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READ ME FIRST é You have received a fully -functional copy the Technician Exam 

Self-Paced Study Guide. The entire exam has 10 sub-elements or sections of questions. 

This version of the study guide contains all 10 sections, plus all ancillary materials 

(instructions, useful websites, test taking tips, etc.).  

 

This study guide is specifically designed to be used on a computer. If you choose to 

print it out, be aware that this version exceed 180 pages. And, itõs not very user-

friendly in print é youõve been warned! 

 

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

importantly) suggestions for improvement. Be sure to reference the version date located 

on the title page. 

 

Contact me at: K0ILP.NC@gmail.com   (the 0 is a zero) 

 

 

 

So, good luck! Scroll forward to the next page to begin! 

 

 

  

mailto:K0ILP.NC@gmail.com
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LINKS TO VARIOUS SECTIONS 

Click blue underlined font to navigate to that section 

Click LINKS to return to this page 

 
A. Overview & Instructions  (READ ME FIRST) 

 

B. Reading Materials (and links to questions)  (this is the link to begin studying)  

 

C. Useful Websites for Hams 

 

D. Test-Taking Tips 

 

E. Scroll Through Questions & Answers  (do this AFTER Section B; itõs a good idea to go through these 2-3 

times the week prior to the exam) 

 Show Only The Correct Answer  (my recommendation is to look ONLY at the correct answer) 

 Show All Answer Choices 

 

F. Where Do I Go From Here? 
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Technician Exam Self-Paced Study Guide 
                                                                         Overview & Instructions                                                       LINKS 
 

The purpose of this guide is to prepare test candidates for the Technician Class (Element 2) Amateur Radio 

Licensing Examination. Each question in the Technician Question Pool is explained within this guide. The 

Technician Exam consists of 35 questions, randomly selected from a pool of approximately 400 questions. A 

passing score is 74% (26 of 35 correct). When 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 Pools (see Useful Websites from the LINKS page). 
 

Iƻǿ ǘƻ ǳǎŜ ǘƘŜ ƎǳƛŘŜ Χ    NOTE: Blue underlined font indicates ƭƛƴƪǎ Χ ŎƭƛŎƪ ǘƘŜ ƭƛƴk to navigate to that point.  

1. Read through the material (start at the Table of Contents Χ TOC). As you read, you will see an exam question 

(maybe even two or three) at the beginning of each paragraph in italicized green font.  

2. The response is explained in that paragraph. Key information for the answer is underlined. You may also see 

ƛƴǘŜǊƴŜǘ ƭƛƴƪǎ ǘƻ ǊŜŦŜǊŜƴŎŜ ƳŀǘŜǊƛŀƭǎ ƛƴ ǘƘŜ ǇŀǊŀƎǊŀǇƘΦ LǘΩǎ ƴƻǘ ƴŜŎŜǎǎŀǊȅ ǘƻ ǊŜŀŘ ǘƘŜǎŜ ǊŜŦŜǊŜƴŎŜǎ ǘƻ Ǉŀǎǎ ǘƘŜ 

exam ς ǘƘŜȅΩǊŜ ǘƘŜǊŜ ŦƻǊ ŦǳǘǳǊŜ ǊŜŦŜǊŜƴŎŜΦ !ŦǘŜǊ ȅƻǳ Ǉŀǎǎ ǘƘŜ ŜȄŀƳΣ ȅƻǳ ǿƛƭƭ ǿŀƴǘ ǘƻ ŎƻƳŜ ōŀŎƪ ǘƻ ǘƘŜǎŜΦ 

3. At or near the end of the paragraph, ȅƻǳΩƭƭ ǎŜŜ ǉǳŜǎǘƛƻƴ ƴǳƳōŜǊs in brackets, followed by a 2-letter 

abbreviation. It will look like ǘƘƛǎ Χ [T1A01 ς CO] 

4. T1A01 is the question number. The letters (CO or AA) indicate how the question is presented: 

- CO means that you will only see the correct answer (short for Correct Only). If the correct answer is All the 

Above, then all responses will be listed, even on Correct Only formatted questions. 

- AA means that you will see All Answers. The correct answer is highlighted. 

5. Click your choice of question format (CO or AA) and the program will display the question. The selected 

question will appear at the TOP of the page. 

6. At the end of each question, you will see the word BACK. Click this and the program will return to the 

beginning of the paragraph containing the question you just came from. 

7. Click the TOC symbol to return to the first page of the Reading Materials and Links to Questions. 

8. Clink LINKS to return to the Links to Various Sections page (this is the main menu screen). 
 

¢ƘǊƻǳƎƘƻǳǘ ǘƘŜ ŘƻŎǳƳŜƴǘΣ ȅƻǳΩƭƭ ǎŜŜ ǊŜŦŜǊŜƴŎŜǎ ǘƻ 47 CFR Part 97 (Federal Communications Commission, Title 47, 

Amateur Radio Service). ̧ ƻǳ ǿƛƭƭ ǎǇŜŎƛŦƛŎŀƭƭȅ ǎŜŜ ǊŜŦŜǊŜƴŎŜǎ ƳŀǊƪŜŘ ŀǎ Χ §97.xxx. The internet link is: 

 https://www.ecfr.gov/current/title-47/chapter-I/subchapter-D/part-97 
 

hƴŎŜ ȅƻǳΩǊŜ ǘƘǊƻǳƎƘ ǘƘŜ ƳŀǘŜǊƛŀƭΣ ȅƻǳΩƭƭ ǿŀƴǘ ǘƻ ŦƛƴŘ an exam location. There are links to help you (Useful 

Websites). Alternatively, search the internet for a local amateur radio (ham radio) clubΣ ŀƴŘ ǘƘŜȅΩƭƭ Ǉƻƛƴǘ ȅƻǳ ƛƴ 

the right direction. If all else fails, send me an email. There will usually be a nominal fee for testing ($12 to $20 Χ 

some are free), and the FCC will charge you $35 for issuing a call sign (renewable every 10 years). 
 

hƴŜ Ŧƛƴŀƭ ƴƻǘŜ Χ ¸ƻǳΩǊŜ ǇǊƻōŀōƭȅ ŀǿŀǊŜ ǘƘŀǘ ȅƻǳ Ƴǳǎǘ ōŜ ŎƻƴƴŜŎǘŜŘ ǘƻ ǘƘŜ LƴǘŜǊƴŜǘ ŦƻǊ ŜȄǘŜǊƴŀƭ ƭƛƴƪǎ όǿŜōǎƛǘŜǎύ 

to work. However, all the internal links (between questions) will work without the Internet. 
 

If you have questions or comments, feel free to contact me at:  Jerry D. Kilpatrick, K0ILP.NC@gmail.com 

 

  

https://www.ecfr.gov/current/title-47/chapter-I/subchapter-D/part-97
mailto:K0ILP.NC@gmail.com?subject=Information%20about%20Amateur%20Radio
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TABLE OF CONTENTS 

                                                 TOC Section B: Reading Materials (and links to questions)                                   LINKS 

 (click blue underlined font below to navigate to that section Χ ŎƭƛŎƪ the TOC button to return here) 
 

SUBELEMENT T1 τ /haaL{{LhbΩ{ w¦[9{ (6 test questions from 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 

T1B Frequency allocations; Emission modes; Spectrum sharing; Transmissions near band edges;  

Contacting the International Space Station; Power output 

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, 

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 transmissions, one-way transmission 

T1E Control operator: eligibility, designating, privileges, duties, location, required; Control point; Control 

types: automatic, remote 

T1F Station identification; Repeaters; Third party communications; Club stations; FCC inspection 
 

SUBELEMENT T2 τ OPERATING PROCEDURES (3 test questions from this group) 

T2A Station operation: choosing an operating frequency, calling another station, test transmissions; Band 

plans: calling 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 
 

SUBELEMENT T3 τ RADIO WAVE PROPAGATION (3 test questions from this group) 

T3A Radio wave characteristics: how a radio signal travels, fading, multipath, polarization, wavelength  

vs. absorption; Antenna orientation 

T3B Electromagnetic wave properties: wavelength vs frequency, nature and velocity of electromagnetic 

waves, relationship of wavelength and frequency; Electromagnetic 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 T4 τ AMATEUR RADIO PRACTICES (2 test questions from this group) 

T4A Station setup: connecting a microphone, a power source, a computer, digital equipment, an SWR 

 meter; bonding; Mobile radio installation 

T4B Operating controls: frequency tuning, use of filters, squelch function, AGC, memory channels, noise 

 blanker, microphone gain, receiver incremental tuning (RIT), bandwidth selection, digital transceiver 

configuration 
 

SUBELEMENT T5 τ ELECTRICAL PRINCIPLES (4 test questions 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, decibels 

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

definition and units; Calculating power  

T5D hƘƳΩǎ [ŀǿΤ {ŜǊƛŜǎ ŀƴŘ ǇŀǊŀƭƭŜƭ ŎƛǊŎǳƛǘǎ 
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SUBELEMENT T6 τ ELECTRONIC AND ELECTRICAL COMPONENTS (4 test questions from this group) 

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

T6B Semiconductors: basic principles and applications of solid-state devices, diodes and transistors 

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

T6D Component functions: rectifiers, relays, voltage regulators, meters, indicators, integrated circuits, 

transformers; Resonant circuit; Shielding 
 

SUBELEMENT T7 τ PRACTICAL CIRCUITS (4 test questions from this group) 

T7A Station equipment: receivers, transceivers, transmitter amplifiers, receive amplifiers, transverters;  

Basic radio circuit concepts and terminology: sensitivity, selectivity, mixers, oscillators, 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 T8 τ SIGNALS AND EMISSIONS (4 test questions from this group) 

T8A Basic characteristics of FM and SSB; Bandwidth of various modulation modes: CW, SSB, FM, fast-scan  

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, operating protocols, modulation mode selection, 

transmitter power considerations, telemetry and telecommand, satellite tracking programs, beacons,  

ǳǇƭƛƴƪ ŀƴŘ Řƻǿƴƭƛƴƪ ƳƻŘŜ ŘŜŦƛƴƛǘƛƻƴǎΣ ǎǇƛƴ ŦŀŘƛƴƎΣ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ά[9hέΣ ǎŜǘǘƛƴƎ ǳǇƭƛƴƪ ǇƻǿŜǊ 

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

T8D Non-voice 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,  

Broadband-Hamnet 
 

SUBELEMENT T9 τ ANTENNAS AND FEED LINES (2 test questions from this group) 

T9A Antennas: vertical and horizontal polarization, concept of antenna gain, definition and types of beam 

antennas, antenna loading, common portable and mobile antennas, relationships between resonant 

length and frequency, dipole pattern 

T9B Feed lines: types, attenuation vs frequency, selecting; SWR concepts; Antenna tuners (couplers); RF 

Connectors: selecting, weather protection 
 

SUBELEMENT T0 τ SAFETY (3 test questions from this group) 

T0A Power circuits and hazards: hazardous voltages, fuses and circuit breakers, grounding, electrical code 

compliance; Lightning protection; Battery safety 

T0B Antenna safety: tower safety and grounding, installing antennas, antenna supports 

T0C RF hazards: radiation exposure, proximity to antennas, recognized safe power levels, radiation types, duty cycle 
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TOC Section C: Useful Websites for 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/chapter-I/subchapter-D/part-97 

Antennas 101  https://w4bfb.org/wordpress/wp-content/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%20Color.pdf 

Band Plan, Text  www.arrl.org/band-plan 

Call Sign Lookup https://wireless2.fcc.gov/UlsApp/UlsSearch/searchLicense.jsp 

DMR For Dummies www.dmrfordummies.com 

EchoLink www.echolink.org 

Exam Locations www.arrl.org/find-an-amateur-radio-license-exam-session 

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 Non-Techies https://hamradiofornontechies.com/ham-radio-tips/ 

Ham Radio Glossary (by KNØJI) https://noji.com/hamradio/glossary.php 
Ham Radio School www.hamradioschool.com 

HAMSTUDY www.hamstudy.org 

Learn Morse Code (CW)  https://lcwo.net 

Practice Exams https://hamradioprep.com/free-ham-radio-practice-tests 

Q Codes www.giangrandi.org/electronics/radio/qcode.shtml 

RACES www.usraces.org 

Radio Propagation www.electronics-notes.com/articles/antennas-propagation/propagation-overview/basics.php 

Radio Waves https://en.wikipedia.org/wiki/Radio_wave 

Repeater Book www.repeaterbook.com 

Tech Exam Question Pool www.ncvec.org/page.php?id=373 

W4VEC Testing  www.w4vec.org 

WCARS-Murphy Radio Club www.wcars-murphy.org 

What Is Ham Radio? https://radiofidelity.com/what-is-ham-radio-ham-radio-for-beginners/ 
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                                                                TOC Section D: Test-Taking Tips                                                         LINKS 
 

1. FirstΣ ȅƻǳΩƭƭ ƘŜŀǊ ŀƭƭ ǎƻǊǘǎ ƻŦ ǎǘǊŀǘŜƎƛŜǎ ŦƻǊ ǘŀƪƛƴƎ ƳǳƭǘƛǇƭŜ ŎƘƻƛŎŜ ǘŜǎǘǎΣ ǎǇŜŎƛŦƛŎŀƭƭȅΣ ǘƘŜ ŀƳŀǘŜǳǊ ǊŀŘƛƻ ŜȄŀƳǎΦ aȅ ŀŘǾƛŎŜ ƛǎ 

to ignore themΦ LΩƭƭ ǎƘŀǊŜ ŀ ŦŜǿ ǿƛǘƘ ȅƻǳ ŀƴŘ ŜȄǇƭŀƛƴ ǿƘȅ ǘƘŜȅΩǊŜ ŦƭŀǿŜŘΦ  

a. LŦ ȅƻǳΩǊŜ ƴƻǘ ǎǳǊŜ ƻŦ ǘƘŜ ǊƛƎƘǘ ŀƴǎǿŜǊΣ ŎƘƻƻǎŜ ǘƘŜ ƭƻƴƎŜǎǘ ǊŜǎǇƻƴǎŜ. I calculated statistics for this suggestion, after a 

long discussion with someone who sticks by it. There is NO BENEFIT to using this. 

b. LŦ ȅƻǳΩǊŜ ƴƻǘ ǎǳǊŜ ƻŦ ǘƘŜ ǊƛƎƘǘ ŀƴǎǿŜǊΣ ŀƭǿŀȅǎ D¦9{{ ǘƘŜ ǎŀƳŜ ƭŜǘǘŜǊ. I calculated stats on this, as well. The question 

pool has an equal number of A, B, C, and D responses, meaning there is no benefit, but no detriment to using this. 

c. LŦ ƻƴŜ ƻŦ ǘƘŜ ǊŜǎǇƻƴǎŜǎ ƛǎ ά!ƭƭ these choices are correctΣέ select it. Again, LΩǾŜ ŎŀƭŎǳƭŀǘŜŘ ǎǘŀǘǎΦ ¢Ƙis suggestion is a BIG 

ƳƛǎǘŀƪŜ Χ ƛǘ provides the wrong answer more than correct ones.  

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

ǉǳŜǎǘƛƻƴǎΣ ǎƻ ŘƻƴΩǘ ƻǾŜǊ-think it. 

3. The test is multiple choice. Determine the correct answer before reading the answer choicesΦ 5ƻƴΩǘ ŜǾŜƴ ƭƻƻƪ ŀǘ ǘƘŜ 

ŀƴǎǿŜǊ ŎƘƻƛŎŜǎ ǳƴǘƛƭ ŀŦǘŜǊ ȅƻǳΩǾŜ ǊŜŀŘ ǘƘŜ entire question. Then, read the answer choices carefully. Not all answers are a 

ǇŜǊŦŜŎǘ Ŧƛǘ Χ ǎƻƳŜǘƛƳŜǎ ȅƻǳΩƭƭ ƴŜŜŘ ǘƻ ǎŜǘǘƭŜ ŦƻǊ ǘƘŜ ōŜǎǘ ƻǇǘƛƻƴΦ 

4. Regarding Tips 2 and 3, you WILL run into a set of answer choices where there is no EXACT match with the correct 

answer. A good example is a math question. You might work out a math problem and come up with an answer of 3.1415. 

But, there is no answer matching this. However, there is an answer choice of 3, and nothing else is close to what you 

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

5. Dƻ ǘƘǊƻǳƎƘ ǘƘŜ ŜȄŀƳ ǘƘŜ ŦƛǊǎǘ ǘƛƳŜ ŀƴǎǿŜǊƛƴƎ hb[¸ ǘƘƻǎŜ ǉǳŜǎǘƛƻƴǎ ƻŦ ǿƘƛŎƘ ȅƻǳΩǊŜ ŀōǎƻƭǳǘŜƭȅ certain. Reason: Some 

ǉǳŜǎǘƛƻƴǎ ǿƛƭƭ ōŜ ƴŜŀǊ ŘǳǇƭƛŎŀǘŜǎΦ Lƴ ƻǘƘŜǊ ǿƻǊŘǎΣ ƛǘΩǎ ǇƻǎǎƛōƭŜ ǘƘŀǘ ƻƴŜ ǉǳŜǎǘƛƻƴ Ƴŀȅ ǇǊƻǾƛŘŜ ŀ ǘƛǇ όƻǊ ŜǾŜƴ a direct 

answer) for a previous question. If you guess early on, you may overlook this opportunity. Keep a list of those questions 

ȅƻǳ ǎƪƛǇǇŜŘ ƻƴ ȅƻǳǊ ǎŎǊŀǘŎƘ ǇŀǇŜǊ όȅƻǳ ŎŀƴΩǘ ǿǊƛǘŜ ƛƴ ǘƘŜ ǘŜǎǘ ōƻƻƪƭŜǘύ Χ ƳŀǊƪ ǘƘŜǎŜ ƻǳǘ ŀǎ ȅƻǳ ŀƴǎǿŜǊ ǘƘŜƳΦ 

6. The second time through the exam, only look at those questions you skipped. Try to eliminate as many incorrect choices 

as possible before making an educated guess. Do NOT leave questions unanswered. Some exams (like the Scholastic 

!ǇǘƛǘǳŘŜ ¢Ŝǎǘ Χ ŎƻƭƭŜƎŜ ǇǊŜǇ ŜȄŀƳύ ǇŜƴŀƭƛȊŜ ȅƻǳ ŦƻǊ ƎǳŜǎǎƛƴƎΦ ¢Ƙƛǎ ƛǎ ƴot the case on the Amateur Radio exam.  

7. Don't stay up all night studying the night before the exam. Get a reasonable amount of sleep. And, eat breakfast! 

8. ¸ƻǳΩǊŜ ƴƻǘ ŀƭƭƻǿŜŘ ǘƻ ōǊƛƴƎ ƴƻǘŜǎΣ ōƻƻƪǎΣ ŜǘŎΦ ǘƻ ǘƘŜ ŜȄŀƳΦ IƻǿŜǾŜǊΣ ȅƻǳ ²L[[ ōŜ ƎƛǾŜƴ ǎŎǊŀǘŎƘ ǇŀǇŜǊΦ Take advantage of 

this. Immediately prior to the exam (about an hour or two ahead of time) go over the following diagrams, charts, and 

tables and commit them to memory. As soon as you get your scratch paper, draw these diagrams on it and refer to them 

during the exam. You will likely see 5-6 questions from these diagrams on the exam. 

a. hƘƳΩǎ [ŀǿ ŘƛŀƎǊŀƳǎ όŦƻǊ ±ƻƭǘŀƎŜ ŀƴŘ tƻǿŜǊΣ ŀǘ ǘƘŜ ōŜƎƛƴƴƛƴƎ ƻŦ SUBELEMENT T5) 

b. Chart/tables at questions in section T1B 

c. Measurements table at T5B 

d. Measurements table at question T3B08 

e. Signal Bandwidths table at question T8A05 

f. Table of Satellite Definitions at T8B 

9. Take your ǘƛƳŜΗ ¸ƻǳ ǿƛƭƭ ƘŀǾŜ н ƘƻǳǊǎ Χ ƳƻǊŜ ǘƘŀƴ ŜƴƻǳƎƘΦ 

10. LŦ ȅƻǳ ŘƻƴΩǘ Ǉŀǎǎ ǘƘŜ ŦƛǊǎǘ ǘƛƳŜΣ ȅƻǳ ǿƛƭƭ ōŜ ŀƭƭƻǿŜŘ ǘƻ ǘǊȅ ŀƎŀƛƴΦ ²ƘƛƭŜ Ƴƻǎǘ ±9/ǎ ŎƘŀǊƎŜ ŦƻǊ ǘƘƛǎ 2nd attempt, a few may 

allow you to try again at no charge. If you only miss by 1-н ǉǳŜǎǘƛƻƴǎΣ ƛǘΩǎ ǿƻǊǘƘ ƛǘ ǘƻ ǘǊȅ ŀƎŀƛƴΣ ŜǾŜƴ ƛŦ ȅƻǳ must pay. 

When you do pass, you will be allowed to take the General Exam at the same time for free. In other words, once ȅƻǳΩǊŜ 

comfortable with the Technician material, it will benefit you to at least read through the General questions 1-2 times the 

week prior to ŜȄŀƳΦ ¢ƘŜǊŜΩǎ ŀ ƭƛƴƪ ǘƻ the General (and Extra) exam questions on the Useful Websites page. 

Approximately 25% of test candidates pass the Technician & General exams at the same time, and a few pass all three! 

¢Ǌǳǎǘ ƳŜ Χ ȅƻǳ ǿƛƭƭ ŜǾŜƴǘǳŀƭƭȅ ǿŀƴǘ ŀŎŎŜǎǎ ǘƻ ǘƘŜ ŦǊŜǉǳŜƴŎƛŜǎ ŀƭƭƻǿŜŘ ōȅ ŀ DŜƴŜǊŀƭ /ƭŀǎǎ ƭƛŎŜƴǎŜΗ But, even if you 

ƘŀǾŜƴΩǘ ǎǘǳŘƛŜŘ !¢ ![[ ŦƻǊ DŜƴŜǊŀƭΣ ȅƻǳ ƘŀǾe absolutely nothing to lose by taking a shot at it! 

11. Finally, email me at K0ILP.NC@gmail.com and let me know how you did!  

             LINKS 

mailto:K0ILP.NC@gmail.com
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TOC Section F: Where Do I Go From Here?                                                         LINKS 

 

Ok, now that youΩre licensed, what are you going to do next? 5ƻƴΩǘ Ƨǳǎǘ ōŜ ǎŀǘƛǎŦƛŜŘ ǿƛǘƘ ǳǇƎǊŀŘƛƴƎ ȅƻǳǊ ƭƛŎŜƴǎŜ 

or talking on the weekly net. Find your niche. There are literally hundreds of things to do with your new skill. And, 

ŘƻƴΩǘ Ƨǳǎǘ ƘŀǾŜ ŀ ǎƛƴƎƭŜ ŦƻŎǳǎΦ LŦ ȅƻǳ ƘŀǾŜƴΩǘ Řƻne so by now, here are some rather simple AND useful things to 

Řƻ ǘƘŀǘ ǿƻƴΩǘ ōǊŜŀƪ ȅƻǳǊ ōǳŘƎŜǘΦ 

 

¶ Build your own antenna, from scratch. A good 2m Yagi will come in handy to hit those repeaters just out 

of range. 

¶ Take a shot at digital communications. Most local clubs have experts willing to help. 

¶ Learn CW (Morse Code)Φ L ƪƴƻǿ ƛǘΩǎ ƴƻǘ ǊŜǉǳƛǊŜŘΣ ōǳǘ !ww[ ƎƛǾŜǎ ŎŜǊǘƛŦƛŎŀǘŜǎ ŦƻǊ ŘƛŦŦŜǊŜƴǘ ƭŜǾŜƭǎ ƻŦ 

achievement. 

¶ Try a moon bounce. 

¶ Earn a WAS or Century award. 

¶ Become a VE and actually participate in testing. 

¶ IŜƭǇ ǘŜŀŎƘ ŀ ǊŀŘƛƻ ŎƭŀǎǎΦ 5ƻƴΩǘ ǿŀƛǘ ǘƻ ōŜ ŀǎƪŜŘ Χ ǾƻƭǳƴǘŜŜǊΗ 

¶ 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. 

 

If youΩre interested in any of these and canΩt find resources to help, shoot me an email at K0ILP.NC@gmail.com. 

But, fair warning, I not going to do it for you! Time to get those hands dirty. RF burns arenΩt permanent! 

 

Thanks, Kevin (KD4UYR), for the inspiration for this page. 

Jerry / KØILP  

mailto:K0ILP.NC@gmail.com
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Technician Exam Self-Paced Study Guide 
 

SUBELEMENT T1 τ /haaL{{LhbΩ{ 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 CFR §97.1, the Basis and Purpose of Amateur Radio is: 

a. Recognition and enhancement of the value of the amateur service to the public as a voluntary noncommercial 

communication service, particularly with respect to providing emergency communications 

b. /ƻƴǘƛƴǳŀǘƛƻƴ ŀƴŘ ŜȄǘŜƴǎƛƻƴ ƻŦ ǘƘŜ ŀƳŀǘŜǳǊΩǎ ǇǊƻǾŜƴ ŀōƛƭƛǘȅ ǘƻ ŎƻƴǘǊƛōǳǘŜ ǘƻ ǘƘŜ ŀŘǾŀƴŎŜƳŜƴǘ ƻŦ ǘƘŜ ǊŀŘƛƻ ŀǊǘ 

c. Encouragement and improvement of the amateur service through rules which provide for advancing skills in both the 

communications and technical phases of the art  [T1A01 ς CO]  [T1A01 ς AA] 

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

experts 

e. Expansion of the existing 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 and ƻǇŜǊŀǘŜǎ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ǊǳƭŜǎ ƛƴ tŀǊǘ фт ƻŦ ǘƘŜ C//Ωǎ ǊǳƭŜǎ. FCC is the abbreviation for 

Federal Communications Commission. The FCC also grants amateur radio licenses. 

[T1A02 ς CO]  [T1A02 ς AA] 
 

T1A03:  What do the FCC rules state regarding the use of a phonetic alphabet for station identification in the Amateur 

Radio Service? 

The FCC requires 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 voice, the FCC recommends this be done phonetically (see 

table below) to avoid confusion by letters that sound alike.  [T1A03 ς CO]  [T1A03 ς 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 X-ray 

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   
 

¸ƻǳǊ ǇƘƻƴŜǘƛŎ Ŏŀƭƭ ǎƛƎƴ ǿƻǳƭŘ ǎƻǳƴŘ ƭƛƪŜ ǘƘƛǎΥ ώYqL[tϐ Χ Kilo ς Zero ς India ς Lima ς Papa  

9ǾŜƴ ƛŦ ȅƻǳΩǊŜ ŎƻƳƳǳƴƛŎŀǘƛƴƎ ƛƴ ǾƻƛŎŜΣ ȅƻǳ Ƴŀȅ ƎƛǾŜ ȅƻǳǊ Ŏŀƭƭ ǎƛƎƴ ƛƴ aƻǊǎŜ /ƻŘŜΥ  -.-  -----  ..  .-..  .--. 
 

T1A04:  How many operator/primary station license grants may be held by any one person? 

Per §97.5(b)(1) only one operator/primary station license grant may be held by any one person. The primary station license is 

granted together with the amateur operator license.  [T1A04 ς CO]  [T1A04 ς AA] 
 

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

Evidence that you have an amateur radio license is that your name appears in the FCC ULS consolidated license database. 

This is required before the station may transmit on any amateur service frequency defined in §97.5(a).  [T1A05 ς CO]  

[T1A05 ς AA]  You may look up your call sign at: https://wireless2.fcc.gov/UlsApp/UlsSearch/searchLicense.jsp 

  

https://wireless2.fcc.gov/UlsApp/UlsSearch/searchLicense.jsp
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T1A06:  What is the FCC Part 97 definition of a beacon? 

Amateur radio operators are restricted by FCC regulations to operate on specific frequencies or bands. There are additional 

restrictions by mode or emission type. And, there are other types of stations, each with their own restrictions. One example 

is a beacon station. Beacons are used for conducting various amateur radio transmission experiments for observing 

propagation (how radio waves travel from one point to another).  [T1A06 ς CO]  [T1A06 ς 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 operator license may be the control operator of a space 

ǎǘŀǘƛƻƴΦ ¢ƘŜ ƻŦŦƛŎƛŀƭ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ŀ ǎǇŀŎŜ ǎǘŀǘƛƻƴ ƛǎ Χ ά! ǎǘŀǘƛƻƴ ƭƻŎŀǘŜŘ ƻƴ ŀƴ ƻōƧŜŎǘ ǿƘƛŎƘ ƛǎ ōŜȅƻƴŘΣ ƛǎ ƛƴǘŜƴŘŜŘ ǘƻ Ǝƻ 

ōŜȅƻƴŘΣ ƻǊ Ƙŀǎ ōŜŜƴ ōŜȅƻƴŘΣ ǘƘŜ ƳŀƧƻǊ ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ 9ŀǊǘƘϥǎ ŀǘƳƻǎǇƘŜǊŜΦέ IƻǿŜǾŜǊΣ ŦƻǊ ǘŜǎting purposes, the definition is 

ǎƭƛƎƘǘƭȅ ŘƛŦŦŜǊŜƴǘ Χ ά!ƴ ŀƳŀǘŜǳǊ ǎǘŀǘƛƻƴ ƭƻŎŀǘŜŘ ƳƻǊŜ ǘƘŀƴ рл ƪƳ ŀōƻǾŜ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜΦέ  [T1A07 ς CO]  [T1A07 ς AA] 
 

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 transmissions on one frequency and retransmits it (usually at much 

higher power) on another frequency. This allows radio operators much greater range than they would have from just using 

their radio. As a result of this, the repeater ties up two frequencies. As you might imagine, this poses the potential for 

conflict/interference. Therefore, ham radio operators developed a system of cooperation/coordination by creating a 

committee of volunteers known as frequency coordinators who recommend transmit and receive frequencies. [T1A08 ς CO]  

[T1A08 ς AA]  These frequency coordinators are recognized and selected in a local or regional area by amateur operators 

whose stations are eligible to be auxiliary or repeater stations.  [T1A09 ς CO]  [T1A09 ς AA] 
 

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

Amateur radio provides an important public service. The federal government recognized this, and RACES was created as a 

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

emergency management agencies. RACES stands for Radio Amateur Civil Emergency Service. From www.usraces.org, RACES 

volunteer operators are: 

- Licensed Radio Amateurs 

- Certified by a civil defense agency 

- Able to communicate on Amateur Radio frequencies during drills, exercises, and emergencies 

- Activated by local, county and state jurisdictions and are the only Amateur Radio operators authorized to transmit during 

declared emergencies when the President of the United States specifically invokes the War Powers Act.  

[T1A10 ς CO]  [T1A10 ς AA] 
 

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

The FCC requires that each amateur station be operated following 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 licensee and 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. At all times and on all frequencies, each 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 interfere with or cause interference to any radio communication or 

signal.  [T1A11 ς CO]  [T1A11 ς AA]  

 

TOC 

NEXT SECTION  

http://www.usraces.org/
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T1B Frequency allocations; Emission modes; Spectrum sharing; Transmissions near band edges;         

Contacting the International Space Station; Power output TOC 
     

T1B01:  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 1934 combined federal regulation of telephone, telegraph, and radio communications, and created the Federal 

Communications Commission (FCC). ¢ƻ ǳƴŘŜǊǎǘŀƴŘ ŦǊŜǉǳŜƴŎƛŜǎΣ ƭŜǘΩǎ ǘŀƭƪ ŀōƻǳǘ ƳƻŘŜǎ ƻŦ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎΦ Morse code (or 

CW or Continuous Wave) is the original digital mode. Analog voice modes (which include SSB or single-side band, AM or 

amplitude modulation, FM or frequency modulation, PM or phase modulation) all came along after CW. Then came digital 

voice modes (D-Star, DMR, System Fusion, etc.). And, there are even more (RTTY, image modes, PSK, etc.). ²ŜΩƭƭ ŘƛǎŎǳǎǎ ǘƘŜǎŜ 

ƭŀǘŜǊΦ ²ƘŀǘΩǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ƪƴƻǿ ƛǎ ǘƘŀǘ ǘƘŜ ǾŀǊƛƻǳǎ ōŀƴŘǎ ŀƴŘ 

frequencies allocated to amateur operators also have mode 

restrictions. The Amateur Radio Band Plan 

(www.arrl.org/band-plan) tells you what frequencies may be 

used by which class of operator and what modes are available 

to you. The accompanying table shows what HF frequencies 

are available for Technician class operators. Remember that 

phone, voice, and SSB are equivalent terms, so look for SSB in the accompanying table. Keep in mind there are more 

¢ŜŎƘƴƛŎƛŀƴ ǇǊƛǾƛƭŜƎŜǎ ǘƘŀƴ Ƨǳǎǘ ǘƘƛǎ ǘŀōƭŜ Χ ǊŜŦŜǊ ǘƻ ǘƘŜ ŀŦƻǊŜƳŜƴǘƛƻƴŜŘ .ŀƴŘ tƭŀƴΦ   [T1B01 ς CO]  [T1B01 ς AA]  
 

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

Many US astronauts hold Amateur Radio licenses. And, a ham radio station is on board the International Space Station (ISS). 

Astronauts will periodically take breaks from their normal duties and use the station on the VHF 2-meter and 70-cm bands. 

Any amateur licensed for these bands (which includes Technician class operators) may make contact with the ISS. Their call 

sign is NA1SS. Set your radio to receive at 145.800 MHz and transmit at 145.990 MHz.  [T1B02 ς CO]  [T1B02 ς AA] 
 

 T1B03:  Which frequency is in the 6 meter amateur band? 

Authorized frequency bands for amateurs are detailed in §97.301. The most 

popular bands & frequencies used by US (ITU Region 2) Technician class 

operators are listed in the accompanying table (look for 6 meters).   

[T1B03 ς CO]  [T1B03 ς AA] 
 

T1B04:  Which amateur band includes 146.52 MHz? 

You can find a list of all amateur radio frequency allocations at: 

https://en.wikipedia.org/wiki/Amateur_radio_frequency_allocations 

A screenshot of the very-high frequency bands (above 30 MHz) is below. 

¸ƻǳΩƭl find 146.52 in the 2 meter band.   

 [T1B04 ς CO]  [T1B04 ς AA]    

  

 

 

  
    

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

²ŜΩǾŜ ŀƭǊŜŀŘȅ ƳŜƴǘƛƻƴed communications or emissions modes. If you refer to the band plan (www.arrl.org/band-plan), ȅƻǳΩƭƭ 

note that Technician privileges are somewhat limited. For clarityΣ ǿŜΩǊŜ ƎƻƛƴƎ ǘƻ ƛƴǘǊƻŘǳŎŜ ȅƻǳ ǘƻ ǘƘŜ ƎǊŀǇƘƛŎ ǾŜǊǎƛƻƴ ƻŦ ǘƘŜ 

band plan: www.arrl.org/files/file/Regulatory/Band%20Chart/Band%20Chart%208_5%20X%2011%20Color.pdf 

While you have this chart ƻǇŜƴΣ ȅƻǳ ǎƘƻǳƭŘ ǎŀǾŜ ƛǘ ǘƻ ȅƻǳǊ ŎƻƳǇǳǘŜǊ Χ ȅƻǳΩƭƭ ǊŜŦŜǊ ǘƻ ƛǘ ƻŦǘŜƴΦ Following are some partial 

screen shots of this graphic band plan. Below (next page) are instructions for interpreting it. 

Band 
(Wavelength) 

Frequency 
(MHz) 

Mode 

80 meters 3.525 ς 3.600 CW Only 

40 meters 7.025 ς 7.125 CW Only 

15 meters 21.025 ς 21.200 CW Only 

10 meters 28.000 ς 28.300 CW, RTTY, data 

10 meters 28.300 ς 28.500 CW, SSB 

Band 
(wavelength) 

Range Frequency 
Limits 

6 meters VHF 50 ς 54 MHz 

2 meters VHF 144 ς 148 MHz 

1.25 meters VHF 219 ς 220 MHz 

1.25 meters VHF 222 ς 225 MHz 

70 centimeters UHF 420 τ 450 MHz 

33 centimeters UHF 902 τ 928 MHz 

23 centimeters UHF 1240 ς 1300 MHz 

13 centimeters UHF 2300 ς 2310 MHz 

13 centimeters UHF 2390 ς 2450 MHz 

http://www.arrl.org/band-plan
https://en.wikipedia.org/wiki/Amateur_radio_frequency_allocations
http://www.arrl.org/band-plan
http://www.arrl.org/files/file/Regulatory/Band%20Chart/Band%20Chart%208_5%20X%2011%20Color.pdf


Page 13 of 181 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[ŜǘΩǎ ƭƻƻƪ ŀǘ ǘƘŜ н ƳŜǘŜǊ όмпп aIȊύ band in the above figure. The red bar from 144.1 to 148.0 means that you can transmit 

w¢¢¸ ŀƴŘ Řŀǘŀ ƛƴ ǘƘƛǎ ŦǊŜǉǳŜƴŎȅ ǊŀƴƎŜ όŦƛƴŘ ǘƘŜ ǊŜŘ ōƭƻŎƪ ƛƴ ǘƘŜ ōƭǳŜ ƭŜƎŜƴŘύΦ ¸ƻǳΩƭƭ ŀƭǎƻ ǎŜŜ ǘƘŜ ƭŜǘǘŜǊǎ 9Σ !Σ DΣ ŀƴŘ ¢ in the 2 

meter band, meaning this is available tƻ 9ȄǘǊŀΣ !ŘǾŀƴŎŜŘΣ DŜƴŜǊŀƭΣ ŀƴŘ ¢ŜŎƘƴƛŎƛŀƴ Ŏƭŀǎǎ ƻǇŜǊŀǘƻǊǎΦ bƻǿΣ ƭŜǘΩǎ ŀƴǎǿŜǊ 

question T1B05 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. And, we see the letters E, A, G, and T to the right of this, meaning these 

four classes of operators may use it. As a follow up (not a test question), how could a Novice use 1.25 meters? The answer is 

phone/image (green bar) from 222 to 225 MHz, limited to 25 watts (25 W in parentheses).  [T1B05 ς CO]  [T1B05 ς AA]  
 

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

¢ƻ ŀƴǎǿŜǊ ǘƘƛǎ ǉǳŜǎǘƛƻƴΣ ǿŜΩƭƭ refer to the graphic band plan. If you look at the screen shot from the previous question 

ό¢м.лрύΣ ȅƻǳΩƭƭ see a yellow block for Technician class operators from 28.3 to 28.5 MHz in the 10 meter band. The legend 

table tells you this is for SSB phone.  [T1B06 ς CO]  [T1B06 ς AA] 
 

T1B07:  Which of the following VHF/UHF band segments are limited to CW only? 

[ŜǘΩǎ ǊŜŦŜǊ ŀƎŀƛƴ ǘƻ ǘƘŜ ƎǊŀǇƘƛŎ ōŀƴŘ Ǉƭŀƴ screen shot ƛƴ ¢м.лр ŀōƻǾŜΦ [ƻƻƪ ŦƻǊ ǘƘŜ /² ǎȅƳōƻƭΦ ¸ƻǳΩƭƭ ŦƛƴŘ ƛǘ ƛƴ ǘƘŜ с ŀƴŘ н 

meter bands. The segments of the band are: 

 6 meters ς 50.0 to 50.1 MHz      /      2 meters ς 144.0 to 144.1 MHz         [T1B07 ς CO]  [T1B07 ς AA] 
 

T1B08:  How are US amateurs restricted in segments of bands where the Amateur Radio Service is secondary? 

Frequencies in the Amateur Radio Band Plan are allocated to amateur radio operators. Many of these are exclusively 

allocated, while some 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 given primary allocation and one is given secondary allocation. Primary 

allocations are protected from harmful interference by secondary service users. In other words, secondary service users must 

avoid interfering with primary service users in those band segments.  [T1B08 ς CO]  [T1B08 ς AA]  
 

 T1B09:  Why should you not set your transmit frequency to be exactly at the edge of an amateur band or sub-band? 

There are several reasons for this. As with all measuring equipment, we must contend with 

calibration and measurement error. Similarly, transmitter frequencies can drift. You might set 

your transmitter at one frequency, and over time it might drift a little. AM signals consist of three 

signals ǿƻǊƪƛƴƎ ƛƴ ŎƻƴŎŜǊǘ Χ ǘƘŜ ǳƴƳƻŘǳƭŀǘŜŘ ŎŀǊǊƛŜǊ ǎƛƎƴŀƭ ŀƴŘ ǘǿƻ ǎƛŘŜōŀƴŘǎ (see 

accompanying figure). The lower sideband is lower in frequency than the carrier, and the upper 

sideband is higher in frequency. In this example, if you set your transmit frequency at 800 kHz 

and you were transmitting on the lower sideband, you would actually be transmitting BELOW 
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800 kHz. If your frequency privilege limit was no less than 800 kHz, you would be operating outside your limit.  [T1B09 ς CO]  

[T1B09 ς AA]   
  

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

This is a 4-step question. First, find the band for 50 MHz. You can find this in the graphic band plan screen shot in question 

T1B05Φ ¢ƘŀǘΩǎ ǘƘŜ с ƳŜǘŜǊ ōŀƴŘΦ {ŜŎƻƴŘΣ ŦƛƴŘ ƛƴ ǘƘŜ ƭŜƎŜƴŘ ǘŀōƭŜ ƛƴ ¢м.л5 ǘƘŜ ŎƻƭƻǊ ŦƻǊ tIhb9 Χ ƛǘΩǎ the dark green AND the 

light blue (blue is ALL modes). Now, open the entire graphic band chart by cliŎƪƛƴƎ ǘƘŜ ƭƛƴƪ Χ 

www.arrl.org/files/file/Regulatory/Band%20Chart/Band%20Chart%208_5%20X%2011%20Color.pdf 

Look for the green and light blue bars ƛƴ ŜŀŎƘ ōŀƴŘ ŀōƻǾŜ с Ƴ όмлΣ мнΣ мрΣ мтΣ ŜǘŎΦύΦ LǘΩǎ in EVERY band! 

[T1B10 ς CO]  [T1B10 ς AA] 
 

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

The answer to this question is found on 

the band plan chart, but you need to 

look carefully. At the top-left corner of 

the chart is the document title.  

Underneath the title is a statement about power limits (No station may 

transmit with a transmitter power exceeding 1.5 kW PEP [or 1500 W peak 

envelope power]). Tƻ ŘŜǘŜǊƳƛƴŜ ǇƻǿŜǊ ƭƛƳƛǘǎ ŦƻǊ ¢ŜŎƘƴƛŎƛŀƴǎΣ ȅƻǳΩƭƭ ƴŜŜŘ 

to look at each band. At the bottom-ǊƛƎƘǘ ŎƻǊƴŜǊ ƻŦ ǘƘŜ ул Ƴ ōŀƴŘΣ ȅƻǳΩƭƭ 

see a small note (circled in red) regarding Technicians. There is a limit of 

200 W in 80 meters for Novice and Technician License Class holders. 

¸ƻǳΩƭƭ ŀƭǎƻ ŦƛƴŘ ǘƘƛǎ ƛƴ плΣ мрΣ ŀƴŘ мл ƳŜǘŜǊǎ ŦƻǊ bƻǾƛŎŜǎ ŀƴŘ ¢ŜŎƘƴƛŎƛŀƴǎΦ  

[T1B11 ς CO]  [T1B11 ς AA] 
 

T1B12:  Except for some specific restrictions, what is the maximum peak envelope power output for Technician class 

operators using frequencies above 30 MHz? 

This is an easy questionΣ ƻƴŎŜ ȅƻǳ ǳƴŘŜǊǎǘŀƴŘ ¢м.ммΦ ¢ƘŜ ƴƻǘŜ ǳƴŘŜǊƴŜŀǘƘ ǘƘŜ ǘƛǘƭŜ ƻƴ ǘƘŜ ōŀƴŘ Ǉƭŀƴ ŎƘŀǊǘ ƛǎ ǾŜǊȅ ŎƭŜŀǊ Χ No 

station may transmit with a transmitter power exceeding 1.5 kW PEP. Converting 1.5 kW to Watts is 1500. With a few specific 

restrictions amateurs are allowed the full legal limit of 1500 watts PEP output ŀōƻǾŜ ну aIȊ όмл ƳŜǘŜǊǎύ Χ ȅƻǳ Ŏŀƴ ǎŜŜ ǘƘƛǎ 

by reviewing the various bands.  [T1B12 ς CO]  [T1B12 ς AA] 
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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, maintaining mailing 

address; International communications         TOC 
 

T1C01:  For which license classes are new licenses currently available from the FCC? 

C// /Cw ϠфтΦфόŀύ ǎǇŜŎƛŦƛŜǎ ǘƘŜ ǾŀǊƛƻǳǎ ƭƛŎŜƴǎŜ ŎƭŀǎǎŜǎ Χ ά¢ƘŜ ŎƭŀǎǎŜǎ ƻŦ ŀƳŀǘŜǳǊ ƻǇŜǊŀǘƻǊ ƭƛŎŜƴǎŜ ƎǊŀƴǘǎ ŀǊŜΥ bƻǾƛŎŜΣ 

Technician, General, Advanced, and Amateur Extra. The person named in the operator license grant is authorized to be the 

control operator ƻŦ ŀƴ ŀƳŀǘŜǳǊ ǎǘŀǘƛƻƴ ǿƛǘƘ ǘƘŜ ǇǊƛǾƛƭŜƎŜǎ ŀǳǘƘƻǊƛȊŜŘ ǘƻ ǘƘŜ ƻǇŜǊŀǘƻǊ Ŏƭŀǎǎ ǎǇŜŎƛŦƛŜŘ ƻƴ ǘƘŜ ƭƛŎŜƴǎŜ ƎǊŀƴǘΦέ All 

five of these license classes on the Band Plan. However, NEW licenses are no longer granted for Novice and Advanced. New 

licenses are only granted for Technician, General, and Extra.  [T1C01 ς CO]  [T1C01 ς AA] 
 

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

tŜǊ ϠфтΦмфόŀύ Χ ά¢ƘŜ ǇŜǊǎƻƴ ƴŀƳŜŘ ƛƴ ŀƴ ƻǇŜǊŀǘƻǊκǇǊƛƳŀǊȅ ǎǘŀǘƛƻƴ ƭƛŎŜƴǎŜ ƎǊŀƴǘ ƻǊ ƛƴ ŀ Ŏƭǳō ǎǘŀǘƛƻƴ ƭƛŎŜƴǎŜ ƎǊŀƴǘ ƛǎ ŜƭƛƎƛōƭŜ to 

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

ǎƛƎƴ ǎȅǎǘŜƳΦέ Lƴ ƻǘƘŜǊ ǿƻǊŘǎΣ every license class operator may select their own vanity call sign. However, the FCC specifies 

limitations of call sign assignments by license class and region. These limitations can be found at: 

www.fcc.gov/wireless/bureau-divisions/mobility-division/amateur-radio-service/amateur-call-sign-systems 

One clarification (not on the exam) of this FCC rule regards the assignment of the number portion of the call sign. You will 

note that specific numbers are assigned to specific geographic areas. However, you may request (and obtain) a vanity call sign 

with a number outside of where you live. An ŜȄŀƳǇƭŜ ƛǎ YqL[t Χ L ƭƛǾŜ ƛƴ wŜƎƛƻƴ п (and was originally assigned KK4DEQ), but 

requested and received the Ø.  [T1CO2 ς CO]  [T1CO2 ς AA] 
 

T1C03:  What types of international communications are an FCC-licensed amateur radio station permitted to make? 

tŜǊ ϠфтΦммт Χ ά¢ǊŀƴǎƳƛǎǎƛƻƴǎ ǘƻ ŀ ŘƛŦŦŜǊŜƴǘ ŎƻǳƴǘǊȅΣ ǿƘŜǊŜ ǇŜǊƳƛǘǘŜŘΣ ǎƘŀƭƭ ōŜ ƭƛƳƛǘŜŘ ǘƻ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎ incidental to the 

purposes of the amateur service and to remarks of a personal characteǊΦέ There are a small number of countries that do not 

recognize Amateur Radio. Rules regarding international communications are administered by the International Amateur 

Radio Union (ITU).  [T1C03 ς CO]  [T1C03 ς 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-REG-RR-2020 
 

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

¢ƘŜ C// ǘŀƪŜǎ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎ ǎŜǊƛƻǳǎƭȅΦ tŜǊ ϠфтΦно Χ ά9ŀŎƘ ƭƛŎŜƴǎŜ ƎǊŀƴǘ Ƴǳǎǘ ǎƘƻǿ ǘƘŜ ƎǊŀƴǘŜŜϥǎ ŎƻǊǊŜŎǘ ƴŀƳŜΣ ƳŀƛƭƛƴƎ 

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 license may result when correspondence from the FCC is 

returned as undeliverable because the grantee failed to provide the correct email address.έ If you move or even change P.O. 

boxes, be sure to update your information using the FCC ULS online system.  [T1C04 ς CO]  [T1C04 ς AA] 
 

T1C05:  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/bureau-divisions/mobility-division/amateur-radio-service/amateur-call-sign-systems 

The first thing you need to know is ǘƘƛǎ ŜȄŎŜǊǇǘ ŦǊƻƳ ǘƘŜ ŀōƻǾŜ ǊŜŦŜǊŜƴŎŜΥ ά9ŀŎƘ Ŏŀƭƭ ǎƛƎƴ Ƙŀǎ ŀ ƻƴŜ ƭŜǘǘŜǊ ǇǊŜŦƛȄ όYΣ bΣ ²ύ ƻǊ ŀ 

two letter prefix (AA-AL, KA-KZ, NA-NZ, WA-WZ) and a one, two, or three letter suffix separated by a numeral (0-9) indicating 

the geographic region Χέ {ƛƴŎŜ wŜƎƛƻn 10 uses the numeral 0 (zero or Ø), the only numerals available to Technicians (or any 

other class operator in the states) are 0-9. The groups listed in this reference are A, 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 begin with a K, N, or W. We already know the 

numeral must be 0-9. And, Group C says it must have a 3-letter suffix. So, acceptable call sign formats for a technician might 

be KØILP (referred to as a 1X3 format), NC4ARX (2X3 format), or WR8URW (2X3 format). When you look at the responses, 

you can immediately rule out answers B (KA1X) and C (W1XX) because neither have a 3-letter suffix. This also rules out D (All 

these choices are correct). So, by elimination, A (KF1XXX) must be the correct response. 

[T1C05 ς CO]  [T1C05 ς AA] 
 

https://www.fcc.gov/wireless/bureau-divisions/mobility-division/amateur-radio-service/amateur-call-sign-systems
http://www.itu.int/pub/R-REG-RR-2020
http://www.fcc.gov/wireless/bureau-divisions/mobility-division/amateur-radio-service/amateur-call-sign-systems
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T1C06:  From which of the following locations may an FCC-licensed amateur station transmit? 

¢ƘŜ ŀƴǎǿŜǊ ǘƻ ǘƘƛǎ ǉǳŜǎǘƛƻƴ ƛǎ ŀ ƭƛǘǘƭŜ ŘƛŦŦƛŎǳƭǘ ǘƻ ŦƛƴŘ ƛƴ ǘƘŜ ŦŜŘŜǊŀƭ ǊŜƎǳƭŀǘƛƻƴǎΦ LǘΩǎ ŎƻǾŜǊŜŘ ƛƴ the section: §97.5 Station 

license required. ϠфтΦрόŀύόнύ ǎǘŀǘŜǎ Χ άThe station apparatus 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 §97.107 of this part, before the station may transmit on any amateur service frequency from any place that is: Within 

50 km of the Earth's surface and aboard any vessel or craft that is documented or registered in the United States.έ 

[T1C06 ς CO]  [T1C06 ς AA] 
 

T1C07:  Which of the following can result in revocation of the station license or suspension of the operator license? 

¢Ƙƛǎ ƛǎ ŜǎǎŜƴǘƛŀƭƭȅ ¢м/лп ǊŜǿƻǊŘŜŘ Χ ¢ƘŜ C// ǘŀƪŜǎ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎ ǎŜǊƛƻǳǎƭȅΦ tŜǊ ϠфтΦно Χ ά9ŀŎƘ ƭƛŎŜƴse grant must show 

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 license may result when 

correspondence from the FCC is returned as undeliverable ōŜŎŀǳǎŜ ǘƘŜ ƎǊŀƴǘŜŜ ŦŀƛƭŜŘ ǘƻ ǇǊƻǾƛŘŜ ǘƘŜ ŎƻǊǊŜŎǘ ŜƳŀƛƭ ŀŘŘǊŜǎǎΦέ 

If you move or even change P.O. boxes, be sure to update your information using the FCC ULS online system.  [T1C07 ς CO] 

[T1C07 ς AA] 
 

T1C08:  What is the normal term for an FCC-issued amateur radio license? 

¢Ƙƛǎ ƛǎ ŦƻǳƴŘ ƛƴ ϠфтΦнр Χ ά!ƴ ŀƳŀǘŜǳǊ ǎŜǊǾƛŎŜ ƭƛŎŜƴǎŜ ƛǎ ƴƻǊƳŀƭƭȅ ƎǊŀƴǘŜŘ ŦƻǊ ŀ 10-year term.έ  [T1C08 ς CO]  [T1C08 ς AA] 
 

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

¢Ƙƛǎ ƛǎ ŦƻǳƴŘ ƛƴ ϠфтΦнрόōύ Χ ά! ǇŜǊǎƻƴ ǿƘƻǎŜ ŀƳŀǘŜǳǊ ǎǘŀǘƛƻƴ ƭƛŎŜƴǎŜ ƎǊŀƴǘ Ƙŀǎ ŜȄǇƛǊŜŘ Ƴŀȅ ŀǇǇƭȅ ǘƻ ǘƘŜ C// ŦƻǊ ǊŜƴŜǿŀƭ ƻŦ 

the license grant for another term during a 2 year filing grace period. The application must be received at the address 

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

ŀǊŜ ŎƻƴŦŜǊǊŜŘΦέ You are supposed to stop transmitting during this grace period.  [T1C09 ς CO]  [T1C09 ς AA] 
 

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

radio bands? 

Each VEC (that is, amateur radio testing 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 candidate of any fees associated with call sign assignment. As soon as this fee is received by the FCC, the FCC will 

post your status in their ULS (Universal Licensing System) consolidated database Χ ǘƘŀǘΩǎ ǘƘŜ ǇǊƻƻŦ ȅƻǳΩǊŜ ŀǳǘƘƻǊƛȊŜŘ ǘƻ 

transmit. There is no specific time limiǘΦ ²ƛǘƘ ±9/Ωǎ ǘƘŀǘ ǎǳōƳƛǘ ŜǾŜǊȅǘƘƛƴƎ ŜƭŜŎǘǊƻƴƛŎŀƭƭȅΣ ǘƘƛǎ Ŏŀƴ ŀƭƭ ƘŀǇǇŜƴ ǿƛǘƘƛƴ нп-48 

ƘƻǳǊǎΦ ²ƛǘƘ ±9/Ωǎ ǘƘŀǘ ǎǘƛƭƭ ǳǎŜ ǘƘŜ Ǉƻǎǘŀƭ ǎȅǎǘŜƳΣ ƛǘ Ŏŀƴ ǘŀƪŜ ǳǇ ǘƻ ǘƘǊŜŜ ǿŜŜƪǎΦ  [T1C10 ς CO]  [T1C10 ς AA] 
 

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, from §97.25(b) Χ ά! ǇŜǊǎƻƴ ǿƘƻǎŜ ŀƳŀǘŜǳǊ ǎǘŀǘƛƻƴ ƭƛŎŜƴǎŜ ƎǊŀƴǘ Ƙŀǎ ŜȄǇƛǊŜŘ Ƴŀȅ ŀǇǇƭȅ ǘƻ 

the FCC for renewal of the license grant for another term during a 2 year filing grace period. The application must be received 

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

ǇǊƛǾƛƭŜƎŜǎ ƛƴ ǘƘƛǎ ǇŀǊǘ ŀǊŜ ŎƻƴŦŜǊǊŜŘΦέ You are supposed to stop transmitting during this grace period.  [T1C11 ς CO]  

[T1C11 ς AA] 
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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, unidentified transmissions, one-way transmission  TOC 
 

T1D01:  With which countries are FCC-licensed amateur radio stations prohibited from exchanging communications? 

According to §97.111όŀύόмύ Χ άTransmissions 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 communications. The FCC will 

issue public notices of current arrangements for international communications.έ  [T1D01 ς CO]  [T1D01 ς AA] 
 

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

To really answer this question, you should read all of §97.111 and §97.113. However, §97.113 states: 

άAn amateur station 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 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 amateur stations to broadcasters for 

dissemination to the public where no other means of communication is reasonably available before or at the time of the 

event.έ  [T1D02 ς CO]  [T1D02 ς AA] 
 

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

§97.211όōύ ǎǘŀǘŜǎΣ άA telecommand station may transmit special codes intended to obscure the meaning of telecommand 

messages to the station in space operation.έ §97.215όŀύ ǎǘŀǘŜǎΣ άThe station identification procedure is not required for 

transmissions directed only to the model craft, provided that a label indicating the station call sign and the station licensee's 

name and address is affixed to the station transmitter.έ  [T1D03 ς CO]  [T1D03 ς AA] 
 

T1D04:  Under what conditions is an amateur station authorized to transmit music using a phone emission?  

§97.113όŀύόпύ ǎǘŀǘŜǎΣ άNo amateur staǘƛƻƴ ǎƘŀƭƭ ǘǊŀƴǎƳƛǘ Χ aǳǎƛŎ ǳǎƛƴƎ ŀ ǇƘƻƴŜ ŜƳƛǎǎƛƻƴ except as specifically provided 

elsewhere in this section; communications intended to facilitate a criminal act; messages encoded for the purpose of 

obscuring their meaning, except as otherwise provided herein; obscene or indecent words or language; or false or deceptive 

messages, signals or identification.έ  [T1D04 ς CO]  [T1D04 ς AA] 
 

T1D05:  When may amateur radio operators use their stations to notify other amateurs of the availability of equipment for 

sale or trade? 

§97.113όŀύόоύόƛƛύ ǎǘŀǘŜǎΣ άNo amateur station shall transmit Χ Communications in which the station licensee or control 

operator has a pecuniary interest, including communications on behalf of an employer, with the following exceptions Χ An 

amateur operator may notify other amateur operators of the availability for sale or trade of apparatus normally used in an 

amateur station, provided that such activity is not conducted on a regular basis.έ  [T1D05 ς CO]  [T1D05 ς AA] 
 

T1D06:  What, if any, are the restrictions concerning transmission of language that may be considered indecent or 

obscene? 

§97.113όŀύόпύ ǎǘŀǘŜǎΣ άNo amateur station shall transmit Χ Music using a phone emission except as specifically provided 

elsewhere in this section; communications intended to facilitate a criminal act; messages encoded for the purpose of 

obscuring their meaning, except as otherwise provided herein; obscene or indecent words or language; or false or deceptive 

messages, signals or identification.έ  [T1D06 ς CC]  [T1D06 ς AA] 
 

T1D07:  What types of amateur stations can automatically retransmit the signals of other amateur stations? 

§97.113όŘύ ǎǘŀǘŜǎΣ άNo amateur station, except an auxiliary, repeater, or space station, may automatically retransmit the 

radio signals of other amateur station.έ  [T1D07 ς CO]  [T1D07 ς AA] 
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T1D08:  In which of the following circumstances may the control operator of an amateur station receive compensation for 

operating that station? 

§97.113όŀύόоύόƛƛƛύ ǎǘŀǘŜǎΣ άNo amateur station shall transmit Χ Communications in which the station licensee or control 

operator has a pecuniary interest, including communications on behalf of an employer, with the following exceptions: A 

control operator may accept compensation as an incident of a teaching position during periods of time when an amateur 

station is used by that teacher as a part of classroom instruction at an educational institution.έ  [T1D08 ς CO]  [T1D08 ς AA] 
 

T1D09:  When may amateur stations transmit information in support of broadcasting, program production, or news 

gathering, assuming no other means is available? 

§97.113όōύ ǎǘŀǘŜǎΣ άAn amateur station 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 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 amateur stations to broadcasters for 

dissemination to the public where no other means of communication is reasonably available before or at the time of the 

event.έ  [T1D09 ς CO]  [T1D09 ςAA] 
 

T1D10:  How does the FCC define broadcasting for the Amateur Radio Service? 

§97.3όŀύόмлύ ǎǘŀǘŜǎΣ άThe definitions of terms used in part 97 are Χ Broadcasting. Transmissions intended for reception by the 

general public, either direct or relayed.έ  [T1D10 ς CO]  [T1D10 ς AA] 
 

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

§фтΦммфόŀύ ǎǘŀǘŜǎΣ άEach amateur station, 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 communication, 

for the purpose of clearly making the source of the transmissions from the station known to those receiving the 

transmissions. No station may transmit unidentified communications or signals, or transmit as the station call sign, any call 

sign not authorized to the stationΦέ IƻǿŜǾŜǊ, §97.215όŀύ ǎǘŀǘŜǎΣ άThe station identification procedure is not required for 

transmissions directed only to the model craft, provided that a label indicating the station call sign and the station licensee's 

name and address is affixed to the station transmitter.  [T1D11 ς CO]  [T1D11 ς AA] 
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T1E Control operator: eligibility, designating, privileges, duties, location, required; Control point; Control 

types: automatic, remote          TOC 
 

T1E01:  When may an amateur station transmit without a control operator? 

§97.7 ǎǘŀǘŜǎΣ άControl operator required. When transmitting, each amateur station must have a control operator. The control 

operator must be a person: (a) For whom an amateur operator/primary station license grant appears on the ULS consolidated 

licensee database, or (b) Who is authorized for alien reciprocal operation by § 97.107 of this part.έ   

[T1E01 ς CO]  [T1E01 ς AA]  
 

T1E02:  Who may be the control operator of a station communicating through an amateur satellite or space station? 

Amateur satellites and space stations 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 transmit. As long as your license privileges give you permission to use those uplink frequencies, you may be the 

control operator of an amateur satellite or space station.  [T1E02 ς CO]  [T1E02 ς AA] 
 

T1E03:  Who must designate the station control operator? 

§97.103 (Station licensee responsibilitiesύ ƛǘŜƳ όōύ ǎǘŀǘŜǎΣ άThe station licensee must designate the station control operator. 

The FCC will presume that the station licensee is also the control operator, unless documentation to the contrary is in the 

station records.έ  [T1E03 ς CO]  [T1E03 ς AA] 
 

T1E04:  What determines the transmitting frequency privileges of an amateur station? 

The control operator may operate the station per their license privileges, regardless of the license of the station owner. The 

station owner DESIGNATES who the control operator iǎΦ [ŜǘΩǎ ǊŜǾƛŜǿ an example. If the station owner holds a Technician class 

license, and the station owner is also the control operator, the 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 privileges.  [T1E04 ς CO]  [T1E04 ς AA] 
 

T1E05:  ²Ƙŀǘ ƛǎ ŀƴ ŀƳŀǘŜǳǊ ǎǘŀǘƛƻƴΩǎ ŎƻƴǘǊƻƭ ǇƻƛƴǘΚ 

§97.3όŀύόмпύ ǎǘŀǘŜǎΣ άControl point. The location at which the control operator function is performed.έ  [T1E05 ς CO]  

[T1E05 ς AA] 
 

T1E06:  When, under normal circumstances, may a Technician class licensee be the control operator of a station operating 

in an Amateur Extra Class band segment? 

§97.301 details the authorized amateur radio frequency bands by license class. Operators may not transmit outside of their 

license classΦ LǘΩǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ŎƭŀǊƛŦȅ ǘƘŀǘ 9ȄǘǊŀ Ŏƭŀǎǎ ƭƛŎŜƴǎŜ ƘƻƭŘŜǊǎ Ƴŀȅ ǘǊŀƴǎƳƛǘ ƛƴ ![[ ŦǊŜǉǳŜƴŎƛŜǎ ŀǾŀƛƭŀōƭŜ ǘƻ ŀƳŀǘŜǳǊ 

radio operators.  [T1E06 ς CO]  [T1E06 ς AA] 
 

T1E07:  When the control operator is not the station licensee, who is responsible for the proper operation of the station? 

§97.103 (Station licensee responsibilities) item (a) ǎǘŀǘŜǎΣ άThe station licensee is responsible for the proper operation of the 

station in accordance with the FCC Rules. When the control operator is a different amateur operator than the station 

licensee, both persons are equally responsible for proper operation of the station.έ  [T1E07 ς CO]  [T1E07 ς AA] 
 

T1E08:  Which of the following is an example of automatic control? 

§97.205όŘύ ǎǘŀǘŜǎΣ άA repeater may be automatically controlled.έ §97Φоόŀύόсύ ǎǘŀǘŜǎΣ άAutomatic control. The use of devices 

and procedures for control of a station when it is transmitting so that compliance with the FCC Rules is achieved without the 

control operator being present at a control point.έ  [T1E08 ς CO]  [T1E08 ς AA] 
 

T1E09:  Which of the following are required for remote control operation? 

§97.109 (Station controlύ ǎǘŀǘŜǎ Χ ά(a) Each amateur station must have at least one control point. (b) When a station is being 

locally controlled, the control operator must be at the control point. Any station may be locally controlled. (c) When a station 

is being remotely controlled, the control operator must be at the control point. Any station may be remotely controlled. 
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(d) When a station is being automatically controlled, the control operator need not be at the control point. Only stations 

specifically designated elsewhere in this part may be automatically controlled. Automatic control must cease upon 

notification by a Regional Director that the station is transmitting improperly or causing harmful interference to other 

stations. Automatic control must not be resumed without prior approval of the Regional Director.έ  

[T1E09 ς CO]  [T1E09 ς AA] 
 

T1E10:  Which of the following is an example of remote control as defined in Part 97? 

§97.3(a)(39) ǎǘŀǘŜǎΣ άRemote control. 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 Rules.έ CƻǊ Ƴany stations the control link may 

operate under remote control over an internet link.  [T1E10 ς CO]  [T1E10 ς AA] 
 

T1E11:  Who does the FCC presume to be the control operator of an amateur station, unless documentation to the contrary 

is in the station records? 

§97.103 (Station licensee responsibilities) item (b) ǎǘŀǘŜǎΣ άThe station licensee must designate the station control operator. 

The FCC will presume that the station licensee is also the control operator, unless documentation to the contrary is in the 

station records.έ  [T1E11 ς CO]  [T1E11 ς AA] 
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T1F Station identification; Repeaters; Third party communications; Club stations; FCC inspection  TOC 
 

T1F01:  When must the station and its records be available for FCC inspection? 

§97.103 (Station licensee responsibilitiesύ ƛǘŜƳ όŎύ ǎǘŀǘŜǎΣ άThe station licensee must make the station and the station records 

available for inspection upon request by an FCC representative.έ  [T1F01 ς CO]  [T1F01 ς AA] 
 

T1F02:  How often must you identify with your FCC-assigned call sign when using tactical call signs such as άwŀŎŜ 

IŜŀŘǉǳŀǊǘŜǊǎέΚ 

§97.119 (Station identificationύ ƛǘŜƳ όŀύ ǎǘŀǘŜǎΣ άEach amateur station, 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 communication, for the purpose of clearly making the source of the transmissions from the station known to those 

receiving the transmissions. No station may transmit unidentified communications or signals, or transmit as the station call 

sign, any call sign not authorized to the station.έ  [T1F02 ς CO]  [T1F02 ς AA] 
 

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

This is essentially a repeat of T1F02. §97.119 (Station identification) item όŀύ ǎǘŀǘŜǎΣ άEach amateur station, 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 communication, for the purpose of clearly making the source of the 

transmissions from the station known to those receiving the transmissions. No station may transmit unidentified 

communications or signals, or transmit as the station call sign, any call sign not authorized to the station.έ   

[T1F03 ς CO]  [T1F03 ς AA] 
 

T1F04:  What language may you use for identification when operating in a phone sub-band? 

§97.119 (Station identificationύ ƛǘŜƳ όōύ ǎǘŀǘŜǎΣ άThe call sign must be transmitted with an emission authorized for the 

transmitting channel in one of the following ways: (2) By a phone emission in the English language. Use of a phonetic 

alphabet as an aid for correct station identification is encouragedέ  [T1F04 ς CO]  [T1F04 ς AA] 
 

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

This question is almost identical to T1F04. §97.119 (Station identification) itŜƳ όōύόнύ ǎǘŀǘŜǎΣ άόōύ The call sign must be 

transmitted with an emission authorized for the transmitting channel in one of the following ways:έ άόнύ By a phone emission 

in the English language. Use of a phonetic alphabet as an aid for correct station identification is encouragedΦέ  

[T1F05 ς CO]  [T1F05 ς AA]  
 

T1F06:  Which of the following self-assigned indicators are acceptable when using a phone transmission? 

§97.119 (Station identificationύ ƛǘŜƳ όŎύ ǎǘŀǘŜǎΣ άOne or more indicators may be included with the call sign. Each indicator 

must be separated from the call sign by the slant mark (/) or by any suitable word that denotes the slant mark. If an indicator 

is self-assigned, it must be included before, after, or both before and after, the call sign. No self-assigned indicator may 

conflict with any other indicator specified by the FCC Rules or with any prefix assigned to another country.έ  

[T1F06 ς CO]  [T1F06 ς AA]  
 

T1F07:  Which of the following restrictions apply when a non-licensed person is allowed to speak to a foreign station using 

a station under the control of a licensed amateur operator? 

§97.115 (Third party communicationsύ ƛǘŜƳ όŀύόнύ ǎǘŀǘŜǎΣ άόŀύ An amateur station may transmit messages for a third party to: 

(2) Any station within the jurisdiction of any foreign government when transmitting emergency or disaster relief 

communications and any station within the jurisdiction of 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 parties. No station shall transmit messages for a third party to any station within the jurisdiction of any foreign 

government whose administration has not made such an arrangement. This prohibition does not apply to a message for any 

third party who is eligible to be a control operator of the station.έ  [T1F07 ς CO]  [T1F07 ς AA] 
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T1F08:  What is the definition of third party communications? 

§97.3 (DefinitionsύΣ ƛǘŜƳ όŀύόптύ ǎǘŀǘŜǎΣ άThird party communications. A message from the control operator (first party) of an 

amateur station to another amateur station control operator (second party) on behalf of another person (third party).έ 

[T1F08 ς CO]  [T1F08 ς AA]  
 

T1F09:  What type of amateur station simultaneously retransmits the signal of another amateur station on a different 

channel or channels? 

§97.3 (DefinitionsύΣ ƛǘŜƳ όŀύόплύ ǎǘŀǘŜǎΣ άRepeater. An amateur station that simultaneously retransmits the transmission of 

another amateur station on a different channel or channels.έ  [T1F09 ς CO]  [T1F09 ς CO] 
 

T1F10:  Who is accountable if a repeater inadvertently retransmits communications that violate the FCC rules? 

§97.205 (Repeater stationύ ƛǘŜƳ όƎύ ǎǘŀǘŜǎΣ άThe control operator of a repeater that retransmits inadvertently 

communications that violate the rules in this part is not accountable for the violative communications.έ However, a control 

operator must be present when the repeater is operating.  [T1F10 ς CO]  [T1F10 ς AA] 
 

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

§97.5 (Station license requiredύΣ ƛǘŜƳ όōύόнύ ǎǘŀǘŜǎΣ άόōύ The types of station license grants are:έ άόнύ A club station license 

grant. A club station license grant may be held only by the person who is the license trustee designated by an officer of the 

club. The trustee must be a person who holds an operator/primary station license grant. The club must be composed of at 

least four persons and must have a name, a document of organization, management, and a primary purpose devoted to 

amateur service activities consistent with this part.έ  [T1F11 ς CO]  [T1F11 ς AA] 
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SUBELEMENT T2 τ OPERATING 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?    

¢ƻ ŀƴǎǿŜǊ ǘƘƛǎ ǉǳŜǎǘƛƻƴΣ ȅƻǳ ŦƛǊǎǘ ƴŜŜŘ ǘƻ ƪƴƻǿ ŀ ƭƛǘǘƭŜ ŀōƻǳǘ ǊŜǇŜŀǘŜǊǎΦ CǊƻƳ ²ƛƪƛǇŜŘƛŀΣ άAn amateur radio repeater is an 

electronic device that receives a weak or low-level 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 located on hilltops or on tall buildings 

as the higher location increases their coverage area, sometimes referred to as the radio horizon, or footprint. Amateur radio 

repeaters are similar in concept to those used by public safety entities (police, fire department, etc.), businesses, 

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 

receivers, transmitters, controllers, power supplies, antennas, and other components, from various sources.έ ¢ƘŜ 

retransmission in the aforementioned reference is done at a different frequency from the received signal. The difference 

between these two frequencies is the repeater frequency offset. This offset is generally common within a frequency band, but 

ƛǘΩǎ ƴƻǘ ŀ specific requirement. You can find a list of repeaters in Repeater Book (www.repeaterbook.com). A screenshot of 2 

meter repeaters in North Carolina from this reference is below: 

 
The most common offset for 2 meters is -0.6 MHz (or -600 kHz). If you keep scrolling down the list, ȅƻǳΩƭƭ ŀƭǎƻ ǎŜŜ Ƴŀƴȅ 

repeaters with offsets of +0.6MHz. 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 column ς this 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 want to listen to 

repeater traffic, just use the listed frequency. Your radio manual will have a section on programming repeaters. 

[T2A01 ς CO]  [T2A01 ς 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 bands) as 

sort of a universal home ŦǊŜǉǳŜƴŎȅΦ CƻǊ ŜȄŀƳǇƭŜΣ ǿƘŜƴ ǘǊŀǾŜƭƛƴƎ ōȅ ŎŀǊΣ ƛǘΩǎ ŎƻƳƳƻƴ ǘƻ 

set your radio to these frequencies, and 146.52 MHz (in the 2 meter band) is one of 

those. A list of the more common ones is found below in the accompanying table.  

[T2A02 ς CO]  [T2A02 ς AA] 
  

Frequency 
(MHz) 

Band 

446.000 70 cm 

222.1 1.25 m (SSB & CW) 

146.52 2 m 

50.125 6 m (SSB) 

28.400 10 m (unofficial) 

14.286 20 m 

7.290 40 m 

3.885 80 m 

http://www.repeaterbook.com/
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T2A03:  What is a common repeater frequency offset in the 70 cm band? 

See question T2A01 above 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: 

 
The most common offset for 70 cm is +5 MHz (or +5000 kHz). If you keep scrolling down the list, ȅƻǳΩƭƭ ŀƭǎƻ ǎŜŜ Ƴŀƴȅ 

repeaters with offsets of -5 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 column ς this 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 want to listen to 

repeater traffic, just use the listed frequency. Your radio manual will have a section on programming repeaters.  

[T2A03 ς CO]  [T2A03 ς AA]  
 

T2A04:  What is an appropriate way to call another station on a repeŀǘŜǊ ƛŦ ȅƻǳ ƪƴƻǿ ǘƘŜ ƻǘƘŜǊ ǎǘŀǘƛƻƴΩǎ Ŏŀƭƭ ǎƛƎƴΚ 

²ƘŜǘƘŜǊ ȅƻǳΩǊŜ ǊŜǎǇƻƴŘƛƴƎ ǘƻ ŀ Ŏŀƭƭ ƻǊ ƛƴƛǘƛŀǘƛƴƎ ŀ ŎŀƭƭΣ ǳǎŜ ǘƘŜ ǎŀƳŜ ǇǊƻǘƻŎƻƭΦ DƛǾŜ ǘƘŜ ƻǘƘŜǊ Ŏŀƭƭ ǎƛƎƴ ŦƛǊǎǘ ŦƻƭƭƻǿŜŘ ōȅ CROM 

or THIS IS and give your call sign once. Or, you can give their call sign and then yoursΦ CƻǊ ŜȄŀƳǇƭŜΣ ƛŦ ȅƻǳΩǊŜ ŎŀƭƭƛƴƎ Y·пL¦Σ ǘƘŜ 

Ŏŀƭƭ ǿƻǳƭŘ Ǝƻ ƭƛƪŜ ǘƘƛǎ Χ 

       KX4IU this is KØILP     or     KX4IU from KØILP     or simply     KX4IU KØILP        [T2A04 ς CO]  [T2A04 ς AA] 
 

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 yoursΦ ²ƘŜƴ ǳǎƛƴƎ ǇƘƻƴŜκǾƻƛŎŜΣ ƛǘΩǎ ŀƭǎƻ ƘŜƭǇŦǳƭ όōǳǘ ƴƻǘ ǊŜǉǳƛǊŜŘύ ǘƻ ƎƛǾŜ ȅƻǳǊ Ŏŀƭƭ ǇƘƻƴŜǘƛŎŀƭƭȅΦ 

¸ƻǳ ŘƻƴΩǘ ƴŜŜŘ ǘƻ ƎƛǾŜ ǘƘŜƛǊǎ ǇƘƻƴŜǘƛŎŀƭƭȅ ōŜŎŀǳǎŜ ǘƘŜȅ ƻōǾƛƻǳǎƭȅ ŀƭǊŜŀŘȅ ƪƴƻǿ ƛǘ Χ ǘƘŜ ǇǊƛƳŀǊȅ ǊŜŀǎƻƴ ŦƻǊ ǳǎƛƴƎ ǇƘƻƴŜǘƛŎǎ ƛǎ 

clarity. CƻǊ ŜȄŀƳǇƭŜΣ ƛŦ ȅƻǳΩǊŜ ǊŜǎǇƻƴŘƛƴƎ ǘƻ ŀ /v ŦǊƻƳ Y·пL¦Σ ǘƘŜ Ŏŀƭƭ ǿƻǳƭŘ Ǝƻ ƭƛƪŜ ǘƘƛǎ Χ 

       KX4IU this is kilo-zero-india-lima-papa     or simply     KX4IU kilo-zero-india-lima-papa     [T2A05 ς CO]  [T2A05 ς AA] 
 

T2A06:  Which of the following is required when making on-the-air test transmissions? 

Remember when testing, as with all other transmissions, you must follow the ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ǊǳƭŜǎ Χ ƎƛǾŜ ȅƻǳǊ Ŏŀƭƭ ǎƛƎƴ ŜǾŜǊȅ 

ǘŜƴ όмлύ ƳƛƴǳǘŜǎΦ ¢ƘŀǘΩǎ ǊŜŀƭƭȅ ǘƘŜ ƻƴƭȅ ǊŜǉǳƛǊŜƳŜƴǘ Χ identify the transmitting station. Keep the test short, for example, a 

ǘŜǎǘ ƳƛƎƘǘ ǎƻǳƴŘ ƭƛƪŜ ǘƘƛǎ Χ 

      KØILP testing      or in Morse Code (CW)      KØILP VVV  (-.- ----- .. .-.. .--. / ...- ...- ...-)      [T2A06 ς CO]  [T2A06 ς AA] 
 

T2A07:  What is ƳŜŀƴǘ ōȅ άǊŜǇŜŀǘŜǊ ƻŦŦǎŜǘέΚ 

This is similar to questions T2A01 and T2A03. Repeaters receive signals on one frequency and retransmit the signal on 

another frequency. The difference between these two frequencies (transmit and receive) is the repeater offset.  

[T2A07 ς CO]  [T2A07 ς AA]  

 

¢н!луΥ  ²Ƙŀǘ ƛǎ ǘƘŜ ƳŜŀƴƛƴƎ ƻŦ ǘƘŜ ǇǊƻŎŜŘǳǊŀƭ ǎƛƎƴŀƭ ά/vέΚ 

The code CQ originated in Europe (the UK). At the time, French was used as the international postal ǎŜǊǾƛŎŜΩǎ official 

language. The French word sécurité όƳŜŀƴƛƴƎ άǇŀȅ ŀǘǘŜƴǘƛƻƴέύ ǎƻǳƴŘǎ ƭƛƪŜ ǘƘŜ ƭŜǘǘŜǊǎ / - Q when pronounced in French. In 

http://www.repeaterbook.com/
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amateur radio lingo it means Calling Any StationΦ LǘΩǎ ŀƭǎƻ ŎƻƳƳƻƴƭȅ ǳǎŜŘ ƛƴ aƻǊǎŜ /ƻŘŜ ƻǊ CW transmissions (-.-. --.-). The 

station trying to contact another station should send CQ two or three times followed by their call sign, as follows:    

 CQ CQ CQ, this is KØILP kilo-zero-india-lima-papa calling CQ and monitoring 

In Morse Code or digital modes, it would be:   CQ CQ CQ DE KØILP KØILP KØILP K         [T2A08 ς CO]  [T2A08 ς AA]  
 

T2A09:  Which of the following indicates that a station is listening on a repeater and looking for a contact? 

hƴŜ ŀŘǾŀƴǘŀƎŜ ƻŦ ŎƻƳƳǳƴƛŎŀǘƛƴƎ ǘƘǊƻǳƎƘ ǊŜǇŜŀǘŜǊǎ ƛǎ ǘƘŜƛǊ ǎǘǊƻƴƎ ǎƛƎƴŀƭ ƻƴ ŀ ǾŜǊȅ ǎǇŜŎƛŦƛŎ ŦǊŜǉǳŜƴŎȅΦ !ǎ ŀ ǊŜǎǳƭǘΣ ȅƻǳ ŘƻƴΩǘ 

ƴŜŜŘ ǘƻ ƳŀƪŜ ŀ ƭƻƴƎ ǘǊŀƴǎƳƛǎǎƛƻƴ ǘƻ ƳŀƪŜ ŀ ŎƻƴǘŀŎǘΦ Lƴ ƻǘƘŜǊ ǿƻǊŘǎΣ ƛǘΩǎ ǊŜƭŀǘƛǾŜƭȅ Ŝŀǎȅ ŦƻǊ ǎƻƳŜƻƴŜ ǘƻ ƘŜŀǊ ȅƻǳΦ A common 

approach is to simply give your call sign followed by saying the word monitoring. For example: 

          KØILP monitoring       or       KØILP is monitoring       or       KØILP standing by       [T2A09 ς CO]  [T2A09 ς AA] 
 

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

Per Wikipedia (https://en.wikipedia.org/wiki/Amateur_radio_frequency_allocations), amateur radio frequency allocations 

are determined by international agreements and US regulations, and national 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 short, band plans are voluntary guidelines, and not regulatory requirements.  [T2A10 ς CO]  

[T2A10 ς AA] 
 

T2A11:  What term describes an amateur station that is transmitting and receiving on the same frequency? 

From www.hamradioschool.com, άΧ simplex operation means the radio stations are communicating with each other directly, 

on the same frequency. Both stations take turns transmitting and receiving on the same frequency with no repeater or other 

device in between.έ  [T2A11 ς CO]  [T2A11 ς AA] 
 

T2A12:  What should you do before calling CQ? 

There are several things you need to do before making a transmission. Most importantly, be sure your license privileges give 

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

Finally, mŀƪŜ ǎǳǊŜ ǘƘŜ ŦǊŜǉǳŜƴŎȅ ƛǎƴΩǘ ƛƴ ǳǎŜΦ LǘΩǎ ǇƻǎǎƛōƭŜ ǘƘŀǘ ŀ ŎƻƴǾŜǊǎŀǘƛƻƴ όv{hύ ƳƛƎƘǘ ƘŀǾŜ ǇŀǳǎŜŘ ŦƻǊ ŀ ŦŜǿ ǎŜŎƻƴŘǎΦ ¸ƻǳ 

Ŏŀƴ Řƻ ǘƘƛǎ ōȅ Ƨǳǎǘ ŀǎƪƛƴƎΣ άLǎ ǘƘƛǎ ŦǊŜǉǳŜƴŎȅ ōŜƛƴƎ used?έ ŦƻƭƭƻǿŜŘ ōȅ ȅƻǳǊ Ŏŀƭƭ ǎƛƎƴΦ  [T2A12 ς CO]  [T2A12 ς AA] 
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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        TOC 
 

T2B01:  Iƻǿ ƛǎ ŀ ±ICκ¦IC ǘǊŀƴǎŎŜƛǾŜǊΩǎ άǊŜǾŜǊǎŜέ ŦǳƴŎǘƛƻƴ ǳǎŜŘΚ 

This is a useful radio feature when accessing repeaters. As you know from previous questions, repeaters operate in duplex 

mode, utilizing different transmit (output) and receive (input) frequencies. Sometimes someone talking to you via a repeater 

will be located physically closer to you than they are to the repeater. Their 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 

(labeled REV on most FM transmitters) to listen in on the input frequency of the repeater. If the signal is clearer, consider the 

option of talking to your friend simplex instead of using the repeater.  [T2B01 ς CO]  [T2B01 ς AA] 
 

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

of a receiver? 

From www.electronics-notes.com, most repeaters require some sort of access tone to prevent the repeater from being 

unnecessarily activated. The most common ones are Private Line (or, PL, invented by Motorola), privacy tones (used in FRS 

and GMRS radios), and Continuous Tone Coded Squelch System (CTCSS)Φ aƻǎǘ ǊŜǇŜŀǘŜǊǎ ǿƻƴΩǘ ǊŜǘǊŀƴǎƳƛǘ ǘƘŜ ǎƛƎƴŀƭ ǳƴǘƛƭ ǘƘŜȅ 

receive this tone. Other tone options include the squelch and digital code squelch (DCS). When programming your radio for 

ǊŜǇŜŀǘŜǊ ŀŎŎŜǎǎΣ ȅƻǳΩƭƭ ƴŜŜŘ ǘƻ ƛƴŎƭǳŘŜ ǘƘŜ ǘƻƴŜ and tone options. The tones are listed in www.repeaterbook.com.  

[T2B02 ς CO]  [T2B02 ς AA] 
 

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

5ƻƴΩǘ ƻǾŜǊ-complicate this question. The answer is just as the question implies. Repeaters, even repeaters at different 

frequencies, are often linked together using remote receivers to extend their range or overcome obstacles. The received 

signals are then transmitted by all the repeaters in the network. Repeaters located at the same site can be physically 

connected with cables.  [T2B03 ς CO]  [T2B03 ς 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 (T2B02). Re-read those to 

familiarize yourself. If the repeater offset is incorrectΣ ȅƻǳΩƭƭ ǊŜŀŎƘ ǘƘŜ ǊŜǇŜŀǘŜǊ ōǳǘ ȅƻǳ ǿƻƴΩǘ ōŜ ŀōƭŜ ǘƻ ƘŜŀǊ ƛǘΦ LŦ ȅƻǳǊ access 

tone is incorrectΣ ǘƘŜ ǊŜǇŜŀǘŜǊ ǿƻƴΩǘ Ǉŀǎǎ ȅƻǳǊ ǎƛƎƴŀƭΦ !ƴŘΣ ǘƘŜ digital code squelch serves about the same purpose as the 

CTCSS.  [T2B04 ς CO]  [T2B04 ς AA] 
 

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

This distortion is also referred to as overmodulation. Per Wikipedia (https://en.wikipedia.org/wiki/Overmodulation), 

ƻǾŜǊƳƻŘǳƭŀǘƛƻƴ ƛǎΣ άthe condition that prevails in telecommunication when the instantaneous level of the modulating signal 

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 going off the scale. Overmodulation results in spurious emissions 

by the modulated carrier, and distortion of the recovered modulating signal. This means that the envelope of the output 

waveform is distorted.έ ¢Ƙƛǎ ŘŜŦƛƴƛǘƛƻƴ άǎƛƎƴŀƭ ƎƻƛƴƎ ƻŦŦ ǘƘŜ ǎŎŀƭŜέ Ǉƻƛƴǘǎ ǘƻ ǘƘŜ ŎŀǳǎŜ Χ ȅƻǳΩǊŜ ǎǇŜŀƪƛƴƎ ǘƻƻ ƭƻǳŘƭȅ!  

[T2B05 ς CO]  [T2B05 ς AA]  
 

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

Linking repeaters is a technique used for extending the range of a single repeater. Two such linked systems are the Internet 

Radio Linking Project (IRLP) and EchoLink. From your previous reading about repeaters (question T2B02), you know that 

repeater control codes are used for requesting a connection. For IRLP connections, the code is a sequence of DTMF Dual-tone 

Multi-CǊŜǉǳŜƴŎȅ ό5¢aCύ ǘƻƴŜǎΦ ά5ǳŀƭ-ǘƻƴŜέ ƛƴŘƛŎŀǘŜǎ ǘƘŜ ǎƛƎƴŀƭ ƛǎ ŀ ǇŀƛǊ ƻŦ ǘƻƴŜǎ.  [T2B06 ς CO]  [T2B06 ς AA] 
 

T2B07:  Iƻǿ Ŏŀƴ ȅƻǳ Ƨƻƛƴ ŀ ŘƛƎƛǘŀƭ ǊŜǇŜŀǘŜǊΩǎ άǘŀƭƪƎǊƻǳǇέΚ 

Some common digital repeater systems include EchoLink, IRLP, DMA, and D-STAR. A good and simple explanation of Digital 

Repeaters can be found at: www.cwtouchkeyer.com/digital-repeater-systems-all-you-need-to-know/ 

http://www.electronics-notes.com/
http://www.repeaterbook.com/
https://en.wikipedia.org/wiki/Overmodulation
http://www.cwtouchkeyer.com/digital-repeater-systems-all-you-need-to-know/
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Most digital repeater controllers organize users of the network into talk groups. These talk groups require some sort of 

identification or code to access them. Radios capable of accessing digital repeaters can be programmed with these codes or 

L5ǎ Χ ǘƘŀǘΩǎ ŀƭƭ ȅƻǳ ƴŜŜŘ ǘƻ Ƨƻƛƴ ŀ ƎǊƻǳǇ.  [T2B07 ς CO]  [T2B07 ς AA] 
 

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

This is referred to as harmful interferenceΦ LŦ ȅƻǳ ǎŜŀǊŎƘ ǘƘŜ tŀǊǘ фт ǎǘŀƴŘŀǊŘΣ ȅƻǳΩƭƭ ŦƛƴŘ ŘƻȊŜƴǎ ƻŦ ǊŜŦŜǊŜƴŎŜǎ ǘƻ interference. 

¢ƘŜ ōƻǘǘƻƳ ƭƛƴŜ ƛǎ ǘƘŀǘ ǳƴƭŜǎǎ ƛǘΩǎ ǎǇŜŎƛŦƛŜŘ ƛƴ ǘƘŜ ǎǘŀƴŘŀǊŘΣ no one has an absolute right to any frequency. So be flexible and 

creative. Try changing frequencies. Try re-positioning your antenna. Reduce power. Negotiate with the other station 

continued use of the frequency (such as working out a time schedule, etc.).  [T2B08 ς CO]  [T2B08 ς AA] 
 

T2B09:  Why are simplex channels designated in the VHF/UHF band plans? 

Question T2B01 gives insight into the answer for this. Talking to another station via simplex avoids typing up a repeater. 

[T2B09 ς CO]  [T2B09 ς AA]  
 

T2B10:  Which Q signal indicates that you are receiving interference from other stations? 

Q signals (or Q codes) are 3-letter abbreviations for common amateur radio messages. ¢ƘŜ ŎƻŘŜǎ ŀǊŜ ǳǎŜŘ ƛƴ ǘǿƻ ǿŀȅǎ Χ ŀǎ ŀ 

question and as a statement. For example, QSL is both the question (Is the frequency busy?) and the statement (The 

frequency is busy.). Q codes are especially useful in Morse Code (CW) communications because they significantly shorten the 

length of the message. The following website provides a good explanation and list of Q codes/signals: 

 www.giangrandi.org/electronics/radio/qcode.shtml 

Some of the more common Q signals are: 

 QRL Is the frequency busy? The frequency is busy. 

 QRM Abbreviation for interference from other signals. 

 QRN Abbreviation for interference from natural or human-made 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 (or to ___ kHz). 

 QTH What is your location? My location is ____.                                              [T2B10 ς CO]  [T2B10 ς AA]  
 

T2B11:  Which Q signal indicates that you are changing frequency? 

See question T2B10. This is one of the more common Q signals. QSY as a question is: Shall I change transmission frequency (to 

... kHz (or MHz))? As an answer is: Please change transmission frequency (to ... kHz (or MHz)).  [T2B11 ς CO]  [T2B11 ς AA] 
 

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

An excellent DMR reference is www.dmrfordummies.com. 5ƻƴΩǘ ƭŜǘ ǘƘŜ ǿƻǊŘ color confuse you. From previous questions you 

already know that repeaters require access tones or codes. Color Code is simply the term for this in DMR repeaters, sort of 

like a PL access tone on an analog FM repeater.  [T2B12 ς CO]  [T2B12 ς AA] 
 

T2B13:  What is the purpose of a squelch function? 

A detailed explanation of squelch can be found at: https://newhams.info/2020/03/22/squelchΦ CǊƻƳ ǘƘƛǎ ǿŜōǎƛǘŜΣ άΧ squelch 

makes radio operation more bearable by turning off the audio when there is no valid signal.  Without squelch our radios 

would be cranking out a lot of unwanted background noise.έ In short, it filters out receiver noise (by muting the audio) when 

there is no signal.  [T2B13 ς CO]  [T2B13 ς AA]  
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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   TOC 
 

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

§97.103 (Station licensee responsibilitiesύ ƛǘŜƳ όŀύ ǎǘŀǘŜǎΣ άThe station licensee is responsible for the proper operation of the 

station in accordance with the FCC Rules. When the control operator is a different amateur operator than the station 

licensee, both persons are equally responsible for proper operation of the station.έ bƻ LCǎΣ !b5ǎΣ ƻǊ .¦¢ǎ Χ FCC rules always 

apply!  [T2C01 ς CO]  [T2C01 ς AA] 
 

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

tŜǊ ²ƛƪƛǇŜŘƛŀΣ άAn amateur radio net, or simply ham net, is an Ψon-the-airΩ gathering 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, during a Skywarn activation), emergencies, or simply 

as a regular gathering of friends for conversation.έ bŜǘǎ ŀǊŜ ŘƛǊŜŎǘŜŘ ōȅ ŀ bŜǘ /ƻƴǘǊƻƭ {ǘŀǘƛƻƴ ƻǊ bŜǘ /ƻƴǘǊƻƭƭŜǊΦ bŜǘ /ƻƴǘǊƻƭΩǎ 

job is to direct communications between stations checking into the net.  [T2C02 ς CO]  [T2C02 ς AA] 
 

T2C03:  What technique is used to ensure that voice messages containing unusual words are received correctly? 

From www.hamradioschool.comΣ άFor clear communications under all conditions, we use a phonetic alphabet for spelling out 

critical informationΦέ  [T2C03 ς CO]  [T2C03 ς AA] 
 

T2C04:  What is RACES? 

Since its inception, amateur radio has been involved in emergency communication. The two largest emergency response 

organizations in the US are RACES and ARES (Amateur Radio Emergency ServiceύΦ LǘΩǎ ŎƻƳƳƻƴ ŦƻǊ ƭƛŎŜƴǎŜŘ ŀƳŀǘŜǳǊ ǊŀŘƛƻ 

operators to be members of both organizations. Per §97.3(a)(38ύ άRACES (radio amateur civil emergency service). A radio 

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

emergencies.έ For more information about ARES, go to www.arrl.org/ares. For more information about RACES, go to 

www.usraces.org.  [T2C04 ς CO]  [T2C04 ς AA] 
 

T2C05:  ²Ƙŀǘ ŘƻŜǎ ǘƘŜ ǘŜǊƳ άǘǊŀŦŦƛŎέ ǊŜŦŜǊ ǘƻ ƛƴ ƴŜǘ ƻǇŜǊŀǘƛƻƴΚ 

For information about nets see https://en.wikipedia.org/wiki/Amateur_radio_net. In amateur radio, traffic can have two 

ǎŜǇŀǊŀǘŜ ƳŜŀƴƛƴƎǎΦ hƴŜ ƛǎ ǘƘŀǘ ƛǘΩǎ ŀ ǘȅǇŜ ƻŦ ƴŜǘ ǿƘƻǎŜ ŦƻŎǳǎ ƛǎ ǘƻ ǊŜƭŀȅ and exchange messages. The other definition of 

traffic comes from traffic net Χ ƳŜǎǎŀƎŜǎ ŜȄŎƘŀƴƎŜŘ ŘǳǊƛƴƎ the net.  [T2C05 ς CO]  [T2C05 ς AA] 
 

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

See question T2C04. From the ARES website (www.arrl.org/aresύΣ άǘhe Amateur Radio Emergency Service (ARES) consists of 

licensed amateurs who have voluntarily registered their qualifications and equipment, with their local ARES leadership, for 

communications duty in the public service when disaster strikes.έ  [T2C06 ς CO]  [T2C06 ς AA] 
 

T2C07:  Which of the following is standard practice when you participate in a net? 

CǊƻƳ ǉǳŜǎǘƛƻƴ ¢н/лн ȅƻǳ ƭŜŀǊƴŜŘ ǘƘŀǘ άƴŜǘǎέ ŀǊŜ ŘƛǊŜŎǘŜŘ ōȅ ŀ bŜǘ /ƻƴǘǊƻƭ {ǘŀǘƛƻƴ ƻǊ ƴŜǘ ŎƻƴǘǊƻƭƭŜǊΦ LǘΩǎ ƛƳǇƻǊǘŀƴǘ ǘƘŀǘ ȅƻǳ 

ƻǇŜǊŀǘŜ ŀǎ ŘƛǊŜŎǘŜŘ ōȅ ƴŜǘ ŎƻƴǘǊƻƭΣ ŀƴŘ ƴƻǘ ŘƛǎǊǳǇǘ ǘƘŜ ƴŜǘΦ ¦ƴƭŜǎǎ ǘƘŜǊŜΩǎ ŀƴ ŜƳŜǊƎŜƴŎȅΣ ȅƻǳ ǎƘƻǳƭŘ ǿŀƛǘ ŦƻǊ ŘƛǊŜŎǘƛƻƴ ŦǊƻƳ 

net control to transmit.  [T2C07 ς CO]  [T2C07 ς 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 emergency nets these 

messages must be relayed or passed exactly as received.  [T2C08 ς CO]  [T2C08 ς 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 property) sǘŀǘŜǎΣ άNo provision of these rules prevents the use by an amateur station 

of any means of radiocommunication at its disposal to provide essential communication needs in connection with the 

http://www.hamradioschool.com/
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immediate safety of human life and immediate protection of property when normal communication systems are not 

available.έ Lƴ ƻǘƘŜǊ ǿƻǊŘǎΣ when there is immediate risk to life or propertyΣ ŀƴŘ ƴƻǊƳŀƭ ƳŜǘƘƻŘǎ ƻǊ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎ ŀǊŜƴΩǘ 

ŀǾŀƛƭŀōƭŜΣ ȅƻǳ Ƴŀȅ ǳǎŜ ǊŀŘƛƻŎƻƳƳǳƴƛŎŀǘƛƻƴΣ ŜǾŜƴ ƛŦ ȅƻǳΩǊŜ ƻǇŜǊŀǘƛƴƎ ƻǳǘǎƛŘŜ ƻŦ ȅƻǳǊ ƴƻǊƳŀƭ frequency privileges. Even 

unlicensed individuals may use amateur radio frequencies in times of emergency.  [T2C09 ς CO]  [T2C09 ς AA]  
 

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

From Wikipedia (https://en.wikipedia.org/wiki/ARRL_RadiogramύΣ άAll messages must have a preamble. The preamble of the 

message contains information about the message necessary to keep track of it as it passes through the amateur system. The 

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 message all the way to 

the delivery point. Preamble information is used to service undeliverable messages and to generate replies to specific 

handling instructions.έ  [T2C10 ς CO]  [T2C10 ς AA] 
 

¢н/ммΥ  ²Ƙŀǘ ƛǎ ƳŜŀƴǘ ōȅ άŎƘŜŎƪέ ƛƴ ŀ ǊŀŘƛƻƎǊŀƳ ƘŜŀŘŜǊΚ 

Again, refer to Wikipedia (https://en.wikipedia.org/wiki/ARRL_RadiogramύΦ άThe check is ǘƘŜ ƴǳƳōŜǊ ƻŦ ǿƻǊŘ ΨƎǊƻǳǇǎΩ ƛƴ ǘƘŜ 

text of the message and 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 groups.έ  [T2C11 ς CO]  [T2C11 ς AA] 
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SUBELEMENT T3 τ RADIO WAVE PROPAGATION 
 

T3A Radio wave characteristics: how a radio signal travels, fading, multipath, polarization, wavelength vs absorption; 

 Antenna orientation          TOC 
 

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

¢ƻ ŀƴǎǿŜǊ ǘƘƛǎΣ ȅƻǳΩƭƭ ƴŜŜŘ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǊŀŘƛƻ ǇǊƻǇŀƎŀǘƛƻƴΦ IŜǊŜΩǎ ŀ ƎƻƻŘ ǊŜŦŜǊŜƴŎŜΦ www.electronics-

notes.com/articles/antennas-propagation/propagation-overview/basics.php. At this site, click the link to Multipath 

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 station. This is called multipath propagation. This 

can result in distorted or weak signals, or even dead spots, even when reception is generally good. These dead spots are 

often only ½ wavelength apart. Because the spacing is relatively close, sometimes you can resolve the weak signal by moving 

your antenna only a few feet.  [T3A01 ς CO]  [T3A01 ς AA] 
 

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

{ŜŜ ŀǊǘƛŎƭŜ ǘƛǘƭŜŘ άEffect of Temperature and Ground Water on VHF Radio Wave Propagation in Tropical Climateέ ōȅ Suleman 

K.O., Bello I.T., Tijani L.O., Ogunbode A.O., Olayiwola W.A. (www.ijser.org/researchpaper/Effect-of-Temperature-and-Ground-

Water-on-VHF-Radio-Wave-Propagation-in-Tropical-Climate.pdfύΦ ¢ƘŜ ŀǊǘƛŎƭŜ ǎǘŀǘŜǎ άΧ Ultra-High Frequency (UHF) and Very 

High Frequency (VHF) signals are easily reflected by substances and can also be absorbed by some environmental factors 

such as relative humidity, wind, air and ground temperature, and vegetation.έ  [T3A02 ς CO]  [T3A03 ς AA]  
 

T3A03:  What antenna polarization is normally used for long-distance CW and SSB contacts on the VHF and UHF bands? 

A good, basic antenna reference is Antennas 101 by Eric Webner K4FAN and Dave Tyndell KK4LY 

(https://w4bfb.org/wordpress/wp-content/uploads/presentations/antennas_101.pdf). Yagi or beam antennas are excellent 

for long distance communications. Horizontal polarization is preferred because it usually results in less ground losses. 

[T3A03 ς CO]  [T3A03 ς AA] 
 

T3A04:  What happens when antennas at opposite ends of a VHF or UHF line of sight radio link are not using the same 

polarization? 

Polarization describes the way the electric field of the radio wave is oriented. A vertically polarized antenna will generate a 

radio wave whose electric field is vertically polarized. For best results, you should align the antenna of your receiver with the 

antenna of the transmitting station. Otherwise, your received signal will be noticeably reduced.  [T3A04 ς CO]  [T3A04 ς 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? 

wŜŎŀƭƭ ǘƘŜ ŘƛǎŎǳǎǎƛƻƴ ƻŦ ƳǳƭǘƛǇŀǘƘ ƛƴ ǉǳŜǎǘƛƻƴ ¢о!лмΦ .ǳƛƭŘƛƴƎǎ ŀƴŘ ǎƻƭƛŘ ƻōƧŜŎǘǎ ŘƻƴΩǘ ǊŜŀƭƭȅ .[h/Y ǊŀŘƛƻ ǎƛƎƴŀƭǎΦ LƴǎǘŜŀŘΣ 

they REFLECT them. Knowing this, with a directional antenna, you may be able to ŦƛƴŘ ŀ ǇŀǘƘ ǘƘŀǘ ǿƛƭƭ ǊŜŦƭŜŎǘ ǘƘŜ ǊŜǇŜŀǘŜǊΩǎ 

signal to your receiver, and your transmissions to the repeater. Amateur radio enthusiasts use the same concept to bounce 

signals off the moon.  [T3A05 ς CO]  [T3A05 ς AA] 
 

¢о!лсΥ  ²Ƙŀǘ ƛǎ ǘƘŜ ƳŜŀƴƛƴƎ ƻŦ ǘƘŜ ǘŜǊƳ άǇƛŎƪŜǘ ŦŜƴŎƛƴƎέΚ 

See question T3A01. These dead spots mentioned in that question are close together ς often only ½ wavelength apart. 

Because the spacing is relatively close, the signal might even sound like a flutter. This is also called picket fencing.  

[T3A06 ς CO]  [T3A06 ς AA] 
 

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

See article referenced in question T3A02. The same applies to micǊƻǿŀǾŜ ŦǊŜǉǳŜƴŎƛŜǎΦ ¢ƘŜ ŀǊǘƛŎƭŜ ŦǳǊǘƘŜǊ ǎǘŀǘŜǎΣ άWith high 

relative humidity, the water vapor content in the air can affect the refraction, diffraction and scattering of the radio wave. He 

also studied several other factors that can affect its propagation such as terrain, building, vegetation, weather parameters 

(such as rain, snow, haze and dust).έ  [T3A07 ς CO]  [T3A07 ς AA]   
 

http://www.electronics-notes.com/articles/antennas-propagation/propagation-overview/basics.php
http://www.electronics-notes.com/articles/antennas-propagation/propagation-overview/basics.php
http://www.ijser.org/researchpaper/Effect-of-Temperature-and-Ground-Water-on-VHF-Radio-Wave-Propagation-in-Tropical-Climate.pdf
http://www.ijser.org/researchpaper/Effect-of-Temperature-and-Ground-Water-on-VHF-Radio-Wave-Propagation-in-Tropical-Climate.pdf
https://w4bfb.org/wordpress/wp-content/uploads/presentations/antennas_101.pdf
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T3A08:  What is a likely cause of irregular fading of signals propagated by the ionosphere? 

{ŜŜ ǉǳŜǎǘƛƻƴ ¢о!лм Χ wŀŘƛƻ ǿŀǾŜǎ Ŏŀƴ ōŜ ŘƛŦŦǊŀŎǘŜŘ ōȅ ƳƻǳƴǘŀƛƴǎΣ ōǳƛƭŘƛƴƎΣ ŀƴŘ ƻǘƘŜǊ ƻōƧŜŎǘǎΦ This diffraction causes the 

waves to take slightly different paths from the transmitting station to the receiving station. This is called multipath 

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

[T3A08 ς CO]  [T3A08 ς AA] 
 

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

5ƻƴΩǘ ŎƻƴŦǳǎŜ ǘƘƛǎ ǿƛǘƘ ǉǳŜǎǘƛƻƴ ¢о!лпΦ ¢Ƙŀǘ ǉǳŜǎǘƛƻƴ ǊŜŦŜǊǎ ƎŜƴŜǊŀƭƭȅ ǘƻ ±IC ŀƴŘ ¦IC ŦǊŜǉǳŜƴŎƛŜǎ όǾŜǊȅ ƘƛƎƘ ŀƴŘ ultra-high). 

You know from that question that radio waves start out as either vertically or horizontally polarized. When a radio wave 

ǘǊŀǾŜƭǎ ǘƘǊƻǳƎƘ ǘƘŜ ƛƻƴƻǎǇƘŜǊŜΣ ǘƘŜ ǇƻƭŀǊƛȊŀǘƛƻƴ ŎƘŀƴƎŜǎ ǘƻ ŀ ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ƘƻǊƛȊƻƴǘŀƭ ŀƴŘ ǾŜǊǘƛŎŀƭ Χ ƛƴ ƻǘƘŜǊ ǿƻǊŘǎΣ ǘƻ 

elliptical polarization. Because of this phenomenon, either a vertically or horizontally polarized antennas can transmit and 

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

[T3A09 ς CO]  [T3A09 ς AA]  
 

T3A10:  What effect does multi-path propagation have on data transmissions? 

See questions T3A01 and T3A08. As you would expect, the dead spots (multi-path) caused by radio wave diffraction can 

result in data signals with high error rates, even with relatively strong signal strength.  [T3A10 ς CO]  [T3A10 ς AA] 
 

T3A11:  Which region of the atmosphere can refract or bend HF and VHF radio waves? 

The region of the atmosphere above the lower atmosphere is called the ionosphere (also called thermosphere). This region 

extends from 30 to 260 miles above the Earth and contains relatively few molecules (primarily oxygen and nitrogen). Those 

molecules that are there are being constantly bombarded by ultraviolet rays from the Sun. This tends to strip some of the 

electrons from the oxygen and nitrogen atoms, making them positively charged or ionized, rendering the ionosphere slightly 

conductive. ¢Ƙƛǎ ŎƻƴŘǳŎǘƛǾƛǘȅ Ŏŀƴ ǊŜŦƭŜŎǘ ǊŀŘƛƻ ǿŀǾŜǎ ǘƘŀǘ Ƙƛǘ ǘƘŜ ƛƻƴƻǎǇƘŜǊŜ ōŀŎƪ ǘƻ ǘƘŜ ŜŀǊǘƘΩǎ ǎǳǊŦŀŎŜ. And, because the 

ŜŀǊǘƘΩǎ ǎǳǊŦŀŎŜ ƛǎ ŀƭǎƻ ŎƻƴŘǳŎǘƛǾƛǘȅΣ ǘƘƛǎ Ŏŀƴ ŎŀǳǎŜ ǘƘŜ ǊŀŘƛƻ ǿŀǾŜǎ ǘƻ ǊŜŦƭŜŎǘ ōŀŎƪ ŀƴŘ ŦƻǊǘƘ ŀƴŘ ŎƻƴǘƛƴǳŜ ŦƻǊ ƘǳƴŘǊŜŘǎ ƻǊ 

thousands of miles. This is what enables radio operators to communicate around the world.  [T3A11 ς CO]  [T3A11 ς 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 T3A07. Precipitation and fog can impact VHF frequencies, but has little effect 

on HF bands (below about 30 MHz), such a 10 meter and 6 meter.  [T3A12 ς CO]  [T3A12 ς AA] 
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T3B Electromagnetic wave properties: wavelength vs frequency, nature and velocity of electromagnetic waves,  

 relationship of wavelength and frequency; Electromagnetic spectrum definitions: UHF, VHF, HF  TOC 
 

T3B01:  What is the relationship between the electric and magnetic fields of an electromagnetic wave? 

The following link contains a good overview of radio waves. https://en.wikipedia.org/wiki/Radio_wave. The article states, 

άLike other 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 electric field 

which oscillates in a plane along the direction of motion. In a horizontally polarized radio wave, the electric field oscillates in a 

horizontal direction. In a vertically polarized wave, the electric field oscillates in a vertical direction. In a circularly polarized 

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 opposite sense. 

The wave's magnetic field is perpendicular to the electric field, and the electric and magnetic field are oriented in a right hand 

sense with respect to the direction of radiationΦέ  [T3B01 ς CO]  [T3B01 ς AA] 
 

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

See link for question T3B01Φ ¢ƘŜ ŀǊǘƛŎƭŜ ǎǘŀǘŜǎΣ άLike other 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 electric field which oscillates in a plane along the direction of motion. In a horizontally 

polarized radio wave, the electric field oscillates in a horizontal direction. In a vertically polarized wave, the electric field 

oscillates in a vertical direction. In a circularly polarized wave, the electric field at any point rotates about the direction of 

travel, once per cycleΦέ  [T3B02 ς CO]  [T3B02 ς AA] 
 

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

{ŜŜ ƭƛƴƪ ŦƻǊ ǉǳŜǎǘƛƻƴ ¢о.лмΦ Lƴ ǘƘƛǎ ŀǊǘƛŎƭŜΣ ǘƘŜ ŦƛǊǎǘ ǎŜƴǘŜƴŎŜ ŀƴǎǿŜǊǎ ǘƘŜ ǉǳŜǎǘƛƻƴΣ άRadio waves are a type of 

electromagnetic radiation ΧέΦ Electromagnetic tells us the two components are electric fields and magnetic fields.  

[T3B03 ς CO]  [T3B03 ς AA] 
 

T3B04:  What is the velocity of a radio wave traveling through free space? 

See link for question T3B01. The PROPERTIES section of the ŀǊǘƛŎƭŜ ǎǘŀǘŜǎΣ άRadio waves in a vacuum travel at the speed of 

light. When passing through a material medium, they are slowed depending on the medium Χ Air is thin enough that in the 

Earth's atmosphere radio waves travel very close to the speed of light.έ  [T3B04 ς CO]  [T3B04 ς AA] 
 

T3B05:  What is the relationship between wavelength and frequency? 

See link for question T3B01. The PROPERTIES section of this article states, άThe wavelength ( )˂ is the distance from one peak 

(crest) of the wave's electric field to the next, and is inversely proportional to the frequency (f) of the wave. The relation of 

frequency and wavelength in a radio wave traveling in vacuum or air is: 

 ‗        where ‗ is wavelength (meters), c is speed of light (3 × 10 8 m/s), and f = frequency (Hertz) 

Inversely proportional in the above reference means that as wavelength gets shorter, frequency increases, and vice versa.έ 

[T3B05 ς CO]  [T3B05 ς 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 T3B05. [ŜǘΩǎ ŦƛǊǎǘ ŎƻƴǾŜǊǘ 3 × 10 8 m/s from scientific 

notation to standard notation = 300000000 meters/second. 

  ‗ Ὥὲ άὩὸὩὶί    
 Ⱦ

  
  

 

The above formula shows the relationship in Hertz. To convert to megahertz (MHz), we need to divide by one million 

(1000000). ‗ Ὥὲ άὩὸὩὶί    
 Ⱦ

 
  

  
  

 

This reads: wavelength in meters equals 300 divided by frequency in megahertz.  [T3B06 ς CO]  [T3B06 ς AA] 
 

https://en.wikipedia.org/wiki/Radio_wave
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T3B07:  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 formula the relationship between wavelength and 

ŦǊŜǉǳŜƴŎȅΦ CƻǊ ŜȄŀƳǇƭŜΣ ƛŦ ǘƘŜ ŦǊŜǉǳŜƴŎȅ ƛǎ мпс aIȊΣ ƛǘΩǎ Ŝŀǎȅ ǘƻ ŎŀƭŎǳƭŀǘŜ ǘƘŜ ǿŀǾŜƭŜƴƎǘƘΦ 
 

  ‗     ςȢπυ ς άὩὸὩὶί 

 

In summary, amateur radio operators identify bands using both frequency and wavelength.  [T3B07 ς CO]  [T3B07 ς AA]  
 

T3B08:  What frequency range is referred to as VHF? 

A useful reference table for amateur radio operators is the 

following. There will be several test questions on this, 

including the General Exam. You should commit this to 

memory.  [T3B08 ς CO]  [T3B08 ς AA] 
 

 

 

 

 

T3B09:  What frequency range is referred to as UHF? 

Refer to the table of RADIO FREQUENCY SPECTRUM RANGES in question T3B08.  [T3B09 ς CO]  [T3B09 ς AA] 
 

T3B10:  What frequency range is referred to as HF? 

Refer to the table of RADIO FREQUENCY SPECTRUM RANGES in question T3B08.  [T3B10 ς CO]  [T3B10 ς AA] 
 

T3B11:  What is the approximate velocity of a radio wave in free space? 

This can also be found in questions T3B04 and T3B05. Radio waves travel at the speed of light, which is approximately 300 

million meters per second (300,000,000 or 3 × 108 meters per second).  [T3B11 ς CO]  [T3B11 ς AA] 
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RADIO FREQUENCY SPECTRUM RANGES 

RANGE NAME ABBREV LOW HIGH 
Very Low Frequency VLF 3 kHz 30 kHz 

Low Frequency LF 30 kHz 300 kHz 

Medium Frequency MF 300 kHz 3 MHz 

High Frequency HF 3 MHz 30 MHz 

Very High Frequency VHF 30 MHz 300 MHz 

Ultra-High Frequency UHF 300 MHz 3 GHz 

Super High Frequency SHF 3 GHz 30 GHz 

Extremely High Frequency EHF 30 GHz 300 GHz 
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T3C Propagation modes: sporadic E, meteor scatter, auroral propagation, tropospheric ducting; F region skip; Line  

 of sight and radio horizon          TOC 
 

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

wŜŦŜǊ ǘƻ ǉǳŜǎǘƛƻƴ ¢о!ммΦ .ŜŎŀǳǎŜ ƻŦ ǘƘŜ ǊŜŦƭŜŎǘƛƻƴ ƻŦ ǊŀŘƛƻ ǿŀǾŜǎ ōŜǘǿŜŜƴ ǘƘŜ ƛƻƴƻǎǇƘŜǊŜ ŀƴŘ ŜŀǊǘƘΩǎ ǎǳǊŦŀŎŜΣ ƛǘΩǎ ŎƻƳƳƻƴ 

on High Frequency (HF) bands to communicate very long distances ς hundreds or thousands of miles. However, Very High 

Frequency (VHF) and Ultra High Frequency (UHF) signals usually pass through the ionosphere with little bending or reflection. 

In other words, ±IC ŀƴŘ ƘƛƎƘŜǊ ǎƛƎƴŀƭǎ ŀǊŜƴΩǘ ǇǊƻǇŀƎŀǘŜŘ ōȅ ǘƘŜ ƛƻƴƻǎǇƘŜǊŜ.  [T3C01 ς CO]  [T3C01 ς AA] 
 

T3C02:  What is a characteristic 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 and UHF are usually 

not. This makes long-distance communication much more common with HF.  [T3C02 ς CO]  [T3C02 ς AA] 
 

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

The word auroral in this question refers to the aurora borealis or northern lightsΦ LŦ ȅƻǳΩǾŜ ōŜŜƴ ŦƻǊǘǳƴŀǘŜ ŜƴƻǳƎƘ ǘƻ 

experience this phenomenon, you know that ƛǘΩǎ Ŏƻƴǎǘŀƴǘƭȅ ŎƘŀƴƎƛƴƎΦ /ƻƴǎŜǉǳŜƴǘƭȅΣ any signals reflected by it will also be 

inconsistent in strength, resulting in significant distortion.  [T3C03 ς CO]  [T3C03 ς AA] 
 

T3C04:  Which of the following types of propagation is most 

commonly associated with occasional strong signals on the 10, 6, 

and 2 meter bands from beyond the radio horizon? 

From question T3A11, we know that the ionosphere is ionized. The 

ionosphere consists of layers D (most dense), E, F1, and F2 (least 

dense). See accompanying diagram. Under certain conditions 

(specifically, certain times ƻŦ ǘƘŜ ȅŜŀǊ Χ ŜŀǊƭȅ ǎǳƳƳŜǊ ŀƴŘ ƳƛŘ-

winter), the E layer can periodically become ionized enough to 

reflect VHF and UHF signals back to the earth. This is referred to as 

sporadic E propagation (sometimes called E-skip) and can be heard 

on 10, 6 and 2 meters (although not very common on 2 meters).  

[T3C04 ς CO]  [T3C04 ς AA] 
 

 

T3C05:  Which of the following effects may allow radio signals to travel beyond obstructions between the transmitting and 

receiving stations? 

Radio waves can be refracted or disrupted by changes 

ƛƴ ǘƘŜ ǇŀǘƘ Χ ŀǘƳƻǎǇƘŜǊƛŎ ŎƻƴŘƛǘƛƻƴǎΣ ƳƻǳƴǘŀƛƴǎΣ 

buildings, trees, etc. The accompanying diagram from 

www.raymaps.com depicts what happens when a radio 

wave is diffracted by a sharp object. The transmitted 

signal originates at TX. With the receiver at RXΣ ƛǘΩǎ Ŝŀǎȅ 

to see that the direct line-of-sight is obstructed. 

However, the highest point of the obstruction, and the 

wave is diffracted into a set of alternate signals, one or 

more of which may reach the receiver. This is called 

knife-edge diffraction.  [T3C05 ς CO]  [T3C05 ς AA] 
 

T3C06:  What type of propagation is responsible for allowing over-the-horizon VHF and UHF communications to ranges of 

approximately 300 miles on a regular basis? 

Refer to https://encyclopedia2.thefreedictionary.com/tropospheric+propagation. Weather fronts, temperature inversions, 

and other atmospheric conditions in the troposphere (lower atmosphere) can create layers of air with varying characteristics. 

http://www.raymaps.com/
https://encyclopedia2.thefreedictionary.com/tropospheric+propagation
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These different layers can create pathways or ducts that allow microwave, VHF, and UHF signals to pass through, sometimes 

for hundreds of miles. This phenomenon is called tropospheric propagation or ducting.  [T3C06 ς CO]  [T3C06 ς AA] 
 

T3C07:  What band is best suited for communicating via meteor scatter? 

From www.electronics-notes.comΦ άMeteor scatter or meteor burst 

communications uses a form of radio propagation that utilises the 

dense trails of ionisation left by meteors as they enter the upper 

layers of the Earth's atmosphere. The trails are dense and can 

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 this.έ ! 

diagram of this phenomenon is shown in the accompanying figure. 

Signals distances commonly exceed 1000 miles. The best band for 

meteor scatter is 6 meters (50 MHz to 54 MHz).  [T3C07 ς CO]  [T3C07 ς AA] 
 

T3C08:  What causes tropospheric ducting? 

Refer to question T3C06. Weather fronts, temperature inversions, and other atmospheric conditions in the troposphere 

(lower atmosphere) can create layers of air with varying characteristics.  [T3C08 ς CO]  [T3C08 ς AA] 
 

T3C09:  What is generally the best time for long-distance 10 meter band propagation via the F region? 

You can use logic to answer this question. The best time for signals to be reflected by the ionosphere (see figure in question 

T3C04) is when the ionosphere is the most active (the most ionized). This occurs when the solar activity is at its highest, in 

ƻǘƘŜǊ ǿƻǊŘǎΣ ŘŀȅƭƛƎƘǘ ƘƻǳǊǎ Χ from dawn until shortly after sunset. The ionosphere is especially active during times of high 

sunspot activity.  [T3C09 ς CO]  [T3C09 ς AA] 
 

T3C10:  Which of the following bands may provide long-ŘƛǎǘŀƴŎŜ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎ Ǿƛŀ ǘƘŜ ƛƻƴƻǎǇƘŜǊŜΩǎ C ǊŜƎƛƻƴ ŘǳǊƛƴƎ ǘƘŜ 

peak of the sunspot cycle? 

This question is answered by question T3C09. T3C09 specifically states the 10 meter band. But, you can also use this type of 

propagation for 6 meters.  [T3C10 ς CO]  [T3C10 ς 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 atmosphere. In other words, the radio waves curve slightly towards the 

ŜŀǊǘƘΩǎ ǎǳǊŦŀŎŜΦ ¢Ƙƛǎ phenomenon allows for signals to be received at distances somewhat further than the visual horizon. 

[T3C11 ς CO]  [T3C11 ς AA] 
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SUBELEMENT T4 τ 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 typically refer to a car battery as a 

12 volt battery. However, they consist of 6 individual cells of 2.3V each. So, the voltage rating is 2.3V × 6 = 13.8 Volts. Given 

ǘƘƛǎΣ ƭŜǘΩǎ ŎŀƭŎǳƭŀǘŜ ǘƘŜ ŀƳǇǎ ǊŜǉǳƛǊŜŘΦ 
 

 Power (in Watts) = Current (in Amps) × Voltage (in Volts)     or     ὖ Ὅ Ὁ     or     υπ ὡὥὸὸίὍ ρσȢψ ὠέὰὸί  
 

 {ƻƭǾƛƴƎ ŦƻǊ ŎǳǊǊŜƴǘΣ ǿŜ ƘŀǾŜ Χ  Ὅ υπ ρσȢψ σȢφς ὃάὴί  
 

Because equipment draws significantly more current at start-up than while operating, you should double this value to have a 

safety margin. Doubling it yields 3.62 × 2 = 7.2A. Rounding up to the nearest whole number = 8 Amps. So, you need a power 

supply rated at 13.8 Volts and at least 8 Amps. ̧ ƻǳΩƭƭ ƴƻǘŜ ǘƘŜ ŀƴǎǿŜǊ ƻƴ ǘƘŜ ǘŜǎǘ ƛǎ ƎǊŜŀǘŜǊ ǘƘŀƴ у !ƳǇǎΦ .ǳǘΣ ȅƻǳ ƪƴƻǿ ŦƻǊ 

certain you need 13.8 Volts. ̧ ƻǳΩƭƭ ŀƭǎƻ ƴƻǘŜ ƛƴ ǘƘŜ ŀōƻǾŜ ŦƻǊƳǳƭŀ ǘƘŜ ǳǎŜ ƻŦ ǘƘŜ ǾŀǊƛŀōƭŜ E for voltage. E stands for 

electromotive force.  [T4A01 ς CO]  [T4A01 ς 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 

the transceiverΦ ¸ƻǳΩƭƭ ǎŜŜ ŀ ¢w {²L¢/I ōŜǘǿŜŜƴ ǘƘŜ 

Transmitter and Receiver. This switches between transmit and 

receive. When transmitting, power goes from the transmitter 

through the feed line and into the antenna (also called load). 

This is called forward power. Resistance to flow of power or 

energy in the feedline and antenna is called impedance. If the 

antenna and feedline impedances are equal or matched, the 

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 transmitter. This is called 

reflected power. The greater this difference, the more power 

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 is the standing wave ratio 

or SWR. High enough SWR can damage the transmitter. For an SWR meter to be effective, it must be able to measure in the 

frequency range of the transmitter and should accommodate the amount of power.  [T4A02 ς CO]  [T4A02 ς AA] 
 

T4A03:  Why are short, heavy-ƎŀǳƎŜ ǿƛǊŜǎ ǳǎŜŘ ŦƻǊ ŀ ǘǊŀƴǎŎŜƛǾŜǊΩǎ 5/ ǇƻǿŜǊ ŎƻƴƴŜŎǘƛƻƴΚ 

The smaller the diameter of a wire, the greater the resistance. Similarly, the longer the wire, the greater the resistance. Radio 

equipment draws a significant amount of current when transmitting. The high resistance of long, thin wires can create 

voltage dropsΣ ǇŜǊ ǘƘŜ ŦƻǊƳǳƭŀ Χ  Ὁ Ὅ Ὑ     (remember that E = Voltage)   [T4A03 ς CO]  [T4A03 ς AA] 
 

T4A04:  How are the transceiver audio input and output connected in a station configured to operate using FT8? 

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, 

ά/ƻƴƴŜŎǘƛƴƎ {ƻǳƴŘ /ŀǊŘ ǘƻ wŀŘƛƻΦέ ¸ƻǳΩƭƭ ƴƻǘŜ ǘƘŀǘ the radio is connected to the audio input and output of a computer. Many 

modern radios (e.g., ICOM-7300) have built-ƛƴ ǎƻǳƴŘ ŎŀǊŘǎΣ ǎƻ ǘƘŜǊŜΩǎ ƴƻ ƴŜŜŘ ǘƻ ǇǳǊŎƘŀǎŜ ŀ ǎƻǳƴŘ ŎŀǊŘ ƻr audio interface. 

The decoding software should be designed for weak-signal digital communication, such as WSJT-X (see 

https://physics.princeton.edu/pulsar/k1jt/).   [T4A04 ς CO]  [T4A04 ς AA] 

https://physics.princeton.edu/pulsar/k1jt/
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T4A05:  Where should an RF power meter be installed? 

Re-read the discussion of SWR in question T4A02. The SWR meter should be connected to the feedline, between the 

transmitter and the antenna. Many modern radios have built-in SWR meters.  [T4A05 ς CO]  [T4A05 ς AA] 
 

T4A06:  What signals are used in a computer-radio interface for digital mode operation? 

You can answer this question from the diagram associated with question T4A04. You need audio signals to and from the radio 

(receive and ǘǊŀƴǎƳƛǘΣ ǊŜǎǇŜŎǘƛǾŜƭȅύΦ !ƴŘΣ ȅƻǳΩƭƭ ƴŜŜŘ ǘƻ ƪŜȅ ǘƘŜ ǘǊŀƴǎƳƛǘǘŜǊ ǎƻ ƛǘ ǿƛƭƭ ǎŜƴŘ.  [T4A06 ς CO]  [T4A06 ς AA] 
 

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

operating digital modes? 

See question T4A04. In digital modes, your computer software decodes the received audio signal. So, it must be connected to 

the speaker Χ ǘƘƛǎ ŜƭƛƳƛƴŀǘŜǎ ǘƘŜ ǘǿƻ ǊŜǎǇƻƴǎŜǎ ŎƻƴǘŀƛƴƛƴƎ άŎƻƴƴŜŎǘƛƻƴ ǘƻ ǇǳǎƘ-to-ǘŀƭƪΦέ !ƴŘΣ ǎƛƴŎŜ ƛǘΩǎ ŘŜŎƻŘƛƴƎ ǘƘŜ 

incoming messaƎŜΣ ǘƘŜ ǊŜǎǇƻƴǎŜ Ƴǳǎǘ Ŏƻƴǘŀƛƴ άline inέ ŀƴŘ ƴƻǘ άƭƛƴŜ ƻǳǘΦέ  [T4A07 ς CO]  [T4A07 ς AA] 
 

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

Refer to question T4A03. The word bond means to ground all equipment together. You want as good a conductor as you can 

ƎŜǘ Χ ƳƛƴƛƳŀƭ ǊŜǎƛǎǘŀƴŎŜ (a short conductor with a large cross section). ¢ƘŜ Ƴƻǎǘ ŎƻƴŘǳŎǘƛǾŜ ƳŜǘŀƭ ƛǎ ǎƛƭǾŜǊΣ ōǳǘ ŎƻǇǇŜǊ ƛǎƴΩǘ 

ŦŀǊ ōŜƘƛƴŘΣ ŀƴŘ ƛǘΩǎ ƳǳŎƘ ŎƘŜŀǇŜǊΦ {ƻƭƛŘ ǊŜŎǘŀƴƎǳƭŀǊ ōŀǊ ǿƻǳƭŘ ōŜ ƛŘŜŀƭΣ ōǳǘ ƛǘΩǎ difficult to work with (hard to bend a sharp 

radius). Solid copper strap is the better compromise Χ Ŝŀǎȅ ǘƻ ǿƻǊƪ ǿƛǘƘ ŀƴŘ ƭƻǿ ƛƳǇŜŘŀƴŎŜΦ  [T4A08 ς CO]  [T4A08 ς AA] 
 

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 measured in amp-hours (amps × hours). 

IŜǊŜΩǎ ŀ ǎƛƳǇƭŜ ƳŀǘƘŜƳŀǘƛŎŀƭ ǘƛǇ ǘƘŀǘ ǿƛƭƭ ǎŜǊǾŜ ȅƻǳ ǿŜƭƭΦ ¸ƻǳ Ŏŀƴ ǎƛƳǇƭƛŦȅ ǊŀǘƘŜǊ ŎƻƳǇƭŜȄ ŜǉǳŀǘƛƻƴǎΣ ƛŦ ȅƻǳ ƘŀǾŜ άƭƛƪŜ ǘŜǊƳǎέ 

in both the numerator and denominator. For example,   
    can be simplified because the a in the numerator and 

denominator cancel, resulting in the answer b. You can do the same with units of measurement. The term   

simplifies to hours because the amp term in the numerator and denominator cancel. This gives you the answer. To determine 

the length of time (in hours) that equipment can be powered from a battery, divide the amp-hour rating of the battery (in 

amp-hours) by the equipment current draw (amps).  [T4A09 ς CO]  [T4A09 ς AA] 
 

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

Just as a smartphone can provide a hot spot to connect a Wi-Fi enabled computer to the internet, a digital mode hot spot 

allows you link your digital mode transceiver to the internet. The software included with the hot spot allows you to use 

several different digital modes with one transceiver, eliminating the need to purchase a separate radio for each mode. 

[T4A10 ς CO]  [T4A10 ς AA] 
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T4A11:  Where should the negative power return of a mobile transceiver be connected in a vehicle? 

Ideally, you should connect it to the negative battery terminalΦ .ǳǘΣ ƛŦ ƛǘΩǎ ƴƻǘ ǇǊŀŎǘƛŎŀƭ ǘƻ Řƻ ǘƘƛǎΣ connect it to a well-

ƎǊƻǳƴŘŜŘ ǇŀǊǘ ƻŦ ǘƘŜ ǾŜƘƛŎƭŜΩǎ chassis.  [T4A11 ς CO]  [T4A11 ς AA] 
 

T4A12:  What is an electronic keyer? 

A key or keyer is a device used for sending Morse Code signals. Specifically, the key turns the transmitter signal on and off. A 

straight key does this manually, referred to as hand keying. An electronic keyer does basically the same thing, but it can be 

programmed to send short messages. For more information, www.telegraphkeys.com/pages/keyerpaddles.html. 

[T4A12 ς CO]  [T4A12 ς AA] 
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T4B Operating controls: frequency tuning, use of filters, squelch function, AGC, memory channels, noise blanker,  

 microphone gain, receiver incremental tuning (RIT), bandwidth selection, digital transceiver configuration TOC 
 

T4B01:  What is the effect of excessive microphone gain on SSB transmissions? 

This is referred to as overmodulation. Overmodulation (which can also be caused by speaking too loudly or holding the 

microphone to close to your mouth) can result in noise or distorted signals.  [T4B01 ς CO]  [T4B01 ς AA] 
 

¢п.лнΥ  ²ƘƛŎƘ ƻŦ ǘƘŜ ŦƻƭƭƻǿƛƴƎ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ŜƴǘŜǊ ŀ ǘǊŀƴǎŎŜƛǾŜǊΩǎ ƻǇŜǊŀǘƛƴƎ ŦǊŜǉǳŜƴŎȅΚ 

Older radios use a variable frequency oscillator or VFO (sometimes called a tuner) to tune to the operating frequency. The 

VFO is operated by a knob. Some newer radios also have a numeric keypad that allows you to literally enter the operating 

frequency. aƻǎǘ ƻŦ ǘƻŘŀȅΩǎ ōŜǘǘŜǊ ǊŀŘƛƻǎ ƛƴŎƭǳŘŜ ōƻǘƘ ŀ ±Ch ƪƴƻō ŀƴŘ ƪŜȅǇŀŘΦ ¢ƻ ǎŀǾŜ ǎǇŀŎŜΣ Ƴƻǎǘ ƻŦ ǘƻŘŀȅΩǎ ƘŀƴŘƘŜƭŘ 

ǘǊŀƴǎŎŜƛǾŜǊǎ όI¢Ωǎύ ƻƴƭȅ ǳǎŜ ŀ ƪŜȅǇŀŘΦ  [T4B02 ς CO]  [T4B02 ς AA] 
 

T4B03:  How is squelch adjusted so that a weak 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 the audio output when no signal is present. However, this will often mute weak FM signals. Fortunately, 

radio controls allow you to adjust 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, MONITOR, or MON.  [T4B03 ς CO]  [T4B03 ς 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 

memory channels for storing your favorite frequencies or modes. So, store your 

favorites in memory. If you have an older radio (like my old Kenwood TS-мнл{ Χ 

ŘŀǘƛƴƎ ōŀŎƪ ǘƻ мфтф Χ ǎƘƻǿƴ hereύΣ ȅƻǳΩƭƭ ƴŜŜŘ ǘƻ ƪŜŜǇ ŀ ǿǊƛǘǘŜƴ ƭƛǎǘ ƻŦ ȅƻǳǊ ŦŀǾƻǊƛǘŜ 

frequencies.  [T4B04 ς CO]  [T4B04 ς AA]   

   

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

The SCAN function or button on your radio scans through the frequencies you have programmed into memory (refer to 

question T4B04 about programming frequencies). Most radios will pause for a few seconds on frequencies where an audio 

ǎƛƎƴŀƭ ƛǎ ŘŜǘŜŎǘŜŘ όƎƛǾƛƴƎ ȅƻǳ ǘƘŜ ƻǇǇƻǊǘǳƴƛǘȅ ƻŦ Ƴŀƴǳŀƭƭȅ ǎǘƻǇǇƛƴƎ ŀǘ ǘƘƛǎ ŦǊŜǉǳŜƴŎȅ Χ ŦƻǊ Ƴƻǎǘ ǊŀŘios, you simply hit the 

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 every available ŦǊŜǉǳŜƴŎȅ Χ ŘŜǇŜƴŘƛƴƎ ǳǇƻƴ ǘƘŜ ōǊŀƴŘ ŀƴŘ ƳƻŘŜƭ ƻŦ ǊŀŘƛƻ ȅƻǳ have. 

[T4B05 ς CO]  [T4B05 ς AA] 
 

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

seems too high or low? 

Transceivers with SSB (single sideband) or CW (continuous wave or Morse Code) capability often come with a fine-tuning 

control called receiver incremental tuning (RIT). On some radios, this is called the clarifier (labeled CLAR). This allows you to 

adjust the receiver frequency without changing the transmitter frequency. Its purpose is to allow you to tune in a station that 

is slightly off frequency or to adjust the pitch of an operatorΩǎ ǾƻƛŎŜ ǘƘŀǘ ǎŜŜƳǎ ǘƻƻ ƘƛƎƘ ƻǊ ƭƻǿ.  [T4B06 ς CO]  [T4B06 ς AA] 
 

¢п.лтΥ  ²Ƙŀǘ ŘƻŜǎ ŀ 5aw άŎƻŘŜ ǇƭǳƎέ ŎƻƴǘŀƛƴΚ 

DMRs or Digital Mobile Radios must be programmed with digital codes (color codes) to access a specific repeater. These 

codes are similar to the PL access tones on an analog FM repeater. DMRs also require specific codes to access specific talk 

groups. And, each DMR user is assigned an individual identification code (different from your call sign). All these codes are 

combined into a computer file called a code plug.  [T4B07 ς CO]  [T4B07 ς AA] 
 

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

This question refers to the use of receiǾŜǊ ƛƴǇǳǘ ŦƛƭǘŜǊǎΦ ¢ƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ǉǳŜǎǘƛƻƴΣ ȅƻǳΩƭƭ ƴŜŜŘ ǘƻ ƪƴƻǿ ŀ ƭƛǘǘƭŜ ŀōƻǳǘ ŦƛƭǘŜǊǎΦ 

A receiver uses filters to reject unwanted signals. Ideally, the filter only allows desired signals to pass. You can have narrow 

(smaller bandwidth, about 500 Hz wide) or wide (wider bandwidth, about 2400 Hz wide) filters. The reference to bandwidth 
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choices refers to the option of choosing from multiple filters. These choices allow you to reduce noise by selecting a filter 

with just enough bandwidth to pass the desired signal.  [T4B08 ς CO]  [T4B08 ς AA] 
 

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

Refer to question T4B07 and www.dmrfordummies.com. Digital repeater systems (such as DMR, D-STAR, etc.) use talk groups 

for organizing radio traffic Χ ǘƘŀǘ ƛǎ ǘƻ ƎǊƻǳǇ ǎǘŀǘƛƻƴǎ ǘƻƎŜǘƘŜǊ όǳǎǳŀƭƭȅ ŦƻǊ ŀ ŎƻƳƳƻƴ ǇǳǊǇƻǎŜ Χ ōȅ ŎƻǳƴǘǊȅΣ ōȅ ǘƻǇƛŎΣ ŜǘŎΦύΦ 

Each talk group requires a code for accessing it. All you need to do to select a specific talk group is to enter its identification 

code into your radio.  [T4B09 ς CO]  [T4B09 ς AA] 
 

T4B10:  Which of the following receiver filter bandwidths provides the best signal-to-noise ratio for SSB reception? 

¢Ƙƛǎ ƛǎ ǎƛƳǇƭȅ ƻƴŜ ƻŦ ǘƘƻǎŜ ǉǳŜǎǘƛƻƴǎ ȅƻǳΩƭƭ ƴŜŜŘ ǘƻ ƳŜƳƻǊƛȊŜΦ ¸ƻǳ ƴŜŜŘ ǘƻ ǎŜƭŜŎǘ ŀ ōŀƴŘǿƛŘǘƘ that matches the bandwidth of 

the mode and that optimizes the ratio of desired signal to undesired noise or interference. For SSB, this is approximately 2400 

Hz (2.4 kHz).  [T4B10 ς CO]  [T4B10 ς AA] 
 

T4B11:  Which of the following must be programmed into a D-STAR digital transceiver before transmitting? 

Similar to DMR, D-STAR uses talk groups. However, unlike DMR, instead of your DMR identification code, you must program 

your call sign into the radio prior to transmitting.  [T4B11 ς CO]  [T4B11 ς AA] 
 

¢п.мнΥ  ²Ƙŀǘ ƛǎ ǘƘŜ ǊŜǎǳƭǘ ƻŦ ǘǳƴƛƴƎ ŀƴ Ca ǊŜŎŜƛǾŜǊ ŀōƻǾŜ ƻǊ ōŜƭƻǿ ŀ ǎƛƎƴŀƭΩǎ ŦǊŜǉǳŜƴŎȅΚ 

For clarification, this means tuning the receiver above or below ǘƘŜ Lb/haLbD ǎƛƎƴŀƭΩǎ ŦǊŜǉǳŜƴŎȅΦ If you tune the receiver too 

far ŀōƻǾŜ ƻǊ ōŜƭƻǿ ǘƘŜ ǎƛƎƴŀƭΣ ȅƻǳΩƭƭ ƭƻǎŜ ǘƘŜ ǎƛƎƴŀƭ ŜƴǘƛǊŜƭȅΦ IƻǿŜǾŜǊΣ ƛŦ ȅƻǳ ƻƴƭȅ ǘǳƴŜ ȅƻǳǊ ǊŜŎŜƛǾŜǊ ŀ ƭƛǘǘƭŜ ŀōƻǾŜ ƻǊ ōŜƭƻǿ 

the signal, you will still be able to hear it, but the audio will be distorted.  [T4B12 ς CO]  [T4B12 ς AA] 
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SUBELEMENT T5 τ ELECTRICAL PRINCIPLES 
 

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

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

 

BASIC ELECTRICAL PRINCIPLES. Before you begin this section, we need to introduce you to a few new terms. ²ŜΩƭƭ ǊŜŦŜǊ ǘƻ 

this in the questions in this section (T5A). For additional details, check out this website:  www.ia470.com/primer/electric.htm 
 

Electrical current is the flow of electrons. The mathematical symbol for current is I and is measured in amperes (also amps or 

A). ±ƻƭǘŀƎŜ ƛǎ ǘƘŜ ŦƻǊŎŜ ǘƘŀǘ ƳƻǾŜǎ ŜƭŜŎǘǊƻƴǎ Χ ŎŀǳǎŜǎ ŎǳǊǊŜƴǘ/electrons to flow. Voltage is measured in Volts. The symbol for 

Voltage is E (stands for electric potential or ŜƭŜŎǘǊƻƳƻǘƛǾŜ ŦƻǊŎŜ Χ ȅƻǳ Ƴŀȅ ǎŜŜ ƻƭŘŜǊ ǊŜŦŜǊŜƴŎŜǎ ǳǎŜ V for voltage). Current 

flows through conductors (wires, etc.). Since no conductor is perfect, there is always resistance to flow. Resistance is 

measured in Ohms (symbol ɱ). There is a mathematical relationship between current, voltage, and resistance, όŎŀƭƭŜŘ hƘƳΩǎ 

Law) as follows: 

 I = E / R  E = I × R  R = E / I 

An easy way to remember these basic formulas is to use the accompanying diagramΦ IŜǊŜΩǎ Ƙƻǿ ȅƻǳ ǳǎŜ 

the diagram. If you know any two of the quantities, the equation to find the third is shown by covering 

up the unknown quantity. The positions of the remaining two symbols show if you have to multiply 

(side-by-side) or divide (one above the other). Voltage (electric potential) is measured with a voltmeter. 

Current is measured with an ammeter. Resistance is measured with an ohmmeter. 
 

Electric power is the rate at which electrical energy is used. Power is measured in Watts (symbol W). As 

ǿƛǘƘ hƘƳΩǎ [ŀǿΣ ǘƘŜǊŜ ƛǎ ŀ ǎƛƳƛƭŀǊ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ǇƻǿŜǊΣ ŎǳǊǊŜƴǘΣ ŀƴŘ ǾƻƭǘŀƎŜΦ !ƴŘΣ ǘƘŜǊŜΩǎ ŀ 

corresponding diagram to help you remember these formulas.     E = P / I        P = I × E         I = P / E 
 

¸ƻǳΩǾŜ ŎŜǊǘŀƛƴƭȅ ƘŜŀǊŘ ǘƘŜ ǘŜǊƳǎ !/ ŀƴŘ 5/ ǿƘŜƴ ƛǘ ŎƻƳŜǎ ǘƻ ŜƭŜŎǘǊƛŎƛǘȅΦ IŜǊŜΩǎ ŀƴ ŜȄǇƭŀƴŀǘƛƻƴ ŦǊƻƳ 

bƻǊǘƘǿŜǎǘŜǊƴ ¦ƴƛǾŜǊǎƛǘȅΩǎ tƘȅǎƛŎǎ 5ŜǇŀǊǘƳŜƴǘΦ Electron flow is what we think of as electrical current.  We are familiar with 

two types of electron flow, Direct 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 typical 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 of the 

direction of the electron flow.)  A lot of people think of 

electron flow as electrons moving along a wire freely like 

cars go down a highway. Actually, it works a little 

differently. Any conductor (thing that electricity can go 

through) is made of atoms. Each atom has electrons in it. If 

you put new electrons in a conductor, they will join atoms, 

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 happens faster than we 

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

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

CƛƴŀƭƭȅΣ ƭŜǘΩǎ ǘŀƭƪ ōǊƛŜŦƭȅ ŀōƻǳǘ ǎŜǊƛŜǎ ŀƴŘ ǇŀǊŀƭƭŜƭ ŎƛǊŎǳƛǘǎΦ LŦ ȅƻǳΩǊŜ ŀǎ ƻƭŘ as I am, you probably recall the struggle of finding a 

burnt-out bulb on a string of Christmas lights ς ǿƘŜƴ ƻƴŜ ōǳƭō ǿŜƴǘ ƻǳǘΣ ǘƘŜȅ ![[ ǿŜƴǘ ƻǳǘΦ ¢ƘŀǘΩǎ ōŜŎŀǳǎŜ ǘƘŜȅ ǿŜǊŜ ǿƛǊŜŘ 

ƛƴ {9wL9{Φ aƻǎǘ ƻŦ ǘƻŘŀȅΩǎ /ƘǊƛǎǘƳŀǎ ƭƛƎƘǘǎ ŀǊŜ ǿƛǊŜŘ ƛƴ t!w![[9[Φ [ŜǘΩǎ ƭƻƻƪ ŀǘ some diagrams. 

http://www.ia470.com/primer/electric.htm
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The first diagram shows a series circuit. If you break 

the circuit at any point (such as a single bulb 

filament), all the bulbs go out. The second diagram 

ǎƘƻǿǎ ŀ ǇŀǊŀƭƭŜƭ ŎƛǊŎǳƛǘΦ LŦ ƻƴŜ ōǳƭōΩǎ ŦƛƭŀƳŜƴǘ ōǊŜŀƪǎΣ 

the circuit is completed by the other bulbs. In fact, 

you can lose all but ONE bulb and still complete the 

circuit. In a series circuit, the same current flows 

through all components. In a parallel circuit, the 

same voltage flows through all components. 

 
 

T5A01:  Electrical current is measured in which of the following units? 

Refer to BASIC ELECTRICAL PRINCIPLES at the beginning of this section. Electric current (symbol I) is measured in units of 

amperes (abbreviated as A or amps).  [T5A01 ς CO]  [T5A01 ς AA] 
 

T5A02:  Electrical power is measured in which of the following units? 

Refer to BASIC ELECTRICAL PRINCIPLES at the beginning of this section. Electric power (symbol P) is measured in units of 

Watts (abbreviated as W).  [T5A02 ς CO]  [T5A02 ς AA] 
 

T5A03:  What is the name for the flow of electrons in an electric circuit? 

Refer to BASIC ELECTRICAL PRINCIPLES at the beginning of this section. Electric current (symbol I, measured in amperes or 

amps) is the flow of electrons.  [T5A03 ς CO]  [T5A03 ς AA] 
 

T5A04:  What are the units of electrical resistance? 

Refer to BASIC ELECTRICAL PRINCIPLES at the beginning of this section. Electrical resistance (symbol R) measured in Ohms 

(abbreviated as ɱ ς Omega).  [T5A04 ς CO]  [T5A04 ς AA] 
 

T5A05:  What is the electrical term for the force that causes electron flow? 

Refer to BASIC ELECTRICAL PRINCIPLES at the beginning of this section. Voltage (symbol E or V in older texts) is the force that 

makes electrons move. The symbol E comes from the term electromotive force.  [T5A05 ς CO]  [T5A05 ς AA] 
 

T5A06:  What is the unit of frequency? 

See accompanying figure. The number of cycles per 

ǎŜŎƻƴŘ ƛǎ ǘƘŜ ǎƛƎƴŀƭΩǎ frequency (symbol f ). 

Frequency is measured in Hertz (symbol Hz). The 

period of the cycle (symbol T ) is its duration, usually 

measured in seconds. Frequency is the reciprocal of 

the period ( f = 1 / T  or T = 1 / f ).  [T5A06 ς CO]  

[T5A06 ς AA] 
 

T5A07:  Why are metals generally good conductors 

of electricity? 

aŜǘŀƭǎ ŀǊŜ ƎƻƻŘ ŎƻƴŘǳŎǘƻǊǎ ƻŦ ƘŜŀǘ !b5 ŜƭŜŎǘǊƛŎƛǘȅ ōŜŎŀǳǎŜ ǘƘŜȅ ƘŀǾŜ ŀǘ ƻƴŜ ŦǊŜŜ ŜƭŜŎǘǊƻƴ ǇŜǊ ŀǘƻƳΦ ¢Ƙƛǎ ŀǘƻƳ ƛǎƴΩǘ ǘƛŜŘ ǘƻ 

any specific atom, and is free to move around. One free electron per atom may not sound like much, but there are over 1021 

όǘƘŀǘΩǎ нм ȊŜǊƻŜǎύ ŀǘƻƳǎ ƛƴ Ƨǳǎǘ ƻƴŜ ƎǊŀƳ ƻŦ ŎƻǇǇŜǊΦ {ƻΣ metals have a LOT of free electrons.  [T5A07 ς CO]  [T5A07 ς AA] 
 

T5A08:  Which of the following is a good electrical insulator? 

If you look carefully, this is answered by the wording of question T5A07. The opposite of insulator is conductor. If metals are 

ƎƻƻŘ ŎƻƴŘǳŎǘƻǊǎ όŦǊƻƳ ¢р!лтύΣ ǘƘŜ ƭƻƻƪ ŦƻǊ ǘƘŜ ŎƘƻƛŎŜǎ ƛƴ ¢р!лу ǘƘŀǘ ƛǎƴΩǘ ŀ ƳŜǘŀƭ όglass is the only non-metal listed). 
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LƴǎǳƭŀǘƻǊǎ w9{L{¢ ǘƘŜ Ŧƭƻǿ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ Χ ǘƘŜƛǊ ŜƭŜŎǘǊƻƴǎ ŀǊŜ ōƻǳƴŘ ǘƛƎƘǘƭȅ ǘƻ ǘƘŜ ŀǘƻƳǎΦ hǘƘŜǊ ŜȄŀƳǇƭŜǎ ŀǊŜ ǿƻƻŘκǇŀǇŜǊΣ 

plastics/rubber, ceramics, etc.  [T5A08 ς CO]  ]T5A08 ς AA] 
 

T5A09:  Which of the following describes alternating current? 

Look at the graph in question T5A06. Alternating current (AC or ac) follows the same pattern in that it changes polarity and 

magnitude continuously. In other words, polarity alternates between positive and negative continuously. Typical household 

current in the United States has a frequency of 60 Hertz (Hz) or 60 cycles per second. So, AC alternates between positive and 

negative 60 times in one second.  [T5A09 ς CO]  [T5A09 ς AA] 
 

T5A10:  Which term describes the rate at which electrical energy is used? 

Refer to BASIC ELECTRICAL PRINCIPLES at the beginning of this section. The term power describes the rate at which electric 

energy is used. Measured in Watts (symbol W). [T5A10 ς CO]  [T5A10 ς AA] 
 

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

Refer to BASIC ELECTRICAL PRINCIPLES at the beginning of this section. The answer choices for this question are Direct 

current, Alternating current, RF current, or All these choices are correct. We know from the Basic Electrical Principles 

discussion that resistance applƛŜǎ ǘƻ !/ ŀƴŘ 5/Φ .ǳǘΣ ǿŜ ŘƻƴΩǘ yet know about RF current. However, the only correct answer 

must be All these choices are correct.  [T5A11 ς CO]  [T5A11 ς AA] 
 

T5A12:  What describes the number of times per second that an alternating current makes a complete cycle? 

Refer to question T5A06. Each complete up-and-down sequence is called a cycle (marked on the graph as 1 Cycle). The 

ƴǳƳōŜǊ ƻŦ ŎȅŎƭŜǎ ǇŜǊ ǎŜŎƻƴŘ ƛǎ ǘƘŜ ǎƛƎƴŀƭΩǎ frequency (measured in Hertz or Hz, symbol f ).  [T5A12 ς CO]  ]T5A12 ς AA] 
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T5B Math for electronics: conversion of electrical units, decibels            TOC 
 

Refer to the accompanying table and discussion for questions in 

this section (T5B) . These prefixes may be used with any measurement: 

ohms, volts, amperes, hertz, watts, meters, etc. Note that some of the 

symbols are capitalized while some are lower case (iǘΩǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ƪŜŜǇ 

this straight). A megagram, for example, is 1,000,000 or 106 grams. The 

symbol is Mg (capital M). ¢ƘŜ Ƴƻǎǘ ŎƻƳƳƻƴ ǇǊŜŦƛȄŜǎ ȅƻǳΩƭƭ ŜƴŎƻǳƴǘŜǊ ƛƴ 

amateur ǊŀŘƛƻ ŀǊŜ ǇƛŎƻ όǇύΣ ƴŀƴƻ όƴύΣ ƳƛŎǊƻ ό˃ύΣ Ƴƛƭƭƛ όƳύΣ centi (c), kilo (k), 

mega (M), and giga (G). 
 

T5B01:  How many milliamperes is 1.5 amperes? 

From the table at T5B we know that milli means 10-3 or 0.001. To move 

from no prefix (amperes) to the milli prefix, we will need to add three 

zeroes (add zeroes when you move DOWN the table; remove zeroes when 

you move UP the table). So, the correct answer is 1,500 or 1500 mA or milliamperes.  [T5B01 ς CO]  [T5B01 ς 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 answer (A) is 1500 kHz (or kilohertz). To move from no 

prefix (hertz) to kilo ǿŜΩǊŜ ƳƻǾƛƴƎ ǳǇ ǘƘŜ ǘŀōƭŜ ǎƻ we will need to remove three zeroes. Removing three zeroes from 

1,500,000 hertz gives us 1500 kHzΦ ¢Ƙŀǘ ƭƻƻƪǎ ŎƻǊǊŜŎǘΦ .ǳǘΣ ǘƻ ōŜ ƻƴ ǘƘŜ ǎŀŦŜ ǎƛŘŜΣ ƭŜǘΩǎ ǘŜǎǘ the other choices. B is 1500 MHz. 

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. So, B is incorrect. C is 15 GHz. Going from no prefix to giga would remove nine zeroes. Removing nine zeroes from 

1,500,000 would be 0.015 GHz, not 15 GHz, so C is also incorrect. D is 150 kHz. But, we know from A the correct answer for 

the kilo prefix is 1500. So, D is also incorrect.  [T5B02 ς CO]  [T5B02 ς AA] 
 

T5B03:  Which is equal to one kilovolt? 

For this question, we need to look at each answer and test it. The first answer (A) is one one-thousandth of a volt or 0.001 

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

would be 1000 volts. So, A is incorrect. B is 100 volts. We already know this is incorrect (the correct answer in volts is 1000). 

[ŜǘΩǎ ƭƻƻƪ ŀǘ C. C is 1000 voltsΦ .ƛƴƎƻΗ Wǳǎǘ ƛƴ ŎŀǎŜΣ ƭŜǘΩǎ ƭƻƻƪ ŀǘ D Χ ƻƴŜ Ƴƛƭƭƛƻƴ Ǿƻƭǘǎ Χ ƛƴŎƻǊǊŜŎǘΦ  [T5B03 ς CO]  [T5B03 ς AA] 
 

T5B04:  Which is equal to one microvolt? 

[ŜǘΩǎ ƭƻƻƪ ŀǘ ŀƴǎǿŜǊ A Χ ƻne one-millionth of a volt. 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 would be 0.000001 or one one-millionth of a volt. So, A is correct. 

[T5B04 ς CO]  [T5B04 ς AA] 
 

T5B05:  Which is equal to 500 milliwatts? 

[ŜǘΩǎ ƭƻƻƪ ŀǘ ŀƴǎǿŜǊ A Χ лΦлн ǿŀǘǘǎΦ ²Ŝ Ŏŀƴ ƛƳƳŜŘƛŀǘŜƭȅ ǊǳƭŜ ƛǘ ƻǳǘ ōŜŎŀǳǎŜ ǿŜΩǊŜ ƻƴƭȅ ƳƻǾƛƴƎ ȊŜǊƻŜǎ Χ ǘƘŜ 2 in the answer 

ǊǳƭŜǎ ƛǘ ƻǳǘΦ [ŜǘΩǎ ƭƻƻƪ ŀǘ ŀƴǎǿŜǊ B Χ 0.5 watts. To move from milli to no prefix (watts) we go up the table, so we need to 

remove three zeroes. Removing 3 zeroes from 500 would be лΦр ǿŀǘǘǎ Χ B is correct.  [T5B05 ς CO]  [T5B05 ς AA] 
 

T5B06:  Which is equal to 3000 milliamperes? 

[ŜǘΩǎ ƭƻƻƪ ŀǘ ŀƴǎǿŜǊ A Χ 0.003 amperes. To move from milli to no prefix we go up the table, so we need to remove three 

zeroes. Removing 3 zeroes from 3000 would be 3 amperes. So, A is incorrect. B is 0.3 amperes Χ ǎŀƳŜ ǇǊŜŦƛȄΣ ǎƻ ǘƘŜ ŀƴǎǿŜǊ ƛǎ 

о ŀƳǇŜǊŜǎ Χ B is incorrect. C is 3,000,000 amperes Χ ǎŀƳŜ ǇǊŜŦƛȄΣ ǎƻ ǘƘŜ ŀƴǎǿŜǊ ƛǎ о ŀƳǇŜǊŜǎ Χ C is incorrect. That only 

leaves D. D ƛǎ о ŀƳǇŜǊŜǎ Χ ǘƘŜ ŎƻǊǊŜŎǘ ŀƴǎǿŜǊ.  [T5B06 ς CO]  [T5B06 ς AA] 
  

International System of Units (Metric) 

Prefix Sym Multiplication Factor 
Tera  T 1012 = 1,000,000,000,000 

Giga G 109 = 1,000,000,000 

Mega M 106 = 1,000,000 

Kilo k 103 = 1,000 

Hecto h 102 = 100 

Deca da 101 = 10 

Deci d 10-1 = 0.1 

None --- 100 = 1 

Centi c 10-2 = 0.01 

Milli m 10-3 = 0.001 

Micro ʈ 10-6 = 0.000001 

Nano n 10-9 = 0.000000001 

Pico p 10-12 = 0.000000000001 
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T5B07:  Which is equal to 3.525 MHz? 

[ŜǘΩǎ ƭƻƻƪ ŀǘ ŀƴǎǿŜǊ A Χ 0.003525 kHz. To move from mega (M) to kilo (k) we go down the table, so we need add three 

zeroes. Adding 3 zeroes to 3.525 MHz would be 3525 kHz. So, A is incorrect.  B is 35.25 kHz Χ ŀƭǎƻ ƛƴŎƻǊǊŜŎǘΦ C ƛǎ орор ƪIȊ Χ 

ǘƘŀǘΩǎ ƛǘ.  [T5B07 ς CO]  [T5B07 ς AA] 
 

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

[ŜǘΩǎ ƭƻƻƪ ŀǘ ŀƴǎǿŜǊ A Χ 0.001 microfarads. To move from pico to micro we go up the table, so we need to remove six zeroes. 

Removing 6 zeroes from 1,000,000 picofarads would be 1 microfarad. So, A is incorrect. B ƛǎ м ƳƛŎǊƻŦŀǊŀŘ Χ ǘƘŀǘΩǎ ƛǘ. 

[T5B08 ς CO]  [T5B08 ς AA] 
 

T5B09:  Which decibel value most closely represents a power increase from 5 watts to 10 watts? 

¢ƘŜǊŜ ŀǊŜ н ŦƻǊƳǳƭŀǎ ŦƻǊ ŎŀƭŎǳƭŀǘƛƴƎ ǘƘŜ ŘŜŎƛōŜƭǎ όŘ.ύ ƻŦ ŀƴ ŀƳǇƭƛŦƛŜŘ ƻǊ ǊŜŘǳŎŜŘ ǊŀŘƛƻ ǎƛƎƴŀƭ Χ ƻƴŜ ŦǊƻƳ ǘƘŜ ǇƻǿŜǊ 

(measured in Watts) and one from voltage (measured in Volts). 
 

 Voltage:   Ὠὄ ςπ  ÌÏÇ   Power:  Ὠὄ ρπ  ÌÏÇ  

 

If the signal is amplified, the larger voltage (E) or power (P) value is in the numerator in the above fraction. If the signal is 

reduced, the larger value 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: 
 

Ὠὄ ρπ ÌÏÇ ρπ  ÌÏÇ   ρπ ÌÏÇς  ρπ  πȢσπρσȢπρ έὶ σ Ὠὄ 

 

So, the answer is 3 dB.  [T5B09 ς CO]  [T5B09 ς AA] 
 

T5B10:  Which decibel value most closely represents a power decrease from 12 watts to 3 watts? 

wŜŦŜǊ ǘƻ ǉǳŜǎǘƛƻƴ ¢р.лфΦ ²ŜΩƭƭ ǳǎŜ ǘƘŜ ǇƻǿŜǊ ŦƻǊƳǳƭŀΦ {ƛƴŎŜ ǘƘŜǊŜΩǎ ŀ ǇƻǿŜǊ 59/w9!{9Σ ǘƘŜ ƭŀǊƎŜ ǾŀƭǳŜ ƛǎ ǘƘŜ ŘŜƴƻƳƛƴŀǘƻǊΦ 
 

Ὠὄ ρπ  ÌÏÇ ρπ  ÌÏÇ ρπ  ÌÏÇπȢςυ ρπ Ȣφπς φȢπς φ Ὠὄ 

 

The correct answer is ς 6 db.  [T5B10 ς CO]  [T5B10 ς AA] 
 

T5B11:  Which decibel value represents a power increase from 20 watts to 200 watts? 

Refer to ǉǳŜǎǘƛƻƴ ¢р.лфΦ ²ŜΩƭƭ ǳǎŜ ǘƘŜ ǇƻǿŜǊ ŦƻǊƳǳƭŀΦ {ƛƴŎŜ ǘƘŜǊŜΩǎ ŀ ǇƻǿŜǊ Lb/w9!{9Σ ǘƘŜ ƭŀǊƎŜ ǾŀƭǳŜ ƛǎ ǘƘŜ ƴǳƳŜǊŀǘƻǊΦ 
 

Ὠὄ ρπ  ÌÏÇ ρπ  ÌÏÇ ρπ  ÌÏÇρπ ρπ  ρ  ρπ Ὠὄ 

 

The correct answer is 10 dB.  [T5B11 ς CO]  [T5B11 ς AA] 
 

T5B12:  Which is equal to 28400 kHz? 

Refer to the table at T5B όōŜƎƛƴƴƛƴƎ ƻŦ ǘƘƛǎ ǎŜŎǘƛƻƴύΦ [ŜǘΩǎ ŦƛǊǎǘ ƭƻƻƪ ŀǘ ŀƴǎǿŜǊ A Χ 28.400 kHzΦ /ƭŜŀǊƭȅ нуплл ƪIȊ ƛǎƴΩǘ Ŝǉǳŀƭ ǘƻ 

28.400 kHzΦ [ŜǘΩǎ ƭƻƻƪ ŀǘ B Χ 2.800 MHz. To move from kilo to Mega we need to go up the table, so we need to remove 3 

zeroes. Remove 3 zeroes from 28400 kHz gives us 28.4 MHz. So, B is incorrect. C is 284.00 MHz Χ ŀƭǎƻ ƛƴŎƻǊǊŜŎǘΦ .ȅ 

elimination, D ƛǎ ǘƘŜ ƻƴƭȅ ŀƴǎǿŜǊ ƭŜŦǘΣ ōǳǘ ƭŜǘΩǎ ŎƘŜŎƪ ŀƴȅǿŀȅ Χ нуΦплл aIȊ ƛǎ ŎƻǊǊŜŎǘ.  [T5B12 ς CO]  [T5B12 ςAA] 
 

T5B13:  Which is equal to 2425 MHz? 

Refer ǘƻ ǘƘŜ ǘŀōƭŜ ŀǘ ¢р.Φ [ŜǘΩǎ ŦƛǊǎǘ ƭƻƻƪ ŀǘ ŀƴǎǿŜǊ A Χ 0.002425 GHz. To move from Mega to Giga we need to go up the 

table, so we need to remove 3 zeroes. Removing 3 zeroes from 2425 MHz gives us 2.425 GHz, so A ƛǎ ƛƴŎƻǊǊŜŎǘΦ [ŜǘΩǎ ƭƻƻƪ ŀǘ B 

Χ 24.25 GHz. Also, incorrect. [ŜǘΩǎ ƭƻƻƪ ŀǘ C Χ нΦпнр DIȊ Χ ǘƘŀǘΩǎ ǘƘŜ ŎƻǊǊŜŎǘ ŀƴǎǿŜǊ.  [T5B13 ς CO]  [T5B13 ς AA] 
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T5C Capacitance and inductance terminology and units; Radio frequency definition and units; Impedance definition 

 and units; Calculating power           TOC 
 

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

Per www.analog.comΣ άA capacitor Χ consists of two conductive plates separated by an insulating dielectric. A voltage 

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 the charge remain until discharged, storing energy. Capacitance (measured in 

farads), dictates the amount of charge that can be stored at a given voltageΦέ  [T5C01 ς CO]  [T5C01 ς AA] 
 

T5C02:  What is the unit of capacitance? 

See question T5C01. Capacitance is measured in farads.  [T5C02 ς CO]  [T5C02 ς AA] 
 

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

From www.techtarget.com, άAn inductor is a passive electronic component that temporarily 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 circuit Χ The inductor's ability to resist changes to the current 

is referred to as its inductance, which is the ratio of voltage to the current's rate of change within the coil. The standard unit 

of inductance is the henry (H).έ  [T5C03 ς CO]  [T5C03 ς AA] 
 

T5C04:  What is the unit of inductance? 

See question T5C03. Inductance is measured in henries (H).  [T5C04 ς CO]  [T5C04 ς AA] 
 

T5C05:  What is the unit of impedance? 

In BASIC ELECTRICAL PRINCIPLES ŀǘ ǘƘŜ ōŜƎƛƴƴƛƴƎ ƻŦ ¢р! ǿŜ ǘŀƭƪŜŘ ŀōƻǳǘ ƻǇǇƻǎƛǘƛƻƴ ǘƻ ŎǳǊǊŜƴǘ Ŧƭƻǿ ƛƴ 5/ ŎƛǊŎǳƛǘǎΦ LǘΩǎ ŎŀƭƭŜŘ 

resistance. In an AC circuit, current and voltage are out of phase (current leads voltage in capacitors and current lags voltage 

in inductors). This out of phase condition also creates opposition to current flow that we call reactance. In AC circuits, the 

combination of resistance and reactance is impedance, and is measured in Ohms (ɱ).  [T5C05 ς CO]  [T5C05 ς AA] 
 

¢р/лсΥ  ²Ƙŀǘ ŘƻŜǎ ǘƘŜ ŀōōǊŜǾƛŀǘƛƻƴ άwCέ ƳŜŀƴΚ 

RF stands for radio frequency. RF signals start at about 20 kHz, just above the range of human hearing (called audio 

frequency).  [T5C06 ς CO]  [T5C06 ς AA] 
 

T5C07:  What is the abbreviation for megahertz? 

Refer to table at T5B. Megahertz is abbreviated MHz (upper case M, upper case H, lower case z).  [T5C07 ς CO]  [T5C07 ς AA] 
 

T5C08:  What is the formula used to calculate electrical power (P) in a DC circuit? 

Refer to the discussion diagrams of BASIC ELECTRICAL PRINCIPLE at T5A. The formula for power is:   P = I × E 

[T5C08 ς CO]  [T5C08 ς AA] 
 

T5C09:  How much power is delivered by a voltage of 13.8 volts DC and a current of 10 amperes? 

Refer to BASIC ELECTRICAL PRINCIPLES at the beginning of section T5A. We need to use the formula for Power. 

        ὖ Ὅ Ὁ ρπ ὃ ρσȢψ ὠ ρσψ ὡὥὸὸί Correct answer is 138 W.  [T5C09 ς CO]  [T5C09 ς AA] 
 

T5C10:  How much power is delivered by a voltage of 12 volts DC and a current of 2.5 amperes? 

Refer to BASIC ELECTRICAL PRINCIPLES at the beginning of section T5A. We need to use the formula for Power. 

        ὖ Ὅ Ὁ ςȢυ ὃ ρς ὠ σπ ὡὥὸὸί Correct answer is 30 W.  [T5C10 ς CO]  [T5C10 ς AA] 
 

T5C11:  How much current is required to deliver 120 watts at a voltage of 12 volts DC? 

Refer to BASIC ELECTRICAL PRINCIPLES at the beginning of section T5A. We need to use the formula for Current. 

      Ὅ
 

 
ρπ ὃ   Correct answer is 10 Amps.  [T5C11 ς CO]  [T5C11 ς AA] 

http://www.analog.com/
http://www.techtarget.com/
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T5C12:  What is impedance? 

Also see question T5C05. In AC circuits, impedance is the opposition to current flow, a combination of resistance and 

reactance. Symbol Z, measured in ohms (ɱ).  [T5C12 ς CO]  [T5C12 ς AA] 
 

T5C13:  What is the abbreviation for kilohertz? 

See table at T5B. The abbreviation for kilohertz is kHz (lower case k, uppercase H).  [T5C13 ς CO]  [T5C13 ς AA] 
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T5D hƘƳΩǎ [ŀǿΤ {ŜǊƛŜǎ ŀƴŘ ǇŀǊŀƭƭŜƭ ŎƛǊŎǳƛǘǎ          TOC 
 

T5D01:  What formula is used to calculate current in a circuit? 

See BASIC ELECTRICAL PRINCIPLES at T5A. Current (in amps) is Voltage (volts) divided by Resistance (ohms), I = E / R. 

[T5D01 ς CO]  [T5D01 ς AA] 
 

T5D02:  What formula is used to calculate voltage in a circuit? 

See BASIC ELECTRICAL PRINCIPLES at T5A. Voltage (E) is Current (I) times resistance (R), E = I × R.  [T5D02 ς CO]   

[T5D02 ς AA] 
 

T5D03:  What formula is used to calculate resistance in a circuit? 

See BASIC ELECTRICAL PRINCIPLES at T5A. Resistance (R) is Voltage (E) divided by Current (I). R = E / I.  [T5D03 ς CO] 

[T5D03 ς AA] 
 

T5D04:  What is the resistance of a circuit in which a current of 3 amperes flows when connected to 90 volts? 

See BASIC ELECTRICAL PRINCIPLES at T5A. The formula for Resistance is: 

 Ὑ  
 

 
σπ   Correct answer is 30 ohms. [T5D04 ς CO]  [T5D04 ς 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? 

See BASIC ELECTRICAL PRINCIPLES at T5A. The formula for Resistance is: 

 Ὑ  
 

Ȣ 
ψ   Correct answer is 8 ohms.  [T5D05 ς CO]  [T5D05 ς AA] 

 

T5D06:  What is the resistance of a circuit that draws 4 amperes from a 12-volt source? 

See BASIC ELECTRICAL PRINCIPLES at T5A. The formula for Resistance is: 

 Ὑ  
 

 
σ   Correct answer is 3 ohms.  [T5D06 ς CO]  [T5D06 ς AA] 

 

T5D07:  What is the current in a circuit with an applied voltage of 120 volts and a resistance of 80 ohms? 

See BASIC ELECTRICAL PRINCIPLES at T5A. The formula for Current is: 

 Ὅ
 

 
ρȢυ ὃ Correct answer is 1.5 amps. [T5D07 ς CO]  [T5D07 ς AA] 

 

T5D08:  What is the current through a 100-ohm resistor connected across 200 volts? 

See BASIC ELECTRICAL PRINCIPLES at T5A. The formula for Current is: 

 Ὅ
 

 
ς ὃ Correct answer is 2 amps.  [T5D08 ς CO]  [T5D08 ς AA] 

 

T5D09:  What is the current through a 24-ohm resistor connected across 240 volts? 

See BASIC ELECTRICAL PRINCIPLES at T5A. The formula for Current is: 

 Ὅ
 

 
ρπ ὃ Correct answer is 10 amps. [T5D09 ς CO]  [T5D09 ς AA] 

 

T5D10:  What is the voltage across a 2-ohm resistor if a current of 0.5 amperes flows through it? 

See BASIC ELECTRICAL PRINCIPLES at T5A. The formula for Voltage is: 

 E = I × R = 0.5 A × 2 ɱ = 1 V      Correct answer is 1 volt. [T5D10 ς CO]  [T5D10 ς AA] 
 

T5D11:  What is the voltage across a 10-ohm resistor if a current of 1 ampere flows through it? 

See BASIC ELECTRICAL PRINCIPLES at T5A. The formula for Voltage is: 

 E = I × R = 1 A × 10 ɱ = 10 V     Correct answer is 10 volts. [T5D11 ς CO]  [T5D10 ς AA] 
 

T5D12:  What is the voltage across a 10-ohm resistor if a current of 2 amperes flows through it? 

See BASIC ELECTRICAL PRINCIPLES at T5A. The formula for Voltage is: 

 E = I × R = 2 A × 10 ɱ = 20 V     Correct answer is 20 volts. [T5D12 ς CO]  [T5D12 ς AA] 
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T5D13:  In which type of circuit is DC current the same through all components? 

See BASIC ELECTRICAL PRINCIPLES at T5A. The same current must flow through all components in a series circuit. 

[T5D13 ς CO]  [T5D13 ς AA] 
 

T5D14:  In which type of circuit is voltage the same across all components? 

See BASIC ELECTRICAL PRINCIPLES at T5A. The same voltage must flow through all components in a parallel circuit. 

[T5D14 ς CO]  [T5D14 ς AA] 
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SUBELEMENT T6 τ ELECTRONIC AND ELECTRICAL COMPONENTS 
 

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

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

 

RESISTORS, CAPACITORS, AND INDUCTORS (Ref: https://www.livescience.com/53875-resistors-capacitors-inductors.html) 

To answer questions in this section, we need an overview of resistors, capacitors, and inductors. See the reference above for 

more details. These are the three most basic types of electronic components ȅƻǳΩƭƭ Ǌǳƴ ƛƴǘƻ ƛƴ ƘŀƳ ǊŀŘƛƻΦ wŜǎƛǎǘƻǊǎ ƻǇǇƻǎŜ 

the flow of current in both AC and DC circuits. This opposition is called resistance, and is measured in Ohms (symbol ɱ). 

Resistors are generally classified as either fixed or variable. Variable resistors (also called potentiometers or pots) are used in 

adjustable volume controls An inductor is an electronic component consisting of a coil of wire with an electric current running 

through it, creating a magnetic field. Inductors store energy in the magnetic field created by current flowing in a wire. Storing 

electricity in this manner is called inductance, and is measured in henrys (symbol H). Like resistors, inductors are available in 

variable models. Transformers are made from two or more inductors that share their stored energy. With advances in 

technology, microcircuits are now designed without inductors and use capacitors instead to achieve essentially the same 

results. Capacitance is the ability of a device to store electric charge, and as such, the electronic component that stores 

electric charge is called a capacitor. Capacitance is measured in farads (F). Capacitors store electrical energy in the electric 

field created by a voltage between two conducting surfaces or electrodes that are separated by an insulator called a 

dielectric. Some circuits have both capacitive and inductive reactance. There will be some frequency in such circuits that the 

capacitive and inductive reactance will be equal and cancel each other out Χ ǘƘƛǎ ƛǎ ŎŀƭƭŜŘ resonance Χ ǘƘŜ ŎƛǊŎǳƛǘ ƛǎ tuned at 

this frequency. Consequently, circuits that contain both a capacitor and an inductor (connected in series or parallel) are called 

resonant circuits. This is the basis for antenna tuners. An integrated circuit (IC or chip) is combines many components 

together as a useful circuit and packaged as a single component. See DIODE BASICS and TRANSISTOR BASICS at the beginning 

of T6B as a continued review of electrical components. 
 

T6A01:  What electrical component opposes the flow of current in a DC circuit? 

See RESISTORS, CAPACITORS, AND INDUCTORS at beginning of T6A. Resistors oppose the flow of electrical current in AC and 

DC circuits.  [T6A01 ς CO]  [T6A01 ς AA] 
 

T6A02:  What type of component is often used as an adjustable volume control? 

See RESISTORS, CAPACITORS, AND INDUCTORS at beginning of T6A. Variable resistors or potentiometers are used as 

adjustable volume controls.  [T6A02 ς CO]  [T6A02 ς AA] 
 

T6A03:  What electrical parameter is controlled by a potentiometer? 

See RESISTORS, CAPACITORS, AND INDUCTORS at beginning of T6A. Potentiometers are used for adjusting resistance.  

[T6A03 ς CO]  [T6A03 ς AA] 
 

T6A04:  What electrical component stores energy in an electric field? 

See RESISTORS, CAPACITORS, AND INDUCTORS at beginning of T6A. Capacitors store electrical energy in the electric field 

created by a voltage between two conducting surfaces or electrodes that are separated by an insulator called a dielectric. 

[T6A04 ς CO]  [T6A04 ς AA] 
 

T6A05:  What type of electrical component consists of conductive surfaces separated by an insulator? 

See RESISTORS, CAPACITORS, AND INDUCTORS at beginning of T6A. Capacitors store electrical energy in the electric field 

created by a voltage between two conducting surfaces or electrodes that are separated by an insulator called a dielectric. 

[T6A05 ς CO]  [T6A05 ς AA] 
 

T6A06:  What type of electrical component stores energy in a magnetic field? 

See RESISTORS, CAPACITORS, AND INDUCTORS at beginning of T6A. Inductors store energy in the magnetic field created by 

current flowing in a wire.  [T6A06 ς CO]  [T6A06 ς AA] 

https://www.livescience.com/53875-resistors-capacitors-inductors.html
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T6A07:  What electrical component is typically constructed as a coil of wire? 

See RESISTORS, CAPACITORS, AND INDUCTORS at beginning of T6A. An inductor is an electronic component consisting of a 

coil of wire.  [T6A07 ς CO]  [T6A07 ς AA] 
 

T6A08:  What is the function of an SPDT switch? 

See https://en.wikipedia.org/wiki/Switch. We describe switches by the number of poles and throws. The number of poles is 

the number of separate switches or circuits which are controlled by a single actuator. The number of throws is the number of 

separate wiring path choices that the switch can adopt for each pole. In the designation SPDT above, P stands for poles and T 

stands for throws. The S and D stand for single and double, respectively. So, an SPDT switch means single pole double throw Χ 

a single circuit which can be switched between one of two other circuits.  [T6A08 ς CO]  [T6A08 ς 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 we do in house circuits, specifically fuses and 

circuit breakers. Not that the answer options for this question does not include circuit breakers.  [T6A09 ς CO]  [T6A09 ς AA] 
 

T6A10:  Which of the following battery chemistries is rechargeable? 

Refer to the following table to answer this question. Rechargeable batteries (on this list) are: Nickel-Cadmium, Nickel-Metal 

Hydride, Lithium ion, Lead-acid, and LiFePO4.  [T6A10 ς CO]  [T6A10 ς AA] 

BATTERY TYPES & CHARACTERISTICS 

STYLE CHEMISTRY VOTAGE RATING 
AAA Alkaline ς Disposable 1.5 V 1100 mAh 

AA Alkaline ς Disposable 1.5 V 2600 ς 3200 mAh 

AA Carbon-Zinc ς Disposable 1.5 V 600 mAh 

AA Nickel-Cadmium (NiCd) ς Rechargeable 1.2 V 700 mAh 

AA Nickel-Metal Hydride (NiMH) ς Rechargeable 1.2 V 1500 ς 2200 mAh 

C Alkaline ς Disposable 1.5 V 7500 mAh 

D Alkaline ς Disposable 1.5 V 14000 mAh 

9 V Alkaline ς Disposable 9 V 580 mAh 

9 V Nickel-Cadmium (NiCd) ς Rechargeable 9 V 110 mAh 

9 V Nickel-Cadmium (NiCd) ς Rechargeable 9 V 550 mAh 

Coin Cells Lithium τ Disposable 3 ς 3.3 V 25 ς 1000 mAh 

Packs Lithium ion (Li-ion) ς Rechargeable 3.3 ς 3.6 V per cell Varies 

Storage Lead-acid ς Rechargeable 2 V per cell Varies 

Storage LiFePO4 ς Rechargeable 12 V Varies 
 

T6A11:  Which of the following battery chemistries is not rechargeable? 

Refer to table in question T6A10. Non-rechargeable or disposable batteries include: Alkaline, Carbon-Zinc, Lithium.   

[T6A11 ς CO]  [T6A11 ς AA] 
 

T6A12:  What type of switch is represented by component 3 in figure T-2? 

To answer this question, refer to the 

explanation of switches in T6A08, 

the diagram on the immediate right 

(types of switches), and to the 

schematic diagram on the far right.  

[T6A12 ς CO]  [T6A12 ς AA] 
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T6B Semiconductors: basic principles and applications of solid state devices, diodes and transistors TOC 
 

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

 

DIODE BASICS: Also see www.circuitbasics.com/what-is-a-diode and www.ledsupply.com/blog/what-you-need-to-know-

about-leds. A diode is a specialty component that only allows current to flow in one direction. A rectifier is a diode 

ŎƻƴǎǘǊǳŎǘŜŘ ǎƻ ǘƘŀǘ ƛǘ Ŏŀƴ ƘŀƴŘƭŜ ƘƛƎƘ ǾƻƭǘŀƎŜ ŀƴŘ ŎǳǊǊŜƴǘΦ .ŜŎŀǳǎŜ ƻŦ ǘƘŜ ŘƛƻŘŜΩǎ ŀōƛƭƛǘȅ ǘƻ ōƭƻŎƪ ŎǳǊǊŜƴǘ Ŧƭƻǿ in one 

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 blocks it in that 

direction, resulting in a pulsing DC current. Diodes have anodes (positive or + terminal) and cathodes (negative or ς terminal). 

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

ŘƛƻŘŜΩǎ forward voltage drop. ¢Ƙƛǎ ǾƻƭǘŀƎŜ ŘǊƻǇ ƛǎ ƴƻǊƳŀƭ ŀƴŘ ǾŀǊƛŜǎ ōŀǎŜŘ ǳǇƻƴ ǘƘŜ ŘƛƻŘŜΩǎ ŎƻƴǎǘǊǳŎǘƛƻƴΦ ¢ƘŜ ŘƛƻŘŜΩǎ ŀōƛƭƛǘȅ 

ǘƻ ōƭƻŎƪ ŎǳǊǊŜƴǘ ƛƴ ƻƴŜ ŘƛǊŜŎǘƛƻƴ ŎƻƳŜǎ ŦǊƻƳ ǘƘŜƛǊ ǳƴƛǉǳŜ ŎƻƴǎǘǊǳŎǘƛƻƴΦ ¢ƘŜȅΩǊŜ ƳŀŘŜ ŦǊƻƳ 

semiconductor materials (such a silicon). Adding small amounts of certain impurities (doping) 

ŎƘŀƴƎŜǎ ǘƘŜ ǎŜƳƛŎƻƴŘǳŎǘƻǊΩǎ ŀōƛƭƛǘȅ ǘƻ ŎƻƴŘǳŎǘ ŎǳǊǊŜƴǘΦ Different types of impurities create N-

type or P-type material, depending on the chemical properties of the impurity. Placing N-type and 

P-type material in contact with each other results in a PN junction that conducts better in one 

direction than the other. On a diode the cathode is usually identified by a stripe. Heavy-duty 

diodes that can handle large voltages and currents are called rectifiers. Light-emitting diodes (LED) 

are a special type of diode that gives off light when current flows through it in the forward 

direction from anode to cathode. LEDs come in a variety of colors (wavelength of light) and 

brightness. The accompanying diagram are schematics for a diode and LED. LEDs are often used as visual indicators. 
 

TRANSISTOR BASICS: Also see www.tutorialspoint.com/basic_electronics/basic_electronics_transistors.htm and 

www.tutorialspoint.com/basic_electronics/basic_electronics_types_of_transistors.htm. Be sure to read DIODE BASICS first. 

Transistors are made by connecting two capacitors back-to-back. Thus, they have two NP junctions instead of one Χ 

effectively 3 regions of semi-conductor materials. Because of their design, transistors use small voltages and currents to 

control larger ones. ¢ƘŜȅ Ŏƻƴǎƛǎǘ ƻŦ ǘƘǊŜŜ ǘŜǊƳƛƴŀƭǎ Χ Emitter, Base, and 

Collector. A 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 for the transmitter to serve as a switch or amplifier (also 

called power gain). The two most common types of transistors are the 

bipolar junction transistor (BJT) and field effect transistor (FET). The three 

electrodes of a BJT are the base, collector, and emitter. The three 

electrodes of an FET are the gate, drain, and source. The accompanying 

diagram is the schematic of two different types of transistors. 
 

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

See DIODE BASICS ŀǘ ǘƘŜ ōŜƎƛƴƴƛƴƎ ƻŦ ¢с.Φ ¢ƘŜǎŜ ǾƻƭǘŀƎŜ ŘǊƻǇǎ ŀǊŜ ƛƴƘŜǊŜƴǘ ƛƴ ǘƘŜ ŘŜǎƛƎƴ ƻŦ ŀ ŘƛƻŘŜ Χ ǘƘŜȅΩǊŜ ƴƻǊƳŀƭΣ ŀƴŘ 

you need to take this into account (because it does impact voltage going to the lƻŀŘύΦ ¢ƘŜ ŀƳƻǳƴǘ ƻŦ ŘǊƻǇ ǾŀǊƛŜǎ Χ ƛǘΩǎ ƭƻǿŜǊ 

on certain diode designs.  [T6B01 ς CO]  [T6B01 ς AA] 
 

T6B02:  What electronic component allows current to flow in only one direction? 

See DIODE BASICS at the beginning of T6B. A diode is a specialty component that only allows current to flow in one direction. 

[T6B02 ς CO]  [T6B02 ς AA] 
 

T6B03:  Which of these components can be used as an electronic switch? 

See TRANSISTOR BASICS at the beginning of T6B. The design of transistor gives it the ability for the transmitter to serve as a 

switch or amplifier.  [T6B03 ς CO]  [T6B03 ς AA] 

  

http://www.circuitbasics.com/what-is-a-diode
http://www.ledsupply.com/blog/what-you-need-to-know-about-leds
http://www.ledsupply.com/blog/what-you-need-to-know-about-leds
http://www.tutorialspoint.com/basic_electronics/basic_electronics_transistors.htm
http://www.tutorialspoint.com/basic_electronics/basic_electronics_types_of_transistors.htm
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T6B04:  Which of the following components can consist of three regions of semiconductor material? 

See TRANSISTOR BASICS at the beginning of T6B. Transistors ƘŀǾŜ ǘǿƻ bt ƧǳƴŎǘƛƻƴǎ ƛƴǎǘŜŀŘ ƻŦ ƻƴŜ Χ ŜŦŦŜŎǘƛǾŜƭȅ о ǊŜƎƛƻƴǎ ƻŦ 

semi-conductor materials.  [T6B04 ς CO]  [T6B04 ς AA] 
 

T6B05:  What type of transistor has a gate, drain, and source? 

See TRANSISTOR BASICS at the beginning of T6B. The three electrodes of an FET (field effect transistor) are the gate, drain, 

and source.  [T6B05 ς CO]  [T6B05 ς AA] 

 

T6B06:  How is the cathode lead of a semiconductor diode often marked on the package? 

See DIODE BASICS at the beginning of T6B. On a diode the cathode is usually identified by a stripe.  [T6B06 ς CO]   

[T6B06 ς AA] 
 

T6B07:  What causes a light-emitting diode (LED) to emit light? 

See DIODE BASICS at the beginning of T6B. Light-emitting diodes (LED) are a special type of diode that gives off light when 

current flows through it in the forward direction from anode to cathode.  [T6B07 ς CO]  [T6B07 ς AA] 
 

T6B08:  What does the abbreviation FET stand for? 

See TRANSISTOR BASICS at the beginning of T6B. The two most common types of transistors are the bipolar junction 

transistor (BJT) and field effect transistor (FET).  [T6B08 ς CO]  [T6B08 ς AA] 
 

T6B09:  What are the names for the electrodes of a diode? 

See DIODE BASICS at the beginning of T6B. Diodes have anodes (positive or + terminal) and cathodes (negative or ς terminal). 

[T6B09 ς CO]  [T6B09 ς AA] 
 

T6B10:  Which of the following can provide power gain? 

See TRANSISTOR BASICS at the beginning of T6B. A 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 for the transmitter to serve as a switch or 

amplifier (also called power gain).  [T6B10 ς CO]  [T6B10 ς AA] 
 

¢с.ммΥ  ²Ƙŀǘ ƛǎ ǘƘŜ ǘŜǊƳ ǘƘŀǘ ŘŜǎŎǊƛōŜǎ ŀ ŘŜǾƛŎŜΩǎ ŀōƛƭƛǘȅ ǘƻ ŀƳǇƭƛŦȅ ŀ ǎƛƎƴŀƭΚ 

See TRANSISTOR BASICS at the beginning of T6B. A 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 for the transmitter to serve as a switch or 

amplifier (also called power gain).  [T6B11 ς CO]  [T6B11 ς AA] 
 

T6B12:  What are the names of the electrodes of a bipolar junction transistor? 

See TRANSISTOR BASICS at the beginning of T6B. The three electrodes of a BJT are the base, collector, and emitter. 

[T6B12 ς CO]  [T6B12 ς AA] 
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T6C Circuit diagrams: use of schematics, basic structure; Schematic symbols of basic components TOC 
 

SCHEMATIC SYMBOLS OF COMPONENTS (Review the following symbols for questions in section T6C) 

 
 

T6C01:  What is the name of an electrical wiring diagram that uses standard component symbols? 

As you can imagine, trying to draw a complex circuit using photographs of actual components would require a lot of space. 

LƴǎǘŜŀŘΣ ŜƴƎƛƴŜŜǊǎ ǳǎŜ ǎȅƳōƻƭǎ όƭƛƪŜ ǘƘƻǎŜ ƛƴ ¢с/ Χ SCHEMATIC SYMBOLS OF COMPONENTS Χ ŀōƻǾŜύΦ ! ŘƛŀƎǊŀƳ ŎǊŜŀǘŜŘ 

using these standard symbols is called a schematic.  [T6C01 ς CO]  [T6C01 ς AA] 
 

T6C02:  What is component 1 in figure T-1?Refer to SCHEMATIC SYMBOLS OF 

COMPONENTS ƛƴ ¢с/Φ ²ƘƛƭŜ ȅƻǳΩǊŜ ǎǘǳŘȅƛƴƎ ŦƻǊ ǘƘŜ ŜȄŀƳΣ ȅƻǳ ǎƘƻǳƭŘ ŀǘǘŜƳǇǘ 

to identify every symbol in the schematic. Component #1 is a resistor.   

[T6C02 ς CO]  [T6C02 ς AA] 
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T6C03:  What is component 2 in figure T-1? 

Refer to SCHEMATIC SYMBOLS OF COMPONENTS ƛƴ ¢с/Φ ²ƘƛƭŜ ȅƻǳΩǊŜ 

studying for the exam, you should attempt to identify every symbol in the 

schematic. Component #2 is a transistor.  [T6C03 ς CO]  [T6C03 ς AA] 

 

 

 

 

 

 

 

T6C04:  What is component 3 in figure T-1? 

Refer to SCHEMATIC SYMBOLS OF COMPONENTS ƛƴ ¢с/Φ ²ƘƛƭŜ ȅƻǳΩǊŜ 

studying for the exam, you should attempt to identify every symbol in the 

schematic. Component #3 is a lamp (incandescent).  [T6A04 ς CO]   

[T6A04 ς AA] 
 

 

 

 

 

 

 

T6C05:  What is component 4 in figure T-1?  

Refer to SCHEMATIC SYMBOLS OF COMPONENTS ƛƴ ¢с/Φ ²ƘƛƭŜ ȅƻǳΩǊŜ 

studying for the exam, you should attempt to identify every symbol in the 

schematic. Component #4 is a battery.  [T6A05 ς CO]  [T6C05 ς AA] 
 

 

 

 

 

 

 

 

 

T6C06:  What is component 6 in figure T-2? 

Refer to SCHEMATIC SYMBOLS OF COMPONENTS in 

¢с/Φ ²ƘƛƭŜ ȅƻǳΩǊŜ ǎǘǳŘȅƛƴƎ ŦƻǊ ǘƘŜ ŜȄŀƳΣ ȅƻǳ ǎƘƻǳƭŘ 

attempt to identify every symbol in the schematic. 

Component #6 is a capacitor.  [T6C06 ς CO]   

[T6C06 ς AA]   
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T6C07:  What is component 8 in figure T-2? 

Refer to SCHEMATIC SYMBOLS OF COMPONENTS in 

¢с/Φ ²ƘƛƭŜ ȅƻǳΩǊŜ ǎǘǳŘȅƛƴƎ ŦƻǊ ǘƘŜ ŜȄŀƳΣ ȅƻǳ ǎƘƻǳƭŘ 

attempt to identify every symbol in the schematic. 

Component #8 is a light emitting diode (LED).   

[T6C07 ς CO]  [T6C07 ς AA]   
 

 

 

 

 

 

T6C08:  What is component 9 in figure T-2? 

Refer to SCHEMATIC SYMBOLS OF COMPONENTS in 

¢с/Φ ²ƘƛƭŜ ȅƻǳΩǊŜ ǎǘǳŘȅƛƴƎ ŦƻǊ ǘƘŜ ŜȄŀƳΣ ȅƻǳ ǎƘƻǳƭŘ 

attempt to identify every symbol in the schematic. 

Component #9 is a variable resistor.  [T6C08 ς CO]  

[T6C08 ς AA] 
 

 

 

 

 

T6C09:  What is component 4 in figure T-2? 

Refer to SCHEMATIC SYMBOLS OF COMPONENTS in 

¢с/Φ ²ƘƛƭŜ ȅƻǳΩǊŜ ǎǘǳŘȅƛƴƎ ŦƻǊ ǘƘŜ ŜȄŀƳΣ ȅƻǳ ǎƘƻǳƭŘ 

attempt to identify every symbol in the schematic. 

Component #4 is a transformer.  [T6C09 ς CO]  

[T6C09 ς AA] 
 

 

 

 

 

T6C10:  What is component 3 in figure T-3? 

Refer to SCHEMATIC SYMBOLS OF COMPONENTS ƛƴ ¢с/Φ ²ƘƛƭŜ ȅƻǳΩǊŜ ǎǘǳŘȅƛƴƎ ŦƻǊ 

the exam, you should attempt to identify every symbol in the schematic. Component 

#3 is a variable inductor.  [T6C10 ς CO]  [T6C10 ς AA] 
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T6C11:  What is component 4 in figure T-3? 

Refer to SCHEMATIC SYMBOLS OF COMPONENTS ƛƴ ¢с/Φ ²ƘƛƭŜ ȅƻǳΩǊŜ ǎǘǳŘȅƛƴƎ ŦƻǊ 

the exam, you should attempt to identify every symbol in the schematic. 

Component #4 is an antenna.  [T6C11 ς CO]  [T6C11 ς AA] 

 

 

 

 

 

 

 

 

 

T6C12:  Which of the following is accurately represented in electrical schematics? 

.ŜŎŀǳǎŜ ƻŦ ǘƘŜ ǎƛȊŜ ŀƴŘ ŎƻƳǇƭŜȄƛǘȅ ƻŦ ŀŎǘǳŀƭ ŜƭŜŎǘǊƛŎŀƭ ŎƻƳǇƻƴŜƴǘǎΣ ƛǘΩǎ ƴƻǘ ǇǊŀŎǘƛŎŀƭ ǘƻ ŘƛǎǇƭŀȅ ŀŎǘǳŀƭ ŎƻƳǇƻƴŜƴǘ ǎȅƳōƻƭǎ ƻǊ 

actual physical layout of large systems. However, it does show electrical connections between components.  [T6C12 ς CO] 

[T6C12 ς AA] 
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T6D Component functions: rectifiers, relays, voltage regulators, meters, indicators, integrated circuits,  

 transformers; Resonant circuit; Shielding        TOC 
 

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

 

SWITCHES & RELAYS BASICS (Ref: www.codrey.com/electrical/difference-between-relay-and-switch) 

Switches and relays are devices that control and protect the system by turning voltage and current on and off. Switches are 

easy to understand. By simply moving the switch, you disconnect the power supply to the circuit. Relays are electrically 

controlled switches that can be turned ON or OFF remotely.  
 

TRANSFORMER BASICS (Ref: www.electronics-tutorials.ws/transformer/transformer-basics.html) 

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

changing magnetic field. Electricity 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 power, resulting in lower power loss during transmission 

όǊŜŎŀƭƭ ǘƘŜ ŦƻǊƳǳƭŀ ŦƻǊ ǇƻǿŜǊ Χ P = I2 × R). Because of this, you need to convert the voltage to a LOWER voltage so that you 

can use it ƛƴ ǘƘŜ ƘƻƳŜ Χ ǿŜ ǳǎŜ ǾƻƭǘŀƎŜ ǘǊŀƴǎŦƻǊƳŜǊǎ ŦƻǊ ǘƘƛǎΦ ¢ƘŜ ǘǊŀƴǎŦƻǊƳŜǊ  woǊƪǎ ƻƴ ǘƘŜ ǇǊƛƴŎƛǇƭŜ ƻŦ CŀǊŀŘŀȅΩǎ ƭŀǿ ƻŦ 

induction by converting electrical energy from one value to anotherΦ bƻǘŜ ǘƘŀǘ ǘǊŀƴǎŦƻǊƳŜǊǎ Ƴŀȅ ōŜ ǳǎŜ ƛƴ .h¢I ŘƛǊŜŎǘƛƻƴǎ Χ 

converting voltage either down or up. You may also use transformers for impedance matching or the isolation of adjoining 

electrical circuits Χ ǎǳŎƘ ǘǊŀƴǎŦƻǊƳŜǊǎ ƭŜŀǾŜ ǘƘŜ ǾƻƭǘŀƎŜ ǳƴŎƘŀƴƎŜŘΦ 
 

T6D01:  Which of the following devices or circuits changes an alternating current into a varying direct current signal? 

See DIODE BASICS at the 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 would need a rectifier for this.  [T6D01 ς CO]  [T6D01 ς AA] 
 

T6D02:  What is a relay? 

See SWITCHES & RELAYS BASICS at section T6D. Relays are electrically controlled switches that can be turned ON or turned 

OFF remotely.  [T6D02 ς CO]  [T6D02 ς AA] 
 

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

Interference from a variety of sources can reduce the quality of your signal, and every radio amateur will run into it 

eventually. See the following reference: https://vu2nsb.com/radio-propagation/noise-in-radio-communication/ 

The use of shielded wire and connectors will go a long way in reducing unwanted signals and radiation (commonly referred to 

as RFI Χ radio frequency interference.  [T6D03 ς CO]  [T6D03 ς AA] 
 

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

Lƴ ŀƳŀǘŜǳǊ ǊŀŘƛƻΣ ƛƴŘƛŎŀǘƻǊǎ ƻŦ ŀƭƭ ǘȅǇŜǎ ŀǊŜ ǳǎŜŘ ŦƻǊ ŎƻƳƳǳƴƛŎŀǘƛƴƎ ƛƴŦƻǊƳŀǘƛƻƴ Χ ǎƛƳƛƭŀǊ ǘƻ ǘƘŀǘ ƻƴ ǘƘŜ ŘŀǎƘōƻŀǊŘ ƻŦ ȅƻǳǊ 

automobile. Indicators can be as simple as a light that comes on when some value goes beyond an established threshold to 

more complex instruments such as dials and meters, which display information in the form of a moving needle or numeric 

value.  [T6D04 ς CO]  [T6D04 ς AA] 
 

T6D05:  What type of circuit controls the amount of voltage from a power supply? 

PƻǿŜǊ ǎǳǇǇƭƛŜǎ ŘƻƴΩǘ ŀƭǿŀȅǎ ǎǳǇǇƭȅ ŀ Ŏƻƴǎǘŀƴǘ ǾƻƭǘŀƎŜΦ ¢ƘŜ output voltage changes with the amount of output current, and 

fluctuating voltage (depending upon the amount of fluctuation) can damage sensitive equipment. Regulated power supplies 

use regulator circuits to reduce the amount of voltage change.  [T6D05 ς CO]  [T6D05 ς AA] 
 

T6D06:  What component changes 120 V AC power to a lower AC voltage for other uses? 

See TRANSFORMER BASICS at the beginning of T6D. A transformer is used for converting AC power from one voltage to 

another.  [T6D06 ς CO]  [T6D06 ς AA] 
  

http://www.codrey.com/electrical/difference-between-relay-and-switch
http://www.electronics-tutorials.ws/transformer/transformer-basics.html
https://vu2nsb.com/radio-propagation/noise-in-radio-communication/
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T6D07:  Which of the following is commonly used as a visual indicator? 

See DIODE BASICS at the beginning of T6B. LEDs are often used as visual indicators.  [T6D07 ς CO]  [T6D07 ς AA] 
 

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

See RESISTORS, CAPACITORS, AND INDUCTORS at T6A. Circuits that contain both a capacitor and an inductor are called 

resonant circuits.  [T6D08 ς CO]  [T6D08 ς AA] 
 

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

See RESISTORS, CAPACITORS, AND INDUCTORS at T6A. Integrated circuits όL/Ωǎ ƻǊ ŎƘƛǇǎύ combine several electrical 

components into on small package.  [T6D09 ς CO]  [T6D09 ς AA] 
 

T6D10:  What is the function of component 2 in figure T-1? 

See TRANSISTOR BASICS at the beginning of T6B. Component #2 is a 

ǘǊŀƴǎƛǎǘƻǊΦ ²ƘƛƭŜ ȅƻǳΩǊŜ ƭƻƻƪƛƴƎ ŀǘ ǘƘƛǎ ŦƛƎǳǊŜΣ ōŜ ǎǳǊŜ ȅƻǳ Ŏŀƴ ƛŘŜƴǘƛŦȅ ŀƭƭ 

components. Transistors use small voltages and currents to control larger 

ones.  [T6D10 ς CO]  [T6D10 ς AA] 
 

 

 

 

 

 

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

See RESISTORS, CAPACITORS, AND INDUCTORS at T6A. Circuits that contain both a capacitor and an inductor (connected in 

series or parallel) are called resonant circuits.  [T6D11 ς CO]  [T6D11 ς AA] 
 

 

 

TOC 

NEXT SECTION 

 

  



Page 60 of 181 

 

SUBELEMENT T7 τ PRACTICAL CIRCUITS 
 

T7A Station equipment: receivers, transceivers, transmitter amplifiers, receive amplifiers, transverters; Basic radio  

 circuit concepts and terminology: sensitivity, selectivity, mixers, oscillators, PTT, modulation  TOC 
 

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

 

RADIO STATION BASICS. Refer to the accompanying diagram. A simple 

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, you 

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

radio equipment combine the transmitter and receiver into one 

package, called a transceiver. The transmitter generates the signal that 

carries information (in the form of speech, data, Morse Code, etc.). The 

receiver recovers this information. The antenna converts the signal 

ŦǊƻƳ ǘƘŜ ǘǊŀƴǎƳƛǘǘŜǊ ƛƴǘƻ ŜƴŜǊƎȅ Χ ǊŀŘƛƻ ǿŀǾŜǎ ŀƴŘ ŎŀǇǘǳǊŜǎ ǘƘŜǎŜ 

radio waves and sends them to the receiver. The transmission or feed line connects the transmitter and receiver to the 

ŀƴǘŜƴƴŀΦ !ƴŘΣ ƻŦ ŎƻǳǊǎŜΣ ȅƻǳ ƴŜŜŘ ǇƻǿŜǊ Χ ǘƘƛǎ ŎƻǳƭŘ ōŜ ŀ ōŀǘǘŜǊȅΣ ǎƻƭŀǊ ǇŀƴŜƭΣ ƻǊ ǎǘŀƴŘŀǊŘ ǇƻǿŜǊ ǎǳǇǇƭȅΣ ŀǎ ƭƻƴƎ ŀǎ ǘƘŜ 

current and voltage are rated correctly for your equipment. 
 

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

Two of the most important characteristics of a receiver (see RADIO STATION BASICS at T7A) are selectivity and sensitivity. 

Selectivity is the ability of a receiver to discriminate between signals, specifically the ability to filter out unwanted signals. 

Sensitivity is the ability to detect signals. Some receivers use preamplifiers to boost sensitivity.  [T7A01 ς CO]  [T7A01 ς AA] 
 

T7A02:  What is a transceiver? 

See RADIO STATION BASICS at T7A. Most new radio equipment combine the transmitter and receiver into one package, 

called a transceiver.  [T7A02 ς CO]  [T7A02 ς AA] 
 

T7A03:  Which of the following is used to convert a signal from one frequency to another? 

See www.electronics-notes.com/articles/radio/rf-mixer/rf-mixing-basics.php. When two signals are passed through a non-

linear circuit, then additional signals on new frequencies are formed, effectively converting a signal from one frequency to 

another. This is done using a mixer.  [T7A03 ς CO]  [T7A03 ς AA] 
 

T7A04:  Which term describes the ability of a receiver to discriminate between multiple signals? 

Two of the most important characteristics of a receiver (see RADIO STATION BASICS at T7A) are selectivity and sensitivity. 

Selectivity is the ability of a receiver to discriminate between signals, specifically the ability to filter out unwanted signals. 

Sensitivity is the ability to detect signals. Some receivers use preamplifiers to boost sensitivity.  [T7A04 ς CO]  [T7A04 ς AA] 
 

T7A05:  What is the name of a circuit that generates a signal at a specific frequency? 

See www.electronics-tutorials.ws/oscillator/oscillators.html. Oscillators are electronic circuits that generate a continuous 

periodic waveform at a precise frequency. They are used in both receivers and transmitters to determine the operating 

frequency. [T7A05 ς CO]  [T7A05 ς AA] 
 

T7A06:  What device converts the RF input and output of a transceiver to another band? 

See www.pnwvhfs.org/articles/beyondfm/beyond_fm3.html. Transverters convert both incoming and outgoing radio signals 

to a different frequency by mixing them with a signal from a local oscillator. In amateur radio this allows one main 

transceiver to be used on one or more new bands.  [T7A06 ς CO]  [T7A06 ς AA] 
  

http://www.electronics-notes.com/articles/radio/rf-mixer/rf-mixing-basics.php
http://www.electronics-tutorials.ws/oscillator/oscillators.html
http://www.pnwvhfs.org/articles/beyondfm/beyond_fm3.html
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¢т!лтΥ  ²Ƙŀǘ ƛǎ ǘƘŜ ŦǳƴŎǘƛƻƴ ƻŦ ŀ ǘǊŀƴǎŎŜƛǾŜǊΩǎ t¢¢ ƛƴǇǳǘΚ 

Refer to RADIO STATION BASICS in T7A. PTT is the acronym for push-to-talk. Essentially, it triggers the TR SWITCH in the 

diagram in RADIO STATION BASICS, switching between transmit and receive.  [T7A07 ς CO]  [T7A07 ς 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 called modulation.  [T7A08 ς CO]  [T7A08 ς AA] 
 

T7A09:  What is the function of the SSB/CW-FM switch on a VHF power amplifier? 

VHF RF power amplifiers are used on some radios to increase the power of the output RF signal. This is especially useful on 

ƘŀƴŘƘŜƭŘ ǘǊŀƴǎŎŜƛǾŜǊǎ όI¢ΩǎύΣ ǿƘŜǊŜ ǘƘŜ ƳŀȄƛƳǳƳ ƻǳǘǇǳǘ ǇƻǿŜǊ ƛǎ ǳǎǳŀƭƭȅ ƭŜǎǎ ǘƘŀƴ мл ǿŀǘǘǎΦ Many power amplifiers can be 

used on all modes but need to be set to the right mode to operate properlyΦ ¢ƘŀǘΩǎ ǿƘŀǘ ǘƘŜ {{.κ/²-FM switch is for. If 

ȅƻǳΩǊŜ ǘǊŀƴǎƳƛǘǘƛƴƎ ƻƴ ǘƘŜ н-meter band, your amplifier must also be set for this band.  [T7A09 ς CO]  [T7A09 ς AA] 
 

T7A10:  What device increases the transmitted output power from a transceiver? 

VHF RF power amplifiers are used on some radios to increase the power of the output RF signal. This is useful on handheld 

ǘǊŀƴǎŎŜƛǾŜǊǎ όI¢ΩǎύΣ ǿƘŜǊŜ ǘƘŜ ƳŀȄƛƳǳƳ ƻǳǘǇǳǘ ǇƻǿŜǊ ƛǎ ǳǎǳŀƭƭȅ ƭŜǎǎ ǘƘŀƴ мл ǿŀǘǘǎ.  [T7A10 ς CO]  [T7A10 ς AA] 
 

T7A11:  Where is an RF preamplifier installed? 

LŦ ŀ ǊŜŎŜƛǾŜǊ ƛǎƴΩǘ ǎŜƴǎƛǘƛǾŜ ŜƴƻǳƎƘ ǘƻ ŘŜǘŜŎǘ ŀ ǎƛƎƴŀƭΣ ŀ wC ǇǊŜŀƳǇƭƛŦƛŜǊ Ƴŀȅ ōŜ ƛƴǎǘŀƭƭŜŘΦ These go between the antenna and 

receiver.  [T7A11 ς CO]  [T7A11 ς AA] 
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T7B Symptoms, causes, and cures of common transmitter and receiver problems: overload and overdrive, distortion, 

 interference and consumer electronics, RF feedback        TOC 
 

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

 

RADIO FREQUENCY INTERFERENCE (RFI). See www.radioing.com/eengineer/rfi.html. Radio frequency interference has 

become common and can arise from a variety of sources. Amateur radio operators sometimes spend hours trying to 

ŜƭƛƳƛƴŀǘŜ ƻǊ ǊŜŘǳŎŜ ƛǘΦ CƛƭǘŜǊǎ ƻŦ ǾŀǊƛƻǳǎ ǘȅǇŜǎ ŀǊŜ ǳǎŜŘ ŦƻǊ ōƭƻŎƪƛƴƎ ǎǇŜŎƛŦƛŎ ŦǊŜǉǳŜƴŎƛŜǎ ƻŦ ƛƴǘŜǊŦŜǊŜƴŎŜΦ 9ȄǇǊŜǎǎƛƻƴǎ ȅƻǳΩll 

hear include line filters, high-pass, low-pass, chokes, notch filters, etc. Sometimes strong interference signals will overload 

the ability of the filters to reject the signal. This is called fundamental overload, and is one of the most common causes of RFI. 

Fundamental overload is especially common when the signal is outside the frequency the receiver is intended to receive. In 

other words, you may hear noise across a wide range of frequencies when strong signals are present (this is a cause for 

ǇƛŎƪƛƴƎ ǳǇ ǳƴǿŀƴǘŜŘ !a ƻǊ Ca ǊŀŘƛƻ ǎƛƎƴŀƭǎ ƻƴ ȅƻǳǊ ƘŀƳ ǊŀŘƛƻ Χ ȅƻǳΩǊŜ ǘƻƻ ŎƭƻǎŜ ǘƻ ŀ ǾŜǊȅ ǎǘǊƻƴƎ ǎƛƎƴŀƭύΦ Harmonics, 

leakage, and spurious emissions can also cause RFI. AC power line filters prevent RFI from your equipment, using the AC 

power and ground circuits. High- and low-pass filters are connected in line with the antenna of offending equipment 

(televisions, etc.), and are used for blocking unwanted RF signals. Ferrite chokes are used for reducing interference from 

unshielded cables (speakers, telephones, televisions, microphones, etc.). If you suspect your radio equipment or someone 

ŜƭǎŜΩǎ ǊŀŘƛƻ ŜǉǳƛǇƳŜƴǘ is causing the problem, use a band-reject or notch filter ǘƻ ǊŜŘǳŎŜ ƛǘ Χ ǇǊƛƳŀǊƛƭȅ ŦƻǊ ±IC ŀƴŘ ¦IC 

frequencies. For televisions and other audio-visual 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 modulation: www.electronics-notes.com/articles/radio/modulation/frequency-

modulation-fm.php. Overdeviating is usually caused by excessive modulation and the most common cause is speaking too 

loudly into the microphone, which provides a simpƭŜ ǎƻƭǳǘƛƻƴ Χ speak more softly or move the microphone farther from your  

mouth!  [T7B01 ς CO]  [T7B01 ς AA] 
 

T7B02:  What would cause a broadcast AM or FM radio to receive an amateur radio transmission unintentionally? 

See RADIO FREQUENCY INTERFERENCE at T7B. ̧ ƻǳǊ ǊŜŎŜƛǾŜǊ όǎǇŜŎƛŦƛŎŀƭƭȅ ǘƘŜ CL[¢9w{ ƛƴ ȅƻǳǊ ǊŜŎŜƛǾŜǊύ ŀǊŜƴΩǘ ŀōƭŜ ǘƻ ǊŜƧŜŎǘ 

strong signals outside the AM or FM band.  [T7B02 ς CO]  [T7B02 ς AA] 
 

T7B03:  Which of the following can cause radio frequency interference? 

See RADIO FREQUENCY INTERFERENCE at T7B. RFI can be caused by fundamental overload, leakage, harmonics, and spurious 

emissions.  [T7B03 ς CO]  [T7B03 ς AA] 
 

T7B04:  Which of the following could you use to cure distorted audio caused by RF current on the shield of a microphone 

cable? 

See RADIO FREQUENCY INTERFERENCE at T7B. Ferrite chokes are used for reducing interference from unshielded cables 

(speakers, telephones, televisions, microphones, etc.).  [T7B04 ς CO]  [T7B04 ς AA] 
 

T7B05:  How can fundamental overload of a non-amateur radio or TV receiver by an amateur signal be reduced or 

eliminated? 

See RADIO FREQUENCY INTERFERENCE at T7B. High- and low-pass filters are connected in line with the antenna of offending 

equipment (televisions, etc.).  [T7B05 ς CO]  [T7B05 ς AA] 
 

¢т.лсΥ  ²ƘƛŎƘ ƻŦ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŀŎǘƛƻƴǎ ǎƘƻǳƭŘ ȅƻǳ ǘŀƪŜ ƛŦ ŀ ƴŜƛƎƘōƻǊ ǘŜƭƭǎ ȅƻǳ ǘƘŀǘ ȅƻǳǊ ǎǘŀǘƛƻƴΩǎ ǘǊŀƴǎƳƛǎǎƛƻƴǎ ŀǊŜ 

interfering with their radio or TV reception? 

!ǎ ƭƛŎŜƴǎŜŘ ŀƳŀǘŜǳǊ ǊŀŘƛƻ ƻǇŜǊŀǘƻǊǎΣ ǿŜΩǊŜ ŜȄǇŜŎǘŜŘ ǘƻ ƪŜŜǇ ƻǳǊ ŜǉǳƛǇƳŜƴǘ ƛƴ ƎƻƻŘ ǿƻǊƪƛƴƎ ƻǊŘŜǊΦ ¢Ƙƛǎ ƛƴŎƭǳŘŜǎ ƳƛƴƛƳƛȊƛƴƎ 

interference. .ŜŎŀǳǎŜ ƻŦ ǘƘƛǎΣ LǘΩǎ ƭƛƪŜƭȅ ȅƻǳǊ ŜǉǳƛǇƳŜƴǘ ƛǎƴΩǘ ǘƘŜ ŎŀǳǎŜ ƻŦ ǘƘŜ ǇǊƻōƭŜƳΦ .ǳǘΣ ŘƻƴΩǘ ǘŀƪŜ ŎƘŀƴŎŜǎΦ First, make 

ǎǳǊŜ ȅƻǳǊ ŜǉǳƛǇƳŜƴǘ ƛǎƴΩǘ ǘƘŜ ǎƻǳǊŎŜ ƻŦ ǘƘŜ ǇǊƻōƭŜƳΣ ŀƴŘ ŘŜƳƻƴǎǘǊŀǘŜ ǘƘƛǎ ǘƻ ȅƻǳǊ ƴŜƛƎƘōƻǊ Χ ǎƘƻǿ ƘƛƳ ǘƘŜ ŜŦŦƻǊǘǎ ȅƻǳ Ǝƻ 

through to reduce interference.  [T7B06 ς CO]  [T7B06 ς AA] 

http://www.radioing.com/eengineer/rfi.html
http://www.electronics-notes.com/articles/radio/modulation/frequency-modulation-fm.php
http://www.electronics-notes.com/articles/radio/modulation/frequency-modulation-fm.php
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T7B07:  Which of the following can reduce overload of a VHF transceiver by a nearby commercial FM station? 

See RADIO FREQUENCY INTERFERENCE at T7B. If you suspect your radio equipment ƻǊ ǎƻƳŜƻƴŜ ŜƭǎŜΩǎ ǊŀŘƛƻ ŜǉǳƛǇƳŜƴǘ ƛǎ 

causing the problem, use a band-ǊŜƧŜŎǘ ƻǊ ƴƻǘŎƘ ŦƛƭǘŜǊ ǘƻ ǊŜŘǳŎŜ ƛǘ Χ ǇǊƛƳŀǊƛƭȅ ŦƻǊ ±IC ŀƴŘ ¦IC ŦǊŜǉǳŜƴŎƛŜǎ. 

[T7B07 ς CO]  [T7B07 ς AA] 
 

¢т.луΥ  ²Ƙŀǘ ǎƘƻǳƭŘ ȅƻǳ Řƻ ƛŦ ǎƻƳŜǘƘƛƴƎ ƛƴ ŀ ƴŜƛƎƘōƻǊΩǎ ƘƻƳŜ ƛǎ ŎŀǳǎƛƴƎ ƘŀǊƳŦǳƭ ƛƴǘŜǊŦŜǊŜƴŎŜ ǘƻ ȅƻǳǊ ŀƳŀǘŜǳǊ ǎǘŀǘƛƻƴΚ 

If a neighbor is seeing interference in their equipment, the simple fact that you have an antenna automatically makes you a 

suspect, even if this is unfounded. However, be diplomatic. There are several simple and logical steps to take. (1) Make sure 

your equipment and procedures are in compliant. (2) Offer to help your neighbor find the source of the problem. With your 

ŀƳŀǘŜǳǊ ǊŀŘƛƻ ŜȄǇŜǊƛŜƴŎŜΣ ȅƻǳ ŀǊŜ ƭƛƪŜƭȅ ƳƻǊŜ ǉǳŀƭƛŦƛŜŘ ŀǘ ǘƘƛǎ ǘƘŀƴ ȅƻǳǊ ƴŜƛƎƘōƻǊ Χ ȅƻǳ ƪƴƻǿ ǿƘŜǊŜ ǘƻ ƭƻƻƪ όǊŜŀŎƘ ƻǳǘ ǘƻ 

other hams in the area). (3) Explain to youǊ ƴŜƛƎƘōƻǊ ǘƘŀǘ ǘƘŜ C// ǊŜǉǳƛǊŜǎ ǘƘŀǘ ōƻǘƘ ƻŦ ȅƻǳ ƻǇŜǊŀǘŜ ŜǉǳƛǇƳŜƴǘ ǘƘŀǘΩǎ 

compliant.  [T7B08 ς CO]  [T7B08 ς AA] 
 

T7B09:  What should be the first step to resolve non-fiber optic cable TV interference caused by your amateur radio 

transmission? 

See RADIO FREQUENCY INTERFERENCE at T7B. For televisions and other audio-visual equipment, the solution to RFI might be 

as simple as ensuring all the connectors are properly shielded an installed.  [T7B09 ς CO]  [T7B09 ς AA] 
 

T7B10:  What might be a problem if you receive a report that your audio signal through an FM repeater is distorted or 

unintelligible? 

5ƛǎǘƻǊǘŜŘ ǎƛƎƴŀƭǎ ŀǊŜƴΩǘ ǳǎǳŀƭƭȅ ŎŀǳǎŜŘ ōȅ ƛƴǘŜǊŦŜǊŜƴŎŜΣ ōǳǘ ŀǊŜ ǳǎǳŀƭƭȅ ǎƻƳŜǘƘƛƴƎ Ƴǳch simpler. For example, your receiver 

ƻǊ ǘƘŜ ƻǘƘŜǊ ǇŜǊǎƻƴΩǎ ǘǊŀƴǎƳƛǘǘŜǊ Ƴŀȅ ōŜ ǎƭƛƎƘǘƭȅ ƻŦŦ-ŦǊŜǉǳŜƴŎȅΦ LŦ ǘƘŜ ǇŜǊǎƻƴ ȅƻǳΩǊŜ ǎǇŜŀƪƛƴƎ ǘƻ ƛǎ ǊŜǇƻǊǘƛƴƎ ŘƛǎǘƻǊǘƛƻƴ ŦǊƻƳ 

your end, you may be speaking too loudly. Anyone with a background in music will tell you that low batteries or a bad 

ŎƻƴƴŜŎǘƛƻƴ ƛƴ ǘƘŜ ƳƛŎǊƻǇƘƻƴŜ Ŏŀƴ ŘƛǎǘƻǊǘ ǘƘŜ ǎƛƎƴŀƭΦ hǊΣ ƳŀȅōŜ ȅƻǳΩǊŜ ǘǊŀƴǎƳƛǘǘƛƴƎ ŦǊƻƳ ŀ ƭƻŎŀǘƛƻƴ ǿƛǘƘ ŀ ǇƻƻǊ ǎƛƎƴŀƭΦ 

[T7B10 ς CO]  [T7B10 ς AA] 
 

T7B11:  What is a symptom of RF feedback in a transmitter or transceiver? 

LǘΩǎ ǊŀǘƘŜǊ ŎƻƳƳƻƴ ǘƻ ŜȄǇŜǊƛŜƴŎŜ wCL ƛƴ ȅƻǳǊ ǘǊŀƴǎƳƛǘǘŜǊ ōŜŎŀǳǎŜ ƻŦ ǘhe proximity of your antenna to your equipment. This 

wCL ŦŜŜŘōŀŎƪ Ŏŀƴ ǊŜǎǳƭǘ ƛƴ ŀ ŘƛǎǘƻǊǘŜŘ ǎƛƎƴŀƭΦ IƻǿŜǾŜǊΣ ƛŦ ƛǘΩǎ ƛƴ ¸h¦w ǘǊŀƴǎƳƛǘǘŜǊΣ ƛǘ ǿƻƴΩǘ ōŜ ȅƻǳ ǘƘŀǘ ƘŜŀǊǎ ǘƘŜ ŘƛǎǘƻǊǘƛƻƴ Χ ƛǘ 

ǿƛƭƭ ōŜ ǘƘŜ ǇŜǊǎƻƴ ȅƻǳΩǊŜ ŎƻƳƳǳƴƛŎŀǘƛƴƎ ǿƛǘƘΦ {ƻΣ the first symptom of a an RFI feedback problem will come from reports by 

others.  [T7B11 ς CO]  [T7B11 ς AA] 
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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   TOC 
 

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

 

STANDING WAVE RATIO (SWR). See https://en.wikipedia.org/wiki/Standing_wave_ratio. Standing wave ratio is a measure of 

impedance matching of loads to the characteristic impedance of a transmission line, measured by an SWR meter όƛŦ ȅƻǳ ŘƻƴΩǘ 

have an SWR meter, you can also use a directional wattmeter). The power from the transmitter to the feed line is transferred 

to the antenna. If the impedanceǎ ƻŦ ǘƘŜ ŀƴǘŜƴƴŀ ŀƴŘ ŦŜŜŘ ƭƛƴŜ ŘƻƴΩǘ ƳŀǘŎƘΣ ǎƻƳe power is reflected back to the transmitter. 

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 or reduce output power if the mismatch is high enough. 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 greater is considered an impedance 

mismatch and is ǳǎǳŀƭƭȅ ƘƛƎƘ ŜƴƻǳƎƘ ǘƻ ǘǊƛƎƎŜǊ ǘƘŜ ǘǊŀƴǎƳƛǘǘŜǊΩǎ ǇǊƻǘŜŎǘƛƻƴ ŎƛǊŎǳƛǘǎΦ hƭŘŜǊ ǊŀŘƛƻǎ όƭƛƪŜ Ƴȅ back-up 

Kenwood TS-мнл{ύ ƘŀǾŜ ƴƻ ǎǳŎƘ ǇǊƻǘŜŎǘƛƻƴΣ ŀƴŘ ȅƻǳΩƭƭ ƘŀǾŜ ǘƻ ōŜ ŎŀǊŜŦǳƭ ƳŀǘŎƘƛƴƎ ǘƘŜ ŀƴǘŜƴƴŀ ŀƴŘ ŦŜŜŘ line impedances. 

There are many causes for poor SWR: (1) Incorrect feedline (coax) for your system, (2) antenna the wrong length for the 

transmission frequency, (3) or even defective connectors. Summary: The lower the SWR, the lower the signal loss. 
 

T7C01:  What is the primary purpose of a dummy load? 

²ƘŜƴ ǎŜǘǘƛƴƎ ǳǇ ȅƻǳǊ ǎǘŀǘƛƻƴ ŦƻǊ ǘƘŜ ŦƛǊǎǘ ǘƛƳŜΣ ƻǊ ƛŦ ȅƻǳΩǊŜ ŀŘŘƛƴƎ ŜǉǳƛǇƳŜƴǘ ƻǊ ƳŀƪƛƴƎ ǎƛƎƴƛŦƛŎŀƴǘ ŀŘƧǳǎǘƳŜƴǘǎΣ ȅƻǳΩƭƭ ǿŀƴǘ 

to run some testsΦ LǘΩǎ ƴƻǘ ŎƻƴǎƛŘŜǊed ƎƻƻŘ ƻǇŜǊŀǘƛƴƎ ǇǊŀŎǘƛŎŜ ǘƻ ǘǊŀƴǎƳƛǘ ƻǾŜǊ ŀƴŘ ƻǾŜǊ ŀƎŀƛƴ ǿƘƛƭŜ ȅƻǳΩǊŜ ǊǳƴƴƛƴƎ ǘŜǎǘǎΦ LŦ 

ȅƻǳ ƪŜȅ ȅƻǳǊ ǘǊŀƴǎƳƛǘǘŜǊ ǿƛǘƘƻǳǘ ŀƴ ŀƴǘŜƴƴŀΣ ǘƘŜǊŜΩǎ ƴƻǘƘƛƴƎ ǘƻ ŀōǎƻǊō ǘƘŜ ŜƴŜǊƎȅΦ {ƻΣ ƻǇŜǊŀǘƻǊǎ ǳǎŜ ŘǳƳƳȅ ƭƻŀŘǎ ŦƻǊ ǘƘƛǎ 

purpose. A dummy load is nothing more than a heavy duty resistor attached to your feed line to absorb the transmitter 

power.  [T7C01 ς CO]  [T7C01 ς AA] 
 

T7C02:  Which of the following is used to determine if an antenna is resonant at the desired operating frequency? 

See https://en.wikipedia.org/wiki/Antenna_analyzer. Antenna analyzers have the ability to measure antenna performance 

ǿƛǘƘƻǳǘ ǘǊŀƴǎƳƛǘǘƛƴƎ όŀƭǎƻ ǎŜŜ ǉǳŜǎǘƛƻƴ ¢т/лмύΦ aƻǎǘ ŀƴŀƭȅȊŜǊǎ Ǌǳƴ ŀ ǾŀǊƛŜǘȅ ƻŦ ǘŜǎǘǎ Χ ǎǘŀƴŘƛƴƎ ǿŀǾŜ Ǌŀǘƛƻ ό{²wύ ŀƴŘ 

impedance being to two most common.  [T7C02 ς CO]  [T7C02 ς AA] 
 

T7C03:  What does a dummy load consist of? 

{ŜŜ ǉǳŜǎǘƛƻƴ ¢т/лмΦ ¢ƘŜ ǇǳǊǇƻǎŜ ƻŦ ǘƘŜ ŘǳƳƳȅ ƭƻŀŘ ƛǎ ǘƻ ŀōǎƻǊō ŀƴŘ ŘƛǎǎƛǇŀǘŜ ǘƘŜ ǘǊŀƴǎƳƛǘǘŜǊΩǎ ǇƻǿŜǊΦ From the 

ŜȄǇƭŀƴŀǘƛƻƴ ƛƴ ¢т/лм ȅƻǳ ƪƴƻǿ ǘƘŀǘ ȅƻǳ ƴŜŜŘ ŀ ǊŜǎƛǎǘƻǊΦ ¸ƻǳΩƭƭ ŀƭǎƻ ƴŜŜŘ ŀ ƘŜŀǘ ǎƛƴƪ ǘƻ ŘƛǎǎƛǇŀǘŜ ǘƘŜ ŜƴŜǊƎȅ (in the form of 

heat).  [T7C03 ς CO]  [T7C03 ς AA] 
 

T7C04:  What reading on an SWR meter indicates a perfect impedance match between the antenna and the feed line? 

See STANDING WAVE RATIO at the beginning of T7C. With a perfect match, the SWR is 1:1.  [T7C04 ς CO]  [T7C05 ς AA] 
 

T7C05:  Why do most solid-state transmitters reduce output power as SWR increases beyond a certain level? 

See STANDING WAVE RATIO at the beginning of T7C. 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 or reduce output power if 

the mismatch is high enough.  [T7C05 ς CO]  [T7C05 ς AA] 
 

T7C06:  What does an SWR reading of 4:1 indicate? 

See STANDING WAVE RATIO at the beginning of T7C. An SWR of 2:1 or greater is considered an impedance mismatch. 

[T7C06 ς CO]  [T7C06 ς AA] 
 

T7C07:  What happens to power lost in a feed line? 

See STANDING WAVE RATIO at the beginning of T7C. If the impedances of the antenna and feed lƛƴŜ ŘƻƴΩǘ ƳŀǘŎƘΣ ǎƻƳŜ 

power is reflected back to the transmitter. This reflected power is in the form of heat.  [T7C07 ς CO]  [T7C07 ς AA] 
  

https://en.wikipedia.org/wiki/Standing_wave_ratio
https://en.wikipedia.org/wiki/Antenna_analyzer
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T7C08:  Which instrument can be used to determine SWR? 

See STANDING WAVE RATIO at the beginning of T7C. Standing wave ratio is a measure of impedance matching of loads to 

the characteristic impedance of a transmission line, ƳŜŀǎǳǊŜŘ ōȅ ŀƴ {²w ƳŜǘŜǊ όƛŦ ȅƻǳ ŘƻƴΩǘ ƘŀǾŜ ŀƴ {²w ƳŜǘŜǊΣ ȅƻǳ Ŏŀƴ 

also use a directional wattmeter).  [T7C08 ς CO]  [T7C08 ς AA] 
 

T7C09:  Which of the following causes failure of coaxial cables? 

See www.rfvenue.com/blog/2015/02/04/why-coaxial-cable-goes-bad. There are several causes for coax cable failure, 

including: physical damage, heat damage, extended exposure to ultraviolet light, and water damage. Water damage is the 

most common source of failure Χ small nicks in the outer sheath can still cause water to enter, sometimes resulting in 

complete loss of functionality.  [T7C09 ς CO]  [T7C09 ς AA] 
 

T7C10:  Why should the outer jacket of coaxial cable be resistant to ultraviolet light? 

Also see question T7C09. UV light can cause the jacket to breakdown chemically, creating small crevices for moisture to 

enter.  [T7C10 ς CO]  [T7C10 ς 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 feed lines. However, the 

air core is easily displaced with water (see question T7C09), and moisture in the cable can cause failures. Special precautions 

are required to prevent this.  [T7C11 ς CO]  [T7C11 ς AA] 
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T7D Using basic test instruments: voltmeter, ammeter, and ohmmeter; Soldering     TOC 
 

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

 

USING A MULTIMETER (Ref www.thespruce.com/how-to-use-a-multimeter-5194980). We briefly discussed voltmeters, 

ammeters, and ohmmeters in BASIC ELECTRICAL PRINCIPLES at T5A. A multimeter is a single instrument that can be used for 

these three measuring devices ŀƴŘ ƳƻǊŜ όŎƻƴǘƛƴǳƛǘȅΣ ŦƻǊ ŜȄŀƳǇƭŜύΦ ¢ƘŜȅΩǊŜ ƻŦǘŜƴ ŎŀƭƭŜŘ ŀ VOM (volt-ohm meter) or DVM 

(digital volt meter). The multimeter can be damaged if not used correctly. Pay close attention to your settings and 

connections. For example, trying to measure voltage or connecting the probes to an energized circuit when the meter is set 

to measure resistance is a common way to damage a multimeter. 
 

T7D01:  Which instrument would you use to measure electric potential? 

See BASIC ELECTRICAL PRINCIPLES at T5A. Electric potential (also called voltage or electromotive force) is measured with a 

volt meter.  [T7D01 ς CO]  [T7D01 ς AA] 
 

T7D02:  How is a voltmeter connected to a component to measure applied voltage? 

See accompanying diagram. This diagram shows how you would connect a voltmeter 

to measure voltage and an ammeter to measure current. The voltmeter is connected 

in parallel to the power source. The ammeter is connected in series to the power 

source.  [T7D02 ς CO]  [T7D02 ς AA] 
 

T7D03:  When configured to measure current, how is a multimeter connected to a 

component? 

See diagram in question T7D02. 5ƻƴΩǘ ŀƭƭƻǿ ǘƘŜ ǘŜǊƳ multimeter to confuse you. In 

ǘƘƛǎ ŎŀǎŜΣ ǘƘŜ ƳǳƭǘƛƳŜǘŜǊ ƛǎ ƳŜŀǎǳǊƛƴƎ ŎǳǊǊŜƴǘΣ ǎƻ ƛǘΩǎ ŦǳƴŎǘƛƻƴƛƴƎ ŀǎ ŀƴ ŀƳƳŜǘŜǊΣ ŀƴŘ 

would be connected just like an ammeter. The ammeter is connected in series to the power source.   

[T7D03 ς CO]  [T7D03 ς AA] 
 

T7D04:  Which instrument is used to measure electric current? 

See BASIC ELECTRICAL PRINCIPLES at T5A. Electric current is measured with an ammeter.  [T7D04 ς CO]  [T7D04 ς AA] 
 

T7D06:  Which of the following can damage a multimeter? 

See USING A MULTIMETER at T7D. The multimeter can be damaged if not used correctly. Pay close attention to your settings 

and connections. For example, trying to measure voltage or connecting the probes to an energized circuit when the meter is 

set to measure resistance is a common way to damage a multimeter.  [T7D06 ς CO]  [T7D06 ς AA] 
 

T7D07:  Which of the following measurements are made using a multimeter? 

See USING A MULTIMETER at T7D. Multimeters can measure voltage, resistance, current, and continuity.  [T7D07 ς CO] 

[T7D07 ς 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 out this soldering tutorial on YOUTUBE. 

www.youtube.com/watch?v=6rmErwU5E-k. One type of solder you should NOT use around sensitive electrical components is 

acid-core solder. Components have a tendency to corrode when exposed to moisture and heat. Using acid-core solder can 

remove the corrosion and aid in solderingΦ .ǳǘΣ ƛŦ ȅƻǳ ŘƻƴΩǘ ǘƘƻǊƻǳƎƘƭy clean the acid after soldering, the acid can cause even 

worse problems (including rapid corrosion).  [T7D08 ς CO]  [T7D08 ς AA] 
 

T7D09:  What is the characteristic appearance of a cold tin-lead solder joint? 

See the YOUTUBE tutorial in question T7D08. A good solder joint is characterized by a bright, shiny appearance. A poor/cold 

solder joint will appear frosty, lumpy, and rough.  [T7D09 ς CO]  [T7D09 ς AA] 
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T7D10:  What reading indicates that an ohmmeter is connected across a large, discharged capacitor? 

See BASIC ELECTRICAL PRINCIPLES in T5A. From the formula for voltage (E = I × R) you know that when voltage decreases, 

resistance increases. Capacitors have the ability to store a charge. As they discharge, their voltage will decrease, and the 

resistance will increase.  [T7D10 ς CO]  [T7D10 ς AA] 
 

T7D11:  Which of the following precautions should be taken when measuring in-circuit resistance with an ohmmeter? 

See USING A MULTIMETER at T7D. Trying to measure voltage or connecting the probes to an energized circuit when the 

meter is set to measure resistance is a common way to damage a multimeter.  [T7D11 ς CO]  [T7D11 ς AA] 
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SUBELEMENT T8 τ SIGNALS AND EMISSIONS 
 

T8A Basic characteristics of FM and SSB; Bandwidth of various modulation modes: CW, SSB, FM, fast-scan 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           TOC 
 

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

 

MODULATION. See www.cwtouchkeyer.com/ham-radio-modulation and www.electronics-

notes.com/articles/radio/modulation/phase-modulation-what-is-pm-tutorial.php. ! ǊŀŘƛƻ ǎƛƎƴŀƭ ōȅ ƛǘǎŜƭŦ ŘƻŜǎƴΩǘ ŎƻƴǾŜȅ 

information. Modulation is the process of adding information or data to the carrier sigƴŀƭΦ ¸ƻǳΩǊŜ ǎƻǊǘ ƻŦ άǇƛƎƎȅ ōŀŎƪƛƴƎέ 

information onto the signal. The receiving station picks up this signal and extracts the information from it. This is called 

demodulation. There are several ways to modulate the carrier signal. One of these is frequency modulation. The carrier signal 

is essentially a sine waveΣ ƭƛƪŜ ǘƘŜ ŦƛǊǎǘ ƎǊŀǇƘΦ aƻŘǳƭŀǘƛƴƎ ǘƘŜ ŦǊŜǉǳŜƴŎȅ ŜŦŦŜŎǘƛǾŜƭȅ ŎƘŀƴƎŜǎ ǘƘŜ ǇŜǊƛƻŘ ƻŦ ǘƘŜ ǿŀǾŜ Χ ǎƻǊǘ ƻŦ 

ŀƴ ŀŎŎƻǊŘƛƻƴ ŜŦŦŜŎǘΦ ¢ƘŜ ŀƳǇƭƛǘǳŘŜ όǇŜŀƪ ǘƻ ǇŜŀƪύ ƻŦ ǘƘŜ ǿŀǾŜ ŘƻŜǎƴΩǘ ŎƘŀƴƎŜΦ {ŜŜ ǘƘŜ second diagram for an example of 

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 graph. FM systems are far better at rejecting noise than AM systems. FM is  

 

 

commonly used for packet radio on VHF and UHF. !ƴŘΣ CaΩǎ ŀōƛƭƛǘȅ ǘƻ ǊŜƧŜŎǘ 

noise makes them the most-frequently chosen mode for use on VHF and UHF 

repeaters. The AM ǎƛƎƴŀƭ ƛǎ ƳŀŘŜ ǳǇ ƻŦ ǘƘŜ ŎŀǊǊƛŜǊ Ǉƭǳǎ ǘǿƻ ǎƛŘŜōŀƴŘǎ Χ ŀƴ ǳǇǇŜǊ 

(USB, slightly higher in frequency than the signal) and lower (LSB, lower in 

frequency that the signal). ¢ƘŜ ǎƛƎƴŀƭ ŘƻŜǎƴΩǘ ŎŀǊǊȅ ǘƘŜ ƛƴŦƻ ƻǊ Řŀǘŀ Χ ƛǘΩǎ ŎŀǊǊƛŜŘ 

ōȅ ǘƘŜ ǎƛŘŜōŀƴŘǎΣ ōǳǘ ȅƻǳ ƻƴƭȅ ƴŜŜŘ ƻƴŜ ƻŦ ǘƘŜƳ Χ ǿŜ ǊŜŦŜǊ ǘƻ ǘƘƛǎ ŀ ǎƛƴƎƭŜ 

sideband (SSB). This phenomenon enables the {{. ǎƛƎƴŀƭΩǎ ǇƻǿŜǊ to be 

concentrated into a narrow bandwidth, making it possible to communicate with 

SSB over much longer ranges and in poorer conditions than with FM 

or AM, particularly on UHF and VHF bands. By convention, ham radio uses LSB 

below 10 MHz and USB above 10 MHz (including VHF and UHF bands). One 

disadvantage of FM is that if there are multiple incoming signals, the receiver only 

detects the strongest one. In other words, FM can only receive one signal at a 

ǘƛƳŜΦ !a όƛƴŎƭǳŘƛƴƎ ǎƛŘŜōŀƴŘ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎύ ŘƻŜǎƴΩǘ ŜȄǇŜǊƛŜƴŎŜ ǘƘƛǎ ŘƛǎŀŘǾŀƴǘŀƎŜΦ Another form is modulation is phase 

modulation (PM)Φ LǘΩǎ ǾŜǊȅ ǎƛƳƛƭŀǊ ǘƻ ŦǊŜǉǳŜƴŎȅ ƳƻŘǳƭŀǘƛƻƴΦ Phase modulation works by modulating the phase of the signal. 

An example of this is the accompanying graph. The information is conveyed in the phase shift. This has opened the door for 

some new and exciting forms of ham communication (PM - Phase Modulation, PSK - Phase Shift Keying, BPSK - Binary Phase 

Shift Keying, QPSK - Quadrature Phase Shift Keying, 8 PSK - 8 Point Phase Shift Keying, etc.). Like FM, PM is also commonly 

used on packet radio. 
  

http://www.cwtouchkeyer.com/ham-radio-modulation
http://www.electronics-notes.com/articles/radio/modulation/phase-modulation-what-is-pm-tutorial.php
http://www.electronics-notes.com/articles/radio/modulation/phase-modulation-what-is-pm-tutorial.php
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T8A01:  Which of the following is a form of amplitude modulation? 

See MODULATION at T8A. The AM ǎƛƎƴŀƭ ƛǎ ƳŀŘŜ ǳǇ ƻŦ ǘƘŜ ŎŀǊǊƛŜǊ Ǉƭǳǎ ǘǿƻ ǎƛŘŜōŀƴŘǎ Χ ŀƴ ǳǇǇŜǊ ό¦{.Σ ǎƭƛƎƘǘƭȅ ƘƛƎƘŜǊ ƛƴ 

ŦǊŜǉǳŜƴŎȅ ǘƘŀƴ ǘƘŜ ǎƛƎƴŀƭύ ŀƴŘ ƭƻǿŜǊ ό[{.Σ ƭƻǿŜǊ ƛƴ ŦǊŜǉǳŜƴŎȅ ǘƘŀǘ ǘƘŜ ǎƛƎƴŀƭύΦ ¢ƘŜ ǎƛƎƴŀƭ ŘƻŜǎƴΩǘ ŎŀǊǊȅ ǘƘŜ ƛƴŦƻ ƻǊ Řŀǘŀ Χ ƛǘΩǎ 

carried by the sidebands, but you only ƴŜŜŘ ƻƴŜ ƻŦ ǘƘŜƳ Χ ǿŜ ǊŜŦŜǊ ǘƻ ǘƘƛǎ ŀ single sideband (SSB).  [T8A01 ς CO]   

[T8A01 ς AA] 
 

T8A02:  What type of modulation is commonly used for VHF packet radio transmissions? 

See MODULATION at T8A. Like FM, PM is also commonly used on packet radio.  [T8A02 ς CO]  [T8A02 ς AA] 
 

T8A03:  Which type of voice mode is often used for long-distance (weak signal) contacts on the VHF and UHF bands? 

See MODULATION at T8A. This phenomenon enables the {{. ǎƛƎƴŀƭΩǎ ǇƻǿŜǊ to be concentrated into a narrow bandwidth, 

making it possible to communicate with SSB over much longer ranges and in poorer conditions than with FM 

or AM, particularly on UHF and VHF bands.  [T8A03 ς CO]  [T8A03 ς AA] 
 

T8A04:  Which type of modulation is commonly used for VHF and UHF voice repeaters? 
See MODULATION at T8A. CaΩǎ ŀōƛƭƛǘȅ ǘƻ ǊŜƧŜŎǘ ƴƻƛǎŜ ƳŀƪŜǎ ǘƘŜƳ ǘƘŜ Ƴƻǎǘ-frequently chosen mode for use on VHF and UHF 

repeaters.  [T8A04 ς CO]  [T8A04 ς AA] 
 

T8A05:  Which of the following types of signal has the narrowest bandwidth? 

See accompanying table (Signal Bandwidths). The narrowest bandwidth on this 

table is 150 kHz (CW or Morse Code).  [T8A05 ς CO]  [T8A05 ς AA] 

 

T8A06:  Which sideband is normally used for 10 meter HF, VHF, and UHF 

single-sideband communications? 

See MODULATION at T8A. By convention, ham radio uses LSB below 10 MHz 

and USB above 10 MHz (including VHF and UHF bands).  [T8A06 ς CO]   

[T8A06 ς AA] 
 

T8A07:  What is a characteristic of single sideband (SSB) compared to FM? 

[ŜǘΩǎ ƭƻƻƪ ŀǘ ǘƘƛǎ ƻƴŜ ƭƻƎƛŎŀƭƭȅΦ CǊƻƳ MODULATION at T8A you know that SSB is part of AM. And, you also know that AM is 

MORE susceptible in interference (noise). This rule out response B. It also rules out D. Now, refer to the table in question 

T8A05. SSB has a narrower bandwidth than FM (3000 Hz vs. 10000 Hz).  [T8A07 ς CO]  [T8A07 ς AA] 
 

T8A08:  What is the approximate bandwidth of a typical single sideband (SSB) voice signal? 

Refer to the table in question T8A05. The value listed in the table for SSB Voice is 2 to 3 kHz. The closest response in the 4 

answer choices is B Χ оƪIȊΦ  [T8A08 ς CO]  [T8A08 ς AA] 
 

T8A09:  What is the approximate bandwidth of a VHF repeater FM voice signal? 

Refer to the table in question T8A05. The value given for FM Voice is 10-15 kHzΦ 5ƻƴΩǘ ƭŜǘ ǘƘŜ ŀŘŘƛǘƛƻƴŀƭ ǘŜǊƳ VHF repeater 

confuse you.  [T8A09 ς CO]  [T8A09 ς AA] 
 

T8A10:  What is the approximate bandwidth of AM fast-scan TV transmissions? 

Refer to the table in question T8A05. The value given for AM fast-scan TV is 6 MHz.  [T8A10 ς CO]  [T8A10 ς AA] 
 

T8A11:  What is the approximate bandwidth required to transmit a CW signal? 

Refer to the table in question T8A05. The value given for CW is 150 Hz.  [T8A11 ς CO]  [T8A11 ς AA] 
 

T8A12:  Which of the following is a disadvantage of FM compared with single sideband? 

See MODULATION at T8A. FM receivers only detect the strongest incoming signal. As a result, they can only detect one signal 

at a time.  [T8A12 ς CO]  [T8A12 ς AA] 

TOC 

NEXT SECTION  

SIGNAL BANDWIDTHS 
TYPE OF SIGNAL BANDWIDTH 

CW (Morse Code) 150 Hz (0.15 kHz) 

SSB Digital 500-3000 Hz (0.5-3 kHz) 

SSB Voice 2000-3000 Hz (2-3 kHz) 

AM Voice 6000 Hz (6 kHz) 

AM Fast-Scan TV 6000 kHz (6 MHz) 

FM Voice 10-15 kHz 

FM Broadcast 150 kHz 

Commercial Video 6 MHz 
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T8B Amateur satellite operation: Doppler shift, basic orbits, operating protocols, modulation mode selection,  

 transmitter power considerations, telemetry and telecommand, satellite tracking programs, beacons, uplink  

 and downlink ƳƻŘŜ ŘŜŦƛƴƛǘƛƻƴǎΣ ǎǇƛƴ ŦŀŘƛƴƎΣ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ά[9hέΣ ǎŜǘǘƛƴƎ ǳǇƭƛƴƪ ǇƻǿŜǊ   TOC 
 

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

 

SATELLITE COMMUNICATIONS. See https://hamradioprep.com/ham-radio-satellites. Before reading this section, review the 

accompanying table of Satellite Definitions. Some of these definitions will be test questions!  

There are dozens of amateur radio 

satellites in space, and many of them 

operate on the 2-meter and 70-cm bands, 

meaning that licensed Technicians may 

communicate with them. Specifically, 

146.8 to 146.0 MHz (2 meters) and 435.0 

to 438.0 MHz (70 cm) frequencies have 

been set aside for earth-to-space 

communications. Many satellites use 

separate uplink and downlink frequencies 

Χ ǎƻǊǘ ƻŦ ƭƛƪŜ ŀ ǊŜǇŜŀǘŜǊ ƛƴ ƻǊōƛǘΦ [ƛŎŜƴǎŜŘ 

technicians can even transmit on the 

International Space StationΩǎ (ISS) uplink 

frequency. This may be rather obvious, 

but satellites, unlike earth-based stations, 

ŀǊŜ ƳƻǾƛƴƎΗ ¸ƻǳΩƭƭ ƴŜŜŘ ǘƻ ōŜ ŀōƭŜ to 

track one to communicate with it. For 

ŜȄŀƳǇƭŜΣ ȅƻǳΩƭƭ ƻƴƭȅ ōŜ ŀōƭŜ ǘƻ ŎƻƴǘŀŎǘ 

ǘƘŜ L{{ ǿƘŜƴ ƛǘΩǎ ŀǇǇǊƻȄƛƳŀǘŜƭȅ ŘƛǊŜŎǘƭȅ 

overhead. You use a satellite tracking 

program for this, which provide data 

ŀōƻǳǘ ǘƘŜ ǎŀǘŜƭƭƛǘŜΩǎ ƻǊōƛǘ όŎŀƭƭŜŘ Keplerian elements or KEPs, named after Johannes Kepler, known for the development of 

Kepler's Laws of Planetary Motion). This software will calculate real-time positioning and trajectory (including Doppler shift), 

allowing you to aim your beam antenna (called a Yagi). To contŀŎǘ ŀ ǎŀǘŜƭƭƛǘŜΣ ȅƻǳΩƭƭ ŀƭǎƻ ƴŜŜŘ ǘƻ ƪƴƻǿ ƛǘǎ mode. For example, 

some satellites use UHF frequencies (70 cm) for uplink and VHF frequencies (2 meter) for downlink Χ this is called U/V mode. 

The most common modes are SSB, FM, CW (Morse Code), and data. Another issue you need to be aware of when 

ŎƻƳƳǳƴƛŎŀǘƛƴƎ ǿƛǘƘ ǎŀǘŜƭƭƛǘŜǎ ƛǎ ǘƘŜƛǊ ƭƛƳƛǘŜŘ ǇƻǿŜǊ ǎƻǳǊŎŜǎΦ ¸ƻǳ ƴŜŜŘ ǘƻ ƳŀƪŜ ǎǳǊŜ ȅƻǳǊ ǳǇƭƛƴƪ ǇƻǿŜǊ ƛǎ ŎƻǊǊŜŎǘ Χ ƴƻǘ ǘƻƻ 

low, not too high. A general rule of thumb is to match your downlink signal strength to that of the beacon. So, jump right in 

and squirt the bird (communicate with a satellite). .ǳǘΣ ŜǾŜƴ ǿƛǘƘƻǳǘ ŀ ƭƛŎŜƴǎŜΣ ȅƻǳΩǊŜ ŀƭƭƻǿŜŘ ǘƻ ƭƛǎǘŜƴΦ !ƴȅƻƴŜ ƻƴ ǘƘŜ ŎƻǊǊŜŎǘ 

frequency can monitor satellite transmissions! 
 

T8B01:  What telemetry information is typically transmitted by satellite beacons? 

See the SATELLITE DEFINITIONS table at T8B. A carrier or signal transmitted by a satellite which supplies the controlling 

engineers on the ground with a means of monitoring telemetry data and status information, including the health and status 

of the satellite.  [T8B01 ς CO]  [T8B01 ς AA] 
 

T8B02:  What is the impact of using excessive effective radiated power on a satellite uplink? 

See SATELLITE COMMUNICATIONS ŀǘ ¢у.Φ wŜŎŀƭƭ ǘƘŀǘ ǎŀǘŜƭƭƛǘŜǎ ǿƻǊƪ ǎƻǊǘ ƻŦ ƭƛƪŜ ǊŜǇŜŀǘŜǊǎΦ !ƴŘΣ ōŜŎŀǳǎŜ ƻŦ ǿƘŜǊŜ ǘƘŜȅΩǊŜ 

located (orbit), their power sources are limited. If you use too much transmitted power, you can actually block access by 

others.  [T8B02 ς CO]  [T8B02 ς AA] 
  

SATELLITE DEFINITIONS 
AMSAT An educational organization whose mission is to foster amateur 

ǊŀŘƛƻΩǎ ǇŀǊǘƛŎƛǇŀǘƛƻƴ ƛƴ ǎǇŀŎŜ ǊŜǎŜŀǊŎƘ ŀƴŘ ŎƻƳƳǳƴƛŎŀǘƛƻƴ 

Apogee ¢ƘŜ Ǉƻƛƴǘ ƻŦ ŀ ǎŀǘŜƭƭƛǘŜΩǎ ƻǊōƛǘ ǘƘŀǘ ƛǎ ŦŀǊǘƘŜǎǘ ŦǊƻƳ 9ŀǊǘƘ 

Beacon A carrier or signal transmitted by a satellite which supplies the 
controlling engineers on the ground with a means of 
monitoring telemetry data and status information, including 
the health and status of the satellite 

Clarke Orbit A circular orbit in space 22,237 miles from the surface of the 
earth at which geosynchronous satellites are placed. 

Downlink The satellite to earth half of a 2 way telecommunications 
satellite link 

Doppler shift An observed change in signal frequency caused by relative 
motion between the satellite and the Earth station. A good way 
to remember this is to think about the sound you hear when a 
ŎŀǊ ƛǎ ŘǊƛǾƛƴƎ ǘƻǿŀǊŘǎ ȅƻǳ ōƭƻǿƛƴƎ ƛǘǎ ƘƻǊƴΦ ¢ƘŜ ƘƻǊƴΩǎ 
frequency changes as the car gets closer and as it passes by. 

Elliptical orbit An orbit with a large difference between apogee and perigee 

LEO A satellite in low-Earth orbit 

Perigee ¢ƘŜ Ǉƻƛƴǘ ƻŦ ŀ ǎŀǘŜƭƭƛǘŜΩǎ ƻǊōƛǘ ǘƘŀǘ ƛǎ ƴŜŀǊŜǎǘ ǘƘŜ 9ŀǊǘƘ 

Space station Defined by the FCC as an amateur station located more than 50 
ƪƳ ŀōƻǾŜ ǘƘŜ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜ 

Spin fading Signal fading caused by rotation of the satellite and its antennas 

Terrestrial 
Interference 

Interference to satellite reception caused by ground based 
microwave transmitting stations 

https://hamradioprep.com/ham-radio-satellites
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T8B03:  Which of the following are provided by satellite tracking programs? 

See SATELLITE COMMUNICATIONS at T8B. You use a satellite tracking program for this, which provide data about the 

ǎŀǘŜƭƭƛǘŜΩǎ ƻǊōƛǘ (called Keplerian elements, named after Johannes Kepler, known for the development of Kepler's Laws of 

Planetary Motion). This software will calculate real-time positioning and trajectory (including Doppler shift). 

[T8B03 ς CO]  [T8B03 ς AA] 
 

T8B04:  What mode of transmission is commonly used by amateur radio satellites? 

See SATELLITE COMMUNICATIONS at T8B. The most common modes are SSB, FM, CW (Morse Code), and data. 

[T8B04 ς CO]  [T8B04 ς AA] 
 

T8B05:  What is a satellite beacon? 

See the SATELLITE DEFINITIONS table at T8B. A carrier or signal transmitted by a satellite which supplies the controlling 

engineers on the ground with a means of monitoring telemetry data and status information, including the health and status 

of the satellite.  [T8B05 ς CO]  [T8B05 ς AA] 
 

T8B06:  Which of the following are inputs to a satellite tracking program? 

See SATELLITE COMMUNICATIONS at T8B. You use a satellite tracking program for this, which provide data about the 

ǎŀǘŜƭƭƛǘŜΩǎ ƻǊōƛǘ (called Keplerian elements, named after Johannes Kepler, known for the development of Kepler's Laws of 

Planetary Motion).  [T8B06 ς CO]  [T8B06 ς AA] 
 

¢у.лтΥ  ²Ƙŀǘ ƛǎ 5ƻǇǇƭŜǊ ǎƘƛŦǘ ƛƴ ǊŜŦŜǊŜƴŎŜ ǘƻ ǎŀǘŜƭƭƛǘŜ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎΚΩΩ 

See the SATELLITE DEFINITIONS table at T8B. An observed change in signal frequency caused by relative motion between the 

satellite and the Earth station.  [T8B07 ς CO]  [T8B07 ς AA] 
 

T8B08:  What is meant by the statement that a satellite is operating in U/V mode? 

See SATELLITE COMMUNICATIONS at T8B. For example, some satellites use UHF frequencies (70 cm) for uplink and VHF 

frequencies (2 meter) for downlink Χ ǘƘƛǎ ƛǎ ŎŀƭƭŜŘ ¦κ± ƳƻŘŜΦ  [T8B08 ς CO]  [T8B08 ς AA] 
 

T8B09:  What causes spin fading of satellite signals? 

See the SATELLITE DEFINITIONS table at T8B. Signal fading caused by rotation of the satellite and its antennas.  [T8B09 ς CO] 

[T8B09 ς AA] 
 

T8B10:  What is a LEO satellite? 

See the SATELLITE DEFINITIONS table at T8B. A satellite in low-Earth orbit.  [T8B10 ς CO]  [T8B10 ς AA] 
 

T8B11:  Who may receive telemetry from a space station? 

See SATELLITE COMMUNICATIONS at T8B. But, even ǿƛǘƘƻǳǘ ŀ ƭƛŎŜƴǎŜΣ ȅƻǳΩǊŜ ŀƭƭƻǿŜŘ ǘƻ ƭƛǎǘŜƴΦ Anyone on the correct 

frequency can monitor satellite transmissions!  [T8B11 ς CO]  [T8B11 ς AA] 
 

T8B12:  Which of the following is a way to determine whether your satellite uplink power is neither too low nor too high? 

See SATELLITE COMMUNICATIONS at T8B. A general rule of thumb is to match your downlink signal strength to that of the 

beacon.  [T8B12 ς CO]  [T8B12 ς AA] 

 

 

TOC 

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

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

 

OPERATING ACTIVITIES. Some of the more popular ham radio activities are listed in the accompanying table. 

For many of the activities noted in the 

accompanying table, radio operators provide their 

location. This is often done with a grid locator, 

specifically the Maidenhead Locator System 

(www.mapability.com/ei8ic/maps/gridloc.php).  

Other names for the grid locator are: grid squares, 

QTH, or grid location. A Maidenhead locator 

compresses latitude and longitude into a short 

string of characters Χ ŀ ƭŜǘǘŜǊκƴǳƳōŜǊ ŘŜǎƛƎƴŀǘƻǊ 

assigned to a specific geographic location. 
 

DIGITAL REPEATERSΦ {ŜŜ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǊŜŦŜǊŜƴŎŜ Χ 

www.cwtouchkeyer.com/digital-repeater-systems-

all-you-need-to-know. You read a lot about 

repeaters in the question explanations in sections 

T1 and T2. These are analog repeaters. Digital 

repeaters operate much like analog repeaters, but 

the retransmit data in binary digital signals. In 

digital communication systems, repeaters 

overcome the attenuation/loss caused by free-

space electromagnetic-field or cable loss that occur 

in analog repeaters. Example of digital systems: 

¶ IRLP (Internet Radio Linking Project) links amateur 

radio stations around the world by using Voice over IP. 

¶ EchoLink is a computer-based Amateur Radio system 

distributed free of charge that allows radio amateurs 

to communicate with other amateur radio operators using Voice over IP (VoIP) technology on the Internet for at least part of the path 

between them. VoIP is a type of phone system that uses an internet connection (digitally) to make and receive calls Χ ŀ ǊŀŘƛƻ ƛǎ ƴƻǘ 

required. !ƭƭ ǘƘŀǘΩǎ ǊŜǉǳƛǊŜŘ ŦƻǊ ǳǎŜ ƻŦ 9ŎƘƻ[ƛƴƪ ƛǎ ǇǊƻƻŦ ƻŦ ȅƻǳǊ ƭƛŎŜƴǎŜ and registration of your call sign. 

¶ D-STAR (Digital Smart Technologies for Amateur Radio) is a digital voice and data protocol specification for amateur radio 

¶ DMR (Digital mobile radio) is a specification for commercial products so they can interoperate. It is defined by a standard created by the 

European Telecommunications Standards Institute (ETSI), and is designed to be low-cost and easy to use. The DMR standard operates 

within the existing 12.5 kHz channel spacing used in land mobile frequency bands globally, but achieves two voice channels through two-

slot TDMA (Time Division Multiple Access) technology. This last point simply means that DMR enables time-multiplexing of two digital 

voice signals on a single 12.5 kHz repeater channel. 

Digital modes, like analog repeaters, require certain code to access them. For IRLP and EchoLink, the code is a sequence of 

dual-tone multi-frequency tones (called DTMF codes). DMR requires digital codes called color codes, similar to CTCSS or PL 

access tones in analog repeaters. DMR controllers organize network users into talk 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 called a code plugΣ ƳŀƪƛƴƎ ƛǘ Ŝŀǎȅ ǘƻ ǇǊƻƎǊŀƳ ȅƻǳǊ 5aw ǊŀŘƛƻΦ aŀƴȅ ƻŦ ǘƻŘŀȅΩǎ ŘƛƎƛǘŀƭ ǘǊŀƴǎŎŜƛǾŜǊǎ ŀǊŜ 

versatile (and programmable) enough to enable them to access ƳǳƭǘƛǇƭŜ ŘƛƎƛǘŀƭ ǎȅǎǘŜƳǎ Χ ƳŜŀƴƛƴƎ ȅƻǳ ǿƻƴΩǘ ƴŜŜŘ ŀ 

separate radio for each digital mode. As noted above, some of these digital modes connect radio to the internet. A digital 

station providing this connection is called a gateway. 

  

POPULAR HAM RADIO ACTIVITIES 
DXing Making two-way radio contact with distant stations. A DX is a 

Řƛǎǘŀƴǘ ǎǘŀǘƛƻƴΦ ά5ƛǎǘŀƴǘέ ƛǎ ŘƛŦŦŜǊŜƴǘΣ ŘŜǇŜƴŘƛƴƎ ǳǇƻƴ ȅƻǳǊ 
ŦǊŜǉǳŜƴŎȅ Χ ŦƻǊ IC ƛǎ ƳƛƎƘǘ ōŜ ǎŜǾŜǊŀƭ ǘƘƻǳǎŀƴŘ ƳƛƭŜǎΦ CƻǊ н 
meters (VHF), it might be 30-40 miles. 

Contests Hams are big on contests. We have Morse Code (CW) contests, 
distance contests (DXing), low power (QRP) contests, emergency 
power (solar, etc.) contests, and combinations (CW/QRP/DX). A 
common goal of most contests is to contact as many stations as 
ǇƻǎǎƛōƭŜ ǿƛǘƘƛƴ ŀ ǎǇŜŎƛŦƛŎ ǘƛƳŜ ǎǇŀƴΣ ǎƻ ȅƻǳΩƭƭ ǿŀƴǘ ǘƻ ǎŜƴŘ ǘƘŜ 
ƭŜŀǎǘ ŀƳƻǳƴǘ ƻŦ ƛƴŦƻ ȅƻǳ Ŏŀƴ ǘƻ ǇǊƻǇŜǊƭȅ ƛŘŜƴǘƛŦȅ ȅƻǳǊǎŜƭŦ Χ Ƨǳǎǘ 
your call sign, unless asked for more. 

Field 
Day 

ARRL Field Day is a big deal!  The event serves as an emergency 
preparedness test, as well as a contest between radio enthusiasts 
across the U.S. and Canada. After years of struggling, our little 
club in Murphy, NC (www.wcars-murphy.org) finished 6th in our 
class in the US/Canada and 1st in NC. For details: 
www.arrl.org/field-day.  

Fox 
Hunts 

Fox hunting, or radio direction finding, is a favorite pastime in the 
ham radio community where radio operators attempt to 
triangulate the position of a hidden radio transmission. 
Commonly used tools for this include a receiver, compass, and 
directional antenna. This is good practice for locating sources of 
noise interference or jamming. 

Testing 
(VE) 

A good way to give back to the hobby is to become a Volunteer 
Examiner or VE. Although the FCC (Federal Communications 
Commission) issues licenses, an army of volunteers give the 
exams. This is also a good opportunity to network with other 
hams and keep your own knowledge base up to date. 

Digital 
Modes 

See discussion of DIGITAL REPEATERS. Using digital modes have 
become very popular in recent years. 

http://www.mapability.com/ei8ic/maps/gridloc.php
http://www.cwtouchkeyer.com/digital-repeater-systems-all-you-need-to-know
http://www.cwtouchkeyer.com/digital-repeater-systems-all-you-need-to-know
http://www.wcars-murphy.org/
http://www.arrl.org/field-day
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T8C01:  Which of the following methods is used to locate sources of noise interference or jamming? 

See the POPULAR HAM RADIO ACTIVITIES table at T8C. Fox hunting, or radio direction finding, is a favorite pastime in the 

ham radio community where radio operators attempt to triangulate the position of a radio transmission. This is good practice 

for locating sources of noise interference or jamming.  [T8C01 ς CO]  [T8C01 ς AA] 
 

T8C02:  Which of these items would be useful for a hidden transmitter hunt? 

See the POPULAR HAM RADIO ACTIVITIES table at T8C. Commonly used tools for this include a receiver, compass, and 

directional antenna.  [T8C02 ς CO]  [T8C02 ς AA] 
 

T8C03:  What operating activity involves contacting as many stations as possible during a specified period? 

See the POPULAR HAM RADIO ACTIVITIES table at T8C. A common goal of most contests is to contact as many stations as 

possible within a specific time span.  [T8C03 ς CO]  [T8C03 ς AA] 
 

T8C04:  Which of the following is good procedure when contacting another station in a contest? 

See the POPULAR HAM RADIO ACTIVITIES table at T8C. ¸ƻǳΩƭƭ ǿŀƴǘ ǘƻ ǎŜƴŘ ǘƘŜ ƭŜŀǎǘ ŀƳƻǳƴǘ ƻŦ ƛƴŦƻ ȅƻǳ Ŏŀƴ ǘƻ ǇǊƻǇŜǊƭȅ 

identify yourself.  [T8C04 ς CO]  [T8C04 ς AA] 
 

T8C05:  What is a grid locator? 

See OPERATING ACTIVITIES  at T8C. A Maidenhead locator compresses latitude and longitude into a short string of characters 

Χ a letter/number designator assigned to a specific geographic location.  [T8C05 ς CO]  [T8C05 ς AA] 
 

T8C06:  How is over the air access to IRLP nodes accomplished? 

See the DIGITAL REPEATERS article at T8C. Digital modes, like analog repeaters, require certain code to access them. For IRLP 

and EchoLink, the code is a sequence of dual-tone multi-frequency tones (called DTMF codes).  [T8C06 ς CO]  [T8C06 ς AA] 
 

T8C07:  What is Voice Over Internet Protocol (VoIP)? 

See the DIGITAL REPEATERS article at T8C. VoIP is a type of phone system that uses an internet connection (digitally) to make 

and receive calls.  [T8C07 ς CO]  [T8C07 ς AA] 
 

T8C08:  What is the Internet Radio Linking Project (IRLP)? 

See the DIGITAL REPEATERS article at T8C. IRLP (Internet Radio Linking Project) links amateur radio stations around the world 

by using Voice over IP (Internet Protocol).  [T8C08 ς CO]  [T8C08 ς AA] 
 

T8C09:  Which of the following protocols enables an amateur station to transmit through a repeater without using a radio 

to initiate the transmission? 

See the DIGITAL REPEATERS article at T8C. EchoLink is a computer-based Amateur Radio system distributed free of charge 

that allows radio amateurs to communicate with other amateur radio operators using Voice over IP (VoIP) technology on the 

Internet for at least part of the path between them. VoIP is a type of phone system that uses an internet connection 

όŘƛƎƛǘŀƭƭȅύ ǘƻ ƳŀƪŜ ŀƴŘ ǊŜŎŜƛǾŜ Ŏŀƭƭǎ Χ a radio is not required.  [T8C09 ς CO]  [T8C09 ς AA] 
 

T8C10:  What is required before using the EchoLink system? 

See the DIGITAL REPEATERS article at T8C. !ƭƭ ǘƘŀǘΩǎ ǊŜǉǳƛǊŜŘ ŦƻǊ ǳǎŜ ƻŦ 9ŎƘƻ[ƛƴƪ ƛǎ ǇǊƻƻŦ ƻŦ ȅƻǳǊ ƭƛŎŜƴǎŜ ŀƴŘ ǊŜƎƛǎǘǊŀǘƛƻƴ ƻŦ 

your call sign.  [T8C10 ς CO]  [T8C10 ς AA] 
 

T8C11:  What is an amateur radio station that connects other amateur stations to the internet? 

See the DIGITAL REPEATERS article at T8C. Some of these digital modes connect radio to the internet. A digital station 

providing this connection is called a gateway.  [T8C11 ς CO]  [T8C11 ς AA] 
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T8D Non-voice 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, Broadband-Hamnet TOC 
 

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

 

DIGITAL COMMUNICATIONS. See www.onallbands.com/the-rise-of-digital-modes-the-changing-face-of-ham-radio. 

 You had a brief intro into digital modes in the DIGITAL REPEATERS article at T8C. Some of the more popular digital modes are 

described in the accompanying table. 

Lƴ ŀŘŘƛǘƛƻƴ ǘƻ ǿƘŀǘΩǎ ƛƴ ǘƘŜ ǘŀōƭŜΣ 

APRS (Automatic Packet Reporting 

System) is a radio-based system for 

real time digital communications of 

information of immediate value in 

the local area. Data can include 

object Global Positioning System 

(GPS) coordinates, weather station 

telemetry, text messages, 

announcements, queries, and other 

telemetry. A typical application of 

APRS is to provide real-time tactical 

digital communications in 

conjunction with a map showing the 

locations of stations. A mesh 

network uses Wi-Fi equipment and 

modified firmware to operate a 

private, self-contained wireless 

computer network. 
 

VIDEO COMMUNICATIONS. Amateur 

Radio operators can transmit live 

action color video and sound to other 

hams easily on UHF bands. This 

includes analog and digital TV signals. 

Various transmission standards are 

used, these include the broadcast 

transmission standards of NTSC 

(National Television System 

Committee, an analog fast-scan color 

TV signal) in North America and 

Japan, and PAL or SECAM elsewhere.  

 

T8D01:  Which of the following is a digital communications mode?  

See the POPULAR DIGITAL MODES table at T8D. The correct answer is D Χ ŀƭƭ ŎƘƻƛŎŜǎ. Packet radio, IEEE 802.11, FT8 and 

others are digital communications modes. [T8D01 ς CO]  [T8D01 ς AA] 
 

T8D02:  What is a Talkgroup on a DMR repeater? 

See the DIGITAL REPEATERS article at T8C. DMR controllers organize network users into talk groups, which allow users to 

share channels at different times without being heard by others on the same channel.  [T8D02 ς CO]  [T8D02 ς AA] 

  

POPULAR DIGITAL MODES 
MODE DESCRIPTION 

RTTY (Radio-
teletype) 

A telecommunications system consisting originally of two or more 
electromechanical teleprinters in different locations connected by radio 
rather than a wired link. Uses a form of transmission known as frequency 
shift keying.  

PSK31 A highly-efficient data mode that lets you work long distances, even when 
you can barely hear the signal. PSK31 stands for Phase Shift Keying 31 baud 
(or 31 bits per second/bps). Enables real-time keyboard-to-keyboard chat. 

FT8 A form of digital weak signal communication. It is currently the most popular 
digital mode on spotting. The mode offers operators the ability to 
communicate in unfavorable environments such as during low sun spot 
numbers, high RF noise, or during low power operations. FT8 is known for 
low signal-to-noise operation. 

WINMOR A radio transmission protocol intended to be used in the Winlink 2000 Global 
Radio E-mail System by amateur radio operators, marine radio stations, and 
radio stations in isolated areas.  

JT65 A digital protocol for Amateur Radio communication with extremely weak 
signals. It was designed to optimize Earth-Moon-Earth (EME) contacts on VHF 
bands.  WSJT-X software (which stands for "Weak Signal Communication, by 
K1JT") offers digital protocols optimized for EME (moonbounce), meteor 
scatter, and ionospheric scatter (weak signal communications). 

Packet Radio The application of packet switching techniques to digital radio 
communications. Packet radio uses a packet switching protocol as opposed 
to circuit switching or message switching protocols to transmit digital data via 
a radio communication link.  Packet radio has most often been used for 
direct, keyboard-to-keyboard connections between stations. Some 
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 which the information is being sent, and (c) automatic repeat 
request in case of error. This checksum error detection method is called ARQ 
for automatic repeat request --  the receiving station detects errors and 
sends a request for retransmission. 

IEEE 802.11 The 802.11a amateur radio band consists of 30 overlapping channels in the 
5.650ς5.925 GHz (5 cm) band. The 802.11a standard uses OFDM or 
"Orthogonal Frequency Division Multiplexing" to transmit data and therefore 
is not classified as spread-spectrum. 

CW (Morse 
Code) 

Morse Code is the earliest type of digital communications, as the code is 
made solely from Ones and Zeros (ons and offs). Hams use Morse Code and 
/² ƛƴǘŜǊŎƘŀƴƎŜŀōƭȅΦ /² ǎǘŀƴŘǎ ŦƻǊ Ŏƻƴǘƛƴǳƻǳǎ ǿŀǾŜ Χ ǘƘŜ ǎƛƎƴŀƭ ƛǎ 
continuous, but modulated by turning an audio tone on and off. 

http://www.onallbands.com/the-rise-of-digital-modes-the-changing-face-of-ham-radio
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T8D03:  What kind of data can be transmitted by APRS? 

See the DIGITAL COMMUNICATIONS article at T8D. APRS data can include object Global Positioning System (GPS) 

coordinates, weather station telemetry, text messages, announcements, queries, and other telemetry. The correct answer is 

D Χ ŀƭƭ ŎƘƻƛŎŜǎ ŎƻǊǊŜŎǘ.  [T8D03 ς CO]  [T8D03 ς AA] 
 

¢у5лпΥ  ²Ƙŀǘ ǘȅǇŜ ƻŦ ǘǊŀƴǎƳƛǎǎƛƻƴ ƛǎ ƛƴŘƛŎŀǘŜŘ ōȅ ǘƘŜ ǘŜǊƳ άb¢{/Κέ 

See the VIDEO COMMUNICATIONS article at T8D. Various transmission standards are used, these include the broadcast 

transmission standards of NTSC (National Television System Committee, an analog fast-scan color TV signal) in North America 

and Japan, and PAL or SECAM elsewhere.  [T8D04 ς CO]  [T8D04 ς AA] 
 

T8D05:  Which of the following is an application of APRS? 

See the DIGITAL COMMUNICATIONS article at T8D. A typical application of APRS is to provide real-time tactical digital 

communications in conjunction with a map showing the locations of stations.  [T8D05 ς CO]  [T8D05 ς AA] 
 

T8D06:  What does the abbreviation άt{Yέ ƳŜŀƴΚ 

See the POPULAR DIGITAL MODES table at T8D. PSK31 stands for Phase Shift Keying 31 baud.  [T8D06 ς CO]  [T8D06 ς AA] 
 

T8D07:  Which of the following describes DMR? 

See the DIGITAL REPEATERS article at T8C. The DMR standard operates within the existing 12.5 kHz channel spacing used in 

land mobile frequency bands globally, but achieves two voice channels through two-slot TDMA (Time Division Multiple 

Access) technology. This last point simply means that DMR enables time-multiplexing of two digital voice signals on a single 

12.5 kHz repeater channel.  [T8D07 ς CO]  [T8D07 ς AA] 
 

T8D08:  Which of the following is included in packet radio transmissions? 

See the POPULAR DIGITAL MODES table at T8D. Some 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 which the information is being sent, 

and (c) automatic repeat request in case of error. The correct answer is D Χ ŀƭƭ ŎƘƻƛŎŜǎ ŎƻǊǊŜŎǘ.  [T8D08 ς CO]  [T8D08 ς AA] 
 

T8D09:  What is CW? 

See the POPULAR DIGITAL MODES table at T8D. Hams use Morse Code and CW interchangeably. CW stands for continuous 

ǿŀǾŜ Χ ǘƘŜ signal is continuous, but modulated by turning an audio tone on and off.  [T8D09 ς CO]  [T8D09 ς AA] 
 

T8D10:  Which of the following operating activities is supported by digital mode software in the WSJT-X software suite? 

See the POPULAR DIGITAL MODES table at T8D. WSJT-X software (which stands for "Weak Signal Communication, by K1JT") 

offers digital protocols optimized for EME (moonbounce), meteor scatter, and ionospheric scatter (weak signal 

communications). The correct answer is D Χ ŀƭƭ ŎƘƻƛŎŜǎ ŎƻǊǊŜŎǘ.  [T8D10 ς CO]  [T8D10 ς AA] 
 

T8D11:  What is an ARQ transmission system? 

See the POPULAR DIGITAL MODES table at T8D. This checksum error detection method is called ARQ for automatic repeat 

request --  the receiving station detects errors and sends a request for retransmission.  [T8D11 ς CO]  [T8D11 ς AA] 
 

T8D12:  Which of the following best describes an amateur radio mesh network? 

See the DIGITAL COMMUNICATIONS article at T8D. A mesh network uses Wi-Fi equipment and modified firmware to operate 

a private, self-contained wireless computer network.  [T8D12 ς CO]  [T8D21 ς AA] 
 

T8D13:  What is FT8? 

See the POPULAR DIGITAL MODES table at T8D. FT8 is known for low signal-to-noise operation.  [T8D13 ς CO]  [T8D13 ς AA] 
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SUBELEMENT T9 τ ANTENNAS AND FEED LINES 
 

T9A Antennas: vertical and horizontal polarization, concept of antenna gain, definition and types of beam antennas, 

 antenna loading, common portable and mobile antennas, relationships between resonant length and  

 frequency dipole pattern          TOC 
 

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

 

ANTENNAS. See www.iw5edi.com/ham-radio/2437/antenna-basics. Also refer to the article on STANDING WAVE RATIO at 

T7C. Also refer to the ANTENNA TYPES table accompanying this article. 

Antennas work by converting the signal from 

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 antenna 

is related to the frequency of the signal 

ȅƻǳΩǊŜ ǘǊŀƴǎƳƛǘǘƛƴƎΦ ! ƳƛǎƳŀǘŎƘ ƛƴ ǘƘŜ ƭŜƴƎǘƘ 

and frequency results in unacceptable 

ǎǘŀƴŘƛƴƎ ǿŀǾŜ Ǌŀǘƛƻ Χ ŀ ƭƻǎǎ ƻŦ ǘǊŀƴǎƳƛǎǎƛƻƴ 

power, converted to heat. The radiation 

pattern from the antenna depends 

significantly upon the antenna type. Radio 

waves contain both an electric and magnetic 

field. These are perpendicular to each other. 

.ǳǘΣ ƛǘΩǎ ǘƘŜ ŜƭŜŎǘǊƛŎ ŦƛŜƭŘ ǘƘŀǘ ƛƴǘŜǊŜǎǘǎ ǳǎΦ 

The electric field is oriented in the same 

ǇƭŀƴŜ ŀǎ ǘƘŜ ŀƴǘŜƴƴŀΩǎ ŜƭŜƳŜƴǘ. Ideally (for 

optimum reception), the receiving antenna 

should be oriented in the same place as the 

transmitting antenna. A horizontal dipole 

antenna will have its element aligned with or 

parallel to the surface of the earth. A vertical 

ŘƛǇƻƭŜ ǿƛƭƭ ƘŀǾŜ ƛǘǎ ŜƭŜƳŜƴǘ флϲ ǘƻ ǘƘŜ ŜŀǊǘƘΩǎ 

surface. This antenna orientation is called 

polarization. Because of space limitations, it may not be possible to construct an antenna as long as needed for a specific 

ŦǊŜǉǳŜƴŎȅΦ ¢ƻ ǊŜŘǳŎŜ ǘƘŜ ǇƘȅǎƛŎŀƭ ŀƴǘŜƴƴŀ ǎƛȊŜΣ ƛǘΩǎ ǇƻǎǎƛōƭŜ ǘƻ ƛƴǎŜǊǘ ŀ Ŏƻƛƭ ƻǊ ƛƴŘǳŎǘƻǊ ƛƴǘƻ ǘƘŜ ŀƴǘŜƴƴŀ which effectively 

increases its electrical length. This is called inductive loading. This is common when building codes restrict antenna size. The 

approximate length of a dipole antenna is calculated as:  Length (feet) = 468 / frequency (MHz)    όȅƻǳΩƭƭ ǎŜŜ ǘŜǎǘ ǉǳŜǎǘƛƻƴǎ 

using this formula). However, because the actual resonance is affected by height above ground and ǘƘŜ ŀƴǘŜƴƴŀΩǎ electrical 

properties, you need to increase this calculated length of the antenna (which lowers its resonant frequency) by 5 to 10%, 

then fine-tune the SWR with an antenna analyzer. Similarly, shortening the antenna will increase the resonant frequency. 

wŜƎŀǊŘƛƴƎ ŀƴǘŜƴƴŀ ƭŜƴƎǘƘΣ ƛǘΩǎ ƴƻǘ ƴŜŎŜǎǎŀǊȅ ǘƻ ǳǎŜ ŀ Ŧǳƭƭ ǿŀǾŜƭŜƴƎǘƘ ŀƴǘŜƴƴŀΦ CƻǊ ŜȄŀƳǇƭŜΣ ȅƻǳ ŘƻƴΩǘ ƴŜŜŘ ŀƴ ул ƳŜǘŜǊ 

((more than 250 feet) antenna to transmit on the 80-meter band. But, to be resonant (and minimize SWR), you need discrete 

increments of the wavelength (½ ǿŀǾŜƭŜƴƎǘƘΣ ѻ ǿŀǾŜƭŜƴƎǘƘΣ рκу ǿŀǾŜƭŜƴƎǘƘΣ ŜǾŜƴ мκу ǿŀǾŜƭŜƴƎǘƘύ Χ ǘƘŜ ƭƻƴƎŜǊ ǘƘŜ 

antenna, the higher the gain or signal strength.  

  

ANTENNA TYPES 
ANTENNA DESCRIPTION 

Single-band Designed for use on a single ham band 

Dual-band Typically, can send and receive ham radio signals on both VHF and 
UHF ham bands 

Rubber duck The one you get with your ŎƘŜŀǇ ƘŀƴŘƘŜƭŘ ǘǊŀƴǎŎŜƛǾŜǊ όI¢ύΤ ȅƻǳΩƭƭ 
want to upgrade quickly ōŜŎŀǳǎŜ ǘƘŜȅΩǊŜ ƳǳŎƘ ƭŜǎǎ ŜŦŦƛŎƛŜƴǘ ǘƘŀƴ ŀ 
typical quarter-wave antenna. Advantages ς ǘƘŜȅΩǊŜ ŎƻƳǇŀŎǘ ŀƴŘ 
flexible. Signal strength is significantly impaired when used inside a 
vehicle (due to shielding), so you want to connect it to an external 
antenna. 

Dipole Most common ham radio antennas, essentially means two electrical 
parts;  made from a straight conductor of wire or tubing one-half 
wavelength long with feed-point in the middle; dipoles are single 
element antennas. Dipoles radiate strongest broadside to the 
antenna and weakest 90° away from broadside. 

Trap dipole Mostly used in ham radio repeater systems; consists of ham radio 
traps and coils and it can be adjusted to various ham radio 
frequencies by changing the length of the wire 

Yagi / 
Directional 

Also called a beam antenna; used to increase signal level at a distant 
station or to reject interference or noise; has multiple elements 
arranged in front of it for optimal transmission and reception; 
beams are designed to concentrate signals in one direction; have 
more gain or signal strength in their preferred direction that other 
antenna types 

Ground 
plane 

Sometimes called a vertical antenna; acts like one-half of a dipole 
with the missing portion made up by the electrical mirror formed by 
the ground plane (remember this when calculating antenna length ς 
divide by 2); made from sheet metal or a screen of wires called 
radials that extend out from the base of the antenna 

End Fed Sometimes called  End Fed Half Wave; a in the shape of a dipole 
ham radio antenna with one leg longer than the other 

http://www.iw5edi.com/ham-radio/2437/antenna-basics
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T9A01:  What is a beam antenna?  

See the ANTENNA TYPES table at T9A. Beams are designed to concentrate signals in one direction.  [T9A01 ς CO] 

[T9A01 ς AA] 
 

T9A02:  Which of the following describes a type of antenna loading? 

See the ANTENNAS article at T9A. ¢ƻ ǊŜŘǳŎŜ ǘƘŜ ǇƘȅǎƛŎŀƭ ŀƴǘŜƴƴŀ ǎƛȊŜΣ ƛǘΩǎ ǇƻǎǎƛōƭŜ ǘƻ ƛƴǎŜǊǘ ŀ Ŏƻƛƭ ƻǊ ƛƴŘǳŎǘƻǊ ƛƴto the 

antenna which effectively increases its electrical length.  [T9A02 ς CO]  [T9A02 ς AA] 

 

T9A03:  Which of the following descriōŜǎ ŀ ǎƛƳǇƭŜ ŘƛǇƻƭŜ ƻǊƛŜƴǘŜŘ ǇŀǊŀƭƭŜƭ ǘƻ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜΚ 

See the ANTENNAS article at T9A. A horizontal dipole antenna will have its element aligned with or parallel to the surface of 

the earth.  [T9A03 ς CO]  [T9A03 ς AA] 
 

T9A04:  What is a disadvantage of the short, flexible antenna supplied with most handheld radio transceivers, compared to 

a full-sized quarter-wave antenna? 

See the ANTENNA TYPES ǘŀōƭŜ ŀǘ ¢ф!Φ wŜŦŜǊǊƛƴƎ ǘƻ ǘƘŜ άǊǳōōŜǊ ŘǳŎƪέ ŀƴǘŜƴƴŀ Χ The one you get with your cheap handheld 

ǘǊŀƴǎŎŜƛǾŜǊ όI¢ύΤ ȅƻǳΩƭƭ ǿŀƴǘ ǘƻ ǳǇƎǊŀŘŜ ǉǳƛŎƪƭȅ ōŜŎŀǳǎŜ ǘƘŜȅΩǊŜ ƳǳŎƘ ƭŜǎǎ ŜŦŦƛŎƛŜƴǘ ǘƘŀƴ ŀ ǘȅǇƛŎŀƭ ǉǳŀǊǘŜǊ-wave antenna. 

Advantages ς ǘƘŜȅΩǊŜ ŎƻƳǇŀŎǘ ŀƴŘ ŦƭŜȄƛōƭŜΦ  [T9A04 ς CO]  [T9A04 ς AA] 
 

T9A05:  Which of the following increases the resonant frequency of a dipole antenna? 

See the ANTENNAS article at T9A. However, because the actual resonance is affected by height above ground and its 

ŜƭŜŎǘǊƛŎŀƭ ǇǊƻǇŜǊǘƛŜǎΣ ǿŜΩǾŜ ŦƻǳƴŘ ǘƘŀǘ ȅƻǳ ƴŜŜŘ ǘƻ ƛƴŎǊŜŀǎŜ ǘƘƛǎ ŎŀƭŎǳƭŀǘŜŘ ƭŜƴƎǘƘ ƻŦ ǘƘŜ ŀƴǘŜƴƴŀ όǿƘƛŎƘ ƭƻǿŜǊǎ ƛǘǎ Ǌesonant 

frequency) by 5 to 10% then fine-tune the SWR with an antenna analyzer. Similarly, shortening the antenna will increase the 

resonant frequency.  [T9A05 ς CO]  [T9A05 ς AA] 
 

T9A06:  Which of the following types of antenna offers the greatest gain? 

See the ANTENNA TYPES table at T9A. ̧ ŀƎƛ κ 5ƛǊŜŎǘƛƻƴŀƭ ŀƴǘŜƴƴŀǎ Χ ƘŀǾŜ ƳƻǊŜ Ǝŀƛƴ ƻǊ signal strength in their preferred 

direction that other antenna types.  [T9A06 ς CO]  [T9A06 ς AA] 
 

T9A07:  What is a disadvantage of using a handheld VHF transceiver with a flexible antenna inside a vehicle? 

See the ANTENNA TYPES table at T9A. Signal strength is significantly impaired when used inside a vehicle (due to shielding), 

so you want to connect it to an external antenna.  [T9A07 ς CO]  [T9A07 ς AA] 
 

T9A08:  What is the approximate length, in inches, of a quarter-wavelength vertical antenna for 146 MHz? 

See the ANTENNAS article and the ANTENNA TYPES table at T9A. The formula for the length of a dipole antenna is Χ 
 

   Length (feet) = 468 / frequency (MHz)     
 

.ǳǘΣ ǊŜƳŜƳōŜǊ ŀ ǾŜǊǘƛŎŀƭ ŀƴǘŜƴƴŀ ƛǎ ŀ ƎǊƻǳƴŘ ǇƭŀƴŜΣ ŀƴŘ ȅƻǳΩƭƭ ƴŜŜŘ ǘƻ ŘƛǾƛŘŜ ǘƘŜ ƭŜƴƎǘƘ ƻŦ ǘƘŜ ŀƴǘŜƴƴŀ ōȅ нΦ So, ǿŜ ƎŜǘ Χ 
 

   Length (feet) = 468 / frequency (MHz)  / 2  =  468 / 146 / 2  =  1.603 ft  =  19.23 in [T9A08 ς CO]  [T9A08 ς AA]    
 

T9A09:  What is the approximate length, in inches, of a half-wavelength 6 meter dipole antenna? 

See the ANTENNAS article at T9A for the formula for the length of a dipole antennaΦ ¸ƻǳΩƭƭ ŀƭǎƻ ƴŜŜŘ ǘƻ ƪƴƻǿ ǘƘŀǘ ǘƘŜ ǾƻƛŎŜ 

portion of the 6-meter band starts at 50.1 MHz (see the graphic band plan screen shot in T1B05).  
 

   Length (feet) = 468 / frequency (MHz)  =  468 / 50.1  = 9.34 ft  = 112.1 in       
 

If you use 50 MHz for the start of the 6-ƳŜǘŜǊ ōŀƴŘ όŀǾŀƛƭŀōƭŜ ŦƻǊ /²ύΣ ȅƻǳΩƭƭ ƎŜǘ ŀƴ ŀƴǎǿŜǊ ƻŦ псу κ рл Ґ фΦос Ŧǘ = 112.3 in. 

¢Ƙƛǎ ŘƛŦŦŜǊŜƴŎŜ όлΦн ƛƴύ ƛǎƴΩǘ ŜƴƻǳƎƘ ǘƻ ŀŦfect the answer choice.   [T9A09 ς CO]  [T9A09 ς AA] 
 

T9A10:  In which direction does a half-wave dipole antenna radiate the strongest signal? 

See the ANTENNA TYPES table at T9A. Dipoles radiate strongest broadside to the antenna and weakest 90° away from 

broadside.  [T9A10 ς CO]  [T9A10 ς AA] 
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T9A11:  What is antenna gain? 

See the ANTENNA TYPES table at T9A. Referring to a Yagi antenna, they have more gain or signal strength in their preferred 

direction that other antenna types.  [T9A11 ς CO]  [T9A11 ς AA] 
 

T9A12:  What is an advantage of a 5/8 wavelength whip antenna for VHF or UHF mobile service? 

See the ANTENNAS article at T9A. To be resonant (and minimize SWR), you need discrete increments of the wavelength (½ 

ǿŀǾŜƭŜƴƎǘƘΣ ѻ ǿŀǾŜƭŜƴƎǘƘΣ рκу ǿŀǾŜƭŜƴƎǘƘΣ ŜǾŜƴ мκу ǿŀǾŜƭŜƴƎǘƘύ Χ the longer the antenna, the higher the gain or signal 

strength.  [T9A12 ς CO]  [T912 ς AA] 
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T9B Feed lines: types, attenuation vs frequency, selecting; SWR concepts; Antenna tuners (couplers); RF Connectors: 

 selecting, weather protection         TOC 
 

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

 

FEEDLINES. As 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 with an insulated conducting 

wire in the center. Over the insulation is a shield, usually made of 

braided wire or conducting foil. The shield is protected by a sheath or 

jacket. Coax is easy to work with and presents few installation issues. 

A coax variation is called hardline, which has a much less flexible 

sheath (usually made of aluminum or copper) than standard coax. It 

has leǎǎ ǎƛƎƴŀƭ ƭƻǎǎΣ ōǳǘ ƳƻǊŜ ŘƛŦŦƛŎǳƭǘ ǘƻ ǿƻǊƪ ǿƛǘƘ όōŜŎŀǳǎŜ ƛǘ ŘƻŜǎƴΩǘ 

bend easily), than other types of coax. LǘΩǎ ƻften referred to as air insulated hardline. Open cell foam insulation is sometimes 

used in coax designs to improve flexibility, but be aware that is susceptible to absorbing water. Open wire line uses 2 parallel 

ŎƻƴŘǳŎǘƻǊǎΣ ǎŜǇŀǊŀǘŜŘ ōȅ ƛƴǎǳƭŀǘƛƻƴΦ LǘΩǎ ƭŜǎǎ ŜȄǇŜƴǎƛǾŜ ǘƘŀƴ ŎƻŀȄΣ and has less signal loss, but is harder to work with and can 

ōŜ ŀŦŦŜŎǘŜŘ ōȅ ƴŜŀǊōȅ ǎƛƎƴŀƭǎ ƻǊ ŎƻƴŘǳŎǘƛƴƎ ǎǳǊŦŀŎŜǎ όōŜŎŀǳǎŜ ǘƘŜǊŜΩǎ ƴƻ ǎƘƛŜƭŘƛƴƎύΦ ²ƛƴŘƻǿ ƭƛƴŜ ƛǎ ŀ ǘȅǇŜ ƻŦ ƻǇŜƴ ǿƛǊŜ ƭƛƴŜΦ 

The conductors tend to be spaced further apart than the open wire liƴŜΦ ¢ƘŜ άǿƛƴŘƻǿǎέ ƛƴ ǘƘŜ ƛƴǎǳƭŀǘƛƻƴ ƳŀƪŜ ƛǘ ŀ ƭƛǘǘƭŜ ƳƻǊŜ 

flexible than open wire line (easier to work with). Impedance of the feedline must be considered because you need to match 

the impedance (symbol Z0) of the feedline and antenna with your transmitter. Most coax and hardline designed for amateur 

radio have an impedance of 50 ohms 

(symbol ɱύΣ ǿƘƛŎƘ ƳŀǘŎƘŜǎ Ƴƻǎǘ ƻŦ ǘƻŘŀȅΩǎ 

transmitters (TV coax is usually 75 ʍ). Open 

ǿƛǊŜ ƭƛƴŜ ƛǎ ǳǎǳŀƭƭȅ олл ʍΣ ǿƘƛƭŜ ǿƛƴŘƻǿ ƭƛƴŜ 

ƛǎ прл ʍ ƻǊ ƳƻǊŜΦ LǘΩǎ ƛƳǇƻǊǘŀƴǘ ǘƻ 

remember that your antenna SYSTEM 

consists of the antenna (see the ANTENNAS 

article at T9A) AND your feedline. (Refer to 

the accompanying COAX CABLE 

CHARACTERICS table for important cable 

info.) ̧ ƻǳ ƴŜŜŘ ǘƻ ƳŀǘŎƘ ǘƘŜ ƛƳǇŜŘŀƴŎŜ ƻŦ ȅƻǳǊ ǘǊŀƴǎƳƛǘǘŜǊ ǿƛǘƘ ǘƘŀǘ ƻŦ ǘƘŜ ŀƴǘŜƴƴŀ ǎȅǎǘŜƳΦ LǘΩǎ ŘƛŦŦƛŎǳƭǘ ǘƻ ŘŜǎƛƎƴ ȅƻǳǊ 

antenna system to match perfectly, so we use antenna tuners (also called antenna couplers) to accomplish this. You adjust 

the tuner until the ǎǘŀƴŘƛƴƎ ǿŀǾŜ Ǌŀǘƛƻ ŀǘ ǘƘŜ ǘǊŀƴǎƳƛǘǘŜǊ ƛǎ ŎƭƻǎŜ ǘƻ мΥмΦ ¢Ƙƛǎ ǘǳƴƛƴƎ ƻǊ ƳŀǘŎƘƛƴƎ ŘƻŜǎƴΩǘ ǊŜŀƭƭȅ ǘǳƴŜ ǘƘŜ 

ŀƴǘŜƴƴŀ Χ ƛǘ Ƨǳǎǘ ƳŀǘŎƘŜǎ ǘƘŜ ƛƳǇŜŘŀƴŎŜ ƻŦ ǘƘŜ ŀƴǘŜƴƴŀ ǎȅǎǘŜƳ ǘƻ ǘƘŀǘ ƻŦ ǘƘŜ ǘǊŀƴǎƳƛǘǘŜǊΩǎ ƻǳǘǇǳǘΣ ŀƴŘ ǘƘƛǎ Ƴǳǎǘ ōŜ ŘƻƴŜ 

ŦƻǊ ŜŀŎƘ ŦǊŜǉǳŜƴŎȅ ȅƻǳΩǊŜ ǘǊŀƴsmitting onΦ Lƴ ƻǘƘŜǊ ǿƻǊŘǎΣ ƛǘΩǎ ƛƳǇƻǊǘŀƴǘ ǘƻ 59{LDb ȅƻǳr system up front to obtain the lowest 

possible SWR and then tune as close as you can to 1:1 SWR. The higher the SWR, the more the signal loss. A few final points 

about signal loss; (1) feedlines used at radio frequencies are constructed from special materials to minimize loss, 

(2) ǊŜƎŀǊŘƭŜǎǎ ƻŦ ǘƘŜ ǘȅǇŜ ƻŦ ŦŜŜŘƭƛƴŜΣ ǎƛƎƴŀƭ ƭƻǎǎ ƛƴŎǊŜŀǎŜǎ ǿƛǘƘ ŦǊŜǉǳŜƴŎȅ Χ ǘƘŜ ƘƛƎƘŜǊ ǘƘŜ ŦǊŜǉǳŜƴŎȅΣ ǘƘŜ ƳƻǊŜ ǘƘŜ ƭƻǎǎ, 

(3) avoid multiple connections, where possible, such ŀǎ ǳǎƛƴƎ ǎŜǾŜǊŀƭ ǎƘƻǊǘ ŎŀōƭŜ ǎŜƎƳŜƴǘǎ ǿƛǘƘ ƳǳƭǘƛǇƭŜ ŎƻƴƴŜŎǘƻǊǎ Χ ǘƘŜ 

more connectors, the more loss. 
 

CONNECTORS (for coaxial cables). Connectors are used to connect cables to radios and related 

ŜǉǳƛǇƳŜƴǘ Χ ŜǾŜƴ ŦƻǊ ŎŀōƭŜ-to-cable connections. PL-259 (male, plug) and SO-239 (female, 

receptacle) are one of the most common sets for HF and VHF equipment (see accompanying 

diagram). ̧ ƻǳΩƭƭ ŀƭǎƻ ƘŜŀǊ ŀōƻǳǘ ά¢ȅǇŜ bέ ŎƻƴƴŜŎǘƻǊǎΦ ¢Ƙƛǎ ƛǎ ŜǎǎŜƴǘƛŀƭƭȅ ŀ ƘƛƎƘŜǊ ǇŜǊŦƻǊƳŀƴŎŜ 

ǾŜǊǎƛƻƴ ƻŦ άǎǘŀƴŘŀǊŘέ ŎƻƴƴŜŎǘƻǊǎΦ LǘΩǎ ŘŜǎƛƎƴŜŘ ŦƻǊ ǳǎŜ ŀōƻǾŜ плл aIȊΣ ōǳǘ Ŏŀƴ ƻǇŜǊŀǘŜ ǳǇ ǘƻ мм 

GHz. hƴŜ ǘƘƛƴƎ ȅƻǳΩƭƭ ƴŜŜŘ ǘƻ ōŜ ŎŀǊŜŦǳƭ ƻŦ ƛǎ ŜȄǇƻǎǳǊŜ ƻŦ ǘƘŜ ŎƻƴƴŜŎǘƻǊǎ ǘƻ ǘƘŜ ŜƭŜƳŜƴǘǎΦ ²ŀǘŜǊ ǿƛƭƭ ŘŜgrade the connection 

όŎŀǳǎƛƴƎ ŎƻǊǊƻǎƛƻƴύ ŀƴŘ ǘƘŜ ǇǊƻǘŜŎǘƛǾŜ ǎƘƛŜƭŘΣ ǊŜǎǳƭǘƛƴƎ ƛƴ ƭƻǎǎ ƻŦ ǎƛƎƴŀƭΦ {ƻΣ ȅƻǳΩƭƭ ƘŀǾŜ ǘƻ ǘŀƪŜ ǇǊŜŎŀǳǘƛƻƴǎ ǘƻ ƳŀƪŜ ȅƻǳǊ 

COAX CABLE CHARACTERISTICS 
TYPE IMPEDANCE 

(ohms) 
LOSS/100 FT 

(dB) @ 30 MHz 
LOSS/100 FT (dB) 

@ 1500 MHz 
RELATIVE COST 

(As of 2/1/23) 

RG-6 75 1.4 3.3 $300/1000 ft 

RG-8 50 1.1 2.5  

RG-8X 50 2.0 4.5 $1900/1000 ft 

RG-58 50 2.5 5.6 $600/1000 ft 

RG-174 50 4.6 10.3 $350/1000 ft 

RG-213 50 1.1 2.5 $350/1000 ft 

LMR-400 50 0.7 1.5 $2000/1000 ft 
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connections as waterproof as possible. Connectors can contribute to SWR. Specifically, loose connections are often the 

source of erratic SWR, and connectors can become loose over time, especially in areas with high winds. 
 

T9B01:  What is a benefit of low SWR? 

See the STANDING WAVE RATIO article at T7C. The lower the SWR, the lower the signal loss.  [T9B01 ς CO]  [T9B01 ς AA] 
 

T9B02:  What is the most common impedance of coaxial cables used in amateur radio?  

See the FEEDLINES article at T9B. Most coax and hardline designed for amateur radio have an impedance of 50 ohms. 

[T9B02 ς CO]  [T9B02 ς AA] 
 

T9B03:  Why is coaxial cable the most common feed line for amateur radio antenna systems? 

See the FEEDLINES article at T9B. Coax is easy to work with and presents few installation issues.  [T9B03 ς CO]  [T9B03 ς AA] 
 

T9B04:  What is the major function of an antenna tuner (antenna coupler)? 

See the FEEDLINES ŀǊǘƛŎƭŜ ŀǘ ¢ф.Φ ¢Ƙƛǎ ǘǳƴƛƴƎ ƻǊ ƳŀǘŎƘƛƴƎ ŘƻŜǎƴΩǘ ǊŜŀƭƭȅ ǘǳƴŜ ǘƘŜ ŀƴǘŜƴƴŀ Χ ƛǘ Ƨǳǎǘ matches the impedance of 

ǘƘŜ ŀƴǘŜƴƴŀ ǎȅǎǘŜƳ ǘƻ ǘƘŀǘ ƻŦ ǘƘŜ ǘǊŀƴǎƳƛǘǘŜǊΩǎ ƻǳǘǇǳǘ.  [T9B04 ς CO]  [T9B04 ς AA] 
 

T9B05:  What happens as the frequency of a signal in coaxial cable is increased? 

See the FEEDLINES article at T9B. Regardless of the type of feedline, ǎƛƎƴŀƭ ƭƻǎǎ ƛƴŎǊŜŀǎŜǎ ǿƛǘƘ ŦǊŜǉǳŜƴŎȅ Χ ǘƘŜ ƘƛƎƘŜǊ ǘƘŜ 

frequency, the more the loss.  [T9B05 ς CO]  [T9B05 ς AA] 
 

T9B06:  Which of the following RF connector types is most suitable for frequencies above 400 MHz? 

See the CONNECTORS article at T9B. ̧ ƻǳΩƭƭ ŀƭǎƻ ƘŜŀǊ ŀōƻǳǘ άType Nέ ŎƻƴƴŜŎǘƻǊǎΦ ¢Ƙƛǎ ƛǎ ŜǎǎŜƴǘƛŀƭƭȅ ŀ ƘƛƎƘŜǊ ǇŜǊŦƻǊƳŀƴŎŜ 

ǾŜǊǎƛƻƴ ƻŦ άǎǘŀƴŘŀǊŘέ ŎƻƴƴŜŎǘƻǊǎΦ LǘΩǎ ŘŜǎƛƎƴŜŘ ŦƻǊ ǳǎŜ ŀōƻǾŜ плл aIȊΣ ōǳǘ Ŏŀƴ ƻǇŜǊŀǘŜ ǳǇ ǘƻ мм DIȊΦ   [T9B06 ς CO]   

[T9B06 ς AA] 
 

T9B07:  Which of the following is true of PL-259 type coax connectors? 

See the CONNECTORS article at T9B. PL-259 (male, plug) and SO-239 (female, receptacle) are one of the most common sets 

for HF and VHF equipment.  [T9B07 ς CO]  [T9B07 ς AA] 
 

T9B08:  Which of the following is a source of loss in coaxial feed line? 

See the FEEDLINES article at T9B. Several issues pointed out in the article cause signal loss; high SWR, use of multiple 

connections, and cable degradation by water. [T9B08 ς CO]  [T9B08 ς AA] 
 

T9B09:  What can cause erratic changes in SWR? 

See the CONNECTORS article at T9B. Χ loose connections are often the source of erratic SWR.  [T9B09 ς CO]  [T9B09 ς AA] 
 

T9B10:  What is the electrical difference between RG-58 and RG-213 coaxial cable? 

See the COAX CABLE CHARACTERISTICS table at T9B. RG-213 has less signal loss.  [T9B10 ς CO]  [T9B10 ς AA] 
 

T9B11:  Which of the following types of feed line has the lowest loss at VHF and UHF? 

See the FEEDLINES article at T9B. A coax variation is called hardline, which has a much less flexible sheath (usually made of 

ŀƭǳƳƛƴǳƳ ƻǊ ŎƻǇǇŜǊύ ǘƘŀƴ ǎǘŀƴŘŀǊŘ ŎƻŀȄΦ Lǘ Ƙŀǎ ƭŜǎǎ ǎƛƎƴŀƭ ƭƻǎǎΣ ōǳǘ ƳƻǊŜ ŘƛŦŦƛŎǳƭǘ ǘƻ ǿƻǊƪ ǿƛǘƘ όōŜŎŀǳǎŜ ƛǘ ŘƻŜǎƴΩǘ ōŜƴŘ 

easily), that other types of coax. LǘΩǎ ƻften referred to as air insulated hardline.  [T9B11 ς CO]  [T9B11 ς AA] 
 

T9B12:  What is standing wave ratio (SWR)? 

See the STANDING WAVE RATIIO article at T7C. Standing wave ratio is a measure of impedance matching of loads to the 

characteristic impedance of a transmission line.  [T9B12 ς CO]  [T9B12 ς AA] 
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SUBELEMENT T0 τ SAFETY 
 

T0A Power circuits and hazards: hazardous voltages, fuses and circuit breakers, grounding, electrical code  

 compliance; Lightning protection; Battery safety        TOC 
 

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

 

ELECTRICAL SAFETY & HAM RADIO. See www.cwtouchkeyer.com/ham-radio-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 currents can result in muscle contractions. Larger currents can cause 

burns or even cause cellular electrical activity to malfunction. Individuals with internal electrical devices, like pacemakers and 

defibrillators, need to be especially careful. Anyone who has worked on automobiles knows the risks of shorting terminals on 

12-Ǿƻƭǘ ǎǘƻǊŀƎŜ ōŀǘǘŜǊƛŜǎ Χ ōǳǊƴǎΣ ŦƛǊŜǎΣ ƻǊ ŜǾŜƴ ŜȄǇƭƻǎƛƻƴǎΣ ŀƴŘ ǊŀŘƛƻ ƻǇŜǊŀǘƻǊǎ ǳǎŜ ǘƘŜǎŜ ǘȅǇŜǎ ƻŦ ōŀǘǘŜǊƛŜǎΣ ŀǎ ǿŜƭƭΦ Storage 

batteries can also pose non-electrical hazards. For example, charging or discharging too rapidly can result in over-heating or 

outgassing, and the gas is hydrogen (very flammable). Remember that many power supplies contain filter capacitors in their 

circuitry. Capacitors can retain their charge for significant periods of time, so these power supplies can still be a hazard for 

some time after turning them off. Some basic guidelines to follow to protect yourself and your equipment are; (a) use 

ƎǊƻǳƴŘŜŘ Χ о-ǿƛǊŜ Χ ǇƭǳƎǎ ŦƻǊ ŀƭƭ ŎƛǊŎǳƛǘǎΣ όōύ ƳŀƪŜ ǎǳǊŜ ŀƭƭ ŜƭŜŎǘǊƛŎŀƭ ŜǉǳƛǇment is connected to a common ground, (c) use 

properly sized fuses, and (d) use mechanical interlocks for high voltage circuits. Because of antenna heights and their 

ŎƻƴŘǳŎǘƛǾŜ ƴŀǘǳǊŜΣ ƛǘΩǎ ŀƭǎƻ ƛƳǇƻǊǘŀƴǘ ǘƻ ǳǎŜ ƭƛƎƘǘƴƛƴƎ ŀǊǊŜǎǘƻǊǎΦ ¸ƻǳ ǎƘƻǳƭŘ ŎƻƴƴŜŎǘ ǘƘŜǎe where feedlines enter the house, 

connected to an external ground rod. All ground rods should be bonded together (use heavy wire or conductive strap). 

 

T0A01:  Which of the following is a safety hazard of a 12-volt storage battery? 

See the article ELECTRICAL SAFETY & HAM RADIO at T0A. Anyone who has worked on automobiles knows the risks of 

shorting terminals on 12-Ǿƻƭǘ ǎǘƻǊŀƎŜ ōŀǘǘŜǊƛŜǎ Χ burns, fires, or even explosions, and radio operators use these types of 

batteries, as well.  [T0A01 ς CO]  [T0A01 ς AA] 
 

T0A02:  What health hazard is presented by electrical current flowing through the body? 

See the article ELECTRICAL SAFETY & HAM RADIO at T0A. Even small currents can result in muscle contractions. Larger 

currents can cause burns or even cause cellular electrical activity to malfunction.  [T0A02 ς CO]  [T0A02 ς AA] 
 

T0A03:  In the United States, what circuit does black wire insulation indicate in a three-

wire 120 V cable? 

See accompanying diagram showing a 3-wire receptacle. Black (or Red) is the insulation color 

for the hot lead.  [T0A03 ς CO]  [T0A03 ς AA] 
 

T0A04:  What is the purpose of a fuse in an electrical circuit? 

Fuses and circuit breakers protect the circuit from overload. The fuse is designed with a 

small piece of metal (usually a tin/lead alloy) that melts at temperatures much lower than the melting point of the copper 

wire, and often even lower than the melting point of the insulation. The melted metal breaks the circuit, removing power in 

case of overload. Fuses and breakers are installed in series with the hot conductor.  [T0A04 ς CO]  [T0A04 ς AA] 
 

T0A05:  Why should a 5-ampere fuse never be replaced with a 20-ampere fuse? 

See discussion in question T0A04. If ȅƻǳ ǊŜǇƭŀŎŜ ŀ ǎƳŀƭƭ ŦǳǎŜ ǿƛǘƘ ŀ ƳǳŎƘ ƭŀǊƎŜǊ ƻƴŜ ǘƘŀƴ ǘƘŜ ŎƛǊŎǳƛǘ ƛǎ ŘŜǎƛƎƴŜŘ ŦƻǊΣ ƛǘΩǎ 

possible that the ƭŀǊƎŜǊ ŦǳǎŜ ǿƻƴΩǘ ƳŜƭǘΦ Lƴ ƻǘƘŜǊ ǿƻǊŘǎΣ ƛǘ ƳƛƎƘǘ ƴƻǘ ōǊŜŀƪ ǘƘŜ ŎƛǊŎǳƛǘ. The circuit could overheat and even 

result in a fire.  [T0A05 ς CO]  [T0A05 ς AA] 
 

T0A06:  What is a good way to guard against electrical shock at your station? 

See the article ELECTRICAL SAFETY & HAM RADIO at T0A. Some basic guidelines to follow to protect yourself and your 

equipment are; (a) ǳǎŜ ƎǊƻǳƴŘŜŘ Χ о-wire Χ ǇƭǳƎǎ ŦƻǊ ŀƭƭ ŎƛǊŎǳƛǘǎ, (b) make sure all electrical equipment is connected to a 

http://www.cwtouchkeyer.com/ham-radio-safety
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common ground, (c) use properly sized fuses, and (d) use mechanical interlocks for high voltage circuits.  [T0A06 ς CO]  

[T0A06 ς AA] 
 

T0A07:  Where should a lightning arrester be installed in a coaxial feed line? 

See the article ELECTRICAL SAFETY & HAM RADIO at T0A. Because of antenna heights ŀƴŘ ǘƘŜƛǊ ŎƻƴŘǳŎǘƛǾŜ ƴŀǘǳǊŜΣ ƛǘΩǎ ŀƭǎƻ 

important to use lightning arrestors. You should connect these where feedlines enter the house, connected to an external 

ground rod.  [T0A07 ς CO]  [T0A07 ς AA] 
 

T0A08:  Where should a fuse or circuit breaker be installed in a 120V AC power circuit? 

See the discussion in question T0A04. Fuses and breakers are installed in series with the hot conductor.  [T0A08 ς CO]   

[T0A08 ς AA] 
 

T0A09:  What should be done to all external ground rods or earth connections? 

See the article ELECTRICAL SAFETY & HAM RADIO at T0A. All ground rods should be bonded together (use heavy wire or 

conductive strap).  [T0A09 ς CO]  [T0A09 ς AA] 
 

T0A10:  What hazard is caused by charging or discharging a battery too quickly? 

See the article ELECTRICAL SAFETY & HAM RADIO at T0A. For example, charging or discharging too rapidly can result in over-

heating or outgassing, and the gas is hydrogen (very flammable).  [T0A10 ς CO]  [T0A10 ς AA] 
 

T0A11:  What hazard exists in a power supply immediately after turning it off? 

See the article ELECTRICAL SAFETY & HAM RADIO at T0A. Capacitors can retain their charge for significant periods of time, so 

these power supplies can still be a hazard for some time after turning them off.  [T0A11 ς CO]  [T0A11 ς AA] 
 

T0A12:  Which of the following precautions should be taken when measuring high voltages with a voltmeter? 

See https://assets.tequipment.net/assets/3/7/ABC-meter-safety.PDF. If you attempt to use a voltmeter for voltages higher 

than its rating, the excess voltage may damage nearby equipment or even result in electrical shock. Be sure both the meter 

and its leads are rated for the voltage being measured.  [T0A12 ς CO]  [T0A12 ς AA] 
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T0B Antenna safety: tower safety and grounding, installing antennas, antenna supports    TOC 

 

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

 

ANTENNA & TOWER SAFETY. Reference www.vk5pas.com/uploads/1/3/9/8/13982788/up_the_tower.pdf. 

5ƻƴΩǘ ƻǾŜǊƭƻƻƪ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ ǘƻǿŜǊǎΦ ¸ƻǳ Ƴŀȅ ƴŜǾŜǊ ƻǿƴ ŀ ǘƻǿŜǊ yourself, but your local club may have a repeater, where 

members have the opportunity to participate in set up, adjustment, etc. Before attempting to climb a tower, make sure 

ȅƻǳΩǾŜ ōŜŜƴ ǘǊŀƛƴŜŘΦ ¢ƘŜ ŀōƻǾŜ ǊŜŦŜǊŜƴŎŜ ǇǊƻǾƛŘŜǎ ǿǊƛǘǘŜƴ ǘƛǇǎ ŀƴŘ ƛƴǎǘǊǳŎǘƛƻƴΣ ōǳǘ ȅƻǳΩƭƭ ƴŜŜŘ ǎƻƳŜ ƘŀƴŘǎ ƻƴ ǘǊŀƛƴƛƴƎ ƛƴ 

climbing techniques, including use of tie-offs and climbing harnesses. One type of tower you should become familiar with is a 

ŎǊŀƴƪ ǳǇ ǘȅǇŜΦ ¢ƘŜǎŜ ǘŜƴŘ ǘƻ ōŜ ǇƻǊǘŀōƭŜ ŀƴŘ ƭƛƎƘǘǿŜƛƎƘǘ Χ ƻŦǘŜƴ ǳǎŜŘ ŦƻǊ ǘǊŀƴǎƳƛǘǘƛƴƎ ŦǊƻƳ ǘŜƳǇƻǊŀǊȅ ƭƻŎŀǘƛƻƴǎΦ /ƭƛƳōƛƴƎ 

ǘƘŜƳ ǎƘƻǳƭŘ ōŜ ŀǾƻƛŘŜŘ Χ ǘƘŜȅΩǊŜ ǳǎǳŀƭƭȅ ƴƻǘ ǎǘǊƻƴƎ ŜƴƻǳƎƘ ǘo support the weight. Installation and grounding of towers 

ǎƘƻǳƭŘ Ŧƻƭƭƻǿ ƭƻŎŀƭ ǊŜƎǳƭŀǘƛƻƴǎ ŀƴŘ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ƛƴǎǘǊǳŎǘƛƻƴǎΦ 9ŀŎƘ ƭŜƎ ƻŦ ǘƘŜ ǘƻǿŜǊ ǎƘƻǳƭŘ ōŜ ƎǊƻǳƴŘŜŘ ǎŜǇŀǊŀǘŜƭȅ ǳǎƛƴƎ у 

foot ground rods bonded to the tower and to each other. Guy wires (when required by the height or the antenna or tower) 

should include turn buckles for proper tensioning. 

 

T0B01:  Which of the following is good practice when installing ground wires on a tower for lightning protection? 

Regardless of whether the ground wires are 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 be 

ǎƘƻǊǘΣ ŘƛǊŜŎǘ όŦŜǿ ōŜƴŘǎ ŀƴŘ ǘƘŜ ōŜƴŘǎ Χ ƛŦ ŀƴȅ Χ ǎƘƻǳƭŘ ōŜ ǎƭƛƎƘǘύΣ ŀƴŘ ƳŀŘŜ ŦǊƻƳ ǎƻƭƛŘ ǿƛǊŜ ƻǊ ǎǘǊŀǇ.  [T0B01 ς CO]  

 [T0B01 ς AA] 
 

T0B02:  What is required when climbing an antenna tower? 

See article on ANTENNA & TOWER SAFETY at T0B. Before attempting to climb a tower, ƳŀƪŜ ǎǳǊŜ ȅƻǳΩǾŜ ōŜŜƴ ǘǊŀƛƴŜŘ. The 

above reference provides written tips and instruction, but ȅƻǳΩƭƭ ƴŜŜŘ ǎƻƳŜ ƘŀƴŘǎ ƻƴ ǘǊŀƛƴƛƴƎ ƛƴ ŎƭƛƳōƛƴƎ techniques, 

including use of tie-offs and climbing harnesses.  [T0B02 ς CO]  [T0B02 ς AA] 
 

T0B03:  Under what circumstances is it safe to climb a tower without a helper or observer? 

See the reference for the article on ANTENNA & TOWER SAFETY at T0B. You ALWAYS use an observer when climbing towers.  

[T0B03 ς CO]  [T0B03 ς AA] 
 

T0B04:  Which of the following is an important safety precaution to observe when putting up an antenna tower? 

See the reference for the article on ANTENNA & TOWER SAFETY at T0B. There are many important safety precautions to 

observe when installing towers or even short antennas around the home. But, the single most important is probably avoiding 

overhead electrical wires.  [T0B04 ς CO]  [T0B04 ς AA] 
 

T0B05:  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 provide for the proper 

tension. The safety wire provides a way to VERIFY or measure if the tension is correct.  [T0B05 ς CO]  [T0B05 ς AA] 
 

T0B06:  What is the minimum safe distance from a power line to allow when installing an antenna? 

See the reference for the article on ANTENNA & TOWER SAFETY at T0B. 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 feet.  [T0B06 ς CO]  [T0B06 ς AA] 
 

T0B07:  Which of the following is an important safety rule to remember when using a crank-up tower? 

See article on ANTENNA & TOWER SAFETY at T0B. One type of tower you should become familiar with is a crank up type. 

¢ƘŜǎŜ ǘŜƴŘ ǘƻ ōŜ ǇƻǊǘŀōƭŜ ŀƴŘ ƭƛƎƘǘǿŜƛƎƘǘ Χ ƻŦǘŜƴ ǳǎŜŘ ŦƻǊ ǘǊŀƴǎƳƛǘǘƛƴƎ ŦǊƻƳ ǘŜƳǇƻǊŀǊȅ ƭƻŎŀǘƛƻƴǎΦ Climbing them should be 

ŀǾƻƛŘŜŘ Χ ǘƘŜȅΩǊŜ ǳǎǳŀƭƭȅ ƴƻǘ ǎǘǊƻƴƎ ŜƴƻǳƎƘ ǘƻ ǎǳǇǇƻǊǘ the weight.  [T0B07 ς CO]  [T0B07 ς AA] 
 

T0B08:  Which is a proper grounding method for a tower? 

See article on ANTENNA & TOWER SAFETY at T0B. Each leg of the tower should be grounded separately using 8 foot ground 

rods bonded to the tower and to each other.  [T0B08 ς CO]  [T0B08 ς AA] 

http://www.vk5pas.com/uploads/1/3/9/8/13982788/up_the_tower.pdf
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T0B09:  Why should you avoid attaching an antenna to a utility pole? 

See question T0B04. You must absolutely avoid contact with electrical wires. If the antenna falls or cable breaks, you may 

come into contact with high-voltage wires Χ ǳǎǳŀƭƭȅ ƳǳŎƘ ƘƛƎƘŜǊ ǘƘŀƴ ǘƘŜ мнл ƻǊ нпл Ǿƻƭǘǎ ȅƻǳ ǎŜŜ ƛƴ ǘƘŜ ƘƻƳŜ.  

 [T0B09 ς CO]  [T0B09 ς AA] 
 

T0B10:  Which of the following is true when installing grounding conductors used for lightning protection? 

See question T0B01. For grounding, you need as little electrical resistance as practical. Ground wires should be short, direct 

όŦŜǿ ōŜƴŘǎ ŀƴŘ ǘƘŜ ōŜƴŘǎ Χ ƛŦ ŀƴȅ Χ ǎƘƻǳƭŘ ōŜ ǎƭƛƎƘǘύΣ ŀƴŘ ƳŀŘŜ ŦǊƻƳ ǎƻƭƛŘ ǿƛǊŜ ƻǊ ǎǘǊŀǇ.  [T0B10 ς CO]  [T0B10 ς AA] 
 

T0B11:  Which of the following establishes grounding requirements for an amateur radio tower or antenna? 

See article on ANTENNA & TOWER SAFETY at T0B. Installation and grounding of towers should follow local regulations and 

ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ƛƴǎǘǊǳŎǘƛƻƴǎΦ  [T0B11 ς CO]  [T0B11 ς AA] 
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T0C RF hazards: radiation exposure, proximity to antennas, recognized safe power levels, radiation types, duty  

 cycle            TOC 

 

RF RADIATION. References: (1) www.fcc.gov/engineering-technology/electromagnetic-compatibility-division/radio-

frequency-safety/faq/rf-safety, (2) www.govinfo.gov/content/pkg/CFR-2020-title47-vol1/xml/CFR-2020-title47-vol1-sec1-

1310.xml and (3) www.barnstablearc.org/sites/default/files/ARRL-RF-Exposure-2021_W1DAN-rev1.pdf 

Radio signals are non-ionizing radiation. Unlike ionizing radiation, the energy levels associated with RF and microwave 

radiation are not great enough to cause the ionization of atoms and molecules. Non-ionizing radiation is not strong enough to 

cause damage in biological tissue, including effects on DNA. Ionizing radiation (gamma rays, X-rays, etc.), on the other hand, 

can cause this sort of damage. Ionizing radiation is strong enough to displace electrons from atoms (even DNA molecules). 

The federal govŜǊƴƳŜƴǘ Ƙŀǎ ŜǎǘŀōƭƛǎƘŜŘ ŜȄǇƻǎǳǊŜ ƭƛƳƛǘǎ ǘƻ wC ǊŀŘƛŀǘƛƻƴ Χ ǎŜŜ ǘƘŜ ŀŎŎƻƳǇŀƴȅƛƴƎ ǘŀōƭŜΦ 
 

Limits for Maximum Permissible Exposure (MPE) to radiofrequency electromagnetic fields (see reference 2 above) 

 
 

Lƴ ǘƘŜ ǘŀōƭŜΣ ȅƻǳΩƭƭ ǎŜŜ ǘƘŜ ǘŜǊƳǎ controlled and uncontrolled exposureΦ tŜǊ ǊŜŦŜǊŜƴŎŜ ІнΣ άOccupational/controlled exposure 

limits apply in situations in which persons are exposed as a consequence of their employment provided those persons are 

fully aware of the potential for exposure and can exercise control over their exposure.έ wŀŘƛƻ ƻǇŜǊŀǘƻǊǎ ǿƻǳƭŘ Ŧŀƭƭ ƛƴǘƻ ǘƘŜ 

controlled exposure definition because (theoretically) we know the risk. You can see from the table that limits vary with 

ŦǊŜǉǳŜƴŎȅΦ ¢ƘŀǘΩǎ ōŜcause the rate the body absorbs radiation varies with frequency. Different body parts are resonant at 

different ŦǊŜǉǳŜƴŎƛŜǎ Χ ǘƘŜ ƘƛƎƘŜǊ ǘƘŜ ŦǊŜǉǳŜƴŎȅΣ ǘƘŜ ŦŀǎǘŜǊ ǘƘŜ ŀōǎƻǊǇǘƛƻƴ ǊŀǘŜΦ ̧ ƻǳΩƭƭ ƴƻǘŜ ǘƘŜ ƭŀǎǘ ŎƻƭǳƳƴ ƻŦ ǘƘƛǎ ǘŀōƭŜ 

ǊŜŦŜǊǎ ǘƻ ά!ǾŜǊŀƎƛƴƎ ǘƛƳŜΦέ ¢Ƙis means the exposure limit is based on an average amount of time or the percent of time a 

transmitter is transmitting Χ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ duty cycle (also called duty factorύΦ LŦ ȅƻǳΩǊŜ ŀǘ ǘƘŜ ǘǊŀƴǎƳƛǘǘŜǊ ŦƻǊ ƻƴŜ ƘƻǳǊΣ ōǳǘ 

ƛǘΩǎ ƻƴƭȅ ǘǊŀƴǎƳƛǘǘƛƴƎ ƘŀƭŦ ǘƘŜ ǘƛƳŜ όōŜŎŀǳǎŜ ȅƻǳΩǊŜ ǊŜŎŜƛǾƛƴƎ ǘƘŜ ƻǘƘŜǊ ƘŀƭŦ ǘƘŜ ǘƛƳŜύΣ ǘƘŜ !±9w!D9 ŜȄǇƻǎǳǊŜ ǘƛƳŜ ƛǎ ǘƘƛǊǘȅ 

ƳƛƴǳǘŜǎ Χ ǘƘŜ Řǳǘȅ ŎȅŎƭŜ ƛǎ рл҈Φ In this case, you may multiple the signal power by 2. If the duty cycle were 25%, you could 

multiple the signal exposure by 4, etc. Other 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 exposure is to move your antenna as far from people as practical. 
 

Licensed operators are required to stay in compliance with RF exposure limits. The best way to do this is to evaluate your 

station any time anything in your transmission system (transmitter, antenna, and feedlines) changes. FCC OET Bulletin 65 

ǇǊƻǾƛŘŜǎ ŘŜǘŀƛƭǎ ŦƻǊ ƳŜŀǎǳǊƛƴƎ wC Χ ǎŜŜ ƭƛƴƪ ƛƴ ǉǳŜǎǘƛƻƴ ¢л/лсΦ 
 

In addition to radiation, RF voltages generate heat. Physically touching a surface conducting RF voltage (such as antenna) can 

ŎŀǳǎŜ wC ōǳǊƴǎΦ LŦ ǘƘŜ ǇƻǿŜǊ ƛǎ ƘƛƎƘ ŜƴƻǳƎƘ ŀƴŘ ȅƻǳΩǊŜ ŎƭƻǎŜ ŜƴƻǳƎƘΣ ȅƻǳ ŘƻƴΩǘ ŜǾŜƴ ƴŜŜŘ ǘƻ ǘƻǳŎƘ ƛǘΗ ¸ƻǳ Ŏŀƴ ŀǾƻƛŘ ǘƘƛǎ ōȅ 

good ƎǊƻǳƴŘƛƴƎ όōƻƴŘƛƴƎύ ŀƴŘ ǎƛƳǇƭȅ ǎǘŀȅƛƴƎ ŀǿŀȅ ŦǊƻƳ ŀƴǘŜƴƴŀǎ ǿƘƛƭŜ ǘǊŀƴǎƳƛǘǘƛƴƎΦ LŦ ȅƻǳ Řƻ ƎŜǘ ŀƴ wC ōǳǊƴΣ ȅƻǳ ǿƻƴΩǘ 

forget it quickly! 
 

Bottom line: You, the station licensee, are responsible for RF radiation compliance at your station. 

 

http://www.fcc.gov/engineering-technology/electromagnetic-compatibility-division/radio-frequency-safety/faq/rf-safety
http://www.fcc.gov/engineering-technology/electromagnetic-compatibility-division/radio-frequency-safety/faq/rf-safety
http://www.govinfo.gov/content/pkg/CFR-2020-title47-vol1/xml/CFR-2020-title47-vol1-sec1-1310.xml
http://www.govinfo.gov/content/pkg/CFR-2020-title47-vol1/xml/CFR-2020-title47-vol1-sec1-1310.xml
http://www.barnstablearc.org/sites/default/files/ARRL-RF-Exposure-2021_W1DAN-rev1.pdf
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T0C01:  What type of radiation are radio signals? 

See the RF RADIATION article at T0C. Radio signals are non-ionizing radiation.  [T0C01 ς CO]  [T0C01 ς AA] 
 

T0C02:  At which of the following frequencies does maximum permissible exposure have the lowest value? 

See the RF RADIATION article at T0C, specifically the limits table. From the table the lowest MPE value is from 30-300 MHz. 

However, the answer choices do not include this range. The choices are; 3.5 MHz, 50 MHz, 440 MHz, and 1296 MHz. The only 

acceptable choice is 50 MHz.  [T0C02 ς CO]  [T0C02 ς AA] 
 

T0C03:  How does the allowable power density for RF safety change if duty cycle changes from 100 percent to 50 percent? 

See the RF RADIATION article at T0C. LŦ ȅƻǳΩǊŜ ŀǘ ǘƘŜ ǘǊŀƴǎƳƛǘǘŜǊ ŦƻǊ ƻƴŜ ƘƻǳǊΣ ōǳǘ ƛǘΩǎ ƻƴƭȅ ǘǊŀƴǎƳƛǘǘƛƴƎ ƘŀƭŦ ǘƘŜ ǘƛƳŜ 

όōŜŎŀǳǎŜ ȅƻǳΩǊŜ ǊŜŎŜƛǾƛƴƎ ǘƘŜ ƻǘƘŜǊ ƘŀƭŦ ǘƘŜ ǘƛƳŜύΣ ǘƘŜ !±9w!D9 ŜȄǇƻǎǳǊŜ ǘƛƳŜ ƛǎ ǘƘƛǊǘȅ ƳƛƴǳǘŜǎ Χ ǘƘŜ Řǳǘȅ ŎȅŎƭŜ ƛǎ рл҈Φ In 

this case, you may multiple the signal power by 2. The answer is that you can increase the power density by a factor of 2.   

[T0C03 ς CO]  [T0C03 ς AA] 
 

T0C04:  What factors affect the RF exposure of people near an amateur station antenna? 

See the RF RADIATION article at T0C. Other 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).  [T0C04 ς CO]  [T0C04 ς AA] 
 

T0C05:  Why do exposure limits vary with frequency? 

See the RF RADIATION article at T0C. 5ƛŦŦŜǊŜƴǘ ōƻŘȅ ǇŀǊǘǎ ŀǊŜ ǊŜǎƻƴŀƴǘ ŀǘ ŘƛŦŦŜǊŜƴǘ ŦǊŜǉǳŜƴŎƛŜǎ Χ ǘƘŜ higher the frequency, 

the faster the absorption rate.  [T0C05 ς CO]  [T0C05 ς AA] 
 

T0C06:  Which of the following is an acceptable method to determine whether your station complies with FCC RF exposure 

regulations? 

See the RF RADIATION article at T0C, specifically Reference #1. There are 3 methods for measuring compliance with the 

regulation; (1) you can measure it per FCC OET Bulletin 65 Χ ǎŜŜ ƭƛƴƪ ōŜƭƻǿ ǘƘƛǎ ǉǳŜǎǘƛƻƴΣ όнύ ȅƻǳ Ŏŀƴ ǳǎŜ computer modeling 

to calculate it, or (3) you can take a direct measurement of field strength.  [T0C06 ς CO]  [T0C06 ς AA] 

FCC OET Bulletin 65; https://transition.fcc.gov/Bureaus/Engineering_Technology/Documents/bulletins/oet65/oet65.pdf) 

 

T0C07:  What hazard is created by touching an antenna during a transmission? 

See the RF RADIATION article at T0C. Physically touching a surface conducting RF voltage (such as antenna) can cause RF 

burns.  [T0C07 ς CO]  [T0C07 ς AA] 
 

T0C08:  Which of the following actions can reduce exposure to RF radiation? 

See the RF RADIATION article at T0C. One of the simplest ways to reduce exposure is to move your antenna as far from 

people as practical.  [T0C08 ς CO]  [T0C08 ς AA] 
 

T0C09:  How can you make sure your station stays in compliance with RF safety regulations? 

See the RF RADIATION article at T0C. The best way to do this is to evaluate your station any time anything in your 

transmission system (transmitter, antenna, and feedlines) changes. FCC OET Bulletin 65 ǇǊƻǾƛŘŜǎ ŘŜǘŀƛƭǎ ŦƻǊ ƳŜŀǎǳǊƛƴƎ wC Χ 

see link in question T0C06.  [T0C09 ς CO]  [T0C09 ς AA] 
 

T0C10:  Why is duty cycle one of the factors used to determine safe RF radiation exposure levels? 

See the RF RADIATION article at T0C. The exposure limit is based on an average amount of time Χ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ duty cycle.  

[T0C10 ς CO]  [T0C10 ς AA] 
 

T0C11:  What is the definition of duty cycle during the averaging time for RF exposure? 

See the RF RADIATION article at T0C. This means the exposure limit is based on an average amount of time or the percent of 

time a transmitter is transmitting Χ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ duty cycle.  [T0C11 ς CO]  [T0C11 ς AA] 
 

https://transition.fcc.gov/Bureaus/Engineering_Technology/Documents/bulletins/oet65/oet65.pdf
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T0C12:  How does RF radiation differ from ionizing radiation (radioactivity)? 

See the RF RADIATION article at T0C. Unlike ionizing radiation, the energy levels associated with RF and microwave radiation, 

are not great enough to cause the ionization of atoms and molecules. Ionizing radiation is strong enough to displace electrons 

from atoms (even DNA molecules).  [T0C12 ς CO]  [T0C12 ς AA] 
 

T0C13:  Who is responsible for ensuring that no person is exposed to RF energy above the FCC exposure limits? 

See the RF RADIATION article at T0C. You, the station licensee, are responsible for RF radiation at your station.  [T0C13 ς CO]  

[T0C13 ς AA] 

 

 

END OF QUESTIONS! Now, go pass that exam! 

TOC 

LINKS 
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Questions ς Correct Answer Only                                                                                                                                  TOC 
  

bh¢9Υ LŦ ȅƻǳΩǊŜ ǎŎǊƻƭƭƛƴƎ ǘƘǊƻǳƎƘ ǘƘŜ ǉǳŜǎǘƛƻƴǎ ϧ ŀƴǎǿŜǊǎΣ ŘƻƴΩǘ ǳǎŜ ǘƘŜ BACK buttons below. Just keep scrolling forward. 
 

T1: COMISSION RULES 
 

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

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 the United States?   BACK 

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 person?   BACK  

A. One 
 

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

C. The license appears in the FCC ULS database 
 

T1A06:  What is the FCC Part 97 definition of a beacon?   BACK  

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 station?   BACK 

/Φ !ƴ ŀƳŀǘŜǳǊ ǎǘŀǘƛƻƴ ƭƻŎŀǘŜŘ ƳƻǊŜ ǘƘŀƴ рл ƪƳ ŀōƻǾŜ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜ 
 

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

repeater stations?   BACK  

B. Volunteer Frequency Coordinator recognized by local amateurs 
 

T1A09:  Who selects a Frequency Coordinator?   BACK 

C. Amateur operators 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 (RACES)?   BACK  

A. A radio service using 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 civil defense organization as being enrolled in that 

organization  

D. All these choices are correct 
 

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

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 International Space Station (ISS) on VHF bands?   BACK 

B. Any amateur holding a Technician class or higher license  
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T1B03:  Which frequency is in the 6 meter amateur band?   BACK 

B. 52.525 MHz 
 

T1B04:  Which amateur band includes 146.52 MHz?   BACK 

D. 2 meters 
 

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

D. Fixed digital message forwarding systems only 
 

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

B. 10 meter band only 
 

T1B07:  Which of the following VHF/UHF band segments are limited to CW only?   BACK 

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 secondary?   BACK 

A. U.S. amateurs may find non-amateur 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 amateur band or  

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 these choices are correct 
 

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

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 MHz?   BACK 

D. 1500 watts 
 

T1C01:  For which license classes are new licenses currently available from the FCC?   BACK 

D. Technician, General, Amateur Extra 
 

T1CO2:  Who may select a desired call sign under the vanity call sign rules?   BACK 

D. Any licensed amateur 

 

T1C03:  What types of international communications are an FCC-licensed amateur radio station permitted 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 by email?   BACK 

B. Revocation of the station license or suspension of the operator license 
 

T1C05:  Which of the following is a valid Technician class call sign format?   BACK 

A. KF1XXX 
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T1C06:  From which of the following locations may an FCC-licensed amateur station transmit?   BACK 

D. From any vessel or craft located in international waters and documented or registered in the United States 
 

T1C07:  Which of the following can result in revocation of the station license or suspension of the operator license?   BACK 

B. Failure to provide and maintain a correct email address with the FCC 
 

T1C08:  What is the normal term for an FCC-issued amateur radio license?   BACK 

C. Ten years 
 

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

A. Two years 
 

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

bands?   BACK 

/Φ !ǎ ǎƻƻƴ ŀǎ ȅƻǳǊ ƻǇŜǊŀǘƻǊκǎǘŀǘƛƻƴ ƭƛŎŜƴǎŜ ƎǊŀƴǘ ŀǇǇŜŀǊǎ ƛƴ ǘƘŜ C//Ωǎ ƭƛŎŜƴǎŜ database 
 

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

radio bands?   BACK 

D. No, you must wait until the license has been renewed 
 

T1D01:  With which countries are FCC-licensed amateur radio stations prohibited from exchanging  

communications?   BACK 

A. Any country whose administration has notified the International Telecommunication Union (ITU) that it objects to such 

communications 
 

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

B. Broadcasting 
 

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

C. Only when transmitting control commands to space stations or radio control craft 
 

T1D04:  Under what conditions is an amateur station authorized to transmit music using a phone emission?   BACK 

A. When incidental to an authorized retransmission of manned spacecraft communications 
 

T1D05:  When may amateur radio operators use their stations to notify other amateurs of the availability of equipment for 

sale or trade?   BACK 

D. When selling amateur radio equipment and not on a regular basis 
 

T1D06:  What, if any, are the restrictions concerning transmission of language that may be considered indecent or     

obscene?   BACK 

B. Any such language is prohibited 
 

T1D07:  What types of amateur stations can automatically retransmit the signals of other amateur stations?   BACK 

D. Repeater, auxiliary, or space stations 
 

T1D08:  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, program production, or news 

gathering, assuming no other means is available?   BACK 

A. When such communications are directly related to the immediate safety of human life or protection of property 



Page 91 of 181 

 

T1D10:  How does the FCC define broadcasting for the Amateur Radio Service?   BACK 

D. Transmissions intended for reception by the general public 
 

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

D. When transmitting signals to control model craft 
 

T1E01:  When may an amateur station transmit without a control operator?   BACK 

D. Never 
 

T1E02:  Who may be the control operator of a station communicating through an amateur satellite or space   BACK 

station? 

D. Any amateur allowed to transmit on the satellite uplink frequency 
 

T1E03:  Who must designate the station control operator?   BACK 

A. The station licensee 
 

T1E04:  What determines the transmitting frequency privileges of an amateur station?   BACK 

D. The class of operator license held by the control operator 
 

¢м9лрΥ  ²Ƙŀǘ ƛǎ ŀƴ ŀƳŀǘŜǳǊ ǎǘŀǘƛƻƴΩǎ ŎƻƴǘǊƻƭ ǇƻƛƴǘΚ   BACK 

C. The location at which the control operator function is performed 
 

T1E06:  When, under normal circumstances, may a Technician class licensee be the control operator of a station operating in 

an Amateur Extra Class band segment?   BACK 

A. At no time 
 

T1E07:  When the control operator is not the 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 automatic control?   BACK 

A. Repeater operation 
 

T1E09:  Which of the following are required for remote control operation?   BACK 

A. The control operator must be at the control point 

B. A control 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 Part 97?   BACK 

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 station records?   BACK 

D. The station licensee 
 

T1F01:  When must the station and its records be available for FCC inspection?   BACK 

B. At any time upon request by an FCC representative 
 

T1F02:  How often must you identify with your FCC-ŀǎǎƛƎƴŜŘ Ŏŀƭƭ ǎƛƎƴ ǿƘŜƴ ǳǎƛƴƎ ǘŀŎǘƛŎŀƭ Ŏŀƭƭ ǎƛƎƴǎ ǎǳŎƘ ŀǎ άwŀŎŜ 

IŜŀŘǉǳŀǊǘŜǊǎέΚ   BACK 

C. At the end of each communication and every ten minutes during a communication 
 






















































































































































































