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Section A
Answer ALL Questions in this section

A.1 a. Evaluate

2
i. / sin @ cos® 9de [5 marks]
0
ii. jf 2?e dx [5 marks]

b. Find the work done in moving an object
i. along the straight line from (2, —4, 5) to (-5, 0,8) in the force field F =

(3,—2,-9). [3 marks]

ii. from (1,2) to (3,18) along the parabola y = 2z? in the force field F' =

(322 +y)i + (z — 1)7. [5 marks]

c. Find the parametric equation of the straight line passing through (4, 3, —2)
and (—6,4,5). [3 marks]

d. Find the scalar equation of the plane passing through the point (—6,5, —4)
and parallel to the vectors —33+47 + 5kand7i — § + 4k, [5 marks]

e. Given the surface defined by
z=d+xe™ Y

i. Find the upward-pointing normal vector of the surface at (-1, 2, 3).

[5 marks]

ii. Hence, or otherwise, find the equation of the tangent plane to the
surface at (-1, 2, 3). [3 marks]
f. i. State the Divergence Theorem. [2 marks]

ii. Hence, or otherwise, evaluate F - d8 where F = {6z% —2y,2) and S
s
is the closed surface bounding the cube with vertices
(0,0,0), (2,0,0), (2,2,0), (0,2,0), (0,0,2), (2,0,2), (2,2,2), (0,2,2).
[4 marks]
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Section B
Answer ANY Three (3) Questions in this section

B.2 a. The Laguerre polynomials are defined by the Rodrigue’s formula
e’ d"

Ln(z) = ——=(a"e).
Use this formula to find
I Li(z) [2 marks]
ii. Lo(z) [3 marks]
b. Alternatively, the Laguerre polynomials are defined by the generating func-
tion
exp -
Gz, t) = ——— 1~t Zt Ly(z

By differentiating the generating function w1th respect to z, derive the re-

currence relation
() = Ly(z) — La(z). [8 marks]

c. Prove that
2"B(n,n + 1) = B(n,})

where B is the Beta function. [7 marks]

B.3 Consider the two straight lines

b x=24+4, y=2—1,2=8+3 teR

.w+2_y~3w B
b+ — =T = 5— z.
a. Find the shortest distance from ¢; to the point (1,7,4), leaving your answer
in surd form. [6 marks]
b. Find the point of intersection of ¢, and ;. [6 marks]
c. Find the angle of intersection between ¢; and /3 (in degrees, correct to 1
decimal point) [3 marks]
d. Find the equation of the plane containing both ¢; and ;. [5 marks]
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B.4 Verify Stokes’ theorem where C is the curve of intersection between the plane
4z + » = 12 and the cylinder 2? + y* = 4, and the vector function F' = (~y, z, z).
[20 marks]

B.5 a. Use vector methods to prove the cosine formula
& = a4 b — 2abcosC

for a scalene triangle with sides of length «, b and ¢, respectively, where C'is
the acute angle between sides o and b. [6 marks]

b. Given the vector function
F = Fy(z,y,2)t + Fo(z,y,2)] + Fs(w,y,2)k
where F, F, and Fj are twice differentiable functions, prove that

V- (VxF)=0. |7 marks]

¢. Consider two parallel lines ¢; and ¢, with direction vector m, one passing
through P (1,41, z1) and the other passing through 7~ (s, Yo, #2), with equa-
tions

Li:r = ri+mi, teR
bh:r = ry+ms, sER,
where ¢ and s are parameters, and r; = (z1,%1, z1) and rg = (22,92, z) are the

position vectors of P, and P, respectively. Prove that the shortest distance
between £, and ¢, is given by

_|{rz=m) X m! . [7 marks]
ud
B.6 a. Consider the vector function
F =2yt + (2% — 2° Siny)j' + 2z cosyk.
i. Prove that F is a conservative force field. [4 marks]
ii. Find a potential function ® such that F' = V@ [8 marks]
b. Find the flux of F' = (2z, 3y, 3z) through S the closed surface made up of the
cone z = 3 — /7% + y? above, and the disk 22 + y* < 9 below. [8 marks]

END OF EXAMINATION
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