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Directions to candidates:
. Atcempt all questions
. The marks allocated for each question are indicated
. All necessary working should be shown in every question. Marks may be deducred for

careless or badly arranged work.
. Board - approved calculators may be used
. Each new question is to be starced on a new page

Outcomes Assessed Ouestions Marks
Determines the important features of graphs of a wide variety of
functions, including conic sections

45

Applies appropriate algebraic techniques to complex numbers and
oolvnomials

1al ,  o

Applies further techniques of integration, such as slicing and
cylindrical shells, integration by parts and recurrence formulae, to
problems

)' /

Synthesises mathematical solutions to harder problems and
communicates them in an appropriate form

3,8
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Queslion I ( 15 Morks )

o) Find the modulus ond orgument of the complex numbers w and z 4

where ,=l* '  and *=Q
L-i  l - i

b) Plot the points z, w, z + w from port o) on on occuroie 3

Argond diogrom ond hence find the exqct volue of tan(Z\.'8 ' ,

c) The vertices of o squore token onticlockwise ore P, Q, R ond S. 2
lf the points P ond Q ore represented by the complex numbers
zp =- l+4i  and ze =-3
Find the other corners of the squore R ond S ond its centre
in the;o16 o+ib.

d) Determine the greotest ond leost volues of org z,
.lwhen lz -8i - 5l = 6, qnswer to ihe neqrest minute.

e) In. the Argond plone

(i) shode: lz +31+lz -zl< 10 and 3 <lr-3 +zil< +

(ii) sketch: aryQ - 5) - arg(z $) = 
X

Morks
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Quesl ion 2 (  15 Morks )

' ,  I  1,4 ' r  1oJ )now |  ? ln(x+L)dx =- lh-*  |  _dx'  
l *"  2 3 1.r(x+l)

ond hence evoluote
21
fl
|  , ln(x +l) dx leoving onswer in simplesi exoci form.

J Y-|  ' -

Morks
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b) Simpl i fy ond
l-s inx l+sinx

hence f ind

f l - td*J1-sinx 1+sinx

cJ Find

e) Find I

E

4

Evoluote iJl + cos 4r
J
0

.l l dx leove onswer in exoct form.

-2x+4
dx

(x2 +l)(- , r - l )2



Morks
Quesiion 3 ( 15 Morks )

e
o) LeI t=tan,

(i) Find exPressions for sin ! unaz

Hence show sin d = -4- and
T'T T

dt  1.-  ?.
Show Ihat _ = _l I  + t -  )

b) l f  1,, = [x'  Qx + 4 %'dx, show thot

U
cos- ln terms oI

2

1-t2
cosd =

1 | rL
L-1. t

( i i )

( i i i )

d0
( iv)  Hence evoluole

5+3sin0+4cos0

r
2t
J
0

( i )

( i i )

T_

t/
x' (2x + c)/' ncI,-,

2r .1 
-  

Zn+l

Hence evoluote
I t t

l*t Q* +7\ /1 clx
t\

0



Question 4 ( 15 Morks I Mqrks
o) The poini p(acos0,bsin d) ries on the eil ipse with equotion

x'  v '-=i-i; =l with o>b ond eccentricity e .
a, b" 'v" /  e,

The fociof ihe eilipse ore ,s and .s' ond M , M, oreihe feet
of the perpendiculors from p onto the directrices coresponding
to .l and S'.
The Normol to the eilipse of p meets the mojor oxis of the ellipse
AT H,
(i) Drow o sketch to iilustrote the obove informotion. 2

(ii) Prove ,Sp + ,S? = 2a . I

( ivJ show fhot HS - l -ecoso = Ps
HS' l+ecos? p^t ,

b)  showrhorhetocusofrhepoinr nlZU. l r ,*r_) l forvoryins 2

voluesof r  is the hyperboto 
#-#=t

(l) show rhe srodienr of rhe tonsenr or p is !(t!)
a\ t '  - l  )

(l l) Derive ihe equotion of the tonge nt of e

inotes of ly'ore



Morks
Quest ion 5 (  l5 Morks )

o) The diogrom shows the groPh

A verticol osYmPtote oI x -- 4 '
of y = /(x) '  The groPh hos

seporoie one third poge sketches of  the grophs of  the fo l lowing

v = ̂ try(*)
I

'  J(x)

y' = .f (x)

{iv) y = cos(/(x))

This quesl ion cont inues on the next poge

Drow

(i)

( i i )

( i i i )



Quesfion 5 continued

End of Question 5

\{.

-y-*  G
bJ Sketch the groph of y = ,:r, ,w' r i"  xt  _25 .-)  n.

cleorly indicoting ony osymptotes ono ony points
where ihe groph meets the oxes

c) Find the equotion of the normol to the curve
xty-3ry '+2yt =A of  ( t ,Z)

\
*#
v" jt

Morks
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Question 6 ( 15 Morks )

o) lf p is o zero of the polynomiol ( p ond q ore relotively prime)
q

P(x) = arxn + a,-tx'- '  + .. .+ aJ'f ex t an * 0
ond ds,e1ra2)a3r. . .an ore integers,
( i )  Show qla,(  q div ides a,)  ond plao( p div ides ao )

( i i)  Given P(x) = xt - 4xt -3x - l0 ho s o rotionol root,
focior P(x) over the complex field.

b) Show thot i f  the polynomiol P(x) hos o root of a mult ipl ici ty m, I
then P'(x) hos o root of mult ipl ici ty m -l  .

Given ihoi P(x) = xo + xt -3x' -5x-2 hos o three fold root, 2
Find ol l the roots of P(x).

c) l f  a,8,6 ore the roots of p(x) = 2x3 - 4x2 -3x - l
Find the volues of at + B3 + 53 .

d) Let .f (t) = t3 + ct + d where c ond d ore constonts
Suppose thot the equotion "f (t) = 0 hos three distinct reol roots
trr t r rand tr ,

( i)  Show thot t,2 + trz * trz = -)6

(ii) lf ihe function y = f (t) hos two turning points ot
t=u and/=v ond . f (u)"" f (v)<0
Show Ihot 27dz +4c3 <0.

Mqrks
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Question 7 ( 1S Morks )

oJ Find ihe volume of ihe solid generoted by revolving ihe region bounded
^f-6y y= Vx ondthel ines x=1, x=4 oboutthel ine y=1.
Use the sl icing method.

I

bJ The region shown here is revolved obout the x-oxis io generote o sorid.

Use the method of cyl indricolshells io f ind ihe volume

c) Thecirc le (*-6)t  +(y-4),  =4isrototed oround the l ine x=2.
Colculoie fhe exoct volume generoted.

Morks
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This question is coniinued on the next poge



Question 7 continued Morks

d) A soltshoker 20 cmtoll is mqde with isosceles triongulor ends ond o 5

cross seciion which is on isosceles tropezium'
Note top ond bottom iriongles hove boses ond perpendiculor heigh'ts equol'

+ 5r-rn
----YVJLT------

This is o cross
section down

the centre

ncm

'l
The Tropezium is locoted H cm obove the bose, show using similori iy

thot the tropezium hos on oreo of A= 50-ry! *+ cm'432

Hence f ind ihe volume of the solishoker io the neoresi mil l i l i tre'
!1 t'1

\,4 ,- *i
'/r'

s  t1o

H
dfi

2. - o'--
g4'"

r -+r t . l. )  O- l - ,

\ -- ,-a*bJ-



Question I { 15 Morks )

o) Use De Moivre's theorem to express cos5d, sin5d
in terms of sind and cosd.

Hence express tan50 os o rotionolfunction of r where t =tang.

Deduce thot tan o 6n46nL6n! = s.
5555

b) rino Jrn(Ji + JCiyax

l=){r*  -e--o ' )

Morks
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c) l f

( i ) showthot x =Lh|+^W)

(i i) Show thot -  a 'y '  = o '

(i i i) Hence deduce thot l+ = log, 1y + "{l+ y'1+ c
' , l l *Y'

End of Exominotion

d
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