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1 本文

[Pµ, ψa(x)] (1)

= [

∫
d3y

(
iψ†

b(t,y)∂
µψb(t,y)− η0µL (t,y)

)
, ψa(t,x)] (2)

= [

∫
d3y

(
iψ†

b(t,y)∂
µψb(t,y)− η0µψ†

b(t,y)[γ
0(iγµ∂µ −m)]bcψ

c(t,y)
)
, ψa(t,x)] (3)

= −i
∫
d3y{ψ†

b(t,y), ψ
a(t,x)}∂µψb(t,y) + i

∫
d3yψ†

b(t,y)∂
µ{ψb(t,y), ψa(t,x)}

+ η0µ
∫
d3y{ψ†

b(t,y), ψ
a(t,x)}[γ0(iγµ∂µ −m)]bcψ

c(t,y)

− η0µ
∫
d3yψ†

b(t,y)[γ
0(iγµ∂µ −m)]bc{ψc(t,y), ψa(t,x)} (4)

= −i
∫
d3yδb

aδ(y − x)∂µψb(t,y) + η0µ
∫
d3yδb

aδ(y − x)[γ0(iγµ∂µ −m)]bcψ
c(t,y) (5)

= −i∂µψa(t,x) + η0µ[γ0(iγµ∂µ −m)ψ(t,x)]a (6)

= −i∂µψa(x) (7)

[J ij , ψa(x)] (8)

= [

∫
d3yψ†

b(t,y)i(y
i∂jy − yj∂iy)ψ

b(t,y), ψa(t,x)] + [

∫
d3yψ†

b(t,y)(
1

2
σij)bcψ

c(t,y), ψa(t,x)] (9)

= −
∫
d3y{ψ†

b(t,y), ψ
a(t,x)}i(yi∂jy − yj∂iy)ψ

b(t,y) +

∫
d3yψ†

b(t,y)i(y
i∂jy − yj∂iy){ψb(t,y), ψa(t,x)}

−
∫
d3y{ψ†

b(t,y), ψ
a(t,x)}(1

2
σij)bcψ

c(t,y) +

∫
d3yψ†

b(t,y)(
1

2
σij)bc{ψc(t,y), ψa(t,x)} (10)

= −
∫
d3yδb

aδ(y − x)i(yi∂jy − yj∂iy)ψ
b(t,y)−

∫
d3yδb

aδ(y − x)(
1

2
σij)bcψ

c(t,y) (11)

= −
[(
i(yi∂j − yj∂i) + (

1

2
σij)

)
ψ(x)

]a
(12)
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[Q,ψa(x)] (13)

= [q

∫
d3yψ†

b(t,y)ψ
b(t,y), ψa(t,x)] (14)

= −q
∫
d3y{ψ†

b(t,y), ψ
a(t,x)}ψb(t,y) + q

∫
d3yψ†

b(t,y){ψ
b(t,y), ψa(t,x)} (15)

= −q
∫
d3yδb

aδ(y − x)ψb(t,y) (16)

= −qψa(x) (17)

[Q,ψ†
a(x)] (18)

= [q

∫
d3yψ†

b(t,y)ψ
b(t,y), ψ†

a(t,x)] (19)

= −q
∫
d3y{ψ†

b(t,y), ψ
†
a(t,x)}ψb(t,y) + q

∫
d3yψ†

b(t,y){ψ
b(t,y), ψ†

a(t,x)} (20)

= +q

∫
d3yψ†

b(t,y)δ
b
aδ(y − x) (21)

= +qψ†
a(x) (22)
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