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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

The function f(x) = x2 was transformed to produce the graph below.

y

Which function describes this transformation?

@A) y=Ifx-1l
B y=If™l+1
© y=If+1

® y=If)-1|

The polynomial P(x) = x3 + x? — 5x + 3 has a double root at x = a. What is
the value of a ?
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(€ Zand1

(D) = and -1



How many arrangements of the letters in the word FIBONACCI are possible? 6 Given f(x) = |x + 1] and g(x) = |x — 2|, h(x) is shown below. Which of the
following is the equation of h(x) ?

A) 9! y

9!
® %

1
© 3

X
® ()
What is the range of y =sin (sin' x)?
A [-1.1] A h)=fx)+gx®)
B) (-1,1) (B)  h)=fx)xg(x)
(C)  All real values ©  h@)=f@x)—g0()
(D) Undefined everywhere D) h@) =f(x) +g()
- 7 What is the smallest group of people that can be assembled where it is guaranteed
What is the constant term in the binomial expansion of | 3x — 5 0 that at least two people are born in the same month and share the same first letter
x* ) of their first name?

(A) 27C18 318 59 (A) 38
(B) 27Cg 39518 B) 39
(©) 70 3l8 g0 © 312
- 18
(D) 313

(D) 727C9 39 518



Consider the polynomial g(x) = ax® + bx? — 11x — 6 with a and b both Section IT
negative integers.
72 Marks
Which graph could represent g(x)? Attempt Questions 9-14
Allow about 1 hour and 45 minutes for this section

(A) y Answer each question in a separate writing booklet. Extra writing booklets are available.

In Questions 9-14, your responses should include relevant mathematical reasoning and/or

/\ calculations.

X
\, Question 9 (12 Marks) Use the Question 9 Writing Booklet

(a) Find the exact value of sin 15°. Express your answer as a single fraction.

(B) y
(b) Consider the function V3 sin 6 + cos 8, for 0 < 8 < 2m.
/\ (i) Express the function in the form Rsin(8 + a),
N X WhereR>OandOSaS§.
(ii) Hence, or otherwise, solve v3sin @ + cos 6 = 1
© for0 < 6 < 2m.
y
(c) Sketch y = 2 arctanx showing all important features.
X
-2
@  Solve Z=241>0
D) x
y




Question 10 (12 Marks) Use the Question 10 Writing Booklet Question 11 (12 Marks) Use the Question 11 Writing Booklet

(a) Use mathematical induction to prove

(@)
log, (1) +log,(2) +log,(3)+...+log,(n) = log,(n!) forn=>1 3
(b)  Prove sin’ 4 = %sin(ZA)tanA 2 (®)
(c) In a game of Guessy Number, a barrel contains 48 discs, each with a different
number from 1 to 48. Players must guess the first 3 numbers to be drawn, without
replacement and in the correct order, to win first prize .
)] In how many ways can 3 discs be randomly drawn from the barrel in
order? 1
(ii)  Otto has 6 entries in the same draw of Guessy Number. What is the
probability that he will win first prize? 1
(d) Consider the function f(x)= o
-X
. , . . , ©
1) Show that f’(x) >0 for all x in the domain of f(x) 2
(i)  Is f(x) odd, even or neither? Justify your answer with working. 1

(iii)  Sketch the graph of y = f(x)showing horizontal and vertical asymptotes.
2

Find the values of a, b, and ¢ for which 3x* —2x—7=a(x+2)* +b(x+2)+c 3

Consider the function f(x)=x’—3x .

@

(i)

(iii)

(iv)

Find the stationary points and determine their nature. 2

Sketch f(x) showing the stationary points and intercepts. 1

What is the largest restricted domain containing x = 0 such that f(X) has

an inverse function? 1

Let f~'(x)be the inverse function of f(x) with the restricted domain

found in part (iii). State the domain and range of f~'(x). 2

Use the principle of mathematical induction to show that

32n+4 _ 22r1

is a multiple of 5 for integers n 1. 3



Question 12 (12 Marks) Use the Question 12 Writing Booklet

(a)

(b)

(i) Prove that tan?g = ~-<22% provided that cos 26 # —1
1+cos26

2-vV3

(i) Hence show the exact value of tan— is |—>
12 243

A block of chocolate is in the shape of a rectangular prism with a square base.
It has a height double the side length of the base.

As it melts, the volume of the block of chocolate is decreasing at a rate of
12 cm3/s.

Find the rate at which the surface area will be decreasing when the side of the
base is 3.1 cm. Give your answer to 1 decimal place.

10
Find the X term in the expansion of (1 + x)? (% - 1)

4

Question 13 (12 Marks) Use the Question 13 Writing Booklet

(a) Answer Question 13 (a) on the separate answer page supplied. 5

Hand it in with your booklet for Question 13.

(b) A kettle of water is filled at a variable rate so that the volume of liquid, ¥, in the
kettle at any time t minutes is given by the formula:

V=M(1-e"), wherek >0

Eventually, the kettle is filled with water.
(i)  Show <l =k(M-V) 2

(ii) Show that as t approaches oo, V approaches M,
and explain the significance of this result in the context of this question.
2

(iii)  If a quarter of the kettle is filled in the first 5 minutes,

what exact fraction is filled in the next 5 minutes? 3

10



Question 14 (12 Marks) Use the Question 14 Writing Booklet

(a) The height 4, in metres, of two people in different seats on a Ferris Wheel are
modelled by the equations h; = 12 cos 3t and h, = 12 cos(3t — %), where ¢ is the

time in minutes.

When is the first time that the two people are at the same height? 3

(b)  Solve 32x%—48x%2+22x—-3=0,

given that the roots are consecutive terms of an arithmetic sequence. 3

(¢) A game is played by throwing a number of darts at a bulls-eye on a chosen
dartboard.

Players can choose to play Dartboard 1 or Dartboard 2.

Dartboard 1: Players throw 2 darts and win if the bulls-eye is hit both times. The
probability that a player hits the bulls-eye for Dartboard 1 is 0.9p.

Dartboard 2: Players throw 3 darts and win if the bulls-eye is hit at least once. The
probability that a player hits the bulls-eye for Dartboard 2 is 0.2p.

1) Find the probability of winning when choosing Dartboard 1. 1

(ii) Show that the probability of winning when choosing Dartboard 2 is

0.6p - 0.12p* +0.008p° . 2
(iii) Find the range of values of p for which it is more likely to win a game
on Dartboard 2 than Dartboard 1. 3

END OF PAPER

12



Additional Answer page for Question 13 (a)

Y 12 et | Ass¥1 Solutions

Detach and hand in with your Question 13 booklet. Student Number

(a) The diagram below shows the graph of y = f(x).

1
@) On the axes below, sketch y = showing all 3
S

asymptotes and important features.

y

o

(ii) On the axes below, sketch y =./f(x) clearly showing important
features. 2

Y

N8}

1. \f(x)] Makes all (=) >0
+1 swies upd ; Ans:B

2. Doubde voot if Factor of P(x) ond P(®)
P! =3 x-S
(1) = (::'1‘:8‘11-\) =0 whn 1«:_% or |

P(N):1+1-5+3-0 vV
PCgY=2. v +o x - Rnse B
" only 1 18 afachr of bota

3. FYBONACCI = A ledess, 2T 2C
P T fns-B
212
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tui)
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ool
Sin %y \cavin
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ueser 3 e
s
2> J {]

Q) -Sin IS" = &in (4S - 205)
= SIn4S cos 30 — cos 4Seln30 =
e T vy S 5 : ,
E o 2 ¥ p-2) > o / \\j
— A= —| - Py =
2.5 X—C}L «2) + X,qZ o} |
x[%’——zﬂrx Z o Soln : T2£X <0 or Xz |
b) 43 5in6 tros 6 026 22T :
~ , 3 - 2) 2 0
(I) Rsin (& + o.<> = Rsin®cos ot + Réos® in, k(“’ l)(x)r ) Z
R=A3+1 =& (R=0) -
20050( :Aré
XREIA = l )
# Dhote alternate ophon
Lon ok = L = .
N3 . - X = X (x"-2) £O
D(=% - /‘/3—6(‘/\0 + CosSG = 23?ﬁ((9+’_l£>
—% + 2] €0
i) 25‘”(6'+%_=( T 26+ <« 12T Lx : J
" 6 ¢ 2
Snn(@+_Té_r =,£ —%(x-«»z)@;’l)éo N
= 21
& - 0\ > o0 21
Y
) tj = Zarctanx /
e — —Tr——-—————-—-—jﬁ),ds'ﬂ'
>t
{ ? — S e _> ﬂ;’ﬂ'
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Queston 1O

Question [0 (tontd )
a) /sz/ - /0922 +/O§13 4 /()9;;4 = /Oﬁ}(ﬂ ") (C) (r) 4—8 X 4’7 X 4‘é = (D3 7'74
: o0R #PP_,, = 3776
When n=| LHS = log (=0 ==
RHS = /OC}(’»’} i P i _ (4
- /oé}/ (..E L) 03776
0" ue forar ] .
Assume #2/ n=k (K éZ") 1724¢
Let /(9@}( #iogbz. + /05}»5 r +/09}é = /og)[k.’)
Prove {o- n=k +1 , - 2
R7p ,ng( + /og}l*— [cg»& ot /Oj,l‘ + /Oﬁ)_(k‘/*b z [OQLO(H).‘ @0 f&) q-n*
‘F/ = 0 Q" & — 220
LHS = /og’/ + fOﬁ;_Z + !0713/“_,_ 4—[06‘_L+ /cpjy(kﬂ) (%) ! ( %(g_x;z( )
i by assumphon = 9 -2+’
= bﬁ}(k,) + 103’/O<+—l) U f “a-0)
= /O%(k‘ X (/<+l>> b(7 }03 lawd = {%% .
_ ) (9-%) 70 ¥~ \
= /O‘jz(kH) 2 +9 o ¥nm S AN Yo for alh % in Ane domais
= RHS (”’) f(-l) — Ar ;j /T
q--x’ 1
I poue for n=1, and proven fo- n=k+ When i _75)() ‘
assuned hue forn=k  Puye by ML, a- 1
I
RTP <in®A = és:‘/\ 2A tan A . -—Odo{l(x) |

RHS = :é\si/\ 2A tan A

/ N
=35 (2810 A cos A) x Siah

2( 4 ) > Cos A
= Qin AcogA xSinA
&=L

ID{OV&/I.

“—\Sl‘r\’—A = LHS
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Queston I &u&sﬁorv Il (Corn‘cl)

) £ e ' t S intes
() 30— 22— T za(z+d e b(xr)sc (9) frove 3 is a mulhpie of & inteqers Nz
fQHQ = A7+ 4 +4—) +bx+2b +C Prove {’or n=
= ax” + dax + da + bx+2b+ C LHS:SZ()"‘I-ZZ(')
= co + (4a+b) x + (4a +2b+c) .36 3%
. =125 which 1s a muthple of 5
. By equaiig Cocfficeds <5 48
a=3 Assume tve for p=k
da+p = 2 3 “’_;zit -sm (k, m e z")
b= —ly 5m + o> -3
Ao +2brCc = ] Prove e & n=k+)

12 —28 +c =71 prp  erdrd _ D o (nez)

2k + b k+

— LHS = 3 -2
Sla=3 b;:\%ﬁ‘a‘C?} - g 52 32
= 9 (SM +22"> Qfa bv’ assumphc
(b f( 3 = 9xsm + A. 2 9?3?‘(
) x) =L —=3% = 5x9m + 5.2°°
ORICHESSE (2
,3(2{'_,,) = SN & M‘Kea.'
,3[x—r)(z +l) '
. Stat ps ak (/ ~2) and (/ 2) cProven True bV’ MT
#n(l) s Queston 12
£0) = 6 0 . (1,72) a lecal min (@) Frove tan’e - 1200820 provided cos & 4= 1
'I-— = — N A
) f(')y 6 <o - (-1,2) @ lecal max T e
(”) 1 [ + Cos26&
i = [ - (l - 2siAT0)
¢1,2) i) —1<x < 1+ (20086 — 1)
[—"g = (— I +2=8-"CG
> | + Zcos o —
_7 0 - > (V) Do : [_-2'1_7 ) ;‘&\Gf\; e -1
/ 4,2 Range: [,1] 2cest0
| = tan™s =RH proven,
¥
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(i) tan’s - ) -cos26
[ +cas 26

&lﬂa—E = ‘I e 605%

12 1+ cas T

(b)

N=4x 2 2x -

= lOn”
oA - 20%
An
= B . dx
de e
= XOx . 2
ZL
= ’40 '
e
at w=3.i
olA . 4o . —12.9%m fsec

30, dd)

21

© (29 (% =1)7 o 2 torm
s (e zer)(5 ="
ORI (5 ER) (L)Y
S (FRE) (el

For 7(, +erm e use i xa wxx (> derms

2 SN+ 2o (FNF)EN ¢ e (YF)D
= -5% + 450 - ISKC
= 3%

Additional Answer page for Question 13 (a)

(a) The diagram below shows the graph of y f.

@) On the axes below, sketch y =

7 ( > showing all 3

asymptotes and important features.

(ii)




(M a constent)
(1) Show dv - k(m=-v)
dV = _k- (_Ma—kﬁ)
dt
_ kMC-k.t

¥ V= p-mMe“*
Me™ . m-Vv

=K(M'V) Shown .

() as -0 %0
as t>00 |- |

SV =M Mis full volume of kedfto.
(i) at t=5 v=.

_._of M
I [—e"qL
Lf ~
sk 5
€ =—:f TA Twe Qext Sanins
T -1 = 3
—Sk = A} c = e
k = APy isfllect.
b
at +=lo V=M(/_ e S

23

QuesHion 4

@ h, =123t

t Cmfn&)
h, = (zwscsc—,%)
5
5:12“55:
(2cos Bt = 12cos(3€ -T ) o
- (se)
3t >0 .
B

leven) &/]mme;fv

( sc: —Tr‘) 5 Tt oguivalent Tve argle

—Eq‘ 0.13 0899 g
= 7 8’53‘73 Sec.

oS 3¢ = éo&(;t—_g)

Zlosdt osTT 4+ Sin3EGAT
" 7

log3dt = oS3t 4+ 543t

A2 Nz
(’5">cos 3¢ = Sin 3t
N= A2
tan 3t = A7 — |

3t =

0.392699 (not 22 -S-calc needs o be RAD
€=0.130 §9% .ov  0.13 in(2 4p)
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Question 14
(b) 32%°- 482>+ 2% -3 =0

Let voots be o—of | & ot +of

Sum voots = 3 =48
32

Sl =45

P({)=4-n2+11-3=0 -

Produck voots = o((dz—d’) -3

32
L /L _ ¥ = 3
24 l 32
4L 4*. 2
- L
A
o -4
P 4
-~ Roofs ae  L-1 1
A ¢ AT Ty
= 4L 1 3
o AL B §

25

&M@hoh Lq’(,COﬂT(O,)
o () P(,bmseJQ - 0.9p
P(win) = PGy x P
=0.9p x O
=0.8lp>

(D) P(win on DB 2) = P(Htonw) + Pt fuice) + Ptk 2x)

P(H)- 0.2p
P(wm) = O,:ZP x (I —.2{7):; 3 (\Olp}lx (l-—O.lP)y(?) < H
+ (0.2p)° /H m
H H
- O-C’P("O"fP*’OO‘*Pz) / \M<
+ (3- 0.67)x 0-04p % N\, N
+ 0.008p - >‘,‘,’;
N
= 0.6p-0.24p™+ 0./(/)/%,; +O /2,91—0;;/%4; "
. '1 p + 0.008,93
= 0.008p = 0.2p" + 0.bp
shown
m‘) 0.00&/53- 0.12}9’4— 0.6p > O. XIP‘ 5 [
0.008p’ —0.43p"+0.6p >0 - Rarge of
P(O.OO&’P’L——&"I3P+ 0.6)> O valugs ~
#0 ts 0« p<0.65

O«OO&FL—O.QSP +0.6 > O (xloc0)

8§57 — P20p + boo >0
o= 1302 ALI3J- 4 (605>
LE, '
p = 0.65 or IIS. L but 04/>é/
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