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Answer any six questions.

1. (a) For a lD quantum harmonic oscillator, obtain the matrix element \2 of. the position
operator 0 and the matrix element ?zt of the momentum operator p' in the energy
eigenvector basis. (6)

(b) Is a silver atom a fermion or a boson? The two stable isotopes a.re 10?Ag and loeAg, and
silver has atomic number z :47. Justify your answer briefly. (1)

(a) For a lD quantum harmonic oscillator, given the one-pa.rticle states and the energy
eigenvalues, write down the two particle wavefunctions for i) distinguishable particlm,
ii) identical fermions iii) identical bosons. (3)

(b) Write down the Hamiltonian for the two-particle system and show that the fermionic
wavefunction found above is an eigenfunction of .F. tr'ind the corresponding eigenrralues.
(4)

3, (a) consider a LD two particle system whose wave function at t : 0 is

l, @ r, x il :, IT 
"- 

a? / 2a? e- ae / 2a

U Tara2

Find the expectation values of. o2, p1, and (c1 - ,r)r,
(b) Evaluate the expectation value of ,s, for a particle in the spin state lfrr), where

direction f, is given by d = 60o and d = 0.

4. Consider a pa,rticle with spin |.
(a) Find the eigenvalues and eigenfunctions of the operator 4 + 4.
(b) Assume that lo) designates the eigenfunction of 4 * 4 that belongs to the ma:<imal

eigenvalue' and that the particle is in state la). If we mea.sure the spinln the z direction,
what a^re the values a,nd probabilities? (2)

5' (u) A pair of spin-$ particles is produced in the singlet state, and are allowed to move in the
*y and -y directions. The spins are measured with two Stern-Gerlach apparatuses SGL
and SG2 placed at some distance and oriented at 0o and 60o to the vertiii, respectively.
What are the probabilities that (i) both will record +4, (ii) both wiu **rd'-t; (iiii
one will record +f and the other -!? (g)

(b) A particle is placed in the lD harmonic oscillator potential v(n):2n2. rtsposition
space has been discretized into b segments a : I-2 - I 0' i 2l for the p*por"
of running a simulation. Write down the matrices conesponding to ihe potential and
kinetic energy operators using the finite difference formula

(4)
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6. (a) Consider a particle in the 2D symmetrical infinite potential well, which is subjected to

perturbationW : Crg, wherc C is a constant. Calculate the lst-order corrections to the

ground state energy of the system. (3)

(b) For a harmonic oscillator potential with force constant k and reduced mass 77r' consider

ihe perturU ation W : o,n3 . Fiist state the condition(s) under which perturbation theory may

be applied and then calculate the lst order corrections to the ground state energy. (2)

(c) For a lD ilfinite potential well of wiclth a, calculate the 1st order corrections to the ground

,t"t. 
"n"rgy 

for thelerturbation (2)

W(x): u'ts6(a - a/2)

7. (a) The spherical harmonics are given by

Yr(o,0): (21+ L) (t - rn)r. ptn(.cos0)ei^6
T@6'tt o

where pl"@) are associated legendre polynomials'

Pi @): (-1)'n(1 - *r)v ffinal
and

&(r)= h.G)'@'-t)t
Compute all the possible eigenfunctions {m(0, @)

(b) Explain, in terms of quantum mechanics, why a block of iron is

compressed.

(5)

hard, i.e., cannot be
(2)

Things you m&Y have forgotten:

oForaqua,ntumharmonicoscillator,thefirsttwoenergyeigenfunctionsare

{o@) : (h)t'' "-x2/2o2, dr(c) : ( )t'' + "-t2/2o2 '

where 
" 

__ ,[E is the characteristic length parameter of the oscillator.

e In a general direction d, the up- and down-components of spin are given by

I cos0/2 l , t - | -e-iosina/2 IIt"):fr,ori"'a7zl, l+n/:l cosel2 J

a
1:

21/na

and the oPerator is

a-L
"n- 2

[ .os 0 ei|sing I
I eidsinO - cosg I
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Fill in the correct bubbles. Marks will not be awarded without appropriate rough work.

Rnll No:

(1)
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1.

2.

[fi,Q]: o implies

Q Eigenfunctions of @ are stationary O 0 ir a conserved quantity
Q Both of the above Q None of the above

which of the following statement(s) is(a.re) always true about any quantum state lrl)?

a H lrlt') gives the rmult of an energy measurement on the state lrl).

(1.5)

O fand$ Q fandf o i*a3

Iry(z)f vs, z

or or om ory

H

Q None of them are possible solutions.

P"t:f*l: tl::5qi::ensional irrfinite square.well, which stare will have the fastesr variatiorr in rirnefor the position probability density? (The state y'r' corresponds to an enerry of En )

Q Immediately aft,er energy me&surement, the system is in the state r/ lrl).
Q There exists a definite energy E associated with the state lrl) given by H l4r) = E l4r)
Q None of the above

3' A particle is prePared in a simultaneous eigenstate of L2 and Lz. lf l(l + \n2 and rnh a,re respective
eigenvalues of L2 and L" bhen the expectation value of pll of the particle in this state satisfies (1.S)

o (r3):0 o 0< (L?l<Ph2 o 0s (r.?)sry o # <F?l<ry
4' In a basis in which the z component ,S, of the spin is repreeeted by a diagonal matrix, an electron is inr!#'l

a spin state * : I 
uhl. The probabilities that the measurement of ,S, will yield the values f and -!LV 5J

are, respectively,

OlandI

.1

5' A particle is dropped from a height .EI under the influence of gravity and bounces, without loss of energT,
frotn a flat surface (ut z:0) back up to the same height.-Which of the plots below best represents
the quantum mechanical position-space probability density lrlt(r)l'vs z, of * un"rgy eigenstate for thissystem? (i.5)

oO rl,a O rltr ow ry
(1.5)
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