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1. ALGEBRA
Quadratic Equation

For the quadratic equation ax2+bx+c¢ =0,

—b++/b? -4dac

X =
2a
Binomial Expansion
(@a+b)" =a"+ I R N R
1 2 r

where n is a positive integer and | " |- nt___nn=D..(n-r+1)

r (nﬂr)IrI rl

2. TRIGONOMETRY
Identities

sin?4 + cos?4 = 1
sec24 =1 + tan?4
cosec?d =1 + cot? 4

sin (4 + B) = sin 4 cos B+ cos 4 sin B

cos(A+ B)=cosAcos B Fsind sin B

tan(A:tB)= tan A+ tan B
1Ftan Atan B

sin 24 =2 sin 4 cos A
cos24=cos?A—sinfAd=2cos?A—-1=1-2sin* 4

tan24 = _2tand
1-tan4

Formulae for A ABC
a b ¢
sind sinB sinC

a2 =02+ ¢2 - 2bccos A

A= J2'bcsinA

45",
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Answer all the questions.

1 A company purchased a colour copier machine at a cost of $8500. The value of this
machine decreases with time such that its value, $V, after # months of usage is given by
V =8500e™ , where k is a constant.
(a) The value of the copier machine is expected to fall to $6400 after 8 months of usage.
Estimate the value, to the nearest dollar, of the machine after 2 years of usage. [4]
At t-8, A =24, aow eck
6400 - g500€ T TMITVERAEs Ve 8500¢ ¢ OPTVT LMT it vala
<k o = §$3628.2
€ = %5 ¥ !
= \J nenrtst dotar
o A3, )
-k = Ing
. Lnbt
k= gl 5 | ofher
M) Ve of &
= 0.03543
(b) Copier machines are to be replaced when its value reaches % of its initial value.
The company’s manager, Mrs Lee, claims that the machine will last for at least
5 years before a replacement is due. Showing all necessary working, explain
whether you agree with Mrs Lee. [2]
- .0.0354C
Higst0) - Bebe ™
In§ = -0.03543HL
e Ins
T 003547 ulher (avow ecf)
Thtkernative] [M\] Value of ¢ in months
Value, = Jfr* g500 = 54,359 months
= 4'- 10,‘ ~,
W (] ® 4.5% years <5 years F ST how Wmparison & respect 1o comtext
Vo & (-0:0354H)(60) allow e§ it ~ ol
tn = R500€ s e borastion [ erence + Syears explain
= &loll-g¥ Disagree, it will Tequice ateplacement .in tess than 9 years.
Disadres =

[Turn over



2 (a) Differentiate 2x sin%. 2]

Penalise wndey
{presenation] it %(11 gmll) - 0% —;—_ ml;, A Zs‘m% (] producy mie

L s written without
defing m~|=1xs\w\’i

Xms}i + Zsin—’i— A

(b) Use the result in part (a) to evaluate J: 3x cos-;idx , leaving your answer as an exact

value in the form am—b, where a and b are constants. [4]
From (a),
n )" ) .
(TrwgZ 4 2sinl dne = Pou s ], TR aNVE]

; R A LIPS °
(s ez [peink] - (g ax — W] — Jorasian > und )] - [ 2sn
o 0

' T
) —— = Cmindo) - [hesk |
for _5:510,”'{.'!*

AT
O S L N it

. gty 3 g
: qlﬁn% § lmS%L e } MM
[ o :
T M = ln-%
- (rind e 2ok-20g) —— ML
Vauwe
: -3
C(v-) {3 s = 30TH)
. s A\
< -, N

> br-l2
P (——T



S

Itis given that f(x) =2x’ + px® +gx+3, where p and ¢ are constants, has a factor of
2x -1 and leaves a remainder of —75 when divided by x+2

(a) Showthat p=-15 and g=1

e “
{‘(-‘-) 0 ' ctudents do not chiow =0 Gralt.
3 =
2(3P+ P+ q(3) +3 =0 (M factor theorem SRR
[
-2¢-13) = 9-3
#F*Jiqv*‘;% =0 D(lq' w) = -3 TAfor Lhankran
-41-15 =9-31 | shown fhrough
ptgt 13=0 SubStitaton of
= -11—\3 —0 5g,25 QM'\Q:‘M
MEthed .
I 15 7l ‘\
(-2) =~ '
22+ pl) s a2 = -35 (D R
. - = =200 -13
24 - 08 gy
2,} * 9 -3l —P = -5
(b) Solve the equation f(x)=0. @Fvomv‘ if no “=0” arall. [4]
PX) = D15 LED NoK: 1§ both ] torawaded, no TAZ)
i 3 S0 Cu) ()
L v Method %2 ! 1 ERT
R e S R 1t YR () 00 -3 2 5,
- )Lni.n;?g At atalad SR Nl e -(1)t |{—v;)-4 (1X-3) -
n L ‘ S e 20
ﬂ)&—*j——" - [l : 1.41 or -0.40B
~bxtl aparing weft. of X: ‘/ e e
.—(-G)U'J) OR [ﬂ'-]
— = 2¢3)-B el awdavded
— g = -6- K= ALIbL when quadratic
s o Kofmala shown -
(¢) Hence, solve the equation 2k«/-l; + pk + q\/% +3=0. [2]
(Attermarive) let x=Jk,
Wt ke %
”"B K=3 R JK = 405! Ok |g= -0-4o5h
.3, 548 0.164 (re).
‘f_’i_sﬁg,’_/ J“J‘m k = :4o5” ey

(&) = 54.% m‘h

musk show rejected value.
(since Jg>0)

[Turn over
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angle BAD = argle BLD= (%
4 The diagram shows a vertical cross section of a tent in which 4B=2m, 8C = 3m and

It is symmetrical about its vertical height AD and it is set up on horizontal ground. A

(a) Show that AD =3sinf+2cos0.

[2]
N AY

Xes 0 = ] AD= AY YD
istbe
St . Y= 20sb IN " = A+ BX s T shown
— el .

o M1 = Jwsf + 350l
®sing = 3 }/
BX = 3sinf

(b) Express AD in the form Rcos(f—a), where R >0 and 0° <& <90°. [3]

let Roos(8-a) = 2we( + 3sin®
k= (23 W

R [E

3

fanol = 2

> AD: [13 s(6-56.3°) TA]

R 361 ws(B-56.37)

= 1o (3) (]
56.309°

"

56.3°
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©

5 as (6-56308) + 345 ¢ ass
3 ] allow ect (maxdm)

-56.209°) =
210 i 3 for error fam (b)
: -1y JuUs
ref. ¥ = oS (ﬁ
= 16.891°
gince 8 is awte,
§ - 56-309° = 16.59!’
& = to-€q1"+ 563097
= 332" [a)

(d) Find the value of @ for which 4D is a maximum.

magiram value ¢ AD oaurs ot :

\ LMi] allow o€ fom (b)

S (8- 56.307°)

§-56309° = 0O
& = 563 [A]

| W=
(_P;\-\U(\MNQ,]
5\0\71 (35 +30eb)

M) atlow ek

= 3 wser - }5“\& C J .0

(Redko show 50+

s G - 2% = 0 Roc maginum -

P ¢ =3
b s b3 (ouate) (M)
P

Given that the vertical height of the tent is 3.45 m, calculate the value of 4.

[2]

[2]

[Turn over
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S () Given that log, A* =10 and log, B=2, find the value of log, pB. (3]
2 lag A =10 [Avernative @) [A%emative @]
0g, A =
\oqr A=5 ZlogpA =10 - 209, A0
f either \099A= 5 Im] \09 A= 5
\09'5 = 2 tM\'] ] i3 B P oer
P: : B l03p‘ PB s W::T LM\] [M\]
\ AP = NSPP = é’
logypB = 199 P )i’ 10geP ¢ 109, ® R
Thernative @) loge A ’ 9948 - %9_;_% ) }5 m)
thange 1o base A \ogr (Pxp‘) e 142 Je
2 = 5
\Wgoh=5 1 4 5 B s log P+ leg b
¢ L eé:t\\%r e = 3 o \0gy P a In
V%3P = B _ oy (p 2 L, 2
z —g st g
JAk TR T - 3w : 2 ()
0g P , 2, 5
\gyb = 2557 F
WYpt 038 = %*%-% a1
() Solve 3* =6-5(37). [4]
365
PRL (39~ 5 D] MR by BT ety
31*— ()(51-) £ 5 0
Let usz 3"
N = 0
Wom b \ M) Yoty (substitutiont fadtorise)
(M-)(u-5) = O
we ) or U= 5
L
sy 70
LERLY]
LS ‘% ’ q; €D deduct TM] i§ any A valued wjected .
\
n =
LAY 193 ) g wriken as \09/|og.o
= 146
e
A

( acept W ‘0335)
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The diagram shows a wind turbine with propeller-like blades that have a length of 37 m
each. Wind turns the blades that spin around a rotor in the centre to generate electricity.
The height, # m, of the tip of each blade above the ground, ¢ seconds after leaving a
particular point P, can be modelled by 4 = 0'-37cos bt , where g and b are constants.

P 80m

— =% . 2

onaverage,
The centre of the wind turbine’s rotor is 80 m from the ground and,the blades rotate in

an anti-clockwise direction at a rate of 1 revolution every 8z seconds.

(a)  Explain why a = 80 and show that b = 1 . 2]
For b=
m ot ‘)o(n-\- P' t=0 [A\\'emmh\fu] \—'IL
et Accept all other equivalent answers: Period = &
afamplitle |, - §0-3% -when 1227, h=80  fund it >R} 5
- 20 &
* 43m - when t=4m, h=nt . b
- 2T
Al . N =g =1t
2 43 a- Fras(o) - when t= b7, h=€0 b = (A1)
I e A
~az= 80 min I = 43 tal) 4
ae W . g0 il Gos(amb) =0
2 b =2_=
an 4
(b) Find the time taken, in seconds, for the blade to f_'lr_st reach a height of 89 m above
ground after leaving P. [3]
h=80-3% cos &
% - J7- 13250, T+ [.3250
80- 3% o5 = ¥9
* = 18165 , 44665 [M)
1 89-%0
s g =
=31 1= %21, 119
4 —_ (1e).)
®s 3 = -3z D) (A

X sine fist tvalue,
= 1:3250 rud. venefit of JO:H= A
auept X oo (38)

ToXate Wote of of (14f-¥) wikoneption.
[Turn over
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The equation of a curve is y =5Inx. The tangent to the curve at x = e* intersects the

X-axiS at A.

(a) Show that the coordinates of A are (—ez, 0).

o€, Y= 5ine

: 5(21ne)
= 10 M)
d |
- 5(%)
-
= i
5
M @ e?) _ﬁi

~Eq® of tangert : Y- 10 = 'ésl( x- e_l)

Y = %x+5

S Infersecs X-axis, ¥=0.

M avoweck

logsi= — = = _:,-‘”ﬁ/c‘, 10)

R Ler wuc0),

W-0 _ 5
gL e

M)

loe? = ‘D—(Cz‘)") ‘_M\]

5 sn=5e
r O [mi] allow e<F. 5 .
S x = -5 s l
.E;:- - - e? ]
? = - Solve for % X
2 ! K€, 0)
x = -€
2 wordinares of A(-€", 0). (hown)
_———
(b) Find the area bounded by the tangent, the Wae )= e* and the -X-axis, 2
Area of bounded region {A\Rvmﬁvee{ !
frea = S ,-—s-;v(,‘l' b dn
= L x 28" x10 M) > ©

2 umide?
10 ¢ \._\f\\\:-»'__l a1l

OR 33 Junits®

1]

e T W

(%Q‘-}BQ’) - (%ﬁJ—SQ’)
- 5(’-&56’

= \0e* wats® [M)
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0

v

The diagram shows part of the curve y =

3 i 1 and the line 4y =17 -3x, where the
x —
curve intersects the line at points P and Q.

Find, showing all necessary working, the area of the shaded redion that can be expyessed in the
Lo - bInF, where a and bo dre constants.

[6]
Y= _34;:‘ - Area of Shaded region
-In
4Y=11-3 I L
Y ’Ix' 5| 4’ - gl’ *
\f; 133 __@ ;
N o120 - o)
) 4'l g [ 3 e
§V\\9@i'\"f°®'- 1 ) ———
M0 Lvd
Eﬂ = X M Oreat wnder ine Orea Wnd ey cUunve
4 N = L ]
- eyl (35-2) - N4 -tn2
(13- 1) = 28 = LL}(‘?)— g(g)} (4 g) i iL______J
Mi] either dobinite
Bix -13-9Q*+ 3w =28 _ c_‘i_ %\- . %\htg) L in\eu\fa\\l’:\\we.
8
Gun* - 542 + 45 =0 ] overan -1:\{“03
for \acko
K-t 5 =0 ec{;d\::\mw or & o= 'a:;\h} LAt)
ised —
(X-1) (x-5) =90 '(‘f;_f:::::;emréq)
x=) or 5 M)
the Y-axs
: TAerantive] 24ANT
e et G W dy
- S-1) - 3 ar
Prea, = ;LBST_;&B)_E ) . 3xl ) ]?’5
Ly -’|l\ y
3 =li_‘.(‘.} -1 3N 3T s
= 1) - X [\n(3n—|)]‘ [3. 31 ]os [ e
Seset (,M\_'l-;\-]r?q Wndev (urve "_'E\;,“ 3 M)
* 8- Flan-tnd) oy ; (M-ﬂ)_(‘l}) : [%\ns.s +% - Jhs- 6]
" \6 bk 6 6 e . B
s - Mo 0 Wy F T L
8- 3nE) et
= 8- 3t

= 9-(1+3 1)
= ¥-%wr (] [Turn over
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PORS is a rectangle with PQ = x cm and QR =y cm. It is inscribed in a semicircle with
centre O and radius 10 cm.

X cm Q
10,
/ ycm
7
7
I/ F
S 0 -} R

(a) Show that the area of the rectangle, 4 cm?, is given by 4= X J400-*.

[2]
yie (B) =0 = ¥ = 100 - §
\’ S !\00_!4_. (]! 4\!*: +00_1:
(Yinwe ¥2©) ]
. _y2
o) L Ared = 1Y 2y = [40-1
H ! © wWon \athon "
m:. Ly F n 00 - F m\g_g{-‘t:ﬂ\ﬁwﬂ . Y = »Jl- ‘\4{33%
_?LJIOO---_;F = nw// | ){\Ab
— e = A
mastbe = Z(2) (. =t} A shown a2 23 iy | )
shown - ) S - = 2 (3 Ja0xC)
: M T [400-
= % J4002®

_
= 5 400
Given that x can vary, find the value of x for which the area of the rectangle is

stationary. Leave your answer in the form ab , where a and b are constants. [4]

e

A n .
9 1 : M OR duotient ale
AL (oae) T (0 4 L(400-¢) M &
dn
2 f———':
. ___1.-—-—-—‘ + AW'K
- 7 2l z
= <R ENOT ony ORpTolE
.__—f-'-’-_._"-’-.‘
{400 M)
_ 200 - n
= '___.-—F
4001
=
for an n
waen %%: 0, ® = mg;::oa. A
e allowed, A P b ‘{'bt' o 73
wo o g o e
-n g Alntie VOV . R
e i (2 Go)
200 = N
ar df(‘ etC ...
W= J200 (i L >0) o
= 10 AL
'|'l_ EJ L 1

(ﬂfw‘ﬂ Sj'g' 0s per a_[; {om)
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(¢) Explain why the value of x in (b) gives the largest possible vaae of A and

hence, find the makimum ovea of the rectang\e.

> Proving| finding Mayimum area

Metnod #4 (2™ derivative test)

O\’A (200 1«) '-LH’OQ')C)-}(-I ) y (_1 )(400_”})_1-
o T x »
\
= #o-k) ™ EE‘I\‘I.Q‘L“NARM
(400-)9)-’: (4()0—,9"; %lﬁ,_ apeson
eck allowed
oo ROy I o (0
(a00-X)*
3
= E—-—-—EP;O"E
[&oo—n)};
ot A= \Oj_),
& fogz)’- 600 (0h)
- = e
3t (%0—1\)0)zt
= -2 <0
A\
‘ [A1] s vatue
sive. 4R o, wasimn & ai
\_____._-—-J

oGues ot A= \UE— .
S =

: 05 _(WEY
S M- aned = —s 400 (NY)
= gﬁ-jfa.:)—o
- 5 w0

= \Q 0 Cm" [A\ ]

musweﬁan

Exylanodions NOY aue(*&l-l

. . i
tx =102 1§ a Magimum gowt

[3]
®-' 9‘,& statel instesd of S8

Method 42 (1 devivatve test)

x| comy | 0B | CoR)
%\\%\L— S0 =Q | X0 [Mﬂ
Sk;tidn — N
mgm / ==
By the | detadive te5t,

S WMasimamaored ouurs af k= \0]2 [A]

0J> 2
< Max-area = -*i: 400 - (10f7)

0o, A

‘x=v0f3 is Moitum’ € Ofy wndear finaccurone

Idtion of e meanitg of 2t

[Turn over
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AB is a chord of the circle Ci, where the coordinates of 4 and B are (2, 5) and (6, 3)

respectively. The line y =5-x passes through the centre of the circle.

(a) Find the coordinates of the centre of Ci. [4]
Metho d g1 Method 42
: 16 Lex centre of C, Ye (0,b)
fid-point of AB = (i;, 5—?—) ! ’
lenathof AC, = lengih of BC,
= (44 ™ " g
5-3 (5-b)*+ (2-a) = [ (30) 4 (b-a)* )
Mg = —¢
g * *
L 25-\0bt Py 4-tatd’s O-6bt by 36-Lata
ER= !
29 -\oh -4a = 45 -6b- 1>a
Mo = 2 1] 0D = b+ 4b-8a
b-2at4:= 0
B48 of b Yrsector: b 20-y —O
16 8 2(n-4) For ine y=5-X,
Y= -4 —0 ot (b,
Y= 5% —@® b=5-a —@& [M]
M@ inyo @ auoweé M © into &
- §- nfersectio u =
-4 = 5% TN wpr 2a-4=5-a (M)
I =9 ond line 36=9
x=3 0=3
Ly 53 % [ouz 5123
=2 =9

3 wwe: (3,2) [ag

3 Gntre (32) )
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(b) Find the equation of the circle in the form x* + y* + px+qy +r =0, where p, q and

r are integers. [3]
Method %4 Method 42
rakiws = | 3%\ fodius = [
= F& LM\] - ‘]TB [M‘]
allow ek - =6
(x-3)> + (\,-1)l = ([ I Wsing WHYH 4 29Nk Hyte=0,
. . conweof arate : C(-95)
KZ—BL*W*\'-‘Ht‘r : 5 -gs3 5 422
9 -3 f=2
1y -bn-4y+3 =0 A 2= -6 Lf:_—_lr_;
i ys = I L0k A et of et pard gy
; t9-e Y, '//{i%:"l:”[?\:‘\m\m of Y.
\IT = |(—:L)"+ (’3)’-__(, 0 G:. .}Ll_;_ 1&_51_4’\’ ‘_5 =0
10.= 13=¢ A
c=3,
(©)  Another circle Cz with centre (2, 3) passes through the centre of C1.
Explain if the C; lies entirely within C;. [2]
< Ror G %0 Ve entley vidrin i,
Ca?
(1),(3) / diomerr of G < rrdiw of C,
Xeenee
@t
X T A 0] raditsof G
SR
Ldawerer of = 2[p < N0
~ 1 TAVY exglained vitly
t.ow\vqﬁson-
Qince dhe dameter of Circie (» is Shorfer than

_-\\r\_Q fodius of Girde €, o lies %RR\T within Cy |

[Turn over
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sin2x -cos2x+1 _
sin2x +cos2x+1

11 (@ Prove that +an x

K¢ =

2.gan wsx = (1 —ls"n‘%) i

Aan s + (2esx -1 Y+ |

2GAX WSH ¢ 2SINX

—_— =

260K WS + dcos*y

2¢in ( cosx ¥ Sinx)

2 cosx { Sin4 cosx )
/
sint
i TA) shown,

= fan

Adernaive,

NS = 2sinxewsw - (2osmr-1)
R e
Tsimews + (1)

2 SIS - L WS +L

2 s s~ Lsinye 2

B, }/(s'um wsi-~ @ex V)
o A

{ giny osn - Sip )

. wsie - (\'sin’n)ﬂ
L ol Giiiad A

cinL sk - (o8 ¢ \

b
AL LS 4 S

)
._ s‘\r\n,(c»w;#- G

e L sins s
e

gin
JESES
ws ™

= Xanx

) chown

[4]

UM double andie frmala for Sin 1
U"\ﬂ either (2w0s*x) selected in nuameratov
Or (1 asirx)Seiected N denomi pto¥

) M) facrorication

Adevanive
BRI L e
e o ] .
:m'mLaux - (ws$ W -SINR) x\
—_—
e o T |
i cos + (ws*at - dne) t )
2s t e U ’ v )
2siaxn X = wi’a 4 +lginn 870 )
ARSI Hoosa - Siff 1 (St 1C0s'%)
Cradl )
aginL(cofaasinit
1(0&1(5{'\\,{ wjn)
= SN\R
S U‘\l
= tann

25AR QST+ 24N %
Zanit QAR X 2 was*t

TMY doviaR andie rsula for sin 2

either Tnevaol : s I = 2 gelevred bivst,
\ faen s\ SN
oF denoveinglor 082y = \- 25 elected Gy,

Mt i = \- G

) ) foctorisation
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(b) Hence, solve the equation S}n 1300525+ =5-2sec’ x for 0°<x<360°. [4]
sin2x+cos2x+1 -

Hene,  4an

= H- Zsedn
At = 5 - 21+ tann) ] sz Lt e
award M| evenit. solution
Ko (@) 75 applied Wcorrectt
a1 ke -3 =0 wpp J

(2donn 43)(tanx-1) =0 [M1]

V)] 3 v
L ods-d o teel o

o= tan'(3) o= 45
= 56.301° £A=4S, 15
A

LR e \R-ol, 3607~ of
180"~ 56307, 360= 50.30%°

Jad, SR, )

3 %= 45 3T, 0%, 303 @"Mm‘ st e staded .

() acdocted for <dp antwen -
(eg. 123°134° or 303°[304)

ternative]
4ana = 9~ 2sedx

sive 2
e

s 2 o ‘s
SinK cosT = Dws’n —2
5 Wsh - SINLCS -2 =0
B s>t — sinnwsx - 2 (S« wsh) =0 My
28 *x - Siareas - dsia*x SO
(3@sx + 2sian) ( wosn-gine) =0 (M1

TS5 C o WSI= SIAK

tany = ";i tank = 1

[Turn over
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Water is dispensed at a constant rate into an empty paper cup in the form of an inverted

cone of height 10 cm and radius 4 cm. The water dispenser is a cylindrical container with
radius 12 cm. After ¢ seconds, the depth of the water in the conical cup is x cm.

X vengise Am overal for
QA for alosence of
wnits in (), (0

10 cm

3
(a) Show that the volume of water in the cup is ™ emd. [2]
r n
% o
Voo (=Y
PE gL M ANE
N (%); M)
vlumes 5 T (%n) (%) Ty ()
3T
= Lux [V own vidh swbstituion V, = T_%:_:o LY
3x5 of v into vo\- o wote, Tormula, B M [AD
. 4ql T 73000
e . Ane
15
(b) Given that the depth of water in the cylinder dispenser decreases by 0.0035 cm/s,
find the rate of increase in the volume of water dispensed in the conical cup, in
(oMmon
SN PHON: terms of 7. [2]
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Volues hagpente give
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(¢) Hence, find the rate of increase in the depth of water in the conical cup when the
volume of water dispensed is ke cm®,

[4]
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