Girraween High School

2021

TRIAL HIGHER SCHOOL CERTIFICATE
EXAMINATION

Mathematics Extension 2

General Instructions

Reading time: 10 minutes

Working time: 3 Hours

Write using a black or blue pen

Board approved calculators may be used
You may use the NESA Mathematics
reference sheet

Answer multiple-choice questions by
writing your answer (A,B,C or D) on the
answer paper provided by the school (e.g.
(1) A(2) Cetc.)

Answer questions 11-16 on the answer
paper provided by the school and show all
relevant mathematical reasoning and/or
calculations.

At the end of the examination, scan and
send your completed paper to the
assignment AS A SINGLE PDF labelled
2021 Extension 2 Trial Paper Answers in
your class’s (12Ext2G or 12Ext2R) Google
Classroom.

Total Marks: 100

Section 1 (Pages 2—-5) 10 Marks

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

Section 2 (Pages 5-14) 90 marks

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



Section 1 (10 marks)
Attempt Questions 1-10
Allow about 15 minutes for this section

Question 1

The magnitude of the vector 3i — 2j + k is

(A) V14 (B) 14 (C)V6 (D) 6
Question 2

The Cartesian equation of the line r = (i) + A(i) IS

A)4x+3y—-11=0 (B)4x+3y+5=0 C)4x+3y —1=0
(D)4x-3y—-1=0

Question 3
If one of the roots of z2 + pz+ q = 0,p,q real is z = 2 — 4i then
Ap=4q9q=-20 B)p=2,9=-10 (C)p=-49=20 (D)p=-2,4=10

Multiple choice continues on the following page



Question 4

In the diagram below, OP = z,|z| > 1 and = < Arg z < Z. (see diagram)
f \P
QJ

If 0Q = z2 then Q would be at
(A) (B)

e
PN

© (D)
Q

huvd
VRN

AR
N

dh
N




Multiple choice continues on the following page
Question 5

mi
2e 4 =

(A)V2 — ivV2 (B)—V2 + iv2  (C)—V3 +i (D)V3 — i

Question 6

A particle is moving in simple harmonic motion between x = 1 and x = 5

with period gseconds. The equation for its position in terms of time could be

(A) x = 2sin3t+ 3 (B) x = 4sin3t+ 3 (C) x = 4sin6t +3 (D) x = 2sin6t + 3

Question 7

A counterexample to the statement 3™ — 1 is divisible by 4, n € Z* is

(A)3%2-1 B)33-1 ©)3*-1 (D)3°-1

Question 8

The negation of the statement “If n is a positive integer, 3™ — 1 is divisible by 4" is
(A) “n is a positive integer so 3™ — 1 is divisible by 4”

(B) “n is NOT a positive integer BUT 3™ — 1 is divisible by 4”

(C) “n is a positive integer BUT 3™ — 1 is NOT divisible by 4”

(D) “n is NOT a positive integer and 3™ — 1 is NOT divisible by 4”

Multiple choice continues on the following page



Question 9

1
—_—— dx =
fx2—4x+7 x

_ x-2+V3
(A)tanl(\/_)+C ®) In (+2+\F)+c
-1 x+2++3
© —ta ( ) +C (D) In (m) +C
Question 10
jx2°21lnx.dx =
220221+ 22022 1
NS0z TC ®) 2022 (lnx B ﬁ) +C
2022 2022
©) S22 (lInx — 1)+C () 5022 (Inx — 2021)+C

Section 11 (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.

Question 11 (15 marks) Marks
@Ifz=1+2iandw=3+1i

(i) Find % in Cartesian form 2
(if) HENCE show that tan~*(2) — tan™* (3) == 3

Question 11 continues on the following page



Question 11 (continued) Marks

5 . .
(b) Use DeMoivre’s Theorem to find (v3 — i) . Give your answer in

Cartesian form.

(c) In the diagram below, 04 = z,, OB = z, and OC = z5.
/40AB = /40AC = 90° and AB = AC = /3 0A.

y

(i) Show that z, = (1 + iV3 )z,
(“) ShOW that ZZ + Z3 = 221

(d) Sketch on an Argand diagram:

|z—i|£5and%<Arg(z)S§

() (i) Show that e™® — e~ = 2jsin no

(ii) Hence show that 16sin*0 = 2cos 48 — 8cos 20 + 6
(You may assume e™® + e~™% = 2cos no)
(iii) HENCE find [ sin*0.d6

Examination continues on the following page



Question 12 (15 marks)

H 9x-9 - A B I
(2) (i) Express —————=in the form ——— + —— + —
T : 9x—9
(ii) Hence find fm dx
(b) Using the substitution t = tan (g) or otherwise, find

1
f - .dx
sinx + cosx + 1

(c) Use integration by parts to find fO"x sinx. dx

(d) (i) Prove [ f(a—x).dx = [ f(x).dx

(i) HENCE find [ x sinx. dx

n-—1

COS X Sin X

(e) (i) If I, = [ sin™x.dx, show that [,, = — -

(i) HENCE find [ sin*x. dx

Examination continues on the following page

Marks



Question 13 (15 Marks) Marks

(@) If ais even, prove that a + 2a is always divisible by 8.

(b) Prove by contradiction that V/5 is irrational.

(c) Prove by contraposition that if n? — 2n is odd, n is odd.

1 1 1 1
§+2—2+3—2+....+—

>
n2 —

N | W

1
(d) Prove by induction that - —
n+1

vn > 1,nezZt
(e)(i) Prove a? + b? > 2ab Va,b € R
(i) Hence prove (a + b) G + %) >4,a,b>0

(iii) Hence prove cosec?6 + sec?0 > 4 vV 6

Examination continues on the following page



Question 14 (15 marks) Marks
(a) A particle moves in Simple Harmonic Motion (SHM) about x = 0 with

acceleration given by ¥ = —9x. If the velocity of the particle is

9m/s when x = 4,

(i)Express the particle’s motion in the form v? = n?(a? — x?) and state the

period and amplitude of the motion.
(i1) Find the particle’s maximum velocity.

(b) A particle with mass m is dropped from a stationary balloon. If the force of
gravity on the particle is mg (downwards obviously!) and the particle experiences air
resistance proportional to its speed (mkv) in the opposite direction to its motion

(see diagram)

mg

mkv

|

(1) Find an expression for the particle’s acceleration in terms of velocity and

find the velocity it can’t exceed as it falls (terminal velocity) if g = 10m/s?

and k = % (Note: Down is positive in this question!!!)

(ii) Show t = —6ln (1 — :—0) and find the time at which it hits the ground

if it hits at half the terminal velocity.

t
(iii) Show that x = 60t + 360(e ~ s — 1) and find the height from which the particle
was dropped.

Question 14 continues on the following page



Question 14 (continued) Marks
(c) A box with a mass of 100kg is attached to a crane by a taut rope which

is at an angle of 60° to the horizontal. The box is initially stationary

but then starts to move horizontally along the ground as the crane pulls it

with an overall force of 800 Newtons.

Once the box starts moving it experiences resistance in the form of friction

of 100kv? where v is its velocity (see diagram)

N

(Crane)
(Normal quce)

800 Newtons

[50% 60° <——— Resistance(100kv?)

\
1009
(i) Taking g = 10m/s?, by resolving forces vertically and assuming the 1

box stays on the ground, find the magnitude of the normal force.

(ii) By resolving forces horizontally, show that X = 4 — kv? and find the value 2

of k if the box has a limiting horizontal velocity of 20m/s.

2
(iii) Show that x = — i In (1 — k%) and find how far the box has moved when 2

it is moving at 10m/s.

Examination continues on the following page



Question 15 (15 marks) Marks
A(1,3,-2) B(7,11,22) (€(31,17,14) and D(25,9,—10) form a quadrilateral
on a plane in 3 dimensional space. F (24, —14,12) is another point in 3

dimensional space which is NOT on this plane. (see diagram)

F

(a) Show that A lies on the plane 4x — 12y + 32+ 38 =0

1 30
(b) Show that the equation of the line AC is ( 3 ) + A (14)
-2 16

7 18
(c) The equation of the line BD is (11) + A( -2 ) Find E, the point of
22 —-32

intersection of AC and BD.
(d) Show that AC and BD are perpendicular

(e) Show that E is the midpoint of AC.

Question 15 continues on the following page



Question 15 (continued)

(F) Given that E is also the midpoint of BD, show that ABCD is a square.

(9) Find the perpendicular distance from F to the line AC.

(h) Find the equation of the line through E which is perpendicular to both AC
and BD.

(i) Show that F is on the line through E which is perpendicular to both AC

and BD.

(J) Find the volume of pyramid ABCDF.

Examination continues on the following page

Marks



Question 16 (15 marks) Marks

(a) A rocket with mass m is launched vertically from the Earth’s surface at a
. . . . mk .
velocity of U m/s. It experiences resistance due to gravity of —- where x is
X

the distance from the centre of the Earth. If the Earth has a radius of R and

letting the force due to gravity at the Earth’s surface equal mg:

(i) Show that k = gR?2.

. 2gR?
(ii) Show that v? = gT + U? — 2gR and find the rocket’s escape velocity

(the speed at which it won’t fall back to the Earth’s surface) in terms of g and R.

(iii) If the rocket is launched at a velocity of U = /% find the maximum height

it will reach in terms of g and R.

V4gR? — gRx

(iv) Show that v = and find the time taken to reach the maximum

V2x

height.

Question 16 continues on the following page



Question 16 (continued) Marks
(b) (i) State the solutions to z” — 1 = 0. You may leave your answers in the 1

form cis 9.

(ii) Hence show that 2

26+25+Z4+Z3+22+Z+1=(zz — 2zcosz7”+1)(z2 - 2zcos47"+1)

6m
(zz — 2z cos — + 1)

(iii) By substituting z = 1 show that 2
8(1 - cosz—n) (1 — cos4—n) (1 — cos6—n) =7
7 7 7

3n_ﬁ ’

. T
(iv) Hence show that sin— sin— sin— = —

(Hint: cos 20 =1 — 2sin?0) .

END OF EXAMINATION!!!!



GIRRAWEEN HIGH SCHOOL

- MATHEMATICS EXTENSION 2
2021 TRIAL HIGHER SCHOOL CERTIFICATE

P
Student Number: ~.%c?/vt";'?c:vas’

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

Section 1 ANSWER SHEET

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

1. A @ B O c O D O
2. A @ B O C O D O
3. A O B O C @ D O
4, A O B O c O D @
5. A O B @ ¢ O D O
6. A O B O c O D @
7. A O B @ ¢ O D O
8. A ) B @] C @ D O
9. A O B O C @ D O
10. A O B @ c © D O
Instructions

e If you need more paper for Section 2, please ask your supervisor.
e \Write your student number on every booklet you use.
e Write on hoth sides of each sheet of paper.

Total number of booklets used

p3
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