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Instructions:

1. This paper consists of 2 sections.

2. Answer ALL questions in Section A.

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

THIS PAPER SHOULD NOT BE OPENED UNTIL PERMISSION HAS BEEN GIVEN

BY THE INVIGILATOR.



Section A
Answer ALL Questions in this section

A.1 a. Evaluate

i. / tte~4dz ' [4 marks]
0
1
il. / x%(l - x)%d:c (4 marks]
0
1 o0
b. Using the generating function G(z,h) = = h"P,(z) fo
ing the g g &h = = :‘;6 (z) for
Legendre polynomials, show that P,,(1) = 1 foralln € Z*. [4 marks]
A.2 Consider the scalar function ‘
VU = 2%y + ylz — 2zy + 2%
Find
a. vv | [4 marks]
b. VU [3 marks]
c. Vx (VD). ; [5 marks]
A.3 Find the value of
4
a. f [(2 — 4t)i +te"t§ — sin tk] dt [5 marks]
0

b. / ] / 45zy2dV where V is the region bounded by the plane 2z +3y+42z = 12
in thg first octant. [5 marks]

C. /(3: — 1)dz + (2z + y)dy where C is the curve z = 2cost, y = 2sint from
o

t=0tot =3 [6 marks]




Section B
Answer ANY THREE (3) Questions in this section

B.1 a. Show that the set of functions
{1,1-5, (% - 45 +2)}

is orthogonal in the interval [0, co) with respect to the weight function

w(z) = e 7. [10 marks]
b. Prove that
i > B(kn)=B(m,n-1) [5 marks]
k=m
1 Inl
X 2m+1 _e2\n — i
ii. /0 ™1 — z*)"dx mtn D) [5 marks]

B.2 a. Ifv =w x r, prove that
w=3(V x v)

where r = zi + yj + zk and w is a constant vector. [8 marks]
b. Consider the vector field

F = (z2%)i — yj + 272k,

i. Show that F is a conservative force field , [4 marks]

ii. Find the scalar potential ¢ such that F = V¢. [5 marks]

iii. Hence, or otherwise, ind the work done in moving a particle from (1, 1, —2)
to (5,4, 10) in the force field F'. [3 marks]

B.3 a. Let f(r) be a differentiable function and » = z% + yj + zk. Prove that
i Vfir)= i(—::lt [5 marks]

i, V x (r f(f,»)) -0 [9 marks]

b. Find the volume of the region enclosed by the plane z = ¢ and the paraboloid
z =14 9% [6 marks]




B.4 a. Find the work done in moving a particle in the force field
F=Q2c+1)i+ 2y —z)j + 22k

from (0,0,0) to (2,2,4) alongthecurvez =¢, y =¢, 2 =2¢t, 0 <t < 2,
‘ [7 marks]
b. Verify Stokes’ theorem

,ﬁp.dm/[g(vXF)-nds

where F = (y, —z,z) and S is the part of the plane z + 3y + 5z = 150 in the
first octant. [13 marks]

B.5 Consider the cylindrical polar coordinate system defined by

T=pcos¢, y=psing,z=2z.

a. Derive the scale factors h,, hsand h,. ; [4 marks]
b. Find the unit vectors e,, e; and e, in terms of 7, j and k. [4 marks]
c. Hence show that e,, e, and e, form an orthogonal coordinate system.
[2 marks]
d. Use the formula
10V 1 0¥ 10V
¥V = —— — —
v hl 0U1 et hg 8UQ €2t hg 8u3 €
to derive the formula for
V¥
in cylindrical polar coordinates. [4 marks]
d. Hence, or otherwise, show that
?Ej- 2-{— Q-\I-l— 2- -(?—\?- 2+—1- —(?E'- : [6 marks]
oz dy )  \Op P \o¢ )

END OF EXAMINATION




