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12 Store Buying Power!

IC-7800 All Mode Transceiver

IG-756PROII All Mode Transceiver

IC-746PRO All Mode Transceiver

* 160-6M @ 200W

* 32 bit IF DSP+ 24 bit AD/DA converter
e 7” color TFT w/spectrum scope

* Selectable IF filter shapes for SSB & CW
* Twin Receivers

* SSB/CW Synchronous tuning

* Multiple DSP controlled AGC loops

* Advanced CW functions

» Separate RX only antenna jack

* 101 alphanumeric memories

e Transverter I/0 port

e Live band scope

* Digital & analog meter

e Dual receive

* Digital voice recorder

* 160-6M* @ 100W

* 32 bit IF DSP+ 24 bit AD/DA converter
e Enhanced 5” color TFT w/spectrum scope
* Selectable IF filter shapes for SSB & CW
* Enhanced Rx performance

» SSB/CW Synchronous tuning

* Multiple DSP controlled AGC loops

* Advanced CW functions

» Separate RX only antenna jack

* 101 alphanumeric memories

e Transverter I/0 port

e Live band scope

* Digital & analog meter

* Dual receive

* Digital voice recorder

*160-2M* @ 100W

32 bit IF-DSP+ 24 bit AD/DA converter
* Selectable IF filter shapes for SSB & CW
 Improved 3rd order intercept point

* CW memory keyer

 Automatic antenna tuner

* Auto & manual notch

« Digital twin passband tuning

e Built-in RTTY demodulator & decoder
* 102 Alphanumeric memories

« Enhanced RX performance

* 9600 Baud packet capable

* RX audio equalizer

* SWR analyzer

* Sweeping scope

IC-71 8 HF Transceiver

*160-10M* @ 100W
12V Operation

* Band stacking register
* CW Keyer Built-in

* One Touch Band Switching
* Direct frequency input
* Optional DSP

« \/OX Built-in

* |F shift

* Preamp & attenuator

* Mic compressor

* Digital S/RF meter

|C-7UBMK"G All Mode Transceiver

¢ 160-10M*/6M/2M/70cm

« HF/6M @ 100W, 2M @ 50W, 70cm @ 20W
107 Alphanumeric memories

» CTCSS encode/decode w/tone scan

* AM, FM, WFM, SSB, CW, RTTY w/DSP

o Auto repeater

* Plug-n-play filters

* Backlit function keys

* Built-in keyer

« |F shift

* Tone squelch

* Remotable head (optional RMK-706 required)

IC-703 Hr QRP Transceiver

* HF & HF/6M Versions

¢ 10W~0.1W @ 13.5V SSB, CW, RTTY, FM
4W~01W @ 13.5V AM

* Newly designed PA unit

* Internal antenna tuner

 Detachable control panel

 DSP with auto notch filter & noise reduction

» Automatic battery save mode

®
*Except 60M. © 2004 Icom America Inc, The Icom logo is a registered trademark of Icom Inc. All specifications subject to change without notice or obligation. 6936.1 I C O M

CALL TOLL FREE e

Phone Hours:  Store Hours: ountai
930 AM—  10:00 AM - 5:30 PM
Closed Sun.

5:30 PM

Toll free, incl. Hawaii, Alaska, Canada; call routed o Northeast

nearest store; all HRO 800-lines can assist you, if
the first line you call is busy, you may call another.

Southeast
Mid=Atlantic...800-444-4799

New: England..800-444-0047

800-854-6046
.800-444-9476
800-444-7927

800-644-4476

Look for the
HRO Home Page
on the
World Wide Web

http://www:hamradio.com




2006

The ARRL
Handbook

For Radio Communications

Editor
R. Dean Straw, N6BV

Contributing Editors
Steven R. Ford, WB8IMY
Charles L. Hutchinson, K8CH
Rick Lindquist, N1RL
Larry D. Wolfgang, WR1B

Editorial Assistants
Helen W. Dalton, KB1HLF
Maty Weinberg, KB1EIB

Technical Consultants
Michael E. Gruber, W1MG
Edward F. Hare, Jr., W1RFI
Zachary H.J. Lau, W1VT
Michael D. Tracy, KC1SX

Cover Design
Sue Fagan
Bob Inderbitzen, NQ1R

Production
Michelle Bloom, WB1ENT
Michael Daniels
Jodi Morin, KA1JPA
David F. Pingree, NTNAS
Joe Shea

CD-ROM Production
Dan Wolfgang

Proofreader
Kathy Ford

Additional Contributors to the 2006
Edition:
Wayde S. Bartholomew, K3MF
David J. Benson, K1ISWL
Albert C. Buxton, W8NX
L. B. Cebik, W4RNL
John J. Champa, K8OCL
Paul M. Danzer, N1ll
Donald R. Greenbaum, N1DG
John C. Hennessee, N1KB
George L. Heron, N2APB
Howard S. Huntington, K9KM
Sylvia K. Hutchinson, K8SYL
Richard M. Jansson, WD4FAB
Shawn A. Reed, NTHOQ
Douglas T. Smith, KF6DX
Frederick J. Telewski, WA7TZY
James L. Tonne, WB6BLD
Edward E. Wetherhold, W3NQN
Rosalie A. White, K1STO

Cover Info:

Background: The circuit board modified by K1SWL
to prototype his 60-Meter transceiver design. This
new project is found in Chapter 15.

To the left of the Handbook CD-ROM image, the
popular HF receiver project by N1TEV (Ch. 14) is
shown. To the upper left, these new antenna

projects can be found in Ch. 22.

Cover circuit board photography for the 2006
ARRL Handbook by Dan Wolfgang.

Eighty-Third Edition

Published by:

ARRL—the national association
for Amateur Radio

Newington, CT 06111 USA




Copyright © 2005 by
The American Radio Relay League, Inc.

Copyright secured under the Pan-American
Convention

International Copyright secured

This work is Publication No. 6 of the Radio
Amateur’s Library, published by the ARRL.
All rights reserved. No part of this work may
be reproduced in any form except by written
permission of the publisher. All rights of
translation are reserved.

Printed in the USA

Quedan reservados todos los derechos

ISBN: 0-87259-928-0 Softcover
ISBN: 0-87259-929-9 Hardcover

Eighty-Third Edition




Contents

Foreword
Amateur’s Code
Schematic Symbols

Chapter 1 — What is Amateur (Ham) Radio?

Hobby of DIVersities ......cccceveveeviercieenienieenieeieeeeenn 1.2
YOUr LACENSE .veeeevieeiiieeeiieeetee ettt 1.3
US Amateur Bands ......c.ccooceevieniiniininicniceecnecee 1.4
Ham Radio ACtion ......cccceeeeciiieviiiieieeeieeeeee e 1.5
Getting Started .......occeevveeriienieeieeeee e 1.7
Governing Regulations .........ccccecevveneeiencieneenennne. 1.11
RESOUICES ..ottt 1.15
GLOSSATY et 1.16

Chapter 2 — Activities in Amateur Radio

AWATAS .ot 2.1
CONTESLS evveeeiiieeeiieeeiieeeieeeetreeeteeeeteeesaeeesaaeesaaeeenns 2.2
INELS ettt 2.3
Amateur Radio Education.........c.ccceeeevvveecieencieeennnnn. 2.4
Emergency Communications..........ccceeeveeruvercveenunennne. 2.4
Specialized Communications .........ccceeeevveevereenennn 2.6

Chapter 3 — Safety

Antenna and Tower Safety ........cccccceevvveviiencieenieennnnn. 3.1
POWeET LINES ..ccoveiiiiiiiiieiieenieeeeeeeeeeeeeee e 3.2
Electrical Wiring around the Shack.........c.ccccenen.e. 3.3
Lightning/Transient Protection ..........cccceevecvernennen. 3.5
Grounds .......coceeieiiiiniinini e 3.7
Project: An Earth-Continuity Tester ..........cccecuen..e. 3.9
Station POWET ....c..cooviiiiiiiiiiiiiiiicicccccee 3.11
FCC RF-Exposure Regulations ........c..cccceeeveruennnne. 3.12
Safe Homebrewing .........cccevevevviienieenieniieenieeeene, 3.14
RF Radiation and EMF Safety ........ccccoeceevinienenee. 3.15

Other Hazards in the Ham Shack ........cooovvvvvvveeennnnn. 3.19



Chapter 4 — Electrical Fundamentals

DC Circuits and ResiStance ..........ccocceeeevvveeecieeennens 4.1
Series and Parallel Resistances ..........ccccceevveenneeenee. 4.3
Power and Energy .......coceeveeviiniiiniiiienecieeee, 4.6
Circuits and COMPONENLS .....ccveerveerereerieenreereenreenen 4.8
AC Theory and Reactance .......c..ccecceevveevieenieencene 4.11
Frequency and Period.........ccocceeviieiiinciiinieeieees 4.13
Capacitance and Capacitors........ceceeevueerveereeeneeenne. 4.18
Inductance and Inductors ..........ccccoeevveeiiieeineeennenn. 4.25
Quality Factor (Q) of Components ..........cccceeueeee. 4.32
Calculating Practical Inductors .........ccccecveervveennennne. 4.32
Ohm’s Law for Reactance .........ccccecvveevvieecveeennnenn. 4.37
IMpedance .........cooveeviieniieiieeeee e 4.42
Resonant CirCUitS.......cveeecveeeeiieeeeiieeeiieeeieeevee e 4.47
TransSfOrmers .......ccooccviieiiieeiieeeeee e 4.54

Chapter 5 — Electrical Signals and Components

Analog GlOSSATY .....oevvieriiiiiiiiieieeeeeie et 5.1
Analog Signal Processing ........cccceeveeveenveeneenneennen. 5.2
ANAalog DEVICES ..ccuveiiiiiiiiiieiiieieeeeeeeee e 5.6
Practical Semiconductors.........cccceeveveenenieneenennee. 5.17
Transistor Amplifier Design........cccceveevericneencnee. 5.26
Digital Fundamentals .........cccccovvveviienieeiienieeienne, 5.38
Number SyStems .......ccceecueevieriieenieeieerieeieesieeiees 5.39
Physical Rep. of Binary States ........cccccoeevverveenennee. 5.41
Combinational LogiC ......cccceevvuirviiiniiiiiinieeieeiee 5.42
Sequential LoOgiC .coovveeiieriieieeiieie e 5.45
Digital Integrated Circuits ......c.ccoeceeeveeriueeneeneeenne. 5.51
Computer Hardware .........c.coecveevveecieeneecieeeeeeeene 5.58

Chapter 6 — Real-World Component Characteristics

Lumped vs Distributed Elements .........c.ccccceecveeeennee. 6.1
Low-Frequency Component Models .............c.......... 6.2
Components at RF ... 6.10
Thermal Considerations ..........cccceeceeveevieneeneeneennne. 6.16
The Thermistor in Homebrew Projects .................. 6.20

Low-Frequency Transistor Models...........cccocu....... 6.23



Chapter 7 — Component Data and References

Component Values .......cccocceevieeviencieenienieenieeieeeeenn 7.1
Component Markings ........ccccocevvveneeienieneenenienenn 7.1
Inductors and Core Materials ........cccceevveviinenicnnenn 7.5
Other Sources of Component Data ............c..c......... 7.11
SemicoNdUCLOTS ......eoviriiiiieiieieiieieeeeee e 7.15
Integrated CirCuits ......cccccoveereecierieeneenenieneeeeeee 7.28
Vacuum Tubes .....ccccooeeiiniiiiiiiiiicceeee 7.32
Other .o 7.36
REfeIences ...coevierieniiiiiieeeeeeeee e 7.38
General/Electronics/Computers ........cccceeceeeueeeennee. 7.38
Components/Equipment ...........ccceeveeeeeerveenieenneenne. 7.45
Antennas/Transmission Lines ..........ccocceveeviieeneens 7.46
MOES ..t 7.50
Operating and Interference ..........coccceveevevcveneenncnee. 7.52
Message Handling ..........ccccevvveevienciennienieeeeeieene, 7.63
Chapter 8 — Circuit Construction
Shop Safety ..c.cooeevieeieniiie 8.1
Tools and their USes .......ccceveriiniiiiniienieiceicneees 8.1
Project: A Deluxe Soldering Station .........ccccceeeneee. 8.6
Project: Soldering-Iron Temperature Control ......... 8.7
Electronic CirCuits .......cocceeveeriieenieeieenieenieeieesieee 8.7
Surface Mount Construction Techniques............... 8.12
From Schematic to Working Circuit..............c....... 8.18
Microwave Construction Techniques..................... 8.22
High-Voltage Techniques ........ccccocevieiinvinienenee. 8.23
Mechanical Fabrication.........c.ccccceevenvienenncnicnennne. 8.25
Chapter 9 — Modes and Modulation Sources
Issues Common to all Transmission Modes ............ 9.1
V0ice MOAES ....oveeiiiiiiiiiiiiieceeeeceeee e 9.2
TeXt MOAES ...eevueieiieiiiiieeteeeee e 9.11
Morse Telegraphy (CW) ..ccooocvieviieiiiniiiieeieeee 9.11
Digital Communications .......c..cccceeeverveneeeeneeneenne. 9.15
Image MOdEeS ......oocuveiieeiieieeiieeeeee e 9.32
Facsimile .......occoviiiiiiiiiii 9.32
Slow-Scan Television (SSTV) ccovevvivviviiiiiiieeeeen, 9.34
Fast-Scan Television (ATV)...ccoooveiiivcieenieeeen. 9.40
Radio Control (R/C) .cueviviviiiiieiieiieeeeee e 9.48
Spread Spectrum ........ccceeviiriieenieeiiienieeeeeeee e 9.51

High Speed Multimedia (HSMM) Radio ............... 9.55



Chapter 10 — Oscillators and Synthesizers

How Oscillators Work........ccccocenieniiiiniiniiiieniceeee 10.2
Phase NOISE ..c..coviiiiiiiiiieieeeeeeeee e 10.5
Oscillator Circuits and Construction ...........ceeceeeveveeeennne. 10.12
VHF and UHF Oscillators ..........ccocevvienenienieneencnienees 10.28
Frequency SyntheSizZers ........cccoocevviiivieiiiienieeniienieeeens 10.32
Phase-Locked LOOPS ..ocoovveiieeiiiiieieecieeeeceeee e 10.33
Synthesizer in an MF/HF Transceiver..........ccccceceevueenee. 10.49
Trends in Oscillator Applications ..........cccceeveeerveevieennnne 10.52
Chapter 11 — Mixers, Modulators and Demodulators
The Mechanism of Mixers and Mixing .........cccceevueennennne. 11.1
Practical Building BIoCKS ......ccccooveeiiiiniieiiiiieieeieee 11.13
Testing and Calculating IMD in Receivers..................... 11.20
Chapter 12 — RF and AF Filters
Basic CONCEPLS ...ccvuveeiieiieeieeeieeiee e e e 12.1
Filter Synthesis .....c.oooiiiiiiiieniiieeeeeceeeeeee e 12.5
Designs using Software/SVC Tables........ccccceevveeviiennennee. 12.8
Chebyshev Filter Design .......ccccoceecveniineniiniicnicienieneens 12.11
Quartz Crystal FIlters ......ccccoovvvevieniieiecieeeceeeeee 12.16
Monolithic Crystal Filters.....c..ccoceviniininiiniinieinicnes 12.18
SAW FIETS .ottt 12.18
Transmission-Line Filters ........ccccccoovvviiniiiniiiiienicinees 12.19
Helical Resonators.........ccoceeueriinieiicniienieceieseeeeieene 12.23
ACtIVE FIETS ..o 12.27
Project: Crystal Filter Evaluation ..........cccoecveevvenieennnn. 12.27
Project: Band-Pass Filters for 144 or 222 MHz ............. 12.30
Project: High-Performance Passive CW Filter .............. 12.31
Project: Broadcast Band Rejection Filter ....................... 12.35
Project: A Wave Trap for Broadcast Stations ................ 12.36
Project: Second-Harmonic-Optimized LP Filters.......... 12.37
Project: The Diplexer Filter ........ccccoviniiiiniiniininienen, 12.39
Chapter 13 — EMI/Direction Finding
The Scope of the Problem........ccccoooeeiiiiiiiiiiiiiiicee 13.1
ReSpONSIDIlILY ...oovevieeiieiicieceee e 13.2
EMC Fundamentals ........c..ccceeviinieninienienieeceeeeneeeee 13.3
CUTS ettt ettt 13.5
TVI Troubleshooting Chart .........cccceevieviiiniinieinienieeee, 13.8
Amateur Harmonics/CATV Chart .......ccooceviiniininiennen, 13.10
Project: Finding Shack Noise Sources .......cccceceeueenennee. 13.15
Radio Direction FInding ........cccccccevviiniieniieniieiecieeeee 13.17
Project: The Simple SeeKer .......ccccevvverveiniiiiienieeieeen, 13.28

Project: Active Attenuator for VHF-FM ........................ 13.30



Chapter 14 — Receivers and Transmitters

A Single-Stage Building Block ........c.cccooiiiiiiiiiiiiiniiiice, 14.1
Negative Feedback in RF Design.......cccocevviieciiinienciicnieenn, 14.4
Receiver Design Techniques ........c.cccoeeevieeniinniieniiceneenienne, 14.14
The Superheterodyne Receiver ........ccocceevveecieenvenieeneeeienne, 14.20
VHF and UHF RECEIVETS ...cceovuiiiiiiiiiiciceiceeeceneeee 14.34
Project: GaAsFET Preamp for 430 MHz............cccoeeuvennenne. 14.36
Project: Microwave Receiver for 10 GHz ..............cc..ccoo.. 14.41
Transmitter DesiZN ...ccccvvveeiieeiiiiiieeiieeieeeeee e 14.42
Project: A Rock-Bending Receiver for 7 MHz .................... 14.61
Project: A Wideband MMIC Preamp .......ccccoeevveeivienveennnnne. 14.64
Project: A Binaural I-Q Receiver ........cccocoevveveeiiieenciiecieen, 14.66
Project: A Superregenerative Receiver with Squelch ......... 14.72
Project: A Broadband HF Amp using MOSFETS ............... 14.74
Project: A Drift-Free VFO ......cccocovviiiiiiiieieeceeee, 14.81
Project: A Simple Regenerative HF Receiver ...................... 14.85

Chapter 15 — Transceivers, Transverters and Repeaters

Transceiver EXample ......coooeeviieriieiieniecieecieeeeeeee e 15.1
Project: The Norcal Sierra—An 80-15 M CW Transceiver . 15.9
Project: A 10-Watt SSB Transceiver for 60-M Band.......... 15.15
TTANSVEITETS ..eeiuvieiiieiie ettt ettt ettt 15.19
REPEALETS ..eeiniiieiiiieeeeee e 15.20

Chapter 16 — DSP and Software Radio Design

DSP Fundamentals .........ccccoooeeieniiniinenicnieeciececeeeieeeeeens 16.1
DSP Algorithms for Radio.......cccceeviiviiiinieiiiiciicieeeeeee, 16.5
Analytic Signals and Modulation...........ccceceeviiiiiiniienniennenn. 16.9
Digital Speech Processing .......cccccoevveeeieeciienieecieenieeeeeieene 16.16
Interference-Reduction Techniques.........ccoocevveeniiineennenne. 16.17
Fourier Transforms .........coccooieveiiiniiniiinieeeeeeeeee 16.19
Radio Architectures for DSP .......cccccoiiiiiiiiiiiiieeee 16.26
Software Radios ........ccoceriiiiiiiniiniiiciceeceeeen 16.31
Hardware for Embedded DSP Systems .........cccccevviievieniennne. 16.32
DSP System SOftware .......cccceceevieeiieenieeiieeieeeeeeeee e 16.34
DSP PrOJECES eouiiiiieiiiiiieeieeeeetee et 16.36
Project A: DECIMAtION .....cccueeruieeiieeieeiieeieesie e eeeeaee e 16.36
Project B: FIR Filter Design Variations.........ccccceeeeevveenieene 16.36
Project C: Analytic Filter Pair Generation ...........c.ccceceeuee.e. 16.39
Project D: Newton’s Method for Square Roots ................... 16.39
Project E: A Fast Square-Root Algorithm ............cccceeeneene. 16.39
Project F: A High-Performance DDS ... 16.41

Project G: Fast Binary Multiplier in High-Speed
CMOS LOZIC .ottt 16.42



Chapter 17 — Power Supplies

GLOSSATY it 17.1
Alternating-Current POWET .......c..ccccceviiniiiiniiiniiiinicneceeeeen 17.2
RECHTIET TYPES .veeruvieiiieiieiieeteeeteete ettt 17.4
Rectifier CIrCUILS ....oouiiieiiiiiiieeeeeeeeeee e 17.5
FIIEration «...cocooieiiiiiiceeeeeeeeeee e 17.11
RegUIAtion .....coceeiiiiiiiiiiee e 17.12
High-Voltage Techniques .........ccccoooeeieiiiiiiniiniiienieneecee 17.20
Batteries and Charging ........ccccceecveevieniieeiieniieniecteseeeeeeeens 17.20
Emergency Operations ........cccceeceevieriieenieenieenieeneeseeenieesnens 17.24
Power-Supply Projects ..., 17.24
Project: Series-Regulated 4.5- to 25-V Supply ..cccevvvvevnennen. 17.25
Project: 13.8-V, 40-A Switching Supply .....ccccovvevvvvvvvenninenen. 17.28
Project: 28-V, High-Current Supply .....cccccevieeiiiniiinieneenn. 17.37
Project: Commercial-Quality, High-Voltage Supply ............ 17.40
Project: Micro M+ Charge Controller.........ccccceevveverienvennnenn. 17.41
Project: The UPS—A Universal Supply ....cccccoovevvieniiinnennne. 17.44
Project: A Portable Power Supply ......cccooeevviienieniiiiniicieeen. 17.46
Chapter 18 — RF Power Amplifiers
Types of Power AMplifiers......cccovveeniiniiiinieiiiiiecceeieee 18.1
Design EXampIes .....cccoeeueeiieiiienieeieeeeeeeeeeeee et 18.19
Project: 3CX1500D7 kW HF Amplifier .......cccocevieiininnnnn. 18.29
Project: A 6-Meter kW Amplifier ......cccocevvieniiiiiiniieiee. 18.35
Project: A 144-MHz Amplifier.......cccccceevieevieniieiienieeneeeen 18.38
Project: A 2-Meter Brick Amp for Handhelds ....................... 18.43
Chapter 19 — Station Layout and Accessories

Fixed StationS......cccoovieiiiiiiiiiieieeececeeeeee e 19.1
Mobile and Portable Installations ...........ccceeveeveriiinienenicnnns 19.13
Project: Tick-2—A Tiny CMOS Keyer 2 ......ccccecevvevievenennene 19.17
Project: Vintage Radio T/R Adapter .......cccoceeeeviviininccnnns 19.20
Project: Quick and Easy CW with your PC............................ 19.22
Project: An Expandable Headphone Mixer ..........ccccceeveenee 19.25
Project: A Simple 10-Minute ID Timer .........cccccceevivinincnnns 19.26
Project: Audio Break-Out BOX .....cooovveeiiieiiiiieiieeiee e, 19.26
Project: An SWR Detector Audio Adapter........cceceevvuvenuennen. 19.28
Project: PC Voltmeter and SWR Bridge.........cccccccoevininennns 19.29
Project: Tandem Match—An Accurate Directional

WattMETET ..o 19.31
Project: Automatic Antenna Switch for Yaesu or ICOM ..... 19.37
Project: A Trio of Transceiver/Computer Interfaces............. 19.41
Project: Computer-Controlled Two-Radio Switchbox .......... 19.44
Project: TR Time-Delay Generator ..........ccccceceeeenieceeneennenns 19.48
Project: A Switched Attenuator ..........ccceevveeeeveeeiieeecieeeeieeens 19.52
Project: Simple QRP TR Changeover .........cccoccveveveevveenieennnn. 19.53
Project: QRP L-Match ATU ......ccoiiiiiiiiiiiiieiceeee 19.54
Project: QRP T-Match ATU .....ccoooiiiiiiieeeeeeeeeeeeeees 19.56

Project: An Ugly Transformer for Heavy-Load Stations ...... 19.57



Chapter 20 — Propagation of RF Signals

Fundamentals of Radio Waves ........cccccoceveiiiniiencnncnienene 20.1
Propagation Summary by Band........c..ccooceiiiiniiniininnnn 20.4
MUF PrediCtion ......cocceeevieeiieeienienieeieneesieeieseesee e 20.17
Propagation in the Troposphere ..........cccooceevenieneeicniennen. 20.19
Extraterrestrial Propagation.........cccccecceevieinienieiniennieennnen. 20.24

Chapter 21 — Transmission Lines

BaSICS cueiiiiiiee e 21.1
Matched LInes ......cccoooviriiiiiiiieicnieieceneeeee e 21.3
Reflections on the Smith Chart ..........coceviiiiniiniiiiniee 214
Matching the Antenna to the Line ........ccccooceviiiniiniinnnen. 21.10
Matching the Line to the Transmitter........ccccocevvevuernennen. 21.13
Loads and Balancing Devices .........ccccevvieneenienieneenicnieen. 21.14
WavegUIdes ....cooveriieiiiiiiieeeee e 21.17
Chapter 22 — Antennas
Antenna Polarization ...........ccceeveeiiiniieniennienieceeseee 22.1
Dipoles and the Half-Wave Antenna ........ccccoeceeevienieennnnnne 22.4
Project: 135-FT Multiband Dipole .........cccceveiiinieninnene. 22.11
Antenna Modeling by Computer.........c.ccceceeeervveneeneennenne. 22.12
Project: A 40/15-M Dual-Band Dipole. ........c.ccoceeereennenne. 22.13
Project: K8SYL 75/10-M Dual-Band Dipole..................... 22.14
Project: WARNL Inverted-U Antenna........c.ccceeeeeeveennennne. 22.14
Project: Two W8NX Multiband, Coax-Trap Dipoles....... 22.19
Vertical ANENNAS .......oocveeriiiniieiiirieeeeeieeeeeeee e 22.23
Optimum Ground Systems for Vertical Antennas............. 22.23
Project: Dual-Band Verticals for 17/40M or 12/30M ...... 22.27
Inverted L and Sloper Antennas.......c...ccoceevverveenieeneennnen. 22.28
Project: 1.8-MHz Inverted L .........ccccooiiiiiiniiiniiiciee 22.29
Project: Half-Wave Vertical Dipole (HVD)..................... 22.30
Project: The Compact Vertical Dipole (CVD).................. 22.31
Project: All Wire 30-M CVD .....cccooviiiiiiiiiiieeeee 22.32
Yagi and Quad Directive Antennas .........cceeeeeeveverveeneeennen. 22.33
QuAad ANTENNAS ..eeeeieiiiieeeeiiee ettt e e e earr e e e 22.38
Project: Five-Band, Two-Element HF Quad .................... 22.39
Project: Simple Quad for 40 M........ccocceeviiiiiiniiiieeieeee, 22.42
Project: Simple Loop for 28 MHz .........ccccoevvvvevveeiieee. 22.45
HF Mobile Antennas .......c..ccocceeeieinieniieniiinieniecieeeeeenn 22.45
VHEF/UHF Antennas .......ccccocceeeerieneeicnieneeeneeneceeeeeen 22.53
Project: Simple Portable Groundplane Antenna............... 22.56
Project: Dual-Band Antenna for 146/446 MHz ................ 22.57
Project: A Quick Antenna for 223 MHz .........cccccceeneenne. 22.58
Project: An All-Copper 2-M J-Pole .......ccccoevvvviieiennnnne. 22.58
VHE/UHF Yagis ..ccoooiviiiiiiiieeceeeeceeeeceee e 22.60
Project: 3- and 5-Element Yagis for 6 M ......ccccevvennnne 22.60

Project: A Medium Gain 2-M Yagi.....cccooovevvrverveeieennnnee, 22.61



Chapter 23 — Space Communications

An Amateur Satellite Primer .......c..ccocoveriiniininicniininiceeee, 23.1
Amateur Satellite HiStOTY ....ccceevviienieiiiieiiiciieeieeee e 23.4
Phase 3E—The Next Generation .........ccccoeeveeevveeniieeencieeesiineennns 23.13
Project: Single Brick L-Band Amplifier........cccccoveniininnenen. 23.17
Project: Double Brick L-Band Amplifier .........ccccoceviencnnennen. 23.17
Project: Parabolic Dish Construction .........cccoeceeevveenieenieeneennne. 23.28
Project: Helix Feed for an Offset Dish .......cccocevviiniiniiennenne. 23.29
Project: Integrated AO-40 Antenna System .........cceecveeruvernnennne. 23.30
Glossary of Satellite Terminology .........ccccceceeveeiieniienieiienienene 23.34
Earth-Moon-Earth (EME) .......coociiiiiiiiieeeeeeeee 23.37
Chapter 24 — Web, Wi-Fi, Wireless and PC Technology
The World Wide Web (www)—The Internet .........ccccceeeeveeennnnn. 24.1
Ham’s Guide to Useful Internet Sites........ccccevervenienenvicneenennne. 24.2
Glossary/Wireless Fidelity (Wi-Fi) .cocccoooiviiiniiiniiiiiieeiee 24.3
Glossary of Wireless Technology ........ccccceeeievviieniiiiienieciieniens 24.4
Wireless TeChnOologY ....cc.ceevieriieiiiiiiieieeeece e 24.6
Personal Computers in the Shack .........ccccociiiininnn 24.10
Mode-Specific SOftware .........ccoeceeeviiiiiiniicniieieeeeeeeeeee 24.12
Chapter 25 — Test Procedures
Test and Measurement BasiCs .......cccoceevervienicninicnieneeicneceeee, 25.1
DC Instruments and CirCuits ..........ccocerveereerierieneenienieneeneeeenn 253
AC Instruments and CirCuits .......ccccceceereereerierieneenenieneeseeeene 25.8
Project: The MICTOWALLET ......c.eevvieviieeiieieeiiecie e 25.11
Frequency Measurement ...........ccueeevueeeriieeniieesiieeenieeeeeeeiieeenne 25.14
Project: Marker Generator with Selectable Output .................. 25.15
Project: A Dip Meter with Digital Display .......cc.ccccevcvenienennee. 25.17
Other Instruments and Measurements ..........ccccceceereereeniereenneens 25.20
Project: A Wide-Range Audio Oscillator ..........cocceeviveniennennne. 25.20
Project: Measure Inductance and Capacitance with a DVM ...25.21
OSCIIOSCOPES .evvieuvieiieeiieeie ettt ettt 25.22
Project: HF Adapter for Narrow Bandwidth Scopes ................ 25.27
Project: A Calibrated NoOiS€ SOUICE ......ccceevevierieriiienieeieenieee, 25.27
Project: Signal Generator for Receiver Testing .........ccccceue..... 25.31
Project: Hybrid Combiners for Signal Generators.................... 25.34
Project: Compensated Modular RF Voltmeter...........c..cc......... 25.35
Receiver Performance Tests .....cccoevveeeeiiiieiiiieenieeeieeeiee e 25.41
Transmitter Performance Tests .......cccceevvveeeiieeeiieenieeeeeeeennn 25.49

Chapter 26 — Troubleshooting and Repair

SAfELY FITSt .eeiiiieiiiiiieeeeeee e 26.1
Where t0 BeZIN ..cccuiiiiiiiiiiieieeeeeeeeee e 26.5
Testing Within @ Stage ......cceevveviiiiieeieceeeeeee e 26.9
Look for the ObVIOUS ....c.ccoceiiiiiiiiiiiiceteeeeeeeee e 26.11
Typical Symptoms and Faults ..........ccccooviiiiiiiniiiiee 26.12
Troubleshooting HINES .......cccooiiiiiiiiiiiiiieceeeeeeeeee 26.17
After the Repairs .......cccoccueeiiiiiiiiiiiiieeeceeee e 26.27
Professional Repairs ........cocccovcueeviiiiiiiniiiienieeeeceeeeee e 26.28

Advertisers Index ...........ccccoooiiiiiiiiiiiiiiiieieeeeeeeeeeeeee, Opposite A-1

ARRL Membership Form

Index

About the ARRL
About the Included CD-ROM



gowwoul

The enormously successful 2005 Edition of The ARRL Handbook has
been updated in this 2006 Edition. Thanks to the sharp eyes of a number of
readers, the minor errors in the massive 2005 Edition rewrite have been
fixed.

A brand-new, high-power HF linear amplifier project by Jerry Pittenger,
K8RA, has been added to this 2006 Edition. Feast your eyes on Jerry’s
beautiful workmanship building a full-featured amplifier using the new
3CX1500D7 power triode. This rugged new Eimac tube has a 50-W grid
dissipation, making it capable of withstanding almost any condition of
drive or tuning.

Once again, we are including the fully searchable CD-ROM containing
all of the almost 1200 pages of the printed book. Readers have been very
enthusiastic about the “instant search” capabilities they have when they
load the Handbook on their hard drives.

Whether you want to tackle projects using surface-mount components or
learn how a computer can enhance many aspects and areas of your
Amateur Radio pursuits, this Handbook has something for everyone.

So, whether you prefer to open this comprehensive reference book on
your workbench, in your favorite reading chair, or using the CD drive of
your computer, enjoy all that this 2006 Edition Handbook has to offer.

David Summer, K177
Executive Vice President

Newington, Connecticut
September 2005



The Amateur’s Code

The Radio Amateur is:

CONSIDERATE...never knowingly operates in such a way as to lessen the
pleasure of others.

LOYAL...offers loyalty, encouragement and support to other amateurs, local clubs,
and the American Radio Relay League, through which Amateur Radio in the United
States is represented nationally and internationally.

PROGRESSIVE...with knowledge abreast of science, a well-built and efficient
station and operation above reproach.

FRIENDLY...slow and patient operating when requested; friendly advice and
counsel to the beginner; kindly assistance, cooperation and consideration for the
interests of others. These are the hallmarks of the amateur spirit.

BALANCED...radio is an avocation, never interfering with duties owed to family,
job, school or community.

PATRIOTIC...station and skill always ready for service to country and community.

—The original Amateur’s Code was written by Paul M. Segal, W9EEA, in 1928.
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The ARRL—At Your Service

ARRL Headquarters is open from 8 AM to 5 PM Eastern Time, Monday
through Friday, except holidays. Call toll free to join the ARRL or order ARRL
products: 1-888-277-5289 (US), M-F only, 8 AM to 8 PM Eastern Time.

If you have a question, try one of these Headquarters departments . . .

Telephone Electronic Mail
Joining ARRL 860-594-0338 membership@arrl.org
QST Delivery 860-594-0338 circulation@arrl.org

860-594-0229
860-594-0355
860-594-0222
860-594-0236

Permission Requests
Publication Orders
Amateur Radio News
Regulatory Info

permission@arrl.org
pubsales@arrl.org
nirl@arrl.org
reginfo@arrl.org

Exams 860-594-0300 vec@arrl.org
Educational Materials 860-594-0230 ead@arrl.org
CCE/EmComm 860-594-0340 dmiller@arrl.org
Courses
Contests 860-594-0232 contests@arrl.org
Technical Questions 860-594-0214 tis@arrl.org
Awards/VUCC 860-594-0288 awards@arrl.org
Development Office  860-594-0397 mhobart@arrl.org
DXCC 860-594-0234 dxcc@arrl.org
Advertising 860-594-0207 ads@arrl.org
Media Relations 860-594-0328 newsmedia@arrl.org
QSL Service 860-594-0274 buro@arrl.org

860-594-0397
860-594-0265
860-594-0292
860-594-0262

Scholarships
Emergency Comm
Clubs

Hamfests

foundation@arrl.org
emergency@arrl.org
clubs@arrl.org
hamfests@arrl.org

You can send e-mail to any ARRL Headquarters employee if you
know his or her name or call sign. The second half of every Head-
quarters e-mail address is @arrl.org. To create the first half, simply
use the person’s call sign. If you don’t know their call sign, use the first
letter of their first name, followed by their complete last name. For
example, to send a message to John Hennessee, N1KB, Regulatory
Information Specialist, you could address it to jhennessee @arrl.org
or N1IKB@arrl.org.

If all else fails, send e-mail to hq@arrl.org and it will be routed
to the right people or departments.

Technical Information Service

The ARRL answers questions of a technical nature for ARRL
members and nonmembers alike through the Technical Informa-
tion Service. Questions may be submitted via e-mail
(tis@arrl.org); Phone (860-594-0214); Fax (860-594-0259); or
mail (TIS at ARRL, 225 Main Street, Newington, CT 06111). The
TIS also maintains a home page on www.arrl.org/tis. See the
Component Data and References chapter (page 7.11) of this
Handbook for more details. Also, please note that the “Technical
Information Server” or Info Server service previously available via
e-mail has been discontinued.

ARRL ON THE WORLD WIDE WEB

You’ll find ARRL at: www.arrl.org/

At the ARRL Web page you’ll find the latest W1 AW bulletins,
a hamfest calendar, exam schedules, an on-line ARRL Publications
Catalog and much more. We’re always adding new features, so
check it often!

Members-Only Web Features
As an ARRL member you enjoy exclusive access to our Members-

Only Web features. Just point your browser to www.arrl.org/mem-
bers/ and you’ll open the door to benefits that you won’t find any-
where else.

¢ OST Product Review Archive. Get copies of QST product re-
views from 1980 to the present.

* OST/QEX searchable index (find that article you were looking
for!)

* Previews of contest results. See them here before they appear
in QST!

e Access to your information in the ARRL membership data-
base. Enter corrections or updates on line!

Stopping by for a visit?

We offer tours of Headquarters and W1AW at 9, 10 and 11 AM,
and at 1,2 and 3 PM, Monday to Friday (except holidays). Special
tour times may be arranged in advance. Bring your license and you

can operate W1AW anytime between 10 AM and noon, and 1 to
3:45 PM!

Would you like to write for QST?

We’re always looking for new material of interest to hams. Send
a self-addressed, stamped envelope (2 units of postage) and ask for
a copy of the Author’s Guide. (It’s also available via the ARRL
Web page at www.arrl.org/qst/aguide/.)

Press Releases and New Products/Books

Send your press releases and new book announcements to the
attention of the QST Editor (e-mail gst@arrl.org). New product
announcements should be sent to the Product Review Editor (e-
mail reviews@arrl.org).

ARRL Amateur Radio News on the Web

The primary focus of the ARRL Web site, www.arrl.org, is
Amateur Radio news and general-interest features and columns—
available to all. This is the Amateur Radio community’s most
comprehensive and immediate source for news and information on
issues of importance and interest to radio amateurs.

The ARRL Letter

The ARRL Letter has become the League’s flagship Amateur
Radio news medium. The Letter is a weekly news summary for
those who want to be on top of what’s happening in the world of
Amateur Radio. ARRL members can request Friday e-mail delivery
via their Member Data Page. It’s also available to all on the Web,
www.arrl.org/arrlletter. The ARRL Letter is published 50 times a
year.

ARRL Audio News

Another way to keep up with fast-moving events in the ham commu-
nity is to listen to the ARRL Audio News. It’s as close as your telephone
at 860-594-0384, or on the Web at www.arrl.org/arrlletter/audio/.

Interested in Becoming a Ham?

Just pick up the telephone and call toll free 1-800-326-3942, or
send e-mail to newham@arrl.org. We’ll provide helpful advice
on obtaining your Amateur Radio license, and we’ll be happy to
send you our informative Prospective Ham Package.
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