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1 Introduction

A monopole grounded antenna is a standard medium frequency broadcasting antenna. During
its long history, the design of the earth structure has had to rely on the empirical knowledge,
and there is still a dispute on the necessary size of the earth structure and so forth. This is
due to the difficulties in the theoretical analysis, where the effect of real grounds have to be
included.

The authors have treated the corresponding boundary value problems, and have shown the
solutions by full wave analysis with somewhat simplified modeling. The first one treated the
case with negligibly small earth, where the voltage source is directly connected to the ground[1],
The second one treated the case of having an earth of flat disc[2, 3]. This paper treats a more
realistic case of having radial earth on the ground as shown in Fig. 1, and presents a full wave
analysis to this structure to obtain the current distribution, the near field etc., and discusses
the apparent antenna efficiency which is dependent on the antenna height, earth size, and the
electrical properties of the ground.

2 Green’s Function
For the antenna structure shown in Fig. 2, we express the currents on the monopole surface
JE A/m?0and on the radial earth Jp A/m%0as
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where h(¢) is a function for the radial earth with width pA¢ [A] and the number N as shown
in Fig. 3, as follows.
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Applying the method of equivalent circuit for multi-layered medium|[4], the electromagnetic
fields are Fourier transformed, and the 3D structure of Fig. 1 can be replaced by the 1D
equivalent circuit in the spectral domain as shown in Fig. 4. The electric field is obtained via
the current I,,, and the voltage V), and the Green’s functions are defined for the electric field
E with z component and p component as
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Figure 1: Monopole antenna with radial earth Figure 2: Geometry and coordi-
nates of the problem

where G, and ézp denote the contributions of the currents J, and J, to the electric field of z
component, respectively, and Epz , Epp the contributions of the currents J,0 J, to the electric
field of p component. Performing the inverse Fourier transform to these four Green’s functions
in the spectral domain, we obtain the Green’s function in the real space domain.
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Figure 3: The function h(¢) Figure 4: equivalent circuit

3 MoM Analysis

The moment method of Galerkin procedure with the triangular pulse functions as both the
expansion and the weighting functions has been applied to the integral equation in terms of the
four Green’s function. The four impedance matrices, [Z!],[Z'2],[Z?!], and [Z%2] are obtained
corresponding to G,.0 G,,0 G,,0and G, ,respectively.

The intervals including the feeding point are characterized by the impedance matrix [Z'0]0
[Z2°]0[Z°Y0[Z%], and the feeding point by the impedance matrix [Z%°]. The resultant matrix
equation can be solved similarly as in [2] to give the currents on both the monopole and the
radial earth.

4 Near Field Calculation

The input power to the antenna is divided in two components, the ground wave and the spatial
wave. It is the spatial wave component to which the directive pattern is defined, but it is
the ground wave component that is useful in the broadcasting services. The effectively radi-
ated ground wave cannot be characterized by the ordinary defined antenna efficiency, and the
apparent antenna efficiency has been introduced. The apparent antenna efficiency is the key
parameter which decides the effective service area and can be obtained by experiments.



Before discussing about the apparent antenna efficiency conventionally determined by ex-
periments, it will be desirable to see how the field exists near the antenna.

Fig. 5 and Fig. 6 show the distance dependence of the near field with the number of the
radial earths NV and the ground conductivity o as parameters, respectively. The abscissa p is
the distance from the antenna to the field observation point in wavelength (\), and the input
power P, is 100 WO . p = 3.3 equals 10 km[ in this case where f=1 MHz. The field decays
monotonically for p > 0.25), the radial earth radius. It is observed that the distance dependence

obeys roughly the p~! and p~!'*5 rules when the conductivity is large and small, respectively.
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Figure 5: Near field (parameter : N ) Figure 6: Near field (parameter : o )

5 Apparent Antenna Efficiency

Let the electric field intensity at the point 1 km apart from the transmitting antenna be Ej
when the ground is assumed to be perfectly conducting and the input power is P (= Iy%R,)
OkWDO, and let it be E4 if the antenna is replaced by elementary monopole under the same
situation. Then the antenna gain G is expressed as

E 2
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Next, let the electric field intensity be reduced to F; from Ejy. Then the apparent antenna
efficiency 7, is defined and calculated as
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As the near filed distance dependence can be approximated by p~' for the ground with suf-
ficiently large conductivity, the electric field at d = lkm for the input P, can be calculated
from the electric field E, which is obtained from the measurement at the closer points from the
transmitting antenna as

P
E, = E, d“P—.DmV/mD (6)

Fig. 7 and Fig. 8 shows 7, vs. antenna height with the number N and the length , of the radial
earth, as parameters, respectively.

Fig. 9 shows 1, vs. the radial earth length with the antenna height as the parameter.
7)e increases as the earths lengthen for r < 0.2\, but decreases for r > 0.2\ to the constant
value after » = 0.6\. Fig. 10 shows 7, vs. the conductivity o of the ground with the relative
permittivity eg of the ground as parameter. 7, becomes minimum where o is a little bit smaller
than o, = 27 fegeg which gives the displacement current equal in magnitude as the conduction

current.
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6 Conclusion

The full wave analysis is presented for the monopole antenna having a radial earth on the
Earth, with emphasis on obtaining the apparent antenna efficiency. It has been found that as
the number of radial earths increased the results approach those given by the earth structure of
conducting disk and the apparent antenna efficiency improved. It has also been found that the
radius of the radial earth need not be as large as a half wavelength for the optimum apparent
efficiency to be achieved.
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