Electronics
Projects

FOR

DUMMIES

by Earl Boysen and Nancy Muir

WILEY

Wiley Publishing, Inc.






File Attachment
C1.jpg





Electronics
Projects

FOR

DUMMIES







Electronics
Projects

FOR

DUMMIES

by Earl Boysen and Nancy Muir

WILEY

Wiley Publishing, Inc.



Electronics Projects For Dummies®

Published by

Wiley Publishing, Inc.
111 River Street
Hoboken, NJ 07030-5774

www.wiley.com

Copyright © 2006 by Wiley Publishing, Inc., Indianapolis, Indiana
Published by Wiley Publishing, Inc., Indianapolis, Indiana
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 permit-
ted under Sections 107 or 108 of the 1976 United States Copyright Act, without either the prior written
permission of the Publisher, or authorization through payment of the appropriate per-copy fee to the
Copyright Clearance Center, 222 Rosewood Drive, Danvers, MA 01923, (978) 750-8400, fax (978) 646-8600.
Requests to the Publisher for permission should be addressed to the Legal Department, Wiley Publishing,
Inc., 10475 Crosspoint Blvd., Indianapolis, IN 46256, (317) 572-3447, fax (317) 572-4355, or online at
http://www.wiley.com/go/permissions.

Trademarks: Wiley, the Wiley Publishing logo, For Dummies, the Dummies Man logo, A Reference for the
Rest of Us!, The Dummies Way, Dummies Daily, The Fun and Easy Way, Dummies.com, and related trade
dress are trademarks or registered trademarks of John Wiley & Sons, Inc. and/or its affiliates in the United
States and other countries, and may not be used without written permission. All other trademarks are the
property of their respective owners. Wiley Publishing, 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 REP-
RESENTATIONS OR WARRANTIES WITH RESPECT TO THE ACCURACY OR COMPLETENESS OF THE CON-
TENTS OF THIS WORK AND SPECIFICALLY DISCLAIM ALL WARRANTIES, INCLUDING WITHOUT
LIMITATION WARRANTIES OF FITNESS FOR A PARTICULAR PURPOSE. NO WARRANTY MAY BE CRE-
ATED OR EXTENDED BY SALES OR PROMOTIONAL MATERIALS. THE ADVICE AND STRATEGIES CON-
TAINED 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 FUR-
THER INFORMATION DOES NOT MEAN THAT THE AUTHOR OR THE PUBLISHER ENDORSES THE INFOR-
MATION 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 800-762-2974, outside the U.S. at 317-572-3993, or fax 317-572-4002.

For technical support, please visit www.wiley.com/techsupport.

Wiley also publishes its books in a variety of electronic formats. Some content that appears in print may
not be available in electronic books.

Library of Congress Control Number: 2006926111
ISBN-13: 978-0-470-00968-0

ISBN-10: 0-470-00968-3

Manufactured in the United States of America
109 87654321

1B/RT/QX/QW/IN

WILEY


www.wiley.com

About the Authors

Earl Boysen is an engineer who after 20 years in the computer chip industry,
decided to slow down and move to a quiet town in Washington state. Earl is
the co-author of Electronics For Dummies and Nanotechnology For Dummies.
He lives with his wife, Nancy, in a house he built himself and finds himself as
busy as ever with teaching, writing, house building, and acting. Visit Earl at
his Web site to get reviews and information about the latest components and
techniques for building projects: www.buildinggadgets.com.

Nancy Muir is the author of over 50 books on topics ranging from desktop
computer applications to distance learning and electronics. She has a certifi-
cate in distance learning design and has taught technical writing at the uni-
versity level. Prior to her freelance writing career, she held management
positions in the publishing and software industries. She lives with her hus-
band Earl and their benevolent owners — their dog and cat. Nancy’s com-
pany, The Publishing Studio, has its Web site at www.pubstudio.com.






Dedication

Nancy and Earl dedicate this book to their uncle, Ted Stier, with thanks for
being such a great guy and giving Nancy away with such style and grace!

Authors’ Acknowledgments

The authors wish to thank Katie Feltman for continuing to hire them to work
on interesting book projects and to Chris Morris for managing the editing
process and the authors so successfully. Thanks also to technical editor Kirk
Kleinschmidt and copy editor Teresa Artman for making sure that what we
wrote ended up being accurate and grammatically correct.

We also received help during this project from the following people, and they
have our sincere gratitude: Bruce Reynolds of Reynolds Electronics (www.
renton.com); the helpful folks at Magnevation (www.magnevation. com);
and the following helpful members of our local ham radio club: Clint Hurd,
Andy Andersen, Jack West and Owen Mulkey; and Gordon McComb of Budget
Robotics (www.budgetrobotics.com).



Publisher’s Acknowledgments

We’re proud of this book; please send us your comments through our online registration form

located at www.dummies.com/register/.

Some of the people who helped bring this book to market include the following:

Acquisitions, Editorial, and
Media Development

Project Editor: Christopher Morris
Acquisitions Editor: Katie Feltman
Senior Copy Editor: Teresa Artman
Technical Editor: Kirk Kleinschmidt
Editorial Manager: Kevin Kirschner

Media Development Specialists: Angela Denny,
Kate Jenkins, Steven Kudirka, Kit Malone

Media Development Manager:
Laura VanWinkle

Editorial Assistant: Amanda Foxworth
Sr. Editorial Assistant: Cherie Case

Cartoons: Rich Tennant
(www . the5thwave. com)

Composition Services
Project Coordinator: Patrick Redmond

Layout and Graphics: Claudia Bell, Carl Byers,
Joyce Haughey, Barbara Moore,
Barry Offringa, Alicia South

Proofreaders: Leeann Harney, Joe Niesen,
Christy Pingleton

Indexer: Techbooks

Special Help: Virginia Sanders

Publishing and Editorial for Technology Dummies

Richard Swadley, Vice President and Executive Group Publisher

Andy Cummings, Vice President and Publisher

Mary Bednarek, Executive Acquisitions Director

Mary C. Corder, Editorial Director

Publishing for Consumer Dummies

Diane Graves Steele, Vice President and Publisher

Joyce Pepple, Acquisitions Director

Composition Services

Gerry Fahey, Vice President of Production Services

Debbie Stailey, Director of Composition Services


www.dummies.com

Contents at a Glance

JNEPOAUCTION ....eeeeeeeeeeeeeeeaeeeeeeennaaeeeeennasseeesnnnsaeeennnnsaees ]

Part I: Project Prep............ccceeecceeeaceeeaseeeessencseecssseneasesd

Chapter 1: Exploring the World of Electronics Projects........c..ccccecevenenenenicnneneennne. 7
Chapter 2: Safety FirSt.......oooiiiieececeeeeee ettt r e ae e 17
Chapter 3: Assembling Your Electronics Arsenal.........c.cccocevivriinnenciennenieneeneeneenne. 31
Chapter 4: Running Down the Skills You Need .........ccccoocvevieiiininniecienieeieeeeceeeee, 59
Part 11: Sounding Off! .......eoecoeeeiceecceeieeiieecieecseecseeees 85
Chapter 5: Making Light Dance to the MusSiC........cccoceviiiiiieniiinieceeeeeeeee 87
Chapter 6: Focusing Sound with a Parabolic Microphone...........cccccccccvevvenienieennnn, 115
Chapter 7: Murmuring Merlin .........ccocoviiiiiniiiiiiiiiiieeteecseeeeee ettt esae e ens 139
Chapter 8: Surfing the AITWaVES.........cccveviieiieiiiiiecesteeeeee et ens 165
Part I11: Let There Be Light ..............cccceueecereeeiceeeeenee 185
Chapter 9: Scary PUMPKINS .....cc.coiiiiiiiiiiiieeeeeeee e 187
Chapter 10: Dancing DOIPhINS .........ccviiiiiiieiiiciiceecteeeee et e e eveens 215
Chapter 11: Controlling a Go-Kart Infrared Style..........ccccoovvvviriiinieniiniiniinieieniens 239
Part 1U: Good Vibrations...............cccoeeeereecaeecaceeeiecea 279
Chapter 12: A Handy-Dandy Metal Detector ..........ccoecvevieiieniieiieniienienieceeseeieeiens 281
Chapter 13: Sensitive Sam Walks the Line.........ccccocovirininininniieeececeeeeene 301
Chapter 14: CoOUCh Pet-atO........cccueeieiiiiiieiiceceee ettt 343
Part U: The Part of Tens ..........ceuueeeeeeeeeeeeeecccecceaaaaaaaaa 301
Chapter 15: Ten Great Parts SUPPIETS .......cooecvieiieiieieeieceeecteeee e 363
Chapter 16: Ten Great Electronics RESOUYCES ..........cccvevveiiieriieiieniieeienieceeseeieeiens 369
Chapter 17: Ten Specialized Electronics Resources ...........coccocecevienenenencnncenieene 375

GlOSSALY.........ceeeeeeeeeeeeeeeeeeennnnnnnnnnnnnnnnnnnnaaaaacacaceeeeeeee IS |

TNAK «caeaeeeaaaaaaaeenneeeacecanceeeeeeecacecaaceeeeeees 39 ]






Table of Contents

JOEPOAUCTTION «..aaeeeeaeeeeeeeeeeeeeennaaeeeeennasaeeesnnnseeeesnnnseeeeens ]

Why Buy This BOOK?.......cociiiiiieeeeeeee ettt 1
Foolish ASSUMPLIONS .......coiiiiiiiiiiiieceeeeeeeeee e 1
Safety, Safety, Safety!......cccoieieiiiieee e 2
How This BOok Is Organized............ccocceeviiriieiienienieniieneesieeieeie e seeseeenieens 2
Part [: Project Prep ...ttt 2
Part II: Sounding Off! ..........cooeriiiiiiniiiieceeeetee e 3
Part III: Let There Be Light ........c.coooiiiiiie e 3
Part IV: Good VIbrations............ccceeieiiiecieecieeiecieceeeeeeee e 3
Part V: The Part of Tens.......c.ccceeeerienienieeieciececeeeeeee e 3
[cons Used in This BOOK.......cccccuevieriiiiiniiiiiieieetct ettt seeesveens 3

Part 1: Project Prep ............ccccoeececeeciceeciecciecsscseessneesesd

Chapter 1: Exploring the World of Electronics Projects ............ 1
What Is an Electronics Project, ADyway?.........cccceeeeeierieneneneneeeeeeneeens 7
Electronics, mechanics, robotics: Huh? .........ccoovvviviiiiiiiiiiiiieeeens 8
Programmable versus nonprogrammable...............ccocciriiiinniinnninnnne. 8
Mixing and Matching Effects..........occoveviiiiinniiniiiniinieeececeeene 9
What Can You Do with Electronics Projects? .........ccocevivvenviniennencienienne 10
Just for the fun of it.......ccooceeiiriiiniiie 10
Building things you can actually use.........cccceveviineininiinneniicneenne 12
Picking up lots of cool stuff along the way ........ccccceceevveiievieeciennnnns 12
What You Need to Get Started.........ccoeveevreevieenienieniesiereeceeieee e 13
How much Will it COSt?...ccuiviiiiiiiiieieiecieceeceeeeeee e 13
Space . .. the final frontier ...........ccccceeeiiiiiieriicece e, 14
Chapter2:Safety First ...t 17
Avoiding Shocks Like the Plague...........ccccovivviiniiiniiniiniiiciceeiecieeeee 17
How voltage and current can get yoU.......ccccceeevieecieeeciieecieeeieeen, 18

How much is t00 mUCh? ......ccocoviiiiiiieeeeeeeeee e 18
Common sense: Protecting yourself from getting shocked............ 20
Protecting Electronic Components from Dreaded Static Discharge........ 21
What static discharge can do ........cccoeeeveeviiiiiiniiiniiinieeeeeeeeeee 21

How to guard against ESD ........cccccooiiviiiiiniiniiinieicececeeeeeeseee 22
Working with the Tools of the Trade............cccceeeiiiciiiniiieieeeeeeee e, 23
Safe SOIAETING....cc.coiruieiieieieeee et 24

Running with sharp objects: Cutting, sawing, and drilling ............. 25



xi i Electronics Projects For Dummies

A Safe Workspace Is a Happy Workspace ........ccccocevieniineniiniennienieneene 26
Dressing for Safety........oovvererinirieeeee e 26
Clean up your StUffl.........cccoeoveeiiiienieeeeeeee e 29
Keeping kids and pets out of your space.........ccceceeeeevieeciercrercvennnns 29

Chapter 3: Assembling Your Electronics Arsenal ................. 31

TOOI THIMIE ...ttt ettt et e s e st e beesbeesteesbesasessaesaenees 31
Soldering prerequUiSIites......c.ccouiiriiiirieriienieneereeseee e 32
Drills that come in handy .........ccocovieviininiiniiinieccceeeee 33
Hacking away with Saws........ccccoociiviiiiininiinececeee 34
Garden variety tools: Pliers, screwdrivers,

wire strippers, and MOYE ..........cceeveeieecieerieenieeieeie et eeesee e esee s 35

IMUIIMETET ...ttt ettt e sbe et e s te e e e saeessaeneas 37

Components PrMET .........ccoeciiriiniinieeeiecieeest ettt 38
Running down discrete components: Resistors,

capacitors, and transisStors ........ccccccecceeeciieeciiecceeeeeee e, 39
LCS ettt ettt ettt ae b ne e neen 42
The SWItCh IS ON ..cueeiieiiciicieceeeeeeee e 45
SEISOTS ..vvieiieiiriieieeiteecieeteete et e st estee s e e steesesstesstesasesseessesssessessenssens 48
MICTOPRONES ......eeeiiiiieiicieeieetet ettt ettt aesane e 48
Let there be light: Light emitting diodes ...........cccceeevevveverereeenenen. 50
Speaking up about Speakers ............ccoceevueriieniiiniiniinceeeee 50
BUZZET'S ..ottt ettt s 51

The Nuts and Bolts of Building Materials .........c.c.cccocveveeveeviencinnieneenenne, 52
PLASTIC. .. itietieieict ettt et nean 52
WOOM ...ttt sttt b e s beereereens 52
Build it YOUTSEIf ......coveeeieeieieeeeeeeee s 53
Holding it all together .........ccoovieiieieieeeeeee e 53
Holding dOWN WIT€S.........cocveieriiriirieeieeeteie ettt 54

Breadboard BasSiCS ........cccecueeieeiiiiiciicieciecteeeeeeese ettt 54
Wires pull it all together .........ccoovieieieieieeeeceeee e 56
CONNECTOTS ...ttt ettt re e s e s essesaesbesseeseennas 58

Chapter 4: Running Down the Skills YouNeed ................... 59

It’s Symbolic: Reading a Schematic.........cccccovvveviinieninniencieniecieneeeeieee, 59
Perusing a simple schematic ...........coccevvieriieniiiniininnineeieceeee 60
Switching gears with switches.........ccccoviiiiniiniiniine 62
Schematic Variables ..........ccoceririrerieieeeeeee e 63
Pulling it all together........ccoocveeiiiiiiieieeceee e 64

Breadboarding ..........cccoeeeeuieieierieieceee ettt aeas 65
The anatomy of a breadboard ..........c.ccoceeeieviiiniiiniiniiiceceeeeeee 66
Figuring and finessing the layout ...........cccccoevivviiniininnniinienieneee 67
Inserting wires and COMPONENTS .........cccueeieriirieniienerieeeeeeeeeseene 68

Soldering Your Circuit Board..........c.ccocoeeeieienienieniinieceeeeeeeese e 70
Using a soldering iron ........c..ccoceveeiirnirnenienieneereeeeieeeeeeeeesee e 71
Working with SOIder ..........ccooeeiieiiniiieiceceeeeeeee e 72

SOIAErING EXIIAS ...ccvecveevieeieieieieete ettt et e e sesaesaesbesseeseeneas 75



Table of Contents ~ X[[[

Measuring Stuff with a Multimeter...........c.ccooceviiniininniiieeeee, 76
How a multimeter WOTKS ........cccocoverieirieieieeeeeceeeeee e 76
Reading reSiStancCe .........ccccveecveiiiieeiiieiiecteee et 77
MeasUring VOItAZE ......ccceevirierierierieerieeieeieeteeteseeseeesreebeesaeeaessne e 77

Working with the Boxes that Contain Your Projects .........ccccocvevviervennnns 78
Working wWith DOXeS......cccoeviiviiiiiniiiiiceeetecee e 78
Mounting your project in @ BOX.......cccceevuervieniienienieneiienieeieeeeseene 79

Part I1: Sounding Off!............cuuccoeecciveiciccrecicceecsceceee 85

Chapter 5: Making Light Dance to the Music ..................... 87
The Big Picture: Project OVerview........cccocevvievienienieneenieeieeieeeeseeseeeees 87
Scoping Out the Schematic........c.cooeeviriiiriiiniiinieceeeeen 89
Fancy Footwork: Exploring the Dance to the Music Circuit...................... 90
Building Alert: Construction ISSUES...........cccceviivierieninenieeeeeeeee e 92
Perusing the Parts List .......ccccocvevieiiieiieiicececceeeeee e 92
Taking Things Step DY SteP.....cccovierieiieieeececteeee e 94

Building @ CIrCUIt ....cooveviiiiiiiieeietceeeccceee e 94
Let there be lights .......cccooviiiiiiiiiiiee e 101
Adding the rest of the doohickeys .......c.ccoccorviiriiniininninninienee 108
TIYING IE QUL ettt et s ae s 111
TaKing It FUItNET .......couviiiiieeeece e 113

Chapter 6: Focusing Sound with a Parabolic Microphone ........ 115
What a Dish! The Project OVerview..........ccceecveevenieneenieecieeieeieeeeeeenen 115
Scoping Out the SchematicC........ccccoecvievierierieiieeceeeee e 117
Building Alert: Construction ISSUES..........ccccecevviirvieriiencieniienienceseeeeeen 118
Perusing the Parts List .......ccccociivviiiiiniiniiiciceceecceecee e 119
Taking Things Step by Step....coccovviiriiiiierieieteteeeee e 122

Building an amplifier Circuit..........ccceverviniiniinnniieeeeeeeee 123
Mounting everything on the dish.......c.ccccoeoveivienienienieiceciee, 126
Mounting the microphone...........cccocevviiviinieniienieceeeeeeeeee e 138
Mounting switches and more on the boX........cccccccevivviirvienveennnnne. 132
Putting everything together..........cccoceviiiniiiniiniiniieeee 134
TrYING IE QUL ettt 137
Taking It FUItRET ......coooiieeee e 137

Chapter 7: Murmuring Merlin ............. ... ....oiiiiat. 139
The Big Picture: Project OVerview..........ccccoeevivieircienienieneneeeeeeeeeens 139
Scoping Out the SchematicC.........ccocovieiiiiiiiniieeeeeee 141
Building Alert: Construction ISSUES.........cccceeveviievieecieniieeiecieeeeseecieeen 143
Perusing the Parts List ........ccccecivviiiiiniiiniiicicecececeeee e 144
Taking Things Step By Step....ccceeciriiiriiirieieteteeeeee e 147

Creating Merlin’s CIrCuit ........cccceevueevieriiiniinieniineeeceeeeeeeee e 147

Making the box puppet-friendly ...........ccceevieeniiieiiiieeeeeee, 152



xi ¢/  Electronics Projects For Dummies

Programming SOUNAS ..........ccvevriririerieneseseeeete e enenens 159
Hooking up the puppet .......cc.coccceivivrninincccceeceeeceeee 162
TrYING T OUL ..ottt 163
Taking It FUIther ...t 164
Chapter 8: Surfing the Airwaves ..................c.ccovvinnnnnt. 165
The Big Picture: Project OVerview........cccocevvenieneecieniieeieeieeieseeseeeen 165
Scoping Out the Schematic........cccoecveriiircieniiniiecececee s 166
Building Alert: Construction ISSUES.........cccccecevviirvieriieniienienienieeeeeeen 169
Perusing the Parts List .......cccoceviiniiniiniiicieceteteeeeen 169
Taking Things Step DY STeP....ccocvviririeieeeesee et 172
Building a radio CirCUit ........cceeceevieecieeieciecieceeseee e 172
Making a box into @ radio........cceeeeevieeienienieniereeceeeeeee e 174
Coaxing the COll.....cooiiriiiiiiiiiececeeeeee e 179
Putting it all together .........cocovviiiiriiiniie e 180
TrYING IE QUL sttt 183
Taking It FUItRET ......coooiieeeee e 183

Part l11: Let There Be Light................cccceeeeecueeccnnaeee. 185

Chapter 9: Scary Pumpkins ............... ...t 187
The Big Picture: Project OVerview........cccocvvieniinennieniennienienieseeneeen 187
Scoping out the schematic........ccccecevvieniiiniiniiniieee, 189
Building alert: Construction iSSUES..........ccoecererierierienererieeeeeene 193
Perusing the parts list........cccoceeviieienienieceeseeeee e 194
Taking Things Step DY SteP.....ccieciieciirieeieceeeeeeeee e 197
Making a silent pumpkin .........cccooveeviervieniiiniienieneeeeeeeeeee e 197
Making a talking pumpkin ..........ccccceeveeierereniniieiesenese e 205
TrYING IE QUL ettt 211
Taking It FUItRET ......ccooiiieee e 214
Chapter 10: Dancing Dolphins . ..........................oaet. 215
The Big Picture: Project OVerview..........ccccoeevivieircienienieneneeeeeeeeeens 215
Scoping Out the SchematicC.........ccccovieiiiiiiniieeeeeeee 216
Getting in the swim: Exploring the dolphin circuit......................... 218
Setting up the light ShOW.......cocvvviiriiniiiiee e 219
Building Alert: Construction ISSUES.........cccccocvvviivieriieniieniienienieneeieeen 221
Perusing the Parts List .......ccccoceviiniiniiniiiceecteteceee 221
A circuit with @ POIPOISE....cccuecviiiieieeeeceeeeeee e 221
Making your dolphins boogie .........c.cccceeveeiinieniecieiieeeieee e 222
Taking Things Step DY SteP.....ccieciieciiriieeieceecteeeeeeee e 223
Making the CIrCUit.......ccoceeieiiiniiieieeeeeeeeee e 224
Making dOIPhins ......cc.ccooiiriiiiiiiiieieeeceec e 229
TrYING IE QUL ettt 237

Taking It FUItRET ......ccooiiieeee e 238



Table of Contents

Chapter 11: Controlling a Go-Kart, Infrared Style ................ 239
The Big Picture: Project OVerview........ccccocevvenieneenieecieeiesieeieseeseeeeen 239
Scoping Out the Schematic........cccovcverviinieniiriececee e 241

Transmitting at the speed of light .........ccoecvnviiniiiiininiinie 241
Receiving what the transmitter sends.........c.ccccceeeevveeciiiecieecennenn. 242
Controlling motor behavior ...........coccooeviiirininneieeee e 243
Building Alert: Construction ISSUES..........cccceceeviievieecieeiieeiecie e 245
Perusing the Parts LiSt .........ccocceviiiieiieeieieeceseeeeeeeeeetese et 245
Go-kart transmitter parts list........ccccoecevvienieniiinenneeeeeeeeeeeeee 246
Go-kart receiver/chassis parts list ........ccccceeeveeeciieecieccieeciecee e, 247
Taking Things Step DY SteP....cccicciiiciieieeieeeceeeeeee e 249
Making the transSmitter..........cccoverveniininenieeeeeeeeeee e 249
Making the receiver circuit board..........ccccceevveeievieiienieieeieee, 260
Building the go-Kart.........cccocveviiiiniiiniicecececeeeeeee e 268
TIYING IE QUL st s 276
Taking It FUIther.......oocioiiiiiiiittte et 277

Part JU: Good Uibrations ................ccccceeeeeeeeeeeeeeeeeeeeess 279

Chapter 12: A Handy-Dandy Metal Detector ..................... 281
The Big Picture: Project OVerview........cccocevvenieneenieecieeiesieeieseeseeeen 281
Scoping Out the Schematic........cccoecveviieniiinciinieiece e 282
Building Alert: Construction ISSUES.........ccccceceeviiivieniieniienienienieeeeeen 284
Perusing the Parts List ........cccoeeiiiiiieieeeeeee e 284
Taking Things Step DY STeP.....ccoeviririeeeeee et 286

Building a metal detector circuit..........cccceevveeveeneeneesiieieeiecieee 286
Building the box to house the circuit ..........ccccoecvevieiinnincieniene, 291
Putting it all together .........ocvvvivviirciiniiee e 293
Handling the handle...........coccooviiiiniiniiieeee e 294
TIYING IE OUt.cneiieieieeeeeeeeeeee ettt s ta e enean 299
Taking It FUIther.......ooooiiiiii e 300

Chapter 13: Sensitive Sam Walks the Line ...................... 301
The Big Picture: Project OVerview..........ccccooevivieincienienienereeeeeeeeeens 301
Scoping Out the Schematic.........cccoecveevieeienieieeecece e 303

Transmitting Sam’s commands ........c.cccecveeverveeneeneenieenieesieeeeeeeenes 303
Helping Sam receive his commands ...........cceceverriernierniervienciennenne 305
Building Alert: Construction ISSUES.........cccccecivviiiviencieniienienieniesceeeen 309
Perusing the Parts LiSt ........cccoooiiiiiiieieeeceee e 309
Tallying up transmitter bits and pieces..........ccccceverververvienecnecnne. 309
Running down receiver and container parts .........cccecceeevieercueennnenn. 311
Taking Things Step DY SteP.....ccivciieciiriiirieeeeeeeeee e 313
Making the transmitter circuit and remote control box................ 313
Making the receiver CirCuit .......ccceceevieriiiniieniiiniiiceeeceeeeeee 321

Building Sensitive Sam’s chassis ........ccccceeverieveeniecieceeeeeee e 332

xv



X(/i Electronics Projects For Dummies

TrYING IE QUL st 340
Taking It FUItRET ......ccooiiieee e 341
Chapter 14: CouchPet-ato .................ccoiiiiiiiiiinn.t. 343
The Big Picture: Project OVerview...........cccooevevieirceenienieneneeeeeeeeeens 344
Scoping Out the SchematicC.........ccocovieiiiiiiiniieeeeeee 344
Building Alert: Construction ISSUES.........cccceeveviievieecieniieeiecieeeeseecieeen 346
Perusing the Parts List .......cccccecveiiiiiiniiiniiiciceccceceeesesee e 346
Taking Things Step By Step....ccccevciriiriiirieieeetceeeee e 348
TrYING It OUL .ottt 359
Taking It FUItRET ......coooieieee e 360

Part U: The Part of Tens .........cccccceeeeeeeeeeeeeeeeccccaaeaaaaa 301

Chapter 15: Ten Great Parts Suppliers .......................... 363
When Is a Supplier Right for You?.......c.cocoevvieriiiniiiniiniiiienieneeeeeen 363
Reynolds EleCtroniCs ..........cooevviiriiriinienieccitcieceeeeee et 364
HobbyY ENGINEering..........cocvecierieiieriirieieieieieeesceeetete et 365
JAIMECO ..ttt e et e et s eenareeans 365
DIZI-KEY ...ttt ettt ettt r e bbb besreereessenaennans 365
MoUSEY EIECIIONICS .....eeviiiieiieiieiecieetestese ettt ettt st sbe s sae e s 366
RadIOSRACK.......coiiiiiiei s 366
Fry’s EIECETONICS ...c.veiiiiiiiiiiiieieeeeeeeteeet ettt 366
Electronic GOIAMINE .........cccociiriiiieriieeecee ettt 367
FUTTUTIEC ...ttt et et e e s ae s 367
1Y 2 0) 0 o U USRS 367

Chapter 16: Ten Great Electronics Resources ................... 369
Electronics Magazines .........ccuecuiecieeiieiieeienienteseesieesreeteeseeesessesseesseesanes 369

Nuts & Volts magazine ...........coccevvveevieriieniiinienieneeeeeeeeeeee e 370
Everyday Practical Electronics magazine..........cccccocevviervieneennnnne. 370
Silicon Chip Magazine........c.cccoceevieriieniiiniienieteeeeeeee e 370
Jumpstart Your Project Creativity with Circuits..........cccccoveevvecveeeecnnennen. 371
ElectronicCs Lab ......ccccoieeiioiieiieieceeecte ettt 371
Circuits for the HODDYiSt .....c.cociiiiieiiniiniicieceeeeeeeeeeeeee e 371
DiSCOVEY CIFCUILS ....eovuiiiiiiieieeieciecteetese ettt 371
Bowden’s HObDY CirCUits .......occeevvervieriieniinienieieeeeiesieeiesee e 372
FC’s Electronic CirCuits..........cocceevervieniienienienieneeeeieeieeieeeesee e 372
Web Sites That Teach You the ROPES ........ccceeveviiiieieecicceeececeeee 372
Electronics Teacher Web site..........ccoccvvvviiiiiieniiiniiecieeeeeeeeeen, 373
The Electronics Club Web Site........ccccccovvieiencieniecieieeecieeieee 373
Electronics Tutorials Web Site........c.ccccovviiriiiniiiniiiieiinieciceieee, 373
All About Circuits discussion forum........c.ccceceveveverviennernienceeneenne 373

Writing the Book on Electronics .......c...coccevveriiniiniinennenienieeieeeeeeen 374



Table of Contents X(/ii

Chapter 17: Ten Specialized Electronics Resources ............. 375
RAIO ...ttt ettt st b b b e besbeereesneaenaans 375
[an Purdie’s electronics tutorial radio design pages...................... 376

QRP QUATter]y.....coooieriiiiiiieiieeeeeeeeste et 376
Australian Radio Resource Page ...........cccooveeviiiieciiiiieieeee, 376
QRP/SWL HomeBUIldEr ..........cceecvieieeiiciecieceeeeeeeeeeee e 376
TKBOIL ..ttt ettt sttt ettt se s 377
AUdio and MUSIC....c..eevuieiieiieieeieeeeeest ettt st sae e steebeeaesne e eseees 377
The Guitar Effects Oriented (GEO) Web Page............cccevvenvennnne. 377
Bob’s Vacuum Tube Audio Projects Page........cccccceevenvvnienciennnnne. 378
EffECtIONICS ..ooueeviiiiiiiietceeeee et e 378

| 200] 070 6 Uox- SO 378
The BEAM Reference Library........c.cccoccevcvenienienieciecieeieeieceeeeee 378
RODOt MAGAZINE ......oooeieiiiieiieiececece e 379

GlOSSAPY. .c....eeaaaaaaaaaaaaaaaaaaaaannnnnnnnneaeeeeeeeeeeesaaasacaaaaaaas 3O |

JRACK «...eenennnneeeeeeeeeeeeeeeeeeeeeaasaaaaaaaaaaaaaasanannnnneeee 39T



X(/[” Electronics Projects For Dummies




Introduction

If you’ve caught the electronics bug, you're ready to try all kinds of pro-
jects that will help you develop your skills while creating weird and won-
derful gadgets. That’s what this book is about: providing projects that are fun
and interesting as well as helping you find out about all kinds of electronic
circuits and components.

Electronics Projects For Dummies is a great way to break into electronics or
expand your electronics horizons. Here, we provide projects that allow you
to dabble in using sound chips, motion detectors, light effects, and more. And
all the projects are low voltage, so if you follow our safety advice, no elec-
tronics folks will be hurt in the process.

Why Buy This Book?

Electronics projects not only help you build useful and fun gadgets, but you
pick up a lot of knowledge along the way about how various electronic parts
work, how to read a circuit diagram, and how to use tools such as soldering
irons and multimeters. So by using this book, you have fun and get some
knowledge at the same time.

This book provides you with just what you need to get going in the fun world
of electronics. It offers projects that you can build in a reasonable amount of
time — and in most cases, for under $100 each (some well under!).

Foolish Assumptions

A\\J

This book assumes that you have an interest in electronics and that you've
probably explored the world of electricity and electronics a bit. You've proba-
bly scanned a few electronics circuit Web sites and maybe a magazine or two
and have picked up some of the jargon. Other than that, you don’t need any-
thing but a minimal budget to buy parts and tools, a small space in your
house or apartment that you can set aside for a workbench, and a little time.

If you feel like you want more information about terms and concepts in elec-
tronics to help you out, we recommend Electronics For Dummies, by Gordon
McComb and Earl Boysen (Wiley).
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You don’t need to be an electrical engineer or have worked on electronic pro-
jects in the past. We provide some initial chapters that help you stock up on
essential parts and tools, understand what each one does, set yourself up for
safety, and master a few simple skills. Then you're all set to tackle any one of
the projects in this book.

Safety, Safety, Safety!

A NG
&

We can’t say this enough: Electronics, especially lower-voltage projects like
the ones in this book, can be a painless pastime but only if you follow some
basic safety procedures from the get-go.

Even low voltages can harm you, soldering irons can burn you, and small
pieces of plastic or wire that you snip could fly into your face.

We recommend that everybody — even those with electronics experience —
read the chapter on safety (Chapter 2). And because we can’t cover every
potential danger in a single chapter, be sure to read each manufacturer’s
warnings about how to use parts, power sources, and tools. Finally, use
common sense when working on projects. If in doubt whether a safety pre-
caution is necessary, just do it. Better safe than sorry is one of our mantras.

How This Book Is Organized

Electronics Projects For Dummies is organized into several parts, starting off
with some general information about safety and stocking your electronics
workshop. Then we offer several parts with different types of projects, and
finally conclude with the Part of Tens chapters with additional resources you
might want to explore. This book also has a spiffy full-color photo spread of
some of the circuits and finished products of several of the projects.

Here’s the rundown of how this book is organized.

Part I: Project Prep

If you're new to electronics, read through this part first. Even if you're sea-
soned, humor us and read Chapter 2 about safety. Then use Chapters 3 and 4
to gather the parts and tools you’ll need and also bone up on some essential
electronics skills, such as soldering and reading schematics.
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Part I1: Sounding Off!

This part contains the first set of projects, all involving sound in some fash-
ion. Here you work on projects to make lights dance to music, create a para-
bolic microphone to pick up sounds at a distance, make a wizard that talks
when you push his buttons, and create your own AM radio.

Part I11: Let There Be Light

Electricity can produce light (as Thomas Edison could have told you), so
here we show you how to work with light in a variety of ways. These projects
use light to amuse or even make gadgets run. In this part, you light up a
pumpkin by using a motion detector, create a light display that will make
your next party rock, and build a go-kart that you direct by using an infrared
remote control device.

Part V- Good Vibrations

Some electronic gadgets do their thing when they sense vibrations. All the
projects in this part depend on vibrations, including electrical, mechanical,
or radio waves. Work through these projects to create a metal detector, a
radio controlled vehicle that senses light and runs around a track, and a
device that sits on your couch and raises a ruckus if your pet jumps on the
cushion.

Part U: The Part of Tens

The chapters in this part provide the ever-popular For Dummies top-ten lists.
Use the recommendations here to explore some interesting suppliers of elec-
tronic parts and tools; get information or swap ideas about general electron-
ics topics online or in print; or look into resources for more specialized
interests, such as audio effects and robotics.

Icons Used in This Book

We live in a visual world, so this book uses little icons to point out useful
information of various types.
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The Tip icon points you to information that is interesting and can save you
time or headaches. These icons generally add a bit of spice to your electronic
project education.

Oops. If you don’t heed these little icons, you might regret it. Warnings alert
you to potential danger or problems that you want to avoid.

Remember icons remind you of an important idea or fact that you should
keep in mind as you explore electronics. They might even point you to
another chapter for more in-depth information about a topic.

If you're gonna build an electronics project, you’re gonna spend some money.
To save you time and help you keep your costs down, we give you shopping
tips wherever you see this icon.
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Project Prep

The Sth Wave By Rich Tennant
O RIG TENNANT

“So T guess you forgot to tell me to strip out the
components before drilling for blowholes.”




In this part . . .

Before you can jump in and tackle projects, you might
want to brush up on (or discover for the first time)
the basics. Chapter 1 answers such urgent questions as
“What is an electronics project, anyway?,” and Chapter 2
provides our best advice about safety procedures that
keep you intact while you play with gadgets. Chapter 3
runs down the parts and equipment you work with in a
typical project, and Chapter 4 reviews some basic skills
that you need to build all kinds of electronic toys.




Chapter 1

Exploring the World of
Electronics Projects

In This Chapter
Understanding exactly what an electronics project is
Exploring the effects you can achieve
Considering what’s in it for you

Determining what you need to invest to get started

ou probably picked up this book because you love tinkering with gad-

gets, from that train set you got as a kid to the motion-activated dancing
monsters on display in the store aisles at Halloween. Not only are you
intrigued by them, but you wonder whether you can build something like
them yourself. Now that you own this book, yes, you can!

In this chapter, we take a look at exactly what getting into building electron-
ics projects involves, the kinds of great gadgets you can build yourself, what
you’ll get from spending your time with electronics, and what you need to
commit to take the plunge.

What Is an Electronics Project, Anyway?

Obviously, an electronics project involves electronics, meaning that you use
electricity to make something happen. However, overlaps exist among elec-
tronics, mechanics, and even programmable devices such as robots. Here’s
what we mean when we say electronics projects.



8

Part I: Project Prep

Electronics, mechanics, robotics: Huh?

Do you dream of building elaborate Erector Set-types of mechanical
structures — perhaps a model of the Golden Gate Bridge with pulleys and
levers moving objects around? Is your goal to create a robot butler with a
programmed brain that enables it to serve your every whim? Well, those
aren’t exactly what we categorize as electronics projects.

Certainly, electronics projects are often combined with mechanical struc-
tures that use motors, and a robot has electronic components driven by
microcontrollers and computer programs. In this book, though, we focus on
projects that use simple electronics components to form a circuit that directs
voltage to produce effects such as motion, sound, or light. By keeping to this
simple approach, you can pick up all the basic skills and discover all the
common components and tools that you need to work on a wide variety of
projects for years to come. For these projects, you don’t have to become a
mechanical or programming whiz.

An electronic circuit might run a motor, light an LED display, or set off sounds
through a speaker. It uses various components to regulate the voltage, such
as capacitors and resistors. A circuit can also use integrated circuits (ICs),
which are teeny, tiny circuits that provide a portion of your circuit in a very
compact way. This saves you time micromanaging pieces of the project
because somebody else has already done that job for you, such as building a
timer chip that sets off a light intermittently.

Programmable versus nonprogrammable

ICs are preprogrammed or programmable. And that brings us to our next
distinction.

Although we do use ICs in many of our projects — for example, in the form of a
sound chip that’s preprogrammed with beeps and music — for the most part,
we keep away from programmable electronics. In order to work with program-
mable electronics, you have to get your hands dirty with programming code
and microcontrollers, and that’s not what we’re about here. Instead, we focus
on building electronics gadgets that teach you about how electricity works and
get your mind stirring with ideas about what you can do by using electronics,
rather than computers.

Don’t get us wrong: Microcontroller projects can be a lot of fun. After you get
your hands dirty and pick up lots of basic skills doing the projects in this
book, you might just go out and buy Microcontroller Projects For Dummies (if
such a book existed).
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Battery-powered versus 120 volts+

One other thing that we made a conscious
decision about when writing this book was that
we didn't want you tinkering with high-voltage
projects. Electricity can be dangerous! Keeping
to about 6 volts keeps you reasonably safe
whereas working with something that uses 120
volts — like the juice that comes out of your
wall socket — can kill you. While you're dis-
covering the basics of electronics, our advice
is that it's better to be safe than sorry.

When you get more comfortable and more
knowledgeable about tools and skills and safety
measures (which we put a lot of emphasis on,
especially in Chapter 2), you might explore
higher-voltage projects such as high-powered
audio or ham radio projects. In this book, we
show you how to work with low-voltage batter-
ies and still have fun in the process.

Mixing and Matching Effects

The possibilities of what electronics projects can do are probably endless; on
a basic level, the projects in this book use electricity to do a variety of things,
from running a small cart around the room to setting off a sequence of lights
or sounds.

Generally, most electronics projects consist of four types of elements:

v Input: This sets off the effect, such as a remote control device or a
switch that you push. An event and a sensor, such as a motion or light
detector, can also be used to activate an effect.

1 Power source: We typically use batteries in these projects.

v Circuit: Components that control the voltage — such as transistors,
capacitors, amplifiers, and resistors — are connected to each other and
to the power source by wires and make up the circuit.

v Output: This is what is powered by the circuit to produce an effect, such
as speaker emitting sound, LED lights going off, or a motor that sets
attached wheels spinning.
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What Can Vou Do with
Electronics Projects?
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You get to explore a number of variations in the projects in this book. And
sure, this stuff sounds like it might be cool, but what’s in it for you?
Electronics projects offer three benefits (at least):

v Fun
v The thrill of making something work all by yourself
v A boatload of useful knowledge

Just for the fun of it

One obvious benefit of tinkering with gadgets is that it’s just plain fun. If
you’re the type who'’s intrigued by how things work and what’s under the
hood, you probably already know this.

In fact, we have lost ourselves for hours figuring out circuits (this is the elec-
tronics equivalent of a jigsaw puzzle, which starts as a drawing, like the one
shown in Figure 1-1), wiring the components, and refining the results. You can
also, quite literally, amaze your friends with the things you build. And if you
go in for electronic gizmos that you can race, scare people with, or use to
entertain crowds at parties, you can share the fun with others.

Don’t forget the social aspect: Electronics projects devotees comprise a
friendly bunch of folks who like to help each other. You can get into discus-
sion groups online or join a local electronics club and find both interesting
ideas and friendships at the same time. Chapter 16 provides ten great Web
sites about electronics where you'll find such online groups.



