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ASCHAM SCHOOL

Mathematics
Extension 2

General Instructions

Reading time - 10 minutes.

Working time - 3 hours.

Write using black non-erasable pen.
NESA-approved calculators may be used.
A NESA Reference Sheet is provided.

All necessary working should be shown in
every question.

Student Number

2021

YEAR 12
TRIAL
EXAMINATION

Total marks - 100

e Attempt Sections A and B.

e Section A is worth 10 marks.

e Recommended time on Section A:

15 minutes

e Answer Section A on the multiple choice
answer sheet.

e Detach the multiple choice answer
sheet from the back of the examination
paper.

e Section B contains 6 questions worth 15
marks each.

e Recommended time on Section B:

2 hours 45 minutes

e Answer each gquestion in a new booklet.

e Label all sections clearly with your
name/number and teacher.
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SECTION A - 10 MULTIPLE CHOICE QUESTIONS 10 MARKS

ANSWER ON THE ANSWER SHEET

1

=Nol--N e

3
Which of the following is closest to the angle between the vector ¥ =| 5 | and the
-2

y-axis?

24°
36°
61°
109°

2
Which of the following is equivalent to the value of 5—; ?

( 2z .. 272)
2| cos—+isin—
3 3

e()

Which of the following is true?
Vx,yeN,Fze€Q: z\/>

Vx,yeR,3ze N: Z\/7=
Vx,yeQ,3zeZ: z\/—:

‘v’x,yeZ,EIzeR:z\/;:

%I*ﬂ ®| ®|
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4 Which of the following is a root of z° +1=07?

cos| = |+isin| —
5 5
B 27[) . (27[)
cos| =— |+isin| —
5 5
C 27[) . ( 272)
cos| —== |+isin| - ==
5 5
D 47rj . ( 47zj
cos| ——— |+isin| ——
5 5

5 What is a possible graph of v* versus x for a particle moving in simple harmonic
motion?
A B
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6 Which of the following is a counter-example to the following statement?
If you are over 60 then you must get the AstraZeneca vaccine.

If you are under 60 then you must not get the AstraZeneca vaccine.
Jo is over 60 and got the Pfizer vaccine instead.

Polly is under 60 and got the AstraZeneca vaccine.

If you get the AstraZeneca vaccine you must be over 60.

=Nol--I =

7 The graph below is on the Argand diagram.

What is the equation of the graph?

|z-2-i|=3
|z—2+4=9
|z+2-i|=3

|z+2+i]=9

g O x® »
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10

=N ol--Irg

ToaOw»

A mass m kg is resting on a slope inclined at 0 to the horizontal. Forces acting are
the normal force N, a frictional force F and the gravitational force mg.

mkg

0

Which of the following is the correct resolution of forces in the horizontal
direction?

Fcos@—Nsinf@=0
Fsin@—Nsin@=0

Fsin@—Ncos@=0
Fcos@—Ncosd=0

A particle P is moving in simple harmonic motion. Its maximum speed is 677 m/s
and its displacement then is 4 m. After 10 seconds it has reached its maximum
speed again. What is a possible equation for the displacement of P?

Consider the complex numbers z, =1—i and z, =1+ ix3 . What is the smallest

(2, )n

n

positive value of n such that is purely imaginary?

Zy

[ clle QNN
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SECTION 2 - 6 QUESTIONS EACH WORTH 15 MARKS

Question 11 — Begin a new writing booklet

d

x+1dx
Find .
" '[ x*+4
Find [ — 4
in —dx.
1 x(x+5)

Find I tan® x dx

Calculate the modulus and argument of the product of the roots of the equation

(5+3i)z° —(1-4i)z+(8-2i)=0

Question 12 — Begin a new writing booklet

a

C

peN

Consider the statement for

If p has an odd number of distinct factors then p is a square number.

i Write the converse.

ii  Write the contrapositive.

ili ~Write the negation.

iv  Determine whether or not the statement is an equivalence. Give reasons. Is the

statement true?

Let z =x+iy where x, y € R . Sketch on an Argand diagram the points satisfying

' -7 °=8i.
Find all complex numbers z = x +iy where x, y € R such that |z|2 +52+10i =0

Let z,,z, € C suchthat z, = x, +iy, and z, = x, +iy,. Prove that |Zl||22| = |le2|.

N

w
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Question 13 — Begin a new writing booklet

a
The 4 complex numbers z,,z,,z,,z, are represented by the points Z,,7,,7,,Z,
on an Argand diagram. If z, —z, + z; —z, =0 and z, —iz, —z; +iz, =0, what
type of quadrilateral could Z,Z,Z.Z, be?

b x-2 y+4 z-1

Consider the line /, with equation 2 1

Find the vector equation of any line /, that passes through the point P (1, 2, 3) ,

which is perpendicular to /. Is this solution unique?

il Ifthe lines /, and [, intersect, find the point of intersection.

Question 13 continues on the next page.
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Question 13 continued

c Consider the triangle ABC shown. The perpendicular bisectors, DO and FO, of AB
and AC respectively, intersect at O.

Copy the diagram.
Let 04 :g,@ :lg,&':g, OD =d, etc.

Use vectors to:

prove that d = %(g + b)

ii prove that 4,B and C all lie on a circle with centre O, ie |@| = |@| = |@| 2

iii  prove that the perpendicular bisector of BC, that is, EP passes through O. 3



Ascham School 2021 Year 12 Trial Mathematics Extension 2 Examination

Question 14 — Begin a new writing booklet

a i 24 p2 1
If a, b are real, show that @ +b >ab.

ii  Hence, or otherwise, show that if a, b, ¢, d are real and a,b,c,d >0 then 2

\/(a2+c2)(b2+d2)2ab+cd'

b a a . o 1
Prove that IO f(x) dx = IO f(a - x) dx using the substitution u =a—x.
2
Hence evaluate I x(2 - x)w dx . 3
0
c Prove by the contrapositive that if m and » are positive integers such that m+#n and 3
m —n have no common factors, then m and n have no common factors.
d Consider the maximum number N of possible points of intersection of # lines on a
plane, as shown in the series of diagrams below.
% ™~
n=2 n=73 n=4
i Copy and complete the table: 2
n 2 3 4 5 6
N 1 3

ii  Prove by induction that the maximum number N of points of intersection of n lines 3

1S

=M forn>2.
2

10
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Question 15 — Begin a new writing booklet

a 1 i3

Find the four 4™ roots of — 5 + 7 and show them on an Argand diagram.

b A body of mass M kg is being suspended by two strings of differing lengths /, and

12 attached to the mass and then to either end of a horizontal rod as shown in the
diagram. Acceleration due to gravity is g m/s>.

The tensions in /, and /, are 7] and 7, (Newtons) respectively.

Show that the tension 7| in the string /; is given by

Mg cos
h= 858
sin (a + f )
¢ Let /, =J dx -
X+ 1)
2
i Show that J. d — = J. d — - J. den
(x2 +1) (x2 +1) (x2 +1)
i Use the identity above to find constants 4 and B such that / = (214# +BI, .
x +1
iii koodx

Hence, or otherwise find lim =
k—0 J0 (x2+1)
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Question 16 — Begin a new writing booklet

a A hose is at O and aimed to hit a vertical wall which is ¢ metres along the horizontal 4
ground from O. The hose water comes out at a speed V' m/s and is aimed at an angle
0 from the horizontal where 0° < 8 <90° . Take g m/s? as acceleration due to
gravity and ignore air resistance.

|14 wall

v

Show that the hose water will reach the wall if and only if V' > /gc .

boi 2, .3 gt 1=1" 1
Show that 1+r+r +r +...+r :1 for r #1.
—r
i Ag n — oo, find an expression for 1+7+7>+7° +...+7"" for 0<r<1. 1
i 2 " 2
X X x X
Provethatfor0<x<l,x+7+?+—+...+—+...:—ln(l—x).
n

Question 16 continues on the next page.
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Question 16 continued

¢ Two particles £, and P, are moving with velocities v, and v, respectively
Simple Harmonic Motion along the same axis according to the equations

x, = A+sinnt
- 5 where n,A€R and n,4>0,t=0.
X, =-n"x,

Initially, x, =4, x, =1 and v, =0 .

Assume the value of 4 is such that the particles never meet.
Show that )'clz =n’ (1 - (xl - A)2 ) .

il Show that )'c22 =n’ (l—xzz).

ili Find the minimum distance between the two particles.

The end! ©

in

13
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MULTIPLE-CHOICE ANSWER SHEET
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