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1 本文

(iγµ∂µ −m)ψ = 0 (1)

iγ0∂0ψ = −iγk∂kψ +mψ (2)

∂0ψ = −γ0γk∂kψ − imγ0ψ (3)

−i(∂µψ̄′)γµ −mψ̄′ = 0 (4)

−i(∂0ψ̄′)γ0 = i(∂kψ̄′)γk +mψ̄′ (5)

∂0ψ̄′ = −(∂kψ̄′)γkγ0 + imψ̄′γ0 (6)

∂0(ψ
′|ψ) = ∂0

∫
d3xψ̄′(x)γ0ψ(x) (7)

=

∫
d3x{[∂0ψ̄′(x)]γ0ψ(x) + ψ̄′(x)γ0[∂0ψ(x)]} (8)

=

∫
d3x{[−(∂kψ̄′)γkγ0 + imψ̄′γ0]γ0ψ + ψ̄′γ0[−γ0γk∂kψ − imγ0ψ]} (9)

=

∫
d3x{−(∂kψ̄′)γkψ + imψ̄′ψ − ψ̄′γk(∂kψ)− imψ̄′ψ} (10)

= −
∫
d3x∂k{ψ̄′γkψ} (11)

= 0 (12)
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Uk,s(x) =
u(k, s)e−ik·x√

(2π)32Ek

(13)

Vk,s(x) =
v(k, s)e+ik·x√

(2π)32Ek

(14)

(Uk,s|Uk′,s′) =

∫
d3xU†

k,s(x)Uk′,s′(x) (15)

=

∫
d3x

u†(k, s)e+ik·x√
(2π)32Ek

u(k′, s′)e−ik′·x√
(2π)32Ek′

(16)

=
u†(k, s)u(k′, s′)

(2π)32
√
EkEk′

e+iEkt−iEk′ t

∫
d3xe−ik·x+ik′·x (17)

=
u†(k, s)u(k, s′)

(2π)32Ek
(2π)3δ3(k − k′) (18)

=
2Ekδss′

2Ek
δ3(k − k′) (19)

= δss′δ
3(k − k′) (20)

(Vk,s|Vk′,s′) =

∫
d3xV †

k,s(x)Vk′,s′(x) (21)

=

∫
d3x

v†(k, s)e−ik·x√
(2π)32Ek

v(k′, s′)e+ik′·x√
(2π)32Ek′

(22)

=
v†(k, s)v(k′, s′)

(2π)32
√
EkEk′

e−iEkt+iEk′ t

∫
d3xe+ik·x−ik′·x (23)

=
v†(k, s)v(k, s′)

(2π)32Ek
(2π)3δ3(k − k′) (24)

=
2Ekδss′

2Ek
δ3(k − k′) (25)

= δss′δ
3(k − k′) (26)
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(Uk,s|Vk′,s′) =

∫
d3xU†

k,s(x)Vk′,s′(x) (27)

=

∫
d3x

u†(k, s)e+ik·x√
(2π)32Ek

v(k′, s′)e+ik′·x√
(2π)32Ek′

(28)

=
u†(k, s)v(k′, s′)

(2π)32
√
EkEk′

e+iEkt+iEk′ t

∫
d3xe−ik·x−ik′·x (29)

=
u†(k, s)v(−k, s′)

(2π)32Ek
e+2iEkt(2π)3δ3(k + k′) (30)

= 0 (31)

(Vk,s|Uk′,s′) =

∫
d3xV †

k,s(x)Uk′,s′(x) (32)

=

∫
d3x

v†(k, s)e−ik·x√
(2π)32Ek

u(k′, s′)e−ik′·x√
(2π)32Ek′

(33)

=
v†(k, s)u(k′, s′)

(2π)32
√
EkEk′

e−iEkt−iEk′ t

∫
d3xe+ik·x+ik′·x (34)

=
v†(k, s)u(−k, s′)

(2π)32Ek
e−2iEkt(2π)3δ3(k + k′) (35)

= 0 (36)
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