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Lesson 1 – Batteries and Breadboards Page 12 

Open Circuit 

Open circuits occur when the loop allowing the electrical flow is incomplete. Without the 
negative charge drawing the positive charge, the circuit stops being a circuit and any 
components along the path will stop working. There is simply no path for the electric 
charge to travel from one end to the other.  

 

Incomplete circuit is open 
between the LED and resistor 

 Complete circuit that will allow 
current to flow through the LED and 

resistor 
 

 

 

 

 

TROUBLESHOOTING TIP: If you build a circuit and it doesn’t work, the first 
thing to check is whether the circuit is open. Carefully go through and ensure that 
the electricity has a complete path from the positive to negative charge. 

 

 

  

Figure 1-3 - Incomplete circuit 
 

Figure 1-4 - Complete circuit 
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CALCULATING RESISTANCE VALUE 

Resistors are marked with colored bands which indicate their internal resistance value 
(see chart below).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To read the value of a resistor, first determine how many bands your resistor has 
present. This will determine whether you use the four-digit code or the five-digit code. 

Let's assume, for this example, that you have a resistor with color bands red, red, 
brown, and gold. To decode these bands, you would use the four-digit code. Matching 
each color to its value gives you 2, 2, 10, 5%. This means the first digit is a 2, the 
second digit is a 2, and the multiplier is 10 which means multiply the first two digits by 
10, so 22 x 10 = 220 ohms. The gold band is the tolerance and gold stands for 5%, 
which means the actual value of this resistor value could vary ±5% of 220 ohms, or 
between 209 and 231 ohms. 

Five band resistors work almost the same way, but there are three digits, a multiplier, 
and a tolerance band. Consider a five-band resistor with red, red, black, black, brown. 
Decoding the first three digits gives you 2, 2, and 0. The multiplier is black which is 1, so 

Figure 2-2 Resistor color codes 
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3. Using your understanding of the internal breadboard connections, which of these 
jumper wires could be removed without affecting any electrical connections? 

ANSWER: Wires B and D could be removed without affecting any connections. 
Wire B is attached to F22 and J22, but these two holes are already connected 
inside the breadboard, so this wire is not needed. Wire D is attached to P2-29 
and P2-55, but these two holes are already connected by the P2 power bus that 
runs down the right side of the breadboard. This wire is also not needed. 

 

 

  

Figure 4-7 Jumper wires installed in breadboard with redundant connections 
highlighted 
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ACTIVITIES 

For this lesson you will complete two activities adding switches to circuits to control the 
flow of current. Please note, for the first activity you will use the circuit you built in 
Lesson 3 as a starting point. Please refer back to Lesson 3, Activity #1 and build that 
circuit now. 

 

ACTIVITY#1 – CONTROLLING TWO LEDS WITH ONE SWITCH 

You will use the circuit built in Lesson 3, Activity #1 as a starting point for this activity. 
You will add a switch between battery positive and the positive power rail. This will allow 
you to turn the LEDs on and off with the push of the switch. 

 

 

 

 

 

 

 

 

STEP #1 

Move the positive battery supply to a 
new location so there is room for a 
switch to be added. Move the positive 
connection from the battery from P1-3 
to A21. 

 

 

 

 

Figure 5-5 Activity 1 circuit with 
names of components 

Figure 5-6 Activity 1 circuit with 
reference designators 
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ANSWERS TO QUESTIONS FOR UNDERSTANDING 

1. When troubleshooting, is it best to start with the most complicated, difficult repair 
or to try the simplest, easiest repairs first? 

ANSWER: When looking for a solution to a malfunction, it’s best to start with the 
easiest and most simple to repair items. This can save significant time rather 
than troubleshooting the more complex parts of the system.  

 

 

2. Should you make multiple changes to your circuit before testing for proper 
operation? 

ANSWER: No. After any change to the circuit, you should test the circuit to see if 
it is now functioning correctly. If you make multiple changes at once, it can be 
impossible to determine which change resulted in repairing the circuit. 

 

 

3. Would it be obvious externally if wires, resistors, or LEDs failed internally? 

ANSWER: No, it’s possible for a component to look perfect on the outside but 
still fail internally. 
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STEP #3 

Type sudo apt-get dist-
upgrade and press enter. 

 

 

The next step in the upgrade 
process will show you how much 
additional space the upgraded files 
will take up on the SD card. 

Type y to agree and hit enter. 

This will take a few minutes as it’s downloading and upgrading around 200 files to the 
latest version. You may need to press additional keys during the upgrade process to 
approve software installations or accept new license agreements.  

After this process is completed, your Raspberry Pi will be running the very latest 
software. Almost everything in the desktop will appear the same, however a new icon 
may appear here or there depending on what programs the Raspbian project chooses 
to include in their latest update. 

NOTE: Due to the inherent risk of making changes to the OS, it is not 
recommended that you update the Raspbian software in the future until your skill 
level is advanced enough to account for significant software changes. 
Unfortunately, there is no way to know how OS changes may affect programs 
you have written or are working with. 

 

STEP #4 

As discussed in Activity #3, it is very important to properly power down the Raspberry 
Pi. Please refer to Activity #3, Step #3 and use the steps to safely shut down your 
Raspberry Pi. 

 

 

 

 

Figure 9- 26 Command to upgrade the installed software 

Figure 9- 27 Providing approval to use additional SD card space for 
software upgrade 
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STEP #2 

When Thonny opens, it will open the last file 
that you worked on. Since you have never 
worked in Thonny before, you will initially be 
inside a new, empty program with no title. 

Click inside the Program window and type the 
command print(‘Hello World!’) and 
press enter. Your program window should 
look like this. 

 

 

STEP #3 

Thonny will not let you run the file until you save a copy, so click the save icon now. 
By default, Thonny will suggest saving the file to the /home/pi directory, but this isn’t a 
convenient folder for finding your files later.  

Click on the Desktop button to choose the Desktop as the location to save this new file. 

Give your file a descriptive name like hello.py and click the OK button. Your new file 
will appear on the desktop and be conveniently available to work on in the future. 
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STEP #7 

Create a while loop that will keep the while loop running until a button is pressed:  

while winner == 'No': 

 

The contents of this while statement will continue to execute as long as winner equals 
‘No’. If winner equals anything other than ‘No’, the loop will be skipped, and the 
remainder of the program will run.  

 

STEP #8 

Add some if statements to the while loop so you can modify the value of winner based 
on which player pushed their button first. Player 1 will be assigned to GPIO 20, which is 
connected to the switch closest to the wedge. Player 2 will be assigned to GPIO 21, 
which is connected to the switch furthest from the wedge. 

while winner == 'No': 

  if GPIO.input(20) == True: 

    winner = 'Player 1' 

  if GPIO.input(21) == True: 

    winner = 'Player 2' 

 

Each time the while loop is executed the if statements will be checked for truth. If input 
GPIO 20 is high (True) during the check then winner will be set to ‘Player 1’. If input 
GPIO 21 is high (True) during the check then winner will be set to ‘Player 2’. If neither 
input was high then the value of winner will not be modified, and the while loop will run 
again. 

NOTE: Make sure the indentation is correct on the while loop or it will not loop 
properly. 
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STEP #9 

Build the code that will run once a winner is determined. First, create a variable called 
time_total that will be equal to the current time using the time.time() command 
minus the starting time that was stored in timestart: 

time_total = time.time() – timestart 

 

This will take the current time in seconds and subtract the previously stored timestart 
value in seconds. The result is the number of seconds between turning on the LED and 
Player1 or Player2 pressing a button.  

 

STEP #10 

The value of the number calculated in Step #9 is a very long number like 
1.28389596939. You can get this into a more display-friendly format by removing all 
digits past thousandths of a second: 

time_total = “%.3f” % time_total 

 

This will take the value of time_total, remove everything past 3 decimal places, and 
save the result back to the time_total variable. So, 1.28389596939 will become 
1.284. Now you have a reaction time that can be displayed nicely in a print statement. 
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STEP #11 

Now that there is a winner and a reaction time, you can build some print statements that 
let you know who won and what their reaction time was: 

print(winner + ' wins!') 

print('Your reaction time was ' + time_total + ' seconds') 

 

The first statement will print the value of winner with “ wins!” added to the end of the 
string. A single space has been added before the word “wins” in order to ensure correct 
spacing between Player 1 or Player 2 and wins. Without the additional space you will 
end up with Player 1wins! or Player 2wins! in your console output. The same behavior 
can happen in the second statement, with “was “ and “ seconds”. There are extra 
spaces to properly space the words. 

 

STEP #12 

Now that you’ve printed the winning player and their reaction time, turn off the LED and 
clean up all the GPIO pins: 

GPIO.output(26, GPIO.LOW) 

GPIO.cleanup() 

 

This allows the program to exit gracefully.  
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STEP #13 

Verify the fully assembled program is free of errors: 

import RPi.GPIO as GPIO 

import time 

import random 

 

GPIO.setmode(GPIO.BCM) 

GPIO.setup(26, GPIO.OUT) 

GPIO.setup(20, GPIO.IN) 

GPIO.setup(21, GPIO.IN) 

 

wait = random.randint(1,5) 

time.sleep(wait) 

 

GPIO.output(26,GPIO.HIGH) 

timestart = time.time() 

 

winner = 'No' 

 

while winner == 'No': 

  if GPIO.input(20) == True: 

    winner = 'Player 1' 

  if GPIO.input(21) == True: 

    winner = 'Player 2' 
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time_total = time.time() - timestart 

time_total = “%.3f” % time_total 

 

print(winner + ' wins!') 

print('Your reaction time was ' + time_total + ' seconds') 

 

GPIO.output(26, GPIO.LOW) 

GPIO.cleanup() 

 

STEP #14 

Find a friend or family member who will be most impressed with the skills you have 
gained during Level A of this course and play the game with them. Remember to let 
them win occasionally! 

Optional: Save the program if desired. 
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