DRAFT


Near Vertical Incidence Sky Wave (NVIS) Propagation

1. Background

Near Vertical Incidence Sky Wave (NVIS) propagation is an ionospheric propagation mode that provides local and regional coverage on the lower HF bands. It can be used to provide reliable communications beyond the range of ground waves. NVIS is not new; the German army experimented with NVIS during WW II and US military personnel used NVIS techniques to provide reliable HF communications in the jungles of Vietnam. Many amateurs have used NVIS without thinking about it – when a horizontal antenna is mounted less than (/4 above ground, the maximum radiation is at high angles. This situation is quite common in amateur installations for the 80 and 160 m bands, where antennas are rarely more than (/4 above ground. 

2. How NVIS works

RF is launched at a high elevation angle (> 70 degrees). If the frequency of the RF is below the critical frequency, it will be refracted back towards the earth’s surface, as shown in the figure below.
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Figure 1: NVIS Propagation Path

Notice that unlike a signal launched at a low angle for DX, the NVIS signal returns to the ground close to the antenna. Attenuation on NVIS paths is less than DX paths because the RF takes the shortest possible trip through the ionosphere’s highly absorbing D layer.

In order for the NVIS signal to be returned to the earth’s surface, its frequency must be less than the critical frequency of the F-layer, the maximum frequency that can be returned at vertical incidence. During daylight, the critical frequency is approximately 5 to 15 MHz. After sunset, the critical frequency drops throughout the night, reaching a low of 1 to 5 MHz just before dawn.

Although NVIS propagation can occur at any frequency below the critical frequency, it is desirable to use the highest frequency possible. Absorption by the D-layer is proportional to the inverse square of the operating frequency. When the operating frequency is cut in half, the D-layer absorption increases fourfold (6 dB). The signal must pass through the D-layer twice, which makes the total attenuation 12 dB or 2 s-units.  During periods of high sunspot activity, 60, 40 and 30 m are the best bands for daytime NVIS operation and 80 m would be the choice during the night. During periods of low sunspot activity, 80, 60 or 40m would be the best bands for daytime operation and 80 or 160 m would be the best options during darkness.

3. Advantages of NVIS

3.1 Elimination of the Skip Zone

NVIS provides good coverage between the outer limit of ground wave propagation (25 miles) and the inner limit of normal sky wave return (300 miles).  This region cannot be covered either by the higher HF bands, whose skip zones extend several hundred miles beyond the transmitter, or the low VHF bands, whose reliable troposcatter range is limited to about 200 miles for typical amateur stations.

3.2 Noise Reduction

NVIS antennas “look” directly into outer space. Since most astronomical objects are not powerful emitters in the lower HF region, an NVIS antenna does not pick up lots of noise, resulting in improved SNR. Additionally, terrestrial noise sources are not in the field of view of the antenna and do not contribute significantly to received noise, which provides further improvement in SNR over normal HF operation. 

4. NVIS Applications

4.1 Emergency Communications

NVIS is well suited to regional emergency communications. Reliable NVIS communications are possible out to distances of approximately 300 miles. This means that a small number of NVIS stations are required to provide a statewide network.  Amateurs can quickly establish communications using NVIS after a natural disaster because NVIS uses readily available HF equipment and simple antennas that can be constructed from readily available materials and do not require towers or other special types of mounting. CW, SSB and various HF digital modes such as PSK-31 all can be used with NVIS

4.2 Traffic Nets

Even under normal circumstances, the ability of regional HF traffic nets to pass traffic can be impaired by appearance of a skip zone after sunset. Using NVIS eliminates the skip zone and permits smoother traffic handling because stations do not suddenly disappear into the skip zone. 

5.0 NVIS Operation

NVIS operation requires a certain amount of planning.  An NVIS net must change frequency as the ionospheric conditions change. This is different from most net operations, where the net uses a single frequency. The Net Manager and Net Control Stations should determine the operating frequencies that will be used at various times of the day. Procedures for frequency hopping must be agreed on beforehand, so that stations are not lost as the net moves from band to band. These rules for NVIS operation are not mode-specific. Regional NVIS nets may use SSB, any HF digital mode or even CW.  The same general procedures would be followed regardless of mode. 

A typical net frequency plan appears in Appendix A.
6. Assembling an NVIS Station

6.1 Introduction

No special equipment is required for NVIS operation. A standard 100W HF transceiver will work just fine. The key element of an NVIS station is the antenna, which must be designed to radiate at very high takeoff angles.  Generally, existing amateur antenna systems, with the exception of most 160 m dipoles, do not radiate in the proper direction for NVIS operation; thus a specific NVIS antenna is usually required.

6.2 NVIS Dipoles

It is possible to launch RF at a high takeoff angle, by mounting a horizontal dipole close to the ground. Figure 2 shows the relationship between antenna height and takeoff angle for a horizontal dipole antenna above average ground. 

Over average ground and for antenna heights less than 0.2 (, the antenna launches radiation straight up. This is exactly what is needed for NVIS operation. This is very much at odds with antenna erection for normal ionospheric propagation, in which the antenna is mounted as far from the ground as possible.
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Figure 2: Variation of a Dipole’s Takeoff Angle with Height

At first glance, Figure 2 would seem to indicate that any height below 0.2 ( would be acceptable. This is not actually true. As one moves a horizontal dipole closer to the earth, the gain begins decrease because the ground is lossy. This is shown in figure 3.  The gain is relatively constant over the range 0.1( < h < 0.2(, but it quickly drops off when the antenna is put within 0.1 wavelengths of the ground. 
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Figure 3: Variation of a dipole’s gain with height.

For best results, the dipole should be mounted between one and two tenths of a wavelength above ground. This corresponds to an actual height of about 25 to 50 feet on 80 m and 12 to 25 feet on 40 m

The dipole may be mounted as an inverted-vee if only a single support is available. The maximum height of the antenna should be less than approximately 0.25( to ensure that the takeoff angle is 90 degrees.

An additional benefit of mounting the dipole between one and two wavelengths above ground is that the feed point impedance is in the 40 – 70 ohm range, which offers a good match to coaxial cable. At heights below 0.1 (, the input impedance becomes progressively lower, and a matching network may be required.

NVIS dipoles may be constructed out of most any kind of wire. Most home improvement stores sell 500-foot rolls of  #14 THHN stranded wire for $15. The wire generally has green PVC insulation and antennas erected in wooded areas using this wire are hard to see, which is a plus with the neighbors.  Aluminum fence wire also works well, although it is not as durable as the THHN wire.  The length of an NVIS antenna is often somewhat longer than that given by the traditional formula for a dipole. The following formula gives good starting values for antennas mounted about 0.1( above ground:


[image: image4.wmf]f

l

475

=


Equation 1

In this formula, the frequency is in MHz and the length is in feet. Typical lengths for NVIS dipoles are given in Table 1:

Table 1 – NVIS Dipole Lengths for Selected Amateur Frequencies

	Band
	Dipole Length

	160 (1.9 MHz)
	250 ft

	80   (3.9 MHz)
	121 ft 10 in

	60   (5.37 MHz)
	88 ft 5 in

	40   (7.2 MHz)
	65 ft 11 in


It is possible to use an NVIS dipole on more than one band, if the antenna is fed with ladder line and impedance matching is provided between the transmitter and feed line.  For multiband operation it is important to mount the antenna close enough to the ground that it will be less than 0.2( high at the highest operating frequency.
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Figure 4: Elevation Radiation pattern of an 80m NVIS dipole 12.5 ft above ground

The shape of the elevation pattern doesn’t change much as the frequency is varied over a 5 to 1 range.  The gain increases at higher frequencies because the antenna is farther from the ground, in terms of wavelength, and there is less ground loss.

6.3 NVIS Loop Antennas

A full wavelength loop antenna can also be used for NVIS operation. It can be mounted in two ways, depending on the supports available:

1. It can be mounted horizontally close to the ground and the feed point can be anyplace along the loop.

2. It can be mounted vertically with the bottom wire close to ground and fed to produce horizontally polarized RF.

Method 1 can be used when at least three supports of proper height are available. Method 2 can be used with a single relatively tall support.

The horizontal loop, like the dipole, must be mounted close to the ground. At heights less than 0.2(, the takeoff angle is 90 degrees as shown in Figure 5.

The gain of a horizontally mounted loop antenna, like the NVIS dipole, is relatively constant for heights between 0.1( and 0.2( and drops off sharply as the height is decreased below 0.1(.
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Figure 5: Takeoff Angle of a Horizontal Loop Antenna as a Function of Height

The input impedance of a horizontal loop is somewhat higher than a dipole. Over a height range of 0.1 to 0.2( the input impedance increases from 70 to 130 ohms over average ground. 

The NVIS horizontal loop cannot be used over as wide a frequency range as the NVIS dipole.  At frequencies more than approximately 1.6 times the fundamental frequency of the loop an overhead null begins to appear in the radiation pattern and the takeoff angle decreases to approximately 60 degrees. 


[image: image7.png]



Figure 6: Elevation Radiation pattern of an 80m NVIS Horizontal Loop 12.5 ft above ground

It is also possible to use a vertical loop for NVIS operation.  Generally a delta loop is mounted on a single support approximately 0.25( high, with the bottom wire raised approximately 0.1( above the ground. This is shown in Figure 7.
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Figure 7: Vertical Delta Loop NVIS Antenna

This antenna has a takeoff angle of 90 degrees and a feed point impedance of 100 – 140 ohms depending on ground conditions. It has the advantage of requiring only one tall support, such as a tree.  

The vertical delta loop NVIS antenna can be used on more than one band, with appropriate matching. Its operating bandwidth is less than an NVIS dipole, but somewhat better than the horizontal loop as shown in Figure 8.
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Figure 8: Elevation Radiation pattern of an 80m Vertical Delta Loop NVIS antenna shown in Figure 7 as a function of frequency

6.4 Mobile/Portable Antennas for NVIS

It is possible to operate NVIS while mobile or from a portable location.  A standard flexible mobile whip antenna can be made into an NVIS antenna by bending the whip into the shape of an inverted L.  A pair of 80m loaded whips may be combined to make a short dipole which can be mounted a short distance ( 1 – 2 ft) above the ground or  a  vehicle. An NVIS antenna can be made from any metal object that is parallel to the ground and not more than 10 – 15 feet above it. An example would be a gutter system on a single story home.  Under extreme circumstances, a wire on or slightly above the ground can be used for NVIS operation

Signals received via NVIS signals are generally quite strong, so even an inefficient antenna can be used to make a contact.  A dipole laying on the ground may have a gain of –20 dB relative to a dipole mounted in the air. However, a 20 dB loss is only about 3 s-units of signal. Given the improved SNR possible with NVIS, it is possible to communicate under these conditions.

7.0 Summary

NVIS is a mode that many amateurs have used without recognizing it for what it is. (How many of us have our 80m-dipole or inverted-vee antenna more than 70 feet above ground?). It requires no special equipment, only special antennas that are actually easier to erect than general-purpose antennas for the same band. NVIS can provide good regional coverage with high SNR provided that good operating procedure is used. NVIS is an operating mode that should be part of every EC’s emergency communications “tool kit”.

Appendix A: NVIS Frequency Plan Example

SC Region 2 NVIS Net Frequency Plan

Winter Plan, SSB Nets

Local Time of Net


Operating Frequency (1-5)
0001 – 0800

Primary: 3.996 MHz
  
Alternate: 1.976 MHz

0801 – 1600 

Primary: 7.285 MHz

Alternate: 5.40350 MHz

1601 – 2000

Primary: 5.40350 MHz  
Alternate: 3.996 MHz

2001 – 2400

Primary: 3.996 MHz
  
Alternate: 1.976 MHz

Summer Plan, SSB Nets

Local Time of Net


Operating Frequency (1-5)

0001 – 0800

Primary: 3.996 MHz
  
Alternate: 1.976 MHz

0801 – 1600 

Primary: 5.40350 MHz
Alternate: 3.996 MHz

1601 – 2400

Primary: 3.996 MHz  

Alternate: 1.976 MHz

Notes: 

(1) If primary frequency cannot support NVIS, the net will move to the alternate frequency for the time period in which the net is operating. If the alternate frequency cannot support NVIS, the net will move to the alternate frequency of the next later time period, if it is lower than the current alternate frequency. If the alternate frequency of the later time period is not lower, use the alternate frequency from the adjacent earlier time period, if it is lower.  If a lower alternate frequency cannot be found, the net must be moved to VHF.

(2) Band changes will occur at quarter hour intervals.

(3)  All operating frequencies, other than those in the 60m band, may vary by +/- 10 KHz to avoid interference.

(4) Output power on 60m must be limited to 50 W PEP.

(5) Only USB is allowed on 60 m
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