
This research into the NVIS propagation mechanism  

and into the adaptation of the antenna to the 

propagation mechanism contributes to an increase in 

link reliability and power efficiency of disaster relief 

telecommunications. 

A linearly polarized wave splits into two circular polarized 

waves of opposite sense in the ionosphere, the ordinary 

and extraordinary wave [Appleton, 1932].  

Simulations show that at the start and end of each NVIS 

propagation interval the ordinary wave passes through the 

ionosphere, while the extraordinary wave is still reflected. 

We named this interval ’Happy Hour’.  

By measuring Left Hand (LHCP) and Right Hand Circular 

Polarization (RHCP) signal strength we demonstrated the 

existence of ‘Happy Hour‘, and found >25 dB characteristic 

wave isolation. 
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Contribution  &  Future Work 

Elevation Angle ─ Simulations and Measurements 

Optimum Antenna Height ─ Simulations and Measurements 

‘Happy Hour’ Propagation ─ Simulations and Measurements 

Near Vertical Incidence Skywave  (NVIS) 
Ionospheric radio propagation can be used to create a 

continuous coverage area of 400 x 400 km without 

intermediate infrastructure. To achieve that, radio waves 

must be launched nearly vertically, typically 70º to 90º.  

Hence the name “Near Vertical Incidence Skywave” (NVIS). 

The ionosphere is frequency-selective.  Typical operating 

frequencies range from 3 to 10 MHz. 

 

The independence of a ground-base infrastructure makes 

NVIS ideally suited for areas where no telecommunication 

infrastructure is present and for disaster relief operations.  

 Near Vertical Incidence Skywave. 

Characteristic Wave Isolation ─ Measurements 

‘Ray path simulations of the evening ‘Happy Hour’. 

 ‘Happy Hour’ 

>25 dB isolation measured during ‘Happy Hour’. 
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The characteristic waves can be used to create two isolated 

physical propagation channels on the same frequency. 

These can be used for doubling the channel capacity, or for 

effective fading reduction using a new diversity reception 

concept: ‘Characteristic Wave Diversity’. 

To verify that the isolation between the characteristic waves 

is not restricted to the ‘Happy Hour’, characteristic wave 

isolation was measured during the entire NVIS propagation 

interval during several days. Measured characteristic wave 

isolation was >19 dB, limited by the measurement set-up 

(transmitter and receiver cross-polarization).  

The ‘Happy Hour’ experiment. 

Characteristic Wave  experiment. 
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‘Happy Hour’ 

Measured dual polarization spectrogram. 

The flooded town of New Orleans 

after Hurricane Katrina in 2005. 

To optimize antennas for the elevation angles found, the 

average gain (for transmission) and directivity (for reception) 

between 70º and 90º must be considered.  

 

Using simulations, optimum antenna heights were found for 

horizontal half-wave dipole antennas over different soil 

types, being 0.21 λ in cities and 0.14 λ above sea water for 

transmission, reception being less critical. 

Statistical comparison of signal strength and SNR with real 

antennas and propagation confirm the transmit optimum, but 

show the reception height to be more critical than expected. 

 

For the optimization of the antenna system to the NVIS 

propagation mechanism, the required launch angles 

(elevation angles) of the radio waves must be known. 

 

Simulations show that elevation angles between 70º and 90º 

yield a coverage radius between 0 to 200 km. 

Measurements on 200 NVIS stations in The Netherlands, 

using a professional Radio Direction Finder, confirm this.  

 

The dominance of NVIS over groundwave is demonstrated: 

on 7 MHz almost all signals arrived via skywave. 
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Measured elevation angle vs. distance. Simulated elevation angle vs. distance. 

Azimuth and elevation angle of NVIS stations 

was measured using a Radio Direction Finder. 

In-situ antenna comparison using long-term 

measurements and real NVIS propagation. 

Measured difference in signal strength for dipole 

antennas suspended at different heights. 

Influence of dipole antenna suspension height 

and soil type on antenna gain (simulated). 

Measured characteristic wave isolation >19 dB. 

Further experiments are planned to measure 

characteristic wave isolation for different azimuthal 

orientations and at other latitudes. Research is ongoing 

on residual nighttime (ionospheric) propagation.  

Cooperation is welcome! 


