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PART A
Answer any 8 questions
Draw the radial wave function for the n = 1,1 = 0 state w.r.t a—’"o for the
hydrogen atom.
Describe a stationary state and a nonstationary state.

Write the expression for the finite rotation operator and infinitesimal
rotation operator.

Write down four properties of the quantum mechanical commutator.

Show that the transition amplitude remains same in the Schrodinger
picture and the Heisenberg picture.

Evaluate the commutation relation L., [L,, L.]].

Show that the trace of matrix in the new basis is equal to the trace of the
matrix in the old basis.

Show that for a quantum mechanical SHO, [V, H| = 0

How can you obtain the position space wavefunctiont), (z') from
momentum space wave function ¢, (p’) ?

Why J, and J_are called the raising and lowering operators.

PART B
Answer any 6 questions

Show that for a system in stationary state the expectation value of an
operator does not change with time.

Show that incompatible observables dont have a complete set of
simultaneous eigenkets.

In the |jm) basis forms by the eigenkets of J2 and J, show that
(Jm| T T+ |jm) = (j — m)(j +m + 1)R?

here J, and J_ are the ladder operators

If A and B are Hermition operators, show that (AB + BA) is Hermition and
(AB — BA) is not Hermition.

Arrive at the expression for the momentum operator in the position basis

If @ and a'are the annihilation and creation operator of a quantum
mechanical simple harmonic oscillator show that

aln) = /nln — 1) andal|n) = vn+1jn+1)
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Draw the radial wavefunction and the probability density w.r.t aio for

n = 3 and [ = 0 in the case of hydrogen atom.

(A)

(V)
Explain the properties of Pauli's Spin matrices
(2x6=12)
PART C
Answer any 2 questions Weights: 5
Given the position space wave function of a Gaussian wave packet
2
' 1 [ikz'— =]

<$ |Oé> - \/Eﬂ‘l/4 € 2 (A)
Prove that the Gaussian wave packet is the minimum uncertainity wave
packet.
(a) Derive the generalized uncertainity relation.
(b) Show that linear momentum is a generator of translation. (V)
If o is a Pauli matrix, a and b are vectors in three dimensions then

(a) Prove that (6- A)(oc- B) = A- B+ io- (A X B) whereo

(b) Derive the matrix representation of the rotation operator D(’FL, qb) for (A)
the electronic spin.

(c) Write down the properties of the Pauli matrices.

Derive the Schrodinger equation for the time evolution operator after
arriving at the expression for the infinitesimal time evolution operator. Also

) : : . : (A)
find the formal solutions to the Schrodinger equation thus treating the
three cases for the Hamiltonian.
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