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A B S T R AC T

T he sta bility th eo ry th a t d eser ibe
s the lo e a lsta b iIity o f a tm o sPher ie s ysten 1s is se r u P by th e

罗
rle ra liz

-

ed L ia Pu n o v ia n s戊
o n d m e tho d o n th e bas is o f the n o n e q u ilib r iu m sta tistie a l Phys ie s

.

A e o m bin e d

h yd r o 一

the rm o dy n a m ie sta b ility e r iter io n fo r th e a tm o sPh ere 15 d er ive d in lig h t o f th e eo n stru e te d

罗
n er a liz ed L ia P u n o v fu n c tio n a l w h le h 15 su ita ble to d e ser ib in g th e a tm o sPh er ie Sy ste m d efi n ed by the

sy stem
o f P a rtia l d il介 re n tia l e q u a tio n s , a n d th e eo n e e Pt a n d e riter io n o f th e hyd r o 一th e

rm
o d yn a rn ie

s ta bility a re fi r st in tr o d u e e d in to th e a tm o s Ph er ie the rrn o dyn a m ies
,

th u s m a n y w a y s o f a tm o s Ph e rie

m o tio n s w ith the ba e k g ro u n d o f m a er o se o Pie ther m o dyn a m ie s ar
e ex Pla in ed

.

1 IN T R O D U CT IO N

T h e the o ry o n m o tio n sta bility in L iaPu n o v ia n se n se d e a ls w ith the in fl u e n c e o f the d istu r b
-

a n e e fa et o r s o n th e m o tio n s o f m a ter ial sys tem s (Q in et a l
. ,

19 8 la ; X u ,

19 6 2)
.

A system th at lo
-

se s its sta bility n ea r e ritiea l v a lu es 15 v e ry se n sitiv e to Per tu rb a tio n s 50 tha t it w o u ld ev o lv e to

a ee r ta in ev e n tu al stat e ,

m ay be e o n sid er a bly d iffe re n t fr o m the in itia l s ta te u n d istu rb ed
.

T he

a tm o sPhe r e 15 a m a n y
一

b o dy sy ste m w ho se d istu r ba n t fa eto rs a lw ay s e x is t in e vita b ly
.

T h er e
-

fo r e ,

the Pr o blem o f th e st ab ility o f a tm o sPh er ie m o tio n s ha s b ee n Pa id g r e a t a tte n tio n t o

(K u o ,

194 9 : M iles
,

19 6 1 : H a w a rd
,

19 6 1 : Fj 6 r to ft
,

19 5 0 ; G re en ,

19 60 : W
u 19 6 4 a : B u r g e r

,

19 6 2 :

Z e n g
,

1 9 79 ; Y a n g e t a l
. ,

19 8 3 ; a n d Ped lo sky
,

19 7 9)
.

H o w ev e r , s o m e o f Pre v io u s w o r k s e o m
-

p le ted b y the lin ea riz e d m eth o d t o s e e k fo r eha r a e te r is tie v a lu e s u su a lly d e al w ith th e sPee ifi c

o
bj

e e tiv e s a n d
,
the m etho d s em Plo yed m o st b elo n g to the ea te g o ry o f Lia Pu n o v ia n fi r st

m e tho d
.

M o r e o ve r ,

th ere 15 so m e th in g o bv io u sly u n re a s o n a ble in the re su lts o bta jn e d fr o m

the lin e a r iz e d m eth o d o f n o rm al m o d e s ,

b e c a u s e th er e d o es n o t e x is t su eh a Pr o e e ss w hieh 15

g lo b ally sta ble o r u n sta ble
,

fo r in s ta n ee
,

in the atm o sPh er e a n d it 15 ha r d t o im a g e tha t th e

g lo b al (e
.

g
.

the en tir e ea rth o r N o r the rn H em isPhe r e) a tm o sp h e r e 15 w h o lly sta ble o r a u g m e n ts

w ith tim e in fi n ite ly a n d m o n o to n o u sly
.

o n the o th e r ha n d
, a ltho u g h it 15 n o tic ed tha t th e

b a r o clin ie in sta b ility 15 o n e kin d o f th e fo r m s o f the r m o dyn a m ie eo n v ee tio n (Ped lo sky
,

19 7 9 )
,

th ese w o rk s a r e n o t in v o lv e d w ith the ther m o dyn am ie sta b ility o f th e a tm o sPher e in g e n e ra l
.

In fa ct
,

th e a tm o sPher ic he at七n g in e 15 a c o m Pliea ted th er m o d yn a m ie syste m a n d
,

it 15

o ft e n in th e s u b s ta ble o r w e a k
一s ta b ]e sta te s (Prjg o g jn e

,

19 80 )
.

M e a n w h ile
,

this sys tem als o

p o sse sse s th e 5 0 ·ea lled in tri n sie sta bility d e ter m in ed by the d issiPa tiv ity a ee o r d in g t o th e seeo n d
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Prin eiPle o f ela ssiea l therm o dyn a m ies (G la
n sd o r ff a n d Pri g o g in e

, ‘

19 7 1)
.

T he se Pro blem s ,

even fo r the therm
o d yn a m ie s a n d s ta tistic a l Ph ysie s itse l式 a re s till n o t m a tu r ed

.

N o w
, o n

aeeo u n t o f the Pr o g ress o f n o n lin e a r n o n e

qu ilib r iu m sta tistie al Phy
sics a n d the Pre lim in a ry

su c c e ss i一1 th e g e n er a liz a tio n o f L ia Pu n o v st a bility th eo ry settin g u P fo r o r d in a ry d iffe
r en tia l

eq u a t io n g t o p a r tia l o n es , o n e eo u ld u tiliz e a n d ex Pa n d the eo n e ep t o f L ia Pu n o v ia n se c o n d

m e th o d
, a n d e o n str u e t

,

d iree tly thr o u g h a g e n e r a lize d L ia Pu n o v fu n c tio n a l
, a e o m b in e d the r

-

m o d yn a m ie a n d d yn a m ie sta b ility (s ta tie sta bility in elu d ed ) e r iter io n ,

by w h ie h o n e e o u ld

syste m a tie a lly d iseu ss the hyd ro
一
ther m o d yn a m ic sta bility o f the n o n lin e a r a tm o sPh er ic

syste m s
.

11
.

T H E C O N C E PT O F ST A B ILIT Y

1
.

Th
e D 幼

月irio n
of S tab ili ty

T h e e o n ee Pt o n L ia Pu n o v s t a bility o f m o tio n s 15 th e d ir ee t g e n er a liz a tio n o f tha t fo r

eq u ilib r iu m st a te s of, e
.

g
. , a sin g le Pen d u lu m in th e ela ssie a l m e e h a n ic s (see

,

Q in e t a l
. ,

19 8 1a)
.

H o w ev er
,
the a tm o sPh e r ic system b ein g o ft en in w ea k stat es

,

w o u ld n o t P o sse ss the sim Plie ity

that 15 d isPla yed in th e Pr o blem s a b o u t the sta b ility o f m o tio n o f r ig id b o dy w ith le ss fr ee d o m

d e g re e s
.

T I飞e re fo re w e w illin tr o d u ee a n o the r d efi n itio n o f sta bility w he n d iseu ssin g the a tm o s
-

Phe r ie m a n y
一

b o d y system
.

T he a b o v e
一

m e n tio n e d e q u ilib r iu m o r 5 0 一e alled r efe r en ee s ta te m u s t b e fi r st u n d e r g o n e in

d efi n in g s tab ility
.

A n y Pre sen t m o tio n st a te ea n b e r eg a r d ed a s a c er ta in kin d o f d ePa r tu re

fr o m a refe r e n e e sta te
.

if th e Pr esen t m o tio n te n d s to re g re ss to the e o r re sPo n d in g r efe re n ee

sta te
、

s u c h a m o tio n w o u ld b e e o n sid e r ed a s sta ble ; if it eo n tin u e s t o d ePa rt fr o m the r efe re n c e

sta te
, e o n sid e re d a s u n sta ble

.

In the Physie s
, e o n se q u e n tly

,
this kin d o f re fe r e n e e sta te sh o u ld

be
“ the o seilla t o ry e en ter

, ’ o f in sta n ta n eo u s sta tes
, o r the 5 0 一e a lled m o st Pro b a b le sta te in

ter m s o f the sta tistie a l Physie s
.

A e e o rd in g t o the E in ste in ia n fl uc tu at io n fo rm u la
,
the Pr o b a bility b y w h ie h a e er ta in fl u e -

加a tio n (d istu r b a n ee ) o e eu r s ea n be e stim a te d a s

_ 厂 1 d
Z s ]

P
r

一 e x p J音 二厄二 }
,

‘ r

一”L 2 k J
’

whe re d
‘5 15 the sec o n d

一o rd e r v a r ia tio n 己f e n tr o Py
,

花B o ltz m a n n e o n st a n t : a s w ill b e Pro ve d

belo w
,

占
, : 15 th e n eg a tiv e d efi n ite fu n c tio n o f the flu c tu a tio n 占月。 o f in d ePe n d e n t v a r ia bles

月, (e
.

9
.

th e fl u e tu a tio n o f tem Pe r at u r e 占T
, w he r e “占

, ,

d e n o tes the d e Pa r tu re fr o m r efe r e n e e

: tat
es): it 15 e a sily see n tha t th e sta te w ith m in im u m ffuc tu a tio n s (d A = 0 ) ha s the m a x im al

Pr o b a bility
.

Sim ila r ly
,

fo r a n o n
一 sta tie flu id syste m (v 等 0 )

,

its r efe r e n ee sho u ld be the st ate

CO rr esPo n d in g to 占v = 0
.

o b v io u sly
, su eh a sta te 15 j

u st a s e t o f Pa r tic u la r so lu tio n s (t riv ia l

o n es) t o the system o f eq u a tio n s g o v e r n in g d istu r b a n ee s (占A
、

)
.

In e id e n ta lly
,

it 15 b eea u se 占
’: ha s 5 0 e le a r Physiea l m e a n in g tha t w e e ho o se L 三占

2

(p
s
)

一 T 一
‘ P(6 v)气 w he re P 15 th e d e n sity a n d 己

2

(P : ) = p 占
, s (G la n sd o r ff a n d Pr ig o g in e

,

19 7 1)
,

as the Pr efe r a ble g e n e r a liz ed L ia Pu n o v fu n c tjo n a l fr o m m a n y fu n e ti如
5 in d ise u ssin g the

st abiljty by u se o f the d ir ec t m e tll o d
.

T o su m u P
, a s d iseu sse d a b o v e

,
th e r efe r en e es a r e th e m o st Pr o b a b le sta te s w ith 占刁

、
~ 0

,

i:e
,
the “e q u ilib riu m st a tes

, ’ a r o u n d w h ie h th e v alu e s o f p h ysica l q u a n tities a t sPa tia l Po in ts

.

目u etu a te
.

T h er efo re ,

in g e n e r a le a se s
,

the e lim a tie av e ra g ed sta tes a r e a PPr o x im ate ly ta k e n to

be r efe r en ees
.
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2
.

匀
占re阴 of G o ve rn

I’ng Eq
u a tl’o n s

fo
r D is rur ban e e s

Th
e st a rtin g eq u a tio n s are the system o f e q u atio n s w hie h d o m in a te the eha n g e o f d is

-

tu rb a n e e s sin e e w h a t w e a re eo n ee r n ed w ith 15 w h ethe r o r n o t the d istu rb a n ee s w o u ld gr o w
.

T h ese eq u a tio n s e a n bd d er iv e d fr o m th e 罗n e ra l e o n se r va tive 一aw s o f m a ss ,

m o m e n tu m a n d

e n e r gy thr o u g h v a r iatio n o Pe ra tio n s
.

T h ey a r e the m o tio n e q u atio n s fo r d istu rba n e es

豪
〔。(p 一 )卜 “(p F ‘

卜

黔
一 d ‘·“(p 一 V ,

,

(i = 1 , 2
,

3 ) (1 )

the e o n tln u 一ty e q u a tlo n

景
〔占p 〕- 一 d iv d (p V )

,

(2 )

m a ss一e o n se r v a tiv e e q u a tio n

a

泊子 Ld p
r

J = 艺
v , ; M

r

“。。一 d iv 。(p
r

y )
,

( 3 )

th e fi r st la w o f therm o d yn a m ies

edh
ll杏Ll

4F为(ZC
a _ _

.

庆
.

L。又p e )J一 一 d iv 6 (P e V ) 一 6 (P d iv V )一 d iv (己W )
,

w h e r e

15 the

v ‘ d e n o te s the e o m Po n e n t v elo e ity in th e x i
d ir e e tio n in C a r te sia n e o o r d in a tes :

e x te r n a l fo r e e e x e r te d in th e 劣 i一 d ire etio n ,

in c lu d in g the n o n in e r tial fo ree , e
.

g
.

th e

r io lis fo r c e ; P
r

15 the p a r tia l d e n sity o f e o m Po n en t r (叉P
,

= p ) ;习
v r。

M
,

d。‘ 15 r e Pr es e n t
-

r 掩

a tive o f the c o n tr ib u tio n o f all th e 及 e he面
e al re a e tio n s to the d en sity eha n g e o f eo m Po n e n t

r ,

in w h ie h th e in flu e n e e o f m o istu re Pha se tr a n sitio n (己e
, e o n d e n s a tio n r a te) ea n b e re ta in ed

fo r o u r Pr o blem s tr ea ted h er e : e 15 th e sPee ifi e in te rn a l en e r gy tha t c a n b e a p p r o x im a tely

e x Pr e ssed a s C
。

T in th e r a n g e o f a tm o sPh e r ic te m Pe ra t u re w ith C
。

b ein g the sPe eifi e he a t a t

c o n s ta n t v o lu m e ; W is the h ea t flo w ve e to r ; a n d o th er s a r e th e e o m m o n ly u s ed sym b o ls
.

3
.

L iaP un o vl’a n D ire
e t 几了e tho d a n d Its R ees to blis hm en r

First
,

w e b r iefly r ev iew the eo n eePt o f L iaPu n o v ia n d ir ec t m e th o d
, a n d the n Po se o u r

m e丰ho d to d iseu ss the stab ility
.

T h e k ey Po in t o f th e Lia Pu n o vi a n see o n d m e tho d 15 to in tr o d u ee the d efi n ite L ia Pu n o v

fu n etio n al L
.

Th
e th eo r em o f sta bility Pr o v ed b y L ia Pu n o v sho w s th a t the sta bility o f a sys

-

tem d e Pe n d s o n the sig n o f L aL / a t (Q i
n et a l

· ,

19 8 la)
·

H o w ev er , a s m en tio n e d a b o v e
,

th e d e fi n itio n o f Li a Pu n o v sta bility o r ig in ates fr o m the

c la ssiea l m eeh a n ic s
.

o n the o th er ha n d
,

b ee au se o f the eo m Plie a ted fe ed b a e k e
ffe

ets o f v a r -

io u s fa e t o r s in th e a tm o sPhe re
,

it 15 im Po ssib le th at th e s ta bility o f in sta n ta n e o u s d istu r b a n e es

in the a tm o sPhe re 15 5 0 sim Ple a s sho w n by the lin e ar n o rm a l m o d e m eth o d in w hieh it in
-

fi n itely in ere a ses fr o m o r m o n o to n o u sly r e gre sses t o
,

the fu n d am e n tal sta te w ith tim e : a n d

tha t al l the d ist u rb a n e e s sim u lta n e o u sly u n d e rg o g lo b a l g r o w th o r d ee ay
.

In fa et
,
th ey alte r

-

n a tiv e ly g r o w a n d d e ea y
.

T he re fo r e ,

it 15 m ea n in g fu l in Pr a e tiee to s o lv e th e Pr o blem ab o u t

w ha t d ir ee tio n the Pr ese n t in sta n ta n e o u s s ta te s d eve lo Ped fr o m (
sm all) d istu rb a n e es w ille v o lve

in
, e ither eo n tin u in g to d e Pa r t fr o m o r re gr e ssin g to the fu n d a m en t a l s ta te s (

r efe re n c e o n es)
.

o b v io u sly
,

it tu r n s o u t th e d e fi n itio n o f sta bility in Pa r a gr a Ph 2
.
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N o w w e w ill tr a n sfo rm
the LiaPu n o v ian se eo n d m e th o d in to the d ir eet m eth o d su ita ble

to o u r e o n ee Pt o f sta bility
.

Fir st
,

Lia Pu n o v fu n etio n a l sh o u ld b e the fu n e tio n o f d ist u rb a n e e v a r ia b le s 占刀。
(左= l

,

2
,

⋯
, n ; n 15 the n u m b er o f in d ePe n d e n t v a ri a bles) sin ee the Pr o blem u n d e r e o n sid er a tio n 15

w he ther the d istu r b a n ee g r o w s o r n o t
.

S eeo n d
,

L sli o u ld b e a d e fi n ite fu n e tio n (
a ssu m in g to

be n e郎 tiv e)
.

T h e sim p lest fo r m fo r th e fu n c tio n w hieh m eets the a b o v e tw o r eq u ir m e n ts e a n

be ta ke n a s

L

一名
。 、
(占姚 )

’

(5 )

w her e 。、 a r e p o sitiv e c o effi eie n ts
.

It 15 e a sily s e e n tha t L jn E q
.

(5 ) 15 sim ila r in fo rm
to th e

d ista n e e in H ilb er t sp ae e
.

T he o n ly d iffe
r en e e be tw

ee n th e m 15 th a t L is a “n eg at ive d ista n ee ”

w ith a w eig ht
.

T hu s
, a e e o r d in g t o o u r d e fi n itio n o f sta bility

,
the Pre se n t s ta te s m u st re g re s s

to the r efe r e n e e sta te fo r a sta ble system
, a n d the d ista n ee w ill in e v ita b ly sh o r te n w itli tim e ,

i
·

e
. ,
the “n e g ativ e d ist a n ee , ’

w ill en la r g e w ith tim e
.

A s a r esu lt
,

w e ha ve

洛
、
了、口n

J
行t

厂‘.、J

‘
、日L

刁才 一 艺
。 。

务‘
““。)

“

夕 。,

Or

L
aL
- 二瓦

~

( O
O 不

This 15 e o m Ple tely

n o t the stab ility in

n o t lo e a l m o tio n s

st ab ili ty
.

th e

L ia

sa m e a s the L ia Pu n o v sta bility c r ite r io n in fo r m
,

bu t in e o n te n t it 15

PU n o v la n Sell se
·

r e g r ess to r efe re n e e s

T he fu n e tio n o f this er ite rio n 15 to j
u d g e w hethe r o r

a n d th is sta b ility 15 ea lle d the g en e ra liz ed L ia Pu n o v

111
.

G E N E R A LIZ E D L IA PU N O V F U N CT IO N

A ee o r d in g to th e d ir ee t m eth o d g e n er a liz e d in th e Pr ev io u s sec tio n , o n e

a g e n e r alize d L ia Pu n o v fu n etio n a s a sta rtin g P o in t fo r d iscu s sin g stab ility
.

n e e d s to eh 0 0 Se

T he g en er aliz ed

Lia Pu n o v fu n etio n m e n tio n e d a b o ve 15

L = d
Z

(p s
) 一 犷

一 ’

P (己v )
’ ,

w here 占
,

(p
s
) 1

5 the se eo n d
一
o rd er v a ri a幼

o n o f the en t r o p y p e r u n it v o lu m e

ic en tr o py)
,

T 一
’p (d

y
)
2 15 the g e n er a liz ed ki n e tie e n e rg y o f d istu rb a n c e

(己
v 、
)
2

.

L et u s Pr o v e tha t L 15 a d e fi n ite fo n e tio n
.

(8 )

(s b e in g the sPee if-

a n d (占v )
’二 习

A e e o r d in g to the P rig o g in e the o ry o f n o n e q u ilib r iu m therm o d yn a m ies (G la n sd o r ff a n d

Pri g o g in e
,

19 7 1)
,

w e ha v e

910

In a d d itio n
,

w e

d
’

(p s ) = 己T 一
’
占(p e ) 一习占(拼

r

T 一
’

)d p
, .

h av e

w her e d
Z s ea n b e

占
2 5

d
Z

(p s ) = p 占
, s ,

w r itte n a s (R eic hl
,

19 80)

1 厂C
犷 。

_
、

二
万; - 1

.

下石一 (d l )
‘

+
1 L l

孚(。
。 )异

r

+ 叉 。
, ,

/ ‘
一

r r ,

JN
·

“N 一

」 (1 1 )

w he r e e 15 the sp e eifi e in tern a le n er g y
,
a the sp eci fi e v o lu m e ,

“, a n d N
, a r e th e ehe而

e a lp o te n
-

ti扭1 a n d fr a e tio n a l m a ss o f e o m p o n e n t r , r esPe o tiv ely ; C : the sPeeifi e he母t a t e o n sta n t v o 】u m e ,
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x th e eo effi ci e n t o f hea t e x Pa n sio n a n d

了 即
r

、

内
‘

一气万万万少
:

,

,

H e re s u b ser iPts

If the lo ea l

the a tm o sPher e
,

th e atm o sPh e r e

de no 知bevC q U lll盯 1 11 111

a r ia ble s tha t k ee P

a ssu m Ptio n w hieh

(N r
)

.

u n e ha n g e d in ta k in g Pa rtia l d e r iv ativ e s
.

15 r ea s o n a b le to tll e m ix ed id e a l g a se s

a n d the G ibb s
一

D u h em sta bility e o n d itio n s w hieh a r e e o m Ple te ly sa tisfi ed

(R eich l
,

19 8 0)

1ik e

by

C
厂

> 0 , X > 0 a n d 艺 户
r r ,

d N
r

占N
, ,

> 0 (1 3 )

a re ta ke n
,

it 15 o b v io u s tha t d
Z

(户
s
) 1

5 a n e g a tiv e d efi n ite fu n etio n
.

T he fi rst tw o e o n d itio n s in

(13) a re r ePre se n ta tiv e o f the th e r m a l a n d m e eha n ie a l stab ility
,

re sPe c tiv ely
, a n d the th ir d e o n -

d itio n
习 拼

, , ,

d N
r

d N
,

d eser ibes su
ch

a n irr ev er sible sp o n ta n e o u s ph en o m en o n o f th e in
-

tri n sie sta bility b y v irt u e o f w hieh the m ix ed g a se s o f m a n y e o m Po n e n ts w ith in h o m o g e
-

n eo u s d en sity w ill in ev ita bly e a u se d iffu
sio n a n d th u s te n d to h o m o罗 n iz a tio n

.

O n the o the r h a n d
,

w e ha v e (G 】asd o r ff a n d Pr ig o gin e
、

19 7 1)

。 ,

/ 1
_ 。

\
P LOp )

‘

~ O
‘

飞; 犷尸, ‘

)
\ ‘ /

a n d

、
。 _ , 、 _

/ 1
、

\
_

P v , ‘

1一 口:
, 、J (P : , ‘

) 一 J I万
v 、‘

ld P
.

/ ’、 ‘ /
(1 4 )

1土一。‘了
口‘、、

、

,一。口

S u b s titu tin g (9 ) a n d (14 ) in to (8) giv e s

L 一“T 一“(p ·
)一 粤d(

。
r

T一

)
d p一 T 一

’

“一 d (p 一’
,

(1 5 )习�T
1�2

w he r e s
ub

se riPt 1 r e Pe at e d in th e s a m e te rm m e a n s s u m m in g o v e r a ll th e t h r e e e o m Po n e n ts

(i = l
,

2
,

3) in C a r te sia n c o o rd i :l a te s
.

L in (15) 15 ju s t th e g e n e ra liz e d L iap u n o v fu n c tio n w e

ha v e e ho se n
.

I V
.

H Y D R O 一T H E R M O D Y N A M IC S T A B I L I TY C O N D ITI O N S FO R A TM O SP H E R I C SY ST E M S

T he s ta b ility e o n d itio n s a re d e te r m in e d by th e s ig n o f aL / at
s in e e L 15 th e d e fi n ite

fu n c t io n
.

C o n sid e rin g th e in d e Pe n d e n t v a r ia ble s o f d is tu rb a n e e s (d A ‘) e h o s e n a b o v e ,

th e

Pa rt ia l d e r iv a t iv e o f (1 5)

万
食

aL

a才

一占T 一
‘

aL

日(占刀*、

w ith r e sPe e t to t im e w ill b e

a (d A
,
)

at

令
。(p 。

卜叉占(。
r

T 一 ‘

)
门夕 奋 r

a
_ _

_
. 。

日
。 _

. _

石李 d 尸 ,

十 了一
’

U 口口
~

万石 d P 一 了 一 ‘

d v i

口‘ 口杏

日

刁t
占(P v ‘

)
.

( 1 6 )

Su b s titu tin g t h e g o v e r n in g e q u a tio n s (l)一(4 ) fo r d is tu rb a n c e s in t o ( 16)
,

w e g a in a n 启 x Pli e
-

it fo r m u la tio n fo r th e st a b ility e rite r io n
.

A ft e r a s e r i e s o f Prj m a ry o P e r a tio n s
.

t h e g e n e r a l

h yd r o 一 the rm o d yn a m i e st ab jlity e o n d itio n s a r e e ve nt u a lly o b ta in e d w h ie h in e lu d e b o th the rm a l

执n d d yn a m ie d e s e riPt io n s a s fo llo w s

J三 A 一 T 一‘
B 三艺A

‘一 T 一 ’

工B j

‘ j
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浦介dp d V
C

。

·

V T 一 d V
·

6 P

万(v
s ·

)d p
·

+

爹
d iy 占V

2

占T V *
·

V 占P 一艺d s
尸

V 。
·

V 。占p
,

一占e占(
s 。

一 s 二 )

,

卫TC一厂
+

。·: · (2。
、讯 * )〕+

华
。

, ,仁·(Z o sin , )〕

。? : 。一 (2。·朋 , )〕+

劣会
。·。(。·卜 劣会

。·。(p ·
)

卯一
丁胡

一+

l a 口
。

+ 亏二 几万
.

0 ” 0 LP “少+
J 1 2 甲勺

1 a u 。 。 、

1 au

下
-

石; d “O又P 乙,
) + 石

一 不丁 口u 口戈p 田 )
l 口少

J “‘

l a 口
。 。 , 、

1
, 。 、 , , .

+ 页 百乏- o v O Lp 切 ) 十页 Lo v )
‘

d ‘y p v +
1

。 _ _

万常
~

O V
·

1
V 占P

+

务
p v 、

·

_ 1
, . 、

V 下丁(d 口 )
乙

(< 0 , u n s ta b le ) (17)

w h e :
·

e 己v 15 the w h o le d istu r b a n ee ve lo eity
,

艺 d en o tes su m m in g o v e r r eo m Po n en ts o f systern
·

C o n sid e r ed in th e a tm o sPhe r ie system s a r e thr ee e o m Po n e n ts r = d, ” a n d 切
, r e sPeetiv ely r ePr e

-

se n ta tiv e o f the d ry a ir
, v ap o u r a n d w at e r

一

d r o p (liq u id w a te r)
.

Sy m b o l “ ,

j” d e n o tes a / a二5
.

刀 sta n d s fo r the Pa r t o f th er m a l c o n tr ib u tio n s a n d B the d yn a m ie o n es
.

In the d er iv a tio n o f

(17)
,
the ir r e ve rs ible d issiPa tiv e e

ffe
c ts ea u sed by the d iffu

sio n in v a rio u s eo m Po n e n ts o f a tm o s
-

Phe rie sys te m s , ehe m ie a l r ea etio n s , vis e o sity
,

h ea t c o n d u e tio n
, e te

.

ha v e b ee n o
lnj t ted

.

Irl

a d d itio n , a ls o u se d a r e the re la tio n b etw e e n e he m ie al Po te n tia l a n d e n tha lPy (M a et al
. ,

19 8 2)
,

the r m o dy n a m ie r ela tio n fo r Pha se tr a n sitio n (Iri b a r n e a n d G o d so n
,

19 73)
,
sta te equ

a tio n fo r

id ea l g a se s
, en t r o Py e x Pr essio n fo r m ix ed id ea l g a se s

. e te
.

Fo r the atm o SP h eri e m o tio n s o f

Ia rg e r se a le s
,

w e ha v e

。 , s 占。 , 0 a ll d d iv V 二 o ,

(15 )
a n d a lw a ys

6F
·

6 V = [己v (2口 s in 甲)一占。 (2口
e朋甲)〕己

u

一 d y 〔占u (2口 s in 甲)〕‘占。〔己g 一占
u
(2口

e朋甲)〕= 0
.

(1 9 )
By u se o f th e a b o v e e x Pr e s sio n s ,

the e r ite r io n (17) h a s
,

in fa e t
,

b ee n a sim Plifi ed fo r m u la tio n

fo r the o r ig in al o n e
.

Ex Pr e ssio n (17 ) 15 j
u st the b a sie er ite r io n fo r te stin g th e hyd r o

一

th e r m o d y n a m ie s ta bility o f

the a tm o sPhe re : J < 0 m e an s tha t the syste m 15 u n sta ble
,
tha t 15

,

the Pre se n t sta te w ill eo n tin u e

t o d ePa r t fr o m th e r efe r en ee st a t e a n d th e system w ill b e e o m e m o r e a n d m o re a sym m e tr ie
,

he n e e str u et u r es a re fo r m e d
.

o n the o the r h a n d
,

J ) 0 m e a n s tha t the system 15 sta b le
,

tha t 15
,

the Pr esen t sta te w ill r e gr e ss to th e re fe re n ee st ate a n d th e syste m w ill be eo m e

m o re sym m e tr ic
,

he n ee str u e tu re s ten d to d isa pPea r (J> 0) o r q u a si
一ste ad y (J = 0)

.

v
,

T H E PH Y sl
以

L ME A N IN o o F sT A B IL x
竹 e砒住犯 o N AN D IT s s

如
o p T le ILL u sT R A T Io N s

In th is se c tio n w e e x am in e the Physiea l e o n d itio n s o f in sta bility ea u sed by

in the eri te rio n

n o ted th at th e

(1 7 ) a n d t ry to e x Pla in s o m e w e ll
一

k n o w n syn o Ptie o b ser v a ti o n s
.

Se V em l te r m s

It sho u ld be

fo llo w in g q u a lita tiv e d isc u ssio n Pu ts e m Pha sis o n in terPr etin g the Physie a l im
-

Pl i
c atio n o f ev e ry ter m

.

In ea so tho stab ility sign o f a sP郎ine system 15 to b e d eterm in e d
, th。
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.

2

to ta le o n trjb u tio n fr o m a ll the ter m s m u st be eale u lated
.

In d ee d
,

it 15 e o n v en ie n t in Pra etie a l

u se th a t o f a ll the te r m s in (17 ) the m aj
o r o n e s a re d ete rm in ed in a d va n ee th r o u g h se ale a n alysis

w ith r e sPee t to a ee r ta in sPe c ifi e syste m o r situ a tio n
.

1
.

Te 溯 月 :
’

(

“

、
t

三

聂
。, “V

·

v T
·

O b v io u sly
,

月
,

< 0 (u n s ta ble) d e m a n d s tha t the sig n o f 即 15 d iffe
r e n t fr o m 己V

·

V T
,

im Plyin g th a t a w a r m a d ve c tio n (一 6 V
·

V T > 0) 15 ae eo m Pa n ied w ith a Pr es s u r e in c r e a se

(占P> 0 , sym b o l “d
, ’

d e n o te s the d e p a r tu re o f lo c a l Ph ysic a l v a ri a b le s fr o m re fe re n ce s)
, a n d

v ie e v er sa
.

In t拍 5 e a se ,

th e d ePa rt u r es o f the e o r re sP o n d in g Phy siea l v ar ia bles fr o m r e卜

ere n e es ten d to e n la r g e
.

W
e n o w ex a m in e the c h a ra c ter istic s o f sta bility fo r s u eh system s a s b lo ek in g h ig hs

,

tyPh o o n s , e te
.

T he refe r e n ee w in d fi e ld o f blo ekin g h ig h s e a n b e a PPr o x im a tely ta k en a s the b e lt
一

fl o w
.

Fu rthe rm o re , s in e e the eo m Po n en t 6口 d o m in a te s
,

A : ha s a n a PPr o x im a te fo rm

A
l
“

C
。

浦乡
厄6 p 6 v

a T

即

It e a n b e se e n fr o m F ig l tha t th e w es t p a r t o f the blo e kin g hig h 15 s ta ble (A
:

< 0)

w hile the e a st p a r t u n sta b le (A
:

> 0 )
.

A e c o r d in g to o u r d e fi n itio n o f sta bility
,

in th e w e st

Pa r t o f the blo e kin g hig h a n d its n eig hb o u rh o o d (i
·

e
·

in a ll the r e g io n s w ith 占夕> 0 ) the hig h

w ill str e n g the n w h ile in th e e a st Pa r t }占P } t
e n d s to d e ere a se

.

In o u r o Pin io n ,
th e r e a s o n w hy

th e blo e kin g h igll一the e a rr ie r o n the w ester lies
,

w h ieh sh o u ld ac tu a lly tr a ve le a stw a rd s一
o ft en

Pr e se n ts a q u a si
一stat ie s ta te o r e v en m o v es b a ek w es tw a r d s

,

15 elo se ly r e la te d to the e ha r a e
-

te r istic s o f the sta bility d istr ibu tio n in sid e the h ig h
.

M ea n w h ile
,

the sta bility a n a lysis a ls o

sho w s tha t th e d ev elo Pin g b lo c kin g hig h h a s ex Per in eed itself the
su Pe rse ssio n o f “w e st

一

g r o w
-

in g a n d e a st
一

d e ea yin g
, ,

fr o m its b e g in n in g
, a n d th at th e Ph en o m e n o lo g iea l m o v em e n t 15 n o t

n ee es sa r ily th e sam e a s th e be ha v io u r o f sy ste m a s a su bsta n e e
.

H

吓F \ O

j P +

乙刀

; 。。
州盛多

凡t协 、七沪叫二知产

H
。Pd < ()

兴

~

竺二 <0
J夕

月2 2 ‘ o

A l

Fig
.

1
.

T he stab ility stru e tu re o f bloc kin g h ig h s
,

F ig
.

2
.

Th 叮
sta b ility eh ar a e te ristie s o f th e

V
一s haPe d in v ert e d tr o u g h

.
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In b r ie f, ea c h term in th e e rite r io n (17) ea n b e d ise u s se d in the 叼a y o f term A ,
.

Syn o Ptie

m ete o r o lo g y Pr o v id es u s w ith a b u n d a n t 11更u s tra tio n s o f sta bility
.

It 15 w ith o u t d iffi e u lty to

a bstr ae t the st ab ility m o d els o f tem Pe r a t u re
,

Pr essu r e
,

hu m id ity a n d w in d fr o m the o the r te rm s

o f the c r ite r io n
.

T he re fo r e ,

in o r d e r to a v o id Ie n g thy d ese riPtio n ,

w e o n ly eh o o se o n e o r

tw o c a se s t o illu s tr a te fr o m e o n e ePt u a l sen se
.

2
.

Te rm 月
之

A
Z

二 一己V
·

艺 (V s r

)乙p
r

,rp己
�leswe一

一
。v汀今

、: 一

粤
V ,

r

r L J
尸

r

A : e a n b e d e e o m Po s e d in to tw o te r m s,

A Z , ,

th e v e r t ie a l e o m Po n e n t
,
a n d A 2 2 ,

the ho riz o n ta l

O n e
-

I t 15 e a s ily d e m o n s tr a te d th a t A , : e a n b e r e d u e e d t o th e e o m m o n e r ite r io n o f s ta t ic s ta b il
·

ity w h e n u s e d in t h e s in g le e o m Po n e n t (d
ry a ir)

.

T h is 15 b e e a u s e fo r t h e d ry a ir a lo n e w e h av e

己s 三 占s d =
户 dT n 己P J

七 办 讨 下于
~

一 2下

—一 1 P d
(2 0 )

a n d t ll e n

“
2 1

一
“?

(
C p aT

T 刁z

R aP 、
。

又
~

一百二 }O P
尸 L, ‘ /

C p [ g 、
、

刁P
。

~ 一下于产
~

. r 一 万 一 !U 功 - 石
~

U 之 ,

l \ 七 户 / 0 2
(2 1)

w he r e s u b s e r iPt d ha s b e e n o m it te d
.

ge n e r ally d e c re a se s w it h h e ig h t ,

i
.

e

S e e illg tha t th e d e n s ity o f d ry a ir in t h e a tm o sPh e r e

aP / 八

一 石 吸、 U ,

0 Z

w e im m e d ia te ly o b ta in ( n o tin g tha t 占田 d之 15 记e n tfe a lly Po sitiv e )

r > r d ‘ee 一) u n st a ble
.

A lso It 15 s e e n th a t

the u n s ta ble d e gr e e

A Z : e o m P r is e s m o re in fo rm
a tio n

(A
Z :

< 0 )

th a n th e st a t ie s ta b ili ty

15 Pr o Po r tio n al t o th e ve r tie a l v e lo e ity a n d ve r tie a l Ia Ps e

a n d sho w s th a t

r a te o f d e n s ity
.

I n a d d it io n ,

fo r th e sin g le e o m Po n e n t 试 A
: 2 e a n b e r e d u c e d to

“
2 2
一

[(
一

瞥
·

v *

以
:

)
一

(
一

争
·

P d

v * , ·

)〕
“。己

·

( 2 2 )

I t 15 s e e n tha t th e fi r s t t e r m in the b r a e k e t s 15 r e Pr e se n ta tiv e o f the se n s ible h e a t a d v e e tio n

a n d
,

t h e se e o n d te r m th e w o rk in g r a te o f the Pr e s s u r e g r a d ie n t fo r e e
.

A Z : sho w s tha t in th e r e gi o n w h e r e th e d e n sity 15 sm a lle r t ha n

10 5 5 o f sta b ility w o u ld o e e u r a s Io n g a s th e se n s ible h e a t ad v e e t io n

‘

呼
: r e fe re 叮

e (占夕
‘

1 5 la r g e r I n a n 工n e

< 0 )
,

the

w o rki n g

以
e the re

.

o n e o f th e tyPie a l w e a th e r s itu a tio n s w h ic h acc o rd w ith the a b o v e e o n d itio n s 15

the w a
rm V

一sha Pe d in ve r te d tr o u g h w h ie h 15 be h in d the h ig h tr a ve llin g o v e r t h e E as t C h in a

Sea
,

E ast A s ia d u r in g e a r ly su m m e r (Fig
.

2)
.

I n t his situ a tio n ,

b e e a u s e o f th e hig h te m Pe ra
-

触 an d 10 w p re s su re W it hin t ho tr o u g h
,

6 p J
< 0

·

I t 15 p o s s ible t o fi n d o u t a p 、一m in im u rn
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.

2

re gio n w ith V p d = 0 in th e tr o u g h
,

h en ee

,
2 2
巴

〔(
一

黔
·

v *

伽 :

)
一

(
一

黔
·

、。“

动〕
“。d

{

一黔
·

‘v
o c

·

T ’占p
‘

’

(2 3 )

A S

一
It

,

th · w a rm ·d⋯
t‘。 n b·h‘n d th· h‘g h

(
一“·

夕乒里)
。
、
w ill m a k e the d e n s“y

o y
一

/

o f this re g io n e o n tin u e g o in g d o w n ,
th u s in e re a sin g the in sta b ility

.

T his 15 th e sit u a tio n tha t

th e re g e n e sis o f eyc lo n ie w a v es o ft e n ta k e s Pla ee o v er the w a r m tr o u g h d e v elo Ped a n d e x t e n d ed

ea stw a r d s to S o m e ex te n t
.

3
.

Te rm
s B ,

an d B Z

W e n o w d ise u ss the fa e to r s d o m in a tin g the au g m en t o f v e lo eity d istu r b a n ee (d y)
:

(B
,

) + (B
:

)二
己P

爷 占u [ 。 (2口
1

s运 , )〕+

半
。· : · (Zo sin , ):

.

T he se tw o ter m s r eP re se n t the in fl u en ee o f th e C o r io lis fo r c e o n th e a u g m e n t o f the

k in e tic e n e r
gy

o f d istu rb a n e e s
,

w e w ill ta k e the blo ekin g h ig h a s a n e x a m Ple to illu str a te the

m ea n in g o f the se tw o te rm s (see F ig
.

3 )
.

Th
e Pr essu re fi e ld

, a s sh o w n in Fig
.

3 by so lid Iin e s
, stea d ily m a in ta in s fo r se ve r a l d a ys

.

If a tem Per a tu r e fi e ld d e ser ib e d by d a shed lin es e m er g es
, o n e e o u ld e x Pee t to h av e a r e g io n

(m
a rk e d by a ste月s
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