
J = L + S

L ⋅ S = LxSx + LySy + LzSz

Angular Momentum Coupling

L± = Lx ± iLy

L ⋅ S = LzSz +
1
2

(L+S− + L−S+)
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J2 = L2 + S2 + 2L ⋅ S

Orbital Angular Momentum, L:

Spin Angular Momentum, S:

L2 | l, ml > = ℏ2l(l + 1) | l, ml >
Lz | l, ml > = ℏml | l, ml >

S2 |s, ms > = ℏ2s(s + 1) |s, ms >
Sz |s, ms > = ℏms |s, ms >

Total Angular Momentum, J: J2 | j, mj > = ℏ2j( j + 1) | j, mj >

Jz | j, mj > = ℏmj | j, mj >

S± = Sx ± iSy

Raising and Lowering Operators

J2 = L2 + S2 + 2LzSz + L+S− + L−S+

2S+1LJTerm Symbol:

j = (l + s, l + s − 1... | l − s | )



Hint = aJ ⋅ S

J ⋅ S = JxSx + JySy + JzSz

J+ = Jx + iJy

Dot Product Coupling

J− = Jx − iJy

S+ = Sx + iSy

S− = Sx − iSy

J ⋅ S = JzSz +
1
2

(J+S− + J−S+)

J+S− + J−S+ = (Jx + iJy)(Sx − iSy) + (Jx − iJy)(Sx + iSy)

J+S− + J−S+ = 2(JxSx + JySy)

Raising and Lowering 
Operators:
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W =
j
ℏ

SA ⋅ SB

Two Identical Spins - j Coupling

SA
−SB

+ | + − > = ℏ2 | − + >

S+ = Sx + iSy
S− = Sx − iSy

W =
j
ℏ (SA

z SB
z +

1
2

(SA
+SB

− + SA
−SB

+))

H | + + > = (−ℏω0 +
ℏj
4 ) | + + >

H0 = − ω0SA
z − ω0SB

z
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H = H0 + W

SA
+SB

− | − + > = ℏ2 | + − >

SA
x SB

x + SA
y SB

y =
1
2 (SA

+SB
− + SA

−SB
+)

H | + − > = −
ℏj
4

| + − > +
ℏj
2

| − + >

H | − − > = (ℏω0 +
ℏj
4 ) | − − >

H | − + > = −
ℏj
4

| − + > +
ℏj
2

| + − >

−ℏω0 +
ℏj
4

ℏω0 +
ℏj
4

−
ℏj
4

−
ℏj
4

0

0

0

0

0

0

0

0 0

0ℏj
2

ℏj
2

H = H0 + W


