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General Instructions

Reading Time — 5 minutes
Working .time —3 hours

Attempt ALL questions

ALL questions are of equal value

All necessary working should be
shown in every question. Marks
may be deducted for careless or
badly arranged work.

Standard integrals are supplied

Board-approved calculators may
be used

Diagrams are not to scale
Each question attempted should

be started on a new sheet. Write
on one side of the paper enly.

Question One (15 marks)
a) i) Show that sin (4~ B)+sin(4+B)=2sin Acos B

i) Hence or otherwise find fsin3xcos xdx

b) Find [wv/x’+7dx

dx
¢) By completing the square find f —F_—:
x —4x+8

. . 4x% +3x+33 Ax+ B C
d Gi that = here A, B
) D ren e (%" +16)(x+1) (xz+16)+(x+1) where

and C are real numbers, find 4, B and C
4x* +3x+33

i)  Hencefind [ 16)(ee1)
4dy
Find
© Fin x*xt -4

Question Two (15 marks)
a) Given z; =2~iand z, =3+4iexpress zz, in

the form a+bi

1-3i

b) i) Express N

in modulus argument form.

+2z
N7
ii) Hence find G:%] in simplest modulus argument form
+2i -

¢) i) Find the square roots of —15-8i in the form a+bi

ii) Hence solve z* +(2i~3)z+(5~i)=0
d) Sketch the region represented by 0 <Re(z?) <4 on an Argand Diagram
e) The equation !z +2[ +[z - 6[ =10 represents an ellipse

in the Argand diagram. Sketch the ellipse, and clearly showing
the centre and the lengths of the minor and major axes
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Question Three (15 marks)
y=mx Y

-1}
(1.-1

a) The diagram above shows the graph of y = f{x). The graph has a minimum turning

Marks

point at (1, -1), a horizontal point of inflexion at the origin and is asymptotic to

the positive X - axis

Draw separate 1/3 page sketches of the graphs of the following showing

relevant features:

D y=sf(==x
i) y=|/)
i) y* = f ()
) y :%

d
v) y= :i;[f =]
b) In the diagram below, SX is a diameter of the circle centre O

i) Prove that PQ 1 QR
¥) Prove ZPYQ = £SXR

R N e

Question Four (15 marks)

a)

b)

2 2

Given the hyperbola PN
16 9

i) Determine the eccentricity
i) Find the co ordinates of the foci
iii) Determine the equations of the directrices
iv) Determine the equations of the asymptotes
v) Sketch the hyperbola
i) Show that the point P with co ordinates (2580 G, J5tan 6’) lies
2 2
on the hyperbola EARES S|
4 5
2 2

ii) From the equation of the hyperbola%~ —)é~ =1 derive the equation

of the tangent at the point P ('2 secd, J5tan 49)

iii) The tangent cuts the asymptotes at the points A and B. Find the
co ordinates of A and B

- X7 Show that P is the midpoint of AB

Marks
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Question Five (15 marks) Mark

a) Without using calculus draw a 1/3 page sketch of the graph 3
1
of y=e—
7 P 4+x—6
,@Find the equation of the tangent to the curve X2+ +xp~4=0at 3
the point (0, 2)
c) The polynomial P(x)=x*—4x+11x* ~14x+10 has roots a+1b, 3

a+2ibwhere a and b are real. Find the values of a and b
d) The cross section of a water trough is in the shape of a right isosceles triangle.
The trough is 200 centimetres long

water .
Diagrams not

to scale
Cross Section

I water leve] =h cm

Water is flowing into the trough at the rate of 12cm’s™ .
Find the rate of change of the upper surface area 6
of the water when the height of the water is 12cm

¢ - -

Question Six (15 marks) Marks
) If a, B,y are the roots of the equation x° +6x” +5x+5 = 0 find the equation with
T001s:
DN , 2
24 /3’ Ve ’
oL L1 )
af py ay
b) A 4kg mass at R rotates about PQ. How fast must the mass 5

rotate (in metres per second) if the tension T, in the string PR is ~
to be equal to the tension T, in the string QR?

P

Note that PQ

is vertical
13m

g=10ms" z
Q

¢) A solid has a base and top in the shape of a sector of a circle as shown below. The
height of the solid is 20 cm. All other dimensions are shown on the right below.
Note that angles are given in radians |,

Top Base
I

: (%)
g

)

2

<

Diagrams not
to scale

Typical
Slice

[N

<
Y

Cross sections are taken perpendicular to the height. A typical slice is
shown % centimetres from the top of the solid. A linear relationship exists between 7
and % 6 and A, .

1) Find rinterms of 4 and & in terms of & 3

ii) Hence find the volume of the solid 3




Question Seven (15 marks) Marks Question Eight (15 marks) Marks

3 J" Use Mathematical Induction to prove the following 4

cos (x+nm) =(~1)" cosx where n>0

b) From a point 1.3 metres above a sphere of radius 1.7 metres a mass of ¢ kilograms
3 is on the end of a string of length 1.7 metres. The mass moves in a horizontal

circle of radius 0.8 metres with an angular velocity of 2 rad.s™

a) Giventhat P(x)=3x"—11x" +8x+4 has a double root,
fully factorise P(x)

b) 1) Use De Moivre’s show sin 56 =16sin’ 6 ~20sin’ 6 +5sin &
ii) Hence solve sinSx=sinx for 0<x<2x

L

¢) The diagram below show the graphs of x* +3° =4 and ,

the line x = b where b >a N
Yo P
2 2 -
x ty =a
I s
h -
y=p X g=10ms™?
&x
r
R i) Copy the diagram and show all forces 2
v - i) Find the tension in the string 3
iii) Find the norma] force exerted by the sphere on the mass 1
iv) Explain what would happen to the mass if the tehsion in the 2 -
{) The shaded strip of width §x and height % is rotated about the 3 string and the normal force were equal.
line x = b to form a cylindrical shell. Find expressions for R, 7 and A ¢) The equation x* + px? +gr+7 =0 has one root equal to the sum ofthe 3
and hence the volume of the shell formed. " other two. Show that p*—4pg +8r=0

ii) Hence find the volume of the solid formed when
when x*+ )" =4’ is rotated about the linex = b

afySeppymiciuvonwbSpogrvaly




‘O)J\)%Atﬁcsr ,D)“B/QQA *MA{;:@ ‘l‘ﬁ"\@"""A\/ ‘/

6
T 2o Aeekl  dep. S.¢. H. S EXJMIZ
g 4L J(%Z%#r/m““x)dg_ T vt HSc
= <o I ”c@‘q_*.'_;{'\/ AOOCM
+ 5 S.ole biond
L) Lk = w24 <) ok 4z 2c @ /
o .
e & = 2 Gne) e
_u_ia_,\:_d,x = 22 f2. 6

M= 2,208 Fon &, O
2 f?nu%)‘%wé_ake _ fai-o\e de
a

_ : Yot & JHpce-a Me\/“‘k‘“’
= A e
%ul Cle'
- prres )
= J(xr)3 _‘;.L\/ ) = ‘yuaé.i%‘/
3
V4 v 4 4 e
* St e
= | e fyoes »
< {2 54

= }“ (1—’); +m>+7 :

AY ) 44 + 30033 = Aa1) AR B) + G i)

by y =1, ’34~:r‘1<./
C= 12

R (Y (A d
g =\

430 = Ay 4 Gyt
A:2

Jv\) 2‘A¥| + )
f(,t Lijc vl dx
= = )cl-‘
Lﬂ&&“(. Y1 X el -

= Ly\(\‘jy)a- “i.fa:' 5 + L lea) 1

i N=da

2 a) £+Xg_37
= {02

L) i) 1=-32 W 1-24

4 ke Loy )= e bt i) 2

12

A

fr2a l=2x

= l-2i-3% ~¢
] +4.

i

-5-C
Iy

= -l—-a /
r=JE e=tan(d)
=G/ =-y

= -

e)

ST s (- '%)‘/

%) (DT s (-7

:?ﬁ@oﬁ‘/

. “-
) 3) @rk)t -5 B
d- }-’1‘“ "'lg‘ :24':,\— g

ke m (o) 2a=le 2=6

a=-%
\/ o

Je _ L riftzo
L
R VL IR o Pty
(LL-MJ(,L"H):.O
L=t4 az 7|
' pg ' MM\/ bW

P PN

W) = =3 £ Jee-3) -4 (e-i)
2

B o oy T Y Akl LA A-+4) 4=l

pA
2 kA

o AT




W
Cip)
/N
E4
JUL) 3- m

Ar)

e
P

l
i

&) A) X‘?J‘—‘?o ‘-"W)I(&h-. A afonn - ek )
@ )“1& (%« @-v-jis--sjo- A
ﬁkNmu/

= 9o° QMM%MJ: Py Y

i) R"\@J"RY@-(WL&MW%M“)
PIS k% Cu v o)

Px@. F?J-uw.ﬂ"x@ \po® (#a.j/-:tca-jk
3G = Pij.;P‘iCs\.—l,.K"tG’ fhe”  ( w

" rlae =08k \/(///

G.E.D,

4
n
Destfron roor
FE _ x> =/
3 L. - X
& /6 4
: ers br+ra™ _ /6+5 257
v e 73 7E
/ R
) Focer [0/ *be)
/ f@ ‘f'l) b,
() Derechreces % = *‘{é“ . e
/ ¢- = T
* :
() /ﬁ-;m/)é/ef 9= —”-"’Eé‘ pla
'
/ y -—,_7‘-5—7(
. %
(V) \ /‘3 //
AN
A\ //
/ \J (0,)‘) il
AN 7/
- ;\CQ,%L7 - — =
_ ‘\_/___,_,.__..f-—————‘;?)c

(o)
e (\)\)\




(2(/6_5)40‘:1 Aour
(& ¢y x> - 47 =y PlRreco, /Shes)

—

/ (Zsece)L~ (l/J—/ék\_G) 2:2 Q.;cg”é-—_ N AR \'&

te < e 3 =/
- //’C.f on e %&/Ja _:_:'_—?_Lgl
C/;) o v L2fec S 7 l/j"}é“,ﬁ
-f-é—f = »2-1'64@/‘4«/@ ﬁ: 5 = Vire: &

/2 . _ VSreds
= a(é‘* VQG - .

@«7/4‘?&.)‘ y——/%é—- ‘;zi“s(x—z.rue)
Ko AT ARG = i X recE — 2B rec g

Ve sec@ _)7,(4,,,9 = 2%~

3/ wsece _ KB _
i Vs

by P o VI
Gy %‘m//g’/é.!‘?/ 7»3‘2)( ="“"‘2:7C_
e Cp et
o —oval's % 4- w»é'e 7’?— 5 FId Ctats W,
XieeS | VEL Ka By,
(e O ~faG) > 2T TG0 6

2 it +rab s
Fec © ol Fc:;:——-‘i 2 = xa 20l rfas)
7 w VIt -f/@u&}

AC2 (secs ehan Siiec ws_g)

= ¢ =

4 .
- ?Cf&:e +s—é49t/éﬂ_6-"

-

2 (5eec & +/(.a~..5') = 2=
D ok - 2 rec & —fa- G

e — .
See G A Sece —rao

~l = 2 (Tecl — fouB )
\/-'\
g= J,L(sece — S S )

,)/ ‘7: v (/{9‘«.,@ f‘-l‘-tc_@-)
Vi (2(:&9 /mﬁve—‘ra@))

(/V) /?('2/.%46 r)(z,_é))/r(sc,c@#w))

L(R(seco -—/(awﬁ)) /S"f/‘%& —rec@))

2!&;6—#2)@/& 20 G — 258K
2

s/ g/ O =
X = 2 Sec &

Z Vi Sec E 4K B S F0 S~ I O
7> =

y: SIS G
ke 5 //&r&a@/\/f'ﬁvé)

‘: /.x—e 4.4;/_//‘/%




/
@ 7 2%+ -6 GC""})[}C—Z)'
2
A/}C‘
?C:/g '7C=L
@ *7 —f—)cyf 4 =0,
w W”)‘ /0);)
2’“+27ﬁ‘/7+7+22 =0
4(927 -/-x) +(z;c+a) =0
3 ot 99—‘ —-—(?.)C-é-ﬂ)
e T 2’77“)&.
ar o) 2:41 I (:—/ - =/
4’:4%% 7——2_=-—2/(')C_@)
7"‘2.: ——'ﬁ/ pld
—_ G T —2

y/
A

3 [+ SAry 48 = sO
GEY pShr-9=0 AA p=b
FALesAa —2=0
(¢A +q)(A-1)=0
~-/i*-=—;f At
rt-¥
es A =5 Sl orevae (2
Sy 1236
Jb=21

Qrestron Fove

@ Prx)a 2c b gpe? VST ~ R +r0

Povle ot At oal @t Xb
émeﬂ; of” con) copaiin
@.{ZZ»M

"-&;é M&—Z‘g

//mf/m% (a.-/—,oé)[-a—wé)[a—f-z@é)fq

= (al+b )("' + b )
fwm%mé

Qf'%é f & -y&é —fq-ﬁ)&é a_-n&.‘é =

"

L bhee= (¢ = =
Noew (14bY) (1+«E>) = O

———

e

Ko




o

4
Qreesieon [Fee /’(’ @resteon Srx
@ - ) @ 23 + 8kt + Sx+S TO.
7 I h Aar reors X, %,
&(V = Dea re " Lt Bry = -6 B Y Yol = § RN = — 5
- (:)mgmqn«%mﬁ ;ﬁ-/—é/}z’
/
Arenof 42464 v oxE s
A SIP(x) = (L) e () (L ) +y =0
2 ELIRE UL e
-0 VD/Uma %Mw‘-&.ﬁ M[&UJ-?A x
V= Rooxb ¥ cu” e‘(’l‘/:‘#.a-o/; - :P(*/';—.S"')c,?'f-fx"-éﬁn-—l-l =0
o i wau‘ <p e ol 2‘/;’7, ;3,[&, J :;é;
/%{4/0/’/;@/ W = 2o0ex24 = 40@4(:'«.«2" , po ol A
LA L By ) By -
By 3 LR A dj'o/(/ = #oo . s P dlgy—
Apeeme 27 ZF " Ay aF R ahadasa o IS
2
ol A= 2 X—.—,_Zi_ = 5 = — X
ZA / 2
— = D X b 4 /"QC“"'/"E .
= Hevh P_(><)= [—:x)’ A G (X)) T AT~ ) #STEO
4=ra Prx)= —125%7 #£05Dx = 28 % + S5 =0-
£ f:’:,“ﬁ = Som e o e Al) = 25ve? _30xr 4+ S ~1 =0
= P R A
Verteontly : 8T
T, cosG = TLcos(‘N) -e) g, r;llx_l_-\;_‘
{3n T‘ cosG =T, Sun & g Lo
i""—/’g“
[
=
FQ }ZT’ = S_'T’ + ORI
77‘/.;_ owxs2
T~ ‘fi;‘_’j’ Newssous,
' %x—/iw-/‘/%’ 75T, cosE = /M/VL (‘/
ox;a/ (7 k’wa/a.
} T 51> )= en L5 (5
i3 g
7

L S X7 o =
CovtE TS = = /0 gm/n‘:c_



A A A R " T RV IV Y R T I VI T YU VA Y 3

W @ o R B W W W A ¥ W W W W S e W ws W

Qg_o_:)‘m»; Sx

6 =20 => ‘"73:
TR /"‘-—,—34-{-2_
f - L .’(7’- 6‘:‘»/44’1“@
4= = 24
(] & Z
« . C——-—.?—-”_
3 ..
‘ h=20 H= T T 20, -+ 7
z %
- . 20“>-—_Z_T"
. h=— —!—.
- o 5 &o -
& %4 +_4_:"”
- 7 -4
C=Z(7-%).
V7 r = =
/4 /%047/5\ Stce '5,//"5
_ 3
"Z’(%'"H')L' —g_[——
Lolime ofa shee Q[/: z(?4+2)"(7— £ ), 84

Vd/l/me o Sosior [/':-é
e Sh~=o

T G V=% (”‘*”)772;“ s
\/’_ﬁ\/’(?4 L-,;—/zo‘; o) (70 ~4 ) o4

77‘('.?47«27 (7 4) £4.

V‘ f (6204. v PLool, + 2 Peeo - QLT /wk",—@(/q

V’ oo LZ/OA? + 2ol b 4 2 Eovvde —.Zf.d vod 3_1‘,5’(3

\/—;:77; / %ﬁ;('z,/o el O 7«'7o~<4r‘—/4o-/o7= PO rn?

— Quostizn Seven . i/
) ZH G I-ARCE I I T $~ + ¢ lo
Pt () = ane - 210+ ¥
pet V'O)z o

Grr_ 2204 7 =
(Gro -+ ) (x =2) =05 l/
— I~ = -5 Cr o= L )
pCr) = o R Am 2 Uy dowbix  rood ,//

' - — 3

P x) (re=2) (3w s 1) l

)g) \)‘ @95 Gir 534(3) Vo TSt Aot et ~lo Lot TRt 07
N @a;b+}k Sf/\@ )":cg;.b‘é:u—}ks?ne

ECL,MLL tm‘\d,,\m./
sim So= St _fserely of
=5l P P o (Jwnt) 2° r.o7
SC/'Z/..) JA“‘)A o0 1947 & 27
= S~ IQ/J + 527 —fo07 plon T 127 v
sin TO = )L:/u/‘y»"é - 2o 4§95 N !
1) Sin L = 6 T 7 202l P £ Sedn
. o} = Jo g~ T ’10M37v + 4 al~d
; O 44»»«7&.(_44/‘—»« kvqufl)
; (6] 47WLC‘}W7\-—I)CM ‘.L—I) L
—_— NN O J Srate = '?4L- sinl A = @
LS e - o S = "l’lz, S~ A =+ ”/
7\,:0]"7 )iﬂ%; Tj[) 7/1) IL&TJ ﬁf: ):‘TZT . //
O)§o, 33", 150° 210° 330, A%, AT
Ca Sgl,\s) )
PoNebe sy
A VI L L
e v e M}ub_,-*
T3 Wit LA b
Eevhe c,\.,;,u,
: N-A o W\\is;f\j
o . — O\u\uh’»‘w: ey b
- P I O
A C b & B &
7L 4 6 $ 7T 4 S 3

GAS
O




D7 play)
C—) l\ﬁ E l) K:b’k - ‘ﬂ": (N s l'g/ll"
? ¥ = b — D ggim L
5 N (s c.m,,i-)
A %
/ wab Vg = MR- 24
b —”r(mr)(z Dy 3
(v‘thﬁ—}) -—r(l‘a 2.1;—/52\) (bo- m—lofk}/}/)ij
P =T (2b -250- As) D 2y
IS =T (ll:)AIL— PYW.IN —())\)L) 2
=N (1L "lh,) 1_)’51~ Bard) Vsmll]
'4«{ L’O”)&)ﬂl
) =40 (o)) Koz xk
DV = b 4T (b2 )Ta -2 Dr. | Nkt (5 cmswer bo
~e peck )0 PR e o Ko
wj‘ )Ml R dn ov AT b BT A~ bio
X P

ax> wt [owvis (;._,.,")

1)

4ﬁé)

-

Yot -t el - 47‘]

47)‘!’]4 Fal-nrdn - O [J’f)gaz

=4nb ()
2t at b

v 1

,
{ Grec. of &

e 6 Loas
la ¢71357

)

Che ’\aﬂ_c&

a/c; RN '[:)//w’w

fua shisom <) { e

$2 inn

4+ .,.;( Mj“:\d‘)iv

IVe T = 4 é} 2

- N OoLd;) y

y)

C/;L/(

[(a(c,
s 7]

skaldls ke

J/IL»J

LQML')’LR;;A E.\:)\«-\

%)

'}\))/‘A/lf‘é.'\ o= I

LHUS = ¢os (it W

T oy Loy M = $ra e 50T

R B
AHs— - <oy Jrin Lo n= | l/ -
,Z/ASSLA""L traao Lo nz = -
s (JC+ k’z\‘):(—-i)kLJ3 . _
3/Pra-JL Yoan £ no lea | —
ocon [+ Cleedy ] = (- s _
LU= Las [ Carlon) 47 B
= Cos Our ki) (oo T - svia (e ]&ﬁ“) sin I/ B
= (" I )(‘_Lt’;ﬁk ‘) '<U> / '(‘Vuw\ oy 5w
= (—1) B cosa &Cnlv il Tt Ellony ) -
R HS Crmim Latl Lo ddosye) —
AR EPNEE (& bree  Lor nz=le ) beed e —
e ey ) F oo Lo S NN VPN Yoon ,/ -
‘ Corazlei=t & e So> o~ For  wlt ppestivg @ —
_ tn-‘ano/‘)
Notas
C AW proely shea o Clow , guein ey shacla
leaer 4o 4y slep bolew
e ot SA Ape 3 wvsda oo b Sape Bl ey
pozre Coomh e g~ oma  Sidka e s
PRV B O ja sk ot ‘\l/
o ’5',‘,&;\.;&,/ Boelm  live wilazre  pnophed
. A N
2an




B 1)

L{\_LL‘ T. N A e Lt /\/
EAE A 7
lo‘—v /\"\" -
S O & = yos " -
S PaN ool l‘]) (;;3 6\: 7 , M= QD‘\D , 3: IQMs" .

Vl;f\ g‘\‘;\*”\( A= dovadk. y -t

T(Q& & f\»r N o b —_ W\j é—_. |/ —
T 4 TN = ko —
] ]
I$T 4+ (N = oz _
N= s-T &

l"&_} w;7¢V\ Lau((/

Taon B ""f\rs"/\ © =

SN 'al". Vo
T - s = G(D“S)L'%)@‘ I/ Con b Fpn -
= 7 5 @0*’-@) waret
FTT-FN - = Ble-4 -
T —nN - 4o g . —_
; T - (6v-T) = 4o-¥ —_
. AT = [>%°% —_
i T = 54-4 fewtony VY _
) N~ Y- 544 [ ton sec CFPA] o
= 134 Newton Yy o
- ) e T=N [ NO (prRY T/RouGH erpor] —
- Fhon  Tson - T50AnB = i rwor —
- ' A s f J;iwﬁl 2 Ao b .
B Jhr=0 e ss 1y et muu;rxj (2. W\;-/l;) .

W\/\’W\M’."’

VE (oo -\-),
MMadiead 4
o (;) ro oty G A A, B AtRA -
_@ Seim ol reoks  2didp = -F
| e 2 HE 2
Now A A1, o pewt - O‘E 1 en rowt
- gunboy t A t{% tn T }”'lhl*’ etV =0
— - .-
_— (27 p 2 vy (B) s oy
-3 3 ¢ ol
— R (
.,P:( ;,)\}ai A 4k7’ + Cr=o
}434 4}/)4} + v = O y
[2aV Y 2 A

<t = ;‘5*7
S et Gen (T, LT
Swmn  ARrAF=-p = L (EAY)EP

o Puvo dant 0&“\‘ o~ oA

(B Y)Y E Y B g,

f pt A B4 RY Ve gt % 2

Cprrity Lp = 9
Prosech prCpsy) =-7
5bsh i 3 _ 4,)”@_ + T =o }
[ 2 Cpan)I P —e[-2 (R+d) [ +¥) 7+t BT #5LEY (K49
SS () F[(a )4 (Rr) L8] = TR ()
==5(B4Y) [(ER) - ()T - F R H K]

_ {

i
T -

I

CLHs

1o

D ¢ = (}I H

A B C
2.% 5§ 173 b4




