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TRIAL HIGHER SCHOOL CERTIFICATE

EXAMINATION

Mathematics Extension 2

General Instructions

e Reading time: 10 minutes

o  Working time: 3 Hours

o  Write using a black or blue pen

e Board approved calculators may be used

Laminated reference sheets are provided

Answer multiple-choice questions by
completely colouring in the appropriate
circle on your multiple-choice answer
sheet.

e  Answer questions 11-16 in the appropriate

answer booklet and show all relevant
mathematical reasoning and/or
calculations.

Total Marks: 100

Section 1 (Pages 2—-5) 10 Marks

e Attempt Q1 - Q10
e  Allow about 15 minutes for this section

Section 2 (Pages 6-15) 90 marks

e Attempt Q11 - Q16
e Allow about 2 hours and 45 minutes for
this section



Section 1 (10 marks) Multiple choice
Attempt Questions 1-10

Allow about 15 minutes for this section

Question 1

' 1
The length of the vector (-2) is

5

(A) 4 units (B) V22 units
(C) 8 units (D) V30 units
Question 2

3 2 5 —4
The lines 4)+/1 —1}and | 3 +/1< 2 )

1 5 6 -10
(A) Are parallel. (B) Intersect with each other.
(C) Are skew. (D) Are the same line.
Question 3

When written using mathematical symbols, the statement “For all positive integers n there
exists a real number x such that x* = n is written
that x3 = n”

(A) En € Rsuchthatx®=n B) vneZtsaxeRsuchthatx® =n
(COOVx€Ezdn€Rsuchthatx®=n (D) € x € Rsuchthatx® =n

Question 4

The contrapositive of the statement “If a number is real, its square will be real” is:
(A) If a number is NOT real its square won’t be real.

(B) If the square of a number 1s real, the number will be real.

(C) If the square of a number is NOT real, the number is not real.

(D) If a number is real, its square root will be real.

Multiple choice continues on the following page
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Multiple choice (continued)
Question 5
If 04 = _a_,ﬁ = b and BO = ¢, the converse of the statement
“Ifa + b + ¢ = 0 then 0,4 and B form a triangle is”
is:
(A) If 0, A and B don’t form a triangle thena + b + ¢ # 0
B)Ifa+ b+ c # 0then 0,A and B don’t form a triangle
(C)If 0, A and B form a triangle, thena +b + ¢ # 0
(D) If 0, A and B form a triangle, thena + b + ¢ = 0.

Question 6

The shaded area in the Argand diagram below is best represented by
A) |z+3+il=|z+1 — 5i]

B |z-3—-il=|z+1 - 5]

©lz+1 — 5i|=|z+3 +i]

M|z+1 - 5il=(z — 3 —i

Multiple choice continues on the following page
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Multiple choice (continued)

Question 7

fxsinx.dxz

(A)sinx — xcosx +C
B)cosx — xsinx +C
@©)sinx + xcosx +C
D cosx + xsinx +C

Question 8

Which of the following integrations does NOT require a tan™?! function when integrated?

@w | X3 dx
J (x2+2x+2)(x-3) "
® [ . dx
(x2+42x+2)(x—3)°
y
c [ x?-2x -3 4
© ) (x2+2x+2)(x=3)" *
( x%-3x
(D) (x2+2x+2)(x-3)" *
Question 9

A particle moving with simple harmonic motion (SHM) is oscillating between x = 1 and
x = 5. If it starts at x = 3 and first returns to x = 3 after 4 seconds its displacement equation

with respect to time could be

1
(A) x = 2cos Zt +3
(B) x = 2sin %t +3
(C) x = 2cos Et +3

(D) x = 2sin E—t +3

Multiple choice continues on the following page
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Question 10

Which of the following graphs represents displacement (x) against time (t) if ifv > 0 and

a<0?
(A) B)

t 2
© K | ®)

Examination continues on the following page
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Section I (90 marks)

Attempt Questions 11-16

Allow about 2 hours and 45 minutes for this section

Start the answers to each question on a separate page in your answer booklet.

In Questions 11-16 your responses should include all relevant mathematical reasoning and/ or

calculations. (Note: for complex number questions, the notation cis is acceptable).

Question 11 (13 marks) Marks
i) Show that ——= = 1+ | 1

(a) (i) Show tha o +1i
(ii) State 1 + { in modulus/argument form. 1
(iii) Hence show that tan™1(3) — tan™? G) = g 1

(b) (i) By letting v15 + 8i = x + iy, x, y real, show that 3

VIS +8i = +(4 + i)

(i) Hence solve z2 + (2 — 3i)z — 5(1 + i) = 0. 2

(o) Sketch and shade the region in the complex plane where 3

|z —2] <2 and —-725 <Argz< - g hold simultaneously.

@ Use DeMoivre’s Theorem to find all of the 5™ roots of 16 — 16i+/3. 2

Leave your answers in modulus/argument form.

Examination continues on the following page
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Question 12 (14 marks) Marks

5x2% — 14x +17 . Ax+B C

(a) (i) Express =3 in the form 71 + o

5x2 — 14x +17

(if) Hence find D=3 X

(b)  Find fexcosx.dx

. X
(©) Fmd[ . .dx

v

@ Ifl, = j (VT = 22)".dx,
a

o

(i) Show that I, = J,,, where J,,; = cos™19.dg

& ey a5

(if) Hence find /5.

Examination continues on the following page
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Question 13 (14 marks) Marks

(2) [f a particle is moving so that its position x at time ¢

is given by x = 2/3 sin 4t + 6 cos 4t:
(i) Show that the particle is moving in Simple Harmonic Motion 1
(if) By expressing the particle’s motion in the form 2

x = Asin (4t + a) , find the period and amplitude

of the motion.

(b)  Another particle is moving so that 4v? = 8 — x2 — 2x. Show that 4
the particle is moving with simple harmonic motion and find the centre,
period and amplitude of the motion.

(c) (i) Prove by contradiction that /7 is irrational. 3

(ii) Prove by contraposition that the square root of an irrational number 2

is also irrational.

(iii) Hence prove that v2 + /7 is irrational (you may assume that 2

v 14 1s irrational and that the sum of a rational number and an irrational

number is irrational).

Examination continues on the following page
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Question 14 (19 marks) Marks

(a) (@) Solvek? — k — 2 =0 2
(ii) Hence prove by induction that 3™ > 2n? — 3vneZ* =2 3
(b) (i) Provea? + b*=>2abV¥a,b ER 1
(ii) Hence prove a® + b? + c? = ab + ac + bc Va,b,c € R 2
(iii) Hence proveifa? + b2 + ¢? = 27,-9<a+b+c <9 2
(iv) State the centre and radius of the sphere 1

(x — D+ (y+2)2+(z+3) =27

X1
(v) Hence show that if ()/’1) is a point on the surface of the sphere
Z

ok

(x — D2+ (y+2)2+(z+3)* =27, then
-~13Sx1+y1+21§5

Ouestion 14 continues on the following page
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Question 14 (continued) Marks

8 :
(¢ A (14) , B and C are points in three-dimensional space. (See diagram.)
18

8 3
(i) The line AB has equation (14) +A (4) and the line BC has equation
18 0

—16 3
(—-18) +u ( 4 ) Show by solving the equations for AB and BC
28 -5

-10
simultaneously that B is the point (—10).
18

(ii) Find 2ABC.
8 -3

(iii) AC is theline | 14 | + A|{ —4 |. Show AC is perpendicular to BC.
18 -5

Hence show that A ABC is 1sosceles.

(iv) Find the area of A ABC
Examination continues on the following page
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Question 15 (15 marks)

(2)

(b)

A 100g ball is thrown horizontally into a headwind at 20m/s.
It experiences resistance from the wind of 0.5 Newtons, as well as
air resistance of 0.05v Newtons, where v is the current velocity of

the ball. Ignoring gravity(!!!)

(i) Show that the acceleration of the ball at time ¢ is given by
¥ = =5-0.5v.

(ii) Show that the time taken from when the ball is initially

thrown to when it reaches a certain velocity is given by

t=—2In (10+v)
30

and find the time at which the ball stops moving forwards.

(iii) Show that the ball’s position at time t is given by
x =60 — 60e7 %% — 10t and find how far the ball has travelled

before it stops moving forwards.

A relief parcel is dropped vertically from a stationary helicopter
50m above the ground. It experiences acceleration due to gravity of

10m/s?and acceleration due to air resistance against its direction

2
. v
of motion of — m/s?.

(i) Taking down as positive, express acceleration in terms of velocity

and find the parcel’s terminal velocity.

(ii) Show that the distance the parcel has dropped from the helicopter

400 — v2

is given by x = — 20 In ( ) and find the speed at which the

parcel hits the ground.

Question 15 continues on the following page
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Question 15 (continued) Marks

(©)

A machine with mass M kg is being raised vertically at a constant rate.
It is at C, which is L metres below the roof of a room with total height
from D to B of 12 metres. It is attached to two ropes:
one at A (on the roof, 3 metres to the left of the machine with a tension
of Ty Newtons) and
one at B (on the floor, 9 metres to the right of the machine with a tension
of T, Newtons) |
The two ropes make angles of 8 and ¢ respectively with the horizontal.

(see diagram)

9m

(i) By resolving forces vertically and horizontally, show that 3
— Mg

tanf = tan ¢ + —

(ii) Show that the machine can’t be lifted 9 metres or more above 1

the floor.

Examination continues on the following page
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Question 16 (15 marks) Marks

3mi 2mi
(2) Ifz=€e 4 andw=¢ 3,

4 2 6
(i) Show that |z + w|? =—ﬂ—;-+-£. 2
(i) If 04 =z, 0B =wand OC =z + w, 1
show that 2COB = 2%.
4 2 6 . —V2
(iii) Show that Z+WW = ”;”_ +i (f - f). 2
2 4 2 6
(iv) Hence show that cos 57% = [——El/-—ii 1

Question 16 continues on the following page
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Question 16 (continued) Marks

(b) (i) By plotting points for x = —4,-3,-2,-1,0,1,2,3, and 4,
sketchy = V16 — x? sin gx .

(ii) The spiral below is on the surface of the sphere 3
x% + y% + z? = 16. It passes through the points (0,-4,0),
(0,0,4) and (0,4,0). It also passes through the points ﬁgj 1,0)

(0,2,—V12) and (—/7,3,0). Find the parametric equation of the spiral.

Question 16 continues on the following page
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Question 16 (continued)
(c) The complex number z lies in the complex plane so that

|z — 4 — 3i] =5and

3

tan™1 (Z) <Arg(z — 4 — 3i) < (g)

If0A =2z 0B =4+ 3iand 2BOX = 6 and £AOB = « (see diagram)

7i

6i

&i

-4

3

2
i

X
—4@ 1] 1 2 3 4 5 [ 7 2 g ¢

-4

-2i
(i) Show that |z| = 10 cos a.

1
g Ifw= e show that
1 4 3, . (3 4
w = {(——cosa-——sma)-—L(—cosa+—sma)}
10 cos a 5 5 5 5

(iif) Hence or otherwise find the Cartesian equation for the locus of w.

(Note: you do NOT need to find the domain or range of w).

END OF EXAMINATION
Page 15
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RAWEEN HIGH SCHOOL

MATHEMATICS EXTENSION 2
2024 TRIAL HIGHER SCHOOL CERTIFICATE

/AL

Student Numbes: _To Ls‘%na - /*/@//M
"

This Booklet contains the answer sheet for Section 1 and Writing Booklet for Section 2.

Section 1 ANSWER SHEET "

\W Select the alternative A, B, C or D that best answers the question.

L A & B O C O oD @
2. A O B O c O D @
3. A & B @ C O D O
4 A G B O C @ D - O
5 A O B O c O D @
6. A O B @ c O o O
7. A @ B O c © b O©
8. A O B O C @ D G
2. A O B O c C D @
. A e B < C C O O
Instructions
e If you need more paper for Section 2, please ask vour supervisor.
e Write your student number on every booklet you use.
e \Write on both sides of each sheet of paper.
Total number of booklets used .
Solutiay -/
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