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1 Use e↵ective field theory to deduce the minimal theory for a single
relativistic field.

Goal'. o n e field of, L invariantundertrans./Lorentz

BuildL outo f "infant building
blocks":

E x 1 : B .B . = ¢ o ld→ 0/1×44 isn't invariant?

But. 5= fd4xL ,(Hal)i→fd4lx+e)L (Nxt4)
dtTxdydz I T =fd4x'Ll#'D

E x . 2 : B-B=

gloomy.#ali
bi'

[2µ4→ AN2101=2×01 i s not B-B]

Our most general L [who 2 -der.o n4]: Lallo,7µmol)
suppose ¢ small (1020). Taylor expandL i .

K t L ,=-theory-m÷§ [¢-linear
t e rm

droppedaffability



2 What are the equations of motion for a Klein-Gordon field? Interpret
them in terms of relativistic particle dynamics.

K- G theory: L = -{40240-NEH

¥µftn"
202pct
)

eons:O-for-
¥÷t¥÷÷¥:÷" =-19948%2,

4+8%24)
Forrelativisticphysics'

= * grot

¢=fd3kA(k)eikxtiffmtiniq.I-
I.GE#IIii'inner

most general:

+Blk)eikx.ir#tPlanewave
solutions!

> End)"+ (pal? E 2
f -
eika-int

m 'i f =
-fiwfeftl.HN/
QM:w=E1h-

, K ,p ,

Naive: ¢ a s wave
function?

Not quite.



3 What is the stress-energy tensor?

Goal: conserved stress-energyt e a m (2µTM=O )::::::::::::::::::::::"
(2µF-1 J I= LYE-LEI,2,041

plugi n
K-G L

Translations: 41=84!

T ", = L8%-1,1%48?
I 242,4-sittin4420247

Use g t o raise v :

7 "TM,=
ftp.globo/-fyMltn2o2-2jf2oo#



4 Why is Tµ⌫ = T ⌫µ?

TH '= 2h42'lo-{GM(my
2+2*01254)= T H

Ft,'Ipatiain
Text

. u pt o
factorso fC:(momentumdens.);= i-comp.o f

energyc u r .

Why? Noetther'sThn appliedt o Lorentz! A"proy%yMPlugi n 1=8+4'.
AM✓ = 8M,+ EM,

# tmp'tempy"+ dry"'XM→ t h+ EMx ,

EMx,= Iggy
Cemex.-e"xD o = e m+ em

Frank.

I conserved current'.
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