PHYS 5210
Graduate Classical Mechanics

Fall 2023

Lecture 15

Noether’s Theorem in field theory
October 2
Lagrﬂ* 5{@ Fi dd -u\e,or\/ s
- 0 $ % P xH
8[450\(3‘”):( z jd.x £0é 7 g )
7 N\ paotine <oonls
o feits (ozl,..,m)  Lp#P)

S made d\t\' of ?v\vv\rl'a»"' Lwi‘dfhj MULKS under SYHML"'”@S--

. . Y on Ve,d
For Pﬁk‘\'ldl,s . ‘W Th& ahh” uownt S\,\MM%.Y -3 qc_\kqi(#’*y:
3*990.
Gwm‘ilﬂy“ fo Hields: . O &piﬁ. fowy -
ot sym = Conserved onrrent
0= 9. TH=92 J¥+ 5T~
}A ?-(:, 9)( [af&‘f’v: SV]
'A
¥ we resdid &K D=1 0= be’“c 2, & )
P ! e

= Mp



Deviwtion of following is Gmilar & ledwe 3

Define cobnunows symmeby:  Mfindfasimal  Hranghomation. .
(™ %= £z §7) + ¢ 4uK¥ (& {qﬁnifesin,i?
o slo M >
AR A UOLE A Rk $XzH) + el (z4) 2. tf‘(f)] -
where S[g) TS@SJ. (ackon ¢35 invart ant)
¢ iavariant F
2« o o yhn oYX
0= £ + BKF X5 3R LT -9 o
i thsﬁui~9 Comhnuons  Symnety.
Nogther's The: oa solufins L M, })tJ'“,O where

- N1 Pt 2 0 cb“((f - X9, 4%)

—

?f;f‘“ =0 ihAP\'LS Heo's @ widl, dﬁ;
Q J\dq&d\,d% ~ ‘MV S({’Y o“' u&u



Erarge 11 massless  Klein- Gordan  heory
g{ﬂ E ".%_g A%« 7,&?"‘} C"\%'*O)

Shib SYmerry: 64’% $rg .
&():\ , X'A’/O , K’N'JO

ronse
CD"SQ, ed  curr T - - K
it T0= Fp = -0

lower

w;,jfl .
T 3“9@,@ 0.

promslafion spameey  (abmost aleys V)

Gmmr)&c L. spactime
) spmeid e XEz ot [Z-f_,_

D = ® Q‘w o X'-om' - 9"“/0]

XK =0 K =0 : ’

. ’ o Xp;l c}‘\bi(l d(;'F
ONIT. vZ dYymh

Po\,c.Kﬂ\ﬁQ, to Q,‘H\(,f“ xk— ‘LI“ M [ ':"7 ’

3 . — i ’\/) x - §’V Q
S_ . 'Cf*}’ld!l;x: lebel o‘F fpv\ﬁ“\(/d
o &by o\ds $ov any " XP- 5# (re¥) ConrdS
KF=o0

"= 0,



Noether Thet  TM(4) - J”: ¢V

j‘ﬂ gf" p - [ 2«1 9
L~ »u,m $5 04 = 82— Spg) B
Tt:/ 'S canserved [a,z, —-0) 'G"’P‘,’f (: o ’:““S ko rl.d(l .
\'\ rL‘gd'\VlShC 'hue,gr-st.s uwom{' ( ‘lwdw\' v
energy ~Mmamentm cunvent/HenSor
7# - T 9\IﬂwSS en i+
Shess- 2eray L cons OK.

Wt < - o
REZO Tz g g - 2% 569

Conservation of &v\effu Qﬂt:l)', (f“:{:)

- '.’>
E - .( -T'Q' N hme,«wm,oomo«) v
Spac (,ozf(‘:\ls s Lewen g oS)
o¥ cmsernvd

1 L2 1 . -
Klein- Gordon = L= ’%M gt = L) - e

1 - () 5 P

T

N "UA’) ¥ ,uyép) Lo e ¢
K\he;hc— 5‘}"04'\ ) “haymonie o3c.
ewnuny pa('e'“)““ pa’*@hhal

ey



