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About the Solar Power Monitor Set

The Solar Schoolhouse makes Solar Power Monitor Sets for hands-on explorations of solar power and 
electricity. This User Guide shows how to use & maintain this equipment, and includes a number of 
student exercises for developing an understanding of electrical theory and the photovoltaic effect.
The Solar Power Monitor is a Plexiglas circuit board with input ports for connecting solar modules, and 
output ports for attaching direct current loads. It has an ammeter and a voltmeter to simultaneously measure 
current and voltage. There are three DC loads (a light, fan and water pump) included in the set. 
The Solar Power Monitor Set provides opportunities for qualitative and quantitative explorations to a wide 
variety of ages, grade and skill levels. For example, this equipment can be used with kindergarten classes to 
experience the photovoltaic effect directly (with sunlight powering the water pump) or with colleges and trade 
schools to plot photovoltaic IV curves that show the performance characteristics of solar modules. 
Solar Power Monitor Sets and video tutorials on their use are available from: www.solarschoolhouse.org
Please check the website periodically for new solar activities, and consider sharing any new ones you’ve 
had success with.

What’s In the Solar Power Monitor Set

The Solar Power Monitor Set includes the following equipment: 
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Before You Begin

Before you first use the Power Monitor Set, we recommend the following steps:
Remove and dispose of all plastic covering on the solar modules (or the plastic will • 
eventually melt permanently to the cell, reducing the amount of sunlight that enters). 
Mark the backs of the solar modules with a permanent ink pen (e.g. Sharpie). Write • 
your class or school name, and a number showing how 
many modules there are (e.g. # 1 of 8). This helps to 
keep track of all the modules after a day of use. 
Prepare the Blower Fan by removing about one-quarter of an inch of • 
the insulation from the ends of the small wires. Then “tin” the exposed 
ends of the wires with solder to increase their durability. Directions 
for this process are included on the back page of this User Guide.

Stackable Jumpers

Note that the larger jumpers can be stacked, or plugged one on top 
on another to connect multiple devices in parallel.

Optional Tools & Materials to Add to the Power Monitor Set 

Handy to have, but not absolutely necessary: 
Wire strippers & cutters• 
Soldering iron (30 or 40 watt unit, e.g. Radioshack)• 

Other Accessories:
Velcro strips for attaching solar modules to small mounts (cardboard, thin wood)• 
Other DC loads – e.g. LED lights (green, red, white), battery-powered radios or boom • 
boxes. Small battery powered loads that can be powered using the solar modules. 
Reflective Funnels  - made of aluminum foil and manila folders to • 
experiment with increasing the light on solar modules.
Stop watch and measuring pitcher or one gallon milk jug to measure pump flow rate (see page 10).• 

Packing up the Solar Set

It’s a good idea to inventory the set before and after each use to make sure all the parts are there. 
The Inventory List on the next page can be photocopied for this purpose. Get in the practice of 
putting away all components as neatly as possible. This makes it easier for the next use. 

Count the solar modules & use a rubber band to group them together in the case. • 
Put the potentiometer in a separate compartment to keep it from damaging other components.• 
Gather the jumper wires together. Tie together with an overhand knot or a rubber band.• 

Jumpers “stacked” to 
connect devices in parallel.

Stackable Jumpers

Strip & tin the blower 
fan wires. (see p. 17)
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Check the inventory before and after using this Solar Cell Set to make sure all the parts are there.

This Solar Cell Set belongs to Set #

Date Inventoried by Item Start ✔ End ✔ Comments

1 Power Monitor

1 Fuse Light

1 Atwood pump (with 
Tubing)

10 Mini Jumpers

4 Stackable Jumper 
Sets (+ & -)

8 3-watt Modules

1 Potentiometer (with 
Knob)

1 Blower Fan

1 Ruler 

1 Compass

1 Protractor

~ 2 feet of Vinyl 
Tubing

So
lar

Schoolhouse Solar Cell Classroom Set - Inventory List
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Electricity from the Sun

Congratulations!  You’re about to change sunlight 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 photovoltaic 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, need no maintenance, and run silently, without 
polluting the environment. They are made of a semiconductor material, typically silicon. 

Invented in 1954 at Bell Labs, silicon solar cells were first developed for the space program. 
Many of the early cells still produce electricity, and photovoltaics continue to power the next 
generation of satellites and space technology. On Earth, they are the most cost-effective and 
reliable power source for many remote applications, like highway signs, navigation buoys and 
emergency call boxes. They also power an increasing number of homes and businesses.  

How Solar Cells Work

Silicon is the most common element in the Earth’s crust. 
It’s also the main ingredient in beach sand, but it must be 
highly purified to make PV cells. The silicon in PV cells 
is treated chemically to create a negatively charged layer 
on top, and a positively charged layer on the bottom. 
Wires are usually attached to both sides of the cell.

When sunlight penetrates the solar cell, electrons are 
dislodged. The structure of the cell forces these loose 
electrons to flow through the wires, forming an electrical 
current. This is called direct current, or DC electricity 
because the current flows in only one direction. This is 
the same type of electricity available from batteries.

Several PV cells can be laid side-by-side to form a rectangular solar module (or 
photovoltaic module). The more PV cells in the module, the greater the current 
and voltage it delivers. Several solar modules together form a solar array.

Photovoltaic System Types

The simplest photovoltaic systems connect PV cells directly to the device being 
powered. A common example is a solar powered calculator. These are called PV 
Direct Systems, and they only work when light is falling on the solar cells. 

To have power when the sun isn’t shining, one or more batteries are added to the 
circuit. This is called a Battery Backup or Stand Alone System, and it usually has a 
device called a charge controller to make sure the batteries are charged correctly.

The type of electricity we get from the utility grid changes direction, or alternates 
60 times a second. It’s called alternating current, or AC electricity. To run most 
household appliances with solar panels, a device called an inverter is used to 
change the DC electricity from the solar array into AC electricity. 

Some inverters can feed excess energy from a solar array into the utility 
grid. This is called a Grid Tie System, and batteries are not needed because 
the utility grid supplies power at night and on cloudy days.   

Solar (photovoltaic) modules are 
made of several individual solar cells
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Series Wiring – When solar cells are 
connected in a string, from positive 
(+) to negative (–) between each 
cell, the voltage of the cells is added 
together. The total current (amperage) 
is the same as a single cell. Red wires 
are usually (+) & black wires (-).

+++

0.5V
1A

0.5V
1A

0.5V
1A

Parallel Wiring – When PV 
cells are wired in parallel, the 
positives (+) of each cell are 
connected together, and the 
negatives (-) are connected 
together. The amperage of all the 
cells is added together; the voltage 
stays the same as a single cell. 

1 volt 
 1 amp {1 volt 

 1 amp {

+
+

+
+

0.5V
1A

0.5V
1A

0.5V
1A

0.5V
1A

Series/Parallel Wiring – 
Sometimes we need to combine 
both series and parallel wiring 
to get the voltage and amperage 
needed to power a given device. 
The circuit shown has two series 
“strings” providing 1 volt & 1 amp 
each. These strings are then wired in 
parallel to increase the current to 2 
amps & keep the voltage at 1 volt.

+
+

+
+

+
+

0.5V
1A

0.5V
1A

0.5V
1A

0.5V
1A

0.5V
1A

0.5V
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Volts

Amperes

Series/Parallel Wiring Exercise – 
Draw the needles on the meters 
to show the correct voltage and 
amperage in the circuit on the right.
Record your answers below.
Series (+) to (-) adds volts. 
Parallel (+) to (+) & (-) 
to (-) adds amps.

Volts: Amps:

Series & Parallel Wiring 
Two basic units of electricity are volts & amps. Volts measure the force that pushes an electrical current through a 
wire. This current is a stream of electrical particles. Amps (or amperes) measure the number of particles moving in 
the stream. No matter what size a silicon solar cell is, it produces ~0.5 volts (at 25°C). Larger cells supply more amps 
than smaller cells. Wiring PV cells or modules in series &/or parallel is done to increase the volts and amps to power a 
given load. The examples below use single cells, but the principles are the same for any size cell or solar module.
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So
lar

Schoolhouse Solar Power Monitor Features

1.  POWER INPUT PORTS: For inserting jumpers connected to solar modules. There 
are two power in ports: one positive (+) red port and one negative (-) black port. Use 
stackable jumpers to connect more than one module or group of modules in parallel.

2.  POWER OUTPUT PORTS: For inserting leads to power external loads, like the 
water pump. NOTE: Switch must be turned on to power external loads.

3.  FUSE: Wired in the positive side of the circuit, the fuse acts as overcurrent protection. 
The small wire in the fuse melts if too much current is fl owing through the circuit. 

4.  POWER OUT SWITCH: Turns on and off external loads connected to power out ports

5.  VOLTMETER: Measures voltage, and shows if you have enough for a specifi c load. 
For example, if you wire three of the 3-volt modules in series to power a 9 volt radio, the 
voltmeter will show about 9 volts. If polarity is reversed (+ and - wires in the wrong ports), 
the needle will go below the “0” mark. This helps prevent wiring a radio backwards, which 
can damage the radio. Polarity determines the direction in which the electricity fl ows.

6.  AMP METER: Measures the electric current fl owing through the circuit. For amps to show 
on the meter a switch must be turned on, and connected to a load. It’s okay to short circuit 
solar modules by connecting the power out ports with a jumper. This shows the maximum 
amps the module can provide. Different loads use different amounts of current. 

6. Amp Meter

3. Fuse & Holder

1. Power In Port (Red)
POSITIVE 

1. Power In Port (Black)
NEGATIVE

5. Voltmeter

4. Power Out Switch

2. Power Out Ports 
(Red) POSITIVE 

2. Power Out Ports 
(Black) NEGATIVE 
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1. Plug stackable jumpers into one positive and one negative Input Port. 
Clip the other ends to the module wires. The color of the jumper, and the 
module wire it clips to, should match the Power Monitor port color.

So
lar

Schoolhouse Testing Solar Modules

MEASURING MODULE OUTPUT

Clip a jumper 
between the 
Output Ports

Measuring Maximum Voltage

Measuring Maximum Amperage

You can use the Solar Power Monitor to check the maximum voltage and 
current a solar module can supply. The modules in the set are rated at 3 
volts nominal. This means the voltage varies with load and sunlight. In 
some test conditions, the modules may produce more than 3 volts.

2.  Record the Voltmeter reading with the switch off. This is the open 
circuit voltage (Voc), the maximum module voltage when no current 
is flowing.  If the reading is below 0, the polarity is reversed. This 
means the positive and negative connections are reversed. Make sure 
the wire colors and port colors match. 
3.  Check the Amp Meter. What does it read? Why?

1.  Clip jumpers  between the Output Ports. Turn on the 
switch to complete the circuit.
2.  Record the Amp Meter reading. This is the short-
circuit current (Isc), the maximum current possible 
without a load. 
3.  Experiment with the current produced by changing 
the module’s angle to the Sun.
4.  Check the voltmeter. What does it read? Why?

Red =        Black =      +

To Measure the Maximum Amperage (Current):

To Measure the Maximum Voltage:
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Four 3 Volt Modules in a 12 Volt Series String

So
lar

Schoolhouse Wiring Solar Modules in Series

MAKING A  SERIES STRING
A series string is any number of photovoltaic modules connected in series to give a single electrical output. 
Remember:      SERIES WIRING (      to      ) ADDS VOLTS.  +

1.  Use stackable jumpers to connect a load like the 
fuse light or the blower fan to the power out ports. 
Remember: the fan needs 12 volts to operate.
2.  Turn on the switch to power the load. Check the Amp 
Meter reading. This is the current drawn by the light. 
3.  Try attaching the water pump (see next page). Before 
turning on the switch submerge the pump in water (like 
a 5 gallon bucket). The pump should work, but not at 
full power. To increase the power of the pump, connect 
another series string in parallel (see next page). 
Tip: Peel & stick one layer of industrial velcro tape 
to the backs of the modules. Stick the other layer to 
a wooden board. Attaching the modules to the board 
with velcro keeps them in place while testing.

Measuring the Amperage of a Load

1.  Clip the positive wire (red) of each module to the negative 
wire (black) of the next.

2.  Connect the end wires of the group of modules (the series 
string) to the Power Monitor Input Ports with stackable jumpers. 
The color of the jumper, and the module wire it clips to, should 
match the Power Monitor port color.

 3.  Check the Voltmeter. With the switches off, the open 
circuit voltage should be around 12 volts in direct sunlight.

4.  If the reading is below 
0, the polarity is reversed. 
This means the positive and 
negative connections are 
reversed. Make sure the wire 
colors and port colors match. 

5.  If there is no voltage, part 
of your circuit isn’t connected. 
Check all the alligator clips 
and the input port connections 
to see if any are loose.

6.  Check the Amp Meter. What 
does it read? Why?

To Connect Four 3 Volt Modules in a 12 Volt Series String:

A fuselight connected with jumpers
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To run at full power, the water pump needs more current than one series string provides. We want to 
increase the current, but keep the voltage the same as it is for one string: 12 volts. To do this we’ll wire a 
second series string to the Power Monitor in parallel. This is called series/parallel wiring. Remember:

The entire group of solar modules is called a solar array. A solar array is any number of 
photovoltaic modules connected together to provide a single electrical output.

So
lar

Schoolhouse Making a Series/Parallel Solar Array

WIRING SERIES STRINGS TOGETHER IN PARALLEL

1.  Make 2 - four-module series strings (see previous page).
2.  Connect the end wires of both series strings to the Input Ports on the Power Monitor. Stack the input 
jumpers. The color of the jumper, and the module wire it clips to, should match the Power Monitor port color. 
3.  Check the open circuit voltage with the switch off. It should be the same as one series string.
4.  Attach the pump to the output ports with stackable jumpers and submerge it in water. Turn on the switch, 
and check the Amp Meter. It should read higher than it did for one string, and the pump should work very well.

12 Volt Series String12 Volt Series String

To Make a Solar Array with Two Series Strings connected in Parallel:

PARALLEL WIRING (      to     ,       to      ) ADDS AMPS. VOLTS STAY THE SAME.  + +

Stack the input jumpers to connect 
the series strings in PARALLEL: 
connect positive to positive ( red 
to red ), and negative to negative 
( black to black ). Voltage is the same as one 

series string; amps increase.

PUT THE PUMP IN WATER 
BEFORE TURNING 
ON THE SWITCH.

Be sure all modules 
are aimed at full sun, 
and not shaded.
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Four 3-Volt modules connected in series to make a 12V 
series string. A series string, like any group of modules 
connected together, is also called a solar array.

To measure flow rate using the water pump, Solar Power Monitor and a stop watch:
Attach the tubing to the water pump, and connect the pump to the Power Monitor Output Ports with stackable 
jumpers. Connect the black pump wire to the black port and the other pump wire to the red port. Put the pump in 
a 5 gallon bucket about three-quarters full of water. Place the end of the tubing in a measuring container (like a 
measuring pitcher or a 1 gallon milk jug). Connect a 12V module or series string to the input ports and point it at the 
sun to maximize power output. Turn on the switch and start the stop watch at the same time. Note Volts and Amps. 
When the measuring container is full (i.e. 1 gallon), turn off the switch and stop watch at the same time. Record 
the time. Fill in the chart: calculate the gallons per hour (gph) and Watts (Watts = Volts x Amps). 
Add a second series string (or 12V solar module) in parallel to increase amperage. Connect the end wires of both 
series strings to the Input Ports on the Power Monitor by stacking the input jumpers. The color of the jumper, and 
the module wire it clips to, should match the Power Monitor port color. Add one 12V series string (or 12V module) 
at a time, and repeat the exercise. See if you can maximize the flow rate per maximum specifications for the pump.
Note for 3 volt modules: Wire (4) - 3V modules in series (positive to negative, positive to negative) to make 12V strings. 

PUMPING WATER - FLOW RATE vs. SUNLIGHT
So

lar
Schoolhouse Solar Water Pumping

Attwood Pump – Specifications
500 Gallons Per Hour @ 13.6V open flow (no lift) 
450 gph @ 12V open flow (no lift)
max amp draw
1.5A @ 13.6 V
1.3 A @ 12V
Reference:
www.attwoodmarine.com
Bilge pump: Attwood T500
3.785 liters = 1 gallon

# of 12V 
Modules
(or 12V 
strings)

Volume 
(gal) or (l)

Time
min (hrs)

gph
(lph) Volts Amps Watts

1
2
3
4

1. Chart gph (x-axis) vs. Watts (y-axis) on graph paper. Did you push the pump to its max. gph?

3. On a separate page analyze the pros and cons of using solar energy for water pumping in developing 
countries, or water pumping for livestock, or water pumping for irrigation on California’s farms.

2. How can you increase flow rate on cloudy days? Why does this work? Answer on a separate page.
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Measure Voc and Isc at a variety of azimuth and tilt angles. 
Mark a “Compass” on the sidewalk with chalk, and put the 
solar array and the Power Monitor in the middle of it. Use a 
protractor or Sun Angle Quadrant (see page 15) to measure tilt 
angles. For ease of use, clip the Quadrant to the array as shown 
on the left. Record the Voc readings with the Power Monitor 
switch off. Then turn the switch on and take the Isc readings. 
Be sure not to shade the array while taking the measurements. 

So
lar

Schoolhouse Maximizing Solar Power

Azimuth Tilt Angle Voc*[Volts] Isc**[Amps] Power***[Watts]
East (90° clock-
wise from North)

0° (horizontal)

East 45°
East 90° (vertical)

South (180°) 45°
South 90°

West (270°) 45°
West 90°

North (0°) 45°
North 90°

*Voc = Voltage Open Circuit; Measure this with the jumper ends open. Maximum voltage with no load.
**Isc = Short Circuit Current [Amps]; a complete circuit with no load. Measure this with the jumper ends 
clipped together. The voltage meter should approach Zero.
***Power [Watts] = Volts x Amps 

On separate sheets of paper, graph your data using bar graphs. 
Then answer the following questions:
1. What varies (changes) most with solar module orientation, amps, volts or watts?
2. Why do you think that is?
3. What are the azimuth and tilt angles for maximum power?

4. What are the azimuth and tilt angles for least power?

5. How would your results change if these experiments were conducted 6 months from now?

Date:   Time:
Conditions (clear, partly cloudy, warm, etc.):

POWER OUTPUT vs. SOLAR ORIENTATION

45°

90°

0°

Sun Angle Quadrant  
clipped to solar array
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All solar modules (or cells and arrays) provide a variety of voltages and current fl ows, 
depending on the available sunlight, temperature, connected loads, and other factors. At any given moment, a 
module’s output voltage times its operating current equals its power output (in watts). This is represented by the 
Power Formula:
   P [watts] = I [amps] x V [voltage]
The output characteristics of a solar module 
are shown by a performance curve called an IV 
(Current &Voltage) curve. This curve graphs 
the relationship between current and voltage 
output. Most solar modules sold include their IV 
curves as part of their technical specifi cations. 
A Solar Power Monitor can be used to gather 
data for a module’s IV curve. The module is 
connected to the input ports on the Power Monitor, 
and a potentiometer (also called a variable 
resistor) is connected to the output ports. 
The potentiometer is set to several different 
resistances, and voltage and current 
readings are taken. These data points are 
then graphed to plot the IV curve. 
Note: A SOLRAD™ meter (made with the Solar 
Schoolhouse Solar Cell Classroom Set)) can be used 
to assure consistent insolation during the tests.

Gathering the Data

Tests should be conducted in consistent sunlight.  Face the solar module 
directly toward the sun (perpendicular to the sun’s rays) for the best 
test. Connect the output jumpers as shown at right: one to the middle 
tab on the potentiometer, and the other to either of the outside tabs. 
Adjust the potentiometer until the AMPS show 0. The volt meter 
shows the maximum voltage (or open circuit voltage: Voc). (If the 
current doesn’t hit zero, turn off the switch for the Voc reading). 
Record current and voltage. Adjust the potentiometer slightly to increase 
the AMPS and record IV again. Adjust and record the values until you’ve 
maxed out the amps and voltage is near zero. Then you can fi nish your data 
table by multiplying Volts x Amps to get Power (see the table on next page).

Plotting IV Curves &  Finding the Maximum Power Point

Note the voltage and amperage where the maximum 
power in watts (PMAX)  occurs – these are used to chart 
the IPMAX and VPMAX lines on the IV curve. 

Plot the data on a graph similar to the IV curve shown at the top 
right of this page. The point on the IV curve where maximum power 
occurs is called the  maximum power point. The current at this point 
(IPMAX) times the voltage at this point (VPMAX) equals the maximum 
power (in watts) the module can produce under these conditions.

VOLTAGE (VOLTS)
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T 

(W
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EN
T 

(A
M
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)

0 10

1.0
20

40

60

2.0

ISC

IPMAX

VPMAX VOC
15 20 25

MODULE POWER 
OUTPUT (PMAX)

IV CURVE:
55 Watt Module

MAXIMUM 
POWER 
POINT

An IV Curve showing the varying current, voltage & power 
outputs of a 55 watt (nominal) module under different loads.  

So
lar

Schoolhouse Graphing a Solar Module’s  IV  Curve

Solar Power Monitor, potentiometer & 
module set up to gather IV curve data.



 

Example:

The SOLRAD™ meter reads: 0.36 amps. PowerIN = 2850(0.36) - 52
PowerIN = 974 Watts/m2  
Area of solar module  = 0.375m x .405m = 0.152m2,
PMAX = 20 Watts

PowerOUT = 131.6 Watts/m2

Exercise - Calculating Efficiency
Using data from the IV CURVE DATA TABLE on this page, and a SOLRAD™ meter reading of 0.35 
amps, calculate the efficiency of a 55 watt module measuring 1.293 meters long by 0.329 meters wide.
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Calculating Solar Cell or Module Efficiency
The efficiency of a solar cell or solar module is a measurement of 
how well the device converts solar radiation into electrical energy. 

Efficiency is shown as a percentage: the percent or 
portion of the total solar power shining on an object that 
is converted to electricity. Simply, the equation is:

To find PowerIN (i.e.. solar radiation shining on 
the solar module): record the SOLRAD™ meter 
amp reading. Then convert the SOLRAD™ amps 
to Watts/m2 using the following equation:
PowerIN [in W/m2] = 2850(SOLRAD Amps) – 52
To find PowerOUT: use the maximum power 
(PMAX) from the IV curve tests. Measure the area 
of the solar cell or module in units of meters. 

Then solve for PowerOUT using the following equation:

VOLTS (I) AMPS WATTS

21.7 0.0 0.0

21.3 0.5 10.7

20.9 1.1 23.0

20.5 1.5 30.8

20.0 1.9 38.0

19.8 2.5 49.5

18.1 2.9 52.5

17.4 3.15 54.8

IV CURVE DATA TABLE for the IV 
curve on the previous page.

IPMAX
VPMAX PMAX

EFF = 
PowerIN

PowerOUT

EFF = = 13.5%
974.0 Watts/M2

131.6 Watts/M2

= PowerOUT [in W/m2] 
PMAX  [in Watts]

Cell or Module Area [in meters2]  

= PowerOUT [in W/m2] 
20 Watts

0.152 meter2  

Efficiency =



Solar Power Monitor Set User Guide
 v20100310 www.solarschoolhouse.org14

Solar cells and modules provide the most electricity when oriented (or facing) at a 90º angle 
toward the sun. You can use the Sun Angle Quadrant (see next page) to find the sun’s altitude 

(elevation angle above the horizon). Then use simple geometry to find the correct tilt angle for a solar cell or 
module. Finally test your calculations by measuring the module’s output at various angles with multimeter.  

Finding the Best Module Tilt Angle

1. Measure and record the sun’s altitude angle using the Sun Angle Quadrant.
2. Determine the angle at which a solar 
module 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 know that the optimum module 
angle to the sun is 90º, and we’ve measured 
the sun’s angle up from the ground (altitude). 
So the equation for the module’s best tilt angle 
from the ground plane is calculated as follows:
a [the sun’s altitude] + b [90º module angle to the sun] + c [module tilt angle from ground plane] = 180º
Thus: c = 90º - a
Example:
The sun’s altitude as measured by the Sun Angle Quadrant is 47º.
c = 90º - 47º
The best module tilt angle for this solar altitude = 43º

Exercise:
Use a Sun Angle Quadrant to measure the sun’s altitude and calculate the 
best module tilt angle for that altitude.

c
b

a

So
lar

Schoolhouse Solar Altitude & Module Tilt Angles

A Sun Angle Quadrant clipped to 
a module to measure tilt angle.

Testing the Calculation

1. Connect a solar module to a digital multimeter.
2. Attach a Sun Angle quadrant to the module with a small binder clip, or removable tape, 
as shown. Use this to hold the module at the tilt angle found in the above equation.
3. Record the voltage and amperage output by the module.
4. Repeat for higher and lower tilt angles.
The tilt angle at which maximum power is produced should match the one found by the above calculation.
For Extra Credit:
Check sun angle chart for your location to confirm the sun’s altitude at the current date & time.

Date: Time:

Best module tilt angle:Sun’s altitude:
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3. Punch holes    (for string)

2. cut on this dotted line
5. Fold on this  solid line
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6. Tape along this  line
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✄

✄

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
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w
w

w.solarschoolhouse.org

Sun Angle Quadrant
www.solarschoolhouse.org
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lar

Schoolhouse Helpful Facts & Figures

SOLAR CELL & BATTERY COMPARISON CHART

Feature SILICON SOLAR CELL BATTERY CELL

Voltage Function of its chemistry 
Silicon Cells =~0.5V per cell

Function of its chemistry
Fully charged batteries:
Alkaline batteries = 1.5V per cell
NiCad batteries = 1.2V per cell
NiMH batteries = 1.2V per cell
Li-ion batteries = 3.7V per cell

Amps
(Current)

Function of the AREA of the cell & the 
available sunlight. The larger a solar cell 
is, the more amps it can deliver in the 
same amount of light.

Function of the SIZE of the battery. 
All energy is stored inside the 
cell. The larger the battery cell is 
the more amps it can deliver. 

DC or AC?
(Direct Current 
or Alternating 
Current)

DC DC

Stores Energy NO (Needs sunlight) YES

A1 

A2  can deliver 
more current 

than A1 

A2 

A
A

 

D

D cell can deliver 
more current 
than AA cell. 

The Power Triangle

IXV
P

The Power Triangle can calculate all forms of the power formula. Just cover the 
value to be calculated, and the other values show how to do the calculation. 
Example:
You have a 60 watt, 12 volt light, and you want to know how many amps it’s drawing. 
Cover the  “I” and you’re left with “P” over “V”, or watts divided by volts:

=  5 amps
12 volts

60 watts

VOLTS measure the force that pushes an electrical current through a wire. 
AMPS (or amperes) measure the number of electrical particles in an electric current.
WATTS measure electrical power: the rate at which electricity is generated or used. Volts x amps = watts.
SERIES WIRING – Connected in a string: (+) to (–) between each cell or module. The 
voltage of all the cells is added together; the current stays the same as a single cell.
PARALLEL WIRING – All the (+) are connected together, all the (-) are connected together. 
The amps of all the cells are added together; the voltage stays the same as a single cell.
THE POWER FORMULA: Volts x Amps = Watts 
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Stripping Wire

Using wire strippers, score the insulation with the proper size cutting hole; then 1. 
pull off the insulation slug with either the pliers at the end of the strippers, or 
by hand. This is better than pulling off the insulation with the cutting hole, as it 
reduces the chance of nicking or breaking the small wires.

Tinning Wire

Apply solder to the wire, not the tip of the soldering iron. Hold the end of the 1. 
wire against the tip of the iron, and apply a small amount of solder in between 
the tip and wire to form a heat bridge (if there isn’t enough solder on the tip 
already). Now apply solder to the other end of the wire. 

The solder should wick into the strands. Move the iron and solder to coat the 2. 
surfaces. 

About one-quarter of an inch of the insulation on the small wires on the blower fan should be 
stripped off, and the exposed wire “tinned” with solder. An online search for “How to strip wire,” and “How to tin 
wire.” will bring up many tips and tutorials for novices.

Series/Parallel Wiring Exercise, p.5
Volts = 1.0, Amps = 3.0
Measuring Module Output, p.7
Measure the Maximum Voltage:  3. Check the Amp Meter. What does it read? Why?
Zero. The circuit is open. No current is flowing.
Measure the Maximum Amperage (Current):  4. Check the Voltmeter. What does it read? Why?
Zero. Voltage is a measurement of the difference in electrical pressure between two points. If the points are 
directly connected, with no load (resistance) in between, the electrical pressure of both points is the same. 
To Connect Four 3 Volt Modules in a 12 Volt Series String, P.8
6. Check the Amp Meter. What does it read? Why?
Zero. The circuit is open. No current is flowing.
Solar Water Pumping, P.10
2. How can you increase flow rate on cloudy days? Why does this work?
Add more 12V modules or arrays/series strings in parallel to add amps. This increases the power available to the pump.
Maximizing Solar Power, P.11
1. What varies (changes) most with solar module orientation, amps, volts or watts? AMPS
2. Why do you think that is? A larger surface is available to “catch” photons that will free electrons.
5. How would your results change if these experiments were conducted 6 months from now? The most 
power is available in the summer, least in winter; in spring and autumn the same power is available.
Graphing a Solar Module’s IV Curve, p.13
Exercise - Calculating Efficiency:
PowerIN = 945.5 watts, PowerOUT = 128.9 watts/m2, EFF. = 13.6%

So
lar

Schoolhouse Stripping and Tinning Wire

Answer Key


