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All You Need to Become an Amateur Radio Operator!The ARRL Ham Radio License Manual is
the most popular introduction into the world of Amateur Radio.Easy-to-understand “bite-sized”
sections. Pass the 35-question Technician Class test.All the Exam Questions with Answer Key,
for use July 1, 2018 through June 30, 2022.Use with ARRL’s Online Exam Review for Ham
Radio.Designed for self-study and classroom use. Intended for all newcomers, instructors, and
schoolteachers.Discover the excitement of ham radio. The Amateur Radio Service offers a
unique mix of public service, technology, and experimenting with electronics--all with an
emphasis on fun. Some hams use their skills to provide communications during emergencies
and disasters when all else fails. Others enjoy talking to people across the country and around
the globe, and operating portable radio equipment from anywhere. The ARRL Ham Radio
License Manual will guide you as you get started--as you select your equipment, set-up your
first station, and get on the air!Use this book to study for your license exam. Every page
presents information you will need to pass the exam and become an effective operator. You'll
cover small sections at a time:Welcome to Amateur RadioRadio and Signals
FundamentalsElectricity, Components, and CircuitsPropagation, Antennas, and Feed
LinesAmateur Radio EquipmentCommunicating with Other HamsLicensing
RegulationsOperating RegulationsSafetyAt the end of the book, you'll find the entire Technician
Question Pool.Use this book with ARRL’s Online Exam Review for Ham Radio to review the
study material chapter by chapter. Take randomly generated practice exams using questions
from the actual examination pool. You won’t have any surprises on exam day!



Copyright © 2018 by The American Radio Relay League, IncCopyright secured under the Pan-
American ConventionAll 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
USAQuedan reservados todos los derechosFourth EditionFirst PrintingFeedback: We’re
interested in hearing your comments on this book and what you’d like to see in future editions.
Please e-mail comments to us at pubsfdbk@arrl.org, including your name, call sign, e-mail
address, and the title, edition and printing of this book.This book may be used for Technician
license exams given beginning July 1, 2018.QST and the ARRL website () will have news
about any rules changes affecting the Technician class license or any of the material in this
book.We strive to produce books without errors. Sometimes mistakes do occur, however. When
we become aware of problems in our books (other than obvious typographical errors), we post
corrections on the ARRL website. If you think you have found an error, please check for
corrections. If you don’t find a correction there, please let us know by sending e-mail to
pubsfdbk@arrl.orgForewordWhen to Expect New BooksYour Invitation to ARRL
MembershipHow to Use This Book1 Welcome to Amateur Radio1.1 What is Amateur
Radio1.2 The FCC and Licensing1.3 Amateur Radio Activities1.4 Getting Your Ham Radio
License2 Radio and Signals Fundamentals2.1 Radio Signals and Waves2.2 Radio Equipment
Basics3 Electricity, Components, and Circuits3.1 Electricity3.2 Components and Units3.3
Radio Circuits4 Propagation, Antennas, and Feed Lines4.1 Propagation4.2 Antenna and
Radio Wave Basics4.3 Feed Lines and SWR4.4 Practical Antenna Systems5 Amateur Radio
Equipment5.1 Modulation5.2 Transmitters and Receivers5.3 Digital Communications5.4 Power
Supplies and Batteries6 Communicating With Other Hams6.1 Band Plans6.2 Making
Contacts6.3 Using Repeaters6.4 Nets6.5 Communicationsfor Public Service6.6 Satellite
Operating7 Licensing Regulations7.1 Licensing Terms7.2 Bands and Privileges7.3
International Rules7.4 Call Signs8 Operating Regulations8.1 Control Operators8.2
Identification8.3 Interference8.4 Third-party Communications8.5 Remote and Automatic
Operation8.6 Prohibited Transmissions9 Safety9.1 Electrical Safety9.2 Managing RF in Your
Station9.3 RF Interference (RFI)9.4 RF Exposure9.5 Mechanical SafetyGlossaryTechnician
Class Exam Question PoolSyllabusSubelement T1 – FCC RulesSubelement T2 – Operating
ProceduresSubelement T3 – Radio Wave CharacteristicsSubelement T4 – Amateur Radio
Practices and Station Set-UpSubelement T5 – Electrical PrinciplesSubelement T6 – Electrical
ComponentsSubelement T7 – Station EquipmentSubelement T8 – Modulation Modes and
Operating ActivitiesSubelement T9 – Antennas and Feed LinesSubelement T0 –
SafetyAmateur Radio Vendor AdvertisementsForewordWelcome to the diverse group of
individuals who make up Amateur Radio! There are nearly 750,000 amateurs, or “hams,” in the
United States alone and 3,000,000 around the world. Hams come from all walks of life, all
ages, and every continent. Hams are busily communicating without regard to the geographic
and political barriers that often separate humanity. This is the power of Amateur Radio — to
communicate with each other directly, without any other commercial or government
systems.Hams come to Amateur Radio from many walks of life and many interests. Perhaps
you intend to engage in public service for yourself and your community. Technical
experimentation might be your interest or you might be one of the many “makers” who are
building, testing, using, and learning. Making new friends via the radio, keeping in touch as you
travel, or exploring where a wireless signal can take you — these are all valuable and valued
parts of the Amateur Service.As you read this book, getting ready to pass your first ham radio



licensing exam, be sure to take advantage of the additional material on the ARRL’s website — .
You can also review and take practice exams at . That’s the ARRL way of going the extra mile
to help you learn about Amateur Radio. “Of, By, and For the Amateur” is the ARRL’s motto. By
providing this extra information, you will be better prepared to get on the air, have more fun,
and be a more effective operator.After you get your “ticket,” be sure to explore your local and
online ham radio clubs and groups. This is where you’ll find answers to your questions and
help in getting on the air. You can start by asking the hams who administer your exam session
— their organization can be your first mentor. One of ham radio’s strongest traditions is helping
other hams learn and grow, just like you.Most active radio amateurs in the United States are
ARRL members. They realize that since 1914, the ARRL’s training, sponsorship of activities,
and representation both nationally and internationally are second to none. The book you’re
reading now, The ARRL Ham Radio License Manual is just one of many publications for all
levels and interests in Amateur Radio. You don’t need a license to join the ARRL — just be
interested in Amateur Radio and we are interested in you. It’s as simple as that!Ward Silver,
NØAXSt. Charles, MissouriMarch 2018About ARRLThe seed for Amateur Radio was planted in
the 1890s, when Guglielmo Marconi began his experiments in wireless telegraphy. Soon he
was joined by dozens, then hundreds, of others who were enthusiastic about sending and
receiving messages through the air — some with a commercial interest, but others solely out
of a love for this new communications medium. The United States government began licensing
Amateur Radio operators in 1912.By 1914, there were thousands of Amateur Radio operators
— hams — in the United States. Hiram Percy Maxim, a leading Hartford, Connecticut inventor
and industrialist, saw the need for an organization to unify this fledgling group of radio
experimenters. In May 1914 he founded the American Radio Relay League (ARRL) to meet
that need.ARRL is the national association for Amateur Radio in the US. Today, with
approximately 167,000 members, ARRL numbers within its ranks the vast majority of active
radio amateurs in the nation and has a proud history of achievement as the standard-bearer in
amateur affairs. ARRL’s underpinnings as Amateur Radio’s witness, partner, and forum are
defined by five pillars: Public Service, Advocacy, Education, Technology, and Membership.
ARRL is also International Secretariat for the International Amateur Radio Union, which is
made up of similar societies in 150 countries around the world.ARRL’s Mission Statement: To
advance the art, science, and enjoyment of Amateur Radio.ARRL’s Vision Statement: As the
national association for Amateur Radio in the United States, ARRL:• Supports the awareness
and growth of Amateur Radio worldwide;• Advocates for meaningful access to radio spectrum;•
Strives for every member to get involved, get active, and get on the air;• Encourages radio
experimentation and, through its members, advances radio technology and education; and•
Organizes and trains volunteers to serve their communities by providing public service and
emergency communications.At ARRL headquarters in the Hartford, Connecticut suburb of
Newington, the staff helps serve the needs of members. ARRL publishes the monthly journal
QST and an interactive digital version of QST, as well as newsletters and many publications
covering all aspects of Amateur Radio. Its headquarters station, W1AW, transmits bulletins of
interest to radio amateurs and Morse code practice sessions. ARRL also coordinates an
extensive field organization, which includes volunteers who provide technical information and
other support services for radio amateurs as well as communications for public service
activities. In addition, ARRL represents US radio amateurs to the Federal Communications
Commission and other government agencies in the US and abroad.Membership in ARRL
means much more than receiving QST each month. In addition to the services already
described, ARRL offers membership services on a personal level, such as the Technical



Information Service, where members can get answers — by phone, e-mail, or the ARRL
website — to all their technical and operating questions.A bona fide interest in Amateur Radio
is the only essential qualification of membership; an Amateur Radio license is not a
prerequisite, although full voting membership is granted only to licensed radio amateurs in the
US. Full ARRL membership gives you a voice in how the affairs of the organization are
governed. ARRL policy is set by a Board of Directors (one from each of 15 Divisions). Each
year, one-third of the ARRL Board of Directors stands for election by the full members they
represent. The day-to-day operation of ARRL HQ is managed by a Chief Executive Officer and
his/her staff.Join ARRL Today! No matter what aspect of Amateur Radio attracts you, ARRL
membership is relevant and important. There would be no Amateur Radio as we know it today
were it not for ARRL. We would be happy to welcome you as a member! Join online at . For
more information about ARRL and answers to any questions you may have about Amateur
Radio, write or call:ARRL — The national association for Amateur Radio®225 Main
StreetNewington CT 06111-1494Tel: 860-594-0200FAX: 860-594-0259e-mail:
hq@arrl.orgProspective new radio amateurs call (toll-free):800-32-NEW HAM
(800-326-3942)You can also contact ARRL via e-mail at newham@arrl.org or check out the
ARRL website atWhen to Expect New BooksA Question Pool Committee (QPC) consisting of
representatives from the various Volunteer Examiner Coordinators (VECs) prepares the
license question pools. The QPC establishes a schedule for revising and implementing new
Question Pools. The current Question Pool revision schedule is as follows:Question
PoolCurrent Study GuidesValid ThroughTechnician(Element 2)The ARRL Ham Radio License
Manual, 4th EditionARRL’s Tech Q&A, 7th EditionJune 30, 2022General(Element 3)The ARRL
General Class License Manual, 8th editionARRL’s General Q&A, 5th EditionJune 30,
2019Amateur Extra(Element 4)The ARRL Extra Class License Manual, 11th EditionARRL’s
Extra Q&A, 4th EditionJune 30, 2020As new Question Pools are released, ARRL will produce
new study materials before the effective date of the new pools. Until then, the current Question
Pools will remain in use, and current ARRL study materials, including this book, will help you
prepare for your exam.As the new Question Pool schedules are confirmed, the information will
be published in QST and on the ARRL website at .Online Review and Practice ExamsUse this
book with the online ARRL Exam Review for Ham Radio to review material you are learning
chapter-by-chapter. Take randomly generated practice exams using questions from the actual
examination question pool. You won't have any surprises on exam day! Go toHow to Use this
BookThe ARRL Ham Radio License Manual is designed to help you learn about every topic in
the Technician exam question pool. Every page presents information you’ll need to pass the
exam and become an effective operator. This book goes well beyond the answers to exam
questions — it also contains explanations, guidelines, and helpful information to help you
remember and use what you learn on the air.The book is organized to help you learn about
radio and operating in easy-to-understand, bite-sized steps. You’ll begin by learning about the
basics of radio signals and simple ham radio equipment. The next steps cover the principles of
electricity and an introduction to electrical components. You’ll then learn how a simple station is
assembled and some basic operating procedures. At that point, you’ll be ready to understand
and remember the rules and regulations of ham radio. The final section is about ham radio
safety and related topics.In each section of the book, the exam questions are included for easy
reference. The material most directly answering the question is followed by the question’s ID in
bold text, such as [T1A01]. This will help you learn exactly what you need to pass the exam
with material that addresses each question. The question pool in Chapter 11 also includes a
page reference where each topic is discussed.At the back of this book you’ll also find a large



glossary of ham radio words and a selection of advertisements from some vendors of ham
radio equipment and supplies.ConventionsThroughout your studies keep a sharp eye out for
words in italics. These words are important so be sure you understand them. Many of them are
included in the glossary. Another thing to look for is the web mouse symbol, indicating that
there is supplemental information on the Ham Radio License Manual website () to support and
extend what you learn. If a web or e-mail address is included, it will be printed in boldface
type.Question IDs are shown in square brackets, such as [T1A01]. These are the identifying
num-ber for each question in the exam’s question pool. This will help you find the material
answering each question.Choosing Your First Ham RadioAfter you pass your exam, you’ll need
a radio so the ARRL has provided Choosing Your First Ham Radio, a guide to making that first
selection. It is available on this book’s website for downloading and will answer a lot of
questions you have about important features and some of the terms you’ll need to know as you
look over the different models. Your mentor will help you along the way, too!The Exam Question
PoolThe complete Technician exam question pool is included at the back of this book. The 35
questions you’ll answer on the exam will be drawn from this question pool. Yes, these are the
actual questions on the exam but resist the temptation to just memorize the answers!
Memorizing without learning the subject is likely to leave you “high and dry” when you begin
using your new operating privileges. Do yourself a favor and take the time to understand the
material.When using the question pool for exam practice, each question also includes a cross-
reference back to the page of the book covering that topic. If you don’t completely understand
the question or answer, please go back and review that material. The question IDs in bold, for
example [T1A01], will help you find the answers quicklySelf-Study and Classroom TipsFor self-
study students, the material in the book is designed to be studied in order from beginning to
end. Read the material and then test your understanding by answering the questions at the
end of each section. Use the supplemental material on the Ham Radio License Manual website
if you need extra help.The ARRL’s New Ham Desk can answer questions emailed to
newham@arrl.org. Your question may be answered directly or you might be directed to more
instruction material. The New Ham Desk can also help you find a local ham to answer
questions. Studying with a friend makes learning the material more fun as you help each other
over the rough spots and you’ll have someone to celebrate with after passing the exam!If you
are taking a licensing class, the instructors will guide you through the material. Help your
instructors by letting them know where you need more assistance. They want you to learn as
thoroughly and quickly as possible, so don’t hold back your questions. Similarly, if you find their
explanations particularly clear or helpful, tell them that, so it can be used in the next class!At
the end of each section is a good time to pause for a short review session. Be sure you
understand the material by answering the questions before moving to the next section. It is a
lot easier to learn the material section-by-section than by rushing ahead and you’ll remember it
more clearly. For a focused discussion on each exam question, pick up a copy of the ARRL’s
Tech Q&A. Every question is included with the correct answer and a short explanation.To make
the best use of the on-line reference material, bookmark the Ham Radio License Manual
website to use as an online reference while you study. The web page includes other resources
organized by section and chapter to follow the book. Browse these links for extra
information.Online Practice ExamsAs you complete each chapter of this book, use ARRL’s
online Exam Review for Ham Radio to help prepare for exam day. This web-based service uses
the question pool to construct chapter-by-chapter reviews. Once you’ve finished this book, use
the online service to take practice exams with the same number and variety of questions that
you’ll encounter on exam day. You can practice taking the test over and over again in complete



privacy (even print practice exams!).These exams are quite realistic and you get quick
feedback about the questions you missed. When you find yourself passing the online exams by
a comfortable margin, you’ll be ready for the real thing.To begin using ARRL Exam Review for
Ham Radio, go to .In this chapter, you’ll learn about:• What makes Amateur Radio unique• Why
the FCC makes the rules• What activities you’ll find in Amateur Radio• Where you can find
other hams• The Technician license — what it is and how to get it• Ready? Set? Go!When you
see the mouse, you’ll find more information atWelcome to the Ham Radio License Manual, the
most popular introduction to Amateur Radio of all! In this study guide, not only will you learn
enough to pass your Technician license exam, you’ll also learn what ham radio is all about and
how to jump right in once you’re ready to get on the air.If you want to know more about
amateur or “ham” radio before you start preparing to get a license, you’ll find your answers in
sections beginning with “What is Amateur Radio?” If you already know about ham radio and
are anxious to get started, you’re in good company — there are thousands of other folks
getting ready to become a ham radio operator. Jump ahead to section 1.4 — “Getting Your
Ham Radio License” and get started!1.1 What is Amateur Radio?What’s an Elmer?As
someone learning about Amateur Radio, you’ll hear the term “Elmer” and “Elmering” a lot! A
ham radio “Elmer” is someone who personally guides and tutors a new ham, both before and
after getting a license. It doesn’t refer to anyone in particular, just the more experienced hams
who help newcomers.Using the word “Elmer” to mean “mentor” is unique to ham radio. Rick
Lindquist, WW1ME traces the origin of the term to the March 1971 issue of QST magazine; the
term appeared in a “How’s DX” column by Rod Newkirk, W9BRD. Rod’s mentor was a ham
named Elmer and Rod thought every new ham should have an Elmer of their own. The name
stuck and since then, “Elmering” has meant “helping.”Every ham has at least one Elmer at
some point. You will, too, and if someone refers to you as “their Elmer,” you can be proud.Who
Made the “Ham”?How did “amateur” become “ham”? The real answer is unknown! Even before
radio, telegraphers referred to a poor operator as a ham. Perhaps this was derived from a poor
operator being “ham-fisted” on the telegraph key — an operator’s “fist” referred to his or her
distinctive style over the wires. With all radio stations sharing the same radio spectrum in the
early days, commercial and military operators would sometimes refer to amateurs as hams
when there was interference. Regardless, amateurs adopted the term as a badge of honor and
proudly refer to each other as “hams” today.Amateur Radio will surprise you with all its different
activities. If you’ve encountered Amateur Radio in a public service role or if someone you know
has a ham radio in their home or car, then you already have some ideas. Maybe you have seen
ham radio in a movie or read about it in a book. Are you a part of a maker community? If so,
you’ll really enjoy getting involved with one of the most “hands-on” hobbies of all. Amateur
Radio is the most powerful communications service available to the private citizen anywhere
on Earth — or even above it!Amateur Radio is a recognized national asset, providing trained
operators, technical specialists and disaster response communications in time of need. It was
created for people just like you who have an interest in radio communications. Some hams
prefer to focus on the technology and science of radio. Competitive events and award programs
hold the interest of others. Some train to use radio in support of emergency response efforts, to
provide public service, or to keep in touch with family. There are many hams who simply like to
talk with other hams, too. This introductory section of the Ham Radio License Manual will give
you a broad overview of Amateur Radio so you can understand how radio works and why
hams do what they do. Let’s start at the beginning, shall we?BEGINNINGS OF HAM
RADIOAmateur Radio has been around since the beginning of radio communications. It wasn’t
long after Marconi spanned the Atlantic in 1901 before curious folks began experimenting with



“wireless.” Amateur Radio more or less invented itself, right along with broadcasting and
wireless telegraphy. The very first amateur licenses were granted back in 1912 and the number
of hams grew rapidly. Early stations used “spark,” literally a vigorous and noisy electrical arc, to
generate radio waves. Inefficient and hazardous, spark was soon replaced by far more effective
vacuum tube transmitters. By the end of the 1920s both voice and Morse code could be heard
on the airwaves. Radio became very popular, instantly connecting communities and individuals
as they had never been before.As radio communication became widespread, the Federal
Communications Commission (FCC) was created to regulate the competing radio uses,
including broadcasting, commercial message and news services, military communications, and
public safety. The Amateur service (the legal name for Amateur Radio) was created in 1934
and has expanded in size and capability ever since.An Online MentorThe ARRL’s Ham Radio
License Manual web page contains useful additional or tutorial information organized in the
same way as this book. There are also links to other web resources that provide more detail
about the book’s topics. Look for the mouse symbol in the margin of the text — it indicates that
there is more information on the HRLM website to help you.The Ham Radio License Manual
website also provides in-depth guidance on technical topics. For example, if you need help with
your math skills, there are links to online math tutorials and articles. For the handful of exam
questions that involve calculations, the web page shows exactly how to work out each
problem.The web page also includes helpful links for finding licensing classes, study materials,
background information, asking questions and more. You’ll find it a good introduction to the
ARRL website, the most complete resource in the world for amateurs.Amateurs, skilled in the
ways of radio, played crucial roles during World War II as operators and radio engineers. After
the war, thousands of hams turned to radio and electronics as a profession, fueling the rapid
advances in communications during the 1950s and 60s. Amateur Radio evolved right along
with industry — spanning the globe was commonplace! With Morse code as popular as ever,
the amateur airwaves were also filling with voice and radioteletype signals. Hams even
invented a new form of picture transmission called slow-scan television that used regular voice
transmitters and receivers. The first satellite built by amateurs, called OSCAR-1, was launched
in 1961, transmitting a simple Morse message back to Earth for several weeks.Through the
1970s amateurs built an extensive network of relay “repeater” stations to provide regional
communications with low-power mobile and handheld radios. In the 1980s and 1990s,
microprocessors were quickly applied to radio, greatly increasing the capabilities of amateur
equipment and ushering in a new era of digital communications. Packet radio, an adaptation of
computer network technology, was developed by hams and is now widely used for commercial
and public safety communications.The personal computer, as in many other fields, gave
amateurs a powerful new tool for design, modeling, station automation, and recordkeeping, as
well as making Amateur Radio computer networks a reality. Finally, the internet arrived and
hams quickly adapted the new technology to their own uses just as they had many times
before. At each step in the development of today’s communication-intensive world, hams have
contributed either as part of their profession or as individuals pursuing a personal
passion.That’s Why It’s Called “Amateur” RadioIn order to keep businesses or municipalities
from unfairly exploiting the amateur bands, amateurs are strictly forbidden from receiving
compensation for their activities. That means you can’t talk with a co-worker about an
assignment, for example. If you provide communications for a parade or charity activity, you
can’t accept a fee. This keeps radio amateurs free to explore and improve and train — it’s
worked well for many years.HAM RADIO TODAYHere more than a century later and wireless is
still very much at the forefront of communications technology. Far from being eclipsed by the



internet, ham radio continues its tradition of innovation by combining the internet with radio
technologies in new ways. Hams have created their own wireless data networks, position
reporting systems, and even a radio-based e-mail network that enables the most solitary ham
to “log in” from anywhere in the world. Voice communications hop between internet and radio
links to connect hams on the opposite sides of the globe using only handheld transmitters less
powerful than a flashlight!Don’t let anyone tell you that Morse code is finished. It’s still very
much alive in Amateur Radio where its simplicity and efficiency continue to make it popular.
Amateurs also speak to each other directly using sophisticated radios that are grown-up
versions of the Citizen’s Band (CB) and Family Radio Service (FRS) radios available at local
electronics stores. Computers are a big part of ham radio today as hams chat “keyboard-to-
keyboard” or send pictures via radio. You’ll even find some hams assembling their own TV
stations and transmitting professional-quality video!In step with the telecommunications
industry, hams also look to the skies for their communications. Amateur Radio satellites
whirling through orbit connect hams on the ground by voice, Morse code, and data signals.
There is a ham station on the International Space Station used by astronauts (most astronauts
have ham licenses) and ground-based hams. Ham-written software allows signals to be
bounced off the Moon and even meteor trails in the Earth’s atmosphere.When disaster strikes,
you will find hams responding quickly and capably in support of public safety agencies and
relief organizations such as the Red Cross and the National Hurricane Center. Amateur Radio
is an important part of many response and relief efforts. Hams also turn out in great numbers
to provide communications for parades, sporting events, festivals, and other public
occasions.While Amateur Radio got its start long ago as a collection of tinkerers in basements
and backyard “shacks” — the origin of the term “radio shack” — it has grown to become a
worldwide communications service with millions of licensees. The tinkerers are very much still
with us, of course, creating new and useful ways of putting radio to work. You will find that ham
radio has more facets than you could imagine and they’re growing in number every day.WHO
CAN BE A HAM?Are you ready to join us? Anyone can become a ham! It doesn’t matter how
old you are or how much you know about radio when you begin. One of ham radio’s most
enjoyable aspects is that you’re on a first-name basis with every other ham, whether you’re an
elementary school student, a CEO, an astronaut, or a long-distance truck driver. There are also
thousands of people with disabilities for whom ham radio is a new window to the world.Hams
range in age from six to more than one hundred years old. While some are technically skilled,
holding positions as scientists, engineers, or technicians, all walks of life are represented on
the airwaves.Musicians? Try Joe Walsh, WB6ACU, guitarist for the Eagles. Nobel Prize
winner? Meet Joe Taylor, K1JT. Athlete? Now active in radiosport competitions, Joe Rudi,
NK7U, is a retired major league outfielder and MVP! Why not imagine your name and call sign
up there in lights?Handihams — No Barriers to Ham RadioAmateur Radio presents an
opportunity to communicate and participate for those with disabilities. Disabled hams often use
their unique talents to make valuable contributions over the airwaves, even though they might
not be physically present or active. The Courage Kenny Rehabilitation Institute sponsors the
Courage Kenny Handiham Program () to help people with physical disabilities obtain amateur
licenses. The system provides materials and instruction to persons with disabilities interested
in obtaining ham licenses. The Program also provides information to other hams, dubbed
“verticals,” who wish to help people with disabilities earn a license.The photo nearby shows
Glenn Johnson, WØGJ, operating from Desecheo Island as K5D. Glenn is a pediatric surgeon
and sometimes combines ham radio with his travels to donate medical services. He has been
the ARRL’s Humanitarian of the Year and has operated from many far-away places such as



Bhutan and the Andaman Islands.Rachel Finerman, KI6PJY, and Christina Soltero, KI6QLR,
worked together as a two-student team to help build an Elecraft K2 HF transceiver kit at
Granite Bay Montessori School in California. The 4th through 8th-grade students also
assembled and installed a GAP Titan vertical antenna and operate the K6GBM repeater on the
UHF band of 70 centimeters. As part of learning about science, more than 20 students have
earned their Technician license and several have upgraded to General.One of radio
contesting’s most enjoyable challenges is operating mobile or portable, putting rare counties or
other locations on the air. At VHF and UHF, “hilltopping” is a popular way of greatly extending a
station’s range. Microwave enthusiasts like the Jacobsens, Tammy, KI7GVT, and Kevin, AD7OI,
look for DX (long-distance) contacts from special locations that offer regular tropospheric paths
over dozens or hundreds of miles, such as a southern California ridge overlooking the deserts
below.Developing a world-wide ham community of students and young adults, YOTA ()
organizes on-the-air and in-person events. The annual get-together in 2018 is being held in
South Africa. The accompanying photo shows the Estonian team operating in one of the
competitions held at a recent YOTA conference. Watch for special call signs ending in YOTA
during “YOTA months!”Picnic, Training, or Contest? It’s ARRL Field Day!The most popular ham
radio event of all is called ARRL Field Day, held on the fourth full weekend of June every year.
More than 30,000 hams participate across the United States, Canada, and the Caribbean.
(European clubs hold their own Field Day on different weekends.) The goal is to exercise your
abilities to set up and operate radio equipment “in the field” as if an emergency or disaster
occurs. Field Day takes on all the aspects of a competition, emergency exercise and club
picnic — it’s all three! Visitors, particularly prospective hams like you, are welcome at these
events and there’s no better way to learn about ham radio. See the ARRL website for more
information.Taking ham radio to new heights, astronaut Richard Garriott, W5WKQ, operated
from aboard the International Space Station (ISS), using the call sign NA1SS. Richard
contacted more than 500 different hams from the ISS in a 12-day visit to space. Richard’s
father Owen, W5LFL, was the first ham in space from aboard the Space Shuttle in 1984.
Nearly all of the US and Russian astronauts have ham licenses, contacting both individual
hams and students in school classrooms from orbit.WHAT DO HAMS DO?There are so many
things that hams do that it’s almost easier to tell you what they don’t do! The image most
people have of a ham is someone with headphones hunched over a stack of glowing radios,
listening to crackling voices from around the globe. We certainly do that — thousands of
contacts span the oceans every day — but there is so much more!TalkingHams talk, literally,
more than any other way of communicating. After all, it’s the way humans are built. For that
reason, most ham radios are made for voice communication. Relay stations called repeaters
allow hams using low-power radios to talk with each over a wide region, 50 miles or more.
Hams also bounce signals off the upper layers of the atmosphere, making contacts around the
globe. Even computer-to-computer speech is available on ham radio, across town or to a
distant repeater system on another continent.Byte-ingHams also use digital “codes” to
communicate. By connecting a computer to a radio, digital information can be sent over the air
waves. This is one of the most exciting facets of 21st-century ham radio. One popular style is
simple “keyboard-to-keyboard” communications similar to mobile-phone texting. Hams are busy
devising and using new techniques of making contacts using state-of-the-art modulation and
encoding. Not only are hams sending digital data, they’re inventing new ways of doing it, too!
SendingThe oldest method hams use is the venerable Morse code, now well into its second
century of use. Far from being a useless antique, Morse transmissions are simple to generate
and very efficient. Hams also love the musicality of “the code” and have devised many ways to



generate Morse, from the original “straight key” to fancy electronic versions and even via
computer keyboards. Morse has a language all its own, both in its clear, pure tones and in the
mannerisms with which hams connect and converse.BuildingUnlike many other radio
communication services, you are allowed — no, encouraged — to build and repair your own
equipment, from the radio itself to the antennas and any accessory you can think of. Hams call
this build-it-yourself ethic “homebrewing” and are proud to use equipment and accessories they
built themselves. You’ll find hams constructing anything from high-power, signal-boosting
amplifiers to a miniature hand-built radio that fits in a metal candy tin! Hams have been
responsible for numerous advances in the state of the antenna art as they tinker and test, too.
If you like to know what’s “under the hood” you’ll find many like-minded friends in ham
radio.WatchingHams have devised many ways of exchanging pictures and video. Many years
ago, hams used teletype to send pictures made from text characters. Today a ham can set up a
video camera and transmit pictures every bit as good as professional video. This is called ATV
for amateur television, and there are even ATV transmitters flying in model aircraft and balloons
that ascend to the edge of space! Hams pioneered the use of regular voice transmitters to
send still photographs as “slow-scan television” over long-distance paths to hams thousands of
miles away.Hams Respond in Times of NeedHurricanes Harvey, Irma, and Maria wreaked
havoc on Texas, Puerto Rico, the US Virgin Islands, and across the Caribbean in the fall of
2017. Before, during, and after the storms, ARRL Amateur Radio Emergency Service (ARES)®
volunteers were active and worked closely with the National Weather Service and the National
Hurricane Center to report on local conditions. Since mobile and landline telephones, electrical
power, cable TV, and internet service were knocked out, amateur voice and digital links were
put to work at EOCs (Emergency Operations Centers), Red Cross shelters, and supported
numerous other agencies and facilities in the affected areas. The amateur response lasted well
beyond the duration of the storms and continued as the Caribbean communities struggled to
rebuild.While these major storms were incredibly damaging and costly, amateurs respond to
many other events that can be just as devastating on a local scale. Hams are called when
tornados strike in the Midwest and Southeast. In the West, hams support wildfire responders in
the rugged mountain terrain that stretches from San Diego to Colorado and Montana. Around
the world, hams were there when earthquakes leveled cities in China and monsoons flooded
cities and created landslides in Southeast Asia.These stories offer just a tiny glimpse of how
Amateur Radio operators respond when their communities are damaged or destroyed. You’ll
find that becoming a radio amateur gives you an opportunity to learn the skills and techniques
necessary to be of service when called upon. It’s one of the most valued features of the
Amateur service.Emergency Communications and Public ServiceOne of the reasons Amateur
Radio continues to enjoy its privileged position on the airwaves is the legendary ability of hams
to organize and respond to disasters and emergencies. Because ham radio doesn’t depend on
extensive support systems, ham stations are likely to be able to operate while the public
communications networks are recovering from a hurricane or earthquake. Hams are also self-
organized in teams that train to respond quickly and provide communications wherever it’s
needed. It’s not necessary to have a big emergency for hams to pitch in. We also provide public
service by assisting with communications at parades and sporting events, or by serving as
weather watchers.Hams recognize the value of Amateur Radio to their communities and have
created training programs such as the ARRL Amateur Radio Emergency Service (ARES®) that
promote readiness. The ARRL offers emergency communications training classes over the
internet. Hams often work closely with other citizen volunteer teams. Many are also certified as
emergency response workers with a wide variety of skills such as first aid, search-and-rescue



and so forth. Hams hone their message-handling skills in nets so that they’ll be ready when
called upon for real.AMATEUR RADIO CLUBS AND ORGANIZATIONSHelping newcomers is
one of ham radio’s oldest traditions. After all, we are all “amateurs,” learning and training
together. Nearly every ham has mentored or Elmered another ham at one time or another.
You’ll be amazed at the amount of sharing within the ham community. Your ham radio support
group comes in many forms — a fellow student or classmate, a nearby ham, a club or even a
nationwide organization. All of them are resources for you, not only during your studies for the
licensing exam, but also after you have your call sign and are learning how to be a ham.If you
haven’t already found a local radio club, you can find one by using the ARRL’s Affiliated Club
Search on the ARRL website. There are several types of clubs; some specialize in one type of
operating or public service. Most are “general interest” clubs for the members to socialize,
learn, and help each other out — a good first choice. Don’t hesitate to make use of the contact
info and attend a meeting! Many clubs make an extra effort to offer special assistance to
aspiring and new hams.Once you decide on a club, you’ll get a lot more than just study help by
participating in the club activities. Log on to the club website. Take advantage of open houses,
work parties, or operating events, and maybe attend those informal lunches or breakfasts. Be
sure to introduce yourself to the club officers and let them know you’re a visitor or new
member. Is there another new member? Buddy up! Soon you’ll be one of the regulars.WHAT
MAKES AMATEUR RADIO DIFFERENT?There are lots of other types of two-way radios you
can buy in a store — Citizen’s Band, handheld FRS/GMRS “walkabouts,” marine radio for
boaters — what is it about Amateur Radio that sets it apart? In a word — variety. You’ll find that
each of the radio types listed in Table 1.1 is designed for just a few purposes and they might do
that well. Amateur Radio, on the other hand, is tremendously flexible with many different types
of signals and radio bands. As a ham, you’re not restricted to any one combination; you can
experiment and try different things as much as you want to get the job done.Unlicensed
Personal RadiosThe most popular personal radios are the FRS/GMRS handheld radios that
are seemingly sold everywhere. FRS stands for Family Radio Service and GMRS stands for
General Mobile Radio Service. These radios use a set of 22 channels in a narrow frequency
band best suited for short-range, line-of-sight communications. (You may be unaware that
using the GMRS channels and features of the radio requires a license! It’s in the manual’s fine
print.) Without the GMRS license, your maximum 1/2 watt of transmitter output power limits you
to communications over a few hundred yards to a couple of miles. You can’t extend your range
with repeaters, nor can you use more powerful mobile radios.Citizens Band remains popular in
the applications for which it was originally intended. Mobile radios in vehicles, boats, and farm
equipment provide useful, medium-range radio communications to other vehicles or with radios
at home or at work. Handheld radios are also popular. CB radios have 40 channels (more with
selectable sidebands) and communication is fairly reliable over a range of several
miles.Boaters will be familiar with marine VHF radios used for boats to communicate with each
other and with stations on shore. These radios can use up to 50 channels for communicating
around harbors and for short-range needs during both fresh and salt-water travel.All three of
these radios are designed to use a set of channels selected for a single type of
communications as shown in Table 1.1. They do their designated job well. Amateurs have
access to a much broader range of communications options and create new ways of
communicating that are more powerful and flexible than those of the unlicensed radio services.
If you find your personal radio interesting, but limited, then Amateur Radio is definitely the
place for you.Business and Public Safety RadioARRL — The National Association for Amateur
RadioThe American Radio Relay League (ARRL) has been an integral part of Amateur Radio



from the very beginning. The ARRL offers more assistance to potential and licensed hams than
any other organization, including operating the largest of the Volunteer Examiner Coordinators
and working on behalf of all hams with the FCC and Congress. The core missions of the ARRL
are:• Public ServiceThe ARRL actively promotes the public service aspects of Amateur Radio,
a tradition that has earned respect through decades of service. The ARRL’s legacy of public
service began in 1935 with the creation of the Amateur Radio Emergency Service, better
known as ARES, to provide communication support during natural and man-made disasters.•
AdvocacyThe ARRL represents Amateur Radio at the local, state, federal and international
levels. Thanks to the efforts of the ARRL, Amateur Radio has been able to thrive despite
repeated attempts to restrict its growth. The ARRL serves as a voice for Amateur Radio before
regulatory agencies such as the Federal Communications Commission (FCC) and the
International Telecommunication Union (ITU).• EducationThe educational mission of the ARRL
is twofold. (1) To recruit new amateurs, the ARRL publishes books and study guides such as
this one for Amateur Radio license exams, maintains a mentor program for new hams and
much more. (2) The ARRL also promotes ham radio in school classrooms, advocating its use
as a tool to teach science and technology. To that end, the ARRL assists teachers with
appropriate instructional materials and training.• TechnologyThe ARRL promotes technical
skills and training for all amateurs. It publishes more Amateur Radio technical material — in
print and online — than any other amateur organization in the world. The ARRL Handbook and
ARRL Antenna Book have been amateur and professional references for decades. The ARRL’s
online Technical Information Service provides numerous resources on technical topics. QEX is
the ARRL’s magazine for advanced technology and presents state-of-the-art information in
each issue.• MembershipThe majority of active amateurs belong to the ARRL, and for good
reason! In addition to all the member services listed above, ARRL members receive QST
magazine each month and can subscribe to an entire roster of e-mailed newsletters and
bulletins. Members also have full access to the extensive ARRL website. The ARRL also
sponsors the largest radiosport program in the world with an event for every mode of operating.
Membership does not require a license and costs about the same as a couple of large pizzas,
with considerably longer-lasting benefits!• QST — The Amateur’s MagazineQST is the
authoritative source for news and information on any topic that’s part of, or relates to, Amateur
Radio It is available in print and digital formats, whichever you prefer. In each colorful issue
you’ll find technical articles and informative Product Reviews of the newest radios and
accessories from handheld and mobile FM radios, to home station transceivers, antennas, and
even shortwave radios. Each month’s Convention and Hamfest Calendar shows you who’s
getting together at hamfests, conventions, and swap meets in your area. Whether you’re
interested in radiosport contests, DXing, or radios, accessories and antennas you can build at
home, QST covers them all: New trends and the latest technology, news, club activities, rules
and regulations, special events and much more.Every day you can see police and firemen
using handheld and mobile radios as part of their jobs. Many businesses also have their
employees use similar radios. How do these relate to Amateur Radio? The FCC has created
radio services for public agencies and private businesses. These organizations, public and
private, are all licensed, just like hams must be, although the individual users need not have a
license. The electronics in these radios are very similar to those of radios that hams use,
sometimes identical. In fact, many a ham has converted a surplus commercial or public safety
radio to ham radio use. While business and public safety radio users are restricted to just a few
“channels,” though, hams can use their radios on hundreds of channels and for far more varied
uses.1.2 The FCC and LicensingThe Federal Communications Commission (FCC) is charged



with administering all of the radio signals transmitted by US radio stations. The FCC also
coordinates these transmissions with other countries as part of the International
Telecommunication Union (ITU). While you may not need a license to use an FRS or CB radio,
the vast majority of radio users must have a license or be employed by a company that has a
license. This section explains how licensing works for Amateur Radio.WHY GET A LICENSE?
Amateurs are free to choose from many types of radios and activities — that’s what you get in
return for passing the license exam. If you can learn the basics of radio and the rules of
Amateur Radio, then the opportunities of ham radio are all yours! Just remember that the
license is there to ensure that you understand the basics before transmitting. This helps keep
Amateur Radio useful and enjoyable to everyone.Why don’t people just buy radios and transmit
anyway? (This is called “bootlegging” or “pirating.”) First of all, it’s quite apparent to hams who
has and who hasn’t passed a license exam. You’ll find yourself attracting the attention of the
FCC but more importantly, you won’t fit in and you won’t have fun.One of the most important
benefits to being licensed is that you have the right to be protected from interference by signals
from unlicensed devices, such as consumer electronics. Your right to use the amateur bands is
similarly protected. The protection doesn’t work perfectly all the time, but nevertheless, as a
licensed amateur operator, your license is recognized by law. This is a big improvement over
unlicensed radio users. It’s definitely worth the effort to get that license!LICENSING
OVERVIEWThe FCC has a different set of rules for each type of radio use. These uses are
called services. Each service was created for a specific purpose — Land Mobile, Aviation, and
Broadcasting, for example. Nearly all services require that a license be obtained before
transmissions are made. These are called licensed services and the Amateur service is one
such service.Most services do not require an examination to be licensed. This is because the
FCC sets strict technical standards for the radio equipment used in these services and restricts
how those radios may be used. This tradeoff reduces the training required for those radio
users. Licensing in these services is primarily a method to control access to the
airwaves.Amateurs, on the other hand, have great latitude in how we use radios. We can build
and repair our own radios. The procedures we use to communicate are completely up to us.
We can operate however we want, with few restrictions. This flexibility requires that amateurs
be more knowledgeable than the typical user in other services so we don’t cause interference
to them. That is why amateurs have to pass a licensing examination.Amateur LicensesOnce
upon a time, the FCC gave the exams for Amateur Radio licenses. In those days, hams often
had to travel long distances to get to a regional Federal Building, stand in lines for hours, sit on
uncomfortable chairs, and sweat their way through exams graded by grim-faced proctors. It’s a
wonder any of them survived the experience!Today, amateurs give and grade the exams
ourselves under the guidance of a Volunteer Examiner Coordinator (VEC). There are currently
14 different clubs or organizations recognized as VECs by the FCC. These make up the
National Conference of Volunteer Examiner Coordinators (NCVEC). The NCVEC elects
representatives to write the questions used for the license exam question pool. The
representatives make up the Question Pool Committee. There is one question pool for each
class of amateur license.Each VEC also certifies Volunteer Examiners (VEs) who actually
administer the exam sessions. The VEC then handles the paperwork for each license exam
and application. That doesn’t mean you won’t sweat a little bit, but the examination process is
not as imposing as it seems.The result of passing the exam is an operator license (or “ticket”)
granted by the FCC after it receives the necessary paperwork from the VEC that administered
your exam session. The license also specifies a call sign that becomes your radio
identity.There are three classes of license being granted today: the Technician, General, and



Amateur Extra. The exam for each of the three license classes is called an element. Passing
each of the elements grants the licensee more and more privileges allowed by the FCC’s
Amateur service rules. Table 1.2 shows the elements and privileges for each of the Amateur
license classes as of early 2018.You’ll learn the privileges of the Technician class license as
you study this book. For now, all you need to remember is that Technician licensees are
granted privileges on the radio airwaves referred to as the “VHF and UHF bands” and a few
privileges on the “HF bands.” You’ll learn what those terms mean as you study.1.3 Amateur
Radio ActivitiesHam radio has a lot to offer, but the many activities can be confusing. To help
you understand why we operate in certain ways or why rules are written the way they are, this
section presents some basics of ham radio. Later, you’ll learn more details, but this introduction
present some of the fundamentals that are present in almost all ham radio
communications.IDENTIFICATION AND CONTACTSOn the airwaves, your everyday identity
gets something new — a call sign and your radio identity becomes “Steve WB8IMY” or “Mary
K1MMH.” Hams become known by their call signs and often keep them for life. Your call sign or
call is completely unique among all the radio users anywhere in the world! There is only one
N6BV (Dean in USA) just like there is only one G4BUO (Dave in England) and one PP5JR
(Sergio in Brazil) and one JE1CKA (Tack in Japan). By transmitting your call, other hams know
who you are and your nationality. Identifying yourself with your call sign is known as signing.
Because you can’t see other hams except when using video transmissions, your call sign is
very important. In fact, you’re required to transmit your call regularly during every contact so
that everyone knows whose transmissions are whose.Speaking of contacts, any conversation
between hams over the air is called a contact and starting a conversation is making contact.
Attempting to make contact by transmitting your call sign is making a call or calling. If you’re
making a “come in anybody” call to which any station can respond, that’s calling CQ. (“CQ”
means “a general call.”)Once you establish contact, the next step is to exchange more
information such as a signal report that lets the other station know how well you are receiving
or copying them. Name and location are exchanged after that — then you’re off to whatever
business is at hand. A long conversation is known as a ragchew. At the end of a contact, you
sign off.Ham ShorthandLike any activity that has been around for a while, such as sailing or
flying, radio has a special jargon of its own. Many of these conventions originate from the days
of the telegraph. In those days, every word took up precious time so the operators developed
an extensive series of abbreviations and special characters (called prosigns) that kept the
information (or traffic) flowing quickly and smoothly. For example, you may have heard the word
“break” or “breaker” used over the radio. The word originally referred to a telegraph operator
disconnecting or breaking the telegraph line so that no characters could be sent. This got the
attention of every other operator along the line and to do so was called breaking in. The word is
still in use 150 years later!Later, as radio became a worldwide tool, operators that didn’t speak
the same language were aided by the creation of Q-signals. For example, “QTH?” means
“What is your location?” and in response “QTH Seattle” means “I am located in Seattle.” Many
of these procedures and abbreviations are still in place today, because they work!USING
YOUR VOICEBy far, the most popular method or mode of making contacts is by voice. There
are a number of ways to transmit voices via radio signals and you’ll learn about those in the
next chapter. It’s easy and natural to converse this way, using the proper procedures. Voice is
widely used by amateurs for short-distance and long-distance contacts. It is the most popular
mode for hams on the go and during public service or emergency response.As a Technician
licensee, you’ll be able to make voice contacts directly with other hams and also by using
stations called repeaters that relay signals from low-power mobile or handheld transmitters



across a wide area. Hams have also built internet-linked repeater systems that send digitized
voices around the world so that local repeater users can communicate worldwide with just a
low-power, handheld radio!Hams typically use English as a common language when making
international contacts, although when communicating within a country hams use their native
languages. Voice contacts can be a good way to learn or polish your foreign language
skills.EXCHANGING DIGITAL DATAInexpensive sound card hardware and signal processing
software for personal computers has created a surge of interest in the digital modes in which
the conversation is carried out as streams of characters sent over the airwaves. A data
interface is used to connect the radio to the computer. Most digital contacts are keyboard-to-
keyboard, meaning that the operators take turns typing, just like text messaging.Hams have
been blazing trails in developing new methods of converting the computer characters into radio
signals and back again. The methods are called protocols and are referred to by their initials,
such as RTTY, PSK31, or FT8. Different protocols are used to get the most effective
communications possible.One of the digital radio systems developed by hams exchanges e-
mail over Amateur Radio. It’s called Winlink and it looks a lot like regular e-mail on the
computer screen. It’s used daily by thousands of hams who are unable to access the internet
while traveling, at sea, or camping in remote locations. It’s also used for emergency and
disaster response communications.USING MORSE CODEMorse or “CW” is still quite popular
in Amateur Radio. Because all of a signal’s energy is concentrated in a single on-and-off
signal, Morse works very well in the presence of interference or when signals are weak. Morse
signals can be generated by extremely simple transmitters — all you need is something to
generate a radio signal and something else to turn it on and off. Receiving and decoding Morse
(called copying the code) requires only a basic receiver and a human ear.Many operators enjoy
the rhythm and musicality of “the code.” It’s a skill like playing a musical instrument that you can
enjoy for its own sake. Listening to a seasoned Morse operator is quite a treat!EMERGENCIES
AND PUBLIC SERVICEOne of the reasons ham radio is so valuable (and maybe a reason
you’re reading this book) is that hams are good at helping. Communications is key to making
any kind of organized effort work, whether it’s a small parade or major response to a natural
disaster. While the day-to-day telecommunication systems are recovering, hams quickly set up
temporary networks that support public safety and government operations. Why does this
work? Because there are lots of hams and we are skilled in basic communication techniques
that don’t depend on any other telecommunications system.Can Technician class licensees
help out? You bet they can! By learning how to use your radio and taking some simple training
classes, such as the ARRL’s Introduction to Emergency Communication training course, you’ll
be ready to join and practice with other hams. The largest ham public service organization is
the Amateur Radio Emergency Service (ARES) which is organized by the ARRL. You can join
a local ARES team to receive training and practice providing emergency communications
support. Table 1.3 lists several ham radio emergency response groups.Hams can pitch in and
help in many ways. Not everyone has to be on-site to make a contribution. Whatever your
personal capabilities and license class, there is a need you can fill.• From home — Use base
station radios and antennas to provide long distance communications, relay messages, and act
as a net control to coordinate communications.• From a vehicle — From a personal vehicle or a
communications-equipped van, portable stations provide valuable relay and coordination
functions in the field.• On foot — Go where the action is to provide status reports and relay
supply and operations messages between the control centers and workers in the field.One of
the most important functions, repeated three times in the list above, is to relay communications.
It is no coincidence that the third letter in ARRL stands for “relay,” one of the oldest and most



highly valued radio functions. Relaying information requires accuracy and efficiency. Hams
pride themselves on both.AWARDS AND CONTESTSHams keep their skills sharp not only by
training, but by getting on the air and having fun! Just as sports and recreational activities keep
your body fit and in good health, there are competitive radio activities, as well. There are many
suitable for Technician license holders.There are operating achievement awards for almost
anything you can imagine, such as working (contacting) every state or different countries,
contacting satellites, and making low-power contacts. Table 1.4 shows several examples of
awards and operating events, but thousands of awards are available. Collecting these colorful
certificates and other prizes can be addictive!Contests, also called radiosport, fill the ham
bands with rapid-fire contacts as amateurs strive to make as many short contacts as possible
within a limited time. There is a tremendous variety of contests, from sprints lasting only a few
hours to international contests that last for 48 hours. Working hard to compete and improve
provides a strong incentive to become skilled in both technical and operating
capabilities.NOVEL ACTIVITIESAs if all this wasn’t interesting enough, hams are famous for
pushing the envelope and either inventing an entirely new technology or adopting a
commercial technology in an unexpected way. It was mentioned before that hams have their
own satellites and radio/internet networks, but that’s just the start. Here are some
examples:SSTV and ATVSlow-scan television (SSTV) was invented by hams to send pictures
over regular voice radios. Black-and-white or color pictures and images can be sent and
received by a computer with a sound card. Broadcast TV-style video is the domain of the
amateur TV (ATV) enthusiasts. They hook up a regular video camera to an ATV transmitter and
voila! they’re on the air, beaming video that looks just like a professional signal. Both ATV and
SSTV are increasingly used in emergencies.Packet Radio and Broadband HamnetAmateurs
have long built data networks using the AX.25 adaption of commercial computer network
protocols. A special kind of data interface called a terminal node controller (TNC) takes
characters from a computer and re-packages them into data packets which are transmitted by
a regular, unmodified radio, usually on the VHF or UHF bands. Hams have also adapted WiFi
routers, reprogramming them to form “mesh” networks automatically, creating regional
networks Packet stations and networks are used to support emergency communications and a
variety of other uses.APRS — Automatic Packet Reporting SystemInvented by Bob Bruninga,
WB4APR, APRS integrates GPS position data and other information with packet radio.
Amateurs with a GPS and a mobile radio can send their position to a local APRS relay point or
gateway and on to internet-based servers. Other users can log on to the APRS servers and
find the location of anyone sending position data by tracking their movements on maps of
various detail levels. It’s fascinating!Meteor Scatter and EMEPerhaps the most exotic of all ham
activities is making contacts via meteor scatter or Earth-Moon-Earth (EME) reflections. The
trail of a meteor can reflect radio signals during the few seconds it lasts. A skilled amateur can
use that trail to make short contacts! The biggest reflector in the sky is the Moon and hams can
bounce their signals off the Moon and hear them when they complete the round trip back to
Earth. Nobel Prize-winner Joe Taylor, K1JT, wrote software that uses a computer’s sound card
to both send and receive data in a highly specialized code that enables even modest stations
to operate both meteor scatter and EME and at extremely low power levels. Does that sound
exciting? It is!1.4 Getting Your Ham Radio LicenseTHE TECHNICIAN LICENSEThe Technician
license is the first license for newcomers to ham radio. There are more Technician licensees
than of any other class, about 50% of all US hams. You’ll be able to communicate with
thousands of other hams in many of the ways amateurs use the airwaves.Once you gain some
experience, you’ll be ready to upgrade your license to General class and beyond to the top-of-



the-line Amateur Extra class. These licensees gain more privileges on the traditional HF or
“shortwave” bands of Amateur Radio. They all started just like you, taking the basic exams and
getting on the air.Want More Information?Looking for more information about ham radio in your
local area? Interested in taking a ham radio class? Ready for your license exam? Call 1-800-32
NEW HAM (1-800-326-3942). Do you need a list of ham radio clubs, instructors or examiners
in your local area? Just let us know what you need!You can also contact us via e-mail:
newham@arrl.orgOr check out our website:Find some special content just for Ham Radio
License Manual readers atYou can even write to us at:New Ham DeskARRL Headquarters225
Main StNewington, CT 06111-1494OBTAINING A LICENSEThe first step is in your hands right
now! To get your license, you’ll need to pass a 35-question, multiple-choice exam on the rules
of ham radio, simple operating procedures, and basic electronics. You can study on your own
or you can enroll in a licensing class. Log on to the ARRL website where you can search for
classes being held near you. There are more than 2000 instructors throughout the United
States who are part of the ARRL-sponsored training program. By joining a class, you can take
advantage of the experience of these ham radio experts and learn in the company of other
students.When you are ready to take your exam, it will be time to locate an exam session. If
you’re part of a study class, the instructor will make the necessary arrangements. For solo
students, you can find an exam session by visiting the ARRL website. Use the exam search
page to find exam sessions near you, including complete contact information. All Amateur
Radio exams are given by ham radio operators acting as volunteer examiners.Books to Help
You LearnAs you study the material on the licensing exam, you will have lots of other questions
about the hows and whys of Amateur Radio. The following references, available from your local
bookstore or the ARRL will help “fill in the blanks” and give you a broader picture of the hobby:•
Ham Radio for Dummies by Ward Silver — written for the prospective and new ham wondering
“What do I do now?.” It supplements the information in study guides with an informal, friendly
approach to the hobby — your “desktop Elmer.”• ARRL Operating Manual — in-depth chapters
on the most popular ham radio activities. Learn about nets, award programs, DXing and more.•
Understanding Basic Electronics — for students who want more technical background about
radio and electronics. The book covers the fundamentals of electricity and electronics that are
the foundation of all radio.After you pass your exam, the examiners will give you a Certificate of
Successful Completion of Examination (CSCE) that documents your achievement. They will
also file all of the necessary paperwork so that your license will be granted by the Federal
Communications Commission (FCC). In a few days, you will be able see your new call sign in
the FCC’s database via the ARRL’s website. Congratulations — you’re authorized to get on the
air! You print a copy of your license, or you can contact FCC to request a paper copy of your
license by mail.WHAT WE ASSUME ABOUT YOUThe only thing you’ll really need to succeed
is a strong interest in Amateur Radio and a willingness to learn. You don’t have to be a
technical guru to get your license. As you progress through the material, you’ll encounter some
basic science about radio and electricity. There will be a bit of simple math here and there.
When we get to the rules and regulations you’ll have to learn some new words and maybe
memorize a few numbers. That’s it! It will help if you have regular access to the internet. You
should have a simple calculator — you’ll be allowed to use it during the license
exam.ADVANCED STUDENTSPerhaps you’ve used other types of radios, such as Citizen’s
Band or a business band radio at work. You might have a technical background or have
experience as a radio operator. If so, we suggest that you jump to the questions listed at the
start of each section. If you find it easy to answer the questions correctly, you can skim or skip
the corresponding section of the book. Regardless of your background, be sure to review the



chapters on Licensing Regulations and Operating Regulations since ham radio rules and
procedures are probably different than what you’re used to.ONLINE PRACTICE EXAMSWhen
you feel like you’re nearly ready for the actual exam you can get some good practice by taking
Amateur Radio practice exams using the online ARRL Exam Review for Ham Radio (a link is
listed on this book’s web page). The Exam Review website uses the question pool to construct
an exam with the same number and variety of questions that you’ll encounter on exam day. You
can take them over and over again in complete privacy.These exams are quite realistic and you
get quick feedback about the questions you missed. When you find yourself passing the online
exams by a comfortable margin, you’ll be ready for the real thing.A note of caution: If you use a
different online practice exam service, be sure that the questions used are current — the
Technician question pool is completely rewritten every four years. The set of questions put in
place in July of 2018 will be replaced in 2022. (A new set of General questions will go into
effect in 2019 and a new set of Extra questions will go into effect in 2020.)TESTING
PROCESSThe final step is to find a test session. If you’re in a licensing class, the instructor will
help you find and register for a session. Otherwise, you can find a test session by using the
ARRL’s web page for finding exams. If you can register for the test session in advance, do so.
Other sessions, such as those at hamfests or conventions, are available to “walk-ins,” that is
anyone who shows up. You may have to wait for an available space though, so go early!Bring
two forms of identification including at least one photo ID, such as a driver’s license, passport
or employer’s identity card. Also know your Social Security Number (SSN). You can bring
pencils or pens and a calculator, but any kind of computer or online device is prohibited. (If you
have a disability and need these devices to take the exam, contact the session sponsor ahead
of time.) Once you’re signed in, you pay the test fee (check with the test session administrator)
and get ready.The Technician test usually takes less than an hour. You will be given a question
sheet and an answer sheet. As you answer each question, mark a box on the answer sheet.
Once you’ve answered all 35 questions, the volunteer examiners (VE) will grade and verify
your test results. Assuming you’ve passed (congratulations!) you’ll fill out a Certificate of
Successful Completion of Examination (CSCE) and a NCVEC Form 605. The exam organizers
will submit your results to the FCC while you keep the CSCE as evidence that you’ve passed
your Technician test. As soon as your name and call sign appear in the FCC’s database of
licensees, typically a week to ten days later, you can start transmitting. (You can listen any
time.)If you don’t pass, don’t be discouraged! You might be able to take another version of the
test. Ask the session organizers about a second try. Even if you decide to take the test again at
a later date, you now know just how the test session feels — you’ll be more relaxed and ready
next time. The ham bands are full of hams that took their tests more than once before passing.
You’ll be in good company!The Upgrade TrailSuccessfully obtaining your Technician license is
a great achievement — enjoy it! After you get some experience on the air and interact with your
fellow hams, it’s likely that you’ll become interested in using more of the shortwave HF bands
that support communication over long distances. The accompanying US Amateur Bands chart
shows the additional privileges available to General and Amateur Extra ticket holders enable
them to make contacts over really long distances on a wide variety of frequencies. (A full-size
version of the chart is available at .)This is where digital mode experimentation is the most
active. It’s a whole different experience on the “short waves.” Fortunately, there are a lot of
resources available as you hit the “upgrade trail.” The ARRL offers study guides and local clubs
often sponsor classes.The important thing is to just get started and keep going. Read some of
the books listed as resources. Keep a study guide available. Ask questions and visit stations
where you can use the HF bands. Be sure to attend a Field Day event where all of ham radio is



often on display. Just like studying for your Technician license, soon it starts making sense and
your scores on the practice exams will soar.TIME TO GET STARTED!By following these
instructions and carefully studying the material in this book, soon you’ll be joining the rest of us
on the air! Each of us at the ARRL Headquarters and every ARRL member looks forward to
the day when your signals join ours on the ham bands. “73” (best regards) and good luck!In
this chapter, you’ll learn about:• The radio spectrum• Radio signals and waves• The
characteristics of radio signals• Names and types of basic radio equipment• Simple radio
stationsWhen you see the mouse, you’ll find more information atThis is the real beginning of
your Amateur Radio adventure! The material in each chapter is presented in a “here’s what you
need to know” style. References will be provided so that you can learn more about topics that
interest you. Start by bookmarking the ARRL’s Ham Radio License Manual web page, . Don’t
forget that there’s a comprehensive glossary in the back of the book for unfamiliar terms.In this
chapter, we dive into what makes radio work — starting with the signals themselves — and
then basic radio equipment. We’ll then go on to basic electronics, operating, rules, and safety
in the following chapters.Covering technical topics first makes it easier for you to understand
operating rules and procedures. You’ll be a better and safer operator. Relax — we’ll start at the
beginning and learn one step at a time!2.1 Radio Signals and WavesWe’ll start with the signals
that travel back and forth between radios. All radio equipment is designed to generate or
manipulate radio signals. A radio signal can be electrical energy inside radio equipment or a
radio wave traveling through space. A radio wave begins at an antenna that turns an electrical
signal into radio waves that travel at the speed of light. As the wave passes other antennas, it
creates replicas of the original electrical signal. A radio then turns the received signal back into
a voice, digital data, or even Morse code.The process of turning the transmitter’s output signal
into radio waves that leave the antenna is called radiating or radiation. The word “radiation”
should not concern you. Radiation from an antenna is not the same as ionizing radiation from
radioactivity. You’ll learn more about this subject in the Safety chapter.Metric Prefixes — the
Language of RadioThe units of measurement employed in radio use the metric system of
prefixes. The metric system is used because the numbers involved cover such a wide range of
values. Table 2.1 shows metric prefixes, symbols, and their meaning. The prefixes expand or
shrink the units, multiplying them by the factor shown in the table. For example, a kilometer
(km) is one thousand meters and a millimeter (mm) is one-thousandth of a meter.The most
common prefixes you’ll encounter in radio are pico (p), nano (n), micro (µ), milli (m), centi (c),
kilo (k), mega (M), and giga (G). It is important to use the proper case for the prefix letter. For
example, M means one million and m means one-thousandth. Using the wrong case would
make a big difference!If you’re already familiar with the metric system, review the following
questions to be sure you have it mastered. If the metric system is unfamiliar to you, the Ham
Radio License Manual web page has a detailed discussion of how the prefixes work and
examples for you to learn from. Review that material until you are comfortable with the
examples and definitions.T5B01 — How many milliamperes is 1.5 amperes? (1.5 A = 1,500
mA)T5B02 — What is another way to specify a radio signal frequency of 1,500,000 hertz?
(1,500,000 Hz = 1,500 kHz = 1.5 MHz)T5B03 — How many volts are equal to one kilovolt? (1
kV = 1000 V)T5B04 — How many volts are equal to one microvolt? (1 ;Å` = one one-millionth of
a volt)T5B05 — Which of the following is equivalent to 500 milliwatts? (500 mW = 0.5 W)T5B06
— If an ammeter calibrated in amperes is used to measure a 3000-milliampere current, what
reading would it show? (3,000 mA = 3 A)T5B07 — If a frequency display calibrated in
megahertz shows a reading of 3.525 MHz, what would it show if it were calibrated in kilohertz?
(3.525 MHz = 3,525 kHz)T5B08 — How many microfarads are 1,000,000 picofarads?



(1,000,000 pF = 1 ;Äb•CT#� — Which of the following frequencies is equal to 28,400 kHz?
(28,400 kHz = 28.4 MHz)T5B13 — If a frequency display shows a reading of 2425 MHz, what
frequency is that in GHz? (2425 MHz = 2.425 GHz)FREQUENCY and PHASET5A12 — What
describes the number of times per second that an alternating current makes a complete cycle?
T5C05 — What is the unit of frequency?T5C14 — What is the proper abbreviation for
megahertz?Like a water wave, a radio wave continually varies in strength or amplitude like the
sine wave shown in Figure 2.1. This continual change is called oscillating. As the signal
oscillates, each complete up-and-down sequence is called a cycle. The number of cycles per
second is the signal’s frequency, represented by a lower-case f. [T5A12] The unit of
measurement for frequency is hertz, abbreviated Hz. [T5C05] The period of the cycle
(represented by capital T) is its duration. The reciprocal of the period, 1/T, is the signal’s
frequency, f.
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William F. Mcgrath, “Buy Only the Spiral-Bound Version. I bought this on Kindle but found that
studying from that format is fraught with difficulty. If you want to learn this material, buy the
spiral-bound version which you can highlight and jump around in. You'll have to go back and
forth to the review questions at the back, and that's a pain with the Kindle format. The material
in the book is first-rate and well presented. See you on the air.Bill McGrathAE2WM”

CobiaCabana, “Had to buy a Hard Copy Manual. The book is written just as the hard copy
notebook. But, the note book in hard copy with rings is something this old timer needed to
study.  I take my Ham Technician Exam in a week (and expect to pass).”

Michael Boyajian, “The bible of Ham Radio. I would say this is the bible of Technician class
Ham radio. It will not only help you take the exam but will enlighten you about all the facets of
Ham Radio.  You treat this book the way a scout treats the scouting handbook.”

Overweight Kenobi, “Passed the exam!. Passed the exam a day earlier than I was supposed to
take it... absolutely consider this the best resource and system. I really liked that the Kindle
version lets you jump to the actual test questions are you are reading the background info,
adding context and increasing memorization.”

Janet, “Great book. All the I formation you need to pass the technical test. Very helpful, plainly
written. A necessary book to learn about amateur radio.”

Ebook Tops Reader, “helped me pass the Technician Exam. Good study manual for taking the
test, but you need to be sure it is updated for the latest date to match the testing period as it
changes I think every 4 years.”

The book by ARRL Inc. has a rating of  5 out of 4.7. 468 people have provided feedback.
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