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QUESTION ONE (30 MARKS)

a) A particle moves so that its position vector is given by r = coswti +sinwtj where wisa
constant (5 marks)
i) Show that the velocity v of the particle is perpendicular to r

i) The accelerationais directed towards the origin and has magnitude proportional to the
distance from the origin.

A — A 2R 20 — u2y 53 - =
b) Giventhat A=2Y2 - XV *XZK gngf =2XVZ° Eing (A Ry (5 marks)

¢) Determine the constant a so that the vector V = (x +3y) +(y- 22)j + (x+az)k isasolenoid
(2 marks)
d) The acceleration of aparticleat any time £ =0 isgiven by a =12cos2ti - 8sin 21 +16tk . If

at © = 0. thedisplacement is ¥ = ¢ andthevelocityis v = '+ J, find ¥ and v aany
time & (6 marks)
e Giventhat A=(3x* ++6yf - 14y4 +20xz2°k evaluate (A d r from (0,0,0) to (11)along
C

thepath x=t,y=t* z=t° (4 marks)

f) Find the volume of the region common to the intersecting cylinders x* + y* = a*and
X2 + 7% = g2 (3 marks)

g) Verify green’stheorem in the plane for @‘9(xy + yz)dx + x’dy where C is the closed curve
bounded by y = x and y = x* (3 marks)

®
h) Expresscurl A inorthogonal coordinates. (3 marks)

QUESTION TWO (20 MARKS)

(a) Giventhat A and B are differentiable functions of a scalar u show that (5 marks)

du du du

(b) Find the unit tangent vector to any point on thecurvex=t2 +1, y =4t- 3and z=2t2- ethence
find the unit tangent at the point wheret = 2 (5 marks)
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(c) A spacecurveisgiven by the equations x=t, y=t?, z= §t3 find (10 marks)

1) the curvature k
i) Thetorsiont .

QUESTION THREE (20 MARKYS)

—2—

a) Showthat N’ (ﬁ K):-N A+ﬁ(ﬁ- 7&) (7 marks)

b) Find the angle between the surfaces x? + y2 + 22 =9and z= x? + y? - 3 at the point (2,- 1,2)
(5 marks)

¢) Givenavector V = (x+2y+az)i + (bx- 3y- z)j +(4x+cy +22) find (8 marks)

1) Find the values of a, b, ¢ so0 that the vector is irrotational
i) Express the vector as a gradient of a scalar function

QUESTION FOUR (20 MARK S)
® . n ~
a) Giventhat F = (2xy+ 2 ) +x*] + 3xz%k (9 marks)

®
i) Show that F isaconservative force field.
i) Find the scalar potential
iiiy  Find the work done in moving an object in this field from (1- 21) to (31,4)

L r
(b) Evaluate cggN F)- AdS where Sisthe surface of the sphere x* + y? + z? = a®above the x-y

S

plane giventhat F = yi +(x- 2xz)] - xyk (11 marks)
QUESTION FIVE (20 MARKYS)

. 14 nds . ] a . e
a) Usedivergence theorem to evaluate i h where 4 = 2x — 20+ x*yj— z%k ¢

aken
over the region bounded by x = 0, x =1 y=0, y=1, z=0, z=1
(8 marks)

b) Verify Stokestheorem for ,®A(2x - y)f - yZ%] - yZZZ where Sisthe upper half surface of the
sphere x* + y* + z° =1and C is its boundary. (6 marks)

¢) Find the square of the element of arc length in cylindrical coordinates and determine the
corresponding scal e factors. (6 marks)
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