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Measurement Convention:

ÅMeter

ÅCentimeter 

ÅMillimeter 

ÅHertz - Hz

ÅKilohertz ïKHz

ÅMegahertz ïMHz

ÅGigahertz ïGHz
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Propagation



Radio Wave Propagation

Å Radio propagation is the behavior of radio waveswhen they are 

transmitted, or propagatedfrom one point on the Earthto another, or 

into various parts of the atmosphere.

Å Like light waves, radio waves are affected by the phenomena of 

Å reflection

refraction

diffraction

absorption

polarization

scattering
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http://en.wikipedia.org/wiki/Radio_wave
http://en.wikipedia.org/wiki/Transmitted
http://en.wikipedia.org/wiki/Wave_propagation
http://en.wikipedia.org/wiki/Earth
http://en.wikipedia.org/wiki/Atmosphere
http://en.wikipedia.org/wiki/Reflection_(physics)
http://en.wikipedia.org/wiki/Refraction
http://en.wikipedia.org/wiki/Diffraction
http://en.wikipedia.org/wiki/Absorption_(electromagnetic_radiation)
http://en.wikipedia.org/wiki/Polarization_(waves)
http://en.wikipedia.org/wiki/Scattering
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Early History

Å1850 ïFazio & FoucaltïSpeed of Light

Å1852 - Gustav Kirchoff ïSpeed  of Electricity

Å1853 ïJames Maxwell ïLight = Electricity

Å1896 ïAleksandrPopov ïWireless Experiments

Å1899 ïNikola Tesla ïFirst Antenna Theory

Å1901 ïG. Marconi First Transatlantic Signal
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Nikola Tesla
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The Tesla Coil

Please donôt 

try this at 

home.
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Tesla Coil ïPlasma Discharge
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Marconi, 

Father of Radio
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Antenna Definition

ÅñThe antenna launches energy from a transmitter 
into space or pulls it in from a passing wave for a 

receiver. Without a suitable, properly installed 

antenna, the best transmitter and receiver are 

uselessò.

Dr, John Kraus-W8JK, Professor Emeritus, Ohio 

State University, Columbus, Ohio.
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The Dipole
ÅThe dipole is the fundamental antenna. It is found 

freely in nature. Consisting of 2 equal length 
poles, the energy oscillatesé it oscillates (moves 
back and fourth) in two directions. Natural 
examples are:

ÅA rope or wire moving wave like between two movable 
anchors.

ÅA banjo string, plucked.

ÅA piano wire, struck.

ÅA water molecule in a microwave oven.

ÅBiomass in a magnetic field (MRI).
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Wave formation

Waves are the result of energizing a ñbalancedò 
dipole system. This can be demonstrated by 
ñwavingò a rope, plucking a banjo string or 
striking a piano key.
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Radio Waves

Radio waves are formed by energizing a 

ñdipoleò (di meaning to cut or dissect and 

pole is a pole is a pole). The pole or antenna 

is a specific length relating to the energizing 

frequency.
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Transmission and Reception

ÅRadio waves are emitted by an oscillating dipole 

and escape into electromagnetic space much like 

music from a piano that moves the air near it. 

ÅThe radio receiver detects the radio wave in a 

manner similar to the human ear detecting a note 

from a piano. 
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Transmission / Reception
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Radio Spectrum

ÅAs we discuss propagation, we will refer to various radio 
frequencies. 

ÅThese frequencies are generated by oscillators that vary in 
time. 

ÅThe mathematical occurrence of these frequencies are 
represented in order on a continuum or what is commonly 
called a spectrum. 

ÅA rainbow is a spectrum of light frequencies acting on 
water molecules after a rain.
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Electromagnetic Radiation
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The Electromagnetic Spectrum
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The Electromagnetic Spectrum*
ÅVLF ïVery Low Frequencies 3-30KHz

ÅLF ïLow Frequencies 30-300 KHz

ÅMF ïMedium Frequencies 300 - 3000 KHz.

ÅHF ïHigh Frequencies 3MHz ï30 MHz

ÅVHF ïVery High Frequencies 30 MHz ï300 MHz

ÅUHF ïUltra High Frequencies  300 MHz ï3 GHz

ÅSHF ïSuper High Frequencies 3 GHz ï30 GHz

ÅEHF ïExtra High Frequencies  30 GHz ï300 GHz

Å*IEEE, ANSI, and NTIA
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Propagation

ÅRadio waves flow from the transmitterôs oscillating 
antenna to the receiver's oscillating antenna but not always 

directly

ÅBecause radio waves travel in a Variety of ways to the 

receiver, a knowledge of propagation is very important in 

getting the most enjoyment of amateur radio.
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Propagation: How Signals Travel

ÅWhen dealing with radio signals, Transmission ï

Reception takes 3 forms:

ÅLine of Sight

ÅGround Wave

ÅSky-Wave
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Line of Sight Propagation

ÅThe simplest form of propagation is line of site. All 
frequencies will function in this form. 

ÅDistance between the transmitter and receiver is dependent 
on the frequency / wavelength of the signal. 

ÅLine of site propagation is very useful at VHF and UHF 
Frequencies.
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Ground Wave Propagation

ÅThis form of propagation fits most frequencies but 

the distance between the transmitter and receiver 

will vary with geography and composition of 

ñgroundò. 

ÅA good example of very different ñgroundsò is the 
difference between the desert and the ocean.
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Sky Wave Propagation

ÅThis form of propagation is influenced by many 

chemical and physical phenomena. 

ÅSky wave propagation results in communications 

covering our entire globe.
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Sky Wave Propagation

© NASA
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Comparison of Various Propagation 

Modes
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Sky-Wave Propagation

ÅOtherwise known as ñskipò is primarily due to the 
ionization of the earths upper atmosphere. 

ÅThis part of the atmosphere is known as: 

ionization + atmosphere = Ionosphere.
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The Ionosphere - How is it 

Formed?
ÅHigh energy radiation (ultraviolet), from our sun (solar 

radiation) strikes atoms of various gasses and vapors in the 

earthôs upper atmosphere. 

ÅElectrons are knocked off the outer orbits of the atoms 

creating an ion. The process is called ionization. 

ÅBecause this event takes place in the upper atmosphere, we 

call the layer the ionosphere.
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Solar Activity

ÅSolar activity has the most effect on sky-wave propagation.

ÅSolar activity is a function of sunspot occurrence. 

ÅWith increased activity, long-distance communication in 

the HF and VHF range is enhanced.



© 2010 WS8B

Ionosphere Regions

ÅThe part of the ionosphere that is primarily responsible for 
ñsky-waveò exists in 3 to 4 layers depending on the time of 
day. These layers exist at differing altitudes.

ÅD Region / 30 to 60 miles

ÅE Region / 60 to 70 miles

ÅF1 Region / 70 t0 140 miles

ÅF2 Region / 140 to 200 miles
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Propagation at Selected Layers

ÅD Region: Closest to the earth and least ionized and is 
responsible for short hop HF communication.

ÅE Region: Daylight absorption of MF and HF. Can be 
useful for single hop HF out to 1200 miles. VHF skip can 
exist with ñsporadic Eò (more later).

ÅF Region: Most responsible for DX. In the daytime, this 
layer splits into two parts: F1 and F2. After sunset, this 
layer combines into one. The F2 Region is primarily 
responsible for long hops or skip to 2500 miles. F2 reaches 
its maximum height at noon during the summer.
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Ionosphere Variation

ÅDay ïNight
Å Because of variation in the temperature of the earthôs surface, the distances 

between the ionosphericlayers will change and combine.

ÅSeasonal
Å The hot temperatures of the summer season  will energize the atmosphere and 

warm-up the layers creating static and pushing the layers to higher altitudes.

ÅGeographical
Å The location of the land mass and the height above sea level will greatly effect 

propagation both positively and negatively.

ÅCyclic
Å Because of the effects of the sunspot cycle, propagation will vary every 11 years.
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The Sunôs Core ïAn Infinite Source of Energy

© NASA

He -> H -> He
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Solar Flux

ÅBecause of the tremendous amount of energy produced by 
the sun, the sun emits radio waves on all frequencies. 

ÅThe radio wave emission is called Solar Flux. 

ÅThe solar flux is measured at specific frequencies and 
reported as the Solar-Flux Index.
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Ionosphere Disturbances

ÅSunspot Cycle

ÅSolar Flareôs

ÅSIDôs ïSudden Ionosphere Disturbances

ÅIonosphere Storms

ÅPolar Blackout
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Solar Flare

ÅA solar flare is a burst of energy emitted from the sunôs 
surface going out into space thousands of miles. 

ÅA solar flare can emit intense UV radiation hitting the 

earth within 8 minutes after the event. Particles from the 

flare arrive in the earthôs upper atmosphere from an hour to 

about 2 days later.
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Solar Flare / Eclipse of the Sun

© NASA

Solar Flare


