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Section 1: Multiple Choice (10 marks)

Indicate your answer on answer sheet provided.

Allow approximately 15 minutes for this section.

Q1L A hyperbola has the equation X - 4y2 = 4 . The distance between its two
directrices is:

A 5
5

B -
5

C 2\/5_
85

5

D

Q2. The equation X —4x*+7x+3=0 hasroots x=a , x= Band x=vy .
Which of the equations below hasroots x = —~a, x= —-f and x= —y ?
A X -4+ Tx+3=0
B CAACHFTx-3=0

C x3—4x2+7x—3=0

D X4’ —T7x-3=0

2
Qs3. Which of the following is f 2xcosx dx ?
0
A m—2
B m+2
2
[
C —_
4
2
[
D —_—
8



Q4.

The diagram shows a particle P of mass m kilograms suspended from a fixed point
O by a light inextensible string of length | metres.

P moves in a circle with centre C directly below O and has uniform angular speed
o rads™.

The string makes an angle 6 with the vertical line CO and the acceleration due to
gravity is g ms=.

Which of the following is the tension T in the string?
A m [ w newtons

2
B m [ w~ newtons

C m g [ w newtons

D mgl @’ newtons



1 1
Q5. The complex number z is such that !m[—J = -5
Z

Which of the diagrams below represents the locus of =z ?

A B
14
2 1 1 2 2 1
C D
14
2 1 1 2 2 1
Q6. The equation |z — 3| + |z+ 3| = 10 defines an ellipse.

The length of the semi minor axis is:

A 4
B b5
c 8
D 10




Q7. Consider the following statements:

Y dx b dx
I n < n+1
ol +x ol +x

(SR E]
(SR E

Jsmx dx :J. cos x dx

0 0

Y

Which of these statements is correct?

A  Both statements | and Il are correct
B Only statement | is true
C  Only statement Il is true

D Both statements are false

Q8. The hyperbola with equation xy = 8§ is the hyperbola X —y2 =4 referred to
different axes.

What is the value of a?

A 2
B 4
c 8
D 16



Qo.

The graph of y= f(x) is shown above. The graph of y=f(2—x) is:

g

C
N /
/T
D
Za




Q10.

/.P-cj

A (a,b)=A(a+ib)
\ -
/

/

\

B (-b ,0)=B(-b+0i) 0

The Argand diagram above shows the point A(a ,b) representing the complex
number z=a+ ib , where aand b are real. B is the point (-b ,0).

P is a point such that PB=2AB and £A4BP = 90°.

Which of the following complex numbers does P represent?

A 2b + 2ai
B -b+ ai
C 22b + (2a + 2b)i

D -3b + (2a + 2b)i

End of Multiple Choice
6




Section Il Total Marks is 90

Attempt Questions 11 — 16.

Allow approximately 2 hours & 45 minutes for this section.

Answer all questions, starting each new question in a new booklet with your student ID number in

the top right hand corner and the question number on the left hand side of your paper.

All necessary working must be shown in each and every question.

Question 11. — Start New Booklet

a) Given z=1+1i,representonan Argand diagram each of the following:

iii. z
b)  Prove that for any two complex numbers z, and z, ,
I |Z| _Zzlz + |Z] + Z2|2:2|Z||2 + 2’Zz|2

ii. Give a geometric interpretation of this result

c)  Find the equation of the normal to the curve X - 6xy + yS = 5 at the point (1, -2).

.3
sSm x

—— dx=secx +cosx
d)  Show that J cosiy

g

2

e)  The hyperbola H:

X )
> —}—2: 1 (wherea>0,b>0)
a b

: : 2 .
has a focus at the point (ZJH, 0).Theline y= 3% IS an asymptote.
Find the values of a and b.

End of Question 11

15 marks

3



Question 12. — Start New Booklet 15 marks
a)
y
44
< } + } L + >X
—6 —4 -2 2
14
The diagram shows the graph y = f(x) .
1
On separate diagrams, draw 3 page sketches of the following graphs:
) y=r(2x)) 2
(i) y=— 2
y=_
)
(i) y=f) 2
(iv) y=e'® 2
(V) y=x Sx) 3
b)
i. Find -8+ 6i in cartesian form 2
ii.  Hence, solve the equation 2

27— (3+iz+2=0
Express the result in the form x + iy

End of Question 12



Question 13. — Start New Booklet 15 marks
a)

i.  On the same diagram, sketch the graphs of y= |x3 —1land y=1-x 1

.. . 3
ii.  Hence, or otherwise, solve |x” —1|<1-x 2

b)  Draw neat, labelled sketches to indicate the regions of the Argand plane defined by:

. T
I. lz) £ 2 and OSarngZ 2
ii. z-zZ < 6 and 0 < Re(2z) < 4 2
c) Theequation 8x*+ 44x’ + 54x> + 25x + 4 = 0 has a triple root. Solve the 4
equation completely.
d)
The diagram shows A ABC inscribed in a circle.
G is the point on AC such that BG L AC . F is the point on BC such that AF 1 BC .
AF and BG intersect at E.
AF produced meets the circle at D.
USE THE SUPPLIED SHEET TO ANSWER THE FOLLOWING:
i.  Explain why ABFG is a cyclic quadrilateral. 1
ii.  Show that DF=EF. 3

End of Question 13



Question 14. — Start New Booklet 15 marks

X y
a) Theellipse E: — + E =1 (wherea>b>0)hasarea 4= mab , eccentricity e
a

. . 1 i
and foci S and S§'. The ellipse E touches the hyperbola H: xy = Eab at the points
P and Q.

i. Find the coordinates of P in terms of a and b. 2

ii.  Show that the ratio of the area of the quadrilateral P SQS' to the area of the 2
ellipse E is eJZ_:n

X+ 6
b) Find | 57— dx 3
X +x-06
c)  Using the result f f(x) dx :J f(a—x)dx , or otherwise, evaluate 3
0 0

(SR E]

cos x + smx

[F oo,
COSX —Smx
0

Question 14 continues next page.

10



Question 14 continued

d) Thecircle x°+ 3" =16 is rotated about the line x = 9 to form a torus.
When the circle is rotated, the line segment S at height y sweeps out an annulus.

y

\

/—a
\A

-4 4

xr=9

i.  Show that the area A of the annulus is given by 4 = 36m/16 —y2

ii. Find the volume of the torus in exact form.

End of Question 14

11



Question 15. — Start New Booklet 15 marks

a)
i. Let w beacomplex root of the equation x> =1 . Show that the other complex 1
root is
i. Showthat 1+ w+w =0 1
iii.  Find the monic cubic equation for which the rootsare a+ B, aw + sz and 3
aw’ + Bw where o, B are real numbers.
b) Using the substitution ¢= tan[%] , or otherwise, evaluate 4

1

J dx
01+ COS(EJ + sin [i]
2 2

State your answer in simplest exact form.

Question 15 continues next page.

12



Question 15 continued.

c)

A particle of mass 4kg is attached to a string 2 metres in length.

The particle and string revolve as a conical pendulum.

The constant speed of the particle is v = Jg ms”, where g ms” is the
acceleration due to gravity.

Let O be the angle of inclination of the string to the vertical, and let r metres be
the radius of the horizontal circle in which the particle is revolving, and let T
newtons be the tension in the string.

1
i. Showthat tanB =—
r

J7-1

4

ii.  Hence show that cos 0 =

iii.  Find the value of T, correct to one decimal place, given g = 9.8ms™.

End of Question 15

13



Question 16. — Start New Booklet 15 marks
a)

. 2 . cl .
The equation of the tangent to the hyperbola xy = ¢~ at the point P[ cp ,—} is
p
x+p'y=2cp

The point N is the foot of the perpendicular line ON drawn from the origin O to the
tangent at P.

. . 2¢cp 2c:p3
(1)  Show that the coordinates of N are 2 2 2
l+p 1+p
(i)  Show that the Cartesian equation of the locus of N is (x2 + y2)2 = 402xy 2

Question 16 continues next page.

14



Question 16 continued.

b)

(SR F

i Let IHZJ. cos"x dx forn=0,1,2,....
0

n—1
Show that 7, = . I,

.. Iln (2”)!
ii.  Show that =——— forn=0,1,2,....
X (n!)

iii. Let y=f(x) bea continuous functionover 0 < x < a .

a

(l

! 2
fx) dx =J f@) +fla—x)) de

]

Show that I
0

iv.  Using parts (i) and (iii) , show that

[ s . ; 51_[2
X xdax = —_
. COoSs 32

End of Examination

15



MULTIPLE CHOICE

x2—4y2=4
2

X 2
— =1
4 y

a
Distance = 2 —
e

a=2bh=1
:
e= N el
1 a2 4 D
_Jg Check.
2
2
D=2 x
&
2
_8 8k
5 5
2 B
3 A
4 B
5 C
6 A
¥ -
- ! cosx y = siny
Y 1+x""" Point of Intersection
7 o A
£
xy=c2 =8
2 2 2
x -y =a
8 c2=la2= B
2
=16




§
-9

OP=0B+BP___
= — b+ i2AB)
10 = —b+2ia+ib-(-b+0)) D
= — b+ 2i(a+b)+ 2°b
="3b+ 2i(a + b)
QUESTION 11
a z=1+i 3 marks-
2 2 correct solution
zZ=1+2i+i for cach
=2i
1 1 | R
z 1+ —i
I-i 24 »
)
i_.
I \I I
bi | ”Zz|2 + [z + 2, 2 marks-
—2,)(z, —z,) + (2, +2)(z, F2,) correct solution
(z) —z,) ((Zl) — {z,) ) + (2, + z,) (z, + 2z, ) 1 mark- partial
- - - - - - correct
=22y —22, — 22 tzz, tzizp tzizy Tzzp t+zz expansion and
=|z,|* +|z,|* + |z,|* + iz,|? simplification
— 2|zl(2 + 2|22|2 of RHS/LHS




bii

I2,]

2 x magnitudes of sides = sum squares of magnitudes of diagonals

1 mark- correct
explanation

x3—6xy+y3=5
Lid gy y'y=-Lis
b Gxy+yY) = is)

d d
3% + 3y2—yk6{£—y+y}:0

dx dx
d d
2 2 ay 4
+y —-2x——-2y=0
S i P

d
ﬁ{y2 —2x} =2y X

2

& y-x
dx y2
at (1. -2)
4-1

m="""_

-2)" - 2(1)
_ 3
T2

2
mz:E

2
y+ 2+§(x—l)
2x—5y—12=0

3 marks-
correct solution

2 marks- partial
correct with
only one error

I mark- correct
application to
eqn of line but
incorrect diff
and gradient




2
) 1 —cos'x
= sinx{ ——— 3 dx
cos x
. 2
X s S COs X
=| simrcos x dx— | ——5— dx

2
COS X

= sinx(cosx)'z dx —| siny dx

—J (—sinx)(cosx)'?' dx ~J sinx dx

3 marks-
correct solution

2 marks- partial
correct with
only one error

1 mark- one
correct
technique in
relevant
progress to int

-1
{cosx)

= _ T { — cosx)
i

=— 4+ cosx

COSXY

=s8eC X+ CcOSx
¥ y2 3 marks-

H:— —E)—g =1 correct solution
a

Sae,0) = S(W13,0) = ae=2J13

b 2 =>b 2=)b2 4
= - =} = — —_——= - —_— =
FTRE T T TIT 2T

a2_2=4x13
2 b2
a 1+—2=52
a_
21+ig52
ad 9-—
4= 36
a= 6

B0

2 marks- partial
correct only
one error in
correct progress

1 mark- correct
solution for
values of a, b
and e




(B g sticow B A
6) &) s 41 - N
M\ | r{,../ﬁ&
S A= ' /’""{I/f ) '
N ,
K‘k : f/ | Y ‘-:fg( F,?;FZ*L D
N 7 e
AN/
£k ! p\\ki[ VB et %
N3 .Y it "% 0 Yoot 5 7Y
2 Marks: Cod7ect ansuer
1L Mark: Covrect shape
._ o~
Atj &i&
@) i\ J= 4
/N £62
i ,
e 4«/ _E
:
%+ ‘ -
i L. [} @ L. .
3 -2 r o Y 2 3 ‘.
|
L
2 Marcks L onrect ANS Wity
L Mavk © . correct shape




A
AL ”
¥ )
) ¥
AL |
15 4 _ ~
ol i
s ==
fﬁq P
ﬁ o
\ B RSNy

2Marks . corvect answeyr

4l Marks correct sha pe

YA

y=zed

)

e 7
Y=2 & @
]
2
A
ok -3 e L

W

A Marks: correct  answer

i., Mark: (et sha pe




: / 3
- /}"
(y) ' ' 5 .
' / o e
i .- ‘}f:i:‘."}f:,'l )
< Vi =
4 e (0
SN

_3“’\6\&5 L Grvech answer
' _Z Marks © fwo Corfect f@ft,s
L Mark: one cormecl pact

-(EQ)C&“ ixxﬁi“i}ﬂw—f’ﬁ%i
y 4 4 £ (0xy) =346

x- Y= -3 2y =3 \f\“jfx -

: | .75 (3/1_) =8 . 2 Mavks: convect .Solwti.ov\.
2 xt $8&x=9z0 - (o‘rex-gr‘ mathods i‘)oﬁi},ﬂe)
' A . )
.G |
7o =
w= AR K 1 M@fhg 3l§m-§icmit ?m‘ff@é
g= 21 ¥3¢ | olej?@ud\‘ng o mg—\&@@i |




4= 0

AL o (J»{ (‘.\ e
~ ¢

TV (7'}' L)

e (‘r:sﬂ,

("&,.}’& -qu\:

.y
o= (::;.:c)@_,~-'~&&m
gf.%
f= 340-(1430) 2, =3 v
| Lf }p«{,
= 2-2¢ R
K g
o= L= L, = l+<C
2
= P A e e S
2 Marks: corfeet dnswer
iMar’ki One cevvech V&‘\AQ-} 2.4
o 2, '




QUESTION 13

ai 1 mark- correct
solution
aii _ (x3 —D=1-x 2 marks- correct
l—xd=1—x solution
2 —
(=)l +x+x 2)_ I—x 1 mark- correct
I+x+x"=1,x# 1 solution from
xx+1)=0 incorrect graph or
x=0, -1 only partial correct
3 region (only one
b < 1-x error)
-l<x<(
bi , 2 marks- correct
solution
- 1 mark- partial
/ correct region (only
/ one error)
3 '
bii lz-7 < 6 ) 2 marks- correct
k+iy-(x-iy)) <6 solution
2iy| < 6 ]
2y <6 < 1 mark- partial
<3 >l correct region (only
0 < Re(27) < 4 N one error)
0<2xr< 4 t
0<x <2
¥
'1
21
3 5 i 5
2




4 marks- correct

¢ P(x)= 8x" +44x’ + 54x° + 25x + 4 !
Pi(x)= 32x" +132x" + 108x + 25 solution
Px)= 96{ + 264x + 108 3 marks- correct
s 24xT 4+ 66x -+ 27=0 solution from
incorrect triple root
-66(ﬂ:~j662 (4 % 24 x 27)) P
X 48 2 marks- partial
9 1 correct with solution
) to triple root and
check
9 343
P'[ __J = — 1 mark- only
4 4 correctly solves for
( l} values of x on P”(x)
Pl ——{=0
2
- = 2x+t1=0
x= -3 x+ 1=
P(x)= (2x + 1) (ax + B)
a=1,p=4
P)= (2x=1)(x +4)
IR N
T T T Ty
P-4)= 0
di A 1 mark- correct
solution with correct
reasons
G
B
L AGB = 90° (given)
LAFB = 90°(given) 3
w2t AFB= 12 AGB
% ABFG s cyclic (= £ onchord AB)
dii join AB 3 marks- correct

£ DAC= 2 DBC = x (= £ on"arc CD circle ABDC)
ang FAG=ang FBG = x (= angon "arc FG crcle ABFG)
& £ DBF = ¢ EBF = x
ADBE is 1505 (L to A bisects £ DBE)
DE=DF (L from apex to base bisects "DE")

OR
ADBF = AEBF (4AS)
DE=DF (cerr sides in congruent A)

solution with correct
reasons

2 marks- only one
error at least two
correct and relevant
theorems

| mark- one correct
and relevant
theorem




QUESTION 14

xy= —ab
Y72
_ab o, ab
Y 2x
2 2
Y
a2 b2
x2+1 ¢:12b2 |
by —
a2 b2 4x°
2 2
x &
a2 4):2
4" +a' = ax’d’
4’ —ax’d v at= 0
(2x —az)Z:O
2
2_ 4
YT

’m

2 marks

11

distance § §' = 2ae

1 b
Area of A §'SP == X 2ae X —=
2 V)
_abe
$
~ quad QS'PS
abe
=2 X
N
=Jabe

AreaQS'PS_JZ_abe_\Ee

Area E Tab T

~Ratio= Ve

2 marks - correct
solution for general
case

1 mark
- Correct
solution for
specific
solution only
- finding a
ratio in e only




x2+6
T
x +tx-6

x2+6 _x2+x—6—x+12
x2+x—6 x2+xﬁ6
3 x—12
x2+xﬁ6
x 12 A B

ST = +
X +tx-6 x+3 x-2

x—12
Letx =2
“10= 58 = B=-2
Letx =-3
“15= 54 = 4=3

A(x —2)+ B(x + 3)

_JI 3 2}d
Tlx43 a2 Y

x =3P+ 3] + 2In b - 2]

1l

3 marks - correct
solution

2 marks — correct use
of partial fractions

1 mark — correct
rearrangement of
initial algebraic
fraction

0
2r=0
=0

2
(x-2)
=x +th| ——| +C
(x+3)
3 marks — correct
> n o solution fully
n cos| =—x | +sin| =—x demonstrated.
2 ) 2 2
cosx + siny
(oo,
cosy — siny ['ﬂ J , [Tf ] 2 marks — use of
0 0 cos| ——x|-—sin| ——x|dx X
2 2 result but failure to
n achieve the correct
(2 sinx + cosx solution and/or
) sinr - cosx insufficient
0 demonstration
n n n
2 cosx + sinx (2 cosx + s 2 ginr + cosx
L2 x — dx = — dx + —ix 1 mark — use fo
COS8X — SInx J CcOosY — sinx Sx — CO8Y . .
0 0 0 correct trig identify
T Lt to simplify.
(% cosx + sinx ? sinx + cosx
=| ——— -] ———ux o
J COSX — sm 0 COsY — Sy Nb question did

require the use of the
specified result




X+t =16

x=4J16—

R=9+16-)"
r=9-16-)"

A= TI(R2 - rz)
TR+ NR—7)

11(18)(2J16—y2]
= 367[(\/16—):2 )

Il

k3

2 marks

8V = A &y

4
V= lim ZA 5
Sy = 0
-4
4
=36HJ J16 -2 dy
~4

= 36T X semicircle
36 1 42
= X —_
T 5 T

=28 8112 units3

3 marks — correct
solution

2 marks —

1 mark




QUESTION 15

~

VAT

2 w=w,
| 4 | 2m 2
w, = CI§ ? =1 cis —3_ =w

a- 2;‘ 1 mark — correct
I or 5 explanation
w =1 W = W,
2
@) =1=1
3
A’y =1
2.
AW IS a root
Roots of the Polynomial are 1, w, W’
a- b I mark — correct
i Toa= —-——=10 explanation
tl
2
sltw+o =0
3 2
Pxy=x"+bx"+ex+d
b
o= ——= -basa=1
a
=a+B+aw+bm2+am2+bw
=a(l + o+ @)+ Bl + o+ )
=ax0+Bx0=0
b=10
1 mark per correct

ii

c
IaB=—=casa=1
a

= (ot Baw + Bu’) + (% Baw’ + Bu) + (aw + u’)aw’ + Bw)
=(¢w+ afw+ afw + Bzw )+ ga2m2+ afw+ afw” + Bzm)

+ (0w +afw +afw +w)

= az(m + W ma) + Bz(m + o+ ma) + 3of(w + mz)*

”‘(t:tBuu4 = aBmam = afw)
abo w + w’ =-1

c=0+0-3af3 = "3ap

pronumeral.




= —d

RiR

Zafy= -

—d= (a+ B)aw + Bu')aw® + Bw)
= (a+ BYL' 0’ + afw’ + afw’ + f2w)
= (a+ B)e’ + B + af(w® + o)
= (@ + B)e’ + B+ aB(w + )
= (a+ )’ + B - o)
=’ + B

Px)=x" +0x" - 3aBx (o’ + B°)
=x = 3apx (o’ + B

x X
tan Z = ¢ x=0 = = tan0=0 tztan(zJ
o £\=1_[2 X=1T = t=tanZ:1 x=4tan-l(t)

\2) 1+ dx = 42dt

A x or 1+ ¢
2T

1 4
J 12 2 L™

0
L+ +
1+ 1+7
Jl 1+ £ 4 i
- Y t
ol +8+1-F+2t 144

Ret
= T at
o 111

1
=2[in(l + 0],

=2{n2-ml}
=2h2 = In4

4 marks — correct
solution

3 marks

- incorrect final
simplification

- one error in final
integration
process

- cotrectt
substitution and
limits

- correctt
substitution or
new limts




2 — fully demonstratetd

1 mark — limited
demonstration




’ N4
7 47
1+r2: 4

=1+ AE-H
4° =4+ 47 - P — 4
4+ P -4=0
2 -liJﬁ

ro=
2

7

but rz =0

-

4marks — correct
solution fully
demonstrated.

3 marks

- derivation of
positive r with
reasons

2 marks — 2 correct
expressions for cosf
and production of
quadratic or similar

1 marks — 2 correct
expressions for cos6




T'cosb = 4g
J7-1
T[ A } =4g
c-iii 16 X 98 I mark —
- correct answer
J17-1
50:206 ..
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J‘nf.‘, /,‘,_m ) ) . G,: rf Z,

o e ) ) U -~ ; [ f
,l,m = & (8 20 ﬁk/.?»’- i \ Cas  x o calire g

P - "/O
' -l
fA= Cos v X C! Yoz (e S
- fimi ,
o= -tyens v =Sime A D

o \ A e
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%

g, W,
1 | e -y 7
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B
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