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Section | 10 marks

Attempt Questions 1 — 10

Allow about 15 minutes for this section

o Shade the correct response on the multiple-choice answer sheet for Questions 1 — 10
Each question is worth 1 mark

1 The diagram shows a circle with centre O. The line PT is tangent to the circle at the
point T. ZTOP = 4x° and ZTPO =x°.

What is the value of x?

(A) 9
(B8) 18
(C) 36
o 72

2 The point P divides the interval AB in the ratio 3:7.

In what external ratio does A divide the interval PB?

P
A
(A)  3:10
(B) 34
(C) 73
(D) 103
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The parabola y = f (x) has a zero between x = 0 and x = 1, and a zero between
x=landx=2.

Which set of three points could lie on the graph of y = f (x)?

(A) (0,2),(1,4)and (2, -1)
(B) (0,-2),(1,-4)and (2, 1)
(© (0,2),(1,0)and (2, -1)
(D) (0,-2),(1,4)and (2, -1)

The temperature of an object is given by T = A— Be™where T is temperature

(measured in °C) and t is time (measured in minutes). A, B and k are positive
constantsand A>B. Ast—> oo, T > T_.

What is the value of T ?

(A) 0°C
(B) B°C
(C) A°C
(D) (A-B)°C

The diagram shows the graph of a cubic functiony = f (x).

N '

y=rx

What is a possible equation of this function?

A F(x)=—x(x-2)(x+2)
(B) f(x)=x*(x-2)

©) f(x)=-x*(x-2)

(D)  f(x)=—x*(x+2)
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Given that t = tan g , Which expression is equal to tan 8 —tan g ?

At
t(1+t2
©) (1—+t2)
t
© 1-t?
t(3-t2
©) (17t2)

9
What is the coefficient of x2 in the binomial expansion of(x2 —ﬂj ?
X

A c#
(B) °Cc " 4*
(c -c#
(D) ‘_ °C, 44‘ ( commented [WJ1]:

Disregard this question.

A ball is projected into the air from the ground with a velocity of 40 m/s at an angle of 45°.

After how many seconds will the ball reach its greatest height?

) ‘“’f s

(B) & S
g

©) —162‘5 s

(D) 80v2gs
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The parametric equations of a curve are x=p+1,y=p°-1.
The Cartesian equation of the curve is?

A x*=4y

(B) y=x*-2x

© y=x-2

(D) y=(x-2)

End of Section |
Section Il commences on the next page
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Section |1 60 marks

e Attempt Questions 11 — 14

e Allow about 1 hour and 45 minutes for this section

e Answer each question in a SEPARATE writing booklet or answer sheet. Extra writing booklets
are available.

e In Questions 11 — 14, your responses should include all relevant mathematical reasoning and/or
calculations.

Question 11 (15 marks) Use a SEPARATE writing booklet Marks
x? —
(@) Solve <0. 3
XZ
(b)  Differentiate tan™ (9) 2
(c) Determine the domain and range of the function f (x) =2zcos™ (5) . 2
T
(d)  Evaluate 'f,?zsinz X +¢0s” X dx 3
n

(e) A particle moves with acceleration X = W . Initially, the particle is at the origin 3
X
and its velocity is —4 m/s.
Show that the particle is never at rest.
() solve (log, x)° —e*(1+e)log, x+€° =0. 2

End of Question 11
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Question 12 (15 marks) Use a SEPARATE writing booklet Marks

(@  P(2ap,ap®)and Q(-2ap,ap)are points on the parabola X* =4ay.

(i) Tangents to the parabola at P and Q meet at the point A.

Find the coordinates of A. 3
(i) M is the midpoint of PQ. State the coordinates of M. 1
(iif)  Show that the origin O is the midpoint of AM. 1

(b) Use mathematical induction to prove that (n +1)2 +n—1is divisible by 2 forall 3
integers n>1.

(©)
(i)  Show that P(x)=—4x"® +5x* —0.7 has a zero between x=0and x=1 1
(i)  Explain why Newton’s method fails when x =1is used as the first approximation.
2
. 1 1 4
(d)  Given u>0,solve tan™| — |+tan| — |=tan| = |. 4
-1 u+1 7

End of Question 12
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Question 13 (15 marks) Use a SEPARATE writing booklet

@) A new medicine is trialled to test its ability to control a virus. At first the trial is
successful and the population P of the virus can be modelled by the equation

Liog,07
P =50000e2  where t is time measured in hours.
(i) When its population reaches 24 500, the virus becomes resistant to the

medicine and the population begins to increase.
Show that this resistance occurs 4 hours after the trial started.

(i) The increasing population of the virus can be modelled by the equation

P =500-+12000e" where k is a constant and t is the time since the trial
started. Show thatk =0.25In2.

(iii)  Find the value of t when the population returns to its initial value.
Give your answer to the nearest 10 minutes.

(iv)  Sketch the graph of the population over time, clearly indicating the initial
population, the population when the resistance begins and the point where
the population returns to its initial value.

(b) A particle is moving with simple harmonic motion. Initially it is at the centre of
its motion and its period is 2z. The velocity of the particle is given by
v? =20+8x— x>
(i) Find the endpoints of the motion of the particle.

(ii)  Find the centre of motion of the particle.

(iii)  Express the displacement x of the particle as a function of time t.

Question 13 continues
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Question 13 (continued) Marks

(© () Expand (1—x)*" using the binomial theorem. 1
(i) Hence prove the following identity. 2

"C, +3°"C, +...+(2n-1)*'C,, , =2*"C, +4°"C, +...+2n*"C,,

End of Question 13

Page 10 of 12



Question 14 (15 marks) Use a SEPARATE writing booklet Marks

(@  Anarcher shoots an arrow from a bow at an initial velocity of 60 ms-,
while standing at point A. The bow is 1.5 metres above ground level at the time
of firing and the angle of projection is 30°.

¥

60ms’

Allowing gravity to be 9.8 ms”.

(i) The archer is aiming for a tree that is 300 metres away and 3.4 metres in height. 2
The ground is horizontal.
Show calculations which prove that the arrow will not hit the tree.

(if) The archer has painted a target on the tree at a point 1 metre above ground. 3
What angle will the archer need to shoot the arrow at in order to hit the target if
the initial velocity is 60 ms?

(b) Two towers Tiand T2 have heights h metres and 2h metres respectively. 4
The second tower is due south of the first tower. The bearing of tower T1 from
a surveyor is 292°. The bearing of the tower T2 from the surveyor is 232°.
The angle of elevation from the surveyor to the top of tower Ty is 30° while
the angle of elevation from the surveyor to the top of tower T is 60°.

21h

Show that the distance d between the two towers is given by d = 3 metres.

Question 14 continues
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Question 14 (continued) Marks

(c) The diagram shows a circle with centre O. Tangents from the point A touch the
circle at the points B and C. Chords BD and CD are also shown.

Cc
D A
B
0] Show that ZBAC and #BOC are supplementary. 1
(i)  Show that «BDC =90° —%4BAC . 2
(ili)  0°< ~«BDC <90°. (Do NOT show this.) 3

Let cos/BAC = a.

Using part (ii), or otherwise, show that cos/BDC = L?a.

End of Question 14
End of Section Il
End of Examination
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SECTION 1

1 ZOTP =90° (tangent perpendicular to radius)
4x + x +90 =180 (angle sum of triangle)

x=18

2 AP :AB=3:3+7
=3:10

3 The y values of the three points must be +, —, + or —, +, — so that the zeroes
lie between the three points.

v

+

-

-

N

4 T=A-Be™"
Ast—> 0, -0
T=A—Be™ > 4

5 There are two zeroes, 0 and a negative number.
As x — 0,y = —o0, the leading coefficient a <0.

£ (x)=—-x*(x +2) satisfies these conditions

6 tanH—tang= 2t2
2 1




9
Given (xz = i)
x

iy = (x2 )r (—4x'1 )9_,
= |:9Cr (_4)9—r:| x2rx—9+r

2r-9+r=3

r=4

Coefficient = °C,(-4)"" =-°C,4’

DISREGARD THIS QUESTION

9 R
Time of flight = L 527
g

Vsin@
(=

g
3 40xsin45°

g
40

TeV2
2032 .
g

10

Solution Answer

Mark

p=x-1
.'.y=(x—1)2—1

=x*-2x




SECTION 1T

Question 11
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Question 11 (continued)

(c) f(x)=2mcos™ (ij 2
Vs
domain: ~1<X <1
T
~m<x<nm / orrect OGrswer oniy
range: Ox2x <y <mx2rx
0<y<2n’ \/ (orrect AnSWes onl/
(d) J‘E(2sin2x+cosz x) dx=_[§(2sin2x+coszx )dx 3
4 4

—I (sm x+(s'1n X+ cos x)) dx *

=1

:J.%Z sm2x+l) dx @ 9_,“ "= [‘ CF)Z'Z>
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Question 11 (continue/ S f e et ij
£ =
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(log, x) =€’ (1+e)log,x+e’ =0
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Question 12
(a) @A) Tangent at (2ap, apz): 3
(x1>3)=(2ap.ap’)
x" =4ay
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Q1L Conkaved
Q2 @

Leta = tan™ (L) and f=tan™ (LJ
u-1 u+l

tana=—l—andtanﬂ=—l—
u—-1 u+1
then,
tan (o + f)=SRETELS
l—tan o tan g
11
_u—1 u+l
I—Lx—1
u-1 u-1
_2u
:-‘-337*1
..
u -1
_ZR'
u -1
ur -2

Il

%4

2u 4
.'.u2_2:7 *‘*

14u =44 -8
20 —Tu—-4=0
(2u+1)(u—-4)=0

Su=4 (givenu > 0)
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Question 13

Lloge 0.7

(a) ) P =50000e2

7

e
24500 = 50000¢2 "
%loge 0.7 =log, 0.49

- 2log,0.49
log, 0.7
I=4h

(i) P =500+12000e"
24500 = 500 +12000¢**
4k =1n2
k=0.25In2

P13 Contmuves  ower Hha page-.



Question 13 (continued)

(a)

(b)

by ()

- K

(i) Whent =0, P =50000° = 50000
50000 = 500 + 120002
50000 - 500
0.25In2)t = In| ———— |
( ) ( 12000 ) O
t_ln4.125
0.25In2
=8.177576477 .
~8.2 h (1dp) @ 8.24 bOmin = 442 mi~
= 490 win. ]
. ’ ..—'—l—'_'_'_—_'_-_-
(iv) O 1P
50 000
(8.2, 50 000)
(4, 24 500)
{
i 2 3 4 6 7 8 9 3
1) At the endpoints: 2
vP=20+8x—x"=0
x*—8x-20=0
(x—10)(x+2)=0
x=-2,10
(i)  centre of motion = il Y 1
am‘ol."rtuolo_ == 6 (L)(";) (A[-}-ema-’.\/e So/v"fOb\)
. e ‘
Fe«.oo( 27T /1sz= 04 4x - Exz
no=| d d ‘
L 71 . 2 4 = z)
sv%) = (o4 ¥x - Zx
‘=0 ‘ < = ¥ dx ( ) A~ (

\

bosin(b+X) + &
= é g,‘u\ (0‘{'0(3 —+ ‘?

= O
= O

és-'v\‘L/-F ‘F‘@)

<~ = 44—

X = -x+ 4

X o= -l (*-9
3 =~M1(i‘5>

Ctatre 4 metion = 4 @



Question 13 (continued)

)M | (1=x)? =1=Cx+ Cyx® et (=1) Cx ot 7"Co 6" 1 Mark: Correct
answer.
¢) | Differentiating both sides. 2 Marks:

(11) _2n(1 _ x)2n—l . _ZnCl + 22nC2x +..+ (_1)r r 2nCrxr—-] et 2n 2nc2nx2rl—1 Correct answer.

1 Mark:

Substitute x =1 . '
2 2n 2 - Differentiates
0==-""C,+27Cy +..+(=1)'r C,..+2n7C,, both sides.

2O 432C, k20— 1)VChy =27"C, +4VC .+ 207C,,
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QY Comdpneed
W\ a) Gi)

+i
Using the derivations above, but with 8° instead of 30°.
Horizontal displacement is given by x= 60tcos §

Vertical displacement is given by »= 4.9 + 60 sin §+ 1.5

When horizontal displacement is 300 metres, we want vertical
displacement to be + 1 metre.

300= 6(xcosd

300
60cos O

p]

cos §
When r=->— vertical displacement 1s:

cos 6
+ so(_LJsLn 8 +13
c03 B

)
cos B

=.122.5s%c 8 +300tand +1.5

=-122.{tar’ ® + 1) + 300tanp + 1.5
=.122.5tan’9 —122.5 + 300tan@ + 1.5
=-122.5tan’@ + 300tarp —121

Wewanty=1, s0
= .122.5tac’® + 300 tanp — 121

0=-122.5tan’9 + 300tan® —122

Using quadratic formula:
vang = 300(-300° -11 3 -122.5x -122

= 0.514942832%r 1.934036759

8= 2715 or 62°40
Therefore, the arrow must be fired at an angle of 27°15° or
62° 40°in order to hit the mark on the tree.

Modifying equation motions
correctly

Correct equation for vertical
motion In terms of tand .

Correct angles. o7

ong comeet algé .




wﬁ costa  rula

2 o
ol?- As fégt 2hS B = cos 60

= 40T L 307 Qe ah  Fh o« L //l
3 = T2 0

{1

/iA_Z 7+ glxl — F=
>




Question 14 (continued)

(©) (1) ZLOBA=0CA=90° (tangent perpendicular to radius) 1
ABOC is cyclic (opposite angles are supplementary)
. £LBAC + ZBOC =180° (opposite angles of a cyclic quadrilateral)
(i) 4£BOC=180°-ZBAC (supplementary angles) 2
ZBDC = %ZBOC (angle at centre twice angle at circumference)
= l(1 80°— £BAC)
2
=90° - - £BAC
2
(iii) a=cosLBAC 3
s.a=2cos’ (%ZBACJ—I (cos€=2coszg—1)

cos’ (l ABAC) =4l
2 2

From (ii), %LBAC =90°— /BDC

cos’ (90°— £BDC) = aT-H

sin* (£BDC) = GTH (sinH =cos(90°- 9))

1-cos? (ABDC)=aT+1 (sin26’+cos2 ¢9=l)

cos? (£BDC)=1-421 174
2 2

cos(£BDC) =+ 1—_23

:.cos(£BDC) = 1_2—61 (0° < £BDC <90, cos > 0 in the Lst quad)



QY )
/4 (74!//11 e ,&)%L?//(m

A= cos <BAC

C@_QP,(Q> = Z.BA'C—
Now 4 8OC = q0°— L 2BAC o (i)
2 <BAC = (50° - cos"(ct)
cos~!(a) . 180° - 2 4BDC
a = o3 (I‘KD —< BDC) @
= - ¢S Co’z <f},0c> [/:/ax.l cos X9 = 9(032(9—])
—QaQ = cos CQABDQ)
= Reos?(«BDC) - l @
|- & = &co<32'<450¢)

—

cos? 2 BDC = [~4
’ 0

Gos ebvc = £ JEA 4y o <Y
2

—

0 psoBdC - . [ica » M?umo(_



