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∂Ψ(~x, t)

∂t
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h̄2

2m
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E =
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− ~p 2 − m2c2 = 0 DJF
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∂2Ψ(~x, t)
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pµ = (p0, p1, p2, p3) =
(

E

c
, p1, p2, p3

)

≡
(

E

c
, ~p
)

,

pµ = (p0, p1, p2, p3) =
(

E
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,−p1,−p2,−p3

)
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E

c
,−~p

)
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[

p̂µp̂
µ − (mc)2

]
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Ψ(~x, t = 0)
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Ψ∗(~x, t)

h̄2Ψ∗

[

c2 ·
∂2

∂t2
− h̄2∆

]

Ψ == −m2c2 |Ψ|2 . DEEF
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Ψ(~x, t)

h̄2Ψ
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c2 ·
∂2
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]

Ψ

}
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∂
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Ψ∗
∂Ψ

∂t
− Ψ

∂Ψ∗
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, ~j = −
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Ψ(~x, t) = A exp
{

i

h̄
(~p~x − εt)

}
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ε
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ε = ±
√
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E~p > 0

( (+��' *+1*% =/� 5(( 7.*'(41 ;
I.$(+ "@ .3"+ (+��+ #).  �A �/(&

Ψ(+)(~x, t) = A exp
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h̄
(~p~x − E~pt)

}
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2
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Ψ(~x, t) = ϕ(~x, t) exp

[

−
imc2

h̄
t

]
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∂2Ψ(~x, t)

∂t2
= exp

[

−
imc2

h̄
t

]{

∂2ϕ(~x, t)

∂t2
− 2i

mc2

h̄

∂ϕ(~x, t)

∂t
−

m2c4

h̄2 ϕ(~x, t)

}
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ϕ(~x, t)
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∂2Ψ(~x, t)

∂t2
= exp

[

−
imc2

h̄
t

]

mc2

h̄

{

−2i
∂ϕ(~x, t)

∂t
−

mc2

h̄
ϕ(~x, t) +

1

h̄
O

(

T 2

m2c4

)}
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ih̄
∂ϕ(~x, t)

∂t
= −h̄2 ∆

2m
ϕ(~x, t). DG�F
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