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INTRODUCTION 

Complex ray expansion (eRE) composes a very important and useful technique 

for the backscatter analysis of complicated targets with a wide variety of geometrical 

configurations[l-4]. The method relies on an incident plane wave expansion into a set 

of complex source points (CSP), and the paraxial approximation evaluation of 

individual CSP backscattering field from the target. As an example, the corner 

structures are analyzed, and the nUmerical results are compared with the ones from 

other methods or experimental studies. 

PROCEDURE 

1. Plane wave expansion into complex source points 

A z-directional plane wave can be expanded into a set of equally spaced CSPs 

with the same amplitude, phase and beam vector(l ] , and the incident wavefield E, 

can be expressed as a superposition of (sP fields 

E, = a'L; L;W(m,n)G(x,y,m,n) (1) 
• • 

where m and n denote the CSP ordinal number, d is the CSP interval, W(m,n) = Wo 

denotes the constant expansion coefficient for a uniform plane wave, and G(z,y ;m , 

n) expresses the CSP field at the expansion plane z= 0, given in the paraxial region 

by 
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G( . ) _ Cexp{ - k[(r - md)' + (y - nd)'] / 2bo} (2) 
x,Y,m,n - [(x _ md)' + (y nd)' b!J'" 

where bo is the beamwidth parameter. By trial and error in choosing free parameters 

d and bo, eq. (1) can be satisfied with a given relative error, e. g, less than O. 

01%. 

2. Ray tracing and reflected field expression 

According to complex ray paraxial approximation[5] t the on-axis (central) 

complex fay trajectory can be traced by geometrical optics in real space, and the 

reflected far field itCm,n) of an individual CSP from the target can be expressed 

approximately by 

E,(m,n) = E,. (m,n)exp(jk6) (3) 

where ~,..,(m,n) denotes the corresponding central complex ray field, and d is the 

phase correction from the central to an arbitrarily given observer. Both ilJ,.., and (5 can 

be easily obtained by paraxial appraximation[5]. 

3. Total scattering field and radar cross section (ReS) 

The total scattering field from a corner reflector is a phasor summation of all 

CSP reflected and diffracted fields 

E, = Wod'L; L;iJ,(m,n) + E, (4) 
• 

where the diffracted field El from the edges of corner structure can be evaluated by 

geometrical or uniform theory of diffraction. Finally, the backscattering RCS from a 

corner reflector is given by the definition 

u = 4" limR' I E, / Ed' (5) 
,-~ 

RESULTS 
The geometry of calculation model is shown in Fig. 1, where a=b=1=5. 

60881., fo = 9. 4GHz, bo = 101., d = O. II.. Fig. 2 and Fig. 3 show the RCS of 

dihedral reflector, respectively, for orthogonal and nonorthogonal corner structures, 

where the CRE results (dashed line) are compared with the physical optics results 

(point line) [6] and experimental results (solid line)[7], It is obvious from the figures 

that the dihedral angle 2a has a substantial effect on RCS pattern. Fig. 4 shows the 

RCS at the bisector direction versus the dihedral angle, where the number of 

maximum is corresponding to the number of internal reflection . 
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CONCLUSIONS 

1. Complex ray expansion offers a useful and effective ReS prediction 

approach for a wide variety of complex targets. In this paper, the computations were 

performed on an IBM-PC/XT, and for a whole curve with 181 observers in Fig. 2 

Of Fig. 3, the CPU time required is only about 720 seconds. 

2. For an electrically large structure, the CSP interval d can be enlarged 

proportionally, and the CPU time, therefore , will not increase substantially. 

REFERENCES 

[lJ Y. Z. Ruan, "Huyghens' principle in complex space", J. Chengdu Inst. Radio 

Eng. , 1987, Vol. 16, No. l.pp. 28 - 33. 

[2J Y. Z. Ruan and W. L. Feng, "EM scattering of engine intake by complex 

rays", IEEE/ AP-S Inter. Symp., Dallas, 1990, pp.1742-1744. 

[3= S. H. Deng and Y. Z. Ruan, "RCS analysis of reflector antennas by complex 

ray expansion", ibid. , pp. 1745-1748. 

[ 4 ] W. L. Feng and Y. Z. Ruan, " RCS analysis for a curved hollow duct", Acr A 

AERONAUTICA ET ASTRONAUTICA SINICA, 1990, Vol. 11.No. 6,pp. 

276- 280. 

[5] Y. Z. Ruan and L. B. Felsen I nReflection and transmission of beams at a 

curved interface", J. Opt. Soc. Am. A, 1986, Vol. 3, No.4, pp. 566-

579. 

[6 J T. Griesser and C. A. Balanis, "Backscatter analysis of dihedral corner 

reflectors using physical optics and the physical theory of diffraction", IEEE 

T-AP,1987,Vol. 35,No. 10,pp. 1137-1147. 

[7J J. Tian, nEM scattering from wing-fuselage joints and corner reflectors" I 

Master Dissertation, Univ. of Electro. Sci. and Tech. of China, 1990,pp. 

69-72. 

-623 -



Rl 
" 1 

z. b "I 
a 

~ 

I , 
0 

~~ 
bisector 

Fig. 1 Geometry o f dihedra l reflector 
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Fig. 3 RCS of nonorthogonal dihedral reflector (2a= 98°) 
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Fig. 2 RCS of orthogonal dihedral reflector (2a= 90°) 
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Fig. 4 On-axis RCS (<p= 900) versus the dihedral angle 2a 


