PHYS 7810
Hydrodynamics

Spring 2024

Lecture 4
MSR Lagrangian

January 27

Recap:  two  pops ptives  on  Stodwstic 2 Gughons ;
© ‘is pre Su(ph'ol
A, = oy ¥ bc'okg«u)

( &~

Fok\Qr'ﬂ«nd@\\ Gowssian Whift noife: @*‘”?f" =Sy

< §£t)>"o

Lﬂ“a\:ohf Stt ,_tl)

9’6\7’ “\/‘IP’ "’9 (.K,P + ’? (le) 4P)
@ YJOS-\'u\a‘\Q S“ﬁ'\'\m«ry date \755‘; e él agsery FPE:
4r= -9 (G m)(gJ /‘J)P) where B = ij
0\55%(_ G&utslah '\oIS(.
Tiheamw’”“l : QNV = Q — \f Q:QT/ Yime- reversal Syby.
,\de— led b lahc@,\ ;
(F) ) ey e ER < (yle el e

Fluchohon-digsipation ¥hoorem. £ haw noise (F) .. mask be
d'ISSlPa.hVC (b) aS Wd(.

&)



Goal:  build  chrve Yheory of  Asgpafive thoily Sy sTems
— ) \____\/_,___/

U""’rj ent / coarse - ?f&ih( A for 4-ind. /S‘\'b\“\i‘?(\l
MKrir‘HDh‘: .S_\a/w VOI: S."Qko\y sb Q

Lq. strt of clasial P Horion...
Wln, ok s an) =2 1 4 2 V)
q ! Z“"

—_ , «a<p
|nihsre]

® Spb*’ $low DoF Airecty.

(K p) - unttr of S positi

+otl momentum
@ 2nsure w‘)pmpr"m’rd $\Imw\£+vit8...
@ Ti'\.\Q;- reversal Symm ¢ 4"'Y- gV K& XX
- ‘A Y. L —Pq ?"7 ’F
1 ) £t L t-¢
\hﬂgrweo\ il hasmy MiL03Copi Dof : (%, .. pn) (%, )

U
M eave Mory b Aissipnhion & noise

O(AV“ F?G 'Rﬂ‘ ?‘{C’l ?— IML.S’(’T )\a\.w; T: 9‘(:?: _..'3,- QU(6J+PJ)P
what By possitel W 8= (5, ’TF\:

Ry T AT .

W = Qi (9 o) = W

-

- (g %) (‘*"“% WA, 0%+ pg
L-\-I)H)Q%P (4)7(9" % T s

_\,,ic,) L’W_/
AisSipahVe ol jants: a
A1t pe = CIen Rge= =By

A Rop 2 9 (e variens) Ai Ssipation WSS



@ Sh'ohﬂ S\,W\Md\r\/ (consuva’no'\ lm,,) ﬁ\i o (o eech

(wedd  Symmey)
Y L)Qj WormenTum Con Mrj)

rando walk.

L\: \’ SRR TVIVY S Uva\/ -|-m‘)edw7
A NN

L s,
QLU’[)F) ew%f’- efﬁ( R '1,»5)1’)

(e PPl )
-&})l +>\2'F) & © (A Ay F*’U(_&‘NLP)

—_—

= -9 Q% 445)
OY‘ . FFE ';’\VCW'iM‘(' wndly (a,. P 3; +4 @;F)

EXWMP(Q,'o Wj b’c,F
hag  bofh  hme- revers| L womenum cosuvatd.
® e - veversa|;,  (RAx) g3y
P z 9 Qqﬁ(j?\-r,‘«]? -fap& P (’b,,-(N)F
&"P ('99 +IAP”-’ \9&«'(.911/*«)?

Iwrerested in thermal Steady shate: %:P)H
Diss}(mﬁenhss )Iw\sl Le,’r(S Take O\« —const,

%= “p#%‘ w ) (.BH P)J

.9&.,7_, ?ié‘l
Ty 9 D Fp {PH}




DISSIFI\,“'W'\ m\t\i owg Q_olujvq(.lﬁﬁ— +D’:

. o4
m/ —_— g '_‘bl—} , - _

Hanilt n s gguetonf ave  dissipationts cquabon!
B Moventun coseryabing  (shong symmetyl)
?)%—va,w}{ 2,9 0t g =t
Probemshic  4orms "
@PH)QPVUI’*H 3—(% WP+ (9tt) ’d’;; %

x

i lant (F. \L ih\lhr\'“'\"' T
Gpp=0 ~feM = 9’% —o  (Noehe's The)

The FIE  Pormalism i xgal .o lut unwicldy.
& interast: o prediding nolie /FDT

V‘\\/Sim\ clw.g*—ims
o o\a\mrinj Furws &\\O\Meﬂ

(70&\'.' aF\M\ Lﬂtﬁf‘“"‘ﬁi”‘” Q‘FFQLX‘VQ ‘”’\-Lmr\l?'

C\«im'. Natural L—ajmhﬁim\ ‘Fur H"G SDES
Q:, sin\plL Symv\,\eA’V"@S)

Morq, pre gi;o_\\, 3 S
" M
'xi(_k,\:’l: CV\SS’O\\ Pk)!S\,CS‘
o Y

SN\S@ achim 6§ M ow-Fin ’Sigﬁ{a f{logq (,M'ZS)
S = §2¢ Luse



DQ r vat M~ W\/\%+ LS LMgvs?, S\A.Y) P ofe 145 SD E

xi o + b 5.04)

Formally, (o g NElyY = J<§[x . L%&D Dx.
BCS'K

SVJ”H@ H’b preSQmPh"t N AL o wswre
50\1 (2| & L\\,7-- |
S 3&%(&*&) - x(¥) - et LS)A{-.) AEtAY) = |  lout Jj(o--) Axlk) # |

?Lf"(“bm %\/WO\.\\‘]O. ocVly g VI PM:\/L\ ll'\'\'e.jml (QQ'O

<P5§ - JD?, Fuh 2 s G’ g™

Write S[P.] '/Jl)ﬁ;ewﬂF i Conyine.
. '- 2
<2'\ b‘\ﬂ SD%‘ g]),r \')g e So\t[w"@i’“*: "oi*go\)"'igoxj
%Cs

VU‘-\:({‘M lyuﬂ/\ ;h‘)’ejfh) ovir ?i Lciuqzlvrh.d;
Fiha go\v\ fr gd\ / yl“g .

55 —n= 5. -
— "O/ l «
5@« &
End reslt: 2 = bixkia
Lagq = Ti%~ t LA Q]
(1!’;1\/"'!9“]

w\vg)f Y ©FE ~%(;P) ’lrLa 0] @‘JP)



Tf/ x e now  C~ hNwawrs. . - gaa, is b QMcoo\L

Sy mine P16 and bwild EFT u,siv\j MSR La3m\a9im\!

A ,,

Rule @'. LMS@ = _W“')(] - OHMR Hami Hmian (NOT l;i)
D g oncohing 15 SOE

OHMg'LLF‘rl =0, x) =O. and -I\v\(oqhgp_) L0,

@1 Time ~reversdl S\’Mwwhfy-'
£ x>t e o s(wen ikl
LH \\chidwd undy - ;('ﬂ~'/")

@'- Shrong  Symm eies
OUZ/M7 ) I ‘H ihvowiam‘)' undla ;> st Q;F(‘%)

é’ﬁ'

‘E)‘QW\P\L‘, L"‘/P) g T & vy Loverved .

L("\SY\: Tx + O"t‘) + (1 0") Q (:il'};;)

-
~ Hse
(A must be pos.'h'vc Sty AFNITC

Undinr Hme reveyals R = Qe QM)
P

’—Qmp G‘p

SawwL OISO -



Coveat:  Lmp g S 45 SOEs.  These ae NOT
3P = i) Q]
Discrepamcy % 9,Q;+0 (wo't care usually) |
Eom FPE v MSKZ
al= ’:r;i Q'.‘w(jj ol
bis: - 91[%‘@9 P) - (j0q)P = Gyn?)
| =
2 %9 @0;P) “ulegP) ag T Qi 08
Wl o Nty regularization. .

L“'\S‘L: L ';(-; + T; (&|jﬂd ’ + ;'lTi’ﬂ'J O"J



