010

L] [

O00000o0o0obOobO0oDb0obD,0b0ob0o0b00ob00boOgb0g NewtonOOGOQOO
goob.oobooo, bbb booo, bbb ooo-
gogo.dob,booobboooobbooodbb,doobbbooobbooon
gooooooo,0ooddddddooUdUU. oo o Q@
gogoboboooobbog,ggobbbuooobobbooobbbooon.

1.1 O0O0oOooono

gooooobobbobbooooooooobobobobooo,bbbbbbdooooon
ggodooobooobobbooooodo, oo bbobbbbob0ooOoon
goboogoobouobboobbooobboobb. obboobbogoob, b
godd,djdjidiiUU . oo Lo O
g, 0ddgoooooooobobooodooooooobobbbboooooooo
ggodgooooooobobobbb. ooobooobobbobobb,0000oooon
gooboboooobbboooobobbooooboobooag.

00000000, 000000,00000,00000000000O0(@OOO0
O0r000¢t00000)00000000OOOOOOO.

m00000oon 000000, 000o000oo0 pODOQOOOODOOOO,POODOO
000 6V OOO0O,0000000000D00D00O0O0O00O0OODOOOOOO. 00,0000
0mOd00000000000000000000000,9V 0000000000 0ODOOO
N,0 POOODOODOOO «v0000,0 PODODOOOOO

__ Nm

goooog.
000 NO SV OODDODO ¢t00000D00000000, p(r,t)y 000000, p(r,t) 00O



o100 00

P
IR
o ]

011 0000000 p00b0DOOOOOO0DODCOD. O POOODODOOO,POO
gboboooboboooboboooobobooobobooooboo.

0,000000000000000000D0000 20000000000.
e 00DDDODODOOOD L> (V)Y >00000000000000000000
EREIDY
D000 A0 LOO

K=2 (1.2)

0000, K1000000. KO KnudsenOOQOQOGOO.
e J0IODDONODOOD T>0ODOO0O00ODO00D0DOODOOODOODO 7.

0: 0000000000000 0000000000000000000.
oooo,o0°cood A~10"" m T~10710 g
ooo L=1~10km T~12h
0000 (000000) L~ 10° km T ~ 10 day

goooboobooooboboo,0oobobooboboooobooobg.

1.2 O0O0OO

00000000000000 (fluid parcel 000 fluid particle) 000000000
O0.000,00000000000000D0000000O0DOO0O0ODOODOOO0O, 6V
ggoooooobobobobbbobbbobbbobobob. bbbb,o0bobobbbbobbo
godbooogouooobooo, oo boboooouobbbooooobobobobooa,
gooooooooboboboboobobooooboboooo. bboooo,bbboooboo

*l0p000000000000000o000o0ooOoooon.
2 000000000000000000000000000000, 0000000000000000
gopooooo.



1.3 00

ggooodooooo, oo oog, bbb OO
gogooooooobooobobobobo.ogoooob,ogooouooooooobobobobobn
goobobooooooo.

1.3 OO

o0o0oboOo,NewtonOODOOOOO," DOO0OODOOODODOOODOODOODOOO
ggoboobooooooor ,boggooboboooobo.oboobo,booooooboood
ggoobobodoooooobooboobodoo. obbobodoooo* bbboooooo
goo,bbobobbobooooooo0ddd00”r UL, oL O
ggoboo,goobobuoodoo,bogobbooobL. bbb booon
ggoooo.

goobooboooooboooooon.

e 000 (body force)DOOODOUOODOODODUOOOOOODOOOO. OO,000,
Coliois00DD0DO0O0O0O00OO0,000000000O0O0ODODODDOO.

e 00O (surface force) 00000000, 00000000000O0O0DO0OOO.
gogdod,bbbbbbbboboo0ddd00d0oUuo, U o
goobooooboboooo. ogooboooooooag.

0000000000000000 (stress) 000. 000 MKSOOOOO Nm=2 0
0DO0000. “0”000000000000,000000000 NOOOOOOOO
oooooo.

000000 POOOOOOO,0 POOODOO SOOO,SO0 POOOOOO
000000000000000000 (00 nO00000000000000)00
0o,7T,000.00000T,0 SO000,000000 n0O00O00. 00,0
00000000000000000000. 00000 T,0200000 1000
000000000.000,00000 2000000 (tensor) 0000,90000,
75, (i,7=1,2,3),0000000. 00000, 7; 000000000000. z; 00
000000000,z; 00000000000000000 ;00000 7; 000
00.00000,200000000000,200000000000000000 y
000000 7, 00000.0

Doo0oO00ooOoooooon,

T ,.=-T, (1.3)

ggoooo.



o100 00

000000000000000000000000, 000000000 (tangential
stress), 00 0 0 00 OO (shear stress), 0000 (normal stress) 00 0. 00000,
00000000000000 (pressure), 00000000000 (tension) 000.

4
Tzz
t T
: yz
sz:
¥

X

012 0POODO z0000000O00O0O0.OD0DOO0,POO0OOO T,,O000O
UbobO0 m., 7y, U000 », uoogog.

14 ODOOOO

ga,booobbobobobobbobbbbboboooog,bbbbbobobbbbobbbobon
O,0000000000000DO: “Obb0b0o00oOoU0bDoOoOo,0Do00booOooo
0000000000000 bO0.” 0ob,0000000DbO0bO00O00DOoo0DO.
gooo,bdgoobboodo, bbb obbooooboboo,ooooboo
gobobodooob.ob,boggobobooooobo,booobboooubobooon
goo.

oo0oo00Ooo0bO0o0ob0oOobDoOoboO. “obbo,0bo0obobOoobOoobOoo
0Oo00O0,0000D000D0O00DO0O0ODOOOOOY ODOO,0000000 00O
g,gdbobobdoooboboboooobbboooobboan.

[OO]
[D000:)000 POOOOODOO POOOOOOOOOOOOOOOOOOOO.
0 POOOOO,000000 PABOOOOOOOOO 100000000 (0 1.30
0). PA,PB,ABO0ODODOOOOOOOOOOOOOO0 pi, pe, ps, 000, OO,



1.4 00000

PA:ll,PB:lg, ZA:OQ,ZB:OQDDD.
e JI00IUIDU0UDOODDOUDOUD: DDODDDOOOOOD ABODOODOOO,

pilisin o — pale sinag = 0.

goon

sin o sin oo

lo l

oQ,
p1 = p2.

oooOoopooo pOODOOCOOOOODODOOOO.

e [I0UIDOODODOUOODUODLO: DDOODUDDODLODODODODODDOODO
U (9([2)DDDDD,DDDDDDDDDDDDDDDD. ooooo,loooooogod
gobo,00obbooobobooobbooobbboo0. booobo,00b0bOoOooon
go.

e J00UUUON: DOOODOCOUU D'Alembert 00000000000 OODOODO
gggboobooooobboooo. bboooobboooobobo,bbbooobboa
gooo.

P

P3

013 0pPOOOOOODOOOOODODOOOODODODOOO.

[0ooo]
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o100 00

1.5 0Oooon

1.3000000000000000000000,000000000000000
000000000. 000000000000000000000,00000000
00000000000000000000000,000000000000,0000
0000000O000.0000,000000000,000000000000000
000000000,0000000,0000000000000000000000
ooooo.

00000000000 ¢g0000000 p000000000000O00. 0 140
0000000,00000000 (000 dS,00 dz)00000000. 00000
0000,00 (000)000 (000)00000.% 00000000000000
00000000 p(z,y,2+d2)dS0,0000000000000000000000
plz,y,2)dS 000000. 00000 pgdSd-00000000000000000
00.00000,0000000000000000000,

—p(z,y,z +dz)dS — pgdzdS + p(z,y,2)dS =0 (1.4)
O00.dz 000000, p(z,y,z+dz) O

0
ple,y,z+dz2) = pla.y, =) + 5-dz + O(d=?) (L5)

O Taylor 00OO0. 000,0(dz?)0 d:02000000000000000. O
0000 (1.4) 0010000000000,

{—% +O(dz?) — pg} dzdS = 0. (1.6)

O0000000000o00o00o0oo0oon dzdS000,00 dz—0, dS—010
DDDDDDDDDDDDDDDDDD.DDDD,O(sz)DDDDD,DDDDDDD
oo:

—&—pg:(). (1.7)

(L7)000000000000000000 (hydrostatic balance) 000000, O
0000000000000 00000000000000. 00000000000

*314000: 000000000000 DOO0OOOOOO.
* 0000000000000 0000000. 00000000000000000000000000
000, Coriolis00 0000000000000 0OODDOO0DOOODOO (geostrophic balance) 000 .



1.5 00000

11

gogooboobbodoooooobobobodooo. bbb bbbboooon
00000000oU0oU0oUoOOD. p,g000000OO0OOODO,(L.L7)DODDOOO
DDD,%<ODDDDDDDDD.DDDD,DDDDDDDDDDDDDDDDDD
goooog.

(L7 0D0OD0D00O00,00000000000000 p0000O0ODODOOODOO
ggoooobod. obbbooooobo,bbbbddd z,ydobbbO00o0oon
gooobobobooood —g—g,—g—ZDDD.DDDDDDDDDDDDDDDDD,DD
ggobobooooboobooooobod

—Vp (1.8)
ggo.ooobodoboboboooonboobbbooobb,boooo,bbboOog

0 O (pressure gradient force) 00000, (1.8) DO0OD0OO0OO0OD, 000000000
godooooooooouooobouoobooooaa.

z
- plz+dz) dS
z+dz 5
z : pl2) ds
/ipg.‘.'dS.dz ................
dS

014 00000000000 dS,00 z0 z24dz0000000 p0000OOO.
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o100 00

151 ODO00O0O0

goooo. ..
0000000000000 000000000O0U0O0Un (p0 20000000
00). 00000000000 (1.7)0000oooo

dp

= __ 1.9
P pg (1.9)
0O0O0O0.(1.9) 000 :00000000000.000,2—00 000000000

0,0000 p(z—o0)=00000,

o) = [ " pgdz (1.10)

O00O00. (1.10) 000 00000000000 1m?,000 z2~0000000
gobboogooobooobobooboooooon.

goboooooon

0000000000,000 dS,00 dz000000000000 p/00000
00 (0000,000000000)00000000000OODOOOO0O0OOOOD
O00.0000,0000000 (140000000,

—p(z,y,2z +dz)dS — p'gdzdS + p(z,y, 2)dS (1.11)

O00.010003000000000 pgdSdz0000.000, (1.11)0

(p—p')gdSdz (1.12)

O00.00,p>p 000,0000,0000000000000000000000
0ooo,(1.12)>0000,000000000000. 0000,0000000000
gobboboogoouobooboo. goboobboogooobooboobboooooooo
gobobooooboboooobobooa.

0000000 [oooo|jooooo,

00: (buoyancy force) “000 (00DD0O0O00)00,0000000000000
0000000000000, 00000000000000. 0000000
0. 000000000000,0000000000000000000000
(DoDooooooo)”
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O000. 00000000000, (1.1)yoooo

—p(z,y,z + dz)dS + p(z,y, 2)dS (1.13)

O000. (l.13)0ooooooooooooog,

—p(z,y, z +dz)dS + p(z,y, 2)dS = pgdSdz (1.14)

oo, jjgoogobbbboboddooooobobD bbb oooLbo
god.ogoo,bboboogoobooboboooobbooooboboooobL.oboboog
ggoboboooobobooooboboooobobooooobon.

16 OJOOOO

I I T A A I 6

161 DODDOOODOOO

O00000000000000000000,00000000000000000
00000000 (viscosity) 00O .*

e 0000 (inviscid /perfect /ideal fluid) 00000000, 00000000000
goddodoooog. bobbbobo,o0oooooobbbbbbbbbobo. oo
0o,

Tij = —péij. (115)

obobooobooboboo,oboobobogobon.

e 000D (viscous fluid)J0 0000000 . 00D0D0D00D0DOODOODOOOO
oo, bgdbbodoobboodbbuooobbod. bbooobobooooo
0000 Newton OO (Newtonian fluid) 0000000000, 000000
ODO000O00D0O0O00000000000DO00D00. NewtonOOOGOGOOO
oodo

3

o 1 6u1 8uj
Cij =5 <8xj + 8%) (1.17)

1
Tijg = —péij +2u (eij — —ekk5¢j> (1_16)

*O0ooO0000DO0O0,0000,0000,000000000000000000000000000,
gobooooooooooooboooboooobooOoboboo. cgoooobooooo.
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o100 00

000000, pO0000 (coefficient of viscosity) D0 00 O. Newton 0000
00000000000O00O00000. (L.16) 00000 kO 00O0DDO, 00

0(1.15)00000000000.

OO0 : (1.16)00D00,0000000000. 000000,0000000000
00000000000, (1.16) 00000, 000000000000000000
0000000,000000000000000000000.* 00D0oO0o0O0OOn
0000000,00000000000000,0000000000000000
00O00000. 0000000000000 000000000000000000
00000000000, 000000000000000,00000000000
0,000000000000000000000O0D0000. 0000000000
00000000000, 000000000000000000000D00000O0
o7

162 0O0OO

goddodooooo,bbbbbobobooooodooo,bbbbbbbbobobOon
gooboo. dgoooobooboooo,booooooobodoooooooboooo.
gooodooo,bbbbbbobbbbbbboboboooooo0o0oogg, bo
goboboooooobooooobooo.

000000000000000000000000.*2 0000000000, 00
gooooo,dobobdooobob,jgdobbobboooobbooooboo. o
goobooooooobooa,

e 00 00O (compressible fluid)0 00000000000 0OOO.
e 000000 (incompressible luid)D 00000000000 OOO.

00000 0000000000000, 0000000000000000000
000000000000000,000000000000000000000..*19

*600000,000000000000000000000000000000000,0000000
00000,00 20000000000000000000000000000000, 000000
000000000000000.

*00000000000000000000,000000000. 0000000000000000
0. 00000000000000000 (000000000000)0000000000000 1
0000000000000000, 00000000000 100000000000000000
0.

*¥00 ¢00 entropy 000000, 000000000000000000000. 0000 ¢=
V (9p/0p) 5.

*0000000000000000,000000000000000.

*10 Q0000000000000 00000000000000Bussinesq000000000000
0. 000000000,00000000000000000. 00000000000000000
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gogooe:

1.

00000 1000 hPa000,1m200000000000000000. O
00,0000000000000000 g=10ms™2000.

0000000000 p=pRT, 0000000000 TdS =c,dT+pd(2)0
000,0000000000 p0 00 pO000O00D00O0O0 p=Cp?
(Poisson 0000)O000000. 000,7, S, ¢, R, COD0DODODODOO,
000000,0000,0000,00000,00000 ¢, 00000

cp=c+RO0O0O,y=cp/c, OODO.

3.000000000,00300K00000000000000 ¢= (ﬁk

OOobooboOobD. 000 200000000000.

Uall <g—z) gooooobbobbboooooood.
S

ObOc,=3R, ¢, =R, R=287 JK 'kg~' 00D, c000000ODO.
Dc0000000000,000

¢ = 331.5+ 0.61¢,

000000000000, 000,¢+00000000. 000, 00
00000 ¢00D00O00OO0ODOOO0ODOOOODOOODOOO. OO0
000000 TOOODOO t00000,T="T,+t000. 00O,
T,=273.15K000. 00000000000000 ¢/Ty<1000. O
DD,%EI_QJEOAE%>DDDDDD.DDDDDDDDDDDD
0D00000.000000000000. O

gogog.



