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ABSTRACT

We study the linear stability of an exponentially stratified Couette flow in a half space and in a
finite channel. A thorough analysis of the linear asymptotic stability and inviscid damping rate
had been carried out for the whole space case. Comparing to the whole space, the study about
the half space or the finite channel, which suits better the physics background, are relatively
inadequate. This paper makes a naive attempt to show the linear stability and inviscid decay
rate of the solutions to Euler equation in the half space and in the finite channel as functions in
the Sobolev space. Decay rates of the solutions with certain regularity requirements or stability
are obtained under different circumstances. Under certain assumptions, the velocity field has a
decay rate in L? sense of =2 in the horizontal direction, and =31 in the verticle direction,
or at least the projection perpendicular to the neutral spectrum has such decay rates. These
rates are basically consistent with the decay rate in the whole space, although some not quite
reasonable assumptions must been applied to reach the regularity requirements. For other
cases, literature has shown nonexistance of decay for the stream function. We give explicit
construction of such periodic eigensolutions. Afterwards, similar structure of the solutions in
a half space and in a finite channel are compared. We also studied the Hamiltonian structure
and invariants of the system, which brought some inspiration for the study. Unfortunately, all
these invariants have infinitely many negative direction, hence they are unable to make any

contribution for the proof of nonlinear stability.

KEY WORDS: Euler Equation; Inviscid Damping
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=Cexp(—log(l—2)(a+b+1—c)—clog(z))
=0z (1 —2) P =C 4+ 0>z (2-52)

NTHERER C, ATEIHHE W(2) 1 z = 0 LR R REURTT I IR EL R4 E X,

b
RO =1, [0 ==, hz)~ 2 BE)~ 11— (2-53)

2= 0O =1—c#MWE) =1 —-c)z (1 —2)1790 =



P ZASE R AARHE B GBSO

3 EERINIEE

MIX B LTS, AT AE 23 (8 o B S B Ul i 7 B B, B 4, = RT H
R # 0 HITETE.

3.1 TR

FEIX — 35, FATX Boussinesq J7 FE 4 (2-18-2-20) 5 JE %A Euler J5 F24H (2-10-2-12)
5> 3 AE FH Fourier 48 ¥t 55 Laplace &4, 25 X B ¥ 5 I 7 B KR T ¢ B = Fr &k
P£ ODE, 1% F &8 JUA ek B n 1 5 =0 AR. FRATT A0 B 15 5% B V) 38 30 18 A4
(z,9) = (v — Rty,y) FHAEXNAAR T E X

[tz y) = w(t; 2+ ty,y) = w(t;z,y), (3-1)
o(t;2,y) = (t; 2 + Rty,y) = (t; ,y), (3-2)
T(t;2,y) =Tt 2 + Rty,y) = T(t; 2, y). (3-3)

PAIes e vIIa kA S F AR

¢(0; z,y) = (052, y) = tho(x,y), (3-4)
¢:(0; 2,9) = Vi(0;2,y) = Co(z,y), (3-5)
P(t;2,0) = 0. (3-6)

3.1.1 i’H Boussinesq UTfAH] Euler J5 #2240 1) fi#
TEFAARR (2,y) T, HHE (2-18-2-20) 4K
O f(t;2,y) = (8, + Ryds) w(t;x,y) = RB*0,T(t;x,y) = RB*0.7(t; 2, y), (3-7)
Ot(t;z,y) = (O +y0,) T(t;2,y) = ROY(t; x,y) = RO.H(t; 2, y), (3-8)
[azz + (ay - Rt@z)Q] ¢(t, Z, y) = wm: + ¢yy = _w(t; T, y) = _f(t; Z, y) (3'9)
FotE 2 J7 AR (2-21) 1 Fourier REUR I » — k, FXF y J7 Afd A (2-27) #J Laplace 4%
ey — n, 53
fF = RB(ik)7*, (3-10)
7 = R(ik)¢", (3-11)
[(ik)? + (in — iRkt)?] ¢ = — f* + ¢k(t; 0). (3-12)

10



3 EEIE A KITHIE

Il LR UR S S L W

¢ (0;m) = 46 (n), (3-13)
o1 (0;m) = {6 (), (3-14)
*(t;0) = 0. (3-15)

Ay R R, 7R 51 R ORI T, 20 LA, BV 6(t; 0) 5% 05 (10), %545,
W (3-12) X ¢ KK, MR IRAF 2
[(i%)? + (in — iRK)?] ¢y + 2(in — iRkt)(—iRE)) = — fi + dyu(t; 0)
= — RB%(ik)7 + ¢y(t; 2,0), (3-16)
[(ik)? + (in — iRkt)?] ¢y + 4(in — iRkt)(—iRk), + 2(—iRk)?¢
== — ftt + ¢ytt(t; 0) = —RBZ(ZkZ)%t + Qbytt(t; Z, 0)
= — R*B*(ik)*$ + yu(t; 0). (3-17)
X TR k£ 0 Bl s =t — 2 sg = — 1 FRATHAR T —A%T ¢ Wk
£ ODE

(% + 82> Qgtt + 43§Z§t +(2+ BQ)Qg = ég% (3-18)

o
§(t) = —dyu(t;0). (3-19)

v = /7 — B2 WIE (3-18) XF M FF U7 % (BIKE € I 0 AR R0 72) 19w A
LEMETRAIEHN (W Yang 5 Linl™)

B 3 v3 vl 9 9
g1(5>—F(4 274+2727 RS);
5 v 5 v 3
— F v LY. P22
g2(s) = Rs <4 2,4+2,2, Rs)

% FEAIIE AT (3-13-3-14), W72 (3-18) X M55 IR 7 FE N

~ o g1(s)gh(s0) — g1(s0)g2(s) 4 91(5)g2(50) — g1(50)g2(5) -
on(t;m) = Also) Yo(n) — Alsy) Co(n)

(3-20)

H
1

(1+ R?s2)° G20

A(s0) = g1(50)95(50) — g1(50)92(50) =

11



P ZASE R AARHE B GBSO

JESFIRTE (3-18) LEEHIEEAE (6(0;m) = ¢:(0;n) = 0) FHIEN

c o [Tt + s0)g2(s) — g1(s)ga(ts + s0) £(t)

ot = /0 Aty + o) [1+ R2(t1 + s0)?] k2 dh (3-22)
_ / 91(51)92(5) — g1(s)ga(s1)
T )o Asy) (1+ R2s2) k2
T4y (3-48) HIFR X B/ R ERE 50 5 s HIZREL. IXAE, AESFIRTHE (3-18) 1E4A & KNI UG 2%
4 (3-13-3-14) "~ HIf# s 7] LS Al

(51— so)dsi. (3-23)

0

o(t;n) = du(tin) + di(t;n) (3-24)
B LR 5 R2 I ff N FL Laplace 1645 #e
o(ty) =L (cgh(t; n) + ¢ilt; 77)) (3-25)
Rl HEAS 21 & W T FE N
t) = @ L7 (ot hi(t: 3-26
0=~ gzl (6nltm) + ditt:m)) (3-26)

{HE T FE L R 4%, BUAEIE R AR B A& e € M.

3.1.2 J& Euler JFEZH 1A

BUAEFRATI R A A 22 Boussinesq 14 1/ i R 46 Euler J5 F24H 26 M40 5 72 (2-10)-(2-12).
T ARTHIE X f, 6,7, TFE (2-10)-(2-12) 8N

—B[RO, — 0, (0, — Rtd,)) ¢ + 0,f = RB*0., (3-27)
o, = RO, (3-28)
— [0.. + (0, — RtD.)*] ¢ = . (3-29)

gt 5 E—/NHEIE ) Fourier R TS5 Laplace B4t (2,y) — (k,n), HFE (3-27) &

—B iRk — 8, (in — iRkt)]  + f, = RB*(ik)7. (3-30)
X}t SR AW, AT LAAS 2]
—B[iRkS; — Oy (in — iRk)] ¢ + fur = RB(ik)#. (3-31)

RN 7L (3-28-3-29) A5 5 F 1)

# = iRkg, (3-32)
f == [(ik)* + (in — iRkt)’] & + ,(t;0), (3-33)

12



3 EEIE A KITHIE

HATE
Oy [k + (n — Rkt)* + Bin — iRkt)] ¢ — B(iRk)d; + R*B2k*¢ = £(1).

X x = e 2%, A d(k,n) = X(k,n+ Lif), ERFTRAELA

2
k2 + (n - %w - Rkt) +5 <z (n - %zﬁ) - z’Rk:t)

—B(iRk)x: + R B*k*x = &(1),

Out X

e e 193

Ot Eﬁ + k4 (n — Rkt)Q} X — iBRkx: + R?B%k*y = £(1).
Mk A OB, HIRESL s =t — 2L sg=—7L, WH

O [GBQ + k2 + R2k232> x} —iBREkY, + R2B?k*y = £(1).

%Xm: \/%62_}_]527’{:%731:%’ m\Uﬁ

O [(m?® + R*k*s%) §] — iBRER, + R*B2 k% = £(1),

Oy [(1 + /<a2s2) )2] — 2iBikx: + B = iﬁb—?
TR (3-39) R HSF RO FE PN e e R 108N (. Yang 5 Lint'?))
)= F (305 +wiz - HHE),
. =1+ .
ga(s) = <1+2ms) F(%‘i‘ﬁl—%%‘i‘ﬁl—i‘wﬁl; 1+2ms>
2 R AT
X(0;m) = e72%6(0; ) = do(n),
Xe(017) = €72, (05m) = Col(),
X(t;0) = e~z (t;0) = 0.
)75 72 (3-39) X B HI IR T FE IR A
AN 93(5)94(s0) — 95(50)9a(s) » _ 93(5)g4(50) — g3(50)ga(s) »
Xh(t7 77) - A(So) ¢0(77) A(So> CO(TI)

(3-34)

(3-35)

(3-36)

(3-37)

(3-38)

(3-39)

(3-40)

(3-41)

(3-42)
(3-43)
(3-44)

(3-45)

13



P ZASE R AARHE B GBSO

Hrp
A(s0) = g3(50)94(s0) — g5(50)94(50)
. —2+p1 —2—p1
= % (=1+ 1) (% + %z) (% - %@) , (3-46)
AEFFRITRE (3-18) AEZHIAG KT (x(051) = X(0; ) = 0) FHIMEN
v [T gs(t + 50)94(s) — gs(s)galts + s0) £(t) i
it = /0 At + 50) 1T/t smet O

_ /5 93(51)94(5) — g3(5)ga(s1)
- 5 A(s1) (1 + Kk2s2)m?
TR0 (3-48) AR B AR R TEFE 50 5 s MEREL. X, AEFFIRTHE (3-18) 1E45 € KV UG 5%
4 (3-13-3-14) F HIf# s 7] LS Al

(51— so)ds1. (3-48)

0

X(tn) = Xn(t;m) + Xai(t;n)
_ 93(5)g4(s0) — g5(80)94(s) » 93(5)94(50) — 93(50)94(s) -
- o] do(n) - Alo o(n)

* g3(51)94(s) — g3(5)ga(s1)
+ / A (T oy s s = s0)dsy (3-49)

FHRHE ¢ WE. IR (L y) 7E y — +oo FHEKAE FATMI 3R 5L, H2 (4 )
TR Im(n) < 0 #BRLIZARZ T, BIXET Im(so) > 0 f##T. BRI A(s) 18 s = it

e A AT RE A

Ghlso)asls) 1 aslsdn(s)s [T elsnls)
R L) 4 B ) 1 [ SO (51— s

(3-50)
Ry, B

ACO R COP : 95(51) 51— so)dsy ) ga(s
( A(SO)%(”)%— A(SO)CO(U)—l—/SO Al ( (51 0)d 1) 9a(s).

1 + K2s7) m?

(3-51)

s =ik P WH ZEME, DIAUERE S ARRERET 0. K2 s =int s = ik~ — ¢ I,

s g3(s1) Cedss — g5(s0) ~ ~ gs(s0) 5 _
/80 A(sy) (1 + K2s?) m25(81 0)ds1 A(s0) Yo(n) Co(m). (3-52)

14



3 EEIE A KITHIE

& A1 B Euler 25 #k,

1 ks \ '™ 1 1 1 ks,
93(3):<§—?l) <——51—V — B+ v;2 /31;§+—Z)7

5 (3-53)
LUK s =ik~ 50 = ikt

— t AN, BRI (3-52) KL MEE T

t g3<50 +t1)
/0 A(sg+t1) (1 +ir(so+t1)) (1 — ik(so + t1)) m2f(t1)dt1

P —ik(so+ 1)) T 1 1 1+ ik(sg+t
/ ( (20 1)) F<§—ﬁ1—%§—51+w2—51; (50 1))><
0

2
(1 —im(§0+t1)>2+51 (1+m<§0+t1))2—ﬁl <%¢)—1 (6 — 1)

1
(1 +ir(so + 1)) (1 — ir(so + 1)) mZé(tl)dt1

:/}l (l_ﬂl—V1—51+V2 Bl;m(tl_t))x
0

2

1 A
“am (- ) (‘5> :

t _ 1 1 1K
/ (t—h)l BlF(5—51—V7§—51+V§2—51;——(t—t1)
0

5 ) {(t)dtr (3-54)
ERBENA n=—Rksy = —mx(ix™' —t) = —im(l + ikt), KA

(1—=751)(2— 1) 2 2

(
F (g -, ; +v;3 — By; —ﬂ> Yo (—im(1 + ixt)) (3-55)
g3(s0) » , | 2 AN it T
Sl = mm (%) (%)
F (g - ; Fui2— By _@) Co (—im(1 + int)) (3-56)

FIr A

/0 K(t —t1)&(t)dty = K1 (8)tho (—im(1 + ixt)) + Ko(t)Co (—im(1 + ixt)),  (3-57)

15



P ZASE R AARHE B GBSO

Horp
1 1 '
K(t) =t F (5 —Bi—v5 =B+ vi2— B —%t) , (3-58)
m?k* (2 —v) (3 +v) 5 5 ikt
K\ (t) = 2 D A R 75 RAL Qi (R VAR VES: R I
1( ) (2_61)22+51 ( +Z"{) 9 V72+V7 Bla 9 )
(3-59)
m2iK 3 3 irt
_ -3 . \2+61 °_ .2 L9 A -
Ky(t) = 21+51t Y(2+4+ikt)TNF (2 V5 +v;2— By; 5 ) : (3-60)

EAE—AKT £(t) B —33 Volterra F14r F7FE.
H T B A 08 — AR R R L AR & 8, PT BAE A Laplace 22 # R i 1% 77 7%
K (t) ] Laplace &H#t t — o N

o0 . B1 . .
L(K)(0) :/ K(t)e™otdt = (2 — fy) (T) o2 E Wy, (26—%”3> (3-61)
0 2 K
Hrp W, ,, 72 Whittaker BREL. & X
| 1
Kmv t — Efl ( )
) L))
. B1 -1 +i00 2 ot
—Ire-s) (T) ] /7 A (3-62)
2 y—ico e’%Wghy (26’%%>

BETTAE H
£(t) = / K™ (0= t1) (K)o (—im(1 -+ kb)) + Ka(t2)Co (—im(1 + i) ) dy.
0
(3-63)
B EAN (3-49), ENFT 153 7E Fourier 24415 Laplace 284 T HIfE 1.
MBS (3-62) 7T LI, Whittaker Bi¥L W), , B S 05E T BUAM R 75 0 SRR

HEAIAT L v — 8> 088 <0, B, RIS B2 < 1 5 B2 > T BB 7
i,
32 B < Lt

FEIK 5, FATBIRE xi A X BIRINGS AT, 3R pR B AR 0 /Nt —
M.
S BNEW HRELLE, AV ed3E £ TS BRI ARTE IR AR x4 /MG T

16



3 EEIE A KITHIE

3.2.1  JAEFFIRAR x; BIR/ME T
L*%E’J%Fﬁ%% T% éj\ﬁ (3-62) EPE’J Whittaker B % ng , 1E B2 : En‘ Wﬁl y

ﬁ
=3
Y=
|
ﬁf
_|_
T

Ki"(t) = Ck 3™t 5 7 + 0 [(m)—%—ﬂ (3-64)
BEE t — oo, HH
2\ B
_ F(% +)T(E +v—p) <e(g_%)i B e—(%-ﬂ,—%)i) (ﬁ) (3-65)
2:'T'(2v)[(2 — B) 2
VR
(K™ ()] S (st) ™57, (3-66)
|K1(1)] < m2e22Pr (set) 2P (3-67)
Ko (1) < m2rt2P1 (wt) 2t/ HP1 (3-68)
RN kR TNERE (k) > 1), s &2—B0ZE 0 1, 5th
K™ ()] S ()73 (3-69)
()] S R ()2 (3-70)
K (t)] S K2 ()27 (3-71)

BUE hoe™™ € HY (R) X THA 0 > 0 BRAL (£ y < 0 I RFIES), st A Gt
/0 K™ (t — ) Ky (t)o (—im(1 + irty)) dty
- /O DK (4 — 1) K (1) e (mt )ty
/ K (= t0) Ky (t) (mast) ™ (misty)” e (mist; )ty

(/ (K™ (t —t1) K1 (t1) (mety) ™) dtl)l \/_||¢oe—myHHa R,)

3

k2~ ( (t —t1) % t1>2+y<t1> U) dtl) Hwoe_myHHU(R)
0

SEETD T [ dhoe ™™oy - (3-72)

IN

2/\

17



P ZASE R AARHE B GBSO

F Go WMHATRMAMIML T, FATI73 21

SO R4 [oe ™™ [ omy + 537057 G0 |y (3-73)
KA
ga.4(s) S (s) T S (s) 2 (3-74)
A(s) ~ (ks) R (BL—1) ~ (s)7, (3-75)
HATH
Xiltim) S K77 ()27 (3-76)
Ot (so+ 1) <<t1>‘%“’ [0e™ || o gy + (t1)2~° ||goe—myHHU(R)) dt,
Joh
(s) 7t /Ot (so+ 1) 2™ (1) 277 dty < (s) 72 /Z (so+ 1) 2™ (1) 277 dty
< ()7 oo [ e e a
< Cp sy " <so>”"*_1m (3-77)
()75 /0 s+ B)E () < () (s /O M by an
< ()75 (o) (1) (3-78)
T i
Xaltim) S 6277 ()75 (o) 7 ([[0e ™oy + (0 1GoE ™™ oy ) - B79)
[,
Pt ) S [ 016 0P
SR (oo™ oy +40) |66 o) / Z {s0) " 727 )T dsy
SR (ahoe ™y + 48 [ o) 0 (3-80)
Fibl
el S (606 oy + 1606 L gsgey ) (6727 (3-81)

18



3 g A I
3.2.2  FFKAR o, WR/METE

TR TT R
ﬁﬁm%:%@%@iéﬁwﬂM$&mﬂ_%@m@2@§®ﬂM@&m) 352)
b, A i
195(5)]; lga(s)] < ()72, (3-83)
[A(s)] ~ ()7, (3-84)
FrLAH
Xn () S ()73 (s0) 7 [do(m)] + () 73 (s0)* o) (3-85)

R, 2440y € H2(R), (o € H3(R) B, 7T LA H SCERUOY Ay 51 2 4, 752 L2 Y5500 0.
XHE G HWT:

BI# 3.2.1 BifF#Ea>05b,cecRHE
9t k,m)| S (s) ™ (s0)” |K|°

HA

hk,n)|, 0 k€ Zn € R, (3-86)

1Paog ()l iy S (80 ol g e (3-87)
UEBA WL Yang 5 Lint) {8 A e 21, sA
_34,
Ixelleey S 075 (6ol + Nollin) ) - (3-88)

IXHE, HUR] LS 2R AR B ) L2 YU RO, Y

1 ProX | roerary S (1) (”%HL%HS(WR) + H<0”L2H3<TxR>> ' (3-89)

2T, BN

e B () =e VOt 1, y) = Dpe 2t — ty,y) = Bux(tiz,y),  (3-90)

e 3T (1, y) = 1Y (=0t y)) = €2 (=0, + 10.)b(t; 2, y) (3-91)
=(—0, +1d.) (e—%%(t; 2, y)) -~ %Be‘é‘%(t; z,y) (3-92)
- (—ay + 10, — %B) Xtz y), (3-93)

19



P ZASE R AARHE B GBSO

BT AR (3-85), A

e~y (t;k,n)

— ‘

(z’ks - %5) NG k,n)‘
< Ikl (57 (s0) 2 ([dolm)| + G0} [ o)) (3-94)

—

e_%ﬁyvy (t, k, 77)‘ = |'lk>A(<t7 k, 77)|

34, 34w (| .
< Ikl ()75 (s0) 3 ([dom)| + (o0} | o)) (3-99)
A 51 3.2, 1 B AT 733
18y o 1.,
HPséOe 20y LA (Tt ST <||¢0’|H;H§(TxR) + ”C0|’H;H3(TxR)>a (3-96)
_1 34,
e 20! L2(Txtdy) Sty2t <||¢0||H;H3(1er) + ||CO||H;H;1(TxR)> : (3-97)
XA TE R T R 1.0.1HIAIE .

SR, IX BFATTERAIIR AT o A Go W AT IE S A 25 18] 1) 1P A0 H* pR 3L, X
FERZORAEE R ARAEA BB MECEL T y = 0 ERAREFAIENE. EEEiT A 24
AT EHEEE (Yo(t;0) = o(t;0) = 0, FEENBAESNE, rbl 22 HA Y fJIENE. X
HIRATHZSREAT IR R ZE R, I I8 B 13 BR L 75 120K S IR — PR A

EARRAE—ERE R T4, RN, TR E Ty >0
Pz, LARFHEI A ORfF 1 PR,

J38h, WATBLANRIEE H, H0IR SRR P2 — > S 4RI (Hartman P BT 7E3d
X—15IE), (s) ATLATT S () e, T (so) HBA FF, v LA AT AT 2 AR A O Shos

33 B?> 1 Kt

4 B? > L{{iNHg, BT Whittaker R W, , 655 % £, FTLA Laplace 3148 #i 4>
A TC T3 RGP AR, 3X U 2 AN K AT Re A9 BIMEAT 2 981, Dikiil” B8 1 s B Lo
A0, X BLIRATE I AR L2 R M 458, (HR 28 VONMRIR A v R Fa 1M
AN

20



4 EIRES R A IS

4 EIRZRN RS

X B PLE 4G Buler J7 72 (2-10)-(2-12) S, 15 BH 1K 25 18] 5 2 25 [a] i AR AU AL, 458
Boussinesq T {A753 2 () 45 R E A R ). 2 5 AR B2 > 1 5 TR W At 45 HRFAE
fi#t.

4.1 HPAEp A

R 2 T I, A6 P 252 S f, o, 7, IR EE AL (2, y) € [0, L) x (0, H) IS
(2-10)-(2-12) 48Ny

—B1RO, — 9, (8, — Rtd,)| ¢ + 0, f = RB0,, 4-1)
ot = RO, (4-2)

21 52 §i A IE 1) Fourier EURIT 5 Laplace BH#t (2,y) — (k,n), TFE (4-1) K

—B iRk — 8, (in — iRkt)] ¢ + f, = RB2(ik)7. (4-4)
XFt RAmS, AT LAAS 2
_BiRkd; — 8y (in — iRED)] & + frr = RB2(ik)7. (4-5)

RN T FE (4-2-4-3) A 15 3 1)

# = iRk, (4-6)

J == [(ik) + (in — iRK1)*] &+ 6, (£;0) — o, (t; H), (4-7)
HATH

O [K* + (1 — Rkt)? + B(in — iRkt)]  — BiRk) ¢, + R2B*k*) = £(t). (4-8)
Moo

£(t) = —dyue(t; H) — dyue(t;0). (4-9)

AN 22 (8] B REAT XL, LUK BLER 1 € 1€ SORE T AR LLAR, He #l o #8058 2 A ).
SR, DNy IR MAR DR T AT AT 5 K0 R A, BT DATSARA X o AR AT PE R, IXE R,
& MR 2 3N (3-63). FITLAiRJm [ 4518 t 2 A BL.
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P SB AR B (1830
42 B? > 1 BTHRRERR

Eliassen!®! £ Boussinesq T BA 1) 25 A4 T~ AN K T ik B 18R 25 [ g Foe . 1X
HIRA TR IR X A Boussinesq U AL i 28 14 A6 5 F240E B AE 500K 2 18] o i) A2 e k.
FATE b2 055 2 AN FHEAE 500 B ) 4R 3 ) .

MITFE (2-8)-(2-9) Hi &, XF o J7 M 4T Fourier LI « — K, FEXT B [ XL
Laplace B4t t — — Rko, HJ

(o3 k,y) //f (t;z,y)e %ikz amret dtdz (4-10)

JER N, BOE L = 2r. £33

B iRk — (—iRko + iRky) 9,] "

+ (—iRko + iRky) ((ik)? + 82) ¥* = —(ik) (pﬁ> * g, (4-11)
0
(—iRko + i Rky) (pﬁ)* = B(ik)y*. (4-12)
0
A
BlL— (y— o))" + (4 — o) (—K2+ ) ¥ = (ﬁ) g, (4-13)
po) R
P\ B .
(y—o) (g) = }—%1/) : (4-14)
BERBKT o WTTHE
(y — 0)2 Uy — By — 0)2 Y, + [—kz (y — 0)2 +p(y—o)+ BQ] P =0. (4-15)
R
2
W, — YL + [—kQ ;2 4B 2} Wv* = 0. (4-16)
y—o (y—o)
HH B2 /& Richardson # 40 4 Y (y) = e~ F¢* (y + o), BIAT 4 2= — 1R300, 735
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