
An Approximate Solution for Scattering 
by Thin Dielectric Objects 

n-Suek Koh ', and Kamal Sarauandi 
Radiation Laboratory 

hpanment of Electrical Engineering pnd Computer Science 
The University of Michigan 

Ann Arbor, Michigan 48109-2122. 

1. INTRODVCTION 

Scatfcnng from thin dielectrie ohjscs is a classic research topic in elscUOmagnetiCS which has 
found a numbn of useful applications. A mditional approach i s  10 modcl thin dielccuics with 
resistive shecls. and for several Canonical gcomemcs of resistive sheet bodies. exam SdULiDns 

an found [I]. However, for many i m p o m t  geometries such as disks. eract solutions arc not 
h w n  and approximate salutions may be applicsble to limitrd cases of interest. In chis paper 
a new appmximatc Solution i s  formulated based on B wlumcuic integral quatian using Foou~eer 
Uansfm. and it is show that ths solvtlon is vniformly d i d  fm IM to high frequencies at all 
incidence mglcs including edge-on incidence. Validity of the solution is dcmonsmted through a 
compuison with canonical objsls such as m infinite dielectric slab, md a number of 2-D and 
3-D dielsctnc scattem. For 2-D and 3-D seatlerers. the appmximate solution is compared with 
a Method of Moment solulion. 

11. FORMULATION 
Figure I shows the pmblem gcomcuy in which a very thin dielectric ~catterer is la'aled 

in n-y plane of a cartesisn mrdinate system. scatterer is assumed homogeneous with a 
relative permittivity E, and a r b i v q  shape having a constant thiclincrs I Q: h. Using the noladon 
of polariration cumnt. the scatterer can be replaced with a volumetnf eumnt disuibution of 
i[x,y,:) = ibbyO@ - l)zt embedded in the host medium with pSrmiftivily ~a as seen in 5g. 2. 
H- E' = C + E '  is the told decuic field inside the scatterer. It can w i l y  bs shown that I must 
satisry lhe following fredholm integral equation. 

7(?]-4(c,- I ] ~ E ( i , ~ ) - i ( i ) d v ' = - i ~ y O ( E , -  I)$(?) (1) 

where 8' is the incident wave. and 6 is the free-space dyadic Gmn's  function PI. By evaluating 
the d d O  function 1- in the dyadic Green's function analytically. the volumetric inI@ equation 
can be expressed in a more mmpact form given hy 

(2) 

where .i,, is the well-known Raykigh-Gans current. By invo!&p Ihc thin dielectric appmximation. 
the plariration CuTTsot can be assumed a eonStanf with respect to z-axis. i.e.. %,z) d ( r , y , O ) .  
Hence the integral in ( 2 )  with respect to z c m  be evaluated "sing the mid-point approximatian 
and according Lo thin diclecuic assumption. e/. = &Jy = 0, U'S have 

i-iect, ~ I ) /  E ,  -idv' = ho 

/id+! ids, j ( ~ , y , ) ~ , ~ ~ ( , - ~ ~ + ~ , ~ - ~ ~ ~  
.- 
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where f i s  givcn by 
. I (*"-k: -A& 
i=- -k,ky @ - k *  .) 

U 0 ' e - k :  
Now the original ink@ quation given by (2) can be written Bs 

Since 7 md $0 ax non-zem only inside the scatterer. lhc embedded integral in (3) can bc 
inlerpreted BS a convolution i n t s p l  TAing fhc Founsr vanrform of both sides and assuming 
(e,- 1) is a consswt function of position in the entire domain, (3) can be solved analytically as 

i= (4) 

where Pand 1x0 ax the FoUncr m f o m  of7s .d  &c. rpspeclivcly. Also E-' = p-C4y]-', 
&an unit dyadic, and a= $(E,- I). F.xplicilly 8.'  an be c x ~ s s e d  BS 



Figun 5. and 6 arc p10U of P* as a function of the imaginary pan. of q and a fired red p ~ t  of 
0.1. As seen from this figure the new formulation agrees vsry well with the i ~ ~ y m p i o t i ~  RSUIIS. 
Hence (9) can pmvidc B very g d  appmximalion for the Mdiuzhinets hdf-olanc function for 
mademe to large YalYC of 1'11. 

IV. DIELECTRIC D I S K  

In this Section scattering by B veq thin dielectric disk is uamind .  Ssaffering from an elliptical 
disk with major and minor axes of L? and b is investigared. Choosing a coordinate system with I 
along the major axis and y along the minor axis of the dlipse. the surface integral 01 (5)  can be 
evaluated in a closed-form and is given by 

2411 (Ja2(kL - < ) z + @ ( k y - k i ) 2 )  /l ~ j l l t , - ~ ~ + ( ~ ~ - ~ ! ~ ! d ~ ,  = 
a2(k, - %)l+ b2(ky - $)I 

Forward scattering from B circular disk with a diameter of 3cm, and B r h i c b e r s  of O.Zmn, and 
E ,  = 26.6+i11.56 is considered. Figurer 7 and 8 show p l m  of the scartering of the dielectric disk 
in forward direction as a funclion of incidence angles. In this fig- two appmximate fomulationP 
Such BS VlW (high frequencies) and Rayleigh-Gm (low fquencier) as well as MOM mults 
are shown. I1 is shown that thE new formulation can repduce Le MOM re~ulfs vsry ascurztsly 
ma the atire cmparirm region where low and high frequency results 8n only %lid at high 
and low incidence angler. 
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mg. 5 .  Backscatkting from a tYn diclecuic 
half-plane: Magnitude. 
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Fig. 2. Equivalent problem 
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Fig. 4. Backscallcting from a thin dielectric 
strip. 
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Fig. 6. Backscattering fmm a thin dielectric 
half-plane: Phare. 
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Fig. 8. 
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