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ABSTRACT 

A rigorous mathematical theory for a rotationally 
symmetrical slotted circular disk ante11na was 
developed. The theory applies the principle of 
"Gradient Invariance" of electromagnetic fields to 
detenni11e the field compone11ts that are unique and 
single valued at any point in space. 

To detem1ine the radiation characteristics of the 
antenna in space, the field at the slot is take11 as the 
secondary source radiation and the solution is carried 
out in a semi-spherical coordi11ate system. The 
expression obtained for the radiation patter11 was 
programmed and the ame11na patterns plotted. 

The a11te11na was the11 constructed and, among others, 
its radiation patterns plotted. 

Such an antenna can have wide ranging practical 
applications. It is interesting to note that the physical 
and geometrical constructions of such an antenna 
allow it to be co11ve11iently mounted on differelll types 
of fast flying and/or moving objects without its 
characteristics being i11fluenced by the strong wind 
resistances that may exist. Jn effect, it is a "zero 
height" antenna with respect to th_e object 011 which 
it is mounted. 

--

Figure 1 

ANALYSIS 

The objective of this research was to develop a 
computer aided, rigorous mathematical theory for a 
rotationally symmetrical circular disk antenna of the 
type shown in Fig. 1 and experimental verification of 
the theory. 

The theory applies the principle of "Gradient 
Invariance of Electromagnetic Fields" to determine 
field components that are unique and single valued at 
any point in space. 
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Figure 2 

Figure 3 
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Figure 4 
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These wave equations are second order partial differential equations which could be solved by themetho<l of 
separation of variables in cylindrical coordinate systems. The solution result is given by 

7r' = c, [J (rr)N (rr
0

) -
' N.(rr0) • • 

J.(fro)N.(fr)l cos 11¢[C3 eh' + C4efH] 

where J.(f'r) is the Bessel function of the rl" order of argument fr, Nn(f'r) is the Neumann function of the Ji,. order 
of argument rr where J? = jwµ.(<J+jw) and y + r2 = J?, 'Y is the propagation constant, and r is real constant of 
the cross-section. 

Having determined the Hertzian vector, the el".ctromagnetic field distribution at the slot of the antenna can be 
obtained by substituting 'Tr', hack into the field equations. The results are given hy the following equations: 

TM <.•>•mibution 
TE contribution 

TM contribution 
TE contribution 

TM contribution 

Zn(rr, fro)= Jn(rr)Nn(rro) - Jn(rro)Nn(fr) 

where Z ',fl'r,fro) is the derivative of z. with respect to r. 
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TEM contribution 

To determine the radiation characteristics of the antenna in free space, the field at the slot is taken as the secondary 
source of radiation and the solution carried out in a semi-spherical coordinate system, and the following result was 
obtained. 

The expression obtained for the radiation pattern was then programmed and the antenna patterns plotted in Figs. 
2, 3, and 4. 

RESULTS 

The antenna was then constructed and, among others, its radiation patterns measured and compared with those 
predicted by the theory. These are given in Figs. 5, 6, and 7, respectively. ' 
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