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GROUP-A

' ;Answer two questions, one from serial no. 1 to 2 and other from serial no. 3 to 4. -

1

2x10=120

a) Find out the general éxpression of second-order correction 10 & non-degenerate energy
level of a system due to stationary perturbation. b) Calculate the first-order energy
correction of nth state of a harmonic oscillator due to perturbation of az®.

a) Express classically the kinetic energy of a particle moving under a central potential as
a sum of radial and rotational kinetic energy. b) Using Hamilton’s equation of motion of
classical mechanics show that rotational kinetic energy part can be assumed s a
potential term when one considers only the radial motion. c) Theri find out the radial
part of the Schrodinger equation in case of hydrogen atom. Show that the wave function
vanishes at r = 0. d) Write down the wave function of the 1s level of H-atom. €) Find out
the expression of first kinetic energy correction term in the Hamiltonian of H-atom if one
considers relativistic motion of the electron. Evaluate the size of the ratio of this

correction and the non-relativistic kinetic energy. . -

a) Define an observable in Quantum Mechanics. b) Prove that when two observables A
and B commute, one can always construct an orthonormal basis of sate space with she
eigen vectors common to A and B. ¢) When a set of observables is called complete set of

commuting observables (C.8.C.0.)? d) If the measurement of a physical quantity A on

the system in the state |¢) gives the result a,, what will be the state of the system

immediately affer the measurement?

. a) Show how the matrix elements of an operator transform under change of

representation. b) Write down the time evolution equaItion of the state |¢) of a system in
quantum mechanies. ¢} Then find the Schrodinger eq}{'ation in terms of the wave

function. d) Show that projection operator is Hermitian.



GROUP-B
Answer any Two Questions (2x10=20).
All parts of a question must be written in one place,

(1) (a) Constract the ket |5.%; + > such that Sa|S s+ >= %[g.ﬁ,;—!- >
where 7 i8 characterized by the polar angle # and azimuthal angle o re-
spectively. Treat the problem as a straight forward eigen value problem and
express your result as a linear combination of |+ > and |- > kets. In an
alternative method based on rotation operator, verify your result. [5 + 5|

._{2) (a) (i)Write down the pauh matrices (¢). (i) Verify the identity (¢.@)(¢" g}')
a.b+is. (axb) (zzz)Furthershow that €% = cosé +io, sinf. s

(b) The nth state normalized eigen ket of 8 hﬁrmonic oscillator is giveﬁ‘

by
(al)”
n>= 4>
n>= 70
* where all the symbols have their usual meaning. Find the matrix represen;-
tation of the operator &', [5+5]<

(3) Using the angular momentum commutation relations [J;, J;] = ifieij Jk
and [J?, Jy] = 0, find out the matrix representation of J;'s and Jy for J = 1.
(b) Find the Clebseh Gordan Coefficient for J; = Jy = 1/2. ' [5+5]
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Answer two questions, one from serial no. 1 to 2 and other from serial no. 3 to 4.

1

2x10=20

a) Find out the general expression of second-order correction to a non-degenerate energy
level of a system due to stationary perturbation. b) Calculate the first-order energy
correction of nth state of a harmonic oscillator due to perturbation of aa®.

a) Express classically the kinetic energy of a particle moving under a central potential as
a sum of radial and rotational kinetic energy. b) Using Hamilton’s equation of motion of
classical mechanics show that rotational kinetic energy part can be assumed as a
potential term when one considers only the radial motion. ¢} Then find out the radial
part of the Schrodinger equation in case of hydrogen atom. Show that the wave function
vanishes at r = 0. d) Write down the wave function of the 1s level of H-atom. e) Find out
the expression of first kinetic energy correction term in the Hamiltonian of H-atom if one
considers relativistic motion of the electron. Evaluate the size of the ratio of this

correction and the non-relativistic kinetic energy.

a) Define an observable in Qua.nfum Mechanics. b) Prove that when two observables A
and B commute, one can always construct an orthonormal basis of sate space with the
eigen vectors common to A and B. ¢) When a set of observables is called complete set of
commuting observables (C.8.C.0.)? d) If the measurement of a physical quantity A on
the system in the state J¢) gives the result a,, what will be the state of the system

immediately after the measurement?

. a) Show how the matrix elements of an operator transform under change of

representation. b) Write down the time evolution equ%tion of the state |¢) of a system in
quantum mechanics. ¢) Then find the Schrodinger eq}{ation in terms of the wave

function. d) Show that projection operator is Hermitian.
GROUP-B
Answer any Two Questions (2x10=20).
All parts of a question must be written in one place.

(1) (a) Constract the ket |5.7;4 > such that Sa|Sh+ >= %[ﬁﬁ;—!— >
where i is characterized by the polar angle  and azimuthal angle a re-’
spectively. Treat the problem as a straight forward eigen value problem and
express your result as a linear combination of |+ > and |- > kets. In an
alternative method based on rotation operator, verify your result. {6 + 5]

.7(2) (a) (1) Write down the pauh matrices (). (ii) Verify the identity (7.a)(

&.b)
a.b+ié. (axb) (zu)Furthershow that €7+% = cos 6§ + i, sin . .

(b) The nth state normalized eigen ket of a » harmionic oscillator is givexi‘

by )
(ah)"
7 >= 0>
n>= 7]
~ where all the symbols have their usual meaning. Find the matrix represen-
tation of the operator &'. [5+5];

(3) Using the angular momentum commutation relations [, J;] = ifieie J}c
and {J?, Ji] = 0, find out the matrix representation of Ji's and Jx for J = 1.
(b) Find the Clebseh Gordan Coeflicient for J; = J, = 1/2. ' [5+5]



