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90 marks

Attempt Questions 11 — 16

Allow about 2 hours 45 minutes for this
section

Teachers:
Mr Bradford (Examiner)

Mr Menzies



BLANK PAGE



Section |
Questions 1 — 10 (1 mark for each question)

Read each question and choose an answer A, B, C or D.
Record your answer on the Answer Sheet provided.
Allow about 15 minutes for this section.

1 Let a=2—-iandB=1-3i.

What is the value of (a — B )*?

A) 7 —24i
B) — 7 — 24i
C) —7 —40i
D) 41— 24i
2 Consider the statement.

“If a quadrilateral is a rectangle, then the diagonals of the quadrilateral are equal in
length.”

Which of the following is true about this statement and its converse?
A) Both the statement and its converse are true.
B) Both the statement and its converse are false.
C) The statement is false and its converse is true.

D) The statement is true and its converse is false.
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In the Argand diagram the point E represents a complex number.

. . N1 N

When this number is multiplied by ( V3 +i ) (4— -5t ) it gives a new
complex number.

y

F
.G
X
; 0
. .E
H.

Which of the following points represents the new complex number?
A) F
B) G
C) H

D) I

A particle is moving in simple harmonic motion. The displacement x metres of the particle

isgiven by x = 1 + 4 sin (2t — Z , Where t is measured in seconds.
g y 5

Which of the following is the first time the velocity of the particle is —8 ms~1?
A) —
B) —
C) —

D) —
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Let the points A and B represent the complex numbers A = In3a + i In? a
and ¢ = — 2 Ina + 8i respectively.

When the point B is rotated about the origin by 21 in a clockwise direction
we get the point C.

For which values of « do A and C coincide?

A a=1
B) a = e
C) a=1lora= e?

D) a=e or a= e?

Consider the position vector of a particle r= —3sin ti+ 3 cos tl + tk.
Which of the following statements best describes the motion of the particle?
A) A spiral about the z axis in an anticlockwise direction.

B) A spiral about the z axis in a clockwise direction.

C) A spiral about the x axis in a anticlockwise direction.

D) A spiral about the x axis in a clockwise direction.

Consider the following statement:

"V n € N, if n? is odd then n is odd.”

Which of the following is the negation of the statement?
A) Vn €N, ifn?isnotodd then n is also not odd.
B) 3n €N, suchthatn is not odd and n? is not odd.
C) VneN,ifnisnotoddthen n? is not odd.

D) 3In €N, suchthatn? is odd and n is not odd.
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The equations of two lines £; and £, are

—1+t(2Y) 1+ t(8+2")
n=| —5+t(6-2%) and 7, = 2 + 6t ,
-2 +t(7-2") -3+ t(5+2%)

where t is a real number and A is a constant.

For what value of A are the two lines £ and £, parallel?

A 4
B) 3
c) 2
D) 1

A particle initially at rest at the origin starts to move along the x axis.

Its velocity at any time t in seconds is v m s™1.

3
The acceleration of the particle is givenby a = (1 + v?)z.

Which of the following is the correct expression for the velocity v ?

A) v=tan (cos™!t)
B) v=tan (sin"'t)
C) v = sin! (tan t)

D) v=cos (sin"'t)
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The complex number z satisfies | z + a| = a, where a is a positive real number.

The greatest distance that z can be from the point P representing the complex

number ka + a (k + 1)i, where k is a positive real number, is (3v2 + 1)a.

What is the value of k ?
A 1
B) 2

C) 3

D) 4

End of Section |
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MATHEMATICS EXTENSION 2

Section |11

90 marks
Attempt Questions 11 — 16

Allow about 2 hours and 45 minutes for this section.

INSTRUCTIONS

e Answer each question in a separate writing booklet.

e Extra writing booklets are available.

e Your responses should include relevant mathematical reasoning and/or calculations.
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Question 11 (15 marks) Use a SEPARATE writing booklet

a) Consider the complex numbers = 2iand B =v3 +i. 3
Show that (&« — B)° is purely real.

3
b) Consider the line £ with equation r = ( -2 >+ A ( 6 ) 2
5 4

Show that the point A (2, -5, 3) lies on the line £.

C) Solve z? — z + (4 — 2i) = 0. Give your answers in the form x + yi, 3
where x and y are real.

d) PQRS is a parallelogram with vertices P (2,4,3), Q (4,3,1),R(3,2,5) 3
and S (x,vy,2).

Find the coordinates of S and the length of the diagonal | Q5 |.

e) A particle is moving along the x axis in simple harmonic motion 4
centred at x = 2 and with amplitude 3.

The velocity of the particle is given by v2 = p + gx — 6x?,
where p and q are constants.

Find the period of the motion.
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Question 12 (15 marks) Use a SEPARATE writing booklet

a) Prove that x3 + x% >2,wherex > 0. 2

b) Consider the predicate statement P(n) where n € N. 3

“If 5n* + 8n is multiple of 16, then n is even.”

Prove that the converse of P is true.

C) Find all the 4™ roots of 1 + +/3 i. Give your answers in exponential form. 3

d) A particle starts moving from x = In (e* + 1) with velocity e and 3
acceleration given by v? (e* + Inv ), where v is the velocity of the particle.

Find an expression for x, the displacement of the particle, in terms of v.
e)  The polynomial Q(z) = z* — 823 + pz? + gz — 80 has aroot 3 + i,
where p and g are real numbers.

i) Find all the roots of Q(2). 3

ii) Write Q(2) as a product of two real quadratic factors. 1
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Question 13 (15 marks) Use a SEPARATE writing booklet

a) The cubic equation 2x3 — 7x + 4 = 0 has roots &, § and y.
1

1
Find a cubic equation with roots — , — and .
af’ ay By

b) A boat needs to travel from port A to port B on a true bearing of 333°
at a speed of 35 kmh™1.
However, a constant current of 15 kmh~1 is flowing from the southwest.

Find the speed and the direction to which the boat should head to compensate
for the current and maintain its speed of 35 kmh~1 in the desired direction.

c)  Use a contrapositive proof to prove that “ If p is divisible by 5 then p can be

expressed as a sum of five consecutive integers”.

sec’ O +tan @

2
Q) Find J{(Ztan9+3)sec eJde 3

2k 2k + 2

e) i) Show < for k > 0.
k+2 k+3

ii) Use mathematical induction to prove that

1 2 3 n 2n 1

cer 4 < — forn > 1.
3! 4! 5! (n+2)! n+2 (n+2)! n
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Question 14 (14 marks) Use a SEPARATE writing booklet

b)

i 9imr  —7im - 3im

The complex equation z° = i has roots are e10, e10,e 10 ,e 10 and a.

i) Determine the value of «. 1
i) On an Argand diagram, sketch the roots of this equation. 2
n .. m _ 1

iii) Show that cos T sing; = 7. 3

A particle of mass 1 kg is projected from the origin with initial speed V ms™!
at an angle « to the horizontal plane.

The forces acting on the particle are gravity fq) and air resistance 50 ,
where ¥ is the velocity vector of the particle.

Let the acceleration due to gravity be 10 ms™2.

The position vector of the particle, at time t seconds after the particle is projected,
is 7(t) and the velocity vector is ¥(t).

-5t
i) Show that ﬁ(t)=< Ve wcosa ) 3
(Vsina+2)e >t -2

-5
ii) Given that 7’(1) = ( (250 \/521026) s, ) find the initial speed V 2

and the angle of projection a.

iii) Show that the ratio of the horizontal velocity at the origin to the horizontal 3
velocity at the maximum heightis ( 1+ 1253 ) : 1.

10
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Question 15 (15 marks) Use a SEPARATE writing booklet

a) A particle of mass m kg is moving along the x axis under the action of
a resisting force m ( pv + v?2), where v is its velocity and p is a
positive constant.

Initially, the particle is at x = In 2 and is travelling with velocity p.

i) Show that the displacement x of the particle in terms of v is 2
4p
x=In ( )
p +v
i) Show that the time t, which has elapsed when the particle is travelling 3

with velocity v, is

1 +
t=—ln<p v).
p 2v

iii) It took the particle %ln 2 seconds to reach the point where x = In 3. 2
Find the value of p.

b)  Two lines, L, and L,, are represented by position vectors r; and r, respectively.

The vector equations of these two lines are

-1 -1 -1 1
r1=(—1)+l< 2) and r2=< 1)+,u<—1>,
- 1 1 - -1 1

where A and u are real numbers.
i) Show that L; and L, are skew lines. 4

i) Find the shortest distance between the two skew lines L, and L. 4

11
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Question 16 (16 marks) Use a SEPARATE writing booklet

a)  The point A, which represents the complex number z, = —5 — 4i, lies between
two parallel lines #; and #,.

The equations of #; and £, are y = 5 and y = —12 respectively.

The point B(b, 5), which represents the complex number zg, lies on #;.
The point C(c, —12), which represents the complex number z, lies on £, such that

5
AC = 2AB and £ BAC = ?n, as shown below.

y
y=5
> X
Not to Scale
y=-—12
Find the exact value of the complex number z. 4
7
b) Letl, = J. sin®™*3 xcos® xdx, N =0,1,2, -
0
. n+1
i) Provethatl, = " I,_q, forn=>1. 3
. 1
ii) Deducethat I, = 3

m+Hn+3)n+2)"
iii) Let], = [, x*"*7 (1—-x%? dx, n=0,1,2,..

Show that /= 3 Iy. 3

c)  Prove by contradiction that
2 2
(sinx)5+(cosx)521,for0£x£§andn=3,4,5,.... 3

END OF PAPER

12
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Measurement Financial Mathematics
Length A=P(l+r)
o= i X 27r
360
Sequences and series
Area
Az%xm‘z Tn=a+(n—l)d

A =!21(a+b)

S" = ﬁ[2a + (n - 1)(1] = ’2—l(a + I)

7
Surface area _ 24
T =ar"
A = 2mr* + 27rh ( ) ( )
all=r") a(r"-1
A = 4nr? = = r#l
I'= r—1
Volume
I s=—|r|<1
V=—Ah r
3
V=—n?
3
Functions Logarithmic and Exponential Functions
Jb2 .
= —bt 5 —4ac log a*=x= Pl
a

For ax> +bx’+cx +d = 0:

a+ﬁ+y=—§
aﬁ+ay+ﬂy=%
and aﬁyz—%

Relations
(x - h)2 + (y - Ic)2 =r?




Trigonometric Functions

sin A =%, osA=a—dJ, tan A =ﬂ
hyp hyp adj
|
A=—absinC o
2 NV
e s
sinA  sinB  sinC
¢ =a*+b*=2abcosC
2492 2
cosC=2T2 "¢ Fo - 30°
2ab
2
l=r@
- %ﬂa /60°

Trigonometric identities

secA = ,cosA#0

cos A

1 s
cosecA =——, sinA #0

sin

cosA
COtA =— .
sinA

sind #(

2

2 =
cos“x+sin“x =1

Compound angles
sin(A + B) = sinAcos B + cosAsin B

cos(A + B) = cos A cos B — sinAsin B

B tanA + tan B
|-tanAtan B
If r= tzmi then sinA =
2 1472
3
cosA = !
1+ 12
21
tanA = v
=1t

cosAcosB = %[COS(A — B) + cos(A + B)]
sinAsinB = %[COS(A — B) - cos(A + B)]
sinAcosB = %[sin(A + B) + sin(A - B)]

cosAsinB = %[sin(ﬁ. + B) - sin(A - B)]

. ]
sin’nx = 5( | — cos 2nx)

2

cos“nx = %{] + cos 2nx)
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Statistical Analysis

X—Uu An outlier is a score

o less than Q, — 1.5 X IQR
or

more than O, + 1.5 X IQR

-
£

Normal distribution

* approximately 68% of scores have
z-scores between -1 and 1

* approximately 95% of scores have
z-scores between -2 and 2

* approximately 99.7% of scores have
z-scores between -3 and 3

E(X)=

Var(X) = E[(X - p)*] = E(X*) - ¢
Probability

P(40B) = P(a)P (}
P(AUB)=P(4) + P(B) ~ P(ANB)
P(A|B)=%,P(B]i0

Continuous random variables

P(X<x)= J F(x)dx

b
Pla<c X< b}zJ F(x)dx

Binomial distribution
PX=r)="Cp'(1=p)~

X ~ Bin(n, p)

= P(X=x)

= (”)Px(l -p)" L x=0.1,....n

E(X)=np
Var(X) =np(1-p)



Differential Calculus

Function
y=f(x)
}' =Ny

y = g(u) where u = /()

v
y = sin £(x)
y=cos f(x)
y=tan f(x)
y= e/ ()
v=Inf(x)
y=alt

y=log, f(x)

y=sin"! f(x)

y=cos ! f(x)

y=tan"! £(x)

Derivative
dy ; il
—=nf(x)[£(x)]
dx
dy dv du
—— =Nt V—
dx dx  dx
ay @9 g u
dy du’ dx
du  dv

V——U—
dy _ _dx  dx
dx v
ﬂ — *, o 5
dx = f'(x)cos f(x)
Y _ p(x)sinf(x)
dx
ﬂ—_;"(g]ucczf(l)
de 7T
ﬂ _ prpon FLD)
dx #xe
dy /)
dx  f(x)
dy (Ina) f*(x)a’™
dx
dx  (Ina)f(x)
&y ___ S
dx  J1-[£(x)P
dy __ fx)
dx =[]
dy _ [(x)
dx 1+ f(x)]

Mathematics Extension 2 Trial HSC 2024

Integral Calculus

’ " o _l . n+1 5
J-f {x}[f{x)] dx = P [f{ }] +
where n# -1

Sx)sin fx)dx ==cos f(x)+c

o

f’(x}c()s_f(x}dx = alnf{l) +¢

-

F(x)see? F(x)dx =1an £(x)+¢

-

Fix)eWdy=e 1

[£ucemirre
R (x)
Fix)a My = = +c
J Ina
SUx) S
J e =[]
Sf(x)

ﬁd}: = %IRH_I@+C
Joa“+]f(x)

. X

i
udlr."x = uv—Jlfd—”dx

il

S(x)dx

L}

=

b;::{f(a)+f{;;)+ z[f(xl e s

¥ f{xn—l}]}

where a = x, and b=x,

15



Combinatorics

”Pr:
(n=r)!

(n)=,,cr= n!
4 ri(n=-r)

n

(x+a)'=x"+ (1

e n d
)X” 1a+---+(r)x” 'a’+-~+a”

Vectors
|f3‘=|_x£+y£"=\fx2 +y*

v =|u||y|cosé = xx, + y,y,.
where u = x|i+y,J

and v = X0+ Y,j

r=a+Ab

Complex Numbers

z=a+ib=r(cos@+isin0)
= re'?
[r(cosﬂ + isin 9)]" = r"(cos n@ + isinn)

— rnemﬂ

Mechanics

d dv dv d ( 1 2)
e i B e | e
dt= dr dx dx\2
x=acos(nt +a) +c
x=asin(nt+a) + ¢

i= —1:2(x -c)
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