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Optimum Ground Systems for Vertical Antennas

A frequent question brought up by old-timers and newcomers alike is: “So, how many ground radials do | really need
for my vertical antenna?” Most hams have heard the old standby tales about radials, such as “if a few are good, more
must be better” or “lots of short radials are better than a few long ones.”

John Stanley, K4ERO, eloquently summarized a study he did of the professional literature on this subject in his
article “Optimum Ground Systems for Vertical Antennas” in December 1976 QST. His approach was to present the
data in a sort of “cost-benefit” style in Table A, reproduced here. John somewhat wryly created a new figure of merit—
the total amount of wire needed for various radial configurations. This is expressed in terms of wavelengths of total

radial wire.
Table A
Optimum Ground-System Configurations
Configuration Designation A B c D E F
Number of radials 16 24 36 60 90 120
Length of each radial in wavelengths 0.1 0425  0.15 0.2 0.25 0.4
Spacing of radials in degrees 225 15 10 6 4 3
Total length of radial wire
installed, in wavelengths 16 3 5.4 12 225 48
Power loss in dB at low angles with
a quarter-wave radiating element 3 2 1.5 1 0.5 o
Feed-point impedance in ohms with
a quarter-wave radiating element 52 46 43 40 37 35

Note: Configuration designations are indicated only for text reference.
*Reference. The loss of this configuration is negligible compared to a perfectly conducting ground.

The results almost jumping out of this table are:

« If you can only install 16 radials (Case A), they needn't be very long—0.1 A is sufficient. You'll use 1.6 4 of radial
wire in total, which is about 450 feet at 3.5 MHz.

« If you have the luxury of laying down 120 radials (Case F), they should be 0.4 % long, and you'll gain about 3 dB
over the 16-radial case. You'll also use 48 A of total wire—For 80 meters, that would be about 13,500 feet!

+ If you can’t put out 120 radials, but can install 36 radials that are 0.15 % long (Case C), you'll lose only 1.5 dB
compared to the optimal Case F. You'll also use 5.4 & of total wire, or 1,500 feet at 3.5 MHz.

+ A 50-02 SWR of 1:1 isn't necessary a good thing—the worst-case ground system in Case A has the lowest SWR.

Table A represents the case for “Average” quality soil, and it is valid for radial wires either laid on the ground or
buried several inches in the ground. Note that such ground-mounted radials are detuned because of their proximity to
that ground and hence don't have to be a classical quarter-wave length that they need to be were they in “free space.”

In his article John also made the point that ground-radial losses would only be significant on transmit, since the
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