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Linux Recap Cheat Sheet 

https://www.michael-wessel.info/rpi/fwunixref.pdf 

 

There: 

• „File Commands“  

• and some „System Info“  

• There is more! 
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Last Week – LED Circuit 

ANODE     = „+“  PIN = LONG CATHODE = „-“  PIN = SHORT 

MINUS = BLUE = GND 
PLUS = RED = 3.3 Volt 



Flow of Electric Current from „+“ -> „-“ 

ANODE     = „+“  PIN = LONG CATHODE = „-“  PIN = SHORT 

MINUS = BLUE = GND 
PLUS = RED = 3.3 Volt 



Flow of Electrons is Reversed! 

ANODE     = „+“  PIN = LONG CATHODE = „-“  PIN = SHORT 

MINUS = BLUE = GND 
PLUS = RED = 3.3 Volt 



What‘s different in ours?  
Does it matter?  



Water Analogy for Resistor – 
Current Reducer 



The Resistor is Important! 

• Without resistor, the LED will be destroyed immediately  
 
 
 
 
 
 

 
 
 
• Resistors are measured in  

„Ohms“ = Ω Greek Letter 
• Have a „color code“ to  

indicate how many Ohms  
• The more Ohms, the higher  

the resistance,  
the less current gets through 

• LEDs require 220– 440 Ω  



Water Analogy for Diode –  
One Way Street / Valve for Electricty 

WATER CURRENT 



Experiment… What happens when we 
use 5 V instead of 3.3 V ?  



Answer 

• Nothing! 
– There is no change in brightness of the LED 
– Unlike a light bulb 
– LEDs cannot be „dimmed“ liked that 

• But there is a way… 
We will learn later how to dimm LEDs…  

• LEDs are very much „binary“ = on / off = 1 / 0 = 
high / low devices!  
– A traditional lightbulb is more „analog“  

Here, Brightness can be changed by changing  
Voltage / Current 

– Not with LEDs (or only very slightly)  



Digital Signals - „Binary“ 1, 0  
On / Off, Yes / No, HI(GH) / LO(W), … 

HIGH = 1 = 2 … 5    V  
LOW = 0 = 0 …  0.8 V  



Analog Signal 

Continues  
Voltage / Value  
Levels  
(e.g., Volume  
 of Loudspeaker) 



General Purpose Input Output Ports 
(GPIO) 



Functions of GPIO Pins 
Also see https://pinout.xyz/# 

 



Key Features  
• GPIO Port = „General Purpose Input Output“ Port  

– 40 pin „header“  

– Digital inputs and outputs (direction per pin configurable)  

– PWM = „Pulse Width Modulation“ 

– SPI, I2C: Indutry Standards Serial Protocols 

• Serial Peripheral Interface (SPI) – for Sensors, …  

– 3 or 4 wires 

– Multiple devices with „select device“ signal 

– One master only 

– Full duplex 

– Longer ranges  

• I2C = I Squared C = I Two C = IIC =  I²C (Inter-Integrated Circuit) 

– 2 wires only 

– Multiple devices on same bus, with chip addresing  

– Multiple masters possible 

– Cheaper  

– Half duplex 

– I2C more flexible, SPI faster  

– GPIOs need to be treated with care though; can be damaged by static electricity! 

• However, no ANALOG inputs / outputs (unlike Arduino)  



Careful with GPIO Ports !  

• Never:  

– Connect 5 V or 3.3 V directly to MINUS (GND) 
Connect PLUS directly to MINUS (GND)  

-> SHORT CIRCUIT 

– Connect GPIO PIN in OUTPUT MODE directly to 
MINUS (GND) – if the PIN = HIGH = 3.3 V, then this is 
a SHORT CIRCUIT, too 

• It is OK if pin is set to INPUT mode, though  

• For OUTPUT mode, one always needs a „consumer“ –  
i.e., and LED and a resistor, otherwise it is a short circuit 



Blink LED Circuit –  
„Hello World“ of Embedded Programming 



… on to Python GPIO Programming 



Python Shell / Console / … 



Editor – Use Function-F5 / Ctrl-c 

 

GPIO OUTPUT = HIGH = 3.3 V 
 electricty lows between  
 pin over LED and resistor 
 into GND -> LED ON  
GPIO OUTPUT = LOW = 0 V  
 no electricity flows ->  
 LED OFF 



Download Example Program 

https://www.michael-wessel.info/rpi/ 



Improvements 
• This is a poorly structured program!  

– Let‘s learn some Python  

• Clean up source code 
– Write a couple of functions,  

„setup“, „led_on“, „led_off“, „main“  
– Avoid „magical numbers“, e.g. for PIN numbers in code 

Use global variables for led1, …  
– DRY Principle in Programming – DO NO REPEAT YOURSELF  
– Write a „main“ function  

• read in blinking speed from keyboard using:  
speed = int(input(“Speed?“)) 

– Also, use GPIO.cleanup() at the end 

    try:   
        <main function code> 
    finally:  
  GPIO.cleanup() 



Blink 2 LEDs  

 





RGB LED – Common CATHODE 



RGB LED 







Digital Input - Button 



How NOT To Connect the Button – 
But let‘s try, you will be amazed!! 





Explanation – Floating Inputs 

• Unconnected Inputs do not have a well-
defined logical state! 

– They are neither 0 / LOW nor 1 / HIGH 

– We need to use something more ellaborate 

– Pull Up Resistor circuit 

• When not pressed, logic level = HIGH 

• When pressed, logic level = LOW  

– There are also Pull Down resistors  

• Inverse function (different circuit!)  



PIN RRpi PIN RRpi 

10 kΩ 10 kΩ 

Pull Up Resistor 

3.3 V 3.3 V 



Important - Use the 10 kΩ resistor ! 
From the smaller pack of 5 resistors   



And one more problem… 

• Even if we wait until the button goes LOW 
again before we continue in our main loop:  

 
while read_button(button_pin) == GPIO.LOW: 

 pass  

 

 

 

  … then there is STILL something strange going on! 
S–   Sometimes, the LED jumps over colors, or there 
  is no change at all! WHY?  

 



Button Debouncing 




