
Rigid Rotator

I. Planar

The Laplacian in plane polar coordinators is

x = ρcosθ; y = ρ sinθ
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2 ;  tanθ = y /x
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For a rigid rotator

ρ = ρe
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∂ 2

∂θ 2         - angular kinetic energy

 Ηr.r. Φ θ( ) = λΦ θ( )

By inspection        Φ θ( ) = Νe iaθ
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Boundary condition.  Φ θ + 2π( ) = Φ1θ).

Thus

eiθa=ei θ +2π( )a
∴ ei 2πa= 1

              a = ο, ±1, ±2, etc                       a ⇒ m  (integer)

  Φ m θ( ) = Νl imθ .
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Summary            Φm θ( ) =
1

2π
e iπmθ;        m = ο,±1, ± 2, ..

  
Em =

h2m2

2µre
2

II. Three dimensional

Need ∇2  in spherical polar coordinates.  Before that recall team class.
____?



L = r x p

i j k

x y z

px py pz

 :

Lx = yPz −zPy

Ly = zPx −xP z

L z = xPy −yPx

:

Qm: replace with operators
  
Pα = − ih

∂
∂α

Commutation relations:

  

Lx,Ly[ ] = i h Lz

Lz,Lx[ ] = i h Ly

Ly,L z[ ] = i h Lx

L2 = Lx
2 + Ly

2 + Lz
2       Lα , L2[ ] = 0 α = x , y , z


