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10 oo

ggobbbbodg, oo, bbbbuodaooobbboooooob. oo
gooobo,ob,gbobbobobbooddg,gooogoobbboobodgd
g.gbbootobbdoodobb,gobbbuoobobbuooobbooobboo
gobbo,gggbobobooggbooboboooobn.

gbbogbbuoobbuogobbuoobboobb,gbboodgb1o0boo
gogodooobobb. oo ooobbbobobobbbooaa
00000.0000000oooooo0ooooO (OOg,1997), 0000000
gbobodbobogoboobobooboooboo,booboobobuoobobo
gob.oboog,boogobbboogobbbuooobbuooobbooobboo
gbobogobogoboooboboobb,obboooboobo,obboon,
gbbogobbooobbo,gbbooobbbuooobbuooobb. o
gbobodbobooobooobobo,buogbobodbboooboobbuoobobo
goboogo.

ggoddoood, oo, bbbbbooooooooooaa,
Holton (1992) 000000, 0000, 000000000O0O0CCOOOO0O
gbbodbooobog,ooobuoobbooboooboobbodgboo
g.0obogobboobbooobodob.buoobobooobboobboo
gb,uogdbbooobbboobobbuooobbooobboodg.bboo
gbbodgbogobogbboobooo,ggboooboobbuooboo
gbobogoboodobboobb.ooobooobboobboobbo. o
gobboboogoboboogoooo.
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020 0COoduddd

gbod,gbobobboobodobuodbuodggboobobbobbobod.
godd,gooog,ua,bobbotodddggooooooon. oogd
g,bbogaobbbooobbbuoodbb,ooobbooodgbbbod
gogboo,gobbbdoooobobboogoabn.

21 OO00Ooogod

O00000,000000000000000O0O0O0O0DOOO0O (perturbation
method) D0 O00O0O0O0OO. 0O0D0O0OOO0OO0OOOODOO.

goooooooooog2000ddooodo. 1oo0ooogoog,
goododoooooooooooooooouo. bo1o000oooooo
00,00000000000.000000000 XO0000,X000000
0, X'0000000000000O. b00b00doooooooooooog,

00 wd
uw(z,t) = u+u'(x,t) (2.1)

O00000.0000,00000 wdu/oxO

ou B N0 ,
u%—(u+u)£(u+u)
ou ou’ ou ou’
_du _ouw 0u 0w 2.2
u8x+u8x+u8x+u8x (2:2)
L, 0
_u&v ué’x

goo.

(22)00000000000CO00O0O0ODOCOOO0OO, 0000000000
gogobbbbbbuoooooobbbbbooooooobbbbbboodao
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gbgbod.boobgobobobooboboo,obooboboobobon
go.ooboobgoobodobo,ogboobooobobouooboo,boobon
gbogooobgon.

2.2 0O00O0O0O

gogggoobbbbbbbbbdodoooooaa. bbooooodaoaao
ggboobuoooobboo,gobbobogd.

O0,00000000000,000b000D00 ¢0
¢ = Acos(kx — vt) (2.3)

000000000000.000,4000,4000,»0000,¢t00000
0,00000 A =2/k000.00,

¢ =kx — vt (2.4)
O00000000.0000,00 ¢c=y/k000000000O0O00O0O0O0O0OO
ooooog,c00oooooo.oon, (240

6=k (z—t) = kz—ct)

000000,2=(w/k)t+a=c+a(@000)00000¢000000, 0
0¢000¢02000000000000000.00,0000000000

0o,
do _ d

dt  dt
000,000000000dz/dt=c=v/k000000

dx
ke —uvt) = k— —p =
(kx — vt) g 0

23 UO0OO0OOOODOOOOO

gogoboo,bbs0000000bbbbbuooooo,bbbbb210
b ez-yUDOO cOODOO0O0OO0DOOOOO0OO0DODOOO0.

00,000000AXA=(\,,\,)00000.000000000000000,
gogbobbboooobobobobbooooo. oobo,b210000b0b0b00d
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r

Ay=27 /ky—

A=27/ k|

N
r

Ay —

&
T L]

|
Ax Ax=27 /kx

%
<

14 X

0 2.1: 0000000000

ooooo,

1 1 1
EZE—FE (2.5)

y
00000,00000 (27200000,

) -G+ 69

ogod.oooo,obooood
2 2w
k= (ko k)= (2,"
( y) ()\x )\y)

2 2 2
k* =k, +k, (2.7)
goo.00,k0000 ANODD0D0O0O0O0ODO.

oooooo,

Oo0oo0O0dr=2r/v0000,

AV
= — = — 2.8
c=—=1 (2.8)
O00.00,x,y00000000O0O0DOO,
Az v Ay v
x:—:—’ = — = — 2
¢ T k. “ T ky (2.9)
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O000.000000000000D0ODOO0000000, (290

1 1 1
==+ (2.10)
2 23

goon.

24 0O00O0O0OOOO

gbbogboobbdodboobobuoobboobo,boobbuaobobo
gobobuooobbooobbuoodgbboooboboo.gbobobog,bod
ggno

f(:c):Z(Assinksa:+Bscosksx) (2.11)
s=1
0000000000000 00000000ODO0O000. 000 ks=2rs/L0O
00000, f(x)000 LOOODO0O000. A0 (2.11)0000 sin(2rna/L)(n
000)0000,z0000000 LOO0ODOOOOOOODOO,

2 (" 2
ASZZ/O f(z)sin ﬂ;xd.f

gogb.bogogboo

/L . 2msx . 2mnx 0, s#mn
sin sin dr =
0 L L L/2, s=n

0000.000,((211)0000 cos(2rre/L)000000000,

2 [t 2
Bs:z/o f(z) cos 7r;xdx

oooooo. A0 B,ODODoOoooooooo,
fs(x) = Agsin kgx + By cos kyx (2.12)

UsbObouogoobboogd.

0000000000000 000DODO0O0ODO00O0DO00DO00D. DoO0on
0oon0
¢ = cos ¢ + isin ¢

2008/2/29(00000)



26000 8

noooo, )
fs(z) = Re[Cseiksx]

; ) (2.13)
= Re[C; cos ksx + iCy sin ks

000.000,i=(-1)Y2000,Re[]00000000,C, 00000000,
(2.12)0 (2.13) 00000,

B, = Re[C], A, = —Im[C}]

000, f(:)020000000000.000,Im{]00000000

2.5 00O

gogbboobooogboobuog, bbb »0bbbuoooobboogob, ol
gbogbuooboobgobuoobgo. bgobgoobooboo,gdgb v
gobobuooobbooobbooobbbuooobboo.gbobog,bod
0Oc=v/k0000000000O00OODOOO.O0OODOOOOODOOOODO
ooooboooobooogoboo,vy0k0O00OO0ODbOOO0ODOObOODO
gbogb.ooboobgoobo,bobboobgoboboboobobobobobon
ggbbobuoooobbooa,gbbbuoooobbobooon.

2.6 U0OO

gogobobobobbbodoooooooboobobboooooooboboboogod
g,buogdbbooobbbogbobb.ggobbuooobbooobboo
gb,ggbdobobobdoo. ob,gbbooobboobboboobobbooo.

0000,2000000000000000.0020000,0000000
0¢,000,0000000000000,k+6kk—0k, 0000, v+0v,v—>0dv,
00000000.200000000000000000 20 25»000.0
oO0oooooooo,

W(x,t) =voexp{i[(k+ dk)x — (v + ov)t]} +Yoexp {i[(k — dk)x — (v — ov) t]}
(2.14)
O00. 00000, (213) 00 ReOODOODODDOOODODOOOODDO. OO
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FARNNIA A VAV G\
NN AAXRNK N

[\ A

YA
S = - NN

0 22: 0000000020000000000000(00)0000 2000
00 (O0).(Holton, 1992)

0,00000000000000000000000ODO. (214000000,
¢:[i(6km—6ut)+6—i(5kx—évt)] i(kz—vt)

2.15
= 2cos (0kx — dut) e'kz=rD) (2.15)

Ooo000o0. 00 (215)0,00 2r/k000,0000020000000000
0000 v/k000000000O,006/6k0000O0O0O0O 2r/6kO000O0O0O
obooboboboboboboobouo. oobo,k—o00bOOoOOoOoOoOOO

ogoooo,0oooooon
ov

Cgm:%
goo.oobbb,bboodoooooooon.

2.7 OO

gbob,g0bboodgbbooobboogbb.ooobboooboboo
gboboobbgoobbo. gobbuoobboobboooboooboon
goo. b230000000ooboobooog. gpoboboboodgg, d
gobobooobbooobbooobboo.obb,oobbooobboo
gbboobodgbogbbooboob.oobboobuoobooboobobo
go,0obobbooooooooobbooooo. boooo,obbobobood
goboboo.gbb,obbbdugbbooobobbooobbuooobbod
go,bogoobobboooboboboo,bbbooobbboooobobboo
go.
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0 23: 000000000000000. (Holton, 1992)

000,000000000,0000200000000000000000
000.0000000000,0000000y,:00000000,v=w=0,
000.0000,00000,0000,00001000000000,

du lﬁp

— — = 2.16
dt — pozx ’ (2.16)
dp 8u
2.1
dln@
=0 2.18
o (2.18)
Oo0. 000,
a_9_ 9
it~ ot ox
ood,s000oooooooo,
R/ep
9:T<&>
P (2.19)

P psRM
pR

gogo. ood RDDDDD,chDDDD,pszloOOmeDD. (2.18)00 0

ooooon
ldlnp dlnp

v odt dt
0000O0. 0004 =¢/c,000,¢00000000. (217)0 (220000
00000000,

(2.20)

ldlnp Ou
— — =0 2.21
v odt * ox (221)
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gogoo.

00000000000000000000000000000000000
00,up,p00000000000.

u(x,t) = u+u'(z,t),
p(z,t) =p+p'(z.1), (2.22)
p(x,t) = p+p(x,t)
(2.22)0 (2.16)0 (221) 000000,
a — / — ! 8 = ! 1 a = AN
5 )+ () 5 (@ )+ () =0
0
— /_— / — /_ l:
aﬂp+p%+w+ﬂ)&r@+p)+7@+p 5y (@ +u)=0
00000.00,|//pl<100000000
N\ —1 /
=2 (1+2) ~1(1-2)
p+o P p p p
gdododo, oo ouo, touoouoouoo

o 0 10y

R m _— = 22

((’% 8w> +p83: 0 (2.23)

o 0 ou’

(& ua—>p —|—wn({9 =0 (2.24)
00000, (2.24)0 (2.23)0000, (9/0t+ad/dz) 000000000 v OO
noo,

d o\, wdo

Q%+u%)]) 6%2_0 (2.25)
god. oo uobuobuooood:

2—1—112 2_32+2 o2 +_282
ot ox ot? otox oxr?’

(225)0000000000O0O0O0O. c0000O0ODODODOOOOOOOODODO
0o,
p = Aexpli(kr — vt)] (2.26)

O000. 000,000000Re|[]O000D0OO0OODO. DODODODOODOO
00000,0000000000000000000. (2260000000000
(225000000, 00000000O0DOOOO,

(v—ka)? — L2 =0 (2.27)
p
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0000000000000, (2270v0000000O

v==k {u + (%]3)1/2} (2.28)

y _\ 1/2
c=-=ux (E)
k p (2.29)

— u+ (yRT)"?
000. 00000,00000 (2290000000 (2.26)0 (22500000,
000 (229)00000000000000000

ggo,booogn

1/2

cs = £ (vRT) (2.30)

gboo,00boo0booboobo.bobbooboobobDoob kbOobOon
00,000000000000000D0. 00 (228)00,0000

o yp 1/2
_ v P 9.31
Cq 2% u =+ < ) ( )

p
goo,booogooon.

2.8 0O0OOOO

ggb200000d00,buooogbobuooog,bbougooobbobooo
gogoogooobobbbobobbboo. obboboobobobbbboooooad
gobbuoooboooob,ogboboooobboooboooooobog.

gbog,b02400000000000000000DOODO0ODODOODO
gb.bogdbbuogoboodgbooobobo.gbbooobboboboa
gogoboob.bbbbod ppgbibbdpgdbbbbog,gubbbodd
gd.goobobobod p;pdp0bbuooooobbobo,gogobbobodd
ggbbbuogoobbbuoooobbb.ooobobboooan

op
R 2.32

Uo-s000000000000004:

9 (op\_ 9 _
0z \ox /) 8$g_
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gbogbooboboobobooboobobuob.ooboboob,bon
OO000OoO00obOoOOo0ooooO0O0. 02400 A0OO0BOODOO,O0DDO00OO

ooooon
oh
p+0op1 =p+pigdz =p+ pig 9 o,
Ooh
P+ 0py = p+ 290z = p + pag (%> ox

O00.000,0kh/0:0000000000. 4 —-0000000000,00

goooo
oh

} = g0p-—

lim (p+0p1) — (p+ 0p2)
ox

dx—0 ox

000000000.000,6p=p —p.000.

gooo,dooboob 0000000000000 O,0000,
du Ju ou gdp Oh

PR TR i (2:33)
ou Ow
— — 2. 4
ox + 0z 0 (2.34)

O000.000,(233) 000000000 :0000000,0000000wO
00000000000000000w0 z0000000000. 0000,
(234) 00000 z=000000 z=hA000000000,

ou
w(h) —w(0) = —h%
P Sx
2 —_——
P P
/\‘wz\
D+sz D+SP|
P, h
A, 7 7, i

0 24: 00000000200000. (Holton, 1992)
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000.000, wh) D
~dh  Oh Ok

B) = &2 i
w(h) dt 8t+u8x
oo, oot odod. toooouoooooooo w(O):O
ogod.ouooo,0booooooooooooog,

oh 0
0dddoooooo. 0oo0d0d0o00oooo, «wd Ad
(2.36)

u(x,z) = u+u(x,2), h(z,2) =h+h(z,2) = H+ K (x,2)
good. 0bo0d«w0ooooobobo,bbooddo. b, Fooobooooogo

O,H>|r|000.(236)0 (2.33)0 (235)00000000000,0000

AN Ll (2.37)

o " Yor T or
oh' oW Oh'

000, (237)0 (238)00 00000000,

) o\? gHdp 621/
— 4 u— | b — — =0 2.39
(8t+u8m) p1 0x? (2.39)
O0000.000,((22)000000000000000. (2399000
h' = Aexp [i(kz — vt)]
O0000.000 (2399000000,
H§
(v —ku)? — T2 2 = ¢ (2.40)
1
ogod.obodyvooooood
150\ /2
yzk{ui(g p) (2.41)
P1
ogod,oo0od
v gHodp 1/2
c=-—-=ux (2.42)
k P1
00000.0000,0000000000000000000. 00O (2.39)0
0,0000
o  _ gHdp 1/2
=—=u+t 2.43
o= =k (000) (2.43)
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gog,boobooobooob.
0000000000000, dp~p000,000000 (242)0
c=ux+\/gH

gobooogo.
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030 gt

gobb,gdbboboogbboboooobbbooobbo,gobbbod
gobobooob.buogobboogbboooboooa,buogobboo
gbbodbbodbboobboooodob,obbuoobbodobbodgboo
gogbboboooobobooogn.

gobboog,bboboogbbobuoooobbbooog,buoogooboo
goboogobooobbuogboboo. obbooobbooboobo.ooboo
ggobbobbuoooog,bbbbouoooobobob. ogbbobo,dd
oopoooooOoOOOOO (ODOOO)DO0O0OOOOOOOOO0OO,D0D000
Oo0Oo0o0oDboOobD 00000 0D0DO0O0O00ODO,DO0DDOOODOOO
gobbobooooon.

3.1 00000

0000,00000000000000000000.0000000000
0000000000000000(000)0003, 005 006,00700
0,000000000000.00000000000.0000,00000
0000000000000000000000O0O0.

oO0o0o0ob00o0OO0ooOooooooobO,0b0bOoézb0bOobOobOoDOoD

goooooooo,
d? 1dp
o (02) = —g = —— (3.1)

pdz
O00.00,0000000000000000DO000O0O0000d,

1dp
0=—g— ——— 3.2
9750 (3.2)

goo.
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0000000,000000000000000000000000000
00p=p000.000,(3.1)0 (32)00dp/d2000000,

d? 1dp
@(52) = —9—55
=—g—gg (3.3)
PP
_g—
p

d? -0 00
@(52) = " = = (3.4)

OO00. 000,44 00000064:000000D000O000O00DO0.0DOO
060 =000000000000000,

0(6z) ~ 0(0) + Z—Z&z + - (3.5)

000.0000000,00000000000000,46:020000000
0ooo, (350

- - do
30 =0(0) — 0(dz) = —E& (3.6)
00O, (34)0 (3600000,
d? g ( db
05 ()" 1)
= —N?%z
DoD.000, i
o_gdd _ dlnf
7= gd: 7 dz
0oO0. (370,000
0z = Aexp(£iNt) (3.8)

oo0.gooo0,A0DDOO0D.

00000 NOOOOODOOOOOOOODODOOoOOoO0. N2>0000,000
oo0O0oC0O N,002r/NOOOODO. OOOOODODDDOOOOODODOOOOO
0,00 NOOOOOD (DOO0O0O0O00ooobobD)0oooono. N=000O0O,
3.7)0000000O0000D OC0O0DOOOOO00ODODOOOO. DODOOO
000000000000000. N?2<0000,00000 60000000
gogbbobuoooob.bbuoogobbbuoooobbbouoooobn.
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3.2 OOOOOO0O0OO

gobboodg,bbobuogbbobuoooobbo,gbbouoogbbboo
o00obODbO. 0310000000000 «0000Db0bOobOobDOonog ds
O000,0000000000D0dz=dscosalD0.O0000O0O0DOOOO
0000000000000 —-N%:000.00000,000000 000
ggooobodad,

—N?%(dscosa)cosa = — (N cosa)® ds

ggb.obbdgggboboboooobn,

d*(4s)
dt?

= —(Ncosa)’ds (3.9)

goo. ggbooboobbooobobog,bodbogbbdv=NcosaDOO
oboobobobo. ooooo,000v00ob0bO0o NODODODODOOO
go.

dé
+
dz

os

0 3.1: 0ooooo
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40 OCOoogg

gogobbbbbtbodooooobobbbbbooooooobbbboadao
g.ggg,bboggoobbobogogobobooooob.bbobodad
gobbooobbog,bboobobbooobbooobbooobb. oo
gbbodbogo,ggbooobuoobbogbboooboobboobobo
gogbobobodood.

gogogoobobbboboboobobbb. obbbbobobbbboboboooogaa
gboboogo. oo, 0buogbboogbbd,z--000 2000000000
gogoooo.

4.1 0OO0OO0O0O

rzO00000000,0000,0000 100000,0000
ou ou ou 10p

a—i—u%—kw%—l—;ax—& (41)
ow ow ow 10p
it et i = 4.2
8t+uax+waz+p8z+g 0 (42)
ou Ow
i T, 4.
8x+8z 0, (4.3)
00 00 00
good. oo, 0ouoooooooood
p=p+p(r,z), u=1u+u'(z,2),
p:ﬁ(Z)—f‘p/(l‘,Z), w:wl(xvz)7 (45)
0=0(z)+0(z,2)
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gboo. bgob 00000000000 wD,00 p00000O,000000
00p 0060 00000000,00000000000000,

dp
— = —D 4
= Py (4.6)

goo.

4.2 0OOO0OOOOOO

000, (4.1)0 (44)0 (45 0000,00000 2000000000000
0,(41)0 (44)00000000000000.

(41)0 45000000,

a — / — / 8 — / /a — / a = AN
5340+ (@) @) + 0/ (i )+ (54 ) = 0
god.oogoo200000o0ddo,«000o0ooooooo 10300
o _ou o 0\ ,

e + U = (a + u%> u (4.7)
ogod.ouoooo4o0o,
1 9, 1 o Lrop oy
il L et A
17 ox PP ﬁ(+ﬁ) <8x+8x
SH (48)
p p) Ox
_ Loyt plopt 1oy
pOr poOr pox
000. 000, (0p/dx) =0, (9p/0z) =00000. 000, (4.1)0
o _0 10p'
el )+ 2 = 4.
<8t+uax)u+ﬁ8x 0 (4.9)
googoo.
000 (42)0 (440000000,
o _0 , lop 0
ou  ouw'
il = 4.11
or 0z 0 (4.11)
o _0Y, ,00
(a +u%) 0 +w 9 0 (4.12)
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Ooo00. 000, 42)000000000D0D0D0OD0OD0DOOO0OO. DODDODODDOO
(2190 000000DOOCOOOO,

( >R/Cp

P
pR
i _s R/cp
R (4.13)

1— —) Inp—InpR —1In R+ Inp,

Cp

S
||

Cu
||

=~ 'Inp —1Inp+ const

0oo.o0oo,
Cp

’Y—_

Cy

gog.

(4.9)0 (412)0000,«»' 000000000, 490 0000, (410)0 «
D0000,000200000p000000,

o _0 ow'  ou g 0o’
oo0.00,(4.11)0 412) 0000 414)00J 00000000,
o o\ [ O , 0%
<§+uf)_x> (6x2 + 9.2 ) + N 927 =0 (4.15)

Oooo,w000000000.

4.3 UO0OOOOOOOO

(4.15)0, 0
w' = Re [wexp (i¢)]
= W, COS ¢ — w; sin ¢
ooooooooo. oo, w=w+w;00000,¢=kr+mz—vt0O0O,

k=2rA'm=2r'00000000000000000, M\, A, 00000
O00oo00o0ooooooooo. 416)0 4)0ooooooo,

(4.16)

(v —ak)? (K* +m?) — N*k* =0 (4.17)
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ooo,000040d
v — uk

NEk NEk 4.18
E T Vi AT 1
1) 0
DDDDD.DDD,kE(k,m)DDDDDDDDDD,QDDDDDDDDD.D
00000000+« 000000O000oo0Looooooooooo.

v

gob,0gooobooogoooobod,

A
cosq = ————
2 2\1/2
(A% + Az) . (4.19)
-t =t
rm R
Oo00. 000 (4.18)0000oo,
v ==+Ncosa (4.20)

goo.

gbooboo,booboobboobgoobuoobboobbobo.ob, g
gboboboboboboooooobobobobobobo,bobooon
0000000000000O0O00000D0o0oOOoOoODOOO. oo, (420000

|U] = Ncosa < N

gog,bobobbbbbbbbbbiobobooodddddoooooooooo
gg.

4.4 0000

00000000000000000000. 418)00,000000000
gogbbobuogooboboooobooboooan,

v N
Cpr = — = _—
Tk T (R m2)

5 N (4.21)
c,=— ==

m m (k2 —l—m2)1/2

goo.
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gbgobgoobobboboobooboobooboon

v _ Nm?
e = gp =T GE e (4.22)
ov Nkm

O00.0000000 (418 000000000O0. 00000, 000000
00o0o0000bDoO000oDbOo0. 0oDbo0o0ooooooooooo,od
00o0DOo0Oo0do0bOo0o0ooooOoooooDbo0. 0D, 000ew00ooboooad
ooooooooooo,

Cgw = Cgz — U

Nm? (4.24)
_ im
00000,0000000
ég k=0 (4.25)

ggo.ogoogdgb,bbbbouoooobbbbbuooooob,bbbodad
gogboouogooboood.

b =wiEg J/
Y= kx + mz—i ’

041 k>0,m>00000000
gobooooo.

042 k>0,m<00000000
goooooo.

oobooboooooboobooo,boob0oooobbeEmObOogoon
oo0. 041,420, k>00000000000000000.04.1,4200
go,00bgoobooboobobog,boobbooboobo0.obbon
goobobobo,boooooooooobog. k>0,m>0000,0 41
gbooboboboboooob0b0b0o0obobobob,bobobon
oooooooooooooobo. o0, k>00m< o000, 04200000
gbobobobobee0b0b0b00b00b000b0,0b0obobobonoon
goooogooobgon.
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s o

gbobooobobodg,bbooobboodbbood.bboodobboo
gboodb,gboboobbuoobbuoobobuogbbuoobbuogobogboo
0000000000000000000000O0O0000D (00O, 1983). OO
g,b0bdddddooooooooooooooboooooo. ggooo,
O0000000000000000000 (mountain wave)D 0D OO0O0O0O. O
gddooodoooooo, oo ddooooooooooooo
go.

5.1 0O0OO0OOO

gbbbud«bboobb,gbbbooobbuooobboodg. bbod
gb4000000000000,0D0000D0DO0O0DLOD z-z0000000
0000000000000 0000.00,0000000 (4.15)0

O\’ (0% O %'
=Y N2 _
(u(%) (8:62 * 022 ) * Ox? 0

Pw ' N?
((%2 55 ) + = =0 (5.1)

O0000000. 00,0000 4.16)0000v=0000, (4.16)0,

ooo,

w'(x, 2) = wexpli(kx + mz)]

) (5.2)
= w, cos(kx + mz) — w; sin(kz + mz)
O00.000((G1)00000000O0O0O,00000000
N2
m2:¥—k’2 (5.3)

goooo.
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5.2 0O 0U0O0O

(5.1)000,00000 Nk,uOOODOODOOOOm»?0000000000
gobboobuogoboboboo.oobb,o0obobod

h(z) = hp coskz (5.4)

odOo,00bb0000odo. 0od hy oooooooboooo. obooad
gofdo,dogboobooboo o, bbb oobooboooooooon
godoobooon. onoooo,0ooouoooooo
w'(x,0) = <@> %ﬁ@:—ﬂkthink‘x (5.5)
dt z=0
oo, oo ggobooobouoobuoan
ooo.

00000 (r—o00) 000000000, 000000D000C00000O0DOO
goodo. bboobobbbobooodddoooo, o000 ooa
googoo.goboo440b00buoobooboo,boboboobon
gooooo,0bo0boobooboobooboboobDboOo. k>000000
m<0000,000000000000000040.

00,00000000000,(G2)0w000000000o0. (5.2)0 (5.5)
00
W = iuhyk (5.6)
0o0. (s.2) 000000,

, —wthyrke ™% sin kzx, m2 <0
) = 5.7
w' (7, 2) {—athsin(kx—l—mz), m? >0 (5.7)
DDDDD.DDD,m2<ODDDm:imiDDD.
DD,DDDD@DDDDD.DDDD(ZL.?))DD
_
= 3
~Tow (5.8)
- Oz

O0o0o00oO0o0O0OyYOODOODO. O0O,0000000000 @1YHYDDODDOO
oo,
.oy

62’ (59)
Y

v ox

u
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gogoooo.ogooon,
=9+ (5.10)
gogoobooog.
(5.2) 00« 0000,4 0
u'(z,2) = uexpli(kz + mz)] (5.11)
000. 0000 (411)00
m
ooooO, (ka)oooooo
u'(z,2) = —iuhymexpli(kr + mz)] (5.12)
000.m2<00m?>0000000000000,
, Uhyrmie ™% coskx, m? <0
= 5.13
v (@:2) { ahymsin(kz +mz), m? >0 (5.13)
O00. 000000000 ¢4,
o' o'
dy' = d —d 14
4 Ox v 9z~ (5.14)
000000000 (z,2) 000000000000,
(z,2)
wl — dwl
(0,0)
(@:2) /) o'
_ / (idx Lo dz> (5.15)
(0,0) ox 0z
:/ —w'(2',0)dz’ +/ u'(z, 2")dz’
0 0
oo, (5.7),(513) 0000000000,
, —ahy (e7™#coskr — 1),  m* <0
)= 5.16
V' (x,2) { —thy {cos(kx +mz) — 1}, m* >0 (5.16)
00000.00,00000000 ¢0,
U(z,2) :/ udz = uz (5.17)
0

0oo. (5.16), (5.17) 00,
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15

10

‘/' L 1 1 \\‘~
-2 -1 0 1 2
0 5.1: wk>NOOOOOOOOO
T T T
1 1 1

15

0052 ak<NODOODODOOODO

2008/2/29(00000)



5300 0000oonoon 28

(5,2) = { ulz — hy (e™#coskr —1)], m?* <0 (5.18)

ulz — has {cos(kx +mz) —1}], m? >0

goooo.

05.1,520000,000 .8 000000000, 00000000000
000.00000 (53)00,m*< 0000wk >NOOO,00000000
0o0000,00000000,00000000 (05.1). 0000000000
gbobodbobooobog,booobuooboboobbooboobobuoobobo
O000.00m?*>0000 k< NOOO,000000000000000
0000000 (05.2).0000,000000000D00000CDO,0000O
gobbuooobbuoogbbuoodobbooo. bbo,o0obbuooobboo
ggooboogooooboog.

ek, 00 w000000O00O00O0O0ODOD. O0b0O0O0ob0OOoNOODOO
googobooboo,boooboobbobo NODOOOobooobDboo
gogbboooooooooo. bbb, bbobbobbbbbbooo0ooogo
gbobobonNODOOoooboboboboobobobobo.bboboo
go.

5.3 UUOUOOOonooonUnd

gobo,goobbbodooobboboooobbboo. on

hMa2

s
000000000 00000O0000000000. 000 hy2, 0000000
O0.r=xc00000000O00OO0O0OO0OOO,c0000000000O000O
ogtud,csdddodooooood, e oooouod. oogo
oododoooodoooooooooooooooooooooooonon
goooo.

h(z) (5.19)

(5.19) 0000000000 (5.1)0000,00000000000ODO0O 5.30
O0.05b3a(e<u/N)DODDODDOCODOO, 00000051 000000000
000000000000.00,053(e>ua/N)D0O0DODODODODO,000O0
O052000000000000.053b(a~u/N)00b3a0 c000000
go.0s3chddnbogonbogob,gobobboobobooobboooboo
goooo.
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00044000000000000000000000000000. (4.22)
0 (4.23)00,0000,

D P Nm? Nkm
TV T e [T e

gbbodbood.bDudle, e, 00000z, z000000000000.0
gobodobbooboo,boobboobooobboobeobboobbo
O0o00oooooooooo. 4.21)00

(5.20)

N

_r_ +— 5.21
T (k;2+m2)1/2 (5.21)
000,¢=-2000, (520000,
_ m? km
Cy = uicrm ex:chmez
(5.22)
k? km

I
|

Erm T e e

ogod. oodo,«>00000000000000000DO000O000O000
ooooodo. ooooooooooooooooooooooooooon
O000. 00000000 5s3pb00000000O0O0OO0O0O0OOO0OOOO
O0000000. 00000005300 kO0O000O0O0O0OOOCOOOOOO
gooodoooobooooooooo,ogooboooooobooooon
ogoooo.

0 5.3: DO0D00O0DO000000. (a)a<a@/NOOO. (b)a~a/NOO
0. (c)a>u/NODO. (Durran, 1986)
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el OO0

gbbooboobbdodboobobuoobbooboa,boobbaobobo
ggbobooogbboboooobooboooobn.

gbbodbooobuoogbobuoobbog,ugugbbooboooboooo
gogobobo.goobobooooooboooobo eb,booobbbod
ooodbdeeUin,z-z020000000,0000

v v

Cy = E; C, = E7
ov ov

ng:%’ Co= = om’

00000.000»000000,k mO00000 %, :00000,c¢,c00
000 200,-0000000, ¢, ¢.00000200,200000000
0. 00000000000000000000000,00000000000
000000. 000000000000000000,00000000000
ooooooo.

gbbogboobbodboobbuoobbooboobboobo,bbo
NOOOOwOUOoOOz-z02000000000000DOO0OOODO.0OOO
wO0O0000oOob0oboooooogo evO

Nk
(k2 + m2)1/2

000000000O. 00000 jpl<NODODO,00000NOOOOOOOO
ggbobbbbuooooobbb. oo, 0obbbbooooobbobbo,dd
g

V=v—uk ==

N Nk

“ :i(k:2+m2)1/2’ “ :im(k2+m2)1/2’
Nm? Nkm

o lL(kr2 +m2)3/2’ o = T2 1 m2)er =

gooo,boobo0oboobooboob kbbOob0b.bOobDbO,bO0
ggbbbuoooobbboooobbbuooobbboooooon.
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gbobobgbooil1bo,oboboobooboboboboobobobo
gb.dbgoobobgooboboobobobo,oboobobooboboon
gbgbooboboobobooboobo,bgbooboboboobgoobob. o
Ob00,uk>NUODOODOOOOOO,wk< NODOODOOOODOODO. O
00,0000000000NO000O00O0OOO A L,000000000 a0
gooobgooobooobon.
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0o

gobboboogbbboa,gbbobuoooobbog,obbbooobn.

gbogobgbooboobg,bobboobooboobobbob,obo
goo,0booboobob. boobodb,oobooboobobooobon
go,00b00bo00b. 0boobgoobooboobbooboob, o
goooooooob,obooboboo,bobboobuo0.obboobobon
gboboboooooooooboobgb.oboboboboboboboon
goooob,0bodboobooboboobo.bogbuooboboboobon
gboboobgooooo.
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