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Hydrodynamics from kinetic theory
April 2

BD ]+ZMG.hh Q,qu,a,'h'm\" '%E + V; ?a.;-f;’ - C [—F]
(withowt eptermal fovees) !
Last Yime e Orgupd Mot o louj fime scales we could wrproxih\mk

for o cdasical G§0S Yhat
'F ~ exp [—'(3(7‘/{7\ (ﬁ(]ﬂ = ,";:("‘/b) - Vl';:‘/e) rf]] % lm”Q' Scals
- hydﬂ'oﬂ/\,nﬂlvm.c oll.grus sf 'G‘QUL*)M(

Tot&m/y we will jushfy fhs  more qnmﬂaﬁvdy b\, S‘M\/y}uj e |inm,
QSY)W\Q V‘e,ﬂ}rvw close o ﬁlbbml Thernal QI,\M'“.EV‘;%:

Swnoose, : —F(x,’o,b)= exp [‘ Mi(ﬁ\‘izo“ ?ﬁ(ﬁ/{’/t))]

) ~ Pt v £,(1708)
1 At

KULV 0'h|\/ ‘ZW “‘f/vM\S i\\ é No{-ﬁ we Com }\«0\](.& a SiMilaM
amsatl for qumd‘w 9okt 2mann equ,M\'try.s u,sinj {iq :M;«Pimc,e.g_

y “"ﬂ wh  Bolfznamn qum‘.
Wl Bhy 2) + V;W)%}Lﬁﬁqé) = 8[1(0,(‘*(@]



Pecalls CLFT= Tatp a4/ Ry, pp! R0~ p0)]

8 [{:@1(‘*[}1)] jd( d“lm h ﬂppﬁp, v.,)ac (p, )‘FQ (.pu)
X [5[37;.( N+ B(p!) - é(p ﬂ??}]

&(‘7‘/ (’/’C) = g,'x[x,b) t Jv;('x,b)p; - {&(;i"),g(ﬁ) + ga.(x,l,’) P'»Fy P

Slow h\/J/v'D modts ’F&S’I how-hydro modes?

e

l4ea £df‘r 96) [[&ﬁ,’ k’<¥£§+v,'%) -@] =0 for any ¥

Define imsr prouctt < ¥ @)ZSA‘ (‘Di‘eﬂ 9§=Xo\*p Bre, ¥2

Than,: 3,918 + 3 <AV;1®) +<2lwl&2=0
—y

<Y\wid) = figaﬂ,ld‘ Aty d Yol PhoseHeqp) ) Wpp0, ‘vl )+

[LP(.P)* T('?'l«) ?("\ %P )]Cé(m)*}(f») é(ﬂ §(-P ]

Note. w invewsion+ fime ~resessal, W=WwT



Md W is posihie semidefink: <& W P20

[9[,‘1‘ VB"TWJ|§>‘;O : IlV\MMZQd BOHM;\ Q,QM"MD\

0%,

Ml I of W & tonSerned quadw' i collistm
e o = l‘lyhﬁ;\}/v\m,(_ Nbdl

shee CEMIBITO  wems By Blp) =& (/) +2 1)
whaon K(.VIP{%P,’P{)PO.

[_—fu+ }|«;V,‘+W]|§>3O
£ k=0  w[®)z-iWIE) 1 ONMs = cigomedms of W,

" Iaw) £ 0,
W= . ;ﬁfﬂ (fast)
é - MASS/WW
(e o In)
Slow  modesS \P.) B p. M M Tim
(%) & =<3 Wrgy
In) k>0 | k>0 small
v el P S



thw\pox" (&5 = \J;EQ + ‘§g>
proyordioal 1o Iy, |, ;"

=) ) ey

Uguwalne of W
& w, V), kK <<l"9m ST 1B+ W18 =0

T, ~iw|B) + ik V 1B+ ik Vet (ﬁ) 0
\_/-\/4
Q'%VQ CO“IS;O'\\ 'lr\"{,(jmlz\,\/, ~ k'L

wervything dse

dea: |8 = §rlwy+ Svilp))e F[IQ) foln 7]
(é; \) ( Wt |\Q:v35, t\W ) \@5 =0.

<¢|

gy disdy

Ly By = (i (RGBS = i Gerpi = ot



Similedy s <GBz & awnd Lpi| Es)= S
S 09 _iwdn + ik}<"|v$s,;lé§>50

nz n| B2 = Spalnd + T Cal )+ B Srp)
[ _ B~ P d
<n‘y\>«— &\0\ p MLU)H - gi&p (;e. ¢ ’L): (}%T-) IZ‘B&P;}’: Bha'

= (44 L - .4 .- d
ale) = jd.r frfq‘P/Lh’ &"u, o [_z,-'—,z'h,_q

caore (6 i) by 2o s, 42

4|0‘pJ) Z mn gij

bn jcmml CAIBY= Lag* }6)

ll\

V. =L <o X];S.\»7:-Y':\P}7 while v;g,i'“>:’0‘
L alft )18z 05 95 + 3(negd)

(Hheemo dyphamic  SuSCoptib i W‘y)

'Lw[i)
vl\P‘)) \P PJ>P’[IPPJ”S;JY1>‘+ _S_I\Llf’q')]
A
fusk Nyhydsos  mode LV;S ~ slow hydso  mode (Vss)

prssue
Sine -V, 1)z = Wil ik Vs 8= J@ns,ussT\-(kSP

whing  S= emiipy hansity



<P¢|W/I LERST Vg(:/] \"'&:l V»ts,3 kik;| &5
= kik y Cipy B e [ ygp, -2 G5k

V"Il
-1
To\:k(’. ‘I:J';'X/ \(:’L:\I" k‘;SVY <1'xr)’lw{;[Px'y_>_
\_/\/LJ
=1 (Shear viseosity)

More gunemllyt  dissipative. webficiods From:
< ¥S‘ Vg%|\l\/3 V-PS,J \%S>

- - LT R z
LR P A R T AU TARS 2 Y,
:7 ‘nw\k ViSLoSH'y j’:_o; ‘V’.Pj-‘g{sf’) l\a,& Mo -l'mu:Ful T’“"‘+

Dol abion fime wppraxinadin: W' | &) < t't‘,ifiam o

Con St
<Y¢PV‘P«P\)T/

Thawt y= — - % ‘;”‘%Gﬂq: T, = EP't/l"”““*‘”‘*




As Tom, hdP

So voyy viscoms Fluids offen have vory wenk inferachong)

ly\ LQ(;h/JVQ. Z% we w|“ YU wmore me'ﬂJy W[r\y J"ni
Shanld ke the casg  witth  kinke {heory.



