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Coined by Gilbert
Lewis in 1926.

In Greek Language
“Phos” meaning
light




What do you know
about Photon?




“Nnoto

Discrete bundle (or quantum) of
electromagnetic (or light) energy.

Massless spin 1 particle & behaves like both
wave and particle
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Results due to slight Modification

X Relativistic Energy-momentum relation for
massless particle
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Quick Review

§ * Unified description of electricity and magnetism
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Quick Review

X Charge conservation comes from the continuity
equation

“o_
Lorentz invariant form <‘,: 0,J"=0

(6,°+06,J' =0)

Local charge conservation



Quick Review

* From homogeneous Maxwell equation one can
get scalar and vector potential (p, A or A)

B=VxA and E:—V¢—Z—A
t
* Maxwell equation remains satisfied e.g.
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To Introduce
scalar(op)
and
vector (A)

potential




*xJust for the sake of convenient mathematical
inventions.

or

* Due to some concrete reason

if yes!

Then what that reason is?



Peruse the definition
A=A'=A-Vy of these potentials




Verification

X consider Ed=4'=4-Vy
| —

= VB =V.(Vx4)=

V.B' =V.(Vx(4-Vy))
V.B' =V.(Vx A)—V.(V%;()

T a

Magnetic field remains invariant under the
(local gauge) transformation



Remains invariant under
(local gauge)
transformation?

(gauge freedom)



e Enjoy gauge freedom

Exploited it and
benefit from it

how


http://www.animatedgif.net/people/guy_e0.gif
http://www.animatedgif.net/people/drstickguy_e0.gif

Covariant form of Maxwell’s Eq

Relativistically E and B can be represented by
antisymmetric 2"¢ rank tensor, the “‘field strength
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" Exploit gauge freedom
A" =(¢,A) * to impose constraint on :
. potential 64, =0 :

e Lovents condition”
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Polarization vector

P“P =0 ?l-comp.,but not all
H independent

* Lorentz condition requires that
Pfe, =0



Information from Coulomb gauge

* In coulomb gauge
=0, €p=0
* Free photon is Transversely polarized

* Polarization three vector (&) is perpendicular to
the direction of propagation.

Coulomb gauge is Transverse gauge



The Feynman rules for QED ()
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* Photon (y)
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Lagrangian density

X Lagrangian density for photon field
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Externally specified current JV is coupled to photon field



Covariant Gauge Transformation

—
* Gauge transform Lagrangian density
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* Simplification after substitutions
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Physics remains Invariant

Invariant




Dirac Equation

in
electromagnetic
field



X Dirac Equation describing a spin % fermions of
mass m in free space

(i}/ﬂ“ 8l—m)\P=O

X The corresponding Lagrangian density
L= 17(1'7/1 0, —mc)ly

X What happened to Dirac equation under U(1)
gauge transformation i.e.

¥(x)> ¥'(x)=e“¥(x)



U(l)

© nXn Matrix U is unitary if UU'=U"'U=1

© Product of two unitary Matrix U is unitary.
© NnXn unitary Matrices form a group under
Matrix multiplication, denoted by U(n).
©  Un) has n? generators.

© detUU" =detUdetU" =detU(detU)" =det/ =1

detU = e ™"
For n=1

detU =¢™



Global gauge transformation

e —————— e ——
e ———————————————————

* If a is just a number
L=F0)ir* 0, ~m)¥(X) LT (X)(iy* 0, —m)¥'(X) =L
= ¢“V(X) iy 0, —m)e W (X)
=¥ (X) (iy* 0, —m)¥(X)
L=L

Invariant



Local gauge transformation

* If a = a(X)

L= (X)iy* 8, -m)¥X) L9 T (X)(iy" 0, —m)¥'(X) =L’
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= O (X) [ir* 0, (e “OW (X)) - mle W (x)

_ eia(X)W(X) l-y;t {e—ia(X) (@/fl«X))—l— (a/le—ia(X) )“P(X)}
- m(e_’“(X)‘P(X))



Local gauge transformation

e —————— e ——
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Not Invariant



X Requirement of local gauge transformation
enforces the introduction of electromagnetic
field describe by the 4-vector potential

P* > P —qg4"
a(X)=qx(X)
[7/2(1'82 —qAA)—m]‘{’ =0
VY =y
A, > A, =A4,-0,y
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=|_q&% +iy*0, —qy’ A, — e —mJe‘iq’f(X)‘P(X)zO

* After introducing the gauge transformation extra
term will exactly cancel out

', a7, -mp w00

[7/1(1.8/1 _qu)_m]‘{J(X) =0



Complete Lagrangian for f & y

X Lagrangian density describing the fermionic field
in the presence of an electromagnetic field is

L=FX)r (0, -qd,)—m|¥(X) —%F“FM ~J 4,

Current produce
by Dirac particle




* Coupling to photon field consist of two parts
1. With external current density J¥i.e J*A,

2. With fermion field J ¥ 4% (x)y ¥ (x)

* When this current coupled to A,, describe the
Interaction vertex
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