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General Instructions

¢ Reading time — 5 minutes

e Working tine - 3 hours

e Write using blue or black pen
Black pen is preferred

¢ Approved calculators may be used

¢ A formulae sheet is provided separately

¢ In Questions 11-16 show relevant
mathematical reasoning and/or calculations

e Start a new booklet for each question

Total Marks — 100

Section I - Pages 3-7

10 marks

e Attempt Questions 1 — 10

e Allow about 15 minutes for this section

Section II - Pages 8-16

90 marks

o Attempt Questions 11 — 16

e Allow about 2 hour and 45 minutes for this
section
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Section I

10 marks

Attempt Questions 1 — 10

Allow about 15 minutes for this section

Use the multiple-choice answer sheet for questions 1 — 10 (Detach from paper)

1. The sum of eccentricities of two different conics is 2.5. Which pair of conics could this be?
(A) Circle and ellipse
(B) Ellipse and parabola
(C) Parabola and hyperbola
(D) Rectangular hyperbola and circle

2. What value of z satisfies z> =9—40; ?

(A) -5-4i
(B) 5-4i
(C) 4-5i
(D) —4-5i

3 2 _
3. Given %77 areroots of ¥ +1X —px—k=0

Find the value of l+l-|-l
a By
A 0
p
B) £
(B) i
14
o) £
©) p
1
D) --=
n



4. The graph of the function y = f(x) is shown.

|

A second graph is obtained from the function y = f(x)

Which equation best represents the second graph?

(A) ¥ =f(x)
B) y=|f()
©  y=r(K)
D) »'=|f(x)

5. If z=—1++/3i which expression is equal to z° ?

| 7

(A) 32cis (— g)
) 2

(B) 2cis (— ?j

) 2
(C) 32cis (— Tj

(D) 2cis (— %)



k
6. Let f(x) = % where k and a are real constants.

If k is an odd integer which is greater than 1 and a < 0, a possible graph of f(x) could be:




7. A particle P of mass 5kg is subject to forces 12 Newtons and 9 Newtons acting in perpendicular

2

directions. The magnitude of the acceleration of the particle in ms™=, is

(A)
(B)
©)
(D)

4.2 4
15
75

8. A particle moving in a Simple Harmonic Motion oscillates about a fixed point O in a straight line

with a period of 10 seconds. The maximum displacement of P from O is 5 m. Which of the following

statement/s is/are true?

If P is at O moving to the right, then 22 seconds later P will be:

IL.
I1I.

(A)
(B)
©)
(D)

Moving towards O

Moving with a decreasing speed

At a distance 5sin(2m/5) m to the right of O P

I, IT and III
I and II only
IT and III only

None of the above



9. zisacomplex number such thatz = (1 —+asint) + i(1 — % cost), where

t = 0, a and b are positive real numbers.

The locus of z on an Argand diagram will always be a circle if:

(A) ab? =1
(B) a?b =1
(©) ab? £ 1
(D) a?b # 1

10. Suppose q,7,s and t are positive real numbers. Which of the following is the correct expression?

px+q _r| 9,5 ]
(A) frx+s dx—;_x—(;+;)1n(rx+s)_+6
px+q _r| 9,5 ]
(B) frx+s dx—;_x+(;+;)1n(rx+s)_+6
px+q _r| q_s ]
(®)} frx+s dx—;_x+(;—;)1n(rx+s)_+6
PXta g = Py — (242 '
(D) frx+s dx = =[x (p+r)1n(rx+s)_+C




Section 11
90 marks

Attempt Questions 11 — 16
Allow about 2 hours and 45 minutes for this section

Answer each question in a SEPARATE writing booklet. Extra writing booklets are available.

In Questions 11 — 16, your responses should include relevant mathematical reasoning and/or calculations.

Question 11(15 marks) Use a SEPARATE writing booklet

a) 2+5i

Express

in the form x+ 7y where x and y are real. 2

3—i
b)
Consider the complex numbers z=3-2i, w=-2+i

(1) Express z+w in modulus argument form 2

(i1) write down z+w in modulus argument form

©) Given z =4cis %, w=2cis 5?7[
(1) Calculate z.w in modulus argument form !
(i1) Convert z.w to cartesian form 1
9 Express 3x—+22 in partial fractions )
(x+1) (x + 2)
e) Fi dy . ) )
ind the value of N at the point (5,—3) on the curve x~ +4yx+5y~ =10 3
X
f) ) _r X 1 ) )
Using the substitution ¢ =tan— find I - dx , leaving your final answer in 3
2 4sinx+3cosx
terms of 7.

End of Question 11



Question 12 (15 marks) Use a SEPARATE writing booklet

a)

Sketch the region in the Argand diagram where |z +1+i | <land —7r<argz< —%Z-

b) The points A,B,C,D represent the complex numbers a,b,c and d respectively. The points
form a square as shown on the diagram below.

By using vectors or otherwise, show that b = c(1+1i)—id

v

W/

c) Factorise z* +2z> -6
(1) over the irrational number field
(i1) over the complex field and list the complex roots

9 (1) By writing f(x)= W in the form f(x)=mx+b+ L{% the equation
xX— x—

of the oblique asymptote of f(x)= %
x—
(i) Sketch f(x)= G+ Hx+3) clearly indicating all intercepts and asymptotes
r0=20

(iii) from your graph of f(x) draw a sketch of y =./f(x)

(iv) draw a half to a third of a page sketch of y* = f(x)

Question 12 continues on the next page



e)

Find the volume of the solid generated by rotating the region bounded by y* =9x and
y =Xx about the y-axis using the method of cylindrical shells

End of Question 12
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Question 13 (15 marks) Use a SEPARATE writing booklet

a
) Prove the sums of the focal distances from a point P on the elhpse —+ Z—z =11s equal
a
to 2a. You may refer to the diagram below.

i i

I [

IM' P ﬁ

| -ale alej

I [

I [

I 5 [

| / |

I [

I [

i i

I [

I [

I [

I [

b) By referring to the diagram below, taking the coordinates of A as(a,0), and A’ as

(=a,0).  Using the definition of an ellipse and }f—;{ =e:

Vasi
™

: e : .. a
(i) Prove the positive directrix equation is x = —

(ii) Prove that the focus S has coordinates (ae,0)

2 2

(ii1)) Hence, prove the equation of an ellipse is x_2 + Z—z =1
a

11



c)

d)

A solid has a base in the form of an ellipse with major axis 10 units and minor axis 8
units, as shown in the diagram below. Find the volume of the solid if every section

perpendicular to the major axis is an equilateral triangle.

A concrete crushing plant turns concrete waste into fine gravel. The gravel pours off a

conveyor belt at the rate of 12m’ / min. The falling gravel forms a pile in the shape of
a cone on the ground (Note: you can assume that the plant operator shuts down the
crusher when the top of the cone nears the conveyor belt). The base of the cone is

always equal to 1.25 times the height of the cone.

(i) Show that when the height is 4 metres, the volume V' m’ of gravel is given by

o 257h’
192

(i1)) Hence determine how fast the height of the pile is increasing (in m/min) when the

gravel pile is 2 metres high.

End of Question 13
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Question 14 (15 marks) Use a SEPARATE writing booklet

a)

(i) Find the exact value of [ 2 cosec4xtan2x dx

(i1) Use a suitable substitution or otherwise to show that

2

Iy == dx = —[sin"'2k — 2kVT — 4kZ],

where k is a real number.

b) Ifaandp aretheroots of x? + px + g = 0. If S, = a™ + B™, it can be

shown that S,,, = S,,* — 2q™and S,,41 = S Sn+1tPq™
(You do NOT need to prove this)

Express S, in terms of p and q.

c) (1) Find real numbers a and b such that
5-x _a  bx-l
2x+3)(x*+1) 2x+3 x> +1

(i1) Hence find J' =X 5
2x+3)(x" +1)
1, = [ gy, show that I, = % I,

End of Question 14

Question 15 (15 marks) Use a SEPARATE writing booklet
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a) (i) Differentiate y = sin~1(x) + cos~1(x), with respect to x.

(ii) Evaluate cos™1(x) + cos™(—x).

io—1 -1 5x — -1(__ _E
(iii) Hence solve sin™!(x) + tan (—2x2+2) cos 1(—x) ”

5 Consider f(x)=x—1In (1 +x + x;)
(i) Show that f(x) is an increasing function.

2
(i1)) Hence show thate* > 1+ x + x? forx > 0.

c) A particle of mass m kg is falling from rest, experiences air resistance of
mkv? Newtons, where k is a positive constant and v ms™~1is the

velocity of the particle. Acceleration of gravity is g ms™2.

(i) Draw the force diagram to show that the equation of motion of
the particle is ¥ = g — kv?, where x metres is the distance the

particle fell from its original position.

(ii) Explain how the value of the terminal velocity, V ms™1,

of the particle be obtained and state its value in terms of

k and g.

1

(ii1) Show that the velocity of the particle, v ms™", at t seconds is

eZkVt -1
v="V 22KVt 1 1

given by

(iv) Show that the position of the particle, x metres, in terms of v,

is given by x = %ln [g_ivz]

End of Question 15

14



Question 16 (15 marks) Use a SEPARATE writing booklet

a) In the diagram below, AC is the diameter of circle AECF G with centre O.
BD is the tangent to the circle at C.

H is a point on GC such that ZBHC = LG:B

(1) Prove that DFEB is a cyclic quadrilateral.
Tip: you may wish to add a line (construction).

(i1) Prove that ZHBG = £HBC

b) (1) Given that f is a continuous function as shown below, explain, 3
with aid of a sketch, why the value of I |

lim ~{f () +7 )+ F )+ — ==+ (5)}is [y Fdax.

n—-ooo N
/

1 <1+3\/E+3\/§+ _____ +3\/ﬁ)

(i1 ¢ evaluate 711_}11010 - 7
Question 16 continues on the next page
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A hollow circular cone is fixed with its axis vertical and it vertex V
downwards. A particle P, of mass m kg, is attached to a fixed point 4 on
the axis of the cone by means of a light inextensible string of length equal
to AV metres. The particle moves with constant speed v m/s in a
horizontal circle on the smooth inner surface of the cone, with the string
taut. The radius of the circle is » metres, and angles APV and AVP are

each 30° (see diagram)

1) Find the tension in the string in terms of m, g, v and r.

2
i)  Deduce that ;’7 > /3.

End of Question 16

End of Paper
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