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Y =—Uy+¥i(x,5,t)
Ys=—Usy+P5(x,5,2) (D
W= (%,y,t)
XBASRFREE. THR1,2,3 4 3%R 250,500,750 ZEE LARIE, Uy, U3
BEHE S,

U2=—§—(U1+Ua) (2)
Wk AT B RITHR, HRLHRESRT RZRDOES,
3+ 0G5 2o o
(+0s )G+ 55)+ 65 a””s f Lo, (@)
R AT AR IO R
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BHBHAB), (1), G)ETRENMR
Y1 =A(y) sink(x—ct)
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wy=w(y) sink(x—ct) .
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(1), (8)2LLy ARREHREHIHEH, 5 =f3/o(ap)* RELRR
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B> 11> (10)
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i So=107%sec™!, a=1.6x10%m%r™!, Ap=5x10°gr-cm!sec”?
(La_a) _<£) I ( 1 69u> _L<L§2)
8 0p)y, \ 0 )yAp 10Ap’° \B,, Op /» 5\0 Op/,

A2=1.6x10"1%cm™2, 1% =8 x10"%cm™2
L>5000 km L,>2200 km (15)
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B=1.6x10"%cm Isec™t, U, =3 x 10%m sec!
Us=10%cmsec™!, ¢=1.5%10%m sec™!
il A2=1.6%10"t%cm™2 (18)
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k2<‘B_—UUl_1)ﬁ, k2<£%112 (20)
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WMRRPHELRZRXENRE, DET V=0, ﬁ'll%ﬁéiﬁEZQ%iﬁ (21) R5b,
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2
A2 n:ﬂU, =7.5x10'%cm (22)

L,>8.6x10%cm=8600 km (23)
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AARBRITRIRE . XA RN RO LMY S, hEHTHEZERZL.
BN IAZRBERZRAABENAL. ZRRBREBHEE I DERRRKBEERE
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BERHR,
F(4,B)=0
Pt ) it (26)
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fEARH, MEABEREE, A2=0, W(24), (25)RGMLH

A"+ ald=0 (29)

B”+B2B=0 (30)

FHH ri=—a, yi=—0p? (31)

H

A=dycosay+ Aysinay (32)

, " B=B,cosby+ B,sin by _ o (33)
MR T REE RGN v ELRXHRT « #ify, MWERTFRBR&H

y=04kb, A=0, B=1p,, A'= ‘2‘; =0, B'=%§-=0 ' (34)

EEREEE—SGENKBESIA— D, ZEHEERZM, ROUNRERIIMNZE
EREMF S, H(32),(33),(34),(6)1)RE

A4,=0, Bi=Yy A=0, By=0

A4=0, B=Yscosby

Y =0, Yy=Pocosbysin(x—ct) - (35)

1B
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FEL, mERBESIARS, MBUGLN &8
y=04t, A=, B=0, 4’=0, B'=0 (36)

Yy =Yqcosaysin k(x—ct), W3=0
{2; B " (37)
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Ui—c
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(28)Ri[H, E—HRERT, /—-MHERARLRENHER, BhE " REEK
i, My BEBRBH. L2V NERABEHE, CREAERREZERKER
REBEMBELRERDBDERBEREER/DZRAMEXR, XHFEXELX, HEBRERK
HBEE/D, REABEESLA, M EBKTE, #SETREKSZARE: #H
R, BAZRE., TH P —-MVSO0ZHARKHRMEAHE,

1. a2>0, 52>0, a%*—1t=0

XE—FEFER, X

ri=—(a®+8), 7i=0
}’ﬁl)=i1/ az+bz , }’(12)=—i'|/ aZ+b2, 7(2l)=0’ 7(2‘2)=0
HBH(24), (25)MTLUIBR
A=A+ dyy+ Ascos V a®+ b y+ AysinV a?+ b2 y (39)
" B=B;+Byy+ Bscos Val+b*y+ BsinV a2+ 5%y (40)
#(39), (WORRA(24), (25)R, AUBRALRHE, RAEHESR

b
A3, B4=|7

(38)

b
Aa, Ba=";‘

a a
Bi=—| 5|4, B=—|%

B (40) XEASBE K
B =—,-‘;—-’ (/11+Azy)—|—-‘%)(1{3 cosy a2+ b2 y+ Aysiny 22+ b7 y) (41)

(39), (41) & RiEREMEERDRIGERE, £ » HERYK, HhEH » KtkHin
M, XMRDEZARIARBERN. :

(39), (41) FHNUNHEER. MEXSE v=0 LHEESIARS), THRTRY
F &t

Ay

y=04, 4=0, B=1,, A’=0, B'=0 (42)
B(39), (41), (42)FH
ab __ab _ _
Alz_a2+b2w0’ A3_az+b2y0’ Ay=0, 44=0 (43)
Ak
A =—'aTa_€Fwo(l—COS Va'+by) (44)
B =-;l%b—2‘¢/0(az+bzcosv al+d%y) (45)

wlz_—aT‘fb—z-zpu(l——cos]/my) sink(x—ct) (46)
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o= Yolat + 5% cos VT F 57 ) sin k(x—ct) (47)
R, mESBESIAEKS, TBGLR &4
y=0 &b, A=1,, B=0, 4'=0, B’=0 ©(48)
niE
w1=—&7_}fﬁwg(bz+a2cosv a2+ 5% ) sink(x—ct) (49)
W= — 2 (1—cos ¥/ GTF BT ) sin b(x—c1) (50)

KEEREY, YRPREMERAREN, £ERARARET, RANERRE

. AREBEREESIARD, BENERNREDRSBE—ABRKYERN—AF

WP, BRESEMHF I REHLHEHERE,
2. a®>0, b*>0, 202 —>0

X
ri<0, ri<0, ri==iky, ro= ik
_[ a4+ V(@+ ) — 4@ =i} _[ 2+ 82+ V(=) + 4 B
k= = (51)
2 2
5 =[ 2%+ b%— (a2+b2)2—4(a2b2—3.4)]% =[ a*+b*— vV (2>—b)*+ 4 3.4]%
2 2 2
HRE (24), (25) BRTBR
A=d coskyy+ dysinky + Azcoskyy + Aysinkyy (52)
B=Bjcosky+ Bysin& v+ Bscoskyy+ B,sin kyy (53)
JARTHE AR B &RE
k}—a? A2 k}—a? A2
Bl= llz Al = k%—bzAl, Bz— 11,2 Az = k¥_b242
Bo—a? 22 Al g2 22 (54)
—a —a - .
By==tp—ds = gz ds, Bi=—tyy—dy = y—rids
(B—a®) (B—b) =M, (Ri—a®) (Bj—B2) =14 (55
Hik, (563) RAXBR,
ki—a? . k3—a? .
B = 12 (-Al COSkly’l"Az 51nk1y) + 12 (Ascosk2y+A451nk2y)
A? . At ]
=?§_:b7(‘41 cosyy+ Ay sink,y) +_lc§——-ﬁ(‘43 cos kyy + Aysinkyy) (56)

(52), (56) RFALEMFEERBEHRER, £ yOBEIERE. BEHik, XHTRERZR
BER. , ‘
HTHE (52), (66) RPHEANTFFERE, MTFRARN KM
y=04, 4=0, B=1y,, 4’=0, B'=0 (57)
XS y=0 EHERBRRHP, SIA-4&F). B (52), (56), (57) &
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22y, My

Alzm’ Az=— k2 kas A3=0, 4;=0 (58)
Ak
A2y 22 L Ry—ky . Rtk
A=z§—_;fg(cosk1y—cosk2y)=—-kg_kg’¢/0sm '2 2y sin l; 2y (59)
B3 —ga2 A3 g2
B =Z§l'—'—k3wo Coskly "‘_kﬁ?wocoskzy

2—43 . Ry—Ry . k
='¢10cosk,y+2:{_éwosm ‘2 zysmk‘; Ly (60)

2 A2 R—Rky, . R . .
Py=— . k’“’“ sin 3 Ly sin l-;kzysmk(x—ct) (61)

Y= (¢o°°3k1y+2k2 knlposmk zkz.’)’“ kl;kzy)smk(x"“‘t) (62)
Hi (51) RWTLAEM o’—%1>0, Wik, EFBAREHET, MEKESIA—-A &S,
BRERH M REKI N, RERKEREEH —AREN y?‘il"l%“#l Rz B ArAEH
o 5t

mERBETIARS, WRTRLN &S

y=0 &b’ A=Yy, B=0, A’=0, B’=0 (63)
BAERUHE, B
wl=(wocosk1y+‘z; —a’ I,UO sin kz;kzy sinkl ;kz y)sink(x—ct) (64)
20,231 —
ws=—(:;'_(;2) (kk}n—)—liog) sin Ey 3 kzy sin ky _;kaysink(x——ct) (65)

i (51) R, WLAEM 41—a>0, 41—02>0, a'—%1>0, Bk, MEBEIIA—4&K
&, BRBEA—-TRERKEN, BENKEEEA A RER » FREN Rz, A
AR HERASE.

KB RAA, BERKEZE T RWIRBRSEMEL, BIREEIRICE N RSB
R MR TG R0, BBl LASRA X BN, HERFA KR,

maz=0, W (61), (62) RBILD (35) R; (64), (65) RN 37 R,

3. a?>0, >0, a?h?—M<0

Xt

71<0, 73>0, yi=%ik, r,=17

[ at+ B+ V(@ + ) —4(a* =N |}
A= : ] (66)
,'z[ —(a2+b2)+'l/(a2+b2)2—-4(a2b2—l4)]k
7 2
R4 (24), (25) M\FTLIBESR
A=A 1" + Aye™ " + Azcosk;y + Ay sink;y (67)
B=DBe""?+ Bye 77+ Bycosk,y+ Bysink,y (68)

FERT I BT BURIA 5 54T, TEUEBIR BRI A BA AR, SIET RN RERM » R
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Hiy, WGRZANEEN.
FWHIHEREER H A NP RN IR TR, ERREPRYBEEHEMIRS
B EBRERS W U AZARENAARE N FET 2RISR,

T, BHEAT SR e

FE=HIRTHRETREEMIRER Y HEL, WERBEERE, 26&HBER
AaRRetEER T,AETREENREEEE c AEHOGHMEE « EHREERBET,
BRI RS HRE c RAREN&E, BRNARRZENE.

1. a2>0, b2>0, a?*—it=0

EXFHERT, FAETRERFEN, RERNGERABED, HERMAELR K
%HF, BihERREN, BIF 21—1=0, #

B Us—c 2_2)( 8 Ul 2 2) 4
(Ul—c 171_‘C}v % U3—'C U3 C; % —A =0 (69)

L 2R

(B4 2 A2%%2) c?+[2 B2+ A — (U 1+ Us) (A4 + 2 22 Je +

+ [T \Us+ B~ (U,+ Us) (82+ 1) B+ MR (U + U3 1=0 (692)
(692) RMEMSKEHMERREERPHEME c HHELE. B (692) il c, &

_ B(&+4?)
c=U = ZT2 ) £

214 ‘rr2 2 p2 .
k4(1£ T T (70)
Uy + Us U,— U,

z 2

Y000, c REH, W c=c,+ic,, ERTVIHLBEAS V1 s BHRBRP,
HSR RSRdES, ERFAETREERNAAREN. mo=0, 6>0, FETRIEEK
K HERRENTHRBEN . XEL B EEREHAEIREBRE & AHHME
AREMEHAHEZAER BENRRFI, B BREMETBEHE. TXH
&, EXNZRMHAREEESZ—FEHRIETY, BENFAEAREHREFE].

2. a*>0, b¥*>0, 2P —A>0

EXRFRET, }ETRERFEN, RERBER, o°°—M>0 WfRIFH.

19 Us—c¢ 222 >( ﬂ U,— ) i
(Ul—c Ul—Cl & U3—'C U3 le —A >0 (71)

BIBPEEMEXRSPH—BRIEL, Ui—c>0, U;—c<0, (71) RTLLRE R
(B2 322 +[2 (R +A2) — (U + Us) (A2 + 2 224%) ]c +

0=

U2=

UT=

+[RU U3+ 82— (U, + Us) (B2 +22) B+ 222U+ U3) 1<<0 (72)
27
B2+ 22 s kA2
|-V 2+Té£((k2 o 12) —ot | e—va+ kz(kz‘:'z 2)2) +ot [<o (2a)

k2 1'2
& Ui By (19)
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co M a?B?—=0, M I=0RHY c. MA*=0, N c, Be{LH 500 ZWE1H_1- 3 37 IR Bk iy 4
B, c: WUARRASHEZRIM B ERG A B T i N HE, REHRA RS 5 N kE
., (72a) AHBRR

(c—cy—0%) (c—cy+0) <0 (74)
= (c—¢3)?—-0<0 (74a)
T 55X 0=Z0 =R R R mEL e,

1) 6>0
e &K%, HA

cz——d’}<c<cz+d%
A ¢ SETFEA co HvbASi A —ot 3+ 0 KiRpt, MIASRR. 3N, HFEFREXR
. SRR, BENEBRZN,
e BEY, Me=c,+ic, W (74 RBKR
(c,—ec3)?—ci—0+2ic,(c,—c2)<0
Yo, =c B, AERRIL, ML c2 Hp AN —0t B+ 32 KREE, b o B—AHF
. WEEGEBNERLE o, EFETF oo B, B4 o BEBTLLRR (74 R,0048
EFRERHEAREN, XHBERT, I RREDFARENE,
2) d=0
X, (74) R8N
(c—¢3)*<0
¢ RAEEAXY. e RE%, W
(c;—c2)?—c}+2ici(c,—c2)<0
e, =co, M ci EMHER LERSR, MBETREEMEAREN, £XFHER
T, o BRRRIEARRZNE,
3) d<0
Xit, (742) SREUREBR
(c—cp)?+ (0] <0
c REBRRKS. mc ATk, W
(cy—c2)i—ct+ 0] +2 ic;(c—0c3)<0
B c,=cy, 3>|0|0, ERRERRY, MREE c,=c, Eﬂﬂﬁ#?,kmt%
MEFBATHE, PFEFREARNARREN,
Cy=2C2 ﬁ‘iﬁ#ﬂi, c2 '_‘Tﬁﬁi%—‘/l\ﬁ}.‘-io
3. a*>0, >0, a?*—1*<0
EXFERT, SEFRERFEN, HARSATRAEN, BF 282—M0H#
BEmMT
(c—ca—0%) (c—cy +02) >0 (75)
= (c—c3)?—0d>0 (75a)
THEsBtE 0= oM i
1) >0
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fnc B2kH, HH
c<cy—0%, H c>co+0%
B, REX (75) BIL, e 2FH, M (752) BBH
(cy—ca)t—ci—0+zic;(cy—ca)>0
RiEY c;=0, B c BERBASEEE, ERAERA R, B c R fERER.
2) 0=0
XEAER (75) HftAh
(c—c3)?>0
B c=cy EAF I c REMERAERER., ALUEH, c RRIEEEH.
3) 6<0
X, AEX (752) AIRBR
(c—ca)?+{6]>0
c REEMRE, FEREEL. 21 c BES, W (752) FHBR
(cy—ca)?—ci+ |0] +zici(cy—c2) >0
Y c,=cy, cI<|O|H, AERBL, '

AUIBERREREE AT E.
HEGREBRENEE
= | B sHAGERR R = A R B &
Xy a¥>0, B2>0, a?2-1>¢ a?>0,b2>0,a%2-4¢=0 | 2%>0, b2>0, a2h2—A4<0
BAHEEE | MK RORI0— R | MK+ BHAR B T
>0 ey— 33<o<e, + 0% HABE c=cyt 8% <oy 8%, 60, + 31
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THE STABLE AND UNSTABLE PLANETARY
WAVES IN THE BAROCLINIC ATMOSPHERE

Xie Yi-bing (Yi-Ping Hsieh)
(Department of Geophysics, Beijing University)
Abstract

In this paper, the two-level quasi-geostraphic model is used, the concept of
assimilation of space and time is adopted, the idea of space instability is introduced
and combined with time instability to study the effects of any disturbance intro-
duced at an unidentified latitude to the general circulation. A general theory about
the extent of existence of the plametary waves, the criteria of space and time ins-
tabilities and their physical implications, and the coupling of the high and low le-
vel planetary waves is presented.

The extent of existence of the wave length of the baroclinic planetary waves
is closely related to the velocity field and the vertical stratification. The more un-
stable the vertical stratification is, the shorter the length of the stable, moving
planetary waves ‘may appear will be. The vertical stability in the moist baroclinic
atmosphere is much less than that in the dry baroclinic atmosphere, therefore, it is
possible for stable, moving planetary waves of much shorter wave length to appear
in the moist baroclinic atmosphere. Under the ordinary vertical stratification in the
troposphere, it will be no stable, stationary ultra-long planetary waves. If the ver-
tical strafication is as stable as that in the stratosphere, there will be stable, sta-
tionary planetary waves with wave length longer than 8500 km.

The strength of the coupling effect of the planetary waves between the upper
and the lower levels is determined by the vertical stability. If the vertical strati-
fication is very stable, there will be little coupling effect between the upper and
the lower levels. Under the ordinary stratification of the atmosphere, the planetary
waves on the upper'and lower levels are coupling to each other. The results of
coupling are different for different baroclinic space stability. The criterion of the
baroclinic space instability is just the 2nd degree polynomials of ¢ in the classical
theory of baroclinic instability. It expresses the relationship of the wave numbers
along y direction of the baroclinic Haurwitz waves on the high and the low levels

and the static stability parameter.
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The classical theory of baroclinic instabality is a spacial case of the theory
considering both the space and time instability presented in this paper. The classi-
cal theory of baroclinic instability studies the special case of marginal space insta-
bility, and gives plausible results. The creterion of time baroclinic instability is not
0<0, but ¢=c, It implies that when ¢=c,, the frequency of the existing plane-
tary wave kc equals to the frequency of the marginal stable baroclinic Rossby wave
which may be considered as the characteristic frequency of the existing baroclinic
atmosphere. Hence, some process similar to resonance happens, ¢ becomes imaginary,
ie. c=c,+ic; c,=cy c; depends on space stability and d.

The ideas of space and time baroclinic instability, and stable and unstable
planetary waves might help in explaining the observations and solving the discre-
pancy that the planetary waves are considered as neutral waves in Rossby’s and
Haurwitz’s theories, while they are considered as waves with wave length of

maximum instability in the theory of baroclinic instability.



