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L 1a} For any three vectors g, b, ¢, prove that

Hesce show that

{h) Find an equation for the plane passing through three points whose position vegtors
are given by (2, ~1,1), (3,2, —1) and (=1,3,2).

o) Find the voeror £ and the scalar A which satisfy the equations

ehz=b+Aa, ag.z=23 s

where g = | + 2J—kand =24 1+ k.



Jl

2. Define the term gradient of a scal

o+

ar field ¢.
(a) Let r = zj + Yj+zk and r = |7}

i. Show that 2 = n{n+1)r"2 where n is a constant:

it. Find the gradient of Z{nr) and G2 (Iny),

(b) Find the directional derivative of ¢ = 443

= SETes (. -1,2) in the directiy
2i — 37 + 6k

(¢) Find the angle between the surface zy%z = 34 + 22 and 3% —~y? 4 22 = 1 at iff

point (1, -2, 1).

3. {a) Define the following terms:

® a conservative vector field:

o solenoidal vector field.

Show that F = (22~ y)i 4 (2y2? ~ z}j + (2972 — 2}k is conservative but ny

solenoidal.

(b) Let O = (0,0, 0), 4=(1,0,0), B= (1,2,0) and ¢ = (1,2,3). By considering

the straight line path OA, AB, BC, find the line integral / Fd
Fong

. where v isg
path from O to O,

(¢) State the Divergence theorem, and use it to evaluate / FndS., where

s
E =dzgzi — 2 J+yzk and S is the surface of the cube bounded by m=0

T=1 y=0, Yy=1, z=0and z =1

4. Two particles each of mass m are connected by a light in-extensible string and am
lving on a smooth horizontal table with the string taut. The string passes through

a small ring O fixed to the table at a point distance ‘a’ from 'rhe?,‘r'[rst particle, The
first particle is given a horizontal velocity v perpendicular to the siring. Prove tha

its subsequent path until the second particle reaches O is a polar equation given by

r=asec(f/y/2) relative to 0. Prove also that. if the particle has reached a distane

. . 1 ..
r after time ¢. then 1% = g2 4 i-uzﬁ.

]



A particle moves in g plane with the velocity © and the tangent to the path of the
4

particle mukes an angle ¥ with a fixed Jine in the plane. Prove that the components of

; du fh;)
aceeleration of the particle along the tangent and perpendicular to it are ) and v—

respectively,

A body attached to a parachute is released from an aeroplane which is moving hor-

zoutally with veloc ity vo. The parachute €Xerts 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 v to the horizontal, then

Yg sec b/

. i e s K
(sec ¢ + tan )

Prove that if & = L. the body cannot have a vertical component of velocity greater

g
Pl =%
)

. State the angular momenturn principle.

A particle of mass M moves on a smooth inner surface of a paraboloid of revolu-

tion r? = 44z whose axis is vertical and vertex downwards, the path of the particle lies

between the horizontal circle at 2 = p and 7 = g. Show that the angular momentum

of the particle above the axis is m/8agpg and the velocity ig \/29 {p 5 ¢ — 2), where g
is the acceleration dye to gravity,

Show also that the reaction between the surface and the particle when the particle ig

T2=p 15 given by
mg{a~k q)
Valp +4q)

.



