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A Fundamental Study on the Wave Absorber
by Naomi Kato, Member Kimiaki Kudo, Member

Matsuji Sugita, Member Seizou Motora, Member
Summary

It has been shown theoretically by Bessho that it is possible to absorb a train of regular waves
passed a floating body if its motion is properly controlled. It has also been shown experimentally
by J. H. Milgram that in a specified case, the “perfect wave absorption” could be realized.

In this paper, the authors rearrange Bessho’s theory and show that when an incident wave is
diffracted by a fixed body, the height of symmetric wave system and asymmetric wave system
which are fundamental components of the reflected and the transmitted waves is exactly one half
of the height of the incident wave, and show that this relation is valid independent of the form
of the body. They also show that this relation holds in the case when the body is allowed to:
move provided the body is of symmetric.

Making use of these relation, the authors show theoretically and experimentally that it is:
possible to absorb completely the energy of an incident wave by actively controlling the motion
of a floating body.

They also show that at the “wave absorption point” at which no reflected and transmitted wave:
exist, the work done by the mechanism which activated the body is negative and is equal to the

energy of the incident wave.
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= 3 F —FHELEE AT 7‘5%&&@%%&0)m§% 22T 5, FmA L E DD E, IERTRRGETE L
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(i) HEREEIRTND EERIE, =3 F —S5EEMZ—FICE D 122

(ii) BB LR EnEOBAIIE, =3 ¥ —S5REANE—CIBEL Liswas, KD o7k
BT, trivial 7od OFRRNT, WHEOEERNKHELBERT 2,

DTFezhzRdd, % - BFEERETAXREL TS,

Al E #
WERTFT VYT AR
bi(2,y) =Pjatidip=(Psjac—Pjps) +i(Psas+Pspec) (7=1,2,3,4) (A-1)

L8, T ITHRER,
EhiEh, =2 ETFfEh, 7=3: §fEh, j=4: diffraction
¥io, ¥ A B, C,S BThZhRT VYT VONKRES, RNWRS, EERS, BERSZEHLT,
BT O RAHE YR TIDIT AV 5,

o (2, y) =e Kuy+iKz (A-2)
£RF7 v 7D Kochin ZE#387

0
Hiypc* (K) = Hjac™ (K) =f (—Ziﬂ&—'(ﬁmc-a?)e““ cos Kxds (A-3)

0
Hys*(K)=Hjas™(K)= f < 0%bsas _ 9487, e Kvcos Kzds (A-4)

. 0 .

HJBC+(K)=—HJBC'(K)=1L< 0?;30 —$sme—; >e‘K”s1n Kzds (A-5)
Hjps*(K)=—Hjps™ (K)—zfc< O¢ps _ > ~Ky sin Kads (A-6)

LLTHExbRB, Thhbd, Hyjc*(K), HJASi(K) Vl%ﬁ Hjpct (K), Hyps* (K) IMBEHRTHD = L%
503 Bo

A.2 Radiation EF v 7 ADOESHER

& (z,9) ﬁ;%pg;%@Cp:z&Z;g?, Radiation E7 v o7 ¢y, ) 1

8
Loume=1 [ ( ODUC. b1 s0-g- | Geds —e cos KHyas () (A-7)

9
_2_¢MS= 21” C(%ﬁs — s an >chs+e“KUcostHjAc+(K) (A-8)

Geds+ie ¥vsin KoH,ps* (K) (A-9)

% Pps= 21” fc )chs—-ie'Kl/ sin Kz Hjpc* (K) (A-10)
TH2bhbe

T o e et cosk (v —a')
Go=log—* 2310 = dk (A-11)

7= (x—2")2+(y—v")? rl=(z—2')24(y+y’)?
<, § 1 Cauchy OEfikL s LT 5o
K, WHEEEEREMEL T, EORIHEREYENT 5, REBEOELE
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z5(f) =Rc[e!*'] j=1,2,3 (A-12)
ETBL, WERERRALHR
aqu (z,y) =ny on C (A-13)
THEIBIhB, TZIE, n,n 1LC @%rﬂg’ﬁiﬁi%ﬁ@ﬁ@%gﬁ THY, ng=ng—ny THbH, (A-13) &
(A-1) 2 RATBE

0Psac _ 0Psps
on on

OPjas a¢JBC 0%smc__
“on ' on

2RiEbh B, (A-14) ®ERBLT, (A-7) & (A-10), (A-8) & (A-9) »bThth
0
(¢>JAC b;8s) =—‘ {nj—(¢JAC_¢JBS)_a—n“}GCdS
—e K”COSKxHJAS++ie_KVSinKxH]BC+ (A-15)

(¢,7AS+ bs80) =5 f (psas+Pjac) —‘Gc ds
+e EVcos KxH o +ie XV sin KxHjpg™ (A-16)

:nj

on C (A-14)

ﬁ;@‘bh%o

A.3 Diffraction K7 V7 AOELSHER

Diffraction K7 v 7ARKT LIRS HERDEHDOBBCENTIL, WO WNHEIEE IR LD,
EU@TO%%“'” XD ¥ EHILT 5o

L (buatbune) = [ oat heac) g-Gods e~V cos Ka (1—Hias") (A-17)
= ¢4.4s= 5% f ¢’4As—— Geds+e XV cos KxHyac* (A-18)
(¢oB+ Panc) = (¢03+ ¢4Bc)——chS+€_K” sin Kz (141H,ps") (A-19)
E‘ Psps= ——2-77_/; quan—chs—ie‘Kl/ sin Ka Hypc* (A-20)

A.4 Kochin Bg¥rDE 4B 7R

AL RS TERIT, TRTE2ED Fredholm MEHHERTHEIMD, BII—BREETILE
2 HNBH, TR ADOTIERL, EVWRHEBOBBRICHDEDHH - T, (A-16), (A-17)~(A-20) »»
b, MBI 3 OBOIND T LT B,

(A-16), (A-18), (A-20) 25

g‘i‘i Hjac* g::; Hips*=¢ as+¢pc on C (A-21)
(A-17), (A-18) b
(Poat+Psac) Hyact=psas A —Hyas*) on C (A-22)

(A-19), (A-20) 25
(Pos+Papc) Hipc* =ipaps (1+iH,ps*) on C (A-23)

BELNB, ThbDRIK, HWE <¢° n 3¢0> X LT, CLTEaT5E, ¢—H (K), $oa, Pon
-0 THHZ LIEETH L

Hias* . o Has® o . .

Hyac™ Hyuc Hapc" Hjps*=Hjss*+Hjpc (A-24)
Hyyst=|Ha*|? (A-25)
Hypst=i|H,p*? (A-26)

NESRD, 2T (A-24) Bhiend 1 2oDRXDZE L THBHH, HEADDOW Kochin BIFIIERTH D,
%F B Dz Kochin BAFUIMIER TH S 2 LCER TS L, 2 DOBRK
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Hiast  Hjas™®

Hyact ™~ Hjact (A-27)
Hyps* _  Hjpc* -
Hypct ~  Hjps* (A-28)
CHFBZ EMNTE D, (A-25)~(A-28) 1X HjY(K) sz bnicdl ¥, HY(K) #ELCRET D, HRIX
Hya*(K)=Hyps*/Hja* (A-29)
H,pg*(K) =f71’113(:+/1r;r1113+ (A-30)
THbHo #-T
Hisct Hiont
£ gy Hias® | Hipe )
H*(K) et +i Hy (A-31)
Etho
A5 B, R, EBEERCOWT
JERFRIR AL j—mode DEBhE T3 &L & DREILIL
iK(Hjp*+iH,pt)etot 153 (g—4-c0) )

THEXbhD, ¥, EEIhTWALEE, HUIREOASFUCH LT, KA Ar FBE Ar 1%

Ap=iH*(K) )
Ap=1-+iH, (K) } A -39
THBHMD
ﬂﬁ“‘&ﬁﬁ:—@;‘l=Hm+ﬂHm+ (A-34)
ﬁﬂ#ﬂﬁ%ﬂzﬁzﬁ=—‘4—“’:—éi= —Hg*/2 H 5+ (A-35)

2
2BLNB, o, BBINIERNTHEDOHATE T, =XAF—~FLHEUERIIKILT S 2 LAURSh
%o
A6 HROMCEEIY LSS
EHHERLY
m (Lt ) yt-2 (Hy P+ Hy ) 5+ 5y= —0g Hete! (A-36)
TEZBND, ZZIC
m: YEOER
my : j-mode DEENTH T B fHINERIRE
Cy: j-mode DEITLH
Thbo &
25(t) = R [ X e'et] (A-37)
Ex< &, (A-36) 1%

;0w
fe—ama-tmy) +255 (H P HED | X = —0gHy* (A-39

tith, TZT

cj—wim (14+m;) =pw?P? }
Hy*|P=H,,* (A-39)
Ew<{ &, j-mode DIEFHT X B FELYE DR
M4 rads sym:iKHjA+XJ (A—40)

THBMD, (A-38) »bH
— iHJAvP+vaP+ B
77,1: rad> sym — 1+i(|HJAvP+|2+'HjB:P+]2) (A 41)

FRRIC, FEROIRD AT
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_ Hyp,p*Hy,p*
74> rads asym — 1+i(|HjAvP+12+lHjBrP+12) (A—42)‘

iz, Diffraction % [g L1z, L&D DORFRIL S & FFFRIER 51
Hya*  (1—i(Hyap*P*+2iH;a,p* Hyp,p*—| Hyp p*2}

Nj sym= "7 5 . A-43
P {1-+i((Hjap* 1>+ Hyp, p*1%) } ( )
. :_“_‘}:{__734- {1 i s P 2iH p,p* Hypop* —|Hyp, p*|%) (A-44)

P T 0 H gt {(1+i(Hyap* P+ Hizp D) }

Do TADBLRDIENEORD, Tiobb, ENHWERIED L Lick &, =30 F—S45FEAN,
—REANCIER D L7 Te v LML, RDEMHD S & TIRRIZT 5o

(i) Hjs* or Hyjp*=0 (A-45)

(ii) Hya*=iHsp* or Hyju*=—iHp* (A-46)
(i) BWEORNFHHELERT S, (i) 12 (A-32) bS53 L5, HHEOFACETEEYESD L5 trivial
T&%é”@@%o
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