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Abstract—A numerical procedure for the calculation of the fields 
on the aperture plane of an Impulse Radiating Antenna in the 
frequency domain is presented. The procedure avoids the 
calculation of the derivative of the inverse of the Jacobi SN 
function. 

Keywords- Impulse Radiating Antenna; inverse Jacobi SN function 

I. INTRODUCTION 
The electric and magnetic fields of the main pulse 

radiated by an Impulse Radiating Antenna (EMP(x,y,z), 
HMP(x,y,z)) can be calculated in the frequency domain by 
integrating the electric field tangential to the aperture of the 
reflector EA’(x’,y’), weighted by the Green’s function, as follows 
[1]: 

  (1) 

where G(r-r’) is the Green’s function, F is the focal distance of 
the IRA and the primed variables are the source coordinates on 
the aperture of the reflector. The origin of the x, y, and z 
coordinates is the focal point of the antenna and the z axis is 
perpendicular to the aperture plane of the antenna. Note that we 
do not make any far-field approximation, as in the approach 
presented in [2].   

A pair of feeders collinear with the x’ axis produce the 
following tangential electric field in the aperture [3]: 
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and sn-1 is the inverse of the 

Jacobi sn function, z’=x’+iy’, b0=D/2, D is the diameter of the 
dish, K(m) is the elliptic integral of the first kind, and m is a 
constant obtained from 120 ( ) / (1 )cZ K m K m  ; where Zc is 

the input impedance of the antenna. 
Very few mathematical software tools have implemented 

the sn-1(z) function (e.g,. Mathematica). In this paper we propose 
an alternative numerical procedure for the calculation of the 
derivatives of the sn-1 function. 

II. METHOD 

The derivation starts with the following identity [4]: 
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from which Equation  can be transformed into: 
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The integration path on the complex plane is arbitrary, 
as the function f(t) is analytical. 

       After some mathematical manipulations and taking into 
account that on the aperture plane ' / 2z D , Eq.  yields: 
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As an example, Fig. 1 shows the stream lines of the 
aperture plane fields of a four-arm IRA with D=1 m, F=0.33 m 
and Zc=100 Ω, obtained using combination and rotations of the 
vector field in Equation (5). Fig.2 shows the application of the 
Equation (5) to the calculation of the radiation pattern obtained 
using Equation (1) at a distance r=100D, for two signals f= 10 
c/D, f=5c/D and amplitudes V=1 Volt.  

Fig. 1 Fields on the aperture plane of a 4-arm IRA with D = 1 m, Zc=100 
Notice the arms at and and 

Fig. 2 Radiation pattern on the horizontal plane for a 4-arm IRA 
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f=5*c/D
f=10*c/D
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