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1. Answer any five questions [rom the following:

(a) Show that every eigenvalue of a Hermitian operator is real.

Write down the boundary conditions for a wavefunction and its
first derivative at a finite potential discontinuity.

(¢) If A and B are Hermitian operators, prove that _their commutator
[A. B] is anti-Hermitian. P%ﬁmm Ofm

(d) Prove that the number operator N=a'la is@ermmag.

For the Hamiltonian H = 5—; + V(X), evaluate [X, [X, H]).

f) What is Lermor precession of electrons in an atom?

h) In a Stern-Gerlach experiment on turning on the magnetic field,
the beam splits into five components. What is the angular mo-

mentun of the atoms in the beam?

(g) What is the Stark effect?
(

\
10

Answer any (wo questions from the [ollowing: dx 2=

2. Siarting from [a.a'] = 1, show that

(a) [N,al] = a. TRy
(b) [N,a] = —a. PR.IM “Emﬂllg! 3+2

For a particle in a 1-d box of width a. the wavefunction is given by :

s.,:

—
\/25111(%{), fo<z<a

a

D, (x) =
otherwise.
) ) WMW
Calculate (X) and (P). o Mg 312

4. Draw the ground state and first excited state wavefunctions for a par-
ticle trapped in a 1-d box of width a.
Explain the terrn “spin-orbit coupling”. Calculate possible angles be-
tween L and S for a ‘d’ electron in a one-electron atom.

[\ }

3+2

2+3
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L Answer anv fioe questions from the followine: 2 % H=110)
(o) Prove that clecenvect ors corresponding to two different eigenvalites of

a Hermitian operator are orthogonal.

(b) The wave-lunction of a particle is given by w(r) = ae "1 with
a > (. Find the l)mlmlult\ to find the particle between r = 1/0 and

r=2/a. HP
¢) Starting from the b(lnoedlggw quatl )u wve that (;',( t)|w(t)) =

(0 for an arbitrary quantum state |v(¢

(d) Prove that the probability current density J(F, 1) associated with the
probability density p(7.t) = [¢(F.t)|? is a real vector.

(

(e) Show that % is an anti-Hermitian operator on the space of normal-
izable functions.

(f) Show that the commutator of two Hermitian operators is anti Her-
mitian.

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

(h) Suppose [4[3’} = () and 4|L> = Al¢). If XA is a non-degenerate
eigenvalue then prove that |y) is also an eigenvector of B.
3

Answer any onc question from the following:

2. (a) Prove that the wavefunction of a particle movmg in 1-dimension un-

der a even potential, i.e. V(—x) = V(x), is either even or odd. 3

(b) Prove that for bound states in 1-dimension, there is no degenerate
eigenvalue of the Hamiltonian for a particle moving under an arbi-
trary potential. 3

(¢) Calculate the expectation value of the position of a particle (in the nth

energy eigenstate) of mass m trapped inside a 1-dimensional infinite
square well of width L. 4

(a) Cousider the step potential given by

T V. (-1' > 0)
Department of | vio) ‘{ 0. (<0,
R Thelur Gowt.
If o beam of particles cach having total energy £ (> V) is incident

on this step from the left, ulmuu the boundary conditions on the
wave-function and henee find the fraction of particle reflected by the

step. 243
(b) Explain the term spin-orhit coupling. Calculate the possible orienta-
tions of the total angular momentunm J corresponding to j = % with

respect to the magnetic field along z-axis, 243
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1. Answer any five questions from the following: 2 x 5=10

(a) State and explain the Heisenberg uncertainty principle.

(b) A particle constrained to move along x-axis in the domain O <. < L
has a wavelunction y/ % sin(2£), where n is an integer. What is the
expectation value of its momentum?

(¢) Prove that eigenvectors corresponding to two different eigenvalues of
a Hermitian operator are orthogonal.

(d) For one dimensional bound state motion of a particle of mass m.
prove that the expectation value of“its kinetic energy is given by

" W [ oy o
2m J_o. Ov Or '

(¢) For a 1-dimensional harmonic 05(‘11??11,01', il |A) denotes an eigenvector
of the number operator N. prove that al|)) is also an eigenvector of

gollqo

. Thakur Gowt.
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N with eigenvalue A + 1.
(I) Show that the commutator of two Herinitian operators is anti-Ifermitian.

(g) Calculate expectation value of potential energy (V) in the n'" energy
. . . 2
cigenstate of harmonic oscillator. where V(z) = smw?z?.

(L) Suppose {A.B] = 0 and Alp) = Mw). If X is a non-degenerate
eigenvalue then prove that [¢) is also an cigenvector of B.

2. Auswer any two questions from the following: 5 x 2=10

(a) i Prove that the wavefunction of a particle moving in 1-dimension
under a symmetric potential, i.e. V(—z) = V(2), is either even
or odd. A
ii. Show that the eigenvalue of the number operator N = a'a for
a a linear harmonic oscillator in 1-dimension can take on only
non-negative real values. 3+2
(b) 1. For any observable A that does not depend on time explicitly.
prove that 4(A) = 4 ([A, H]), where H is the Hamiltonian of
the system.
ii. Prove that the probability current density .f(F, t) associated with
the probability density p(7,t) = |v(F, t)]? is a real vector.  3+2
(¢) Define ground state of a linear harmonic oscillator in 1-dimension.
Find its normalized ground state wavelunction using the lowering
-‘;.l,‘A:——-l—’,  + i P). -
operator a \/QIer(mw}x +iP) 144
(d) For a quantum system, show that the expectation value of the posi-
tion operator obeys
rtment of 12 V(X
P A(00),
P R. Thakur Govt. Colleg® Jﬁ( ) = — -~

where m is the mass of a particle moving in 1-dimension aund is subject
to the potential V' (z). IHere ' denotes differentiation w.r.t. X.
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1. Answer any five questions from the following:

(a)

(h)

(a)
(b)
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Show that % is an anti-Hermitian operator on the space of nor-

malizable functions.
Prove that the eigenvectors corresponding to different eigenvalues

of a Hermitian operator are orthogonal.

Suppose [A,B] — 0 and A has a non-degenerate eigenvalue A
associated with the eigenvector |¢). Show that |¢) is also an
eigenvector of B.

Show that the commutator of twi
Hermitian operator. A
Suppose the operator A hgs'R'no explf{c?togitme dependence. Prove
that %(A)(t) = 1—1,.1-([A, H]), where H is the Hamiltonian operator
and () denotes the expectation value.

Show that the number of atomic states (considering electron spin

) with a given quantum number 7 is 2n%.
shift in Normal Zemann ef-

o Hermitian operators is an anti-

Derive the expression for the energy
fect and mension the selection rule.

Define Larmor frequency.

9. Answer any two qugstions {ro Mt% wing: 5 x 2=10
Prove that tfe& E %ﬁgg&erag{\ﬂ% the energy eigenvalue for a

particle forming bound states in 1-dimension.

Normalised eigenfunction of a quantum particle constrained to
move within a 1-dimensional box of length a is given by

5.(@) = { J2sin(m2)  (0<w<a)
0 (x<0& x> a).

Calculate the uncertainty product (AX AP), in the n
state of the Hamiltonian.

t

h eigen-

(c) Normalise the eigenfunction ¥(z) = Ae ¥ where k(> 0) is a
constant. Plot 1(z) vs z. What is the dimension of A? 3+1+1

(d) How many spectral lines appear in the Zeeman splitting of 2D3 /2

— 2P 5 transition of Sodium Explain.

5
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1. Answer any five questions from the following;: 2 x 5=10

(a) Show that eigenvalues of a Hermitian operator are all real.

(b) Write down the boundary conditions for a wavefunction and its
first derivative at a finite potential discontinuity.

(c) Starting from the Schrodinger equation, prove that the norm of
4 state vector is preserved for all future time.

(d) Find the eigenvalues of the parity operator P defined by Po(x) =
—p(z). U@W ot cS

o] W .
(e) Can there be energy e'%enva ue Of a quan ?n system which is less
than the minimum value of the potential. Justify.
(f) If H = 5= P? + V(X), compute the value of [X, [X, H]].
(g) Consider a single electron atom with orbital angular momentum

L = /2h. What are the possible values of a measurement of
z-component of L?

(h) Can Lithium (2 = 3) give rise to normal Zeeman effect? Justify.

(i) Find out the different states in L-S coupling scheme for a two-
electron atom with [; =2 & lo = 1.

2. Answer any two questions from the following: 5 x 2=10

(a) If a particle in 1-dimension is subject to a potential that is even,
ie., V(—z) = V(z), show that all eigenfunctions of the Hamilto-
nian will have a definite parity, i.e., either even or odd in z.

(b) Find the energy eigenvalue and eigenfunction of a particle forming
bound state by an attractive d-function potential given by V(z) =
—\d(z), where A > 0 denotes the strength of the potential. 3+2

(c) For a linear harmonic oscillator in 1-dimension, the Hamiltonian
H may be written as H = (a'a + %)fw where a and a' are the
Jadder opearators. If the energy eigenkets are denoted by {|n)},
where n = 0,1,2,..., find the uncertainty product (AXAP), in

the nt energy eigenstate. The symbols have their usual meaning.
(d) Discuss the theory of anomalus Zeeman effect with special refer-
ence to Zeemagpattern for Dy & D> lines of sodium.
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