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THE STUDY ON WAVES MOTION PRODUCED‘BY A SHIP? MOVING
ON THE SURFACE OF DEEP WATER-

by

Chen Yang-Yih

ABSTRACT

To appropriately analyze and interpret the phenomena
about the waves motion produced by a ship moving 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 appropriate formulation 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 have reasonably been solved. The
experimental data about these important characters of ship
waves motion have also been considerably fitted to the
theoretical results. 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 ;<hoose
the surface of water waves existed in preceding~ as the

reference surface to proceed fitly. Then, by the new



formulation of ship waves being cited, the considered waves
motion system has been stated. 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. In 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. In general, the influented
region effectively by the term is approximately embraced

within the region of the wave pattern in ship waves.
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problem s E4ULRIEEH BT % » MK FE 1S M Bk - &
BEBEL  EE  RR RS BB RS N AW B
bR MR EZ# M o B8 Cauchy & Poisson [IUA » [ B
7 #E31 AT B4 B9 KA IS T KA BRI » £ Kelvin 557 dg
R R Y ELARE 2 By O RS M + A T — BT B3 530 QLR Bl »
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BT HAR AT 1R 2 A0 B B - AR o B AL -k Kelvin
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ETHE » LR — R B EELRABR

22 — 3 #i > 0 HBEME B ( Steepest Descent Method ) ¥
REAHEHEE - PREABR > BRI Kel vinEE 7B R ERA
BEZRBRERPVEETE ©

K2 —4gid 2— 3 EifBaE—%ERER R ILELERE 2 —
2 Hi AT 4R H 2 A5 1R S DR B A SR A9 e /8 1 ©

K2 —5 it BB BEES BX R EBSN BEILEMRE
BAQAAT R HAE o

R2—6 itk » WAZGRLET Al JLETEE ©

2-2 1 :fllf (x ) el9™dx > 2B

HRARMEMEZEN » —BRESRISERSET Bl » &
B HENEBN LIFE A BEEIT RIFHSREEEBINER - mE
fFiprn > Kelvin ( 1887 ) B AREBE H B Iney B & #6030 CUEBE
' REBRERERE T L0 ERA S I RBME HBIE » it —&
BRERENBESROURMARBEERERE - BIEFETSEIE i
BEF AR IR BT P FTIRE M B AR 2 — g 0 B

szxztlf(x)e*w“fdx (2.1)

X
ANPx Bx, RESZ EMRER > ¢ ( x ) BU#EHN ( analytic )
WEERE ¥V (x )RE—EHAEKC ( x) EEESHSL o ¥ x, &
X FIfFE— X EEB ¢ (% ) =08 » Bk Taylor KEE > & x
=X, +u-s*Hf |
U (x)=W (xo+u)=T(x,)7 1+h  u))
| (2.2
* ANFE - EHMEEEHS AChen ( 1986 ) i © |



" (x4 )

Bl ¢ (x)=¢ ( x, )+ - (X—%X, )2
+¢——(X°—)(x—xo I3 4 eeenn
3!
=¢ (X0 )+ a,u? +azu’ 4

=¢ (X )+w(u)

i57]A an =9 (x0)/n)l » n>2 (2-3)
A EANESBS
I =f T T (xo +u ) elP=prwinn) gy
=¥ ( x, )e“”(x")I T (1+h(Cu) J-e'"du
(2.4)
44
w(u)=at?+bt® =a,u?+ a,u?® +----- (2.5)
ﬁ u=c,t +Cztz+ ......
:noz.:l Cat® s h(u)=q(t) (2.6)

EXFERwW (u) (He (x) )BEEE>a , b, c. EBRE; B
B
at? +bt3 =a, ( Clt+cztz Freeeees )z

t+as (et +cyt? +--0)° 4. 2.7)

Rt 18
‘a=a,c,? ’ b'=2a,c,cz+a3c,’ (2.-8)
du

B a‘_—'cx'i‘zczt‘f" ......

=%, nc.t (2-9)

REBRMRAC2 .1 DR TBIB



L3

2E1+q(t)]~

1

I =¥ ( x, ) e‘?”(“’f

t

( glncntn—l )eicuz+m3)dt (2.10)

HRY ( x ) AERe ( x ) REESBHEL > At ERUEET
DRANEEREMLE T (210 ) Xhzq (t ) AHEKE B
du/dt ~c ] RN Poincare Bl Copson & ( 5| Stoker ( 1968
)8 6881 ) » AEERARE L TR B HEEL0o » i Havelock
(1908,1914 ) FRAEBRR o & ( 2 - 10 DX TELHRA

oo

I =c, ¥ (x, ) e'¢x® f etCeeme®r gy (2.11)

Ei GRRUEN  RERGEE (2 - 11 ) RPZBRSERE (S8
fE) » AIFTRERFANESRBLTE S RED =0 (FHE&ER a BR/D
Y& » HilnJfk Fresnel Integral 8YERE

()
f el(av,2+bc3)dt
— oo

oo 2 T +7 b
= elet’dt= i | e 4 ’ H—0
— o0 a a
Bb=0sa+#0 (2.12)

(2 -12) APZEFEBaBHZEEMNE HE»HEa =0 (Ha,
=0 " (% )/2=0) )8 HA "

o0 (o)
J ei(au2+bt3)dt:I etvt’dt
_ 00 —_ 00

2 1
=2z ( 3|b| )M*Ai (o) =

3|b] ¥* T(C2/3)

_ 1rc2/3)
V3 b

rEHa=0b#£0 (2.13)

HEEAiry Integral Ai (= (C 3|b| )¥*x J=C 3|bDH"/z .

Im cos ( bt? +xt )dt XGama AT (n )T (1—=n) =
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7/ sin Cnr ) » nIERBE S®AM R M (2 - 12 ) XM
(213 )KZEH  8lr &3 HihE

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

_ | 3| b 2
= inla i : i nd
\/?re / a+17r[r(1/3)jz+Rema1ner
3 | b |
= ./ tixf4 / + i ’ ;
e NS VAR DL
+ Remainder (2-14)

(2. M) RPZEEZICERMC 2 - 12 kb » £5E 2 (509 T &
iR 8l a> 0 BEIKIE » a < 0 BFELE

2 -3 m=RBEMEE ( Steepest Descent or Saddle Point Me-
thod ) Z2(—5ER

(D—fE EH AKX AyHE E

RISBRIEzEBCHELURMN » S5 B 528 sk (2.14)
AHH) Remainder #R3 » FOH BEEAT NG F A Sobefe i 238 — S B RY
RREBHED AR 2| BANBHER - 58 (2.14) R
—RAAGETRE » BE

J Cz )ZJ efCv)dt (2.15)

AR c RABESHEEMR ( contour ) » & | z | BAEF ) CRAHE
B EUE B8 » flMorse & Feshbach ( 1978 ) 2 437 ~441
7N ©

—RME » WA SR ¢ PRI I EE » 68 B 1EpT % 18 ry & B & (
zf Ct) JZEBES ( Im{zf (t) DBFEB MK EZ 2f(t)
MEB S (Re(zf(t)))BRKA » BRIt ENENSAEERES3
Fis s At HEBE T ( 2 )B’\J%’%%%qﬂu%ﬁ%ﬁ%%i%m%ﬁ@
C R LHEE & > B i B R 865 e 2 ER RN RE) » &
(2.15) RAIRR
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J(z):f e*fsdt
C

:eilm[zf(!)] f eRe[Zf(t)]dt b 1 z {"‘)k
. :

(2.16)
(BEREBEEME » RRe ( zf ( t ) IB/WKTAE » T EER
MBREHcRESIn (2f (t ) JEkayB (L KRLEEE:EELT
SAARER ) |

B 3 BT (t) CEBEONEKE ( saddle point ) t = t, ZK
BiE o KFEx@RBRe (t ) yE@BIm( t ) EBEHxy £H
ZEEERRe (£ Ct) ) BRiRERH#EERe (f (t) )
ZHEM ( 5|8 Morse & Feshbach Z@4 . 29 ) o

mitRe (zf ( t ) IJZKEZREERL (t ) WBKE » ARZ t =t,
' BRI R



f'"(t)Y=0 HEt=t, | (2.17)
EEMEMNET » # T (2 ) ARE R B ey » R 308 I TR
R OB » MEME T (2 ) M98 X BRI 5 5t e A8 (
stationary phase ) Bis o AR MUEN R > 1 to BHSEENE
98 A 15

va[Zf(t)]:Im[zf(to)] (2.18)
ERBLERR » MBS R RN RS TSN T o RT3 2
(BB WA ( phase IFEEALS (t ) ek » HE TR b
2 EHEEBERM CERNBESE Rz RTAEBESMEN) o K Tay-
lor B9 RGH » 7 t, BRHEIR B

f" (to)
f(t)=f(to)+————2—(t—to )?

£/ (ty) .
3!
=f(Cty )—v? (2-19)
A (2.19) Xy REB EHKEIm ( f (t) ) =1Im
(ECte ) JZHWREECto )BT (t) ZBABEZ & o 4§ (2-19
YARARAT Cz )b BIEAS

J(Cz)= e“““f e~ dt
(o]

dt
:ezt‘(lo)f e zadv (2.20)
c

R—BET » TEERBRERESNTHRES vVAES M —0FE +oo
» AR | 2z | RRKERE > (2.20) RAHEELRE

JCz)

oo dt
:ezf(lo)f e~ v2 —_—dv » ‘ VA l '—)k (2-21)
— oo dv

M (221 R4 BRKKRFORDE QLR AN dt /dviiEs
» Bl R EAWY (2.19) KARRM dt / dv EREVIIHGEE ¥5E



TERIEHE » BRNREELR T dt / dv ZERBEEN—BX » ERHE
AXBBREFET/EiPRL B

dt =
— = X bav® (2.22)
dv a=o

g e22) XA C2) A+ RHBEHRTHE BEVHBEEX
HREFE B

J(Cz)=e0o® ) b“_f e"*?vindv

n=Q - @

0o d”» ©e
== e“(‘°) 2 ( —1 )n bzn J e_zvzdv

n=0 dZll - 0
(2.23)
HiRe (z )>0® ( RSpiegel ( 1964 ) 298 HZfIE78 ) &

J‘ 2 e—zvz dv — ZJOO e—zvz dv

— 00 0
I a2 = / i (2.24)
B o VA B 4 .

d® -
(—1)¢® f e " dv

dz*J —o

d° T
—(—l)dzn(/z—)
—-/i F'(n+1/2) 1 _
= ~ T(1/2) (Z) (2-25)

HEESIA T Gama function ' (n+1/2)=(Cn+1/2—-1)T
(n+1/2—=1)>n>1 Wit GAFE ] ( z ) ZELUBERY
BBAR

e

beg x bzn
J ( z ) ezt‘(lo) Z —
bz >k Z  n=g ( b, )

F'Cat+1/2) 1,
T (1/2) (Z) (2.26)

KENEGRE P EHm95E (2.26) R RAHEMAFEEMER > W
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njZ A Morse & Feshbach ( 1978 ) 7 442 EH &y (4-6-17) &
] o

EHAA O H/ITR | 2 | RRRZ (2.15) X ( SiHYE B 2
-14) K ) B LE » T TARAVEZRE HHE AT (RE D .0 & > 558 7]
HE R B E S EE MER R BEERZMT °
QR BZ Y ( Inversion of series )

EReTEZERE (REER W EREm) » RA/NEh > &
BUZ R BGK R A9 B3 — M EEAS B AL © 4 B4 — W BERERERE
MEAE B

C=f(E)=lo+ 2 an (E—Eo )" @, £0

(2.27)
ERNFEER » KM ARE HEYESE ( inversion function ) & =
ECCD E/RI(ED—C =0 (RUMKBMIER > MR (2.27
) A P HEYRBERRE-—BERBEXE B

E(L)=C+ 2 Ba (L —Co)n (2.28)

BEEL RES. B EHEH (2-28) R A (2.27) X PR H
KR RAE R 0 T 287 R RS 8 5 50/ T TS »
BRIL » B3 TR e B A — B B A SR8 » R 463 1 Cauchy
BT AT B A0 Mo %45 » B M M — B AL ( con-
tour integral ) > FHBERE ( residue ) BRENREEE (L) °
HIF £ (€ ) BB AEARTRB (1 /271 )6 (& (
£)df / (E—C) ) ; W RAREN K% SREamET =0 %
» RICZAIES KAt ( £ — 0 ) BRzE Bin 8 BERT » M
AR R

1 §f' (&) dé§
2niJ £ (&) —¢

EREHH%E > BRMDEHZ ( part integration ) » HI#[B

§(g)H)= (2.29)



d 1 [ef'(erde

FZE(C)ZZEi CfCs&EH)—C )2
__ 1 [ —§ Rk
2rni " f CE )= |IR%

dé
+§f<s>—c]
1 d &
"Zn_i§f(6)—c (2:30)
FRZBBESF  B9u=Edv=Cf—{ )2df o £ (230
) RZERE HESERTRFHN - HEEH

1 _ 1 1
FCED-C | -8 fCE)-C
f(é)_'Co
_ 1 e (C—Co)n
_f(S)'-"Co{1+n2=:fo(5)_Co]n}

(2-31)
48 (2.28) AZHMBABIHL,Z  TBZERTFHC.30) X
B (2:31)) A 2R REFTCLC—C, )z%Kﬁﬂz&’ﬂﬁ%m@n
5

n5_1 dé
Cemi JOECEDY—C, J®

HR(2-32) APWEBESAFE - (order n )WBEESE =&,
B BMHBESENKBEERTEMR ( residue theorem ) R1BH

1 d»™ (§—&,)"
( 11—1)![C15“'l { CECE)Y—C0 I }]5=€o

AlBoafk (2.27) Rz A » BH a. ZHERE

(2-32)

(2.33)

1 ds~?
‘ann!{dsn_l[al‘f‘az(é—'so)
tas (§—80 )2 +-eeeee J™ teoe
1 ’ dn—!
) B. = C _(1+“zx+5ixz +- )™ ) <=
a,*nl dx» o, a,
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(2.34) AP Z2EA 7l 4 H X RFEH# ( multinomial theorem
) ERMAE S - ENFIA
(l1+a+b+c - )™ |
(m—1+s+t+-)!

..':s?..(_l)l" [ (m—l)'S't'].
atht «eeee »m>( (2.35)

FIAEXRSHEARMAAPTLENRS  HEB L BB

1

ﬁn: - z (—l)s'i'z+u+-.. .
N st uees
(n) (n+ 1) (n—=1+s+ t+u+--- )
It 1ul ]

2 as
(=) (m—=)* cenrer

. * | (2-36)

- HEER s+2t+3 ut-e =n-—1

R (2.36) 3% » RUELFIH BT &M@ T

1
.81 =
a,
1 a- a,
‘BZ :———2—-—:—-—3-
a? a, o
1 3 -4 a3 3 (o 3
= (=)= (2
Bs ™y C 17 1!( 1>J

_ 1 456 a, .
.84—40{: ( 3 1 (al) +
4 « 5 a, o, 4 (4 99
1'1v(a1)(m) 1!(3T)]

1 2 { 2 3 4
= (=5 (=) 5 (—2) (1) — (=) )
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(2.37)

UL T4 > ESEL B (R BB AAA (2.28) Reh By » BIFT B Ea9E 5%
BEN AT R o
(3)AEHT (RB by ZF H

BE R (2-26) K Z (R B boo BB E AT6R BT/INET T e 450 330 A B
WERERERIE R — LB R LEN o @ (2.19) XA (2.
22 ) X H&ME

v=JE(to)=f(t)=g(t)

g t—t°=2vib““‘vn
n=1 n
WHEC2 .32)KXZEHR B
1 dn t'—to
ba = { SR RSO (2-38)

“nltdtr g (t)
BRE" (ty )=0> AL TFARBRAZARNKEE L I T
gCt) , £ Cte)=fCt)

|:t_'to - - (t_to)z
= P An (t—t, )™ (2.39)

HEA: =— £ (ty )/ (m+2 )1 s f@2 omf (¢ ) 258
(m+2 ) RO9BS » Btk (2.38) RBR

b_l { d®e
"Tnl ' odx®

HE ba B ( 2 Anx™ )"¥7V? THGEMBHAR SN x £ n KHBEMNE

m=0

( £ Apxm)-mr-uzy (2.40)
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B E(2:35) AWML HA RN BFRERAS AlREb. 2HREGER
ENRI B R
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(Ao AO
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8 uce*
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e (2 (2 (B T s+t Fu ) |
2 2 2 2 2 2

S!t!u! ......
Al .8 2 t
(Ao) (Ao)
R Ac =— £ (to )/ (n+2)1 v by=1/VA, >
S+2 t+3 ut-ee =n | (2-41)

AR AT/ EAR > R LB FIZ BT (R B b (RRFEA. HEDLUET
geREgE R > T -
bo =1 / A/ Ao
b: / by, =£A1 2A,7° “iAon"2
8 2

+ 7911 - 7
) AI‘AO"‘——S 9

b, / by = 27 . 3 _———24

A,ATA, ¢

5 e
2

7 5
3 ( A; + 2A3A1 )Ao—" _'_2‘A4Ao_3

+

(2-42)

A EWERE (2.41) RPZEB b B A (2.26) Kb

Bl 2 B K A5 SRR 8 15 A HE — 25 B 2T 0 R g i 2 it 7 TR © it

BRIEE —ROVE > 5 EE —ERE b BEER > BT CUR BB AL A%
JCz)y=eo Jar/(ze'sf'"" (t,))

vz | -oK (2-43)
Efh 51— T 889§ R » WARZ WMorse & Feshbach (1978 )
441 EF 2 (4-8:13) i’iﬁﬁ Stoker (1968 ) 186 HhZ ( 6 -
8-16) X ; R4l » Kelvin ZEEMMNEEREEAG Lz B
FREy — @R G B o



2 -4 E’rﬁf_: eirtiras g 5 | g Iy L ;b? =N R B
it ®

S BT ERMELEM (2.26) RNE (2.41) AR HE AKX
ﬁf@ﬂéﬁ'ﬂ%gﬁﬁf’: et g, & aloklb/a -/
BfED > DIFIEL (2.14) RETHERY c MTEERAER » TEL

b
f(Ct)=¢t2% +—¢3 ’
a

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

A REEACBREE to =08 to=(—2 / 3)(a / b) RIKFTI
Ela/b|BRK B te=(—2/3)(a/b)UESWE REHE
EE A E#6Mt. =0RVEHREE > @ (2.39) XA (2-41)
X Bl % w18

: £C2) TIE)) b
A, =— (o):_1 A, =— (0):__
21 3! a
A, =A; = eeeeeens =0 (2.45)
15b?
i b, = 1 ’ b, / b, ——??
5¢7 +9 4«11 b*
b4 /bO e ——— UV (2.46)

Rt K (2 - 26 ) XZER » ST BENES D

la(;z+b/a ',3)
e : dt
J —_ 00

/ Eei%,l+.15b2 5-7-9-11b‘+ :
a - l16a3 2° a’

(2-47)
Qkk #® '



RARTFHLENESAREE E OZHER > HEH (2-14)
AKH MR SICURB > Bl@ B EH 3% 39 Remainder #5 » R
IA (2.14) K EHT B 09 R EITHERY o Ko mEiFE RS -

WE|lafj-K» [ b/a |-/ E s EBHH(2.14) Xb2H
BE—H B

n'if/\/a-f-irc 3 b (™
° (TC(17/3)7°

T L i 3z b |?%73
= —e* { 1—— -
a 2(PC1/3>) a
3 97[,-2 ij4/3
s(rcr,/3)): al
. 15 9 rn? b?
+ 1 Foeeee } (2.48)

16 (' C1/3))°a®
EL (1/3)=2.6789387 HRAAERESE |a | >%k» | b/ a |
=/ WHIEKBIRLT 0 248) A EHE L (2.47) X ERMEE
LI RER o
Gi)Ela|—ds b/al >kl (2.14) Rz HKS
teRLZMMNAiry Integral (95U > 02 — 1 &iFTL» 14

oo 1 T'C1/3)
lbl3 dt: N
f-we V3 o7 -
x 3]b 2/3
4
T e /\/a+ln[F(l,,r3)]2
. b »
la |-/ » | —| > (2-49)

BIE Ll R M R IR 5 RN L 1 — B2 L B IR S I — 2 4
o Rt 0 REBA B EUREROATEEIT » B o I
2-14) X Z Remainder =0 » MBEBHFIVHEW (2.14) RZFER
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f ooei(a.szﬂna) dt
— 00

(2.50)
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5 RA LIS BS | 295557 LU EH B » FOL I FelF 2 4 KT
DAY Ba fb BT REERG T BRE > REARMFT 5@ %
SHEREOEURTE > ERBEAL—REE  SR% 2, = 08 » QI
b =0 1 BTy BRI R 9B AR 1038 1t R — A B B B e 2k 2
PRy S AKE R Z o L > BAPIEA L AT#G R c. =0 » BB C 2 . 8
) KA

a=a,c,? B b=a,c,?® (2.51)
HEBHS | ZRRB

X2
I:f ¥ (x)e'vs dx ~_
x)

c, U (x,)e ‘9"(‘0)] c><’e‘(“z“"s) dt (2.52)
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. 3 3
=f?wcxo>ww“v””1//?z+‘”[rgf/3jz

VT ( x, ) e llpCzodtn/4)

90 ] ( xo) . 371_ l SDHI(XO)! z_

/ RN CYESDE 31 )
ﬁw(xo)
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ex i ( X )+———tan™?
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( [Iso"’(xo)l
(rcr/3) )2 31

1/ 0" (xe ) ) )}

(2-52)
WEAER > ERBEHMERERES 2 LIRS MNER » BIEERS X
Z—F s MEEZEFTW o

ERMABN o (2:52) ARBHAEHAFNESR» fiKelvin (
1887 ) ~ Poincare B Copson ( i Stoker ( 1968 ) 26 - 8 i)
For BRI — P ; Gl N Stoker b2 186 HFT R ( 6

8:16) A (681X W E BEHRB S 9 £ (2.52) Xz

' (X )=08¢ " (X )=¢" (x,)=0RBZEEHL St

RERm » DA (2.52) RREBHMEMESERNGELKelvin &1
BIBRR » L] AR 302 55 U B Ay 3RS R 0

2.6 £ &

RAE ZER T RARENBEML T » B ZENERES T
EE DERAR  —EEN B ELERBRRY  ELFEET » %5
RATHGENDENREREHAE » S ¥ & Kelvin BN B
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BEE FRHKEEBRMEZR

=

ABEHNEWAE BB ZEREE  AFF A G ERERNEE ZEE
B BTRE HEHLEE DML ERENEAEHGFES » BiEE
REAZEMRBGHERE Bz o Z% » 5| AHankel transformzk
EBZESER  REEZHE _EFIREBNESIERCEEER » RED
BB ERRTELE  CRESERETERLZ

3 -1 §j

i

X ZKE 32 B 06 F AT A 22 5K Bh R BB 1A R AT B R S O 5 B Y B o L B R
o BTSN RARAKEZEREFANMEZEBNENER &
It REMKAEMMAERFROBNEEN » UANHEZEEE U
THUEBREBRRE THER BB R - KEENKCHRTRAEREZBE
B oA —EH @A REER » FHEBRNEZTH K GEBEATE
LBk T EE M BT ER R o

R3—-26h  BEEBEHLEREHOTEREREHHFERNETH
' KPR T B LT RE RS AR S R Ea R4  BEETEMHS
NERKEZERFERAMS EEZEBHRLENEREERSHEES -

R 3 — 3 fiich » E£E5| AHankel transformXRREBFRNES
A RE > FUE_EF BRI RA I UBEE RAER » RBHKE
ZREARBLIFEZ R o

B3 —4fih  HEAEH—KEE-



3 -2 EEpEHIHER

RA N FE > BAIG HERR K TE - 5— B 2 /)N g 2 ( FEPME L YR
BlL o mMeBRa. Z/ANE ) ZTESE (REBLESt = 085) FTT 4 Ay
ZETHNE BB RETEN c — BB T » HMEDIAZED REH B
KIGRMRIEHE o S x ~ y FEHEFHOEATG » zEhFEEM L ; K
It » ZEERGEEESR M ( cylindrical coordinate system )# » ff; #if
r=Vx7 FyT o MREHZH BN » LB TES (velocity
potential )R ( x» yrz; t VAEKD (r s z ; t) ZEHEAK; &
RITE [e@YE ( irrotational flow)RyMEME » HHEWE Laplace's
equationfs

v2<I>:<D,,+<D,,+<D,,:?lir( r2®)+0,. =0,

0 or
0<r<eco,-h<z<0, t>0 (3.1)
RAKBERFEAY » i H
®,=0,z=—h,t>0 (3.2)
RGBT » BhREERGE (AT HIES L) =
Q:.e+g®,.=0,2z=0, t >0 (3.3)

EREEGHFEXRTEBRELNE IR t = 0 ZEBERE » 5155
SHERE (HERMS >0 ) o

RITEMH MAT R » 853 5% IR BAEIARE T ( initial condi
tions) o REX TEACIARIRSHIPEBY t = 0F t = 7 — 0% » — B BIEHP.
FREFBIKEL » I LR % EMEEE o KGH (L HHEEE HE
- EERRGH > B
Q. +gn=—p,./p0

},ZZO, t=0~7—->0 (3.4)
'—'(Dz‘f"]t =0

EAT e RENNEE » 7V REREEAN » 0 SEE o HHEFHER —
IR /) ®% ( pressure impulse ) s » HmAH Q. ORF 28
— 28 — '



—REAEO< t <©— 02 ERIERE » RS

fr P.dt=— p®( x,y,O;z')—pgerdt (3.5)
0

EREEMBA = 0B® (x ,v,2;50) =0 Zif o H—BERS
BEIE AT » BB T 04 > TIP. 00 » (8 (3.5 5% 2 A BHES
T AR E— RS SV E RO R [ o mRE MR &R
ke R R E AL 7 BARE  EE 0 (3.5)R8 58 RS BERE
K0 o @A ki HR S
le=—p0p®(x,y,0;04+) (3.6)
ERERE % 1. BRER (RIE RS RS A0 ( x
VY .25 04 ) BATRRE ; MEZ » B A EM AR ER IR -
% SRETNEENBHAEOBRT » &0 RE K7 ZEAE
HSK T (3. R ZH—AB

v(x,y;o+):—§¢t(x,y,o;o+) (3.7)

IRt >t (Rt >04) B2 Pu=0 Zi-SNERNENT » I
BV 0 45 0.4 FFBEBRE » UL 0 MR » REFEIBGEML o
Btk ZEREMET L2 TRENND i RERL » B4
Io(r):{chonst., Ir] <a,,
0, |r| > a, >
HEIZR—-BOn ERERE D ESHEr <a. ZEEE o i RAE
ZHEE o
Dl 695t "I 1840 > BBk L2 B BB DB A B B & 0 B
EBhEH HEAREAN Laplace’s equation (3.1)5% » A EH §H
RS RGEHR (3-2)R 8 (3.3)RK » BIAKHER (3.6)R8H (3.7)% »
R EME N HR(3.8)K o

t=0, (3.8)
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3 -3 Hankel transform BjEEk iz

()Hankel transform |
B8 18 ADCHET & BRV B BRI TT BT B » % M5| A Hankel
transform ( ff transform /RuJ#EEFE Fourier transform ) %
RE - FBHEME » B Hankel transformZE—#Ea HREXEE » M

HEERE TH R » |

oo 2
f rJn(xr)[frr_'—%fr_:_zfjdr

== APF(D)H+(rf Ja(Ar)—2rfJu(Ar)) 27 (3.9)
thiRHankel transform F(1)%&

F (2):foorjn(2r)f(rjdr 5

0

n>0, 1 =F—HEHBE=>0 (3.10)
mHESN ( inversion ) B

~f<r):f°°u,,ur)F<x>dz s n> 0 (3.11)

0

(3. OAMBRECH - KHWMDES X nfE ( order n) Bessel func-
tion Ja(x) ZHE Ex?J."(x)+xJa' (x)+(x*—n*)J.(x)
=0 » ZERAMSB o

LIERE ( zero-order ) Hankel transformfEMZ (3.1)% ; %
Q. OXNZHET» ﬁﬁﬁ%‘(&l)ﬁ%trh(lr)ﬂﬁrﬁa0%%550
o 45E%® (r ,z ; t )ZHankel transformS¢é (4,z ;t) » gl
%K (3.10) X4

@ (2,z;t)=j°°rJo(2r)<D(,r,z;t)dr (3.12)

0

B B.OXNZER HFIALEr =0 R OHO., H¥REREREr =
BO=D . = 0 ZBFRGH > B8(3.1)X ZHankel transformfgktE



02D

0z?

£ 45 BT W s HITT % RO T BORE. » B ELSBN B g 0B o R R

P RAL I ek AR — 68 Hankel transform » S (3.2)%  (
3.3) &~ (3.6)%8 (3.7)X A A

. =0, z=—h, t>0 (3.14)

— 12®=09¢ | (3.13)

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

¢(2,0;0):—1/pfjrjo(1r)lo(r)dr

ip T.(2) (3.16)

$:(4,0;0)=0 (3.17)
()8 R &

WMEIS AR » FTEBRNESH—BRUREBARRE R o EAKZEh—x

BF 0 i (3.13) X (3.14) ABHMHHM ( general solution ) #Y

P(A,z;t) =A(4,t)e? , 1>0 , —0<z<0

(3.18)
#F(3.18) RfUA (3.15) Kb » BIa] S RHEEH AL, O ZHMS RS
Ae + giA=0 , t >0, 2>0 ) (3.19)

% > &AM ( initial conditions ) BHEE ; ERK (3.17) &
ABA(4,0)= 0 REWRHGETH (3.19) XBRAC, B
ACd,t) =a(A)cos( Vgat) (3.20)
HEEa () A (3.16) RZERAMHRE ; & (3.16) &K ~ (3.18)
R (3.20) RBa(A) =— () To(2) i $(R,25t) 2
=3
$(A,z5t)=——T,(A)ecos( /grt),

1
)
A2

0, —0Lz<0 (3.21)



REIEA R (3.11) RZ MR » E1% a5 572 158 0% B8 £ s 2 (
velocity potential ) ®(r,z;t) ZRE

O(r,z;t) :—%jmlJO(Zr)To(l)e“
. v

cos(\/ﬂt)dl (3.22)
ERHDBEHREEREFFREFRRREF fla. — 0 HFEE (MY
P& BB )

fo(i):]imJ.%rJo(ir)Pdr:—zl—n_— (3.23)

it » REBEBB R ELRE
D (r,z;t) :-#J‘Tuo(lr)e“

| cos (/ gAt)daA (3.24)
BRABNERREALZ 7(r, OKEBREE ISR GHRC . + g7
=0, t >0 ZHEMR » BIAAHBHR

C(r )= — A% JoCr)

el

sin ( v/ gAt)d4 (3.25)
\ AR (3.25) RZHAMAME » 7RI ZFEHW (2.52) RZEHA
KEE » REANFI &M Bessel function J.(Ar)AEETEESH
AR > B |

Ji,,_;'('-:'?lri) :lf Mzcos(lr cos B8 )df (3.26)
: 0 .

T

REFK (2.02)) NZEE - AWERTRBZ - BEHERZ T (
Ar)EREE » Bl (3.25) KB

T
o |

7(r,t) =— A(sin(Ar ++ gt

— ) —sin(ir— Jg1t ~7))d2 3.2

MRES 2> 0 2E8E (3.27) RBEH T » HES AP E " HEA
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WE E > HEEM MR BEE

Jgt
2r

J A=

_gt*?
=1 1—4r2 (3.28)

MK B (1) = — (Ar — v gdt =) EFBEZ 9" (1) Fo"

(2) E&n7-
meay . 2r° d2r>®
" () = P B (1) = PErE (3.29)
Bt » 5 (2.52)X8% 7F/J\B¥f N(r, t)ZHERB
7(r,t)
. gtz
= Im{ S ﬁr——“z
- (2r)¥*r ”zP\/—E +( 3 34(21‘5 yws )
g?t* ~I'(173) “g*t!
.gt? i _ . 3mwgt?
-exp(1—4;—-+ 5 tan ( 3(1"(1/3))2[g e ]M))}
_ gt3 vV 4 4r 2 1/4
2”27r,orE +(I‘(1/3)) (gt’ "
] gtz —1_ 1 \/37'[ 2 4r 1/3
»sin{=—+7 tan [(F(1/3)) (gt,)/]}
(3.30)

ERESEN > R EL H Ak (MEEHEEE—RD % (3.30)
7T (L5

gt? . gt?  gt?
sin
272qpor ! ir ’ ® 47

(Cr,t) =— — KEF

(3.31)
EIREEENBNERMER > %N Havelock (1908.1914) »
Lamb(1932) H - ¥R RLE—-FHTS GEFHBHERISE (3.
SOAXMRZEATME °
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WAREFRE & 285 R ﬁMlEf%ﬁ%*%K*f%Z&éﬂ%f%%ﬂ’ (6=
ZERERRMPTEEZHAMND » DA ERITTEMFEREOA T
BHBE Bt EARVTE S HRUERR ( 2.10% » 7€ 1 i
RRBEBEREEZ Kelvin B EHTEE o
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AREEFRNERS ZFH KT L2 EGREMEZHER > NEE
BRI HERINEIEDHEERF T HICENELHESZ » BEAS
CERIESRER 0 KRB RS 2 B BRI B B B R RIS T #
B> MIRFEREEERETILR - RAZTHPHEBRHH G2 HHmS
EERRNE S AR C - AREHRENRE  —BEAEBZE
@ F—RYHERECHINBRA » EHERCHEMMBE - EEFHFHEAT
VIR B R E EH R

4 -1 7

o

E%ﬂﬁ%%%’&%%ﬁMHﬁKE%EZﬁEgéﬁEm%ﬁ’
AR BN P R A AKEFE 288 ( SN ) 488 R
o B MATZIR EE T » SEM TR RAET & 2 AR RET
WA B9 » K BN T AT AT IR RO RORRAE AT, » 3 Bk B G
B2 FENTAS AT I 5 DU T 5| AU A BABR 1 2 3 B0 ol 3

HHET (FREAEZML) » BTHREERRZHE » g -k
P ITEE, DU 7 A AT 8 BT CUB B 2 70 /2 JE A AT 3 1K
WA A2 PR Bh Ay A - RORE ©
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CEIRARLLRS ) T i 1628 (L5 b o
B4 — 4 itk BB BT R - 40 L o
B4 — 5 Bk » R S (TR » (14 e (4 T
AN+ & P92 I TR AR (212 0 oA 38 (15 o
B4 — 6 fih » WABZ R 25 o

4 -2 EBEERM2EML
- SEFEREFHKE L2 ERE NEENE— GCERKE » FOX &
» DISESE ¢ BT 5 & RS ¢ B (2F0BE BUR » TG fE—BER t o R fL

RARER » BERRLEDHRHLERERKA » MK P 5T S H % O
WG » HRGEME 4 Fiox o |

T P(x,y)

B4 BOHEBREIRZESHRML » LD OX #» Bt E
BRb» FHit. RREEARS » P R85 8B -

KETEZNEB R RME
OA=ct, ;»OB; ct



PB=r={ (ct—x)?+y?}
cosa=(ct—x)/r (4.1)
it » Wit E BB @R E HBTE ZBEBIAKAL 7 B9HE R » M ARG.3D
AP {(x—cto)?+y2} 2 ={ r*—2cr(t—to.)cosa+ c?(t
—t )P} HRr Bl —to MUt  H¥t. H—coFEGFF t 5 7]
&
7(r,t)=- 2”§rrpjo: (r2—2cuur3cdous a+c?u?)?

n gu’
4(r?2—2curcosa+c?u?)¥* (4.2)

i Ew 2 Havelock(1908) Z (72) 4R o
R BRK(2.52)XZER  BMUREGREE (4.2) AZHE
SEMET uBEEH » BN RERHEEE - DFE KL

e si

d gu? _

du{ 4(rz—20urcosa+czu”)‘ﬁ}—0 (4.3)
gl 2

c?u?—3curcosa+2r? =90 (4.4)
4 cu:—zl—r{3cosai-(9cos2a——8)"z} (4.5)

ik (4.5)RF1 182 cu B MHE » RILRFNK AN AE TR B
ETER B BES cu EREFELIRMu=t —t, BEBEERE S
BT LR [ » T ER T BESR Y i TR ) € B IR C r , o ) B
B o

(DE9 cos? a—8 <O » cuZ_BERHEE » HUXTREETERH
HEft) RS B M2 IE 85 50 B B0 AR 4 » MR LRSS (4. 2)R MRS LA R Ay
BBE o R4 » B BT [BR9% B IR BE 103507 B2 2 08 9 B B R
B bR (RIR 7 i AR DB B E A 2 S R B
RENEZEBEE (RBOX 8 ) Kcos ' ( VE 3 ) ZHE »
£M19°28 70



D% 9 cos® a—8 > 0B » Allcu A (ERREEE » fel% 75
U SDAEFHIEARNEREME > BE—-ESHEE LUEN KSR
s ERBAERNBHEREBNENE CRBOBEBE S EHE _HHR
FZBZMKE o

REERULER » SEEPHEMRFIEN ZBERAE 2R B2
KEBHH SR MESHR » B 8B E R - — B0 B H e i
u, RFREABBRBEHZNE MHEE

OA:—Zl—r{3cosa+(9cosza—8)”2} , U, =0A /¢
(4.6)
75— LRI u, R R BEEARH IR EZ MRS
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| (cosa—(9cos?a—8 ) /2 J(3—3 cos *a+cosa(9cos 2a—8) /2 ] | 2/3
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ﬁ @ +g_®m—0,z—_'7]W9t>0 (5'3)

FIE 0z
BER (5.3 ABRKREA 2E R TMBE -
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