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READ THE FOLLOWING INSTRUCTIONS CAREFULLY.
1.  This examination paper consists of THREE sections.
2. Answer ALL questions from the THREE sections.
3.  Each section consists of TWO questions.
4. Write your solutions, with full working, in the answer booklet provided.

5. Unless otherwise stated in the question, any numerical answer that is not
exact MUST be written correct to three significant figures.
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. SECTION A
Module 1

Answer BOTH questions.

i
1. (a) Let p, q and r be three propositions. Construct a truth table for the statement
(Pp— QA (r—q). [5 marks]
(b) A binary operator @ is defined on a set of positive real numbers by
y@x=3*+x+ay +ax’ — 5y — 5x+ 16 where a is a real number.

(i)  State, giving a reason for your answer, if @ is commutative in R. [3 marks]

(ii)  Given that f(x) =2 @ x and (x — 1) is a factor of f(x),

a)  find the value of a [4 marks]

b)  factorize f(x) completely. [3 marks]
R ()] Use mathematical induction to prove that

P+32+52+ ...+ (@2n- 1)2=%(4n2— 1) for n e N. [10 marks]

Total 25 marks

GO ON TO THE NEXT PAGE
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2. (a) The functions f and g are defined as follows:

fx)=2x"+1

where 1 <x <o, x € R.
o Jx—1
g = |

(i)  Determine, in terms of x,

a) fix) [3 marks]
b) flgx)] ) [3 marks]
(i)  Hence, or otherwise, state the relationship between f and g. [1 mark]

(b) Given that @’ + b* + 3a*bh = 5ab?, show that 3 log [a;—bJ =loga+2logb. [5marks]

(c) Solve EACH of the following equations:

1

i e+ - 2=0 [4 marks]

(i) log,(x+1)—log B3x+1)=2 [4 marks]

(d) Without the use of a calculator, show that

§ § 1 +x/?+1 +x/7—1 +x/7+1

=10. [5 marks]
V3+1 V3-1  N2+1  2-1

Total 25 marks

GO ON TO THE NEXT PAGE
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SECTION B
Module 2
Answer BOTH questions.
coty—cotx sin (x —y)

Prove that Cotx T coty = G [4 marks]

Hence, or otherwise, find the possible values for y in the trigonometric equation

coty—cotx
bl S <y<
cotx+coty S
whensinx=%,0§x_%. [8 marks]

Express f(6) = 3 sin 26 + 4 cos 26 in the form 7 sin (26 + ) where
r>0and0<a<%. |4 marks]

Hence, or otherwise, determine

a)  the value of 0, between 0 and 27 radians, at which f(6) is a minimum
[4 marks]

b)  the minimum and maximum values of [5S marks]

1
7T-10)

Total 25 marks

GO ON TO THE NEXT PAGE
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(a) Let L and L, be two diameters of a circle C. The equations of L jandL arex—y+1=0
and x +y — 5 = 0, respectively.

(1)  Show that the coordinates of the centre of the circle, C, where L ,and L_intersect
are (2, 3). [3 marks]

(i) A and B are endpoints of the diameter L .- Given that the coordinates of 4 are
(1, 2) and that the diameters of a circle bisect each other, determine the coordinates

of B. [3 marks]

(iii) A point, p, moves in the x — y plane such that its distance from C (2, 3) is always

\'2 units. Determine the locus of D. [3 marks]
(b) The parametric equations of a curve, S, are given by
1+7 1-7"
Determine the Cartesian equation of the curve, S. [6 marks]

(c) The points P (3, -2, 1), O (-1, &, 5) and R (2, 1, —4) are three vertices of a triangle POR.

—  — —

(1)  Express EACH of the vectors PQ, OR and RP in the form xi + yj + zk.
[4 marks]

(i)  Hence, find the value of A, given that POR is right-angled with the side PQ as
hypotenuse. [6 marksj

Total 25 marks
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SECTION C
Module 3

Answer BOTH questions.

5. (a) Let f(x) be a function defined as

ax+2,x<3
f) =1 @, x>3°

(i)  Find the value of a if f(x) is continuous at x = 3. [4 marks]
. X2
(i1)) Letg(x) g
Given that bire 2g (x) = bar g(x), find the value of b. [5 marks]
x—1 x—0
. 1 . .. dy
(b) (1) Lety= T: . Using first principles, find A [8 marks]
X
. . . Ly
) Ify= Y determine an expression for ——.
V1 +x dx
Simplify the answer FULLY. [4 marks]
(©) The parametric equations of a curve are given by
x=cos#, y=sinf, 0<0<2m.
d
Find Wy in terms of 6.
Simplify the answer as far as possible. [4 marks]

Total 25 marks
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(a) The gradient of a curve which passes through the point (-1, —4) is given by
% =3x"—4x + 1.

(i) Find
a) the equation of the curve [4 marks]

b)  the coordinates of the stationary points and determine their nature.
[8 marks]

(i)  Sketch the curve in (a) (i) a) abdve, clearly marking ALL stationary points and
intercepts. [4 marks]
(b)  The equation of a curve is given by f(x) =2x V1 +x>.
3
(i)  Evaluate I f(x) dx. [5 marks]
0
(i)  Find the volume generated by rotating the area bounded by the curve in (b) (i)
above, the x-axis, and the lines x = 0 and x = 2 about the x-axis. [4 marks]

Total 25 marks

END OF TEST

IF YOU FINISH BEFORE TIME IS CALLED, CHECK YOUR WORK ON THIS TEST.
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