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Lorentz vector

v 1
g,u g,uv( -1 )

2= (ct,F) @(%%,v) -

k“:(g,l_{) j“:(cp,f) A“(%,ff)

c
3 3
d*r = d2°d x'd 2°d 23 d’p d’k Lorentz invariant
E/c w/e
pH=i0H E:i% p=—iV
Electro-Magnetic Field
0 —F= _E _E
= 0 -B. By
FHY =0rAY — VAV = EC,
-+ B. 0 -B
L -B, B, 0
1 1 (E? 4 1, = - 1
__FHVFV:_ __B2 —— E2_ H2 — 2
4 po g 2uo< c? ) 5(%0 oH) noco -
1
L=—"T"F"F,, — j*A
4 o a I
O FHv =0A* — 0F(0,A) = poj* Ouj*=0
H=n(OA,) — L= %(EOEQ + o) 2B -V
oL 1 1 > -1, 5
= = For = 0,e9cE 0A,=| -V-A,=(E+V )
sae =t —Loeh) o= (-v-ALE+v0)
Gauge transformation
AP — A = AP — OHA
0, A* =0 = OA=9,A" : Lorenz gauge
V-A=0 = AAN=-V-A : Coulomb gauge
- . . e2 1
Heaviside-Lorentz unit: g = po=1 Natural unit: A=c=1 =137
Euler Equation
S= /£(¢, 0up)dz = / Ld3zdt= /Ldt action
oL oL
05=0 = — —0y=—=0 Least action principle
96 9(0,9) pEREp

Proca Equation
1 1 .
E = _ZFMVFHV + §m2AHAH — jMAH

oL _, L
04, o(0,A,)

—0 = D" — 0D, A") +m2Al = ji = m20, Al = i1 =0

= 9,Ar=0 (O +m2) A = jr



Fock Space
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Canonical Quantization
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Neutral Scalar Field
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4-dimensional commutation relation
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Noether’s theorem
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Quantization of Electro-magnetic Field ( Lorenz gauge 0,4 =0 )
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Polarization Vector of Spin 1 Particle



(0 —1,—-14,0) A : helicity on traveling along the z-axis
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Dirac Field
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Magnetic moment of dirac particle (gyromagnetic ratio)
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spin 1/2 incoming: u(p, s) or v(p, s) outgoing: u(p, s) or v(p, )
spin 1 incoming: €,(p, A) outgoing: /,(p, \)
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Vertexes
EM current for charge +e —teyt
A
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Conservation law

Q num\Int.  Strong EM Weak
Isospin [ 0 X X
I3 0 0 X
Parity P 0] 0] X
C-parity C 0 0 X
G-parity G 0 X X




