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GOSFORD HIGH SCHOOL

Trial Higher School Certificate

MATHEMATICS
EXTENSION 2

General Instructions

Reading time — 5 minutes

Working time — 3 hours

Write using black or blue pen
Board approved calculators may be
used

A Reference Sheet 1s provided

For Questions 11 — 16, start each
question.in a new booklet

In Questions 11 — 16, show relevant
mathematical reasoning and/or
calculations

Section I — 10 marks

Allow approximately 15 minutes

Use the attached multiple choice
answer sheet to answer questions

1to 10

Section II — 90 marks

Allow approximately 2h 45mins

Start each question from 11to 16ina
new booklet

Use the graph template provided to
answer Question 13(d)



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

2 2
1 Theellipse 3;—6 + 2= = 1 has foci 5(0,3) and S(0,~3).

What are the equations of its” directrices?

@ y=z=

® x=xZ

© y=z=

D) x=%%

1 1
2 If w is one of the complex roots of z3> — 1 = 0 , then the value of — -+ > 1s?
1tw 14w

A -1

B) 2

(S

oy 1
3 Given thatz = 3 (cos% + isin g), what is the value of (£)3?

(A) z=9 (cosg— isin g)

B z=9 (cosg + isin g)

© z=27(cosZ~isin %)

w .. T
(D) z=27 (cos; + isin -5)



Which expression gives the gradient of the normal to the curve x3 + xy + y? = 7 at any point on
the curve?

o 52
o =
® T

A five-digit number is formed from the numerals 5, 6, 7, 8 and 9. How many numerals can be
formed, with repetitions NOT allowed, that would be less than 89 7657

(A) 5 x4l
(B) 5l—4l
(C) 5l—4l—1

(D) 41X 31x 2!

j‘ dx —
x2—4x +13

(A) %tan ——+c

(B) -;—tan
(©)  Ztan~t e

D) tantiZZ4c

The area enclosed by the curve y = 3x2 — x% , the x-axis between x =0 and x = 3 is rotated
about the y axis. Using cylindrical shells, the volume generated is given by?

A 2 [y B =y)dy
®) nf, y*G-y)%dy
© wfx*(3~x)dx

O 2m [ x3(3—x)dx



The polynomial x* — 5x% + 5x% + cx + d , where ¢ and d are real constants, has two distinct real
roots and one of the other roots is 3 + 2i. The sum of the two real roots is ?

(A) 5
®) -1
© 2
o) -11

The equation x3 + 3% + 2x — 1 = 0 has roots , § and y.
Which equation has roots % ,% and 3—?

(A) x3+4x*2—-12x+8 =0

(B) x*—4x2—12x—8 =0

(C©) 8x®—12x*—-4x+1=0

(D) 8x*+12x2+4x—-1=0

The function f(x) is given by f(x) = Il:—f—}. for x # 1, and f(1) = k for some constant £.

If f(x) is continuous at x = 1, what is the value of £?

(A) 0
®) 1
© 2

D) 4



Section II

90 Marks

Attempt Questions 11-16

Allow about 2 hours and 45 minutes for this section

Answer the questions in the writing books provided. Use a separate writing book for each question. In
Questions 11-16 your responses should include relevant mathematical reasoning and/or calculations.

Question 11 (15 marks) Use a separate writing booklet

(2)

®)

(©)

(d)

Consider the complex numbers w = —1+ v3i and z= V3 + 2i
i) Evaluate wZ

(i)  Evaluate |w|

(ii1)  Find the value of arg (w)

(iv)  Find the value of w®

(v)  Evaluate -Za3-

Find the values of 4, B and C such that:

6x2+17x +15 A+ B n c
x(x+23(x~3) T ox x+2 x—3

Sketch the region in the Argand diagram where — g <argz < g and zz < 4

Use logarithms, implicit differentiation and the product rule to find the
derivative of v = x*

End of Question 1

ey
(1)
(1)
(1)

@

€)

)

€)



Question 12 (15 marks)

(2)

(b)

(©)

(d)

Find [ cos®x dx

Use integration by parts to find [ xe™2*dx

o
Evaluate f 02 using the substitution ¢ = tan;—c

24+Ccosx

@  Show that [' f(x)dx = [ f(a — x)dx

i .

. = cosx—sinx

(i1} Hence evaluate | 2 ————
0 14sinxcosx

OABC is a rectangle on the Argand diagram, where O is the Origin.
If 4 represents the complex nmumber 1 + 2{, find the complex numbers represented
by B and C, given that the side OC is twice the length of 04 and that the Argument

of Cis negative.

End of Question 12

Use a separate writing booklet

@)

(3)

(3)

2)

3)

2)



Question 13

(2)

(b)

(c)

(d)

(15 marks) Use a separate writing booklet

The equation x* + px + g = 0 has roots &, # and .
Show that a® + g3 + y3 = 3afy. (3)

Solve the polynomial equation x* — 6x3 + 9x% + 4x — 12 = 0, given that the equation

has an integral double root. (3)
(i) Find the nature and the coordinates of the stationary points on the curve
4
y=x+1- '(}":'2"5"5 . 2

(ii) Given that the curve passes through the point (3,0) , sketch the curve

y=x+1- -(-j-w showing clearly the turning point(s) and asymptotes. (2)

x—2)2°

REMEMBER TO USE THE PROVIDED TEMPLATES FOR THIS QUESTION

Y .
‘ll :
; y=F(x)
' =1
1. % =1 2
('_ s 2)0 % > x

The diagram shows the graph of the function y = f(x),

where f(x) = +o0 as x — 1 from below or above, f(x) - 1 asx = +o and

.. . . 1
the curve has a minimum tuming point at (~—- 1 ,—2-).

On separate diagrams, sketch the following curves showing the important features

@ y=flx-1 )
@ == 3)

End of Question 13



Question 14 (15 marks) Use a separate writing booklet

(2)

(b)

(c)

In the following figure AB and CD are two chords of the circle.
AB and CD intersect at E.

F is a point such that ABF and DCF are right angles.

FE produced meets the chord AD at G.

NOT TO
SCALE

Copy the diagram into your writing booklet.

(1) State why ECFB is a cyclic quadrilateral
(i1)  Prove AFBG is a cyclic quadrilateral
(iii)  Hence, or otherwise prove that FG is perpendicular to AD

Use the method of cylindrical shells find the volume generated when the area
bounded by the curve y = tan™'x, the x axis, and the line x = 1 is rotated
about the y axis

2 2
The ellipse = + 2> = 1 is rotated about the line y = ¢, where ¢ > b.
a b

Show that the volume generated is 22 abc cubic units

End of Question 14

(1
€)
(1

()

(5)



Question 15 (15 marks) Use a separate writing booklet

(a)

(i)

(iif)

(b)

A particle P of mass m kg is projected vertically upwards in a medium where the resistance to
the motion has magnitude -Z%mvz when the speed of the particle is v ms™?.

The terminal velocity of the particle is Vy ms™2 , and the speed of projection is kVy ms™* for
some constant k > 0

The upward acceleration of the particle is given by the equation ¥ = — (g + -2}5 vz) , Where g

is the gravitational constant. During this upward journey the height of P above the point of
projection is x metres. With consideration to the downward acceleration of the particle in the

same medium, show that ¥ = — % (Vp? + v?) 2)

If H metres is the greatest height reached by the particle,
show that H = 10in(1 + k?) (3)

Find the value of & if the particle has 80% of its terminal velocity on return to its
projection point. (5)

(i) Show that the gradient of the chord joining the points A(ctl,f—) and B(ctz,f—)
i 2

on the hyperbola xy = ¢? is given by ﬁ- )
itz

(i1) Hence, given that the point R(ct3,ti) also lies on the hyperbola in part (i),
3

show that the orthocentre of the triangle (i.e. the point of intersection of the
altitudes of the triangle) also lies on the hyperbola. 4

End of Question 15



Question 16 (15 marks) Use a separate writing booklet

(a)

A

A

The variable point P (asect, btan8) , where 8 is acute, lies on the hyperbola

12

a?

= 1. The line PMM’ is drawn parallel to the x axis and meets the two directrices

at M and M'. The hyperbola has eccentricity e and foci S and 5"

(¥

(if)

(iif)

Using the focus-directrix definition of the hyperbola, or otherwise, show that
PS = a(esec8 — 1) and hence that S'P — SP = 2q. 3

ax by

The normal at P to the hyperbola has equation woce T tans = a? + b? and meets the

transverse axis at G.
Show that SG: SP = e: 1 (3)

This normal meets the conjugate axis in L.

2 2 2 KAV
Show that the midpoint (K) of GL lies on the hyperbola j—;; _y —fath)

a?z 4aZh? *

(4)

Question 16 continues on the next page



T cosnx dx

(b) U, = |

0 52 , Where n is a non-negative integer
—44CO5X

5Un

i show that Uy, .. + Upeq — - = 0 (4)

(i) given U, =§ and U; = g , evaluate U, ' (1)

End of Examination
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