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READ ME FYoR&ave regeivedfaly -functional copy the Technician Exam
Self-Paced Study Guide The entire exam has 10 stddements or sections of questions.
This versionof the study guidecontains all 10 sections, plus all ancillary materials
(instructions, useful websites, test taking tips, etc.).

This study guide is specifically designed to based on a computer. If you choose to
print it out, be aware thathis versionexceed8@ pages. And, -itd0s nc
friendly in print é youdve been warned!

Please notify me of ANYTHING you find incorrect, misleading, confusingand (most

importantly) suggestions for improvement. Be sure to reference the vedadalocated
on the titlepage.

Contact me at: KOILP.NC@gmail.com (the O is a zero)

So, good luck! Scroll forward to the next page to begin!
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LINKS TO VARIOUS SECTIONS
Clickblue underlined fonto navigate to that section
ClickLINKSo return to this page

. Overview & InstructionfREAD ME FIRST)

. Reading Materials (and links to questior{$his is the link to begin studying)

. Useful Websites for Hams

. TestTaking Tips

. Scroll Throuy Questions & Answer&do this AFTER SectionB it 6s a good id®8a to
times the week prior to the exam

Show Only The Correct Answémy recommendation is to lookONLY at the correct answer)

Show All Answer Choices

. Where Do Go FronHere?
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Technician Exam Sé¥aced Study Guide

Overview& Instructions LINKS

The purpose of this guide is to prepdest candidates for the Technician Class (Element 2) Amateur Radio
Licensing ExaminatioEach question in the TechniciQuestionPool isexplainedwithin this guide The

Technician Exam consists of 35 questions, randomly selected from a @ggrokimately 400 questions. A

passing score is 74% (26 of 35 corréaflen you pass the exam, you will be allowed to take the General Exam on
the same day at no additional charge. Similarly, if you pass the General Exam, you may take the Extra Exam. For
this reason, we include links to the General and Extra Question Poold¢séd Websitegrom the LINK®age.

| 24 (2 dzaS NOAEBluclnderiné&diontindicatest A y 1 & X k@fnavigdte tditiatSpoirit. A y°

1. Read through the materigétart at theTable of ContentX TOQ. As you readyou will see an exam question
(maybe eva two or three) at the beginning of each paragraphitalicizedgreenfont.

2. The responsés explained in that paragrapliKey informatiorfor the answeris underlired. You may also see
AYGSNYySaG tAyla G2 NBFSNBYyOS YFGOGSNARAIFIfa Ay (GKS LI NI :
examcli KS@ QNB GKSNB F2NJ) FdzidzNBE NBFSNByOSo ! FGiSNI &2dz |

3. Ator nearthe end of the paragraplé 2 dzQf f &S S §iniBakkets, HYoweyd Hya@tfeNI
abbreviation.It will looklike i K A[81A04¢ CO]

4. T1AO01 is the question number. The letters (CO or AA) indicate how the question is presented:

- COmeans thatyou will only see the correct answer (short fdorrect Only If the correct answer i8ll the
Above then all responses will be listed, even@arrect Onlyormatted questions.
- AAmeans that you will seAll AnswersThe correct answeis highlighted

5. Click your choicef question formaf{CO or AAand the program will display the questiofhe selected
guestion will appear at th& OFof the page.

6. Atthe end ofeachquestion, you will seéhe word BACKClickthis and the program will return to the
beginning of thegparagraph containinghe questionyou just came from.

7. Clickthe TOCsymbolto return to the first page of theReading Materials and Links to Quésts.

8. ClinkLINKSo return to theLinks to Various Sectiorgage(this is the main menu screen).

¢ KNRPdzZAK2dzi (GKS R20OdzyS {WL’CER Rar2 zenerél Ccﬁnﬁllﬁhicaﬂiﬂﬁ*ﬁcﬁnmﬁis@@ﬁ'ﬁtle 472
Amateur Radio Servipg 2dz gAff ALISOATAOI f 897 x&TF inkBeE IBINS y OSa Y NJ
https://www.ecfr.gov/current/title-47/chapterl/subchapterD/part-97

hyOS @8XMBNAK (G§KS YI (S Ndhexanlocétignihere dre livks tg Help fa@se®iA y R
Websites. Alternatively, search the internet for a local amateur ragiam radioxlub> ' yR (G KSe& Qf € LI
the right direction. If all else fails, send me an en¥ikre will usually be a nominal fee for testing ($12 to %20

some are freg andthe FCC will charge you $35 for issuing a call(segrewableevery 10 years).

hyS FAYyLFE y2GS X |, 2dzQNB LINRPolote gl NB GKIFIG @2dz Ydza
to work. However, all the internal links (betwegnestions) will work without the Internet.

If you have questiosior comments, feel free to contact me aferry D. KilpatrichkKOILP.NC@gmail.com
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TABLE OF CONTENTS
TOC SectioB: Reading Materialg¢and links to questions) LINKS
(clickblue underlinel font belowto navigate to thatsectionX O thélIObutton to return herd

SUBELEMENTTY h aal{ { L h b&dstquestipns ffom this group)

T1A  Purpose and permissible use of the Amateur Radio Service; Operator/primary station license grant;
Meanings of basic terms used in FCC rules; Interference; RACES rules; Phonetics; Frequency
Coordinator

TiB Frequency allocations; Emission modes; Spectrum sharing; Transmissions near band edges;
Contacting the International Space Station; Power output

T1C Licensig: classes, sequential and vanity call sign systems, places where the Amateur Radio Service
is regulated by the FCC, name and address on FCC license database, term, renewal, grace period,
maintaining mailing address; International communications

T1D  Authorized and prohibited transmissions: communications with other countries, music, exchange
of information with other services, indecent language, compensation for operating, retransmission
of other amateur signals, encryption, sale of equipment, unidentified transmissionsyapdéransmission

T1E  Control operator: eligibility, designating, privileges, duties, locatiequired; Control point; Control
types: automatic, remote

TiF Station identification; Repeaters; Third party communications; Club stations; FCC inspection

SUBELEMENT T20PERATING PROCEDURIESt (Biestions from this group)

T2A Station operation: choosing an operating frequency, calling another station, test transmissions; Band
plans: cdlng frequencies, repeater offsets

T2B  VHF/UHF operating practices: FM repeater, simplex, reverse splits; Access tones: CTCSS, DTMF; DMR
operation; Resolving operational problems; Q signals

T2C Public service: emergency operations, applicability of FCC rules, RACES and ARES, net and traffic
procedures, operating restrictions during emergencies, use of phonetics in message handling

SUBELEMHENI3t RADIO WAVE PROPAGATIQ8E(guestions from this group)

T3A  Radio wave characteristics: how a radio signal travels, fading, multipath, polarization, wgkelen
vs. absorption; Antenna orientation

T3B Electromagnetic wave properties: wavelength vs frequency, nature and velocity of electromagnetic
waves, relationship of wavelength and frequency; Electagnetic spectrum definitions: UHF, VHF, HF

T3C  Propagation modes: sporadic E, meteor scatter, auroral propagation, tropospheric ducting; F region
skip; Line of sight and radio horizon

SUBELEMENT T4AMATEUR RADIO PRACTICESt@uestions from this group)

T4A  Station setup: connecting a microphone, a power souragmraputer, digital equipment, an SWR
meter; bonding; Mobile radio installation

T4B  Operating controls: frequency tuning, use of filters, squelch function, AGC, memory channels, noise
blanker, microjpone gain, receiver incremental tuning (RIT), bandwidth selection, digital transceiver
configuration

SUBELEMENT T5ELECTRICAL PRINCIPUES Gestions from this group)

T5A  Current and voltage: terminology and units, conductors and insulators, alternating and direct current

T5B Math for electronics: conversion of electrical units, deds

T5C  Capacitance and inductance terminology and units; Radio frequency definition and units; Impedance
definition and units; Calculating power

T5D hKYQa [F6T {SNASa IyR LI NIttSt OANDdzA (A
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SUBELEMENT T6ELECTRONIC AND ELECTRICAL COMPONEENG®:#tions from this group)

T6A Fixed and variable resistors; Capacitors; Inductors; Fuses; Switches; Batteries

T6B  Semiconductors: basic principles and applicationsotifistate devices, diodes and traissors

T6C  Circuit diagrams: use of schematics, basic structure; Schematic symbols of basic components

T6D  Component functionstectifiers, relays, voltage regulators, meters, indicators, integrated circuits,
transformers; Resonant circuit; Shielding

SUBELEMENT T7PRACTICAL CIRC4Sst questions from this group)

T7A  Station equipment: receivers, transceivers, transmitter amplifiers, receive amplifiers, transverters;
Basic radio circuit concepts and terminology: sensitivity, selectivity, mieeslators, PTT, modulation

T7B  Symptoms, causes, and cures of common transmitter and receiver problems: overload and overdrive,
distortion, interference and consumer electronics, RF feedback

T7C  Antenna and transmission line measurements and troubleshooting: measuring SWR, effects of high
SWR, causes of feed line failures; Basic coaxial cable characteristics; Use of dummy loads when testing

T7D  Using basic test instruments: voltmeter, ammeter, and ohmmeter; Soldering

SUBELEMENT T8SIGNALS AND EMISSIONS&s(4uestions from this group)

T8A Basic characteristics of FM and SSB; Bandwidth of various modulation modes: CW, SSBsé&d, fast
TV; Choice of emission type: selection of USB vs LSB, use of SSB for weak signal work, use of FM for
VHF packet and repeaters

T8B  Amateur satellite operation: Doppler shift, basic orbits, operapngtocols, modulation mode selection,
transmitter power considerations, telemetry and telecommand, satellite tracking programs, beacons,

dzLJX Ay1 YR R2gyfAy]l Y2RS RSFAYyAGAZYyasS aLAy FFRAy3ISZ RS

T8C  Operating activities: radio direction finding, contests, linking over the internet, exchanging grid locators

T8D Nonvoice and digital communications: image signals and definition of NTSC, CW, packet radio, PSK,
APRS, error detection and correction, amateur radio networking, Digital Mobile Radio, WSJT modes,
BroadbandHamnet

SUBELEMENT T9ANTENNAS AND FEED LINESt(@uestions from this group)

T9A  Antennas: vertical and horizontal polarization, concept of anteraia,glefinition and types of beam
antennas, antenna loading, common portable and mobile antennas, relationships between resonant
length and frequency, dipole pattern

9B Feed lines: types, attenuation vs frequency, selecting; SWR concepts; Antenna tuners (couplers); RF
Connectors: selecting, weather protection

SUBELEMENT TOSAFET (est questions from this group)

TOA  Power circuits and hazards: hazardous voltages, fuses and circuit breakers, grounding, electrical code
compliance; Lightning protection; Battery safet

TOB  Antenna safety: tower safety and grounding, installing antennas, antenna supports

TOC RF hazards: radiation exposure, proximity to antexmacognized safgower levels, radiation types, duty cycle
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TOC Sectiof: Useful Websitesor Hams

LINKS
Site Name URL
Amateur Radio Frequencies | https://en.wikipedia.org/wiki/Amateur_radio_frequency_allocations
Amateur Radio Rules (Part 97] www.ecfr.gov/current/title-47/chapterl/subchapterD/part-97
Antennas 101 https://w4bfb.org/wordpress/wpcontent/uploads/presentations/antennas_101.pdf
ARES www.arrl.org/ares
ARRL www.arrl.org
Band Plan, Chart www.arrl.org/files/file/Regulatory/Band%20Chart/Band%20Chart%208 5%20X%2011%20Co
Band Plan, Text www.arrl.org/bandplan
Call Sign Lookup https://wirel ess2.fcc.gov/UIsApp/UlsSearch/searchLicense.jsp
DMR For Dummies www.dmrfordummies.com
EchoLink www.echolink.org
Exam Locations www.arrl.org/find-an-amateu-radio-licenseexamsession
Extra Exam Question Pool www.ncvec.org/page.php?id=356
FCC Obtain FRN# https://apps2.fcc.gov/fccUserReg/pages/createAccount.htm
General Exam Question Pool | www.ncvec.org/page.php?id=364
Ham Radio for Noeifechies https://hamradiofornontechies.com/hanradio-tips/
Ham Radio Glossafgy KN@JI) | https://noji.com/hamradid glossary.php
Ham Radio School www.hamradioschool.com
HAMSTUDY www.hamstudy.org
Learn Morse Code (CW) https://lcwo.net
Practice Exams https://hamradioprep.com/freehamradio-practicetests
Q Codes www.giangrandi.org/electronics/radio/qcode.shtml
RACES Www.usracesorg
Radio Propagation www.electronicsnotes.com/articles/antennapropagation/propagatioroverview/basics.php
Radio Waves https://en.wikipedia.org/wiki/Radio_wave
RepeateiBook www.repeaterbook.com
Tech Exam Question Pool www.ncvec.org/page.php?id=373
WA4VEC Testing www.w4vec.org
WCARS/Aurphy Radio Club www.wcarsmurphy.org
What Is Ham Radio? https://radiofidelity.com/whatis-hamradio-ham-radio-for-beginners/
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11.

TOC Sectiol: TestTaking Tips LINKS

FirsE @2dzQfft KSFENJFff a2Nla 2F aaGNIrGS3IASa F2NJ 41 1Ay3 YdzZ @

toignorethem® L Qff &AKIFINB | FS8S¢ gAGK &2dz YR SELXIAY K& (GKS&c

a LT 82dzONB y20G ada2NB 2F (KS NNclsulatedststisties3oNtRis sQygedtbm, Stera K S 2
long discussion with someone who sticks by it. There is NOBEMEuUSing this

b.LT @2dzQNB y20 &dz2NB 27F (KS N Heeldulatdl sfals drStNS as vdll.gTheddestion! 9 { { |
pool has an equal number of A, B, C, and D responses, meaning there is no, bemeéitdetriment to using this.

c. LT 2yS 27T (Kthesddhdickdhng doBecteledciit AgdinL Q@S Ol t O dif sbiggeStion igdiBIGI & @ ¢
Y A & | prbvidéétheiwiiong answer more tharcorrect ones

The exams are not designed to be difficult. They are designed to test your basic knowledge of radio. There are NO trick

j dzSaGA2yazthakit R2y Qi 2@SNI

The test is mitiple choice Determine the correct answesefore reading the answer choices 52y Qi S@Sy 22

Fyad6SNI OK2A 0Sa dzy (edtife questidn. $hed, eea due ahSverNtEbica’ catefiMnt all answers are a

LISNFSOGU FAG X az2YSiGAaySa e2dzxff ySSR (2 aSdatsS F2N) 4KS o

Regarding Tip2 and 3, youWILLrun into a set of answer choices where there is no EXACT match with the correct

answer. A good example is a math question. You mvigitk out a math problem and come up with an answer of 33.4

But, there is no answer matching this. However, there is an answer choice of 3, and nothinglelsetéswhat you

calculated. The point is to find the BEST answer from the choices provided.

D2 GKNRdzZAK (KS SEIFIY GKS FANRG GAYS | ya&s ENdinR8asdnitSpme (i K2 & S

jdzSadAizya oAttt 0SS ySINI RdzZLX AOI GSad Ly 20G§KSNJ adeedtRas Al Q3

answer)for a previots question. If you guess early on, you may overlook this opportutégp a list of thosquestions

82dz a1 ALIISR 2y &2dzNJ AaONF GOK LJ LISNJ 6&2dz OFyQli éNRGS Ay

The second time through the exam, only looktaise questions you skipped. Try to eliminate as many incorrect choices

as possible beformakingan educated guesfo NOT leave questions unanswered. Some exams (like the Scholastic

LIGAGdzZRS ¢Said X O2ftf S3S LINB L) dbthe cass onlths Anhafeur Raflio éxandz T2 NJ 3 dz8

Don't stay up all night studyirte night before the examGet a reasonable amount of sleéjnd, eat breakfast

L 2dzOQNB y2iG tft26SR (2 ONRARy3d y2084a3 0221 4as STaeladvaniageofi KS &

this. Immediately prior to the exarfabout an houor two ahead of time) go over thisllowing diagrams, charts, and

tablesand commit them to memory. As soon as you get your scratch paper, draw these diagramas@meater to them

during the exam. You will likely see®juestions from these diagrams on the exam.

. hKYQ&a [l RAFINIYE O0F2N) 2 {SUBEHBVENYT® t2¢6SNE i GKS o053,

Chart/tables at questions in section T1B

Measurements table at T5B

Measurements tablat question T3B08

Signal Bandwidths table at questi®g®@A05

. Table of Satellite Definitions at T8B

Takeyoul A YSH | 2dz gAff KIBS W K2dz2NE X Y2NB (KIy Sy2dAaAK®

LT &2dz R2y Qi LI aa (GKS FTANRG (GAYSI @&2dz ¢ RfattemptSafewinay2 6 SR

allow you to try again at no charge. Ifyouonly miss#y 11j dzZSa G A2y as AGQ&A &2 MistipayA & G2 41

When you do pass, you will be allowed to take the General Exam at the same tifneefdn other words, oncé 2 dzQ NB

comfortable with the Technician material, it will benefit you to at least read through the General questbtisés the

weekpriortoSE Y ® ¢ K S NB Génerdl (arid Exfrigkarmigiestionson the Useful Websitepage.

Approximately 25%fdest candidates pass the Technician & General exams at the sameatich@ few pass all three!

¢CNHzAG YS X @2dz ¢gAft S@GSylddzZtte oFyd F OOSEuevéndfyol KS FNBI d

KISy Qi aiddzRASR ! ¢e dbgolutelyfndtindg @ ®sestaking a>shota2idz K I &

Finally, email me a&0ILP.NC@gmail.ccend let me know how you did!

o))

~ooo0oT

LINKS
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TOC SectioR Where Do | Go Froméie? LINKS

Ok, nowthat you®e licensed, what are yowing to donext?5 2 y Qi 2dzad 6S al GA&aFASR 64
or talking on the weekly net. Find your niche. There are literally hundreds of things to do with yoskilend,

R2y Qi 2dzad KI @S | & hesdy rdw Aefe@rzsome thef sindplz AXNDKIsetdl$hingsdo R 2

R2 (GKFG @62y Qi OoNBIF{| @&2dzNJ 6dzR3ISG @

9 Build your own antenna, from scratch. A good Zagiwill come in handy to hit those repeaters just out
of range.

Take a shot at digital comumicatiors. Most local cluls haveexperts willing to hip.
LearnCWMorseCodep L (y26 A0GQa y20G NBIljdZANBRI o6dzi ! ww[ 3
achievement.

Try a moon bounce.

Earn a WAS or Century award.

Become a VE and actually participate in testing.

| St LI GSFOK I NI RA#&|GRI Xa D252 GESNHAG (2 06S |
Purchase a kit and build your own HF QRP rig, and make a contact with it.

Participate (actively) in Field Day. Arrive early to help set up!

Help out with club community events, such as 22 Hump.

= =

=A =4 =4 =4 -8 4 A

If you®e interested in any of these and d@find resources to help, shoot me an emaikdlLP.NC@gmail.com
But, fair warning, hot going to dat for you! Time to get those hands dirtiRF burns are@permanent!

Thanks, Kevi(KD4UYR¥or the inspiratiorfor this page
Jary | KGILP
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Technician Exam Séfaced Study Guide

SUBELEMENTTLY haalL{{LhbQ{ w! [ 9{

T1A  Purpose and permissible use of the Amateur Radio Service; Operator/primary station license grant;
Meanings of basic terms used in FCC rules; Interference; RACES rules; Phonetics; Frequency
Coordinator TOC

T1A01: Which of the following is part of the Basis and Purpose of the Amateur Radio Service?

Per CFR897.1, the Basis and Purpose of Amateur Radio is:

a. Recognition and enhancement of the value of the amateur service to the publieasrdary noncommercial
communication service, particularly with respect to providing emergency communications

b./ 2y iAydzZ GA2y IyR SEGSyaArzy 2F (G(KS | YI(GSdzZNRa LINE JSYy | 0Af

c. Encouragement and improvement of tlaenateur service through rules which provide &mvancing skills both the
communications and technical phases of the ArfiA01c CO][T1A01c AA]

d. Expansion of the existing reservoir within the amateur radio service of trained operators, technicians, and electronics
experts

e. Expansion of thexisting reservoir within the amateur radio service of trained operators, technicians, and electronics
experts

T1A02: Which agency regulates and enforces the rules for the Amateur Radio Service in the United States?

The amateur service is defined by a8d JSNJ 1 Sa | OO2NRAY I (2 (i KSFCRIzth&abbrevigtiontfdr NI
Federal Communications Commission. The FCC also grants amateur radio licenses.

[T1A02¢ CO][T1A02¢ AA]

T1A03: What do the FCC rules state regarding the use of a phonetic alphabet for station identification in the Amateur
Radio Service?
The FCCequires that you periodically give your call sign when transmitting (discussed later in Operating Regulations). This
may be doing using voice, Morse Code, or image. When using tredeCC recommends this be done phonetioaibe
table below)to avoid @nfusion by letters that sound alikgT1A03c CO] [T1A03c AA]

Amateur Radio Phonetic Alphabet

A | Alpha H | Hotel O | Oscar V | Victor

B | Bravo I India P | Papa W | Whiskey
C | Charlie J | Juliet Q | Quebec X | Xray

D | Delta K | Kilo R | Romeo Y | Yankee
E | Echo L | Lima S | Sierra Z | Zulu

F | Foxtrot M | Mike T | Tango

G | Golf N November U | Uniform

2dzNJ LIK2y SGAO OF t £ aA 3 yKilex Zeizk Rdiag Hroay Fapat A 1 S
82dZONB 02YYdzyAOF GiAy3d Ay @2-A0835.-82dz YI @

GKAAY ®OYqL[t®e X
IAPS & 2dzNJ

5

908y AT

T1A04: How many operator/primary station license grants may be held by any one pé&rson
Per §97.8b)(1)only one operator/primary station license grant may be held by any one pefwmprimary station license is
granted together with the amatur operator license[T1A04¢ CO][T1A04c AA]

T1A05: What proves that the FCC has issued an operator/primary license grant?

Bvidence that yolthave an amateur radio license is thatur name appears in the FCC ULS consolidated license database
This is required before the station may transmit on any amateur service frequency defined in 89[1.5£)5¢ CO]

T1A05¢ AA] You may look up your call sign https://wireless2.fcc.gov/UIsApp/UlsSearch/searchLicense.jsp
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T1A06: What is the FCC Part 97 definitioradfeacon?

Amateur radio operators are restrictday FCC regulatiorie operate on specific frequencies or bandkere are additional
restrictions by mode or emission typ&nd, there are other types of stations, each with their own restrictions. One el@amp
is a beacon statiorBeacons are used feaonductingvarious amateur raditransmission experiments for observing
propagation(how radio waves travel from one point to anothefl.1A06¢ CO][T1A06¢ AA]

T1A07: What is the FCC Part 97 definition of a space station?

Another type of station is a space station. A holder of any class operatoséiageay be the control operator of a space
a0FdA2yd ¢KS 2FFAOAIE RSTFAYAGA2Y 2F | aLlk OS aidlidrazy Aa X
0S@2yRY 2N KIa 0SSy 06Sé2yRX (KS YI 22 NJ tidg pdpdsésythe Actiniotik S 9 I NI
AfAIKGE @ | FAFHENSINI X id A2y €201 6§SR YA NBO7CCROTIAOEAA]Il Y | 620S

T1A08: Which of the following entities recommends transmit/receive channels and other parameters for auxiliary and
repeater stations?

T1A09: Who selects a Frequency Coordinator?

Another type of station is a repeater. A repeater receives transmissiarmse frequency and retransmits it (usuallyrauch
higher power) on another frequency. This allows radio operators much greater range thawal& have from just using
their radio.Asa result of thisthe repeater ties up two frequenciess you might imaginghis poses the potential for
conflict/interference. Therfore, ham radio operators developed a system of cooperation/coordination by creating
committee of volunteers known dsequency coordinatorsvho recommend transmit and receive frequencigglA08¢ CO
T1A08c AA] These frequency coordinators are recognized gselgcted in a local or regional area by amateur operators
whose stations are eligible to be auxiliary or repeater statidqdid A09c CO][T1A09¢ AA]

T1A10: What is the Radio Amateur Civil Emergency Service (RACES)?

Amateur radio provides an important public service. The federal government recognized thRASIES was created as a

special part of the FCC Part 97 Amateur service to provide civil defense communications to local, state, or federal governmen

emergency mnagement agencies. RACES standR#&alio Amateur Civil Emergency Sericemwww.usraces.orgRACES

volunteer operators are:

- Licensed Radio Amateurs

- Certified by a civil defensegancy

- Able to communicate on Amateur Radio frequencies during deMercisesand emergencies

- Activated by local, county and state jurisdictions and are the only Amateur Radio operators authorized to transmit during
declared emergencies when the Presitief the United States specifically invokes the War Powers Act

[T1A10c CO][T1A10c AA]

T1A11: When is willful interference to other amateur radio stations permitted?

The FCC requires that each amateur station be oper&éidwing good engineering and good amateur practice. The General

Standards are:

a. In all respects not specifically covered by FCC Rules each amateur station must be operated in accordance with good
engineering and good amateur practice.

b. Each station licengeand each control operator must cooperate in selecting transmitting channels and in making the most
effective use of the amateur service frequencies. No frequency will be assigned for the exclusive use of any station.

c. Atall times and on all frequenciesach control operator must give priority to stations providing emergency
communications, except to stations transmitting communications for training drills and tests in RACES.

d. No amateur operator shall willfully or maliciously interfevéh or cause inteference to any radio communication or
signal. [T1A11¢ COJ[T1A11c AA]

Toc
NEXT SECTION
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T1B Frequency allocations; Emission modes; Spectrum sharing; Transmissions neargeasnd ed
Contacting the International Space Station; Power output T0OC

T1BO01: Which of the following frequency ranges are available for phone operation by Technician licensees?

Amateur Radio is about communications. And, frequency allocations is our most important privilege. The Communications

Act of 1934combined federal regulation of telephone, telegraph, and radio communications, and created the Federal
Communications Commission (FACR dzy RSNAGF YR FNBIjdzSyOASas f SWasecodddf | | 02 c
CW or Continuous W) is the origial digital mode. Analog voice modes (which include SSB or saidgeband AM or

amplitude modulation, FM or frequency modulation, PM or phase modulation) all came along after CW. Then came digital
voice modes (Estar, DMR, System Fusion, etc.). And,¢rame even more (RTTY, image modes, PSK2et8.0f f RA a4 Odza a

fFOGSN 2KFEGIQa AYLRNIFIYy(d (G2 p—fos—ax fel i dud Al Mxadx 5| R}
) Band Frequency Mode
frequencies allocated to amateur operators also have mode (Wavelength) (MHz)
restrictions. The Amateur Radio Band Plan 80 meters 3.525¢ 3.600 CW Only
(www.arrl.org/bandplan) tells you what frequencies may be 40 meters 7.025¢ 7.125 CW Only
used by which class of operator and what modes are available ig me:ers ;g-gggﬁ ;g-ggg CWCV;T?$yd t
. . meters .000¢ 28. , , data
to you. Theaccompanyingable shows what HF frequencies 10 meters 28.300¢ 28.500 CW. SSB

are available for Technan class operators. Remember that
phone voice andSSEare equivalent termsso look for SSB in tleecompanyindgable. Keep in mind there are more
CSOKYAOALY LINA@GAfS3ISa (GKIyYy 2dzald (KATABOLEO[TBOXKAAMB FSNI (2 (K¢

T1B02: Which amateurs may contact the International Space Station (ISS) on VHF bands?

Many US astronauts hold Amateur Radio licens@sl, a ham radio station is on board the International Space Station (ISS).
Astronauts will periodically take breaks from their normal duties and use the statidimeoviHF2-meter and 76cm bands.

Any amateulicensed for these bands (which includes Technician class operators) may make contact withTheitSall

sign is NA1SS. Set your radio to receive at 145.800 MHz and transmit at 145.990 VB02c CO] [T1B02c AA]

T1B03: Which frequency is in the 6 metmateur band?

] ] Band Range Frequency
Authorized frequency bands for amateurs are detaile@97.301 Themost (wavelength) Limits
popular bands & frequencies used by US (ITU Region 2) Technician classe meters VHE 50¢ 54 MHz
operators are listed in thaccompanyingable (look for 6 meters 2 meters VHE | 144¢ 148 MHz
[TlBO& CO] [T].B)3 C AA] 1.25 meters VHF 219¢ 220 MHz

1.25meters VHF 222¢ 225 MHz

. . 70 centimeters UHF 4201 450 MHz
: 2
T1B04:Which amateur band includes 146.52 MHz~ 33 centimeters URF 9021 928 MHz

You can find a list of all amateur radio frequency allocations at: 23 centimeters UHF | 1240c 1300 MHz

https://en.wikipedia.org/wiki/Amateur radio_frequency allocations 13 centimeters UHF | 2300¢ 2310 MHz

A screenshot of theary-high frequeng bands (above 30 MHz) is below. 13 centimeters UHF | 2390¢ 2450 MHz
2 bfiedf146.52 in the 2 meter band

6 metres 50-54 MHz [T1B04c COJ[T1B04AC AA]
4metres  70-70.5 MHz
2metres  144-148 MHz
1.25metres  219-220MHz  Canada only
220-225MHz  US & Canada

T1B05:How may amateurs use the 219 to 220 MHz segment of 1.25 meter band?

2S50@S | f NBeddmmuri&biisioreyhissions moddkyou refer to the band platwww.arrl.org/bandplan), & 2 dzQ  f
note that Technician privileges are somewnhat limitEdr claritg ¢ SQNBE I2Ay3I 2 AYyGNRRdzOS &2dz
band planwww.arrl.org/files/file/Regulatory/Band%20Chart/Band%20Chart%208_ 5%20X%2011%20Color.pdf

Whileyou have thischa2 LISy = &2dz aK2dzZ R &l @S Al (2 Folpdrdgar®sorepdatiab NI X & 2
screen shots of tis graphic band plan. Belogmext pagehre instructions for interpreting it.
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10 Meters (28 MHz) =
28000 28.300 29.700 MHz * ] =RTTY and data
EAG "] = phone and image
b W) (W} = CW only
28.000 28.500 :] = SSB phone
6 Meters (50 MHz
i ( ) @8] = USB phone, CW, RTTY,
EAGT and data
50.0 54.0 MHz = Fixed digital message
1441 2 Meters (144 MHz) forwarding systems only
EAGT E = Amateur Extra
144.0 148.0 MHz A = Advanced
1.25 Meters (222 MHz) G = General
I:[: _____ EAGT T = Technician
219.0 220.0 N (25 W) N = Novice
2220 2250 MHz

[ SGQa 221 0 GH&Rlinthe ab&d fi§STHe ked ar frarh 144.1 to 148.0 means that you ransmit

we¢e, YR RIFEGEFE Ay GKA& FTNBljdzSyOe NIy3aS o0FAYR (GKS iltkeR o6f 2 Of
meter bandmeaning this is availablet 9 EG N} = ! RO yOSRE DSYSNIfts FyR ¢SOKYyAOAL
guestion T1BO05 by reading the 1.25 meter band. Frequency range 219 to 220 is colored orange, meaning that you can use it
for fixed digital message forwarding systems only. Arelsee the letters E, A, G, andbTthe right of this, meaning these

four classes of operators may use it. As a followngi a test question)how could a Novice use 1.25 meters? The answer is
phone/image(green barfrom 222 to 225 MHz, limited to 25 wta (25 W in parentheses)T1B05c CO][T1B05 AA]

T1B06: On which HF bands does a Technician class operator have phone privileges?

¢2 | yag SN i K ndlertd tdeSyaghit Bayidoplams IBy@d I6ok at the screen shot from the previous question
0 ¢ m. np seeayell@wda@dk for Technician class operators from 28.3 to 28.5 MHz in the 10 meter Hamtegend
table tells you this is for SSB phorj@1B06c CQ [T1B06c AA]

T1B07: Which of the following VHF/UHF band segments are limited to CW only?
[ SGQa NBTFSNI I Al AyscieénsipkKy @M hKAKLOBPOFR LBEY FT2NJ GKS /2 &e@)
meter bands. The segments of the band are:

6 metersc 50.0t0 50.1 MHz / 2 metersc 144.0 to 144.1 MHz [T1B07¢ CO][T1B07¢ AA]

T1B08:How are US amateurs restricted in segments of bands where the Amateur Radio Service is secondary?
Frequencies in the Amateur Radio Band Planadlecatedto amateur radio operatordviany of these are exclusivel

allocated, while sme of these are allocated to different services of the same category. When there is more than one service
allocated to use the same frequency range, one is gprenaryallocation and one is givesecondanallocation.Primary
allocations are protected from harmful interference by secondary service users. In other wecdsdary service users must
avoid interfering with primary service usdrsthose band segmentdT1B08c CO][T1B08; AA]

T1B09: Why should you not set your transmit frequency to be exactly at the edge of an amateur band ebant?
There are several reasons for thdswith all measuring equipment, waustcontend with
calibration andneasurement errarSimilarly transmitter frequencies can driftYyou might set Cmiip Spa
your transmitter at one frequency, and 9vFr tirpe it migfjt dril‘t a lithevl signvad; consisFofAthvree | S -~
signalsg 2NJ Ay3 Ay O2YOSNIU X U0UKS dzy Y2Rsi# | U SR Q) Sideband Sweband [V | £ |y
accompanying figure)rhe lower sideband is lower in frequency than the carrier, and the uppd
sideband is higher in frequendy this example, if you set your transmit frequeraty800 kHz

and you were transmitting on the lower sideband, you would actually be transmitting BELOW Radio Frequenclos
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800 kHz. If youfrequency privilegdimit was no less than 800 kHz, you would be operating outside your [[ifiB09c CO
[T1B09C AA]

T1B10: Where may SSB phone be used in amateur bands above 50 MHz?

This is al-step question. First, find the band for 50 MHz. You cantfirgdin the graphic band plan screen shotjuestion

TIB®® ¢KI 6§Qa GKS ¢ YSGSNI ol yR® HBKR yRET ZFN yTRAcRk gréekiidod thé IASTh Ra

light blue (blue is ALL mode®Jow, open the entire graphic band chartbyodi A y 3 G KS f Ay {1 X
www.arrl.org/files/file/Regulatory/Band%20Chart/Band%20Chart%208 5%20X%2011%20Color.pdf

Look for the greerand light bluebarsA y S+ OK ot yR | 62@S cinBEVERWbatd MHY Mp3X mMTXI S

[T1B10c CO][T1B10c AA]

T1B11:What is the maximum peak envelope power output for Technician class operators in their HF band segments?

The answer tdhis question is found on us Amateur Radio Bands

the band plan chart, but you need to

US AMATEUR POWER LIMITS — FCC 97.313 An amateur station must use the minimum transmitter power necessary
|Ook Cal’efully At the tOfieft corner Of to carry out the desired communications. (b) No station may transmit with a transmitter power exceeding 1.5 kW PEP,

the chart is the document title
Underneath the title is a statement about power limits$q station may
transmit with a transmitter power exceedingslkW PERor 1500 W peak | 400 3800 3700 4.000 MHz

80 Meters (3.5 MHz)

envelope power) T2 RSGSNNAYS LI26SNI f AYAla
to look at each bandAt the bottomNA I K O2NJ SNJ 2F (K
see a small note (circled in red) regarding Technicigtmere is dimit of
200 Win 80 meters for Novice and Techniciagense Class holders. Y 3.800 @
o 2dQff Ffa2 FAYR GKA& Ay nnz wmpi PyYR™un YS{iSNH
[T1B11c CO][T1B1i1c AA]

aZ |e2dzQf t
ft

T1B12: Except for some specific restrictions, what is the maximum peak envelope power output for Technician class
operators using frequencies above 30 MHz?

This isan easy questioh 2y OS &2dz dzy RSNEGF YR ¢m. mmMm® ¢KS y203S dzy RENYSI
station may transmit with a transmitter power exceeding 1.5 kW. RERverting 1.5 kW to Watts is 1500ith a few specific
restrictions amateurs are allowd the fulllegal limit 0f1500 watts PEButputt 6 2 S wHy all o6mn YSGSNAEO
by reviewing the various band$T1B12¢ CO][T1B12c AA]

NEXT SECTION
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T1C: Licensing: classes, sequential and vanity call sign systems, places where the Amateur Radio Service is
regulated by the FCC, name and address on FCC license database, term, renewal, grace period, maintaging maili
address; International communications TO0C

T1CO01: For which license classes are new licenses currently available from the FCC?

Cl/l/l | Cw 2pTdpol v aLISOAFASA GKS QI NAR2dza f A0SyasS OfraasSa X
Technician, General, Advanced, and Amateur Extra. The person named in the operator license grant is authorized to be the
controloperator2 ¥ 'y | YF (0Sdz2NJ adl A2y 6AGK GKS LINAGAf SISa | Abd K2 NRI
five of these license classes on the Band Plan. However, NEW licenses are no longer granted for Novice and Melwanced.
licenses are only graetl for Technician, General, and Extf@1C0I1c CO][T1C01c AA]

T1C02: Who may select a desired call sign under the vanitysiail rules?

t SNI 9pT dMpol 0 X Ga¢KS LISNE2Y yIFYSR Ay |y 2LISNIF G2 NKLMNAYF NE

make application for modification of the license grant, or the renewal thereof, to show sigalselected by the vanity call

aA3y &aeéadSyoeseverlifense El&sS dpbraic? mNaR select their own vanity call iowever, the FCC specifies

limitations of call sign assignments by license daskregion These limitations can be found a
www.fcc.gov/wireless/bureawivisions/mobilitydivision/amateurradio-service/amateuscaltsignsystems

One clarification (not on the exam) ofisf=CC rule regardbe assignment of the number portion of the call sign. You will

note that specific numberare assigned to specific geographic areas. However, you may request (and obtain) a Yiasigp ca

with a number outside of whereyou livanS E | YLIX § A & Y q L [ tandXvaslorighdllyaSsighey40&Q@BHatA 2y n

requestedand receivedhe @. [T1COZ CO][T1COZ AA]

T1C03:What types of international communications are an Fi¢ensed amateur radio station permitted to make?

t SNI 9pT dMmMT X G¢NryavYAdaizya G2 | RAFTFSNBYy( iQifedglofie > g KSI
purposes of the amateur service and to remarks of a personal chitd®igere are a small number of countries that do not
recognizeAmateur RadioRules regarding international communications are administered by the International Amateur

Radio Union (ITUJ [T1C03 COJ[T1C0X AA] The entire set of ITU rules can be found at (be aware this is a 50+MB file, if

you intend to download it) www.itu.int/pub/R-REGRR2020

T1C04:What may happen if the FCC is unable to reach you by email?

¢CKS C// G1F1Sa O02YYdzyAOFGA2ya aSNA2dzated t SNI 2Tt dHO X a9l (
address, and email address. Tdémail address must be an address where the grantee can receive electronic correspondence.
Revocation of the station license or suspension of the operator license may wégritcorrespondence from the FCC is

returned as undeliverable because the granta#efd to provide the correct email addres4f. you move or even change P.O.

boxes, be sure to update your information using the FCC ULS online sy$teB4c CO] [T1C04c AA]

T1CO05: Which of the following is a valid Technician class call sign format?

This information can be found at the following reference
www.fcc.gov/wireless/bureadivisions/mobilitydivision/amateurradio-service/amateuscallsignsystems

The first thing you need to knowisK A & SEOSNLJi FNBY G(GKS 062038 NBFSNByOSY a9l

two letter prefix (AAAL, KAKZ, NANZ, WAWZ) and a one, two, or three letter suffix separated by a numer8) {Adicating

the geographic regioXé¢ { A y @ %0 useS @é\r@imeral 0 (zeoo @), the only numerals available to Technicians (or any

other class operator in thstateg are 9. Thegroupslisted n this reference aré\, B, C, and D. Group A is reserved for Extra

Class operators. Group B is for Advanced class. This leaves our choices as Groups C and D. Reading the text above, we know

that the prefix in our region can be one or two letters. Group C says it must betgia i N, or W. We already know the

numeral must be @. And, Group C says it must havelatBr suffix.So, acceptable call sign formats for a technician might

be KGILP (referred to as a 1X3 format), NC4ARX (2X3 format), or WRBURW (2X3/ftranayju look at the responses,

you can immediately rule out answeB{KA1X andC(W1XX because neither have al8tter suffix. This also rules olt(All

these choices are corréctSo, by eliminationA (KF1XXX) must be the correct respanse

[T1CO0% CO][T1COX AA]
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T1C06: From which of the following locations may an #iG&hsed amateur station transmit?

¢CKS IyasgSNI (2 GKAA [[dzSaidAz2zy Aa | fAGGTE $he RMiNBN OBt (2 TFTAYF
license required T @ p 6 I 0 GFhe stafion AppaBaius Must be under the physical control of a person named in an

amateur station license grant on the ULS consolidated license database or a person authorized for alien reciprocal operation
by 897.D7 of this part, before the station may transmit on any amateur service frequency from any place that is: Within

50km of the Earth's surface araboard any vessel or craft that is documented or registered in the United States

[T1CO06 CO][T1C06 AA]

T1CO07: Which of the following can result in revocation of the station license or suspension of the operator license?
CKAa Aa SaaSydarKSecem/ an | SAsDERSEzy X OF (i A 2 y de graar NIstBha& f &8 &t
the grantee's correct name, mailing address, and email address. The email address must be an address where the grantee can
receive electronic correspondence. Revocation of the station license or suspension of the operator licensaitnaynees
correspondence from the FCC is returned as undeliver@i@#eO | dza S G KS 3INI yiGSS FFAf SR (2 LINZ

If you move or even change P.O. boxes, be sure to update your information using the FCC ULS onlinEr4ys0&amCO]
T1CO7C AA

T1C08:What is the normal term for an FCi€sued amateur radio license?
CKA&d A& F2dzyR Ay b1 dup X 4!y | YHLOySEdmindBEWBICOPTICORBAY &S A&

T1C09: Wat is the grace period for renewal if an amateur license expires?

CKAA A& FT2dzyR AY PTPHPpOOUL X a! LISNE2Y 6K2aS | YFGSdZNI &0 |
the license grant for another termuring a 2 year filing grace periotihe application must be received at the address

specified abwge prior to the end of the grace period. Unless and until the license grant is renewed, no privileges in this part

' NB 02 yyousahalsdppoded to stop transmitting during this grace perfddC0 CO][T1C0% AA]

T1C10: How soon after passing the examination for your first amateur radio license may you transmit on the amateur

radio bands?

EachVEC (that immateur radiatesting organization) has their own internal requirements for submission of results after a

test session. Once a test session summary is received by the VEC, results are submitted to the FCC. The FCC will then notify
the test candidée of any feesassociated with call sign assignment. As soon agdbis received by the FQiSe FCC will

post your status in their ULS (Universal Licensing SystemsplidateddatabaseX G KI 4 Qa G KS LINB2F & 2 dzQN
transmit. There is no specifictime lim® 2 A 0K +9/ Q& (KF{i adzoYAlG SOSNEBOKASy3a St SO
K2dNE® 2A0GK +9/Qa GKIG adAatt dzas [Trcsraam@aciafAraeadsSyz Ad Ol

T1C11: If your license has expired and is still within the allowable grace period, may you continue to transmit on the

amateur radio bands?

This is a repeat of question T1C09, fr8&7.25(b)X da! LISNE2Y 6K2aS FYF 0SdzNJ adrdAazy €A
the FCC for renewal of the license grant for another term during a 2 year filing grace period. The application mustdze receiv

at the address specified above prior to the end of grace period. Unless and until the license grant is renewed, no

LINA @At S3Sa Ay ( Kdudre suppuded to B traBsPniftifigSdkiNGHs Qréace perfdd C11c CO|

T1C1llc AA

TOoC
NEXT SECTION
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T1D  Authorized and prohibited transmissions: communications with other countries, music, exchange
Of information with other services, indecent language, compensation for operating, retransmission
of other amateur signals, encryption, sale of equipment, urtiled transmissions, ongay transmissionfOC

T1DO01: With which countries are FG¢ensed amateur radio stations prohibited from exchanging communications?
According ta897.115 | 0 6 wansmEsioms necessary to exchange messages with other stations in the amateur service,
except those in any country whose administration has notified the ITU that it objects to such communicatierfSCC will
issue public notices of current arrangements fdemationalcommunications [T1D01¢ CO][T1D01c AA]

T1D02: Under which of the following circumstances are -ovegy transmissions by an amateur station prohibited?

To really answer this questiopou should read all 97.111 and897.113 However 897.113states:

0GAn amateur statiorshall not engage in any form of broadcastimgr may an amateur station transmit oeay
communications except as specifically provided in these rules; nor shafladawa station engage in any activity related to
program production or news gathering for broadcasting purposes, except that communications directly related to the
immediate safety of human life or the protection of property may be provided by amateionstéd broadcasters for
dissemination to the public where no other means of communication is reasonably available before or at the time of the
eventé [T1D02c CO][T1D02c AA]

T1D03: When is it permissible to transmit messages encoded to obscure their meaning?

§97.21H 6 U &Aiteldc@ninand étation may transmit special codes intended to obscure theingeahtelecommand
messages to the station in space operatio®97.21% | 0  aThé sfafoa Hentication procedure is not required for
transmissions directed only to the model cradtpvided that a label indicating the station call sign and theistdicensee's
name and address is affixédl the station transmittere [T1D03c CQ [T1D03c AA]

T1DO04: Under what conditions is an amateur station authorized to transmit music using a phone emission?

§97.113 F 0 6 n ONozindtelrStE X 2 ¢¢ & KI f £ (NI yvEAYAG Xexaepgrasispecifitaiyipfodided LIK2y S
elsewhere in this sectiomommunications intended to facilitate a criminal act; messages encoded for the purpose of

obscuring their meaning, except as otherwise providerkhe obscene or indecent words tanguage; or false or deceptive
messages, signals or identificatiorfT1D04c CO][T1D04c AA]

T1DO05: When may amateur radio operators use their stations to notify other amateurs of the availability of equipment for
sale or trade?

§97.113 I 0 6 o U 6 WokamatehristatibrSshall traismit Communications in which the station licensee or control
operator has a pecuniary interest, includiogmmunications on behalf of an employer, with the following excepti#s
amateur operator may notify other amateur operators of the availability foe saltrade of apparatus normally used in an
amateur station, provided that such activity is not conducted on a regular.bg3i$D05¢c CO][T1D05c AA]

T1DO06: What, if any, are the restrictions concerning transmission of language that may be considered indecent or
obscene?

§97.11% I 0 6 n 0 NozndteiirStatdn shall transmit Music using a phone emission exceptspecifically provided
elsewhere in this sectiomommunications intended to facilitate a criminal act; messages encoded for the purpose of
obscuring their meaning, except as otherwise provided hemiscene or indecent words or language false or deeptive
messages, signals or identificatiorfT1D06¢ CC][T1D06c AA]

T1DO07:What types of amateur stations can automatically retransmit the signals of other amateur stations?
§97.11% R0  aNolamafedr Statid, except arauxiliary, repeater, or space statipmay automatically retransmit the
radio signals of other amateur statioh [T1D07¢ CO] [T1D07¢ AA]
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T1DO08: In which of the following circumstances may the control operator of an amateur station receive compensation for
operating that station?

§97.113% I 0 6 0 U 0 Nd aknateuastation $hall franemi Communicéions in which the station licensee or control

operator has a pecuniary interest, includiogmmunications on behalf of an employer, with the following exceptidns

control operator may accept compensation as an incident of a teaching position duringlpefitime when an amateur
station is used by that teacher as a part of classroom instruction at an educational insti&ufidid08c CO] [T1D08c AA]

T1D09: When may amateur stations transmit information in support of broadcasting, program production, or news
gathering, assuming no other mess is available?

§97.113 0 U aAnlariafedr Btatian shall not engage in any form of broadcasting, nor may an amateur station transmit
one-way communications except as specifically provided in these rules; nor shall an amateur etgiige in any astity

related to program production or news gathering for broadcasting purposes, eftaipptommunications directly related to

the immediate safety of human life or the protection of property may be provided by amateur stations to broadcasters for
dissemnation to the public where no other means of communication is reasonably avallafilee or at the time of the

eventg [T1D09% CO][T1D09%cAA]

T1D10: How does the FCC define broadcasting for the Amateur Radio Service?
§97.3 | 0 6 m n Orheaéfinitibrs af fermé used in part 97 atdBroadcasting. Transmissions intended for reception by the
general publiceither direct or relayed. [T1D10c CO][T1D10c AA]

T1D11: When may an amateur station transmit without identifying on the air?

§hT ®M M O Each andateur Statiah, eficept a space station or telecommand station, must transmit its assigned call
sign on itdransmitting channel at the end of each communication, and at least every 10 minutes dwamgnaunication,

for the purpose of clearly making the source of the transmissions from the station ktwthose receiving the

transmissions. No station may trang unidentified communications or signals, toansmit as the station call sign, any call
sign not authorized to the statishé | 2, §B.MMHNJI0  aThé siafiod Hentification procedure is not required for
transmissions directed only to the modebét, provided that a label indicating the station call sign and the station licensee's
name and address is affixéd the station transmitter.[T1D11c CO][T1D11c AA]

ToC
NEXT SECTION
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TIE Control operator: eligibility, designating, privileges, duties, location, required; Control point; Control
types: automatic, remote T0C

T1EO1l: When may an amateur station transmit withoaitcontrol operator?

§97.7& G | (CBridrdl opérator requiredWhen transmitting, each amateur station must have a control operafbe control
operator must be a persorfa) For whom an amateur operator/primary station license grant appears on the UkSlidated
licenseedatabase, ofb) Who is authorized for alien reciprocal operation by § 97.107 of thisépart.

[TLEOIC COJ[T1EOQIC AA]

T1EO02: Who may be the control operator of a station communicating through an amateur satellite or space station?
Amateur satellites and spacgations have uplink (transmit) and downlink (receive) frequencies. Anyone, including
unlicensed individuals may LISTEN to traffic from satellites or space stations. To be a control operator, you also need to be
able to transmitAs long as your licenseiyileges give you permission to use those uplink frequencies, you may be the
control operator of an amateur satellite or space statighlEQ2Z; CO][T1E0X AA]

T1EO03: Who must designate the station control operator?

§97.103(Station licensee responsibilités A G SY  dTbelstatidnilicefisBeintist designate the station control operator
The FCC will presume that tetationlicensee is also the control operator, unless documentation to the contrary is in the
station records [T1E03X CO][T1EQ3 AA]

T1EO4: What determines the transmitting frequency privileges of an amateur station?

Thecontrol operator may operate the station p#reir license privilegesregardless of the license of the station ownéne

station owner DESIGNATES who the control opeiatab [ S i éndexahijiled th& shation owner holds a Technician class
license, and the station owner &so the control operatqrthe station must operate under Technician transmitting privileges
However, if the owner designates someone who holds an Extra class license as the control operator, the station may operate
under Extra transmitting privilege$T1E04c COJ[T1E04c AA]

TIE052 KIF G A& Ly FYF{dSdzNI adridAazyQa O2yiNRf LRAY(GK
§97.3 | 0 6 m n (Condral poititS ke Jocation at which the control operator function is performéedl 1E05 QO]
T1EOX AA

T1EO06: When, under normal circumstances, may a Technician class licensee be the control operator iohaog@tating
in an Amateur Extra Class band segment?
§97.301details the authorized amateur radio frequency bands by license dgmyators may not transmit outside of their

licenseclage LG Qa AYLRNIIFydG G2 Ot NAFe GKIG 9EGNY Oflaa fAOSy4&:
radio operators.[T1EQ6 CO][T1EQ6C AA]

T1EO07:When the control operator is not the station licensee, who is responsible for the proper operation of the station?
§97.103(Station licensee responsibilitieisem (a)a ( | (irBeSstationmlicensee is responsible for f@per operation of the
station in accordance with the F&RDles When the control operator is a different amateur operator than the station
licensee, both persons are equally responsible for proper operation of the sttfdaEQ7c CO][T1E07c AA]

T1EO08: Which of the following is an example of automatic control?

§97.20% R0 aArépéaeaniy bie awmatically controllect §897d 0 6 | 0 6 cAutondaficlcantfol The wse of devices
and procedures for control of a station when it is transmittgggthat compliance with the FCC Rules is achieved without the
control operator being present at@ntrol point.€ [TIEQ8& CO][T1E08 AA]

T1EQ09: Which of the following are required for remote control operation?

§97.109(Station contold & { k(&) Each axhateur station must have at least one control ptwWhen a station is being
locally controlledthe control operator must be at the control poinAny statiormay be locally controlledc) When a station
is beingremotely controlled, the control operator must be at the control poiAny stationrmay be remotely controlled.
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(d)When a station is being automatically controlled, the control operator need not be at the control @ity stations
specifically designatl elsewhere in this part may be automatically controlled. Automagittrol must cease upon
notification by a Regional Director that the station is transmitting improperlyamsing harmful interference to other
stations. Automatic control must not besemed without priorapproval of the Regional Directér.

[TLIEQOX COJ[T1EO0X AA]

T1E10: Which of the following is an examplerefote control as defined in Part 977

§97.3(a)(39R i I (Réndok camtrol. The use of a control operator who indirectly manipulates the operating adjustments
in the station through a control link to achieve compliance with the FCC Rule§. anjstatfonsthe control link may

operate under remote control over an internet linKT1LE10c CO][T1E10; AA]

T1E11:Who does thd=CC presume to be the control operator of an amateur station, unless documentation to the contrary
is in the station records?

§97.103(Station licensee responsibilitigisem (b)a G | (TBeSstationdlicensee must designate the station control operator.
TheEFCC will presume that the station licensee is also the control openadess documentation to the contrary is in the
station recordst [T1E11c CO][T1E11c AA]

ToC
NEXT SECTION
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T1F Station identification; Repeaters; Third party communications; Club stations; FCC inspection T0C

T1FO01: When must the station and its records be availdbleFCC inspection?
§97.103(Station licensee responsibilites A G SY  JlistatigniitedsSeinist make the station and the station records
available for inspection upon request by an FCC representatffd FO1c CO] [T1F01c AA]

T1F02: How often must you identify with your F&&igned call sign when using tactical call signs suckagl O S

I St RIjdzl NI SN& ¢ K

§97.119(Station identificatiod A (0 SY d&hch amatéur stafon,excépt a space station or telecommand station, must
transmit its assigned call sign on its transmitting channel at the end of each communication, and atdeadOewinutes
during a communicationfor the purpose of clearly making the source of the transmissions from the station kioaivase
receiving the transmissions. No station may transmit unidentified communications or signtnsmit as the statiorcall

sign, any call sign not authorized to the statidfiT1F02c CO][T1F02c AA]

T1F03: When are you required to transmit your assigned call sign?

This is essentially a repeat of T1F827.119(Station identificatiop itemé | 0 aHEath GrBadedr stétion, except a space
station or telecommand station, must transmit its assigned call sign on its transmitting channel at the end of each
communication, and at least every 10 minutes during a communicatasrihe purpose oflearly making the source of the
transmissions from the station knowno those receiving the transmissions. No station may transmit unidentified
communications or signals, tlansmit as the station call sign, any call sign not authorized to the stétion.

[T1F03c COJ[T1F03c AA]

T1F04: What language may you use for identification when operating in a phonebsuizl?

§97.119(Station identification A (G SY  droelcall &ignlmiisSkie Fansmitted with an emission authorized for the
transmitting channel in one of thiollowing ways(2) By a phone emission in the English languadge of a phonetic
alphabet as an aid for correstation identification is encouragéd[T1F04c CO][T1F04c AA]

T1F05:What method of call sign identification is required for a station transmitting phone signals?

This question is almost identical to T1F887.119(Station identificatiofitS Y 6 6 0 0 H 0 ThécélllsignSr&st bed 6 6 U
transmitted with an emission authorized for the transmitting channel in one offtilewing wayst  éBy & phone emission
in the English languag&se of a phonetic alphabet as an aid for corstation idertification is encouraged ¢

[T1FO5c COJ[T1F05c AA]

T1F06: Which of the following sedfssigned indicators are acceptable when using a phone transmission?
§97.119(Station identificatiod A G SY  d@@etor ndoie indicatarg mag be included with the call siEachindicator
must be separated from the call sign by the slant mark (/) or by any suitable word that denotes the slanif matkdicator
is selfassignedit must be included before, after, or both before and after, the call sign. Neassl§nedndicaor may
conflict with any other indicator specified by the FCC Rules or with any prefix assiguestiier countryg

[T1F06c COJ[T1F06c AA]

T1FO07: Which of the following restrictions apply when a A@ensed person is allowed to speak to a foreign station using

a station under the control of a licensed amateur operator?

§97.115(Third party communications A G SY 06 | 0Anmmatedr §tatiinSraytransmit- messages for a third party to

(2) Any station within the jurisdiction of any foreign government when transmitting emergendisaster relief

communications and any station within the jurisdictiof any foreign government whose administration has made
arrangements with the United States to allow amateur stations to be used for transmitting international communications on
behalf of third partiesNo station shaliransmit messages for a third parto any station within the jurisdiction of any foreign
governmentwhose administration has not made such an arrangement. This prohibition does not appiyetssage for any

third party who is eligible to be a control operator of the statiiiT LFO7c CO][T1F07c AA]
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T1F08: What is the definition of third party communications?

§97.3(Definitionsy = A G SY ¢ IThird partycominiinicatiéhd hessage from the control operat(first party) of an
amateur stationto another amateur station control operator (second pany) behalf of another persofthird party)£
[T1FO8; CO][T1F08c AA]

T1F09: What type of amateur station simultaneously retransmits the signal of another amateur station on a different
channel or channels?

§97.3(Definitions) = A G SY ¢ IRépdaten An adaieuristatidrithatsimultaneously retransmits the transmission of
another amateur station on a different channel or chanreel§ 1FO CO][T1F0% CO]

T1F10: Who is accountable if a repeater inadvertently retransmits communications that violate the FCC rules?
§97.205(Repeater station A (G SY dEekontiobpenatsr dfa repeater that retransmits inadvertently
communications that violate the rules this part is not accountable for the violative communicatidridowever,a control
operator must be present when the repeater is operatif@lF10c CO][T1F10c AA]

T1F11: Which of the following is a requirement for the issuance of a club station license grant?

§97.5(Stationlicense required = A G SY 06 0 Uhke tyges af statidn ficanEe géaltdaie: GAclubistation license
grant. A club station license grant may be held only by the person who ieéimse trustee designated by an officer of the
club. The truste must be a person who holds aperator/primary station license granthe club must be composed of at
least four personsndmust have a name, a document of organization, management, and a primary purpose devoted to
amateur service activities consistenith this parté [T1F11c CO][T1F11c AA]

roc
NEXT SCTION
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SUBELEMENT T20PERATING PROCEDURES

T2A  Station operation: choosing an operating frequency, calling another station, test transmissions; Band
plans: calling frequencies, repeater offsets TOC

T2A01: What is a common repeater frequency offset in the 2 meter band?

¢2 FyagSN GKAA [[dzSadAz2ys @2dz TANRG y SARmaiedr rafigrapgater is dnA G Gt S
electronic device that receives a weak or Hawvel amateur radio signal and retransmits it at a higher level or higher power,

so that the signal can cover longer distances without degradation. Many repeaters are locdiéiops or on tall buildings

as the higher location increases their coverage area, sometimes referred to as the radio horipatpnt. Amateur radio
repeaters are similar in concept to those used by public safety entities (police, fire departrteepthasinesses,

government, military, and more. Amateur radio repeaters may even use commercially packaged repeater systems that have
been adjusted to operate within amateur radio frequency bands, but more often amateur repeaters are assembled from
recewvers, transmitters, controllers, power supplies, antennas, and other components, from various sburcésk S
retransmission in the aforementioned reference is done at a different frequency from the received signal. The difference
between these two frequenes is therepeater frequency offsefhis offset is generally common within a frequency band, but

A (i Q & spetificiequirement. You can find a list of repeaters in Repeater Baoky(.repeaterbook.coji A screenshot of 2

meter repeaters in North Carolina from this reference is below:

Frequency Offset Tone Up / Down  Location County call Use  Modes by
144,9200 +2.5MHz CCi Albemarie Stanly K4DVA PEN DMR DSTAR Fusion <
145.0400 0.6 MHx 100.0 Wilkesboro Wilkes W4MIS OPEN FM o
14 +1.4 MHz Kings Mountam Cleveland WANYR OPEN DSTAR o
145.1100 06 MHr 1316/1318 Kill Devil Hdls, Colington Dare WHPCN OPEN FM Echolnk (%)
145.1100 -0.6 MHz 1514 Robbinsville Graharr NAGSM PEN  FM AllSuar o
145.1100 -0.6 Mz 845 Youngsvilie Franklin KDAMYE OPEN FM ©
145,1300 -0.6 MRz 1318 Ahoskie Hertlord WB4YRF OPEN FM [
0.6 MHx 103.5/ 14035 Mount Airy, Fisher Peak Surry NAVL OPEN FM (s}

-0.6 MHz  B2.5 Research Triangle Park Durham wWd4aDwW OPEN FM (»)

145.1400 0.6 MHz Charlotte, Charlotte Hood Road Mecldenburg  KIAWXS OPEN DSTAR Lo
45.1500 -0.6 MHx 1318/1318 Buxtor Dare K40BX OPEN FM Echolnk [+

The most common offsefor 2 metersis -0.6 MHz (0r600 kHz). If you keep scrolling down ist,& 2 dzQf f I f a2 aSS

repeaters with offsets 0f0.6MHz What this means as a radio operator is that when programming your radio to access at
repeater, you will need to entdroth the listed frequency (far left colummthis is the TRANSMIT frequency for the repeater

and RECEIVE frequency for you) Hredoffset (the listed frequency plus or minus the offset). If you simply want to listen to
repeatertraffic, just use the listed frequency. Your radio manual will have a section on programming repeaters.

[T2A01c CO] [T2A01c AA]

T2A02: What is the national calling frequency for FM simplex operations in the 2 meter band?
In the US, amateurs use specific simplex calling frequencies (one in most ham band

X R SN X | Frequency Band _
sort of a universdhome¥ NB |j dzSy Oe @ C2NJ SEIl YLIX SX 6KSYy (MHz) Ol NX
set your radio to these frequencies, ahd6.52 MHz (in the 2 meter banis) oneof 446.000 70 cm
those. A list othe more common ones f®und belowin the accompanying table 222.1 1.25 m (SSB & CW)
146.52 2m
[T2A02¢ CO] [T2A02¢ AA] 50.125 6 m (558)
28.400 10 m (unofficial)
14.286 20m
7.290 40m
3.885 80m
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T2A03: What is a common repeater frequency offset in the 70 cm band?
See questiom2A0labove for an explanation of repeaters. You can find a list of repeaters in Repeater Book
(www.repeaterbook.com A screenshot of 70 cm repeaters in North Carolina from this reference is below:

Frequency  Offset Tone Up / Down  Location County Call Use Modes )
139.1000 +10 MHz 100.0 / 100.0 Saint Pauls, WUNU-TV Tower Robesor NaDBEM { M 0
440, 1000 +5 MH2 ccy Wilsen Wids: NE4] PEN  DMR (o]
4405125  +5 MHz cc1 Gesenville, FC1 - SMAT molve repeater Pt NC4ES EN DMR

420,52 o5 M2 ccy Washington, Vidant Beaufort Hospital Beaufort NCaES OFEN  DMR

440 «5 MKz cCH Kenansville, Vdant Dupin Hospita Duplin NC4ES EN DMR 0
440.5375 +5 MH: cc1 Wilkeshoro, Bucks Knob Vidkes WaFAR OPEN  DMR 0
140.562% o5 Mz [ | Albemarie Stanly KaDVA Daait 0
140.5750 +5 MHz cCci1 Farmwalle Greene NCAES DMR o
140.5750 +5 MHz NAC 253 Grabam, Downtown Graham Alamance KKAME] OPEN P-2 (v]
440.5000 +5 MH2 Jacksonville Onsiow KO4DQ5 N DSTAR

440.6250 +5 MHz cCc1 Roanoke Rapids Halifax NCAES EN DMR 0}

The most common offsefior 70 cmis +5 MHZ(or +5000 kHE If you keep scrolling down thist,e 2 dzQf f | f a 2

ass v

repeaters with offsets of6 MHz What this means as a radio operator is that when programming your radio to access at

repeater, you will need to enter both the listed frequency (far left colunthis is the TRANSMIT frequency for the repeater

and RECEIVE frequency for you) and the offset (the listed frequency plus or minus the offset). If you simply wantdo listen t
repeatertraffic, just use the listed frequency. Your radio manual will hagecdion on programming repeaters.
[T2A03¢ CO] [T2A03c AA]

T2A04: What is an appropriate way to call another station on arelpai SNJ A F
2 KSGKSNJ 22dzQNB NBalLRyRAYS3

Ol t ¢

KX4lU this is KGILRor

62 dzf R

32 tA

G2

I OF f f

18 GKA&

X

T2A05: How should you respond to a station calling CQ?
When responding to a CQ, give the other call sign first followed by FROM or THIS IS and give your call sign once. Or, you can

give their call sign and then youbs 2 KSy dza Ay 3

, 2dz

R2y Qi

ySSR

[’]

claity. C2 NJ SEI YLX §=

2 3IAAOS

AT

0 KSANER
82dzQNB NBaLRYRAY3
KX4IU this is kiteercindiallima-papa or simply KX4IU kileercindialima-papa

82dz 1y26

GKS 210

KSNJ &

2NJ AYAGALF GAyYy3IRAOM OF £ £ 3
or THIS IS and give your call sign o@e you camjive their call sigand thenyour® C2 NJ SEIl YLX ST AT

KX4IU from K@ILPor simply KX4lU KGILP [T2A04¢ CO][T2A04c AA]

LIK2ySk@2A0Sz AlGQa
LIK2Yy SGAOIt &

e

a2 | /v

0SSOI dza S

Ifaz2 KS

TNRY Y-

[T2A05¢ CO] [T2A05¢ AA]

T2A06: Which of the following is required when making-tire-air test transmissions?
Remember when testing, astiiall other transmissions,op must follow theh RSy G A FA Ol G A2y NXzt Sa

Qsy
64

K@ILP testing or in Morse Code (CW) KGILP VV\&-.- -----.. ~.. —.

T2A07: Whati& S| y (i

omMnou
YAIKIG

42 dzy R

0é

tA1S @

KAad X

GNBLISI SN 2FFasSieK
This is similar to questions T2A01 and T2A03. Repeaters receive signals on one frequency and retransmit the signal on
another frequencyThe difference between these two frequencies (transmit and receive) is the repeater. offset

[T2A06¢ CO] [T2A06¢ AA]

[T2A07¢ CO] [T2A07¢ AA]

CH! nyY

ZKI

i Aa

G§KS YSFyAyT
The code CQ originated in Europe (t#i§. At the time, French wassed aghe international postafi S NJ2dtfiGis Q &
language The French wordécuritédo Y S y A y 3

aLd e

2F GKS

LINE OS RdzNJ €

AATYL

G 3GSyaA 2Q/Mmhen prarduimeRia Fréndm| S
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amateur radio lingo it meanSalling Any Statich LG Qa | f a2 02 YY2yCradmisSiehg-A ¥-). Th@ NA S / 2
station trying to contact another statioshould send CQ two or three times followed by their call sign, as follows:

CQ CQ CQ, this is KZILRZglwindia-lima-papa calling CQ and monitoring
In Morse Code or digitahodes,it would be: CQ CQ CQ DE K@ILP K@ILP KGILPTRA08c CO][T2A08c AA]

T2A09: Which athe following indicates that a station is listening on a repeater and looking for a contact?
hyS I R@FyGFE3IS 2F 02YYdzyAOIGAy3a GKNRBdzAK NBLISFGESNBR Aa GKSA!
ySSR (G2 YIS I t2y3 GNXyavyiraarzy G2 YI1S I O2yiAkodineh LYy 2
approachis to simplygive your call sign followed by saying the wardnitoring For example:

K@ILP monitoring or  K@ILP is monitoring or  K@ILP standing by [T2A09¢ CO][T2A09¢ AA]

T2A10: What is a band plan, beyond the privileges established by the FCC?

Per Wikipediahttps://en.wikipedia.org/wiki/Amateur_radio_frequency_allocationemateur radio frequency allocations

are determined by international agreeants and US regulations, andtional authorities regulate amateur usage of radio
bands However, within those frequency allocations, groups of volunteers in the US determine how specific bands are used
under normal conditions. In shoiband plans are vahtary guidelines and not regulatory requirementdT2A10c CO

T2A10c AA]

T2A11: What term describes an amateistation that is transmitting and receiving on the sanfeequency?
Fromwww.hamradioschool.cont Ximplex operatiormeans the radio stations are communicating with each othiezadly,

on the same frequency. Both stations take turns transmitting and receiving on the same frequency with no repeater or other
device in betweert. [T2A11c CO][T2A11c AA]

T2A12: What should you do before calling CQ?

There are several things you need to do before making a transmission. Most importendiyre your license privileges give

you access to the frequenciext,make sure no one else is using the frequeray this by listening for a few seconds.

Finalymk 1 S & dzNBE G KS FTMEL O OBRAAYQUSATKEZA S O2yBSNEFGAZ2ZY 06v{
Oy R2 (GKA& o0& 2dzal ludeld yHZf 62 4S5 R KA[RABRQMBNICAWBH a&S3Aya@

roc
NEXT SECTION
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T2B  VHF/UHF operating practices: FM repeater, simplex, reverse splits; Access tones: CTCSS, DTMF; DMR operation;
Resolving operational problems; Q signals T0C

T2BO1:l 26 A& F 1 Ck! 1 C GNIXryaOSAGSNRE GNBISNEHS¢ FdzyOlAaz2y dza$s
This is a useful radio feature when accessing repeaters. As you know from previous questions, repeaters abguber in

mode, utilizing different transmit (output) and receive (input) frequencies. Sometimes someone talking to you via a repeater
will be bcated physically closer to you than they are to the repeakéeir signal going to the repeater may be weak, and the
retransmitted signal by the repeater may be garbled. This would be a good time to try the reverse function on your radio
(labeledREVON most FM transmittersfo listen in on the input frequency of the repeatdf the signal is clearer, consider the

option of talking to your friendimplexinstead of using the repeateiT2B01c CO][T2B01c AA]

T2B02: What term describes the use of a suglible tone transmitted along with normal voice audio to open the squelch

of a receiver?

Fromwww.electronicsnotes.com most repeaters require some sort of access temereventthe repeaterfrom being

unnecessarily activated’he most common ones aRivate Lindor, PL, invented by Motorolaprivacy tonegused in FRS

and GMRS radios), a@bntinuous Tone Coded Squelch Sy$@&hcS®) a2 aid NBLISFGSNR 62y Qi NBG NI
receive this toneOther tone options include thequelchanddigital codesquelch (DCSYhen programming your radio for
NBLISFGSNI I 0O0Saasz & 2 daddtdne optsRhe tbles dre/lifidd dmRvErepéateool.éoni S

[T2B02c CO][T2B02c AA]

T2B03: Which of the following describes a linked repeater network?

5 2 v Q (cor@piit&tdithis question. The answer is just as the question implies. Repeaters, even repeaters at different
frequencies, are often linkeagether using remote receivers to extend their range or overcome obstadhesteceived
signals are then transmitted by all the repeaters in the netw&#peaters locatedt the same sitean be physically
connected with cables[T2B03c CO][T2B03c AA]

T2B04: Which of the following could be the reason you are unable to access a repeater whose output you can hear?

You already know this answer from the questions on repeater offset (T2A07) and repeater tones (T288&).tRese to

familiarize yourself. If theepeater offset is incorre@ & 2 dzQf f NBI OK (G KS NBLISI ( SNhctedai & 2 d:
toneisincorrec G KS NBLISI (SN ¢ 2y Q digitalkeodedsquelch deNdkszbodt yhe $ae purgoResas thek S
CTCS9T2B04c CO][T2B04c AA]

T2B05: What would cause your FM transmission audio to be distorted on voice peaks?

This distortion is also referred to as overmodulation. Per Wikipddtag://en.wikipedia.org/wiki/Overmodulatioj,

2 @S NJY 2 R dzfthe Gohdiigh thatfrEvails in telecommunication when the instantaneous level of the modulsitingl

exceeds the value necessary to produce 100% modulation of the carrier. In the sense of this definition, it is almost always
considered a fault condition. In layman's terms, the signal is guffrthe scale Overmodulation results in spurious emsss

by the modulated carrier, and distortion of the recovered modulating signal. This means that the envelope of the output
waveformis distorted ¢ KA & RSTFAYAGAZ2Y daAidylf IRAANE FHLISIKISA aD I § 52
[T2B05c CO][T2B05¢c AA]

T2B06: What type of signaling uses pairs of audio tones?

Linking repeaters is a technique used for extending tmgesof a single repeatefwo such linked systems are theernet

Radio Linking Proje@RLP) and EchoLirkom your previous reading about repeaters (question T2B02), you know that

repeater control cods are used forequesing aconnection For IRLP connectioribe code is a sequence of DTMF Dioale
Multi-CNB1lj dzSy 08 65¢d@y S22 gR®OG 6 &B{ ( KF2BAK A MABGAAA] | LI AN 2F

T2BO7:1 26 OFy &2dz 22AY | RAIAGEHE NBLISFGESNRE adl €1 3INRdzLE K
Some common digital repeater systems include EchoLink, IRLP, DMASARB good and simple explanation of Digital
Repeaters can be found atww.cwtouchkeyer.com/digitatepeatersystemsall-you-needto-know/
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Most digital repeatercontrollers organize users of the networktmtalk groups These talk groups require some sort of
identification or code to access thefRadios capable of accessing digital repeaters can be programmed with these codes or
L5a X GKIFGQ&a I f ¢t . [@2BoZk GOFRO7TGARA] 22AYy | 3 NR dzLJ

T2B08: Which of the following applies when two stations transmitting on the same frequency interfere with each other?

This is referred to aBarmful interference@ L ¥ &2dz &SI NOK GKS t I NI o1 aidterigréhteNR > & 2
¢tKS o02i602Y tAyS Aa (KI G daydnéhasian dbdoli right tdSudy ArdtjlieS8R berflgkibld &0& & G |
creative. Try changing frequencies. Trypisitioning your antennaReduce powerNegotiate with the other station

continueduse of the frequencysuch as working out a time schedule, et¢1j2B08c CO] [T2B08c AA]

T2B09: Why are simplex channels dggted in the VHF/UHF band plans?
QuestionT2B01gives insight into the answer for this. Talking to another station via singpleixis typing up a repeater
[T2B09c CO] [T2B09c AA]

T2B10:Which Q signal indicates that you are receiving interference from other stations?
Q signals (or Q codes) ardedter abbreviations focommon amateur radio messaggsK S 02 RS& I NB dzaSR Ay
guestion and as a statement. For example, QSL is both the question (Is the frequency busy?) and the statement (The
frequency is busy.). Q codagre especially useful in Morse Code (@afmmunications because they significantly shorten the
length of the messagdhe following website provides a good explanation and list of Q codes/signals:

www.giangrandi.org/electron&radio/qcode.shtml
Some of the more common Q signals are:

QRL Is the frequency busy? The frequency is busy.

QORM  Abbreviation for interference from other signals.

QRN  Abbreviation for interference from natural trumanmade static.

QRX  Stand by.

QSL  Did you receive and understand? Received and understood.

QSO Abbreviation for a contact.

QSY Change to transmission on another frequency (orto ___ kHz).

QTH  What is your location? My locationis . [T2B10c COJ[T2B10c AA]

T2B11: Which Q signal indicates that you are changing frequency?
Seequestion T2B10This is one of the more common Q sign@iSYas a question isShall | change transmission frequency (to
... kHz (or MHz))&s an answer i$?lease change transmission frequency (to ... kHz (or MH2311¢ CO][T2B11¢ AA]

T2B12: What is the purpose of the color code used on DMR repeater systems?

An excellent DMR referencevisvw.dmrfordummies.com5 2 y Qi f SdbloréoKfi&se yp@ Ndin previous questions you
already know thatepeaters require access tones or codéslor Codés simply the term for this in DMR repeatesort of

like aPL access tonen an analog FM repeatefT2B12¢ CO][T2B12¢ AA]

T2B13:What is the purpose of a squelch function?

A detailed explanation of squelch can be foundhdtps:/newhams.info/2020/03/22/squelck® CNER Y (i K AsfueléhS 6 & A
makes radio operation more bearable by turning off the audio when there is no valid signabut\§tfuelch our radios

would be cranking out a lot of unwanted background naise.short, itfilters out receiver noiséby muting the audioyhen

there is no signal[T2B13¢ CO][T2B13¢ AA]

TocC
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T2C  Public service: emergency operations, applicability of FCC rules, RACES and ARES, net and traffic procedures,
operating restrictions during emergencies, use of phonetics in message handling T0C

T2C01: When do FCC rules NOT apply to the operation of an amateur station?

§97.103(Station licensee responsibilites A G SY  dhedstat@rillicefisBesisSresgonsible for the proper operation of the
station in accordance with the F&RDles. When the control operator is a different amateur operator than the station

licensee, both personare equally responsible for proper operation of the station. b 2 L Ca X ! BCE &IlEs akvdyks . | ¢ &
apply [T2C01c CO][T2C01c AA]

T2C02:Which of the following are typical duties of a Net Control Station?

t SNJ 2 A {AnbdSafeur Fadimet; or simply ham net, is adin-the-airCyathering of amateur radio operators. Most nets

convene on a regular schedule and specific frequency, and are organized for a particular purpose, such as relaying messages,
discussing a common topic of interest, in severe weather (for example, duringvai®kactivation), emergencies, or simply

as a regular gathering of friends for conversation.b SGa ' NB RANBOGSR o6& | bSid /2y (iNRt
job is todirect communications between stations checking into the. {@d2C02; CO][T2C0Z AA]

T2C03: What technique is used to ensure that voice messages containing unusual words are received correctly?
Fromwww.hamradioschool.coi Foé clear communications under all conditions, use a phonetic alphabet for spelling out
critical informatiortp §T2C03; CO][T2C0X; AA]

T2C04: What is RACES?

Since its inception, amateur radio has been involved in emergency communicatiotwd leggest emergency response
organizations in the US are RACES and ARESdur Radio Emergency Servic®@ LG Qa O2YY2y F2NJ f AOSy
operators to be members of both organizatioffer§9d7.3a)(3B0 RACES (radio amateur civil emergency sej\A radio

service using amateur stations for cifense communications during periods of local, regional or national civil

emergencies For more information about ARES, goataw.arrl.org/ares For more information about RACES, go to
www.usraces.org [T2C04c CO][T2C04c AA]

T2C052 KI i R2Sa GKS GSNY GONIFFTFAOE NBFSNI (2 Ay ySiG 2LISNY (A2
Forinformation about nets seattps://en.wikipedia.org/wiki/Amateur_radio_netln amateur radiotraffic can have two

ASLI NFYGS YSIyAy3daad hyS Aa GKI é&ndexi@dgendssajes. T otBeFdefjhiai 6 K2 &S 7
traffic comes frontraffic netX Y S& &l 35a S Ei@iét JTAR CH HADO AA]

T2C06:What is the Amateur Radio Emergency Service (ARES)?

See question T2COBrom the ARES websitevw.arrl.org/are®) She &nfiateur Radio Emergency Service (ARES) consists of
licensed amateurs who have voluntarily registered their gicalffons and equipment, with their local ARES leadership, for
communications duty in the public service when disaster strikEE2C06c CO][T2C06c AA]

T2C07: Which of the following is standard practice when you participate in a net?
CNEY [[dzS8aiGA2y CH/nu &2dz t SFNYSR G(KFHi 4ySiad QENBYRENBOYER

2LISNI GS a RANBOGSR o6& ySi O2yiNRfIX YR y20i RA&NHzZII GKS
net cantrol to transmit. [T2C07c CO][T2C07c AA]

T2C08: Which of the following is a characteristic of good traffic handling?
From previous questions, you know that nets are formed to exchange or relay messages or traffic. For emergetimsaets
messages must be relayed or passed exactly as receiV@€08; CO][T2C08&; AA]

T2C09: Are amateur station control operators ever permitted to operate outside the frequency privileges of their license
class?

§97.403(Safety of life and protection of propetgi | i BaipEovision of these rules prevents the use by an amateur station
of any means of radiocommunication at @sposal to provide essential communication needs in connection with the
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immediate safety of human life arichmediate protection of propest when normal communication systems are not

availablet Ly 2 ( WiShhesedsNidtriediate risk to life or propefly | YR y2NXIFf YSGiK2Ra 2NJ O2
@At oftST &2dz YIe dzaS NI RA202YYdzy A OF (i kegury piivileges. Ekehi & 2 dzQ NX
unlicensed individuals may use amateur radio frequencies in times of emergBrg90 CO] [T2C0X AA]

T2C10: What information is contained in the preamble of a formal traffic message?

From WikipediaHttps://en.wikipedia.org/wiki/ARRL Radiogranfll néessages must have a preamble. pleamble of the
message contains information about the message necessary to keep track of it as it passes threungatthe systemThe

parts of the preamble, except for the check as noted later, are not changed by any station relaying or delivering the.message
They are permanent parts of the message created by the station of origin and must remain with the megsageallto

the delivery point. Preamble information is used to service undeliverable messages and to generate replies to specific
handling instructiong. [T2C10; CO][T2C10; AA]

CH/ MMY 2 KIG Aa YSIyld o6& aOKSO1¢ Ay | NXYRA2INIY KSIFRSNX
Again, refer to Wikipedizhftps://en.wikipedia.org/wiki/ARRL _Radiami ®heahecki§ KS Yy dzY6 SNJ 2F g2 NR V¥
text of the messagand must be used on all messages. This number is used by operators to verify that the text has been

copied with the correct number of grougs[T2C11c CO] [T2C11c AA]

ToC
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SUBELEMENBT RADIO WAVE PROPAGATION

T3A Radio wavecharacteristics: how a radio signal travels, fadingyltipath, polarization, wavelength vs absorption;
Antenna orientation TO0C

T3A01: Why do VHF signal strengths sometimes vary greatly when the antenna is mowgda few feet?

¢2 yasgSN GKAaS @2dQft ySSR (2 dzy RS M#videgtBnicAldl RA 2 LINR LI 3| {7
notes.com/articles/antennapropagation/propagatioroverview/basics.phpAt this site, click the link tMultipath

Propagation Radio waves can be diffracted by mountains, building, and other objects. This diffraction causes the waves to

take slightly different paths from the transmitting station to the receiving stations Eh¢allednultipath propagation This

can result in distorted or weak signals, or even dead spoten when reception is generally godthese dead spots are

often only %2 wavelengthpart. Because the spacing is relatively close, sometimes you canedbelweak signal by moving

your antenna only a few feefT3A01c CO][T3A01c AA]

T3A02: What is the effect of vegetation orHF and microwave signals?

{ §S | NJi Efiett 8f TémperdtuSRnd @Ground Watar VHF Radio Wave Propagatioopical Climate  Sufeman
K.O., Bello I.T., Tijani L.O., Ogunbode A.O., OlayiwolaiMW\.ijser.org/researchpaper/Effeatf-TemperatureandGround
Water-on-VHFRadieWavePropagatiorin-TropicalClimatepdfo ® ¢ KS | NJUkr&High Fréqiiendil &) arid Xery
HighFrequency (VHF) signals are easily reflebedubstances andan also be absorbed by some environmental factors
such as relative humidity, wind, @nd ground temperature, and vegetatign[T3A02¢c CO][T3A03c AA]

T3A03: What antenna polarization is normally used fong-distance CW and SSB contacts on the VHF and UHF bands?
A good, basic antenna referencefistennas 10by Eric Webner K4FA&hd Dave Tyndell KK4LY
(https://wabfb.org/wordpress/wpcontent/uploads/presentations/antennas_101.g9dfyagi or beam antennas are excellent
for long distance communicationklorizontal polarization is preferred because it usually results in less growseslos
[T3A03¢ COJ[T3A03c AA]

T3A04: What happens when antennas at opposite ends of a VHF or UHF line of sight radio limt ai®ng the same
polarization?

Polarization describes the way the electric field of the radio wave is oriedtesrtically polarized antenna will generate a
radio wave whose electric field is vertically polarized. For best results, you should algméh@a of your receiver with the
antenna of the transmitting station. Otherwisggur received signal will be noticeably reducg@3A04c CO][T3A04c AA]

T3A05: When using a directional antenna, how might your station be able to communicate with a distant repeater if

buildings or obstructions are blocking the direct line of sight path?

wSOItt (KS RAaOdzaaiAzy 2F YdZ GALI GK Ay [[dzSaGA2y ¢o! nmd . dz
they REFLECT them. Knowing this, with a directional antenna, you may be®bleyfoR I 1LJ G K G KIF G gAf £ N
signalto your receiver, and your transmissions to the repeatemateur radio enthusiasts use the same concept to bounce

signals off the moon[T3A05¢ CO][T3A05¢ AA]

¢to! ncyY 2KFEG Aa GKS YSEFEyAy3a 2F GKS GSNY aLAO]SG FSyOAy3Iéd
See question T3A0These dead spots mentioned in that question are close togettudten only ¥ wavelength apart.

Because the spacing is relatively close, tihaali might even sound like a fluttéFhis is also callgpicket fencing

[T3A06¢ COJ [T3A06¢ AA]

T3A07: What weather condition might decrease range at microwave frequencies?

See article referenced in question T3A02. The same applies dBniz I S FNBIj dzSy OA S & & WitKiSgh | NI A Of
relative humidity the water vapor content in the aan affect therefraction, diffraction and scattering of thadio wave. He

also studied several othédactors that can affect its propagati@uch agerrain, building, vegetatiorweatherparameters

(such as rain, snavhaze and dus®. [T3A07¢ CO][T3A07c AA]
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T3A08: What is a likely cause of irregular fading of signals propagated by the ionosphere?

{SS jdzSadAaz2y ¢o!'nm X wlRA2 gl @Sa Oy oS THsiffrdctith GiisEsRheo & Y 2
waves to take slightly different paths from the transmitting station to the receiving stafibis is callechultipath

propagation This can result in distorted or weak signals, or even dead spots, even when reception is generally good

[T3A08¢ CO][T3A08c AA]

T3A09: Which of the following results from the fact that signals propagated by the ionosphere are elliptically polarized?

52y QG O2y¥FdzaS GKA& S6AGK [[dzSadAz2y ¢o! nnd ¢KIFG | dftrdhigh2 y NI 3
You krow from that question that radio waves start out as either vertically or horizontally polarized. When a radio wave

0Ny St & GKNRdAzZAK (KS A2y23LKSNBX (KS LRftFINATIIGA2y OKIy3Sa
ellipticalpolarization Because of this phenomenogither a vertically or horizontally polarized antennas can transmit and

receive these signals, especially on HF frequernhegsare more likely to penetrate the ionosphere than VHF or UHF.

[T3A09¢ COJ[T3A09c AA]

T3A10: What effect does muipiath propagation have on data transmissions?
See questions T3A01 and T3AA8.you would expecthe dead spots (muHkpath) caused by radio wave diffraction can
result in data signals with high error ratessen with relatively strong signal strengtfl.l3A10¢ CO] [T3A10c AA]

T3A11l: Which region of the atmosphere can refract or bend HF and VHF radio waves?

The region of the atmosphere abethe lower atmosphere is called thenospherdgalso called thermgphere) This region

extendsfrom 30 to 260 milesbove the Eartland contains relatively few molecules (primarily oxygen and nitrpgEmose

molecules that are there are being constantly bombarded by ultraviolet rays from the Sun. Thisatatrib sone of the

electrons from the oxygen and nitrogen atoms, makingntgositively chargear ionized renderingthe ionosphere slightly
conductive$¢ KA & O2y RdzOGAGAGE OFy NBFTfSOG NIYRAZ2 4. AhSBecalskthai KA G
SFNIKQa adzaNFIFOS Aa |faz2z O2yRdzOGAQGAGesS GKAa OFy OFdzasS (KS
thousands of miles. This is what enables radio operators to communicate around the {Wi84d.1¢ CO][T3A11c AA]

T3A12: What is the effect of fog and rain on signals in the 10 meter and 6 meter bands?
This is a continuation of questions T3A02 and T3AQ7. Precipitation and fog can impact VHF frequerwsditieteffect
on HF bands (below about 30 MHZz), such a 10 meter and 6 n@t@A12c CO][T3A12c AA]
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T3B Electromagnetic wave properties: wavelength vs frequency, naturesaodity of electromagnetic waves,
relationship of wavelength and frequendlectromagnetic spectrum definitions: UHF, VHF, HF T0C

T3BO01: What is the relationship between the electric and matiméelds of an electromagnetic wave?

The following link contains a good overview of radio wahégs://en.wikipedia.org/wiki/Radio_waveThe article states,
cLikeother electromagnetic waves, a radio wave has a property called polarization, which is defined as the direction of the
wave's oscillating electric field perpendicular to the direction of motion. A plane polarized radio wave has an elettric fiel
which osdlates in a plane along the direction of motion. In a horizontally polarized raahe,the electric field oscillates in a
horizontal direction. In a vertically polarizegve,the electric field oscillates in a vertical direction. In a circularly predri
wave,the electric field at any point rotates about the direction of travel, once per cycle. A right circularly polarized wave
rotates in a right hand sense about the direction of travel, while a left circularly polarized wave rotates in the oppusite s
The wave's magnetic field is perpendicular to the electric fiaial the electric and magnetic field are oriented in a right hand
sense with respect to the direction cddiationd §T3B01c COJ[T3B01c AA]

T3B02: What property of a radio wave defines its polarization?

See link for question T3B® ¢ KS I NILiketh& eléctiomagBeicivasy a radio wave has a property called
polarization, which is defined as the direction of the wave's oscillating electric field perpendicular to the directiotioof. mo
A plane polarized radio wave has an electric field which oscillates in a planglaodigection of motionin a horizontally
polarized radiovave,the electric field oscillates in a horizontal direction. In a vertically polaszack the electric field
oscillates in a vertical directiotn a circularly polarizedave,the electric field at any point rotates about the direction of
travel, once per cycte §T3B02¢ CO][T3B02¢ AA]

T3B03: What are the two components of a radio wave?

{SS tAY]l F2NJljdSadtAzy ¢o. nmd Ly (KARadiolwdBsia@t e ofi KS FANAG
electromagnetic radiatioX € Efectromagneticells us the two components are electric fields and magnetic fields

[T3B03c COJ[T3B03X AA]

T3B04: What is the velocity ofradio wave traveling through free space?

See link for question T3B01. The PROPERTIES sectioh dfith A Of Radi aves $ & Facuim travel at the speed of
light. When passing through a material medium, they are slowed depending on the medainis thin enough that in the
Earth's atmosphere radio waves travel very close to the speed ofdlifiiBB04c CO][T3B04c AA]

T3B05: What is the relationship between wavelength and frequency?

See link for question T3B01. The PROPERTIES section of this articléiategvelengtlf<) is the distance from one peak
(crest) of the wave's electric field to the next, and is inversely proportional to the frequ@rafythe wave. The relation of
frequency and wavelength in a radio wave traveling in vacuum or:air is

- where_is wavelength (metersyisspeed of light3 x 10° m/s), and f = frequency (Hertz)

Inversely proportionah the abovereferencemeans that as wavelengthets shorter frequency increases, and vice veésa
[T3BOS COJ[T3B0OSc AA]

T3B06: What is the formula for converting frequency to approximate wavelength in meters?
You can derive this formula from the information given in question T3B&4 Qa  F A3 NAEM/sGrany Seiéhiifil
notation to standard notation = 300000000 meters/second

_ Q& Q001+ U

The above formula shows the relationship in Hertz. To convert to megafhktz) we need to divide by onmaillion
(1000000).  _ Q& QO Qi u

This readswavelength in meters equals 300 divided by frequency in megahfr&B06c CO] [T3B06c AA]
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T3BO07: In addition to frequency, which of the following is used to identify amateur radio bands?

The formula in question T3B06 provides this answer. You can see in the formukationship between wavelength and
FNBIljdSyded C2NJ SEFYLX S AT (GKS FNBIjdSyde A& wmnc alls AlGQ:
— — ¢8tuv ¢chad'Qo Qi i

In summaryamateur radio operators identify bands using both frequency and vesaggth. [T3B07c CO][T3B07¢ AA]

T3B08: Whafrequency range is referred to as VHF?

. . RADIO FREQ P R RA
A useful referencg table for amateur radp operator§ is the RANGE NAME ABBREVI  LOW HIGH
following. There will be several test questions on this, Very Low Frequency VLE 3 kHz 30 kHz
including the General Exam. You should commit this to Low Frequency LF 30 kHz 300 kHz
memory. [T3B08c CJ [T3B08 AA] Medium Frequency MF 300 kHz 3 MHz
High Frequency HF 3 MHz 30 MHz
Very High Frequency VHF 30 MHz 300 MHz
Ultra-HighFrequency UHF 300 MHz 3 GHz
Super High Frequency SHF 3 GHz 30 GHz
Extremely High Frequenc EHF 30 GHz 300 GHz

T3B09: What frequency range is referred to as UHF?
Refer to the tableof RADIO FREQUENCY SPECTRUM RANgiEStion T3BO8[T3B09% CO][T3B09 AA]

T3B10: What frequency range is referred to as HF?
Refer to the table oRADIO FREGENCY SPECTRUM RANGHEGestion T3B0O8[T3B10c CO] [T3B10c AA]

T3B11: What is the approximate velocity of a radio wave in free space?
This can also be found in questions T3B04 an@d3.3&dio waves travel at the speed of lighthich is approximatel$00
million meters per secon(800,000,000 or 3 x £éneters per second [T3B11¢ CO][T3B11c AA]
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T3C Propagation modes: sporadic E, meteor scatter, auroral propagatiomospheric ducting; F region skip; Line
of sight and radio horizon TOC

T3C01: Why are simplex UHF signals rarely heard beyond their radio horizon?

WSFSN) G2 1jdzSaGA2y ¢o! mmd . SOFdzaS 2F (KS NBatADIDOSY 28 QBHJI |
on High Frequency (HF) bands to communicate very long distgriuewdreds or thousands of miles. However, Very High
Frequency (VHF) and Ultra High Frequency (UHF) signallly pass through the ionosphere with little bending oreetion.
Inotherwordsz | C F yR KAIKSNI 8AIyEFfa | NEgic COPNEDE AL 6 SR 68 G(KS A2

T3C02: What is eharacteristic of HF communication compared with communications on VHF and higher frequencies?
This is essentially the same as question T3C01. HF signals are propagated by the ionosphere, while VHF ansLidiyF are
not. This makesongdistance communication much more common with. HIE3C0Z; CO][T3C0Z; AA]

T3C03: What is a characteristic of VHF signalseived via auroral backscatter?

The wordauroralin this question refers to the aurora borealismrthern lightsp L ¥ 22 dzQ@S 06SSy ¥F2 Nl dzy |
experience this phenomenon, you know tHati Q& O2y adGl y it & @i kighdshreflettety it wilasdhe dzSy G f &
inconsistent in strength, resulting in significant distortidint3003 ¢ CO] [T3A3 ¢ AA]

T34: Which of the following types of propagation is most Lestt Dense
commonly associated with occasional strong signals on the 10,
and 2 meterbands from beyond the radio horizon?

From question T3A11, we know that the ionosphere is ionized.
ionosphere consists of layers D (most dense), E, F1, and F2 (leg t
dense).See accompanying diagrakinder certain conditions
(specifically, certaintime8 ¥ G KS &SI NJ X S+ NI
winter), the E layer can periodically become ionized enough to
reflect VHF and UHF signals back to the edrttis is referred to as |
sporadic Epropagation(sometimes calledEskip) and can be heard
on 10, 6 and 2neters(although not very common on 2 meters).
[T3C04c COJ[T3C04c AA]

T3C05: Which of the following effects may allow radigrgls to travel beyond obstructions between the transmitting and
receiving stations?

Radio waves can be refracted or disrupted by changes
Ay GKS LI GK X FdY2aLKSNAO O2yRAGAZ2Yy &S Y2dzy (i AyES"

buildings, treesetc. Theaccompanyingliagram from ?'/;’:;’-\
www.raymaps.contdepicts what happens when a radid Ay V'éx
wave is diffracted by a sharp objedthe transmitted A ‘ e

signal originates afx. With the receiveraR<& A G Q& 184 & 8
to see that the directine-of-sight is obstructed. ~ -
However, the highest point of the obstruction, and the g

wave is diffracted into a set of alternate signals, one d T
more of which may reach the receiver. This is called
knife-edge diffraction [T3C05 CO][T3C05 AA]

=

T3C06: What type of propagation is responsible for allowing othe-horizon VHF and UHF communications to ranges of
approximately 300 migs on a regular basis?

Refer tohttps://encyclopedia2.thefreedictionary.com/tropospheric+propagatiéiieather fronts, temperature inversien

and other atmospheric conditions in the troposphere (lower atmosphere) can create layers of air with varying characteristics.
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These different layers can create pathwaysloctsthat allowmicrowave, VHF, and UlRgnals to pass through, sometimes
for hundreds of miles. This phenomenon is catlegospheric propagationr ducting [T3C06c CO][T3C06& AA]

T3C07: What band is best suited for communicating via meteor scatter?
Fromwww.electronicsnotes.contb Meteor scatter or meteor burst
communications uses a form of radio propagation that utilises the etaor Sum
dense trails of ionisation left by meteors as they enter the upper
layers of the Earth's atmosphere. The trails are dearse can o
reflect signals into the VHF and sometimes the UHF region of the
radio spectrum, but they are only present for a very short time, and
therefore the radio system must be able to accommodate ¢his.!
diagram of this phenomenon is shown in the accamying figure.
Signals distances commonly exceed 1000 niilhe.best band for
meteor scatter is 6 meter60 MHz to 54 MHz [T3C07c CO] [T3CO0Tc AA]

T3C08: What causes tropospheric ducting?
Refer to question T3C06. Weather fronismperature inversionsand other atmospheric conditions in the troposphere
(lower atmosphere) can create layers of air with varnghgracteristics [T3C08 CO] [T3C0& AA]

T3C09: What is generally the best time for ledgstance 10 meter band propagation vide F region?

You can use logic to answer this question. The best timsigoals to be reflected kiyne ionosphere (see figure in question
T3CO04) is when the ionosphere is the most active (the most ionized). This occurs when the solar activitiighasttan
20KSNJ ¢62NRAX frEnh danuaiKsHortiK #ftelzliisetXThe ionosphere is especially active during diniégh
sunspot activity [T3C09; CO][T3C0X AA]

T3C10: Which of the following bands may provide loRgh 4 G Yy OS 02 YYdzy AOlI GA2ya @Al GKS
peak of the sunspot cycle?

This question is answered by questibBC09. T3C09 specifically states the 10 meter band. But, you can also use this type of
propagation for 6 meters[T3C10; COJ[T3C10c AA]

T3C11: Why is the radio horizon for VHF and UHF signals more distant than the visual horizon?

VHF and UHF radio waves are slightly refracted by the atmosplmeother words, the radio waves curve slightly towards the
SI NIlKQ&a pdeNdmEknorélidwsibrisignils to beeceived at distances somewhirther thanthe visual horizon
[T3C11c COJ[T3C11c AA]

TOoC
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SUBELEMENRT AMATEUR RADIO PRACTICES

T4A Station setup: connecting a microphone, a power source, a computer, digital equipment, an SWR
meter; bonding; Mobile radio installation TOC

T4A01: Which of the following is an appropriate power supply rating for a typical 50 watt output mobile FM transceiver?
Amateur radio equipment is designed to operate using a typical vehicle power supply. We typfealtp acar batteryas a

12 volt battery However, theyconsistof 6 individual cells of 2.3V each. So, the voltage rati@g3i¢ x 6 = 13.8 Volts. Given
GKA&asS tSiGQa OFtOdAFGS GKS | yYLA NBI dzA NER®

Power (in Watts) = Current (in Amps) x Voltage (insyoltor 0 "0 O or VL TW®MO 0 {0 p @&@wé GO i
{2t @Ay 3 F2N OdzNOD yilips@ o @ka igiS X

Because equipment draws significantly more current at st@rthan while operating, you should double this value to have

safety margin. Doubling it yields 3.62 x 2 = 7RAunding up to the nearest whole number = 8 Am@e, you need a power

supply raed at 13.8 Volts and at least 8 Amps2 dzQf t y 2GS (GKS FyagSNI 2y GKS GSad Aa
certain you need 13.8 Volts.2 dzQf f ' f 42 y20S Ay G(KS IHopWlikgeTEstaddsiorl (G KS dza S
electromotive force [T4A01c CO][T4A01c AA]

T4A02: Which of the following should be considered when selecting an accessory SWR meter?
A diagram of a basic radio station is shown below in the
accompanying figure. The dotted line in the diagram is called ANTENNA
thetransceive® , 2dzQf t aSS + ¢w {2L¢/1 06SGsSSyYy AKS
Transmitter and Receiver. This switches between transmit apd
receive. When transmittig, power goes from the transmitter
through the feed line and into the antenna (also calleald).

This is calleforward power Resistance to flow of power or

FEED LINE
/

|

|
energy in the feedline and antenna is calletbedancef the i TRANSMITTER TR SWITCH RECEIVER
antenna and feedline impedanceseaequal or matched, the | -1 — |
power is completely transferred to the antenna. However, if
the impedances are NOT matched, some of the power is
reflected by the antenna back to the transmittdthis is called

reflected powerThe greater this difference, the mepower

is reflected.Forward and reflected power move in opposite directions, and can cause an interference pattern called a
standing wave The ratio of the maximum value to the minimum value of this interference pattern istémeling wave ratio
or SWRHigh enough SWR can damage the transmifteran SWR meter to be effective nitust be able to measure in the
frequency range of the transmitter and should accommodate the amount of pojii&A02¢ CO] [T4A02¢ AA]

T4A03: Why are short, heavid | dz3S 6ANB& dzaSR F2NJ I (NI yaoOSA@GSNRa 5/ LkRéS
The smaller the diameter of a wire, the greater the resistance. Similarly, the longer the wire, the greater the resistdioce. R
equipment draws a significant amount of current when transmitting. The high resistance othimgirescan create

voltage drop& LIS NJ (i K SO ¥ '® NY daerhember thatE = Voltage) [T4A03¢ CO][T4A03 ¢ AA]

T4A04: How are the transceiver audio input and output connected in a station configured to operate using FT87?

FT8 communications is a digital mode, using a sound card to capture audio data from your radio. The audio data is processed
by software in the computer that decodes the information imbedded in the radio signal. See the accompanying diagram,

G/ 2y ySOYR y/AF NR dii 2 dzavil fR A2 bidiis dbriaéciid to the audio input and output of a compuldany

modern radioge.g., ICOM300)have builtA y &2 dzy R OF NRaAX &2 (KSNBQiaaugiRinteff 8BS R ({2 |
Thedecoding softwareshould bedesigned for wealdsignal digital communicatiqrsuch advVSJiX (see
https://physics.princeton.edu/pulsar/ki1jly. [T4A04¢ CO][T4A04c AA]
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CONNECTING SOUND CARD TO RADIO

COMPUTER

'._!F-:V

COM or USB 4
Radio

Control Data TRANSCEIVER
B
2L

_/

3\

Audio to and
from Sound

Audio to and
/ from Radic

Card
COM or Us8

Audio Interface

Controller (terminzl
node or multi-port)

T4A05: Where should an RF power meter be installed?
Reread the discussion of SWR in questiegbA02 The SWR meter should be connectedhe feedline between the
transmitter and theantenna Many modern radios have buith SWR meters[T4A05¢ CO] [T4A05¢ AA]

T4A06: What signals are used in a computadio interface for digital mode operation?
You can answer this question from the diagram associated with question T¥#80s4eed audio signals to and from the radio
(receiveandi NI Yy AYAGS NBEALISOGAPGSEEUOUD | yRY & 2[@ZA06ECOIBABBCARE 1 S8 (K

T4A07: Which of the following connections is made between a computer and a transceiver to use computer software when
operating digital modes?

Seequestion T4A04. In digital modes, your computer software decodes the received audio sigitahusb pe connected to

the speakeiX GG KAa StAYAYIGSa GKS (g2 NE®iIRy3EI®a OFREI A¥ Y PSS 40D
incomingmess@S > (G KS NBALRIGIE YRl yRAYTind 2 GORT4803z0AM] ¢

T4A08: Which of the following conductors is preferred for bonding at RF?

Refer to question T4A03. The wobdbndmeans to ground all equipment gether. You wanas good a conductor as you can

IS4 X YAYA Ydshortdedidctorawiih agrgeQross sectignd KS Y2 ad O2y RdzOGA @3S YSiGlFft A
FINIOSKAYRSE YR AidQa YdzOK OKSI LIS Nifficuft tB wokkRvithNERrO o beyidBadghatpNJ 6 | NJ
radius).Solid copper strap is the better compromiXe S| && (G2 62 NJ 6 A (T&KA08c €W [T4AR85AAL Y LISRI v

T4A09: How can you determine the length of time that equipment can be powered from a battery?

This is another question you can answer logically. Energy rating of equipment is measuredhawmamps x hours).

| SNBQa | aAYLXS YFOIKSYFGAONE GALI GKIG oAttt aSNIBBS ezxdz oSt ¢
in both the numerator and denominator. Fexample, —— can be simplified because tlan the numerator and

denominator cancel, resulting in the answeryou can do the same with units of measurement. The terr———

simplifies tohoursbecause the amp term in the numerator and denominator caritieis gives you the answer. To determine
the length of time (in hours) that equipment can be powered from a battéyide the amphour rating of the battery (in
amp-hours) ty the equipment current draw (ampsjT4A09¢ CO] [T4A09¢ AA]

T4A10: What function is performed with a transceiver and a digitadde hot spot?

Just as a smartphone can provide a hot spot to connect-Bi\iabled computer to the internet, a digital mode hot spot
allows you link your digital mode transceiver to the internee software included with the hot spot allows you to use
several diffeent digital modes with one transceiver, eliminating the need to purchase a separate radio for each mode.
[T4A10c CO][T4A10c AA]

Page370f 181



T4A11: Where should the negative power return of a mobile transceiver be connected in a vehicle?

Ideally, you should connect it to theegative battery termina . dzi = A F A { Qa conedtittodwedDiG A OF £ (2
ANP dzy RSR LI NJicha®sk [THAKIE CAIF4AL10AAS Q &

T4A12: What is an electronic keyer?

Akeyor keyeris adevice used for sending Morse Code signgfsecifically, the key turns the transmittgignal on and off. A
straight keydoes this manually, referred to as hand keyiAg.electronic keyer does basically the same thing, but it can be
programmed to send short messages. For more informatiomy.telegraphkeys.com/pages/keyerpaddles.hitmi

[T4A12¢ CO][T4A12c AA]

roc
NEXT SECTION
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T4B Operating controls: frequency tuning, use of filtexgielch function, AG@emory channels, noise blanker,
microphone gain, receiver incrementahing (RIT), bandwidth selection, digital transceiver configurafl@iC

T4B01: What is theffect of excessive microphone gain on SSB transmissions?
This is referred to asvermodulation Overmodulation (which can also be caused by speaking too loudly or holding the
microphone to close to your moutttan result in noise or distorted signal§4B01¢ CO] [T4B01c AA]

¢n. nHY 2 KAOK 2F (GKS F2ftt24Ay3 Oy o6S dzaSR G2 SyaSNI I (NI
Older radios use gariable frequency oscillatar VFO(sometimes called tuner) to tune to the operating frequency. The

VFO is operated by a knob. Some newer radios also haumaric keypadhat allows you to literally enter the operating
frequencya2 80 2F G(2RIFI2Q& o0SGUSNI NRA2a Ay Of RS @i K 2IR 2 1K/ A
0NF yaOSAGSNAE ol ¢[I4BECCOY[T4B02dxA]S | |1 S& Ll RO

T4B03:How is squelch adjusted so thatwweak FM signal can be heard?

When there is no signal coming through your receiver, there is often a continuous background noise. Squelch circuits are
designed to mute thaudio output when no signal is presettowever, this will often mute weak FM signdtortunately,

radio controls allow you tadjust the squelch to hear this noise and any weak FM signals. Look on your front radio panel for
one of the following controls: SQUELCH, SQUELCH THRESHHOLD, MONITORT4BOBORO][T4B0O3c AA]

T4B04: What is a way to enable quick access to a favorite frequency or channel on your transceiver?
Most modern radios, even inexpensive handhelds (or HTs) have memories or e
memory channels for storing your favorite frequencies or modessi®oe your
favorites in memorylf you have an older radio (like my old Kenwooehil's n {
RFGAY3I ol O] heted b pd hdzRf B KEFBER (2 1SS
frequencies.[T4B04c CO] [T4B04c AA]

2T @&:

T4B05: What does the scanning function of an FM transceiver do?

The SCAN function or button on your radio scans through the frequencidsay@uprogrammed into memorfyefer to

question T4B04 about programming frequencies). Most radios will pause for a few seconds on frequencies where an audio
aA3dylf Aada RSGSOGSR 03AGAYy3 e2dz (KS 2 LI NiagydusimplyhiFtheY | y dzl f f
scan button again during this pause). If you have not yet programmed any frequencies into memory, the scan function might
not work at all, or it might scan eveayailablef NB |j dzSy 0& X RSLISYRAY3I dzLJ2y havk S o6 N} yR
[T4B0O5¢ COJ[T4B05c AA]

T4B06: Which of the following controls could be used if the voice pitch @fisgle-sideband signal returning to your CQ call

seems too high or low?

Transceivers witlBSHEsingle sideband)r CW(continuous wave or Morse Code) capability often come witinetuning

control calledreceiver incremental tuninfRIT). On some radidhis is called thelarifier (labeledCLAIR Thisallowsyouto

adjust the receiver frequency without changing tinansmitter frequency Its purpose is tallow you to tune in a station that

is slightly off frequency do adjust the pitch of an operat@?a @2 A OS G KI (i a[34B96aACOI[P4B06KARIT K 2 NJ

¢cn. nTY 2KlIG R2Sa&a I 5aw GO2RS LX dz3¢ O2yidl AyK

DMRs omDigital Mobile Radi® must be programmed witligital codes ¢olor codeyto access a specific repeatdihese
codes are similar to thBL access tones on an analog FM repe@®tRs also requirspecific codes to access spediitk
groups And, each DMR user is assigned an individual identification code (different from your calAith@se codes ar
combined into a computer file calledcade plug [T4B07¢ CO][T4B0O7c AA]

T4B08: What is the advantage of having multiple receive bandwidth choices on a multimode transceiver?

This question referstothe use of rege§ NJ A y LJdzi FAE GSNE® ¢2 dzy RSNEGlI YR GKS 1jdzSa
A receiver uses filters to reject unwanted signédeally; the filter only allows desired signals to pass. You can hasrew

(smaller bandwidthabout 500 Hz wig) or wide (wider bandwidth about 2400 Hz widdfilters. The reference tdandwidth
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choicegefers to the option of choosing from multiple filtefEhese choices allow you to reduce noise by selecting a filter
with just enough bandwidth to pass tliesired signal[T4B08; CO][T4B08c AA]

T4B09: How is a specific group of stations selected on a digital voice transceiver?

Rder to question T4B07 andww.dmrfordummies.comDigital repeater systems (such as DMFSTAR, etc.) use talk groups

for organizing radio traffiX G KF G A& (2 SHANBMIIOAzAIdzl X 2 ga F@ANA L O2YY2y LIzNLJI? :
Each talk group requires a code for accessinllityou need to do to select a specific talk group isriter its identification

code into your radio [T4B09c CO][T4B09c AA]

T4B10: Which of the following receiver filter bandwidths provides the best sigoaloise ratio for SSBeception?

CKA& A& arayLXe 2yS 2F (K2a&$S |jdzSadGAz2ya etkatntafctes tiedshdwidthdf Y S Yz
the mode and that optimizes the ratio of desired signal to undesired noise or interfer&oceSSB, this is approximat2400

Hz (2.4 kHz)[T4B10c CO] [T4B10c AA]

T4B11: Which of the following must be programmed into éSDAR digitatransceiver before transmitting?
Similar to DMR, I3TAR uses talk groups. However, unlike DMR, instead of your DMR identificatiopotoaist program
your call sign into the radio prior to transmittingiT4B11¢ CO] [T4B11c AA]

¢n. MHY 2 KFG Aa GKS NBadzZ G 2F GdzyAy3a Iy Ca NBOSADSNI I 02 O
For clarification, this means tuning the receiver above or belo®€S L b/ halL b D & i ybyturie Déreciwtdd dzSy O¢

farl 602908 2N) 0Sf2¢ (GKS aradaylrfs e2dxQft f2aS (GKS araylrt SyidiN
the signalyou will still be able to hear it, buhe audiowill be distorted [T4B12¢ CO][T4B12c AA]

ToC
NEXT SECTION
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SUBELEMENBT ELECTRICAL PRINCIPLES
TBA Current and voltage: terminology and units, conductors, and insulatiesnating and direct current TOC

Read the following article before answering the questions in this section.

BASIC ELECTRICAL PRINCEB®fER: you begin this section, we need to introduce you to a few new tern&Qt f NB F S NJ
this in the questiongn this sectionT2A). For additional details, check out this websit®ww.ia470.com/primer/electric.htm

Electri@al current is the flow of electrons. The mathematical symbol for currehaiied is measured iampereqalsoampsor
Ax2fGF3S Aa GKS F2NOS G KI lectrorstbSléw. \BltaGelsimedsyfetl Wotts Thé syribsl for O dzNN.
Voltage isE (stands forelectric potentialolSf SOGNR Y2 1A @S FT2NOS X @& ¥idwvofthge). Curet 2 f RSN
flows through conductors (wires, etc.). Since no conductor is perfect, there is alesggncdo flow. Resistance is
measured irOhms(synbol m). There is a mathematical relationship between current, voltage, and resistarn®d, f t SR h K Y' ¢
Law)as follows:

I=E/R E=IxR R=E/I
An easy way to remember these basic formulas is to usateempanyingliagran®® | SNBX Qa K2 g
the diagramlIf you know any two of thguantities, the equation to find the third Ehown by covering
up the unknown gquantityThe positions of the remaing two symbolshow if you have to multiply
(sideby-side) ordivide (one above the otherYoltage (electric potential) is measured with a voltmeter.
Current is measured with an ammeter. Resistance is measured with an ohmmeter.

Electricpoweris the rdae at which electrical energy is used. Power is measured in Watts (syijbals
GAGK hKYQa [l6ZX GKSNB A& | AAYAf | NONBYIREA KRS
corresponding diagram to help you remember these formulagE=P/ | P=1xE =P/ E

. 2d2Q@S OSNJJIAyte KSFNR (KS G4SNya !/ FyR 5/ éf
b2NIKgSadSNYy ! yvAigdSNEBedt@rcilaw ig what wektiiink of Bs&ledtribilicvr@nt. (Vde are familiar with

two types of electron flow, Dact Current, or DC, and Alternating Current, or AC. Direct Current is the kind of electrical flow
we get from batteries and solar cells, when electrons travel in only one direction. On the other hand, AC is the kind of
electrical flow we get from a typit electrical outlet in a home. AC is when the electrons flow in two directions, from the
positive to the negative terminal and from the negative to

the positive terminal, 'alternating' between the two

directions. (Your lights will light up regardless$haf
direction of the electron flow.) A lot of people think of -— -—
electron flow as electrons moving along a wire freely like I

cars go down a highway. Actually, it works a little
differently. Any conductor (thing that electricity can go
through) is made of atms. Each atom has electrons in it.
you put new electrons in a conductor, they will join atom Power Supply
and each atom will spit out an electron to the next atom. | |
This next atom takes in the electron and spits out another

one on the other side. All of this happefaster than we SERIES CIRCUIT

can keep track of, which is why the light will go on as soon

as you turn it onBe aware that resistance applies to both AC and DC circuits.

CAylftezr £SGQa Glrft1 ONARSTE & | oasldm, yoi SobablBracallthg &ruggle ddindiig&at OA |
burnt-out bulb on a string of Christmas light® KSy 2y S o6dzf 6 ¢Sy id 2dziz GKSe& !''[[ ¢Sy
AY {9wL9{® azail 2F G(G2RI&Qa / KN & Somediagrdmd 3IKiGa +FNB 6ANBR Ay
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The first diagranshows a series circuif. you break
the circuit at any point (such as a single bulb
filament), all the bulbs go out. Tleecond diagram
aK2ga | LI NIEfSt OANDdzA
the circuit is completed by the other bulbs. In fact,
you can lose all but ONE bulb and still complete th
circuit. In a series circuit, the same current flows
through all componentdn a parallel circuit, the
same voltage flows through all components.

LF 2y$ oc\;f+!’@\f+’_@é+_@\lﬁl-léz

Power Supply

PARALLEL CIRCU!

T5A01: Electrical current is measured in which of the following units?
Refer toBASIC ELECTRICAL PRINC#PttEESeginning of this sectioiElectric currentgymboll) ismeasured in units of
amperes(abbreviated a#\ or ampg. [T5A01¢ CO] [T5A01c AA]

T5A02: Electrical power is measured in whidhtee following units?
Refer toBASIC ELECTRICAL PRINCHPttHEESeginning of this sectiolectricpower (symbolP) is measured in units of
Watts (abbreviated asV). [T5A02¢ CO][T5A02¢ AA]

T5A03: What is the name for the flow of electrons in an electric circuit?
Refer toBASIC ELECTRICAL PRINC#PttEEDeginning of this sectio Electric curren{symboll, measural in amperesor
amps9 is the flow of electrons[T5A03¢ CO][T5A03¢c AA]

T5A04: What are the units of electrical resistance?
Refer toBASIC ELECTRICAL PRINCHPttHESeginning of this sectioilectri@l resistancgsymbolR) measural in Ohms
(abbreviated asn¢ Omega) [T5A04¢ CO] [T5A04c AA]

T5A05: What is the electrical term for the force that causes electron flow?
Refer toBASIC ELECTRICAL PRINCdPttESeginning of this sectioMoltage (symbadE or Vin older texts) is the force that
makes electrons movélhe symboE comes from the ternelectromotive force [TSA05¢ CO][T5A05¢ AA]

T5A06: What is the unit of frequency? -

. . T is the period of the signal
See accompanying figuréhe number of cycles per fis the frequency of the signal —
4802y R A afrequerSysgmbay I £ Qa T{or1/f)
Frequency is measured itertz(symbolHz). The
period of the cycle (symbdl) is its duration, usually
measured in seconds. Frequency is the reciprocal ¢

—

AMPLITUDE

TIME
the period (f=1/T or T=1/f). [T5A06¢ CO]
T5A06¢ AA]
T5A07: Why are metals generally good conductors w— T2 —

of electricity?
aStlrfa FNBE 3I22R O2yRdz002NR 2F KSIFG 'b5 StSOGNROAGE 0SOF dz
any specific atom, and is free to moamund.One free electron per atom may not sound like much, but there are ovér 10
6GKFGQAa wm T SNRBS&a0 | 2 Yraetak faveead2aTof fiee/efectraf¥3AY7c OF[TSAFAAAIS NP { 2 =

T5A08: Which of the following is a good electrical insulator?
If you look carefully, this is answered by the wording of question T5A07. The oppasisellatoris conductor If metals are
322R O2yRdzOG2NE OFNRY ¢p! n103X GKS plasdsthe dnd Nomietldiste.K2 A OSa A
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plasticgrubber, ceramicsetc. [T5A08c CO]IT5A08¢ AA]

T5A09: Which of the following describes alternating current?

Look at the graph in question T5A06. Alternating curré@dr ac) follows the ame pattern in that it changes polarity and
magnitude continuouslyin other words polarity alternates between positive and negativ@ntinuously. Typical household
current in the United States has a frequency of 60 Hertz (Hz) or 60 cycles per secdx@.aBernates between positive and
negative 60 times in one seconfil5A09¢ COJ[T5A09¢ AA]

T5A10: Which term describes the rate at which electrical energy is used?
Refer toBASIC ELECTRICAL PRINCHPttEESeginning of this section. The tepower describes the rate at which electric
enerqy is usedMeasued inWatts (symbolW). [T5A10¢ CO] [T5A10c AA]

T5A11: What type of current flow is opposed by resistance?

Refer toBASICEELECTRICAL PRINCIRLEf® beginning of this section. The answer choices for this questioDiazet
current, Alternating currentRF currentor All these choices are corre®e know from the Basic Electrical Principles
discussion that resistance appBa 2 ! / | y Ryetkhow aboudRF EurréntHowe @y tielonly correct answer
must beAll these choices are corredi5A11¢c CO][T5A11¢c AA]

T5A12: What describes the number of times per second that an alternating current makes a complete cycle?
Refer to question TSA0O&achcomplete upand-down sequence is calledcgcle(marked on the graph ak Cyclg. The
YdzZY6 SN 2F Oe Of Sa Lisduendy@Enduyer irHertzor HzKs@mbaif . ArgA1dc OG [T5A12¢ AA]

ToC
NEXT SECTION
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T5B Math for electronics: conversion of electrical units, decibels TOC

Refer to the accompanying table and discussion for questions in| International System of Unit§Metric)

this section(T5B). These prefixes may be used with any measuremen_Prefix| Sym | Multiplication Factor

" | Note th fth Tera 102= 1,000,000,000,000
ohms, volts, ampereﬁ]ertz,watts, meters, etc.Note that some of the Giga 1(‘19:"1’00010001000

T
G

symbols are capitalized while some are lower @$eQ a A Y LJ2 NI | Meda Um 115 >1Lgb0,000
k
)
Y

this straigh). A megagram, for examplis 1,000,000 or 1®grams. The Kilo 103 = 1,000
symbolisMg(capital M)¢ KS Y2 &id O02YY2y LINBTAE®RH |&
amateurN} RA2 | NB LA O2 6 LIS cghti(f)2kilodky, 0 zgggﬁf, Shm oAl =

dzy 1SNJ Ay
£ X OoYO0Z

_ 10T=0.1 ° "
mega (M), and giga (G). None | — [10°=1
Centi C 102=0.01
T5B01: How many millimperes is 1.5 amperes? Milli m 103=0.001
From the table at T5B we know thatilli means 16 or 0.001.To move Micro t 10%=0.000001
Nano n 10°=0.000000001

from no prefix (amperes) to the milli prefix, we will need to add three o 102 = 0.000000000001
zeroes(add zeroes when you move DOWN the table; remove zeroes whet .'CO P —
you move UP the table}po, the correct answer I§500 or 1500 mAr milliamperes.[T5B01¢ CO] [T5B01c AA]

T5B02: Which is equal to 1,500,000 hertz?

For this question, we need to look at each answer and test it. The first andvisr {500 kHz (or kilohertz). To move from no

prefix (hertz) to kilcd SQNB Y2 @A y 3 welnlill néel t6 redvedttiré® zelioBs. Removing three zeroes from

1,500,000 hertz gives U600 kH®» ¢ KI i f 221 a O2NNBOU @ . dzd GhencBoicesEls 1800 MHzK S a | T
Going from no prefix to mega would remove six zeroes. Removing six zeroes from 1,500,000 would be 1.5 MHz, not 1500
MHz. SoBis incorrect.Cis 15 GHz. Going from no prefix to giga would remove nine zeroes. Remodrzgroes from
1,500,000wo0uld be 0.015 GHz, not 15 GHzGis also incorrectD is 150 kHz. But, we know froAithe correct answer for

the kilo prefix is1500 So,Dis also incorrect[T5B02¢ CO] [T5B02¢ AA]

T5B03: Which is equal to one kilovolt?

For this question, we need to look at each answer and test it. The first an8jvisrge onethousandh of a voltor 0.001

volt. To move from kilo to no prefixe godown the table so we need to add three zeroes. Adding 3 zeroes to one kilovolt

would be 1000v0lts. SoAis incorrectBis 100 volts. We already know this is incorrect (the correct answer in volts is 1000).

[ SGQa CiCR20p0vbltd . Ay I2H Wdza i DXy 29158 &3 f ff & 2 9 TRDAH G [TBEDRK AAD 2 NNB O

T5B04: Which is equal to one microvolt?

[ SGQa f 2 2AX n@ dnerilljoatksd® alolt To move from micro to no prefix (volt) we go up the table so we need to
remove six zeroes. Removing 6 zeroes from one microvolt woulddf001 or one oneillionth of a volt SoAis correct
[T5B04c COJ[T5B04c AA]

T5B05: Which is equal to 500 milliwatts?

[ SiQa f2AX WnénmyBsENIAD 2SS OFy AYYSRALF (St & XNUMAShdadnswirdzi o6 S
NHzf S& A G 2 dzi © BK&5ivatis Té rdofe]fronh riilli tb iy Ppréfi® (Whtts) we go up the table, so we need to

remove three zeroes. Remimg 3 zeroes from 500 would be @ p ¢ Bisl dbréect XT5B05¢ CO][T5B05c AA]

T5B06: Which is equal to 3000 milliamperes?

[ SGQa f 2 2A%0.008 ampefesTo dhe from milli tmo prefix we go up the table, so we need to remove three

zeroes. Removing 3 zeroes from 3000 would be 3 amperef.iSmcorrectBis0.3 ampereX &+ YS LINBTAEZ &2
o | Y LI®BNsEh&orrect. C i8,000,000 ampereX & | YS LINE/BAMENI B2 (66 Shewtiatd. NEasonlX
leavesD.DA & o | YLISNB & X. [5BRE COPTEBIBCAA] | ya s SNJ
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T5B07: Which is equal to 3.525 MHz?

[ SGQa f 2 22X 0.008525 kiAZ esnSod from mega (M) kilo (k) we go down the table, so we need atitee

zeroes. Adding zeroes t03.525MHzwould be 3525%Hz. SoAis incorrect.Bis35.25 kHX | f &2 GNZD2ANNSPO (1Pl 1
i K I_{ [@3B074 GO] [T5BO7¢ AA]

T5B08: Which is equal to 1,000,000 picofarads?

[ SGQa f 2 22X 0.0004 mitrofasiadsSaNdiove from pico to micro we go up the table, so we need to remove six zeroes.
Removing 6 zeroes frord, 000,000 picofaradaould be 1 microfarad. SéyisincorrectBA & m YA ONR FF NI R X (@K
[T5B08c COJ][T5B08c AA]

T5B09: Which decibel value most closely represents a power increase from 5 watts to 10 watts?
CKSNBE FINB v F2N¥dzZ a F2NJ OFfOdz FGAy3d GKS RSOA0St& OR. 0 27
(measured in Watts) and orfeom voltage (measured in Volts).

Voltage Q6 ¢m 11 € Power Q6 pm I 1 €

If the signal is amplified, the larger voltage (E) or power (P) value is in the numerator in the above fraction. If the signa
reduced, the largevalue is in the denominator. For this question, we would use the Power equation. Since the power
INCREASES, the larger value is the numerator, as follows:

Q6 pnl i€ pmnll€ pnllic€ pn Mnupodi@EicQod

So, the answer i3 dB [T5B09¢ CO][T5B09 AA]

T5B10: Which decibel value most closely represents a power decrease from 1&w@a3 watts?
WSFSNI G2 1jdzSaGA2y ¢p. npd 2SQff dzaS GKS LI2GSNI F2N¥dzZ | & { A

Q6 pm 1T € pmll€ pmnm I1TM@®uv pnn &meg @@rg ¢QO

The correct answer is6 db. [T5B10c CO][T5BL0c AA]

T5B11:Which decibel value represents a power increase from 20 watts to 200 watts?
Refertolj dzZSa A2y ¢p. ncpd 2SQff dzaS GKS LI2GSNI F2N¥dzZ I & { AyOS (K

Q6 pm i€ pmlle pn li@n pnm p pmMoé

The correct answer is 10 dBI'5B11c CO][T5B11c AA]

T5B12: Which is equal to 28400 kHz?

Refertothetableat TS 6 SAAY YAy 3 2F (KA A& &S Q@QK2su90kidw [/ (SHaNI A Ndydn nfnz2 211 1T
28.400 kH® [ S G OBX 286D MHz T riiove from kilo to Mega weerdto go up the table, so we need to remove 3

zeroes. Remove 3 zeroes from P8&Hz gives us 28.4 MHz. Bis incorrectCis284.00 MHX | f 42 Ay O2 NNB Ol o
eliminatonDA & GKS 2yfe& | yvAsSNI fSTGS 06dzi .f([SRBIXLOIORERAA I yeglt & X +

T5B13: Which is equal to 2425 MHz?

Referi 2 GKS GFotS 4 ¢p A%0.00MAKIEHTEF roNEram Nega2td Giga we need & gdul ihe

table, so we need to remov@ zeroes. Removing 3 zeroes from 2425 MHz gives us 2.425 GHz,&0 A Y O2 NNB B8iG ® [ S
X 24.25 GHzAlso,incorrect.] S Qa CK2@®nhkp DI T X GKI. {TEEI3 CRE5BORANINSE OG | ya g SN

roc
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T5C Capacitance and inductance terminology and units; Radio frequiadinjtion and units; Impedance definition
and units; Calculating power T0C

T5C01:What describes the ability to store energy in an electric field?

Perwww.analog.cor® A dapacitoiX consists of two conductive plates separated by an insulating dieleétsoltage

applied to the plates develops an electric field across the dielectric and causes the plates to accumulate a charge. When the
voltage source is removed, the field and theoge remain until discharged, storing ener@apacitance (measured in

farads) dictates the amount of charge that can be stored at a given volaffé&C01c CO][T5C01c AA]

T5C02:What is the unit of capacitance?
See question T5COCapacitancés measurd in farads [T5C02 CO] [T5C0x AA]

T5C03: What describes the ability to store energy in a magnetic field?

Fromwww.techtarget.com@An inductor is a passive electronic component ttemhporarily stores energy in a magnetic field
when electric current flows through the inductor's coil. In its simplest form, an inductor consists of two terminals and an
insulated wire coil that either loops around air or surrounds a core material that enhances the magnetic field. Inductors help
to handle fluctuations in an electric current running through a cirguithe inductor's ability to resist changes to the current

is referred to as itgnductance which is the ratio of voltage to the current's rate of change within the coil. The standard unit
of inductance is the hennH).€ [T5C03 CO][T5C0X AA]

T5C04: What is the unit of inductance?
See question T5CORductance is measured in henridd)( [T5C04c CO] [T5C04c AA]

T5C05: What is the unit of impedance?

INBASIC ELECTRICAL PRINCIPGLESG KS 06 S3IAyyAy3a 2F ¢p! ¢S G f1SR Fo2dzi 2L
resistanceln an AC circuit, current and voltage are out of phase (current leads voltage in capacitors and current lags voltage

in inductors). This out of phasondition also creates opposition to current flow that we oadictance In AC circuits, the

combination of resistance and reactanceéngpedance and is measured in Ohms)( [T5C05% COJ[T5C05 AA]

¢p/ ncy 2 KIG R2S&a GKS I00NBGAFGAZ2Y awCé YSIFyK
RFstands foradio frequencyRF signals start at about 20 kHz, just above the range of human hearing dcalied
frequency. [T5C06c CO][T5C06; AA]

T5M@7: What is the abbreviation for megahertz?
Refer to table at T5Bdegahertz is abbreviated MHmpper caseM, upper case Hower casez). [T5C07c CO][T5C07c AA]

T5C08: What is the formula used to calculate electrical power (P) in a DC circuit?
Refer to the discussiotiagramsof BASIEELECTRICAL PRINCHOBA . The formula for power issP =1x E
[T5C08 CO][T5C08 AA]

T5C09 How much power is delivered by a voltage of 13.8 volts DC and a current of 10 amperes?
Refer toBASIC ELECTRICAL PRINCHPtHES egnning of section T5A. We need to use the formula for Power.
0 O 0 p® p&@® poPwod Oi Correctansweris 138 WT5C0X CO][T5C0% AA]

T5C10: How much power is delivered by a voltage of 12 volts DC and a current of 2.5 amperes?
Refer toBASIC ELECTRICAL PRINCHPttHEESegiming of section T5A. We need to use the formula for Power.
0 O 0 ¢cdd paq om®OOOi Correctansweris 30/. [T5C10; CO][T5C10; AA]

T5C11: How much current is required to deliver 120 watts at a voltage of 12 volts DC?
Refer toBASIC ELECTRICAL PRINCHPtHES eginning ofection T5A. We need to use the formula for Current.

- — p1 Correct answer is 10mps [T5C11c CO][T5C11c AA]
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T5C12: What is impedance?
Also see question T5CO05. In AC circuits, impedance @pti@sitionto current flow, a combination ofesistance and
reactance SymbolZ, measured in ohmsy). [T5C1 CO][T5C12x; AA]

T5C13: What is the abbreviation for kilohef
See table at T5B. The abbreviation for kilohertHg (lower casek, uppercased). [T5C13 CO][T5C13X AA]

Toc
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T5D01: What formula is used to calculate current in a circuit?
SeeBASIC ELECTRICAL PRINCAHPIEA Current (in amps) is Voltage (volts) divided by Resistance (ohmE){ R
[T5D01c Cd [T5D01c AA]

T5D02: What formula is used to calculate voltage in a circuit?
SeeBASIC ELECTRICAL PRINCAHPIEA Voltage E) is Currentl times resistanceR), E = | x R[T5D02¢ CO]
[T5D02¢ AA]

T5D03: What formula is used to calculate resistance in a circuit?
SeeBASIC ELECTRICAL PRINCHPIEA ResistanceR) is VoltageK) divided by Current). R = E /| [T5D03c CO]

[T5D03¢c AA]

T5D04: What is the resistance of a circuit in which a current of 3 amperes flows when connected to 90 volts?
SeeBASIC ELECTRICAL PRINCAHPIEA The formula for Resistance is:

Y - — om Correct answr is30 ohms [T5D04c CO][T5D04c AA]

T5D05: What is the resistance of a circuit for which the applied voltage is 12 volts and the current flow is 1.5 amperes?
SeeBASIC ELECTRICAL PRINCHPIEA The formula for Resistance is:

Y - - 1] Correct answer i8 ohms [T5D05¢ CO][T5D05¢c AA]

T5D06: What is the resistance of a circuit that draws 4 amperes from-adl2source?
SeeBASIC ELECTRICAL PRINCHPIEA The formula for Resistance is:

Y - — o© Correct answer i8 ohms [T5D06 ¢ COJ[TED06 ¢ AA]

T5D07 What is the current in a circuit with an applied voltage of 120 volts and a resistance aft8s?
SeeBASIC ELECTRICAL PRINCHPTEA The formula for Current is:

0 - — p&od Correct answer i4.5 amps [T5D07¢c CO][T5D07¢c AA]

T5D08: What is the current through a 1@bhm resistor connected across 200 volts?
SeeBASIC ELECTRICAL PRINCHPTEA The formula for Cuent is:

O - — ¢o Correct answer i2 amps [T5D08c CO][T5D08c AA]

T5D09: What is the current through a 2¥hm resistor connected across 240 volts?
SeeBASIC ELECTRICAL PRINCAPTEA The formula foCurrent is:

- — pmw Correct answer i$0 amps [T5D09 CO][T5D09%¢ AA]

T5D10: What is the voltage across epBm resistor if a current of 0.5 amperes flows through it?
SeeBASIC ELECTRICAL PRINCAPIEA The érmula for Voltage is:
E=1xR05A%x2m=1V Correct answer i volt [T5D10c CO][T5D10c AA]

T5D11: What is the voltage across a-@&Bm resistor if a current of 1 ampere flows through it?
SeeBASIC ELECTRICAL PRINCHPIEA Theformula for Voltage is:
E=1xR1Ax10m=10V Correct answer ig0 volts. [T5D11c CO][T5D10c AA]

T5D12: What is the voltage across a-&Bm resistor if a current of 2 amperes flows through it?
SeeBASIC ELECTRICAL PRINCHPTEA Theformula for Voltage is:
E=1xR2Ax10m=20V Correct answer ig0volts. [T5D12¢ CO][T5D12c AA]
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T5D13: In which type of circuit is DC current the same through all components?
SeeBASIC ELECTRICAL PRINCHPTEA Thesame current must flow through albmponents in &eries circuit
[T5D13c CO][T5D13c AA]

T5D14: In which type of circuit iDiage the same across all components?
SeeBASIC ELECTRICAL PRINCHPIEA Thesamevoltagemust flow through altcomponents in garallelcircuit
[T5D14c CO][T5D14c AA]

Toc
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SUBELEMENBT ELECTRONIC AND ELECTRICKMPONENTS
T6A Fixed and variable resistors; Capacitors; Inductors; Fuses; Switches; Batteries TOC

Read the following article before answering tihy@estions in this section.

RESISTORS, CAPACITORS, AND INDUREOR®S://www.livescience.com/53878esistorscapacitorsinductors.htm)

To answer questions in this section, we need an overview of resistors, capacitors, and inductors. See the reference above for
more details These are théhree most basic types of electronic componedt2 dzQf £ Ndzy Ay d2 Ay KIFY NI
the flow of current in both AC and DC circuits. This opposition is qalééstanceand is measured in Ohms (symbpl

Resistors are generally classified as either fixed or variglaléable resistors (ab calledootentiometersor pots) are used in
adjustable volume control&n inductor is an electronic component consisting of a coil of wire with an electric current running
through it, creating a magnetic fielthductors store energy in theagnetic fieldcreated by current flowing in a wir&toring

electricity in this manner is calledductance and is measured in henrys (symbt)l Like resistors, inductors are available in
variable modelsTransformersare made from two or morénductorsthat share their stored energyVith advances in

technology, nicrocircuits arenow designed without inductors and use capacitors instead to achieve essentially the same

results Capacitances the ability of a device to store electric charge, and as ghehelectronic component that stores

electric charge is called a capacitGapacitance is measured in faraffs Capacitors store electricahergy in the electric

field created by a voltage between twannducting surfaces or electrodésat are separatd byan insulator called a

dielectric.Some circuits havieoth capacitive and inductive reactancehere will be some frequency in such circuits that the
capacitive and inductiveeactance will be equal and cancel each otherXut (i K A & refodand®¢ f(f KSSR @uheNdD dzA (G A 2
this frequency. Consequentlyircuits that contain both a capacitor and an inducfoonnected in series or parallelje called

resonant circuitsThs is the basis for antenna tunewsn integrated circuit (IC or chip)dembinesmany components

together as auseful circuit and packaged as a single compon8etDIODE BASIGAd TRANSISTOR BASHESe beginning

of T6B as a continued review of elécal components.

T6A01: What electrical component opposes the flow of current in a DC circuit?
SeeRESISTORS, CAPACITORS, AND INDUZDegisning of T6AResistoroppose the flow oklectrical current irAC and
DCcircuits. [T6A01¢ CO][T6A01c AA]

T6A02: What type of component is often used as an adjustable volume control?
SeeRESISTORS, CAPACITORS |IMNUCTORS beginning of T6A/ariable resistors or potentiometeese used a
adjustable volume controls[T6A02¢ CO][T6A02¢ AA]

T6A03: What electrical parameter is controlled bypatentiometer?
SeeRESISTORS, CAPACITORS, AND INDUZHegitning of T6APotentiometersare used for adjusting resistance.
[T6A03c CO][T6A03c AA]

T6A04: What electrical component stores energy inedectric field?

SeeRESISTORS, CAPACITORS, AND INDUL D@ Bning of T6ACapacitors store electrical energy in the electric field
created by a voltage between twapnducting surfaces or electroddsat are separated bgn insulator called dielectric.
[T6A04c CO] [T6A04c AA]

T6A05: What type of electrical component consists of conductive surfaces separated byudatan®

SeeRESISTORS, CAPACITORS, AND INDULZ T@#Bning of T6ACapacitorstore electrical energy in the electric field
created by a voltage between twapnducting surfaces or electrodes that are separated by an insutatted a dielectric.
[T6A05¢ CO] [T6A05¢ AA]

T6A06: What type of electrical component stores energy in a magnetic field?
SeeRESISTORS, CAPACITORS, AND INDUEZ D@gBning of T6Anductorsstore energy in the magnetic fieteated by
current flowing in a wire [T6A06¢ CO] [T6A06C AA]
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T6A07: What electrical component is typically constructed as a coil of wire?
SeeRESISTORS, CAPACITORS, AND INDUEZ D@gBning of T6AAninductoris an electronic component consisting of a
coil of wire [T6A07¢ CO][T6A07¢c AA]

T6A08: What is the function of an SPDT switch?

Seehttps://en.wikipedia.org/wiki/Switch We describe switches by the numberpafiesandthrows. The number opolesis
the number of separate switches circuitswhich arecontrolled by a single actuatorhe number ofhrowsis the number of
separate wiring path choices that the switch can adopt for each.polthe designatiolsPDBbove,P stands forpolesand T
stands forthrows. TheSand D stand forsingleand double respectively. So, aBPDBwitch meansingle pole double throw
a single circuit which can be switched between one of two other circ{iit8A08c CO][T6A08c AA]

T6A09: What electrical component is used to protect other circuit components from current overloads?
We use the same types of devices/components to protect circuits in radio as wehdaise circuits, specificaliysesand
circuit breakers. Not that the answer options for this question does not include circuit bregdRé&A09¢ CO] [T6A09 AA

T6A10: Which of the following battery chemistries is rechargeable?
Refer to the following table to answer this questidtechargeable batteries (on this list) akickelCadmium NicketMetal
Hydride Lithium ion Leadacid, and LiFePO4T6A10c CO][T6A10c AA]

BATTERY TYPES & CHARACTERISTICS

STYLE CHEMISTRY VOTAGE RATING
AAA Alkalineg Disposable 15V 1100 mAh
AA Alkalineg Disposable 15V 2600¢ 3200 mAh
AA CarbonZincg Disposable 1.5V 600 mAh
AA NickelCadmium (NiCd) Rechargeable 1.2V 700 mAh
AA NicketMetal Hydride (NiMH}, Rechargeable | 1.2V 1500¢ 2200 mAh
C Alkalineg Disposable 15V 7500 mAh
D Alkalineg Disposable 15V 14000 mAh
9V Alkalineg Disposable 9V 580 mAh
9V NicketCadmium (NiCd) Rechargeable 9V 110 mAh
9V NicketCadmium (NiCd) Rechargeable 9V 550 mAh
Coin Cells | Lithiumt Disposable 3¢3.3V 25¢ 1000 mAh
Packs Lithium ion (Ldon) ¢ Rechargeable 3.3¢ 3.6 V per cell | Varies
Storage Leadacid¢ Rechargeable 2V per cell Varies
Storage LiFePO4 Rechargeable 12V Varies

T6A11: Which of the following batterghemistries is not rechargeable?
Refer to table in question T6A1Non-rechargeable or idposable batteriegclude Alkaline CarborZing Lithium.
[T6A11c CO][T6A11c AA]

T6A12: What type of switch is represented by component 3 in figug®T

To answer this question, refer to the[ go=7 —

. . . 2 3 5 9
explanation of switches in T6A, o/lo D070 R . o—A\-9-9—0
the diagram on the immediate right o 4 1
(types of switches), and to the DPST oPOT ® 3 ’ 0%
schematic diagram on the far right. o"l’/g orro' T ST ¥
[T6A12c COJ [T6AL2C AA] O)'/ |1©

o)
O
Figure T-2
Toc
NEXT SECTION
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T6B Semconductors: basic principles and applications of solid state dedioees and transistors TOC

Read the following articles before answering the questions in this section.

DIODE BASICAIso seevww.circuitbasics.com/whais-a-diode and www.ledsupply.com/blog/what/ou-needto-know-

aboutleds A diode is a specialty component that only allows current to flow in one directioectfieris a diode
O2yaidNHzOGSR a2 GKFG AG Oy KIyRES KAIK @2t Gl I@orey R OdzNNE )
direction, you can already imagine what happens if AC current is applied. We already know that AC current cycles back and
forth in opposite directions. If a diode is in the circuit, when the current attempts to reverse, the diode blocksait

direction, resulting in gulsingDC currentDiodes have anodes (positive or + terminal) and cathodes (negatiyeeaninal).

When current flows through a diode, a small positive voltage develops from the anode to the cathode. This is called the

RA 2 RoBverd voltage drop¢ KA & @2f G 3S RNBLI A& y2NXIf YRCABENRSEERENASRK

G2 0t201 OdNNByi Ay 2yS RANBOGA2Yy O02YS&a FTNRY (GKSANI dzy A lj dzs
semiconductomaterials (such a silicon). Addismall amounts of certain impurities (doping)

OKIy3aSa (GKS aSYAO2y RdzOi Rifieredt types of inpuritiés créat- O 2 /ﬁdz@l()dzN\NSy{] ®
type or P-type material, depending on the chemical properties of the impurftiacing Nype and diode

P-type materialin contact with each other resudtina PNjunction that conducts better in one ”

direction than the otherOn a diode the cathode is usually identified by a strigeavyduty

diodes that can handle large voltages and currents are cedietifiers Lightemitting diodes (LED) u

are aspecial type of diod that gives off light when currerftows through it in the forward light emitting tiade

direction from anode to cathodeLEDs come in a variety of colors (wavelength of light) and
brightness.The accompanyingiagramare schematics for a diode and LEBEDs are oftensed as visual indicatars

TRANSISTOR BASI&ISo seavww.tutorialspoint.com/basic_electronics/basic _electronics_transistors.htd
www.tutorialspoint.com/basic_electrans/basic_electronics _types of transistors.ht@e sure to readdIODE BASIGisst.
Transistors are made by connecting two capacitors #adkack. Thus, they have two NP junctions instead ofXne
effectively 3 regionsfosemiconductor materialsBecause of their design, transistarse small voltages and currents to
control largerones.¢ KS& O2y &A &l 2HmitérBESedd (i FNIFHy+—&—X
Collector A small voltage applied to the Base can open/close the circui
betweenthe Emitter and Collector (a much larger current or voltage). Thig /T
gives the ability for the transmitter to serve as a switctaomlifier (also /
called power gain)The two most commotypesof transistors are the

bipolar junction transisto(BJT) andéld effect transistor(FET)The three £ °E
electrodes of a BJT are the base, collector, amitter. The three Symbol of Symbol of
electrodes of an FET are the gate, drain, and sodrge.accompanying NPN transistor PNP transistor

diagram is the schematic of two different types of transistors.

T6B01: Which is true about forward voltage drop in a diode?

SeeDIODEBASICSH (KS 0S3aAyyAy3d 2F ¢c. d ¢KSaAasS @g2taGFr3S RNRLMA | NB
you need to take this into account (because it does impact voltage goingt@theR0 @ ¢ KS | Y2 dzhii QBT f R MBI
on certain diode designgT6B01¢ CO][T6B01c AA]

T6B02: What electronic componeatlows current to flow in only one direction?
SeeDIODE BASIGSthe beginning of T6B\diodeis a specialty component that only allows current to flow in one direction.
[T6B02¢ COJ[T6B02c AA]

T6B03: Which of these components can be used as an electronic switch?
SeeTRANSISTOR BAS#E®e beginning of T6B.he design of transistagives it the ability for the transmitter to serve as a
switchor amplifier. [T6B03¢ CO] [T6B03 AA]
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T6B04: Which of the following components can consist of three regions of semiconductor material?
SeeTRANSISTOR BAS#HE®e beginning of TB.TransistorK | @S (62 bt 2dzyOlA2ya AyadSIFER 27
semiconductor materials[T6B04¢c CO][T6B04c AA]

T6B05: What type of transistor has a gate, drain, and source?
SeeTRANSISTOR BAS#E®Se beginning of T6Bhe three electrodes of an FET (field effect transistor) are the gate, drain,
and source [T6B05¢ CO][T6B05 AA]

T6B06: How is the cathode lead of a semiconductor diode often marked on the package?
SeeDIODE BASIGSthe beginning of T6EN a diode thecathode is usually identified by a stripff6B06c CO]
TEB0O6C AA

T6B07: What causes light-emitting diode (LED) to emit light?
SeeDIODE BASIGSthe beginning of T6R.ightemitting diodes (LED) arespecial type of diod thatgives off light when
current flows through it in the forward directioinom anode to cathode[T6B07¢ CO][T6B07c AA]

T6B08: What does the abbreviation FET stand for?
SeeTRANSISTOR BAS&E e beginning of T6Hhe two most common types of transistors are thpdiar junction
transistor(BJT) andield effect transistoi(FET).[T6B08c CO] [T6B08c AA]

T6B09: What are the names for the electrodes of a diode?
SeeDIODE BASIGSthe beginning of T6MBiodes havenodes(positive or + terminal) andathodes(negative org terminal).
[T6B09% COJ[T6B0O AA]

T6B10: Which of the following can provide power gain?

SeeTRANSISTOR BASH#E®e beginning of T6ER small voltage applied to the Base can open/close the circuit between the
Emitter and Collector (a much larger current or voltage). This gives the ability foatienitter to serve as a switch or
amplifier (also called powerain). [T6B10c CO][T6B10c AA]

tc. MMY 2 KFG Aa GKS GSNY GKIFId RSaONAROoSa I RSOAOSQa | oAf Al
SeeTRANSISTOR BAS#&E e beginning of T6B small voltagepplied to the Base can open/close the circuit between the

Emitter and Collector (a much larger current or voltage). This gives the ability foatismnitter to serve as a switch or

amplifier (also called power gainT6B11c CO][T6B11c AA]

T6B12: What are the names of the electrodes of a bipolar junction transistor?
SeeTRANSISTOR BAS#&E e beginning of T6Hhe three electrodes of a BJT are tiese, collector, and emitter
[T6B12c CO][T6B12¢ AA]

TocC
NEXT SECTION

Page530f 181



T6C  Circuit diagrams: use of schematics, basic structure; Schematic symbatscéomponents  FOC

SCHEMATIC SYMBOLS OF COMPONReViERwW the following symbols for questions in section T6C)

RESISTORS BATTERIES GROUNDS
A~ —AARY- _A,b,_ = Hi|= 77 =
_l —-I Chassis Earth Common
FIXED VARIABLE  POTENT- Single Cell  Multi Cell
IOMETER
TRANSISTORS SWITCHES INDUCTORS
€, (O (6, (0 L olo e W=
Push Button Push Button AIR-CORE MAGNETIC-
{normally open) (normally closed) CORE
(8) (8)
NPN Bi-polar  PNP Bi-polar —0o0— _%— AAAS
Junction (BJ') Junction (B,t) S‘ns’g pole 5“\8‘0 Si ' le doubl M
theow (SPST) throw (SPDT) VARIABLE  TRANSFORMER

(o) ) i
(G (s) —0 | O— DIODES

N-Channel P-Channel l s

unction Field  unction Field | | %y P Shele DIODE/RECTIFIER  ZENER
Effect (FET) Effect (FET) :
CAPACITORS s
Il 1L
Al A
NON-  ELECTRO-
POLARIZED LYTIC
FIXED  VARIABLE

T6CO01: What is the name of an electrical wiring diagram that uses standard component symbols?

As you can imagé trying to draw a complex circuit using photographs of actual components would require a lot of space.
LyadadSrRz Sy3aAaySSNA dza SCHERATIC BYMBOISIOF TAGVPOMENESS 2 BB 0 bc /' RA I ANI
using these standard symbols is callesthematic [T6C01c CO][T6C0Ic AA]

T6C02: What is component 1 in figurelPRefer toSCHEMATIC SYMBOLS OF 3
COMPONENTBY ¢c/ ® 2 KAf S 282dzONB aidReAy3d F2N) G6KS SEF Yz 22dz aK
to identify every symbol in the schematic. Component #1risséstor. l
[T6CO CO] [T6COZ AA] o

7
"

=4
\‘
4

Figure T-1
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T6C03: What is component 2 in figurel?
Refer toSCHEMATIC SYMBOLS OF COMPONENTSt ¢ / @ 2 KAt § &2 dzQNB 3
studying for the exam, you should attempt to identify every symbol in the Q

schematic. Component #2 igransistor. [T6C03; CO][T6C0X AA] 2
1 -
v @ T 4
>0 '\ -
>_o .

5
Figure T-1
T6C04: What is component 3 in figurel?
Refer toSCHEMATIC SYMBOLS OF COMPOMENTSt ¢/ @ 2 KAt S € 2 dzQNB 3
studying for the exam, you should attempt to identify every symbol in the O

schematic. Component #3 idamnp (incandescent)[ T6A04¢ CO]

2
[T6A04c AA] R @ =4
- =

5
Figure T-1
T6CO05: What is component 4 in figurel?
Refer toSCHEMATIC SYMBOLS OF COMPOMENTSt ¢ / @ 2 KA f S e 2 dzQNB 3
studying for the exam, you should attempt to identify every symbol in the D

schematic. Component #4 ihattery. [T6A05¢ CO] [T6C05 AA]

Figure T-1

T6C06: What is component 6 in figure2?

Refer toSCHEMATICASYMBOLS OFACOMFiOI‘iI’n::N S > ] . o

¢tc/ d 2KAES €2dzQNB aiddzReAy Hd,,g,agJ U0KS SEji Y 3. & 2,dz-\~”‘e"‘_1j<,2 dzf R
attempt to identify every symbol in the schematic. 4 \ ‘ ‘
Component #6 is eapacitor [T6C06; CO] )
[T6CO6& AA @ 1 <

—

~ 0

7 :i 1
6 ——~ 8 i}‘?‘ oy

—

/17 /

Figure T-2
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T6CO07: What is component 8 in figure2?

Refer toSCHEMATIC SYMBOLS OF COMPONENT
¢tc/ ® 2KAES @2dzONB aiddzRe
attempt to identify every symbol in the schematic.
Component #8 is Bght emitting diode (LED)
[T6CO7c CO][T6COTK AA]

T6C08: What is component 9 in figure2?

Refer toSCHEMATIC SYMBOLS OF COMPONHEN
¢tc/ ® 2KAfS &2dzQNB addzRe
attempt to identify every symbol in the schematic.
Component #9 is wariable resistar [T6C08 CO]

[T6CO8& AA

S
2 3 . L .. L
Ay 3 ERby GKS SEFYE, #2428 K2 dz, R
4 \ “'L
2 E 7= 10
1 < - )
TR || S
Figure T-2
S
2 3 ., . .. . 9 :
AY3 o Fah (KS SERYE, &2,dz4K2dz R
4 |t
« 7= 1024

I

C e gy

‘ -

Figure T-2

T6C09: What is component 4 in figure2?

Refer toSCHEMATIC SYMBOLS OF COMPONEN
¢tc/ ® 2KAfS @2dz2QNB aidzR@
attempt to identify every symbol in the schematic.
Component #4 is aansformer. [T6C0 CO]

[T6COX AA

Figure T-2

T6C10: What is component 3 in figure3?

Refer toSCHEMATIC SYMBOLS OF COMPONEWTSt ¢ / @ 2 KAt S @R dzQNBE adalGdzReAy | F2NJ
the exam, you should attempt to identify every symbol in the schematic. Component

#3is avariable inductor [T6C10; CO][T6C10; AA]

-
—
e
| -4

°

Figure T-3
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T6C11: What is component 4 in figure3?

Refer toSCHEMATISYMBOLS OF COMPONENTS ¢c/ @ 2 KAf S @2dzONB adlGdzReAgy3q T2 NJ
the exam, you should attempt to identify every symbol in the schematic. W
Component #4 is aantenna [T6C11c CO][T6C11c AA] 2
v At
3 -
.
Figure T-3

T6C12: Which of the following is accurately represented in electrical schematics?
. S01FdzaS 2F G(KS &A1l S FyR O2YLX SEAGE 2F | Oldzrt St SOGNROFTE (
actual physical layout of large systerawever, it does showlectrical connections between componenf§6C12; CO]

[T6C1X AA

roc
NEXT SECTION
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T6D Component functions: rectifiers, relays, voltage regulators, metadgators, integrated circuits,
transformers; Resonant circuit; Shielding T0OC

Read the following articles before answering the questions in this section.

SWITCHES & RELAYS BARESvww.codrey.com/electrical/differencéetweenrelay-and-switch)

Switches and relays are devices thantrol and protect the systerny turning voltage and current on and off. Switches are
easy to understand. By simply moving the switch, you disconnect the power supply to the Bietayts arelectrically
controlledswitches that can be turned ON or OFF remately

TRANSFORMER BASR&:www.electronicstutorials.ws/transformer/transformetbasics.htm)

Transformers are electrical devices consisting of two or more childre used to transfer electrical energy by means of a

changing magnetic fielElectricity is transferred from the local power station to your home at a much higher voltage than

you need. This higher voltage equates to lower current for the same poemulting in lower power loss during transmission
ONBOIff (KS TP NI« Becade dithis,Jgog iedtd toxconvert the voltage to a LOWER vesldlyat you
canusétAy (GKS K2YS X ¢S dza$S @2f (i 3 S wWoNNI & aZry2 NIVISNELINT2 WO Aj LKA S d2 T
induction by converting electrical energy from one valueto anatherb 2 S G KF G GNI yaF2NX¥SNA YI &
converting voltage either down or up. You may also use transforfoeismpedance matchingr the isolation of adjoining

electrical circuitiX a4 dzOK G NI yaF2NX¥YSNAER S+ @S GKS @2ftaGF3S dzy OKIF y3aSR®

T6DO01: Which of the following devices or circuits changes an alternating current into a varying direct current signal?
SeeDIODE BASIGSthe beginning of T6B. We know from the discussion of diodes that diodes block current in one direction,
and thus convert AC current into pulsing DC current. Since move AC current (especially at home) is relatively large voltage
(120 or 240 V), we wouldeed arectifier for this. [T6D01¢ CO] [T6D01c AA]

T6D02: What is a relay?
SeeSWITCHES & RELAYS BA&ISstion T6DRelays arelectrically controlled switchethat can be turned ON or turned
OFF remotely[T6D02¢ CO] [T6D02c AA]

T6D03: Which of the following is a reason to use shielded wire?

Interference from a variety of sources casduce the quality of your signal, and every radio amateur will run into it
eventually. See the following referendtps://vu2nsb.com/radiepropagation/noisein-radio-commurication/

The use of shielded wire and connectors will go a longiwagducingunwanted signals and radiatiqggommonly referred to
asRFIX radio frequency interference[T6D03¢ CO][T6D03c AA]

T6D04: Which of the following displays an electrical quantity as a numeric value?

LY FYFGSdZNI NI RA2X AYRAOFG2NER 2F Fff GeLlSa IINB dzaSR FT2N O:
automobile. Indicators can be as simple as a light that comesham some value goes beyond an established threshold to

more comple instruments such as dials antketers, which display information in the form of a moving needle or numeric

value [T6D04c CO][T6D04c AA]

T6DO05: What type of circuit controls the amount of voltage from a power supply?

PRPgSNI adzLlLt A S&a R2y QaG I f ¢ éutput vollagd dbadged witteayicunt bf guiput @@réntahdd S @ ¢ K
fluctuating voltage (depending upon ttemount of fluctuation) can damage sensitive equipmeryiatedpower supples
useregulator circuitdo reducethe amount of voltage changgT6D05¢ CO][T6D05¢ AA

T6D06: What component changes 120 V AC power to a lower AC voltage for other uses?
SeeTRANSFORMER BASACHe beginning of T6MA transformer is used for converting AC power from one voltage to
another. [T6D06c CO] [T6D06c AA]
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T6D07: Which of the following is commonly used as a visual indicator?
SeeDIODE BASIGSthe beginning of TEREDs are often used as visual indicat¢gf$D07¢ CO] [T6D07c AA]

T6D08: Which of théollowing is combined with an inductor to make a resonant circuit?

SeeRESISTORS, CAPACITORS, AND INDUSETT®GREircuits that contain both a capacitor and an inductor are called

resonant circuits [T6D08c CO][T6D08c AA]

T6D09: What is the name of a device that combines several semiconductors and other components into one package?

SeeRESISTORS, CAPACITORS|MINDICTOR& T6A Integrated circuit®) L / Q& cdrkbin©déveral@léctrical
components into on small packagE6D09¢ CO][T6D09¢ AA]

T6D10: What is the function of component 2 in figurd T

SeeTRANSISTOR BAS#C e beginning of TEEComponent #2 is a r 3
N} yarad2N®D 2KAES &82d2ONB f221Ay3 [HG GKAA FAIdNBE

componentsTransistoraise small voltages and currents to control larger 2
ones [T6D10c COJ[T6D10c AA] ki3 @ =
>0 v\
>Q J
5
Figure T-1

T6D11: Which of the following is a resonant or tuned circuit?

SeeRESISTORS, CAPACITORS, AND INDUZT®RSEIrcuits that contain both a capacitor and an indudimnnected in

series or parallel) are called resonant circuifs6D11c CO][T6D11c AA]

roc
NEXT SECTION
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SUBELEMENTT PRACTICAL CIRCUITS

T7A Station equipment: receivers, transceivers, transmitter amplifiers, reaeipdifiers, transverters; Basic radio
circuit concepts and terminologyensitivity, selectivity, mixers, oscillators, PTT, modulation

Read the following article before answering the questions in this section.

Toc

RADIO STATION BASIRE&fer to the accompanying diagram. A simpl
radio station consists of a transmitter, receiver, antenna, and power
supply. Theoretically, you need an antenna for both transmitting and

receiving signals. However, if you add a transmit/receive switch, yoy

TRANSCEIVER

ANTENNA

FEED LINE

can switch between transmit and receive on one antenna. Most new] |

radio equipment combine the transmitter and receiver into one

package, called a transceiv@he transmitter generates the signal thaf

carries information (in the form of speech, data, Mors®l€, etc.). The

TRANSMITTER

# RECEIVER |

receiver recovers this information. The antenna converts the signal :3;‘3

FNBY GKS (NI yaYvYAGGSNI Ayid2 SySNB& X NIR T 1S3 L yR 10}
radio waves and sends them to the receiver. The transmission or feed line connects the transmittereawer tecthe
FyGiSyylr® ! yR 2F O2dzNBS:E &82dz YSSR LI2oSNI X (GKAA O2dzZ R

current and voltage are rated correctly for your equipment.

T7A01: Which term describes the ability of a receiver toaigtthe presence of a signal?

Two of the most important characteristics of a receiver (B&dDIO STATION BASHEF7A)are selectivity and sensitivity.
Selectivity is the ability of a receiver to discriminate between sigsglscifically the ability to filter out unwanted signals.
Sensitivity is the ability to detect signaSome receivers use preamplifiers to boost sensitiJit/A01¢ COJ [T7A01c AA]

T7A02: What is a transceiver?

SeeRADIO STATION BASEEF7A. Most new radio equipment combittee transmitter and receiver into one package

called a transceiver[T7A02¢c CO][T7A02¢ AA]

T7A03: Which of the following is used to convert a signal from one frequency to another?
Seewww.electronicsnotes.com/articles/radio/rimixer/rf-mixingbasics.phpWhentwo signals are passed through a Ron

linear circuit, hen additional signals on new frequencies are formgffiectively converting a signal from one frequency to

another. This is done usinguixer. [T7A03c CO]J[T7A03¢c AA]

T7A04 Which term describes the ability of a receiver to discriminate between multiple signals?

Two of the most important characteristics of a receiver (R&DIO STATION BASHEF7A) are selectivity and sensitivity.

Selectivity is the ability of a receiver to discriminate between sigspiscifically the ability to filter out unwanted signals.
Sansitivity is the ability to detect signalSome receivers use preamplifiers to boost sensitiit?./A04¢ CO] [T7A04c AA]

T7A05: What is the name of a circuit that generates a signal at a specific frequency?
Seewww.electronicstutorials.ws/oscillator/oscillators.htmiOscillatorsare electronic circuits that generate a continuous

periodic waveform at a precise frequendheyare used in both receivers amicnsmitters to determine the operating

frequency [T7A05¢ CO] [T7A05¢ AA]

T7A06: What device converts the RF input and output of a transceiver to another band?

Seewww.pnwvhfs.org/articles/beyondfm/beyond fm3.htniTransvertersconvert both incoming and outgoing radio signals

to a different frequency by mixing them with a signal from a local oscillat@mateur radio thigllows one main

transceiver to be used on one or more nbands [T7A06¢ CO][T7A06¢ AA]
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¢cT!nTY 2KlIG Aa GKS FdzyOiAzy 2F | GNI'yaOSAOBSNRA t ¢¢ Ay Lz
Refer toRADIO STATION BASICE7APTT is the acronym fpushto-talk. Essentially, it triggers the TR SWITCH in the
diagram inRADIO STATION BASIStching between transmit and receiv€T 7A07¢ CO] [T7A07c AA]

T7A08: Which of the following describes combining speech with an RF carrier signal?
RF signals alone do not contain data. Your data, voice or Morse Code information must be combined with the RF signal. This
process of combining the signal with data is caltestlulation [T7A08¢ CO][T7A08c AA]

T7A09: What is the function of the SSB/ERM switch on a VHF power amplifier?

VHFRFpower amplifiers are used on some radios to increase the power of the output RF signal. This is especially useful on
KIFYyRKSEtR (NI yaOSAGBSNE 01 ¢Qauvs ¢ KSNB (K Svangpower daaifierLcdnibeddzii  LJ:
used on all modes buteed to be set to the right mode to operate propefty ¢ KI (1 Q& ¢ KAMBwitthksSorl{ { . k / 2

& 2 dzQNB ( NI y anrekefibarid yyaur adnglifieli rkuSt also be set for this bafifzA09 COJ [T7A09¢ AA]

T7A10: What device increases the transmitted output power from a transceiver?
VHFRFpower amplifiersare used on some radios to increase the power of the output RF signal. This is useful on handheld
NI yaOSAOSNAE 061 ¢Qav: sKSNB (KS Y| EAWANCOHATAIORRNAILIZ 6 SNI A & dz

T7A11: Where is an RF preamplifier installed?
LT I NBOSAGSNI AayQi aSyardi@dS Sy 2dzaKThése gaetdees dianténnaiandd y I £ =
receiver [T7A11¢ CO][T7A11c AA]

roc
NEXT SECTION
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T7B Symptoms, causes, and cures of common transmitter and receiver problsrisad and overdrive, distortion,
interference anadonsumer electronic®F feedback T0C

Read the following article before answering the questions in this section.

RADIO FREQUENCY INTERFERRR.ESeaww.radioing.com/eengineer/rfi.htmlRadio frequency interference has

become common and can arise from a variety of sources. Amateur radio operators sometimes gpentiyling to
StAYAYLF(GS 2NJ NBRdzOS AlG® CAfGSNBR 2F @OFNR2dza GeLlSa HNB dzaSt
hear include line filters, highass, lowpass, chokes, notch filters, e8ometimes strong interference signadl overload

the ability of the filters to reject the signal. This is called fundamental overload, and is one of the most common cRiges of
Fundamental overload is especially common when the signal is outside the frequency the receiver is inteedetVéo In

other words, you may hear noise across a wide range of frequencies when strong signals are present (this is a cause for
LIAOlAY3 dzLd dzy sl yiSR 'a 2NJ Ca NIRA2 &A3dylfa 2HaméngszNI KI Y NJ
leakage, and spurious emissions can also causeAZ-power line filters prevent RFI from your equipmersing the AC

power and ground circuits. Higland lowpass filters are connected in line with the anterofeoffending equipment

(televisions, etc,)and ae used for blocking unwanted RF signals. Ferrite chokes are used for reducing interference from
unshielded cables (speakers, telephones, televisions, microphones lieyol. suspect your radio equipmeat someone

St aSQa NI Rsicausiylihgrbllem Sisédibandrejector notch filteri 2 NB RdzOS A G X LINA Y NRf &
frequenciesFor televisions and other audidsual equipment, the solution to RFI might be as simple as ensuring all the
connectors are properly shielded an installed.

T7B01: What can you do if you are told your FM handheld or mobile transceiver is overdeviating?

See the following article on frequency modulationww.electronicsnotes.com/articles/radio/modulation/frequency
modulationfm.php. Overdeviating is usually caused bicessive modulatioand the most common causespeaking too
loudly into the microphongwhich provides a sinipS & 2 tspeékin®rg softly or move the microphone farther from your
mouth! [T7B01¢ CO][T7B01c AA]

T7B02: What would cause a broadcast AM or FM radio to receive an amateur radio transmission unintentionally?
SeeRADIO FREQUENCY INTERFERENTE, 2 dzZNJ NBEOSA PSNJ 6 aLISOATAOLIE e GKS CL[¢9
strong signals outside the AM or FM barfd7B02¢c CO][T7B02¢c AA]

T7B03: Which of the following can cause radio frequency interference?
SeeRADIO FREQUENCY INTERFERENTEE RFI can be caused by fundamental overload, leakage, harmonics, and spurious
emissions.[T7B03c CO][T7B03c AA]

T7B04: Which of the following could you use to cure distorted audio caused by RF current on the shield of a microphone
cable?

SeeRADIO FREQUENCY INTERFERENTEFerrite chokesre used for reducing interference from unshielded cables
(speakers, telephones, televisions, microphones, efd.JB04c CO][T7B04c AA]

T7B05: How can fundamental overload of a ramateur radio or TV receiver by an amateur signal be reduced or
eliminated?

SeeRADIO FREQUENCY INTERFERENTE Highand lowpassfilters are connected in line with the antenna affending
equipment (televisions, etc.YT7B05¢ CO] [T7B05 AA]

¢T.ncy 2 KAOK 2F (KS F2ftt26Ay3 | OlAz2ya akKz2dZ R &2dz GF1S Af
interfering with their radio or TV reception?

14 fAO0OSYyasSR FYFGSdzZNI Ny RA2 2LISNIF i2NBEEZ 6SONB SELISOGSR (2 1 ¢
interference.. SOl dza S 2F GKAAX LGQ&a fA1Ste& @&2dzNJ Sl dzA LIy Brgtimakked y Qi
ddzNB 22dzNJ SljdzZA LIYSy i Aay Qi GKS 32dz2NDS 2% aKSgLKRYf SKS BYR:z
through to reduce interference[T7B06¢ CO] [T7B06c AA]
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T7B07: Which of the following can reduce overload of a VHF transceiver by a nearby commercial FM station?

SeeRADIO FREQUENCY INTERFERENTE If you suspect your radio equipménNJ a2 YS2y S St aSQa NI RA
causing the problenyse abaneNS 2S00 2NJ y23iOK FAfGSNI 12 NBRdzOS AdG X LINRAYL
[T7B07¢ CO][T7B07¢c AA]

¢T.NnyY 2 KIF(i aK2dz R @2dz R2 AT a42YSGKAY3a Ay | ySAIKO2NNRE f
If a neighbor is seeingterference in their equipment, the simple fact that you have an antesm@matically makes you a

suspect, even if this is unfounded. However, be diplomaticréfaee several simple and logical steps to taldg.Make sure

your equipment and procedureseain compliant. (2) Offer to help your neighbor find the source of the problem. With your

I YI G§SdzNJ Ny RA2 SELISNASYOSS e2dz NS fA1S8f& Y2NB ljdzZ €t AFASR |
other hams in the area). (3) Explaintoyoli Y SA AK62NJ G KI G GKS C// NBIjdZANBa GKI G 0
compliant. [T7B08c CO] [T7B08c AA]

T7B09: What should be the first step to resolve Hier optic cable TV interference caused by your amateur radio
transmission?

SeeRADIO FREQUENCY INTERFERENTHEFor televisions and other audidsual equipmentthe solution to RFI might be
as simple as ensuring all the connectors are properly shielded an installéd09¢ CO] [T7B09% AA]

T7B10: What might be a problem if you receive a report that your audio signal through an FM repeater is distorted or
unintelligible?

5A8402NISR aArdayrfa FNByYyQUl dzadz tfe Ol daesirpir. FoRexanyglgp® BebdSy OS =
2N GKS 20KSNJ LISNE 2y Q3 -FiNE IjydaSWAQRIdE NJ FY 8K S5 9 ISANBA2TYK (i8f 28dzCeNEST & LIS
your end, you may be speaking too loudly. Anyone with a background in music will télatdow batteries ora bad

02y ySOiGA2Y AYy GKS YAONRPLIK2YS Oy RA&AG2NI GKS &aA3IyrEEd hNE
[T7B10c CO][T7B10c AA]

T7B11: What is a symptom of RF feedback in a transmitter or transceiver?

LGQa N}GKSNI O02YY2y (2 SELISNA SgposmitwoEyour Angennd @ deNdedquiltheyft ATHid G G S NJ
wCL FSSRoIFO]l OlFy NBadzZ G Ay || RAAG2NISR aAdylrto | 26SOSNE 7
gAtf 0SS GKS LISNE2Y @ 2idedNtBymBtényor deyREIGdedback/ fHoblémiviillikame fra2nIeports by

others. [T7B11c CO][T7B11c AA]

ToC
NEXT SECTION
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T7C Antenna and transmission line measurements and troubleshoatiegsuring SWR, effects of high SWR, causes of
feed line failures; Bas@maxial cable characteristics; Use of dummy loads when testing T0C

Read the following article before answering the questions in this section.

STANDING WAVE RATEWR). Selattps://en.wikipedia.org/wiki/Standing_wave_ratidanding wave ratio is a measure of
impedance matching of loads to the characteristic impedance of a tresson line measured by an SWRmeteA ¥ & 2 dz R 2\
have an SWR meter, you can also use a directional wattmétke) power from the transmitter to the feduhe is transferred

to the antenna. Ifthe impedanée 2 F G KS 'y Syyl I y RepdwersRflettdd a8k tdtBeyranamittert ( OK =
This reflected power is in the form of heat, and can damage your transmitter. Many new radios protect themselves by

detecting this reflected power and shut down reduce output poweif the mismatch is high erugh. The ratio of forward to

reflected power is the SWR. With a perfect match, the SWR is 1:1. An SWR of 2:1 or geeatgdéyed an impedance
mismatchandisiza dzl f f @ KA3IK Sy2dzaK (2 GNAIISNI GKS {Ndckip YAGGISNDE L
KenwoodTSMH n{ 0 KI @S y2 adzOK LINRGSOUGUA2Y I | yR @& 2 difdirfpedatcéS (2 0
There are many causes for poor SWR: (1) Incorrect feedline (coax) for your system, (2) antenna the wrong length for the
transmisgon frequency, (3) or even defective connectd@simmary: The lower the SWR, the lower the signal loss.

T7C01: What is the primary purpose of a dummy load?

2 KSYy aSGGAY3I dzlJ 82dzNJ adl GA2y F2NJ GKS TANHG I ReVWAT YENIIRE &
torunsometest® L G Q& ¢dHAR2R2 RAISMENIAY I LINI OGAOS G2 GNryavYAd 20SNJ
@2dz 1 S@ @2dzNJ UNYYaYAGGSNI gAGK2dzd Iy FydSyylrs GKSNBQa y20fF
purpose. A dummy load is nothing more thaneafty duty resistor attached to your fedide to absorb the transmitter

power. [T7C01c CO][T7C01c AA]

T7C02: Which of the fallving is used to determine if an antenna is resonant at the desired operating frequency?
Seehttps://en.wikipedia.org/wiki/Antenna_analyzeAntennaanalyzerdave the ability to measure antenna performance
gAOK2dzi GNYyavYAGGAy3a orfaz2z asSsS ljdzSadAaz2y ¢t/ amod azad |yl f
impedance being to two most commoiiT 7C02 CO][T7C0Z AA]

T7C03: What does a dummy load consist of?

{SS |jdzSaidAazy ¢17/ nmd ¢KS LzNLI2&S 2F (KS RdzyYYRomthe t R A& G2 |
SELX FYIFGARY AY ¢T1/nam &2dz (Y26 GKIG &2dz ySSR (intheBanofi i 2 NI
heat). [T7C03 CO][T7C03X AA]

B

T7C04: What reading on an SWR meter indicates a perfect impedance match between the antenna and the feed line?
SeeSTANDING WAVE RAHOhe beginning of T7GNith a perfect match, the SWR is 1{T7C04c CO][T7CO05x AA]

T7C05: Why do most solgtate transmitters reduce output power as SWR increases beyond a certain level?
SeeSTANDING WAVE RAEQhe beginiing of T7CThis reflected power is in the form of heat, and can damage your
transmitter. Many new radios protect themselves by detecting this reflected power and shut down or reduce output power if
the mismatch is high enoughT7C05% CO][T7C05% AA]

T7C06: What does an SWR reading of 4:1 indicate?
SeeSTANDING WAVE RAEQhe beginning of T7C. An SWIRA. or greater is considered ampedance mismatch
[T7C06c CO][T7C0O6; AA]

T7CO07: What happens to power lost in a feed line?
SeeSTANDING WAVE RAEQhe beginning of T7C. If the impedances of the antennaand fegd$ R2y Ql YI (G4 OK X
powerisreflected back to the transmittefThis reflected power is in the form of hediT 7C07¢ CO][T7CO7 AA]
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T7C08: Which instrument can be used to determine SWR?

SeeSTANDING WAVE RAEQhe beginning of T7Ctahding wave ratio is eneasure of impedance matching of loads to

the characteristic impedance of a transmission JMeS I 8 dZNBER 6& |y {2w YSGSNI 6AF &2dz
also use a directional wattmeter]T7C08 CO][T7C08; AA]

T7C09: Which of the following causes failure of coaxial cables?
Seewww.rfvenue.com/blog/2015/02/04/whycoaxiaicablegoesbad. There are several causes for coax cable failure,
including: physical damage, heardage, extended exposure to ultraviolet light, and water dam&dater damage is the
most common source of failuné small nicks in the outer sheath can still cause water to ergemetimes resulting in
complete loss of functionality[T7C0% CO][T7C0X AA]

T7C10: Why should the outer jacket of coaxial cable be resistant to ultraviolet light?
Also see question T7CQ9Vlight can cause the jacket to breakdown chemically, creating small crevices for moisture to
enter. [T7C1Q; CO][T7C10; AA]

T7C11 What is a disadvantage of air core coaxial cable when compared to foam or solid dielectric types?
First, the advantage of air core coax is its low loss, which is especially important when running long fegldJweser, the

air core is easily displagevith water (see question T7C09), and moisture in the cable can cause failures. Special precautions

are required to prevent this[T7C11c CO][T7C11c AA]

roc
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T7D Using basic test instruments: voltmeter, ammeter, and ohmmeter; Soldering TocC

Read the following article before answering the questions in tisisction.

USING A MULTIMET@Refwww.thespruce.com/howto-use-a-multimeter-519498(. We briefly discussedbltmeters,
ammeters,and ohmmetersn BASC ELECTRICAL PRINCI®LES\. A multimeter is a single instrument that can be Used
thesethree measuing devices Y R Y2 NB 602y (G AydzA (&3 T 2WwMJubltohfridie®r)obDUMK S & Q NB
(digital volt meter).The multimeter can be damaged if not used correctly. Pay close attention to your settings and
connections. For exampleying to measure voltager connecting the probes to an energized circuit when the meter is set

to measure resistance is a common waydamage a multimeter

T7D01: Which instrument would you use to measure electric potential?
SeeBASIC ELECTRICAL PRINCHPIEA Electric potential (also called voltage or electromotive force) is measured with a
volt meter. [T7D01¢ CO][T7D01c AA]

T7D02: How is a voltmeter connected to a component to measure applied voltage? -_ .
See accompanying diagram. This diagram shows how you wouhgcioa voltmeter
to measure voltage and an ammeter to measure currdiie voltmeter is connected
in parallel to the power sourcéhe ammeter is connected in series to the power
source. [T7D02¢ CO][T7D02¢ AA]

“\\

CURRENT

BATTERY

. . . VOLTAGE
T7D03: When configured to measure current, how is a multimeter connected to a

component?

See diagram in question T7D®2 y Qi I f f rduliimeiektdSconiuSeNa. In
GKA&a OFrasSs (GKS YdzZ GAYSGSNI Aa YSIFadaNAy3d OdzNNByids a2 AdQa 1
would be connected just like an ammetdihe ammeter is connected in series to the power source

[T7D03¢ COJ[T7D03c AA]

-

T7D04: Which instrument is used to measure electric current?
SeeBASIC ELECTRICAL PRINCHPIEA Electric current is measured with an ammet§éf7D04¢ CO] [T7D04c AA]

T7D06: Which of the following can damage a multimeter?

SeeUSING A MULTIMETERT7D. The multimeter careldamaged if not used correctly. Pay close attention to your settings
and connections. For exampleying to measure voltage or connecting the probes to an energized circuit when the meter is
set to measure resistands a common way to damage a multimeté¢ir 7D06¢ CO][T7D06¢ AA]

T7D07: Which of the following measurements are made using dtinmeter?
SeeUSING A MULTIMETERT7D Multimeters can measure voltage, resistance, current, and contin(iityD07¢ CO]

T7D07c AA

T7D08: Which of the following types of solder should not be used for radio and electronic applications?

Soldering is a useful skill for amateur radio operators. Check ousahdsringtutorial on YOUTUBE.
www.youtube.com/watch?v=6rmErwUSE One type ofolder you should NOT use around sensitive electrical components is
acidcore solder Components have a tendency to corrode when exposed to moisture and heat. Ushogacgblder can
remove the corrosiomnd aid in soldering . dzi = A ¥ @& % deaRtBeyalldiafteil SOREN®) diti® Kdid can cause even
worse problems (including rapid corrosiorfl.7D08c CO] [T7D08c AA]

T7D09: What is the characteristic appearance of a coldléad solder joint?
See the YOUTUBE tutorial in question T7D08. A good solder joint is characterized by a bright, shiny appgawanceld
solder joint will appear frosty, lumpgndrough [T7D09¢ CO][T7D09% AA]
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T7D10: What reading indicates that an ohmmeter is connected across a large, discharged capacitor?

SeeBASIC ELECTRICAL PRINGHTES. From the formula for voltage € | x Ryou knowthat when voltage decreases,
resistance increases. Capacitors have the ability to store a chasgbey discharge, their voltage will decrease, and the
resistance will increasgT7D10c CO][T7D10c AA]

T7D11: Which of the following precautions should be taken when measurirgriuit resistance with an ohmmeter?
SeeUSING A MULTIMETEBRT7D Trying to measure voltage or connedithe probes to an energized circuihen the
meter is set taneasure resistance is a common way to damage a multimé¢ietD11¢ CO][T7D11c AA]

Toc
NEXT SECTION
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SUBELEMENBT SIGNALS AND EMISSIONS

TBA Basic characteristics of FM and SSB; Bandwidth of various modutadabes: CW, SSB, FM, fasan TV; Choice
of emission type: selection BfSB vs LSB, use of SSB for weak signal work, use of FM for VH&nghcket
repeaters TOC

Read the following article before answering the questions in this section.

MODULATIONSeewww.cwtouchkeyer.com/hanradio-modulationand www.electronics
notes.com/articles/radio/modulation/phasenodulationwhat-ispm-tutorial.php.! NJ} RA2 aA 3yl t o6& AGaSsSt
information. Modulation is the process of adding information or data to the carrigf big ® , 2 dZOQNKX a2 NI 2F 4l
information onto the signalThe receiving station picks up this signal and extracts the information from it. This is called
demodulation. There are several ways to modulate the carrier si@ed.of these is frequenayiodulation. The carrier signal

is essentially asinewake f A 1S GKS FANRG 3IANF LIK®D® az2Rdzf I GAy3 GKS FNBI dzSy ¢
Fy OO0O2NRA2Y STFFSOGP® ¢KS | YLI AGdzRS 0skdbrd Hiagia@ foldSéxdmple & F (1 K S
frequency modulation. Another type of modulation is amplitude modulation. In this case, the peak to peak distance changes,
not the frequency. An example is the third graptM systems are far better at rejecting noise thEMd systemsFMis
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commonly used for packet radioon VHF and UHF RX Ca Qa | 0 A ff=2—t

noise makes them the modtequently chosen mode for use on VHF and UHF

repeatersThe AMA A Iy I f A& YIRS dzLJ 2F GKS OHNNRS Wzé Go2
(USB, slightly higher in frequency than the signal) and lower (@88 h , -
frequency thatthe signil¢ KS aA3JyFf R28ayQd OF NNE G(KS AyF2\ 2N RI {1

08 (UKS aARSoOFYR&A&X odzi e2dz 2yfeé ySSi 2yé 2F GKS X 4SS NBTFS
sideband (SSBJhis phenomenon enables the{ . aAdytbheQa LI2 a N =

concentrated into a naow bandwidth,making itpossibleto communicate with /\ /

Q)¢
>+
Pl
w
(@]}
<

AJ

SSB over much longer ranges and in poorer conditions than with FM

or AM, particularly on UHF and VHF banBg.convention, ham radio uséSB
below 10 MHz and USB above 10 MHz (including VHF and UHS). Gared
disadvantage of FM is that if there are multiple incoming sigrihésreceiver only
detects the strongest one. In other words, FM can only receive one signal at a
GAYS® 1ta 6AYyOfdzRAYy3I aARSO6LFYR O2YYdzy Ardthdi forehys inodul®ien3sphaseii S E LU
modulation(PMy» L G0 Qa O@SNE &aAYAf |PHaseinfodulatiaB WodeShy dédulating fhdzbhbsé éf the signal

An example of this is theccompanyingiraph.The information is conveyed in the phase shift. Tiasis opened the door for

some new and exciting forms of ham communicatiBM( Phase ModulationPSk Phase Shift KeyinBPSK Binary Phase

Shift KeyingQPSk Quadrature Phase Shift Keyji@gPSk 8 Point Phase Shift Keyirgic.).Like FM, PM is sb commonly

used on packet radio.
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T8AO1: Which of the following is a form of amplitude modulation?

SeeMODULATIONMt TSA. The AM A dy I £ Aa YIRS dzlJ 2F GKS OF NNASNJ LI dza (62
FNBljdzSyO0e GKIFIy (GKS araylrto FyR t26SNIoO[{. 2 f266SN AyQaF NBJj c
carried by the sidebands, butyouoniySSR 2y S 2 F (i K S Ysinie siléhanfSSH)FTMDIGR0] G KA & |

T8A01c AA]

T8A02: What type of modulation isommonly used for VHF packet radio transmissions?
SeeMODULATIOMt T8ALike FM, PM is also commonly used on packet radi8A02¢ CO][T8A02¢ AA]

T8AO03: Which type of voice mode is often used for kafigtance (weak signal) contacts on the VHF and UHF bands?
SeeMODULATIOMt T8A. This phenomenon enablesthd . & A 3 y'tb heCoaicentigtanl $1tdJa narrobandwidth,
making itpossibleto communicate withfSSBwver much longer ranges and in poorer conditions than with FM

or AM, particularly on UHF and VHF ban@B8A03¢ CO][T8A03c AA]

T8A04: Which type of modulation is commonly used for VHF and UHF voice repeaters?
SeeMODULATIOMtTSACa Qa | oAf A& G2 NXB=2S Hequently dhdsén mode fobuse ot WHF ¥nd WIHFS Y 2
repeaters [T8A04c CO][T8A04c AA]

T8AO05: Which of the following types of signal has the narrowest bandwidth SIGNAL BANDWIDTHS

See accompanying tabl8ignal Bandwidths The narrowest bandwidth on thi§ TYPE OF SIGNA BANDWIDTH

table is 150 kHZQW or Morse Code [T8A05¢ CO][T8AQ5¢c AA] CW (Morse Code)| 150 Hz (0.15 kHz)
SSB Digital 500-3000 Hz (0.8 kHz)

T.8A06:. Which sideband.is n'ormally used for 10 meter HF, VHF, and UHF i;BV\é?C'ze 2888?4020?61?4(22)3 kHz)

single-sideband communications? AM FastScan TV | 6000 kHz (6 MHz)

SeeMODULATIONMt T8A. By convention, ham radio uses LSB below 10 MHzFM Voice 10-15 kHz

andUSB above 10 MHz (including VHF and UHF hafi@A06¢ CO] FM Broadcast 150 kHz

[TSA06C AA] Commercial Video| 6 MHz

T8AO07: What is a characteristic of single sideband (SSB) compared to FM?

[ SGQa f221 G (MODULAZFIQN: TEAZGH knOw that ISB is @aNEBf XM. And, you also know that AM is
MORE susceptible in interference (noise). This rule out respBnisalso rules oub. Now, refer to the table in question
T8AO05SSB has a narrewbandwidth than FM3000 Hz vs. 1@D Hz).[T8A07¢ CO][T8A07C AA]

T8A08: What is the approximate bandwidth of a typical single sideband (SSB) sigjnal?
Refer to the table in question TBAO5. The value listed in the tabl83@& Voice &to 3 kHz The closest response in the 4
answer choices iBX o {[T8AGBc COJ[T8A08c AA]

T8A09: What is the approximate bandwidth of a VHF repeater FM voice signal?
Refer to the table in question T8A05. The value givelrkd\Voice is A5 kH» 52y Qi S (VKBSreped®eR A (i A 2 v |
confuse you.[TBA09¢ CO] [T8A09C AA]

T8A10: What is the approximateandwidth of AM fastscan TV transmissions?
Refer to the table in question TBA05. The value giveri\idrfastscan TV is 6 MHZT8A10¢ CO] [T8A10c AA]

T8A11l: What is the approximate bandwidth required to transmit a CW signal?
Refer to the table in question TBA05. The value giverCidtis 150 HAT8A11¢ CO][T8A11c AA]

T8A12: Which of the following is a disadvantage of FM compared with single sideband?

SeeMODULATIONMt T8A. FM receivers only detect the strongest incoming signal. As a thewltan only detect one signal
at atime [T8A12¢ CO][T8A12c AA]

TOC
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T8B Amateur satellite operation: Doppler shift, basic orbits, operating protonaisiulation mode selection,
transmitter power considerations, telemetry atelecommand, satellite tracking programs, beacons, uplink
anddownlinky 2 RS RSTAYAGA2YAZ aLIAYy FIFIRAYy3IS RSTFAYAIOEY 2F a4

Read the following articleand tablebefore ana/ering the questions in this section.

SATELLITE COMMUNICATICB¢8https://hamradioprep.com/hamradio-satellites Before reading this section, review the
accompanying table of Satellite Definitioi®me of these definitions will be test questions!

There are dozens of amateur radio SATELLITE DEFINITIONS

satellites in spaceand many of them AMSAT An egucational organizatipn wpose mis,sion iaster amateur
NI RA2Qa LI NOUAOALI UA2Yy Ay al

operate on the ameter and 76cm bands, |20 oo CKS LieAyl 2F | alGSttAisSoa

meaning that licensed Techiaos may Beacon A carrier or signal transmitted by a satellite which supplies th

communicate with them. Specifically, controlling engineers on thground with a means of

146.8 to 146.0 MHz (2 meters) and 435.( monitoring telemetry dateand status informatiopincluding

the health and status of the satellite
Clarke Orbit A circular orbit in space 22,237 miles from the surface of the

to 438.0 MHz (70 cm) frequencies have

been set aside for eartto-space earth at which geosynchronous satellites are placed.
communications. Many satellites use Downlink The satellite to earth half of a 2 way telecommunications
separateuplinkand downlinkfrequencies __ | satellite link _ _
X &a2NI 2F tA1S I NBRY®Erghd I\JA'}\F’(?ser"fdt\fﬁ‘ 9| g1 ')(““(1 yaﬁ%‘ﬁd by relative
. . motion between the satellite and the Earth statioh good way
technicians can evetnansmit onthe to remember this is to think about the sad you hear when a
International Space Statiéh@SS)plink OFNJ A& RNAGAYy3 G261 NRa &2dz
frequency This may be rather obvious, - — frequtla)ncyc:an?es asdtfrfle car gits closer and as it p;sses by
. . . Elliptical orbit | An orbit with a large difference between apogee and perigeg
but s?tell|tes, l:ln|lke eartibased stations, LEQ . . | A sateliile in lowEarh orbit
FNE Y2Z@AYy3IH | 2deQf f "ppReR U k85281527 + aradttAG50a
track one to communicate with it. For Space station | Defined by the FCC as an amateur station located more tha

SEFYLX Sz &2d2Qft 2yf{e& 08 I|o¥SIH 2pOSOAKE | DGNLKQE & dNF I G
GKS L{{ 6KSy Ardoa RRAE 5 pigng fadngoauseq by seipin ofhe satelite and its anter

Tearestrial Interference to satellite reception caused by ground based
Interference microwave transmitting stations

overhead. You usesatellite tracking
programfor this, which provide data
Fo2dzi GKS &l (i Xefdlefaih Sen@ntsBKER, Aained@f@kldhdn&eR Kepleknown for the development of

Kepler's Laws of Planetary Motiphis software will calculate retine positioningand trajectory (including Doppler shift),

allowing you to aim your beam antenna (called a Yagi). Tdconi | & 4§ St f Al ST &nddiz@dr éxantple, a2 y S
some satellites uselHF frequencie$70 cm)for uplink andvVHF frequencies (2 meter) fdownlink X this is called U/V mode.

The most common modes are SSB, FM, CW (Morse Code), andugitzer issue you need to be aware of when

O2YYdzy AOFGAYy3a 6AGK &l GSttAGSE A& GKSANI fAYAGSR LR 6SNI &2 dz
low, not too high. A general rule of thumb is to match your downlink signal strength to that of the be&daojump right in

andsquirt the birdlcommunicate with a satellite). dzi > S @Sy ¢AGK2dzi I tA0SyasSsz &2dzQQNB
frequency can monitor satellite transmissions!

T8B01: What telemetry information is typically transmitted by satellite beacons?

See theSATELLITE DEFINITI@& at T8BA carrieror signatransmitted by a satellite which supplies thentrolling
engineers on the ground with a means of monitoring telemetry datd status informationincluding the health and status
of the satellite [T8B01¢ CO][T8B0Ic AA]

T8B02: What is the impact of using excessive effective radiated power on a satellite uplink?

SeeSATELLITE COMMUNICATIONS ¢y . @ wSOIFftf GKFG alFraSttAidSa ¢g2N] az2NuL 2
located (orbit), thér power sources are limited. If you use too much transmitted power, you can achladlk access by

others. [T8B02¢ CO][T8B02c AA]
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T8B03: Which of the following are provided by satellite tracking programs?

SeeSATELLITE COMMUNICATI@NIBB. You usesatellite tracking progranfor this, which providelata about the
al (St f NoaBdréplemalNdeménisiamed afterJohannes Kepleknown for the development dfepler's Laws of
Planetary Motion. This software will calculateal-time positioning and trajectorfincludingDoppler shif}.

[T8B03c CO][T8B03c AA]

T8B04: What mode of transmission is commonly used by amateur radio satellites?
SeeSATELLITE COMMUNICATI@N®BB. Thenost common modes are SSB, FM, CW (Morse Code), and data
[T8B04c COJ[T8B04c AA]

T8BO05: What is a satellite beac®@n

See theSATELLITE DEFINITI@& at T8B. Aarrieror signaltransmitted by a satellite which supplies the controlling
engineers on the ground with a means of monitoring telemekaya and status informationincluding the health and status
of the satellite [T8B0O5c CO][T8B0O5 AA]

T8B06: Which of the following are inputs to a satellite tracking program?

SeeSATELLITE COMMUNICATI@NBBB. You usesatellite tracking pogramfor this, which providelata about the
al 4GSt f NdaBdEéplealNdeméntsiamed afterJohannes Kepleknown for the development dfepler's Laws of
Planetary Motion. [T8B06c CO][T8B0O6¢ AA]

¢y. ntyY 2 KFGd Aa 52LJJ SNJ aKATAO Ay NBFSNByOS (2 aldStftAdsS (
See theSATELLITE DEFINITI®MN® at TBBAn observed change signal frequency caused by relative motion between the
satellite and the Earth statiofT8B07¢ CO][T8B07¢ AA]

T8B08: What isneant by the statement that a satellite is operating in U/V mode?
SeeSATELLITE COMMUNICATI@GNSBB For example, some satellites use UHF frequencies (70 cm) for uplink and VHF
frequencies (2 meter) for downlink G KA a A a OfT8BD& GO][TaBAS AR RS @

T8B09: What causes spin fading of satellite signals?
See theSATELLITE DEAIONSable at T8BSignal fading caused by rotation of the satellite and its antenfESB09¢ CO]

T8B09%c AA

T8B10: What is a LEO satellite?
See theSATELLITE DEFINITI@M® at TSBA satellite in lowEarth orbit [T8B10c CO][T8B10c AA]

T8B11: Who may receive telemetry from a space station?
SeeSATELLITE COMMUNICATIGNSBB. Buteveng A 1 K2 dzi | A OSy & S SAnydredetdieBorrect f 2 6 SR
frequency can monitor satellite transmissiond8B11c CO][T8B11c AA]

T8B12: Which of the following is a way to determine whether your satellite uplink power is neither too low nor too high?
SeeSATELLITE COMMUNICATI@NBSBB. A general rule of thumb isrtmatch your downlink signal strength to that of the
beacon [T8B12¢ CO][T8B12¢ AA]

TocC
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T8C Operating activities: radio direction finding, contests, linking oveirttexnet, exchanging grid locators TOC

Read the followingarticles and tablebefore answering the questions in this section.

OPERATING ACTIVITIE&me of the more popular ham radio activities are listed in the accompanying table.
For many of the activities noted in the POPULAR HAM RADIO ACTIVITIES
accompanying table, radio operators provide their| DXing Making twoway radio contact wittdistant stations. A DX is a

- < : - RAaGIYd &adldA2yo a5AadGlydé A
location. This is often done with a grid locator, R A .
g FTNEdSyOe X F2NIIC A& YAIK

specifically theMaidenhead LocatoBystem meters (VHF), it might be 2 miles.
(www.mapalility.com/ei8ic/maps/gridloc.phjp Contests| Hams are big on contests. We have Morse Code (CW) centes
Other names for the grid locator are: grid squares, distance contests (DXing), low power (QRP) contests, emerge

power (solar, etc.) contests, and combinations (CW/QRP/®X).

QTH, or grid locatiorA Maidenhead locator ; X
common goal of most contests is to contact as many stations ¢

compresses latitude and Iongifuqe,info a short ) LI2aaAot g GAGKAY |+ ALISOAFAO
string of characterX | f SUGSNXkYydzYp SN RSEMNEY H Y2y G 2F AyT2 &2dz Oy
assigned t@ specific geographic location. : your call sign, unless asked for more.
Field ARRL Field Day is a big deHifle event serves as an emergency
A A~ A Day pre %n ;\f t Il as,a contest between radio enthusi
DIGITAL REPEATERS{ SS GKS F21 1208y aacrggg § .gcﬁ:@gda. fter years of struggling, our little
www.cwtouchkeyer.com/digitatepeatersystens- club in Murphy, NOaxfww.wcarsmurphy.org finished & in our
allyou-needto-know. You read a lot about class in the US/Canadad 1stin NC. For details:
repeaters in the question explanations in sections www.arrl.org/ffieldday. : _
dT2. Th | iqital Fox Fox hunting, oradiodirection finding, is a favorite pastime in th
T1land T2. These aama ogrepeaters. Digita Hunts ham radio community where radio operators attempt to
repeaters operate much like analog repeaters, but triangulate the position of diddenradio transmission.
the retransmit data irbinary digital signalsin Gommonly used tools for this include a receiver, compass, and

directional antennaThis is good factice br locating sources of

digital communication systems, repeaters i . )
noise interference or jamming.

overcome the attenuation/loss caused by free Testing | Agood way to give back to the hobby is to become a Volunteg)
space electromagnetifield or cable los¢hat occur | (VE) Examiner or VE. Although the FCC (Federal Communications
in analog repeatersExample of digital systems: Commission) issues licenses, an army of volunteers give the

1 IRLP (Internet Radio Linking Projecidiamateur exams. This is also a good opportunity to network with other
hams and keep your own knowledge base up to date.

radio s.tatlt.)ns around the world by using V_0|ce over IF"Digi'[al See discussion of DIGITAL REPEATERS. Using digital modes
fl EchoLink is a computérased Amateur Radio system | podes | become very popular in recent years.

distributed free of charge that allows radio amateurs

to communicate with other amateur radio operators using Voice over IP (VoIP) tegymmiathe Internet for at least part of the path

between them.VolPis a type of phone system that uses an internet connectibigitally)to make and receivecall6 I NJ RA2 A& VY2

required.! £ f GKI G§Q& NXBIjdzA NER T2 NJ dzin8redisfatich OfKGifcallgign. A& LINR2F 2F &2 dzNJ f
1 D-STAR (Digital Smart Technologies for Amateur Radio) is a digital voice and data protocol specification for amateur radio
1 DMR (Digital mobile radio) is a specification for commercial products so thepteanperate. It is defined by a standacdeated by the

European Telecommunications Standards Institute (ETSI), and is designed tedosti@nd easy to us&he DMR standard operates

within the existing 12.5 kHz channel spacing used in land mobiledrery bands globally, but achieves two voice channels through two

slot TDMA (Time Division Multiple Access) technology. This last point simply means that DMR enaiptestipiexingof two digital

voice signals on a single 12.5 kHz repeater channel
Digial modes, like analog repeaters, require certain code to access them. For IRLP and EchoLink, the code is a sequence of
duattone multi-frequency tones (called DTMF codes). DMR requires digital codes @alibeatodessimilar to CTCSS or PL
access tones analog repeaters. R controllers organize network users ingdk groups which allow users to share
channels at different times without being heard by others on the same channel. All the DMR codes, talk group info, etc. is
contained in software calledcode plug Yl 1Ay 3 AdG Sk aeé G2 LINBANFrY &2dz2NJ 5aw NI R
versatile (and programmable) enough to enable themtoactedst G A LJX S RAIAGEE ddadsSya X YSI
separate radio for each digital modas noted above, some of these digital modesinect radio to the internet. A digital
station providing this connection is calledjateway:.
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T8CO01: Which of the lowing methods is used to locate sources of noise interference or jamming?

See thePOPULAR HAM RADIO ACTIVITEHRS at T8CEox hunting, oradiodirection finding is a favorite pastime in the

ham radio community where radio operators attemptttiangulate the position of a radio transmission. This is good practice
for locating sources of noise interference or jammifif8C01c CO][T8C0Ic AA]

T8CO02: Which of these items would be useful for a hidden transmitter hunt?
See thePOPULAR HAM RADIO ACTIVITEHRS at TBCCommonly used tools for this include a receiver, compass, and
directional antenna [T8C02; CO][T8C0Z; AA]

T8CO03: What operating activity involves contacting as many stations as possible during a specified period?
See thePOPULAR HAM RADIO ACTIVITEHES at TBCA common goal of most contests is to contact as many statém
possible within a specific time spafif8C03 CO][T8C0X AA]

T8C04: Which of the following is good procedure wlgamtacting another station in a contest?
See the?OPULAR HAM RADIO ACTIVIEES at T8C, 2 dzQf f gl yviG (G2 aSyR GKS fSrad | Y2c
identify yourself [T8C04c CO][T8C04 AA]

T8CO05: What is a grid locator?
SeeOPERATING ACTIVITEEI 8CA Maidenhead locator compresses latitude and longitude into a short string of characters
X aletter/number designator assigned to a specific geographic locafitBC05x CO][T8COx AA]

T8CO06: How is over the air accésdRLP nodes accomplished?
See theDIGITAL REPEATERRIe at T8CDigital modes, like analog repeaters, require certain code to access them. For IRLP
and EcholLink, the code is a sequence of loa¢ multi-frequency tones (calleBTMF codés [T8C0O6c CO] [T8CO6& AA]

T8CO07: What is Voice Over Internet Protocol (VolP)?
See theDIGITAL REPEATERle at TBCVoIP is a type of phone system that uses an internet connection (digitally) to make
andreceive calls[T8CO07c CO][T8CO7c AA]

T8CO08: What is the Internet Radio Linking Project (IRLP)?
See theDIGITAL REPEATERR&Ile at TSCIRLP (Internet Radio Linking Project)diaknateur radio stations around the world
by using Voice over IP (Internet Protocdl]8C08; CO][T8C08& AA]

T8C09: Which dhe following protocols enables an amateur station to transmit through a repeater without using a radio

to initiate the transmission?

See theDIGITAL REPEATERRIe at TBCEchoLinks a computetbased Amateur Radio system distributed free of charge

that allows radio amateurs to communicate with other amateur radio operators using Voice over IP (VolP) technology on the
Internet for at least part of the path between them. VolP is petpf phone system that uses an internet connection
ORAIAGIEE @0 G2 \akadiSis hoyrduirtdTODX O [TETOE AAR X

T8C10: What is required before using the EchoLink system?
See theDIGITAL REPEATER®le at T8CL f £ (G KI 1 Q& NBIjdzZANBR F2NJ dzaS 2F 90K2[ Ay
your call sign[T8C10; CO][T8C10; AA]

T8C11: What is an amateur radio station that connects other amateur stations to the internet?
See theDIGTAL REPEATERScle at TBCSome of these digital modes connect radio to the internet. A digital station
providing this connection is called a gatew4y8C11c CO][T8C11c AA]

roc
NEXT SECTION
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T8D

Nonvoice and digital communications: imagignals and definition dMITSC, CW, packet radio, PSK, APRS, error

detection and correctiormmateur radio networking, Digital Mobile Radio, WSJT modes, BroaetamhetTOC

Read the following article and tablebefore answering the questions in this section.

DIGITAL COMMUNICATIQI$8ewww.onallbands.com/thaise-of-digitakmodesthe-changingface-of-hamradio.

You had a brief intro into digital modestime DIGITAL REPEATERIle at TBCSome of the more popular digital modes are

described in the accompanying table

POPULAR DIGITAL MODES

LY FRRAGAZY (G2 &1

MODE

DESCRIPTION

APRSAutomatic Packet Reporting
System) is radicbasedsystem for
real time digital communications of
information of immediate value in

RTTYRadie
teletype)

Atelecommunications system consisting originally of two or more
electromechanical teleprinters in different locations connected by radio
rather than a wired linkUses a form of transmission known as frequency
shift keying

the local area. Data can include
object Global Positioning System

PSK31

Ahighly-efficient data mode that lets you work long distances, even when
you can barely hear the signal. PSK31 stands for Phase Shift Keying 31
(or 31 bits per second/bpsEnablesealtime keyboardto-keyboard chat

(GPS) coordinates, weather station
telemetry, text messages,
announcements, queries, and other
telemetry. Atypical application of

FT8

Aform of digital weak signal camunication It is currently the most popular
digital mode on spottingThe mode offers operators the ability to
communicate in unfavorable environments such as during low sun spot
numbers, high RF noise, or during low power operati&is8 is known for
low signalto-noise operation

APRS is torpvide reattime tactical
digital communications in

WINMOR

Aradio transmission protocol intended to be used in the Winlink 2000 Glq
Radio Email System by amateur radio operators, marine radio stations, a
radio stations in isolated areas

conjunction with a maghowing the
locations of stationsA mesh
network uses Wi equipmentand
modified firmware tooperate a

JT65

Adigital protocol for Amateur Radio communication with extremely weak
signals. It was designed to optimize Eawtbon-Earth (EME) contacts on VH
bands WSJIXsoftware (which stands fdiWeak Signal Communication, by
K1JT) offers digital protocols optifzed for EME (moonbounce), meteor
scatter, and ionospheric scatt@weak signal communications).

private, selfcontained wireless
compute network.

VIDEO COMMUNICATIOM$nateur
Radio operators can transmit live
action color video and sound to othe
hams easily otUHF bands. This
includes analog and digital TV signal
Various transmission standards are

Packet Radio|

The application of packet switching techniques to digital radio
communications. Packet radio uses a packet switching protocol as oppos
to circut switching or message switching protocols to transmit digital data
a radio communication linkPacket radio has most often been used for
direct, keyboareto-keyboard connections between statiarome
advantages of packet radio over its predecessockide (a) acheck sum
that permits error detection(b) aheader that contains the call sign of the
station to which the information ibeing sent and (cautomatic repeat
request in case of erroirhis checksum error detectionethodis called ARQ
for automatic repeat request the receiving station detects errors and
sends a request for retransmission

used, these include the broadcast
transmission standards of NTSC
(NationalTelevision System

IEEE 802.11

The 802.11a amateur radio band consists of 30 overlapping channels in t
5.650;5.925 GHz (5 cm) band. The 802.11a standard uses OFDM or
"Orthogonal Frequency Division Multiplexing" to transmit data and theref
is not classified as spreagbectrum.

Committee an analog fasscan color
TV signdlin North America and
Japan, and PAL or SECAM elsewhe

CW (Morse
Code)

e

Morse Codes the earliest type of digital communications, as theeal
made solely from Ones and Zeros (ons and dffajns use Morse Code and
/2 AYOGSNOKFIy3aSIoteaod /2 adGlyRa ¥F2
continuous, but modulated by turning an audio tone on and off.

T8DO01: Which of the following is a digital communications mode?

See thePOPULAR DIGITAL MEMable at T8D. The correct answellX
others are digital communications mod¢$8D01¢ CO][T8D01¢c AA]

I f f .PFadke radioSIEEE 802.11, FT8 and

T8D02: What is a Talkgroup on a DMR repeater?
See theDIGITAL REPEATERRIe at TSCDMR controllers organize network users into talk groups, waildw users to
share channels at different times without being heard by others on the same chadi@&02¢ CO][T8D02¢ AA]
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T8DO03: What kind of data can be transmitted by APRS?

See theDIGITAL COMMUNICATIO&tScle at T8D. APR&td can include object Global Pasiting System (GPS)
coordinates, weather station telemetry, text messages, announcements, queries, and other telehetryorrect answer is
DX +ft OK2 N&H3A CAFNBEEAN

¢y5nny 2 KIG delS 2F GNlyavYAaAaarazy Aa AYRAOFGSR o0& GKS GSt
See theVIDEGCOMMUNICATIONSticle at T8DVarious transmission standards are used, these include the broadcast
transmission standards of NT@@tionalTelevision System Committean analog fasiscan color TV sighah North America

and Japan, and PAL or SECAM elsewHd@i&D04c CO][T8D04c AA]

T8DO05: Which of the following is an application of APRS?
See theDIGITAL COMMUNICATIO&SCcle at T8D. A typical application of APRS mawide reaitime tactical digital
communcations in conjunction with a map showing the locations of statigh8D05¢c CO][T8D05¢c AA]

T8D06: What does the abbreviatiant { Y¢ Y SI y K
See thePOPULAR DIGITAL MODRétse at TSDPSK31 stands f&hase Shift Keyirgfl baud [T8D06¢ CO][T8D06c AA]

T8DO7: Which of the following describes DMR?

See theDIGITAL REPEATEREIe at TBCThe DMR standard operates within the existing 12.5d¢mnel spacing used in
land mobile frequency bands globally, but achieves two voice channels througsldttWdDMA (Time Division Multiple
Access) technology. This last point simply meansEtMR enables timenultiplexingof two digital voice signals on a single
12.5 kHz repeater channe]T8D07¢ CO][T8D07¢c AA]

T8D08: Which of the following is ihmled in packet radio transmissions?

See thePOPULAR DIGITAL MODR#tse at T8DSome advantages of packet radio over its predecessors include; (a) a check
sum that permits error detection, (b) a header that contains the call sign of the station to wtedhformation is being sent,
and (c) automatic repeat request in case of erffite correctanswer BX | £ £ OK 2 N€DH% CAd [ IMDBS AN

T8D09: What is CW?
See thePOPULAR DIGITAL MOD&sge at TBDHams use Morse Code and CW interchanged®W stands for continuous
g @S slgnali& @ntinuous, but modulated by turning an audio tone on and[®8D09 CO][T8D09% AA]

T8D10: Which of théollowing operating activities is supported by digital mode software in the WSJSoftware suite?

See thePOPULAR DIGITAL MOD#tse at TSDWSJIX software (which stands for "Weak Signal Communication, by K1JT")
offers digital protocols optimized for HM(moonbounce), meteor scatter, and ionospheric scatter (weak signal
communications)The correct answer BX | £ £ OK 2 NE&D3GE COD [ MNINIS AN

T8D11: What is an ARQ transmission system?
See thePOPULAR DIGITAL MODé&se at T8DThis checksum error detection method is called ARQ for automatic repeat
request-- the receiving station detects errors and sends a request for retransmisgi@D11¢ CO] [T8D11c AA]

T8D12: Which of the following best describes an amateur radio mesh network?
See theDIGITAL COMMUNICATIOAIScle at TBDA mesh networkuses WAFi equipment and modified firmware to operate
a private, selfcontained wireless computer networfT8D12c CO][T8D21¢c AA]

T8D13: What is FT8?
See thePOPULAR DIGITAL MOD&se at TSDFTS8 is known foow signalto-noise operation [T8D13¢ CO][T8D13¢ AA]

roc
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SUBELEMENBT ANTENNAS AND FEED LINES

TOA

Antennas: vertical and horizontal polarization, concept of antenna gefimition and types dbeam antennas,

antenna loading, common portabsnd mobile antennas, relationships between resonant length and

frequencydipole pattern

Toc

Read the following articleand tablebefore ana/ering the questions in this section.

ANTENNASSeenvww.iw5edi.com/hamradio/2437/antennabasics Also refer to the article o8 TANDING WAVE RAHD

T7CAlso refer to theANTENNA TYPEfhle accompanying this article.

Antennas work by converting the signal fron

the transmitter to an electromagnetic field or|

wave When this wave hits another antenna

connected to a receiver, it creates a current

in that antenna. This current is converted by
the receiver into data (in the form of voice,
Morse Code, etc.). The length of the antenn
is related to the frequency of thsignal
@2dzOQNB (NI yavYAlGGAy3Ida

ANTENNA TYPES
ANTENNA DESCRIPTION
Singleband Designed for use on a single ham band
Duatband Typically,can send and receive ham radio signhals on both VHF a
UHF ham bands
Rubber duck | The one you getwithyol K S| LJ KI yRKSE R i NI
want to upgrade quicklp SO dza§ ( KS& QNB Y dz
) typical quarterwave antennaAdvantages, i KS& QNB 02 )
flexible.Signal strength is significantly impaired when used insidg
vehicle (due to shielding), so you want to connect it to an externg
! YA & Yieth®K Ay GKS fSy3aidk

and frequency results in unacceptable Most common ham radlo antennaessentlally meanisvo electrical
AGFYRAYI 608 NIGA2 [X |t 2 &S B f“d"” L t&%gvf‘”t“b'“go*@'f
o wavelengthlong wi p0|n he mi dipoles are single

power, converted to heat. The radiation element antennalepoIes radlate strongest broadsito the
pattern from the antenna depends antenna and weakest 90° away from broadside.
significantly upon the antenna typ&adio Trap dipole | Mostly used in ham radio repeater systerensists of ham radio
waves contain both an electric and magnetic traps and coils and it can be adjusted to various ham radio
) ) frequencies by changing the length of the wire
field. These are perpendicular to each other] yaq;; Also called a beam antennased to increase signkdvel at a distant
dziz AGQa GKS St SO0 NWidctigiah § fstiion dr ko Irejigct ifteyfete @ ddBoieihads multipledelements
The electric field is oriented in the same arranged in front of it for optimal transmission and reception

A ~ - A PPN < A a are designed to concentrate signals in onectibn; have
Lt hys Fa UKs Hdéalsry Hea St 3 %1§r gHin omsignal strengttin their preferred direction that other
optimum reception), the receivingntenna antenna types
should be oriented in the same place as the| Ground Sometimes called a vertical antenragts like onehalf of a dipole
transmitting antenna. Aorizontal dipole plane with the missing portion made_up by the electrl_cal mirror formed

) ) . . the ground plangremember this when calculating antenna length
antennawill have its element aligned witbr divide by 2)made from sheet metal or a screen of wires called
parallel tothe surface of the earth. A vertical radials that extend out from thbase of the antenna
RALRES gAatft KIF@S AG3a EdFed vy S paineties ealledgral Fed HalEWag|in kg skapezpf a dipole

surface. This antera orientation is called

hamradio antenna with one leg longer than the other

polarization.Because of space limitatiorismay not be possible to construct an antenna as long as needed for a specific
FNBIljdzSyOed ¢2 NBRdzOS GKS LIKeaAOlOlt FydaSyyl awhith®fectively Qa L2 &:
increases its electrical length. This is called inductive loading. This is common when building codes restrict antdiea size.
approximatelength of a dipole antenna is calculated asngth (feet) = 468 / frequency (MHz) 6 & 2 dzQf t aSS (Sa(
using this formula)However, because the actual resonance is affected by height above ground &ril I y éleStgicsl | Q &
properties, you need to increase this calculated length of the antenna (which lowers its rédmtarency) by 5 to 10%

then finetune the SWR with an antenna analyzer. Similarly, shortening the antenna will increase the resonant frequency.
wSIINRAY3A FyiSyyl fSy3idkKs AdQa yz2i ySoSaalNeE G2 daS |
((more than 250 feet) antenna to transmit on the-B@:ter band. But, to be resonant (and minimize SWR), you need discrete
increments of the wavelengt4g | @St Sy 3Kz o ¢ @St Sy3aGdKz pky ¢l @St Sy3aidkKz S
antenna, the higher ta gain or signal strength.

T dzt
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T9A01: What is a beam antenna?
See theANTENNA TYPEIle at T9ABeams are designed to concentrate signals in one direcfib®A01¢ CO]

TOA0IC AA]

T9A02: Which of the following describes a type of antenna loading?
See theANTENNASrticle at T9A¢ 2 NB Rdz0S G KS 1LK&e&aAOlt | yiSyyl adtheSs AGQa |
antenna which effectively increases its electrical lendiffA02¢ CO][T9A02¢c AA]

T9A03: Which of the followingdesoriSa | &AAYLI S RALIRES 2NASYGSR LI NXfttSt G2
See theANTENNAGSrticle at T9AA horizontal dipole antenna will have its element aligned with or parallel to the surface of
the earth [T9A03c CO][T9A03c AA]

T9A04: What is a disadvantage of the short, flexible antenna supplied with most handheld radio transceivers, compared to

a full-sized quarterwave antenna?

See theANTENNATYPES 6t S |G ¢ p! @ wS T SNNR Y IThéidhe youkgst with NdimocbeSpNiandatd | ¢ |
0N yAOSAOBSNI 0l ¢0T &2dzQf G KERVHNB(G ¥dzdrKITNSRE 1§ s Odndnyid@ S O K tzi( S |
Advantageg, (i KS& QNB 02 Y LI{TOA0AICP| R4 BH Ao f S

T9AO05: Which of the following increases the resonant freqoyeef a dipole antenna?

See theANTENNAGSrticle at T9AHowever, because the actual resonance is affected by height above ground and its

St SOGNARAOIE LINBLISNIASAE 6SQ@S F2dzyR (KI G @2dz ySSRsoiagt Ay ONJX
frequency) by 5 to 10% then firane the SWR with an antenna analyz8imilarly, shortening the antenna will increase the
resonant frequency [T9A05¢ CO] [T9A05c AA]

TOA06: Which of the following types of antenna offers the greatest gain?
See theANTENNA TYPE®le at TOA, A k S5 ANBOGA 2y f | siphabsifendthin thedr prisférr@dS Y 2 NB
direction that other antenna types[T9A06¢ CO][T9A06¢ AA]

T9A07: What is a disadvantage of usindhandheld VHF transceiver with a flexible antenna inside a vehicle?
See theANTENNA TYPE®Dle at TOASIgnal strength is significantly impaired when used inside a vehicle (due to shielding),
S0 you want to connect it to an external antennd@9A07¢ CO][T9A07¢ AA]

T9A08: What is the approximate length, in inches, of a quantevelength vertical antenna for 146 MHz?
See theANTENNAGrticleand theANTENNA TYPEle at TOA. The formula for thength of a dipole antenna s

Length (feet) = 468 / frequency (MBz
.dziZ NBYSYOSNI I @SNIAOIFE FyGSyyl Aa | 3INRBdzyR apBySSial XR
Length (feet) = 468 / frequency (MHz)2 =468/146/2 = 1.603ft 29.23in  [T9A08c CO][T9A08c AA]

~/

T9A09: What is the approximate length, in inches, of a hadvelength 6 meter dipole antenna?
See theANTENNAGrticle at T9A for the formula for thength of a dipole antenr@ 2dzQf t 1 faz y

5

portion of the 6meter band starts at 50.1 MHz (s#e graphic band plan screen shot in T1B05

(0p))
(0p))
puli

G2 |

Length (feet) = 468 / frequency (MHz¥ 468/50.1 =9.34f£112.1in

If you use 50 MHz for the start of the¥6S G SNJ 6 YR 6 @F At F6tS F2NJ /2 0=1R38dQf t IS
CtKA&d RATFTFSNBYyOS ofectthe answenchoica[VORADc COYMMEKAAIG 2 | F

T9A10: In which direction does a haliave dipole antenna radiate thestrongest signal?
See theANTENNA TYPEDle at T9ADipoles radiate strongest broadside to the anterarad weakest 90° away from
broadside.[T9A10c CO][T9AL10c AA
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T9A1l: What is antenna gain?

See theANTENNA TYPEfle at T9AReferring to a Yagi antenna, thegve moregain or signal strengtim their preferred
direction that other antenna types[T9A11¢ CO][T9A11c AA]

T9A12: What is an advantage of a 5/8 waveleimivhip antenna for VHF or UHF mobile service?

See theANTENNAG&rticle at T9ATo be resonant (and minimize SWR), you need discrete increments of the waveléngth (

gl St SYy3IiKE o ¢ @St Sy3adKI p« yhelgriged hdarBeyira,ire Righé #é ohin orsignal g | FS £ ¢
strength [T9A12¢ CO][T912¢ AA]

TOC
NEXT SECTION
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T9B Feed lines: types, attenuation vs frequency, selecting; SWR confeetgisna tuners (couplers); RF Connectors:
selecting, weatheprotection T0C

Read the following article and tablebefore answering the questions in this section.

FEEDLINESSs you can see in the accompanying diagram, the

feedline connects the radio (transceiver) to the antenna. There are

several types of construction or design for feedlines. The most

common is coax. Coax is a round cable witlnsalated conducting | : p - : ‘ { } ‘
RECEIVER

ANTENNA

¥ SCEWER
RANSCEIVER FEED LINE

wire in the center. Over the insulation is a shield, usually made of TRANSMITTER — sz|:cu
braided wire or conducting foil. The shield is protected by a sheath|or

jacket. Coax is easy to work wiind presents few installation issues |
A coax variation is dad hardlire, which has a much less flexible POWER
sheath(usually made of aluminum or coppéhan standard coax. It SuPPLY
haskaa &dA3dyltf f2aaX 0dzi Y2NB RAFFAOUA T G2 o 2Nt AaRK—060SOI dz
bend easily)than other types of coax. (i fie@ ref2rred to asair insulated hardlineOpen cell foam insulation is sometimes

used in coax designs to improve flexibility, but be aware that is susceptible to absorbing @¢erwire line uses 2 parallel

02y RdzOG2NEZ aSLI NI} GSR o0& Ay andhak léss sigiablosk, buRid hatds & worlkQatH aSd/cant & S
0S T T¥FSOGUSR o0& ySINbeée aradylfa 2N O2yRdzOGAyYy 3 &adzNFI OS&a 606 5S¢
The conductors tend to be spaced further apart than the open wfSli® ¢ KS ag6AyR264¢ Ay GKS AYyac
flexible than open wire line (easier to work with). Impedance of the feedline must be considered because you need to match
the impedancesymbolZo) of the feedline and antenna with your transmittéviost coax and hardline designed for amateur

radio have an impedance of 50 ohms

(symbolnp = 6 KAOK YI (10KS; COAX CABLE CHARACTERISTICS

transmitters (TV coax is usually % Open TYPE | IMPEDANCE LOSS/100 FT | LOSS/100 FT (dE RELATIVE COS
. A a = < o J (ohms) (dB) @ 30 MHz| @ 1500 MHz (As of 2/1/23)

g {\ N\B f }\ y‘ S.c A a dza qzl f{ f ’R.pl.é I.II. JT LAAY ﬁS X T\ 7V T \Jl.4)U IAY y TN ZTY 3.3 ZAY y $3001000 ft
Aa npn mUDN) KXYNERNU I YEEg U2 50 11 25

remember that your antenna SYSTEM RG8X 50 2.0 4.5 $1900/1000 ft
consists of the antenna (see tANTENNAS | RG58 50 25 5.6 $600/1000 ft
article atT9A) AND your feedlin@Refer to RG174 50 4.6 10.3 $350/1000 ft

h i COAX CABLE RG213 50 1.1 2.5 $350/1000 ft
the accompanying LMR400 50 0.7 15 $2000/1000 ft

CHARACTERI®@S8le for important cable
info), 2dz YSSR (2 YIGOK GKS AYLISRIFIYyOS 2F @2dzNJ GNI YyAYAGGSNI 64
antenna system to match perfectly, so we @s#enna tunergalso callecantenna couplersto accomplish this. You adjust
thetuneruntiithea G F YRAY 3 6 @S NI GA2 4 GKS GNrXryavYAGGSNI Aa Otz2asS i
FydSyylr YKUD&KS&dzA&S AYLISRIYyOS 2F GKS FyiuSyyl aegadSy G2 Gkl
F2NJ S OK T NB ljsaiingord & §dz@ NR SHUNB F NRa I Arsydtaém up dnixd\abtin/thie loweat 5 9 { |
possible SWR and then tuas close as you cda 1:1 SWRThe higher the SWR, the more the signal Iédew final points

about signal loss; (T@edlines usd at radio frequencies are constructed from special materials to minimize loss,

NB Il NRf Saa 2F (KS Gel)S 2F FSSRtAySs aradylf t2aa AyONBI a

(3)avoid multiple connections, where possible, sich dza Ay 3 aSOSNIf akK2NI OFotS asSavysSy

more connectors, the more loss.

CONNECTORf®r coaxial cables)Connectors are ugkto connect cables to radios and related

SljdzA LIYSy (i X -t6-éSe/corhexthohs R56 (male, plug) and SZBI (female,

receptacle) are one of the most common sets forall VHFequipment (see accompanying

diagram)., 2 dzQf f | f 42 IKESI M2 Yy YWROzI2 MEE® LISKA & Aa Sa ' KA 3K
IJ dza S |

BSNBAZ2Y 2F aqaillyRIFINRE O2yySOil2NE® LGQa RS
GHzhyS GKAy3 e2dzQff ySSR (2 06S OFNBFdzA 27F
60FdzaAy3a O2NNR&AA2Y0 YR GKS LINRGSOGABS

A grads the dBrdatihos 2 F
KASEt RE NBadzZ GAy3

Qx
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connections as waterproof as possib@nnectors can contribute to SWR. Specifically, loose connection$temnetoe
source of erratic SWR, and connectors can become loose over time, especially in areas with high winds.

T9BO1: What is a benefit of low SWR?
See theSTANDING WAVE RAH(cle at T7CThe lower the SWR, the lower the signal 10§9B01¢ CO][T9B01c AA]

T9B02: What is the most common impedance of coaxial cables used in amateur radio?
See theFEEDLINESticle at T9B. Most coax and hardline designed for amateur radio have an impedd@tetuhs
[T9B02¢ CO][T9B02c AA]

T9BO03: Why is coaxial cable the most common feed line for amateur radio antenna systems?
See theFEEDLINESticle at T9BCoax is easy to work with ampgesents few installation issue$T9B® ¢ CO][TIB® ¢ AA]

T9B04: What is the major function of an antenna tuner (antenna ceujs
SeetheFEEDLINESNII A Ot S G4 ¢ p. @ ¢KA & (GdzyAy3 2N YImathésihg EnpeRahce afy Qi N
GKS IyiSyyl aeaidSy (2 (R9BI4ROITIBEISAALI NI yaYAlddSNRa 2 dzi Lidzi

T9BO5: What happens as the frequency of a signal in coaxial cable is increased?
See theFEEDLINESticle at T9B. Regardless of the type of feedltnd, AV I f f 23aa AV
frequency, themore the loss [T9B05¢ CO][T9B05c AA]

NEBlFasSa 6AGK T

O

T9B06: Which of the following RF connector types is most suitablé&éguencies above 400 MHz?

See theCONNECTORSiIcle at T9B, 2 dzQf f | f &T9pe KS IONJYlySBdz2 N @ ¢ KA & Aa SaaSyida
GSNBRAZ2Y 2F aqadlyRINReEé O2yySOil2NE® LGQAa RSAFIBOEBOIF2NI dza S |
T9BO6c AA

T9BO7: Which of the following is true of B9 type coax connectors?

See theCONNECTORSicle at T9BPL-259(male, plug) and S@39 (female, receptacle) amne of the most common sets
for HF and VHF equipmenfT9B07¢ CO][T9BO7c AA]

T9BO08: Which of the following is a source of loss in coaxial feed line?
See theFEEDLINESticle at T9BSeveral issues pointed out in the article cause signal higis;:SWR, use of multiple
connections, and cable degradation by wa{gi9B08c CO] [T9B08c AA]

T9B09: What can cause erratic changes in SWR?
See theCONNECTORSiIcle at T9BX loose connections areften the source of erratic SWRT9B09 CO][T9B09 AA]

T9B10: What is the electrical difference between-B&andRG213 coaxial cable?
See theCOAX CABLE CHARACTERI®DIESGt T9BRG213 has less signal 1o§§9B10c CO][T9B10c AA]

T9B11: Which of the following types of feed line has the lowest loss at VHF and UHF?

See theFEEDLINESticle at T9B. A coax variation isledlhardline, which has a much less flexible sheath (usually made of

I £ dzZYAydzy 2NJ O2LILISND GKIy &dFyRFENR O2FE® LG KIa fS&aa aiadayl
easily), that other types of coak. (i fieh referred to asair insulated hardline [T9B11¢ CO][T9B11c AA]

T9B12: What is standing wave ratio (SWR)?
See the STANDING WAVE RATIIO article aSfding wave ratio is a measure of impedance matcbfrigads to the
characteristic impedance of a transmission lifi€9B12¢ CO][T9B12c AA]

roc
NEXT SECTION
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SUBELEMENDT SAFETY

TOA Power circuits and hazards: hazardous voltages, fasd<ircuit breakergrounding, electrical code
compliance; Lightning protection; Battery safety qroecC

Read the following artickbefore answering the questions in this section.

ELECTRICSIAFETY & HAM RADISeenww.cwtouchkeyer.com/hanradio-safety Electrical hazards in ham radio are

primarily shocks and burns. However, any electrical injuries that might occur are usually minor due to the relatively low

voltage and current used in amateur radio. Even small ctisrean result in muscle contractions. Larger currents can cause

burns or even cause cellular electrical activity to malfunction. Individuals with internal electrical devices, like pasendker
defibrillators, need to be especially careful. Anyavigo hasworked on automobiles knosithe risks of shorting terminals on

1202f G aG2NIr3S o0FGGSNASE X o0dzNyasx FANBaXI 2N S@Sy Sbhiadeff 2 4 A 2
batteries caralsopose nonelectrical hazardel For example, drging or discharging torapidly can result in oveneating or

outgassing, and the gas is hydrogen (very flammaBlejnember that many power supplies contain filter capacitors in their
circuitry. Capacitors can retain their charge for significant peraddsne, so these power supplies can still be a hazard for

some time after turning them offSome basic guidelines to follow to protect yourself and your equipment are; (a) use

INRPdzy RERNE X LJ dzZ3a F2NJ I ff OA NOukhtis dGoEnedied i a d6mhod gréuddN@) udef f St
properly sized fuses, and (d) use mechanical interlocks for high voltage ciBadtise of antenna heighénd their
O2yRdzOGABS yI GdzNBZ AGQa& | f&az2 AYLI2 NI ¥ lheie fedizas@ntdr theahkuse/ A y 3 |
connected to an external ground rod. All ground rods should be bonded together (use heavy wire or conductive strap).

TOAO1: Which of the following is a safety hazard of avidt storage battery?

See the articl&ELECTRAL SAFETY & HAM RABIOOA. Anyongho has worked on automobiles knathe risks of
shorting terminalson 1@ 2 f G & (i 2 NJ Bufs, firds (oiieSeN BxBldsionsnd radio operators use these types of
batteries, as well [TOA01c CO][TOAO01c AA]

TOAO02: What health hazard is presented by electrical current flowing through the body?
See the articlELECTRICAL SAFETY & HAM RADI@A Even small currents can resultrimuscle contractionsl arger
currents can causkurnsor even causeellular electrical activity to malfunctiofTOA02¢c CO] [TOA02¢ AA]

TOAO3: In the United States, what circuit does black wire insulation indicate in a three [;5 MALE RECEPTACLE
wire 120 V cable? 120 V AC

See accompanying diagram showingraife receptacle. Black (or Red) is the insulation col /’\

for the hot lead [TOAO03c CO][TOAQ3c AA -

Ala & o0 Bl

TOAO04: What is the purpose of a fuse in an electrical circuit?

Fuses and circuit breakepsotect the circuit from overload. The fuse is designed with a
small piece of metal (usually a tin/lead afjahat melts at temperatures much lower than the melting point of the copper
wire, and often even lower than the melting point of the insulatione Thelted metabreaks the circuit, removing power in
case of overload-uses and breakers are installed in series with the hot condu€t@A04¢ CO][TOAQ4c AA]

TOAO5: Why should a-&mpere fuse never be replaced with a-20npere fuse?

See discussion in question TOAO& B dz NBLJX I OS | avYltt FdzaS 6AGK | YdzOK €I NBS
possiblethatthd | NASNJ ¥dzaS 62y Qi YStdd Ly 2. 0HeSimdit doRliNdRetheat andevehiA I K G
result in a fire [TOA05¢ CO][TOAO05¢ AA]

TOAO6: What is a good way to guard against electrical shock at your station?
See the articl&ELECTRICAL SAFETY & HAM R&DI@A Some basic guidelines to follow to protect yourself and your
equipment are; (aYz4 S I NP dmyir®S RLIEXdzDa T AWVdhaketsiire afd dladtiicdrdgiiigment is connected to a
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common ground (c) use properly sized fuses, andygg mechanical interlocks for high voltage circufiB0A06¢ CO]
TOA06¢ AA]

TOAQ7: Where should a lightning arrester be installed in a coaxial feed line?

See the articlELECTRICAL SAFETY & HAM RADIWA. Because of antenna heighty R G KSANJ 02y RdzOG A @S
important to use ligptning arrestors. You should connect these where feedlines enter the house, connected to an external
ground rod [TOAQ7¢ CO][TOAQ7c AA]

TOA08: Where should a fuse or circuit breaker be installed in a 120V AC power circuit?
See the discussion in question TOA04. Fuses and breakers are instaigitts with the hot conductof TOA08¢ CO]
TOAO8c AA]

TOAQ9: What should be done to all external ground rods or earth connections?
See the articlELECTRICAL SAFETY & HAM RADI@A All groundrods should be bonded together (use heavy wire or
conductive strap) [TOA09 CO][TOA09 AA]

TOA10: What hazard is caused blgarging or discharging a battery too quickly?
See the articl&ELECTRICAL SAFETY & HAM RaADI@A. For example, charging or dischargirmrémidly can result imver-
heating or outgassingand the gas is hydrogen (very flammablg)0A10¢ CO][TOA10c AA]

TOA11l: What hazard exists in a power supply immediately after turning it off?
See the articl&ELECTRICAL SAFETY & HAM RDI@A Capacitors can retain their charge for significant periods of tene
these power supplies can still be a hazard for some time after turning thenfTdiA11c CO][TOA11c AA]

TOA12: Which of the following precautions should be taken when measuring high voltages with a voltmeter?
Seehttps://assets.tequipment.net/assets/3/7/AB@eter-safety. PDFIf you attempt to use a voltmeter for voltages higher
than its rating, the excess voltage may damage nearby equipment orresgatt in electrical shoclBe sure both the meter
and its leads are rated for the voltage being measuf@®A12¢ CO][TOA12¢ AA]

roc
NEXT SECTION
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TOB Antenna safety: tower safety and grounding, installing antennas, antsnpports qroecC
Read the following artickbefore answering the questions in this section.

ANTENNA & TOWER SAFHER@&ferencevww.vk5pas.com/uploads/1/3/9/8/13982788/up_the tower.pdf

52y Q0 2@0SNI 221 AYyTF2NXNI GA2Y 2ygursélZbat oNdHodal cJuB miay Naveda repeat@rSare ¢y |
members have the opportunity to pacipate in set up, adjustment, etc. Before attempting to climb a tower, make sure
82dz2Q0S 0SSy GNI'AYySRO® ¢KS 1020S NBEFTSNBYOS LINPGARSE gNRGGS)
climbing techniques, includg use of tieoffs and timbing harnesse<One type of tower you should become familiar with is a

ONI y1 dzLJ GeLlsSed ¢KSasS GSyR G2 o0S LERNIIFIofS yR fA3IKGESAIAKI
GKSY akKz2dz R 6S F@2ARSR X bkupeoDiNBveightindzallatibnéandygdiinding 0fdavgfs Sy 2 dz
aK2dzZ R F2tf2¢ 20t NBIdAFTGA2ya YR YIFydzFlFI OGdzNENR& Ayaild Nk
foot ground rods bonded to the tower artd each other. Guy wireSvhen required by the height or the antenna or tower)

should include turn buckles for proper tensioning.

TOBO1: Which of the following is good practice when installing ground wires on a tower for lightning protection?

Regardless of whether the ground egrare for a tower, small antenna, or just a piece of equipment, they should follow
common sense electrical principles. For grounding, you need as little electrical resistance as practical. Ground wires should
AK2NIZ RANBOG oO0FSgl WwSYREE KRl R KBS 66yRAK (X0 A FIOBOR CH)F RS FNRY
[TOBO1c AA]

TOBO02: What is required when climbing antanna tower?

See article oANTENNA & TOWER SAFE(TVOB. Before attempting to climb atowaf,} { S & dzZNB & 2 dz0gS o6 SSy
above reference provides written tips and instruction, Bug dzQf f Yy SSR a2 YS KL yeghaiqgusy (NI Ay Ay
includng use of tieoffs and climbing harnesse§T0B02c CO][T0B02c AA]

TOBO03: Under whatircumstances is it safe to climb a tower without a helper or observer?
See the reference for the article &NTENNA & TOWER SAFEBTYOB.You ALWAYS use an observer when climbing towers
[TOB03c CO][TOB0O3c AA]

TOBO4: Which of the following is an important safety precaution to observe when putting up an antenna tower?
See the reference for the article &NTENNA & TOWER SAFETNOB. There are many important safety precansioo
observe when installing towers or even short antennas around the home. But, the single most important is pasbatihg
overhead electrical wires[TOB04c CO][T0OB04c AA]

TOBO5: What is the purpose of a safety wire through a turnbuckle used to tension guy lines?
Turnbuckles on guy wires serve the same purpose as turnbuckles anywhere. They take up slack and progigeofoerth
tension.The safety wire provides a way to VERIFY or measure if the tension is.cErRH5c CO][TOBOSC AA]

TOBO06: What is the minimum safe distance from a power line to allow when installing an antenna?
See the reference for the article g&NTENNA &OWER SAFE&YTOB In the event an antenna falls, it must be far enough
away from the power line that no part of it can come within 10 fef§t0B06¢ CO][TOB06¢ AA]

TOBO7: Which of the following is an important safety rule to remember when using a ctgntower?

See article oANTENNA & TOWER SAFEB{T¥OB. One type of tower you should become familiar with is a crank up type.
¢tKSaS GSYyR (2 0S8 LRNIIofS FyR fA3IKGgSAIKIIClinbin@tAein Shbulddzd SR T 3
I 2 ARSR X (KS®&QNB dza dz f thedweigh? [TOBA7H O [YOBO7TSAAR dza K (1 2 & dzLJLJ2 NI

TOBO08: Which is a proper grounding method for a tower?
See article oANTENNA & TOWER SAFEt TOBEach leg of the tower should be grounded separately using 8 foot ground
rods bonded to the tower antb each other [TOB08c CO][TOB08c AA]
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TOB09: Why should you avoid attaching an antenna to a utility pole?

See question TOB04. You must absolutely avoid contact with electrical. ikitee antenna falls or cable breaks, you may

come into contact with higivoltage wiresX dza dzl £ £ @ YdzOK KAIKSNI GKFIy GKS mun 2NJ H
[TOBO9 CO] [TOB09C AA]

TOB10: Which of the following is true when installing grounding conductors used for lightning protection?
See question TOBO1. For grounding, you need as little electrical resistance as practical. Ground wires shouiddirect
6FSs 6SYR& YR (KS 6SyR&E X AT | yeé X &[RoBHa GOJ[60810ARA KGO = |y

TOB11: Which of the following establishes grounding requirements for an amateur radio tower or antenna?
See article o ANTENNA & TOWEFAFET¥t TOB Installation and grounding of towers should folldezal regulationgnd
Yl ydzF I OG dzNB NIIGB11k @0 [(OBHRONAR 2 v & @

roc
NEXT SECTION
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TOC RF hazards: radiation exposure, proximity to antennas, recognizeg®aé levels, radiation types, duty
cycle TOC

RF RADIATIQNReferenced1) www.fcc.gov/engineeringechnology/electromagneticompatibility-division/radio
frequencysafety/fag/rf-safety, (2)www.govinfo.gov/content/pka/CFR020itle47-vol1l/xml/CFR2020¢title47-voll-sect

1310.xmland (3) www.barnstablearc.org/sites/default/files/ARRRFExposure2021_WI1DANev1.pdf

Radio signalare non-ionizing radiation Unlike ionizing radiationhe energy levels associated with RF and microwave

radiation are not great enough to cause the ionization of atoms and moleddt@sionizing radiation imot strong enough to
causedamage in biological tissue, including effects on DMAizing radiation (gamma ray$rays etc.), on the other hand,

can cause this sort of damagdenizing radiation is strong enough to displace electrons from atoms (even DNA molecules).
Thefederalga8 Ny YSy G Kl & S&idlofAaKSR SELIZ&dINB fAYAGA (G2 wC NI RA

Limits for Maximum Permissible Exposure (MPE) to radiofrequency electromagnetic fields (see reference 2 above)
Table 1 to § 1.1310{e)(1)}—Limits for Maximum Pemissible Expasure (MPE)

Frequency range (MHz) Electric field strength (W/m) | Magnetic field strength (A/m) | Power density (mWicm 2 ) | Averaging time (minutes) |
(i} Limits for Occupatienal/Controlled Exposure
0.3-3.0 G614 163 *100) B
3.0-30 1842f 4597 *900f2 ) <5
30-300 614 0163 1.0 =B
300-1.500 1300 =8
1,500-100,000 5 =B
(i) Limits for General Population/'Uncontrolled Exposure
0.3-1.34 614 1.63 *(100) <30
1.34-30 G245 2197 *1802) =30
30-300 275 0.073 0.2 <30
300-1.500 11500 <30
1,500-100,000 1.0 =30

f = frequency in MHz. * = Plane-wave equivalent power density.

Ly GKS Gl o6t S2 cénfaleddnduncarfrdlediexp&sui SINSYND NB D& ddatisralfontrollel exposure

limits apply in situations in which persons are exposed as a consequence of their employment provided those persons are

fully awareof the potential for exposure and can exercise control over their exposurew | RA 2 2 LJISNJ (2 NBA 4 2 dz
controlled exposurdefinition because (theoretically) we know the risfou can see from the table that limits vary with

F NB |j dzS y O &amsethk tatié eébody Sbsorbs radiation varies with frequeBifferentbody parts are resonant at

differentF N5 1j dzZSy OA Sa X GKS KAIKSNI (KS FREMNGGCZEY PRESOEKESTE & &8NOR2K
NEFSNRB (2 4! @g&NdnstegdosirdlimiSishiased dh an average amount ofdirtiee percent of time a

transmitter is transmittingK NJ ¥ S Nadg &/clegfaiBo chllédiuty facton @ LF &2 dzQNB i GKS GNIya
AlGQa 2yt e (NI ySa YoOBION A SK 2f2TzQNSS NBAOS A Ay 3 (KS 20KSNJ KIfF
YAydziSa X {KS IRhuizicase, Qo @dy Sultiplé thepsigiralkdpower by 2. If the duty cycle were 25%, you could
multiple the signal exposure by 4, etath@r factors affecting exposure (in addition to frequency and signal power) are;

distance from the antenna and the antenna transmission pattern (recall that some antennas have stronger signals in certain
directions).One of the simplest ways to reduce egpoe is to move your antenna as far from people as practical.

Licensed operators are required to stay in compliawite RF exposure limits. The best way to do this is to evaluate your
station any time anything in your transmission system (transmitteterama, and feedlines) changdsCC OET Bulletin 65
LINE GARSAa RSGFIAf & FT2NJ YSFadzZNAy3a wC X 4SS tAy] Ay ljdzSadtAarzy

In addition to radiation, RF voltages generate heat. Physically touctingace conducting RF voltage (such as antenna) can

Ol dzA&S wC odzNyad LF GKS LIR26SNI A& KAIK Sy2dzaK FyR @2dzQNB Of
goodINRP dzy RAY 3 002YRAY 30 IYyR aAYLXe& adleAay3a +tglé& FTNBY |yuSy
forget it quickly!

Bottom line: You, the station licensee, are responsible for RF radiation compliance at your station.
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TOCO01: What typefaadiation are radio signals?
See theRF RADIATIO&tticle at TOCRadio signals aneon-ionizing radiation [TOC01c CO][TOCO01c AA]

TOCO02: At which of the following frequencies does maximum permissible exposure have the lowest value?

See theRF RADIATIO®fticle at TOC, specifically the limits table. From the table the lowest MPE value is 800 30Hz
However, the answer choices do not include this range. The choices are; 3.5 MHz, 50 MHz, 440 MHz, and T286dvilyz.
acceptable choice is 50 MHETOCO02; CO][TOC02; AA]

TOCO03: How does the allowable power density for RF safety change if duty cycle changes from 100 fueb@epéercent?

See theRF RADIATIOMticle at TOCL ¥ @2 dzQNB i GKS GNIXyaYAGGSNI F2N 2y S K2 dzN.
00SOldzaS 282dzQNB NBOSAGAY3a (KS 20KSNJ KFfF (GKS GAYSUnZ GKS |
this case, you may multiple the signal power bf2e answer is that you can increase the power density by a factor of 2

[TOCO3X CO][TOCOX AA]

TOCO04: What factors affect the RF exposure of people near an amateur station antenna?

See theRF RADIATIO#tticle at TOCOther factors affeting exposure (in addition to frequency and signal power) are;

distance from the antenna and the antenna transmission pattern (recall that some antennas have stronger signals in certain
directions) [TOCO4c CO][TOCO04 AA]

TOCO05: Why do exposure limits vary with frequency?
See theRF RADIATIOMticle at TOCS A FFSNBY G 6 2R& LJ NI & I NB NBighenthe ffefluetcyi RA F T
the faster the absorption rate[TOC05 CO][TOCO5 AA]

TOCO06: Which of the following is an acceptabletimod to determine whether your station complies with FCC RF exposure
regulations?

See theRF RADIATIO&tticle at TOC, specifically Reference Hiere are 3 methods for measuring compliance with the

regulation; (1) you cameasure it per FCC OET Bulletinik65 8 SS f Ayl 0Sf 2 ¢ ( K kanpuliedafdeling 2y = 0
to calculate it, or (3) you can taked&dect measurement of field strengt{TOC06; CO] [TOCO6: AA]

FCC OET Bulletin 65;https://transition.fcc.gov/Bureaus/Engineering_Technology/Documents/bulletins/oet65/0et6p. pdf

TOCO7: What hazard is created by touching an antenna during a transmission?
See theRFRADIATIOMrticle at TOC. Physically touching a surface conducting RF voltage (such as antenna) dak cause
burns [TOCO7 CO][TOCO7Z AA]

TOCO08: Which of the following actions can reduce exposure to RF radiation?
See theRF RADIATIO&tticle at TOC. One of the simplest ways to reduce exposureni®t@ your antennas far from
people as practical[TOC08c CO][TOC08&; AA]

TOC09: How can you make sure your station stays in compliance with RF safety regulations?

See theRF RADIATIO#tticle at TOCThe best way to do this is to evaluate your station any time anything in your
transmissiorsystem (transmitter, antenna, and feedlines) chand@3C OET Bulletin B3NRE A RS& RSGF Af a F2NJ
see link in question TOCOETOCOX CO][TOCO AA]

TOC10: Why is duty cycle one of the factors used to determine safe RF radiation exposure levels?
See theRF RADIATIOAlticle at TOCThe exposure limit is based on an average amount of ¥meNJS ¥ S NN &clai 2 | &
[TOC1Q; CO][TOC10; AA]

TOC11: What is the definition of duty cycle during the averaging timeR& exposure?
See theRF RADIATIO&Afticle at TOCThis means the exposure limit is based on an average amount of tithe percent of
time a transmitter is transmittingK NJ5 F S NaN@ &/clei[BDC11cECO] [TOC1Ic AA]
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TOC12: How does RF radiation differ from ionizing radiation (radioactivity)?

See theRF RADIATIO®#tticle at TOC. Unlike ionizing radiatiohetenergy levels associated with RF and microwave radiation,
are not great enough to cause the ionization of atoms and molecldag&ing radiation is strong enough to displace electrons
from atoms (even DNA molecule§Y0C12 COJ[TOC12X AA]

TOC13: Who is responsible for ensuring that no person is exposed to RF energy above the FCC expasure limit
See theRF RADIATIO&#tticle at TOC. Yothe station licensegare responsible for RF radiation at your statighoC13: CO

[TOC1xX AA

END OF QUESTIONSNow, go pass that exam!
roc
LINKS
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Questionsg Correct Answer Only TOC
bh¢9yY LT @2dz2QNBE AONRf f Ay3d (i KNPBACKIUttodsk&owljJdsSkidp scoling fomvard. y & 6 S NE
T1: COMISSION RULES

T1A01: Which of the following is part of the Basis and Purpose of the Amateur Radio SE&RXCE?
C. Advancing skills in the technical and communication phases of the radio art

T1A02: Which agency regulates and enforces the rules for the Amateur Radio Service in th&tatesetiBACK
C. The FCC

T1A03: What do the FCC rules state regarding the use of a phonetic alphabet for station identification in the Amateur Radio
Service? BACK
B. It is encouraged

T1A04: How many operator/primary station license grants may be held by any one peBba&
A.One

T1A05: What proves that the FCC has issuenbanator/primary license grant?BACK
C. The license appears in the FCC ULS database

T1A06: What is the FCC Part 97 definition of a beacBAZK
D. An amateur station transmitting communications for the purposes of observing propagation or related experimental
activities

T1A07: What is the FCC Part 97 definition of a space stativhCK
I ® Ly FYFGSdzNI adFdAazy €t20FG§SR Y2NB GKIFy pn 1Y F102@3S 9 NI

T1A08: Which of the following entities recommends transmit/receive channels and pdin@meters for auxiliary and
repeater stations? BACK
B. Volunteer Frequency Coordinator recognized by local amateurs

T1A09: Who selects a Frequency Coordinat&2CK
C. Amateupoperators in a local or regional area whose stations are eligible to be repeater or auxiliary stations

T1A10: What is the Radio Amateur Civil Emergency Service (RABAESK?

A. A radio servicasing amateur frequencies for emergency management or civil defense communications

B. A radio service using amateur stations for emergency management or civil defense communications

C. An emergency service using amateur operators certified by a civilsgefeganization as being enrolled in that
organization

D. All these choices are correct

T1A11l: When is willful interference to other amateur radio stations permitté&2CK
B. At no time

T1B01: Which of the following frequency ranges are available for phone operation by Technician
licensees? BACK
C. 28.300 MHz to 28.500 MHz

T1B02: Which amateurs may contact the InternationacgStation (ISS) on VHF bandBRCK
B. Any amateur holding a Technician class or higher license
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T1B03: Which frequency is in the 6 meter amateur barig*CK
B. 52.525 MHz

T1B04: Which amateur band includes 146.52 MHRZXCK
D. 2 meters

T1B05:How may amateurs use the 219 to 220 MHz segment of 1.25 meter b&#ieK
D. Fixed digital message forwarding systems only

T1B06: On which HF bands does a Technician class operator have phone privilégas?
B. 10 meter band only

T1B07: Which of the following VHF/UHF band segments are limited to CW BAIZK
A. 50.0 MHz to 50.1 MHz and 144.0 MHz to 144.1 MHz

T1B08:How are US amateurs restricted in segments of bands where the Amateur Radio Service is sec@#daky?
A. U.S. amateurs may find namateur stations in those segments, and must avoid interfering with them

T1B09: Why should you not set your transmit frequency to be exactly at the edge of an alveteluor
sub-band? BACK

A. To allow for calibration error in the transmitter frequency display

B. So that modulation sidebands do not extend beyond the band edge

C. To allow for transmitter frequency drift

D. All thesechoices are correct

T1B10: Where may SSB phone be used in amateur bands above 50 BAA?
C. In at least some segment of all these bands

T1B11:What is the maximum peak envelope power output for Technician class operators in their HF
band segments?BACK
A. 200 watts

T1B12:Except for some specific restrictions, what is the maximum peak envelope power output for Technician class
operators using frequencies above 30 MHBACK
D. 1500 watts

T1CO01: For which license classes are new licenses currently available from th8 KCK?
D. Technician, General, Amateur Extra

T1CO2:Who may select a desired call sign under the vanity call sign rues2K
D. Any licensed amateur

T1C03:What types of international communications are an HiC€hsed amateur radio station peitted to make? BACK
A. Communications incidental to the purposes of the Amateur Radio Service and remarks of a personal character

T1C04: What may happen if the FCC is unable to reach you b eBraCK
B. Revocation of the station license or suspension of the operator license

T1CO05: Which of the following is a valid Technician class call sign foiB#eTX
A. KF1XXX
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T1CO06: From which of the following locations may anll@@sed amateur station transmitBACK
D. From any vessel or craft located in internatibwaters and documented or registered in the United States

T1CO07:Which of the following can result in revocation of the station license or suspension of the operator licBAgeR
B. Failure to provide and maintain a correct email address with the FCC

T1CO08:What is the normal term for an F@€3ued amateur radio licenseBACK
C. Ten years

T1C09: What is the grace period for renewal if an amateur license expBe£K
A. Two years

T1C10:How soon after passing the examination jawur first amateur radio license may ytnansmit on the amateur radio
bands? BACK
/@ 1a az22y ad @2dzNJ 2LISNI G§2NX &l Gdatgbgset A OSy asS 3IANF y G F LILISE NE

T1C11:If yourlicense has expired and is still within the allowable grace period, maggminue to transmit on the amateur
radio bands? BACK
D. No, you must wait until the license has been renewed

T1DO01:With which countries are FG{€ensed amateur radio stations prohibited from exchanging
communications? BACK

A. Any country whose administration has notified the Internatiofelecommunication Union (ITU) that it objects to such
communications

T1D02:Under which of the following circumstances are emay transmissions by an amatestation prohibited? BACK
B. Broadcsting

T1DO03:When is it permissible to transmit messages encoded to obscure their meariAg?<
C. Only when transmitting control commands to space stations or radio control craft

T1DO04:Under what conditions is an amateur station authorized to transmit music using a phone emisBHGR
A. When incidental to an authorized retransmission of manned spaceamafinunications

T1D05: When may amateur radio operators use their stations to notify other amateurs of the availability of equipment for
sale or tade? BACK
D. When selling amateur radio equipment and not on a regular basis

T1DO06: What, if any, are the restrictions concerning transmission of language that may be considered indecent or
obscene? BACK
B. Any such language is prohibited

T1DO07: What types of amateur stations can automatically retransmit the signals of other amateur staHéMd?
D. Repeater, auxiliary, or space stations

T1DO08: In which of the following circumstances may the control operator of an amateur station receive compensation for
operating that station? BACK
B. When the communication is incidental to classroom instruction at an educational institution

T1D09: When may amateur stations transmit information in support of broadcasting, prggoataction, or news
gathering, assuming no other means is availabB2CK
A. When such communications are directly related to the immediate safdiymofan life or protection of property
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T1D10: ldw does the FCC define broadcasting for the Amateur Radio Serié&X
D. Transmissions intended for reception by the general public

T1D11: When may an amateur station transmit without ideiifyon the air? BACK
D. When transmitting signals to control model craft

T1EO1:When may an amateur station transmit without a control operatoBACK
D. Never

T1EO02:Who may be the control operator of a station communicating through an amateur satallfpace BACK
station?
D. Any amateur allowed to transmit on the satellite uplink frequency

T1EO3: Who must designate the station control operat@2CK
A. The station licensee

T1EO04: What determines the transmitting frequency privileges of an amateur statihCK
D. The class of operator license held by ¢batrol operator

¢tmMOnpyY 2KEFEG Aa Iy FYIEBASKZNI adlF GA2yQa O2y iNRf LRAYUGK
C. The location at which the control operator function is performed

T1EO06: When, under normafrcumstances, may a Technician class licensee be the control operator of a station operating in
an Amateur Extra Class band segmemRACK
A. At no time

T1EOQO7: When the control operator is rthe station licensee, who is responsible for the proper operation of the
station? BACK
D. The control operator and the station licensee

T1E08: Which of the following is an example of automedintrol? BACK
A. Repeater operation

T1E09: Which of the following are required for remote control operatid@®CK
A. The control operator must be at the control point

B. Acontrol operator is required at all times

C. The control operator must indirectly manipulate the controls

D. All these choices are correct

T1E10: Which of the following is an example of remote control as defined in PaBATX
B. Operating the station over the internet

T1E11: Who does the FCC presume to be the control operator of an amateur station, unless documentation to the contrary is
in the stationrecords? BACK
D. The station licensee

T1F01: When must the station and its records be available for FCC inspe&iGR
B. At any tine upon request by an FCC representative

T1F02: How often must you identify withyour AC& a A 3y SR Ol tf aA 3y gKSy dzaAy3 Gl OGA(

I St RIj dzI BECENE ¢ K
C. At the end ofach communication and every ten minutes during a communication
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