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Motivations
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Ordinary first law of thermodynamics
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Merinodynamics in fixed background
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Thermal equilibrium :
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Suppose that F is not uniform .
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such that
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By combining such two perturbations
we have 8 E-- SN = 85=0 but
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which contradicts
with the fact that the fluid
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Therefore Tiniest be uniform .

8E=rsj +78s + ISN



nhermo dynamics in dynamical background
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she pre-symplectic potential
☒ 101.8011 = Otar +☒em

=War ' E 1- WEM - f-
a

war = Gaby 'd the 8g be -7lb 88cal )

Wei = - Fab SAB

she Noether current associated with
a vector field ✗
Ix : Earth 81 + ErikAl -X . E

=D A-✗ + Cx - E

✗ =Q×aR+Q×EM= - *DX - * FAb✗b

Cyl = HE
"
b- Earth b) Xb



8 ☒ 14.1×011 - X . 81

=D 80¥ + 8K¢ E)

8 I 14.1×4 ) - X. f- ( Eabfqab + E " 8A a)
- X. d Q =D 80*+8 ( GE )

80=101.1×41-11×0. - d G. ED
- KE ( Eabsgab 1- Ea8Aa)
=D 804 + 8 (GE )

d&Q× -X.no/--wl4, Sol 1*01
- HE /Eassgab+ ETAa) -84×1-1
wld , 8,0 . 82011 = Si 0-14, fill - 8,0114 , f.4)



d If Qg -9 . ☒ I = - FE (Eab 8g" +E " fAal
- S ( G - E 1

SM = Sfs
.

☒+ - t " B- =/*8Qt - t.lt

t.tlEabsgab +EGAa) - 8 (G. ED
E

Sj = - Qp = f, see . c- I

8M = £-101 (Eabsga
"
+ETAa) U

'

Gaet

- µ , ub 8 112Ecb - E
'Abl tedeff

+ rsj



Ja SAall
'
C-cdef - Ubsj

'

Ab tcdef ) = -eubABSN-i-Tabsgabuctcdef-ubff.it?bEc.def)--uSNtTfS-
SM-fz-tss-tu~sn.trsj-f.vef.VI.a.bff

" -14^8Aal U' C- cdet

-f µ , ub 8-④'b- - H'Abltcdef !
=
. Js .

8£
. t.ci?8N+.r.8-j-

Different from the case of fixed backgrounds
8£

.
8A . Sy

'

are subject to the constraint

equations . But it turns out that
they can still be chosen freely !



Outlooks
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