
PH41008: Mathematical Methods II: 2011-2012(II) 

End-Semester Examination 

Time: 3(three) hours 

No of students: 63 (MSc(Intg, 3rd yr), MSc(2yr, 1st yr)+ Additional) 

Marks break-up: 5 + 6 + 8 + 6 + 8 + 5 + 6 + 6 = 50 

Answer all questions 

1. (a) Consider the second order partial differential equation for u(x, y), 

(1) 

Determine the region D in the two dimensional plane, if such a region exists, where the 

equation is (i) hyperbolic (ii) parabolic (iii) elliptic. 

(b) Show how the heat equation in one space dimension, can be converted to an ordinary 

differential equation in a new independent variable y = f(t, x). 

Note: You have to figure out f and also arrive at the ordinary differential equation. 

2. Consider the algebraic equation 

(2) 

(a) Show that the roots of the above equation are x1 = J2 + J3, x 2 = J2- J3, x3 = 

-J'i + J3, X4 = -J'i- J3. 
(b) Obtain relations involving the roots, of the generic form (i) xi+ Xj = 0 (i-=/= j) and (ii) 

(Xi + Xj )
2 = b ( i -=/= j and b = a non-zero rational number). Write down a:ll such relations for 

different i and j (i, j can be 1, 2, 3 or 4). 

(c) Show that the set of relations obtained in (b), is invariant under a subgroup of 54 . 

Identify this subgroup. 

(d) Show further, that the subgroup obtained in (c) is isomorphic to a well-known group 

discussed extensively in the lectures. 

3. Consider the group of symmetries of a square denoted by D4 . 

(a) Wrife~down all the elements and conjugacy classes of D4 . 

(b) F:'ind the commutator subgroup, Q(D4 , D4 ) of this symmetry group. 
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(c) How many elements does the factor ,group D4/Q(D4 , D4 ) have? Write down all the 

elements and show that this factor group is Abelian. 

(d) Is D4 solvable, nilpotent? Is it simple, semisimple? 

4. (a) A group of order 12 has four conjugacy classes. Find the number and dimensions of 

the irreducible representations of this group. 

(b) Give an example of the group mentioned in (a) (i.e. a group of order 12 with four 

conjugacy classes) and write down all its elements and conjugacy classes. 

5. Construct the character table of the group of symmetries of a regular pentagon. 

6. State the great orthogonality theorem and illustrate it using· the one and two dimensional 

irreducible representations of 53 . 

7. (a) What is a regular representation of a group G ? 

(b) Write down the regular representation matrices corresponding to the elements B and 

B 2 in 53 (53 has elements {I, B, B 2
, A, AB, BA} with A2 = B 3 = (AB) 2 =I). 

(c) Show how the regular representation of 53 can be decomposed into its irreducible repre

sentations. 

8. Consider a circular drumhead perturbed by three equal masses placed (on the drumhead) 

on the vertices of an equilateral triangle of side a. The centroid of the triangle coincides 

with that of the circle. 

(a) Are all transverse vibrational modes of the unperturbed drumhead degenerate? 

(b) Show, qualitatively, using group representation theory, how the presence of the pertur

bation leads to a splitting of the degenerate modes. 
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