MoM Advances

® Radar cross section:

® A measure of the effective area of the scatterer

¢ Function of both angle of incidence and angle of

observation

® Larger is the radar cross section, larger is

scattering
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MoM Advances

o Scattering from a conducting cylinder of infinite

length
® Electric fie]d integral equation

® On the conductor surface

total __ princ scatt
Etan R Etan +Etan =0
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® |ncident wave
®tisa plane wave from infinity

® Assume a TM” wave with H =0

E™e = ZE. (x,y)
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MoM Advances

® Scattered wave

® The incident field induces an electric current

zJ (x,y)

® which produces the scattered field

® The scalar wave equation in this case is

V2E§catt ‘|‘k2E§wﬂ _ ja)ﬂOJZ
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® 2-D Green’s functions
® We can compute 2-D Green’s function by
® computing the field radiated by a line source

® carrying a time-harmonic electric current of

amplitude of I in the +z direction

® Since the current associated with the line source

is infinitely long
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¢ flows in the z direction only the z component of

the electric field will become non zero

® Like in cylindrical Waveguide E can be expressed

as

E.(p.4.2) =Y [4, 50k p)+ B,H (k p)|

m=0

[Cmejm¢ + Dme_jm¢ ][Emejkzz + Fme_jkzz]
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MoM Advances
¢ where H ,511 ) H ,512) are the Hankel function of first
and second kind
2 2 2
k+k: =k
® Since the line source is rotationally symmetric,

the fields do not vary in the @ or z direction
®* Sok,=0and C_=D_=0 for m #0

® Hence R
yo,
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® Note on Hankel’s function

® Hankel’s function are related to Bessel’s functions

of first and second kind as

1Ok )=, . 5, )
HOk, )=k, ) 7 1, )

® These relations are similar to Euler’s theorem
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® Physically, Bessel’s functions represent standing
waves whereas Hankel’s functions represent
propagating waves

® When the argument is large, the Hankel function
can be approximated by

H’S)(kpp); /;kz,{) s
p

2] e—jkpp"‘% _ ] — 2] e_(jkpp_%j
Jo,
7, 7, o
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® The amplitude of Hankel’s function decays as

® when kp p becomes 1arge

® The phase of the oscillation depends on order m

like Bessel’s functions

MoM by Prof. Rakhesh Singh Kshctrimayum 2/5/2021




MoM Advances

e H ,S )(k 5 ,0) represents a wave propagating in the -
p direction (an in-going wave)
o H ,542)(]( P ) represents a wave propagating in the
+ P direction (an out-going wave)

® Anincoming wave deties the principle of

causality, hence A;=0
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® Hence

E.(k,p)=B,H{ (k,p)

* Using Maxwell’s curl equation

p P Z

s 1L 1la 2 &
jou p|op 0@ 0z \
0 0 Elkp,
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- . 1 ¢? 8[EZ (kpp)] __ 1 ¢? 8[BOH(§2)(kpp)]
Jou op Jou op

FI — 1.[ {.kp j&BoH(SZ)'(kp ):.L&BoHéz)'(kpp)
J \ JOH J1

For small kp P

2/ (1.78107k p
H(§2>(kpp);1—7fln( — j
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178107k,
2 2 2

HY (k p)= - =
7k, p) s (1.78107kppj 7P

2
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* Using Ampere s law

. 2r
1=§H-di=—2130q3jipd¢=—430 —p =1

jnz .y p n 4
®* So Ez(kp ):_%]H(()2)(kpp)

® For I=1, this is the Green’s function for 2-D

electric current sources in TM?* polarization
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® The electric field can be found by Convolving the

Green’s function with the current distribution
E(p)=—"[ 1k |- p1V.(5W5':5 = ¥+ '3, = a3

® Hence

£ (p)=—7 HE ko p V(o r
= B (p)=-E= (o)=L [ 1k, |- p |V (o it
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® The incident plane wave field is assumed to be
propagating normal to the z-axis, the axis of the

cylinder

inc __ —jIEOF . —jk(xcos¢i+ysin¢i)

®* where ¢, is the angle of incidence
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® For the MoM solution,

® we can divide the contour into a number of

segments and

® use pulse function expansion for unknown

Jz(p')%ganp(p—pn)

® where p(p — P, )is the pulse function centred at
o

current as
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¢ If we divide the contour in sufficiently large
number of segments,

® the curved segment may be replaced by a flat
segment

® Point matching at the mid-point p,, of segment
reduces the integral to

—E™(p )= %ian IHéz)(kp‘pm —p")dl';m =1,23,---,M
=l

* w_is the size of the mth segment
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® The above expression

_E;nc(p1)_ Ly 2Ly
E;nc (,02) Ly Ly

EM(py)] [ Zn Zys

® In matrix form

£ |=[2]e]
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® where oft- diagonal elements are

p+w—
zmn:% J‘H k|, — ol =1 S Wy 'k, |2, — p.))
:%Wnl—]( )(kpRmn ’ :\/(‘xm _xn)2 +(ym _yn)2

o Diagonal elements are

Wn

N 4 - (1.78107k
R [ |
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® Induced current in the cylinder J, can be obtained

from
]=[z]"[E"]

: _ ik e _ ik " i
® Where E’Z’C —e Jrer _ e J (xmcosqﬁl yms1n¢l)

® and (x,,y,,) denotes the coordinates of the mid-

point of the segment
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® Radar Cross Section:

. -2
lim ||
L an - 5
p — OO |E’mc|
® where E = o /keF _ pmik(x, cosdity,sing)

® and (x_,y,,) denotes the coordinates of the mid-

point of the segment
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