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Instructions 

1. 	This paper consists of NINE (9) questions in T\VO sections. 

2. 	Section A is COMPULSORY and is worth 40%.' Answer ALL questions 
in this section. 

3. 	Section B consists of FIVE questions, each worth 20%. Answer ANY THREE 
(3) questions in this section. 

4. 	Show all your working. 

5. 	 Start each new major question (AI, B2 - B5) on a new page and clearly 
indicate the question number at the top of the page. 

6. 	You can answer questions in any order. 

Special Requirements: NONE 

THIS EXAMINATION PAPER SHOULD NOT BE OPENED UNTIL PERMISSION HAS 

BEEN GIVEN BY THE INVIGILATOR. 
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Section A /0 I 
Answer ALL Questions in this section 

QUESTION Al 

a. Evaluate 

i. Joo x2e­2x2 dx 
-00 

[4] 

[2] 

b. Using the generating function 

G(x, t) 
1 

-----::- = I: i"T;,(x), 
11=0 

find the Tchebyshev polynomial T2 (x). [4] 

A2 

Given that. F = (x + xz2 )i + x cos yj + 3xe-yz k fiud 

a. Y·F l3] 

b. 

c. 

Y x F 

82F 
at. the point (1,0,1) 

[5] 

[6] 

QUESTION A3 

Find the equation of the plane determined by P(I, 1, 1), Q(I, 
R(2, 2, 2). 

0) and 
[8] 
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QUESTION A4 

If A = (3x - y)i + x.:j + (yz - l)k, evaluate j~ A· dr along the.T = f,y = t2
, 


Z = t 3 from (0,0,0) to (1,1,1) [8] 
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Section B 


Answer and 3 Questions in this section 


QUESTION Bl 

a. The generat.ing function of Hermit.e polynomials is given by 

By differelltiatillg this with respect to h, derive t.he recurrence relation 

[10] 

b. Consider the Beta funct.ion 

:r 
1. By making the substitution y = 1 _ :r' show that 

1
'::;0 '1)111-1 

B(m, n) = ' (il,) [8]
II (1+y)7II+11 " 

ii. Hence, or ot.herwise, evaluate 

[2] 

QUESTION B2 

a. Find t.he directional derivative of cp(x, y, z) = 
point (2, 1) in the direction - 2i + j - k 

e-(r+
y

)2 + z2(x + y) at the 
[5] 

h. Consider the vector field 

F = (yz + y + z + 2.r)i + (;rz + ely + ,r)j + (,),,1) + ,/ ­

1. Show that F is a conservative force field 

l.)k 

[4] 

ii. Find the scalar potential 1> for the vector field F [8] 

iii. Filld t.he wOlk dOll<: ill 11lOviug all oLject. ill the field frolll (1, -2, 1) 
to (3,1,4) [3] 
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QUESTION B3 

, a. The acceleration of a part.icle at any time t ~ 0 is given by 

a dv = 6 cos 2ti 4 sin 2tj + 8tk. 
dt 

Find t.he velocit.y v given t.hat v(O) = O. [3] 

h. Find t.he outward flux Jis F . n ds where F = 2xyi + eZj + x3k and S is the 

surface of t.he cube bounded by x = 0, x = 1, Y = 0, y 1, z 0, Z 1. [7] 

c. Use Green's Theorem 

j"r aN aM1 Md.r+Ndu JR(D:r - ) d:ulyJ'c 

t.o evaluat.e fa y3 dx x3ely where C ii:l a poi:litivel.v oriented circle of 


radius 2 centered at. t.he origin. [10] 


QUESTION B4 


i. v x (A + B) = v x A + v x B [10] 

ii. v x (cpA) = (v¢) x A + ¢(v x A) [10] 

QUESTION B5 

a. Evaluate the line integral 

i ydy - :tdy 
c 

directly, where C is t.he circle with centre at the origin and radius 1. [8] 

(Hint: Parametrize Cj 

h. Com;ider the spherical (:oordinate syst.em dC'fined hy 

:1; Tsin8coi:l<p. y=rsin8sin<p.z=rcos8. 

i. Derive t.he scale fact.ors hr, he and fl</>. 

ii. Find t.he unit. vect.ors ep , eq, and e: in terms of i, j and k. [3] 

OF EXAMINATION 


