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*  Reading time - 10 minutes

+  Working time - 2 hours

+  Write using black pen

»  Calculators approved by NESA may be used

+ Acreference sheet is provided at the back of this paper

+ For questions in Section Il, show relevant mathematical
reasoning and/or calculations

«  Write your Centre Mumber and Student Mumber on the Question
11 Writing Booklet attached

Saction | - 8 marks (pages 2-6)
+  Attempt Questions 1-8
+  Allow about 15 minutes for this section

Section Il - 61 marks (pages 7-14)
«  Aftempt Cuestions 9-12
«  Allow about 1 hour 43 minutes for this section



Section I

8 marks

Attempt Questions 1-8

Allow about 15 minutes for this section

Use the multiple-choice answer sheet for Questions 1-8

1 Given 04 = i + 2j and AB = 3i — j , which is the correct value for 0B?

~ ()

A 2
B. -1
C. 0
D. 1






5 A graph has parametric equations x = sint, ¥ = cos*t + 1.
What is its Cartesian equation?
A y=-x*+2 for O0=x=1
B y==x*+2 for —1=x=1
C. y=xt-=12 for D=x=<1

D y=x2-2 for —1=x=<1

6 A, 8 and Care collincar points with position vectors o, & and ¢ respectively. B lies between A and C.

Given that FB:I:'.".!:- %L;EI which of the following expressions is equal 1o ¢ ?

13
Al E{_—Eé
3
B E-‘!—Ef_’
3
C. Zb-2a
3> 2
D 1};..1,
2~ 2









Section IT

61 marks

Attempt Questions 9-12

Allow about 1 hour and 45 minutes for this section

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

For questions in Section II, your responses should include relevant mathematical reasoning
and/or calculations.

Question 9 (15 marks) Use the Question 9 Writing Booklet

(a) The quadratic equation x? + 3x + 1 = 0 has roots @ and j.

(i) Find the value of @ + 3. 1
(i) Find the value of af. 1
(iii) Hence, or otherwise, find the value of a? + 2. 2

(b) Evaluate

VI gy 2
jo V4 — x?
(€)  Evaluate exactly cos~(sin <X), 2
¥ 3
(d) (i) Write down the expansion of (1 + x)3. 1
(ii) Hence, find the coefficient of x* from (2x — 1)2(1 + x)* 2






Question 10 (15 marks) Use the Question 10 Writing Booklet

(a) Use the substitution u = x? + 1, or otherwise, to find

Ix x2 + 1dx.

(b) Lily and Ben are two of eight people.

(1) Find the number of ways that the 8 people can arrange
themselves in a circle so that Lily and Ben are together.

(i) Find the number of ways that the 8 people can arrange
themselves in a straight line so that Lily is somewhere to the
left of Ben.

(c) The vector u starts at the origin and ends at 3i + 2j.

The vector v starts at 2j and ends at 37 + Aj.

(1) Given that u is perpendicular to v, show that A = ?5

(ii)  Hence find the length of |v|



Question 10 (continued)

(d) A bowl of soup is heated to 85°C. It is left to sit at room temperature.
The temperature of the soup after t minutes is given by
T =25 + Aekt.

The soup reaches a temperature of 65°C after ten minutes.
(1) Find the value of 4.

(ii)  Find the temperature of the soup after twenty minutes
(answer to the nearest degree.)

(® Using the substitution t = tcmg , solve the equation below, for0 < 8 < 2r

secld —2tanf =1

10









Question 12 (17 marks) Use the Question 12 Writing Booklet

(a) A box contains 3 blue marbles, 5 green marbles and k yellow marbles.
A marble is chosen at random and then placed back into the box. This is
repeated four times.

(1) What is the probability that the first marble chosen is blue?

(i)  Let X be the number of blue marbles chosen.

Find the smallest value of k for which Var(X) < 0.8

(b) The velocity, v, of a particle satisfies the following differential equation.

dx
X p(2t4x)
dt

(1) If the particle is initially at the origin, show that the displacement
is given by
3—eg2
x =Inl——|
where, x, is in metres and the time, t, is in seconds.

(i) Find the displacement of the particle when the velocity is % m/s
(answer to 2 decimal places).

13

3



Question 12 (continued)

€ The right hand section of the curve y = J::%: is drawn below.

¥

-

The graph shows a vertical asvmptote and another asymptote (oblique).

(i)

(ii)

(iii)

{iv)

Find the equation of the vertical asymptote,

By dividing x* — 4 by x = 1, find the equation of the
oblique asympote

The point P(x, ¥) is shown on the graph.

This point moves along the curve so that its y-coordinate is changing at
the rate of 2 units per second. [iE:—': = 2}

Find the rate at which the x-coordinate of P is changing at the instant
when P meets the y-axis.

Show that there are no points P on the section of curve where the
rate of change of the x-coordinate equals the rate of change of the
y-coordinate.

Emnd of Paper

14
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Worked Solutions

1D

0B = 04 + AB
_f1 3
-(2)+(3)
=(i) so D.

2A

P(1) =(1)%+2(1)2—5=-2, soA

3c

100, X 15C; + 1°C; X *°C, =33075, soC.

4B

Since x? is even y = tan~*(x?) must be even, so eliminate C and D.

The range of tan™? is (725) the range of ¥ = tan*(x?) must lie within the same range, so

eliminate A, leaving B.

5B
x=sint » —-1<x<1
x? =sin’t

y—1=cos?t

sin?t +cos?t =1  Pythagorean Identity
> ty—-1=1

y=-x*+2 for —1<x<1, soB.



6C

TA
ad |:_'-,|.:|
dy _ ;4
ac _
“l'b/f“‘*"—
sk (<4-l)
M el
=34l
)
skc ':\1‘%
8 a
At the poants of intersection:
3 1
2x+5=—i—, -+ fx=-2 =+ x=-1
. - =3
2:4-2—-1-!! B Zx—z —hx—4

There is also the vertical asyvmptote at ¥ = 1 1o take into account, We need the x-values (nof the y-
values) for which the line is underneath the hyperbola,

i o



Section Il
Question 8
(a)

(‘I] od4B=-b - -3
(o ¥
Oage % >7°

) ,,{1&,3": Ldﬂ]l—ldﬂ ==-=(1) marh

=r\—3J;"li‘|
=4-2
= SEEARE] (I ECT T R
(B)
2 dx
Q 14—12

= [Bi“'l (;J];z E
= gin~1 {yif'z") —sin~1(0)

T
=0

o | 2 |

<)

mb"(su- %E) = s~ ‘%)

= T= m"(%)
=F-%
t 1.8

e



(d)

o) (40)°= \+31+ 32+

3
-1+ L (e 4-1.+".)Q.+:L) i
W (a0 =%uw_ AR
wegurt o N = 4x3-4x|

—

u

-4
i3

e}

flx)= Vicosx
gix) = 3sinx

Flx) + glx) = I cosx + 3sinx = R cos(x — a)

R=[(v3) +3¢

=12
=2;"i [a] or[E]
tan[a}=v—§
@ = tan~'(y3)
-3 (& or[4)
i 2‘5(:05{# —;]

Award full marks once they have found R and « comectly - no need to put in R cos(x - a)
form.



Question 10
(a)

u=x*+1
du
J'.vn.l'.:rz + ldx o X
d ~ du
X" o
dut
= A
jw’i 2x
1 ]
=Eju5dic
_1od g
2?(32!{ +c
x4 1)
AT

© () ¢! x2= lhdo

i 8L = 200
21
(©)

1:(2) 12 (6= (%) O monn

Il frs 0 yf= |5
3531.1{3-1]-:@ fsi .
f4+2a-4 =2 :J-El
20 =5

A= -1"‘,:\ [ mark = 3{" {';5_



(d)

U]

)

(e)

r=35+ae"
when b =0, T=85

gs=as+he
85 =17 +P

A=k .= (1) adark
T:.;srhe“
Whnt =0, T= L5
65:1:%&:‘“ - - {1 merk
do = h.t'“
%> e

e,

wi-t s 20 T= %

et
Tz=125 dboe sine €

515 +bo (%’f
51-647

1

A

3
ais _2[ .18 ]=|
1= 1-r

14 —dr=1-1
2 —ar=0
2 -2)=0

2 52° [Macst) --\11 Imet

2

| merk

\ mark



Question 11 .
@ Lus=2+2  RMs= 2 ()2

\ =Y :qli +2-2 , LuoermS
ul \warh

(i) g
dils Q*+1)+Lf+y] pes = 2 +2(4)-2

= - L
r\,’-"’,} “.L*Jru{'q -=E+E e - Imack
= X = |2
= e LI{}uh—Hfh

(il

Let P(n) represent the proposition.

If P(k) is true for some arbitrary k = 1, then
(' +2)+ (2 + )+ (224 6)+. . 25+ 20) =2¥ 4 ke(k 4+ 1) - 2

RTP P(k + 1)
2+ 2+ (22 + 0+ (22 + 6+ A2 2k + 1N = 2" (k+ 1)k +2)— 2

LHS = 2" + k(k+ 1) — 2+ 2" + 2(k + 1) from P(k)
= 22 (ke + 1Mk +2) =2
=2 4 k+1)k+2) -2
= RHS

= P(k) = P(k + 1)
Hence P(n) is tue for n = 1 by induction.

(b}
The wnit circle intercepts the x-axis at (1.0} and ¥ = cos ¢ intercepts the x-axis at {E. ﬂ}.

Rotate the anea under v = cos x about the x-axis then sublract

2
V=nrv:os?xdx-§n[n3 [
a% 2
n ]
=§J; {i:uszz+l}dr—T
n
it [sin 2y i 2In
s+ -7
b i 2n
-i({u+§]—{u+a))—T
n!

Zn
== — 3 units?



(c)

{I] f(j:ﬁ) = E:’.‘S (ﬂ'S)E{D'?)j

S o047 (3:4) | mork

() ﬁ[i;t};l—@r[ﬂm}i—ﬂ{}:ﬂ
= 1-[kole + % e3)p7)] 1na
= |- [n—'l"*l* Ixu".’:sm-‘].']
= 0-745 (4d-p) SuuEn

(d) ()

For students in the sample, the number of students traveling to and from school bybus  isa
random variable X with the binomial distribution B (100, 0.64). Hence standard deviation

o= \{mn' pl:quf;““ =0048.  ~ -- \ Morh
(i)

X
P(0.58 = — < 0.64)

=100 -
Z scores for 0.64 = 25505 _ g - —— | marh
Zscores for058 = 20— 128 _ _ _ | ywork

P(-125=2 2 0) = P(Z = 1.25) - 05

= 0.8944 — 0.5
h
= 0.3944 - = =\



Question 12

@ p=2

—_— e ®

{wmark

(1)

VarlX )=np(1-p)
3 5+k
. H+k]{x+k]
4[i-][5”]<u_x
B+k NB+K
1205+ k)
e

(S+k)
60412k <08(8+ k)

(L8

-~ ok

e - |

75+15k <64+ 16k + k>

k24 k=1150
k <-3.85 k >2.85
k=3 -
(B} (i)
d_-]" = g—{anty}
e¥dy = e~ dx

¥ x
j e¥dy= J. e~ dx
o 0

¥ 1 L3
], = -zl
1 o
1
e"—1=—E(e"*‘-‘—1)
a2 9
¥ o= o —— o —
& 3 +2+1
Fmp™
- 2]

e
S

- = lwprh



=3
W= }.E_ L =i
i e Y
: S |mark
V= 2 H
3l £ -(atx)
e s ':_ PrePran
% Th _ .L.ﬂ -Lr:_utt-t
SN 13
= 3 1t
Wlaw v 13'; E.'._- i
.?le.“-.: A4 B
- - .
f,“ "3 IMH'IL L= Lo ETY
x=-h(z_r_ﬁ)
a2k
= - [
I En.ui)
G

H,'-I' 13| ok @ e

{‘:‘] Tl
W w=d j'l-""'
Y-t
. =1+ =3
Xty - |
L=l
=3 'ﬂ‘ Lel ® d.klu
!uh * LN T
)
() =L &'—E:_E--'.i_! =14 T
" e 4y a4t J = I‘{
e fz-t L 1+ 33=1)
—_—a Wl L1
Q43 ST
oo s P g L-adl) BT
3 2 e
\"""l;;q. L I s = I-"-::::r’.'n lomari
=3 ‘!‘."—le_k [ S = P-neud
M =t e e
L
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