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t

u
n
d
er

g
a
u
g
e

tra
n
sfo

rm
a
tio

n
s

A
m
→

A
�m

=
A

m
−

∂
m

α
.

(7
)

R
ela

tivistic
sp

in
1
/2

ferm
io

n
d
escrib

ed
b
y

th
e

D
ira

c
eq

.

(iγ
m

∂
m
−

M
)Ψ

=
0
.

2
3



G
a
u
g
e

in
varia

n
ce

p
o
stu

la
te

:
p
h
ysics

in
varia

n
t

u
n
d
er

(7
),

su
p
p
lem

en
ted

w
ith

Ψ
(x

)
→

Ψ
�(x

)
=

e
iqα

(x
)Ψ

(x
)

.
(8

)

D
ira

c
eq

.
n
o
t
in

varia
n
t
u
n
less

w
e

rep
la

ce
th

e
d
eriva

tive

w
ith

a
co

varia
n
t

d
eriva

tive

D
m
Ψ
≡

(∂
m

+
iqA

m
)Ψ

→

(D
m
Ψ

) �=
(∂

m
+

iqA
�m
)Ψ

�=
e
iqα

(x
)D

m
Ψ

(x
)

.
(9

)

D
ira

c
eq

.
in

a
n

electro
m

a
g
n
etic

fi
eld

b
eco

m
es

(iγ
m

D
m
−

M
)Ψ

=
(iγ

m
∂

m
−

qγ
m

A
m
−

M
)Ψ

=
0

.
(1

0
)

2
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