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Purpose 
 
This lesson demonstrates how a solar panel reacts to the direct and indirect rays 
from the sun or an artificial light source in order to produce electricity.  It shows 
that solar panels must be aligned directly into the light source in order to produce 
maximum power. 
 
You will come to understand that: 
 

1. Solar panels must be oriented at the proper angle to the light source for 
maximum electrical output. 

 
2. Orienting commercial solar panels outdoors are based on both 

geographical location and the season of the year. 
 

3. A device called a Sun Tracker can keep solar panels correctly oriented at 
the sun all day long in order to generate the maximum power from the 
solar panel. 

 

 
Background Information 
 
If this is your first experiment or if you just need a refresher on some of the 
details please refer to the following background information guidelines: 
 

·  Parts Assembly and Wiring Guidelines 
·  Coding Guidelines 
·  A/D Converter Chip Operation 
·  Resistor Color Codes 
·  Computing Current with Voltage Drop 
·  REEL Power Software Installation and Operation 
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Equipment 
 
Qty  Description 
1  Solar Panel  
1  Parallax BOE or Homework Board 
1  9-volt battery or +12 volt regulated DC supply  
1  MCP3208 - 12-bit A/D converter chip 
1  1 ohm sense resistor 
1  10 ohm load resistor 
10  Solid hookup wires 
1  USB or RS232 cable 
4  Clip leads 
1  Windows PC computer with REEL Power tm software  
  (MACs must have Parallel’s “Desktop 3.0 for Windows”) 
1  Printer (optional) 
 
 

General Hardware Hookup 
 
Setup the equipment as 
shown here, and then 
examine the Jumper Board 
Hookup  (next) for specific 
details. 
 
 
 
 
 
 
 
 

+- +- +-

Solar Panel 
In Series

DC Power 
Source
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Jumper Board Hookup 
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Schematic 
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Code File 
 
Download the following file to the BASIC Stamp: 
 

Parallax_Solar_Exp.bs2   
 
The code file can be found on the REEL Power CDROM that came with this 
lesson or on the LearnOnLine website at www.learnonline.com. 

 
 
 

Code Algorithm 
 
Here’s how the code works. For complete details refer to the above code file. 
 
The Main loop looks like this… 
 
'-------------------------------------------------- ---------------- 
'   Solar Experiment Algorithm 
'-------------------------------------------------- ---------------- 
' 
' Sample the solar panel input voltage 
' Sample the voltage across the 1 ohm sense resisto r 
' Repeat above xx times (innerLoopLimit x outerLoop Limit)to reduce 
voltage ripple from AC lights 
' Convert the voltage counts to millivolts 
 
' Test to see if the solar panel voltage > voltage drop across the 1 
ohm resistor 
'   if so, continue 
'   if not,ignore readings and loop back to the top  
 
' Convert the 1 ohm voltage drop to current in mill iamps 
 
' Transmit the voltage and current values to the co mputer 
' Repeat 
' 
'-------------------------------------------------- ---------------- 
Solar_Exp: 
'acquire solar panel and voltage drop across 1 ohm sense resistor 
'and take an average of 64 readings to smooth out r ipple   
GOSUB   Get_Average_Voltages                                                   
 
'test for catching voltage drop > input voltage 
'which can occur when voltage has ripples or change s fast 
 
  IF (voltage < oneOhmDrop) THEN             
      GOTO  Solar_Exp                       
  ENDIF 
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'compute the voltage drop across the 1 ohm sense re sistor 
  current  = (voltage - oneOhmDrop) / 1                                         
'which is automatically now in milliamps by the fol lowing: 
' 
'      I = E / R      where 
'                           I = current in milliamp s 
'                           E = voltage in millivol ts 
'                           R = resistance in ohms 
  GOSUB Plot_It            ' transmit the value to the computer 
  GOTO  Solar_Exp          ' repeat 
 
The first subroutine acquires 64 readings of the solar panel voltage output and 
averages the samples in order to acquire a more stable reading.   
 
 GOSUB Get_Average_Voltages        
 
The 64 samples are broken into two loops.  The inner loop takes the average of 
16 readings while the outer loop takes the average of 4 readings of the inner 
loop.  Altogether, the solar panel voltage and voltage drop across the 1 ohm 
sense resistor are averaged 64 times.  Once done the solar panel voltage and 1 
ohm sense resistor voltage drop counts are converted to millivolts. 
 
Since the solar panel voltage and 1 ohm resistor drop voltage are taken at 
slightly different times (even though they are averaged), a test is made to 
determine if the solar panel voltage is greater.  Otherwise, the resultant 
subtraction to determine current will be totally incorrect. 
 

If (voltage < oneOhmDrop) THEN 
 GOTO Solar_Exp 

 ENDIF   
     
If the test passes then the current is determined by subtracting the solar panel 
voltage from the 1 ohm resistor voltage and dividing by 1 ohm (an unnecessary 
but rigorous step). 
 
 Current = (voltage – oneOhmDrop) / 1  
 
     ‘I = E / R  where 
     ‘I = current in milliamps 

‘E = voltage difference in millivolts 
‘R = value of 1 ohm sense resistor 
 

The Plot_It  routine computes the checksum for the voltage and current variables 
and transmits the values to the computer.  The process then repeats. 
 

GOSUB Plot_It 
GOTO Solar_Exp             
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Procedure 
1. In order to learn how tilt angle affects the solar panel operation, your 

experiment consists of adjusting the solar panel tilt angle in seven 
positions from 0 degrees to 90 degrees.  At each setting the voltage, 
current and power is recorded. 

 
2. Click on the REEL Power tm icon to bring up the software menu.  Then 

click on the Solar Panel Interface  icon. 
 

 
 
 
 

 
3. On the graphic display, click on the Connect button at the lower-left of the 

screen. Verify that the connected icon appears validating the Comm port 
selection. Make sure to click on the arrow and select the highest comm 
port number.   

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

software to 5.00 volts.  You may need to readjust it for your solar panel 
voltage output. 

 
5. To begin, place the solar panel at a 0 degrees angle (vertical to the 

table). Allow 5 to 10 seconds to pass in order to stabilize the 
reading then adjust the tilt angle in 15 degree steps as shown 
below.  Use a protractor to measure the tilt angle.   

 

 
6. At each angle setting take a screen snapshot to capture the 

voltage, current and power going into the 10 ohm load resistor.  
Click on the photo icon.  You can find the images on your hard 
disk at c:\REEL Power.    The screen shot in Figure 1 on the 
following page shows a compilation of the data over all angles. 

15 0 30 0 45 0 60 0 75 0 90 0

0 0
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Note:  The following readings were taken at mid morning in full sunlight.  Your 
readings will certainly vary.   

 
 

Figure 1 – Plot of Electrical Data Based on Solar P anel Tilt Angle 

 
 
Analysis 
 

1. As probably imagined the voltage and current begin to increase with the 
tilt angle then level off and decrease again with more tilt. This 
demonstrates that the solar panel reacts best to direct light – light that is 
perpendicular to the panel itself.  Indirect light does not have the same 
intensity and does not produce the desired voltage and current. 

 
2. Now consider commercial solar panels like those on buildings and homes. 

These panels are fixed in place at a certain tilt angle, so they can only 
receive the sun’s maximum energy during a short time frame during the 
day.  Since the angle of the sun is also dependent on the season of the 

0 0 15 0 30 0 45 0 60 0 75 0 90 0
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year you may ask at what angle a solar panel should be fixed at for best 
performance during the entire year.  For help in answering this question, 
refer to the following website: 

 
http://ocw.mit.edu/ans7870/SP/SP.769/f04/java/pvapplet/PVPanel.html 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Change the location to your nearest city and adjust the tilt angle to 
determine the best tilt angle for your geographic location and time of year. 

 
3. While most commercial solar panels are fixed in place, others use a 

device called a “Sun Tracker” to constantly position the solar panel so that 
it receives the maximum sunlight all day.  . 

 
Sun Tracker Advantages 

·  Generates maximum power from the solar panel 
·  Can adjust to the daily “apparent” movement of 

the sun (single axis tracker) 
·  Can adjust to the seasonal “apparent” 

movement of the sun (dual axis tracker) 
 
Sun Tracker Disadvantages 

·  Costs more to install and run 
·  Uses part of the solar panel’s power to operate 
·  Can ware out over time 
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4. If you’ve ever wondered about how to make your own sun tracker using 

common, off the shelf parts, here is a YouTube video on such a home-
made tracker (very interesting and informative). 

 
http://video.google.com/videoplay?docid=-5210685489871293972 

 


