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Ĥ =
∑

i
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ĥD(i) = β′
imc

2 + c (αi · pi) + V̂eN ; β′ = β − 1
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rij

−
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(cαi · ∇i) (cαj · ∇j) rij
2c2

+ . . .
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pµ → pµ − qAµ ⇒ q = −1 °± ⇒
p → p + A

E → E + φ
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V 0
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]
− îc

[
0 ∂

∂z
∂
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[
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∂y
∂
∂y 0

]
− k̂c

[
0 ∂

∂x
∂
∂x 0

]
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Å ¸ » Â �À » � Â Á¼Æ À Ç¿ ¼ Ã Â�¸½ È ψS = 1
2mc (σ · p̂)φS
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4m2c2
(σ · p̂) V̂ (σ · p̂) − T̂
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1 0
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2mc2
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φS


E

Éç Â½ Ê¸ Á Ë Â Ã Æ ¸¿ ç Ì Â½ Í Î Á¸ Ï È (σ · p̂) V̂ (σ · p̂) = p̂V̂ · p̂ + iσ ·
(
p̂V̂ × p̂

)
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Û †

[
V c (σ · p)

c (σ · p) V − 2mc2

]
Û =

[
ĥ+ 0

0 ĥ−

]
; Û =

[
Ω+ −χ†Ω−

χΩ+ Ω−

]

4

Ò Á¼½ Ä Î¸ Á Ï ¼ Ã Â�¸½ ¸ Î ¸ Á Ë ÂÃ ¼ Ì Ä È

[
ψL

ψS

]
→

[
Ω+

[
ψL + χ†ψS

]

Ω−

[
ψS − χψL

]
]

4

Ó¸ Ä ÂÃ Â
Ô À ÊÀ ½ À Á Í= Ä¸ Ì¿ Ã Â�¸½ Ä È χ Â Ä Ã ÕÀ À Ö¼Æ Ã Æ ¸¿ ç Ì Â½ Í ¸ Î Ã ÕÀ Ì¼ Á ÍÀ ¼½ » Ä Ï ¼ Ì ÌÆ ¸ Ïç ¸½ À ½ Ã Ä

ψS = χψL; χ =
(
2mc2 − V +E

)−1
c (σ · p)
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Ó¼¿ Ì Â ë ¼ Ï Â ÌØÃ ¸½ Â�¼½ È

χ =
1

2mc

[
1 +

E − V

2mc2

]−1

(σ · p) ∼
1

2mc
(σ · p)
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ÙÀ Í¿ Ì¼ Á iç ç Á¸ Ö Â Ï ¼ Ã Â�¸½ È

χ =
c

2mc2 − V

[
1 +

E

2mc2 − V

]−1

(σ · p) ∼
c

2mc2 − V
(σ · p)
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Y++ Y+−

Y−+ Y−−

]
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n = N ; NS = 2NL
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� ¼ p fd q d ` `ih Î j g ñ

N4 ∼ 100 ∼ 4 ∼ 100ò¼ ós q `} d f m q d fs u vj d n f q c js ó
N5 ∼ 61 ∼ 10 ∼ 130ô¼ ós q `} d f m q d fs u vj d n f q c js ó ó

N5 ∼ 13 ∼ 20 ∼ 68b¼ ô ôõ b

N6 1 32 32
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∑
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ψ
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s = Mz
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9 js h g j m m cs ` fd f z zd j fg ty¼

s = |M|

4

:d f n` d uh l s d ` u q d c g q ` { vj d nl m f q c js ¼ u zcs l z ; { j �s d ` z m fg ` { o| n j n`s q l z ; { j �s



Ô Ñ 2 0 6 . 0 1 23 5 < ?9 Ð Ð ;= 0 . 3 2 8 0 . 6 3 ?9 0 1 8 ; 3 3 . ? 2 0 =

	� 	� � · �� �� � �¢ � � Â Ã� ¡  � � � > ¹ ¦§¨ ¨ ¬ ª© Ì¬ �

¡� ¶� Ã � Å  � � � � � � Ã? � £� Ç � �� ¡  � � ·� � µ @ > > ¦§¨ ¨ ¨ ª º © � ¡  � � � � �¢ � µ > Ê ¦ ºÌ Ì Ì ª §  º§ Í
4

ós q ` d fg q c js �c q t `w q ` d s f m ` m` g q d j n f} s ` q c g �:` m { u

¦? � ®�  BA � �C ��   · � Ã� Ä � � �� � ��  � ��� �  � ³ ¡  � � � ? �� ¦§¨ ÌÍ ª § º© ª

H DFE G = −

∫
jµAµdτ =

∫
ρ(r)φ(r) − j(r) ·A(r)dτ
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HI J KLM N O"PQ (k) → j(r) → M(r) → s(r)
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σψ}
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