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THE STUDY ON WAVES MOTION PRODUCED BY AN IMPULSE
ON THE SURFACE IN DEEP WATER;
APPLICATION TO THE WAVES PRODUCED
B¥ SHIP MOVING ON WAVES SURFACE

by

Chen Yang-Yih

ABSTRACT |

To appropriately analyze and interpret the phenomena about
the waves motion produced by a moving impulse on the surface of
water waves, this paper is first to consider in an ordinary way
the most relative basic problems "the waves motion. produced by
an impulse on water surface" and "the waves motion produced by a
moving impulse on water surface (or called ship waves)". Under
checking the previous studies about these problems, a more appro-
priate fofmulation with the aid of the further expansion result
by steepest Descent Method has been submitted in the'present
paper. In this formulation the whole system of ship waves has
anew been described, and the two severe defects occurred in the
previous studies which are the discontinuities of wave pattern and
the infinity of wave amplitude near the lines of cusps in the
waves system has reasonably been solved. To the analysis about
the waves motion produced by a moving impulse (or ship) on the
surface of water waves, this paper has also avoided the unbounded
difficulty in mathematical transform and adjustably choose the

surface of water waves existed in preceding as the reference

. surface to proceed fitly. Then, by the new formulation of ship

waves béing cited,the considered waves motion system has been
stafed. From the results by our analysis, in the considered waves
motion, it has existed an important term which is to be occurred
by the action of the water waves existed. in preceding on the
surface. 1In quality, the characteristics of this term is directly
proportional to the steepness of the existed water waves and the
ratio of its wave speed to the ship speed. 1In general, the influ-
ented region effectively by the term is approximately embraced

within the region of the wave pattern in ship waves.
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I = XZII"()()e“f’(""d)c 7 (2.1)
' X

Kb, Bix. BESZ EFREEC ¢ (x ) BTN ( analytic )
MEEEO Y (x )BE—FERERe ( x ) EAEEBHEL o % x, R
x: BFFEE— Xo EHEB ' ( X ) =08 » Bk Taylor RER 4 x
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‘ (2-2)
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+(/)_M (X —Xq )3 4-eeee
3!
=@ ( x¢ )+ au®> +azu?® +----

=0 (X )+w(u)

ﬂ:tﬁ An :gD(n) (Xo ) /n ! ’ nz 2 (2.3)
ANt EXWES B
xz—xo
xl-—xo
:...Ir(xo)eigo(xo)J‘ - El_l_'h(u)].elw(u)du
. x1— X,
(2.4)
54
W(u)=at2+bt3:azu2+a3u3+ ...... v (2.5)
B U=CcC,t +Ct? 4 eeeee
::;ol Cont® *h (u)=q(t) (2.6)

EXFRW Cu) (B (x) ) REEHK> a , b, c. EBEH; B
A
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+ a; ( C1t+C2t2 +eee)? e 2.7

At 18
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Eﬁ dt Ci 2 U+
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1

C ,Elnc“tn_l )ei(lnz-l-bta)dt (2-10)

BT Cx ) BHRe (x) BEEERS(L > Rt EELHSEET
SAHEBMANERT > (2. 10) Rebza (t) TEREE> B
du/dt ~ cy ] R &R Poincare # Copson & ( 3| Stoker ( 1968
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o0

I=c; ¥ (x,) eiso“o)f et HiDdt  (2.11)

— 00

2 ERRUFEN  REEE (2 - 11 ) XPZEIERE (EELL
fE) > EU@T&‘%@%B@ﬁﬁiﬁﬁﬂﬁﬁ° HRED =0 (&R a BR/)
YEF > HInJfk Fresnel Integral BYEARE

w N
f ei(at2+bt3)dt
— 00

> 2 T +ZI b
=|__erdt= e e 4 ) éé.?;—»o ’
FHb=0>a+0 (2.12)

(2 .12) XPZ+HFEa Bz EEMNE B& > &Ea =0 (gl a,
=0 " (X )/2=0)F8lF

oo %)
2 3 3
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—_ _— 00

2r 1
=2m ( 3|b] )M*Ai (o) =

3|b| Y T'(C 2/3)

10C2/3) e
—_— ’ = ,b '1
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w/sin (nzw ) > nEBEB > CHAB - Bt rm( 2 . 12 ) A
(2. 13)AZER  gIEB#8E

I =Function of Fresnel's and Airy's Integral

' 2/3
=Jyrwelrht /fa+inx 31D

(T(1/3) ]z+Rema1ndcr
3 I b |z/3
= irf4 / i
NE / 'alim[l‘(l/s)]’
+ Remainder | (2-14)

(2. MI)XRPZEEZHMEBMC 2 . 12 )RXhE » ZFE a R IEE
ME*Bla>0RFHIE > a <<O0BEHA-o

2 -3 B:EBEMXL ( Steepest Descent or Saddie Point Me-
thod ) 2 ¢—5REBA

(1) #% BAR AR e

RTSRI BEZEERSE RN NS RE® R (2.14)
Ky Remainder 9 » Kbt SR P71 R bt e 23 — 35 0
MRBRED  HAR YU 2] BANEHES - 58 2-14) R Z
— AR T EE - BE '

P

J (Cz ):f e*f(dt (2.15)
c

HEE c RABESHERR ( contour ) ¥ | z | RAEF » BRIKE
EH UE S8BT > WiMorse & Feshbach ( 1978 ) 2 437 ~441 chigr
7l '

—RME » WSBEE c AIRALIBINGE » (75 7ETTE 58 ryd B & (
zf () IZHEBES ( Im(z£f (t) DRFEBIM Bz 2f(t)
MABES (Relzf(t)))BRA » B R itk B 57 5% B 3
B Rt HEBRE]T ( 2z ) BB RO EEE SR I EaHn
( RRULHE & » EfaRERCTZBLmE 2FamEmRE) » &
(2:15) AR
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J(Z):fc ezf(s)dt

:eilm[zf(t)] f eRe[zf(l)]dt ’ I VA |‘_)k
C

. (2.16)
(EREBTEEME  RRe [ 2f (t) IB/KEEE » T4 58
BB e BGEB Im (21 (t ) JEryB(L » RS St B T
SRR R o )

Q-

i
Re{t}—— .

B3 EmE () Z‘Eﬁl%&ﬁﬁé&f%ﬁ( saddle point ) t =t, Z§
WARE o KFEx#FZRe (t ) y@RIm( t )>F|HExy TH
ZERERRe (£ Ct) ) BhihfER#ERe (£ (t) )
ZHIEME (5|8 Morse & Feshbach 2[4 . 29 ) °

Fig3 : Contour plot of real part of function f(t) near

a saddle point t =t, . The x coordinate is Re(t)
the y coordinate Im(t), and the vertical coordi-
nate =Re ([ f(t) ),at very point t in the x,y plane
the surface is at a height above the horizontal
given by Re [ f(t) ) at that point . ( Refering to

Morse &Feshboch(1978)Fig.4.29 at p.439 ) .
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f'Ct)Y=0 FEt=t, (2-17)
FEME BT > BT (2 ) EE R EE » WRKE L TR B
WY ERER > WEBE] (2 ) ORI SRRE ; SREER AL (
stationary phase ) BAUE o AIHLE FIL MR » R to BEHSE R
B ARG 1S
Im(zf Ct))J=Im( zf Cty)) (2-18)
ERECER » REBREERRERLAEKESET » HETHE
( BB B AR ( phase MEGEAES (t )ch» EELTHEHZ
s EREEBEER CERNBEE R 2 RUMRBERMEY) o 4K Tay-
lor B9 BB » 1 to BERBERA

f" (Cte)

f(t)=f(to)+—2——(t—-to)2
flll(to) .
+ T (t—ty )2 Feeeees
=f(ty )—v? (2.19)

A (2.19) XPwv REB KB Im (£ (t) J=1Im

CfCto) JZBREL Cto )BT (t) ZHBAEZ # o I (219
YRMRAT Cz)ds BIEAE

P oo [ et
C

___ezi(lo)f e~ zﬁdv (2.20)
c dv
R—KBET > THRERBRBESNTERES VA —oF +oo

» AR | 2z | BRARF » (2.20) KAHRBILER

JCz)
e dt
— ezf(,o)f e——zv2 ——dv t Z |-—)j( (2.21)
dv

— oo

B (2-21) XA B KMyl MeaERIAESdt /dvHEZ
Bl BEH (2.19) AERRE At / dv ERE vRIBERE $55E



TFREE » RARLERR T dt / dv ZERBERD —BR > ZRHE
ElmBRBRET/NEFRL B

— = X b,v® ) (2.22)
dv 2=0

4% (2-22) RAA (221 Xh > R E A T4 & BvOEEX
HEGE BB

J ( Z ) — ezf(to) OZO b“J e—zv2V2ndv

=0 - >®

oo d=» o0
=e*f*0d ¥ (—1 )® b, j e " dv

n=0 dZn — o0
(2.23)
M Re (z ) > 0K ( R Spiegel ( 1964 ) 298 HZRI&E78 ) * A

I ” e~*"2 dv = 2J°° e *" dv
e .
Y RS R (2.24)
0 '\/7 - VA )

i AL
d® *° —zv2
(—1) dz“f—ooe dv
=(—1)—0C /Iy
Z Y/

B 7rI‘(n-i-l/2)>ln
—/Z T(1/2) (Z) (2.25)

WE5IAT Gama functionl' (n+1/2)=(n+1/2—-1)T
(n+1/2=1)>n=>1°A> BFBEHN T ( z ) ZHELURED
BB

Tbs ®  bya

— zf(tg) 2 —_—
J(Z)|Z|—’j(e Zn=o(bo)

FCn+1/2) 1,
T (1/2) (Z) (2-.26)
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njgﬁl\/brse&l?eshbgch (1978 ) 2 442 HH B (4:6.17) K
4] o

EHUAMCHAE |z | RAKRFZ (2.15) X ( HEY BN (2
14) X)) WL > A TREOERRE HE AW RE b .. & BT
HERBEE Y ER MEERR » REFERZAT
) zEY ( Inversion of series )

ERuEiBEfE (REER—REERIWN) » RANE+ K
BZRBER R H O EY —BREEG R - 5 B - HRERERERR
EXE > B

C=fCE)=Co+ 2 an (=0 )" &, #0

(2.27)
ERFERLER » KM ARE HEYEH ( inversion function ) & =
ECED) " ERI(EN)—C =0 RkAUTHBWER» WA (2.27
) A BRI LAY EBRERE—ERBEXE 5

E(LI=6at+ 2 B (L =C0)e (2.28)

BER L REB. RUEHEMH (2.28) XK/ A (2.27) XA MW R &
HIORERRE o HE » RTLERERE 0% ETHESE R T »
R > BERE ARG BFTE S EOARE > HIEHE5IH Cauchy
FH S CHTE @i Mo 4% » KRB EH —BEHEAX ( con-
tour integral ) » FEHBAB ( residue ) BEREHE (L) o
I £ (&) Rl mBe  AEARTRE (1 /270 )6 (& (
f)df /(£f—8) ) ; wyEFRNENEIS SEEaET  =¢ 8
 RILZAES Hthmy ( £ —C ) BBz Wit 6 HERT » 1
ARTRE

_ 1 fLEfrCE ) dé
¢ (L) =7 FCE ) —¢ (2.29)

ERECH % FRBESZ ( part integration ) » HIAJ18




d R Ef'(EDNdE
dcs(g)"2n1§[f<s>—c32

L =& (mm
2mi S CE)—C |

d
+§f(5§—c] |
g a a0
2r i JE(CED)—C
FRZHDBESP BSu=E s dv=f— )*df o & (2-30
)RZERE ABELERVHAEY - HEEH

1 _ 1 . 1
ECED—C | -l fCED-C
f(E)—Co

{1+£ltffsfialn}

| (2-31)
G 2.28) AZHRBABIRHSZ  THZHERBTRQ-30) X
B(2-31) R Z M R ETL—Co ) ZERHHE » TE KM L.

~
Wy

_ 1
T (EDN—C,

S d ¢
S i T CE ) L " (2-32)

R (2-32) XhWBERBESARBE—nfE( order n )WEBEIEE =&,
o MHBES M IKBRTESE ( residue theorem ) REBR

1 d= (E—E, )" -
oy 1@e= (T ey =gy 37 Peng, 239

HIBo K (2.27) X2z A» BHa. ZHRE

-1 da~! :
ﬂn_n!{dE“fl[alﬁ—az (&—&0 )

t+ay (§—84 )% +-e-er J™ Yeog

B B. = ( ( 1+&x+&x2 +e )™ ) x=0

(2-34)



(2:34) AP Z2EATHELHEAXBHEHR ( multinomial theorem
JERAMmMTES » BIFIA

(l+a+b+c+-- =
(m—1+s+t+--) !
— — sttt oo .
_azt:"( L ( (m—l)!s!t!...]
aht creees »m> (0 (2.35)
SIAERSEABRFABRTRENRS  BEEB L. 2BRD
1
n = = (—l)s+'+u+"' .
nal 8 t uses
(n) (n+ 1) (n—=1+s+ t+u+t---- )
lt!]ul ]
() ()t s |
o %1  (2-36)
R S+ 2t+3 ueee-es =n—1
K (2.36) K > RILF H a7 @B » W]
-1
l_al
1l a; a,
b m T Tar
_ 1 3 -4 A, 2_3_ &
ﬁa-Baf C u (al) 7 ¢ 1)J
=——(2 (=) = (1))
1 al 1
_ 1 456 a,
‘84_4(1: [ 3 (011) +
4 -5 a, o3 4 a,
1!1!(a1)(a1) 1g(a1)]
1 , \ \ \
= (=5 (=) +5 (=) (22— 2y
a, o, a, (4 &Y o,
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(2.37)

EEL T4 » EIELE B (R IR A (2.28) Kb 88 » AIFTEERE SR
 BENTR R o
() HEERY (RBY bow ZFH(H

HEAR (2-26) KPR Z R B boa BE b AR HT/INETET A B30 B
WEREBERGE  R— L EM R BEMN o m (2.19) K& (2.
22 ) X &MAE

v=Jf(to)—fCty=g(t)

B fmto = 3 22 on
n=1 n
WmC2 .32)RZERA B
1 d® t—t,
b. = { ( DERALT S (2.38)

nl! o dt® g (t)
BARE (to D=0 EELTHRARBERZHRFEE X g8 T

(£t 5, _FCt ) —f ()
t — t, (t—t, )?
= S An (t—t, )™ (2.39)

0

&ﬁAm=—ﬂ”“(to)/(m+2)!’fm“’§%f(t)2%
(m+ 2 ) REIFL » HIHh (2.38) XS

ba =—— { ——( 5 Anx™ Jo-uz} (2-40)

HE ba B C 2 Aax™ )™V TEGHBAREH x 2 n KHEMNE

m=(

BoE (2.35) AMSHEARA BKEHARE > AIREDb. 2BERER
CIEIE: = favy =

1
— —_ st tut e

u*"*"

(n/2+1/2—=1+s+t+u+-) 1

(n+1 1)!Is !t ul
J— —_— — ! S 1 ! u ] sccrcccen
2 2

~ 20~



L

Ay s Aq | J
(fA-o-) (Ao )
—_ 1 Z (_ 1 stetut,...
—Ao n/2+1/2 C ueee )

n 1 n 3 n 1
1l « (—4+— —+=)--(—F+—1+s+t+u+--)1
(2+2)(2 2) (2 »

S ! t!u! ......
A, s A, t eenens
(To') (Ao)
H Ae =— £ (ty )/ (n+2))1 s bo=1/JA, >
s+2 t+3 ufeee =n ' (2.41)

RN > R B AMIF HHRTSE (R B b.o (RREA. BRI UET
EisPEVE M > T -
bo =1 / A/ Ao

15 3
b: / b, :_8A1 2A0_3 _?Aon_z

5+7+9 .11 54+7+09
b4 / bo - 27 + 3 A'l‘Ao—s _—T AzAzlAO_S
5 « 7 5
+ 3 (Ag +2A3A1 )Ao_‘ _’EA.qu—s

2

| (2-42)

Hitt » EWERE (2-41) RPZEBMb,. FA A (2.26) 5o B
> Bl A B K ARSI e 5 A S — 4 FRBH 2 0T R iy 5 (Ml 7 TS o i
BRIER RO > 5 EE—ERE b, WEER > BT CUS BIR ML

JCz)y=e o Jor /(ze'' (t, ) )

v |z | >k | (2.43)

B8 R — AT B RS RAR » MR R Morse & Feshbach ( 1978 )
441 9 Z (4-8-13) X Bl Stoker (1968 ) 186 =z ( 6 -
8.16) X ; HiL W4l » Kelvin ZEEMMNEERERAEGFTLZ B

G — @R G fBEme o




_ oo 2 3 b )
2-4 gE[ Tenetdvacs la ok 1Y), RiR
W
S BABERAEH (2.26) XA (2.41) AKRFEAK
WE%W%%%%J_:w“m““dt’%ialeklb/a|ﬂm
B » CUFISR ( 14 ) RAETHLERY o f BIEI#E ROVER > W

b
f(t)=t?+—t3 ,
a

b
f'(t)=2t+3;t2 (2-.44)

Rt HER B t =08t =—2 /3 + a /b » RKTH
#la/b | BRA BBito=—2/3a/b WEATE At
EE AL ERMt. =0V EREE - B (2.39) XH (2.41)
XOATE |

£ £ b
Mgz 2oy, p = (00D
2 1 3! , a
Az :A3 T~ ceescveans :O (2'45)
15 b?
b, = 1 b by =——
EE\' 0 ’ 2 / 0 8 a2
5+7+9 -+ 11 b*
b, / by = — e (2-46)

Wi K C2 - 26 )XZER > BT BENES R

° iaCs2tbra.td)
elals ttrdt
J — 00

[ T & 15 b2 5«7+ 9. 11 b*
e 4 1 | 3 - -1-...
a [ ! 16 a? 6 ]

2° a

Q. ®
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RUAXFLENRESAKRLE B RAMBR » EH (2-14)
AR ARSI R B > Bl #E R E H ARy Remainder (D » RthE
GIA (2.14) X EET B &R ETHRRY - Zo_EH TR

(DElal—k>|Ib/a| >/ B QC14)XPZAh
BE— 18 |

if . 3!b|2/3
JToe //a+1n[r(1/3)]z

_ _7r_e1.'4£{1_i_ 3w |b|2/3—
B a 2(TFTC1/3))* a
3_ 97[2 Ib|4/3
s(rc1/3)H7)¢ a?
. 15 9 x? b?
ERETHS NS WA DHrUM (2-48

L (1/3)=2.6789387 HMARAHRKE |a |>k> | b/ a |

=/ WRAELBIR N (248X EHE LB (2.47) XK ERMAE
PR o

(ii)Ela|—s | b/a| -okK&F> 8l (2.14) XZzES
ERIEEENAiry Integral YW » 12 — 1 &iFTk » €04

oo 2 3
f el(at +b1°) dt _—

0o 1 T'(1/3)
1pbe 3 t = ‘;
Jlem a=g BEE

3 I“b lz/s

15 .
NEX-34 a-i-ur[r(l/3)]2

N N P (2.49)

MEEU B IERAE R RN — R B 2R R BT IE S — o 4

o At REBEBEREERNAXEN T » WEET ESHEE (

2.14) A, Z Remainder =0 » MEHADEN (2-14) XZKR
RELER B



f ooei(atzﬂna) dt
— oo

_ £ . 31 b |2
=JT e /\/a-l-17r[l,(l/3)]2 (2-50}

2-56 Jz®&%R

RS RA KT BENRS | 295 U B » LI A
BEH B a B b ETREERO T FEL > R LR BIFEE%
AR QRTE » BRMEAHE MR BR% 2, =08 > BIAT
D= 0 2 7 IRUEERE OB AR MR R AR R ) e Ak 2
PR 9 S A Rz o Bt > BRI T, =0 » BB C 2 . 8
) KA |

a=a;c,” B b=a,;c,? (2.51)
BAKS | 2 HER

X2
I:f U (x) e'¢n dx —~_
1

[0}

c, U (x4 ) e “P(xo)f eiCet?+01d) 43¢ (2.52)

— 0O

4 . 3]a |2/3
:\/?W(xo)ei[wxo)*-/] /\/az-i-l’n'[r( 13/3 ]2

VTIY (x4 ) etlptx)tn/4)

-

90 " ( X o ) . 3 I gDnr(xo)‘ ;
/ 2 | +'1[1‘(1/3)J’[ 3! )
_ VTV (X )
= (/7 n ( XO ) 2 9 71'2 I@II,(XQ)I .4/‘3 e
R S V2 BB EL e

. T 1
exp{ i (¢ ( x, )-l—:l———z—tan"“
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(1

( 6 [Iso”’(xo)l
(rcr/3) )z 31

2/ 9" (x0) )]}
(2-52)

HWERAER > EEEAMERSNES 2 LB RTHRE AIRFERB ER
Z— 4 [ EE TR o

ERBAN  (2:52) RERFANAMAEER » WKelvin (
1887 ) ~ Poincare B2 Copson ( K Stoker ( 1968 ) Z6 - 86)
Fo BR—MBLIRE—Ha9 ; Gl RS toker bz 186 HFT/RAY ( 6 -
8:16) A (68 1A M E HER RS U & (2.52) x>
¢ (X )=08e ' (x)=0" (x,) =0 BZEREL B
RERE > L (2.52) RERBFTBBEIESS N @EL Kelvin B/R
BB » I T kR 5 DU B A S L B 4 o

2-6 ¥ &
EAR ZER TR AHBNBERL UL > BFEENEHEBHTH
HAMDERS X —FmER IUBRR R  EHFBEET > #s

ANEGRNLENBEROREE » M52 W Kelvin BN EmRE
AERRZREE St ; AFEES-SHE  LFEESMESMHE o
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Z K

2 TrKEREIRPTE

L1

5

m =

AEHEBMEFBZERNE XS KA ERIFAEEZRE
B ETEE B AHHERBMUERENEREHFEX » 85
BERZEHBEGRE Rl o 2% » 5| AHankel transformzksk
EBCESER  REEZhB _FEMRENEIBRZIEZER » REH
Bz BARRE S B (L - REFRRME LB -

3 -1 i

i}

R K 2 R AE R T AR T R A ST S 38 U B P R o L AT
B o B R AR D06 R PR K T 2 W MR M FIT AE  BE BhRY BT A R 0
B o B S B IR M B e AT B R AW E » AIE
SeEHILTE B B B TR H R e o Ak BEEL A A ST ST 1 A T T AR 2 B
B go — K Mo MRAT A5 REUHIE » M A PRI 2 TR KT S BB £
| 2B T A B AT ST R D o

03 — 2 Eich & 4545 B B VR (BT A A 1 45 IR S HE TR
s ErhlR T BB T S B R B R R 0 RIS T B
5 S K TR IR 1 F TS 1At 2 0 BT 6 8 A VR B TR L e 25 o
3 — 3#d E#Eg| AHankel transformZKREEEBFHRNES
K Ri% o BUH =5 BB SR L LR RNER - K\LKE
CERB LIS
73 — 4 ik BABEM—EEE o



»

3 -2 EghiskHER

WA s BFEHTHKE LE— B2 MEEE ( RELRER
BL MeRBa. ZDE)XEHR (REHRB t = 0K ) FifTEHAY
ZEEHBEBHKETREN - — AW T » KFBRIAXELRERH » B
KBRREREMHD - x~ yFHEFHENEAFEE » zBHEER L &
I EEREEBES# ( cylindrical coordinate system)ff » il

=Vx? +y7 e MREBHZHBIEMNE » BOLNBHRES (velocity
potential )R ( xsyrz; t )AJERKP(rrz ; t) ZEHHAKX; &
REIEEEHE ( irrotational flow)BREE » HILEWE Laplace's
equatioh%

VO=00t®,+0, =2 L (1 aiq>)+q>,,_o,

0
0<r<co,—-h<z<0,t=>0 ' (3.1
RA B FALE » S0

D.=0,z=—h,t>0 (3.2)

REBELET  EHEZASRGEHE(SHTEHNEEDEREOR
Q.+gP®,=0,2z=0, t>0 (3.3)
EREEGHBETIEHED LB IR t = 08 2B BHFERE » RBS

DHARTE (HERER t>0) o

RuEERRE RER » BEXEEBRBHERBEN ( initial condi-
tions) o BHEEANEHIEE t =08t =7 08 » —FBHEHP,
TFREFFHAKEL » N EAT5 EAEEE o KRHELN B HhREE #H

EEERGH  RME
D, +g7=—P. P
@47, =0 },zzo,t:0~r—>o (3.4)
EXh g RENMEE » "REBREKM » 0 REE - BEBER—&
R @& ( pressure impulse ) ML » LEAH B .OXFZE
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—ABEAEO<St <7t -0 2/ FHEME RS

f’ P.dt=— p® x,y,O;z')—pgjrvdt (3.5)
0 . 0

EXRERBAAt = 08O (x ,y,2;50) =0 Z# o HH— RS
BEEE » BB >0+ » TP, —o0 » {8 (3.5)5% 2B IS
EEE—FRE—HORSRENEROERE 1, o BRE FTERZR
Hokh RE e RIS 7 BARE > B 0 (3.5)REBHED EHERE -
RHt—0 o EBAE L2 ehmegEES |
Io=—p®(x,y,0;04+) (3.6)
ERBAM % T, BibEms (RMNE B @Eess REs) » 00 ( x
2 52504 ) BUHME; MEZ » B4 BB B I8 B St W5 o
B Sl @RENEHKEANBAT » BoEE AN 7 ZE GG
#HR o ATH (3. ORZHE KB

0(x,y;0+):—é®t(x,y,0;0+) (3.7)

HOERt>7 (Ht>04) B » Pa=0 Zi - SRNMENBEST @ 1
BEIEH M 0 A5 0 + FFEEREZE » MLL 0 MAAZ » SRFRATIA MM
& BEEBEN L HREONS M REXE» HA
P=const., |r| <a.,,
I.(r)= {

0, Ir] > a. ’
eI R R— B RRERE N ESHEr <a. ZEGELE » Bk AE
ZEE o

WL E Rl T840 » A EEZBBHE DA EHESES » &
EBEH SR AREAM Laplace’s equation (3.1)% » KK EH
REE AR (3. 208 (3.3)R » EIAKHAR (3.6)K 8 (3.7)% »
R SR 5 53R (3.8) % o

t=0, (3.8)
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3 -3 Hankel transform B & ki

(1)Hankel trans’form

EREX A ERBVEBRFETBHTER » M5 AHankel
transform ( i transform /RAJ#&EZFE Fourier transform ) %
R o BHEMS » A Hankel transformZE—EMHRAE » BM
FEERS TN XmERE » €

- foorJn(Zr)Efn-!-Lfr—n—zf]dr
[ r r

== A*F(A)+(rf. J.(Ar)—ArfJa(ar)) 27 (3.9
Ik gEHankel transform F(A)&

F (X)Zfoorj.,(lr)f(r)dr ;

n>0, 1 =FE—HHBHE=>0 (3.10)
M HEMK ( inversion ) B

f(r):jooZJ..(lr)F(l)dl;nZO (3.11)

0

BIANERERH_-_ XM ES X nfE ( order n) Bessel func-
tion Ja(x) ZHE »EIx?J."(x)+xJ.' (XD +(x*—n?)J.(x)
=0 » ZEERAMSE -

* _ LI%fE ( zero-order) Hankel transformf@M=E (3.1)% ; #&
G.ORZEET » BMAY . DRRErT.(Ar) H¥r i 0 HHFoo
o FEEEDP (r ,z ;t)ZHankel transformBeé (1,z 5t ) » gl
K (3.10) K40

11 ]

o ( Z,Z;t)ZJMrJO(lr)®(r,z;t)dr (3.12)

R (B.DAZHER BEIATEr =0 0HO, ESABRGERLETr =0
BEO=0, = 0 28R EH» 8 (3.1)FX ZHankel transformfyER
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02D

0z’

REEEIWHE R BT % BB ENAR » Al HABEMNE SR EHh ZHE R K

# RB IR I —ff4: Hankel transformZ » B (3.2)K ~ (
3.3) X~ (.68 (3.7 718

$.=0,z=—h, t>0 ' (3.14)

— 22D =9 (3.13)

Pee +20,=0,2=0,t>0 (3.15)

$(2,050)=— l/PJro:rJo(ir)Io(r)dr

I.C4) (3.16)

I

1
0
$:¢(2,050) =0 (3.17)
(2) BB KR R
WHTE Bk 0 BT R B — R RS F R R E R o EAKE h oo
RFo iy (3.13) XEH (3.14) ABMHEM ( general solution ) H
e "
p(A,z5t) =A(Ad,t)ed | 1>0 , —c0<z<0

(3.18)

© R(3.18) AAA (3.15) R » BIATREEH A, OZHHRB

Aw+gAA=0,t>0,2>0 (3.19)
B% o EHAKEAE ( initial conditions ) % % ; BAK (3.17) %
ABAC2,0)= 0 HEEWEHGESETA (3.19) XAMACL, )
| A(CA,t) =a(id)cos(/gAt) (3.20)
EE a(4) 3 (3.16) R ZMERATHE ; Bia (3.16) & ~ (3.18)
A (3.200 KBa(D=—(LOT.(D @i 6(2,251) 2z
=
$(A,z5t)=—=T.,(A)ecos( r/gAt) ,

1
0
A>

0, —00<LzL0 (3.21)
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*

KEFAR (3.11) RNZEMA » DA TBHE EEBREHRES (
velocity potential ) ®(r,z;t) ZER

O(r,z;t) :—%jmljo(lr)To(l)e”
1]

cos ( Jgit)d2 (3.22)

EEBE N ENEEEPFREFRYER »8a, 0 BES (WMEE
&S ER )
fo(l):.loiglo :o rJo(lr)Pdr:%{ (3.23)

Rt » REBEB B R EBER

1 0o
4 = — az
®(r,z;t) ZEPIOJJO(Xr)e

v cos (/ gAt)d2 (3.24)
HENENEEREAL(r, OKEREEHNEREFERD . + g7
=0, t>0ZMER  DATHBHS

ﬂ(r,t):—mfwx3’z Jo(Ar)
sin ( v gdt)da (3.25)

W (3.25) RZBEFBEE » UKRINEMEHD (2.52) AZER

RKEHE  RHEANFES A Bessel function J.(Ar)BERETEETH
il | |

Jo(lr):%f ﬂzcos(lr cosfB)dp (3.26)

REFK (2.52) R ZEM-KMERYARBZ o HEHERZ T (
Ar)RE s 8l (3.25) BB |

1 oo . —
U(r’t):_(Zn)”zr‘/zp\/'g—fo A(sin(Ar ++ g4t

~Z) —sin(Ar— ygdt—7))d2 (3.27)

MAMER 2> 0 BBE (3.27) RWBES+ » MEEIXNPHEZRER



. gtz

MHHME ¢ (1) =~ (Ar — Vgl t —2) ERBMZ 9" (1) o'

(1) BRI
¢"(1);:__zz: 5 gﬂ"(z)._lzéj— (3.29)
AL » EE(Z.SZDEWTE:EZ’
| U(r,t)
= Im{ =t V7thz
RAICORT: Wnr1%4[ﬁfzﬂ(ﬁ_wﬂm
.exp(i%£f+~%tan‘%13?;%;:3))2[g =)}
_§ﬁ257ﬂ1+(rfsz))(;;)”ﬂﬂﬂ
.sin g‘f+"§tan-1[<rgff§)>z<éﬂi )V 3}

(3.30)

EREHEN > RN E_ KA (MEBHEEE—) » # (3.30)

2 A] B (b A
_ gt® . gt? gt?
T = e SInT s o AR

(3.31)
P&Ea%ﬁmﬁ%mﬁ’HE%meumm(wos1m4)~

Lamb(1932) %o %R > ML#E—PTS » £EFEMREERE (3.
30)RFIRZEFATE o

»
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3 -4 % &

KAEFRAE _E2EI A URHERARBZEBFEEM &8
ZHRRERBMABEZHOANE  IXEENFBNGHRECLATH
HHEE Al EXRRPUTE _EZ2HALERR ( 2.14)X » 5%
ERBERAEEZKelvinEEHEMEE o
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S K H L B2 B T EE B,
Fh& Z/ﬂi( A /&)

S

B =

ASEER PSR 82 T8 KE L2 EHREFE 2 HDR  RER
ERSAE R ECEDEERHT » SOBOREES 2 - BERS
—E AR KW HNE 2 W BRLS AR MRS NBTR
B » [ R L A SR 7 LG o 02 S 5 DR S T 48 2 B e
FEE 5 0 B BD FURIE 2 = AR MR MBS - — RS T
5 F— S WIERIE 2R R IR A » R BEE S E R o R T
) JY B BB 2 A A B EH R AL o

N
[}
]
23
ol

EREFTE R 0 ACHIRT R B R F BT A 2 B B 18 R BT -
Bl 2 58 B S0 S AR AT R AR e KT BT AL 2 8D ( SERAUARDE ) A mss 5
oIt RAXZHELET » BEMTRERKEFEZAERRET
WIS BT b+ PO A B2 UGS TR S R RO MR AT 2 o SERERL A B
B RETHE  ARBEAESSRIRE O —=HPHISE
LU R T A KPP SRR A2 BB i |

74— 2 iR o ST SRR K T T RS A BB R SRS THER 0 R
LA 5 P L 2 e T B o R R R L R e R B R R R
i 3665 7 49 2 ] AR T O W+ R B LR VB O O D SR R (RIR
ERAR2 cos ' (V8,3 ) ZHERFERAFESR » FBLIKE =
i1 69 K /NGy A R IIBR 5Y BB R i o

B4 — 3 Eich o Rl RETR D 0 RO R ER T AR
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(L}

C DA LA O TIR IR (LA e o
R4 — 4 fich o AR RSAEATIG o W L o
M4 — 5 fch > B BB SRR LETRY » 01F R AR
BAS » & P92 % IR R EEE £ 18 R Ao A B (L5 o
R4 — 6 fiih » WAEZ BLMEREHR

4 - 2 EERFEzHEE

SEFEREFBAKE EZEHRE DR DNE —GERKE » 30X &
» DI ¢ B ; S HMNRME ¢ BFIRES BEE » MCAE—RE to BN
RARSE » ARJLEBHREERERA » WHEXEHHTSELSD
RO » FRHEE ANE 4 PT7R o

Y
T P(x,y)

B4 BEBEREHEZEHIY » HLOXH» 1t B E
BRh» SEHit. RPZEARE » PRI ByE BB -
Fig.4 The coordinate system of a moving
impulse -point along OX axis,time t
at B, previous time t, at A,P the

considered waves point.

(K B R R
OA=ct, ; OB=ct



PB=r={(ct—x)*+y?} ¥

cos‘a:(ct—x)/r (4.1)
PRIEL » Y401 8 5 B AT MR 0 B T2 2 B B 67 7 99 5K » S (3.31)
R D { (x—Cto)?+y2} " = { r?_2cr(t—t.)cosat c?(t
—t )PP AR o Llt—t, Bt  B¥t, H—cofEsEt » 7]
e

7(r,t)=——2= J-oo u” du
? T 2" pp o (r?—2curcosa+c?u?)?

gu?
4(r*—2curcosa+c?u?)v? (4.2)

4% 5 28 Have 1ock(1908) 2 (72 545 o
& BRK(2.52)XZER » RMTRBEEE (4.2) Rz
SEMEE u @0 » B E LR » UE W

«sin

d ¢ gu } =0 (4.3)

du " 4(r?—2curcosa+c?u?)7F’ — )
g2

c?u?—3curcosa+2r? =y (4.4)
7 cu:—l—r{3cosa-l_—(9cos’a—s)"z} (4.5)

2

K% (4.5)58018 2 cu (EAY P » RO R s 2 AR 7S 0 B
ETEE DB cu ERETESMMIM U=t — t. 555 HRE
BLTAE A (7 B » TR B L AOBE TR AR B ¢ REIBAR C r , o ) B
BB o

(V%9 cos® a—8 < OB » cuz “iREABEM » [El % T EEE N
Ry BB EEEE DB E A » RS (4.2)X0H5H stEEr
BEME o BRI 40 + B T EROR By R EE 1B A o R U B R
B R (R 7 e WARE 0 55 57 A 00 — (T8 2 % 5 e T
BB ZEBER (RBOX #) sk cos™' ( VE/ 3 ) Z AR
EFH19°28'0
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»

@9 cos? a—8> 08 » Alcu EZETAMER » HE)E 7Y
4-SRAZEIEREHERE 0 AE—%5 5 EE LNE KB RE
S ER BT ERE BB R R B S R B R
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