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Fig. 2. Angular distribution of the scattered field intensity around the rigid cylinder by incident plane wave for different
ka (ratio of the cylinder circumference to the wavelength). Note that the intensity is normalized so that the
maximum value is 1. The ¢ =0 is oriented in the direction to the incident wave travels.
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Fig. 3. The ka-dependence curve of the backscatter
intensity |w, (¢ =n)|. The ka represents the
ratio of the circumference of the target cylinder
to the wavelength. The backscatter intensity
asymptotically approaches a constant value for
sufficiently large ka (geometric scattering). In
the opposite case, the power law well
approximates the intensity (Rayleigh scattering).

3. BIHEA YT T4 |y, (9 =n)| D ka fkAE
P, B ke | ZBENME RIS A2 ME O E £,
ka B3R E W TIEA ¥ 7 v v 7 4 13
PN B % — @ fii~ED < GRITEGEL) . PO,
ka B3 TIEA Y7 v YT 4 I 3REREAIT
X <EMENS (Rayleigh H#L).

T, I ETHEL2HELEOFEEZEL Z
ExERD. W, IWITEREERNIZ, v -y
I E ORI TER S NZH S 2RO L H 12
WET 5.
s{enolee[-5 % ne[-2.3] ¢ = e}
(3.19)
C OIS Xz DT MM 2o THE D,
FOEENz=L(E,n) THAH. T, HEFEN
MEr \ZHsbEL, WS ETHEUZEEWE A
BrTHUWTAZILEETSD. rf L r DEE2S
DR TNEN r,r TEL, 28 & 23 HDOH;
ez hZthe, 0B, £/, rex—yilfil
WCHE L2 E0xiihboniEfiz g L B2
EICT A, rlZOoWTHFMKIZe, ZED DD,
rilZx#oE LIZHEIEEL, o =0T 5.
r KO r OFEBEIZRO X ) IR 5.
r; = (-7, sin6,,0,—1, cos 6;)

r = (rsinfcos¢,rsinfsing,—r cosH) (3.20)

ZDOFROEK X % Fig. 4 (IR

x = —11sin 6,
y=0 .
_ x = rsinf cos ¢
z=-rycosb, . )
y = rsinf sin ¢
Source position 14 z=—rcosb
?\ 0 0 Receiver position
NS -
e g
kA N pe= i
W i N
o o — X
‘ oAy L b
Lk ds i
€A oo --> Surface S
Wy
o=(n9
y § € [—wy/2,wy/2]
\J n € [-wy/2,w,/2]
? {=40xy)

Fig. 4. Schematic for the problem of Section 3.2, the
modeling of the scattered field around a
rectangular surface by an incident spherical
wave. The surface S is defined over a rectangle
on the ¥ —y plane. The surface irregularity in the
zdirection is represented by the function ¢ (x.).
The vector a=(&, i, ) represents the position of
the surface facet dS. The source and the receiver
are located at r; and r, respectively.
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Fig. 5. Schematic for the special case of Fig. 4. Now the
source and receiver are in the same position on
the z-axis. The rectangle is replaced by a square
with a side length of w.
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Fig. 6. The intensity ratio of the scattered pressure over
the square with length w on the side to that over
the infinite plane. The horizontal axis w/yvir
represents the scale of the scatterer normalized
by the wavelength and the distance from the
receiver. The scattered field is asymptotically
identical to that on an infinite plane when the
scale w/y/Ar is sufficiently large (Fresnel region).
Conversely, in the Fraunhofer region, the power
law well approximates the intensity ratio.
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—oo<m <1, m=0, 1<m<000)300)$11[#l 57
L CRT- O 5 s OME = Hwvwih

—oco<m <o %
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[oe]

Z Jn(kr)imeime

m=—oco

= Jo(kr) + Jon (kr)imeime
+ ) Ju(kr)(=Dnime "¢
=Jo(kr) + Y Ju(kr)i™(em® 4 e~im9)

=Jo(kr) +2 Z Jm (kT)i™ cos(me)

EEITE A, Lo T, Bessel & HW-H
2 ST D% O SR B

(B.9)

glkr cos¢ =]0(k7') +2 z im cos(m(p)]m(kr)
m=1 (B- 10)
DRI N7,

{48% C Helmholtz-Kirchhoff DIES =
HLHMME S CHENHEVEEZD. nk

S EOWEMNZ bvE L&, X7 MVLFIC

DWW, Gauss DFEREIARD L 9 1Y 32D,

fF-ndS=fV'FdV
s v

WF, Helmholtz H R, (V2+E)u=0 OHTH
H20DANT=Hru & u, BIWEL, X7 M
Yu, Vu,) Zfo T NICREHRZHEHT S
&,

(€c.1)

jul(vuZ) -ndS = JV . (ulvuZ) av
N 14
= J(Vul . VU,Z + ulvzuZ) av

14

= J (Vu1 . Vuz + kzuluz) av (C. 2)
v

Ihidu & ou, 2 ANBFEZTHHRY OO0 5,

BAGIATROXZG5.
f(ul(VuZ)—uz(Vul)) -ndS =0 (c.3)
s

Vu-n %10 S EoOPFRM s —ou/on THEHZ 5 &,
ROXDEPNSD.

(€c.4)

J‘ ( du, aul) s =
s U T "2 B

Fig. 7. Schematic of the integral domain for deriving the
Helmholtz-Kirchhoff integral. The surface S
represents the scatterer. The source and receiver
positions are enclosed by surfaces S, and S,,
respectively. The direction of the normal vector n
is selected toward the inside of the hatched
integral domain.

7. HelmholtzKirchhoff # 43 % &1 3 % 72D O FE 5
FIRORK, WS EEE AR E RS, FlRe =
BT H N S, LS, TH
FNTWD. FEHRART MV n o & EHEHET) S
NG FIROMZ [ L9 ITERIRL T 5.

KT, 220 AN T —¥ & LT, Helmholtz 5
BRXOM22RKRAMOEEp=p@r) &, [ L L
Helmholtz 5 ¥ O % T & 2 i % */r 2% 2
. WE, mr=r \ZHEEXH Y, FE»LFREE
SN F AP MNG S THGEL L, S r=r, THIN
ENDLVIHIRREEZ L. TSP H
S, TP A&, Bl Ao EMZ Al S, T, £
LT, S, S MRS 20 PHEr K& 2Pl S,
RIET A, BT HEEE Fig. 70 XH12E D, 1
DEMFME S, S, KTSITOWTIEHmE,
So ETRAMEICELZEICTHE, R
UVASR
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L)

Lkr a
p>&
r on

ikr Lkrap
oL balT) -
e Lkrap
+f( 6n<r> T %)ds

(C.5)

N Kl etkr lkrap dS “o
,Loo p% r ) 1 on h
WE, dS=dkdQrEX a0 OWEE L 2L, S,
FIRE S

9 eikr lkT ap
lim (p —( ) - ) a’dQ
a—0 Q on r r on

eikR 1 eika ap
— 1 A _ L I
= lim Q<p[ R <lk R)] a an)a aq
R=a

= —4mp(r,) (C.6)

Lih. F7z, dS=dQLiE VT e = 0 DR %

ZEzhZ EEL, Hr=r,llBUIJLEE%
1i£r011>(")=l>s EEE, S, B

9 eikr lkr ap
li — - €?dQ
sl—I:% Q(p6n<r) r 6n)

—f lemgpdﬂ— —4mp, c.7)
b, SAZDOWTIE, dS., ﬁer‘: BT r—>o
DORREZ%EZ 5 &, S, LIk
. Kl eikr Lkrap 5
rh—{?o ﬂ(pa_r< r >_ r 6r> da .8

Thb. T, HoHEEE L&y ok R
TH MR EbENI Ehs, BN a/an
ZEIRTMOMSo/or \CiE &2 72, (C.8) K
ELIEMTSE

R . op
—4m | lim pe™™ + limre™" (6 lkp) (€.9)
Tr—00 Tr—00

L% 57, SEMGEIC B B HIE imp@) 12k B B
BEMHTLb0L L, SOICHMILEICBT L
IR Z2IRZFENE LT

tim (%P — ikp) = 0 .10
lim (57— ikp) = (.10

ﬁffﬁﬁf’ SN XD WM (Sommerfeld DK

&) BRETAHE, S, EHEESOHEZ O &
f%é.UL@%ﬁ X0, pr) 2V TOR
’\ﬁfl‘iﬁ (Helmholtz Kirchhoff ® 73 3%) 23K
DEH /LN,

1 9 [T\ oikr g
+EL(7’%< T )_ T 82)‘15
(€.11)
CORNS, BEARIICBT % HE & HEAR
DU, BELRSHER O B o I BT % L
B ROHLZENTESL. T2, HbH
72 34 L 72BRm R 2 Bl THER T 5 2 &1
XD WRELZRDLEN) DD B>TEY, D
A28 % Huygens O O BFHFRIIZD
o TWhb,

p(r,) = ps

2 B

R BB 2 HELMENORSRN 2 7 7
O—F& LT, W O0OELEHOERX 215
72D DIEAN R ERIZOVWTL Y 2 -7 5.
Helmholtz /i X OO > SIEF Y, HERRH
FEANOFHPE O ASHIC X AHELE, HI A~ DR
DO ASIC X ZHELICOWTEEIT 5. wWih
OWELFEIZOWTDH, MEOEERHLOH A
Vo HEARDO 2 r— vk, BIlEEE Vv

TG0 r =V EDIITAHAE LT, BGELHRED
MG DEALT BT ANE PNz AFORER

Fgid Bl S M7z REGE O T T oA blg
T& 575, Rayleigh kil & M HGEL, Fraunhofer
FHIK & Fresnel #HIRFE D F — 7 — NI X o T
DU 5N B BEOHERTENDIGHIZE LT, &
Wz 52 58 LTHH L VR 5.



