
*K23P0506* K23P 0506 

II Semester M.Sc. Degree (CBSS – Reg./Supple./Imp.) Examination, April 2023 
(2019 Admission Onwards) 

PHYSICS 
PHY 2C09 : Spectroscopy

Time : 3 Hours Max. Marks : 60

SECTION – A

Answer both the questions (Either a or b).

1. a) Give main features of the pure rotational band spectrum of a heteronuclear 
diatomic molecule. How are they explained, treating the molecule as a rigid 
rotator ? What information is provided by the study of its spectrum ?

OR

b) Discuss the main features of the vibrational-rotational spectra of diatomic 
molecules. How are they explained ? Why are such spectra not obtained 
for molecules having identical nuclei ?

2. a) Give an account of the salient features observed in the electronic spectrum 
of a diatomic molecule. Discuss the conditions under which the band-heads 
are degraded towards violet or red in the electromagnetic spectrum.

OR

b) Discuss the main features of the vibrational and pure rotational Raman 
spectra of diatomic molecules. Give the necessary theory. (2×12=24)

SECTION – B

Answer any four questions (One mark for Part a, 3 marks for Part b, 5 marks for 
Part c).

3. a) Name the new concepts introduced by vector atom model.

b) Explain the Paschen-Back effect.

c) Calculate the two possible orientations of the spin vector S  with respect to 

B .
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4. a) Give the necessary condition for a molecule to show pure rotational spectrum.

b) Write a note on the intensity of pure rotational lines.

c) The spacing of a series of lines in the micro wave spectrum of AlH is constant 
at 12.604 cm–1. Calculate the moment of inertia and the internuclear distance 
of the molecule. What are the energy of rotation and the rate of rotation when 
J = 15 ?

5. a) What is predissociation ?

b) Explain Frank-Condon principle.

c) The fundamental band for CO molecule is centered at 2143.3 cm–1 and the 
–1.  Calculate the vibrational frequency and the 

simple harmonic force constant of the molecule.

b) Distinguish between  and  chemical shifts.

c) Obtain the ratio of number of proton spins in the lower state to that in the 

N = 5.585.

B = 0.34 T. Calculate g value for the electron in the hydrogen atom, if the 

diagram. Given B
–24JT–1.

8. a) Anti-stokes lines have much less intensity than stokes line. Why ?

b) Explain recoilless emission and absorption of gamma rays.

following equation v– 2 cm–1. 
  Calculate the separation between the null line and the band head and the 

direction of degradation of the band. (4×9=36)

_______________________
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SECTION – A

Answer both the questions (Either a or b).

1.	 a)	 Describe the thermodynamic potentials and relationship among them. 
Obtain the Maxwell’s equations of thermodynamics.

OR

	 b)	 For a system in thermal equilibrium with the surrounding obtain the canonical 
distribution. Hence obtain the expressions for internal energy, Helmholtz’s 
free energy, entropy and pressure.

2.	 a)	 Discuss the thermodynamics of an ideal Bose gas and hence obtain Bose-
Einstein condensate.

OR

	 b)	 Briefly discuss Pauli para magnetism and Landau diamagnetism.	 (2�12=24)

SECTION – B

Answer any four questions (1 mark for Part a, 3 marks for Part b, 5 marks for 
Part c).

3.	 a)	 Give two examples of intensive thermodynamic variables.
	 b)	 Write down the Gibbs-Duhem relation. What is its relevance ?
	 c)	 The entropy of a certain system is given by the expression S B NVU= ( )

1
3 . 

Calculate the temperature and pressure of the system. S-entropy, U-internal 
energy, V-volume and N-number of particles. B is a constant.

P.T.O.
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4.	 a)	 What is the postulate of “equal a priori probabilities” ?

	 b)	 Write down the Maxwell-Boltzmann velocity distribution. Draw the distribution 
function.

	 c)	 A thermodynamic system of three energy levels E1 = 0, E2 = 1, E3 = 2 has 
two Bosons and total energy 2. Calculate the entropy.

5.	 a)	 What do you know about the potential energy of a system of particles in an 
ideal gas ?

	 b)	 Obtain the Grand Partition function of a system of quantum harmonic 
oscillators. Hence find the internal energy of the system.

	 c)	 Calculate the average energy of a three-dimensional classical harmonic 
oscillator in thermal equilibrium with the surroundings at temperature T.

6.	 a)	 Define Fermi energy at absolute zero temperature.

	 b)	 Considering photons as bosons in thermal equilibrium, obtain black body 
distribution law. Draw the distribution function at different temperatures.

	 c)	 Calculate the total Magnetic moment M of a system of N non interacting 
spin 1

2  particles in an external magnetic field H. Draw M as a function of H.

7.	 a)	 What is exchange energy ?

	 b)	 Describe lattice gas.

	 c)	 A certain system at temperature T has N number of particles. Each particle 
can independently occupy two energy states with energy E1 = 0, E2 = E. 
Calculate the specific heat of the system.

8.	 a)	 What is the difference between first order and second order phase 
transitions ?

	 b)	 Briefly explain Landau’s theory of phase transition.

	 c)	 Discuss the general features of Ising Model.	 (4�9=36)

_________________
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Section – A

Answer both the questions (Either a or b).

1.	 a)	 i)	Write the three-dimensional Laplace’s equation in Cartesian, cylindrical 
and spherical polar coordinates. Solve it in Cartesian coordinates.

	 ii)	 Solve the following equation 
∂
∂

−
∂
∂

+
∂
∂

=
2

2 2 0
z

x
z
x

z
y

 by the method of 
separation of variables.

OR

	 b)	 i)	What is Geometric series ? Under what condition a geometric series is 
convergent, divergent or oscillatory.

	 ii)	 State and explain any three methods for testing the convergence or 
divergence of a series.

2.	 a)	 State and prove the following properties of the Fourier Transforms :
	 i)	 Linearity property
	 ii)	C hange of scale property
	 iii)	 Shifting property
	 iv)	C onvolution property
	 v)	C onjugate property.

OR

	 b)	 i)	What are reducible and irreducible representations ? Give examples.
	 ii)	 State and prove orthogonality theorem. What is its importance ?	 (2×12=24)
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SECTION – B

Answer any four questions (One mark for Part a, 3 marks for Part b, 5 marks for 
Part c).

3.	 a)	 Show that the following series is convergent.

		

1
1 2
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1
1. . .
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n n

	 b)	 “The nature of an infinite series remains unaltered by addition or removal of 
finite number of terms”. Justify.

	 c)	 Discuss the Cauchy’s ratio test for the convergence or divergence of a series.

4.	 a)	 What is the importance of character table in Group theory ?

	 b)	I llustrate the method of splitting partial differential equation into ordinary 
differential equations by taking Helmholtz equation as example.

	 c)	 Applying the method of separation of variable techniques, find the solution 

of the equation 3 2 0
∂
∂

+
∂
∂

=
u
x

u
y

.

5.	 a)	 What is the uniqueness of Green’s function ?

	 b)	 What is Green’s function ? State and explain its symmetry property.

	 c)	 Find the Green’s function required for the boundary value problem

		  d y
dx

k y f x
2

2
2+ = ( )  where f(x) is a known function of x, and y(x) satisfy the

	
		  boundary conditions y(0) = 0 and y(L) = 0.

6.	 a)	 How many irreducible representations are possible for the C3v point group ?

	 b)	 Show that the groups of order 2 and 3 are always cyclic.

	 c)	I f an Abelian group is constructed with two distinct elements a and b such 
that, a2 = b2 = I, where I is the group identity. What is the order of the smallest 
Abelian group containing a, b and I ? Justify your answer.



7.	 a)	 What is meant by self-reciprocal with respect to Fourier Transform ?

	 b)	 Find the Fourier transform of e–ax2
, where a > 0.

	 c)	 Define a group. Show that (1, i, –1, –i) form a cyclic group under	multiplication.

8.	 a)	 State any property of Inverse Laplace transforms.

	 b)	 State and prove Laplace convolution theorem.

	 c)	 Find the Laplace transform of (1 + cos 2t).	 (4×9=36)

		
––––––––––––––––––
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SECTION – A

Answer both the questions (Either a or b).

1. a) Obtain eigenstates and eigenvalues of angular momentum operators  
J2 and Jz.

OR

 b) Obtain the energy eigenvalues of linear harmonic oscillator by applying 
Schrödinger picture.

OR

oscillator. (2×12=24)

SECTION – B

Answer any four questions (One mark for Part a, 3 marks for Part b, 5 marks for 
Part c).

 b) Explain the properties of ket and bra space.

 c) Prove that the expectation value of a Hermitian Operator is real and that of 
an anti-Hermitian operator is imaginary.

P.T.O.
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4. a) Write any two postulates of quantum mechanics.

 b) Obtain the time derivative of the expectation value of an observable in 
Schrödinger picture.

 c) If the Hamiltonian of a system H = Px
2/2m + V(x), obtain the value of the 

x) ( H).

5. a) What is the meaning of spin of an electron ?

 b) Discuss Pauli’s spin matrices.

 c) Obtain the eigenvectors of Pauli’s spin matrices Sx and Sy.

6. a) What are symmetry transformations ?

 b) List out characteristic properties of symmetry transformations.

 c) Show that conservation of linear momentum of a physical system is a 
consequence of the translational invariance of the Hamiltonian of the system.

7. a) Give Heisenberg’s uncertainty relationship.

 b) Explain general uncertainty principle.

 c) Prove that zero-point energy of a harmonic is a consequence of uncertainty 
principle.

8. a) What is expectation value of an observable ?

 b) Explain variational principle.

oscillator subjected to a potential ½ (m 2x2) + bx4. (4×9=36)

 ______________
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section – A

Answer any 5. Each one carries 3 marks. 		

	 1.	S tate and derive Cauchy’s integral theorem.

	 2.	S tate and prove Heaviside’s Shifting Theorem (Second translation 
Property).

	 3.	S et up a Newton iteration for computing the square root of the number two.

	 4.	E xplain Poisson distribution with two examples.

	 5.	E xplain Group, subgroup and cyclic group.

	 6.	 What do you mean by absolute and conditional convergence ?	 (5×3=15)

Section – B

Answer any 3. Each one carries 6 marks. 	

	 7.	S tate Cauchy’s Root test for convergence of series.

	 8.	E valuate inverse Laplace transform of 
5s + 3

(s 1)(s + 2s + 5)2− 	.

	 9.	 Explain the fixed-point iteration of the equation f(x) = x2 – 3x + 1 = 0.

	 10.	E xplain the normal distribution, draw the curve and its four features.

	 11.	O btain Laplace transform of rectangular wave given.	 (3×6=18)

P.T.O.
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Section – c

Answer any 3. Each one carries 9 marks. 	

	 12.	 a)	S tate and derive Cauchy’s integral formula.

		  b)	 Use Cauchy’s integral formula to evaluate 
z

z z
dz

c ( )2 3 2− +∫  where c is 
the circle |z – 2| = ½.

	 13.	S tate and prove convolution theorem for Laplace transform. Using convolution 

theorem, evaluate inverse Laplace transform of 
s

s a s b
a b

2

2 2 2 2
2 2

( )( )
,

+ +
≠ .

	 14.	E xplain the theory of Simpson’s rule and evaluate the integral 

	 	 J = exp( } ,−∫ x dx2

0

1

 with 2n = 10 and estimate the error.

	 15.	E xplain the χ2 test, regression analysis and correlation analysis.

	 16.	 Find the two eigenvalues and two normalized eigenvectors of the matrix.	
(3×9=27)

____________________


