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1. Degrees of freedom of, labeled by it. . . . , N
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. Lagrangian LCE fits ,

{ gli } ,
t) = T- V
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Action SCatI-fdtL@Ctl.qHI ) EIR
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Hamilton 's principle of least action :

SFI to ⇒ SS = fat SL IO
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. Euler-Lagrange equations (it. .
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Analogous: Lagrangian Field Theory
1

.

One or more fields 0/1×1 on spacetime X E 112^3/1124
z,

with derivatives feed where do -_ It and di-e.z.rs -- day
, z
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2. Lagrangian density 210,00, # → Lagrangian L =/d¥ KC4,04)
3. Action : S = fdtl = fdtfd 3×116.00) = f d 4×214,00)
4 . Acfiouprincipki Oi 55103 = fd4x TL
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Recap : Hamiltonian Mechanics
-

Legendre Transformation Hamiltonian

Lagrangian LIFE't)-Hftp.tj-p.og-LG.git)
Conjugate momentum

Hamiltonian field Theon,

P - Igt ⇐ E - gcp,

1
.

Let X = Xi Ii be discrete spatial coordinates

tf - pit P = f¥T=f¥fd3Y LIM , oily) ) n § dsyfoq.LK/lxhoicxDS*y87oTly=x
→ Momentum density conjugate to ¢ is = 8%4×7 d3x

-

2. Hamiltonian :
× EEC4*46*1) d3x

⇒ IT

- H= Typhoid, - L f Io -- ohh

= fd3x{ IT If - L (olio) }
-

Hamiltonian density 2lcol.it)



Examined : Free scalar field

1
.
Real field ¢ : 1123×112→ IR with (*it) p ol#it = of

2 . Lagrangian (density) : 2=110+012-1*012- Im - 0/2=12 (Om 2-Europe

(droll
'

= died84=0+012-10×012 - (dy@5-@£12 } On = 0+2-72

3. Interpretation : potential÷
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kinetic energy
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stretching energy "

4. Equation of motion (
" field equation

" ) :

- in
> ¢ - dm 01=0 ⇒
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( classical Klein - Gordon equation )

G .
Hamiltonian density : H= ITI - fifth#12 thud! Itt I Rt EW42
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. ¢ transformation on coordinates and fields :

x→ x
'
-
- x'Cx) and ¢ I → ¢

'
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Two effects : coordinates and fields transformed
-

-

Ee Rotation of a vector field OT
a) ¢ 3-component field OT

'
- ( 04.02.04) and RE SO rotation

b) I ' - RE and OT' = 1207×1=124712 - exe)
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2 . Change at the action under of → of ' :

S
'
= Scot ']= fddx L (ol ' , deed' )

rename x→x' ? fddx . L I
, did ' )

definition f-fddxiLnT@cxf.dmTnC0cxlH-fddxl8TtILfTC0cxil.dOut al)
Exampl Translations

→
defines a scalar field

a) X
'
:= Xt a

,
0/4×1 := of = ¢Cx '- a)

b) F trivial , 44×7=71061) = of(Xcx's ) , and = Sf
c) Action :

SH ' ]= fddx LK ' idiocy) = fddx Holy , dude)) = SEPT
→ action is translational invariant


