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(Answer five questions, taking one question from each unit)

UNIT - I

1. a) Define inner product of two vectors. Show that inner
product is anti linear with respect to the pre factor.

2+2=4

b) Prove the Cauchy-Schwartz inequality. 4

c) Show that the Pauli matrices

1 =                      2 =                     3  =

are (i) Hermitian, (ii) form an orthonormal set of
vectors and (iii) anticommute with each other.

1+3+2=6
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UNIT - IV

7. a) Find the roots of x2 - 4x - 10 = 0 using Newton-
Raphson’s method correct to three decimal places.

6
b) Find an approximate value of y (0.2) by solving the

differential equation

with the initial condition y = 1 when x = 0, using
fourth order Runge-Kutta method. 8

8. a) Obtain the value of the definite integral

using Simpson’s rule. 7

b) Solve the differential equation                  with the
initial condition y0 = 1 when x0 = 1, using Picard’s
method of successive approximation. 7

UNIT - V

9. a) Express  x A in orthogonal co-ordinates. 6

b) Express velocity  and acceleration a of a particle in
cylindrical co-ordinates. 4+4=8

10. a) Obtain the expression for 2  in orthogonal curvi
linear co-ordinates and hence express 2  in
spherical co-ordinates. 5+2=7

b) Define Christoffel’s symbols of 1st and 2nd kind.
Show that 2+3=5

c) Define covariant derivative of a tensor. 2

𝑑𝑦

𝑑𝑥
= 𝑥 + 𝑦2 

→ → 

→→

𝜕𝑔𝑖𝑘

𝜕𝑥𝑗
= [𝑖 𝑗 , 𝑘] + [𝑘 𝑗 , 𝑖] 

න  (sin 𝑥 − 𝑙𝑛 𝑥 + 𝑒𝑥 )
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2. a) From the set of vectors { f1 (x) = 1 ,  f2 (x) = x,  f3(x) = x2,
f4 (x) = x3 } , construct an orthonormal set using Gram-
Schmidt procedure. 6

b) Verify Cayley-Hamilton theorem for the matrix 5

c) Show that under similarity transformation
A  SAS-1, the set of eigen values of the similar
operatos remain unaltered. 3

UNIT - II

3. a) Determine whether f(z) = z-1 is analytic. 3

b) Show that u (x, y) =                         is a harmonic
function. Obtain its harmonic conjugate. 2+3=5

c) State Cauchy’s integral theorem. 2

d) If a function f (z) is analytic at the point z = z0 , show
that its nth derivative at z = z0 is given by

where C is a closed contour enclosing the point
z = z0 4

4. a) Obtain the series expansion of the function
4

൭
1 2 3
2 −1 4
3 1 1

൱ 

b) Show that the residue of the function f (z) at a pole of
order m at z = z0 is given by 4

c) State Cauchy’s residue theorem. Evaluate the
definite integral using residue theorem. 2+4=6

UNIT - III

5. a) Expand the function f (x) = x + x2 where  -    x ,
in a Fourier series and hence show that              ,
where                    is the Reimann Zeta function.

6+3=9

b) Find the Fourier transform for the function 5
f (x) = 1 - x2 ,   - 1  x  1

6. a) A function f (x) of period 2 is given by
f (x) = 0 for  -  < x < 0
       = x for  0 < x <

i) Sketch a graph of the function f(x) for the interval
    -3< x < 3 2
ii) Obtain the Fourier expansion of the function. 5
iii) Show that 3

b) Obtain the Laplace transforms of sin(kt) and cos(kt).
2+2=4

𝑓(𝑛)(𝑍0) =  
𝑛!

2𝜋!
 ර
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𝑒𝑥 2   −
 𝑦

2
cos(xy)

𝑓(𝑧) =  
1

1 − 𝑧
 

about z = 0
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