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QUESTION 1

(a) Prove that
V- (¢A)=(Ve)-A+4(V-A)

[6]
(b) Let A = (2zy + 2%)1+ £2) + 3222k be a given vector field.
(i) Show that A is conservative.

(ii) Find the scalar potential.

(iii) Find the work done in moving an object in this field from from (1, ~2,1)

to (3,1, 4). [5,7,2]

QUESTION 2

The position vector of a moving particle is given by

r = 3cos(2t)i + 3sin(2t)] + (8t — 4)k.

Find

(a) the velocity

(b) the speed

(c) the acceleration

(d) the magnitude of the acceleration

(e) the unit tangent vector

(f) the curvature

(g) the radius of curvature



(h) the unit principal normal
(i) the normal component of acceleration

(j) the unit binormal vector. [20]

QUESTION 3

(a) In cylindrical coordinates (s,8,z), the position vector of an arbitrary point

(z,y,z2) is given by

r = scos i + ssin 6] + zk.
Show that, in this coordinate system,
(i) the velocity is given by

v=2 55+ 500+ sk

dt
(ii) the acceleration is given by
dv . o a . N
a=-—= (8 — s6%)8 + (s8 + 256)0 + Zk.

[10,2]

(b) Find the work done in moving a particle once around a circle in the zy-plane
if the circle has its center at the origin, has radius 3, and if the vector field is

givenby F= (22 —y+2)i+ (z +y — 22) ]+ (3z — 2y + 42) k. 8]



QUESTION 4

(a) If A = (322 —6yz2) i+ (2y+372) j+ (1 —4zy2?) k, evaluate / A dr from (0,0,0)
c
to (1,1,1) along the following paths C:

(i) z=t, y=1% z=1.

(i) The straight line from (0,0,0) to (0,0, 1), then to (0,1,1), and then to

(1,1,1).
(iii) The straight line joining (0,0,0) and (1,1,1). A 4,5,3]
zdy — ydz . . 9 9 9 .
(b) Show that _:I:T-l—_y—z_ = 2m, where C is the circle z° + y* = a“ traversed in
c
the counterclockwise direction. 8]

QUESTION 5

(a) A particle moves in a central force field defined by

K.
F:——ﬁr,

where K is a constant and r is the distance from the center of force (origin).

(i) Find the potential energy of the particle.

(ii) Find the amount of work done by the force field in moving the particle
from a point on the circle of radius r = a(> 0) to another point on the

circle of radius r = b(> 0). 3,3]

(b) Evaluate .7( (y — sin z)dz + cos zdy, where C is the triangle in the zy-plane with

c
vertices at (0,0), (7/2,0), (7/2,1) traversed in the counterclockwise direction:

(i) Directly.

(ii) Using Green’s Theorem. 8,6)



(a)

QUESTION 6

A particle is projected with velocity u from a point O in a vertical plane through
the line of greatest slope of a plane inclined at an angle 5 to the horizontal.
After time T, the particle strikes the inclined plane at the point P, at a distance

R from O. If u makes an angle o with the horizontal, and if |u| = u, show that:

. _ 2 . . _ .
() T = 2u sin(a — B) and Ro ¥ [sin(2a — B) s1nﬂ];
gcosf gcos? 3
(ii) for constant v and §, R is maximum when a = % + -g— [9,3]

Under the influence of a central force, a particle moves in a circular orbit through

the origin. Find the law of force. 8]

QUESTION 7

A particle is projected from the origin with initial velocity —4i and acceleration
(3—t)§, where ¢ is measured in seconds. Show that the particle reverses direction

after 2 seconds and after 4 seconds. [5]

Also find the total distance traveled by the particle in

(i) 2 seconds

(ii) 4 seconds
(iii) 6 seconds [1,1,1]
At time t = 0 a particle of mass m is located at z = 0 and is traveling vertically

downwards with speed wvg.If the resisting force is —fv, where v is the speed at

time t, find

(i) the speed at any time ¢,

(ii) the distance traveled after time ¢, and



(ili) the acceleration at any time t. 16,4,2]

END OF EXAMINATION



