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NATIONAL UNIVERSITY OF SCIENCE AND TECHNOLOGY 
SMA1112 

FACULT Y OF AP P LIE D SCIENCE 

DEPARTMENT OF APPLIED MATHEMATI CS 

SMA1112: PREPARATORY MATHEMAT ICS 

DECEMBER 2024 EXAMINATION 

Time : 3 hours 

Candidates should attempt ALL questions from Section A[40 MARKS] and ANY THREE 
questions from Section B[60 MARKS]. 
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Al. (a) Evaluate -
4 

(b) Simplify 

SECTION A (40 MARKS) 

( y'Xy) 3 
X X~ 

x.JY , 
where x and y are positive real numbers. 

(c) Solve the equation, 

A2. (a) Given that f(x) = 2x + 1 and g(x) = x + 3. Find, 

(i) the value of x for which j(x) = g(x) , 

( ii) j (g (X)). 

[2] 

[3] 

[4] 

[1] 
(2] 

(b) A quadratic polynomial is defined by p( x) = ax2 + bx + c, write down a condition 
in terms of a, b and c for which p(x) is a perfect square. [2] 

(c) Express 4x2 - 12x - 7 in the form (px + q)2 + r , hence or otherwise solve the 
equation, 

4x2
- 12x- 7 = 0. 

[4] 
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A3. (a) T he hypotenuse of a right-angled isosceles triangle is x units, determine the area 
of the triangle in terms of x . [3) 

(b) Find the exact values of sin() and tan() given that sec () = 2. [3) 

A4. (a) Given that f(x) = x3 - 7x + 6, show that (x- 2) is a factor of f (x) and hence 
factorise f(x) completely. [4) 

(b) D h fr . 7 X + 1 . . l f . ecompose t e actiOn x3 _ 
7 

x + 
6 

mto part1a ract10ns. 

n 

(c) It is given that (1 + x)n =I: n xr where n E z+. 
r 

r=O 

[5] 

Derive a formula for the expansion of (a + b )n and hence determine the term 
independent of x in the expansion of, 

1 
x+­

x2 

9 

SECTION B 

B5. (a) Find the inverse of the following matrix, 

A = 
3 -1 2 
1 2 4 
2 -1 1 

• 

• 

(b) Use the Cramer's rule to solve the following system of equations 

3x- y + 2z 7, 

x + 2y + 4z 17, 

2x- y + z 3. 

[7) 

[7) 

(6) 

(c) Verify your answer in part (b) by showing that X = A-1B , where A - l is the 
inverse of matrix A in (a) and, 

B = 
7 
17 
3 

• 

(4] 

(d) Given a system of linear equations in matrix form as AX = B and that A is an 
involutory matrix, show that the solution is given by X = AB. [3) 
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B6. (a) Express log3 36 in terms of log3 2. [2] 

(b) Find the gradient function for t he graph of y = x2 using first principles . [3] 

(c) Show that, 
(1 -cos 8)(1 +sec B) = sec B- cos B. 

(d) It is given that f(x) = 3x- 5 and g(x) = x2 + 1 for x > 0, 

(i) find / (2), 

(ii) determine g-1(x), t he inverse function of g(x). 
1 

[3) 

(1) 
(2] 

(e) Use integration by parts to find (x+1)ex dx, giving the answer in exact form. (4) 
0 

(f) Determine the turning points for the graph of y = x3 - 6x2 - 16 and classify their 
nature using the second-derivative test. (5) 

B7. (a) (i) State the three conditions t hat should be satisfied for a function f(x ) to be 
continuous at a point x = a. [3) 

(ii) It is given that, 

f(x) = x2- 1. 
x-1 

Determine whether f(x) is continuous at x = 1. 

(b) (a) Evaluate 
lim ( x2 

- x + 3) . 
x---+2 

(b) Given that j(B) = sin2 B, show that !'(B) = sin(2B). 

(c) Given that f (x) = (x2 + 1)ex, show that f' (x) = (x + 1)2ex. 

(d) Show t hat the equation; 
sin(B- 30°) = 2 cos(e + 60°) 

can be expressed in t he form, 

tan 8 = k, where k E JR. 

[3) 

[2] 
[2] 

[4] 

Hence, solve the equation sin(B- 30°) = 2 cos(B + 60°) for oo:::; B:::; 360°. [6] 
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B8. (a) Evaluate the following definite integral using the substitution u = x 2 , 

rl 
2 

2xex dx . 
vO 

[3] 
(b) Determine the values of B on the interval -180° < B ~ 180° for which, 

sin 2B - cos B = 0. 

[4] 

(c) Calculate the volume of the solid generated by rotating the graph of y = 3x about 
the x-axis for 0 < x < 2. (4) 

(d) It is given that f(x) = 2x4 + ax3 + bx2
- 8x + c, find the values of a, band c such 

that the following conditions are satisfied 

• (x + 2)2 is a factor of f(x). 
• f(x) leaves a remainder of 16 when divided by (x- 2) . 

• 

Hence, factorise f(x) and write down the values of x for which f(x) = 0. [9] 

END OF QUESTION PAPER 
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