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All symbols are of usual significance.

Question No. 1 is compulsory and answer any fwo from the rest

1. Answer any fen questions from the following:
(a) Explain the physical significance of encrgy time uncertainty relation.
(b) Give the physical interpretation of the wave function y/(x, ).

(¢) What are stationary states in quantum mechanics?
(d) If the commutation relation between x and p is [x, p] =ik . Find the commutation

value of [x?, p].

(e) What is the implication of the result: [I:I , i] =07?

~

(f) Consider the operator Q=i5:z where ¢ is usual polar coordinates in two

dimensions. Write down its eigenvalue equation and find its eigenvalues.

(2) What is normal Zeeman effect? Under what conditions it may be observed?

(h) What is Larmor precession of electron in an atom?

(i) Explain bound and unbound states in quantum mechanics.

() A wavefunction y is constructed as a linear combination of a set of orthonormal
eigenfunctions v, :

Y= c¥,
n=l

where ¢, are constants. Show that if ¥ is normalized then Z| c, |2= 1
n=1

(k) If the wavefunction of a particle trapped in space between x=0 and x=17 is
. . 2mx .
given by y(x) = Asin 5 where A is a constant, for which value(s) of x will the
probability of finding the particle be maximum?

(1) Electron configuration of Sodium is given by 1s? 252 2p° 35!
state term symbol of Sodium.

(m) What is Stark effect?

. Find the ground
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(n) A beam of spin -‘2— particle is prcp.nul in the state | W)= \/ |+ T’l
h

. . h d
\ ‘hoo alucs +4& and —
where |+) and |-) are eigen states of S, with cigenvalucs + > a 2

respectively. Find the average value in S, measurcment.

2. (@) If y, and w, arc two eigen states with energy E, and L, respectively, check

whether the state (y; +,) is stationary or not.

(b) (i) Prove that the time rate of change of the expectation value of a dynamical
variable satisfics the following rclation

i (A= ‘—i-(l‘:i, H])+ (9——1-> where the symbols have their usual meanings.

(i) Using the above relation show that the time rate of change of expectation
value of momentum is equal to the average value of force.

(¢) Prove that the parity of spherical harmonics Y, ,, (&, @) is .
(d) What do you mean by degenerate wavefunction?
3. (a) The potential in a region is given as:
V(x) =0 for x<0
=V, for 0<x<a
=0 for x>a

A particle of mass m and energy E <V travelling from left to the right is incident
on the potential barrier.

() Write down Schrodinger equations in three regions of the potential.
(ii) Write down appropriate boundary conditions.

(b) The wavefunction of a hydrogen atom is given by the following superposition of
energy eigenfunctions ¥,,,, (F) (1, I, m are the usual quantum numbers):

- 2 - 3 - -
y(r)= 7‘/’100(")"77'/’210@)+—J%W322(")

(i) Determine the ratio of expectation value of the energy to the ground state
energy.

(ii) What are the expectation value of I* and f,z operators?

(iii) What is the probability that the atom is found in a state of even parity?

4. (a) Hamiltonian for the linear harmonic oscillator is given by H =lﬁ.2 +lma)2£2
2

where the symbols have usual meanings. Using the basic commutation relation
between x and p show that,

(i) [4,a*]=1and

5027 ' 2

3+2

242



CBCS/B.Sc./Hons./5th Sem./PHSACOR11T/2022-23
(i) the Hamiltonian is given by
H =G a+1)hw

ma\"* i mo\?(. i .
. p(moV Y (e x___]
Biverthat ¢ (27‘:} (x+ma)p] e (271) ( ma)p
Then find the normalized ground state wavefunction of linear harmonic

oscillator.

(b) A particle constrained to move along x-axis in the domain 0<x<L has a
wavefunction y(x)= %sin(nTﬂ-xJ, where # is an integer. What is the

expectation value of its momentum? 2

3. (a) State Moseley’s Law. Derive this law from Bohr’s theory.
(b) Considering the L-S coupling scheme for helium atom, find the spectroscopics
terms for (i) 1s' 2s' and (ii) 1s' 2p’ configurations.

(¢) In a Stern-Gerlach experiment on turning on the magnetic field, th? beam splirt)s
into seven components. What is the angular momentum of the atoms in the beam?

>4
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