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QUESTION SECTION B-003-001: 
HF station setup and components



  

B-003-001: HF station setup and components

Power Supply
●  A reliable DC power source, 

typically 13.8V at high 
amperage (EX: 20-35A for 
base stations), converts AC 
mains to stable DC to power 
the transceiver and 
accessories.



  

B-003-001: HF station setup and components

Power Supply
●  Alternatively, you can 

provide station power 
through a 12v battery 
instead of a power supply 
for off-grid, portable or 
emergencies.



  

B-003-001: HF station setup and components

Transceiver (Radio/Rig)
● The core radio unit combining 

transmitter and receiver 
functions, handling HF/VHF/UHF 
bands with modes like SSB, CW, 
FM, and digital. Modern rigs 
incorporate waterfall displays 
to visualize the radio spectrum 
and signals.



  

B-003-001: HF station setup and components

Linear Amplifier
● Boosts the transceiver's 

output power (ex: from 100W 
to 1kW+), improving signal 
reach for DX contacts while 
maintaining signal linearity 
to avoid distortion.



  

B-003-001: HF station setup and components

Low pass Filter
● Suppresses harmonics and 

spurious emissions above 
the operating frequency to 
comply with regulations 
and prevent interference.



  

B-003-001: HF station setup and components

SWR Bridge/Meter
● Measures Standing Wave 

Ratio to assess antenna 
system efficiency and 
impedance match, helping 
tune for minimal reflected 
power.



  

B-003-001: HF station setup and components

Antenna Switch
● Allows selection between 

multiple antennas or 
selecting a Dummy Load for 
tuning.



  

B-003-001: HF station setup and components

Antenna Tuner
● Matches transceiver 

impedance (50 ohms) to 
the antenna/feedline 
for optimal power 
transfer and low SWR.



  

B-003-001: HF station setup and components

Dummy Load
●  A non-radiating resistor 

(50 ohms) absorbing RF 
energy for safe testing of 
transmitters/amplifiers 
without on-air signals.



  

B-003-001: HF station setup and components

Feedline
● The cable that connects 

your transceiver (or 
amplifier/tuner) to the 
antenna, carrying RF 
signals with minimal loss 
while shielding against 
interference. most ham 
radio setups use 50-ohm 
coaxial cable (coax).



  

B-003-001: HF station setup and components

Antenna
● The radiator that converts 

electrical RF energy into 
electromagnetic waves 
(transmit) and vice versa 
(receive). performance 
depends on design, height, 
ground, etc.

● Dipole Antenna shown here.



  

B-003-001: HF station setup and components



  

B-003-001: HF station setup and components

Power Supply

Transceiver

Linear Amplifier

Low Pass Filter

SWR Meter

Antenna Switch

Dummy Load

Antenna Tuner Feed Line

Antenna

Connection Sequence for HF



  

B-003-001: HF station setup and components

Low-Pass Filter Placement and Purpose
● A low-pass filter (LPF) attenuates frequencies above its cut-off (typically ~30–54 

MHz for HF), Reducing harmonic emissions (multiples of your operating frequency) 
that could cause interference (EX: to TV or other services).

● Modern transceivers often have built-in LPFs for basic harmonic reduction. 
Placement is critical: install the LPF as close as possible to the source of 
harmonics (the final amplifier stage) to catch spurs before they reach the 
feedline, antenna, or external amp.
● Without external amp: Right at transceiver output.  
● With external amp: Right at amp output (after the amp, which can generate 

additional harmonics).



  

B-003-001: HF station setup and components

SWR Meter and Matching
● An SWR meter (Standing Wave Ratio meter) measures how well the 

antenna system matches the transmitter's output impedance 
(usually 50 Ω). High SWR indicates mismatch, causing power loss, 
heating, or potential transmitter damage.

● Insert it after the LPF (so it sees the filtered/clean signal) but 
before the ATU or antenna switch. It helps tune the antenna or ATU 
for minimum SWR (ideally 1:1 to 2:1).



  

B-003-001: HF station setup and components

Antenna Tuner and Other Accessories
● An antenna tuner (ATU or "transmatch") matches the antenna's impedance 

to 50Ω, allowing use of non-resonant antennas or multi-band operation on 
bands the antenna wasn't designed for. It often needs readjustment when 
changing frequency or band.

● Other key accessories: 
● Dummy load — A non-radiating 50Ω resistor that dissipates RF energy 

safely (used for testing/transmitter checks without radiating).  
● Antenna switch — Selects between antennas, dummy load, or multiple 

feeds for convenience/safety.



  

QUESTION SECTION B-003-002: 
Components and functions in an FM 

transmitter



  

B-003-002: Components and functions in an FM transmitter

Role of the Microphone in an FM Transmitter
●  The microphone converts sound waves (your voice) into a varying electrical 

audio signal. This signal is weak and needs amplification before it can 
modulate the transmitter.

● Sound creates pressure variations in the air  the microphone's diaphragm →
vibrates  generates a tiny alternating voltage (audio signal) →
proportional to the sound.



  

B-003-002: Components and functions in an FM transmitter

How Frequency Modulation (FM) Occurs — The Modulator Stage
●  In FM, the audio signal from the microphone (after amplification) changes 

(modulates) the instantaneous frequency of the carrier wave produced by 
the oscillator. Louder or higher-pitched sounds cause larger or faster 
frequency shifts.

● In AM/SSB, the oscillator runs at a fixed frequency, and modulation changes 
amplitude or sidebands. In CW, it's usually unmodulated (just on/off keying). 
In FM, the modulator directly varies the oscillator's frequency — this is the 
defining difference for FM transmission.



  

B-003-002: Components and functions in an FM transmitter

How Frequency Modulation (FM) Occurs — The Modulator Stage

AM Modulating 
the wave 

Amplitude

FM Modulating 
the wave 

Frequency



  

B-003-002: Components and functions in an FM transmitter

Frequency Multiplier Stage — Reaching the Operating Frequency
● The initial oscillator often runs at a low frequency (for stability). The 

frequency multiplier multiplies this (eX: doubles or triples it several times) 
to reach the desired transmit frequency (like 2 m band ~144–148 MHz). 
Importantly, it multiplies both the carrier and the deviation, increasing 
modulation depth.

● Frequency multipliers deliberately generate and select harmonics 
(multiples) of the input frequency. These harmonics become the new carrier 
— a "useful" application of harmonics, unlike unwanted ones that cause 
interference.



  

B-003-002: Components and functions in an FM transmitter

Power Amplifier — The Final Stage
● The power amplifier (PA or final) boosts the low-power RF 

signal from the multiplier to the full transmit power (ex: 
5W, 50W, or more).

● It handles the highest current and dissipates the most 
heat, so it consumes the majority of DC input power from 
the supply.



  

B-003-002: Components and functions in an FM transmitter

Microphone

Speech Amplifier

Modulator

Oscillator

Antenna

Frequency 
Multiplier

Power Amplifier

Fm transmitter sequence



  

QUESTION SECTION B-003-003: 
Stages in a superheterodyne 

receiver for FM



  

B-003-003: Stages in a superheterodyne receiver for FM

The Front-End: RF Amplifier – First Stage After the Antenna
● The RF (radio frequency) amplifier is the first active stage (Front 

End) after the antenna. It amplifies weak incoming signals while 
adding as little noise as possible.

● Noise added early in the chain gets amplified by all later stages — 
so the RF amplifier (front-end) needs to be very low noise, 
especially on VHF/UHF where signals are often weak.



  

B-003-003: Stages in a superheterodyne receiver for FM

Frequency Conversion: Setting the Tune and Creating the IF
● The local oscillator (LO) sets the received frequency. Changing its 

frequency changes which incoming signal gets converted to the 
fixed intermediate frequency (IF) — this is how you "tune" the 
radio. 

● The mixer combines the incoming RF signal with the LO signal, 
producing sum and difference frequencies. The difference (IF) is 
fixed (EX: 455 kHz for AM, 10.7 MHz for FM, or 9 MHz/36 MHz in many 
HF rigs). 



  

B-003-003: Stages in a superheterodyne receiver for FM

Intermediate Frequency (IF) Stages – Selectivity and Gain
● The IF filter (crystal, ceramic, or mechanical) is sharp and fixed-

frequency. It passes only the desired signal's bandwidth while 
rejecting strong nearby stations — this gives excellent 
selectivity.

● The IF amplifier boosts the signal after filtering to a level strong 
enough for the detector/demodulator to work properly. It 
provides most of the receiver's gain.



  

B-003-003: Stages in a superheterodyne receiver for FM

FM-Specific Stages: Limiter and Discriminator
● FM carries info in frequency changes, not amplitude. The limiter 

clips the signal to constant level (Removes amplitude variations) 
stripping off any AM noise or fading — this is why FM is noise-
resistant.

● The discriminator (or ratio detector) recovers the original audio 
signal. It outputs voltage proportional to frequency deviation.



  

B-003-003: Stages in a superheterodyne receiver for FM

Audio Stages – Volume and Squelch
● The AF (audio frequency) amplifier boosts the demodulated audio 

to drive the speaker or headphones. The volume pot adjusts gain 
here.

● AF Amp has a Squelch CIRCUIT WHICH mutes audio when no signal (or 
below threshold) is present, reducing noise between 
transmissions. It's usually in the AF chain after detection.



  

B-003-003: Stages in a superheterodyne receiver for FM

Antenna RADIO Frequency 
amplifier mixer

filter

Intermediate 
Frequency amplifier

limiter

Frequency 
discriminator

Audio Frequency 
AMPLIFIER

speaker/
headphones

Local Oscillator

Fm receiver sequence



  

QUESTION SECTION B-003-004: 
Basic structure and operation

of a CW transmitter



  

B-003-004: Basic structure and operation of a CW transmitter

The Oscillator – Heart of the CW Transmitter
●  Unlike FM transmitters (which often use a low-frequency 

oscillator + multipliers), a basic CW transmitter generates the 
carrier directly at the operating frequency (EX: 7.040 MHz for 40m 
CW). This keeps the design simple and stable—no frequency 
multiplication needed.



  

B-003-004: Basic structure and operation of a CW transmitter

Power Supply – DC Everywhere
●  In a CW Transmitter, All stages  run on DC (Direct Current) from 

the power supply. The keying modulates this DC to turn the RF 
carrier on and off—no AC is used internally.



  

B-003-004: Basic structure and operation of a CW transmitter

Driver/Buffer Stage – Keeping the Oscillator Stable
●  The oscillator is sensitive—if directly connected to the power 

amplifier, changes in load (antenna tuning, keying, temperature) 
would "pull" the frequency, causing chirp or instability.

● The driver/buffer isolates the oscillator, providing clean 
amplification without affecting it.



  

B-003-004: Basic structure and operation of a CW transmitter

Keying – How Morse Code is Created
● Pressing the key allows DC to flow to the oscillator, driver, or 

final amplifier (depending on design), turning the RF carrier on 
(key down) or off (key up). This on/off action creates the dots and 
dashes of Morse code by modulating amplitude.

● keying interrupts the carrier, producing the characteristic CW 
signal (switching the carrier on and off).



  

B-003-004: Basic structure and operation of a CW transmitter

Power Amplifier – Boosting the Signal
● The oscillator and driver produce only a few milliwatts to watts. 

The power amplifier (final stage) boosts this to the desired level 
(eX: 5W QRP or 100W full power) so the signal can travel far.



  

B-003-004: Basic structure and operation of a CW transmitter

AntennaPower Amplifier

Telegraph Key

Driver BufferMaster oscillator

Power Supply

CW Transmitter sequence



  

QUESTION SECTION B-003-005: 
Components in an SSB/CW receiver



  

B-003-005: Components in an SSB/CW receiver

Antenna – The Starting Point
● The antenna captures incoming radio waves 

(electromagnetic fields) and converts them into 
electrical currents (RF electrical signals) that the 
receiver can process. Without this conversion, no signal 
reaches the radio.



  

B-003-005: Components in an SSB/CW receiver

RF Amplifier – Boosting Weak Signals
●  Incoming signals from the antenna are often very weak 

(microvolts). The RF amplifier (front-end stage) boosts 
these signals early in the chain, improving the receiver's 
ability to detect faint stations while adding minimal noise.

● It increases the sensitivity of the receiver.



  

B-003-005: Components in an SSB/CW receiver

Frequency Conversion – From RF to IF
● The mixer combines the incoming RF signal with a signal 

from the local oscillator, producing sum and difference 
frequencies. The difference is the fixed intermediate 
frequency (IF), where most filtering and amplification 
occur.



  

B-003-005: Components in an SSB/CW receiver

Frequency Conversion – From RF to IF
● The local oscillator (LO) generates a tunable signal. 

Tuning the LO changes which RF frequency gets converted 
to the fixed IF (eX: 9 MHz or 455 kHz), allowing you to select 
stations across the band.



  

B-003-005: Components in an SSB/CW receiver

IF Stages – Selectivity and Gain
● The IF filter (crystal, mechanical, or ceramic) is sharp and fixed at 

the IF frequency. It passes the desired signal's bandwidth (eX: ~2.4–
3 kHz for SSB/CW) while rejecting strong adjacent-channel 
interference—giving excellent selectivity.

●  After filtering, the IF amplifier boosts the signal to a level 
suitable for detection. It supplies the bulk of the receiver's 
overall gain (amplification).



  

B-003-005: Components in an SSB/CW receiver

Detection – Recovering the Audio (Product Detector & BFO)
● The product detector mixes the IF signal with a carrier from the 

BFO, producing sum/difference products. For SSB, this 
reconstructs the original audio; for CW, it produces an audible 
tone (EX: 700 Hz). (Recovers the transmitted modulation)

● SSB suppresses the carrier during transmit, so the receiver must 
re-insert it. The BFO provides a stable carrier at the exact IF 
frequency (or offset for CW tone), which the product detector 
uses to demodulate the signal.



  

B-003-005: Components in an SSB/CW receiver

Audio Stage – Final Boost and Filtering
● After detection, the audio signal is weak. The AF amplifier boosts 

it to drive the speaker or headphones at comfortable volume 
(increase the level).

● An audio band-pass filter (EX: 300–3000 Hz) can be placed in the AF 
Amplifier stage to further reduce noise or improve intelligibility 
by limiting bandwidth.



  

B-003-005: Components in an SSB/CW receiver

Antenna Radio Frequency 
Amplifier Mixer Filter

Local Oscillator
Intermediate 

frequency amplifier

Product Detector

Beat Frequency 
Oscillator

Audio Frequency 
Amplifier

Speaker/Headphones

SSB & CW Receiver sequence



  

QUESTION SECTION B-003-006: 
Elements of a single-sideband 

transmitter



  

B-003-006: Elements of a single-sideband transmitter

Generating the RF Carrier – The Fixed RF Oscillator
● The fixed RF oscillator generates a stable, unmodulated RF 

signal (the carrier) at a frequency close to the desired 
operating band (EX: near 9 MHz in many designs). This 
carrier is essential for creating sidebands during 
modulation.



  

B-003-006: Elements of a single-sideband transmitter

Preparing the Audio – Speech Amplifier
● Microphone output is typically very weak (low power 

output). The speech amplifier boosts this low-level audio 
to a level suitable for driving the balanced modulator.



  

B-003-006: Elements of a single-sideband transmitter

Creating the Sidebands – Balanced Modulator & Filter
● The balanced modulator mixes the amplified audio with the 

RF carrier from the fixed oscillator, producing upper and 
lower sidebands (and ideally cancelling the carrier). This 
shifts the voice frequencies (300–3000 Hz) up to the RF 
range.



  

B-003-006: Elements of a single-sideband transmitter

Creating the Sidebands – Balanced Modulator & Filter
● The balanced modulator produces both upper and lower 

sidebands. The sharp sideband filter (crystal or 
mechanical) removes one sideband (and any residual 
carrier), leaving only the desired SSB signal (USB or LSB).



  

B-003-006: Elements of a single-sideband transmitter

Creating the Sidebands – Balanced Modulator & Filter
●  The filter operates Near the fixed RF oscillator frequency 

precisely cutting off one sideband while passing the other 
with minimal distortion.



  

B-003-006: Elements of a single-sideband transmitter

Frequency Conversion – Moving to the Operating Band
● The mixer combines the filtered SSB signal (at the fixed IF-like 

frequency) with a signal from the variable frequency oscillator 
(VFO), shifting it to the desired transmit frequency (EX:14.200 MHz 
on 20m).

● The VFO generates a tunable signal that, when mixed with the SSB 
signal, determines the final output frequency. Tuning the variable 
frequency oscillator moves your transmitted signal across the 
band.



  

B-003-006: Elements of a single-sideband transmitter

Final Stage – Power and Protection
● The final (power) amplifier boosts the SSB signal to full transmit 

power. It often includes SWR protection (foldback or shutdown) 
to prevent damage from high reflected power caused by poor 
antenna match.



  

Antenna

Radio Frequency 
Oscillator

Mixer

Filter

Variable Frequency 
Oscillator

Speech Amplifier

Balanced 
Modulator

Linear Amplifier

Microphone

SSB Transmitter sequence

B-003-006: Elements of a single-sideband transmitter



  

QUESTION SECTION B-003-007: 
Role and functions of a sound card 

interface in  computer-based 
digital modes



  

Core Purpose of the Sound Card Interface
● The sound card interface couples the computer's audio 

system and the transceiver's audio in/out jacks. It carries 
receive audio from the rig to the computer and transmit 
audio from the computer to the rig.

B-003-007: Role and functions of a sound card interface in computer-based digital modes



  

Analog-to-Digital and Digital-to-Analog Conversion
● The transceiver outputs analog audio (the received digital 

mode tones). The sound card's analog-to-digital converter 
(ADC) digitizes this so the computer software can decode it.

● The computer generates digital data that represents the 
tones or modulation for the mode. The sound card's digital-
to-analog converter (DAC) turns this into analog audio 
tones that the transceiver can modulate and transmit.

B-003-007: Role and functions of a sound card interface in computer-based digital modes



  

PTT Control – Switching Transmit/Receive
● Many interfaces include a PTT (Push-To-Talk) circuit. When 

the software wants to transmit, it sends a signal (via 
serial port, VOX, or CAT command) through the interface to 
key the transceiver. This automates Transmit/receive 
switching.

B-003-007: Role and functions of a sound card interface in computer-based digital modes



  

Isolation and Noise Reduction
● Computers and power supplies can introduce 60 Hz hum, 

ground loops, or RFI into the audio path. Isolation 
transformers provide galvanic isolation, breaking the 
direct electrical connection and eliminating ground-loop 
noise (interference into the transmitted signals).

B-003-007: Role and functions of a sound card interface in computer-based digital modes



  

Modern Transceivers with Built-in Sound Card Functionality
● Most modern rigs have built-in USB audio codecs. The 

computer sees the rig as a sound card over USB—no 
external interface needed for audio. PTT and CAT control 
are also handled via the same USB connections.

B-003-007: Role and functions of a sound card interface in computer-based digital modes



  

B-003-007: Role and functions of a sound card interface in computer-based digital modes

Input Computer Sound card Interface

Transceiver

Antenna

Amateur digital radio system



  

QUESTION SECTION B-003-008: 
Components and purposes in a 

linear power supply



  

B-003-008: Components and purposes in a linear power supply

Transformer Stage
● The transformer steps down the high AC mains voltage (EX: 

120V or 240V) to a lower AC voltage suitable for the radio 
equipment.

● It also provides galvanic isolation between the mains and 
the DC output for safety — important in ham setups to 
prevent shocks or ground loops.



  

B-003-008: Components and purposes in a linear power supply

Rectifier Stage
● After the transformer, the lowered AC is fed to a rectifier 

(usually a bridge rectifier with four diodes). This changes 
the alternating current (which flows both ways) into 
direct current (one direction only), but the output is still 
pulsating — not yet smooth or usable for most 
electronics.



  

B-003-008: Components and purposes in a linear power supply

Filter Stage
● Large electrolytic capacitors (and sometimes inductors) 

form the filter. They store charge during voltage peaks 
and release it during troughs, greatly reducing ripple and 
producing a steadier (but still somewhat varying) DC 
voltage. This "smoothed" DC is the unregulated input to the 
next stage.



  

B-003-008: Components and purposes in a linear power supply

Regulator Stage
● The regulator maintains a constant output voltage despite changes in load 

current (eX: when your transceiver keys up and draws more power) or 
small input variations.

● Linear regulators "drop" excess voltage as heat , which is why they are less 
efficient than switching supplies but produce very clean, low-noise DC — 
ideal for sensitive radio circuits.

● Because the regulator dissipates significant power as heat (especially at 
higher currents or when there's a large voltage drop), it almost always 
needs a heat sink. Poor heatsinking can cause thermal shutdown or failure 
— a common issue in homebrew or older ham gear.



  

B-003-008: Components and purposes in a linear power supply

Regulator Stage
● Overvoltage protection (crowbar circuits, fuses, or 

shutdown circuitry) senses the final regulated output. 
● If voltage exceeds safe limits (EX:  regulator failure), it 

protects connected equipment like your transceiver from 
damage.



  

B-003-008: Components and purposes in a linear power supply

AC Input

Transformer

Rectifier

Filter

Regulator

DC Output

Power Supply Sequence



  

QUESTION SECTION B-003-009: 
Structure of a 3-element Yagi 

antenna



  

B-003-009: Structure of a 3-element Yagi antenna

Anatomy of a 3-Element Yagi Antenna
● A 3-element Yagi has four main components: one mechanical support (Boom) and 

three radiating elements. The elements are parallel metal rods (or tubes/wires) 
mounted perpendicular to the central support. The antenna is directional — it 
has a main lobe of gain in the forward direction (toward the director) and a back 
lobe toward the reflector.

● The typical order from back to front (direction of maximum radiation):
● Reflector (longest element, behind the driven)
● Driven element (middle, fed by coax)
● Director (shortest element, in front)



  

B-003-009: Structure of a 3-element Yagi antenna



  

B-003-009: Structure of a 3-element Yagi antenna

The Boom
● The boom is the long horizontal (or sometimes vertical) 

structural member that Provides mechanical support and holds 
all the elements in place at the correct spacing and alignment. 
It's usually made of aluminum tubing, PVC (for lighter/homebrew 
VHF antennas), or fiberglass.

● It provides rigidity and keeps the elements parallel and properly 
spaced — critical for good performance. Without a strong boom, 
the antenna sags or twists in wind, ruining its pattern and SWR.



  

B-003-009: Structure of a 3-element Yagi antenna

The Reflector
● The reflector (Longest Element) is the rearmost element 

(farthest from the direction you want to transmit/receive). It is 
slightly longer than a half-wavelength at the operating 
frequency (typically about 5% longer than the driven element). 

● Its job is to reflect radio waves forward, increasing gain in the 
forward direction and reducing radiation backward. Think of it as 
a "mirror" that helps focus the energy



  

B-003-009: Structure of a 3-element Yagi antenna

 The Director
● The director (Shortest Element) is the frontmost element 

(closest to the target direction). It is the shortest — usually 
about 5% shorter than the driven element.

● It helps "pull" or direct the radio waves forward, further 
sharpening the beam and adding forward gain. More directors (in 
longer Yagis) increase gain even more, but in a basic 3-element 
design, there's just one.



  

B-003-009: Structure of a 3-element Yagi antenna

 The Driven Element
● The driven element is the middle one — the only element directly 

connected to the feedline (coax). It's usually close to a half-
wavelength long (resonant) and acts like a simple dipole: it 
radiates (transmit) or intercepts (receive) the RF energy.

● The reflector and director are parasitic — they aren't fed 
directly but interact electromagnetically with the driven 
element to create directivity and gain.



  

QUESTION SECTION B-003-010: 
Receiver performance metrics and 

features



  

B-003-010: Receiver performance metrics and features

Emission Modes & Bandwidth
● CW (Morse code) uses the narrowest bandwidth (100–500 Hz, often 

~150 Hz typical).
● SSB voice is next (2.4–3 kHz for good intelligibility).
● FM voice is widest (~10–15 kHz or more, depending on deviation). 

Narrower modes are more spectrum-efficient and better for weak 
signals or crowded bands — key for HF DX.



  

B-003-010: Receiver performance metrics and features

CW
Signal

SSB
Signal

FM
Signal

AM
Signal



  

B-003-010: Receiver performance metrics and features

Receiver Sensitivity
● Sensitivity is usually quoted as the minimum RF input signal for a 

specific signal-to-noise ratio (SNR)
● Lower number = better sensitivity (weaker signals detectable).
● In practice, it's often measured for 10 dB SNR in a standard 

bandwidth.



  

B-003-010: Receiver performance metrics and features

Waterfall Display (Spectrogram)
● Modern SDR receivers show a waterfall: horizontal axis = 

frequency, vertical = time (scrolling down), color/brightness = 
amplitude (signal strength).

● You spot signals by their position (frequency) and brightness 
(how strong), making it easy to find and tune to weak or busy 
signals.



  

B-003-010: Receiver performance metrics and features



  

B-003-010: Receiver performance metrics and features

Automatic Gain Control (AGC)
● AGC automatically adjusts receiver gain to keep audio output level 

fairly constant — weak signals get boosted, strong ones 
attenuated.

● Prevents blasting loud signals or losing weak ones in fading 
(common on HF). Fast/slow AGC settings help: fast for quick 
fading, slow for steady signals.

● Limits the change in volume due to large signal strength 
variations



  

B-003-010: Receiver performance metrics and features

Tuning Accuracy Requirements
● SSB (especially voice) sounds distorted or muffled if off-

frequency by even 100–200 Hz — voices become Donald Duck-
like!

● CW and FM are more forgiving; AM somewhat. Precise tuning 
(within 100 Hz) is essential for SSB on HF.



  

B-003-010: Receiver performance metrics and features

Superheterodyne Receiver Tuning
● B-003-010-006 — A superheterodyne receiver has an intermediate 

frequency (IF) of 455 kHz. The local oscillator runs above the 
operating frequency. To which frequency should it be tuned to 
receive a signal on 3.54 MHz? Answer: 3.995 MHz

● In superhet receivers with high-side LO injection (LO > signal freq), 
LO = signal freq + IF. So: 3.54 MHz + 0.455 MHz = 3.995 MHz. 

● The mixer produces the difference (IF) for filtering/amplification. 
Common in many classic radios.



  

B-003-010: Receiver performance metrics and features

 Effect of Too Narrow Bandwidth
● Too narrow a filter cuts off sidebands or audio 

components – Loss of Information.
● SSB sounds tinny/muffled, FM distorted, CW may lose 

keying characteristics.
● Always match bandwidth to the mode for best 

intelligibility.



  

B-003-010: Receiver performance metrics and features

 Third Main Receiver Performance Indicator
● Sensitivity, Selectivity & Dynamic Range
● Dynamic range measures how well the receiver handles 

both very weak and very strong signals without 
distortion.

● High dynamic range is crucial in crowded bands with 
strong nearby signals — prevents desensitization or 
spurious products.



  

B-003-010: Receiver performance metrics and features

 Choosing the Right Filter
● SSB voice needs ~2.4 kHz (standard for communications-quality 

audio, passes ~300–2700 Hz).  
● CW in heavy QRM: narrowest (250 Hz) rejects interference best.  
● Optimum CW filter center: around 800 Hz (750–850 Hz range) — 

comfortable pitch for most operators, good for peaking weak 
signals. Narrow filters sharpen copy in contests or pileups.



  

B-003-010: Receiver performance metrics and features
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B-003-011: CW and AM transmitter characteristics

 CW Transmitter Chirp & Stability
● Chirp is a noticeable frequency shift (up or down) during key-down 

in CW — caused by sudden load changes pulling the oscillator 
when the transmitter keys up (eX: voltage sag under current 
draw).

● It makes clean copy harder, especially at higher power. Prevent it 
with stiff, well-regulated power supplies (good filtering, low 
ripple, stable voltage) and sometimes keying the driver stages 
softly.



  

B-003-011: CW and AM transmitter characteristics

 Variable Frequency Oscillator (VFO) in CW Transmitters
● Early CW rigs used fixed crystal oscillators — you could only 

transmit on crystal frequencies.
● A VFO lets you tune continuously across the band (great for 

finding clear spots).
● Modern rigs use synthesized VFOs, but the principle is the same: 

flexibility over crystal-limited operation.



  

B-003-011: CW and AM transmitter characteristics

 Transmitter Stability Requirement
● Stability prevents drift (slow frequency changes from 

temperature, voltage, or mechanical vibration). Drift ruins 
contacts — especially in CW or narrow modes. Use good 
shielding, temperature compensation, rigid mounting, and 
regulated supplies.



  

B-003-011: CW and AM transmitter characteristics

Transmitter Efficiency & Power Loss
● B-003-011-010 — The DC power to the final stage of your 

transmitter is 200 watts and the RF output is 125 watts. 
What has happened to the rest of the power? Answer: It 
has been dissipated as heat



  

B-003-011: CW and AM transmitter characteristics

Amplitude Modulation (AM) Basics
● AM varies the carrier amplitude in proportion to the audio 

signal (voice, tone). The envelope follows the audio 
waveform — that's how the information is carried.

● CW is on-off (interrupted)  keying of a constant-amplitude 
carrier (no amplitude variation during key-down). 
Contrast this with AM, where amplitude changes 
continuously with audio.



  

B-003-011: CW and AM transmitter characteristics

AM Bandwidth & Sidebands
● For voice up to 3 kHz, the upper sideband (carrier freq + 0–3 

kHz) and lower sideband (carrier freq – 0–3 kHz) each take 3 
kHz, plus the carrier — total occupied bandwidth ≈ 6 kHz 
(carrier + two sidebands).

● This is double SSB's ~3 kHz, which is why AM uses more 
spectrum.



  

B-003-011: CW and AM transmitter characteristics

Lower Sideband Upper Sideband

CARRIER
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 Operation of SSB transmitters



  

B-003-012: Operation of SSB transmitters

Common SSB Operating Mistakes & Interference
● High mic gain or excessive speech processing (compression) 

overdrives the transmitter, causing splatter — broad spurious 
emissions that interfere with adjacent frequencies. This is "dirty" 
SSB and a major etiquette violation.

● Overmodulation flattens peaks, introduces distortion (garbled 
audio), and spreads the signal beyond normal bandwidth — more 
splatter and interference to other stations.



  

B-003-012: Operation of SSB transmitters

Peak Envelope Power (PEP)
● PEP measures the maximum power output during voice 

peaks (at the envelope crest). SSB transmitters are rated 
in PEP (ex: "100W PEP") — not average power, which is much 
lower for voice.



  

B-003-012: Operation of SSB transmitters

SSB Bandwidth & Linearity Requirement
● Typical SSB voice occupies ~2–3 kHz (audio range ~300–2700 

Hz), half of AM's 6 kHz — efficient for HF.
● Non-linear amps distort the varying envelope, making SSB 

audio garbled (voice become unintelligible). Linear amps 
preserve the shape for clean demodulation.



  

B-003-012: Operation of SSB transmitters

Carrier Suppression Advantage
● In suppressed-carrier SSB, no power is wasted on the 

useless carrier — all power goes to information-carrying 
sidebands, increasing efficiency and range for the same 
transmitter capability.



  

B-003-012: Operation of SSB transmitters

Proper Mic Gain / ALC Adjustment
● Set mic gain so ALC (automatic level control) deflects on voice 

peaks but doesn't pin or exceed the marked limit (often half to 
full scale). This prevents overdrive while maximizing clean power.

● ALC reduces gain automatically on peaks to keep the signal linear 
and clean — essential protection against splatter.



  

B-003-012: Operation of SSB transmitters

Clean 
Signal

Splatter 
Signal

© Kevin Loughin YouTube: New Ham Tips - Splatter. What is is it? Why is it bad? How to avoid it.



  

B-003-012: Operation of SSB transmitters

SSB Generation & Frequency Example
● The balanced modulator mixes audio with RF carrier, cancelling 

the carrier (suppressed-carrier) and producing both sidebands. A 
filter then removes one sideband for SSB.

● For LSB, the sideband is below the suppressed carrier frequency. A 
1000 Hz tone produces energy at carrier. 1000 Hz = 7100 kHz - 1 kHz 
= 7099 kHz. (USB would be 7101 kHz.)



  

B-003-012: Operation of SSB transmitters

AM
SIGNAL

SSB
SIGNAL



  

QUESTION SECTION B-003-013: 
FM transmitter and receiver 

behaviours



  

B-003-013: FM transmitter and receiver behaviours

FM Receiver Noise & Quiet Operation
● Without a carrier, the FM receiver's high-gain RF/IF stages amplify thermal 

noise, which the discriminator (FM detector) interprets as random 
frequency swings — producing loud white noise (hiss). A strong incoming FM 
signal "quiets" this noise via the capture effect and limiter action.

● Capture effect (or capture ratio) means the stronger signal suppresses the 
weaker one almost completely — great for repeaters (no heterodynes), but 
you lose the weaker station entirely if it's just a few dB down.



  

B-003-013: FM transmitter and receiver behaviours

Deviation & Modulation Basics
● Deviation is the peak frequency shift from the carrier (EX: ±5 kHz). Louder 

audio or higher peaks cause wider swings; frequency (not amplitude) 
carries the information.

● Phase modulation (PM) varies phase, which is mathematically equivalent to 
FM for audio frequencies is closest to Frequency modulation.

● If your FM mic failed, the fm transmitter would produce a steady 
unmodulated carrier (like CW but on FM freq). It would key the repeater but 
transmit silence (or noise if PL tone is used).



  

B-003-013: FM transmitter and receiver behaviours

FM Bandwidth & Practical Consequences
● B-003-013-006 — What is the approximate bandwidth of a frequency 

modulated signal using 5 kHz deviation? Answer: Between 10 kHz and 20 kHz
● B-003-013-002 — You are using an FM repeater configured for 5 kHz deviation, 

but your transmitter is set to 2.5 kHz deviation. What is the consequence? 
Answer: Your audio will be low

● B-003-013-010 — Several stations report that your FM transmission is loud 
and distorted, but on frequency. Which of the following is the most 
probable cause of the distortion? Answer: Speaking too loudly into the 
microphone



  

B-003-013: FM transmitter and receiver behaviours

"Talk across the mic, not into it."



  

B-003-013: FM transmitter and receiver behaviours

Advantages of FM for VHF/UHF
● FM's constant amplitude + limiter/discriminator combo 

rejects amplitude noise (static, ignition, etc.).
● Once above threshold (~quieting), SNR improves 

dramatically — clearer audio than AM/SSB at fringe 
signals. 

● good signal-to-noise ratio at low RF signal levels



  

B-003-013: FM transmitter and receiver behaviours

Why No FM Below 28 MHz?
● FM's wide bandwidth (10–20 kHz) doesn't 

fit HF bandplans or regulations  (EX:3 kHz 
max on many HF allocations).

● FM bandwidth exceeds limits in the 
regulations

● SSB (2–3 kHz) and CW are more spectrum-
efficient for long-distance HF. FM: Bandwidth Hawg!



  

QUESTION SECTION B-003-014: 
Station accessories and controls



  

B-003-014: Station accessories and controls

CW Keying with Electronic Keyers
● An electronic keyer (often built into transceivers or external) 

uses timing circuits to ensure perfect 1:3 dit:dah ratio and proper 
spacing — no more "sloppy" hand-keyed code.

● With a paddle (single or dual iambic), you tap for dits/dahs; the 
keyer auto-generates strings (squeeze for faster sending). Adjust 
speed/weight/ratio for personal style — essential for readable 
CW at higher speeds.



  

B-003-014: Station accessories and controls



  

B-003-014: Station accessories and controls

 Microphone Setup & Speech Processing for SSB
● Always set mic gain first (with ALC monitoring) to avoid 

overdrive/splatter. Speak normally; peaks should kick ALC but 
not pin it.

● Speech processing (compression) reduces dynamic range — quiet 
parts boosted, peaks limited — raising average power (more 
"punch" for weak-signal work) while keeping peaks at 100% 
modulation. Result: better copy through noise/fading, without 
distortion if adjusted properly. (Improves signal intelligibility)



  

B-003-014: Station accessories and controls

 Noise Management Circuits
● Digital Signal Processing (DSP) Noise reduction samples the audio, models 

noise patterns, and subtracts them — effective on steady hiss/static.It has 
Adjustable levels; over-use can make audio "watery."

● Noise blanker detects sharp pulses (ignition, power-line arcs, static 
crashes, Short-duration impulse-type noises) and mutes receiver for 
microseconds — blanks the noise without losing much signal. Wide/narrow 
modes for different pulse widths; great for mobile HF or noisy 
environments



  

B-003-014: Station accessories and controls

 Transmit/Receive Switching & VOX
● Tr switching (or PIN diodes in modern rigs) protects receiver 

during transmit and enables one antenna to be used for both 
transmitting and receiving — fast switching prevents hot-
switching damage.

● VOX (voice Operated eXchange/Transmit) senses audio from the 
mic, keys PTT automatically. hands-free for mobile, digital modes, 
or ragchews.



  

B-003-014: Station accessories and controls

VOX
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B-003-015: Digital communication modes and systems

 Digital vs. Analog Fundamentals
● Analog signals (voice, photos) are continuous waveforms. Digital 

converts them via sampling/quantization into binary bits (0s/1s at 
 discrete pre-agreed values).

● Once digital, voice (VoIP-like), images (SSTV, fax), text, or 
telemetry can all be sent as error-checked packets — the same 
way computers send files.



  

B-003-015: Digital communication modes and systems



  

B-003-015: Digital communication modes and systems

 Packet Radio & Networking
● A digipeater (digital repeater) hears packets, checks addresses, 

and retransmits if destined further.
● Networks chain stations/digipeaters for multi-hop paths.
● ARQ (automatic repeat request) requests retransmits on errors — 

ensures messages arrive or fail notified — ideal for emergency 
traffic (EX: ARES/RACES forms, Winlink email).



  

“MESH”

B-003-015: Digital communication modes and systems

APRS



  

B-003-015: Digital communication modes and systems

 Modern Weak-Signal Digital Modes (FT8)
● FT8 is a digital mode and uses only ~50 Hz 

bandwidth per signal. multi-tone FSK, 
forward error correction (FEC), and 15-
second cycles — packs 50+ QSOs into 2–3 kHz 
where SSB fits one.

● Excels at -20 to -24 dB SNR (2500 Hz 
bandwidth) — enables weak-signal DX on 
poor bands. “That’s a lot of 

signals!”



  

B-003-015: Digital communication modes and systems

RTTY Spacing & Digital Transmit Best Practices
● RTTY a digital mode (45 baud, 170 Hz shift) occupies ~250–300 Hz 

total. Centre-to-centre spacing of 250–500 Hz avoids overlap — 
listen first, check waterfall for clear spot.

● Sound-card modes (FT8, PSK31, RTTY) feed audio to rig's SSB input. 
Too high level overdrives — causes splatter (broad spurious 
emissions). Best check: have a nearby ham monitor your 
waterfall/signal report — aim for ALC barely moving or none.
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Battery types characteristics

and configurations



  

B-003-016: Battery types characteristics and configurations

Basic Battery Concepts & Sources of EMF
● A battery provides DC EMF (electromotive force) via chemical 

reactions
● ~12 V nominal for car and ham radio
● Always identify + (positive/red) and - (negative/black) terminals 

to avoid reverse polarity damage to rigs.
●NEVER short a lithium ion battery!



  

B-003-016: Battery types characteristics and configurations

Rechargeable vs. Non-Rechargeable Batteries
● Storage batteries like lead-acid, NiMH, or lithium-ion recharge 

hundreds/thousands of times (repeatedly).
● Alkaline are primary (single-use) — NiMH offers similar 

voltage/size but reusable for HTs, flashlights, or accessories.



  

B-003-016: Battery types characteristics and configurations

Voltage Drop & Capacity Basics
● Internal resistance causes voltage sag under load (EX: high-

current transmit). Capacity in ampere-hours (Ah) assumes a 
standard discharge rate (EX: C/20).

● higher current shortens runtime  — important for sizing batteries 
for portable rigs.



  

B-003-016: Battery types characteristics and configurations

Lithium vs. Lead-Acid for Portable Operation
● Lithium-ion (LiFePO4 common in ham) offers 2–3× energy density 

(Wh/kg) vs. Lead-acid. High battery capacity per kilogram.
● lighter for field days, POTA/SOTA, or go-kits.
● Also deeper safe discharge and longer cycle life, though more 

expensive and needs proper charging/BMS.



  

B-003-016: Battery types characteristics and configurations

Series & Parallel Connections
● Parallel: same voltage, Double capacity. 
● Series: same capacity, double voltage.

● Use identical batteries
● Same age/type
● Mismatch causes
   imbalance/damage.
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B-003-017: Power supply design and installation for transceivers

Simple DC Supplies & CW Chirp
● Unregulated Power supplies sag under key-down load (voltage drops from 

no-load to full current). CW oscillators pull frequency with voltage 
changes  → chirp (unwanted upward/downward shift per dit/dah). Add 
regulation or stiff filtering for clean CW.

● If you have Hum (60/120 Hz from AC mains) it usually means poor 
filtering/rectification in the power supply — ripple modulates RF output. 
Check electrolytic caps first (dried out = hum), then rectifier diodes.



  

B-003-017: Power supply design and installation for transceivers

 Basic Power Supply Function
● Power supplies convert household AC (120 V single-phase or 240 V 

for heavy loads) to stable DC (eX:13.8V nominal for ham gear). 
Linear or switching types; both use transformer (or equivalent), 
rectification, filtering, and often regulation.



  

B-003-017: Power supply design and installation for transceivers



  

B-003-017: Power supply design and installation for transceivers

  Choosing a 13.8 V Supply for Transceivers
● B-003-017-003 — When selecting a 13.8V DC power supply for a 

transceiver, what design specification is most important? AnsweR: 
Output current capability

● Transceivers draw high current on transmit (eX: 20–25A for 100W 
HF). Supply must handle peak load without voltage drop or 
shutdown — check rating (EX: 30A continuous) > rig's max draw.



  

B-003-017: Power supply design and installation for transceivers

Linear vs. Switching Power Supplies
● Linear supplies dissipate excess voltage as heat — quiet (no 

switching harmonics) but bulky/heavy/inefficient.
● Switching supplies are compact/light/efficient but can generate 

RFI (birdies) unless well-filtered — many ham-grade switchers 
include noise offset or better shielding.



  

B-003-017: Power supply design and installation for transceivers

DC POWER SUPPLIES

LINEAR:
● 60% or less efficiency

● Large & heavy transformer
● Low noise

● Fast response times
● Physically large

● Lots of heat dissipation

SWITCHING:
● 80% or more efficiency
● Smaller transformer
● Noise from switching
● Slow response times

● Compact & light
● Lower heat dissipation



  

B-003-017: Power supply design and installation for transceivers

Mobile Installation Wiring & Safety
● Fuse close to battery positive protects wiring from shorts (ex: 

chafed cable) — if fused at radio end, shorted wire could 
melt/burn before fuse blows.

● Use automotive blade or ANL fuse rated for rig current + margin.



  

B-003-017: Power supply design and installation for transceivers

Mobile Installation Wiring & Safety
● Heavy wire (eX: #10 AWG or thicker) reduces resistance

● B-003-017-009 — Your transceiver's user guide suggests limiting the voltage 
drop to 0.5 volts and the vehicle battery is 3 metres away. Given the losses 
listed below at the required current of 22 amperes, which minimum wire 
gauge must you use? Answer: Number 10, 0.07 V per metre

● Drop = 0.07 V/m × 6m = 0.42 V



  

QUESTION SECTION B-003-018: 
Station security measures and 

electrical hazards



  

B-003-018: Station security measures and electrical hazards

Preventing Unauthorized Use of Your Station
● Home: Key switch on main AC line (or DC supply) prevents 

powering up — better than passwords or locks alone.
● Mobile: Detach mic (common on handhelds or control 

heads) — quick, effective deterrent against casual misuse 
or theft.



  

Vehicle Battery Electrical Hazard
● Car starter batteries deliver hundreds/thousands of amps 

if shorted — can melt tools, start fires, or cause 
explosions (hydrogen gas). Always fuse positive lead near 
battery, use eye protection, and avoid metal jewelry/tools 
near terminals during mobile installs.

B-003-018: Station security measures and electrical hazards



  

High-Voltage Power Supply Safety 
Features
● Interlock switch (or microswitch) 

kills power when lid opens — standard 
in amps with plate voltages >1 kV.

● Never bypass — lethal risk inside 
(capacitors store charge even 
unplugged).

B-003-018: Station security measures and electrical hazards



  

Human Body Response to Electric Current
● B-003-018-005 — What is the minimum electrical current that can be fatal to the human 

body? Answer: 20 milliamperes
● B-003-018-006 — Which body organ can be fatally affected by a very small amount of 

electrical current? Answer: The heart
● B-003-018-007 — What is the lowest voltage that is usually considered hazardous to 

humans? Answer: 30 
● 20 mA across chest can induce ventricular fibrillation (heart stops pumping 

effectively). As low as 30V can drive fatal current through skin (wet skin lowers 
resistance). Respect all voltages >30V as hazardous — especially DC in mobiles or AC in 
supplies.

B-003-018: Station security measures and electrical hazards



  

Emergency Response to Electrical Burns/Shocks
● B-003-018-008 — What should you do if you discover someone who is being burned by high 

voltage? Answer: Turn off the power, call for emergency help and provide first aid if 
needed

● B-003-018-009 — What is the safest method to remove an unconscious person from 
contact with a high-voltage source? Answer: De-energize the power source before 
touching the person

● First rule: DO NOT TOUCH live victim — current can pass through you. Kill power first 
(breaker, unplug, or switch), then call emergency (911), check ABCs 
(airway/breathing/circulation), start CPR if no pulse/breathing,                                           
treat burns with cool water (no ice).

B-003-018: Station security measures and electrical hazards



  

Safe Troubleshooting Practices
● When dealing with electricity/power Supplies, Always disconnect 

power/unplug and wait for capacitors to discharge (use bleeder 
resistors or safe discharge tool). Live troubleshooting risks 
shock, burns, or arc flash — only experts with proper tools/PPE 
should do it.

B-003-018: Station security measures and electrical hazards
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Grounding practices and safety

in stations



  

B-003-019: Grounding practices and safety in stations

Station Grounding & Single-Point Practice
● Ground all metal chassis/racks (transceiver, amp, tuner, power supply) to 

one common single-point ground (bus bar or plate). This equalizes 
potentials — no shock from touching different pieces during faults.

● Bond all grounds (station rod, utility entrance, antenna mast) with heavy 
wire (#6 AWG copper min). Lightning current flows safely to earth without 
creating huge voltage steps between points — reduces side-flash or 
equipment damage.



  

B-003-019: Grounding practices and safety in stations

© https://www.digikey.ca/



  

B-003-019: Grounding practices and safety in stations

Ground Rod Materials
● Copper-clad steel rods (typically 8 ft × 5/8" or 1/2") 

combine low-resistance copper surface with strong steel 
core — durable, corrosion-resistant, code-compliant 
(NEC/Canadian Electrical Code). Avoid plain steel (rusts) 
or pure copper (soft/bends).



  

B-003-019: Grounding practices and safety in stations



  

B-003-019: Grounding practices and safety in stations

RF Grounding Issues
● B-003-019-007 — Your third-floor station has a ground wire running 10 

metres down to a ground rod. You get an RF burn when you touch your HF 
transceiver while transmitting. What is the likely cause? Answer: The 
ground wire has high impedance on your operating frequency

● Long ground wires act as inductors at HF frequencies — high RF impedance 
prevents effective RF return path. RF "floats" on chassis  burns when →
touched. Use short, wide straps/bonding for RF ground (separate from 
DC/electrical ground if needed); add RF choke or ferrite on feedline.



  

B-003-019: Grounding practices and safety in stations

AC Mains Grounding Protection
● B-003-019-006 — Where should the green wire in a three-wire AC line cord be 

connected in a power supply? Answer: To the chassis

● B-003-019-010 — On mains-operated power supplies, the ground wire of the 
AC line is connected to the power supply chassis. What protection does this 
provide if a fault occurs in the power supply? Answer: Ensures the chassis 
does not become energized

● Green ground wire bonds chassis to earth via outlet — if hot wire shorts to 
chassis, fault current flows to ground, tripping breaker/GFCI. Prevents 
"hot chassis" shock hazard.



  

B-003-019: Grounding practices and safety in stations

Fuse & Capacitor Safety
● B-003-019-003 — Why should you never use a fuse with a higher 

current rating than specified? Answer: A fault may cause 
permanent damage, including a fire

● A Higher-rated fuse doesn't blow fast enough on overload — 
wiring/components overheat, melt insulation, or ignite. Always 
match spec (ex: 5A fuse for 5A circuit)



  

B-003-019: Grounding practices and safety in stations

Fuse & Capacitor Safety

● B-003-019-005 — You need to work on a power supply that 
has been taken offline. What is the first thing you should  
do once the cabinet is open? Answer: Discharge the filter 
capacitors

● B-003-019-009 — What is a safe method to discharge power 
supply filter capacitors? Answer: Use an insulated shorting 
stick with an inline resistor

● Large electrolytics store lethal charge (hundreds of 
volts) even unplugged. Discharge with insulated tool + 
series resistor (limits current/spark) — probe + to ground, 
wait, verify Zero vOLTS with multimeter.



  

B-003-019: Grounding practices and safety in stations

Fuse Voltage Rating
● B-003-019-011 — Why do fuses have a voltage rating? 

Answer: To specify the voltage that can be interrupted 
without arcing

● After blowing, fuse must withstand system voltage 
without re-arcing across gap. Use at least line voltage 
rating (eX: 250V fuse for 120/240V mains).
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Lightning protection and 

tower/antenna safety



  

B-003-020: Lightning protection and tower/antenna safety

Lightning Protection for Antennas & Station
● Lightning seeks the lowest-resistance path to ground. Grounding 

coax/rotator cables (via arrestors or direct bonds) when off-air 
gives surges a safe path outside the building. Surge protectors 
must be mounted outside near the ground rod for shortest 
diversion path. Ultimate protection: fully disconnect coax, 
rotator cables, and AC power during storms or long absences — no 
path for energy into the shack.



  

B-003-020: Lightning protection and tower/antenna safety



  

B-003-020: Lightning protection and tower/antenna safety

Antenna Coax grounding when not in use – shorted SO-239 to station Ground



  

B-003-020: Lightning protection and tower/antenna safety

Tower & Fall Safety
● Tower work requires full-body harness, lanyard, 

positioning belt, and helmet (CSA/ANSI approved). Fall 
arrest limits impact force and prevents free fall. Ground 
crew wears hard hats — tools/bolts dropped from height 
can cause serious injury.



  

B-003-020: Lightning protection and tower/antenna safety



  

B-003-020: Lightning protection and tower/antenna safety

Antenna Height & RF Burn Prevention
● RF burns occur from high RF current/voltage on 

antennas/feedlines during transmit — skin contact causes 
localized heating (like a microwave burn). Keep horizontal 
wires/feedlines (especially open-wire ladder line) high 
and inaccessible. Use warning signs/labels in high-RF 
areas.



  

B-003-020: Lightning protection and tower/antenna safety

RF BURNS 
ARE

NASTY!



  

B-003-020: Lightning protection and tower/antenna safety

Pre-Repair & Ground-Mounted Antenna Precautions
● Always kill transmitter power and disconnect coax before 

climbing or working on any antenna — accidental key-up 
causes RF burns or shock.

● Ground-mounted verticals (EX: quarter-wave with radials) 
have high RF current near the base — fence off, mark, or 
rope off the area to keep people/pets away during 
operation.



  

QUESTION SECTION B-003-021: 
RF exposure safety at 

UHF/microwave frequencies



  

B-003-021: RF exposure safety at UHF/microwave frequencies

UHF/Microwave Specific Safety
● UHF (300 MHz+) and microwave (GHz) frequencies penetrate less 

deeply but focus energy — eyes are especially vulnerable 
(lens/cornea heating can cause cataracts). Never look into a 
transmitting horn/parabolic dish; mount antennas 
high/inaccessible during TX.

● UHF amps can produce high power in small spaces — lock out/tag 
out power, discharge caps, and verify no RF before opening 
shielding to avoid accidental exposure or shock.



  

B-003-021: RF exposure safety at UHF/microwave frequencies

Handheld Transceiver (HT) Safety
● HTs on VHF/UHF (2m/70cm) have antennas close during use 

— hold radio vertically, antenna outward/away from 
head/body/others to minimize SAR (Specific Absorption 
Rate).

● Use speaker-mic or headset for longer TX.



  

B-003-021: RF exposure safety at UHF/microwave frequencies

RF Energy Effects on Tissue
● RF is non-ionizing but causes dielectric heating (like a 

microwave oven) — tissue absorbs energy, raising 
temperature. Eyes (low blood flow, no cooling) are most at 
risk for cataracts from prolonged exposure.



  

B-003-021: RF exposure safety at UHF/microwave frequencies

Power Density & Distance (Inverse Square Law)
● RF Intensity drops off rapidly with distance.

● doubling your distance from the antenna reduces exposure to just one-quarter 
of what it was.

● B-003-021-008 — How does the power density of an electromagnetic wave change 
as it propagates away from an antenna in free space? Answer: It decreases as the 
square of the distance



  

B-003-021: RF exposure safety at UHF/microwave frequencies

Indoor & Directional Antenna Precautions
● Indoor antennas (attic loops, dipoles) concentrate RF 

indoors — place them away from bedrooms/living areas.
● High-gain beams (Yagis) focus energy forward — elevate 

above roofs/neighbours to avoid directing main lobe at 
people.



  

B-003-021: RF exposure safety at UHF/microwave frequencies

General Antenna Height & Contact Prevention
● Elevate dipoles (and any wire antenna) high — prevents RF 

burns from touching during TX (high voltage at 
ends/center) and reduces ground-level exposure.
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