps = Watts/Volts

54.7 watts / 6.7 volts = 8.16 amps

Volts = Watts/Amps

60 watts / 5 amps = 12 volts

Volts = Watts/Amps

200.6 watts / 6.9 amps = 29.07 volts

6-13-2012 0SAMPLE
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1) Volts (units of force) measure

2) Voltage is like         in a water/electricity analogy. 

3) Amperes (amps or units of current) measure 

4) Amps are like              in a water/electricity analogy.

5) Watts (units of power) measure  

6) Watts is like “     “… but it has the “        ” built in.

7) The relationship between watts, amps and volts can be expressed with the Power Formula. The Power 
Formula states that:

 Watts = 

8) Watt-hours measure 

9) 1,000 watt-hours = 

10) Amp-hours measure

11) The relationship between amp-hours and watt-hours can be expressed mathematically as:

Watt-hours = 

OR: Amp-hours = 

SOLAR SUNFLOWER 
CURRICULUM

Solar Electricity Worksheet

NAME DATE PERIOD

Electrical pressure: the electromotive force that pushes current 

through electrical circuits

Electrical current or the number of electrical charges flowing 

past a point in one second.

water pressure 

the current of water 

miles-per-hour

volts x amps

volts x amp-hours

watt-hours / volts

An amount of energy used or produced equal to 1 watt for 1 hour.

An amount of electrical current used or produced equal to 1 amp for 1 hour.

1 kilowatt-hour: an amount of energy used or produced equal to 1 kW for 1 hour.

per-hour

the rate (or speed) at which electrical 

energy is used or produced.

6-13-2012 0SAMPLE
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HYPOTHESIS
Construct a hypothesis for the following scientific question:
“What is the optimal solar orientation for the highest power output of a solar array?”

To test your hypothesis, you’ll set the Solar SunFlower to a variety of orientations, align a SOLRAD meter to 
the same orientations, and record the data from both. You’ll convert the SOLRAD amperage values into watts 
per square meter, and graph your data to compare irradiance, tilt angle and energy output. Finally you’ll draw 
conclusions as to how well the data support your hypothesis.
SETUP
1) Locate and label the cardinal directions on the Sunflower (See the Solar Sunflower Setup on page 6).
2) Attach a Sun Angle Quadrant to the side of the SOLRAD meter with thumbtacks or tape. See Fig. 1.
(Directions and templates for making Sun Angle Quadrants are on page 21).
3) Place a Solar Azimuth Finder on the SunFlower tabletop. (See page 22-23 for directions and templates)
3) Record the date, time and weather conditions in the Orientation Data Table on the next page. 
NOTE: The SunFlower’s protractor is not marked with degree units, but each notch equals 15 º of arc. See Fig. 2.
DIRECTIONS
1) Use the big wheel around the SunFlower tabletop to face the SunFlower’s array to the azimuth direction in Row 
1 in the Orientation Data Table on the next page. 
2) Use the small wheel on the tabletop to set the SunFlower’s array to the tilt angle in Row 1 (0°).
3) Record the SunFlower’s volt and amp meter readings in Row 1 of the Orientation Data Table on the next page. 
4) Calculate SunFlower Watts and enter the amount Row 1 of the Orientation Data Table on the next page. 
5) Orient the SOLRAD to the SunFlower’s azimuth and tilt angle with the Sun Angle Quadrant and Solar Azimuth Finder.
6) Record the SOLRAD’s amp reading in Row 1 of the data table.
7) Convert the SOLRAD amps to watts-per-square-meter (W/m2) with the following equation:

 W/m2 = 2850 x  - 52  (where x = SOLRAD Amps)
8) Enter the W/m2 amounts in the data table.
9) Repeat this procedure for all the rows in the data table.

Fig. 2. Sunflower Array set at 45 º tilt from the ground plane.
(Note: SunFlower protractor units shown for clarity.)

Fig. 1. Sun Angle Quadrant tacked to SOLRAD 
meter. Quadrant shows 45 º tilt.

EXAMPLE SETUP: SunFlower array and SOLRAD meter set to the same 45 º angle

SOLAR SUNFLOWER 
CURRICULUM

Optimal Orientation Worksheet One

NAME DATE PERIOD

Photovoltaic array power output is a function of solar irradiance; a photovoltaic array 

receives the most solar irradiance, and thus produces the most power, when oriented to the 

sun’s rays at direct, 90 degree angles with respect to both solar azimuth and altitude. 

6-13-2012 0SAMPLE
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DIRECTIONS FOR DATA GATHERING
1) Record the date, time and weather conditions in the data table below. 
2) Set the Sunflower’s array to the azimuth and tilt angles listed in Row 1 of the data table below, and enter the 
readings from the Sunflower’s volt and amp meters. Multiply volts x amps to calculate Sunflower watts. 
3) Set the SOLRAD meter to the same azimuth and tilt angle, and enter its multimeter amp readings in Row 1. 
4) Convert SOLRAD amps to watts-per-square-meter (W/m2) with the following equation:
 W/m2 = 2850 x  - 52  (where x = SOLRAD Amps)
5) Enter the W/m2 amount in Row 1 of the data table.
6) Repeat for Rows 2 - 18 of the table.

SOLAR SUNFLOWER 
CURRICULUM

Optimal Orientation Worksheet Two

TABLE 1: Array Data at Different Orientations

Date: 6-13-2012
Time:  1:30 - 2pm

Conditions (cloud cover, temperature, etc.): 
Clear and warm

Solar Altitude: 67º
Solar Azimuth:  210 º

Row Tilt Angle Azimuth SunFlower Volts SunFlower Amps SunFlower Watts SOLRAD Amps Irradiance (W/m2)

1 0° (horizontal) East 17.89 11.94 213.61 .34 917.0
2 0° (horizontal) South 18.64 16.98 316.51 .41 1,116.5
3 0° (horizontal) West 18.13 17.16 311.11 .41 1,116.5
4 15° East 18.09 15.00 271.35 .36 974.0
5 15° South 18.35 17.04 312.68 .41 1,116.5
6 15° West 18.05 16.68 301.07 .38 1,013.0
7 30° East 18.28 16.00 292.48 .38 1,031.0
8 30° South 18.56 17.40 322.68 .42 1,145.0
9 30° West 18.12 17.16 310,94 .41 1,116.5
10 45° East 17.47 7,74 135.22 .31 797.7
11 45° South 18.27 14.76 269.67 .33 888.5
12 45° West 17.96 15.60 280.18 .36 974.0
13 60° East 16.90 4.38 74.02 .21 546.5
14 60° South 18.18 13.32 242.16 .35 945.5
15 60° West 17.82 13.92 248.05 .30 803.0
16 75° East 16.27 2.4 39.05 .10 233.0
17 75° South 18.03 11.64 209.87 .27 717.5
18 75° West 17.53 9.48 166.18 .20 518.0

NAME DATE PERIOD6-13-2012 0SAMPLE
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ALIGNING THE SUNFLOWER ARRAY AT RIGHT ANGLES TO THE SUN’S RAYS
To make the array perpendicular to the sun’s rays, both its tilt angle and azimuth must be at 90º to the sunlight. 
Use a Sun Angle Quadrant to find the sun’s ALTITUDE (see page 21). Then use the simple geometry shown 
below to calculate the tilt angle that aligns the SunFlower’s array at a 90º angle to the sun. Use a Solar Azimuth 
Finder to measure the sun’s AZIMUTH (see page 22-23 for directions and templates). Set the SunFlower array to 
this azimuth by turning the big wheel on the Sunflower until the array‘s shadow is as square as possible. 
DIRECTIONS
1) Measure the sun’s altitude angle using the Sun Angle Quadrant. 
Record the angle in the data table below. See Fig. 1.
2) Calculate the angle at which the SunFlower array must be tilted 
up from the ground plane to be perpendicular to the sun’s rays.
a = the sun’s altitude
b = 90º module angle to the sun
c = module tilt angle from ground plane
The earth’s surface for our purposes is a level plane, so the sum of the three angles equals a line, or 180º. We want 
to set the array angle at 90º to the sun’s rays, and we’ve measured the sun’s angle up from the ground (altitude). 
So the equation for the array’s tilt angle from the ground plane is calculated as follows:
a [the sun’s altitude] + b [90º array angle to the sun] + c [array tilt angle from ground plane] = 180º
Thus: c = 90º - a

3) Solve for ‘c’ in the equation above, and set the Sunflower as closely as 
possible to this tilt angle.
4) Measure the sun’s azimuth with a Solar Azimuth Finder. Turn the big 
wheel on the Sunflower until the array‘s shadow is as square as possible.
5) Enter the Sunflower’s tilt angle, azimuth and volt and amp meter readings 
in Table 2 below. Multiply volts x amps to find the SunFlower watts, and enter 
it in the table.
3) Set the SOLRAD meter to the same azimuth and tilt angle, and enter its 
multimeter amp readings in Table 2.
4) Convert SOLRAD amps to watts-per-square-meter (W/m2) with the 
following equation:

 W/m2 = 2850 x  - 52  (where x = SOLRAD Amps)
5) Enter the W/m2 amount in Table 2.

c
b

a

SOLAR SUNFLOWER 
CURRICULUM

Optimal Orientation Worksheet Three

NAME DATE PERIOD

TABLE 2: Array Data At Right Angles to the Sun’s Rays

Date: 6-13-2012
Time:  1:30 - 2pm

Conditions (cloud cover, temperature, etc.): 
Clear and warm

Solar Altitude: 67º
Solar Azimuth:  210 º

Array Tilt Angle Array Azimuth SunFlower Volts SunFlower Amps SunFlower Watts SOLRAD Amps Irradiance (W/m2)

23º 210º 18.61 17.51 325.86 0.43 1,173.5

Fig. 1. Finding Solar Altitude 
with a Sun Angle Quadrant.

6-13-2012 0SAMPLE



CHART 1 - IRRADIANCE vs ARRAY AZIMUTH and TILT ANGLE

Date:  6-13-12

Time: 1:30 - 2pm
Conditions (clear, partly 
cloudy, warm etc.):

Clear sky,
77 degrees

Solar Altitude: 
67º

Solar Azimuth:  

210 º

20

PLOTTING IRRADIANCE VERSUS ARRAY AZIMUTH AND TILT ANGLE
Graph the SOLRAD’s irradiance data from Tables 1 and 2 in CHART 1 below. Use different symbols to plot the 
azimuth directions ( , , or  for east, west or south respectively). Use a “ ”symbol to plot the irradiance value 
received by the SOLRAD when aligned at a 90º angle to the sun. 
DIRECTIONS
1) Find the Irradiance amount (in W/m2) in Row 1 of Table 1 on Worksheet Two.
2) Plot a point where this amount on the Y-axis intersects with the 0° column on the X-axis. Use the circle 
symbol ( ) because the Azimuth in 
Row 1 was East.
3) Repeat for the remaining rows, 
using different symbols for each 
azimuth direction.
4) Draw lines connecting the points.
5) Plot a “ ”point for the irradiance 
amount received by the SOLRAD 
when aligned at a 90º angle to the sun. 
See Table 2 on Worksheet Three.

EXAMPLE:
The array received irradiance at 400 
W/m2 when set to a Tilt Angle of 0° 
and a South Azimuth. This is plotted 
by the first ( ) symbol on the 400 line 
in the example graph. See Fig. 1.

SOLAR SUNFLOWER 
CURRICULUM

Optimal Orientation Worksheet Four
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NAME DATE PERIOD

Fig. 1: Example Graph
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PLOTTING POWER OUTPUT VS ARRAY AZIMUTH AND TILT ANGLE
1) Find the SunFlower Watts amount in Row 1 of Table 1 on Worksheet Two.
2) Plot a point where this amount on the Y-axis intersects with the 0° column on the X-axis. Use the circle 
symbol ( ) because the Azimuth in Row 1 of Table 1 was East.
3) Repeat for the remaining rows in Table 1, using different symbols for each azimuth direction.
4) Draw lines connecting the points.
5) Find the SunFlower Watts amount in Table 2 on Worksheet Three.
6) Note the tilt angle shown in Table 2. 
7) Plot a point where this tilt angle on the X-axis intersects the Y-axis with the wattage found in step 5 
above. Use a “ ”point for the power generated by the array when it was aligned at a 90º angle to the sun. 

SOLAR SUNFLOWER 
CURRICULUMOptimal Orientation Worksheet Five

CONCLUSION
Using specific evidence from the data collected, write a conclusion about how well you feel your hypothesis on 
page one was supported. (Use more paper if needed).

CHART 1 - POWER OUTPUT (WATTAGE) vs ARRAY AZIMUTH and TILT ANGLE

Date:    6-13-12
Time: 1:30 - 2pm
Conditions (clear, partly 
cloudy, warm etc.):

Clear sky,
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Solar Altitude: 
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210 º
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NAME DATE PERIOD6-13-2012 0SAMPLE

*

The evidence from the data collected supported my hypothesis. Both the maximum 
irradiance received by the array, and the maximum power output from it, occurred when 
the array was oriented to the sun’s rays at direct, 90 degree angles with respect to both solar 
azimuth and solar altitude. 
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CALCULATING ARRAY EFFICIENCY
Use the power and irradiance data collected when the SunFlower array was oriented at a 90º angle to the 
sun to calculate how efficient the array is at converting sunlight into electricity. Compare your results to the 
manufacturer’s rated efficiency for the SunFlower’s solar modules, and list possible reasons for any differences. 

DIRECTIONS
1) The Sunflower array has six main photovoltaic modules. Each module is 43.6” long by 18.4”wide. 
2) Convert inch measurements to meters with the formula: 1 inch = 0.0254 meters
3) Calculate the total area of the array in square meters. 
4) Find the Irradiance (in W/m2) in Table 2 on Worksheet Three. Enter this number in Table 3 on this page.
5) Find the SunFlower Watts in Table 2 on Worksheet Three. Enter this number in the Array Power Output section in 
Table 3 on this page. 
6) Calculate the efficiency of the array using the following formula. Enter your answer in Table 3.

η = Eout
Ein  

or: Efficiency = Array Power Output (W/m2) ÷ Irradiance at Same Tilt Angle (W/m2) x 100
 

ANALYSIS AND CONCLUSIONS
Answer the following questions:
1) How do your results compare with the modules’ rated output and 
efficiency as listed in Table 3: Array Characteristics on this page?

2) What could explain the differences, if any, between your results and the 
rated module output? (Use extra paper if needed)

SOLAR SUNFLOWER 
CURRICULUMOptimal Orientation Worksheet Six

NAME DATE PERIOD

TABLE 3: Array Characteristics

Number of Main PV
Modules in Array 6

Module 
Dimensions (L x W) 43.6” x 18.4”

Irradiance (in W/m2) 1,173.5

Array Power Output at 90º 
angle to the sun’s rays 

(in Watts)
325.86

SunFlower Array 
Efficiency 11.3%

Module Rated Output
(in kW/m2 Irradiance) 64 Watts

Manufacturer’s Rated 
Efficiency 12.4%

My results show ~15% less power output from 
the array than the manufacture specifies, The 
resulting array efficiency of 11.3% is about 10% 
less than the manufacturer’s rating.

The module manufacturer’s ratings are determined 
in idea conditions. Actual output varies according 
to atmospheric conditions (dust, haze, cloud cover), 
as well as module age (their output degrades over 
time), module cleanliness, module temperature 
(higher temperatures decrease efficiency), and 
location (average yearly insolation decreases with 
distance from the equator).

6-13-2012 0SAMPLE

N = 
Eout

Ein

325.86 watts/3.1 m2

1,173.5 watts/m2=

= x 100 = 11.3%
132.9

1,173.5( )

A = 6 x = 3.1 m2 43.6” x 18.4” x0.0254m
1”

0.0254m
1”( () )
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THE SOLRAD METER
The SOLRAD meter is a simple pyranometer used to measure the amount of 
solar radiant energy striking a surface. It consists of a digital multimeter and a 
single solar cell attached to a wooden board. See Fig. 1.
Solar radiation (also called irradiance) is measured in watts per square meter (W/
m2). The SOLRAD meter is aligned to the same angle as the Solar SunFlower’s 
array, and the current output (in amps) of the solar cell is measured. 

This amp reading is entered into a conversion equation to calculate the 
irradiance in W/m2 on both the SOLRAD and the array at the same tilt angle.

METER SETUP

1) Plug the BLACK multimeter lead into the 
COM socket, and the RED lead into the 10ADC 
socket.
2) Set the DIAL SWITCH to the 10A. 
See Fig. 2.

3) Connect the other end of the black multimeter 
lead to the black wire from the solar cell, and the red 
multimeter lead to the red wire from the solar cell. 
4) Attach a Sun Angle Quadrant 
to the side of the SOLRAD’s 
base with thumbtacks or tape. 
See Fig. 3. 

MEASURING PV AMPS
1) Measure the SunFlower 
array’s tilt angle with the large 
protractor on the tower. 

NOTE: The SunFlower’s protractor is not marked with degree 
units, but each notch equals 15 º of arc. 
See Fig. 4.

2) Face the SOLRAD toward the same 
direction (azimuth) as the SunFlower.

3) Tilt the SOLRAD to the same angle as the 
SunFlower’s array, as measured by the Sun 
Angle Quadrant.
4) Record the multimeter’s amp reading.
Next we’ll convert the solar cell’s amp reading 
into watts per square meter using a conversion 
equation developed from comparison tests.

Fig. 1. A SOLRAD meter uses a 
multimeter, a solar cell, and a 
wooden board.
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Fig. 2. Digital multimeter set 
to test the solar cell’s current.

Fig. 3. Sun Angle Quadrant tacked to a SOLRAD 
meter. Quadrant shows 45 º tilt.

Fig. 4. Sunflower Array set at 45 º tilt from the ground plane.

SOLAR SUNFLOWER 
CURRICULUMUsing The SOLRAD Meter - page 1
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CALCULATING IRRADIANCE
1) To find the irradiance received by the SOLRAD meter at the specific tilt angle tested, solve the following 
equation where y = SOLRAD amp reading, and x = irradiance received (in watts per square meter).
y = 2850x- 52

EXAMPLE: 
The SOLRAD Meter reads 0.30 amps. Plugging this number into the equation gives a measurement of the 
irradiance at the tilt angle tested: 
2850(0.3Amps) – 52 = 803 Watts/m2

DERIVATION OF THE CONVERSION EQUATION
A Solar Schoolhouse experiment* compared the output of a solar cell (units of amps) and a pyranometer (units of 
W/m2) in the same amount of light. It found a linear relationship between amps and Watts/m2 (see graph below).  
The graph below charts pyranometer readings on the y-axis in Watts/M2, and solar cell output in amps on the 
x-axis. Solving for y in terms of x to the nearest integer, the conversion equation becomes:
 y = 2850x- 52

This graph was made using EXCEL spreadsheet linear equation function. An R2 value close to 1 
indicates the equation fits the data very closely.

* Data taken on 6/27/07 and 6/28/07. Midland School, Los Olivos, CA
Pyranometer = LiCor Serial # PY16409 from Pacific Energy Center (San Francisco, CA)
Solar Cell = 0.5V/400mA silicon solar cell from www.solarschoolhouse.org
Pyranometer and solar cell both in horizontal position.
Amps measured by digital multimeter by: Paulinine Allen, Tor Allen

Note: This equation is for use with the mini solar cells found in the Solar Cell Classroom Set. If using a different solar cell, you should repeat the 
experiment using a pyranometer (e.g. LiCor). Check the Solar Schoolhouse website for cell conversion factor updates: www.solarschoolhouse.org

SOLAR SUNFLOWER 
CURRICULUMUsing The SOLRAD Meter - page 2
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OVERVIEW
You’re providing music for two outdoor events at your school using power from the solar SunFlower. The first is a 
lunchtime event, and the second event takes place that evening. Can you power both events with only 50% of the 
SunFlower’s battery capacity? All loads use AC (Alternating Current) electricity, so you’ll need to use an inverter. 

EVENT INFORMATION
• Both events will take place on the same day.
• The LUNCHTIME EVENT will last 1 hour. The EVENING EVENT will last 2.5 hours
• The LUNCHTIME EVENT will continuously use one 60 watt electric fan and a 100 watt PA System.
• The EVENING EVENT will continuously use two 18 watt electric lights and a 100 watt PA System.
• All AC loads are connected to the SunFlower’s battery through an inverter. The inverter efficiency is 90%.
• The SunFlower’s array will be charging the battery continuously during the day of the events.

DIRECTIONS
1) Complete Table 1 to calculate out the number of amp-hours consumed during both events. 

2) Use Chart 1 on the next page to estimate the average number of peak sun hours per day at your location. Enter 
that number in Table 2.

3) Complete Table 2 to calculate the average number of amp-hours produced by the SunFlower in half a day. 

Powering AC Appliances Worksheet  - Page 1 SOLAR SUNFLOWER 
CURRICULUM

Total Amp-Hours Used During Both Events

TABLE 1: Amp-Hours Used During Both Events

AC Appliance Watts ÷ DC System 
Voltage ÷ Inverter 

Efficiency = DC Amps × Hours 
Used = Amp Hours 

Used

Electric Fan 60 ÷ 12 ÷ 0.9 = 5.56 × 1 = 5.56

Lights (2-18 watt CFL) 36 ÷ 12 ÷ 0.9 = 3.33 × 2.5 = 8.33

PA System for iPod 100 ÷ 12 ÷ 0.9 = 9.25 × 3.5 = 32.41

46.30

TABLE 2: Average Half-Day Amp-Hour Production From SunFlower Array

Rated 
Array 
Output 
(watts)

×
Peak 
Sun 

Hours
=

Average Daily 
Array Output 
(watt-hours)

×
DC to AC 

Derate 
Factor

=
Corrected Daily 
Array Output 
(watt-hours)

÷ System 
Voltage =

Corrected 
Daily Array 

Output 
(amp-hours)

384 × 5.0 = 1,920.0 × 0.77 = 1,478.0 ÷ 12 = 123.2

Corrected Average Amp-Hour Output in half a day 61.6

× 0.5

NAME DATE PERIOD6-13-2012 0SAMPLE
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TABLE 3: Battery Temperature 
Correction

Evening Event 
Temperature (F°):     65°

Temperature Correction Factor

80° F 1.00

70° F 1.04

60° F 1.11

50° F 1.19

40° F 1.30

30° F 1.40

20° F 1.59

TABLE 4: Amp-Hours Available From SunFlower Battery 
(Starting with 100% Charge - Limit Discharge to 50%)

Battery Capacity 
(Fully Charged) × Discharge 

Limit ÷
Temperature 
Correction 

Factor
= Available 

Amp Hours

68 Amp Hours × 0�5 ÷ 1.08 = 31.48

Row TABLE 5: Battery Capacity at the End of the Evening Event

1 Average Amp-Hours Produced by the SunFlower in Half a Day (from Table 2) 61.60

2 Amp-Hours Available From SunFlower Battery 31.48

3 TOTAL ENERGY AVAILABLE (Add Row 1 and Row 2) 93.08

4 Total Amp-Hours Used During Both Events (from Table 1) 46.30

5 REMAINING BATTERY CAPACITY (Subtract Row 4 from Row 3) 46.78

Powering AC Appliances Worksheet  - Page 2 SOLAR SUNFLOWER 
CURRICULUM

4) Search online for an hourly weather forecast for your area. Use the 
results to estimate the temperature during the evening event. Record 
this number in Table 3. 

5) Find the appropriate temperature correction factor in Table 3, and enter it in Table 4.

6) Complete Table 4 to calculate 
the number of amp-hours 
available when discharging a 
fully-charged SunFlower battery 
to 50% of its rated capacity. 

7) Complete Table 5 to find the estimated battery capacity at the end of both events.

8) Is the remaining battery capacity at or above the 50% discharge limit?

4

3

4

4

4.5

4.7 4.7

4.5

5

5

5

6

CHART 1: Peak Sun Hours Per Day - Yearly Average

(Courtesy D.O.E.)

YES, the remaining capacity in the battery is above 50% 
of its total rated capacity.
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OVERVIEW
Now that you know how much energy the SunFlower provides on an average day, you can estimate how many 
SunFlower-sized photovoltaic arrays it would take to power a sample household. 

DIRECTIONS
1) Find the Graph of Your Monthly Consumption History section in the sample electric bill below (inside the dotted line).  
2) Enter the KWH amounts for July (Summer) and January (Winter) in Table 6.

Powering AC Appliances Worksheet  - Page 3 SOLAR SUNFLOWER 
CURRICULUM

TABLE 6: Average Daily Household Energy Use (in Watt-Hours)

Jul. 
Monthly 

Use
(KWH)

+
Jan. 

Monthly 
Use

(KWH)
÷ 2 =

Average 
Monthly 

Use
(KWH)

÷
Average 
Days Per 
Month

=
Average 

Daily Use 
(KWH)

× Watts per 
Kilowatt =

Average Daily 
Use

 (watt-hours)

1,500 + 500 ÷ 2 = 1,000 ÷ 30.4 = 32.89 × 1,000 = 32,890

TABLE 7: Average Daily Household Energy Use (in Watt-Hours)

Average Daily Use
 (watt-hours) ÷ Corrected Daily Array Output 

(watt-hours) = Approximate Number of SunFlower-Sized Arrays to 
Power Sample House (round up to next whole array)

32,890 ÷ 1,478.40 = 23

4) Finally, divide the Average Daily Use (watt-hours) from Table 6 by the Corrected Daily Array Output (watt-
hours) from Table 2 on page 1 of this worksheet. Enter data in Table 7 below.

3) Complete Table 6 to find the average number of watt-hours the house uses each day.

EXTRA ACTIVITY: Use your own utility bill to see how many SunFlower systems you’d need to power your home.

Electric Bill

YOUR UTILITY COMPANY
PO BOX 123, Photon, CA 95000

Your Consumption History

Days of 
Service

Consumption 
(KWH)

Average Daily 
Usage

Current 
Month

Prior Month 
This Year

Same Month 
Last Year

33 1,030 31.21

29 680 23.45

33 1,230 37.27

Your Meter Reading Results…
Meter 

Number
Number 
of Days

Prior 
Reading

Current 
Reading

Multiplier Consumption 
KWH USED

456 987

Service Dates
From To
05/09/2002    06/10/2002 33 2,0761,973 10 1,030

Customer Charges 3.60
Consumption (1,030  KWH@ 0.1384  /KWH) 142.55
Energy Cost Adjustment (1,030  KWH@    .0136/KWH 14.00
State Mandated Charges: Public Benefit Charge ( 190.53   @ 0.0285) 5.43
                                             California Energy Surcharge (1,030 KHW @.0002/KWH) 0.21
                                                                                                                                        Total Current Charges   165.79

Graph of Your Monthly Consumption History
KWH 

 2,500
 2,000
 1,500
 1,000
 500
 0 JUN AUG OCT DEC FEB APR JUN
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EVER STARE AT THE SUN!

3. Punch holes    (for string)

2. cut on this dotted line
5. Fold on this  solid line

 4. Fold on this solid  line

 1. Cut on this dotted line

6. Tape along this  line
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1. Cut on dotted line 

1. C
ut o

n th
is dotted line 

B

F
F

EE

A

✄

✄

Stop 
here!

2. Cut HALFWAY on the dotted line     .  B
1. Cut on the outside dotted line  .A

3. Punch holes for string with a pencil.

6. Tape the sides of the quadrant together, & tape along line      . E

8. Thread 1 foot of string thru the hole. Enlarge the hole with a pencil if needed.
9. Thread the string thru 2 paperclips & tie the ends.
10. When the tube’s shadow is a circle 
read the sun’s altitude on the 
gauge. DON”T LOOK 
AT THE SUN 
THRU THE 
TUBE!

4. Fold over on solid line with the printed side out.E

5. Fold in half on solid line    with the printed side out.F

7. Roll the square section over a pencil to make a tube & tape it to the quadrant. 

7. Roll this piece 
over a pencil to 
make a tube. 
Tape it down 
lengthwise. 

Directions

4. Fold this 
piece over 
on line  8   .E

www
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ars
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.o
rg

w
w
w.solarschoolhouse.org

Sun Angle Quadrant
Worksheet
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www.solarschoolhouse.org

NEVER LOOK
AT THE SUN

THRU THE TUBE!

Azimuth
Finder

www.solarschoolhouse.org

NEVER LOOK
AT THE SUN

THRU THE TUBE!

Azimuth
Finder

www.solarschoolhouse.org

NEVER LOOK
AT THE SUN

THRU THE TUBE!

Azimuth
Finder

www.solarschoolhouse.org

NEVER LOOK
AT THE SUN

THRU THE TUBE!

Azimuth
Finder

1. Cut on this solid line

1. Cut on this solid line

4. Crease & unfold on this line

2. Crease on this dotted line
2. Crease on this dotted line

4. Crease & unfold on this line
Figure 1

8. Punch small hole 
with a sharp pencil.

8. Punch small hole 
with a sharp pencil.

8. Punch a hole w
ith a 

sharp pencil.

8. Punch a hole w
ith a 

sharp pencil.

10. Put a paper fastener  thru 
this hole to attach the H

O
LD

ER 
to the Azim

uth G
auge

10. Put a paper fastener  thru 
this hole to attach the H

O
LD

ER 
to the Azim

uth G
auge

8. Punch sm
all hole s in the crossed 

dots w
ith a sharp pencil.

8. Punch small hole 
with a sharp pencil.

8. Punch small hole 
with a sharp pencil.

A

A

✄
✄

BB

C

C

D

D

D

E

E F

F

D

✄

Directions for Making The Azimuth Finder

TU
BE

1. Cut on the solid lines    &       & on the entire outside 
border. The part labeled “Azimuth Finder” will be the 
HOLDER. The other part will be the TUBE.
2. Fold the HOLDER in half lengthwise on dotted line      .
3. Tape the HOLDER together along its outside edges.
4. Crease & unfold on the remaining dotted lines      .
5. Fold on dotted line       & tape it down.
6. Crease on dotted line       & unfold it to lay flat.
7. Roll the part labeled TUBE over a pencil. Tape it on line      .
8. Punch small holes in the crossed dots with a sharp pencil.
9. Tape the Azimuth Gauge (separate page) to a piece of 
cardboard, & punch a hole in the center of it with a sharp pencil.
10. Attach the HOLDER to the Azimuth Gauge with a brad paper 
fastener, & tape the brad flat on the back side of the cardboard.         

A

D

C

E

B

F

F

5. Fold on dotted line         w
ith this side facing out. 

Tape the edge dow
n.

E

6. Crease on dotted line         & unfold it to lay �at
F

7. Roll dow
n over a pencil to m

ake a tube.
Tape the edge along dotted line 

F

11. Push a wooden skewer or toothpick 
through the holes to mount the TUBE 
to the HOLDER as shown in Fig. 1.
12. Align the Azimuth Gauge to true 
north & aim the TUBE at the sun. 
Avoid eye damage by never looking 
through the tube at the sun.
13. When the shadow cast by the tube 
forms a circle, measure the sun’s azimuth 
from directly above the gauge.

3. Tape along the outside edges.

3.
 Ta

pe
 a

lo
ng

 th
e 

ou
ts

id
e 

ed
ge

s.



1. Align the Gauge to true north. Aim the tube of the Azimuth Finder 
toward the sun until the tube’s shadow forms a circle.
2. Look down from directly above the Azimuth Finder. See where the 
end of the tube closest to the sun crosses the Azimuth Gauge (this is 
the end of the tube that’s opposite the shadow).
3. Read the degrees of solar azimuth under this end of the tube.

Directions for Finding Solar Azimuth

From directly above, read the sun’s 
azimuth angle under the tube 

(on the end opposite the shadow).
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Making Electricity with Photovoltaics - page 1

Light energy can be turned directly into electricity� The device 
that does this is called a photovoltaic cell� It’s also called 
a solar cell, or a PV cell� The term photovolatic combines 
photo, from the Greek word for light, with voltaic, named after 
Alessandro Volta, a pioneer in the science of electricity�

Photovoltaic cells have no moving parts, and run silently, without 
polluting the environment� They are made of semiconductor materials 
like silicon, the most common element in the Earth’s crust�

The silicon in PV cells is chemically treated to make a 
postive and a negative layer� Between these two layers 
an electrical field is created, similar to a battery�

Photons

Besides acting like waves, light 
also behaves like a stream of tiny 
chunks, or particles of energy� 
These particles are called photons�

Photons are an unusual kind of 
particle because they don’t seem 
to have any weight or mass�

They also don’t have 
any electric charge�

Photovoltaic Cell

PV cell cross section

positive layer

negative layer 

PV cells have 
positive and 

negative layers.

Light acts like particles called photons.

To see how solar cells work, we need to know more about the nature of light� 
We also need to understand some basic principles of electricity�

silicon

atoms

+

-
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Even though atoms are incredibly tiny, they aren’t 
the smallest bits of matter� If we could look inside 
atoms we’d see even tinier particles�The center of 
the atom is called the nucleus� Spinning around the 
nucleus are particles of electricity called electrons�

Electrons

Electrons have a negative charge� The nucleus has 
positively charged particles called protons� Opposite 
electrical charges attract, and pull toward each other� 

The Photovoltaic Effect

When light shines on a photovoltaic cell electricity is produced� The illustration below 
shows how this happens� As photons of light hit the cell, their energy is absorbed by some 
of the electrons in the atoms� If an electron absorbs enough energy, its orbit gets so big it 
breaks away from the nucleus� The electron is now a free, negatively charged particle�

These electrons will try to return to 
their atoms, but the design of the 
cell pushes them up through the 
negative layer� If a wire is connected 
between the top and bottom 
layers of the cell, the electrons 
will flow through it, and combine 
with atoms in the positive layer�

This flow of negatively 
charged electrons is called 
an electrical current� 

The process of photons 
releasing electrons is called 
the photovoltaic effect�Photons release electrons from the atoms. 

The electrons move through the wire.

nucleus

electron -

+

Opposite electrical charges attract

This attraction keeps the electrons in orbit around the nucleus� The electrons don’t 
fall into the center of the atom because they have too much energy� The more 
energy an electron has, the bigger its orbit will be around the nucleus�

Inside an atom, electrons orbit 
the nucleus.

Electrical current is like the current of water in a stream, or water moving through 
a hose� It is a source of energy: the energy carried by the moving charged 
particles� In wire, these charged particles are negatively charged electrons, 
but positively charged protons can also carry electrical energy�

photon

electrons

Making Electricity with Photovoltaics - page 2
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PV Cells and PV Modules

Photovoltaic (PV) cells come in different sizes� They can be smaller than a quarter of an inch 
across, and bigger than five inches across� Bigger cells produce more power, but even large cells 
usually produce less than 3 watts� That’s not enough energy to power most household appliances�

For more power, several cells are connected together in weather tight packages called 
photovoltaic modules� Photovoltaic modules are also called solar panels or PV modules�

Even large solar panels 
don’t produce a huge 
amount of electric power�

To supply electricity for an 
entire house, many solar 
panels are connected 
together in a large group 
called a solar array (or 
photovoltaic array)�

Each photovoltaic 
cell produces a small 

amount of power.
To increase power, cells are grouped into 

photovoltaic modules (also called solar panels).

PV modules can be connected together in a solar array.

Solar arrays

There are different kinds of photovoltaic 
modules� Most are made with hard, crystalline 
silicon� Some are flexible however, and can 
be rolled out and glued onto metal roofs�

Flexible  modules

Some PV 
modules are 

flexible.

Making Electricity with Photovoltaics - page 3
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Utility Intertie Systems

There’s another way to make electricity during the day, and have it available at night� It’s called 
a utility intertie system (also called a gridtie system)� Gridtie systems don’t need batteries� 
They use a special inverter that can pump electricity from the solar panels into the utility grid�

During the day the solar array pumps electricity through the inverter into the grid, and 
the electric meter turns backwards� At night, or when using more electricity than the solar 
array produces, electricity flows from the utility grid, and the meter turns forward� 

Inverters

To run the devices in our homes on the direct current 
supplied by solar panels, we need to turn it into alternating 
current� The device that does this is called an inverter�

Inverters change the DC electricity from batteries 
and solar panels into the AC electricity used in 
our homes� They also change the voltage�

Solar arrays are often wired to supply 12, 24 or 48 volts 
of direct current� The inverter turns this low voltage 
DC electricity into the 120 volt alternating current used 
by household lights, TVs and other appliances�

Inverters change DC 
electricity into AC electricity.

During the day electricity flows 
through the inverter into the grid.

Net Metering

Many utility companies give credit for the electricity supplied to the grid by 
the solar array� The value of the electricity pumped into the grid is subtracted 
from the cost of the electricity taken out� This is called net metering�

At night electricity flows from the 
utility grid into the house.
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How Electricity Works
The way electricity flows through a circuit is 
similar to the way water flows through pipes�

Imagine a tank of water with a pipe coming 
out the bottom, and a valve on the pipe�

The water is heavy, and pushes down on 
the bottom of the tank� The water’s weight 
pushes it through the pipe when the valve is 
opened� If we put a water wheel in front of the 
pipe, the water current spins the wheel� 

The pressure pushing the water through the 
pipe is like electrical pressure (voltage) in 
circuits� The current of water flowing through the 
pipe is like a current of electricity (amperage) 
flowing through wires� The power turning the 
wheel is like the electrical power (wattage)
driving electric devices in a circuit�

Electrical pressure (voltage) 
A battery is like the tank of water, but instead 
of supplying water pressure it supplies 
electrical pressure� This electrical pressure is 
called voltage, and it’s measured in volts�

One end of the battery has more electrons 
(negative charges)�The other end has 
more protons (positive charges)�

Opposite charges attract� The electrons 
push on the negative end of the 
battery, trying to force their way through 
the circuit to the positive end�

Turn the switch, and this electrical force 
pushes the electrons through the wire�

Electrical power (watts) 
It takes power to turn the waterwheel, or light the lightbulb� In electrical circuits, power is measured 
in watts� Watts are units that show how fast energy is being used� Watts show how much 
energy is being used per second� This is the rate of energy consumption at a given moment�

pressure

The water’s weight pushes it through the pipe.
The current of water turns the wheel.

Electrical current (amperage) 
The current of electrons moving through the bulb makes it glow� Current is measured in amperes 
(or amps)� An amp is a number of electrical charges moving past a point in one second� 
In a wire, those charges are electrons� 1 amp is about 6 quintillion electrons passing a 
point in a wire in one second� That’s 6,000,000,000,000,000,000 electrons a second!

voltage

Battery voltage pushes electrons through the wire.
The current of electrons lights the bulb.
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You might be surprised to know that a magnetic compass does not usually point to 
the true north pole� The compass needle actually points to a different place called 
the magnetic north pole� The magnetic north pole is in northern Canada�

There are Two North Poles

In San Francisco a compass needle reads 15° 
east  when the “N” (north cardinal point) 
points true north. 

The angle between magnetic 
north and true north also 
depends on where you are 
on the Earth’s surface�

The angle between the magnetic 
north pole and the true north pole 
is called magnetic declination�

This angle changes over the 
course of many years�

Not only that, the magnetic north pole is 
moving! It’s traveling in a northwesterly 
direction at about 26 miles per year� 
The magnetic pole also wanders daily 
around an average position�

Viewed from San Francisco, the magnetic north pole is 
about 15° to the east of the true north pole.

Suppose you were in San Francisco, and wanted 
to find the true north pole with a compass�

If you pointed the “N” of the compass toward 
the true north pole, the compass needle would 
point 15 degrees to the right (or east) of north�

We say that the magnetic declination in 
San Francisco is 15 degrees east�

East Declination

15° east

15° east

San Francisco
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Photovoltaic output
Solar arrays are made of several individual solar panels (also called solar modules)� To determine how 
much energy each of these solar panels produces on average each day, we need to know two things:
1� How much power (in watts) each solar panel produces in “peak sun” conditions�
2� How many hours of “peak sun’ we have at our home daily� 

Peak Sun 
Peak sun (or “full sun equivalent”) is the average maximum solar power available on the Earth’s 
surface� It’s the level of solar radiation solar panel manufacturers use to rate their modules� 
This amount of energy is approximately equal to the sunlight falling on the equator at noon on a 
clear day� You may get higher levels of sunlight at high elevations, and on very clear days, but 
peak sun is a good, practical value for expressing radiant solar energy levels�
Peak sun is equal to an irradiance of 1 kilowatt per square meter� Although equal 
to kilowatts, this is NOT electricity� This power comes as radiant energy� 
Peak Sun = 1 kilowatt per square meter
If a solar panel could turn all of that radiant energy into electricity, a 1 square meter-sized panel 
would produce 1 kW in peak sun� But most commercial solar panels only convert about 5% to 20% 
of the sun’s power into electricity� The most a square 
meter-sized panel will produce is about 200 watts�

Module output ratings
Module manufacturers use peak sun light levels to test their 
modules� They rate their modules by how much electricity 
they produce under peak sun conditions�
Unless we live on the equator, we‘ll seldom get full peak sun 
conditions� The amount of sunlight at our house changes all 
the time too, depending on the time of day, the time of year, 
and how cloudy or clear the sky is�

Peak Sun Hours
Even when it’s available, peak sun only falls for a moment 
at noon, then the energy decreases as the sun moves 
across the sky�
But if that level of sunlight could last for a whole hour, a square 
meter of the surface would receive 1 kilowatt-hour of energy�
This amount of solar energy is called “peak sun hours”� 
Peak sun hours are just another way of saying:
kilowatt-hours of radiant energy per square meter 
Although we may never get full peak sun conditions at our house, we can still get the EQUIVALENT 
of several peak sun hours of energy during a day� 
FOR EXAMPLE: 12 hours of less than maximum solar power may add up to5 or 6 peak sun hours�
In other words, 12 hours of less than maximum solar power may equal 5 or 6 kilowatt-hours of 
radiant energy� 
Now let’s find out how many hours of peak sun we get on average each day� This is the total number 
of peak sun hours per year divided by 365 days�

one meter

Peak sun conditions provide radiant energy at 
a rate of 1 KW per square meter.

Estimating Array Output - page 1
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Peak Sun Hours per Day 
The United States Government has measured the amount of solar energy reaching the Earth for 
many years� The National Renewable Energy Laboratory’s (NREL) Renewable Resource Data Center 
provides maps showing the average number of peak sun hours a day at various places in the U�S�

This map gives a very rough idea of how many hours of full sun equivalent per day reach areas of 
the United States� The amount of solar energy you receive may be very different, but we can make 
a rough guess� Find the line closest to your house, and record the number of average peak sun 
hours� If your location is between lines, estimate a value between the two yearly averages�

Module Output 
Now we need to see how much power our modules are rated to 
produce� The manufacturers tell us how much electricity each panel 
produces in peak sun conditions� 
The module at the right is rated to produce 120 watts in peak sun� 
Each of the six modules in the solar SunFlower are rated to produce 
64 watts in peak sun�
The actual amount of energy you get from your system will be much 
less for many reasons� Inverters, batteries and wires lose energy� 
Modules aren’t as efficient when they get hot� Dust on the panels can 
block sunlight� 
Because of this, the ACTUAL AC OUTPUT of photovoltaic modules 
may be closer to 70% OF THE MANUFACTURER”S RATING. 

This module produces 
120 watts in peak sun.
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PEAK SUN HOURS PER DAY
Yearly Average

(Courtesy D.O.E.)
High resolution color maps available at:
http://www.nrel.gov/gis/solar.html

Estimating Array Output - page 2
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Measuring Electricity Generation and Consumption
There are two ways to measure electricity use� We can measure the RATE at which a device uses 
electricity, and we can measure the AMOUNT of electricity it uses over a period of time� 
Watts measure the RATE at which a device uses electricity� 
Watts also measure the rate at which a device (like a solar panel) produces electricity� 
Watt-Hours and Amp-Hours measure an AMOUNT of electricity delivered over a period of time�
Let’s explore each of these concepts in more detail, beginning with watts�

Watts
A watt is a measurement of how much electrical energy is being used per 
second� It also measures how fast electricity is being generated per second� 
A 100 watt lightbulb, for example, converts electricity into light and heat at a rate 
of 100 watts� This 100 watt bulb uses electricity twice as fast as a 50 watt bulb� 
The 100 watt bulb converts twice as much energy per second as a 50 watt bulb�
Solar panels produce electricity from sunlight� A specific solar panel 
might convert sunlight into electricity at a rate of 100 watts� Both the solar 
panel and the light bulbs use the unit watts to measure how fast they’re 
converting energy from one form to another�
You can also say that watts measure power� Power is just another way of 
saying “rate of energy conversion�”  Watts is like “miles per hour�” Both terms 
show how fast something is happening� 
Remember: there’s no such thing as “watts per hour�” Watts is already a 
measurement of speed� Saying “watts per hour” is like saying “miles per 
hour per hour�”

Kilowatts 
A kilowatt equals 1,000 watts� 

Watt-Hours
Watt-hours measure an AMOUNT of energy used or generated over a period of time, like an hour, or 
a day� To calculate watt-hours we need to know the wattage of the device, and how many total hours 
it’s operating� Multiply these two numbers, and you have the amount of total energy consumed or 
produced in a period of time� The equation for energy used (or generated) is:
   Energy Used (or Generated) = Power x Time 

It’s often abbreviated like this: E = P x t� The units of the equation are:
        Energy [watt-hours] = Power [watts]  x  t [hours]

This formula can also be derived like this:

   
][ energy

time
watts x hours [time] = watt-hours [energy]

Canceling units, we get:

   
x hours [time] = watt-hours [energy]

time ][ energywatts

   watts x hours = watt-hours [energy]

 A 100 watt bulb uses electricity 
twice as fast as a 50 watt bulb.

This solar panel generates 
electricity at a rate of 100 watts.

Watts, Watt-Hours & Amp-Hours - page 1
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The term “watt-hours” may seem confusing, since we just said there’s no such thing as “watts per hour�” 
Watt-hours are different� Watt-hours (or WH) are an amount of energy, not a speed, or rate of energy 
use� Watt-hours are like miles traveled, and watts are like miles per hour�

Kilowatt-Hours 
A kilowatt-hour  is equal to 1,000 watt-hours� It’s often 
abbreviated as: KWH or kWh�
1,000 watts-hours = 1 kilowatt-hour (KWH)

Batteries
Batteries store direct current (DC) electrical energy in 
chemical form for use at night or on cloudy days� They 
also accumulate energy, and can power devices that 
need more energy than a solar electric system can 
produce at any given moment� 
For example, a solar panel may supply 50 watts of 
power for several hours during a day to charge a 
battery� The accumulated charge in the battery could 
power a 100 watt load for a shorter period�

Amp-Hours
Batteries are rated by voltage and by amp-hour 
capacity� An Amp-Hour (or ampere-hour, Ah) is a way 
of describing a battery’s capacity - how long it will 
supply electricity before it is drained down� 
A 12 volt, 100 amp-hour capacity battery, for 
example, could theoretically deliver 1 amp @ 12 volts 
for 100 hours, or 5 amps @ 12 volts for 20 hours 
(or any product of amperage and time equaling 100 
amp-hours) before being fully discharged� 

If this heater USES electricity at a rate 
of 1,000 Watts…

and it uses energy at that rate 
for 1 hour…

…it will have used 
1,000 WATT-HOURS of electricity.

X =

Example: 1,000 watts x 1 hour = 1,000 watt-hours 
For example, if an electric heater uses 1,000 watts (1 kilowatt) of electricity, and we 
have it on for 1 hour, we’ll use 1,000 watt-hours (or 1 kilowatt-hour) of electricity�

The SunFlower has a 12 volt, 68 amp-hour battery 
housed in its base to store solar electricity.

Watts, Watt-Hours & Amp-Hours - page 2
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It’s important to note that he faster a battery is discharged, the less energy can be drawn from that battery�
In other words, the more amperage you draw, the lower the battery capacity (in amp-hours)� 

Converting Amp-hours to Watt-Hours
Amp-hours are like watt-hours: they both measure a rate of energy conversion over a period of time� 
If we know the voltage of a battery, and how many amp-hours it will provide at that voltage, we can 
figure out how many watt-hours it can deliver to power a device� You can convert the amp-hours 
available from a battery to the watts-hours available for use by a battery powered device� 
This formula calculates the watt-hours available from a battery with a given amp-hour capacity:

Watt-hours available = Battery Voltage X Amp-Hour Capacity

Example
A 12 volt battery with a 10 Amp-hour capacity could theoretically deliver 120 watt-hours� 
This means it could power a 60 watt DC light for 2 hours, or a 30 watt light for 4 
hours� To keep a battery in good condition, you should never use more than 80% of 
its capacity, so the actual number of watt-hours available will be much less� 
Batteries can only be charged and discharged a certain number of times during their lifespan� 
Discharging a battery to only 50% of it’s capacity is a good way to increase its useful life�

Solar Amp-Hour Production
If you know how many watts a solar panel produces at any moment, and how many hours it produces 
electricity at that rate, you could figure out how many watt-hours and amp-hours it will produce in that time� 
This formula shows how to calculate the amp-hours produced by a solar panel per watt-hour:

Amp-hours produced = Watt-hours produced ÷ Battery Voltage
For example: a 12 volt solar panel produces 120 watts for one hour for a total of 120 watt-hours� 
It could theoretically charge a completely dead 12 volt, 10 amp-hour battery�  

   
120 watt-hours 10 amp-hours

12 volts
=

In reality, some energy is lost in the process of recharging a battery� Also, the rate at which solar 
panels produce electricity varies with the amount of sunlight, the temperature, and other factors�  

This 12 volt battery has a 
capacity of 100 amp-hours...

...if 5 amps of current are drawn 
from the battery for 1 hour…

…it will have delivered 
5 AMP-HOURS of electricity.

X = FIVE AMP-HOURS

Example: 5 amps @ 12 volts x 1 hour = 5 amp-hours
For example, if a car’s headlight draws 5 amps at 12 volts, and it’s drawing current 
from a 12 volt battery for 1 hour, it will have used 5 amp-hours of electricity�

Watts, Watt-Hours & Amp-Hours - page 3
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QUIZZES



SOLAR SUNFLOWER - TRUE SOUTH QUIZ
1) The angle between the magnetic north pole and the true north pole is called:

2) True of False (Circle One) The magnetic north pole moves several miles throughout the year.   

3) In the northern hemisphere the sun’s daily path across the sky is tilted toward which compass direction? 

4) Multiple Choice (Circle One) In the northern hemisphere which angle should a solar array face to receive 
the most energy from the sun? 
a. south
b. true south
c. perpendicular to the sun’s rays
d. straight up

5) What is the definition of solar noon?
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NAME DATE PERIOD

SOLAR SUNFLOWER - TRUE SOUTH QUIZ
1) The angle between the magnetic north pole and the true north pole is called:

2) True of False (Circle One) The magnetic north pole moves several miles throughout the year.   

3) In the northern hemisphere the sun’s daily path across the sky is tilted toward which compass direction? 

4) Multiple Choice (Circle One) In the northern hemisphere which angle should a solar array face to receive 
the most energy from the sun? 
a. south
b. true south
c. perpendicular to the sun’s rays
d. straight up

5) What is the definition of solar noon?

NAME DATE PERIOD
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SOLAR SUNFLOWER - UNIT ONE QUIZ
1)  The sun’s direction on a compass rose is a measure of its:
a. Altitude
b. Azimuth
c. Declination

2)  A group of photovoltaic modules connected together is called a:
A.  Solar array
B.  Solar system
C.  Solar assembly
D.  All of the above

3)  The force, or pressure, pushing electrical charges through a wire is called:
A.  Current
B.  Voltage
C.  Wattage

4)  Electrons flowing through a wire are called:
A.  Current
B.  Volts
C.  Watts

5)  Electrical current is measured in _______________________. 

6)  The units of power that measure how fast electricity is generated or used:
A.  Current
B.  Volts
C.  Watts

7)  Watts equals ________________ times ______________________.

8)  A 36 watt headlight is running at 12 volts. How much current is it drawing?

9)  Watt-hours measure ______________________________________.

10)  The relationship between amp-hours, system voltage and watt-hours can be expressed mathematically as:

Watt-hours = ____________________________________________________________________________.

NAME DATE PERIOD
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SOLAR SUNFLOWER - UNIT TWO QUIZ
1)  A______________ is a unit of measurement that shows how fast a device is generating or consuming electricity.

2)  True or False (Circle One):  Kilowatt-hours measure how much electricity has been used.

3)  One kilowatt equals ________________ watts.

4)  Energy used = power x _______________.

5)  A radio draws 20 watts for two hours. How much electricity has it used?

6)  The force, or pressure, pushing electrical charges through a wire is called:
A.  Current
B.  Voltage
C.  Wattage

7)  True or False (Circle One): Peak Sun is the maximum irradiance available from the Sun.

8)  Peak Sun is equal to _________________________ per square meter.

9)  Your old fridge uses 5 kilowatt hours per day, and you get an average of 5 hours of Peak Sun per day. How 
many watts must your solar array provide at maximum power to run your refrigerator? (Assume 100% efficiency).

 

10)  The refrigerator in Question #9 “runs” for 10 hours a day. How many amps does it draw? 
(House voltage = 120 volts) Round off your answer to the nearest tenth of an amp.
A.  5.7
B.  4.2
C.  500

NAME DATE PERIOD
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Glossary
alternating current (ac) electricity:  Electric current that changes direction many times per second�     
ampere (amp):  A unit of electrical current or number of electrical charges flowing past a point in one second�  
battery backup system:  A solar electric system using batteries to store photovoltaic electricity� 
direct current (dc) electricity:  Electric current that moves in only one direction�
electrical circuit:  The path through which an electric current flows from a voltage source through a 
load and back to the source�
electrical current:  The flow of electrically charged particles - measured in amperes�
electrons:  Negatively charged particles existing around the nuclei of atoms�
inverter:  Electrical device that changes DC electricity into AC electricity� 
insolation: the amount of solar power falling on a surface over a given time, (in W/m2 per hour)�
irradiance: the direct, diffuse, and reflected solar radiation that strikes a surface (in W/m2  or kW/m2 )

kilowatt (kW):  A rate of energy used or produced (power) equal to 1,000 watts�
kilowatt-hour (kWh):  An amount of energy used or produced, equal to 1 killowatt for 1 hour�
load:  Any device using electricity in an electric circuit�
magnetic declination:  The angular difference between the true north pole and the magnetic north pole�
peak sun:  an amount of solar irradiance equal to 1 killowatt per square meter�
peak sun hours:  The amount of radiant energy equal to one hour of peak sun� 1 peak sun hour 
equals 1 kilowatt hour per square meter� 
photons:  Individual “packets” of light or electromagnetic radiation�
photovoltaic array:  A number of photovoltaic modules connected together�
photovoltaic cell:  A single semiconductor that converts light into electricity�
photovoltaic effect:  The basic physical  process through which a solar
 cell produces voltage when exposed to radiant energy (especially light)�
photovoltaic modules:  A group of PV cells connected together, and sealed for protection from the 
environment�
solar array:  See Photovoltaic Array.
solar panels:  Common term for a panel which converts light imto electricity� See Photovoltaic Module.
utility grid:  The transmission and distribution system suppying electricity to homes and businesses� 
Also called the Electrical Grid�
utility intertie system:  A solar electric system using a special inverter that can pump electricity from 
the solar panels into the utility grid�
voltage:  The pressure “pushing” electrons in an electric circuit�
volt:  A measure of electrical “pressure”, or force�
watt:  A unit of power� A measure of the rate (or speed) at which electrical energy is used or produced 
(equal to one ampere of current under the electrical pressure of one volt)
watt-hour:  An amount of energy used or produced equal to 1 watt for 1 hour�



48

QUIZ ANSWERS
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SOLAR SUNFLOWER - TRUE SOUTH QUIZ
1) The angle between the magnetic north pole and the true north pole is called:

2) True of False (Circle One) The magnetic north pole moves several miles throughout the year.   

3) In the northern hemisphere the sun’s daily path across the sky is tilted toward which compass direction? 

4) Multiple Choice (Circle One) In the northern hemisphere which angle should a solar array face to receive 
the most energy from the sun? 
a. south
b. true south
c. perpendicular to the sun’s rays
d. straight up

5) What is the definition of solar noon?

NAME DATE PERIODANSWER KEY

South

Magnetic declination

Solar noon is the time halfway between sunrise and sunset.
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SOLAR SUNFLOWER - UNIT ONE QUIZ
1)  The sun’s direction on a compass rose is a measure of its:
a. Altitude
b. Azimuth
c. Declination

2)  A group of photovoltaic modules connected together is called a:
A.  Solar array
B.  Solar system
C.  Solar assembly
D.  All of the above

3)  The force, or pressure, pushing electrical charges through a wire is called:
A.  Current
B.  Voltage
C.  Wattage

4)  Electrons flowing through a wire are called:
A.  Current
B.  Volts
C.  Watts

5)  Electrical current is measured in _______________________. 

6)  The units of power that measure how fast electricity is generated or used:
A.  Current
B.  Volts
C.  Watts

7)  Watts equals ________________ times ______________________.

8)  A 36 watt headlight is running at 12 volts. How much current is it drawing?

9)  Watt-hours measure ______________________________________.

10)  The relationship between amp-hours, system voltage and watt-hours can be expressed mathematically as:

Watt-hours = ____________________________________________________________________________.

NAME DATE PERIODANSWER KEY

amps or amperes

amps or amperes

amps = watts/volts

36 watts / 12volts = 3 amps

ampsvolts

An amount of energy used or produced equal to 1 watt for 1 hour.

watt-hours = system voltage x amp-hours, or: amp-hours = watt-hours/system voltage
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SOLAR SUNFLOWER - UNIT TWO QUIZ
1)  A______________ is a unit of measurement that shows how fast a device is generating or consuming electricity.

2)  True or False (Circle One):  Kilowatt-hours measure how much electricity has been used.

3)  One kilowatt equals ________________ watts.

4)  Energy used = power x _______________.

5)  A radio draws 20 watts for two hours. How much electricity has it used?

6)  The force, or pressure, pushing electrical charges through a wire is called:
A.  Current
B.  Voltage
C.  Wattage

7)  True or False (Circle One): Peak Sun is the maximum irradiance available from the Sun.

8)  Peak Sun is equal to _________________________ per square meter.

9)  Your old fridge uses 5 kilowatt hours per day, and you get an average of 5 hours of Peak Sun per day. How 
many watts must your solar array provide at maximum power to run your refrigerator? (Assume 100% efficiency).

 

10)  The refrigerator in Question #9 “runs” for 10 hours a day. How many amps does it draw? 
(House voltage = 120 volts) Round off your answer to the nearest tenth of an amp.
A.  5.7
B.  4.2
C.  500

NAME DATE PERIODANSWER KEY

Rated array power [in watts] x peak sun hours = total daily array energy output [in kWh’s] 

Rated array power [in watts] x 5 peak sun hours = 5,000 kWh’s 

5,000 kWh’s 

20 watts x 2 hours = 2 watt-hours

1,000 watts (or 1 kW)

1,000

watt

time

 5 peak sun hours 
Rated array power [in watts] = =   1,000 watts (or 1 kW)

amps = watts/volts

5,000 watts / 10 hours = 500 watts when running

500 watts / 120 volts = 4.167 amps


