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SECTION I
Questions 1-10 (10 marks)

On the multiple-choice answer sheet provided, shade in the best answer for each question.

1 Which of the following polynomials has a factor of (x+1) ?
(A) P(x)=x"-5x"+4
(B) P(x)=x"-5x"+6
(C©) Px)=x-x

(D) P(x)=x"+x’

2 Given f(x)= ! , what are the domain and range of y=f""(x)?
Jx-3
A — - B D n: 0,9u(9,
(A) Domain:xe(—oo,—l)u(—l,oo) (B) omain: x € [0,9)(9,0)
, 3 Range: ye(—0 _—l)u(_—l )
Range: y€[0,9)U(9,x0) gy "3 37
© (D)  Domain: x € [0,9)U(9,0)

Domain: x € (—OO,_?I] U(0,0)

-1
R : —00, — 0
Range: y€[0,9)U(9,0) ange: y €(~0, 3 ) (0,0)

1
3 Given that tan @ =§ , what is the exact value of tan (6+ %) ?

1-3J3
3+\/§

1+3\B
(B) 3-8

J3-3
© 3\/§+1

\/§+3
D) 33-1

(A)




4 Which of the following integrals is obtained when the substitution u =(In x)2

3
(Inx) dxo
X

is applied to: I

(A) % j!‘.u du
(B) 2j.u du
©) Zj‘.u; du
(D) }ué du

5 Six equilateral triangles form a hexagon with side lengths of 4cm. The vectors %,y and w are

’
shown in the diagram.

NOT TO
SCALE

1=

Which of the following is the value of  u g(u+v+w)?

(A) 8
(B) 16
C) 32

(D) 48



6  The graph of y= f(x) is shown here:

How many real solutions does the equation [ £ (x)]* =x have?

A) 1
B) 2
©) 3
D) 4

7  The random variable X has a binomial distribution where E(X)=3 and Var(X) :% .

P(X =2) is equal to:
o 1)
(B) 66x(%)12
© )

|
o 2

8  What is the value of I4cos4 x—cos’2x dx?
0

(A) (B)

i
4

NN

O = D) 2«



9  Out of a group of twelve friends, nine wear glasses and three do not wear glasses. Five of the
friends go out to dinner together. In how many ways will there be more friends who wear
glasses than friends who don’t wear glasses in the group who go out for dinner?

(A) 792
(B) 1756
(C©) 220
(D) 126
10 A bag contains ten tickets numbered 1, 2, 3...... ,10.

Joanna chooses a ticket at random, records the number and replaces the ticket in the bag.
The process is repeated two more times so that a total of three tickets are drawn.

What is the probability that the number on the first ticket drawn is higher than the second
AND the second is higher than the third?

3
(A) Y
1
(B) o
18
© s
o 2
(D) 5

END OF SECTION 1



SECTION 11
Question 11 (15 marks) START A NEW BOOKLET

a)

b)

d)

NS
Find the exact value of I
V2

At a certain university, students receive one of the following grades for each subject: High
Distinction (HD), Distinction (D), Credit (C), Pass (P) or Fail (F).

What is the minimum number of students required in a subject so that six students are
guaranteed to receive the same grade? (Justify your answer with appropriate calculations
and/or reasoning.)

Find the angle between the vectors g=—2i—-6; and b=4i—2j, correct to the nearest
R 0% o/ % % o,

n n n

degree.

A curve with the equation y=—x’+x” +8x+10 has a maximum turning point at 4. The
shaded region below is bounded by the curve, the y -axis, and the line from O to 4, where

O is the origin.

A
Not to scale
y=—x"+x"+8x+10
0
\ X
1) Show that the x -coordinate of 4 is 2.
i1) Find the exact area of the region.

s

¢) Evaluate J-sinz(Zx) dx

T

8

END OF QUESTION 11



Question 12 (15 marks) START A NEW BOOKLET

a)  Consider the expansion of (2x— p)’. The coefficient of the seventh term is 672000 . Find

the exact value of p.

b)  The polynomial P(x)=8x"—38x’ +9x” +ax+b has a double root at x=3.

Find the values of a and b where a and b are real numbers.

um (14 um (2 . k.
c) If0A4= 6 and OB= L find the value of & for which the vector 3 is parallel

to 4B .

d) Solve \/ECOS()C-F%J-F 2cos(x—%j:1 for -7<x<nrx

e) Itisgiventhat g+ is perpendicular to ¢ +d and b-+c is perpendicular to a+d ,

where a,b,c and d are non-zero vectors. Show that »-d 1is perpendicular to c-a .
0/70/70/ 0/ 0o/ 0/ 0/ 0y

f)  The sketch of the graph of y=f(x) is shown below.

i
LA

—4

y=f(x)

Consider the equation | f(x)|=k where £ is any real constant.
Define function N(k)=thenumber of realsolutions to the equation | f(x)|=k.
Sketch the graph of the function N(k)on the axes provided (separate answer sheet).

END OF QUESTION 12



Question 13 (16 marks) START A NEW BOOKLET

Y 4 Showthat —— "1 1

(n+1)! (n+2)! (n+2)!

i1) Use mathematical induction to show that, for all integers n>1,
1,2.3 n_ g1
20031 410 T (n+1)!  (n+1)!

b)  Consider the function f(x)=log, x+logsx (x> 0)

1) Explain why the function has an inverse function. Use calculations and / or
reasoning to support your answer.
In4xIn5
X
( In 20 j

i) Hence, or otherwise, solve log, x+log, x=2. Give your answer correct to

ii) Show that the inverse function is given by [ - (x)=e

three decimal places.

¢) An efficiency management consultant analysis finds that 89% of trains run on time.
On a particular day there are 1000 train trips.
Let X be the binomial random variable representing the number of on-time trains.

1) Find E(X)
i1) Show that X has a standard deviation of approximately 10

1i1) Justify the feasibility of using a normal approximation for this distribution,
and use a normal approximation to find the probability that fewer than
90% of the trains run on time.

d)  Given that y=tan'(2x)is a solution to the differential equation:

2
(a+bx?) d—);+c Y :—8(2—tzan(y))
dx dx sec”(y)

find the values of a, b and ¢ where a, band c € | .

END OF QUESTION 13



Question 14 (14 marks) START A NEW BOOKLET

a) Intriangle OAB, K divides AB intheratio A:u (thatis AK: KB = A:u)

iii)

0
A K B
ur un  um
Show that AK = |0B-04|
A+u
ur um  um
Hence, prove that OK = [lOB + ,uOA}
A+u

Use the result in part ii) to find the position vector of a point that divides
the line connecting 4(2,5) and B(12,20) in the ratio 2:3

b) Solve the differential equation % =xy(1-x?)(1-y?), given that y(1)=0.
X

Express y as a function of x.

¢) Consider the function with the rule f(x)=

)

ii)

iii)

X
2—

=

Explain why y= f(x) is on/above the x axis between x=0 and x=1.

Find the exact area of the region enclosed by the graph y= f(x), the x
axis and the line x=1. (You will need to use the substitution u=2-x.)

The region described in part 1) is rotated about the x -axis to form a solid
of revolution. Find the volume of this solid of revolution. (You will need
to use division of polynomials to re-write the integrand.)

END OF QUESTION 14

END OF PAPER
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SECTION I
Questions 1-10 (10 marks)

On the multiple-choice answer sheet provided, shade in the best answer for each question.

1 Which of the following polynomials has a factor of (x+1) ?

* (A) P(x)=x"-5x"+4 p(_\) - -1-S+4 +0O

P(x)=x"=5x>+6 P (-) -1 -§+b =0

(C) PHx)=x-x

(D) PHx)=x*+x

2  Given f (x):% , what are the domain and range of y=f""(x)?

* -

f6): Doman: 1€ [0,9) V(3 )
knan : je (-ao/-_;]v (o, oO)

(A) Domam;xe(—oo,_—l)u(‘_l,oo) (B)  Domain: x € [0,9)U(9,)
3 3 Range: ye(—o _—l)u(_—l )

Range: y<[0,9)U(9, ) ' "3 37

© (D)  Domain: x € [0,9)U(9,0)

Domain : x €(—o© ,%I]U(O,oo)

-1
R ; —o0,—)U(0,
Range: y€[0,9)U(9,0) ange: y (= 3 )2 (0,)



1
3 Given that tan 6’25 , what is the exact value of tan (¢9+§) ?

2
* " 1-343 E
3443 Yon (9“‘/;)
(
14343 -
® )35 - hnd v tonY,
o 33 | - ’rur\e-\r‘lf\“‘/3
© 33+1 |
- 243
J3+3 3 \r
(D) NG
3V3-1 | _ _lyC?
3
- | + 33 _ ) + 383
_,Z’— B’G
3 - B
F%
4 Which of the following integrals is obtained when the substitution u =(ln x)2
* R (.59 ]
is applied to: '! N dx 9 JM— /2_%_& dM.
4 4 (3
(Dygfar = yferamp [@xes ueln) e
1 % r x:=€ u= (MU) - 4
4 |
(B) ZIudu

4 3
© 2J.u2 du
1

(D)

4
Jué du
1

1]

4
-)\:J\Ad\x



5  Six equilateral triangles form a hexagon with side lengths of 4cm. The vectors u,y and w

' are shown in the diagram.

NOT TO
SCALE
Which of the following is the value of we(u+v+w)?
(A) 8
(@ R RIS
)
C 32
© = ult 4 ll\\ﬁ,\\y\,\wSGQO + |l\4“\¢\)}\m3\10
(D) 48

< Ay Boske” - Hosko’
(b

\



6  The graph of y= f(x) is shown here:

T } JRE

\ Y-

How many real solutions does the equation [ £ (x)]* =x have?

*) 1 £6 = 23n

2

© 3
D) 4

7  The random variable X has a binomial distribution where E(X)=3 and Var(X) =2

h
* P(X =2) is equal to: - (1
. ix(éf np=J3 0

16 \ 4 ﬂP (‘,P) = q ,@

(B) 66x(%)u
© 61_4)((3)10
33 (3)" , _ .
?(z) LpEg S0

\)
\

e
Pl

Sl

1}

*M-lw

—_
-
&
<
S—
s S
(1]
puy
(-
z.l
/_\‘
~i—
S———
~
f\

(l. 43 2\ 10
4 4 = g‘o N ,\_x ,.)
\ b, 4
33



8  What is the value of j 4cos* x—cos2 2x dx ?
0

* A =z
4
@ T (D) 27

ey sy = § (@2 )
| O - 2Ty s Losds )
L - [3_(@21* )] - 4[(0 L¥

X
I:J‘%;LXW)}{I*U'Q‘Z"“) - L

(B)

N

X (Sthlﬁ’”“) -
= J los e | dx = 13/';2} « X ) (g(hovo)
0 Pl x

9  Out of a group of twelve friendsear glasses ano not wear glassef the

friends go out to dinner together. In how many ways will there be more friends whowear
glasses than friends who don’t wear glasses in the group who go out for dinner?

(A) 792

S (osel: M fie weor glases
ol ‘ *gg
Q

(D) 126

Cose 1~ Tow WO/ 3\01!25
3
R )
(oe 3 wu  wew 3\oSSU

qcﬁ__jﬁ



10 A bag contains ten tickets numbered 1, 2, 3...... ,10.

* Joanna chooses a ticket at random, records the number and replaces the ticket in the bag.
The process is repeated two more times so that a total of three tickets are drawn.

What is the probability that the number on the first ticket drawn is higher than the second
AND the second is higher than the third? N Q_Q,A e digh et numbe’S

LD (A‘B,("- Af"—g*c>

3 -
@ 2 Tofol sdehéns (o reihithons) = 0 x!0x 0 = 1000
(B) 1 1 Celadhons 3 dishace 0SS = (0 ~qx® = 720
6 N° o/mnamm of +heR = 3l = b
© » | . AjB?C:I
> N° Nmnaxwum W
: : Two _ 1t
® s P{O\oob\\y = —ty = = o

-
p—

ES
s



SECTION 11

Question 11
a) . B dx
Find the exact value of 3
l e 4—x*
{3
Coel
= %V\ X* ] @
& G
SN ‘" ﬁ
= Sin NERRS VT
A 2 3 bX
2 6 &
-
- A3 _ n b= @ | y
> §\n = S a
= v - T = | ®
b) At a certain university, students receive one of the following grades for each subject: High
Distinction (HD), Distinction (D), Credit (C), Pass (P) or Fail (F). 5

What is the minimum number of students required in a subject so that six students are
guaranteed to receive the same grade? (Justify your answer with appropriate calculations

and/or reasoning.)
. - puple,|
The o S Caftao/lcs of (7!«61,“. ?7 it Wﬁ'm’/’ /
Ahe Mnimm  npamber = xS+ = |26 S-W(M/\ﬁ:)
e~V N
pro@ss @ ol ek valnes @

c) Find the angle between the vectors g=—2i—6; and b=4i—2;, correct to the nearest 2
d . -
* egree g’@ :z lg,l lll?,' (T ¥ 9 |/L
/—\__/\/—\
-2%4 + -bx-2 - 4

—

{

ol & = -
PRI

8- o (&)= 81°52 143"

19 ~ 8L ("O‘)J @




d) A curve with the equation y=—x’+x” +8x+10 has a maximum turning point at 4. The
shaded region below is bounded by the curve, the y -axis, and the line from O to A, where

O is the origin.

y
A

Not to scale

y=—x'+x* +8x+10

0
A \

* i) Show that the x -coordinate of 4 is 2. 2
* 1) Find the exact area of the region. 3
) )Lcogrdoffﬂ@gj 0, ¥ ¢o
dr'

% - - b D

for %Q:o: W-n-b=0 -

(3a ) (e = O [ ot @]

LY, 2

l dlogrom) (A"
Uty x>0 agrom) o b T 2 &

oy dmia of 5ol @

2

) b [gartetns lode - b A




PR
Aua-.](,lg”«.*g“m e - (122
0

B

LA P A [
K3

T

¢) Evaluate j sin?(2x) dx

)

lf |- CoSAL dn @
L
K

o=
Y
kel
S»
NES
e
N~
|
\
o\
\
w
S
e

i
- \ [ 7’ { /
_\_ ):)L- ,5\/\41,] @



) - (5] O

a)  Consider the expansion of (2x— p)’. The coefficient of the seventh term is 672000 . 2

* Find the exact value of p.
—l., = qCG (21>3<— )0>L @
(eff,  * qC(o (1)3 (-P)b = (12000
L?zpfu (72000

Question 12

p - Jiooo - ()| 10
N~ -

()




b)  The polynomial P(x)=8x"—38x*+9x”+ax+b has a double root at x=3. 3
‘ Find the values of a and b where a and b are real numbers.

P(3)=0 gnd P'(3)=O

PU(x): 321" - 114X 4182 4 a @
pr(3)=0- 3L(3)- NA(3) +18(3)a=0

Me)= 01 g(3)* 38(3)°+ G(2) 4 10B(3)2b=0

27+46=0 @
[b--21)
k3)is parallel )

j , find the value of k for which the vector (




3

{ms (A-8)+ @ (A*Bi)

d
) Solve \/Ecos(x+%)+ 2cos(x—%j:1 for -7 <x<rx

2§

From reforone shest 3 SRS B> 2

ﬁ&ltow,ﬁos ] ‘® \‘L
B ﬁ(g

X=0-T%, 01V
toswl@




e) Itisgiven that ¢+b is perpendicularto ¢+d and b+c¢ is perpendicular to g +d

* where g,b,¢ and d are non-zero vectors. Show that -4 is perpendicularto ¢-a.

(a4b) (¢rd) =0 ond f(b,&\- (a4d)=0

—
=

0.C + od + b-C +,L‘3,’0L’O® Eh 4 bd QLT

3

)

¢4-




f)  The sketch of the graph of y= f(x) is shown below.

*

(£>2) Yl

=k
(ockcz) b

)

-

/.
&

Consider the equation | f(x)|=k where k is any real constant.

Define function N(k)=thenumber of realsolutions to the equation | f(x)|=k.

2
Sketch the graph of the function N(k)on the axes provided (separate answer sheet).
N(k) aAEy’
A t
5 A
Hnrey A of
- P sl
//3" K\-ﬂ)f kS L
2o > e uil
— 0 poinlg
! / 1+ | be' "'V\I V |
:/ © —t>k oF R
_5 / 4 A8 2 - 1 2 3 4 5

for k<O there ave o points of mitysethon 2 RE)70

Yov k=0, Here ar w0 POH\*Z of "N/ (xﬁ,)
for O<\&(2 Hhere e ,fow Vom‘? of ndecen



Question 13

Show that !

n+l 1

(n+

1)1

Use mathematical induction to show that, for all integers n>1,

(n+2)! (n+2)!

|

3
1,23 n_ 1
2130 40 T (n+1)! (n+1)!
- LUS = . :
n):
l) ~ | n+ | “) T:(),_ 3 n o o_ \- ik
S0l () SR TR v SR G
nrL) - .
@ ?(T\(WRTM ) (onscdar P () o
) = o T3
() = (") wms = g T @
S — ) = |-L=)
((\‘\'7')\ RAs= |~ (\—:‘)f \ L 2
0N —~» PO
((\-n?)
= 1 aU hysvone. P (1€) FraL
(42D
v K - ’—
- ‘w\f\ ) %._\.J,:?’q TG - (0}
Prove P(kw) AL . |
1 (k) = |\ = —
A I YR S S - — ) |
RiP. 2! g 3 N 4 QTN (142). (
__‘__ k*\ Opbm asgum \onN
LV\S = L\ - (\u\)!} k*’—)\ P4 S —
L k) @ W—
= | {(m: (e+2) ) Wan @ p(r\) s I
i ! oA ()
=) - (ﬁn@p‘w F A 43
: AC
T o p(en) \5429. Ma—\\/\(mo t “c on



b)  Consider the function f(x)=log, x+log;x (x> 0)

* 1) Explain why the function has an inverse function. 2
In4xIn5
. L - x( 1n 20 ) 2
ii) Show that the inverse function is givenby [ (x)=e
iii) Hence, or otherwise, solve log, x+log, x=2. Give your answer correct to 1

three decimal places.

D ,F(x) - _A’K_ + In %

n —
IXALS In§
\ \ /\—
mewd () L mg_}@
\ ).),\_
i (F\—i‘fL ins/ L

- kn (k70>

fF'(X\ >0 Vx>0 }@

0. {6 s & monolonic »‘ncmsi\fy (ie one—to - one)

funchon £7(x) s ofvnch'on

MMd - S 1) St !'ﬂ'
- 16 )

= IS JndIn*
In4 In§ O
)
4 NS

@ e (e0)

/M - ;
Sne  f&) - kAL (¢ 0 mono+onc increing fon

tion -- -



W)

=
t
=
dc
—
e
S
4
B
) _—
>
>
N—""

)= 2 = £ ()
£7(2) = 67'(%)

. 4.4351235S8 .- --

m (3¢ ) @




¢) An efficiency management consultant analysis finds that 89% of trains
run on time. On a particular day there are 1000 train trips.

Let X be the binomial random variable representing the number
of on-time trains.

Find E(X) 1

1i1) Justify the feasibility of using a normal approximation for this distribution, 2
and use a normal approximation to find the probability that fewer than
90% of the trains run on time.

) &
* i) Show that X has a standard deviation of approximately 10 1

) X~ 8a (1000, 0-89)

E(x) = 100D x O-&9

Stlo

-

i) _ \X\OOO*O‘M"O'H

= 9.89444 - x(oap:u; @

()
-

W) onp = \000x08T - 890 \gohv >10
= WO

M; \000 X 0O- i
. ()\Loj 40 wWe @ norma! op(wox.

v N (90 w0f)  20bof el

- O'4 % \OOQ—

-

\
-5
O
O

p(x<200) |
P(x sV

“e(2¢))
2

R

I’
e el 0 G
¥ 8 3 a
LI

-3



d)  Given that y=tan'(2x) is a solution to the differential equation:

2
* (arbity S0y BBt ;
de®dvsec’(y)
find the values of a, b and ¢ where a, b and c e R.. . ,\_ \:Ck‘
Seed R tony

—
- ¢
j: ‘ran'\(ZXS = ‘\’anb = 0L = f‘qu*l 4%*\ j

L—v—-ﬁo‘*v

o, 2 0]
ox e (Y \”‘1
-1
ﬂ ] 2,—(\*41‘) S8 = o' ’@D
dx” (\+4)L)

TNONCHONORELS

_ ) al
((H b)l}), S 2 = 8(2 " @gu}o&k-

(14 4 | rh 1+ AR

e (asbxt) 4+ 2¢ (14 o) = ”o(\"k)(““ub)
~\bax _lebl + 20 + 8oL - (I(o—lw)(\* 411)

b 4 BAl - lbax +2C z-bax s GAL- 11X +1b
E(l\)a%i'\ cocffuents
bowa | Besta | -loa =tk

b= 4 C=13 a-=| Q\}"J&' .
S




Question 14 (15 marks) START A NEW BOOKLET

a) Intriangle OAB, K divides 4B intheratio A:u (thatis AK:KB = A:u)

0

L N

A kK | B

* i) Showthatﬁz[ A }[073—07}
A+u
* i) Hence, prove that O—K={ ! }[ﬁ(ﬁﬁum}
A+u

1i1) Use the result in part ii) to find the position vector of a point that divides 2
the line connecting A4(2,5) and B(12,20) in the ratio 2:3

DR - n ()
\P@\ e 7\+f* 2
D e

-

- )—r}f
—Dg - A [{)_Zz) - @\J

<

0

i) QW - oh Y |
N A (33-5’7‘*>@“%M )

_ 4 A
- oh v 2

- (ep)oh + A0} -OR) )
At

i\




-~
-~ o
~—
-
~V)—




b) Solve the differential equation d—y=x

JA=x*)(1-y?), given that y(1)=0.
dx

3
* Express y as a function of x.

d_j__ - e e e @(gqum Van"cb\QJ)
Ty
|

A
\%"
@ !
I/ -

; S\ ;_(\’*”) + C
\(\j - 2 2
T 3
SRR (55 B
S\n J - 3
e
\\,)(1)20 S\ﬂ-\O _ ,3/\\@3 + C J
A0 + C > =0
o = 2
S
Sy = :‘_M“ﬂ&

s
)
(A
P
-~
ou\L
L
—_
)
gJ
Cw/
~\—




X

¢) Consider the function with the rule f(x)=

2—-x
* 1) Explain why y= f(x) is on/above the x axis between x=0 and x=1. 1
* i) Find the exact area of the region enclosed by the graph y= f(x), the x 2
axis and the line x=1. (You will need to use the substitution u=2-x.)

1i1) The region described in part 1) is rotated about the x -axis to form a solid 3
of revolution. Find the volume of this solid of revolution. (You will need
to use division of polynomials to re-write the integrand.)
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