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1 Still medium

Φ = R (m1, ...,mk, V, E, S, µ1, .., µk, p, T )

ω = dE − TdS + pdV −
k∑
i=1

µidmi,

Ψ = S − T−1E,

L : =

{
E = T 2 ∂ψ

∂T
, p = T

∂ψ

∂V
, µi = −T ∂ψ

∂mi
, S = ψ + T

∂ψ

∂T

}
,

Xf = −fT∂S −
(
f + pfp + TfT +

k∑
i=1

µifµi

)
∂E + fp∂V −

k∑
i=1

fµi∂mi
+ (fET + fS) ∂T + (fEp− fV ) ∂p +

k∑
i=1

(fEµi + fmi
)∂µi .
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1.1 Densities

Φ̃ = R (ρ1, ..., ρk, e, µ1, .., µk, p, T )

s =
S

V
, e =

E

V
, ρ1 =

m1

V
, ...., ρk =

mk

V
, T, p, µ1, ..., µk,

ω̃ = sdT − de−
k∑
i=1

ρidµi, e = Ts− p+

k∑
i=1

ρiµi.

L̃ =

{
ε = T 2ψT , µi = −Tψρi , p = Tψ −

k∑
i=1

ρiψρi

}

X̃f = −T
(
TfT + (ε+ p) fp +

k∑
i=1

µifµi

)
∂ε −

k∑
i=1

(
fµi + fpρi

)
∂ρi + fεT

2∂T

+

(
(p+ ε) fp +

k∑
i=1

ρifρi + f

)
∂p +

k∑
i=1

(
fρi + fεµi

)
∂µi .

κ =

k∑
i,j=1

ψρiρjdρi · dρj −
(
ψTT +

2ψT
T

)
dT · dT.

2 Moving medium

Γ = Φ× End (TaM) ×End (T ∗aM)

Coordinates Γ̃ (ρ1, ..., ρk, ε,∆, µ1, .., µk, p, T,Σ)
H ⊂ SO (dimM)− the holonomy group.

ω = dS − T−1dE − T−1 Tr (Σ∗d∆)− T−1pdV +

k∑
i=1

T−1µidmi,

L̃ : = {ε = T 2 ∂ψ

∂T
, µi = −T ∂ψ

∂ρi
,Σ = T

∂ψ

∂∆
,

p = Tψc − T
k∑
i=1

ρci
∂ψc

∂ρci
}.
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X̃f = −T
(
TfT + (ε+ p) fp +

k∑
i=1

µifµi + ΣfΣ

)
∂ε

−
k∑
i=1

(
fµi + fpρi

)
∂ρi − (fΣ + fp∆) ∂∆ + fεT

2∂T

+

(
(p+ ε) fp +

k∑
i=1

ρifρi + ∆f∆ + f

)
∂p +

k∑
i=1

(
fρi + fεµi

)
∂µi + (f∆ + fεΣ) ∂Σ.

κ =

k∑
i,j=1

ψρiρjdρi · dρj −
(
ψTT +

2ψT
T

)
dT · dT +

∂2ψ

∂∆2
dΣ · dΣ.

ψ (ρ1, ..., ρk, ε,∆) and f (ρ1, ..., ρk, ε,∆,Σ, T, p, µ1, ..., µk) are−H invariants=depend
on H -invariants in End (Ta) .

3 N-S equations

1. Conservation of momentum:(
∂X

∂t
+∇X (X)

)
= div[

(
T
∂ψ

∂∆

)
.

2. Conservation of mass:

∂ρi
∂t

+ ρi div (ρiX) + fµi + fpρi = 0,

i = 1, .., k.

3. Heat conduction:

∂T

∂t
+X (T )− a∆g (T )− fεT 2 = 0.

3


	Still medium
	Densities

	Moving medium
	N-S equations

