




Raspberry Pi®





Raspberry Pi®

4th Edition

by Sean McManus and Mike Cook



Raspberry Pi® For Dummies®

Published by: John Wiley & Sons, Inc., 111 River Street, Hoboken, NJ 07030-5774, www.wiley.com

Copyright © 2021 by John Wiley & Sons, Inc., Hoboken, New Jersey

Published simultaneously in Canada

No part of this publication may be reproduced, stored in a retrieval system or transmitted in any form or by any 
means, electronic, mechanical, photocopying, recording, scanning or otherwise, except as permitted under Sections 
107 or 108 of the 1976 United States Copyright Act, without the prior written permission of the Publisher. Requests to 
the Publisher for permission should be addressed to the Permissions Department, John Wiley & Sons, Inc., 111 River 
Street, Hoboken, NJ 07030, (201) 748-6011, fax (201) 748-6008, or online at http://www.wiley.com/go/permissions.

Trademarks: Wiley, For Dummies, the Dummies Man logo, Dummies.com, Making Everything Easier, and related 
trade dress are trademarks or registered trademarks of John Wiley & Sons, Inc. and may not be used without written 
permission. Raspberry Pi is a registered trademark of the Raspberry Pi Foundation. All other trademarks are the 
property of their respective owners. John Wiley & Sons, Inc. is not associated with any product or vendor mentioned 
in this book.

LIMIT OF LIABILITY/DISCLAIMER OF WARRANTY: THE PUBLISHER AND THE AUTHOR MAKE NO 
REPRESENTATIONS OR WARRANTIES WITH RESPECT TO THE ACCURACY OR COMPLETENESS OF THE CONTENTS 
OF THIS WORK AND SPECIFICALLY DISCLAIM ALL WARRANTIES, INCLUDING WITHOUT LIMITATION WARRANTIES 
OF FITNESS FOR A PARTICULAR PURPOSE.  NO WARRANTY MAY BE CREATED OR EXTENDED BY SALES OR 
PROMOTIONAL MATERIALS. THE ADVICE AND STRATEGIES CONTAINED HEREIN MAY NOT BE SUITABLE FOR 
EVERY SITUATION. THIS WORK IS SOLD WITH THE UNDERSTANDING THAT THE PUBLISHER IS NOT ENGAGED 
IN RENDERING LEGAL, ACCOUNTING, OR OTHER PROFESSIONAL SERVICES. IF PROFESSIONAL ASSISTANCE IS 
REQUIRED, THE SERVICES OF A COMPETENT PROFESSIONAL PERSON SHOULD BE SOUGHT.  NEITHER THE 
PUBLISHER NOR THE AUTHOR SHALL BE LIABLE FOR DAMAGES ARISING HEREFROM. THE FACT THAT AN 
ORGANIZATION OR WEBSITE IS REFERRED TO IN THIS WORK AS A CITATION AND/OR A POTENTIAL SOURCE OF 
FURTHER INFORMATION DOES NOT MEAN THAT THE AUTHOR OR THE PUBLISHER ENDORSES THE INFORMATION 
THE ORGANIZATION OR WEBSITE MAY PROVIDE OR RECOMMENDATIONS IT MAY MAKE. FURTHER, READERS 
SHOULD BE AWARE THAT INTERNET WEBSITES LISTED IN THIS WORK MAY HAVE CHANGED OR DISAPPEARED 
BETWEEN WHEN THIS WORK WAS WRITTEN AND WHEN IT IS READ.

For general information on our other products and services, please contact our Customer Care Department within 
the U.S. at 877-762-2974, outside the U.S. at 317-572-3993, or fax 317-572-4002. For technical support, please visit 
www.wiley.com/techsupport.

Wiley publishes in a variety of print and electronic formats and by print-on-demand. Some material included with 
standard print versions of this book may not be included in e-books or in print-on-demand. If this book refers to 
media such as a CD or DVD that is not included in the version you purchased, you may download this material at 
http://booksupport.wiley.com. For more information about Wiley products, visit www.wiley.com.

Library of Congress Control Number: 2021941416

ISBN 978-1-119-79682-4 (pbk); ISBN 978-1-119-79686-2 (ebk); ISBN 978-1-119-79687-9 (ebk)

http://www.wiley.com
http://www.wiley.com/go/permissions
http://www.wiley.com/techsupport
http://booksupport.wiley.com
http://www.wiley.com


Contents at a Glance
Introduction  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 1

Part 1: Setting Up Your Raspberry Pi  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 5
CHAPTER 1: Introducing the Raspberry Pi   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 7
CHAPTER 2: Downloading the Operating System  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 25
CHAPTER 3: Connecting Your Raspberry Pi   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 33

Part 2: Getting Started with Linux  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 49
CHAPTER 4: Using the Desktop Environment   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 51
CHAPTER 5: Using the Linux Shell   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 79

Part 3: Using the Raspberry Pi for Both Work and Play  .  .  . 119
CHAPTER 6: Being Productive with the Raspberry Pi  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 121
CHAPTER 7: Editing Photos on the Raspberry Pi with GIMP  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 133
CHAPTER 8: Playing Audio and Video on the Raspberry Pi  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 143

Part 4: Programming the Raspberry Pi   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 155
CHAPTER 9: Introducing Programming with Scratch  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 157
CHAPTER 10: Programming an Arcade Game Using Scratch   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 177
CHAPTER 11: Writing Programs in Python  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 201
CHAPTER 12: Creating a Game with Python and Pygame Zero   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 233
CHAPTER 13: Programming Minecraft with Python  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 251
CHAPTER 14: Making Music with Sonic Pi  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 275

Part 5: Exploring Electronics with the Raspberry Pi  .  .  .  .  .  .  . 291
CHAPTER 15: Understanding Circuits   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 293
CHAPTER 16: Taking Control of Your Pi’s Circuitry   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 319
CHAPTER 17: Lots of Multicolored LEDs  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 357
CHAPTER 18: Old McDonald’s Farm and Other RFID Adventures .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 391

Part 6: The Part of Tens  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 425
CHAPTER 19: Ten Great Software Packages for the Raspberry Pi   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 427
CHAPTER 20: Ten Inspiring Projects for the Raspberry Pi  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 439
CHAPTER 21: Ten Great Add-Ons for the Raspberry Pi   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 447

Appendix: Troubleshooting and Configuring  
the Raspberry Pi  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 455

Index  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 467

Raspberry Pi®





Table of Contents      vii

Table of Contents
INTRODUCTION   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 1

About This Book  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .1
Foolish Assumptions  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .2
Icons Used in This Book  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .3
Beyond the Book  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .3
Where to Go from Here  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .4

PART 1: SETTING UP YOUR RASPBERRY PI   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 5

CHAPTER 1: Introducing the Raspberry Pi  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 7
Introducing the Raspberry Pi Range  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 9

Raspberry Pi 4 Model B .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .9
Raspberry Pi 400  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .11
Raspberry Pi 3 Model A+   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .12
Raspberry Pi Zero   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .13
Older models  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .14

Figuring Out What You Can Do with a Raspberry Pi  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .17
Getting Your Hands on a Raspberry Pi  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .18
Determining What Else You Need  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .18

Essentials   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .19
Optional extras   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .22

CHAPTER 2: Downloading the Operating System  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 25
Introducing Linux   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .26
Imaging a microSD Card for Your Raspberry Pi   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .27
Choosing the Right Operating System for Your Raspberry Pi  .  .  .  .  .  .  .  .29

CHAPTER 3: Connecting Your Raspberry Pi .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 33
Connecting Your Raspberry Pi  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .33
Setting Up Your Raspberry Pi .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .36
Configuring Your Raspberry Pi in Raspberry Pi OS  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .37
Changing Your Wi-Fi Settings  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .40
Configuring Bluetooth Devices   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .41
Connecting the Raspberry Pi Camera Module   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .41

Connecting the camera on a Pi Zero   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .42
Connecting the camera on other Raspberry Pi models  .  .  .  .  .  .  .  .  .  .43
Testing the Camera Module  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .44

Connecting Using SSH  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .46
Connecting Using VNC  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .47



viii      Raspberry Pi For Dummies

PART 2: GETTING STARTED WITH LINUX  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 49

CHAPTER 4: Using the Desktop Environment  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 51
Navigating the Raspberry Pi Desktop  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .52

Using the Applications menu  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .52
Running applications that are not on the menu  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .55
Resizing and closing application windows  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .55

Using the Task Manager  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .56
Using File Manager  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .57

Navigating File Manager  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .58
Copying and moving files and folders   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .61
Selecting multiple files and folders  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .61
Creating new folders and blank files   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .62
Deleting files and folders  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .63
Sorting files  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .63
Exploring your Raspberry Pi  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .64

Browsing the Web with Chromium  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .64
Searching within web pages   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .65
Using tabbed browsing  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .66
Adding and using bookmarks  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .66
Protecting your privacy  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .67

Sending and Receiving Email with Claws Mail  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .68
Using the Image Viewer  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .68
Using the Text Editor  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .71
Configuring Printers   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .72
Customizing the Desktop  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .72
Playing the Games  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .72
Finding and Installing New Applications   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .75
Backing Up Your Data  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .76
Logging Out and Shutting Down  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .77

CHAPTER 5: Using the Linux Shell  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 79
Understanding the Prompt  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .80
Exploring Your Linux System  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .81

Listing files and directories   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .81
Changing directories  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .81
Changing to the parent directory  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .82
Understanding the directory tree  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .82
Using relative and absolute paths .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .85
Checking file types  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .88
Investigating more advanced listing options  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .89

Understanding the Long Listing Format and Permissions   .  .  .  .  .  .  .  .  .  .91
Slowing Down the Listing and Reading Files with the  
Less Command   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .94
Speeding Up Entering Commands  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .95



Table of Contents      ix

Using Redirection to Create Files   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .96
Creating Directories   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .98
Deleting Files   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .99
Using Wildcards to Select Multiple Files  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .101
Removing Directories  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .103
Copying and Renaming Files  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .104
Finding Files on Your Raspberry Pi  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .106
Installing and Managing Software on Your Raspberry Pi   .  .  .  .  .  .  .  .  .  .106

Updating the cache  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .107
Finding the package name  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .107
Installing software  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .108
Running software   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .109
Upgrading the software  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .109
Removing software and freeing up space  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .110
Finding out what’s installed  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .111

Managing User Accounts on Your Raspberry Pi  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .112
Learning More about Linux Commands   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .114
Customizing the Shell with Your Own Linux Commands   .  .  .  .  .  .  .  .  .  .116
Shutting Down and Rebooting Your Raspberry Pi  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .117

PART 3: USING THE RASPBERRY PI FOR BOTH  
WORK AND PLAY  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 119

CHAPTER 6: Being Productive with the Raspberry Pi  .  .  .  .  .  .  .  .  .  .  .  . 121
Installing LibreOffice on Your Raspberry Pi  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .122
Working with LibreOffice on the Raspberry Pi   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .122

Saving your work  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .123
Writing letters in LibreOffice Writer   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .123
Managing your budget in LibreOffice Calc  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .125
Creating presentations in LibreOffice Impress  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .128
Creating a party invitation with LibreOffice Draw   .  .  .  .  .  .  .  .  .  .  .  .  .130

CHAPTER 7: Editing Photos on the Raspberry Pi with GIMP  .  .  .  . 133
Working with GIMP  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .134

Understanding the GIMP screen layout  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .134
Resizing an image in GIMP  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .136
Cropping your photo  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .137
Rotating and flipping your photo   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .138
Adjusting the colors .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .139
Fixing imperfections  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .139
Converting images between different formats  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .141

Finding Out More about GIMP  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .141



x      Raspberry Pi For Dummies

CHAPTER 8: Playing Audio and Video on the Raspberry Pi   .  .  .  .  . 143
Setting Up Your Media Center  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .143
Navigating the Media Center  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .144
Adding Media  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .145

Adding music  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .146
Adding videos  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .147
Adding pictures  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .148
Streaming media  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .148

Enjoying Your Media  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .149
Playing music  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .149
Playing videos .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .150
Viewing photos .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .150

Changing the Settings  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .151
Using a Remote Control  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .151
Turning Off Your Media Center  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .152
Playing Music in the Desktop Environment  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .152

PART 4: PROGRAMMING THE RASPBERRY PI   .  .  .  .  .  .  .  .  .  .  .  .  .  . 155

CHAPTER 9: Introducing Programming with Scratch  .  .  .  .  .  .  .  .  .  .  .  . 157
Understanding What Programming Is  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .158
Working with Scratch   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .158

Understanding the Scratch screen layout  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .159
Making your sprite move  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .160
Creating scripts   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .165
Changing your sprite’s appearance   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .165
Adding sounds and music   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .170
Using the Wait block to slow down your sprite  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .172
Using extensions in Scratch  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .173
Saving your work  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .175

CHAPTER 10: Programming an Arcade Game Using Scratch   .  .  .  . 177
Starting a New Scratch Project and Deleting Sprites  .  .  .  .  .  .  .  .  .  .  .  .  .  .178
Changing the Backdrop   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .178
Adding Sprites to Your Game   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .179
Drawing Sprites in Scratch  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .180
Naming Your Sprites  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .184
Controlling When Scripts Run  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .184

Using the green flag to start scripts  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .185
Using the Forever Control block  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .186
Enabling keyboard control of a sprite   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .186
Enabling a sprite to control another sprite  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .188

Using Random Numbers   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .190
Detecting When a Sprite Hits Another Sprite   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .191



Table of Contents      xi

Introducing Variables  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .192
Making Sprites Move Automatically  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .194
Fixing the Final Bug  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .195
Adding Scripts to the Stage   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .198
Duplicating Sprites   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .198
Playing Your Game  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .198
Adapting the Game’s Difficulty   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .199
Taking It Further with Scratch  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .199

CHAPTER 11: Writing Programs in Python  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 201
Working with Python  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .202

Entering your first Python commands  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .202
Using the shell to calculate sums  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .204

Creating the Times Tables Program  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .206
Creating and running your first Python program  .  .  .  .  .  .  .  .  .  .  .  .  .  .206
Using variables  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .208
Accepting user input  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .209
Printing words, variables, and numbers together   .  .  .  .  .  .  .  .  .  .  .  .  .210
Using for loops to repeat  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .211

Creating the Chatbot Program   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .215
Introducing lists  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .216
Using lists to make a random chat program  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .218
Adding a while loop  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .221
Using a loop to force a reply from the user  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .222
Using dictionaries   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .223
Creating your own functions  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .225
Creating the dictionary look-up function  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .227
Creating the main conversation loop  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .229
Final thoughts on Chatbot  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .230
The final Chatbot program  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .231

CHAPTER 12: Creating a Game with Python and Pygame Zero   .  .  . 233
Collecting Your Sounds and Images  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .234
Setting Up Your Folders  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .235
Creating and Running Your First Program  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .235

Detecting mouse clicks  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .238
Animating your actors .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .239
Using random numbers  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .241
Adding more clouds   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .242
Making the clouds regenerate  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .244
Enabling multiple clouds to be clicked  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .245
Adding the timer  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .246
Adjusting the game difficulty  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .247
The final game listing   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .247

Exploring Pygame Zero Further   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .249



xii      Raspberry Pi For Dummies

CHAPTER 13: Programming Minecraft with Python  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 251
Playing Minecraft  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .252

Moving around  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .253
Making and breaking things  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .253

Preparing for Python .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .254
Using the Minecraft Module   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .255

Understanding coordinates in Minecraft  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .256
Repositioning the player  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .256
Adding blocks  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .257
Stopping the player from changing the world   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .259
Setting the maze parameters   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .259
Laying the foundations  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .261
Placing the maze walls  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .262
Understanding the maze algorithm  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .263
Setting up the variables and lists   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .264
Creating the functions   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .265
Creating the main loop  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .266
Adding a ceiling  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .268
Positioning the player  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .269
The final code  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .269

Adapting the Program   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .273

CHAPTER 14: Making Music with Sonic Pi  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 275
Understanding the Sonic Pi Screen Layout  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .276
Playing Your First Notes  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .277
Using Note and Chord Names  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .279
Playing Timed Patterns  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .280
Composing Random Tunes Using Shuffle  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .281
Changing the Random Number Seed  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .282
Using List Names in Your Programs  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .282
Playing Random Notes  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .282
Experimenting with Live Loops  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .283
Using Samples  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .285
Adding Special Effects  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .286
Synchronizing with Your Drumbeat  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .287
Bringing It All Together  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .287
Next Steps with Sonic Pi  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .289

PART 5: EXPLORING ELECTRONICS WITH  
THE RASPBERRY PI  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 291

CHAPTER 15: Understanding Circuits  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 293
Discovering What a Circuit Is  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .294

Understanding the nature of electricity  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .294
Determining how a component needs to be treated  .  .  .  .  .  .  .  .  .  .  .303



Table of Contents      xiii

Getting Familiar with the GPIO  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .304
Putting the general purpose in GPIO  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .306
Understanding what GPIOs do  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .306
Putting an output pin to practical use   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .307
Using GPIOs as inputs  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .309
Learning which end is hot: Getting to grips with  
a soldering iron  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .311
Making a soldered joint   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .313

Looking at Ready-Made Add-On Boards  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .314
The Sense HAT  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .315
The Trill sensors  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .315
The LED SHIM  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .316
Other boards  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .317

CHAPTER 16: Taking Control of Your Pi’s Circuitry   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 319
Accessing Raspberry Pi’s GPIO Pins   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .319

Soldering the GPIO pins onto Pi Zero or Pi ZeroW  .  .  .  .  .  .  .  .  .  .  .  .  .321
Getting at all the pins with one connector  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .322
Connecting things together  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .324

Your First Circuit   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .325
Bringing your LED to life  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .326
Using Scratch 3 .0  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .326
Control the flashing speed with an input  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .328
Using Python   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .330
Using GPIO ZERO  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .332

Starting Out with a Dice Display  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .336
A dice display  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .336
The project  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .339
The numbers   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .339
The display  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .340
Taking it further  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .345

Pedestrian Crossing   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .346
The Pedestrian Crossing hardware  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .349
The Pedestrian Crossing software   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .350
Taking it further  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .354

CHAPTER 17: Lots of Multicolored LEDs  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 357
Making Colors   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .359

Using diffusers  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .359
Making more colors   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .360

The Way Forward  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .362
Bit-banging the APA102C protocol  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .365
Creating a class   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .367



xiv      Raspberry Pi For Dummies

Rainbow Invaders  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .371
Keepy Uppy   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .376
LEDs Galore   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .379

Current limits  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .379
Signals and memory  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .380
Display update  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .381
Getting more LEDs   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .381

CHAPTER 18: Old McDonald’s Farm and Other RFID 
Adventures   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 391
How RFID Work  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .392

A MIFARE card’s structure   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .395
A simple RFID jukebox   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .398
A better RFID jukebox  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .399
Taking it further  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .403

Dressing Up a Paper Doll  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .403
Runway time  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .408

Old McDonald’s Farm  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .412
Making sound samples  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .412
Making the graphics  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .415

PART 6: THE PART OF TENS  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 425

CHAPTER 19: Ten Great Software Packages for  
the Raspberry Pi  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 427
Penguins Puzzle  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .428
FocusWriter   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .429
Mathematica   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .429
Fraqtive  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .431
Tux Paint  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .432
Grisbi  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .433
Beneath a Steel Sky  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .433
Brain Party  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .434
Pure Data  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .435
Inkscape  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .437

CHAPTER 20: Ten Inspiring Projects for the Raspberry Pi  .  .  .  .  .  .  .  . 439
One-Button Audiobook Player  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .439
Heartbeat Monitor   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .440
Smart Fridge  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .440
The Next Verse  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .441
Electric Skateboard  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .441
T-Shirt Cannon  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .442
Magic Mirror  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .442



Table of Contents      xv

Pi in the Sky   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .443
Raspberry Turk   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .444
Sound Fighter  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .445

CHAPTER 21: Ten Great Add-Ons for the Raspberry Pi   .  .  .  .  .  .  .  .  .  .  . 447
Picade  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .448
CamJam EduKit 3  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .449
Piano HAT  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .450
Rainbow HAT  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .451
Display-O-Tron HAT  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .451
Flick  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .451
Unicorn HAT HD  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .452
Inky pHAT  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .452
Pirate Audio  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .452
Witty Pi   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .453

APPENDIX: TROUBLESHOOTING AND CONFIGURING  
THE RASPBERRY PI  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 455

INDEX  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 467





Introduction      1

Introduction

Raspberry Pi computers are at the forefront of the maker movement, where 
people make their own inventions using a mixture of traditional craft skills 
and modern coding and electronics knowledge. They’ve also given more and 

more people access to a computer that provides a gateway into programming, 
electronics, and the world of Linux — the technically powerful (and free) rival to 
Windows and Mac OS. As a supercheap computer, the Raspberry Pi is also being 
pressed into service in media centers and as a family computer for games, music, 
photo editing, and word processing.

You might be a geek who relishes learning new technologies, or you might be 
someone who wants a new family computer to use with the children. In either 
case, Raspberry Pi For Dummies, 4th Edition, helps you get started with your 
 Raspberry Pi and teaches you about some of the many fun and inspiring things 
you can do with it.

About This Book
Raspberry Pi For Dummies, 4th Edition, provides a concise and clear introduction to 
the terminology, technology, and techniques that you need to get the most from 
your Pi. With this book as your guide, you’ll learn how to

 » Set up your Raspberry Pi.

 » Discover and install great free software you can use on your Raspberry Pi.

 » Use the desktop environment to run programs, manage files, surf the web, 
and view photos.

 » Use the Linux command line to manage your Raspberry Pi and its files.

 » Use the Raspberry Pi as a productivity tool.

 » Edit photos.

 » Play music and video.

 » Create animations and arcade games with the child-friendly Scratch program-
ming language.



2      Raspberry Pi For Dummies

 » Write your own games and other programs using the Python programming 
language.

 » Compose music by programming with Sonic Pi.

 » Get started with electronics, from an introduction to soldering to the design 
and creation of electronic projects controlled by the Raspberry Pi.

Incidentally, within this book, you may note that some web addresses break across 
two lines of text. If you’re reading this book in print and want to visit one of these 
web pages, simply key in the web address exactly as it’s noted in the text, pre-
tending as though the line break doesn’t exist. If you’re reading this as an ebook, 
you’ve got it easy — just click or tap the web address to be taken directly to the 
web page.

Foolish Assumptions
Raspberry Pi For Dummies, 4th Edition, is written for beginners, by which we mean 
people who have never used a similar computer. However, we do have to make a 
few assumptions in writing this book, because we wouldn’t have enough space for 
all its cool projects if we had to start by explaining what a mouse is! Here are our 
assumptions:

 » You are familiar with other computers, such as Windows or Apple 
computers. In particular, we assume that you’re familiar with using windows, 
icons, and the keyboard and mouse, and that you know the basics of using 
your computer for things like browsing the Internet, installing software, or 
copying files.

 » The Raspberry Pi is not your only computer. At times, you’ll need to have 
access to another computer — for example, to create your SD or microSD 
card for the Pi. (See Chapter 2.) When it comes to networking, we assume you 
already have a router set up with an Internet connection and a spare port that 
you can plug the Raspberry Pi into if you’re using a wired connection.

 » The Raspberry Pi is your first Linux-based computer. If you’re a Linux 
ninja, this book still gives you a solid reference on the Raspberry Pi and the 
version of Linux it uses, but no prior Linux knowledge is required.

 » You share our excitement. The Raspberry Pi can open up a world of 
possibilities to you!

Other than these assumptions, we hope this book is approachable for everyone. 
The Raspberry Pi is being adopted in classrooms and youth groups, and this book 
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is a useful resource for teachers and students. The Raspberry Pi is also finding its 
way into many homes, where people of all ages (from children to adults) are using 
it for education and entertainment.

Icons Used in This Book
If you’ve read other For Dummies books, you know that they use icons in the mar-
gin to call attention to particularly important or useful ideas in the text. In this 
book, we use four such icons:

The Tip icon highlights expert shortcuts or simple ideas that can make life easier 
for you.

Although we’d like to think that reading this book is an unforgettable experience, 
we’ve highlighted some points that you might want to particularly commit to 
memory. They’re either important takeaways, or they’re fundamental to the proj-
ect you’re working on.

As you would do on the road, slow down when you see a Warning icon. It high-
lights an area where things could go wrong.

Arguably, the whole book talks about technical stuff, but this icon highlights 
something that’s particularly technical. We’ve tried to avoid unnecessary jargon 
and complexity, but some background information can give you a better under-
standing of what you’re doing, and sometimes we do need to get quite techy, 
given the sophistication of the projects you’re doing. Paragraphs highlighted with 
this icon might be worth rereading, to make sure you understand, or you might 
decide that you don’t need to know that much detail. It’s up to you!

Beyond the Book
In addition to what you’re reading right now, this book comes with a free access-
anywhere Cheat Sheet with tips on installing software and using Scratch. To get 
this Cheat Sheet, simply go to www.dummies.com and type Raspberry Pi Dummies 
Cheat Sheet in the Search box.

http://www.dummies.com/
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Also be sure to check out this book’s companion website (www.dummies.com/go/
raspberrypifd4e), where you can download the code listings that appear 
throughout this book.

Both of us maintain our own personal websites too, which contain some addi-
tional information on the Raspberry Pi. Mike’s is at www.thebox.myzen.co.uk/
Raspberry/Punnet.html, and Sean’s is at www.sean.co.uk.

Where to Go from Here
It’s up to you how you read this book. It’s been organized to take you on a journey 
from acquiring and setting up your Raspberry Pi to learning the software that 
comes with it, and from writing your own programs to finally creating your own 
electronics projects. Some chapters build on knowledge gained in earlier chapters, 
especially the sections on Scratch and Python — and all of Part 5.

We understand, though, that some projects or topics might interest you more than 
others, and you might need help in some areas right now. When a chapter assumes 
knowledge from elsewhere, we include cross-references to help you quickly find 
what you might have missed. We also include some signposts to future chapters, 
so you can skip ahead to a later chapter if it provides the quickest answer for you.

If you haven’t set up your Pi yet, start with Part 1. If you have your Pi up and run-
ning, Part 2 shows you how to use the software on it. Part 3 covers productivity, 
creativity, and entertainment software. To flex your programming muscles, per-
haps for the first time, read Part 4. You can learn Scratch, Python, or Sonic Pi here, 
and feel free to start with any one of those languages. The Python chapters pro-
vide a good foundation for Part 5, where you can start building your own electron-
ics projects.

http://www.dummies.com/go/raspberrypifd4e
http://www.dummies.com/go/raspberrypifd4e
http://www.thebox.myzen.co.uk/Raspberry/Punnet.html
http://www.thebox.myzen.co.uk/Raspberry/Punnet.html
http://www.sean.co.uk/
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IN THIS PART . . .

Get to know the Raspberry Pi and what other 
equipment you will need to be able to use it.

Download the Linux operating system and prepare a 
microSD card for use on your Raspberry Pi.

Connect your Raspberry Pi to the power, keyboard, 
mouse, and screen.

Install and test the Raspberry Pi Camera Module.

Change the settings on your Raspberry Pi.
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Chapter 1
Introducing the 
Raspberry Pi

The Raspberry Pi is perhaps the most inspiring computer available today. 
Although most of the computing devices being used (including phones, tab-
lets, and game consoles) are designed to stop people from tinkering with 

them, the Raspberry Pi is exactly the opposite. It invites you to prod it, play with 
it, and create with it. It comes with the tools you need to start creating your own 
software (or programming), and you can connect your own electronic inventions to 
it. Some models are cheap enough that breaking them won’t break the bank, so 
you can experiment with confidence.

Lots of people are fired up about the Raspberry Pi’s potential, and they’re discov-
ering exciting new ways to use it. Dave Akerman (www.daveakerman.com) and 
friends attached one to a weather balloon and sent it nearly 40 kilometers high to 
take pictures of the Earth from near space using a webcam. (You can read about 
Dave’s ballooning project in Chapter 20.)

Professor Simon Cox and his team at the University of Southampton connected 64 
Raspberry Pi boards to build an experimental supercomputer, held together by 
Lego bricks. In the supercomputer (see Figure  1-1), the Raspberry Pis work 
together to solve a single problem. The project has been able to cut the cost of a 
supercomputer from millions of dollars to thousands or even hundreds of dollars, 
making supercomputing much more accessible to schools and students. Others 

IN THIS CHAPTER

 » Getting up close and personal with 
the Raspberry Pi

 » Taking stock of your Raspberry Pi

 » Purchasing your very own 
Raspberry Pi

 » Figuring out what else you need

http://www.daveakerman.com/
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have also experimented with combining the processing power of multiple Pis. 
There’s even an off-the-shelf kit you can use to combine four Raspberry Pi Zeros 
with a full-size Raspberry Pi (the Cluster HAT from Pimoroni) so that you can 
experiment with running programs across multiple Pis at the same time.

The Pi is also being used to make fitness gadgets, gaming devices, electric skate-
boards, and much more, as you discover in Chapter 20.

Although those projects are grabbing headlines, another story is less visible but 
more important: the thousands of people of all ages who are taking their first 
steps in computer science, thanks to the Raspberry Pi.

Both of the authors of this book used computers in the 1980s, when the notion of 
a home computer first became a reality. Back then, computers were less friendly 
than they are today. When you switched them on, you were faced with a flashing 
cursor and had to type something in to get it to do anything. As a result, though, 
a whole generation grew up knowing at least a little bit about how to give the 
computer commands, and how to create programs for it. As computers started to 
use mice and windows, people didn’t need those skills any more, and they lost 
touch with them.

Eben Upton, designer of the Raspberry Pi, noticed the slide in skill levels when he 
was working at Cambridge University’s computer laboratory in 2006. Students 

FIGURE 1-1: 
Two of the 

Raspberry Pi 
boards used in 

the University of 
Southampton’s 

supercomputer, 
with the  

rest of the 
 supercomputer in 

the background. 
Courtesy of Simon Cox and Glenn Harris, University of Southampton.
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applying to study computer science started to have less experience with program-
ming than students of the past did. Upton and his university colleagues hatched 
the idea of creating a computer that would come supplied with all the tools needed 
to program it — and would sell for a target price of $25 (about £20). It had to be 
able to do other interesting things, too, so that people were drawn to use it, and it 
had to be robust enough to survive being pushed in and out of school bags hun-
dreds of times.

That idea started a six-year journey that led to the Raspberry Pi you probably have 
on your desk you as you read this book. It was released in February 2012, and sold 
half a million units by the end of the quarter. By July 2017, there were more than 
14 million Raspberry Pis in homes, schools, and workplaces, 10 million of them 
made in the UK. More than 30 million Raspberry Pi computers have now been sold. 
It is, by a large margin, the best-selling British computer of all time.

Introducing the Raspberry Pi Range
Over the years, the Raspberry Pi has evolved, increasing its memory, improving its 
performance, and adding features. So which one should you get? Here’s an over-
view designed to help you decide.

Raspberry Pi 4 Model B
This model is a circuit board with components and sockets stuck on it, as shown 
in Figure 1-2. In an age when most computing devices are sleek and shiny boxes, 
the spiky Pi, with tiny codes printed in white all over it, seems alien. That’s a big 
part of its appeal, though: Many of the cases you can buy for the Raspberry Pi are 
transparent because people love the look of it.

The Raspberry Pi 4 is the latest Raspberry Pi board. It features the following:

 » Up to 8GB of memory

 » Four USB ports (two USB 2 ports and two higher-speed USB 3 ports)

 » Built-in Wi-Fi and Bluetooth and a Gigabit Ethernet port for a wired Internet or 
network connection

 » A headphones-style audio-out socket

 » 40 general-purpose input/output (GPIO) pins, which you can use to connect 
your own electronics projects or specially designed add-ons (see Chapter 21)
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 » Support for two monitors at resolutions of up to 4K

 » Compatibility with the Raspberry Pi Camera Module

 » Power over Ethernet (PoE) support when used with the Raspberry Pi PoE HAT, 
which enables you to use your Ethernet cable for both networking and 
powering your Pi

Like previous Pi models, the Raspberry Pi 4 is about the size of a deck of cards. As 
with any current Raspberry Pi, it uses a microSD card for storage. Its price is 
around $35 for 2GB of memory or $75 for 8GB of memory.

The Raspberry Pi Desktop Kit is also available, which includes the accessories 
you’ll need, except for the monitor.

The Raspberry Pi 4 is our recommendation for the most powerful budget-friendly 
Raspberry Pi. You may be able to use it with your own keyboard and mouse to save 
money. The GPIO pins are great for electronics projects.

It’s called the Model B, incidentally, as a tribute to the BBC Microcomputer that 
was popular in the UK in the 1980s. It’s sobering to think that the BBC Micro cost 
about ten times the price of a Raspberry Pi, which, thanks to 40 years of progress 
in computer science, has more than 15,600 times more memory.

FIGURE 1-2: 
The Raspberry Pi 

4 Model B 
(center), Model A+  

(top right),  
and Pi Zero W 

(top left).
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Raspberry Pi 400
The Raspberry Pi 400 (see Figure 1-3) takes even more inspiration from the classic 
computers of the ’80s by building the Raspberry Pi 4 computer into a computer 
keyboard. It makes the whole setup much more compact, because you don’t have 
the separate Pi unit on the table, with a cable going to the keyboard.

There are performance improvements, too. The Raspberry Pi 400 is faster than the 
Raspberry Pi 4, and it’s designed with passive cooling built in.

The Raspberry Pi 400 is a white keyboard, with all the sockets on the back of it. It 
features the following:

 » 4GB of memory.

 » Three external USB ports (one USB 2 port and two higher-speed USB 3 ports). 
This is fewer than the four ports you get on a Raspberry Pi 4. The fourth port 
is used to connect the keyboard inside the case.

 » Built-in Wi-Fi and Bluetooth and a Gigabit Ethernet port for a wired Internet or 
network connection.

FIGURE 1-3: 
The Raspberry Pi 

400 hides the 
computer inside 

the keyboard.
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 » 40 GPIO pins, but these are on the back of the case, not on the top surface. 
You’ll need to use an extension cable or board to use the pins easily and to 
use add-on boards (see Chapter 21). Although add-on boards can be con-
nected directly, few will work well because their top surface will face away 
from you.

 » Support for two monitors at resolutions of up to 4K.

 » No compatibility with the Raspberry Pi Camera Module. You can use a USB 
camera, as you can on any Raspberry Pi computer.

There is no audio out socket, so you’ll need to pass audio through your monitor.

The Raspberry Pi 400 costs $70. The Raspberry Pi 400 Personal Computer Kit adds 
the accessories you’ll need, except for the monitor. The Raspberry Pi 400 is a fan-
tastic value, but it’s more expensive than the bare board. We recommend the 
Raspberry Pi 400 if your budget will bear it and you plan to use the Raspberry Pi 
as a desktop computer. For electronics projects, we find the bare board easier 
to use.

The official Raspberry Pi keyboard and the Raspberry Pi 400 look the same. If you 
have both on your desk, put a sticker on one of them; otherwise, you’ll waste time 
trying to use the wrong one!

Raspberry Pi 3 Model A+
The Model A+ is a cut-down bare-board Raspberry Pi. It’s useful for projects that 
need lower power consumption — typically battery-based projects. It is suitable 
for robots and projects in remote locations, where a wired electricity supply isn’t 
viable and batteries must be used instead.

It features the following:

 » 512MB of memory

 » One USB 2 port

 » Built-in Wi-Fi and Bluetooth

 » A headphones-style audio-out socket

 » 40 GPIO pins

 » Compatibility with the Raspberry Pi Camera Module


