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ABSTRACT THEORETICAL FORMULATION 

A scattering model for a plane dense medium layer Consider a time harmonic plane wave incident on a dielectric 
embeded with randomly located small spherical scatterers was sphere (Fig. 1.). The sphere has radius "a" , relative 
developed. The effects of close spacing between the Scatterers permittivity to h a t  
were included in the developed phase matrix by keeping the of the background medium. The incident electric and magnetic 
range-dependent terms in the scattered fields expressions. The 
derived phase matrix was then used in the radiative transfer field components (With CJmt SUPPreSSd) are 
formulation to model the scattering from a dense medium layer. 

coefficients of multi Year Arctic sea ice. 

(% = 4' + j%"), and permeability p 

- 
The model was used in the calculations of backscattering E; = 2 Eo d k z  
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where 

lNTRODUCITON rl=y: 

In a dense and nontenuous medium, the scatterers 
occupy an appreciable fractional volume, and their dielectric 
property differ significantly from that of the background 
medium. Previous studies on the propagation and scattering of 
wave in dense nontenuous media have assumed either the 
scatterers are in the far field of one another [ 1,2] or the scatterers 
are of point size. The far field assumption is fairly good only 
when the scatterers are small and the average spacing between 
scatterers is larger than h/3, where h is the incident wavelength 
[3]. However, in some naturally occuring dense media, such as 
snow and multi year sea ice, neither the far-field nor the point 
size scatterers assumptions are valid. In order to account for 
some of the near field and scatterer size effects, additional range 
and size dependent terms in the scattered fields are included in 
the calculation of the phase matrix. It is demonstrated that the 
inclusion of these terms affects the backscattering. 

The development of the phase matrix is described in the 
next section. This phase matrix is then used in a scattering 
model to estimate the parameters of a multi year thick sea ice 
layer and compare with sea ice measurement results [4,5]. 

and E is the permittivity of the background medium. The 
scattered E and H fields due to the sphere are given by [6,7] 

m 
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h 

cos $ + [ kr h t  )(kr)l Pi(cos e) 
kr sin 8 sin 6 

In (3,4) an and bn are the scattered field Mie coefficients. 

where 
x = k.a 

y = k,. a = 6 k.a 

In the small sphere scatterer limit y -+ 0, (7) and (8) become ill 
conditioned. The Mie coefficients a l .  a2, b l ,  and b2 are 
computed using the methods suggested by Wiscombe [SI. Note 
that the small scatterer Mie coefficients equations given in 
Stratton[8] and Ruck[9] yield incorrect results. In (5,6) 
P$cos e) is the associated Jigendre Polynomial, h t  )(kr) is the 
spherical Hankel function of the first kind. The subscripts o and 

e denote odd and even. In (7,s) jn(x) and Gt)(x) are the 
Ricatti-Bessel function and Ricatti-Hankel function of the first 
kind, respectively; % is the relative permittivity of the sphere. 
[ 1’ denotes differentiation with respect to the argument. 

In low-frequency region (ksa < 0.8), only the first two 
terms (n = 1,2) in ( 3 )  and (4) are necessary. The expressions 

for Ei(?)ll, Zi(?)12’ $?ll, and i$?12 areasfollows: 
e e e e 

- 
4 3 )  A 
mo 11 = K o a  - 
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where 

- 
A cos$ - sin@ 

= +e - Q cos e - 
B sin $ cos $ 

- c1 = + e c o s e  ,-. cos$ - $ ( - 1 + 2 ~ ~ s 2 e )  - sin $ 
- 
C sin $ cos Q 

- 

E2 cos 4, cos Q sin$ 

Substituting (10 - 12) into ( 3 )  and (4) yield the final expressions 
for the scattered fields. 

To construct the phase mamx [lo], coordinate transformations 
are performed on (13) to penfit arbitrary incident angles and 
polarizations. The detailed description of the transformation is 
given by Fung and Eom[ll]. The phase matrix associated with 
the first two Stokes parameters is constructed from the resulted 
scattered fields as follows: 
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The phase mamx in (14) is related to the volume fraction of the 
scatterers embedded in the medium due to the range dependent 
parameters a, p, 7, 6 ,  K, and c. The range r is related to 
volume fraction f of spherical scatterers by r = (r)1'3, where 

v = 4, a3 1121. The radiative transfer approach [l]  is used in 

calculating the intensity scattering using the phase mamx (14). 

f 

3 

RESULTS AND DISCUSSION 

The geometry of scattering from inhomogeneous layer 
embeded with spherical scatterers is shown in Fig. 2. A good fit 
is obtained for the sea ice data using the current scatter model 
with the phase matrix given by (14). The estimated sea ice 
parameters using the current scattering model are: air bubbles' 
volume fraction f=20%, and average air bubble radius 
a=0,56mm. Fig. 3. shows the comparison of theoretical results 
with experimental data collected from multi year Arctic sea ice at 
13 GHz[4]. The sea ice has a very smooth surface and the 
thickness is greater than 3 m. 

In order to better understand the dense medium scattering 
process, further studies on the relation between the scatterer 
volume fraction, f, and the range, r, are necessary . 
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Fig. 1. Geometry of scatter problem. 
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Fig. 2. Scattering geometry of the dense medium layer. 
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Fig. 3. Comparison of sea ice backscatter data, freq = 13 GHz, 
with theoretical results. 
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