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NVIS Antenna Design

Theor ications



Preface

| am very much indebted to the research
and data from many hams, especially the
notes of L. B. Cebik, W4RNL, SK (2008).



Scope of this Presentation

This presentation will do the following:

Examine NVIS antenna theory

Examine antenna models

Provide a basis for determining antenna installations
This presentation will NOT do the following:

Suggest which antenna is best

Provide construction details for antennas
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"What is NVIS?

NVIS stands for NearVertical Incidence Skywave
radio propagation.

NVIS is used for short range communications, that is
out to about 200 to 300 miles.

The many purposes for NVIS propagation includes
military communications and emergency communi-
cations (EMCOMM).



Some Really Boring Terms

Maximum Usable Frequency (MUF)
Critical Angle of Radiation
Vertical-Incidence Critical Frequency
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Maximum Usable Frequency (MUF

The highest frequency at any given time and for any

given set of circumstances that can be refracted off the
lonosphere

MUF Is constantly changing

Frequencies higher than the MUF will pass through
the ionosphere and be heard by ET
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Critical Angle of Radiation

The steepest angle at which a radio signal can be
refracted by the ionosphere at any given time and for
any given set of circumstances

Critical Angle of Radiation is constantly changing

Radio signals at angles greater than the Critical Angle
of Radiation will pass through the ionosphere and be
heard by ET
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‘Verticakincidence Critical Frequency

The MUF for local skywave highangle communication

Vertical-Incidence Critical Frequency Is constantly
changing

Vertical-Incidence Critical Frequencyaverages
between 2 and 13 MHz for the Hayer, ranging from 2
MHZ during nighttime at the lowest point of the solar

cycle to 13 MHz during the daytime at the highest
point of the solar cycle
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Skywaves & Ground waves

Antennas produce
A Skywaves
A Ground wav

lon waves:




Ground wave propagation

Ground waves travel close 30
to the ground S

Ground waves bend
downward slightly more
than the curvature of the
Earth
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Skywave propagation

Solar radiation creates free Skywave Propagation
electrons and positively charged
lons in the ionosphere

When the ionization is dense
enough, and the radio wavelength
is long enough, the radio wave is
bent back toward Earth

Daytime conditions usually favor
the 40m ham band

Nighttime conditions usually
favor the 80m ham band
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Usable Ham Bands for NVIS

Not all ham ban
let us examine

unication. So
en.
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"Which bands should | use?

Remember that VerticalIncidence Critical Frequency
averages between 2 and 13 MHz, so we can eliminate

20m band and all higher bands.

30m is marginal, and 160m requires a huge antenna,
so we can eliminate them as well.

That leaves us with the 80m, 60m, and 40m bands that
are traditionally used for reliable NVIS operation.
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‘What time is best for each band?

The D Layer exists during the daytime, then fades
away after dark. Since the D Layer absorbs radiation in
the upper MF and lower HF range, it makes 80m
unreliable for NVIS operation during the daytime.

After dark when the D Layer dissipates, 80m becomes
reliable.

During the daytime 40m is reliable for NVIS operation.
However, it is not reliable at nighttime.
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“What time is best for each band?

There Is a lag time between daytime and nighttime,
and vice versa, when 80m and 40m can be unreliable.
60m can fill this void. However, it is low power (50
watts PEP) and amateur radio can only use iton a
secondary basis.



To sum up: Useable NVIS Ban

Daytime: 40m is the most reliable

Twilight: While the D Layer dissipates, 60m might be
reliable

Nighttime: 80m is the most reliable

Dawn: While the D Layer is forming, 60m might be
reliable
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NVIS Antenna Design Criteria

A Maximum Gain and
A Broadside and E
A Bandwidth

A Installation H
A Ground (Soil

lon Pattern)
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2D Beamwidths (max. gain {8 dB)

Dipole %2 -’Aabove ground NVIS dipole

40m Standard Dipole Broadside Beamwidth 32.6° @ -3dB 40m NVIS Dipole Broadside Beamwidth 119.0° @ -3dB

40m Sta Dipole B idth 33.1° @ -3dB




3D Beamwidths Broadside to Wire

Dipole %2 -'/Aabove ground NVIS dipole
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3D Radiation Pattern

Dipole %2 -'/Aabove ground NVIS dipole
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Dipole %2 -’Aabove ground NVIS dipole




- Mapped Propagation Patterns .

NVIS dipole

Dipole %2 -'/Aabove ground
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Mapped Propagation Patterns :

Dipole %2 -’Aabove ground NVIS dipole
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