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1. INTRODUCT~ON 
Scattering hom thin dielectric sheets is ensountcnd in cmain placlieal situations. To simplily 

the problem a thin dielecoic ~ m c t u r e  is usually modeled with a resistive sheet. Among the 
canonical problems scanering by a resistive snip has been intensively studied by a number of 
rcs-herr. Many approximate solutions have been pmpsed  for the problem, which all ars based 
on L e  known exact solution lor a resistive half plane. Uniform S d u f i m  mlid at L e  transition 
regions between the shadow and reRcnion boundaries for the half-plane is netded lo O M ~ n  higher 
order multiple inlcmctions bctween two edges of a finile snip. One such melhd  is the Errended 
Spetml Ray Method (ESRM) 111, which can bc applied to a general multiple scanering problems 
with some analytical complexity. Howevcr as explained. all existing methods use the formulation 
for the half-plane. and hence the resulting s ~ l u t i o n ~  contain a transcendental function known as 
Mnliwhincts funeubn. 

Recently an approximate solution for a thin dielectric object with any size and shape was 
pmpmed 121. The  oht ti on is represenred in t m s  of a specual i n~gra l  whose integrand contains 
only clemcnrary functions. Based on this formal Solution. a uniform solution for histatic scattering 
by a thin dielelectrie strip is farmulated for a TM wave ineihce. Through conpacisom of cesultr 
calculated by L e  uniform solution and a numerical method such as a method of momem (MOM). 
the new formulation is verified for several cases. One advantage of the new lmola t ion  is that il  
i s  expressed in terms of elemenlay functions, and thus it is much emer to undcmmd scattering 
behavior. 

11. FORMULATION 
When a N wave is incident on B thin dielectric suip as s e n  in Fig. I, the scattered field in 

the far-field region is represented as k-g~~’l~n)~.i4)B(e.e.). Here P.(.) = 1 1  rm is known 
85 the far-field amplitude and an approximate s01~tmn for I IS given by L21 

k, sin(+baw)sin(!$%ow) 
I = J- dkx- ., kz-& ( k ; - k J ( e - k x )  

= Aces 2 ( v b w )  + ~ ~ - ~ ~ ~ ~ - ~ ) ~ / ~ + ~ ~ ~ ~ ~ - ~ ) ~ / ~  4 4 (1) 

where k,= m, and a= ti(€,- I ) .  h.  h. and 13 an defined as 
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Here "+" is chosen for 12. and "-" for 13. Simply it can be shown that 12 = 13. After lengthy 
algebraic manipulation, 11 can b evaluated analytically and given by 

f l  is given by 

However, 12 C m o t  be carrid aut analytically, and so an asymptotic technique such as steepest 
descent method (SDM) can k used to obtain an analytical formulation. Since the integrand in I2 
has four poles at k, = c, &, and iJ1-6. firsl, lhc integrand can be uansformed into a more 
conventional form applying the SDM approximation: 

Since these inlegrands have poles. &e pole contribution should be carefully tden account into 
to obtain uniform solution. Following the standard SDM proccdurc (31, a uniform solution i s  
obtained and given by 

(3) 

where To =b/si. andsi = Jm, b= &. and W(L)  = iJlb&fr =e-?erfc(-i i)  
[31. Hen erfc( . )  is the complcmentq cmr function. And f ,  is given by 

whereb'=- l -  *. r, j -  - ?( 1 - i) ( I  +e) + 6i/x1. r; = Jz( I +e) - ze-W4 m, P; = 

ix&i(q@i - I)&+, and .+; = m. 
For forward scal1e"ng direction (e = %), the expressions for 11 and I2 have a removable pole. 

Therefore for this case we nesd to lake limit Of 11 and h as e - &. For 11, only fi should be 
modifid as 
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where fi  = iireS4w(q< - I ) .  For the case of U, = k$ and 1 (forward scattering when edgc- 
on incidence). the above expression contains several divergent terms such as j. but th-e 
terms cancel each other, Therefore by rearranging the divergent l a "  and using the first-order 
asymptotic expansion of w ( . )  function. (I) is modified slightly into 

l+G 

In I , ,  fi is simplified again into fi = -2q2($i - {). I; and I; are given by 

I 
I; or 1; =I4 -i2mqe*!v-mt'(bw)+ (I i < ) e S w  (- + +i)) 2v5 

Here "+" is chosen for I; and "-" for 4. 
111. NUMERICAL RESULTS 

The fin1 example is B simulation of backrcanering and scattering in forward direction f" a 
thin dielecuic suip with thickness 0.0254 and tr =4+iO.4. Figures 2 and 3 show comparisons 
of normalized radar echo width of Ule ruip as a function of ./;\a. which ace calculated by the 
pmpored Solution given in Section I1 and MOM. Excellent agrrement is observed for the two 
cases. For the m t  of calculations presented here the width of the suip is fired to be 54. Figure 
4 is a plot of backscattering as a function of incidence angle. Except at some angles amund 
0, = 75'. the new uniform solution providcs very accurate results. Figures 5 and 6 M plots of 
bistatic scattering by the suip with the Samc dielecuic constant and rhicliness as the previous 
case. for 0; = 30' and 0, = 90" (cdgsun incidence). respectively. As shown in these figures, the 
asymptoric solution prcdu~es very accurate resulu, but some discnpanq is observed at angles 
amund 75' for edge-on incidence. The final example is an investigation of effect of dielectric 
sonslanl. Fig- 7 shows a comprison of echo width as a function of the rsal pafi of dielecuic 
constant with a fixed imaginary pm of 0.4. The next figure is  the echo width BS a function of the 
i m a p i n q  pan of thc dielocnic consWC with a !?red c-1 pan of 20. For these simulations the 
incidence angle (8,) is fired to be 30' and the observation point (8,) -30' (forward dimtion). 
Ibe asymptotic solution is zpain in excellent agreement wilh MOM. 
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Fig. 1. Pmblsm gmmctry. 
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Fig. 5 .  Biarntic scat!dng PI a function of 
incidence angle8 for 0~ = 300. 
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Fig. 7. ScaNring BI a function of rsal p a  
of dielarris constant. 

Fii. 8. Sea*ering &I a function of imaginary 
p a  of diclcchc mnsmt, 
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