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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: 
 

1. Parts Assembly and Wiring Guidelines 
2. Coding Guidelines 
3. Resistor Color Codes 
4. Reprogramming the FTDI chip – very important!! 
5. Computing Current with Voltage Drop 
6. Software Installation 
7. Learning to Use the Graphic Software  
8. Safety Precautions  
9. Limitations and Unexpected Results  

 
 

1.  Parts Assembly and Wiring Guidelines 
 
PicAxe 28X2 Processor 
 
The 28X2 processor is a good choice for the 
experiments due to its processor speed, ample 
memory, internal 8 MHz internal clock and 
extensive 10-bit A/D converter inputs.  Although it 
may appear “overkill” for the experiments its’ 
selection gives you, the experimenter and 
programmer, ample opportunity to modify and 
improve on the provided code for the experiments 
to make them even faster and more interesting.  
Plus, it is relatively inexpensive (under $11 US) for 
all of its capabilities. 
 



Radio Shack Solderless Breadboard 
 
The Radio Shack Solderless breadboard (model 276WBU301) was selected as 
the most cost-effective way to assemble the components for the solar, wind and 
fuel cell experiments.  It is available at your local Radio Shack store for about $7. 
 
 
SparkFun USB to RS232 Module 
 
The SparkFun USB to RS232 module (Model BOB-00718) provides serial 
communications from the PicAxe 28X2 processor to the PC as well as regulated 
+5volts to the 28X2 processor, which is used to both power the microprocessor 
chip as well as to provide the PicAxe A/D converter’s +5 volt reference voltage. 
You will need to obtain and solder in two sets of single-row 9-pin headers on 
either side.   It is currently the least expensive solution for serial communications 
and voltage source requirement at about $15 US. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note:  Be sure to follow the steps to reprogram the  FTDI chip in Step 4. 
 
 
Follow the Jumper Board Layout 
 
The jumper board layouts are provided for a quick and easy way to hookup the 
components, so follow the layouts closely and you will avoid mistakes. 
 
 
Double Check the Layout with the Schematic 
 
A detailed schematic is provided for each experiment to act as a double check 
against the parts layout on the jumper board and, also, to familiarize you with the 
electronic symbols and circuit used in the experiment.  

Solder 9-pin header

Solder 9-pin header



 

2. Coding Guidelines 
 

Creating good code, including constants, variable, declarations and especially, 
comments, is vital to understanding how the code is suppose to work as well as 
communicating this understanding to others and even yourself after some time 
has passed and you’ve forgotten how things should work. 
 
 
Required Compiler Defines 
 
At the beginning of each program the following lines of code are necessary. 
 
'-------------------------------------------------- -------------------------------------- 
' 
' A/D Setup - Use all A/D channels 
' 
'-------------------------------------------------- -------------------------------------- 
 
 
 let adcsetup = %0000000011111111 'use ADC0,1,2,3,8 ,9,10,11,12 
  
  
'-------------------------------------------------- -------------------------------------- 
' 
' Defines 
' 
'-------------------------------------------------- -------------------------------------- 
 
 #com4     'change com port number to match your sy stem 
 #picaxe 28X2    'don't change this!!! 

 
The “let adcsetup” command invokes all A/D converters although only four are 
used.   Depending on your system you can change the com port define  #com4 
to match your requirements, but leave the picaxe define as is (#picaxe 28X2). 
 
 
The Use of Comments 
 
Professional programmers use comments liberally for several important reasons.  
First, comments help both the programmer and users of the software to better 
understand the flow of the program and the functions of the code. Next, 
comments are absolutely necessary for jogging one’s memory days, weeks or 
months after the code has been written. The bottom line is to use comments that 
add value to the accompanying code – and not just echo the instruction. 
 
And one more thing about comments; keep them current with your code 
changes!  Don’t change your code and then forget to change your comments 
accordingly!  The worst thing to do is to come back to your code days or weeks 
later to try and understand what you did.  If your comments don’t match the code, 
you will be immediately misled as to what is supposed to be happening with the 
code. Are the comments correct and the code wrong? Or is the code correct and 



the comments wrong?  Worse yet, consider the innocent users of your program 
who will puzzle fruitlessly as to what the code is supposed to do. Comments are 
as important as the code itself.  Make it a habit to comment your code correctly 
and you will never be sorry for it.   
 
The comments provided in the code are there to help you understand how the 
program works.  You are free to modify the programs as you see fit.  Just 
remember to update the comments accordingly. 
 
Comm Port Conflicts 
 
You cannot have the same comm port open at the same time for programming 
the PicAxe and for running the graphic software.  You must close one or the 
other depending on which application you wish to use. 

 
 
3.  Resistor Color Codes  
 
The following experiments use resistors; however, since the value of the resistor 
is not stamped on the device, another method is used to identify its value.  This 
method is called “color coding” and refers to the color bands that surround the 
resistor’s cylindrical surface.  The following is the number and corresponding 
color convention for identifying color codes. 
 

0 – Black   5 - Green 
1 – Brown   6 - Blue 
2 – Red   7 - Violet 
3 – Orange   8 - Gray 
4 – Yellow   9 - White 

 
For example, a 4,700-ohm resistor would have the following color codes (stripes) 
beginning at the far end of the device. 
 
4,700 ohms = Yellow (4) – Violet (7) – Red (2) 

 
 
 
 

 
The last stripe (Red = 2) is a multiplier of 10 raised to the power of the stripe 
value, as in 102 which equals 100.  Therefore, we get 47 x 100 = 4,700 ohms.   
Our three resistors have values of 1 ohm, 10 ohms and 100 ohms with the 
corresponding color codes… 



Example color codes for resistors used in the exper iments 
 
 
1 ohm =Brown (1) – Black (0)     (A multiplier of 100 = 0) 
 

 
 
 
 

10 ohms = Brown (1) – Black (0) – Black (0)     (A multiplier of 100 = 0) 
 

 
 
 

 
 
100 ohms = Brown (1) – Black (0) – Brown (1)  (A multiplier of 101 = 10) 

 
 
 
 

 
 
10K ohms = Brown (1) – Black (0) – Orange (3)  (A multiplier of 103 = 1000) 

 
 
 
 
 

 
22K ohms = Red (2) – Red (2) – Orange (3)   (A multiplier of 103 = 1000) 

 
 
 
 
 

There are other bands after these; however, they should be ignored.  They are 
generally there to indicate the accuracy of the resistor (1%, 5%, 10%, etc.).  The 
supplied resistors are within 5% of their rated value. 



4.  Reprogramming the FTDI Chip  
 
The SparkFun USB to RS232 module (Model BOB-00718) is based on the 
popular FTDI (Future Technology Devices International, Ltd.) model FT232R 
integrated circuit.  The SparkFun module mentioned in Step 1 provides both 
serial communications and regulated +5 volts for the PicAxe 28X2 processor.   
 
There is only one problem; the logic levels for the serial transmit (TX) and receive 
(RX) are the reverse of what the PicAxe 28X2 chip requires.   This section 
explains how to reprogram the FT232R chip for the correct logic/voltage levels. 
 
A little background…. 
 
All PicAxe chips, new and old are based on a direct electrical interface to an 
RS232 port for program loading and serial communications.  As such, the voltage 
levels at the transmit pin (pin b in the diagram below) swing as much as +12 to -
12 volts, which is why PicAxe requires the two resistors coming into the serial in 
pin of the processor.  The 10K resistor “clamps” the voltage swing from going 
negative while the 22K resistor protects the serial in pin from over-voltage and 
over-current when the RS232 voltage level goes to nearly +12 volts. 
 

 
However, the FTDI chip interfaces to a USB port – not an RS232 port - so the 
transmit (serial in) and receive (serial out) signals are inverted from the raw 
RS232 levels.  In addition the near-TTL voltage levels are 0 to 3.3 volts on the 
serial in side, so there is no need for the resistors; the FTDI chip provides a 
clean, well controlled voltage level.   But once again, the voltage levels are 
inverted from what the PicAxe expects, so they have to be “re-inverted”.  
 
So here’s what to do….and it’s not that easy …so pa y close attention!  
 
1. Connect the Sparkfun USB to RS232 module to your computer’s USB port 
with a USB cable.  If your computer is connected to the Internet it should 
automatically search for the driver (a software program made for this chip) and 
download it into your computer.  If a driver is not downloaded automatically, you 



will be shown how to do this manually shortly.  Either way, you may still have to 
manually download the “proper” driver.  More on this later. 
 
2. Next you will need to download a program called MPROG from the FTDI 
website at http://www.ftdichip.com/Resources/Utilities.htm#MProg.  This is a 
zipped file so make sure you have the proper utility to unzip it like WinZip or other 
“free” utilities that can be found on the web.   Double click on this link and witness 
the following dialog box that pops up. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3. Click on OK and allow the file to load.   Follow the instructions from your 
Zip utility to configure the downloading process (like where to store the file, etc.). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



4. Next, go to the location where the unzipped file resides and find the 
Mprog.exe icon: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5. Double click on the Mprog.exe icon to bring up the program itself. 

 
 
 
 
 
 
 
 
 



6. Next, click on Device (between File and Tools on the top line) then click on 
Scan.  The following should appear in the lower window.  It confirms the 
detection of the FTDI chip as the “Number of Programmed Devices = 1” because 
the FTDI chip is, indeed, programmed right now, but needs to be reprogrammed. 
 
 
 
 
 
 
 
 
 
 
 
 
7. Now click on Tools (between Device and Help) then click on “Read and 
Parse”.  The following screen should appear.  Notice that the Device Type is 
FT232R and that a list of check boxes on the left indicate proposed 
modifications.  This is the correct screen for the FT232R part. 



8. Click both the “Invert TXD” and “Invert RXD” checkboxes.   

 
9. Next, click on File and then click on “Save As”.  The following screen 
should appear.  You are about to create a file with an “.ept” extension.  Just type 
in any name like “FTDI” or “abc” or “xyz” and click the Save box. 
 
 
 
 



10. Once saved the Program icon (the lightning bolt) on the top line will be 
activated.   
 

  
 
11. Click on the Program icon and the following message should appear 
indicating that the FTDI chip has been reprogrammed with TXD and RXD 
inverted according to the marked check boxes. 

 
 
One last step and we’re nearly done – that is, if you’ve gotten this far.   If not, 
don’t worry, there’s more help to come. 
 
12. To reconfigure the FTDI part click on the “Cycle Device” icon.   This will 
have the effect of unplugging and plugging in the USB cable. 
 

 
 
13. If you receive the following message, you’re done and the FTDI device is 
ready to allow you to program the PicAxe with code.  If not, continue….. 
 



14. If the above procedure did not work in its entirety, it is most likely that the 
software driver that was automatically downloaded for the FTDI chip is the 
problem.  You will need to download the latest driver for it to work.  Here’s what 
the FTDI website says: 
 

MProg requires FTDI's D2XX drivers to run correctly. 
 
Go to the following website… http://www.ftdichip.com/Drivers/D2XX.htm  and 
depending on your computer select the proper driver link.  Since ours is a 
Windows Vista machine, we clicked on the selected link and got the following 
dialog box: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
You are about to download another Zip file so follow the procedure set forth in 
steps 2 and 3 above.  However, this time you are downloading a “CDM” file that 
will contain the proper driver. 
 
15. After the file has been downloaded and un-zipped, it’s time to install it as 
the driver.  Start by going to Control Panel -> System -> Device Manager. 
 
 
 
 
 
 
 
 
 
 
 
 



16. Click on the plus icon next to “Ports (COM & LPT) to expose the current 
USB driver.  Notice that the USB Serial Port number is COM57 in this case.  You 
will need to change this value to a lower number for the PicAxe Programming 
tool, which we will show you how to do shortly. 
 
 
 
 
 
 
 
 
 
 
17. Right-click on the USB Serial Port (COMxx) to get the following dialog box 
then click on Update Driver Software. 
 
 
 
 
 
 
 
 
 
 
18. Click on “Browse my computer for driver software” 
 

 
 
 
 
 
 



19. Find the downloaded “CDM” file and click Next. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
20. Allow the software driver to load.  The following message will appear. 
 



We’re almost there.  The next step is to change the com number.  
 
21. Click the Close button then right-click on the USB Serial Port (Comxx).  
Then click on Properties. 
 
 
 
 
 
 
 
 
 
 
 
 
22. Click on “Port Settings” at the top.  Cick on “Advanced” at the bottom. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



23. Click on the “comxx” and note the “in use” com ports that are displayed.  
You may not have as many “”in use” ports as shown below; however, Windows 
reserves each com port for a specific USB device that it ever encountered when 
you plugged it in; i.e., a camera, microphone, game, etc.  Instead of releasing the 
com port when the device is unplugged, it saves the com port for future use of 
that specific device – whether you ever use it or not  – not a good idea, but that’s 
how it is. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
24. To release a lower-number com port for the PicAxe programming tool click 
on com 3 or com 4 or even up to com 9.  It’s doubtful that your system is using 
these higher number ports. For this example we choose com4. Once you do the 
screen will display “comxx (in use)”.  Click on OK then click on Yes. 
 
 
 
 
 
 
 



25. When the following dialog box comes up verify the baud rate (Bits per 
second) then click OK.  Somehow our example came up with 38400 which is too 
high so we changed it to 9600 before clicking OK.  The rest of the selections 
should be as shown here. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
26. You are now left with the following screen indicating the reconfigured com 
port number.  Now you’re ready to program the FTDI chip.  Repeat steps 1 – 13 
above. 
 
 
 
 
 
 
 
 
 
 
 
 



5.  Computing Current with Voltage Drop 
 
Current is always computed using voltage drop across a sense resistor.  This is 
true even in the best multimeters.  Once you understand this principle you will 
have more appreciation for and understanding of the technique. 
 
When measuring current with a normal multimeter you must interrupt the circuit 
by placing the multimeter between the voltage source and the load as shown 
here: 

 
 
 
 

Multimeter

Voltage
Amplifier

Sense 
Resistor

Voltage
Source

Load
Resistor



What you are actually doing is placing a very small [value] sense resistor in 
series with the load.  The multimeter measures the voltage drop across the 
sense resistor (using an A/D converter much like the one we are using for the 
experiments), and based on Ohm’s Law, computes the current as follows: 
 
 
 I = V / R 
   Where I = current in amps or milliamps 
    V= voltage in volts or millivolts 
    R= resistance in ohms 
 
In order to determine the voltage drop the multimeter senses the voltage at both 
places on the sense resistor – at the voltage source and at the load.  The current 
is then computed based on the voltage drop across the sense resistor as follows: 
 
 
 I = V / R 
   Where V = Vsource – Vload 
    R = sense resistor value 
 
In modern multimeters the sense resistor is typically well below 1 ohm in order 
not to add to the load.  This value is generally 0.01 to 0.05 ohms – 10 to 50 
milliohms– hardly anything in terms of adding to the load resistance.  However, 
with such a small sense resistor the voltage drop is also small.  To compensate 
the multimeter adds a voltage amplifier across the sense resistor to boost the 
voltage to a measureable quantity for the A/D converter.   
 
The gain of the voltage amplifier is used in calculating the voltage drop and 
resulting current value.  So, if the voltage drop across a 0.01 resistor is 1 millivolt 
and the gain of the voltage amplifier is set at 100, the A/D converter receives a 
voltage of 100 millivolts that is well within the limits of a good A/D converter. 
 
For our experiments it was decided to save on the cost and complexity of a 
voltage amplifier and go, instead, with a 1 ohm sense resistor.  If the actual load 
resistance is also low (like 10 ohms as in some of these experiments) there is 
ample voltage drop across the resistor – especially when measured with a 12-bit 
A/D converter which can measure down to 1.22 millivolts. 
 
The downside to using a 1 ohm load resistor is that it adds to the load itself.  So, 
for a 10 ohm load and a 1 ohm sense resistor, the total load is actually 11 ohms, 
which is typically indicated on the computer display measurement for resistance. 
 
Therefore, be aware of the fact that the resistance values displayed on the 
computer are the “sum” of the 1 ohm sense resistor plus the actual load 
resistance.   
 



6.  Software Installation 
 
Note:  DO NOT connect the USB cable to the computer  until the software 
installation procedure has been completed.  You wil l be prompted when to 
do this in Step 8 below.  If you are using an RS-23 2 interface ignore Step 3. 
 

1. Insert the REEL Power CD-ROM into your computer’s disc drive and close the door. 
 

2. If the dialog box to proceed does not come up, on the Desktop, right-click on “Start” then click 
“Explore”. Find your CD-ROM drive (D, E or higher) then click it to bring up the folder’s contents. 

 
3. Double click on the USB driver software  (USB Driver Installer.exe) to install it first. 

 
4. Then double-click on the REEL Power Installer file  and follow the 

instructions to install it. 
 

5. Next, minimize all applications until the Desktop reappears again. A 
REEL Power icon like that shown here should appear:   

 
6. Double click on the REEL Power icon. 

 
7. A menu selection will appear.  Click on the Renewable Energy Experimenter Kit menu item to get 

started (first menu selection on the top-right). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

8. Connect the USB cable to both the circuit card and your PC.  If your PC speakers are enabled you 
should hear the traditional “Ca Clunk” sound indicating that the PC has recognized the USB device. 

 
9. At this point you have successfully installed the hardware and software.  Now proceed to Section 7 

on “Learning to Use the Graphics Software”  to understand what to do next. 



7.  Learning to Use the Graphic Software 
 
The PC graphic software screen is divided into several regions that control how electrical 
quantities such as voltage, current, power and resistance readings are displayed.   
 
The large grid area continuously displays four plotted lines in four colors.  The colors match the 
values displayed below the vertical meters. 
 
 

·  Black  – Resistance in ohms 
·  Blue  – Current in amps 
·  Red  – Power in watts 
·  Green  – Voltage in volts  

 
 

 



Before any plots can occur, the graphic software must connect with 
the attached circuit board that is transmitting data.  To do so, first 
select the correct Comm port number.  Click on the arrow next to 
the number to see if a higher number Comm port is d isplayed .  
If so, it’s probably the one to use.  When in doubt, find the correct 
Comm port on your PC by going to Control Panel -> System -> 
Hardware Manager -> Device Manager  then click on Comm port.  
The number displayed is the correct Comm port to type into the 
number area here .  Then click the connector icon – the one 
with the  red x.  Since you are using a USB connection rather than 
the traditional RS-232 connection, the Comm port number is not 
dependent on hardware so much, but rather on software settings in 
the Control Panel  of the Windows operating system.   

 
 If correct, the Connect icon will show that the connection is made.  If the 
Comm port is not correct an error message will be displayed, which is usually 
due to the Comm port already in use.  
 
NOTE - You cannot have the same comm port open at t he same time for 

programming the BASIC Stamp2 and for running the gr aphic software.  You must close 
one or the other depending on which application you  wish to use. 
 

The plot area can be zoomed in and out of a time range (horizontal 
axis) or a voltage, current, power or resistance range (vertical axis).  
 
The up and down arrows will adjust the plot in a vertical direction.  Up 
to increase the scale (x2) and down to decrease it (1/2). 
 
The left and right arrows will adjust the plot in a horizontal direction - 
left for less time (1/2) and right for more time (x2). 
 

Click the center double-arrow icon to clear the screen and reset the plot.  If the plot does not 
immediately start, click the double-arrow icon agai n. 

 
 

Data Logging – Recording Experimental Data  
 
You can record your experiments for later analysis. To begin data logging, 
click the data log icon.  A file will automatically open to record the data being 
sent by the circuit board. Click once to start data logging and click, again, to 
stop data logging. Repeated clicking (On & Off) will append new data to old. 
  
 
 
To view the logged data, click on 
this icon.  The logged data will be 
displayed over the plot area 
where it can be examined.  This 
same file can be ported to a 
spread sheet program like Excel 
for further analysis and plotting. 
 
 
Click this icon to close the data 
log file and erase all logged data. 



Screen Capture and Display 
 
Click this icon to capture the plot image on the screen.  
 
 
 
Click this icon to view the 
captured images.  �����
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The four meters display the voltage, current, power and 
resistance.  Their scales are fixed and, unlike the grid plot 
area, cannot be changed.  The data under the meters may 
not match that of the image here; refer to the beginning of 
this section for specific details. 
 
 
 
 
 
 

 
 
To reduce screen clutter in the plot area, the individual 
switches can be clicked to turn ON or turn OFF the 
selected plot line. 
 
 

 
      

 
 
If your computer is 
connected to the Internet, 
clicking on the REEL 
Power icon will take you 
to the LearnOnLine.com 
website. 
 
 

 
 



8.   Safety Precautions 
 
In order to avoid any risks, you must abide by the following Safety Precautions 
when working with the experiments. 
 

·  The experiments may only be set up and operated by a competent 
person.  Younger students require adult supervision at all times. 

 
·  The experiments are not a toy. Be vigilant and responsibe.  The use of 

safety glasses and protective gloves while assembli ng and using the 
wind turbine and fuel cells and performing experime nts is highly 
recommended   

 
·  READ AND UNDERSTAND EACH  ASSEMBLY PROCEDURE BEFORE  

EXECUTING IT. This will help to understand what is to be done and, also, 
prevent inadvertent mistakes that could lead to incorrect results or 
possible injury.   

 
·  LearnOnLine, its employees, distributors or affiliates will not accept 

responsibility for injuries or damage sustained in the event that these 
Safety Precautions not followed completely.  Use common sense and 
don’t take unnecessary risks.  Be patient and careful in what you do. 



9.  Limitations and Unexpected Results 
 
The use of a 1 ohm sense resistor in lieu of a more expensive and complex 
voltage amplifier to measure current has some unexpected and unwanted effects 
on the values of current and, especially, resistance.  Since resistance is 
computed as voltage divided by current, any variations in voltage will also affect 
the value of current and with that, the value of resistance.  Also, regardless of the 
amount of software voltage filtering the A/D converter output will not deliver 
exactly the same voltage conversion every time – nor will even the best 
multimeters.  This also results in different current and resistance readings. 
 
 
Voltage Ripple Causes Similar Ripples in Current an d Resistance 
 
Any kind of voltage ripple like that from an AC light source will affect the current 
and resistance readings in an exaggerated manner.  Even though the voltage 
and current readings are averaged, some ripple gets through.  Here is one 
example of a solar panel illuminated completely by the sun (a stable light source) 
with a fixed resistor load.  However, because of the A/D converter’s inability to 
capture exactly the same voltage sample after sample, the resultant voltage still 
varies somewhat as does the current and resistance.  You can see this as 
exaggerated variations in the current (blue) and power (red) plots. 
 

 



Low Voltages 
 
Low voltages have a particularly deleterious affect on the computer plots.  Since 
the voltage is so low the ability of the A/D converter to capture a usable voltage 
drop across the 1 ohm sense resistor is severely limited.  The result is wild 
swings in current and resistance values like those shown below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Disable the Plot 
 
In order to eliminate the distractions of these effects consider turning off the 
plot(s) by clicking on the switch(es) below the meters. 

 
 


