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Section | — 10 marks (pages 4-8)
« Attempt Questions 1-10
« Allow about 15 minutes for this section

Section Il — 90 marks (pages 9-14)
. Attempt Questions 11-16
« Allow about 2 hour and 45 minutes for this section

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.

1 Given that x and y are positive integers, which one of the following statements is false?

3
2 Letz:%.

What are the modulus and argument, respectively, of z?

T
2 and —
A, V2 an B



3 i3
. S . €OS” X+ sin” x
6 Which one of the following is an expression for / —dx ?
J cosx—+sinx

What is the Cartesian equation of the line with vector equation

= () (5)

1
A. 2x+3y=36 A. x+10052x+C

B. 3x+2y=36 1
Y B. x710052x+C

)

2x -3y =136
1
D. 3y-2x=36 C. x+50052x+C

1
. . . D. x—zcos2x+C
In the complex plane, 2 + i and 6 — 9i represent the endpoints of the diameter of a circle. 2

What is the equation of the circle?

A, z—4—-4il=Vv29
7 A particle of mass m falls vertically from rest under gravity in a medium in which the resistance
B. —4—4i| = 1
lo—4—4i| =29 to motion has a magnitude %mv2 where v m/s is the speed of the particle and g = 9.8 m/s? is the
C. |z—4+4i|=v29 acceleration due to gravity.
What is the terminal velocity of the particle?
D. |z—4+4i=29

A. 2% m/s
A particle is moving in simple harmonic motion on a straight line. B. 9.8m/s
At time ¢ seconds, it has displacement x metres from a fixed point on the line and velocity v m/s C 30m/
. 1 4 . s
givenby > =4 — §x2 + 3t
D. 17.1m/s

What is the period of the motion?

A. 21 seconds

2
B. 3 seconds

2
C. —= seconds

V3

D. 2V37 seconds



The path traced out by a complex number z is shown by the solid rays in the Argand diagram 9 Without evaluating the integral, which one of the following must be negative?

below.

Im(z) 3 1+cosx
/ dx

2 Re(z)

10 Let P be a polynomial with real coefficients. If P(Z) =3+, what is the value of P(z)?
Which one of the following is the equation of the path traced by z?

A, 3+
A, Arg(z—2)—Arg(z+2i) ==
B. 3-i
T .
B. Arg(z+2i)—Arg(z—2) = 7 C. -1+3i
D. -1-3i

)

Arg(z—2) — Arg(z+2i) =0

D. Arg(z+2i)—Arg(z—2)=7x



Section 11 Question 12 (16 marks) Use a SEPARATE Writing Booklet

90 marks
Attempt Questions 11-16

Allow about 2 hours and 45 minutes for this section (@) Attime 7, a particle has the position:

x=37, y=7£~-2, =8
Answer each question in a SEPARATE writing booklet. Extra writing booklets are available.

(i)  Find the magnitude of the velocity of the particle at time #= 1. 2
For questions in Section II, your responses should include relevant mathematical reasoning and/or
calculations. (ii)  Find the vector that is the component of the velocity at time ¢# = 1 in the direction 2
of u=2i—j+2k.

Question 11 (14 marks) Use a SEPARATE Writing Booklet

(b) Consider the conditional statement S, where # is a positive integer:

a) The quadratic equation z2 + pz + ¢ = 0, where p and ¢ are real, has a root of V2+i. 2
@ P Values‘(])fp and q e pancd S: “If n s not divisible by 12, then  is not divisible by 3.”
(i)  Write, and clearly label, the converse, the contrapositive and the negation of S. 3
1
(b) Evaluate / tan~!x dx . 2 (ii) Determine whether the converse and the contrapositive of S are true or false, 2
70 briefly justifying each answer.
(¢) Find, correct to the nearest degree, the angle between the vectors # and v, given that 3 (¢) Let the point 4 in the complex plane represent z = 4 + 67, where O is the origin.
u+y=3i—3j+5k and u—y=i+j+k, Let C be the new position of &}\ after it has been rotated 120° clockwise and its magnitude
increased by a factor of 4.
(d) A subset of the complex plane is described by the relation |z — (2+4i)| =1. (i)  Find the point C in the form (a + bﬁ) +i (d + e\/.?) . 2
(i)  Draw a neat sketch of this relation. 1
(i) Find the point B in the form x + iy, such that O4BC is a parallelogram. 1
(ii)  Given that z is a complex number that satisfies the relation, find the minimum 2
and maximum values of |z|. Give your answers in exact form.
b4
(d) A particle is undergoing simple harmonic motion about the origin with period 1 seconds. 4
(iii) Given that z is a complex number that satisfies the relation, find the minimum 2 . . . .
and maximum values of Arg(z), correct to the nearest degree. Initially, the particle is at rest 5 metres to the right of the origin.
Find the first two times when the particle’s speed is half its maximum speed.
(e) The equations of lines ¢1 and ¢» are given with respect to a fixed origin. 2
1 -2 4 p
l:rn=|2]+A 1 and lr: = (5|+ul4
3 4 6 3

where A and U are parameters and p is a constant.

What is the value of p if ¢; is perpendicular to £ ?

-9- -10-



Question 13 (15 marks) Use a SEPARATE Writing Booklet

@

(®)

Note that each of parts (a), () and (y) use the following definition of z2, but they can be solved

independently of each other.

Letz2=5+5i.

(a) Find z and express it in the form x + iy, where x and y are real numbers.
B If 2w=72+2V2 , find w and express it in the form x + iy.

(y) Ifizis asolution to x™ + ¢ = 0, where m and ¢ are positive integers, find a

possible value of m and q.

A particle moves in a straight line. At time 7 seconds, its displacement from a fixed origin
is x metres and its velocity is v m/s.

The acceleration of the particle is given by ¥ = 2x — 4V2.
At time ¢ = 0, the particle is at the origin with v =4 m/s.

(i) Show that v=4—xv2.

(i) Find an expression for x in terms of 7.

—11-

Question 14 (16 marks) Use a SEPARATE Writing Booklet

(2)

(b)

A particle is projected from a fixed origin, O.

There are two forces acting on the particle: gravity and air resistance.

The particle’s displacement is measured in metres, and time is measured in seconds.

(i)  The initial horizontal component of the velocity is u. Its subsequent horizontal
motion is modelled by % = —kx.

Show that the particle’s horizontal displacement is given by x = % (1 —eh )

(i) The initial vertical component of the velocity is w. Its subsequent vertical motion
is modelled by % = —ky — g where g is the acceleration due to gravity.

Show that the particle’s vertical displacement is given by
kw+g i _ 8t
TR (1 ¢ ) Tk

(iii) Show that the Cartesian equation of motion is given by

kw+g g kx
)= SIn(1-——
y ( T >x+k2n< u>'

(iv) Suppose that u =9 m/s, w =6 m/s, k = 0.2 and g = 10 m/s>. Determine whether
the particle will pass over a wall of height 0.15m at a horizontal distance of 9 m
from the origin.

(i) Prove that Vk € Z™, if ¥* is even, then k is even.

(ii) Prove that V/8 is irrational.

4 111
(¢) IfabeR" anda+ b =8, show that E+E > 5

—12-



Question 15 (15 marks) Use a SEPARATE Writing Booklet

(@

(b

(©

(d

dx
x/1—x'

Use an appropriate substitution to find /

Let z= s

1
(i)  Show that "+ w = 2cos(nb).

5
1 1 1 1
(i) Show that (z+ —) = <z5 + —5> +5 <z3+ —3> +10 (z+ 7).
4 Z Z Z
(iii) Hence, find / cos> 0 df .

Prove by mathematical induction that

d [y -2 x*@;*”
dx" 22n—l(n7 1)!

for integers n > 2,

n

d
where I (ﬁ) is the nth derivative of v/x .

Let m and n be positive integers.

Use proof by contradiction to show that there is no positive prime number p such that

25m? +30m + 9 =n’+p.

— 13-

Question 16 (14 marks) Use a SEPARATE Writing Booklet

(a) In AABC below, D is the point on AC such that AD:DC = 3:1.
E is the point on BC such that BE:EC = 1:3.
When DE is extended, it meets the extension of AB at F.

Let E:lg and R:g.

NOT TO SCALE

3 1
(i)  Show that DE = Zki 3¢

(i) Find the ratio of AF:BF.

(b) The point A(-2, 4, 9) is reflected to the point B in the line defined by the equation

1 1
r=|(1]4+A(2] where A e R.
1 3

Find the coordinates of B.

© () Find / sin x cos’x dx.

(ii) Use integration by parts to prove that

sin ' xcos" 'x  n—1

/sin’"x cos"xdx = /sinmx cos" 2 x dx.

m-+n m-+n

(iii) Use the reduction formula in part (ii) to confirm your answer for part (i).

End of paper

— 14—
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