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1. Define the terms colinear vectors and coplanar vectors. *,

(a) Prove the following:
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i. the diagonals of a parallelogram bisect each other; 4
> !
ii. # za+yb+ zc = 0, then x = y = z = 0, where a, b and ¢ are non-coplanar

vectors.

(b) Let a,b and ¢ be three vectors such that g is perpendicular to both b and ¢,
and |b] = |¢|. Show that the equation of the plane through the three points

whose position vectors are g, b and ¢, is
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Hence find the equation of the plane through the points (2, —1,1,), (3,2, —1),(-1,3,2).



2. Define the term divergence of the vector field F.

(a) Let r = 2i+ yj + 2k and |r| = r . Show that

i div(r®r) = (n+ 3)r", for n € Z;
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ii. dlv(ﬁ) = (.
(b) Define the term gradient of the scaler field ¢.

1. Show that V¢ is a vector perpendicular to the surface ¢(z,y, 2) = ¢, where

¢ is a constant.

ii. Find the directional derivatives of the function, f(z,y,2) = 2% — y? + 222,
at the point P(1,2,3) in the direction of the line PQ , where @ is the point
(5,0,4).

(¢) Prove the following:

i, if g and b are irrotational vectors, then g A b is 4 solenoidal vector,

e

ii. if r Adr = Q, then ? = constant.
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3. State the Stoke's theorem and Green's theorem. 3
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(a) If ; = (2z + y)i + (3y — x)j, then evaluate [, F - dr, where C is the curve
in the zy-plane consisting of the straight line from (0,0) to (2,0) and then to
(3,2).

(b) If S is any open surface bounded by a simple closed curve C' and B is any

vector, then prove that

]fdzA_B_=f/(nA2)A_B_ ds.
c s )

(c) Verify the Stoke's theorem for A = (z — 2)i + (2* + y2)j — 3zy’k and S is the
surface of the cone z = 2 — /z? + y? above the zy-plane.
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4 Obtain the radial and transverse components of the velocity é.mi acceleramon of a /;\:‘i/
particle in the polar co-ordinate system. = \\IVI\V\ER‘)'TT%:R//\; .

Masses m;, Mo are attached to the ends of a weightless inextensible string AOB
and rest on a smooth fixed peg at O, and the portions OA(= z), and OB(= y) of
the string are in a straight line. The mass my is now projected horizontally with
velocity v perpendicular to OA. If the string remains in contact with the peg, and
all the motion takes place in a horizontal plane, prove that the mass my reaches the
peg with velocity

v myy(2z + y)
z+y)\ (mi+mg)

5. A particle moves in a plane with the velocity v and the tangent to the path of the
particle makes an angle ¢ with a fixed line in the plane. Write the velocity and

acceleration components of the particle in intrinsic coordinate. Using these, show

=

that the components of acceleration along the tangent and perpend1cu1ar to it are

v /
given by v— and v E—g— , respectively.

ds

A particle is projected horizontally with the velocity v in a medium which offers
a resistance kv? per unit mass, where v is the speed. Let ¢ bi the downward
inclination of its path to the horizontal after it has traveled a dista#nce s on the arc.
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Show thaf '

(a) wvcost) = voe
ds V2

b) e — = 2 sec® 1h;

) 0% = Bsecty

by resolving the velocity components to the horizontal and perpendicular direction

to the path.

Hence find the intrinsic equation of the particle path.



6. With usual notations, obtain the equation of motion of a rocket of varying mass in

the form
dy = dm(t)
gt — dt

A rocket is fired upwards and the matter is ejected with constant relative velocity
g7 at a constant rate 2—%{ Initially the mass of the rocket is 2M, half of this
is available for ejection. Neglecting air resistance and variation in gravitational
attraction, show that the greatest speed of the rocket is attained when the mass of
the rocket is reduced to M, and determine this speed.

Show also that the rocket will reach the greatest height given by

gT?*(1 —In2)2
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