Technician Class Amateur Radio License

FCC Element 2 — 2026—-2030 Study Manual

Introduction

The Technician Class license is the entry point into amateur radio. It gives you access to
VHF/UHF and limited HF privileges, enabling local, regional, and even worldwide

communication under the right conditions.

This manual follows the FCC Element 2 Question Pool (2026—-2030) structure. Each
SUBELEMENT corresponds to a group of exam questions and a core knowledge area.

Concept, License, and Copyright

This manual was developed by Earl W8BR and significantly influenced by freely available tools.
This manual is free for instructional and educational purposes. It is in the public domain and is
not intended for commercial purposes of any kind.



SUBELEMENT T1 — Commission’s Rules
T1A — Purpose, Definitions, Interference, RACES, Phonetics, Beacons

Basis and Purpose (Part 97.1)
The Amateur Radio Service exists to:

e Advance the radio art and technical skills
e Provide emergency and public service communications
e Improve operator skills in communication and technical practice
¢ Enhance international goodwill
It is not a personal radio service for routine business or commercial use.

Who Regulates Amateur Radio?
In the United States, amateur radio is regulated and enforced by the Federal Communications
Commission (FCC).

Phonetic Alphabet
Using a standard phonetic alphabet (e.g., “Whiskey Eight Bravo Romeo”) is encouraged when
using voice modes to improve clarity, especially under noisy conditions or with weak signals.

RACES (Radio Amateur Civil Emergency Service)
RACES is a special emergency service organized by civil defense agencies. To operate a RACES
station as control operator, you must:

¢ Hold an FCC amateur license, and
o Be certified as currently enrolled by a civil defense organization.

Frequency Coordinators

A Volunteer Frequency Coordinator, recognized by local amateurs, recommends repeater and
auxiliary station frequencies. Frequency coordinators are selected by amateurs in the area
whose stations are eligible to be repeaters or auxiliary stations.

Beacons
Technician-class operators may encounter propagation beacons on HF. Automatically controlled
amateur beacons on 10 meters are found between 28.200 MHz and 28.300 MHz.



T1B — Frequency Allocations, Modes, Band Edges, ISS, Power
Technician HF Privileges
Technicians have limited HF privileges:
e Phone (voice):
o 10 meters: 28.300—-28.500 MHz
¢ CW and digital:

o Portions of 80, 40, 15, and 10 meters (exact segments are in the band plan and
rules)

A good memory hook: “Techs Talk on Ten” — phone privileges only on 10 meters.
VHF/UHF Bands
Technicians have extensive privileges on:

e 6 meters (50-54 MHz)

2 meters (144-148 MHz)

1.25 meters (222-225 MHz)

70 centimeters (420—450 MHz)

And higher bands

Example: 52.525 MHz is in the 6-meter band; 146.52 MHz is in the 2-meter band.
Digital Modes

Technicians may use digital modes (e.g., FT8, PSK, packet, DMR) on:

e 10 meters

6 meters

2 meters

e 70 centimeters and above

In other words, all of the Technician VHF/UHF bands and their HF segments support digital
modes where allowed by the rules.



Band Edges

You should not set your transmit frequency exactly at a band or sub-band edge because:
¢ Your transmitter display may not be perfectly calibrated
e Your signal may drift
¢ Your modulation sidebands extend beyond the carrier frequency

All of these can cause you to unintentionally transmit outside the authorized band.

ISS Contacts

Any amateur with a Technician or higher license may contact the International Space Station
(ISS) on authorized VHF frequencies when it is operating in the amateur service.

Power Limits
e On HF Technician segments: maximum 200 watts PEP

e Above 30 MHz (most VHF/UHF): maximum 1500 watts PEP, except where otherwise
restricted

T1C — Licensing, Call Signs, Renewal, Grace Period, International Use
License Classes
The FCC currently issues three amateur license classes:

e Technician

e General

¢ Amateur Extra
Call Sign Systems
Technician licensees are typically assigned Group D call signs, such as KF1IXXX.
License Term and Renewal

e Normal license term: 10 years

e You may renew starting 90 days before expiration

e There is a 2-year grace period after expiration during which you may renew, but you
may not transmit until the license is renewed and appears in the FCC database.



When Can You Transmit After Passing the Exam?

You may begin transmitting only after your license grant appears in the FCC license database.
The CSCE (Certificate of Successful Completion of Examination) is not enough by itself.

International Communications

FCC-licensed amateur stations may make international communications that are:
¢ Incidental to the purposes of the Amateur Radio Service, and
e Of a personal character (not business-related)

Operating from a Vessel in International Waters

You may operate from a U.S.-documented vessel in international waters with the master’s
permission, using your FCC amateur license.

T1D — Authorized and Prohibited Transmissions; Sale of Equipment
Prohibited Communications
¢ Broadcasting: transmissions intended for reception by the general public

e Music: transmitting music is prohibited, except when incidental to authorized
retransmission of manned spacecraft communications

e Obscured or encoded messages: prohibited except for control commands to space
stations or model craft

¢ Indecent or obscene language: prohibited
One-Way Transmissions

One-way transmissions are generally restricted. Broadcasting is prohibited, but certain one-way
transmissions are allowed, such as:

e Telecommand
o Telemetry
e Morse code practice

e Beacons (under specific rules)



Equipment Sale Announcements
You may use your station to notify others of equipment for sale when:
¢ The equipment is amateur radio equipment, and

¢ The sale is not conducted on a regular basis (i.e., you are not running a business over
the air)

Third-Party and News Gathering

Amateur stations may transmit information in support of broadcasting or news gathering only
when the communications are directly related to the immediate safety of human life or
protection of property, and no other means is available.

T1E — Control Operator, Control Point, Control Types

Control Operator

Every transmitting amateur station must have a control operator. The control operator:
e Must be a licensed amateur
e Is designated by the station licensee

o Determines the station’s operating privileges (the station may use any frequency and
mode allowed by the control operator’s license class)

Control Point

The control point is the location where the control operator function is performed—where the
operator can exercise control over the station.

Types of Control
e Local control: operator is physically at the station
¢ Remote control: operator controls the station from a distance (e.g., over the internet)

o Automatic control: station operates without a control operator present at the control
point (e.g., repeaters)

Responsibility

When the control operator is not the station licensee, both the control operator and the station
licensee are responsible for proper station operation and rule compliance.



T1F — Station Identification, Repeaters, Third-Party, Club Stations
Station Identification
You must identify your station with your FCC-assigned call sign:
¢ At least once every 10 minutes during a communication, and
e At the end of the communication

When using tactical call signs (e.g., “Race Headquarters”), you must still identify with your FCC
call sign at least every 10 minutes and at the end.

For phone emissions, identification must be in English.
Methods of Identification
On phone, you may identify using:
¢ Voice (phone emission), or
e CW (Morse code)
Self-Assigned Indicators

You may add indicators such as “slash” or “stroke” (e.g., KL7CC / W3) to indicate portable or

i

mobile operation. Variants like “stroke,” “slash,” or “slant” are all acceptable when spoken.
Third-Party Communications

Third-party communications are messages sent by an amateur station on behalf of another
person. When a non-licensed person speaks to a foreign station via your station:

o The foreign station must be in a country with which the U.S. has a third-party
agreement

e The licensed control operator is responsible for proper identification
Repeaters

A repeater station simultaneously retransmits the signal of another amateur station on a
different frequency. If a repeater retransmits communications that violate FCC rules, the
originating station’s control operator is accountable.



Club Stations
To obtain a club station license:
¢ The club must have at least four members

e Atrustee (a licensed amateur) must be designated for the station



SUBELEMENT T2 — Operating Procedures
T2A — Choosing Frequencies, Calling, Test Transmissions, Band Plans
Choosing an Operating Frequency
Before transmitting:

1. Listen to ensure the frequency is not in use

2. Ask, “Is this frequency in use?”

3. Respect ongoing nets, emergency traffic, and local band plans
Calling Another Station
On simplex:

e “CQCQCAQ, thisis W8BR, Whiskey Eight Bravo Romeo, calling CQ and standing by.”
On repeaters:

e Give your call once or twice: “W8BR”
Band Plans

Band plans are voluntary agreements that help organize activity (e.g., calling frequencies,
repeater segments, weak-signal segments). They are not law, but following them is good
practice and reduces interference.

Test Transmissions

When making test transmissions:
o Keep them brief
e Use your call sign

e Avoid unnecessary interference



T2B — VHF/UHF Practices, Repeaters, Tones, DMR, Q-Signals
FM Repeater Basics

A repeater receives on one frequency and transmits on another. Your radio must be
programmed with:

¢ Receive frequency (repeater output)

o Offset (difference between transmit and receive)

¢ Tone (if required)
Common offsets:

e 2 meters: +600 kHz

e 70 centimeters: 5 MHz
Access Tones

e CTCSS: Continuous Tone-Coded Squelch System (subaudible tone)

¢ DCS: Digital-Coded Squelch

¢ DTMF: Dual-tone multi-frequency (keypad tones) for control or autopatch
Simplex vs Repeater

e Simplex: same frequency for transmit and receive

e Repeater: different transmit and receive frequencies with an offset
Q-Signals (Common on VHF/UHF)

e QRM: interference from other stations

¢ QRN: natural noise (static)

e QSY: change frequency

e QTH: location



DMR Operation

DMR uses:
e Color codes (like CTCSS for digital)
o Talkgroups
e Time slots

Radios are programmed with a code plug containing channels, talkgroups, and settings.

T2C — Public Service, Emergency Operations, Nets, Restrictions
Public Service Communications
Amateur radio often supports:
¢ Community events (parades, races)
e Emergency operations (storms, disasters)
e Health and welfare traffic
ARES and RACES
e ARES: Amateur Radio Emergency Service (ARRL-sponsored, volunteer)
o RACES: Radio Amateur Civil Emergency Service (civil defense, requires enrollment)
Emergency Rules

In an emergency involving the immediate safety of human life or protection of property, you
may:

e Use any means of radio communication at your disposal
e Operate outside normal privileges if necessary
But only for the duration and extent of the emergency.
Nets and Traffic Handling
o Nets are organized on specific frequencies with a net control station
e Use clear, concise language and standard phonetics

e Formal traffic uses a structured message format with a check (word count) for accuracy



SUBELEMENT T3 — Radio Wave Propagation
T3A — How Signals Travel, Fading, Multipath, Polarization
Line-of-Sight and Beyond
VHF and UHF signals are primarily line-of-sight, but can be extended by:
e Reflections
e Tropospheric ducting
e Scatter from terrain or objects
Multipath and Fading
When signals arrive via multiple paths, they can interfere with each other, causing:
¢ Rapid signal strength variations (fading)
o “Picket fencing” on mobile FM when moving through areas with reflections
Polarization
e Horizontal polarization: common for weak-signal VHF/UHF and HF
e Vertical polarization: common for FM mobile and repeater operation

Maximum signal is received when transmit and receive antennas have matching polarization.

T3B — Wavelength, Frequency, Spectrum Definitions

Speed of Radio Waves

Radio waves travel at the speed of light, approximately:
e 300,000,000 meters per second

e More precisely 299,792,458 meters per second but we’ll use the rounded number for
simplicity.

Wavelength and Frequency
Wavelength (in meters) is related to frequency (in MHz) by:

Wavelength (meters) = 300 / Frequency (MHz)



Example: At 150 MHz,
Wavelength =300 / 150 = 2 meters
Band Definitions
e HF:3-30 MHz
e VHF: 30-300 MHz

e UHF: 300-3000 MHz

T3C — Propagation Modes: Sporadic E, Meteor, Aurora, Tropospheric, F-Region
Sporadic E
e Occurs in the E layer of the ionosphere
¢ Can open 10 meters and 6 meters for long-distance contacts
e Often seasonal and unpredictable
Meteor Scatter
e Uses ionized trails from meteors
o Effective mostly on 6 meters and 2 meters
e Short bursts of strong signal
Auroral Propagation
e Signals reflected or scattered from aurora
o Distorted, fluttery signals
e Mostly on VHF
Tropospheric Ducting
e Occurs in the lower atmosphere (troposphere)
e Can extend VHF/UHF range hundreds of miles
e Often associated with temperature inversions
F-Region Skip

e HF signals refracted by the F layer of the ionosphere



e Enables worldwide communication on HF bands



SUBELEMENT T4 — Amateur Radio Practices
T4A — Station Setup, Grounding, Mobile Installation
Basic Station Connections
e Microphone: to the radio’s mic jack
¢ Power: directly to the power source with appropriate fusing
e Antenna: via coaxial cable
¢ SWR Meter: between the transmitter and antenna (or tuner)
RF Grounding
e Use short, wide conductors to a good ground system
¢ Helps reduce RF on equipment and improve safety
Mobile Installation
e Connect directly to the vehicle battery (with fuses in both leads)
e Ensure solid chassis ground

e Route coax and power cables away from ignition and computer wiring where possible

T4B — Operating Controls, Filters, Digital Configuration

Common Controls
e Squelch: mutes background noise when no signal is present
o RF Gain: adjusts receiver sensitivity
¢ Mic Gain: sets microphone audio level

¢ RIT (Receiver Incremental Tuning): fine-tunes receive frequency without changing
transmit frequency

¢ AGC (Automatic Gain Control): stabilizes audio level from varying signal strengths



Filters
¢ Narrow filters help reduce interference from nearby signals
¢ Noise blankers reduce impulse noise (e.g., ignition noise)
Digital Transceiver Configuration
o Set correct mode (USB, LSB, DATA, FM, etc.)
e Adjust audio levels to avoid overdriving

¢ Configure interfaces (sound card, USB, etc.) for digital software



SUBELEMENT T5 — Electrical Principles
T5A — Current, Voltage, Conductors, AC/DC
Basic Terms
e Voltage (E): electrical pressure, measured in volts (V)
e Current (I): flow of electrons, measured in amperes (A)
¢ Resistance (R): opposition to current, measured in ohms (Q)
Conductors and Insulators
¢ Conductors: materials that allow current to flow easily (e.g., copper, aluminum)
¢ Insulators: materials that resist current flow (e.g., rubber, glass)
ACvs DC
¢ DC (Direct Current): flows in one direction (e.g., batteries)

¢ AC (Alternating Current): reverses direction periodically (e.g., household mains)

T5B — Math for Electronics, Unit Conversion, Decibels
Unit Conversion
e 1A=1000 mA
e 1kQ=10000Q
Decibels (dB)
Decibels express ratios of power or voltage:
e +3 dB = double the power
e -3 dB = half the power
e +10dB = ten times the power

e —10dB = one-tenth the power



T5C — Capacitance, Inductance, Impedance, Power
Capacitance
o Stores energy in an electric field
e Measured in farads (F)
¢ Common units: microfarads (uF), nanofarads (nF), picofarads (pF)
Inductance
o Stores energy in a magnetic field
e Measured in henrys (H)
Impedance
o Total opposition to AC, including resistance and reactance
e Measured in ohms (Q)
¢ Coaxial cable and antennas are often designed for 50 Q impedance

Power

P
I E

Power (P) = Voltage (E) * Current (I)

Where:
e (P)=powerin watts
e (E)=voltage involts

e (I)=currentinamperes



T5D — Ohm’s Law, Series and Parallel Circuits

Ohm’s Law

»'X/f Fl \-\‘\'-

\ I J R/
1 ~ Voltage (E)=Current (1) * Resistance (R)

Rearranged: I=E/RorR=E/I

Series Circuits
e Current is the same through all components
e Total resistance is the sum of all resistances
Parallel Circuits
e Voltage is the same across all branches

e Total resistance is less than the smallest individual resistance



SUBELEMENT T6 — Electronic and Electrical Components

T6A — Resistors, Capacitors, Inductors, Fuses, Switches, Batteries

Resistors

Limit current and set voltages

Fixed or variable (potentiometers)

Capacitors

Block DC, pass AC (depending on value and frequency)

Used in filters, coupling, and tuning circuits

Inductors

Fuses

Oppose changes in current

Used in filters, chokes, and tuning circuits

Protect circuits from overcurrent

Must be replaced with the correct type and rating

Switches

Open or close circuits

Can select different paths or functions

Batteries

Provide DC power

Observe correct polarity and charging procedures

T6B — Semiconductors, Diodes, Transistors, Gain

Diodes

Allow current to flow in one direction

Used for rectification (AC to DC), detection, and protection



LEDs

e Light Emitting Diodes

e Emit light when forward biased
Transistors

e Can act as switches or amplifiers

e Types: bipolar junction (BJT), field-effect (FET)

¢ Ratio of output signal to input signal

o Often expressed in decibels (dB)

T6C — Circuit Diagrams and Symbols
Schematics
¢ Show how components are connected

e Use standardized symbols for resistors, capacitors, inductors, diodes, transistors, ground,
etc.

Learning to recognize these symbols is essential for reading and understanding circuits.

T6D — Component Functions, Resonant Circuits, Shielding
Rectifiers
e Convert AC to DC using diodes
Relays
e Electrically operated switches
Voltage Regulators
¢ Maintain a constant output voltage
Transformers

e Change AC voltage levels



e Provide isolation between circuits
Resonant Circuits

¢ Combination of inductance (L) and capacitance (C)

¢ Have a resonant frequency where they strongly respond to a specific frequency
Shielding

e Metal enclosures or screens used to reduce interference and contain RF energy



SUBELEMENT T7 — Practical Circuits
T7A — Station Equipment and Basic Concepts
Receivers and Transceivers
¢ Receiver: receives signals
¢ Transmitter: sends signals
e Transceiver: combines both in one unit
Key Concepts
¢ Sensitivity: ability to receive weak signals
o Selectivity: ability to reject nearby unwanted signals
¢ Mixer: combines signals to produce new frequencies (e.g., IF)
e Oscillator: generates a stable frequency
¢ PTT (Push-To-Talk): switches between transmit and receive

¢ VFO (Variable Frequency Oscillator): tunes operating frequency

T7B — Symptoms, Causes, and Cures
Overload and Overdrive
e Too much signal into a receiver or amplifier
o Causes distortion, splatter, or intermodulation
Interference
e To consumer electronics: often due to poor shielding or filtering
o Use ferrite chokes, filters, and proper grounding
RF Feedback
e RF energy getting into audio lines or equipment
o Symptoms: distorted audio, squeals

o Solutions: shorten leads, use ferrites, improve grounding



T7C — SWR, Feed Line Problems, Dummy Loads
Standing Wave Ratio (SWR)
¢ Indicates how well the antenna system is matched to the feed line
e 1:1isideal; higher values indicate mismatch
Effects of High SWR
¢ Reduced power delivered to the antenna
e Possible damage to the transmitter or finals
Feed Line Failures
¢ Caused by moisture, physical damage, poor connectors
e Regular inspection and weatherproofing are important
Dummy Loads
e Provide a 50-ohm non-radiating load

e Used for testing and tuning without radiating a signal

T7D — Test Instruments and Soldering
Voltmeter

e Measures voltage

e Connected in parallel with the circuit
Ammeter

e Measures current

e Connected in series with the circuit
Ohmmeter

e Measures resistance

e Used only on unpowered circuits



Soldering
e Use aclean, properly heated iron
¢ Heat the joint, not the solder
e Use rosin-core solder for electronics

¢ Avoid cold joints (dull, grainy appearance)



SUBELEMENT T8 — Signals and Emissions
T8A — FM, SSB, Bandwidth, Mode Choice
Modes
e CW: very narrow bandwidth, excellent for weak signals
e SSB (Single Sideband): efficient voice mode, narrower than AM or FM
e FM: wider bandwidth, good audio quality, common on VHF/UHF
Mode Choices
e SSB: weak-signal HF and VHF work
e FM: repeaters and local VHF/UHF communication

¢ CW: narrow-band, weak-signal, and contesting

T8B — Amateur Satellites
Doppler Shift
e Apparent frequency change due to satellite motion
e Requires tuning during a pass
Orbits and Terms
¢ LEO (Low Earth Orbit): common for amateur satellites
o Uplink: frequency you transmit to the satellite
o Downlink: frequency you receive from the satellite
Beacons and Telemetry

o Satellites often transmit beacons with status and telemetry data

T8C — Operating Activities
Radio Direction Finding (RDF)

e Used to locate interference sources or hidden transmitters



Contests

e Events where stations try to make as many contacts as possible under specific rules
Internet Linking

¢ Systems like EcholLink, IRLP, and others link repeaters and stations via the internet
Grid Locators

¢ Short codes (e.g., FN20) representing geographic areas

e Used in VHF/UHF and contesting

T8D — Non-Voice and Digital Communications
Common Digital Modes
e Packet radio: data with error detection and correction
¢ APRS: Automatic Packet Reporting System (position, weather, messaging)
e PSK, FT8, WSIJT modes: weak-signal digital modes
o DMR, D-STAR, System Fusion: digital voice and data
Networking

e Amateur radio can support digital networking, message forwarding, and linking systems



SUBELEMENT T9 — Antennas and Feed Lines
T9A — Antenna Types and Concepts
Polarization
e Vertical vs horizontal
e Matching polarization improves signal strength
Antenna Gain
¢ Concentrates energy in certain directions
e Measured in dB relative to a reference (dipole or isotropic)
Beam Antennas
¢ Yagi, quad, etc.
e Provide gain and directivity
Resonant Length
e Higher frequency - shorter antenna
e Half-wave dipole length (in feet) = ( 468 / \text{frequency in MHz})
Dipole Pattern
e Broadside to the wire

¢ Nulls off the ends

T9B — Feed Lines, SWR, Tuners, Connectors
Feed Line Types

e Coaxial cable: easy to use, common (e.g., RG-8, RG-58, RG-213)

e Ladder line / open wire: lower loss but more sensitive to surroundings
Attenuation

e Loss increases with frequency and length

e Use low-loss coax for VHF/UHF



SWR Concepts

¢ SWRindicates how well the antenna system is matched

¢ High SWR means reflected power and potential problems
Antenna Tuners (Couplers)

e Match the transmitter to the antenna system

¢ Do not change the antenna’s actual resonant frequency, but make the transmitter “see”
a good match

Connectors
e PL-259 (UHF): common on HF and VHF
¢ Type N: better performance at UHF and above

¢ Weatherproof outdoor connectors with tape and sealant



SUBELEMENT TO — Safety
TOA — Power Circuits, Grounding, Lightning, Batteries
Hazardous Voltages

e Can cause shock, burns, or death

o Treat all high-voltage circuits with caution
Fuses and Breakers

e Protect equipment and wiring from overcurrent

¢ Replace only with the correct type and rating
Grounding

o Safety ground: protects against shock

e RF ground: helps control RF currents and interference
Lightning Protection

¢ Use lightning arrestors on feed lines

e Bond all grounds together

e Disconnect antennas and equipment during severe storms when possible
Battery Safety

e Avoid short circuits

e Ventilate areas around lead-acid batteries

e Wear eye protection when working with batteries

TOB — Antenna and Tower Safety
Power Line Clearance
¢ Never install antennas where they could fall onto power lines

o Maintain safe distances at all times



Tower Work
e Use proper climbing gear and safety harnesses
¢ Never work alone

e Follow manufacturer and safety guidelines

TOC — RF Exposure and Hazards
RF Exposure
¢ RF energy is non-ionizing, but excessive exposure can cause heating of body tissues
e Exposure depends on power, frequency, distance, and duty cycle
Safe Power Levels
e FCCrules specify maximum permissible exposure (MPE) levels
¢ You must evaluate your station if it exceeds certain power levels or configurations
Reducing Exposure
e Increase distance from antennas
e Use lower duty-cycle modes

e Reorient antennas to minimize exposure in occupied areas



Closing Notes

This manual is designed to:
e Track the 2026—2030 Technician Question Pool
¢ Teach the concepts behind the questions

e Serve as both a self-study guide and a classroom text



