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Wednesday, March 28, 12




Hydrodynamics

T'(x") Temperature — 1" =T + 6T
p(x")  Chemical potential — 1/ = p+ 0p

u” (") Velocity field — u”’ = u” 4+ du”

T = eutu? + PP*Y + TH

JH = put + JH

Landau frame: Ekhart frame:

T — ¢+ 7% =¢ T = e+ T% =¢
J'=p+J° =p JP=p+J° =p
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T'(x") Temperature — 1" =T + 6T
p(x")  Chemical potential — 1/ = p+ 0p

|4

u”(z")  Velocity field — u”’ = u” + du

T = eutu? + PP*Y + TH

JH = put + J*

Landau frame:

T = e+ T =¢ u, T =0
JO=p+J° =p > uuj“’z()
T =0
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JH = put + JH
Landau frame:
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T = eutu? + PP*Y + TH

Landau frame:
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u” (") Velocity field — u”’ = u” 4+ du”
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Landau frame:
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T'(x") Temperature — 1" =T + 6T
p(x")  Chemical potential — 1/ = p+ 0p

u” (") Velocity field — u”’ = u” 4+ du”

T = eutu? + PP*Y + TH
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Landau frame:
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T'(x") Temperature — 1" =T + 6T

p(x")  Chemical potential — 1/ = p+ 0p

u” (") Velocity field — u”’ = u” 4+ du”

T" = eutu” + PP"" — 21n0,u,y — gPW(?auo‘

JM = put — /ﬂDW&,ﬁ — vk P*0,T
T
Landau frame:

UMTMV — O Scalars (%u“’
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An entropy current
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An entropy current

dS -
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An entropy current

dsS

il S.di >0
. +/ i >




An entropy current

> +/§-da‘ > ()
dt

Local version of the 2nd law:
|) 0,J! >0
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An entropy current

d5 +/§-da‘ > ()
dit
Local version of the 2nd law:
|) 0,J! >0
2) In equilibrium: v* = (1,0,0,0)
J' = (s,0,0,0)
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|) Locality?
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An entropy current

d5 +/§-da‘ > ()
dit
Local version of the 2nd law:
|) 0,J! >0
2) In equilibrium: v* = (1,0,0,0)
J' = (s,0,0,0)
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An entropy current

d5 +/§-da‘ > ()
dit
Local version of the 2nd law:
|) 0,J! >0
2) In equilibrium: v* = (1,0,0,0)
J' = (s,0,0,0)

JH = sut + JF
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An entropy current

d5 +/§-da > ()
dit
Local version of the 2nd law:
|) 0,J! >0
2) In equilibrium: v* = (1,0,0,0)
J' = (s,0,0,0)

JH = sut + JF

U
Scalars 8 L U
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An entropy current

d5 +/§-da > ()
dit
Local version of the 2nd law:
|) 0,J! >0
2) In equilibrium: v* = (1,0,0,0)
J' = (s,0,0,0)

J! = sut + 00, u"u”

U
Scalars 8 L U
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An entropy current

d5 +/§-da > ()
dit
Local version of the 2nd law:
|) 0,J! >0
2) In equilibrium: v* = (1,0,0,0)
J' = (s,0,0,0)

J! = sut + 00, u"u”
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0, T" =0
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a J,u __  one-derivative ¥ two-derivative
H=s expressions expressions

Wednesday, March 28, 12



Hydrodynamics
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JH = put — gP* 9, =
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JH = syt + =g P9, —
o= su" + T/i T

o P
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v
JH = put — gP* 9, =
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v
JH = put — gP* 9, =
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0,T" =0

0, J" =0 Thermodynamic input: P(u,T)
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T" = eutu” + PP"" — 21n0,u,y — %P“”@auo‘

v
JH = put — gP* 9, =
oU K 7

9, T = 0
0, J" =0 Thermodynamic input: P(u,T)

Transport:
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T" = eutu” + PP"" — 21n0,u,y — %P””@auo‘

v
JH = put — gP* 9, =
oU K 7

9, T = 0
0, J" =0 Thermodynamic input: P(u,T)

Transport: x, 1, ¢
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Hydrodynamics

T'(z") Temperature

p(x")  Chemical potential

u” (") Velocity field (uyut = —1)
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Superfluid hydrodynamics
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O(0) corrections:
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Thank you




Superfluid hydrodynamics

uw+ O0) =u"0,¢

TW = eutu? + PP + 2p u*n?) - Ps phn 4 O(0)
U

JP = prut A '[;jn“ + O(0)

O(0) corrections:

20 parameters: 14 parity even + 6 parity odd
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