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ū ūinert

ūinert = ū + Ω̄× r̄



r = |r| = R + z

∂ρ

∂t
+∇.(ρū) = 0

Dρ

Dt
+ ρ∇.ū = 0

ρ
Dū

Dt
+ ρ2Ω̄× ū = ρ[ḡ − Ω̄× (Ω̄× r̄)]−∇p + F̄

ḡ F̄

Dū/Dt

Dū

Dt
=

∂ū

∂t
+ ū.∇ū

ρ = ρ(p, T, S)

ρ = A + x1(T −B) + x2(S − C) + x3(T −B)2

x1 x2 x3

ρ ū ū

D(ρcvT )
Dt

= ∇.(kT∇T ) + QT

cv kT QT



DS

Dt
= ∇.(KS∇S) + QS

KS QS

(∂ρ/∂p)η = 0

η (∂ρ/∂p)η = 1/c2
s

Dρ/Dt = 0

∇.ū = 0

ū ρ

ρ
Dū

Dt
+ ρ2Ω̄× ū +∇p− ρḡ = 0

ū.n̄ = 0

z = η(x, y, t)

pocean = patmosphere z = η



D(z − η)/Dt = 0 z = η w = Dη/Dt

h + η

δ



Re = UH/ν

Ro = U/fL

F = U/(gh)1/2

10−3

w = Uh/L

ρg

Uh/gTL U2h/gL2

T = L/(gh)1/2

∂p

∂z
= −ρg



p = g

h
ˆ

z

ρdz + pa

p = ρg(h− z) + pa

N2 = − g

ρo

∂ρo

∂z

N2 > 0 ∂ρo/∂z < 0

ḡ

p = po + p′ ρ = ρo + ρ′

Dρ′

Dt
+ w

∂ρo

∂z
= 0

ρo
Dū

Dt
+ ρo2Ω̄× ū +∇p′ − ρ′ḡ = 0

g′ = ρ′g/ρ p′ = p − po −ρ′g

ρ = ρo(1− ρ′/ρo)

ρ′/ρo $ 1 ρ′/ρo = O(10−3)

ρ∗ ρo(z)
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∂ū
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ρ∗
∇p′ − ḡ′∗ = 0

ḡ′∗ = (ρ′/ρ∗)ḡ



ρo(∂tū) = −∇p + ρḡ

ρt + wρoz = 0



∇.ū = 0

ū = ūh + wẑ

ūh

ρo∂tūh = −∇hp

ρowt = −pz − ρg

ρt + wρoz = 0

∇h.ūh = −wz

∇h ḡ

ρt

ρo(wtt + N2w) = −pzt

N2 = −gρoz/ρo ūh

ρowzt = ∇2
hp

∇2wtt + N2∇2
hw − N2

g
wztt = 0

dN2/dz = 0
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Uh
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Π
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k2 − N2

ω2
(k2

1 + k2
2) + ik3

N2

g
= 0

k̄

N2

ρo(z) = ρo(0)exp(−N2z/g)

k3 = Re(k3) + iIm(k3)

Im(k3) = −N2/2g

(k2
1 + k2
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N2

ω2
− 1) = [Re(k3)]2 + (

N2

2g
)2

k2
1 + k2

2 = k2
h k2

h + [Re(k3)]2 = k2 ω2

ω2 =
N2k2

h

[k2 + (N2/2g)2]

ω = 0 kh = 0) ω = N

k3 = 0) kh % N2/2g

k % N2/2g,

ω = Ncosθ

|θ| ≤ π/2

c̄ =
Ncosθ

k2
k̄

c̄g =
Nk2

3

k3kh
[k1,k2,(

−k2
h

k2
3

)k3]

c̄g.c̄ = 0



ρoU = k1Π/ω

ρoV = k2Π/ω

ρoW = −ωk3Π/(N2 − ω2)

z − αx = 0

s = (1, 0, α) n = (α, 0, 1)

k2
3

k2
1

= (N2 − ω2)/ω2 = R2

cg

c̄g

c̄g

Wi = Woexp[i(k1x + k3z − ωt)]

c̄g

Wr = AWoexp[i(l1x + l3z − σt)]
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Wi + Wr − α(Ui + Ur) = 0

Wi Wr
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σ = ω

l1 + αl3 = k1 + αk3 l̄.s̄ = k̄.s̄

ω = σ
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k3 = Rk1 l3 = −Rl1

k3 = −Rk1 l3 = Rl1
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z = η(x, y, t)

po(0) + ηpoz(0) + ... + p(x, y, 0, t) + ηpz(x, y, 0, t) + ... = pa
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τsx, τsy ρ

ζ = ∂v
∂x −

∂u
∂y

q = ζ+f
h



hq2/2

∂V̄

∂t
+ (

f

ρ
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1
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β = (∇× V̄ ).n̄/p

p = h + η

η

n̄

v.∇v =
1
2
∇(v.v)− v × (∇× v)

δxq(x, y) =
1
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d

2
, y)− q(x− d

2
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δyq(x, y) =
1
d
[q(x, y +

d

2
)− q(x, y − d

2
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q̄x(x, y) =
1
2
[q(x +

d

2
, y) + q(x− d

2
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q̄y(x, y) =
1
2
[q(x, y +

d
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) + q(x, y − d
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U = P̄ xu

V = P̄ yv
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y
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∑
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E =
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∑
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δx δy
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∑
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∑
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∑
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dE
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=

∑
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∂u

∂t
+ V

∂v

∂t
+ H

∂P

∂t
)

∂u

∂t
− ηV

xy
+ δxH = 0

∂v

∂t
− ηU

yx
+ δyH = 0

∂P

∂t
+ δxU + δyV = 0

dE
dt +

∑
(V ηU

yx
− UηV

xy

+
∑

(UδxH + HδxU)

+
∑

(UδyH + HδyV ) = 0

∂u

∂t
− ηyV

xy
+ δxH = 0

∂v

∂t
+ ηxU

yx
+ δyH = 0

∂P

∂t
+ δxU + δyV = 0

∂

∂t
(ηP

xy
) + δx(ηxU

yx
) + δy(ηyV

xy
) = 0

∂

∂t
(P xy

) + δx(Uyx
) + δy(V xy
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x
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√
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!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!



!



c =
√
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φ(x̄, t) = A(x̄, t)exp[iS(x̄, t)]

A(x̄, t) S(x̄, t)

k̄ = ∇S ω = −∂S
∂t

∂k̄

∂t
+∇ω = 0

S(x̄, t) dS = 0

∂S

∂t
dt +∇S.dx̄ = 0

ω = k̄.c̄

ω(x̄, t) = σ[k̄(x̄, t);λ(x̄, t)]

λ

∂ki

∂t
+

∂σ

∂kj

∂kj

∂xi
+

∂σ

∂λ

∂λ

∂xi
= 0

∇× k̄ = 0 ∂kj/∂xi = ∂ki/∂xj

c̄gi = ∂σ/∂ki



∂k̄

∂t
+ c̄g.∇k̄ = −∂σ

∂λ
∇λ

∂ω

∂t
+ c̄g.∇ω =

∂σ

∂λ

∂λ

∂t

dx̄

dt
= c̄g =

∂σ

∂k̄

x̄−
ˆ

c̄gdt = α

α

α

(
d

dt

)

α

=
∂

∂t
+ c̄g.∇




