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QUESTION SECTION B-007-001: 
Types of radio wave propagation



  

B-007-001: Types of radio wave propagation

Radio: Introduction

● Radio is a wireless technology for transmitting and receiving information, 
such as sound, images, and data, using radio waves—a type of electromagnetic 
radiation

● Waves are transmitted and propagate through the atmosphere and space, 
enabling communication over vast distances without physical connections.

● In a basic radio system, a transmitter modulates a carrier wave with the 
information signal, an antenna radiates it, and a receiver demodulates the 
wave to extract the original content.



  

B-007-001: Types of radio wave propagation

Radio: Spectrum

VLF – VERY low Frequency
  LF – Low Frequency
  MF – Medium Frequency
  HF – High Frequency
VHF – VERY high frequency
UHF – Ultra High Frequency
SHF – Super High Frequency
EHF – Extremely High Frequency



  

B-007-001: Types of radio wave propagation

Radio: Spectrum

Ham Radio is 
generally focused on 

HF, VHF and UHF
But there are ham 

allocations in
LF, MF, SHF & EHF too



  

B-007-001: Types of radio wave propagation

Radio: Bands

● The radio spectrum is like a long, continuous roll of film

● The frequencies span from very low (ex: a few Hz) to extremely high 
(hundreds of GHz).

● Practical use requires dividing it into manageable, bounded segments for 
specific purposes: broadcasting, amateur radio, aviation, mobile phones, 
radar, etc.

●  These segments of frequencies are referred to as “Bands”



  

Radio: Bands
● In Ham Radio, the bands are named by their approximate wavelength in meters.
●  Example: the 20m band

● It covers frequencies from 14.000 MHz to 14.350 MHz in Canada
●

● At the low end (14.000 MHz):  ≈ 300 / 14 = 21.43 metersλ
● At the high end (14.350 MHz):  ≈ 300 / 14.35 ≈ 20.91 metersλ

● With some rounding, it is known as the 20M Band. All of the ham bands 
follow this convention.

B-007-001: Types of radio wave propagation



  

Radio: The Low & Medium Frequency Ham Bands

B-007-001: Types of radio wave propagation

2200M – 135.7-137.8kHz
630M– 472-479 kHz

Note: These are very specialized bands. The average ham 
operator won’t be using these Often/at all.



  

B-007-001: Types of radio wave propagation

Radio: The Low HF Ham Bands

160M – 1.8-2MHz

80M – 3.5-4MHz

60M – 5.33-5.40MHz

40M – 7-7.3MHz



  

Radio: The High HF Ham Bands

B-007-001: Types of radio wave propagation

30M – 10.1-10.150MHz

20M – 14-14.350MHz

17M – 18.068-18.168MHz

15M – 21-21.450MHz

12M – 24.89-24.99MHz

10M – 28-29.700MHz



  

Radio: Common VHF/UHF Ham Bands

B-007-001: Types of radio wave propagation

6M – 50-54MHz

2M – 144-148MHz

1.25M – 222-225MHz

70cm – 430-450MHz

Less Common



  

Radio: Less Common UHF/SHF/EHF Ham Bands

B-007-001: Types of radio wave propagation

33cm – 902-928MHz

23CM – 1240-1300MHz

13CM – 2300-2450MHz
Microwave Bands

Note: These are very specialized bands that 
will require technical equipment.



  

Radio: Less Common UHF/SHF/EHF Ham Bands

B-007-001: Types of radio wave propagation

Another Example:
10 GHz EME (Earth-

Moon-Earth)
“Moonbounce” using 

3cm microwave to 
communicate by 

reflecting signals off 
the moon!



  

B-007-001: Types of radio wave propagation

VHF Propagation (Line-of-Sight / Direct Wave)
● For VHF (and higher) frequencies, communication between nearby 

transceivers is typically very reliable and predictable for local 
communications.

● VHF is Line-of-sight - This means the signal travels in a straight line 
from transmitter to receiver, much like light. It is the primary 
mode for VHF/UHF communications when there are no major 
obstacles.



  

B-007-001: Types of radio wave propagation

VHF Propagation (Line-of-Sight / Direct Wave)
● However, these signals can extend past the visible horizon. 

The lower atmosphere (troposphere) bends radio waves 
slightly downward due to changes in air density/refractive 
index, allowing signals to travel a bit farther than optical 
line-of-sight (typically 15–20% farther depending on 
conditions).



  

B-007-001: Types of radio wave propagation

Ground Wave Propagation
● Ground wave (also called surface wave) travels along the Earth's surface and is 

most useful at lower frequencies (longer wavelengths).
● The lower part of the wavefront interacts with the ground, causing it to follow 

the Earth's curvature to some extent.
● At lower HF (EX:160m or 80m bands), ground wave provides reliable coverage during 

the day when sky wave may be absorbed by the D-layer.
● 160M offers the greatest ground wave propagation distance. Lower frequency = 

longer wavelength = better ground wave range (less absorption by ground). Range 
decreases as frequency increases toward VHF (6m).



  

B-007-001: Types of radio wave propagation

Sky Wave Propagation (Ionospheric)
● Sky wave (also called ionospheric wave or skip) involves signals 

travelling upward to the ionosphere, refracting back to Earth, 
enabling beyond-line-of-sight and long-distance contacts. This is 
the magic of HF radio! World-wide communication!

● long-distance (DX) communications on HF bands via multiple 
hops/refractions.



  

B-007-001: Types of radio wave propagation

NVIS – A Special Case of Sky Wave
● NVIS (Near Vertical Incidence Skywave) is sky wave sent nearly 

straight up for reliable medium-range coverage.
● NVIS fills the "skip zone" gap (typically 0–300–500 km), bypassing 

obstacles like mountains/hills where line-of-sight or ground wave 
fails.

● It's ideal for regional/emergency nets on lower HF bands (EX: 80m 
or 40m daytime, 160m or 80m nighttime) using low horizontal 
antennas.



  

QUESTION SECTION B-007-002: 
Ionosphere structure and 

ionization



  

B-007-002: Ionosphere structure and ionization

Formation and Ionization of the Ionosphere
● The ionosphere exists because of the Sun's energy interacting with Earth's upper 

atmosphere.
● High-energy solar radiation knocks electrons off atoms in the upper atmosphere 

(mainly nitrogen and oxygen), creating free electrons and positive ions.
● Ultraviolet (UV) light from the Sun is the primary driver of ionization (X-rays also 

contribute but UV is emphasized here for ham radio context).
● Peak solar radiation occurs around noon, maximizing ionization.
● Overnight, ions and electrons recombine, reducing ionization until sunrise rebuilds 

the layers.



  

B-007-002: Ionosphere structure and ionization

Formation and Ionization of the Ionosphere
● The ionosphere has distinct regions (layers) at 

different altitudes, each affecting radio waves 
differently.

● Daytime:
● F2 region: ~250–400+ km (highest and most persistent)
● F1 region: ~150–250 km
● E region: ~90–150 km 
● D region: ~50–90 km  (Closest to earth)



  

B-007-002: Ionosphere structure and ionization

Formation and Ionization of the Ionosphere
● Nighttime:

● D region: Disappears
● E region: Weakens
● F1 + F2: Combine into one layer



  

B-007-002: Ionosphere structure and ionization

Role of Each Region in Radio Propagation
● Each layer interacts with HF sky waves differently—some refract (bend/reflect) 

signals usefully, while others absorb them.
● The D region primarily absorbs HF signals (especially lower frequencies) rather 

than refracting them back to Earth.
● Lower-frequency bands (like 160m and 80m) suffer heavy absorption in the daytime 

D region, limiting them to ground wave or very short sky-wave paths. Higher bands 
(EX: 20m, 15m) penetrate the D region better and reach the F layers for long-
distance skip.

● The F2 layer’s Higher altitude allows greater skip distances per hop (longer DX 
contacts), and F2 persists day and night with strong ionization.



  

QUESTION SECTION B-007-003: 
Skip zone, skip distance,and

multi-hop propagation



  

B-007-003: Skip zone, skip distance and multi-hop propagation

Skip Zone and Skip Distance – The "Dead Zone" Problem

Sky wave doesn't 
cover every distance; 

there's often a gap 
where neither ground 

wave nor the first 
sky-wave hop reaches.



  

B-007-003: Skip zone, skip distance and multi-hop propagation

Skip Zone and Skip Distance – The "Dead Zone" Problem

Skip distance is the:
minimum distance 

reached by a signal 
after one reflection 

by the ionosphere



  

B-007-003: Skip zone, skip distance and multi-hop propagation

Skip Zone and Skip Distance – The "Dead Zone" Problem

Skip zone is:
a zone between the 
end of the ground 
wave and the point 

where the first 
ionosphere-refracted 

wave returns to 
Earth



  

Skip Zone and Skip Distance – The "Dead Zone" Problem
● the maximum distance along the Earth's surface that is normally covered in one 

hop using the F2 region is 4,000 km. The extra height gives the signal the longest 
reach.

B-007-003: Skip zone, skip distance and multi-hop propagation

F2



  

Skip Zone and Skip Distance – The "Dead Zone" Problem
● the maximum distance along the Earth's surface that is normally covered in one 

hop using the E region is 2,000 km. E is lower  shorter hop→

B-007-003: Skip zone, skip distance and multi-hop propagation

E



  

Multi-Hop Propagation for Very Long Distances
● For distances beyond a single hop (eX: transoceanic), signals bounce multiple times.
● A 5000 km DISTANCE exceeds typical single-hop (even F2 ~4000 km), so the signal 

reflects off the ionosphere, then the Earth, then ionosphere again, etc. In a multi-
hop configuration.

● The signal reflects off the earth much like the ionosphere.

B-007-003: Skip zone, skip distance and multi-hop propagation



  

Factors Affecting Skip Distance
● Skip distance is geometry-dependent: radiation angle, layer height, and 

frequency all play roles.
● The question bank uses "reflection" interchangeably with refraction for 

simplicity, but technically it's refraction/bending that causes Skip.
● When the angle between the ground and the emitted radiation is smallest 

(Lower takeoff angle) Waves travel farther before hitting the ionosphere  →
longer skip.

● Steeper angle hits ionosphere sooner  shorter skip.→

B-007-003: Skip zone, skip distance and multi-hop propagation



  

Factors Affecting Skip Distance
● Angle of Incidence = Angle of Reflection

B-007-003: Skip zone, skip distance and multi-hop propagation



  

QUESTION SECTION B-007-004: 
Fading, absorption, and 

polarization effects



  

Daytime

B-007-004: Fading, absorption, and polarization effects

D-Region Absorption on Lower HF Frequencies (Daytime Issue)
● Remember this mnemonic: 

D Layer + =
AM Broadcast Radio is stronger and farther at night for this reason



  

B-007-004: Fading, absorption, and polarization effects

Multipath Propagation and Fading
● Signals often arrive via multiple paths (different hops, reflections), causing 

interference.
● Signal Fading is an example of this.
● Phase Distortion - Beyond amplitude fading, multipath can distort the signal 

waveform (especially with modulation).
● Wider signals (ex: SSB voice ~2–3 kHz vs. CW ~100 Hz) span more frequencies; 

different frequencies experience different fading  "muffled" or →
distorted audio (selective fading hits parts of the signal more than 
others).



  

B-007-004: Fading, absorption, and polarization effects

Multipath Propagation and Fading
● B-007-004-004 While using a 2-metre hand-held 

transceiver in an urban setting, you notice that 
moving less than one metre can severely attenuate 
your received signal. What is the likely cause 
Answer: Signals arriving on different paths cancel 
one another.

● Urban VHF/UHF multipath from buildings causes 
rapid, deep fades — tiny movements shift phases 
dramatically.



  

B-007-004: Fading, absorption, and polarization effects

Ionospheric Disturbances and Polarization Effects
● Sudden changes and Earth's magnetic field add 

complications.
● sudden ionospheric disturbance (SID)  (EX: solar flare X-ray 

burst) strengthens D-region absorption  wipes out lower →
HF. 

● Higher bands penetrate better. EX: 20m  15m or 10m →



  

B-007-004: Fading, absorption, and polarization effects

Ionospheric Disturbances and Polarization Effects
● B-007-004-007 On the VHF and UHF bands, the polarization of the receiving 

antenna in relation to the transmitting antenna is very important, yet on HF 
bands it is relatively unimportant. Why is that so? Answer: The refraction in 
the ionosphere changes the wave's polarization



  

B-007-004: Fading, absorption, and polarization effects

Ionospheric Disturbances and Polarization Effects
● B-007-004-010 What effect do refraction, reflection and Faraday 

rotation have on a radio wave? Change the polarization
● Faraday rotation (due to Earth's magnetic field in the ionosphere) 

twists linear polarization randomly over the path  HF signals →
arrive with mixed polarization, so HF antenna orientation matters 
less than on line-of-sight VHF/UHF.



  

QUESTION SECTION B-007-005: 
Solar activity and its impact

on HF propagation



  

B-007-005: Solar activity and its impact on HF propagation

The Solar Cycle and Sunspots
● The Sun goes through predictable cycles that dramatically affect 

radio propagation and earth’s weather alike.
● Sunspots indicate active regions on the Sun that emit more 

ultraviolet (UV) and extreme ultraviolet (EUV) radiation  stronger →
ionization of the upper atmosphere.

● The average sunspot cycle is 11 years.



  

B-007-005: Solar activity and its impact on HF propagation

The Solar Cycle and Sunspots



  

B-007-005: Solar activity and its impact on HF propagation

 Solar Flux and Measuring Solar Activity
● Why Solar Flux Index (SFI) is Important for HF Radio: The ionosphere acts like a giant mirror for HF 

signals, bouncing them back to Earth so we can make long-distance contacts. The key factor is the 
electron density in those reflecting layers (especially the F2 layer). When the Sun is more active, it 
pumps out more ultraviolet and X-ray radiation, which increases ionization and creates a denser, more 
effective "mirror." Higher SFI numbers directly reflect stronger solar activity, which means:
● Greater electron density in the ionosphere
● Stronger, more reliable refraction/reflection of HF signals
● Better propagation conditions — often longer skip distances, stronger signals, and openings on higher 

bands (like 10m, 12m, 15m) that might otherwise be dead
● In short: The higher the SFI, the more "cooperative" the ionosphere tends to be for HF DX and general 

skywave communication.



  

B-007-005: Solar activity and its impact on HF propagation

 Solar Flux and Measuring Solar Activity
● There are lots of excellent websites that 

publish real-time conditions that impact 
radio propagation.

● ‘Just-The-grid’ is one of them: 
https://solarcdx.com/just-the-grid/ 
● All communication frequencies throughout the 

spectrum are affected in varying degrees by:
the sun

https://solarcdx.com/just-the-grid/


  

QUESTION SECTION B-007-006: 
Maximum Usable Frequency (MUF) 

and related concepts



  

B-007-006: Maximum Usable Frequency (MUF) and related concepts

Critical Frequency – The Vertical Limit
● Observatories probe the ionosphere at vertical incidence. They are measuring 

the Critical frequency.
● The critical frequency is the highest radio frequency that can be reflected 

straight back to Earth by a particular ionospheric layer when transmitted 
vertically upward (at normal incidence).

● Above this frequency, radio waves penetrate through the layer and escape into 
space.

● Below it, they are reflected/refraction back down, enabling skywave 
propagation for HF radio communications.



  

B-007-006: Maximum Usable Frequency (MUF) and related concepts

Maximum Usable Frequency (MUF) – The Oblique Real-World Limit
● MUF is The highest frequency at which a signal will reach a given destination 

● Frequencies Below MUF are refracted back (good skip).
● Frequencies Above MUF penetrate out into space (lost).

MUF



  

B-007-006: Maximum Usable Frequency (MUF) and related concepts

Factors Affecting MUF Variation
● The answer is always the sun.
● Solar radiation drives daily and long-term changes.
●  when the solar UV radiation increases, Muf increases
● B-007-006-007 At what point in the solar cycle does the 20-

metre band usually support worldwide propagation during 
daylight hours? Answer: At any point in the solar cycle 



  

B-007-006: Maximum Usable Frequency (MUF) and related concepts

Practical Ways to Check Propagation and Seasonal Effects
● One way to determine if the maximum usable frequency (MUF) 

is high enough to support 28 MHz propagation between your 
station and western Europe is to listen for 10M Beacon 
Stations. Beacons transmit continuously, much like the time 
stations. If you can hear them on the desired band, that band 
is open.

● Daytime in Summer kills 160M and 80M bands.



  

QUESTION SECTION B-007-007: 
VHF/UHF and enhanced

propagation modes



  

B-007-007: VHF/UHF and enhanced propagation modes

Normal VHF/UHF Propagation and Tropospheric Effects
● VHF/UHF is mostly line-of-sight, but the troposphere (lower 

atmosphere) extends range via bending and ducting.
● The approximate range of this is 800km!
● It lets you contact stations farther away!



  

B-007-007: VHF/UHF and enhanced propagation modes

Normal VHF/UHF Propagation and Tropospheric Effects
● a temperature inversion traps signals in a "duct" between 

cool/moist air below and warm/dry air above, guiding 
VHF/UHF waves hundreds of km along the Earth's curvature—
great for 2 m/70 cm DX during stable weather (EX: high-
pressure systems, coastal areas).



  

B-007-007: VHF/UHF and enhanced propagation modes

Sporadic-E Propagation (Mostly on 6 Metres)
● Sporadic-E is the most common "enhanced" mode for VHF, caused by 

dense ionized patches (like a cloud) at E-region height. 
● This is mainly only for 6M. Any higher frequencies will usually cut 

right through into space.



  

B-007-007: VHF/UHF and enhanced propagation modes

Auroral Propagation (VHF Phenomenon)
● Aurora (Northern Lights) scatters VHF signals off ionized 

particles in the E region.
● Aurora forms in oval around magnetic poles; signals scatter 

off auroral curtains to the north, so point beam north for 
best contacts (even if station is east/west/south).



  

B-007-007: VHF/UHF and enhanced propagation modes

Auroral Propagation (VHF Phenomenon)
B-007-007-009 Which analog 

emission mode is the most reliable 
in auroral propagation? AnsweR: 

CW, because it is readable even 
when distorted 

Auroral signals often have rough, 
raspy tone (Doppler broadening 
from particle motion); SSB voice 
becomes garbled, but narrow CW 

(Morse) cuts through.



  

QUESTION SECTION B-007-008: 
Scatter propagation modes



  

B-007-008: Scatter propagation modes

HF Scatter Propagation (Filling the Skip Zone)
● Scatter on HF uses irregularities in the ionosphere (often D 

or lower E region) to redirect small portions of the signal 
into areas unreachable by normal ground wave or single-hop 
sky wave.

● If you receive a weak, distorted signal close to the maximum 
usable frequency, It’s probably scatter.



  

B-007-008: Scatter propagation modes

HF Scatter Propagation (Filling the Skip Zone)
● Why is Scatter Weak & Distorted?

● Energy scattered into the skip zone through several radio-
wave paths being redirected in many directions.

● Only a small part of the signal energy is scattered into the 
skip zone.



  

B-007-008: Scatter propagation modes

Tropospheric Scatter (VHF/UHF Beyond Horizon)
● Tropospheric scatter uses small density variations and water-

vapour in the lower atmosphere to scatter VHF/UHF signals over 
long distances (often 400–1500 km) without needing ducting.

●  signals scatter off turbulent volumes in the troposphere (common 
volume between TX and RX antennas), enabling reliable but weak 
paths far beyond line-of-sight (used commercially for point-to-point 
links and by hams for VHF/UHF DX).



  

B-007-008: Scatter propagation modes

Meteor Scatter (Burst Mode on VHF)
● Meteors ionize trails in the atmosphere, providing brief "mirrors" 

for VHF signals (30-100MHz) — most effective on lower VHF.
● a meteor burns up, creating an ionized trail (~80–100 km altitude) 

that reflects VHF signals briefly (seconds to minutes). 6 m (50 MHz) 
works best due to longer trail persistence; digital modes or high-
speed CW exploit bursts for 500–2000 km QSOs during showers
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