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In this paper we derived general formulas of the scattered field for a target sur· 
rounded by the atmospheric turbulence. The second moment of the scattered field and 
average intensity are given. And the mean laser scattering cross section of a disk is ob
tained. Our numerical results can be reduced to Bugno!'s results for the disk if the ef
fects of atmospheric turbulence on the path from the target to the receiver are neglected, 
and our formulas are simpler. 

2. Formulation 

Considering the closed surface of a finite target disgnated by S', the scattered field 
at some observation point P not on the surface is given by[2] 

fs(r)= JS'[(ii' x HT) x 'V'GoCr:r') 

- iru o.(ii' x fT)G 0 (r,r' ) + (ii' • H T )'V'G 0 Cr, r ' )]dS' ( \) 
The integral in equation (1 ) is performed over the close surface Sf. ii is a unit 

vector normal to the surface at the point ? , Go (r,r l) is the free space Green function, 

and ET (r') and H T (r') a re the total wave fields at point r ' . 
If a trasmilter, a receiver and a target are embeded with the atmospheric 

rurbelence, we consider equation (I) right also unless making following corrections: 
(I) Replacing the free space Green function G o (r,r' ) with the atmospheric turbu· 

lence Green function G(r,"r/}. 
(2) Considering the effects of the atmospheric turbulence on the incident and scat· 

tering wave propagation. 
The Green function G(r,r,) satisfies the following equation in the atmospheric 

medium V except the transmitting region. 

['V' +k:n'(r,tl] G(r,r') = - b(r,r') (2) 

n(r)= \ +n , (r) , <n,(r» =0 (3) 

where n I (T) is the nunctuation of the refractive index, ko is wave number in free 

space. 
Assuming the solution to equation (2) can be expressed as 

G(r,r') = G o (r,r')exp[,p(r,r' )] (4) 

where !/I(f,r' } is the random part of the complex phase for spheric wave propagation 
in the atmospheric turbulence from the point " to the point r on the basis of approx· 
imation condition "",(r,r,) / ko {( I. At infrared and optical wavelengths this condi· 

tion is satisfied in the atmosphere. 

-945 -



Under the far field approximation 
Go(r, r')~expfiko(R o - k s ' r ' )]l4nRo (5) 

where Ro is the radial distance from a convenient point to the observation point, f s 

is unit scattering wave vector. 
'il'G(r,r') ~ - ik,ks G(r,r') (6) 

If the radii of curvature at any point of the target surface are much larger than the 
incident wavelength, physical optics approximation can be applied. Using the bounda· 
ry conditions for a perfectly conducting target 

_, E-T 0 - , -T .... , -T { 2n! x H, 
n x =. It· H = 0, n x H = o 

f-fi'< O , 
f . n' >O ; 

(7) 

and H, (r') ~ iH, (r') is the incident wave field on the surface of the target, 

k, is unit incident wave vector, then the scattered field is expressed as 
"k i.to Ro 

- I oe ... 
2 R J - .. dS' I (R' x i) x k } 

1t .l: f ·"<o I o 
H , (r') 

exp[ - ik,k s • r' + ,p(r,r')] 

3. Moment 

Using equation (8) we obtain the second moment of the scattered field , 
- - • ko J J 

< H sfr j )· H s ("'2) > = 4 'Rl f . ... '(, ') <odS / f . ,;'('i" ')<o dS/ 
It 0 I 1 I 1 

(8) 

{[R'(r/)xilxks} • IfR' (r/)xijxks} (9) 

exp[ik oks ' (r,' - r, ')] < H ; (r , ' )H; • (r ,')exp[,p(r, .r, ') +,p • (r" r ,')] > 
where < • > denotes an ensemble average. 

We assume that the two paths, which are the path from a trasmitter to the target 
and that from the target to a receiver, are uncorrelated. The assumption is reasonable 
if the trasmitter and the receiver are well separated such as in a bistatic system. When 
propagation distance is large compared with the size of the aperture,it has been em· 
ployed in the analysis of a coaxial trasmitter-receiver configuration by other 
reseachers[31. Under this assumption, one can obtain 

< Hlr ,')H, " (r/)exp[t/I(rl,r/)+I/t "('2"/)]> = 

< H ,(r, ' )H," (r,') > <exp[,p(r" r ,')+,p • (rl'r,')]> (10) 
When a plane wave is incident normally upon a perfectly conducting plane target 

through the isotropic atmospheric turbulence, the mutual coherent function of incident 
wave field at the surface of the target is given by [31 

<H,(r,')H; (r,') > ~exp[-D,(L,p/)] (II) 

where the difference coordinate Ii d I = Ii I' - P 2', P I' and Ii 2' are two dimensional 

vector coordinates in the target plane at propagation distance L. The structure function 
for a plane wave through the isotropic atmospheric turbulence expresses as follows 

, , J-
D ,(L ,p/)~8n koL 0 KdK"''<K)[I - Jo(Kp/)] (12) 

where <D (10 is three-dimensional spectral density of the fluctuation of refractive 
" 

index, J 0 (x) is the zero order Bessel function. 

The mutual coherent function of the complex random phase at the observation 
plane to distance L' far from the target can be written as{4] 
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(13) 

and the structure function for spheric wave through the turbulence from the target can 
be obtained as follows , ' 00 

D, (L' ,p "p /) = 8" k.L'I. dlI. KdK<l>. (10 1 I - J .[KI'p, + (I - I)p / Ill (14) 

where Ii d = Ii I - Ii 2 J and PI ,p 2 are two dimensional coordinates at receiving plane. 

When ' I' and r / are two points on the surface of the convex object and 

they are not lie in the transverse plane to propagation direction, but the distance be
tween them is much smaner than the wave propagation distance L or L', A correction 
for the mutual coherent function of plane wave is only required. We mutiply ( 11) by 

an addational phase exp[ikO"jC, \' - r 2')] for only to plane wave, then (11) becomes 

< H,C",)H,' C,,') > =exp[ - D ,(L,p/) + ik,k,C' , , - ', "I] (15) 
Inserting (13) and (15) into (10), we can obtain the second moment of the scattered 

wave field 
k' 

<HsC' , ) ·H; (',»= ,',I , dS ,'I · dS,' 41t R IC , 'ii'(i"1 ') <O k , ' ';'(' 1 ''1 <0 

• 
1 [R'(" ') x e:J x fs) • 1 [R'(,,') x e:J x fs) 

exp[ - ik.(f, - fs) • (,,' - " ' ) - ~D, (L,p,') - ~ D ,(L' ,p "p ,')] (16) 

4. Numerical results 

Consider backscattering, £/ = - ks• k l 6 e=O, and L=LJ=Ro" j ='2 =r, 
the mean intensity of the scattering field becomes form (16) , 

- - . k . I 'I ' < Hs(P=)· Hs (T» = 41t2R 2 k, .;,'r1,')< odS j r";;'Ci 1
,>< odS z 

• 
[f, • R'(" ')][f, • R' (,,')]exp[ - i2k,k, • (,,' - " ')1 

exp[ - ~ D , (R .,p,') - ~D,(R. ,P ,')] (17) 

For example, a plane wave is incident normally on a perfectly conducting disk, the 
mean scattering cross section becomes 

< a > = :~ IdS ,'IdS ,'exp[ - ~D, (R.,p,') - ~ D ,(R. ,p :)] (18) 

If the effects of the turbulence on the path from the target to the receiver are neg
lected, (I8) is reduced to Bugno)' s result for the disk[l). And in the absence of the turbu
lence, equation (18) becomes[21 

4 ' / . ' a o = 1tA I . (19) 

where ;. is wavelength, and <I> (X) is given approximately by 
• - " 

<1> . (10 = O.03273e: [K' + I / L:] - ' (20) 

where C~ is known as the structure constant, Lo is the outer scale of turbulence. Then 

in equation (18) the structure functions for plane and spheric wave are given by. 
respectively 
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(21) 

and 

(22) 

where \I = 5 / 6, K 5 / 6 is the 5 / 6 order modified Bessel function, and r(x) is tbe 

Gamma function. 
Now,we can calculate the average cross section normalized by the scattering cross 

section in the absence of the turbulence, < a> / (10' for l.06p.m. Fig. la shows that 

with increasing the structure constant C:' < (1 > / aD decreases obviously when the 
outer size of the turbulence and the range are given. Similarly, it also decreases when the 
propagation distance increases. Fig. Ib shows that the normalized scattering cross sec
tion varies very severely when the radius of the disk is of the same order of magnitude as' 
the outer scale Lo' The results for lO.6Jlm are similar to those fo r 1.06J,Un. but the 

turbulence bas fewer effects on the normalized cross section than that for I.06,um. 
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Fig.) Affects of the turbulence on nonnalized scattering cross section. 
2 - 16 2 -IS 2 - I ~ 

(a):L o = Im ,Ro = 500m.I:C = 10 ,2:C = 10 ,3:C = 10 • • • 
2 - IS 

(b):C. = 10 ,Ro = 500m.l:a = 0.5m,2:a = I.Om,3:a = 10m. 

(a is the radius afthe disk) 

References 
[I] D. S. Dugnol, 'Laser radar cross section of objects immersed in the Earth's at· 

mosphere:Theory and numerical results for a disk' , SPIE Vol .663, p65-69 
(1986). 

f2) G. T . Ruck, et aI, ' Radar Cross Section Handbook', Plenum Press, New York 
(1970). 

[3] A. Ishimaru, 'Wave Propagation and Scattering in Random Media' , Vo1.2, Ac
ademic Press, New York (1978). 

[41 H. T. Yura, 'Mutual coherence function of a finite crosssection optical beam 
propagation in a turbulence medium' , Appl. Opt. , VoU1, No.6, p1399-1460 
(1972). 

- 948 -


