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LESSON OVERVIEW 
 
This lesson demonstrates how solar panels in series and parallel react to shade 
including the diminished ability to produce electricity under this condition. 
 
 

LEARNING OUTCOME 
 
Students are shown that shade from trees or man made objects can cause a 
decrease in solar panel power output and can even cause physical damage to 
the solar panel. 
 
Students come to understand that: 
 

1. Shade on a solar panel is like turning off a power switch in terms of 
generating electricity. 

 
2. Solar panels can be damaged by shade if they do not have the 

appropriate internal protection. 
 

3. Solar panels in parallel are less affected by shading as compared with 
solar panels in series. 

  
 

STUDENT ACTIVITIES 
 
Students study the effects of shade on solar panels in both series and parallel 
configurations. They first place the solar panels in a series configuration followed 
by a parallel configuration and witness the decrease in power as one, then 
another panel is shaded.  They are then able to determine that less power is lost 
when the panels are in a parallel configuration, which is then further explained in 
the discussion of the activity. 
 
During the course of the lesson, students measure and record voltage, current, 
resistance, power and energy with the Smart Meter – Data Logger tm.  Students 
are charged with displaying the recorded data on the classroom computer and 
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explaining the differences in readings.  This is followed by printing out plots of the 
data on a printer or downloading data files gathered on the computer to be 
included in reports about the lesson. 
 

  
GRADE-LEVEL APPROPRIATENESS 
 
This lesson is appropriate as an introduction to solar energy data interpretation 
for students in grades 8–10. 
 

 
LESSON TIME 
 
This lesson should take between 45 minutes to 90 minutes depending on 
discussion time about the experiment. 

 
SAFETY 
 
No particular safety issues are deemed present in this lesson; however, 
particular attention to the setup and execution of the lesson is always prudent in 
order to avoid unintentional mistakes and the resultant possible harm to those 
involved. 
 
 

REQUIRED MATERIALS 
 
Qty  Description 
1  Solar Panel 
1  Smart Meter – Data Logger tm 
1  USB cable 
6  Clip leads 
1  10 ohm resistor 
1  Classroom Windows PC computer with REEL Power tm software  
  (MACs must have Parallel’s “Desktop 3.0 for Windows”) 
1  Printer (optional) 
 

 
PRELIMINARY STEPS  

 
1. Install the graphical software on the classroom computer. 
2. Install a fresh 9-volt battery in the Smart Meter – Data Logger tm 
3. Refer to the Smart Meter – Data Logger tm Tutorial for extra help. 
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EQUIPMENT SETUP 
 

1. Setup the equipment as shown in Figure 1 below.  Wire the opposite side 
of the solar panel so that all three modules are in series in order to 
produce maximum voltage.  You can use clip leads or the wires with 
looped ends to hookup the two inner solar modules together (+ to -).  Then 
attach a clip lead from the left-most negative (-) post to the Black Input 
terminal on the Smart Meter – Data Logger tm and another clip lead from 
the right-most positive (+) post to the Red Input terminal on the Smart 
Meter – Data Logger tm.  Also add a 10 ohm resistor to the Output 
terminals – the polarity doesn’t matter. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
Figure 1 – Initial Equipment Setup – Solar Panels i n Series 

 
 

2. On the Smart Meter – Data Logger tm push the Track  key until the Set 
Sample Time  message is displayed.  Wait 3 seconds and then push the 
Fwd or Rev keys to set the Sample Time to 1 second. 

 

+- +- +-
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3. With the solar panel tilted at an appropriate angle to the light source to 
capture the maximum light, begin the data recording by pushing the Rec-
Stop  key.   Notice the Track number being recorded. 

 
4. First shade the left solar module with a sheet of paper or your hand.  Hold 

it there for about 5 seconds. 
 

5. Next, shade the left and middle solar modules and hold the shade there 
for about 5 seconds. 

 
6. Finally (for now) shade the entire panel for about 5 seconds then push the 

Rec-Stop  key to end the recording.  Note the Track number since this will 
be the recording for solar panels in series. 

 
7. Take apart the solar panel series wiring and wire it in parallel as in Figure 

2 below. 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 – Final Equipment Setup – Solar Panels in Parallel 
 
 

+- +- +-
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8. With the solar panel tilted at an appropriate angle to the light source to 
capture the maximum light begin the data recording by pushing the Rec-
Stop  key.   

 
9. First shade the left solar module with a sheet of paper or your hand.  Hold 

it there for about 5 seconds. 
 

10. Next, shade the left and middle solar modules and hold the shade there 
for about 5 seconds. 

 
11. Finally shade the entire panel for about 5 seconds then push the Rec-

Stop  key to end the recording.  Note the Track number since this will be 
the recording for solar panels in parallel. 
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TEACHING THE LESSON 
 

1. Plug in a USB cable between the Smart Meter – Data Logger tm and the 
classroom computer and set the switch to the USB position so that it 
receives power from the computer’s USB port.  Set the power switch to 
the USB position and verify the sign on message on the LCD screen. 

 
2. Click on the REEL Power tm 

icon to bring up the software 
menu.  Then click on the MPP 
Auto Trac – Data Logger  icon. 

 
3. On the computer adjust the voltage (vertical) scale on the REEL Power tm 

software to 2.5 volts maximum. 
 

4. Push the Track  key on the Smart Meter – Data Logger tm until the View 
Trackx Data message is displayed where Trackx is the Track used to 
record the shaded data with the solar panels wired in series. The 
computer should begin to display the recorded data as shown in Figure 3 
below.   Notice how the voltage, current and power decrease as each 
solar module is shaded. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 3 – Effect of Shading on Solar Panels in Ser ies 
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5. Push the Track  key on the Smart Meter – Data Logger tm until the View 

Trackx Data message is displayed where Trackx is the Track used to 
record shaded data with the solar panels wired in parallel. The computer 
should begin to display the recorded data as shown in Figure 4 below.   
Notice how the voltage, current and power hardly de crease as each 
solar module is shaded.  

 
 

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4 – Effect of Shading on Solar Panels in Par allel 

 
 
DISCUSSING THE LESSON OUTCOME 
 

1. Begin your discussion with students on the dramatic differences between 
the two solar panel plots.  Ask them to speculate as to why there is such a 
difference between the two plots – and- why the series or parallel wiring 
make such as difference.   After some discussion relate the following to 
them. 

 
2. Solar panels are made up of solar cells that are wired in series to increase 

their voltage from ½ volt per solar cell to whatever the solar panel requires 
in terms of voltage. 
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3. The solar panel used in the experiment has a total of nine (9) solar cells in 
three independent groups.  Each group, or module, has three solar cells 
wired in series to produce a maximum of 1.5 volts as in Figure 5 below: 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 5 – Solar Panel Divided Into Three Modules 
 

4. You can think of each solar cell as being a voltage sources with an ON-
OFF switch.  When the light strikes the cell the switch turns the voltage 
source ON.  When the light is shaded the switch turns the voltage source 
OFF.  Figure 6 shows the equivalent diagram of this concept. 

 
 
 
 
 
 
 
 
 
 
 

Figure 6 – Solar Cell as ON-OFF Switch  

+ + +- - -1.5V 1.5V 1.5V

Module 1 Module 2 Module 3

0 Volts½ Volt

OFFON
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5. Now imagine each of the three solar modules as three ON-OFF switches 
as in Figure 7.  Assume that the sun is shining on all three modules for the 
moment, so each module is capable of producing 1.5 volts in an “open 
circuit”; however, if we put a resistor load (like the 10 ohm load in this 
lesson) across any of these modules, the voltage will decrease. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7 – Solar Cells Arranged in Three Modules 
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4. Let’s wire the three modules in series as in Figure 8.  As we can see this 
arrangement forms the same kind of series circuit that was setup in Figure 
1 for the first part of the lesson. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8 – Solar Modules Wired In Series 
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5. Next, let’s shade one solar cell.  As Figure 9 shows the circuit is broken 
and doesn’t allow any current to flow.  This is a bit exaggerated as 
compared with an actual solar panel that does allow some current to flow, 
but the concept is what’s important. 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 9 – Solar Modules Wired in Series with One S haded Module
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6. If we go on to shade more modules as in Figure 10 even less current can 

flow and the voltage drops even further – much like it does in the voltage 
plot in Figure 3. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 10 – Solar Modules Wired in Series with Two Shaded Modules   
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7. However, if the solar modules are wired in parallel as in Figure 11 shading 
one module by itself will cause the current to decrease though it; however, 
the other two modules are unaffected and can produce the same amount 
of voltage at a lower current.   This is the primary advantage of wiring 
solar panels in parallel as you did in Figure 2.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11 – Solar Modules Wired in Parallel with On e Shaded Module  
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TEACHER GUIDELINES AND TIPS  
 
 

A few other point of interest concerning shading solar panels: 
 

1. Solar panels can be damaged by shade if they do not have the 
appropriate internal protection.  Even though the illustrations above show 
a simple ON-OFF switch concept, in the real world solar panels can be 
damaged by partial shading as individual solar cells can heat up when 
trying to overcome the effects of shade on one of them while the other 
cells are trying to supply maximum power since they are fully in the 
sunlight.  Mounting solar panels away from trees or man-made obstacles 
like chimneys or taller buildings is a must for proper operation. 

 
2. Solar panels in parallel are less affected by shading as compared with 

solar panels in series.  That said, shading is never a good idea and can 
lead to damaged panels before their natural lifetime is over (which can be 
decades!). 

 
3. Have students research these topics and generate reports on their 

findings.  There are many sources of information on the web. 
 


