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Abstract ─ Ground-mounted monopole antennas are 

usually driven against a radial-wire ground system to 

control their input impedance and to improve their 

radiation efficiency. This results in a radiation pattern 

that is uniform in azimuth angle with a front-to-back 

ratio of 1, or 0 dB. The use of a sectorial ground 

screen, one whose radial or angular extent is varied to 

produce a radiation pattern having azimuthal directivity 

has received some attention. An alternate approach also 

is explored in this discussion. It involves exploring the 

effect of varying the number of “active” radials in an 

otherwise uniform ground system of radial wires, an 

active radial being one that is electrically connected to 

the base of the monopole. A “passive” radial on the 

other hand is one that is separated from the monopole 

by a switch. By varying the number and angular 

locations of the active and passive ground wires, the 

resulting azimuth pattern can be varied in angle and 

directive gain. This arrangement makes possible a 

steerable pattern, something not usually associated with 

ground-mounted monopoles. The antenna and ground 

screen are modeled using the well-known NEC 

package. For convenience in modeling, active radials 

are made into passive ones by adding a large resistance 

between the base of the monopole and a given radial. 

Directive gains of more than 5 dB are found to be 

possible.  

 

Index Terms ─ Directivity, ground screen, monopole 

antenna, steerable pattern, switching radials. 

 

I. INTRODUCTION 
Sectorized ground screens have been examined 

previously using either a disk [1] or an arrangement of 

radial wires that are limited to a specified angular 

sector [2,3]. The approach taken here is to generalize 

[2] to a ground screen comprised of uniformly spaced 

wires that cover 360 degrees around the base of the 

monopole. This is illustrated in Fig. 1 for the 30 radial-

wire system used to obtain the results presented below.  

A sectorized ground screen is made here by 

inserting a 10-MOhm resistor at the connection points 

of one or more radials to the base of the monopole to 

create a passive, or loaded, radial. The unloaded radials 

are denoted as active radials. The resultant pattern  

can be steered in azimuth by rotating the loading 

arrangement in angle. The number of passive radials  

is varied from 0 to 30, with 0 loads denoted as the 

reference case. The input powers are normalized in the 

pattern comparisons that follow.  

Some more recent publications somewhat related 

to this general problem are [4-6]. A comprehensive 

review of ground screens can be found in a book 

devoted to monopole antennas [7]. A discussion on the 

effects of elevated and buried ground screens on 

monopole-antenna performance can be found in [8]. 

The results presented in [2], [8] and here have been 

obtained using NEC, the Numerical Electromagnetics 

Code [9]. 

 

 
 

Fig. 1. A 30-wire radial ground screen. 

 

The nominal model parameters are: 

-- Operating frequency of 10 MHz (30-m wavelength). 

-- Wire radius of 0.001 m (3.33x10-5 wavelengths). 

-- Monopole height of 7.5 m (¼ wavelength). 

-- Radials are 9-m long (0.3 wavelengths), and are 

0.1 m (3.333x10-3 wavelengths) above the interface. 
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-- A ground conductivity of 10-3 mhos/m and relative 

dielectric constant of 4. 

-- Segment lengths throughout are 0.75 m (0.025 

wavelengths).  

 

II. REPRESENTATIVE RESULTS 
Varying the number of loaded radials from 0 to 29 

yields the elevation-pattern peak plotted in Fig. 2. The 

elevation pattern in Fig. 3 is obtained using 13 active 

radials whose effect is to provide a peak at about 5.7 dB 

at an elevation angle of about 35 degrees.  

The azimuth pattern for 13 active radials is plotted 

at 35 degrees of the elevation pattern in dB in Fig. 4 

and on a linear scale in Fig. 5, where the latter plot 

deemphasizes the sharpness of the pattern minimum. 

The input and radiated powers for a 1-V source are 

plotted in Fig. 6 as a function of the number of loaded 

radials. Both the radiated and input powers monotonically 

decrease as the number of active radials is reduced from 

30 to 1. The radiation efficiency also decreases from 

about 52% of 0.0115 w to 37% of 0.0052 w when the 

number of active radials is reduced from 30 to 12, as 

exhibited in Fig. 7. 

 

 
 

Fig. 2. The directive elevation gain as a function of the 

number of loaded radial wires. 

 

 
 
Fig. 3. The elevation patterns for 30 and 13 active 

radials respectively for equal input powers normalized 

to the reference pattern of 30 active radials. 

 

 
 

Fig. 4. The azimuthal pattern in dB for 30 and 13 active 

radials respectively, at the peak of their respective 

elevation patterns for equal input powers. 

 

 
 

Fig. 5. The patterns of Fig. 4 plotted on a linear scale. 

 

 
 

Fig. 6. Input and radiated power variation as a function 

of the number of loaded radials.  
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Fig. 7. Radiation efficiency as a function of the number 

of loaded radials.  

 

The monopole and total ground-wire currents are 

shown as a function of position in Fig. 8 for case of 30 

active ground wires. While the currents are equal at the 

base of the monopole it is interesting to see that the 

sum of the ground-screen currents otherwise exceeds 

that on the monopole. 

The spatial distribution of power radiated by the 

monopole and 30 active radials as obtained from FARS 

[10] is shown in Fig. 9. More than 90% of the radiated 

power comes from the monopole in spite of the sum of 

the current on the 30 active radials exceeding that of the 

monopole. The total power coming from the monopole 

and radials is 4.53x10-3 w and 3.44x10-4 w respectively. 

The monopole admittance is found to vary 

monotonically as the number of loaded radials is 

increased as shown in Fig. 10. The directivity is plotted 

as a function of the ground-wire lengths in Fig. 11 for 

the nominal case of 17 loaded radials and maximizes at 

about the length of 0.3 wavelengths used in this study. 

 

 
 

Fig 8. The current magnitudes on the monopole and 

sum on the 30 active radials. 

 

 
 

Fig. 9. The distribution of the radiated power from the 

monopole and 30 active radials. 

 

 
 

Fig. 10. The conductance and susceptance of the 

monopole as a function of the number of loaded 

radials. 

 

 
 

Fig. 11. The dependence of the directivity on the length 

of the ground wires.  

 

III. CONCLUDING COMMENTS 
The sectorized ground system has some interesting  
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properties: 

1) It maintains approximately the same far-field 

power flow in the direction of the unloaded 

radials. 

2) It reduces the far-field power flow in the direction 

of the loaded radials due to increased ground loss. 

3) It permits the pattern to be rotated in azimuth by 

switching the loaded sector. 

4) However, loading the radials to produce directivity 

does reduce the overall radiation efficiency. 

Other arrangement might be worth exploring. One 

possibility is to vary the lengths of some of the radials 

in a fashion similar to what is done above at the base of 

the monopole. Another would be to connect the ends of 

the radials to grounding stakes. In addition to providing 

more pattern control, such arrangements might also 

improve the radiation efficiency. 
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