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Group - A (Numerical Analysis)

Answer any 5 from question nos. 1-7 in this group. Symbols are of usual meaning. Answer to the point in
your own words. [5 x 6 = 30 marks]

1. Show that the error in approximating f(x) by the interpolating polynomial Ln(x) is [6]

w(x)
fn+1(ξ)

(n+ 1)!
, where w(x) = (x− x0)(x− x1) · · · (x− xn).

2. Show that the divided difference of a function f for the distinct arguments x1, x2, ..., xn is given by [6]

f(x1, x2, ..., xn) =
n∑

i=1

f(xi)

(xi − x1)(xi − x2) · · · (xi − xi−1)(xi − xi+1) · · · (xi − xn)

3. Deduce Newton-Cote’s formula for numerical integration. Hence, find the trapezoidal rule. [4+2]

4. Explain the fixed-point iteration method for finding a simple root of f(x) = 0. State the sufficient
condition of convergence of the method. [5+1]

5. Discuss the Gauss-Seidal iteration method for finding the solution of a system of linear equations .
State the condition of convergence. [5+1]

6. Find y(0.03) from the ODE : dy
dx = y + x3, y(0) = 1 taking step length h = 0.01. [6]

7. Describe the power method to calculate the numerically greatest eigen value of a real symmetric matrix.

[6]



Group - B (Vector Calculus)

Answer any 2 from question nos. 8-10 in this group. [2 x 10 = 20 marks]

8. (a) Verify Stokes’ theorem for
−→
F (xî + yĵ + zk̂) = (x − y)̂i − yz2ĵ − y2zk̂ on the upper half-sphere

given by x2 + y2 + z2 = 2, z ≥ 0. [5]

(b) If
−→
f and −→g are irrotational vector fields defined over R3, show that

−→
f ×−→g is a solenoidal vector

field. [5]

9. (a) Evaluate the following integral for −→r (t) = −5t2î+ tĵ − t3k̂∫ 2

1

(
1

r

d−→r
dt
− dr

dt

−→r
r2

)
dt

where r(t) is the magnitude of −→r (t). [4]

(b) Find the values of the constants a, b and c such that the vector field

−→
F (xî+ yĵ + zk̂) = [x+ (1 + b)y − cz ]̂i+ [ax− by + (c+ 1)z]ĵ + (2ax+ 3by − z)k̂

is irrotational. [3]

(c) Find the directional derivative of the scalar valued function

f(xî+ yĵ) =

{
x sin

(
xy

x2+y2

)
, if (x, y) 6= (0, 0)

0, otherwise.

at the origin, in the direction β = î+ ĵ. [3]

10. (a) Verify the divergence theorem for
−→
F (xî + yĵ + zk̂) = (3x − y)̂i − 2yzĵ + xy2zk̂, taken over the

region bounded by x2 + y2 = 9, z = −1 and z = 3. [6]

(b) Find the vector equations of the tangent line and the normal plane at a point P = (1, 1, 1) of the
curve given by xy − z2 = 0 , x2 + yz − zx = 1. [4]

Group - C (Unit I - Rigid Dynamics)

Answer question 11 and any 2 from question nos. 12 to 14 from this group. [6 + 2 x 12 = 30 marks]

11. (Compulsory) Explain the motion of a rigid body in two dimensions, defining properly the variables
used which determine the motion. Find the moment of momentum of a rigid body moving in two
dimensions about the centre of inertia. [2 + 4]

12. (a) Show that a uniform triangular lamina of mass M is equi-momental with three particles, each of
mass M

12 , placed at the angular points and a particle of mass 3M
4 placed at the centre of inertia of

the triangle. [7]

(b) A solid homogeneous cone of height h and semi-vertical angle α oscillates about a horizontal axis
through its vertex. Find the length of the simple equivalent pendulum. [5]

13. (a) Two equal uniform rods AB and AC are freely jointed at A and laid on a smooth horizontal table
in such a way that ∠BAC is a right angle. The rod AB is struck by a blow P at B in a direction
perpendicular to AB. Find the initial velocity of B just after the blow. [6]

(b) A circular homogeneous plate is projected up a rough inclined plane with velocity V without
rotation, the plane of the plate being in the plane of greatest slope. Show that the plate ceases
to slip after a time

V

g(3µ cosα+ sinα)
,

where µ is the coefficient of friction and α is the inclination of the inclined plane. [6]

14. (a) Write down the general equations of motion of a rigid body in vector form. Establish the principle
of independence of the motion of translation and rotation of a rigid body. [2+5]



(b) A uniform rod, of length 2a and weight W , is turning about its end O and starts from the position
in which it was vertically above O. When it has turned through an angle θ, find the resultant
reaction at O. [5]

Group - C (Unit II - Particle Dynamics)

Answer question 15 and any 2 from question nos. 16 to 18 from this group. [6 + 2 x 7 = 20 marks]

15. (Compulsory) Prove that in a parabolic orbit the time taken to move from the vertex to a point at a
distance r from the focus is

1

3
√
µ

(r + l)
√

2r − l

where l is the semi-latus rectum. [6]

16. A spherical raindrop, falling freely, receives in each instant an increase of volume equal to λ times its
surface area at that instant. Find the velocity at the end of time t, and the distance fallen through in
that time. [7]

17. A particle slides from a cusp down the arc of a rough cycloid, the axis of which is vertical. Find the
ratio of its velocity at the vertex will bear to the velocity at the same point when the cycloid is smooth.

[7]

18. A particle moves under a force which is always directed towards a fixed point and varies inversely as
the square of the distance from that point, being projected in any manner. Determine the orbit and
distinguish the three cases which arise. [7]

X


