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Frequencies between 1.8 and 30 MHz. 
have three propagation modes:

-Line of sight
-Ground wave

-Sky wave
•Signal refracts off the ionosphere 
•If used correctly, sky wave propagation 
enables us to provide continuous and 
dependable coverage that spans several hundred 
miles instead of several thousand miles.



What is the Ionosphere?

• The ionosphere is a region of Earth's upper 
atmosphere, from about 60 km (37 mi) to 1,000 km 
(620 mi) altitude, and includes the thermosphere and 
parts of the mesosphere and exosphere. It is ionized 
by solar radiation, plays an important part in 
atmospheric electricity and forms the inner edge of 
the magnetosphere. It has practical importance 
because, among other functions, it influences radio 
propagation to distant places on the Earth. [From 
Wikipedia, the free encyclopedia]



Ionospheric Chemistry



Ionization Process

• Incoming electromagnetic 
radiation with enough energy 
can strip an electron from a 
neutral atom or molecule.

• The electrons and positive 
ions move freely constrained 
by the Earth’s magnetic field.

• Solar soft x-rays and 
ultraviolet light are most 
responsible for the ionization.



The Electromagnetic Spectrum



Day and Night Ionosphere



How Does the Radio Wave Refract 
in the Ionosphere?

• The radio wave causes charged 
particles to synchronously accelerate. 
(Think sympathetic vibration)

• The charged particles radiate a wave 
in other directions. 

• Positive ions, being so heavy, don’t 
scatter as well as the much lighter 
electrons (moving tons compared to 
an ounce).

• The net result from many scatterings 
is the radio wave bends away from 
regions higher electron density 
towards regions of lower electron 
density.

• The Earth’s magnetic field splits the 
refracted wave into two circular 
oppositely-polarized waves.



At a given frequency, the radio wave can refract back down to the Earth’s surface at 
low to moderate angles to the horizontal. As the wave approaches the vertical, it will 
usually not be bent enough and will radiate into space. The lower the frequency, the 

higher the angle.



Ionogram Showing Regions and NVIS

• The black line is 
electron density.

• The red dots result from 
the Ordinary Circularly 
Polarized Waves (O).

• The green dots result 
from the Extraordinary 
Circularly Polarized 
Waves (X).



Takeoff angles are used to describe NVIS 
operation and path length. Signal strength stays 
fairly equal over the area of coverage. Here are 

three examples for 15, 30, and 60 miles.



MUF = Maximum Usable Frequency: The  highest 
frequency at which ionospheric propagation between 
specific locations will be available 50% of the time.

LUF = Lowest Usable Frequency: The lowest 
frequency at which ionospheric propagation between 
specific locations and using specific power levels, 
receiving equipment and antennas will be available 
50% of the time.  The LUF can be improved (lowered) 
by increasing power, using higher gain antennas, or by 
substituting higher performance receiving equipment.



• Frequencies must be between the LUF 
and the MUF. A general rule of thumb 
is: 
• Nighttime 2-4 Mhz 
• Daytime 4-8 Mhz 

• The best operating frequency is usually 
20 to 25% below the MUF.  Propagation 
data are always specific to the time of 
year, time of day and solar activity.



NVIS propagation 
occurs readily at the 
high end of the MF 
range and in the lower 
end of the HF 
frequency range.

160 m 1.8 – 2 
MHz

80/75 m 3.5 – 4 
MHz

40 m 7 – 7.3 
MHz



Antennas

• So, that’s how the signal comes down. 

• How to get it to go up?

• Consider a horizontally polarized antenna 
(i.e. dipole) close to the ground
(0.2wavelength or less).



Theoretical Antenna Considerations



The type of ground has some effect on 
the overall gain of the antenna, about 

3db.



Vertical Gain of Dipole at 0.2 Wavelength 
Over Various Types of Ground (dBi)



Gain of dipole at various wavelengths 
above ground (dBd).



Orientation of NVIS horizontal antenna is generally 
not important, since the azimuth pattern of horizontal 

antennas this close to the ground is somewhat circular.



General Antenna Criteria

• You must be able to hear the other station.

• The other station must be able to hear you.

• On transmit, you shall not make neither 
smoke nor sparks!



NVIS Antennas and Efficiency

•  Higher efficiency types
– Inverted V with or without reflector
– Fan Dipole
– Shirley Dipole
– Full Wave Loop

• Lower efficiency types
– T2FD Various Configurations 

• B&W BDW-90 Folded Dipole
– 90 Ft., 1.8-54 MHz Coverage, $325

– AS-2259/2268 (Collins 637K)

• Plan to use an antenna tuner.



Resonant dipole with or without a reflector



Fan Dipole can be used to cover multiple 
frequencies. Center sag can add some gain.



Inverted “V” with a reflector 



For the Inverted “V”, as the included angle increases 
above 120 degrees, the upward gain lowers and side 

lobes start to develop



Shirley Dipole Array requires 4 posts for 
support



Full Wave Loop w/ 4 posts for support



T2FD (B&W BDW-90) Wideband with 
gain down 5dB from Dipole. 



T2FD (B&W BDW-90) “FDMK” needed 
for Inverted V configuration. 



B&W Manpack MP-45 or MP-90 One Man Setup 15-min. $1990.00



Difficult tuning with gain down about 5 db 
from a dipole



40M-80M Portable NVIS
Two Inverted “V”s Placed 90 deg to minimize 

coupling. 



Mobile NVIS Antennas
•  Antenna must be oriented in the horizontal 

position towards the back or front of vehicle

• The longer the antenna the better
– Consider whip antenna

• Whip antenna configuration
– 45 Degrees tilt
– Tie down end with rope 

• Tilted pattern when tied towards back of vehicle

• Vertical loop pattern when tied to front of 
vehicle









NVIS Bottom Line

• An antenna with significant upward radiation 
can be used for reliable communications out to 
several hundred miles.

• The antenna does not need to be elaborate.

• Depending on circumstances, the feedpoint 
impedance can be less than optimum. Use an 
antenna tuner.

• The 40 meter band is the shortest wavelength 
that will support NVIS Propagation.



References and Acknowledgments
• “Near Vertical Incidence Skywave (NVIS)”, Charles P. Rogers, KJ5KU, 

DCHF Presentation, August 7-9, 2015

• “Ionospheric Radio Propagation”, Kenneth Davies, Dover Publications, 
Inc., 1966 (This Dover edition is an unabridged and corrected publication 
republication of the work originally published in 1965 as National Bureau 
of Standards Monograph 80. It is available as a free PDF download on the 
internet.)

• “Propagation and Radio Science: Exploring the Magic of Wireless 
Communication”, Eric P. Nichols, KL7AJ; American Radio Relay 
League, Inc.; 2015

• Wikipedia (Various)

• “Near Vertical Incidence Skywave Communications, Theory, 
Techniques and Validation”, Fiedler and Farmer, World Radio Books, 
1996. (Out of Print)


	Alden Oyer, AG5S Duke City Hamfest Albuquerque, NM August 12, 2017
	Based on the presentation “NEAR VERTICAL INCIDENCE SKYWAVE (NVIS)” by Charles Rogers, KJ5KU
	
	Slide 4
	What is the Ionosphere?
	Ionospheric Chemistry
	Ionization Process
	The Electromagnetic Spectrum
	Day and Night Ionosphere
	How Does the Radio Wave Refract in the Ionosphere?
	At a given frequency, the radio wave can refract back down to the Earth’s surface at low to moderate angles to the horizontal. As the wave approaches the vertical, it will usually not be bent enough and will radiate into space. The lower the frequency, the higher the angle.
	Ionogram Showing Regions and NVIS
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Antennas
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	General Antenna Criteria
	NVIS Antennas and Efficiency
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Mobile NVIS Antennas
	Slide 37
	Slide 38
	Slide 39
	NVIS Bottom Line
	References and Acknowledgments

