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Solar 1

?    Question

How do similar PV modules in an array vary in electrical output? Think about which 

varies more, current or voltage.

  Hypothesis

Develop a hypothesis to address the question using the following format: If 

(manipulated variable) then (responding variable) because ...

  Materials

 Procedure

1. Test each PV module in the array by connecting the electrical load to each cell.

2. With the multimeter, measure the current and voltage of each PV module in the 

array under identical external conditions.

3. Record the data below and compare.

4. Calculate the power (current x voltage), or wattage of each trial. Record results in the chart below.

 Observations

 Data

CURRENT (A) VOLTAGE (V) POWER (WATTS)

LEFT PV MODULE 

CENTER PV MODULE

RIGHT PV MODULE

 Conclusion 

 Re#ections

Were the output currents of the PV modules similar?  

Were the output voltages of the PV modules close to one another?

 Bright light source

 Alligator clips

 Electrical load (motor, fan, light, or buzzer)

 PV array

 2 Multimeters

TO MEASURE CURRENT,
Ampmeter (set to DC Amps)

TO MEASURE VOLTAGE,
Voltmeter (set to DC Volts)

Note: Solid and dashed lines in the diagram 

represent di!erent sets of clips or wires.
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Solar 2

?    Question

How does a PV array wired in series a!ect the electrical output? Think 

about what will happen to current and voltage output.

  Hypothesis

Develop a hypothesis to address the question using the following 

format: If (manipulated variable) then (responding variable) because ...

  Materials

 PV array

 Electrical load

 2 Multimeters

 Alligator clips

 Procedure

1. Attach the multimeter to the PV array wired in series with an 

electrical load. See diagram to the right. 

2. Measure the current and voltage. Record data in the chart below.

3. Calculate the power (current x voltage), or wattage and record 

results in the chart below.

 Observations

 Data

CURRENT (A) VOLTAGE (V) POWER (WATTS)

SERIES

 Conclusion 

 Re#ections

How did the current produced in a series circuit compare to the current of an individual PV module?

How did the voltage produced in a series circuit compare to the voltage of an individual PV module?

TO MEASURE CURRENT,
Ampmeter (set to DC Amps)

TO MEASURE VOLTAGE,
Voltmeter (set to DC Volts)

Note: Solid and dashed lines in the diagram 

represent di!erent sets of clips or wires.
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Solar 3

?    Question

How does light intensity a!ect the electrical output of a PV array wired in series?

  Hypothesis

Develop a hypothesis to address the question using the following format: If 

(manipulated variable) then (responding variable) because ...

  Materials

 2 Multimeters

 PV array

 Bright light source

 Dim light source

 Electrical load

 Alligator clips 

 Procedure

1. Attach the multimeter to the PV array wired in series with an electrical load.

2. Place the PV array under the bright light source.

3. Measure the current and voltage produced by the PV array.

4. Record data in the chart below.

5. Place the PV array under the dim light source.

6. Measure the current and voltage produced by the PV array.

7. Record data in the chart below.

8. Calculate the power (current x voltage), or wattage of each trial. Record results in the chart below.

 Observations

 Data

CURRENT (A) VOLTAGE (V) POWER (WATTS)

BRIGHT LIGHT

DIM LIGHT

 Conclusion 

 Re#ections

What di!erences did you observe in the variables of the two light intensities?

How does light intensity a!ect the output of the PV array?

Note

When comparing light output 

of di!erent sources (e.g., bulbs), 

lumens should be used to 

compare light intensity rather 

than watts, which compare 

power consumption.

TO MEASURE CURRENT,
Ampmeter (set to DC Amps)

TO MEASURE VOLTAGE,
Voltmeter (set to DC Volts)

Note: Solid and dashed lines in the diagram 

represent di!erent sets of clips or wires.
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Solar 4

?    Question

How does the angle of a PV array wired in series with a light source a!ect the 

electrical output? 

  Hypothesis

Develop a hypothesis to address the question using the following format: If 

(manipulated variable) then (responding variable) because ...

  Materials

 Procedure

1. Attach the multimeter to the PV array wired in series with an electrical load.

2. Measure current and voltage when the PV module is at an angle of 90° relative to the light. Record data in the chart. 

3. Using the protractor to adjust the angle, measure current and voltage when the PV module is at an angle of 75° relative to the light. 

Record data in the chart. 

4. Using the protractor, measure current and voltage when the PV module is at an angle of  60°, 45°, 30°, and 15° relative to the light. Record 

data in the chart.

5. Calculate the power (current x voltage), or wattage of each trial. Record results in the chart.

6. Graph your experimental results, wattage (y) vs. degrees (x).

 Data

DEGREES CURRENT (A) VOLTAGE (V) POWER (WATTS)

90 °

75°

60°

45°

30°

15°

 Conclusion 

 Re#ections

From the graph of your data, what is the relationship between the angle of a PV array to wattage produced?

 PV array

 Bright light source

 Electrical load

 2 Multimeters

 Alligator clips

 Protractor

TO MEASURE CURRENT,
Ampmeter (set to DC Amps)

TO MEASURE VOLTAGE,
Voltmeter (set to DC Volts)

Note: Solid and dashed lines in the diagram 

represent di!erent sets of clips or wires.
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Solar 5

?    Question

How does the distance from a light source a!ect the electrical output of a PV 

array wired in series? 

  Hypothesis

Develop a hypothesis to address the question using the following format: If 

(manipulated variable) then (responding variable) because ...

  Materials

 Procedure

1. Attach the multimeter to the PV array wired in series with an electrical load.

2. Place the PV array at increasing distances from a light source according to the data chart below.

3. At each distance, measure current and voltage, and record data in the chart.

4. Calculate the power (current x voltage), or wattage of each trial. Record results in the chart.

5. Graph your experimental results, wattage (y) versus distance (x) from light source.

 Data

DISTANCE (CM) CURRENT (A) VOLTAGE (V) POWER (WATTS)

10 CM

20 CM

25 CM

50 CM

75 CM

100 CM

 Conclusion 

 Re#ections

From the graph of your data, what is the relationship of wattage to distance from the light source?

 PV array

 Bright light source

 Electrical load

 2 Multimeters

 Alligator clips

 Measuring tape or meter stick

TO MEASURE CURRENT,
Ampmeter (set to DC Amps)

TO MEASURE VOLTAGE,
Voltmeter (set to DC Volts)

Note: Solid and dashed lines in the diagram 

represent di!erent sets of clips or wires.
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Solar 6

?    Question

How does covering di!erent parts of the PV array wired in series a!ect its electrical output? 

  Hypothesis

Develop a hypothesis to address the question using the following format: If (manipulated 

variable) then (responding variable) because ...

  Materials

 Bright light source

 Electrical load

 PV array

 2 Multimeters

 Alligator clips

 3x5” Piece of cardboard 

Procedure

1. Attach the multimeter to the PV array wired in series with an electrical load. Measure current 

and voltage and record in the data chart as trial 1.

2. Using the cardboard, cover half the PV array horizontally as in diagram 1. Measure and record 

the current and voltage in the data chart as trial 2.

3. Using the cardboard, cover half of the complete cells vertically as in diagram 2. Measure and 

record the current and voltage in the data chart as trial 3.

4. Calculate the power (current x voltage), or wattage of each trial. Record results in the chart.

 Data

TRIALS CURRENT (A) VOLTAGE (V) POWER (WATTS)

1  - NO COVER

2 - COVER HORIZONTALLY

3 - COVER VERTICALLY

 Conclusion 

 Re#ections

What did you observe about the di!erences in your data?

What function does the silver strip perform in the PV array?

TO MEASURE CURRENT,
Ampmeter (set to DC Amps)

TO MEASURE VOLTAGE,
Voltmeter (set to DC Volts)

C A R D B O A R D

TO MEASURE CURRENT,
Ampmeter (set to DC Amps)

TO MEASURE VOLTAGE,
Voltmeter (set to DC Volts)

C
A

R
D

B
O

A
R

D

Diagram 1

Diagram 2

Note: Solid and dashed lines in the 

diagram represent di!erent sets of clips 

or wires.
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Solar 7

?    Question

How does concentrating the light from a light source a!ect the electrical output of a PV 

array wired in series?

  Hypothesis

Develop a hypothesis to address the question using the following format: If (manipulated 

variable) then (responding variable) because ...

  Materials
 

 Procedure

1. Attach the multimeter to the PV array wired in series with an electrical load.

2. Measure the current and voltage and record data in the chart.

3. Lay the Fresnel lens over the PV array.

4. Measure the current and voltage. Record data in the chart.

5. Conduct additional trials with the lens, changing the distance from the lens to the PV array.

6. Measure the current and voltage. Record data in the chart.

7. Calculate the power (current x voltage), or wattage of each trial. Record results in the chart.

 Data

TRIALS CURRENT  (A) VOLTAGE (V) POWER (WATTS)

NO LENS

LENS (0 cm)

LENS ____cm

LENS ____cm

LENS ____cm

 Conclusion 

 Re#ections

From your observations, what is the a!ect of concentrating the light on a PV array?

TO MEASURE CURRENT,
Ampmeter (set to DC Amps)

TO MEASURE VOLTAGE,
Voltmeter (set to DC Volts)

 PV array

 Electrical load

 Bright light source

 2 Multimeters

 Alligator clips

 Fresnel lens

 Metric ruler

Note: Solid and dashed lines in the 

    diagram represent di!erent sets of 

    
clips or wires
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Solar 8

?    Question

How does surface temperature a!ect the electrical output of a PV array wired in series? 

  Hypothesis

Develop a hypothesis to address the question using the following format: If (manipulated 

variable) then (responding variable) because ...

  Materials

 PV array

 Electrical load

 2 Multimeters

 Alligator clips

 Ice water

 Bright light source

 Stopwatch

 Procedure

1. Attach the multimeter to the PV array wired in series with an electrical load.

2. Place the array in the bright light for 10 minutes.

3. After the 10 minutes, record data in the chart.

4. With the conductors at the top of the array, hold the PV array at an angle of 45°, and carefully pour ice water across the surface of the PV 

array.  

Caution: DO NOT LET WATER TOUCH LEADS.

5. Measure change in voltage every 15 seconds as the surface of the PV module cools. Record data in the chart.

6. Graph data with voltage (y) vs. time (x).

 Data

TIME (SEC) VOLTAGE (V)

0

15

30

45

60

 Conclusion 

 Re#ections

How does cooling down the surface of the PV array a!ect the voltage produced? Why do you think this is?

TO MEASURE CURRENT,
Ampmeter (set to DC Amps)

TO MEASURE VOLTAGE,
Voltmeter (set to DC Volts)

Note: Solid and dashed lines in the 

    diagram represent di!erent sets of 

    
clips or wires
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Solar 9

?    Question

How does a PV array wired in parallel a!ect the electrical output? Think about what will happen to current and voltage output.

  Hypothesis

Develop a hypothesis to address the question using the following format: If (manipulated variable) then (responding variable) because ...

  Materials

 PV array

 Electrical load

 2 Multimeters

 Alligator clips 

 Bright light source

 

 Procedure

1. Attach the multimeter to the PV array wired in parallel with an electrical load. See in 

the diagram to the right. 

2. Measure the current and voltage. Record data in the chart.

3. Calculate the power (current x voltage), or wattage. Record results in the chart.

 Data

TRIALS CURRENT (A) VOLTAGE (V) POWER (WATTS)

PARALLEL

 Conclusion 

 Re#ections

In previous investigations the array was wired in series. How has the current changed in parallel connections?

In previous investigations the array was wired in series. How has the voltage changed in parallel connections?

TO MEASURE CURRENT,
Ampmeter (set to DC Amps)

TO MEASURE VOLTAGE,
Voltmeter (set to DC Volts)

Note: Solid and dashed lines in the 

    diagram represent di!erent sets of 

    
clips or wires
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Extension 1

?    Question

How do changes in supply current and voltage a!ect operation of electrical device loads?

  Hypothesis

Develop a hypothesis to address the question using the following format: If (manipulated variable) then (responding variable) because ...

  Materials

 PV array

 2 Fan motors

 2 Multimeters

 Bright light source

 Procedure

1. Assemble 2 PV modules in series with 2 fan motors.

2. Measure current and voltage. Record data and observations below.

3. Assemble 3 PV modules in series with 2 fan motors.

4. Measure current and voltage. Record data and observations below.

5. Assemble 2 PV modules in parallel with 2 fan motors.

6. Measure current and voltage. Record data and observations below.

7. Assemble 3 PV modules in parallel with 2 fan motors. 

8. Measure current and voltage. Record data and observations below.

9. Calculate the power (current x voltage), or wattage. Record data and observations below.

 Data

CIRCUIT TYPE # MODULES CURRENT (AMPS) VOLTAGE (VOLTS) POWER (WATTS) OBSERVATIONS

SERIES 2

SERIES 3

PARALLEL 2

PARALLEL 3

 Conclusion 

 Re#ections

How did the current change when the PV module was connected in series versus in parallel?

What was observed when two modules were used? When three modules were used?

What was the di!erence in fan performance between series and parallel circuits?
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Extension 2

?    Question

How do changes in di!erent circuit con#gurations a!ect the operation of multiple loads in the circuit?

  Hypothesis

Develop a hypothesis to address the question using the following format: If (manipulated variable) then (responding variable) because ...

  Materials

 2 PV arrays 

 3 Fan motors

 2 Multimeters

 Alligator clips

 Bright light source

 Procedure

1. Connect three PV modules in series and three PV modules in parallel.

2. Measure the changes in current and voltage of two fans and then three fans connected in series to each of the PV module con#gurations. 

Record data and observations below.

3. Measure the changes in current and voltage of two fans and then three fans connected in parallel to each of the PV module con#gurations. 

Record data and observations below.

4. Calculate the power (current x voltage), or wattage. Record data and observations below.

 Data

CIRCUIT TYPE 
PV ARRAY

NUMBER 
OF FANS

CIRCUIT 
TYPE FANS

CURRENT 
(AMPS)

VOLTAGE 
(VOLTS)

POWER 
(WATTS)

OBSERVATIONS

SERIES 2 SERIES

SERIES 3 SERIES

SERIES 2 PARALLEL

SERIES 3 PARALLEL

PARALLEL 2 SERIES

PARALLEL 3 SERIES

PARALLEL 2 PARALLEL

PARALLEL 3 PARALLEL

 Conclusion 

 Re#ections

What was observed when two fans were used? When three fans were used?

Give examples of loads in parallel and series circuits that you have at home?

What might happen if too many loads are drawing power in your classroom?
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Extension 3

?    Question

What e!ects on current and voltage will using di!erent light sources have?

  Hypothesis

Develop a hypothesis to address the question using the following format: If (manipulated variable) then (responding variable) because ...

  Materials

 1 PV array

 Electrical load

 1 Multimeter

 Alligator clips

 Various light sources

 Procedure

Design a procedure to compare the output of the PV array using natural sunlight and a variety of arti#cial light sources (e.g., incandescent, 

CFL, halogen, LED).

 Data

 Conclusion 

 Re#ections

How would you do this activity di!erently to improve the electrical output of your circuit?
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48V DC INVERTER

+ – + – + – + –

+ – + – + – + –

+ – + – + – + –

+ –

Extension 4

?    Question

Below are twelve 12 volt photovoltaic modules rated at 80 watts each.

Design an array to deliver 48 volts to the inverter by using a combination of series and parallel circuits.  

Use dashed lines to represent the black (-) wires, and solid lines to represent the red (+) wires.

 Re#ections

Write an algebraic equation representing the 48 volt circuit you created.

Is there more than one design that could have created the 48 volt circuit?
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Can Solar Energy Meet Your Electricity 

Demands?
Part One: How much energy do you need per day? 

1. How much electricity does your family consume each month (in kilowatt hours, kWh)? _____________ kWh

2. What is your daily electricity use in kWh? _____________ kWh

3. What is your daily electricity use in watt-hours? _____________ watt-hours

Part Two: How much energy can a module produce on an average day where YOU live?

1. Peak sun hours are the number of hours per day where solar insolation equals 1,000 watts/square meter. Use the U.S. Solar Resource Map 

to determine how many peak sun hours your home city receives each day. _____________ peak sun hours

2. How much energy will one 235-watt solar module generate on the average day? 

 235 watts x _______ peak sun hours = ________watt-hours daily production per module

Part Three: How big does your system need to be for where you live?

1. How many 235-watt solar modules would you need to produce enough electricity for your home?  

 Answer:  _______modules

2. If each module costs $800.00 installed, how much would it cost for the number of solar modules you need? Answer: $______________

Part Four: How many years will it take before the system has paid for itself?

1. Calculate your current cost for electricity (multiply your monthly total kWh use by the rate in your city/town). 

2. A) How much do you pay each month? $___________   B) How much do you pay each year? $_____________

3. The payback period is the time it will take for your system price to be o!set by the electrical energy bills that will be avoided. Divide the 

total system cost (Part 3, Step 2) by your annual cost for electricity (Part 4, Step 2B).

 Answer:_______________ years

Part Five: Re#ect

1. What are the di!erent factors that impact payback period?

2. Under what circumstances is it NOT worth installing a solar generating system? 

3. Think about when you use the most electricity. Do these hours 

coincide with peak sun hours? What would you need in order 

to use solar energy around the clock?
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Data: NREL
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Your Solar-Powered Cabin

Your crazy old Uncle Ed has just willed you a cabin that he has on a river near Page, AZ. The only problem is that the 
cabin has no electricity. Uncle Ed believes in hard work and he’s speci#ed one condition—if you are to take possession 
of this prime parcel, you must plan and install a PV system to support the following four speci#cations:

 a light for the kitchen (LED, 12 volts at 15 watts);

 a power supply for charging your laptop (12 volts at 90 watts);

 an electric pump for the well (12 volts at 100 watts intermittent); and

 a refrigerator (12 volts at 50 watts intermittent).

Before you can collect your inheritance, Uncle Ed’s lawyer will need to see:

 a description of the PV modules that you will use along with their ratings;

 a schematic diagram of your system design; and

 a spreadsheet detailing your budget and sources for parts.

Have fun!

Extension
When you #nish your plan, design a battery system to store the electrical energy generated for use at night or during 
storms.
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Solar-Powered Cabin Planning Page

Description of Modules:

Diagram of Design:

Budget Information:
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Glossary

alternating current (AC) an electric current that reverses its direction at regular intervals or cycles; in the U.S. the standard is 120 

reversals or 60 cycles per second; typically abbreviated as AC 

ampere (A) a unit of measure for an electric current; the amount of current that &ows in a circuit at an electromotive 

force of one volt and at a resistance of one ohm; abbreviated as amp

amorphous lacking shape or form

array a systematic arrangement, in rows, of photovoltaic cells

charge controller a device that controls or limits how much electric current is added to or removed from a storage device 

or battery

concentrated solar power technologies that focus the energy from the sun onto one smaller area creating high temperatures that 

can produce electricity

conversion e*ciency a ratio of useful energy output compared to the energy input

Czochralski process a method of growing crystals for semiconductors

direct current (DC) an electric current that &ows in only one direction through a circuit, as from a battery; typically 

abbreviated as DC

dopant an element that is inserted into a substance to alter the conductivity or electrical properties

e*ciency the ratio of useful energy delivered compared to energy supplied

electric current (I) the &ow of charged particles like electrons through a circuit, usually measured in amperes

electric power the rate at which energy is transferred; electrical energy is usually measured in watts; also used for a 

measurement of capacity

gamma rays energy in the form of high-energy, short wavelength, electromagnetic radiation released by the  

nucleus; gamma rays are similar to x-rays and are best stopped or shielded by dense materials, such as 

lead

grid the layout of an electrical distribution system

ingot a material (usually metal) cast into a shape; semiconductors in bulk cast by a mold

inverter device that converts direct current to alternating current

kilowatt-hour (kWh) a measure of electricity as a unit of work or energy, measured as 1 kilowatt of power expended for 1 hour

module multiple PV cells connected together in larger units

n-type silicon layer of silicon in a solar cell that has been doped with phosphorus to have a negative character and 

repel electrons

nuclear fusion when the nuclei of atoms are combined or “fused” together; the sun combines the nuclei of hydrogen 

atoms into helium atoms in a process called fusion; energy from the nuclei of atoms, called “nuclear 

energy”, is released from fusion

ohm (Ω) the unit of resistance to the &ow of an electric current

Ohm’s Law a mathematical relationship between voltage (V), current (I), and resistance (R) in a circuit; Ohm’s Law 

states the voltage across a load is equal to the current &owing through the load times the resistance of 

the load (V = I x R)

p-type silicon layer of silicon in a solar cell that has been doped with boron to have a positive character and attract 

electrons

photons particles which transmit light

photosphere the outer layer of the sun or a star, light is radiated from the photosphere

photovoltaic cell a device, usually made from silicon, which converts some of the energy from light (radiant energy) into 

electrical energy; another name for a solar cell

a            cb
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photovoltaic e!ect creating electric current through exposure of a material to light; excited electrons  become free,        

eventually being converted into electric energy

photovoltaic system an arrangement of components  to supply power from the sun, often including the PV module(s),       

storage component, inverter, and connections

power the rate at which energy is transferred, measured in watts

radiant energy any form of energy radiating from a source in electromagnetic waves

renewable fuels that can be easily made or replenished; we can never use up renewable fuels

resistance (R) a measure of the amount of energy per charge needed to move a charge through an electric circuit,   

usually measured in ohms

semiconductor any material that has a limited capacity for conducting an electric current; semiconductors are  

crystalline solids, such as silicon, that have an electrical conductivity between that of a conductor and an 

insulator

solar collector an item, like a car or greenhouse, that absorbs radiant energy from the sun and traps it within

thermal energy the total potential and kinetic energy associated with the random motions of the atoms and 

molecules of a material; the more the molecules move and vibrate the more energy they possess

transmutation a process involving a change in the number of protons or neutrons in the nucleus, resulting in the 

formation of a di!erent isotope; this occurs during alpha and beta emissions

volt (V) measure of electric potential or electromotive force; a potential of one volt appears across a resistance of 

one ohm when a current of one ampere &ows through that resistance

voltage the di!erence in electrical potential between any two conductors or between a conductor and the ground; 

it is a measure of the electric energy per electron that electrons can acquire and/or give up as they move 

between the two conductors

watt (W) a metric unit of power, usually used in electric measurements, which gives the rate at which work is done 

or energy is used
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B L A N K  P A G E


