
Example e. 4 : Scale transformations
# sealing dimension

1
. X

'
:= d. x and ¢ ' := -5%1*1 = d- "0/41-7×4

2 .
I = d-

" 4
, 8¥n= d-' of ⇒ 18¥I = dd

3. Action : S 3¥' ddfddx Lf d-44*1 , d- 1-odeecfcxl )
= I Sddx (On 12

= Xd - 2-2" fddx L , dude) = dd- 2-24 s 3

⇒ 51=5 iff ↳ = dz - 1 (→ conformal field theory )

Example 15: Please rotations
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I Keiko and 0¥: -- of ⇒ fftf -- e



IufiuitesiuralTrausforueatio#

1
.
Infinitesimal transformations : Cda I

× 'M = XM twa.FI and ol
'

= of +
of

- II. Cx) (1.2 )

2 . Generator of IT :

Soda, = ol
'
- of = -ice. Gada,

With
ol
'

= ol too Ew
.

= OH) - wa FF
.
dadK'I take FEW.CH/tOCw7

it follows

igaq-of-I.fi/-SfIwaJExacnplel.6:Translafi#
1. X'M = XMt WM = XM+ Wo FFT ) 3

.

i Gee¢ = Sf Qf - O and therefore

2 .

JI = o 8×9 Gµ= - idµ= Pm
Iwo ⇒ got

= 5%



E-xamplel.7-iscaletrausforu.at#G---ixM?m=D
"

dilutions "

→ 9=42,3

Examispah.IR/ahauGmo--iCxmdo-xudm) t Smo
Gaz =

ifx.dz#)Sx.Sx.SzL3--ZNoef6er'sT4eoreI
1.

Transformation X.2) is symmetry of flee action :⇐ S 3=54 ' ] ( for Wee independent
for x

2
.
Assume that fled not oigid : Wa = Wa I ⇒ rigid transformation)

3. 3aaesiaci.OfIn-oItqe@a8Iw.l;> FEI - et on @adf.to)
det#A) = At Tr It 0 (AZ)



4
.
Inverse Jacobian : = Jj - dm@a 8£: )
5

.
Use 6. e) :

S '
-

- fddxfeton@affu7DLfoItoaEu.fsI-quaFI.Ix look + do@AEI. ) ) )
6

.
Expand in 1st order of Wa and d¥% ← ( 80×-847)

7
. ¢ 55=5' - S → Only terms & 84g remain

8
.

For generic ,
non - rigid transformation we find

JS = - fddx JI dawa
with the current

i.ie#7oToo4-snorfEI.-8Yg.sF.x.3s
9

. Integration by parts : SS = fddx wa dmjma



10
.
Let ¢ obey the equations of motion → SS - O for arbitrary variations 0/1=0/+001

In particular, for arlitoury non - oigid transformations Wa ?

It follows

Noetkeriscfirsfltheooecyaeia.oo.n.LY:
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. Couseoueddar
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Indeed

daff - ↳em Ooi :%¥"- Isp
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Note

The current 4.31 is called canonical current
-

as there is an ambiguity:

Jan := jut do Ban with BM! = -BIM a.Sinan, ⇒ dµTMa=o

Note

Symmetric Lagrangian ⇒ Symmetric action ⇒ Symmetric EONS
-

→ Conserved currents

→

ApplicafioatheEneogy-lloceeeatumteusorCEII.CI
infinitesimal : X'M = XMten → FIT - 8% , §÷=0

2 .
¢ translation invariant action : S

'
- S



SE
3

.

Conservatoires
-

TT -- {8*4,94 - age}E¥= 84*04 - sea

TM0=g°eTue=%¥d4-9^°2Eq÷!÷÷#
with dµTM°=0 and four conserved charges

(
Qa
-so

P°=fd2
4. Energy 10=0)

Po = fd3× Too = Jd3×{877%-2} = fd3× 214*1 = H



F.Kiueticueomeutom(0= canonical momentum

pi-fd3xtoi-fdxdf.C-a.cl/=-fd3xTtdio/Notel.3-
In general TMO f- TH for the canonical EMT. But :

FMO := TMO t Op KPN wine UM°= - Kun

Choose KOMO soca float FMO-TH (→ Belinfante ENT)

EXamplel.9.ie/ectromagnetismiuHhevacocy
A
. Four - component field : AM-_ (¢

,
Ah

,
AZ
,
As )

2. EM field tensor : Fmo = OmAo - doAn

3
. Lagrangian : £em(AT Auto) = - 14 Fnufno



4
. Action : Sem = fd4x dem

J
. Euler-Lagrange equations: dMFM ( inhomogeneous Maxwell equation, )

Poincare invariant
6

. Sem is Lorentz invariant and translation invariant → EMT = conserved currents

7 . Canonical EMT: TEI -= §f% TAX - g Lem

8
. Symmetric EMT vice KdM°= FM "AO :

• q

T%°=¥9M°FeaFed_T→pp÷
•
= { (E-2+532) (eueogy density )

• Foi = (Ex B)i ( Pointing vector)

• Ti's a Oij (Maxwell stress tenor)

Details Problem Set A


