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      A simple and straight-forward method of moments solution procedure is presented to obtain the radar cross section of an arbitrarily-shaped 
conducting body in the time domain. The method presented in this report, besides being stable, is also capable of handling mutiple excitation 
pulses of varying frequency content from different directions in a trivial manner.
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ULTRA WIDEBAND TIME DOMAIN RCS PREDICTION OF NAVY PLATFORMS 

I. INTRODUCTION

In recent times, the transient analysis of electromagnetic scattering has received a great deal of attention. 
With the advent of faster computers and an increase of memory space, many scattering problems of complex 

objects are being performed directly in the time domain. There are various reasons as to why we should be 
interested in calculating and predicting transient electromagnetic behavior. First, many systems are employ­
ing short-pulse radar systems. These systems are being used for target identification, high range resolution, 

and wide-band digital communications. Although transient data may be obtained by solving the problem in 

the frequency domain and taking an inverse Fourier or Laplace transform, direct time-domain methods may 
be better suited and more straight forward to apply. Direct time-domain techniques can generally handle 

nonlinearities more conveniently. Further, these techniques provide an opportunity to observe and interpret 

electromagnetic scattering behavior. By noting the return times of various peaks, it may be possible to iden­
tify major scattering centers on an object. Also, for certain types of problems, direct time-domain techniques 

are more efficient where broad-band spectral information is desired. Besides, it seems natural to observe 
actions and responses as a function of time since return pulses observed from radar or on oscilloscopes are 

functions of time. Finally, the direct time-domain technique may be viewed as another way to verify results 
or another tool to understand the complex nature of electromagnetic scattering behavior. 

1.1 Methods of Transient Analysis 

Of all the available solution techniques to obtain transient responses, the most popular are a) the finite­
difference time-domain (FDTD) approach, b) the transmission line matrix (TLM) method, c) frequency 
domain solutions with inverse Fourier transfonns, and d) time-domain integral equation (TDIE) solvers. A 

more detailed overview of time domain techniques may be found in references [l, 2). 

The FDTD method directly solves Maxwell's differential equations in the time domain and was initially 

presented by Yee [3]. In this method, the scatterer and the surrounding infinite space are discretized into 
cubical cells. The spatial and temporal derivatives in Maxwell's equations are approximated by a set of 
finite difference equations. An explicit expression may be obtained by "leap frogging" the electric and 

magnetic fields in space and time. This means that the fields at one time instant depends only upon the 
fields at previous time instants. This explicitness aids in speeding up the computation time. An advantage of 

FDTD is that it can model complex structures including inhomogeneous materials rather easily. However, 
in order to obtain a numerical solution, the discretization grid has to be truncated at a suitable distance 
from the scatterer. Also, problems arise from spurious reflections at the lattice truncation boundaries and 
the modeling of curved structures with stair step approximations. In three-dimensional cases, the memory 
requirement is large due to the fact that six field quantities and three material parameters need to be stored 
for each cell. Finally, if the angle of incidence, polarization, or time variation of the incident field is changed, 
the solution procedure must be started all over again. 
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