Extension 1 Mathematics

General Instructions
Reading time — 5 mins

Working time — 2 hours

Write using black or blue pen

Board approved calculators may be used

A table of standard integrals is provided with
this paper

All necessary working should be shown in
every question
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Total Marks — 70

Section 1 — 10 marks
Objective response answers
Attempt Questions 1 -10

Section 2 — 60 marks
Extended response answers

Attempt Questions 11 — 14

All questions in Section 2 are of equal value



Section 1 — Objective response answers. (10 marks)

Q1. What is the primitive of cos?x?
a)

b) %sian +x+c

4x—sin4x
4

sin2x+2x
4

c) +c

d x- %Sian +c

6
Q2. The value of the term independent of x in the binomial expansion (xz + 2) is

a) 1215
b) 1944
c) 0

d 2025

Q3. Thecurvesy = x2 —4 and y = x? — 8x + 12 intersect at point Q (2, 0). The

acute angle at which the tangents intersect at point Q (2, 0) is

a) 82052’
b) 61°56°
c) 7%

d 28°4

Q4. What are the coordinates of the point P which divides the interval AB externally in
the ratio 5 : 2, where A (3, -1) and B (9, 2)
a) P(13,4)
b) P(1,4)

o P(33)
d)  P(13,3)



Q5. The solutions to the inequality ﬁ > 3 are
a) x<5 x> 13—7
b) 5<x<z
17
c) x > 3

17
d) x<?

. _15Y).
Q6. The value of cot (sm E) is

a) %
b) =
c) %
d) =

5

Q7. Aroot of the Polynomial P(x) = x3 — 2x? —5x + 6 is
a) 2

b) -3
c) 1
d) -4

Q8. The Vertex of the parabola with parameters
x=p?>+2p+2andy=p—1,is

a) V(0,—1)
b) V(2,-1)
o V(1,-2)

d)  V(1,0)



Q.

The values of the angles labeled as m and n in the

diagram are:

a) m=70,n= 145

D B b) m=140,n=70
\/ ¢c) m=70,n=140
e d) m=145n=70

1
Q10. By using the substitution x = sin(u) or otherwise, the value of [> V1 — x2dx is

equal to
3 T
a) T + g
b) _3 + T
8 12
4 12
d) _3 + T
8 6

End of Section 1




Section 2 — Extended response answers (60 marks)

Question 11.

b)

a)

i)
ii)

(Begin a new writing booklet) (15 marks)

Let M be a point outside a circle. MAB and MPQ are secants to the circle

M
A
P
Q
Prove that AAPM || AQBM. )
Hence, show that AM xMB=PM xMQ . (1)

The tide level in a harbour oscillates according to simple harmonic motion. At
Sam, the tide is at its lowest level at 3m and at 11am, the tide rises to its peak at

6m.

)

Calculate the amplitude and the period of motion. (2)

The motion can be written in the form x — b = acos(nt) where a, b and n
are constants, X represents the tide level in meters and t is the number of

hours after 5am. Explain why a = —1.5,b = 4.5 and n = —. 3)
6

Show that it satisfies the condition ¥ = —n?(x — b) (1)

What is the first time period (to the nearest minute) during the same day,
that a boat can enter and leave the harbour, if the hull of the ship requires a
minimum depth of 4m for safe passage? 3)

Prove by mathematical induction that 9™*2 — 4" is divisible by 5 forn>0 (3)



Question 12. (Begin a new writing booklet) (15 marks)

a) The diagram shows a lighthouse L out at sea, containing a revolving beacon,
which is 3km from P, the nearest point on a straight shoreline. The light beam
rotates at 4 revs/min and shines a spot of light onto the shoreline at M. M is X km
from P and ZMLP = 6.

L
3km
.
M x km P
1) Why is Z—i = 8m, where t is the time in minutes. (1)
i1)  Write an expression for %. (in terms of 6) (1)
1i1)  Evaluate % when the spot of light is at P. (ie 8 = 0) (1)

iv)  How fast is the spot of light moving 2 km away from P along the shoreline?

(leave your answer as an exact value ) (2)
b)  Differentiate tan~1(e~2%) (2)
C) Solve the following equations simultaneously. (2)

T
1, ¢
1 ’ o

T

cos lx —§sin‘1y =3

2cos tx + gsin‘



d) A Ladder 4 m long is leaning against a vertical wall so that it just touches the top
of a fence that is 3m high and 4m from the wall. The ladder is inclined at 8
radians to the horizontal.

wall
fence
4 m
1) Write the expressions for sin26 and Rsin(0 + ¢) )
i1)  Prove that the length of the ladder is given by the expression (2)

3 4

sin@ cosO

ii1)  Show that if A = 10m then the angle 8 satisfies the equation
sin(20) = sin(0 + ¢) where ¢ = tan~! G) )



Question 13. (Begin a new writing booklet) (15 marks)

(a) The polynomial P(x) = 4x3 + 2x2 + 1 has one real root in the
interval —1 < x < 0.

1) Show that there is a root between -0.5 and -1. (1)
i1)  Use Newton’s method once for X=-0.8 to obtain another approximation

to the root. (to 2 decimal places) (2)

(b)The polynomial P(x)=2x"+3x’>-5x+7 has roots. a, § and y.

Evaluate
(2)
1) a+f+y
i) afy
(b) Consider the function f(x) = (1 + x)™

i) Write an expression for f'(x) (1)
ii) By considering the expansion of (1 + x)™ and part (i) above,

prove 3)

(3)4—2(?)+3(121)+-~+n(nf1)+(n-{-l)(:ll)=(n+2)2n—1



(d) The reflective property of a Parabola suggests that if a ray is constructed from the
focus S to any point on the parabola P, then it will be reflected so that it is parallel
to the axis of the Parabola.

It also means that if a tangent is drawn at point P, the angle between the tangent
and the focus is equal to the angle between the tangent and the reflected ray. (See
diagram below)

Parabola

v o e ()

1) Show that the equation of the tangent AB at point P (2ap, ap?) to the
parabola x? = 4ay is px — y — ap? = 0. (2)

i1) By calculating the gradient of PS, show that the expression for the angle
between the tangent and the focus S (0, a) at Point P £APS, is

0 =tan~! (%) (2)

iii)  Prove that the size of ZBPC is also 8 = tan™! (= (2)
p



Question 14. (Begin a new writing booklet) (15 marks)

a) Find the general solution of tan3x = —/3 . (2)
b) Calculate the exact value of tan(105°) as a simplified surd. (2)
(x+ 1)dx . o 5
f > using the substitution u = 4x“ + 8x — 7 2)
4x“+8x

d) A tennis court is 24m long with a net 1 m high in the middle.
During a tennis match, Rafael Nadal smashes a ball into the opposing court 6 m
away from the net at a velocity of 50 m/sec. The ball is projected at an angle of
depression of 13° at a height of 2.5 m above the ground.

Let g = 10m/s”. You may also assume that the horizontal displacement of the ball
to be given by the expression x = 50tcos13°, where t is the time in sec and X is
in metres.

1

1

1

1

i

1

i

1

1

1

1

1

Y . 13°

| TS~ 180kmMr

% | o

24m

1) Given that y=-— 0, show that the vertical displacement of the ball at time t
is y = —5t% — 50tsin13° + 2.5 (1)

i) By what margin does the ball clear the net? (2)
(correct to the nearest cm)

ii1)  How far from the opposing player’s baseline does the ball land 3)
(correct to the nearest cm)



e) A rectangular field ABCD has the dimensions 60m by 30 m where
AB = CD = 30m. E is the midpoint of BC.
At the same time, one person leaves point B cycling at 3m/s and another leaves
from point E jogging at 2m/s.
They travel towards the other side of the field to arrive simultaneously at point Q.
Let ZABQ = 0 and let the distance QF = x
Diagram is given below.

A Q
”~
Rl
” -
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e
’I
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’I
6 -
L
o7 90—-6 ;
I’ -
E M
: . . 3
1) By equating equal travel times, show that QB = 7x (1)

i1) M lies on EC and is the foot of the perpendicular from Q. By considering
AQAB and AQBE, prove the following (2)

5x% 4+ 3600 = 360/ x2 — 400

End of paper



Student’s Name: Teacher’s Name:

Year 12 Mathematics Ext 1 — Multiple Choice Answer Sheet

Select the alternative A, B, C or D that best answers the question.
Fill in the response oval completely.

Sample: 2+4= (A) 2 B) 6 (C) 8 D) 9
AO B@ cO DO

= If you think you have made a mistake, put a cross through the incorrect answer and fill in the new
answer.

A B@® cO DO

* If you change your mind and have crossed out what you consider to be the correct answer, then
indicate the correct answer by writing the word correct and drawing an arrow as follows.

correct
e
A@ B@® cO DO

> > > > > > > > > >
00 0O0O0O0O0O0O0O0
%
OO0 0O0O0O0O0O0O0O0
6 6 0 6 a6 a6 a a6 a0
OO0 0O0O0OO0O0O0O0O0
O U U U U U U Y o U
OO0 0O0O0OO0O0O0O0O0

10.
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Mathematics Extension 1: Question ®) 13*16(, ,E X Q o5 €. ( SCC. ’H% l )

Suggested Solutions
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Mathematics Extension 1: Question ) b)« ‘[“c K@ spon e ( 5{:@%‘3\1 / )

Suggested Solutions
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Awarded
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9 ?@»:( s@ -28) 52« o)

-2 / 572
:( & )
3 / 3
:(}3,%)
O S x (n-1)
| =S

;L(ﬂ_w} > B(ﬂ“gl
o> 3(wr) =204
0D (- E% (-7 -2
& () (P -

173

g<7£<3

-~ I
O (o"}' 51\34 f3 )
L, &

0




Mathematics Extension 1: Question Ob}f(’jﬁ'rﬁ, K@PM 53 W LY / )
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Mathematics Extension 1: Question //

Suggested Solutions ' Al\‘g::g: al Markers Comments

GivEN: Let M be a point outside a circle,
and let M AB and M P be secants to the circle.

Am: To prove that AM x MB = PM x MQ,.
CONSTRUCTION:” Join AP and BQ.
ProOF: In the triangles APM and QBM:

’ -1, LMAP = [M@B (external angle of cyclic quadrilateral),
_ 2. LAMP = LGME (common),
.. 80 AAPM | AQBM (AA)

%Mi{—- = % (matching sides of similar triangles),

| that is, AM X MB=PM x MQ.
%
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Mathematics Extension 1: Question [/

Suggested Solutions

Marks
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Markers Comments
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Mathematics Extension 1: Question // / /2

Suggested Solutions

‘~
i
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Mathematics Extension 1: Question /[ 2

Suggested Solutions

Marks
Awarded

Markers Comments
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Mathematics Extension 1: Question 12

Suggested Solutions A‘rﬁ::_‘l;z q Markers Comments
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Mathematics Extension 1: Question /3

Suggested Solutions
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Mathematics Extension 1: Question /3

Suggested Solutions

Marks
Awarded

Markers Comments
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Mathematics Extension 1: Question /3

Suggested Solutions

Marks
Awarded

Markers Comments
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Mathematics Extension 1: Question  / %[,

. Marks
Suggested Solutions Awarded Markers Comments
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Mathematics Extension 1: Question / ¢

Suggested Solutions
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Mathematics Extension 1: Question (sﬁ

Suggested Solutions

Marks
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Markers Comments
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