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Section I

10 marks

Attempt Questions 1-10

Altow about 15 minutes for this section

Use the multiple-choice answer sheet for Questions 110,

9 .
1 ‘What is the value of %, correct to 3 significant figures?

(A) 1.64
(B) "1.65
© 1.644
(D) 1.645

2 Which graph best represents y=(x - 1)*7

¥ ¥
(A) B)
A X 1 3
y ¥
©) D)
1 \ |
' x LS x
71

3 What is the solution to the equation logz(x 1) =817

(A) 4

By 17
. () 65

D 257

Which expression is equal to j e dx?
(&) e +¢
®) 2% 4c
(6 QRS
(&) 2 te

e?x+l

+c

(D)‘ 2x+1

Which équation represents the line perpendicular to 2x—3y =8, passing through the
point (2,0)? '

(A). 3x+2y=4

(B) 3x+2y=6

(C) 3x-2y=-4 .

D) 3x-2y=6

Which expression is a Factorisation of 8x+ 277

(A) (2x-3)[dx?+12x-9)

B (2x+3)(dx?-12x+9)

(€ (2x-3)dx*+6x-9)

@ (2x+3)(4x2- 6x+ 9 ' -

How many solutions of the equation (sinx—1)(tanx+2)=0 lie between 0 and 277

A 1
By 2
O 3

. @ 4



10

Which expression is a term of the geometric series 3x -~ 6x2+ 1237
(A) 307221

®) -3072xY

) 3072x"

@) 307241

The graph shows the displacement x of a particle moving along a straight line as a
function of time 7. .

0 H

Which statement describes the motion of the particle at the point P'?

(A) ‘The velocity is negative and the acceleration is positive.
(B) The velocity is negative and the acceleration is negative.
(C) The velocity is positive and the acceleration is positive.

(D) The velocity is positive and the acceleration is negative.

Thres nmners compete in a race, The probabilitics that the three runners finish the race
in under 10 seconds are %, -é and % respectively.

What is the probability that at least one of the thres runners will finish the race in under

10 seconds?
@
® o
© 3
® >

Section IT

90 marks
Attempt Questions 11-16

Allow about 2 homrs and 45 minntes for this section

Answer each question in the appropriate writing booklet. Extra writing booklets are available.

In Questions 11-16, your responses should include relevant mathematical reasoning and/or
calculations, )

Question 11 (15 fnarks) Use the Questioﬁ 11 Writing Booklet.

(&) Rationalise the denominator of-

5 2
(b) Factorise % +x—2. ' 2
© Dif , % '
c ifferentiate ———.
e x+1 : 2
.. 1 .
(@ Find J = dx. . 2
(.r+3) . ‘
L3
2, x
(&) Evaluate J sin—= dx. 3
0 2

Question 11 continues on page ¢



Question 12 (15 marks) Use the Question 12 Writing Booklet,
Question 11 {continued) : ’
‘ E ) (a) Evaluate the arithmetic series 2+5+8+ 11 +---+ 1094,
" (f) The gradient function of a curve y= f (x) is given by f’(x) =4x—5,° 2

The curve passes theough the point (2, 3). . .
(b) The points 4(0, 4), B(3, 0) and C(8, 1) form a triangle, as shown in ths diagram.

Find ths equation of the curve. ‘ . : . y
- A0, 4) NOT.TO
LW R SCALE
{g) ‘The angle of a sector in a circle of radivs 8 em is 7 radians, as shown in the 2
diagram. '
& (s, 1)
0 B(3,0) x
NOT TO ]
SCALR - (i) Show that the eqnation of ACis x+2y—-8=0.
(ii) Find the perpendicular distance from B to AC.
(iti) Hence, or otherwise, find the area of AABC,
Find the exact value of the pﬂrim:ater of the sector.
- {c) A packet of lollies contains 5 red lollies and 14 green loflies. Two lollies are
selected at random without replacement.
End of Question 11 - (i) Draw a tree diagram to show tite possible outcomes, Include the

probability on each branch. -
(if) What is the probability that the two lollies are of different colours?

.(d) The parabola y=-2x2+ 8x and the line y=2x intersect at the orig'ui and at
the point A,

4\ x
y= 2%+ 8x

(i) Calculate the a:éa enclosed by the parabola and the line.

(i) Tind the x-coordinate of the point A.

.



Question 13 (1.5 marks) Use the Question 13 Writing Booklet. .

(a)

®)

(c)

(i) Differentiate 3 4 sin2x.

(i) Hence, or otherwise, find J‘M dx-

3+sin2x -

A quantity of radioactive material decays according to the equation

. B,
dt

where M is the mass of the matesial in kg, ¢ is the time irl years and & is a
constant.

(i} Show that A =Ae™* is a solution to the equation, where A 15 a cobstant.

{ii) ‘The time for half of the materal to decay is 300 ycars. If the initial
amount of material is 20 kg, find the amount remaining aftec 10600 years.

The displacement of a particle moving along the x-axis is givc:i by
Xx=f—-—,
1+

where x is the displacement from the origin in metres, ¢ is the time in seconds,
and {2 0.

(iy Show that the acceleration of the particle is always negative.

(i) What value does the velocity approach as # increases indefinitely?

Question 13 continues on page 9

Guestion 13 (contimued)

{d} Chrisleaves island_A in a boat and sails 142 km on a bearing of 078° to island B.
Chris then sails on a bearing of 191° for 220 km to island C, as shown in the
diagram. -

NOT
TO
SCALR

s

(i) Show that the distance from island C to istand A is approximately
210 km. -

(i) Chris wants to sail from island C directly to island A. On what bearing
should Chris sail? Give your answer correct to the nearest degree.

End of Question 13



. Question 14 (continued)
Quesiion 14 (15 marks) Use the Question 14 Writing Booklet.

- (a) Find the coordinates of the stationary point on the graph y= &% —ex, and "3 {e) The diagram shows the graph of a function f (r)

determine its nature, . . . .
The graph has a horizontal point of inflexion at A, a point of inflexion at B and

a maximum turning point at C. : :

: e roots of the quadratic equation 2x“+8x+ k=0 are @ and 5.
® Th f the quadratic equation 2x%+8x+k=0 dp

() Pind the value of o+ B. o : 1
(ii) = Giventhat o’ + aff*=6, find the value of k. 2
. {c) The region bounded by the curve y=1+\/; and the x-axis between x=0 3
and x=4 is rotated about the x-axfs to form a solid.
X

n—

Sketch the graph of the derivative f’(x).

Ena of Question 14
Find the volume of the solid. ’

(d) Atthe beginning of every 8-hour period, a patient is given 10 mlL of a particular
drug. . '
During each of these 8-hour periods, the patient’s body partially breaks down )
the drug. Only é- of the total amount of the drug present in the patient’s body
at the beginning of each 8-hour period remains at the end of that period.

(©) How much of the drug is in the patient’s body immediately afier the 1
second dose is given?

(i) Show that the total amount of the drug in the patient's dey nEver y
exceeds 15 mL.

Question 14 continues on page 11

~10-. -1t-



Quesiion 15 (15 marks) Use the Question 15 Writing Booklet,

() Find all solutions of 2sin’x +cosx—2=0, where 0<x<2m

() In ADEF,a pomt § is chosen on the side DE. The length of DS is x, and the
length of ES is y. The line through § parallel to DF meets EF at Q. The line
thirou gh S paraltel to EF meets DF at R,

D

x A ¥

The area of ADEF is A, The areas of ADSR and ASEQ are 4, and A,
respectively.

(i) Show that ADEF is similar to ADSR.

DR x
iy Expl hy —= .
(ii) Explain why DF vty

{A
(iii) Show that |t =%
) A x4y

(iv) Using the result from patt (iii} and a similar expression for 1‘%,

deduce that JI:JI;A*\/A-T

Question 15 continues on page 13

12—

Question 15 (continued)

{c) ‘Theline y=mx is a tangent to the curve y = at a point P.

3
(i) Sketch the Line and the curve on onc diagram. |
(i) Find the coordinates of P.
(ifi) Find the value of a1,
End of Question 15
Please turn over
2
1
2
2

13—



. Question 16 (continued)
Question 16 (15 marks) Use the Question 16 Writing Booklet.

(c) The diagram shows a window conmstmg of two sections, The top section is a

(2) Use Simpson’s Rule with five function values to show that 3 ) semicircle of diameter x m, The botiom section is a rectangle of width x m and
height y m,
K] scoxdx = r 3 +i - - " The entire frame of the window, including the piece that separates the two
.z AN
3.

sections, is made nsing 10 m of thin metal.

{(t) At the start of a month, Jo opens a bank account and mekes a deposit of $500.
At the start of each subsequent month, Jo makes a deposit which is 1% more
than the previous deposit. ‘ . : 7 ym

At the end of every month, the bank pays interest of 0.3% (per month) on the
balance of the account. ) xm

@) Explain why the balance of the account at the end of the second month is 2 ’ The semicircular section is made of coloured glass and the rectangular section
. g - is made of clear glass.
$500(1.003)" + $500 (1.01)(1.003). o
) . Under test conditions the améunt of light coming tlirough one square metre of
the coloured glass is 1 unif and the armount of light corm.ng through one square

(i) Find the balance of the account at the end of the G0th month, correct to 3 metre of the clear glass is 3 units,

the nearest dollar,

The total amount of light coming through the window under test conditions is
L units,

" Question 16 continues on page 15 ]
| | (i) Show that y=35 —x(l +:J'

(ii) Show that [.=15x-x [3+58nj

(iij) Find the values of x and y that maximise the amount of light coming
through the window under test conditions.

End of paper

. ~15-
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SECTIONI
Summary
1 A[3D] 5B | 7B 9 A
2 3l4C|le6eD| 8 CIlI0D
SECTION1
6 (D)
2
@ L 16M93406T..
=164 (3s.f).
7 B
2 (B) Compare y=(x“1)2 with y=x*
Replacing x with x — I moves the graph

of y=x" one unit to the right.
3 () log,{r-1)=38
x—1=2°

x=28+1
=257,

4 © J e"dr:é- J‘ 26 dx
Loy
2

5 .(B) 2x-3y=8

The gradient of this line is % .

The parpendicular gradient is —% .

2014 4 Page3s

Thus the required line is:
3
—O=-=(x-2
¥ Z2

2y=-3x+6
3x4+2y=0,

8 +27 = (2x) +3°
=(2x+3)(4x* —6x+9).

(sinx—1)(tan x+2)=0

sinx=1 or tanx=-2

Consider the graphs:

y=sing and y =1 intersect in one point

¥
y=1

y= s['ﬂ(:r)_\/

y=tanx and y=-2 intersect in two
points
¥

y = ton(z}

y=-12

| l
| t
L 1
i I
| 1
T T
1 I
l 1
I |
I 1
1 l
T 1
b 1
' 1

/ /

But the % solution from the sinx=1

equation makes tan x undefined and is
consequenily NOT a solution
There are only 2 solutions.

2014 Higher School Cerliticate

§ (C) Ignoring x:
T, =ar" witha=3,r=-2
3072=3(-2)""
1024 = (-2)**
n=I1
To find the actual termi:
T, =ar"” witha=3x,r =—2x
= 3x(-2x)"
= 3xx1024x'°
=3072x1,
9 (A) AtP, the gradient is negative so the
velocity is negative, Also at P, the curve

is concave up so the acceleration is
positive.

10 D) Patleast [ finishes)= 1-P(none finish)

353
=]-X—-%—
4 6 5
23
e
SECTIONTI
Question 11
i 1 J§+2
(a) =
52 -2 B2
= J§+2
G
_5+2
T 54
=45+,
(b) 3t a-2= (- 2)(x+1).

2014 ¢ Paae 36

()

@

1G]

®

Using the quotiest rle:
d ( s J e+ (37)=(F)()
del x+1 (x+1)

3P -X

T e+

_ 2% +3x°

T+

Using the preduct rule:

j(xis)z drzj(x+3)-2 dx

=—(x+3)“l te
-1
=——+c
x+3

&

J‘Esini af.vc=|:ﬁ2rsos£ ?
o 2 2 0

fi{x)=4x-5
F(xy=2"-5x+c
Substitute (2,3) in £ (x):
3=2(2)" -5(2)+¢
c=5
f(x) =227 —5x+5.

£=r@ where { is the arc length
P=8+8+rf

=1648x"
' 7

=16+81r
7

The perimeter is (16 + 8—7’[)cm.
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Mathematics

Question 12

(a) Arithmetic series with a=2,d =3
T, =a+{n-Nd
1094 =2+(n-1)3
1092=3n-3
n =365

Sy=3late]

Sus =202 [241094]

=200020
. the sum is 200 020C.

(h) (i} Gradientof AC:
Bl -= l:i
_AC 6 -0

Equation of AC:
1
—-4=——={x-0
y-4=-5(x-0)
2(y-4)=-x
x+2y-8=0.
(ii) Using the perpendicular

distance formula:
d= ]axl +by, -H:]
Jat+b?
1(3)+2(0)+2]

T2
-3

5

=5

The distance is J§ units.

W) AC= {1-4) +(6-0)

2014 & Page37

The area of AABC is;
A:%xSng\E

B
2
-, area is 7.5 mnit’,

© @ {*choice 2™ choice
Es R
18
s R
I t G

18

@iy P(different colours)= P(RG) or P(GR)
5 4 145
BCRTTHT
_
=0
(d) (i} Equatingthe two equationsat P':
) 2x=-2x"+8x
25 —6x=0
2x(x-3=0
x=0 orx=3
- the x-coordinate of Als x=3.

(ii) Avea between two curves:

A= J”(—zf +8x)—(2x) dx

i
= f 2x* +6xdx

L]

1l
|
)
=
w
+
W
)
'
—
(=] w

:az—(;iw(a)2 ~(0+0)

. 2
. the area is 9 unit™.

2014 Higher Schoo! Cerificate

Question 13
(a) @) i(3+sin2x) =2cos2x
dx

(i) Using the result from part (i) and
noting that integrand is of the form
()
= —dx =1
709 x=1n| f{x)]+ec

cos2x 1 2cos2x
- dx=— d
f3+sm2x 2f3+sin2x Y

=%1n(3+sin2x)+c.
® @ M=A"
‘f{—ﬂf =Ae ¥ x-k
=—kM,
(i) Whens=0: M=A=20

Whent=300: M= g =10

oM =20e7Y
Substitute ¢ = 300, Af= 10
10= 207
_]_ e 30k
2
In 1_ -300k
2
P S |
00 2

Substitute this and t = 1000 into
M =20e"

Mo m'e{—ﬁh%}dcm

o1
=20g? 2
=1.984251315...

o 198 kg remains (3 s5.f.).

© .t=f——]4
1+t

=t-(1+1)"

d.l'ﬁ -2
7 =1+(1+¢)

2
%{—f =-2(1+1)" .
2
(1+r)3
Since t >0 then—-—z— <@
ey

So the acceleration is always negative.

)y o1 (144)?

1
(1+1)

As f—om,

=0

(I + 1)2

1'52[1-&(1:!)1}: 1+0

=1
» velocity approaches 1 ms™, .

@ o

6=90"—78° (angle sum of tdangle)
=12°
ZABC =270°-12°~191°
=67°

2014 4 Page38
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: : . i) Third dose: i
By the cosine rule in AABC: . , dy (ii) ® @ F
AC? =142° +220° - 2(142)(220)cos67° Stationary points occur when -, =~ 0: [1043{10 +lx10)]= 10410, 10
2
ACT =44151.119... v e el T f3 3 33 R
AC = JAATBLIT e s forms algeomemc seties with g
=218.12.,, . =1 a=10, r-.:g_
. the distance is 219 km as required. When x=1: y=g —e=0 a D X 3 ¥y F
8§, = )
. ) 2 Ty 7 . -
(i) R i_J:_ﬂ &0 1-r In ADEF and ADSR:
dx .10 ZFDE=/RDS  (common)
. the stationary point is (1,0) and 1% ZDEF = /ZDSR (cortes. /s, RS || FE)
it is a local minimum. ) . ADEF || ADSR  (equiangular).
=10x=
o @ a+f=- b wherea=2 and b = 8 2 {ii) Using corresponding sides of similar
- a =15 . irfangles:
3 ‘ - there will never be more than 15 mL DR DF
) of the drug in the patient’s body. DS DE
=4, © ' (corresponding sides of similar triangles)
ZPBC =191°-180° " 2 2 DR_DS
e (i) o'Braf DF DE
= ap{a+pf)=6 x
ZOCB=11° (altemate Zs, QC || BY) k ) Txry
. “(-4)=6 from (i) ¥y
By the cosine mule in AABC: 2
AC? 42207 —142° -2k=6 (iii)
AACB=———
€08 2(AC)(220) k=-3,
=0.782956723...

using the full value for AC
ZACB =38.46790685...°
=38%  (nearest degree)
o =38°--11°
=27°
Bearing =360°-27°
=333°

Question 14

- & _ .

© v =ﬂf: (1+~/; )2 dx

4 1
=7;J (1+2x5+x]dx
0

.

kS

=7r[x+ 2.2y +11-x1:|
Q

=x[4+g(4)*+g(4)’u(0+0+o)]
3
-~ the volume is @Tﬂ units.
(d) () PFirstdose: - 10mL
Second dose: [%XIOHOJ:]?% 1

13%mL remains.

2014 4 Page 39

y=rloy

Question 15

(a)

2sin® x+cosx-2=0
2l—cos* x) +cosx-2=0
2-2¢c05’ x+oosx—2=0
2c0s” x—cosx =10
cosx{2cosx—1)=0

1
eosx=0 or cosx=~

2
T 3 T Sr
X=ey—— A=y =
2°2 3°3
The solutions are .r=£, E, 3—”, 3%
3223

2014 ¢ Page 40

= |[——x—— using (ii) -
x+y x+y g (D

E

(iv) Using the methods of (ii) and (iii}
ASQE ||| ADFE  (equiangular}
.SE_EQ
"DE EF
- {comesponding sides of similat trizngles)
EQ_y

EF x+y

R

RN MM T




Mathematics

At s et

2

A

i o T D Wh.m_vmmmmw

>
i
H&

© @

—
>

Area ASEQ 2_12_
Area ADFE (x-{- )l)1

A__Y
A x+y
Using (iii) and the result above:

(i F
J—

_,_.+ ﬁ__
JA A x+y

-+

5

N8

y=hy

(i} At P, the gradients are equal:

i(e”‘) -4 nix)

dx

dx
L 2T =m

e!::ﬂ
2

m
2x=in|—

1

x==In|—

2

The y-value at P is:

¥y =mx

(iii) At the point P:
mx=e™

w2
I I
—

3 rlE oF wiE
i
Loy

I
&
e

Question 16

(@) S (x) = §eCX

BREINEREa

* 3|6 6 |3
3 3

= =12

Ea.secx dmr%—;g[2+4(:q)+ 2(1)4.4(%)

8 8
2+—= +2+—+2]
18[ B

() (i) Let A bethe amount in the account

at the end of month. 7.

A =50001 003}

A, =[A +500(1.0D1( 003)
=[300(1.003)+500(1.01)] {1.003)

= 500(1.003)* +500(1.01)(1.003)
as required.

14 & Pane 41
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(iiy FoHowing the same pattern:

axt Inx?
A,c[Az-l-Sm([.ﬂl)!](lmﬂ L=T+151’ 3)&' — —
=[500{1 003)* + 500{1 BIN1 DO3) + 500{1 B1) } (1 D03}
= S00(L.003)" +300{LOIXLO03)" + 50001 (1003 —[5r—3x — Srx’
A, =500(1 003 +500(L 01(L.O03)” + 8
o+ 500(1 01)%(1.003) =15z (3+5—’5J as required.
This is a geormetric series with ’ 8
60
a=500(1003) 5oY ;
101 (iii) L=15x- 3+~8— X
" 1.003
dL S
= —=15-2{3+4+— [x
n=60 dx ( 8 J
§ = a(r-1) , : Maximum light when g
L] r—1 dx
S5z
500(1.009)° [(igl_J -1] 15- 2(3+ . JxﬁO
003
[101) , 5= (6+5T”)
1.003
=44 404 37866.... 60=(24+57)x
. she has $44 404 in the account, r= 60
24+ 57
@ Lengthof Ilnetal framing is 10 m. Testing nature using the 2nd derivative:
2x+2y+—mx=10 - ’
FH2ydg X @=15-2[3+5—”Jx
= dx
x+y+ -Zx =5 4L

Ti 2 :g2[3+%r]<0 .. max

X

y:5ﬁx+£x
4

The y-value is given by:
”
:5~.r(1+—} =5- (1+£J

4 ]

as required, ZS—( 60 }[4+;r}
tjz:l 244+ 57 4

(ii} Area of semicircle = ;'|: (;

2 =5~15[ 447
2 24+ 57
=% B 5(24+5;r)_(60+15,,}
Area of rectangle = xy 24+5x 24+57
60+10x
7" ' T 2445
Le=—-43 +5n
g Y o
P . x . maximum light enters when
=—"-+3.r1i5—x(1+—]] 60 60+107
8 4 x= d y=—"——

ang y = .
24457 24457

End of Mathematics solutions

2014 ¢ Page42




