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Answer all questions Time : Three hours

1. (a) Define the terms ‘Scalar product’ and ‘Vector product’ of two vectors.
b p

For any three vectors g, b, ¢, prove that the identity
aA(bAc)=(a.cb—(a.b)ec

(b) p, ¢ and r are three non-null vectors such that r — (pAg) =agand p.q=0,

where « is a scalar. Show that

g-r

p=gA and a= =,
& q
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(c) If a vector r isiresolved into components parallel and perpendicular to a given
£ )

vector g, show that the decomposition is
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2. (a) Define the following terms

1. the gradient of a scalar field &
ii. the divergence of a vector field

1. the curl of a vector field Vi
(b) Prove that

- div (¢ F) = grad 4. F 4 ¢ div
1. curl (¢ F) = ¢ curl F + grdd OAF

(c) Letg;_:mi+yi+z_k_andr—-

|z] and let g be a constant vector Evaluate {|
following:

i. grad(a . 1),
ii. curl(a A r).

Hence show that

i, grad(gr'az) =2 _ a.1) r

18 alr
1. curi =
r

3.

(a) State the Divergence theorem and use it to evaluate
A = 2%y —

A n dS, whe
y? J +422%k and S is the surface of the cylinder 2 + y? = 9 includ:
in the first octant between z = 0 and TP,

(b) State{ythe Green’s Theorem

Verify the Green’s theorem in plane for

/C [(@® ~ 24®) do + (4* - 20y)dy]

where C is in the square with vertices (0,0), (2,0), (2,2) (0,2)
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4. Prove that the radial'and transverse component of the acceler i();l of a particléin{ag

plane in terms of polar co-ordinates (r,8) are =

g Lo
/ 1d ‘ ,,,g»”” S
i —r6® and —d—( 1%6) respectively. b‘\\_ —
r

(a) The velocities of a particle along and perpendicular to a radius vector from a fixed
origin are M2 and ;i82. Find the polar equation of the path of the particle and

also the components of acceleration in terms of r and 6.

(b) A light inextensible string of length 2a passes through a smooth ring at a point O,
on a smooth horizontal table and two particles, each of mass m, attached to it's
ends A and B. Initially the particles lie on the table with OA = OB = aand AOB
a straight line, the particle A is given a velocity  in a direction perpendicular
to OA. Prove that, if » and @ are the polar co-ordinates of A at a time ¢ with

respect to the origin, then

&r  au®
1. 2 i 3 = 0,

dr O 2 2
1 2?'3%——'& 2(r? — a?)

1

COOR 2

i, r? = a® + —u’t
+2

Find the velocity of A at the instant when B reaches the origin at O.

5. A particle moves in a plane with velocity v and the tangent to the path of the particle

makes an angle ¥ with a fixed line in the plane. Prove that the components of the
dy

dv
acceleration of the particle along the tangent and perpendicular to it are T and v—— 7

zespectively.
#

A body attached tti a parachute is released from an aeroplane which is moving hor-
izontally with velocity vo. The parachute exerts a drag opposing motion which is k
times the weight of the body, where k is a constant. Neglecting the air resistance to
the motion of the body, prove that if v is the velocity of the body when its path is

inclined an angle ¢ to the horizontal, then

5 vp sec

~ (secy + tangp)k
Prove that if k = 1, the body cannot have a vertical component of velocity grater than
Uy
5




6. Establish the equation

/
for the motion of a rocket of varying mass m(t) moving in a straight line with velocity

v under a force F(t), matter being emitted at a constant rate with a velocity vg relative

to the rocket.

(a) A rocket of total mass m contains fuel of mass em (0 < € < 1). This fuel burng
at a constant rate k and the gas is ejected backward with the velocity up relative
to the rocket. Find the speed of the rocket when the fuel has been completely

burnt.

(b) A rain drop falls from rest under gravity through a stationary cloud. The mass of
the rain drop increases by absorbing small droplets from the cloud. The rate of
increment is mrv, where m is the mass, v is the speed and r is a constant. Show

that after the rain drop fallen a distance z, rv? = g(1 — %),




