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I. INTRODUCTION Recently, the demand of mobile communications such as the car 
telephone and the portable telephone has increased rapidly. Monopole antenna and built· 
in Lype antennas such as an inverted planer F-shaped antenna are mostly commonly used 
for portable telephone[l]. Since these antennas induce a surface CUfl'ent on the conducting 
box strongly and the radiation from the box can not be ignored, the dimensions of the box 
are considered t.o affect the characteristics of antenna. For example, it has been pointed 
out that the radiation pattern of an antenna mounted. on the box tends to tilt toward 
a lower direction by some experiments[2]. However, the relation between the rad iation 
pattern and the dimension of the conducting box has not been reported theoretically. In 
this report the effect of the dimension of the conducting box on the radiation is described. 
As an example of antenna for t he portable telephone, we employ t he qua rter-wavelength 
monopole antenna having a sinusoidal current distribution. Several methods for the 
analysis of an antenna in the vicinity or mounted. on a conducting box have been used. 
The wire-grid method, which replaces the conduct ing surface with a wire mesh, is simple 
method{3}. A Galerkin-moment method analysis using a Fourier series expansion of the 
surface current of the conducting box requires a complicated formulation of the elements 
of the imped.ance matrix. However, it has an advantage of a higher accuracy t.han other 
methods[4},[5). Therefore, we employ the Galerkin-moment method in this report. 

II. GEOMETRY AND METHOD OF ANALYSIS The geometry of a monopole 
antenna mounted on a top of a conducting box is shown in Fig.L Surface current on 
#1-#6 planes ( Fig.l(b)) of the box is expanded with Fourier series, e.g., the surface 
current on # 1 and #4 is expanded by using a basis function given by 

1 .( ::!.! + '"' ) J (m · n· x y) - __ eJ .. x ~ y 
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where mj and nj are mode numbers of the basis functions on the plane #1 and #4 
as shown in Fig.l(c). Applying the Galerkin-moment met hod and using the basis and 
the test funct ions given by Eq.(l), an electric field integral equation is converted into a 
matrix equation. Since our interest is focused on a radiation pattern of a quarter- wave
length monopole antenna, we assume a sinusoidal current distribution on the monopole 
antenna. The voltage vector in the matrix equation is calculated by taking an inner prod· 
uct between the test function and the incident field which is generated by the sinusoidal 
current. Although there are 12 types the elements of the voltage vector (2 directions and 
6 planes), only 4 fundamental types of the elements are necessary as shown in Table 1. 
The other 8 types of elements are easily obtained by using a coordinate transformation. 
By using the procedure described above, the surface current of the conducting box can 
be numerically calculated and the radiation pattern is obtained. 
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III. RADIATION PATT ERN 

T he rad iation pattern of the monopole antenna shown in F ig. l having the quarter
wavelength is calcu lated. T he d imension of the conducting box and the location of the 
monopole antenna used for calculations are summarized in Table 2. Fig.2 shows the 
theoretical rad iation pattern in yz plane with experimenta l data, where the value of the 
radiation field is normalized as 0 dB by the maximum level. Good agreement between 
the t heory and the experiment is observed confirming the valid ity of the present analysis . 
It is noted that a beam tilt toward a lower direction is observed and the relative radiation 
level of the horizontal direction decreases. The theoret ical radiation paltern with varying 
the values of the width a and the thickness b of the conduct ing box is shown in Fig.3. 
\r\' hen the width a or the thickness b is changed, the horizontal level is much affected. 
However, the direction of the beam is not much affected. 

FigA illust rates the effects of the height c of the conducting box. As the height c 
increases, the number of ripples increases and the main beam goes to lower direction, 
where a sufficient horizontal gain can not be obtained. When height c is less than ),/4, 
the main beam direction is close to the hor izontal di rect ion, and the beam width becomes 
wide. In this figure, the radiation field by t he box and that of the monopole antenna 
are shown separately. It is noted that the level of radiation from the box is comparable 
to that from the monopole antenna. The theoretical and experimental results of the 
direction of the beam in yz plane versus the height c of the box is shown in Fig.5. Good 
ag reement between the theory and the experiment is again observed. 

IV. C O N CLU SION Effect of dimension of a conducting box on a rad iation pattern 
of a monopole antenna has been analyzed by using the Galerkin-moment method with 
Fourier series expansion. It has been shown that the beam tilts towards lower direction 
and t he horizontal level decreases as the height of the conducting box increases. Good 
agreement between the theory and the experiment has been observed, confirming the 
valid ity of the analysis. 
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Table 1 FundamenLal 4 elemenLs of voltage vecLor. 

Element Surface Polarization of 
incident field 

Vh:(m;,n;) #1 x-direction 
V1¥(n;, mi) #1 y-diredion 
V,,(p;, q;) #2 y-direction 
V'h(qi,Pi) #2 z-directioll 

Table 2 Dimensions of box and monopole anLenna used for calculations, 

Dimension of box • 0.3'\ ( 60 mm ) 

b 0.05'\ ( 10 mm ) 

c 0.515'\ ( 130 Inm ) 

Length of monopole h 0.25'\ ( 50 mm ) 
Radius of monopole ro 0.0025'\ ( 0.5 mm ) 
Location of monopole 00 ./2 

antenna bo b/2 
Modes included mi,n; 
in calculations Pi,qi -3,-2,- 1,0, 1,2,3 

Si, t; 
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Fig.l Geometry of monopole antenna. and coordinaLe sysLem. 
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Fig.2 Radiation pattern of monopole antenna. 
Fig.3 Radiation pattern with varying the width a 

and the thickness b of the conducting box. 
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Fig.4 Radiation pattern with varying the height c of conducting box. 
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Fig.5 Direction of main beam in yz plane versus height of conducting box. 
Ee in yz plane (~=900). 
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