
Angular Momemtum



Classical Mechanics of One Particle Angular 

Momentum
Consider a particle of mass m moving around in a circle at a distance r from

the origin.

The particle's angular momentum L with respect to the coordinate origin is

defined in classical mechanics as

L = r x p

L=

Lx = ypz - zpy, Ly = zpx - xpz, Lz = xpy - ypx
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Magnitude of the total angular momentum, L



Commutation Relation
Let a function f depend on x,y,z





0 ≤ r ≤ ∞,      0 ≤θ ≤ п 0 ≤ φ ≤ 2п



The differential volume element in Cartesian coordinates is dxdydz

The differential volume element in spherical polar cordinates is





One Particle orbital angular momentum eigenfunction

and eigenvalue



The requirement that T(φ) be a single-valued function of φ is







So, there are 2l+1 values of m for each value of l

Thus, l ≥ ± m ,  or, m≤ l and m ≥ -l





θ is always greater than 0 since m is always less than L except when l=0



Rigid Rotator

This model



Prove it









Schrӧdinger Equation for Rigid Rotator



The Rigid Rotator is a Model for a Rotating Diatomic 

Molecule







V is function only of the relative coordinates, in this particular case V=0 



The Hamiltonian can be viewed as the sum of the Hamiltonians of two

hypothetical non-interacting particles with masses M and μ. The first term

represent Hamiltonian for translational kinetic energy of the hypothetical

particle of mass M located at the centre of mass. The second term represents

Hamiltonian for kinetic energy of internal motion of the hypothetical particle

of mass μ subject to potential energy function V.

H= +

EM is the translational Energy of a hypothetical 

particle of mass M located at the centre of mass 

Eμ is the energy of the hypothetical particle of

mass μ that subject to the same potential energy

as the original system.

Where E= Eμ + EM and  Ψ = ΨM .Ψμ



This problem becomes equivalent to a particle of mass μ constrained

to move on a surface of a sphere of radius r=l , the bond length

Internal motion is of two types: the distance between two particles can

change (vibration) and direction of the bond or r vector can change

(rotation)

Here, V=0


