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l = −ir × ∇
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l = r × p   
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p = −i∇
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lzYl ,m = mYl ,m, l2Yl ,m = l l +1( )Yl,m ,
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l, s, j
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a,b[ ] = ab − ba�8&�
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sx,sy[ ] = isz, sy,sz[ ] = isx, sz,sx[ ] = isy€ 

lx,l
2[ ] = ly,l

2[ ] = lz,l
2[ ] = 0
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sx,s
2[ ] = sy,s

2[ ] = sz,s
2[ ] = 0
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szσ(α) =

2
σ(α), szσ(β) = −


2
σ(β),

s2σ(α) =
32
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σ(α), s2σ(β) =

32

4
σ(β)
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lx,ly[ ] = ilz, ly,lz[ ] = ilx, lz,lx[ ] = ily
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l± = lx ± ily, s± = sx ± isy
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l±Yl ,m =  l  m( ) l ± m +1( )Yl,m±1

€ 

s+σ(α) = 0, s−σ(β) =σ(α)
s+σ(β) =σ(α), s−σ(β) = 0
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α α = β β =1, α β = 0
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Yl ,m Yl ',m ' = δ l ,l 'δm,m'
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L = l∑ , S = s∑
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J = L + S or j∑
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φ'= E 'φ'
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x,y,z→λx ',λy ',λz'
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φ '= Eφ '
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E '= E /Ea
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m = e =  = 4πε 0 =1
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Hso = ξ jL jS j∑

ξ j = −
e

2m2c 2
1
rj

∂U rj( )
∂rj
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U r( ) = −
Z *e
4πε 0r
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l • s = lxsx + lysy + lzsz =
1
2
l+s− + l−s+( ) + lzsz
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H '= H0 +Hso
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ϕspin=s H0 ϕspin=s' = δs=s'

ϕspin=s Hso ϕspin=s' ≠ 0(s = s'±1)
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H0 =

ϕs H0ϕs 0 0
0 ϕt H0ϕt 0
0 0 ϕq Hϕq
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Ei=s,t ,q =

ϕi,1H0ϕi,1 0 0
0 ϕi,2 H0ϕi,2 0
0 0 ϕi,3 Hϕi,3
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H '=
ϕs H 'ϕs ϕs H 'ϕt ϕs H 'ϕq
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H '=
t
ϕs,ϕt ,ϕq H ' ϕs,ϕt ,ϕq , ϕs = ϕs0,ϕs1,ϕs2,,,,ϕsn( ),ϕt = ϕt 0,ϕt1,ϕt2,,,,ϕtn( )
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ϕ's = ϕ's0,ϕ's1,ϕ's2, ,,,ϕ'sn( )
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ϕ's0 =ϕs0 + c1ϕt0
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