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General Instructions 

• 	 Reading time - 5 minutes 
• 	 Working time - 3 hours 
• 	 Write on both sides of the paper (with 

lines) in the booklet(s) provided 
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• 	 Board approved calculators may be 
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• 	 All necessary working should be 

shown in every question 
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Question 1 (15 marks) Start a new page. Marks 

3 d 
(a) Evaluate J x 

1 x(x+2) 
3 

(b) Evaluate 

Jr 

4 

fsec 4 x tan 4 x dx 
o 

3 

(c) Find J x dx 
x 2 +2x+5 

3 

(d) Evaluate 
Jr 

ro2 
J/ 

dx 
----­
1+ sinx+ cosx 

4 

(e) Find JJ <Ix 
x 2 -6x+8 

2 

Question 2 (15 marks) Start a new page. 

(a) 
1+7i

If Z=--, then 
3-4i 

(i) Write z in a + ib form (where a and b are real) 

(ii) Find Izi 
1 

1 

(iii) Find arg z 

(iv) Calculate Z8 

1 

1 

(b) On separate Argand diagrams sketch the locus of a point which satisfies: 

(i) arg (z + 1 + i) = ~ 
4 

(ii) Re(z) + Im(z) = 1 

1 

1 

(c) Express the square root of -2i in the form a + ib 2 

(d) If z is a complex number such that z + ~ is real, prove that either 
z 

z is real or Izl = 1. 3 

(e) The equation Z3 + az2 + bz + 6 = 0, where a and b are real 

numbers, has 1 + i as a root. 

Find a and b, and solve the equation completely. 

4 



Question 3 (15 marks) Start a new page. 	 Marks 

(a) 	 (i) Prove that for any polynomial P(x), if kis a zero of multiplicity r, 

then k is a zero of multiplicity r - 10f pI (x). 1 

(ii) 	Given that the polynomial P(x) X4 + Sx3 + 9x2 + 7x + 2 has 

a zero of multiplicity 3, factorise P(x). 3 

(b) 	 The equation x 3 
- 4x2 + Sx + 2 = 0 has roots a, p, y. 

Find: 

(i) a2 + p2 + y2 	 2 

(ii) a 3 + p3 + y3 	 2 

(c) 	 If a,p,and yare roots of8x3 
- 4x2 + 6x -1 = 0, find the 

. h lid 1equatIon w ose roots are -,- an -. 	 3 
i-a i-{J i-Y 

(d) 
(i) 	 Copy the diagram into your answer booklet: 

(ii) 	 A, B, Care three paints on the circumference of a 
circle, centre O. The tangent at A meets BC produced 
at T. X is the midpoint of Be. 
Prove that LAOT = LAXT. 

2 


4 



Question 4 (15 marks) Start a new page. Marks 

(a) The diagram shows y = {(x). 

J 

4 

-2 2 

Draw separate one-third page sketches of the following: 

(i) 
1 

Y = [(x) 

(ii) y = 1{(x)1 

(iii) Iyl ={(Ixl) 

(iv) y2 ={(x) 

(v) Y = e[(x) 

2 

1 

2 

2 

2 

(b) Find the equation of the tangent to x 3 + xy ­
point (1,1). 

y3 1 at the 
3 

(c) Sketch on the same number plane y = Ixl ­

y = 4 + 3x ­ x 2 • 

Hence, or otherwise, solve Ixl-2 > 0 
4+3x-x2 

2 and 

3 

3 



Question 5 (15 marks) Start a new page. 

(a) Let P(Xl1Yl) be a point on the ellipse 16x2 + 2Sy2 = 400. 

(i) Draw the ellipse, showing all intercepts. 

(ii) Write down the eccentricity. 

Marks 

1 

1 

(iii) Show that the normal at P has equation 

2 

(iv) The normal at P meets the major axis at N. Using the 

focus-directrix definition of an ellipse, or otherwise, 

NS PS 
provethat Ns ' = PS' 3 

(b) The area enclosed by the parabola Y = (x ­ 3)2 and the straight 

line Y = 9 is rotated about the y-axis. Use the method of 

cylindrical shells to find the exact volume of the resulting solid. 4 

( c) The region bounded by the curve y = x2 and the straight 

line y =4 is rotated about the line x = 2. Use a slicing method 

with slices perpendicular to the axis of rotation ­ to find the exact 

volume of the resulting solid. 4 

4 




Question 6 (15 marks) Start a new page. 	 Marks 

2(a) 	 A and Bare variable points on the rectangular hyperbola xy = c . 

", !S 

. 

The tangent at B passes through the foot of the ordinate (y-value) ofA. 

(i) If A and B have parameters tl and t2 show that tl =2tz. 3 
(ii) Hence prove that the locus of the midpoint of AB is also a 2 

rectangular hyperbola. 

(b) (i) Show that the locus specified by 

Iz ­ 21 = 2 ( Re (z) ­ D 
2 

is a branch of the hyperbola x 
1 

1, and indicate why it must be 

that particular branch. 3 

(ii) Sketch the locus, and find the possible set of values of each of Izl 
and arg zfor a point on the locus. 3 

(c) The region bounded by the parabolas y = 6 ­ x 2 and y = ~X2 forms the 
2 

base of a solid. Cross-sections by planes perpendicular to the y-axis are 

semi-circles, with their diameters in the base ofthe solid. 

(i) Find the points of intersection ofthe two parabolas. 1 

(ii) Find the volume of the solid. 3 

5 



Question 7 (15 marks) Start a new page. 	 Marks 

(a) 	A castle with walls 30 metres high is surrounded by a moat 20 metres 

wide. An archer, kneeling at the edge of the moat, attempts to shoot over 

the walL 

(i) Taking gas 10 ms- 2 and the speed of an arrow as it leaves the 

bowstring as 40 ms-1 - and disregarding air resistance - derive the 
equations of motion for an arrow. 2 

(ii) Calculate the range of angles through which the archer must fire 

in order to clear the top of the wall. 4 

(b) A candle is placed a distance II from a thin block of wood of height H. The 

block is a distance l2 from a wall, as shown in the diagram: 

y 

_..::-----?>-);o ""'..... -----"',... 

The candle burns down so that the height of the flame h1 decreases at the rate 
of 3 cm/h. Find the rate at which the length of the shadow, y, cast by the block 
on the wall increases. 

(Your answer will be in terms of the constants II and l2). 	 3 

(c) For what value of k does the equation e2x = k.JX have 

exactly one solution? 3 

(d) The function { is defined by 

x 2{(x) = - v'14x - - 48. 

Find the maximum value of{(x) using a graphical method. 	 3 

6 



Question 8 (15 marks) Start a new page. 

n n-l 
(a) If In = It sinnx dx, show that In =-;- In - 2 · 

Hence evaluate 14 and 16 , 

Marks 

5 

(b) 
2 

The asteroid curve X 3 

2 

+ y3 
2 

= a3 is sketched below: 

a-a 

(0 Show that a parametric representation of the curve is given by 
X = a cos3 (), y = a sin3 () 1 

(ii) Show that the gradient of the tangent to the asteroid at any point 

pea cos3¢, a Sin3¢) on it is equal to dy = -tan¢. 
dx 

1 

(iii) Show that the length of a tangent line to the asteroid at any point 
pea cos3¢, a Sin3¢) on it, cut off by the coordinate axes, is constant. 3 

(iv) Find the area enclosed by the asteroid curve. [The substitution 
X = a cos3() and the results of Question 8 part(a)may be useful.] 5 

END OF EXAMINATION 

7 
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