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The responses  of homogeneous, nondispers ive   d ie lec t r ic   so l ids  
of a r b i t r a r y  3-dimensional  shape  are computed i n   t h e  time domain. 
Surface  space-time  integral  equations  are  written  for  both 3 and 
8, both  external  and in te rna l .  The four  equations  are  solved  for 
the  surface  f ields  induced by a smooth inc ident   pu lse ,   subjec t   to  
the boundary  conditions.  For  example,  the  integral  equation 
(Kirchhoff)  for  external 8 on the  surface is  

+ - +  +inc + 
H ( r , t )  = 2H (r , t)  + 

where means E ( r '  ,T), T = t-R/c, K = - :I, A. = + a -++ -+ 
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These equations  are  solved  numerically by marching in  t ime, a 
technique made possible  by the   f ac t   t ha t   t he  arguments  under the 
in tegra l   a re   re ta rded   in   t ime.  Having solved  for  the  surface 
f i e l d s ,   t h e   f a r   s c a t t e r e d   f i e l d  is computed from a similar in te -  
gra l .  A smooth Gaussian  incident  pulse i s  used  with  pulse  width 
about a t a r g e t  dimension so t h a t   t h e  computed response is va l id  
from DC to   wel l   in to   the  resonance  region.  The ca lcu la ted   resu l t s  
a r e   ve r i f i ed  by comparison  with  the Mie se r i e s   so lu t ion   fo r   t he  
case  of a sphere and by comparison  with  time domain measurements 
f o r  the cases  of  sphere  capped- and r igh t   c i rcu lar -cy l inders .  

The method is  an extension  of the time domain approach  used 
f o r   s c a t t e r i n g  from conducting  target [l]. A t i n e  domain approach 
was used  in  [ 2 ]  f o r   d i e l e c t r i c   s l a b s .  Wost o the r   d i e l ec t r i c   s ca t -  
t e r i n g  work has  been done i n   t h e  frequency domain. An advantage  of 
the  t ime domain approach i s  t h a t  it avoids  the  need  for  matrix  in- 
version.  In  addition,  the  t ime domain response  can  be  suggestive 
of t a r g e t  geometry. 

A technique  s imilar   to   that   descr ibed by Mautz and Harrington 
[31 for.frequency domain solut ions i s  used  here t o  reduce the  four  
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dependent f i e ld   equa t ions   t o  two. Namely, the   ex te rna l  and i n t e r -  
nal   equations on the  surface are l i n e a r l y  combined by the  (more 
o r   l e s s   a r b i t r a r y )   c o n s t a n t s  f? and a : 

+ +  
H t BHin = SUOL of  H-integrals 

E + aEin = sum of  E-integrals 
and + +  ( 2 )  

where 6 and ci are  here  chosen  to be  approximately 1 , ' ~ ~  and l /pr  
respect ively.  

The so lu t ion   of   the   sca t te r ing  problem i s  completely  speci- 
f i e d  by the  value of the   t angent ia l  components 3 E fi xFf and 
i;f E 3 x 6  on the  surface,  and by the  boundary  conditions  that 
these  be  continuous  across the boundary. However, the  Kirchhoff 
in tegra ls   a l so   conta in   the  normal  components En and 'in. These 
could  be  eliminated by cont inui ty   re la t ions ,  an approach which re- 
quires  the  numerical   evaluation of surface  der ivat ives .  Here, i n -  
s tead ,   the  normal components a r e  computed d i r e c t l y  from Eq. ( l )  and 
i t s t h r e e  companions,  and the normal  boundary  conditions  are  ap- 
plied.  Despite  the  apparent  redundancy i n  formulation,  the solu- 
t i o n  is  numerically  stable.  Avoiding the  need for  space  differen- 
t i a t i o n  means that  the  space  t ime  integral   equation  technique  can 
be  applied t o   a r b i t r a r y  3-dimensional sol ids   without   fur ther   dif-  
f i c u l t y .  

The response  of a nylon  sphere-capped  cylinder ( E ~  = 3 )  is  
i l l u s t r a t e d  as a function  of  aspect. The incident   pulse ,   target ,  
and response,  are shown to   s ca l e   w i th   t ime   i n   un i t s   o f   c t .  
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Smoothed impulse response - sphere capped cylinder: 
an = 112, E, = 3, TE (STIEI. 
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