PHYS 7810
Hydrodynamics

Spring 2026

Lecture 27

Higher-form symmetry
April 21

let's  briefly recap Ywe  Simple thomry of diffusion (from MSK):
A~
C‘\M‘gl Loservati®h  fow,  T— T+ Symmd'ry
Pt 1 sove Aearies we have moe inrMsls»y Comsesv ed qM,,ﬁh‘cg;
Qe= (4 Al has 4y 7
-~
Notthe's Themom: T T£ symmetry
Exwmrlz_ | 0\?,:0\1 LonSvahom .

&:SOG p(x\ amd D,‘;‘S‘M«x (("‘\7&; consenved.

'ﬂ
T T+ at bjx; for wnstanlt @, b,

| Ve i unt ’ou.l'\d;lhj block 1S 'b;?\‘,‘ﬂ’ 9-.3,‘77?\,‘3\‘)(17“"/“)

= iB 23t 0d:(wain) =7 tamivalenl afte
od L= W+ 1B 9T T et T



B)/’D (S ‘\yo\/fb(?l'ynam}o 'l'*W«SpM wetfuent
Noise free EOM:  Byp + %2 i(B¥djp)=o0

o wf ,,,,,E. 3(:(01-9(7 oz  where Dq.:’_
-iwt
&\AKSIhWM' MchS P""Qk’x v '_' L "lbq_‘(:)
Su,loohH;uSlc'n

A ""'(‘msc’ol"" 54’«1/"”'\ WL\&VQ 1h.S —WMV\/ anises 1S I
\\'(:VRC‘\% )\yd/kod/ymam\:cs : whsso(e,r paqa-{vc.l.u Mdvu\j M aq [’Ul'hce:

_L _9_ _0 _(.)_ _L _I— 9— 'L ‘2 wkam wé. m\y ﬂ%\/
h, Ny - - MICrdScopic MOVLS  ConSQuny;
. o oL oo L1 R m D; J

Q= an wd D= Z""'x
Mardoy chain Simulatios indead fiad cebdi Fsion|
€ xample 2 SubSy Stem  Symmefries.

do |l [|? cJ\our conSevrved 1 each
— l ' o/ Q wju«’hn O'F ZO\
Squave laTHee .

L contiman, linih: f dy py) ke j" Ae plxy) comserved.

*="% Y:Yo
N\

chw\y p(ryy)e [-Fﬁx]fgcy):J for any %j.
Lﬁ 1 ) T+ £lx) tqly).

S




Ve mofif,  OpdyT
So: L - 'W?_kp + EE/ ?x3y1r a'x'by (—"—I/k)

FD“ anj S;"'\}‘éw S"WS We -P"ol [ R)I
w = —iDSkqa;‘&;' wheve D'St/?(:
N~

f\o{ V‘o‘l‘a“o\ 'IWM(MJ' - laﬂ"\’ke, |or'pke r'o'I'DJ'»'Mal Syrkmu"ry

We cm alo comsider Menies whae e i not a schla,
b  ifgelt Proasfovms umder Spatal Symmeiry.

Su/ﬂ;ggg f&&x p: 5 Cosered  whae |15 Spabal index:
(% L= 'tr;}\,p; + }o’.r HT; 9J’(1[,-—i/¢,'7 biroke. wy

oy AT Kby (Rlmn) O
> 2 di e, o +
N EG-A % ;-9 ; 9L -ip) = 40X 1) i*‘re/)os.
2 1

R on d=3, What if Some of g 01, % ,0p, Vemish |
kol o +0'i mob £ w
(MVarigpd wadtr ;2T F PN 2 Oy MNx):
So &/\: Jdgx p‘(x)')'/\(x) (S U ove d

Tral fmchim:  Alx): | xeZ fr gpatial regim 2
0 ,,(4,2 P 3

(% &A:§M;p; = flux of 'p\ ‘ntv-m,jl\ i
2 02

"



S all Fluxy & p. 1S @served!
1 d""\/ 0 ¥0 " nohf 9T,
. G
Ivarviat umder M, — Tyt Q;J'kgd/\k

So; S‘,\”'x iin}JAkf: i amstant,

. _ g
Chooe: 1\, - ‘§ kA i Tany| @
e )
§ A =0 b/

Y & (A

- * - S . o Y, - -_I’- :
Biot - Savayt: Lk %A, = §LM,-\,| Ty Y _\I:yl)

~ § o\\/l‘ §Cx-y)
¥

So fhe conserved ‘1““""“{7 i5 §°l'\/, P(,Y)
‘ ]
TI/WQ\S an dbjo\/d' Wory o w\ad!bvi-lvw{/gemﬁvml{u Hese %MFQS'

They ave  illas hvadions & o highor—dom smmetry:

O"'FV’YN‘ Symm}ﬁ'\/ (.‘W*’\“‘\Wh( d‘“ﬂfgtz)s ?-l:f"’ B;T,'yo
-\—

9‘/:5/‘ whrve /A'-‘-(ﬁ,m)% :)_/L;L/),j,'),

P"‘FFVM Symm‘}\'\/‘, ?/‘" ‘\)’D‘W ""’PJ -0
\A)V\I/VQ E,pvl..-’l/'o:) wmlLams ]hd,i‘(ﬂ.S ";4“\/ %ﬁsymmg;"r‘ic_

4=3 amd p'—\-' ()ju-l-?'g\i:—/a—g:()
tv\ﬂ J 2
P — ., -
w»\ﬁ%ymwdv{c. Write:

- , T -+T,;
L=efi - WM T 560 wih Ty=-Tp:



EOM: 7.(”0; + ?J J5i —ZU =D

SO l"‘FD’Y""s S\jW\v\.\Q,h‘Yﬁ dw”j@ s ved  an @"”'dﬂk S‘bv"‘lca(,@{

0O S$ha

4 d ti i _ | ‘ 11 Jio Y
T‘;So\. X T 3;/\(-%)-_—_ «S&‘y '3\')3_‘, 9(/\ ’Sol x /\M 3
=0.

(ki) A
bCl] A T J = { . j
T Uil KU

A N
B[% A+ %T]=0

1~ form symw,hy = deg)z Coseved  om (@-1) -din Sheype
Ly corves o Az3.

pf%m Symmetry =) tmsprntion o o (d-p) -pim SubSpace (04p<d)
— consistont s rotahimal Jrglativistic  Symmtry.

&Mgi'\wmal M odes 0*‘: |- ferom M\/C
L= wohp; + i/O,’QiTri‘}J'Tr;)(B,‘(.vj -iw) = K, —l'p;))
7

A<Sume. é"'fo\’l« {;Pif’;*"‘ S0 /*1""',,;/’;-

EOM« p; - 9 [%Qﬁt:'?iﬁ)j 0 -+ noise.



Weite D= 9,02 D0 - 3%p;)

Suppese. ;v €T

15 =« -—\'wp%: “DIkt(p-04) =0, Sso w=0
il —inL:——DkQ’pL sine  Np=0.

So wz -idk:

So  I-fpem C"\W m  only diffuse perpend icu lav o the

wWinve g

veloces

b
m_/y / FT / ok\a/%&m




