- TE N %% 5 & ¥ # Vol. 44, No. 2
1986 %£ 5 A ACTA METEOROLOGICA SINICA May, 1986

Rossby ;XAVAER . GElER
5 Lagrange A"

E X &

(HRAEXRER)

FAEERESBHREkDERERY, EHEARFRTERMNASHLBRHRAN
AR, XR—ATFATHERDF RN RN, £, HEAMETREXIFERL. SR
x5, MARSHHBEGTES, EXBET SREVBRSHENE M TFHIWE, RE N
T ER I BB 2 3 hiR WL ¥ WA ARRRN RAR. TXH, EHALXEHED
HE, 98T RDHABHRTR, XHE—SWRIERE Rossdy BT — T AR,

—. 5l E]

Lonquest-Higgins™ M {2 H{ TiX iR, MIFIAZzh SRR HRES BN
BARMREER. iﬁ&ﬁkﬂ’ai@ﬂﬁﬂ%

—fo= 35 (1)
3’; +fu=— g—? (2)
EXEREHT, W
%+—%=0 3)
ABERETEA
e
E=%(u2+02)=§gﬁ 5)
Fi=Ve¢=(ud,vd) LB ER (6)

£ LRERD, RESHHRITREHEL.
BAS—HE,RE1D— )R, IRRELED

* AXTF19sd4fE1 428 HF, 1985 4 1 A 12 AK B EXH.



2 ¥ {iZktE, Rossby BEfhiEE., ftEEE 5 Lagrange Rk 159

%V2¢+ﬁ%£= (7)
ey HERE, EWRE
u =_g_f, v =a—'£ ®)
p=SL—nn (9)
#(DHRELL v, B EHERIH
%+v-f”z=o (10)
H
Fo=— v ol — £(+420) (1)

B (1)K 5(6)K," Tuﬁﬂ%ﬂﬁ1ﬁ&ﬁﬁ5mﬂﬁﬁﬁﬂiT_./*TI:]EI’J‘E EE
F. 5 Fx,ﬁ'ﬁlbl:_./l‘ﬁizrlﬂiﬂ-ﬁu"ﬁ‘ﬁ’]%ﬁ lﬁt G RTFE-AREZE, N

G FZ Fl (12)
i, G SR .
V-G =0 (13)
M (13)mB ()R L3, T2 3
a‘f+v (F,+G)———+V Fz 0 (14)
X, RAITHRENEESE. %ﬁﬁ(ls)iﬁ,ﬁGﬁEi
G=nrAV4 (15)
e AEREHRBMR,A DE—PHEE, Buchwald™F 1972 £¥ KRBT G R
ARk A
= 04 04
G’=(—a—y—, g> (16)
A=—pg+2fv?

Bitasslie P 5 P wER,F 5 Fozh, ARB—MRHAHE, XipBany
FHEBRED, AHRE—ITRABENHRE .
& v 2HHR, B

= aeichetmi—on an
W= BRI ES
E=—ta?(k?+m?) (18)-
IR E S BRA R Rossby BRI BEBRARRA
o=- kZi’:nz (19).

R, "RF{F



160 ad ® 2 # 4 %
?2=E68 (20)
He Cg HBE, EHERRD
- )
de=(52, %%) (21)

AET FARES BRI AHNEREFEQ)RLEE A FWRESE, Hhikik 2%,
LI ST R B R B A 4 381, Louqust-Higgeus Wb, ZRAMR T, B sh e 2 7L,
Wb, EELER T  RTUSAE e F 5 F, 22 NETRASRRHED, X
SHHRRIND R B, RHE T —Fh FUMR SR,

LR EERE

EEREFB(MNMRARELHRBAHG)RLR B FEmMh&KHEF
f=fotBy (22)
T RHERN , (22) R KER_ LB Z Rossby Ry EEHAEM 2 —,
HEAAQ), QFARBRERSR, BERECSIHTERBEAAFEQIRX, BRAE
H5IH A FHMb&#H (R, HitRREFBRDAS5QORFEXHRAELAFN.
RIOTUHFIBRQ)..Q)FRE—-BNE EXAET EHHKS5 S FEEMXHE &
3k B, EFINERD

B _fo 3 _ 0 4 fy) 23)
% ——fu— P41~ By 24)
£QORH, REIRET-NOT AEAFIEORNS . FikHHRIEREL L
HEEET.
$(23) . QOFR, HHIRLA v, 0, WA R
%—E“P‘V *F3=0 (25)
Hop
1 g
Fo=(u(d—F0) + 3 B9%,0(8—19) ) (26)
MEH (23). COFR, RA Fo F 7R, WARS
Fam (2 (06— 19), —g= (é—9)) )+ F @)
w4 4 %
A,=ypéd—fy? (28)
—nf04, 34,
peDREpE-TTE5R(GE -4L), KREDREOR, HTRAAS 4, £
R,

FIREzHH B ELRBRE, IRFHHR



2 i {hZEE.: Rossby BiibfE R, AERER L Lagrange i 161

vi(s—p)=—p3L (29)
TS RMATIR, A (29)3, M7
¢—fo= ﬁk2+m2¢' (30)
FERBBERSER COBE. HC HERNEIEDHEEAR TS, ETE
L=3G TP =gomr 1 lal? (31)
I o AEHEM, A ~
651;:6 =0 (32)
HHE
Fz F3 (33)

EBRE X SRR T Y R EE RABMENY Uit KU, kAR o £ T, M (32)

KFRIL, B2 Fo 5 F RARRAT . &M HRAETHH RN FOERBR, X5

SREMBFAIEN. ML BTAHERGEY, P, AR L4EY,
H—HE, MR EEAARSESHO) . QFRRA Fr tyFrk, 078

Fp= (g‘; gf) F (34)
HPhAmQO)RFR,AAMEHAL 4, HLLP XA, B
A=—ty——fy? (35)
HEFAGHREADK, "
Z="Zz_%‘f¢’2 (36)
BT fAHYHEE, &
g—g#o 3D

ik, MBRATH GORBFEE, EAME F, FET 7y, RBUBHERRHRET, &
EEEBREFRAMG,

B2, P 5 F, mER, ERTRR F HEA2E A FEx—EAMilEn, &
3E#n Louquest-Higgeus Fril hIREE, R T H I RBH TR ERD

=. EBIRIfI G5 Lagrauge B
HTHERR,H(23), CORBREEHR
"V=—v(¢ F6)—(0,89), (38)

ERAWE-TA—RTH, ZRAANLFEEEGR DT MB 7 B, NRED



44 4

3
®

162 g 2

FifE 22 %
[o7-vio—fo)r=[se—fw

E—HEEN, A THREHBNE, FbREEED, hHYBERHEESHHLRK

H, R EHEEARRY, HES TR, XBERRFH0E, CORPHE—T

RAEEMRMD, MER ZIRFRNHNEAT, RAAKXFRERLS3) 7 B, 1

TR

w={"py dy (39)-

Hp(Enh T o,y FRMSE, HIDBRBRARRALE 2 SRR,
% 9 A ZhMEt, WTRE\
Sy =vdt=ikydt

25

k
==2Y (40)

FSEBE t=0 B, 9(0) =70, I mo ="+ 4D RRA )R, MR
w=-1 Ay (41)

MR, £ BEAT, WEAERAABHT ERXFREE, lt&x R Buchwald™®
BiRBmiRE.
RSIAVREF, EWME

y=F, (42)-

FERPARBEERRAS BT

i =Y s
dy=vt=zt-1=F, 3t

sk, "ILAK 1 KA

n=F, (43)
R, 5
§=—F, (44)
Fix B L RRRAG)R, MAH
w.—_%ﬂ FF, (45)
HBDERY, REZHEEFTAE R
BE=2(F.2+F,7 (46)

ik, T LAk 3 Lagrange lA
L=E-W=1((F.2+F,)—fF.F) (47)

FIRZE s R, WRA 58k LX) B9 Euler 585

VFu+BF,=0 (48)



13

N

v

2 A% 4. Rossby FEfHEER. FERBE S Lagrange 163

WRH (2)XARA LK, RER
Vi + B, =0

EREEERESR. B RAERMNESSH 4 ENIIRERR RS B Lagrange
BELAAEDNERENYRARE T RIER N Aol hEHAE TRE EY
BABLE], BOE SR B 2 e R REA R T MLk, m(47)5NA Lagran-
ge A5 Whitham™% ARy R MR,

R K Lagrange AEHFAR—HEBHOFERE, i, 5- 1o FBEXMENE
53 MEH AR —, Wk, BHARR—BE D EEXBREAAAE, £F— T,
BRI AANH &IPSR R E S #2245 Lagrange ¥,

M., JE£k#ERossby 3k tyLagrange &%t
ERENZEFHH R, IBR

ov od (49)

Foeh
La=t+ F= IR
O=¢+ (w40 = BREE
ETEBAR A FEOLE T, ORETHS %,
O = —V(@—Lu) VL, (51)

HUT LWL, EXE -0, £ (@) REHER T, e K3 BT, kb
BitezhETHF, M EXE_HASIREERZTHMBMER D, EEIBT,FifEZHHh

w={ wve-o7+ [Byoy (52)

BRI Ve, FAREE ER i VE, b VE, Fom e TR A at IR BRI, W (52)
RA SR

(50)

szzog—il°¢dx+ f;( B +§f— O)tﬁdy (53)
HMUTF LN, 7 v hE e, TR
vt 8] Jor-8

mPAFRRE, MwalRrxh
1 (/4 0
w"'__-z—{ﬂF,F;-l' 'ay—’o Fle"'a_x‘ F‘FY} (55)

EBE M se R R, FIHKRRA T % Lagrange A BR



164 = - ¥ # 44 %

L=1{F.1+F1=F.((B+V'F, |0 F.mv'F.,

o Fy) (5)

X —FRA L Prigogine™ B B H I KRN HERERR LEHLIE, £t IES,
IR HMER P AER O(T,T), Kb To AX—-FHEE, T ARBHBE, HER
I Ik, ELZB, SFE—FRHABRLEHVF . |0,V F,, 1o, U FPrigogine™ F
Finlayson fy b3 2, BfEIZ A

J=J'Ldvau (57)
RUIZRMBIER, &VF,, |0, VIF, o ARE, MERELIZR . BS
V2F, |o=V'F,,, V,Fa,|0=V2F|, (58)

X FabsR A %, Finlayson $RZ R S ik 238 o A, 3k Fh 5 3 @98 itie, Wie], #MA
(56), (57)X,, 73R4 Euler-Lagrange 5 #%
V:F,+ BF y—F,V*F o+ F V'F =0 (59)
EREEREREN R, (56)RWARXM P TIELMERBE % B Lagrange ¥,
Whitham®? % s #3547 B 5 826 Lagrange ¥, TiskAERMIERERBES B
Lagrange ¥, /5, hEHH TIERAEREHTZRMRA Clesh BHkETHE, H
WEARUA ER b iR SR S B3 BN Lagrange R,

h.&% ® &

FAR3)ECHR,TTLLE A AERBRASHEBPZ, B2, W[LAR A5 IERKIRE
R (R LHUMERERER, BHh, N(OXTM, & L FEd, EFH—I Rn
) y HFRB—Bv, R S35 ZThwTLAR B¥(y—yo) K , B yo b F- AR
R,y A EMARME, X RTURHEXHER,

FUARGORE, FLCRHEREEHH BIHE 8 HNRHEE X R, i
B im h i R th T 2635 B4y A A9 2 B S 1A, Tl Shivtrgkit &R ot BT fEsF
B, ARXHyEEE RERA F PEPIRERER & f Lagrange {3, iX
REBMNAATEARMMYELER . =T MK Lagrange IEQHM}#? 5 Bk
S, BERTURHE-PITHE

£ % X K

[17] Lonqust-Higgins, M.S., On group velocity and energy in planctary wave motions, Deep Sea Res.
11. 35-42,1964.

[ 27 Buchwald, V. T., Energy and energy flux in planetary waves, Proc. Roy. Soc. Lond. A. 328,
37-48,1972.

[ 3] Seliger, R. L. & G. B. Whitham, Variational principles in continuum mechanics, Proc. Roz. Soc.
A, 305,1-25,1968.

{47 Gelfand, 1. M. & S. V. Fomin, Calculus of variations Prentice-Hall, Inc., 232pp.,1963.

{ 57 Prigogine, I., Evolution criteria, variation propertics and fluctuations. Donnelly, R.J., Herman,
R and Prigogine, I. eds., “Non-equilibrium Thermodynamics, variational techniques and stabil-
ity”, 3-16, The Univ. Chicago Press, 1966.

{ 67 Finlayson, E. A., The method of weighted residuals and variational principles, Academic Press.

L [



~

2 # {fRH%E: Rossby BHIfE R, BEEER S Lagrange ¥ 165

412pp., 1872,

ENERGY, ENERGY FLUX AND LAGRANGIAN

OF ROSSBY WAVE
Wu Rongsheng

(Department of Atmospheric Sciences, Nanjing Universily)

Abstract

The energy flux derived from the barotropic vorticity equation differs from
that obtained directly from the momentum equation. We re-study this problem
raised in early 60’s. The results show that if the momentum equation is rewritten
in such a form that it contains the same conditions as that for barotropic vorticity
equation, then the same energy flux form can be obtained for the waves with
the constant amplitude. With this new momentum equation, the potential energy
of Rossby wave is derived and the Lagrangian of the non-linear barotropic
vorticity equation can be found approximately with this potential energy. This
privides the physical basis for studying the dynamics of non-linear Rossby wave
with the approach of variation.



