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ApW =0  —h<z<0 (1.1)
A =0 — (bt b)) <z< —h (1.2)
#H E D SR R R R 2R AL I R A 0 ,
O _ 8@ 0 N
Ot oz # (13)
g1 + ¢ = — el (1.4)
Bo _ 09" _ 0"
o 0 oz M 0%
(u)[g; + d)(u)] — p(l)[gc + 95”)',', g = — "1 - ‘(1.6)
)
;i SE =W 0)y 5= = (bt ) (1.7)

BE,¢HHEZY, 9. L ABRMRAR ERER, e HBKEE, h HBRERE (&
106m: Z4), hytohy BB, po HBE ERSRF, H(x, 1) HBRHABIHAE, &
HEHMEE. =« =z FRTEEBET AL, FAETRKEE. L#Ru, LEEVT
EzE.

® 17—1](:1!)
0 \//\\7/\\/ =
. kB .
AT D TS
o I={(x50)
TE
H=H(x,1)
—(lﬁl""}lr) "/\ /\—\_/

Bl FREERGRLRR
EALR ARG & R A (13) (LA BT

adJ(u) 1 ) at o .
L ‘;‘ == —&— I = () . 1.8
6z g (;b p(u)g z . ( )
(1.5)(L:6)R M AT BB _
w [0 1 (..)] o [64> D (z)] - 1.9
o [ 92 ¢ 92 2 qb“ s 2 1 (1.9)

MNF ERLERE, WA LaplaCC-Fourlcr TR KR (@%%#*@E—Fﬁﬁiﬁtpﬁ
), DLBF R E AR k%ﬁﬁ]ﬂk‘ﬂiﬁ ﬂﬁ%%ﬁiglﬂﬂgﬁE&
E X Laplace ZF¥#z:

¢ = j: e Pp(x, 2z, 2)de ; (1.10)
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BB s
b= L gB e'd(x, 7, 5)ds (1.11)

2xt .
Hrh, B, #& Bromwich TR, BIM a — ic0 B a +i0, H a> s, 5 A EEEE
I FERL, B

lp(x, 25 2)| < Me* . - (112)
B X Fourier 48t
S, 7, ) = r HF (2, 2, $dx (1.13)
HWEHN ,
$(x:~ 2 5) - ’22' ( ‘?"kx';(&; =, §)dk (1-14)
£ LR Taplace-Fourier 2830 °F, EimlALG:
2 T u) ~
d_,iz——k’$‘“>=o, —h<z<0 , (1.1)
27 ~ . .
"—;‘;;”— S BEO =0, — (b k) <z<—hy a2
s A Spulks S LY R
Tlu 2 ~
M+L$(M)=F(k’ 5), 2=0 (18,)
dz g : )
d$(“) dg(l) 5 ,
— T = = - 1.
dz dz “ ' . (157

ZEu) o~ ~ >
o [d_(b + 2 Fw— L gk, —h, +0) + LR, 0)]
dz g &

w[d8P | £ 20 _ 5 z0 h ; '
= p 7z—+—§¢‘ '—‘-g—¢> (ky —h+0) + 5k, 0)], 2=—4h (1.9)

d;(l) o~ ,
—Zz_=W(k, s) z=— (b + hy) (1.7)

K (1.8) i, F(k, ) = — 7(k, 0)+§$‘“’(k, 0, +0)—p(—,f)§- 8. i(k, 0) %H

HE¥EAFE 2(xs 0) By Fourier e, 5, 9 K SILEIAY Laplace-Fourier 35 #1;
¢“(x, 0, +0) NEHHEEHEEBNOWE, M (1.4) XREEH, EEE DIKPREER,
3@k, 0, +0) NGEWIMEA Fourier 25, KM, [k, 0) HREHLLE Lu(x, 0)
B Fourier Z5¥t, ¢“(x, — Ay, +0), ¢P(x, — Ay, + 0) N EBEHERE FHFIE,
PP — pPp® WRFRE EE kb — R &,
RIMBFERFBAIA2)REFHQ7)ZRAIMTER:
¢ = A chkz + Bshkz (1.15)

==

P = Cchk(z‘*‘}h"‘}‘z)+%/”Shk(z+hx+h2) (1.16)

MaEH(1.8) Z A
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B=— S a4+L1E®, 9 (1.17)
kg k
ZRIX—FRAR, MARE&K4.5),(1.9)RIa & H:
—(shkh,+]:—2gchkh,)A——shkhzc=%chkh,——z—chkh, (1.18)
(u _5‘__ —_ _5_2_
o'* sh kA, </(’g‘ 1>A p(”(shk b, +1(g chl(112> C
2 ikt S s k)T — 2 (kb — S ahkh ) F - B
k(ck:+kgsk2) k(hk1 kghkl)F, 7 (1.19)

$pt = (o = 6k 0) + (G0FOR, —h 1) — pOFOk, —hy +0) =

4 2
‘% G(ka 5) = ;25_1 (2 ¢h kh! ch k}lz -+ P(T') sh £3; sn i(hz) + I:_ P(” sh }((111 + /’z)
kg g

+ (p = p'") sh kh, sh ki, (1.20)
XEEETKHRI 4, B.CHRER

[sh kaE + {é (o ch khy ch kb, + o sh khy sh k4;)

1
A=
RG(k,s)

+ (p® — ™) ch kh, sh k4, }i — o ;(’—; vﬂ (1.21)
B — kG(lk, 5 [ —sh Iq/z,]j(‘—zg B+ {é (o® sh kb, ch khy -+ o ch kh, sh kh,)
+ (o® — p™) sh kh, sh k#; } F4o® kj.;z ﬁ/]‘ (1.22)
- kc(z, 5 [— (sh khl+é ch kh)E _{f;? (o ch khy sh kky + 0% sh Rk, ch khy)

§ -

-~ 2
+ Py oD ch k(hy, + k) + (pP—p™) sh kA, ch l(hz} W 4+ o™ k‘—F] (1.23)
g g

DR EEHHREN:

¢z, z, t) = L Sw dkeit* —1—- S dse**(A chkz + Bshkz) (1.24)
2p )= 2wi JB,
€3] - _1_ ® ikz _1_ st B
&P (xy 25 2) - S_m dke S SB' dse [C chk(z 4+ A + 4,)
+-Wk—shk(z +}1,+hz)] (1.25)
£ (1.4 (L6)ENE B RER
-t LT g L p '
! pg  2ng S—w dhe [Zni Lr dsse A] (1.26)
—_ —__l___ * ikx __1_ st () _ }l\
'S 2o — p)g S—_w dke [Zm‘ SB,- dsse {p (A chkhy — Bshkhy)

— o ( C ch kh, + ?- h k/z,)}] (1.27)
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T8 HRHER, BRI(1.18)(L19)EH A B, 4, B, C BIEFLNBNREA
Gk, s) =0 (1.28)

=, EpEHXR

M(1.20)(1.28)FT 15
— pPshk(h, + h) £ A/ [oP sh k(hy + 5P — 4(p®
Fas — %) sh kA, sh kh,(pPchkh, ch kh;+p(“) sh&h, sh %) (2.1)
kg 2(p"™ ch kh, ch kb, + o™ sh kA, sk k4,)

NTFRENBEDE, o2 >0, EXFOEMIER w=wi, o= —wi, &=,
§4 &= — wa,

MEEH EEEER (1.21—1.27) 511, DR JLAMRRIFR Laplace 1357 AE 5 &
BB U R E St X 20, XHBEEX,

G(wi, k) =0 (2.2)

MR R WEAENAEER, XERESTMEY. ZEBRXARE— &G TIRHEEL
PURER, A——T R T:

1) o = p® (1 —0),0 /B, TERKER, BAEEAM 1.024g/ce’ HME
1.028g/cm’, PFFLLO 24 0.3—0.5%, XRAXEETIRAFER. XN

— thk(h + 2)(1 — ay0) (2.3)
52
— = h kh, sh kh,
kg — aslslk]z,h——-—;kh—z)' ¢! + 0) (2.4)
Hh
sh kb, sh kk, __ shkh, sh kby ch k(B + 45)

[+ a; ’

sh? k(h, + hy) + ch k(h, + k) sh? k(h, + h;)
UM L FEREEAZE RN, RERXTEEREAREERNEEX (h+h) NBER
R B NS IF R AT 5N E B R R EE 8120 A b MR HE B EBER,

2) o/ =& K1, B, SR 5KNATRRBXMIER, XH 6 ~ 107, ZHZE
LUF,RI1A:
£ _ {— th k4,(1 + 8.8) (2.5)
kg — th k}lz(l + 8:8) (2.6)

Hrh
g = sh &kA,(ch kk; + sh kh, sh kk, ch k&) g = sh kA,(ch kA, + sh kA, sh kh, ch kh,)
! ch khichkh, sh k(h, — ) ch khy ch khy sh k(h, — hy)

X—EOA YRR R R & B B AN A ERR,
IR, AT EE & FhOR KRS BIR R IE R

3) BAEML, kA <1, kb, K 1 (kh ~ 0.3 8 -i’- < 0.05 EDEI)

2 H=(htb)s «/2 (b= bk Sehs (1 4 0 (kth,, Koy K083))
4 .
(2.7)(2.8)
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4) HAERL, kbi> 1, ki, > 1 <1(lz >3, r:&% > o.s'Eﬂﬁf~>

) — 1 (1 4+ 0(e*, Hi)) (2.9)
§ .
ke -1 (1 + 0(e ™k, 7)) (2.10)
5) ERTERELETR, b ARBEE ,
& _ {—1 (1 + 0(k4)) (2.11)
kg = — ek (1 + 0k (2.12)

AR OHBMFS

=, EHEFRGDARTRS

A, RATATRGER(L.24—1.27 ) K2 B BEH S5 a1 6k, o) H(1.20) &
KA E, BRI 4, 8,CH(1.21—1.23)H5%E. 7R Laplace RFEARXK, FEIERS

. 1 s"e”
l= 2mi «gﬂr G(%, :) ' GD

HRL Cx ENRSE, MR HEE, R ARERSY. 4% Jordan 58, 1>0 B,
Cx LIRS RBTEN, U

S PE

A2 ROEE

I k g i sne:z ‘
" p(“)sh kb, shkhy + p¥Pch kb, ch 1(/12 (s — wi)(s + 0,i)(s — wsi)(s + wyi)

(3.2)
%5k
I (— 1)Vk*?
N 6 oh kg sh kh; + o ch khy chk
2N—1 : 2N—1
X [ ?‘ - sin wyz + t;) sin wst] (3.3)
w3 — 0] w} — w?
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, (— DYy
WH T G sh K, sh Kk, 4 p® ch K ch kh,

2N N :
X [ “ 5 cos wyz + Zws cosmy] : (G4)

w—wl w-—w;

3T ) , BT DA £ F B2 A B T U, FE R B _
1) gaEIEBEEhE, X FG&, o) =—qk, 0) =<0, E WEAE. i

I
Sk )= — — ik, 0) ( D ch kb, ch khy + p™ sh ki sh kb))
> %y § kG(k :) P 1 2 14 1 2
+ ("W — p™) cli kA, sh ki, } chkz =+ {(p(’) — p'*) sh kh, sh kA,
+ Z’ (o ch ichy s &by + o sh kb, ch khy) } sh sz (3.5)
$P(k, zy ) = — ik, 0) oM = ¢ chk(z + b, + b3) (3.6)
Ok D=y ¢ A

RIE(1.26)(1L27) BB AR (3.4)(3.5), RIATSH - |
n(x, 1) = Zl S:o dke**5(k, 0) [w cos w,¢ M cos'w tJ (3.7)

2 2
w3 W3 — ]

(P — ™) ch kh, sh kh,
p”’;h kh,chkh, + o' sh_](h'1 shkh, °

AHLRHT =

- 1 (= . * p(ﬂ) sh khzk‘g
= d ikx 0 = -
8 1) = o S—m ket (ks )p(“) sh &k, sh kh, + p ch kb, ch K,
_COS WL, COs (3
x [wi i ;}] (3.8)

T o<1 B,(3.7)(38)F LA

n(x, t) = 2—17; S(:o dke**7(k, 0)[cosw,t + o(coswgt — cos ;) —}ﬁ;?;——%—ir)—] (3.9
shkh, '
sh k(A + 4;)
sh &k, sh kh, — sh? RCh, + 4,) ch k(A + h,)
ch k(A + 4;) sb® k(hy + 4;)

A L.
£Ger 1) = 27 akeah 0)

J (cos wit — cos wgt)

(3.10)
Bl B E AR AL B EE B S _E P AR R B R DU R R0 £ 10, Eﬁﬁtﬂﬂﬁﬁﬁ&%
FEEHEYHORHERRNE. % ="/ <1 K, IRHTEAENSF. BXYXH

T—»thklxz=‘f§da(3.7)ﬁfﬂl, n(xs £) BRMRGE, FRLET o /N, BRGY

BETR/N BT AP R B /(& & BF).
2) RENGBrENE. iXH‘f I E th {(k, 0) =0, MIRIAOEEHY%:

P = e® — s z— —8
g £ " £k, 0) b kb (e & k hkz) (3.11)

X[l+a
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g0 = =2 = 6*) £, 0) (sh khy + Echkb,) chk(z +h+8)  (3.12)

](G(k: 5)
AT SRHESAR
1 Su - (o — p“) sh khkg
- dk i* k’ 0 Z
1 o ) R R ) e s & @ ch kb S R
z 2
x [t 4 cosod | (3.13)
3 1 w1 3
AR
o0 [ 2 —_
L= S S dke**C(k, 0)[——Li£R— coswyt + —%————ig«coswat l 73.14)
2m )~ w? — w? wl — i

) sh kh,chkh, 4 pP sh kh, ch %4,
ﬁ\:[pR=P S 2 | P 1 P g« Wt
0 sh kk, sh kb, + o chkh, chkh, =

1 1= e 2
;= 7 g_m dne* Lk, O){—- cos wst + RS ;:1(:1;1; D ( coswst — cos w,t)a'] (3.15)
L S Sl sh kA cos w,t cos wst
= —— | dke** 0 2 [ L+ 2 ] 3.16
U 2n )—w kett: (ks 0) ch k(h, + h;) ke w:— 0l 0l — @} ( )

X, BN SRASEERERE EXEUBEREE, EEdHE LAHRESHR
MERXRNETEE. BTEEZE o9 — 0“/pW =0 H/NE, HREWOAERBRERN
wes NI E R EBRENE SN E o BTF), % o <P I, A 27U
ITTie.

3) Eh - EHbkhE=Lnm Eilﬁ‘_t FE e RS RBP4, B STk of B B B o
HVE R, BTREEF Evs [k, 0), (&, 0) HHERKMALFURE

FEAR L g&m(k, 0, +0) & [p@F@ (ks —hy, +0) — pPEO(k, —hy, o)]—;— *®

B —ik, 0), (0¥ —p™) t(k, 0) R, & ILATHR.
BEXBENE: 7 (1.26) RENIENESARD, REMNEEMN—T#KE S
W, Exe5E IS G A" AR THRSERARIEBRIEZTD.
AR RAERREE HERTEHE LNER. &
p. = p(x) sin w,¢ (3.17)
w, X H 8 X
(3.18)

a

fER Laplace HIZRHMS LWMMR T BHRA L od.

Y R 0 ; ,p(/() o chkh chkh, + p*“shRh,shkh,
w8 g Zns ke g " [ kg’
__l__ S dSI‘C“ + (p(l) —_ p("))chk}hsh](h;
2ni JBe (% + )G (K5 5) kg
LS d“z st ]‘ 2.
t+ WGk, 1 Mg

2
14 * P(l() w,(wf — kgT)sinw,g
2z S et g [(w — w})(w; — @)
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0, (0} — kgT)sinw | wy(wl — RgT) sin wst (3.19)
(@ — D (i — o) | (ot — D)l — )
X, ERE & AL, of = 0f B ol = ol XEAFELHERSF BB Cauchy £, EHE
b%ﬂ&m%ﬂ&ﬂEﬁﬁ&ﬁMi&)ﬁ& B
pa = Pieite*cosw,t . (3.20)

TR p(k) = 2apo(k — k ), ke WR 0o = wi(k). XK, FI5EHE Fourier HEHR

— Ptk Al e (s' + kagT.s") .
n{x, t) = (“)g cos w2 + !;p_g_ X — S s ds T (3.21)
XEHRTHAZB B AT RS & HISHERIER 2

_t.lr%:f_ w"(( al k_‘g_—- cos ‘-Jat} (3‘22)
2 u,

s (“’ - w})
B A AT . E R ek EZE A AR AR, X b B —Fh“ JLiR" B K.
1) AR, X w(e, O 0, RIVBEERFZHFWRNES) » = H(x)s(), H1(1.21)
(1.26) %
I ikx. pVH, (k) w?cos w,t + w}cos w;? 323
! S e S b K oh ks + p ch K ch 1(}:,[ : ] (3.23)

w! — w w? — w?
2 1 3

BERE, H(2.22)(2.23)2.27) &
1, se’t
(= 2x(p® — p(“)) S k—HOU() [27:1 Sﬂr G(%, s)]

4
X { p“)p(“) i—z-( ch kh, k Sh k/h) + Pa) [}(‘j“; (Pa) ch k}h sh khz
g

+ p sh kh, ch kh;) + {— o ch k(hy + B) + (p®
g

— o) sh ki, ch khz] ch kb, — PGk, 5) sh k)
St 5 B — T8 AT BRSO 4> 0 BRI B R 7 (1.20), LK%

1 (* < 0® ch ki,
== dk et
¢ 2x S— ke B () “) ch kA, ch kh, + p* sh kh, sh kh,

w! — w} 0! — w?

x [Atehbh oy, 4w Rghhh ] (3.24)

HHURUT 1) ER#TITR, o < 1| K, ZEBBRE EDHRER G X, ERE LN
BAFE. e <1 M, AHE LTERHER, RE LWRE—FMBER, MK (3.23),(3.24)
i Ho(R) JERE F 7T I, D BB B T HE IR RO BE S R ABGEEM 0(c™), Bk, MR 4R
FREBS, GRS BERRET,

VR IHREVEE 2 10

HTESBERP. FEFRMER, AR 58 EREFRERAA.
MIERIEEBRR (2.3),(24), AILBE -k BRWE 3, FLY «/:> ¢ &FE
TEWR; o> 2/t > e, Bt, (VHRBRIOBAEL 2 o, > »/¢ BE HRBRZEE,
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BERBESIER. HP o EEREXNRRFHEE, . REBRRIOEAHEE,

Ny o hihs
EA15 8% Vel + b)), \/ag———h1 R

% r—>oc0 WEEEY /7 = const & FHVRKIBRLUAEERETER. UHGBEY
B RMREEAFNEBATHE): BG8HR

L(x, t) ~ —‘/27!1

x ,
] exp[ ( kix — w, (ke — “)] N o shk ik g
(wl(kf) - ws(k;‘)) \/ ] w; (kf) I N vo(u) shkh sh b, + P(D ch k.h, ch k.,

l
, exp[ ((,x ~C u),(lg )t ;)1 )
o = [ (4.1)
(k) — k) v T2y ()]
Kb, ks k. ﬁ%ﬂi@ﬁéﬁé%? [t BItR, BB EIBE
1 WOLE 3), B

1 «
2 ‘/—E/ th kf(hv' + k) (l + sh 2&,(h, + hz))

o sh kih.kig
0 1244,
71(’(19 ) (u) Sh k,‘hl Sh kll’2 -+ p(l) Ch k/hl Ch k,«hz

1 \/ o . og .
= 2 V% (cth k.5, + cth kb))

* hy sh? k:hz + 4, sh? /(,h,
(1 + b 2kA, sh kb, + sh 2Kk, sh KA, )
(4.2)
; BERR (2.3) (24) £k = 040Ky Taylor JRFF
% (k) = etk — 74k (43)

ws(k) = ek — 1K (4.4)
_— 1
itq] C'f=\/g(/l1+hz) ,Tf":'g‘ff(/’:'*‘}lz)z; Cs =

‘ ‘\/l:.ghll;: s Vs = c:bll‘“ Ek =0 &h Wy, 0 Z:m
=4 B¥AF ﬁﬁgﬂlﬁﬁfﬁ, FRbLX R AT E S

" — .
S —
T —

- W. B RETANE o), HETH T EERA
@ = Vgkthk(h, + &) B,
w = yfosk i A HERILBE 1(x, 0) HBERYWAB TS
3 EpakrrsEar 00 ENRERELARERES '
~' p(") ﬁz(}h + }'z) ” ik(x—cst)tiy k%
C i— "( > 0) p? B4 k4 (2 = a)hh, g-w dke
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1 T ph(hy + By 1 ('x — ¢t ) ;
— 7(0, 0 A; (45)
¢ \ ) PP+ B+ (2 — o)hk] Gre)? Grp)”

2
R, Ailz) 4 Airy BRBGLEEXREERN

‘ ———_}_——‘—exp(‘— 2z z”’) z—> +00
24/ 3

o0 3
Ai(z) = L S exp{i(sz + -S—>} ds ~ ) .
2 ) 3 1 Sin(-;llen"‘T).Z'_’—oo

VLIRS
(4.6)
T » 26 56 SR AT R WY , 260 R 5T P,
IR, 1 B | |
= — _1_ 7 : p("}hz(h‘ +- hz)_ 1 x— ¢,
T M e S G = ] GraP [(37,;)‘/’] .7
10, 0 = |7 e, 03ax (1)
EAB BB ER. o |
N L r o in“ . 3 bl e L 4 (X e
SRR 1], TS, & RN 5 S0 oo - 2 |4 (”——(31,0*/3)] %

j—, Bl RS B ik,

A.dE5ER®R

M ER G, SRR I T 4518

1) Laplace-Fourier Z5#t, FJDIH 3 TR IESN RRENW WD EIRE;

2) 4 o<1 B,AIZEEFPERENER, H HEOKEIRE B B Lo
R R EROBBENERT L EBERE. WEES—RE LR &R

3) FHEY - RENESBRTEMEFRBROREES URINEROMGREE. B
FH, MBEEBEERTET 0(e™) BT, BEUMNESERERTEE e o WRT
HI LA, ‘ o

ot A7 Plzn 0

x
/ Iok) -
-
st

4
/ - i;‘=“"|(k)

x

4 EHPEHEAEE
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4) ERE LOBER. SBERE SRR, TP A R E A T RE RN, X
BRI T T2 R B, MR R, B AT R A B %

5) EHWHIEEAUSAZAKIR. RESEIAEERS, R BESEARE
—FERROE; BESEEARMERNOE. £S5 3 2ER.HERBRXEN
St AERGERE 1),

B X AR, EEEROIEO RN,
£ % X B
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TRANSIENT WAVES IN STRATIFIED FLOWS

Li Jiachun

(Institute of Mechanics, Academia Sinica)

Abstract

In this paper, the transient waves in two-layered fluid are examined in detail by
means of Laplace-Fourier transformation. Here we analyse the approximate dispersion
relations and discuss various ‘cases in which only one mode is dominant. The surface
and internal wave elevations due to initial displacement, atmospheric disturbances,
underwater explosion and earthquake, and their far field asymptotic expressions are
derived.



