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1 Introduction

A monopole antenna on the Earth has a long history since Marconi's era and has been used

as a medium wave transmitting antenna. It has been known that the e�ciency depends on

the electric characteristics of the place of installation. Important factors deciding apparent

antenna e�ciency are the antenna height, electric constant of the Earth and the size of the

earth. However, the optimum values are unknown and there are di�erent views on these factors.

Theoretical analyses have been done for the cylindrical antenna located in the medium

including the Earth for the following two cases: the dipole antenna located above the Earth

or the monopole antenna placed on the Earth and fed directly without the earth structure[1].

This paper presents a full wave analysis of a monopole antenna with conducting 
at disc on the

Earth. The electromagnetic �elds are Fourier transformed, and the 3D real structure is replaced

by the 1D equivalent circuit. The moment method analysis is performed to obtain the currents

on the monopole and the 
at disc, the ground wave and the apparent antenna e�ciency. It is

possible to know the necessary size of the earth and the optimum antenna height dependent on

the electrical Earth characteristics.

2 Green's Functions

Consider a monopole antenna with conducting 
at disc on the Earth as shown in Fig.1. Let

the current elements Ja and Jg on the monopole and the disc, respectively, be expressed as

follows, where the common time factor ej!t is implicitly assumed.

Ja = ẑ
1

2�a
f(z) �(�� a) [A=m2] (1)

Jg = �̂
1

2��
g(�) �(z) [A=m2] (2)

We apply the equivalent circuit method[2] to obtain the electric �eld from these current

elements. This method is based on the TE and TM waves decomposition of the Fourier trans-

formed system of �elds and sources. The transformed �elds are replaced by the voltage and the

current in the equivalent 1D transmission line, which can be easily solved.

The spectrum domain current elements can be written as

Ja =

ZZ
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where J0(ap) and J1(p�) are Bessel functions of order zero and one, respectively. These current

elements radiate E-wave, and the equivalent circuit in this case is as shown in Fig.2 (a) and

(b), where an observation point of electric �eld is located higher and lower than the current on

the monopole, (z > z
0) and (0 < z < z

0), respectively. The voltage source V (p) and the current

source I(p) correspond to current elements in the spectrum domain, and are expressed as

V (p) =
p

!"0
Ja =

p

!"0
J0(ap)f(z)dz (6)

I(p) = �Jg = �j
Z
1

0
g(�)J1(p�) d� (7)

The electric �elds in the spectrum domain can be written as

Ez = �
p

!"0
Im (8)

E� = V� cos(�� �
0) (9)

The solutions Im and V� of the circuits give the electric �elds by Eqs.(8) and (9) expressed in

terms of the Green's functions as follows.
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0)dz0 +

Z
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0)dz0 +

Z
1

a

g(�0) G�� d�
0 (11)
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where z> and z< represent the larger and the smaller one of z and z
0, respectively.

Using Fourier's inverse transform, Green's functions in the real domain are obtained.

Green's function for Gzz in the real domain reduces to

Gzz = �
�0
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Figure 1: Structure and geometry of

a monopole antenna with conduct-

ing 
at disc on the Earth

z

z’

0

z

1Z

Z 0

Z 0

Z 0

ρV

I(p) − Iρ

ρI
I(p)

V(p)

I m

Vm

β
0

β
0

(a) z > z
0

z

z’

0

z

1Z

Z 0

I m

Z 0

Z 0

ρV

I(p) − Iρ

ρI
I(p)

I

Vm

V(p)
0

β

0
β

(b) z < z
0

Figure 2: Equivalent circuit
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where � is a factor of directly radiated wave from the monopole current of central axial current

approximation in the vacuum, �mod is a factor of modi�cation for �, and �+ is a factor of the

re
ected wave from the Earth and the modi�cations F1 and F2.

3 Moment Method Analysis

The above Green's functions in the real domain are utilized in the moment method analysis.

We adopt the Galerkin's procedure with triangular pulses as expansion and weight functions.

The monopole and the disc are subdivided as shown in Fig.3. Elements of impedance matrix

Z
11
mn

, Z12
mn

, Z21
mn

and Z
22
mn

are obtained correspondingly to Gzz, Gz�, G�z and G��, respectively.

As each Green's function includes second partial di�erentiations with respect to source and

observation points, the partial integral can be performed twice.

Because current is continuous at feed point, the impedances for segment included feed point

can be written as

Z
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Moreover the impedance of feed point current J0 can be written as

Z
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00 + Z
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00 (21)

The voltage matrix V whose elements are volt-

age given at each segment can be written as2
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where Iz, I0 and I� represent, respectively, the

currents Ja, J0 and Jg integrated with respect

to the circumferential direction. V is the feed

point voltage. Solving this matrix equation, the

currents, Iz and I�, in the z and � direction are

obtained.
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Figure 3: Expansion function

4 Ground Wave Intensity and Apparent Antenna E�ciency

Apparent antenna e�ciency is proportional to the product of the antenna gain on the Earth and

the e�ciency, and is a critical factor deciding the service area. When an in�nitesimal vertical

antenna, whose gain and e�ciency are both 1.0, radiates P [kW], the electric �eld intensity at

the distance of 1 [km] is equal to 300
p
P [mV=m]. Thus, the apparent antenna e�ciency can be

de�ned as follows, where an e�ective value of the electric �eld Erms is in mV=m.

�a =

�
Erms

300
p
P

�2

� 100 [%] (23)



5 Numerical Results

The current distributions and the ground electric �eld calculated for the following case are

shown in Figs.4 and 5, respectively. The monopole hight and the disc radius are both 0:25�,

the relative permittivity "s and the conductivity � of the Earth are 10 and 10�4 [S/m], the

frequency f is 1[MHz], the antenna thickness is decided by 
 = 2 ln(2h=a) = 10.

The calculated apparent antenna e�ciency is shown in Fig.s 6 and 7.

6 Conclusion

The full wave analysis is presented for the monopole antenna with conducting 
at disc on the

Earth, and the apparent antenna e�ciency is calculated for various structural parameters. The

results will be very useful for the optimum design of the medium wave transmitting antenna.

The authors would like to thank Dr. Ohmaru of Sumitomo Electric Industries Ltd. for his

guidance at the initial stage of the project.
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Figure 4: Current distribution
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Figure 5: Ground wave intensity
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Figure 6: Apparent antenna e�ciency vs. an-

tenna height
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Figure 7: Apparent antenna e�ciency vs. ra-

dius of conducting 
at disc


