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Instructions to the candidates:

1) Question No. 1 is compulsory. and any four questions  from the remaining.
2) Draw neat diagrams wherever necessary.
3) Figures to the right indicate full marks.
4) Use of logarithmic table and electronic pocket calculator is allowed.
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Q1) Attempt any four of the following :

a) Obtain the Lagrangian and equation of motion for a mass ‘m’ is

suspended to a spring of force constant ‘k’ and allowed to swing

vertically. [4]

b) Prove the following relations for canonical transformation [4]
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c) Calculate the reduced mass of CO and HCl molecule. (Atomic numbers

of H,C,O and Cl atoms are 1, 12, 16 and 35.5 respectively). [4]

d) Two heavy particles of weights W
1
 and W

2
 are connected by a light

inextensible string and hang over a fixed smooth circular cylinder of

radius R, the axis of which is horizontal. Find the condition of

equilibrium of the system by applying the principle of virtual work.[4]

e) If F and G are functions of position co-ordinates q
i 
, and momentum

co-ordinates p
i 
, define the Poisson’s brackets of F and G. Prove that

i) [F, G] = – [G, F] ii) [q
i 
, p

j
] = – δ

ij
[4]

f) Find the horizontal component of the Coriolis force acting on a rigid

body of mass 1.5 kg moving northward with a horizontal velocity of

100 m/sec., at 30°N lattitude on earth. [4]
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Q2) a) Show that Q = lu 
q

psin , P = q cotp are canonical. Find the function in

(q, Q). [8]

b) Write a note on ‘holonomic and non-holonomic constraints’ with

examples of each type. [4]

c) Explain the term “Virtual displacement” and state the principle of virtual

work. [4]

Q3) a) Prove that [8]

i) [J
x
, p

y
] = p

z
ii) [J

x
, p

x
] = 0

b) What is Focault’s pendulum? A vertical rod PQ is rotating with constant

angular velocity ‘ω� ’. An inextensible light string of length ‘l’ has one

end attached at point R of the rod while the other end S has mass ‘m’.

Find the tension in the string. [8]

Q4) a) Using Hamilton’s equation of motion, show that the Hamiltonian

m

p

2
H

2

=  e–rt + 
2
1

mw2x2 ert

leads to the equation of motion of a damped hormonic oscillator

x��  + xr�  + w2x = 0 [8]

b) A point mass moves in a vertical plane along a given curve in a

gravitational field. The equation of motion in parametric form is

x = x(s), z = z(s)

Write down the Lagrange’s equation. [8]

Q5) a) Compare Newtonian, Lagrangian and Hamiltonian formulation and

discuss the advantages and disadvantages of each. [8]

b) A pendulum of mass m is attached to a block of mass M. The block

slides on a horizontal frictionless surface. Find the Lagrangian and

equation of motion of the pendulum. For small amplitude oscillations,

derive an expression for periodic time. [8]
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Q6) a) A bullet is fixed horizontally in the north direction with a velocity of

500 m/sec. at 30°N lattitude. Calculate the horizontal component of

Coriolis acceleration and the consequent deflection of the bullet as it

hits a target 250 meter away. Also determine the vertical displacement

of the bullet due to gravity. If the mass of the bullet is 10gm. Find the

Coriolis force. [8]

b) Find the Lagrangian and equation of motion for a bead slides on a

wire with the shape of cycloid, described by equations x = a (θ –

sinθ) & y = a(1 + cosθ) where 0 ≤ θ ≤ 2π. [8]

Q7) a) Deduce Hamilton’s equation of motion from Hamilton’s principle for

holonomic system. [8]

b) What are configuration space and phase space? [4]

c) State and explain Virial theorem. [4]
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1) Question No. 1 is compulsory. Attempt any four from the remaining questions.

2) Draw neat diagrams wherever necessary.

3) Figures to the right indicate full marks.

4) Use of logarithmic tables and calculator is allowed.
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Q1) Attempt any four of the following : [16]

a) Show that [x
op

, p
op

] = i�  in the momentum space representation.

b) Show that if A is to be an observable < A > = < A >*.

c) Prove that L + is a raising angular momentum operator where

L + = L
x
 + i L

y
.

d) Using uncertainty principle, estimate the size of hydrogen atom in
ground state.

e) Let ‘a’ be the eigen value of operator A which is degenerate eigen
value. Show that an infinite number of eigen functions are associated
with this degenerate eigen value.

f) For unitary operator U, show that < Uψ / Uψ > = 1.

Q2) a) Define adjoint of an operator, A+. Show that (A+)+ = A. Define self
adjoint operator and show that the product of two self adjoint operators
is not necessarily self-adjoint. [8]

b) Draw potential well for finite and infinite values of potential energy.
Write schrodinger equations in both cases. Draw first two eigen
functions for both an discuss the differences in two cases. [8]
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Q3) a) Obtain equation of motion for a linear operator A
H
(t) in the Heisenberg

picture. Discuss its similarities with Hamiltonian equation in classical
mechanics. [8]

b) Show that the momentum eigen functions Q
p
, are orthogonal, where

Q
p
, satisfy periodic boundary conditions. [4]

c) Obtain the matrices J
x
 & J

y
 for j = 

2
1

. [4]

Q4) a) Let F be a linear operator such that F/ψ > = /χ >, where /ψ > & /χ >
are arbitracy vectors. Represent F as a matrix element in A representation.

[8]
b) Define ladder operators a and a+ in abstract operator method for simple

harmonic oscillator. Obtain eigen values and eigen functions for simple
harmonic oscillator, using them. [8]

Q5) a) Let S be spin angular momentum operator operating on two states

⎟⎟⎠

⎞
⎜⎜⎝

⎛=
0

1
 and ⎟⎟⎠

⎞
⎜⎜⎝

⎛=
1

0
. Obtain the matrix representation for S

x
, S

y
, S

z
.

Hence define Pauli spin matrices. [8]
b) Obtain the eigen values of L2 and Lz operators. [8]

Q6) a) Obtain Clebsch-Gordon coefficients by adding the angular momenta

of two non-interacting electrons with j
1
 = 

2
1

 and j
2
 = 

2
1

. [8]

b) Write all four postulates of Quantum Mechanics. Discuss them in brief.[8]

Q7) a) Define Dirac δ function. Represent it graphically and discuss its
properties. [4]

b) Show that any eigen function belonging to a non-degenerate eigen
value of either of a pair of commuting operators A, B is necessarily an
eigen function of the other operator too. [4]

c) Define Hilbert space. Write the expressions for norm and scalar product
in this space. [4]

d) Prove : [L
x
, L

y
] = i�  L

z
. [4]
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