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Vertical antenna ground system experiment No. 3 
Rudy Severns N6LF 

25 May 2008 
 
Over the years there has been a great deal of discussion regarding the relative merits of a vertical 
with a few elevated radials versus one with a large number of radials on ground surface or buried in 
the soil.  Some measurements have been made but the results seem to have been either 
inconclusive or conflicting.  NEC modeling predicts that as few as four radials, a few feet above 
ground, will provide as efficient a ground system as a large number of radials on or in the ground for 
a vertical antenna.  Whether this prediction is actually valid with real antennas is a matter of some 
dispute.  Resolving this issue is very important at least for amateurs using HF vertical antennas. 
 
The purpose of this experiment was to experimentally compare the performance of a 1/4-wave 
vertical antenna with a large number of ground surface radials  (64) to one with only four elevated 
1/4-wave radials.   
 
Description of the experiment
 
All measurements were made at 7.2 MHz with a 33.5' tubular aluminum vertical with an average 
diameter of 1".  The experiment began with sixty four, #18, insulated, 33' wire radials lying on the 
ground surface.  The antenna was isolated from ground and used a common mode choke (balun) in 
the feed-line.   With a height of 33.5' and 64 radials, the vertical, combined with the ground system, 
was very close to resonance at 7.2 MHz. 
 
During the experiment, S21 (the system transmission gain) and the input impedance at the feed-
point (Zi) were measured and recorded as the radial system was changed.  Both S21 and 
impedance calibrations were performed at the beginning of the experiment and rechecked at the 
end.  The calibrations were found to have been very stable over the period of the experiment (about 
3 hours). 
 
The experiment began with 64 radials lying on the ground surface.  Without changing the height of 
the vertical, the radial number was reduced in the following sequence: 64, 32, 16, 8, 4. The next step 
was to make a series of measurements, beginning with the four radials on the ground (0" elevation) 
and then elevating the radials and the base to 6", 12" and finally 48".  At the 48" height a 
measurement of the current division between the radials was made. 
 
This entire sequence was repeated three times on different days.  The results did not change 
significantly between test runs.  
 
 
 
 



Experimental results
 
The variations in |S21| as radial number and height were changed are shown in figures 1 and 2.  In 
the graphs, |S21| has been normalized to the value for 4 radials lying on the ground surface so that 
the graphs show the improvement in dB as either the height or radial number are increased.  
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Figure 1, |S21| as a function of radial number.  All radials lying on the ground surface. 
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Figure 2, |S21| with 4 radials and the antenna base at different heights. 
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From figure 1, for 64 radials lying on the ground surface, |S21|= 5.8 dB.  From figure 2, for 4 radials 
and the base of the antenna elevated 4' above ground, |S21| = 5.9 dB.  The difference is only 0.1 
dB.  For any practical purpose the two ground systems are equivalent which is in accord with NEC 
predictions.  Repeating the experiment gave the same result.  
 
The large change in |S21| with radial number in figure 1, which is predicted by NEC, is mostly the 
result of additional loss due to resonances present in sparse radial screens.  This is addressed in 
detail in the report for experiment 4 which takes a closer look at this phenomena.   
 
The very large change between 0" and 6" elevation in figure 2 was also predicted by NEC.  A typical 
result from NEC of peak gain versus radial height is given in figure 3. 
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Figure 3, NEC modeling of peak gain versus radial height for 4 radials. 

 
The data line labeled "non-resonant radials" corresponds to constant length (33') radials which are 
not shortened to compensate for the effect of the soil characteristics on the radial resonant 
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frequency.  The other data line shows the effect of adjusting the length of the radials to re-resonate 
the antenna as the height above ground is altered.  This effect and the extreme sensitivity of NEC 
models with wires at very low heights, are discussed in more detail in the report for experiment 4.  
 
Typical measured values for Zi during the experiment are given in table 1. 
 

Table 1, experimental values for feed-point impedance. 
 

number of radials radial height [inches] Zi [Ohms] 
64 0 39.7 - j 1.2 
32 0 42.9 + j 2.1 
16 0 56.1+ j 6.2 
8 0 85.5 + j 8.0 
4 0 137 + j 14.9 
4 6 43 + j 6.4 
4 12 40.6 + j 0.08 
4 48 34.8 - j 9.7 

 
The measured current division between the radials, normalized to 1 A of total base current, is given 
in table 2.  

Table 2, current distribution in the radials when elevated to 48". 
  

radial number relative current [A] 
1 0.235 
2 0.271 
3 0.247 
4 0.247 

 
The current distribution asymmetry was small enough to not have any meaningful effect on |S21|.  
Earlier measurements on radial systems with 64 radials, lying on the ground surface, showed little 
asymmetry in the current division. 
 
Effect of radial current division asymmetry
 
As shown by Weber[1] and others, it is very common for the current division between the radials in an 
elevated radial system to be unequal, especially if there are only a few radials.  This asymmetry can 
effect the radiation pattern and may possibly explain some of the variation in earlier comparisons.  
For this reason I was very careful to minimize that asymmetry.   
 
I did some NEC modeling to get worst case estimates of the effect of current asymmetry on the 
pattern. Two models, four radials and one radial, are shown in figures 4 and 5. 
 



 

0 degree 
azimuth 

Figure 4, four elevated radials.  48" above 0.015/30 soil. 

 

0 degree 
azimuth 

Figure 5, one elevated radial.  48" above 0.015/30 soil. 
 
Comparisons between the peak gain and the gain at 8 degrees elevation are given in table 3.  I have 
shown the peak gain and it's associated angle and also the gain at 8 degrees which corresponds to 
the angle to the test range receive antenna.  As can be seen in the table, that makes little difference 
in the magnitude of the pattern distortion.   
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Table 3 
Gain comparisons with one and four radials. 

 
radial 

number 
azimuth 

[degrees] 
peak  
gain 
[dBi] 

elevation 
[degrees] 

delta from 
4 radial case 

[dB] 

delta from 
1radial case 

[dB] 
4 0 +1.15 21.4 0 X 
4 0 -1.12 8 X 0 
1 0 +0.38 22.8 -0.77 X 
1 0 -2.04 8 X -0.92 
1 90 -0.36 22.8 -1.51 X 
1 90 -2.79 8 X -1.67 
1 180 -2.19 19.8 -3.34 X 
1 180 -4.59 8 X -3.47 

 
The worst case signal reduction from the four radial case is at the 180 degree azimuth with one 
radial.  If all the current were in one radial, the one pointing away from the receive antenna, the 
signal strength would be a bit over -3 dB from the case where all four radials had the same current.  I 
examined models with 1, 2, 3 and 4 radials but the worst case is for a single radial which is hardly 
surprising.  Even though the decrease in signal can be much smaller for the less extreme examples, 
I was still very careful to minimize current division asymmetry when making comparisons between a 
few elevated radials and 64 ground surface radials.   
 
Summary
 
Certainly this one set of experiments does not resolve the debate regarding a large number of 
ground radials versus a few elevated radials but I think it does lend some credence to the NEC 
modeling.  To finally resolve these questions we need other experimenters, working very carefully, to 
repeat these experiments.   
 
We should also recognize that this experiment was done at a particular site which has good to very-
good soil.  Repeating the tests over other soils, particularly poor ones, would be of considerable 
interest.  It is at least possible that larger differences between the ground surface and elevated 
radials might be seen.  
 
Another point to be made is that the comparison was between ground surface insulated radials and 
a few elevated radials.  Buried radials were not part of the experiment.  It is at least possible that 
there may be some difference between buried bare radials, in close ohmic contact with the soil, and 
insulated surface radials.   
 
Even if these tests and NEC modeling are in fact correct and a few elevated radials can in principle 
provide equivalent performance to a large number of ground radials, this does not mean we should 
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dash out and convert all our ground systems to four elevated radials.  Because of their much higher 
Q, elevated radial systems are subject to a number of ills.  They are very sensitive to details of 
layout, soil characteristics, nearby conductors, coupling to feedlines, etc, etc.  Like ground radials, 
elevated radial systems work much better if the screen is not too sparse: i.e. try to use 12 or more 
radials.  You will be much happier.  A number of related issues are discussed in more detail in the 
reports for experiments 4 and 5.  
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