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Write the operators corresponding to the three components px, py, and p; of linear
momentum. Use them to derive the operators I:\,, I:_\, and I: for the components of angular

momentum.

State the commutation relations between the operators I:'\_, lA,), and I:: and also between the
operator [* and any one of IA‘X, I:", and IA‘: . Explain the consequences of these relations for
the measurements made of the angular momentum of a quantum particle. Compare the

results with similar measurements on a classical system.

State the eigenvalue equations for [* and l; in terms of the eigenfunction Y, (6,¢) .
Calculate the magnitude of the angular momentum of a particle in the state with

/=2andm=1.
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The operators ll = L\, +i£), and [_ = ix —il:v are the angular momentum raising and
lowering operators respectively (c.f. the raising and lowering operators for the harmonic

oscillator). Prove the following commutation relations:

(b) [LL] = AL

© [P L]0

Carry out the following steps to show that the effect of f,+ is to transform the eigenvalue
equation for I:: with eigenvalue m, into the eigenvalue equation with eigenvalue m + 1.
(d) Write down the eigenvalue equation for i .

(e) Pre-multiply the equation by I:+ .

(f) Use the commutation relation in (a) above to reverse the order of the operators and

hence show that (I:\,I:+ = hIl)Y

‘m

= mhI;Y,

‘m *

A

Rearranging this gives the eigenvalue equation I::(I;Y,,m)= (m+ l)h(L Y, ) as required.
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3. The classical expression for the kinetic energy of a rigid rotating body is
(L L} L?)
T=— +—+—=
zk 1\ y 1:' J

where Ly, Ly and L, are the components of angular momentum and I, I, and I; are the
principal moments of inertia.

(a) Setup the corresponding Hamiltonian operator for the quantum mechanical situation.
(b) Determine the eigenvalues of this operator for the case in which the body is spherical,

ie. Iy = I, = I. Give an expression for the degeneracy of the eigenstate with total

angular momentum quantum number / .
(c) Find an expression for the eigenvalues of the Hamiltonian operator if the body has

I, = I, = 2I; and calculate the eigenvalues and degeneracies for the states with /=2 .
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