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1. This paper consists of 2 sections.

2. Answer ALL questions in Section A.

3. Answer ANY 3 questions in Section B.
4. Show all your working.

5. Begin each question on a new page.
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Section A
Answer ALL Questions in this section

A.1 a. Evaluate

oo .2 d
/ 12:4_ ;:Eﬂ' [5 marks}
a

b. Determine whether the set of functions {z, z* — 2z + 3} is orthogonal over
the interval [0, co) with respect to the weight function w(z) = ™. [5 marks]

¢. BEvaluate the line integral

/ (8y — z3) - (dzt -+ 8dyy)
C

where C'is
i. the straight line from (1,1) to (—1,1) [3 marks]
ii. the arc along the circle 2% + 3* = 2 from (1,1) to (-1, 1) in the
counterclockwise direction [5 marks]

d. Determine whether the following set of vectors is coplanar.
u=(2,5-2), v=(3,-1,0), w=(59,-4). _ [5 marks]

e. Make a sketch of the 2-dimensional vector flow field of

F=uyi-j. [5 marks]
f. List 3 properties of conservative vector fields. [5 marks]
g. i. State Green's Theorem in the Plane. [2 marks]

ii. Use the area formula

Azlfgazdy——ydm
2Jc

to find the area of the ellipse centred at the origin, with major axis 16 and
minor axis 10. [5 marks]
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Section B
Answer ANY Three (3) Questions in this section

B.2 a. Prove that
/11(1 — &)™ Y1 + z)" e = 2™ 1 B(m, n). [7 marks]
Hence, or otherwise, evaluate
/11(1 —z)*V1 + z dz. [3 marks]

b. The Hermite polynomials are defined by the Rodrugue’s formula

22 d n p?
Ho(z) =¢ <~£> e’

Use the Rodrigue’s formula to derive the recurrence relations
i, Hplz) =2zH,(z) — 2nH, 1(z) [6 marks]
ii. H (z)=2nH,_(z) [4 marks]

B.3 a. Consider the straight line £ and plane IT :

r—5 y+3 z-—4

£ 6 =3

I z-—-2y+3z2=-15.
i. Find the point of intersection of £ and 1. [4 marks]
ii. Find the angle of intersection between £ and 1. [3 marks]
iii. Find the shortest distance from the origin to £. [5 marks]

b. Consider the planes

m : 2z—-—y4+2=23
Iy @ z42y—z=-21

i. Find the line of intersection of II; and Il,, expressing it in parametric
form. [5 marks]

ii. Find the angle of intersection between II; and II,. [3 marks]
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B.4 Given thatr = 2% + yj + zk and r = /22 + 2 + 22, show that
™

a. V(lnr)= 3 [5 marks]
b. V?(lnr) = iz [5 marks]
c. V.(rir)=1r [5 marks]
d Vx(rir) =0 - [5 marks]

B.5 a. Find the upward flux of F' = (z + y2)¢ — 227 + 2yzk through the plane 2z +

y + 2z = 12 in the first octant. [10 marks]
b. Find the surface area of the paraboloid of revolution z+4(z*+y*) = 16 above
the zy-plane. [10 marks]

B.6 Verifythe dlvergence theorem for the solid region bounded above by the paraboloid
z = 9 — z% — 3% and below by the plane z = 5, where F = 4zi + 4yj + 8zk.
{20 marks]

END OF EXAMINATION
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