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Give non-exact numerical answers to 3 significant figures, or 1 decimal place in the case
of angles in degrees, unless a different level of accuracy is specified in the question.
The use of an approved scientific calculator is expected, where appropriate.
You are reminded of the need for clear presentation in your answers.
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Quadratic Equation

For the equation ax2 +bx+c:0,

Binomidl expdnsion

Mathematical Formulae

I. ALGEBRA

-bt b2 - 4ac

2a

,"*ur =u*(i)"".(
!o-u, 

- ...(i), - u, *... * t.n

)

where n is a positive integer and
n! n(n -l). ..(n - r +1)

rl(n - r)l rl

2. TRIGONOMETRY

sim'A+cos'A=l
sec' A =l + tan' A

cosec'A=l+cot'A
sin(l t B) = sin I cos B + cos lsin-B
cos(l+r) = cosIcos B + sin IsinB

-- tan A+ laa B
t^L( A! B) = 

-

l+tan,4tanB
srn2A:Zsit Acos A

cos2A= cos2 A-sin2 A=2cos' A-l=l-2smz A

tart2A= 2t^!
| -hrtz A

(,

Identities

Formulae for LABC

a2 :b2 +c2 -2,bccosA

a,=LbcsnA
2

PartnerlnLeaming
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1 The variables x and y are related by the equation ,=* The diagram

below shows the graph of 1 ogui*t ,.
v

(10.1)

(0,-4)

Calculate the value offt and offt.

I

)'

.t

t4)

PartnerlnLeaming
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2 The Richter scale mersures the intensity of an earthquake using the formula

, = rr( !), where M is the magnitude of the earthquake, 1 is the intensity of"v")'
the earthquake, and 1o is the intensity of the smallest earthquake that can be

measured.

(a) Calculate the magnitude of an earthquake if its intensity is 1000 times the

intensity ofthe smallest earthquake that can be measured.

(b) In February 201 l, an earthquake with magnitude 6.2 was recorded in

Christchurch, New Zealand. Few weeks later, an earthquake with

mapitude 9.0 was detected in Fukushima, Japan. How many times stonger

in intensity was the Japan's earthquake as compared to the New Zealand's

earthquake? Give yow answer to 2 decimal places.

t1l

t3l

PartnerlnLeaming
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3 The diagram shows a hemispherical bowl of radius 12 cm. Water is poured into

the bowl and at any time t seconds, the height ofthe water level from the lowest

point of the hemisphere is , cm, The rate of change of the height of the water

level is 0.4 cm/s.

(a) Show that the area of the water surface,l, is given by A=Eh(24-h). t2l

(b) Find the rate of change of A when h: 5 cm.
Leave your answer in terms of z , t3l

PartnerlnLearning
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4 (a) Explain why there is only one solution to the equation

log, (tl-+*)= loE6Q- x)

PartnerlnLeaming
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@) Solve the simultaueous equations

4'.3 =32

9'+1Y =

2"v(

I

)

0 t7)

PartnerlnLeaming
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5 (a) Prove the identity cot 2r = -J- - 1* ,
Ztar, x 2 tzl

(b) Hence solve the equation tan.r(3-4cot2r)=3 for 0"<x<360" Isl

(c) Without firther solving, explain why there are 6 roots to the equation

tan|(r-+cotr) =3 for -3(f.<x<720. 12)

PartnerlnLeaming
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6 The curve y = e2' ,fl - 3a intersects the y-axis at the point P. The tangent and the

normal to the cwve at P meet the x-axis at I and B respectively. Find the exact
area oftriangle PlB. l7l

PartnerlnLearning
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7 In the diagram, CE is a tangent that touches the circle of centre O at D-
lD is the diameter ofthe circle, E 4 cuts the circle at points G and l, and EB cuts
the circle at points F and B.

E

D

C

(a) Given that l-BC is a straight line, show that triangle IBD and triangle
DBC are similar. t3l

PartnerlnLeaming

rL.

10

()



BP- 13

(b) lf BE = AE,show that EF= EG. t4l

PartnerlnLeaming
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8 (a) Write down the first three terms in the expansion, in ascending powers of
x

.r, of 2 , where n is a positive integer greater than 2
4 t3l

t3l

O) The first two terms in the expansion, in ascending powers of x, of

(r + ,1' [z - I)' arc a + bx' ,where a and b are constants.' '( 4)
Find the value of n.

PartnerlnLeaming
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(c) Hence find the value ofa and ofD t3l

PartnerlnLeaming
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9 The diagram shows a pmallelogmm IBCD in which the coordinates of the points
A urd B are (8, 2) and (2, 6) respectively. The line ,4D makes an angle d with the
horizontal and tand=0.5. The point -E'lies on BC such lhat AE is the shortest
distance from I to BC.

E

(2,6) D
0

A (8,2)

o

(a) Show that the equation of line -RC is 2y = x +10.

(b) Find the equation of line lE and the coordinates ofD.

v

C

x

t2)

t3l

PartnerlnLeaming
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(c)

(d) Find the area of the figue OBEA, where O is the origin

Given that # =: find the coordinates of C andD t4l

PartnerlnLeaming
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10 (a) Solve the equation 2cos3.r+1=0for OSxAz.

(b) Sketch the graph of y =2e6"3**1for 0< x <zr.

v

PartnerlnLeaming
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(c) The equation ofa curve is y=-!E!I-, where 0Sx< ,"-' 2+cos3x'
Using (a) and (b), find the range of values of.r for which y is a decreasing

function. tsl

PartnerlnLeaming
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11 (a) - 3x2 +4x-20
Express -# in partial fractions' (2x +l\\x" +4) tsl

PadnerlnLeaming
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(b) Differentiate h (.r' + +) with respect to.r.

(c) The gradient function of a cuwe ts
3xz +4x-20

Q.-D6'1
Given that the y-intercept of the curve is (0,1n4), using part (a) and @),

find the equation ofthe curve.

END OF PAPER

PartnerlnLeaming
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Mathematical Formulae

I. AI,CEBRA

Quadratic Equation

For the equation ax2 +b+c=0,

-b+ b2 - 4ac

2a

Binomial expansion

Identities

Formulae for LABC

,'* oy = n *(i)"".(;)o-o' . .(i)o- u' + ..+ b"

where n is a positive integer * 
[;)

nl n(n-l)...(n-r+l\
rl(n - r)t rl

2. TRIGONOMETRY

sin2 ,{ + cosz .4 = I

ser'A=1+tart'A
cos*z A=l+cotz A

sin(l + B) = sin I cos B t cos I sin B
cos(l + B) = cos lcos B + sin I sin B

-. lart A+ l,;n B
tanll A+ 8l = 

-

l+ tan A tan B
sn2A=2snAcrllsA

cos2A = cns2 A-sin2 A=2ers2 A-l=l-Zsin2 A

wr2A= 2t^!
| -tai2 A

abc
sin.4 sin B sin C

a2 = b2 + c2 -2bc cos A

t --Lbcsn-e
2

PartnerlnLeaming
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I (a) Find the range ofvalues of;r for which the expression 3-2x2 is negative. 12)

O) Find the set of values of the constant k for which the curve }, = xz lies entirely

above the line y = &(x+1). t3l

PartnerlnLeaming
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2 (a) Find the range of values of ft such that the line x+y=3 intersects the curve

x2 -2x+2Yz =ls. t4l

@) State a possible value oftifthere is no intersection between the line and the curve. tll

PartnerlnLeaming
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3 A polynomial, P, is x2'-(k+t)x'+k where n and /r are positive integers.

(a) Explain why r-l is a factor ofPforall values of /c.

(b) Given thatk= 4, find the value ofn for which x-2 is afactor ofP.
Hence factorise P completely.

PartnerlnLeaming
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4 A projectile was launched from a catapult to hit a defence structure on a fort. The height,

h metres, of the projectile above ground is given by the equation h=*2x2 +3x+1.5,
where ';r metres is the horizontal distance fiom the catapult.

(i) By expressing the fimction in the form h = o(*-*)' + r, where a, m and n arc

constants, explain whether the projectile can reach a height of3 metres. t2)

(ii) Given that the defence structure is 1.4 mefes horizontally from the catapult and

0-8 metres above the ground, justifu ifthe projectile will hit the struchre t2l

PartnerlnLeaming
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(iii) Sketch the cuwe of h = -2t2 +3t +1 .5. t2)

h

.x

PartnerlnLeaming
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5 (a) Differentiate ln (sin x) with respect to .r

(b)

t2l

tll

a

L)

Y - _cotr

-rE

The diagram shows part of the curve y = - cot t, cutting the x-axis at

The line y = -.f inbrsects the curve at P.

(r) State the value ofx, the x-coordinate ofP.

(;')

(ii) Explain why the expression

region.

[I -cot x dx does not eive the area ofthe shadedJ,,

tu

PartnerlnLeaming
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(iii) Find the exact area ofthe shaded region

PartnerlnLeaming
28
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7r
12 )=it'-*t5 (a) Without using a calculator, show that cos t3l

t4lO) Evaluate J'l 3 
"or' 

, - rirr2.r d.r exactly.

PartnerlnLearning
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5 (a) (i) Factorise x6 -64 completely.

(ii) Hencesolve xu -64=(x'+n)' -(rr)' .

PartnerlnLearning
30

O) Find the values of the integers a and 6 for *hi"h + is the solution of the

equarion 2xJ1+x$2s=xJE*Jn. t4l
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7

A

o 3l cm D

The diagram shows three fixed points O, A ar,d D such that OA: 17 cm, OD = 3l cm
ar:.d angle AOD = 90" .

The lines lB and DC are perpendicular to the line OC which makes an angle d with
the line OD.
The angle d can vary in such a way that the point B lies between the points O and' C.

(i) Show that AB+ BC+CD=(48cosd+14sind)cm

L

B

t3l

0

PartnerlnLeaming
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(ii) Find the values of d for which AB + BC + CD = 49 cm. t6l

(iii) Find the maximum value of AB+BC+CD and the corresponding value of d. 12)

PartnerlnLeaming
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E The diagram shows a roll of material in the shape ofa cylinder of radius r cm and
length / cm.
The roll is held together by three pieces of adhesive tape whose width and thickness
may be ignored.
One piece of tape is in the shape of a rectangle, the other two pieces are in the shape of
circles,
The total length of tape is 600 cm.

(i) Show that the volume, Zcm3, of the cylinder is given by

It = r'(3N-2r -2tr).

PartnerlnLeaming
33
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(ii)

(iii) Determine if the volume is a minimum or maximum.

Given that r can vary, show that Z has a stationary value when , = -! - , *,no" 1,
l+ tr'

is a constant to be found, and find the corresponding value of /. t5]

t3l

PartnerlnLeaming
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9 A particle tavelling in a straight line passes tkough a fixed point O with a speed of
8 m/s.
The acceleration, a m/s2 , of the particle r s after passing through O, is given by

-4lra=-e
The particle comes to instantaneous rest at the point P.

(D Show that the particle reaches P when r=101n5. t5l

(iD Calculate the distance OP. t3l

PartnerlnLeaming
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(iii) Explain why the particle is again at O at some instant dwing the fiftieth second
after first passing through O, t3l

PartnerlnLeaming
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t0

v

.t

P(8, -6)

The diagram shows two circles C, and C, .

Circle C, has its centre at the origin O.

Circle C, passes though O and has its cenfe al Q.

The point P(8,-6) lies on both circles and OP is a diameter of Cr.

(a) Find the equation of C,.

@) Explain why the equation of Cris x2 +y2 -8x+6y=9.

l2l

t3l

PartnerlnLeaming
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(c) The line though p perpendicular to OP meets the circle q at the point I and B.

Show that the .r-coordinates of -,4 and B ue a+bJ1 and, a-b^li respectively,
where a and D are integers to be found. Ul

END OFPAPER
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lflathcmaticul I ormu laa

I. ALCEIIRA

Qrurlrutic lityrution

For rho cquatio,r arl + /r.r.. + r' - o

l* nonttLtl trytnston

litnuluc lbr L,4l)('

,o * r,1' - o' *(1nr,)n' u.(';)n r' . - 
[:),'' 

h' + .., + h"

r'hcrc re is a 6rsitir" ,rt"*". -, (]l) rt( n - r)t. rl

2. ',t Rt(;oNot\t L,'t RY

sint J icosr,{=l
sect rl =l t tan' J

cosecr.4 = l+cott rl
sin(,{ :t- R) = 5in,4 cos B tcros .4sin ll
cos(l + ll) = ge5 J cos lr+ sin I sin B

. tan A+lan B
aan( -4 t Rl--' l+tan.{lanB

siLr 2zI - I sin z{cos zl

cos 2,4 = cos' ,1 sinry'=fcosrzi I=l fsin2zl
?an A

lan 2y' = 
----I tan' I

h+ l>- 4a<'

2u

nl n@-l)...(n-r+l\

L'

sin ..{ sin R sin ('

u= :h'+ct -llz:crxJ
nA

IA=-lx s
1

Ai$s PR EU tVI/4 E./4049P 112023
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-l

The variables r and y are related by the equation | ==+. Thediagram' Ztk
I

bclow shows tho graph of - against x
!

I

(10.1)

(0. 4)

Calculate the value o{'h and ol't

h
' Zx-k
1 2.r-k 2 k

vhhh

Gradientoflinc: I ( 4)-!-3
t0-0 2 h

It=4

l4l

),-intcrccpt " u- -I
k :16

Atss PREUM/49404901 /20U
PartnerlnLeaming
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{

2 I he Richtcr scalc m(xsuros thc intcnsity of an oafihtluako using thc formula

" =*(+,) wherc Iy' is thc magnitudc of thc carth<1uakc, 1 is thc intcnsity of

thc carthquakc, and /,, is thc intcnsilv of thc srnallcst carthquakc that can bc

mcasurcd.

(a) Calculate the magnitude ol'an earthquake i,'its irrterrsity is 1000 tirnes the

intensity olthe srnallest eanhquake that can be nreasured.

(b) In February 201 1, an earthquake *ith magnitude 6.2 was recorded in

Christchurch, New Tealand. Few rveeks later. an eanhquake with

magnitudc 9.0 was dctcctcd in Fukushima. Japan. How many timcs stnrngcr

in intcnsity was thc Japan's carthquakc as comparcd to thc New Zcaland's

carthquakc? Givc your answer to 2 dc.cimal placcs

M =le

ltl

t-rl

t;)
( rooor"') .t- t=-)It,, )

6.2 = tg = /\.1 = l0't: /,,

,.0=rsff)=/, =ro'/,,

-!' =w" 
6: 

= 6-10.96 (2 d.p.)
I,-,

'l hc Japan's carthquakc is 630.96 tinrcs strongcr than the Ncw Zcaland's
eanhquake.

AISS PR EU M/4440.19/O1/2023
PartnerlnLeaming
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t

3 'l'hc diagmm shows a hcmisphcrical bowl of rzrdius l2 cm Watcr is pourcd into

the bowl and at any time / seconds, the height of the water level liom the lowest

point ol'the hemisphere is lr cnr The rate of change ol'the height ol the water

level is 0.4 cm/s.

(a) Show that the area ol'tlre rvater surl'ace, l. is given by A -- rh(24 h). l2l

l.el radius o[water surface be r cnr

r' +(12- h\' =12'

rt =tz' -(tz h)'

=(rz 1rz /,))(r2'(r2 l,))

- h(24 h)

Area./: t1 =n/l(24 h)

(b) Find the rate ol'change ol',4 when i 5 cm
[.eave your answer in terms ol z ljl

ff-rQ+-znt

dtt d,,1 dh

dt dh dt

= 7(24 2h)t0.4

tt(24 - lD)x}.4 whcn# 5cm

= 5.6tr

Rate ol change of surface area 5.6;r cm 7s

Arss PREUr\I/4U404901 /202
PartnerlnLeaming
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{

6

(a) Explain u,hy lhere is only one solution to the equation

log, (13 -+r)= locs (2 -.t)

log. ( t 3-l.r) = tocr< ( 2 -.r)
loe, (2-..)
r"tF

log. (2 - r)
I
z

=2log.(2-r)
log. (13 -4.r) = tsg 12-,1)'

(13-at)=(2-r')l
(t3 - l.t) = s: - .1-t *4

When r = 3, log n (2- 3) = Iogr (-l)is undefined. so

rcjcct x = 3.

The only solution is -r = -3 (ans)

AISS PREUtvU4E/4Ot9/01rOZ
PartnerlnLeaming
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(b) Solvc thc simultaneous t4uations

4" =32(2")
9'rl'=10.

4' : =37

2)r 6 - 2:

2

2

2.r t6=5 t.r t -v

-l'-.r+l -----(l)

9' +3' - l0
3r' r 3'' =lo
3:' r 3" =lo

(r')'+r(t')-ro=o
Lct r '3':

z: I 3rr l0=0
(u+s)(a-z) o

u=2 or n.-5
3' = 2 or i"- = 5 (reject since 3" > 0)
xlg3=lg2

.r = 
182 

= 0.6"1t (3 st)
le3

r,=182 ,l=t.6t (3s.f)' le3

)

)-z'

l7l

AISS PREUM/4EI4O4SO1 DO23
PartnerlnLeaming
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8

(a)
.lt

Prove the identitv cot 2-r = - (an" 2tan.r 2
lzl

eot2x- | - I ran.r
2tan t 2

I.l lS = corZ.r

I

Len 2.\

I

2 tan -r

1an '' .r

lanr .r

Zunx
I tan: .r

Ztau;.x 2anx
tt-___tan).

Zlan x 2

(b) Ilence solve the equation tan.r(3 4cot2.r)=l lbr 0'<.r<360" t5l

ta,l,v

latr -t'

(3

lr
\

(,

Iiln

]lan.r- 2 t 2tanr.r=.3

2tanr.r+3tan-r-5 -0
(tan -r t)(zran.rr s)=o
lanr-=l or tan.r= 2.5

basic angle:45' or 68.199"

.v -- 45'. 225". I I 1.8". 29l.tl"

Atss PR EU M/4EI40{9/O1/2023
PartnerlnLeaming
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9

(c) Without f'urthcr vrlvrng, crplairr why thcrc arc 6 roots to thc cquation

r"n l (3 4.nt.,I = 
.i tbr .l(.()" <.r < 72U"

2'

There are4 roots tothe equation tarrx(3 4cor2x)=3 lor 0o<-r<1600
liom (b)

Sincc lhc periorl ot' tan I(i-"+cot.-.-)is dorrbled of tan -t(3 - 4cot 2.t) .

there will be 4/2 2 roois to the equitrion lor 0" < .t < 360'

For 360" < .r < 720", the gaph of tanJi3 .4cor.r) would have

rcpcetcd 3 cycles, thereby giving li r 2' 6 roors to the equation.

t2l

ot{

trn I (.'] - 4cot.r)=3. -36Cr'<.r < 7:0P2'

I-cr -u-{,thcn rirn r,{ -1 -.1cor I r') - -l . -180"<.r"S-160.-2
l has 4 solutions in the donrain 0'( I < -160", I from cach quadrant,
lronr (b)

'I'hcreforc, frlr thc domain - I 80" < 
-u 

< 3(r0" , thc graph would havc
entered anothcr hall a cyclc. rriving rise ro 2 additional roots

'l'hcrcfore. thcro will bc 6 solutions fbr1, in thc givcn dornain, and thus, 6
rfi)ls 1() tho cquation.

AISS PR ELIM/48/4M9IO1 /2023
PartnerlnLeaming
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(t

l0

'l'hc curvc /-t,''./JJ intcrsccts thc.1,-axis atthc point /) I hc tangcnt and thc

normal to thc crrrlc at P mcct thc x-axis at,4 and R rcspcclivcly F'ind thc cxact

arca ol- tnangle l'All. l7l

-1, - o".,fi -3t
At/..v=() . -v-[.
(lI-2u"rffil1o"(l)t'-,,t"'r-'t

Jr'r,-[-+)"'-2e

z(l Lr) l
2

l-0,
2

E
J}.

(

('

Ar p ql=l
dt2

F-quarion of tangent: ,,-r -|t.-O)
I=-r+l
?

At,4. -r..=0. -r=-2

F4uation ol'normal: .r, 'l = 2(.r 0)

y -2-r + I

AtR. -r,-0

Area ol'triangle PAB

I
.l'--

2

'l 
= I ,ni,r'

)4
zr!

2
(,) (

I

2
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ll

7 ln lhc diagrarn, (Ji is a tangcnt that touchcs thc circlc ofccntrc (/ at /J.
ll) is thc diamctcr ofthc cirolc, /-,4 cuts thc circle at points (; and I, and /,3 cuts
thc circlc at points l; an<l l).

.4

L

(;
TI

i)
('

(a) Civen that -48(.' is a straight line, shorv that triangle,{lll) and triangle
/)lJ( ' arc similar.

/t1BD =90" (right anglc irr scmicirclc)
4l)R(: :9Oo (adjacent angles on a straight line)
'l'hcrcforc L,rBD : IDB(.' .

4('l)B = 4l)AR (angles in alt se*qnent)

Since there are 2 pairs of conesponding angles that are equal, triangle ,4 /i/) and
triangle /)il( - 

are sinrilar.

t3l

Atss PRELtMT4E/40|901 /2023
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t2

(b) lf lll . = ,11'.. sho*' that l .li = l.( ;

lljf'G - l80" - llll''G (adj anglcs (rn u str. linc)

= 180' (ls0' 48.1G | (tnglc's in opp. scgnlcnt)

:ltj.1G

= 4E18

/.1:(;F =180" IF{;A (adj anslqs on a str. linc)

- 180"-(180" ltll-4) (rnglcs in opp- sr-anrent)

4IIBA

- lLl).4

Gir en iili A1... tiangle I'.,All is isosceles

4.EB-4 -- 4.1':.4 B (ba-se angle ol isos. lriangle)

Therelbre IEGF : /El':(;
Hcnco trianglo E(ilj is isoscelcs. and lil; : l'.( i

AISS PREUM/49401901,2023
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IJ

E (a) Writc tlown thc li rst thrcc tcrms in thc cxparrsion. in asccnding powcrs ol

.r, of 2 , whcrc rr is a positivc intcgcr grcalcr thao 2
\-

4 Ill

[-r ]

Irt

lz-r)' - r" *\ 4) (1),,," (-i).(1)t,r''1-o;'

|,..tr.), '('j;'){r")., , .

,..(2" ') rn(a I)(2"').*' ,...

+

(b) The first t\.!o ternls in lhe expansion. in ascending powers of -r. ol'

(l +r)r 2 ar c (l + 1r.rt - whcrc .r and h arc constants
4

l ind thc valuc ofz

(l r rl (r r zr r .r')(2" ,..'(2"'), a(n r)(z' ').r' r...)2
-Y

4 )

,,"r(2"') rr(rr t)(2" ').t' r2"'t (2" ') r (2")r'

' [,,p,-r;1:'')-,,(:',')*(r,')]2'+x 1t'

comparing coefficient of x: 2" '-r(:" ')-O
2' '(:' .rr)=o

Since 2" J>0forall realvalues of n, n -- 21 =l(:t

(c) Hcncc find thc valuc ofa and ofb

comparing constant: a = 2'" = (r5536

( (:" ' ))+ .'

=u+b.r-

comparing coefficient of .t: :

/,=t6(t5)(2'"') tr,(z''), ( ) 294q 2I

AISS PR ELlMl4E/4OrlgP 1/2U23
PartnerlnLeaming

52



BP- 55

l,t

9 -l'hc 
diagram shows a parallclogram /lJ('l) tn which lhc coordinatcs olthc poinls

I and R arc (8, 2) and (2. 6) rcspcctivcly. 'l'hc Iinc y'/) nrakcs an atrglo d with thc
horizontal and tat?-O.5. I-hc point /i lics on B(' such that ,4/j is ihc sho(cst
distance lionr A lo lt('.

B
(2- 6)

0
.{ (tt. 2)

()

(a) Show that thc cquation of lineB('is lr'--t+10

I

C

E

L)

_\'

Gradient ol/l(' Cradient ol AD lll('/lAl))
I

tan0 =:-
7

I
Equation of &' r. -6- ;(.r-2)

,,=f'-r,o
2

2.r,=.r t l0

(b) l ind the cquation of linc ,4/i and thc coordir)atcs of /i

Gradient of;l/: 2

tquation of l/:: .r-2 --2(r-8)
.r,= 2x t lll

I
At interseclion: -.r r5= 2.t rlll

2

x 5.2, v=7.6
f-'oordinates ol Il: ( 5.2,7.6t

Arss PR EU M,/4U4049/O112023
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(c) Given rhat 
BL 

=! .lind the coordinates ol- ( ' and /)BC5

l.et coordinates ol'('be (-r. .r';
Using sinrilar triangles.

(5 2.7.6)

t5

.1

Alss PREUM/4U404901 i2023
PartnerlnLeaming
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t4t

lzt

C

4

L

u
(2.6) |

1

t 5.7 2 7.6-6
4 .r -5.2 l: - 7.6

.r - 4{3.2)+ s.2 - l8

.v = 4(1.6) +7 .6 - 14

Coor ofC ( 18. 14)

Midpoint ol',{(': (1,1. 8) Ir4idpoint ol'lll) (p. t11

2rp (trtl
22

Arca

= (13,n)

p-24, q-lO

Coordinales ol'D (24. l0)

(d) tind thc arca of thc figurc ()rti,ll. *,hcrc (/ is thc oligin.

.8 ril 2 l0

;l:
jr*

85.22
2'/.6 6 :l

4 r5 2)=:i:i,l ts'Lln
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l6

l0 (a) Solve the equation 2cos3.r+l=0fbr 0Sx <z

2 cos3;r + I =0
I

cos 3.r = --1

Basic anglc = cos I (i) +

t3l

t3l

Sincc 0<.r<.r. 0<3x<3r
- 21 4zr 8zr
J.t = 

-- -.-J.'J
2z 41 8.tr

9'9 9

(b) Sketch the graph of y '2cos3-v+ltor 03x(n

\
I

.

t
i
\
t
I-!-

\

II

I

I

\r
\l
I

!
I
I

1--
I

I')i

Atss PRELr[/./484049/01 /2023
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li

(c) The er;uation of a curve i, .,,= ^ 
tin-tt^ 

. r.vhere 0S.rsa.' 2 r cosJ.t
tJsing (a) and (b). find thc rangc of valucs ol.r tbr which.r' is a dccrcasing
l'unction.

sin 3.rv--- 2+cos-3r
d-r'_(2 r cos 3.r ) 3 cos -3.r' sin3.r( -3sin3.r)

ttr (2 + cos3.r]'

6 cos 3.r +.J cos- -l.r . 3 sin 
t 

3.r

(z + cos 3.r)'

6cos 3.r t 3

(2 + cos 3r)r

For decrcasing ti.rnction,
dr,
-:- < (l
dr

l5l

6 cos 3.r 'r 3 ----------------- ((l
(2 + cos3,r)-

since (2+cos.t): >0 forall valucs of,r, 6cos3.r r.i<0
2qrs 3.r + I < 0

llr
9

21 4r
-<r.<- 

or99

Alss PREUM,T4E|4049O1 /I23
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t8

I I (a) u*nr"., frffi in partial rractions lsl

3v +.1r'-l0 .4 lJ.\-(
2a ..,l't'd(2.r I l)(.r' ra)

J-r' + 4-r - 20 : .l(.r' + 4) +(B.r + ('X2.r + l)

Lct.. = -l1 (il - 20 ..1 +4)+0r)
2)

+4

Lct-r=0

Lct.r= I

.1 : --5

-20 - .,1(4)+ (:(l)
g.= 0

-13-5.{+3(B+C:.1
R-4

l.r" + 4.r - 20 4-r 5

(2"r r l)i-r' i4) .rr i4 2-vtl

(b) Diffcrentiate ln(.rt + a) wilh respcct to.r

a,n(..'."+)= .2'tlr .r' + 4

l2l

Al$S PRELIM,/4U4O,l!r01/2023
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t9

(c) -l'hc gradicnt t'unction of a cun,c is
3.tr +4.r-20
,r;il]]r 4--

(jiven that the.1,-intercept ol'the cr-rrve is (0.In4). using pan (a) and (b),

lind the equation ol'the curve l4l

dr, 3-rr r 4.r 20 4.r 5

dr (2x + I) (r'r +a) .r l4 2.rrl

" 4.rl-J r'+4
tu.

2x+l

=i 1' d.. [ 5 d.
J -t'+4 J2r+l

-2l 2t ,1.--r[ | 4.,'J.r'r4 J 2.r. tl

- 2ln (x'+ n)-! In (2r+ l)+ C'

f =2ln(r'rl) rlni2r rt) tn+

since (0,ln 4) is on the cun,e: ln:l=2ln(a) ln(r) i c
(':-ln.l

:
2.

f,ND OI.'PAPER
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2

l'1nt hcnnlit'ul Furnruhc

I, A L(; L, BRA

Q driralic l.4rdlbt,

For the equation zrr + hr + r' - o,

-h I - 4at

llinomial crynusiott

I<*:nlilie,;

lin'mtrhre fir NlllC

,, * or : o, *(l)" r.(;),",r, -, .-[,i),,,, b, + .. + b,,

wherea is a positive ir,.go una l") _ ul _ n(r - t). -.(n -r + l)
rl.(n - r)l t,t.

2. TRIGONOTTI'TRY

sint .,1 + cos' .4 - |

sec:,{-t+tarrr.,l
coseclul - l+cot: ,l

sin1,{ + 8; - 5;n .1cos 8a cos..l sin I
cos(,'l + R) - cos ,4 cos /i + stn .'1sin /l

tan(.e t Br = f9!f']3n n
| + tan ,., tan B

sin 2.4 = 2sin y'cos I
cos 2,.1 -cos;21 sin) zl-2cos': /1 l-l lsin'A

2 tan ,,1t^nl4=_
I tan: I

ah L'

sin I sin /i srn ('

q'- - bt t t:: 2hc-ct.x A

n=]bcsin.4
2

Alss P R EL M.l4El4049lP 2/2q23
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3

I (a) Find the range ol'values ofx lbr rhich the expression J 2.rr is negative. l2l

E
\z

I 2.rr < 0

-3>0
/T
,'!:
.,6

1

l<

r<

or .r>

or
v6-r>-
2

(b) fina thc set ofvalucs ofthc constanl * ftrr ivhich the curvc .r, - rr lics cntircly

abovc thc tinc .r, - I: (.r + I ). tj]

,r'>I'(.r+t)
.r'-*,r-t>o

For thc quadratic expression to bc olsal's positirc

b1 - 4ac <0

l: r4&<0
k(.k+4)<o
4<k<0

AISS PRELI li/V4El4049/P212023
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4

2 (a) Find thc rangc ofvolucsoft such thar thc lino r+y=3 intcrsccts thc cun,c

x! -2x+2t'1 =k. l4l

.x+-f,=3

.u=3-,r-<l)

.x? -2.x+2(3-.x)'=[

.r: -2.x +2(9-6-r +.r':) = I

.r2 - 2.x + l8 - l2-r: +2x! -k =0
3,rr - l4.r + l8-* =0
Sincc thc linc and curvc intcrsccts,

b2 -4ac>0
(-r4)'-4(3X18-r)>o
196-216+lzk> 0

-20 + l2k >o

k>z
1

(b) Statc a possiblc raluc of tif ifthcre is no intcncction bct\\'con thc hno and thc cun'c lll

s
Anv valuc thnr is < a'3

Al SS P R E LI I i/U4El,1&t9/P2.r2923
PartnerlnLeaming
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5

lcr l(.r)=.r" (* rl).r: r&

I(r)=r I Irt
=0

.. sincc rcmaindcr 0. (.r l) is a factor.

(b) Given that k = 4, llnd the value ol'a for which ;r - 2 is a lactor o['/'.
Hcncc factorisc 1) completely

f(x) *:"-5r'+4
t(z) 2:'-t6
Since-r-2 is a factor,

2'' -16 = o

,, I

f (r) r'-5.r'+4

(r r)(.r -z)(r'rrrrz)
(x t)(r z)(x r t)(r r z)

Arss PRELI[ 4U4049/P 2/2023
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3 A polynornial, /', is .rr" (* r t).r' t /r uhere z and I are positive integers.

(a) Erplain why .r-l is a t'actor of /) for zrll valucs of*
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4 A projectile was Iaunched l'rom a catapult to hit a delenc€ $ruqure on a lbrt. The height, h

mctrcs. of thc pmjcctilc abovc ground is given by thc cquation h --?,rj +,)-r+1.-5, whcrc.r
mctrcs is thc horizontal distancc fiom thc catapult.

(i)By expressing the lunction in the form h-u(.r ,t)t +n,where a,mandnare
constants. cxplain whcthcr thc pr-ojcctilc can rcach a lrcight ofi mctrcs. tZ)

h= 2.r: t3.r I l.-5

=-z(x'-t.sx-o.zs)

2l(.r 0.75)' o.7s: 0.75 |

2 (r 015)' 2.62s

maximum poinl is (0,7-5. 2.625)

Thcrc{brc thc projc',ctilc cannot rcach a hcight ot'-3m

sincc thc maximum hcight is 2.625m.

(ii) Givcn that thc dcfcnce structurc is 1.4 mctrcs horizontally from thc catapult and 0.8

mctrcs abovc thc ground, justify ifthc plojectilc wilt hit thc structurc. I2l

Subs (1.4,0.8) intol= 2xr i 3r tl.5

h--2(1 4)' +3(1.4) r l.s

1.78

/ 0.8

Sincc thc point (1.40 8) docs not lic on thc curvc i
thcrcforc thc projcctilc will not hit thc structurc.

-2xr +i:r+ 1,5-

A]SS PRELI MI4U4MqP2NS23
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1

(iii) Skctch thc curvc of h - 2xt r 3.r r 1.5

h

(0.;;.2.u2i)

tzl

t) t
I

(u. r.;)

h

o

[Turn overAISS PRELI lM./4El,O49/P2l20Z
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8

5 (e) Dil'l'erentiate ln(sin.r)with respecl to.y

il .

-lDirtt] 
1l

dr

I

sm.1'

c(lt r.

(b)

12l

iI

z
o

y - - (oLr

-,5

't hc diagram shows part of thc curvc .r. - -cot.y, cutting thc x-axis at

The line .1'= ./i int"rr".t, lhe curve at /r

(i) State the value of .r'/, . the ,r{oordinate of /'

t;
ta n .\-

tan.r

(;.,)

lrl

I-T

r ir
6

AISS PRELI I M/4E.IO4SP2TZ23
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9

(ii) Explain why thc cxpression

region.

l-cotr dx docs not givc thc arca ofthc shadcd

tll

A SS P R ELI \r/4El4(x91P2-/2023

I

The shaded area is below the-r-aris tt'rle frl cot.r dx , we will get a negitive

vnlue fbr thc arca 'l'hus I -cot.r dx drrcs not givc arca ofthc shadcd rcgion
[,

(iii) l'ind thc cxact arca ofthc shadcd rcgion tfl

I

' tan .r

whcn-r,- -S

,: -cotr dx
J

= 1 ln (sin -r)l;

=lnl ln1.,

= ln 2 unitsr' or
I

ln I unr(s

PartnerlnLearning
67
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10

t-r l

l4l(h) F.valuare I l2 3..rrl .r - sinl r dreractly

lz s)

(t :sin'-r r)dr

.11)rt6 (a) without using a caiculator, sbor.r,that cos

)=*'(; ;)cos

J'

7r

,j ct-rs x

)

.'a1..,*i1 l,',n'rl.'rl a,)
\.4/ \3/ \, 1/ \1.

,t:vr 
I[: I

sin'sclr= ['' ](:cos'.. t, t)I a'

- l' 2 c,rs 2.r r l dr
J,

I

2

co

J'

l,
4\

2

{(rJ'

I
2

-j ]cos2.t+1cos2.r+ldr
11

= [sin z-r r r]-:

=sllt-1-612
6t:r

1l

Atss PRELT ria4E./4049P22023
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11

7 (a) (i) Faclorise,ro -fr4 conr pletell'

xo -61
, .,]

=(.( ) -r'
- (.r' r)(." r {r' , 16}

= ( r - 2X r + ll{-rr + 1.1'r - l6)

OR

(..')'-(r')'
= (r' a)(r' re)

= (r' z')(-r' r z')

(x- z)(.r' + z.r+a)(.r + z)( .r: - 2x + +)

= (r z)(r r 2)("r' -* 2-r r a)(-r' z.r r +)

(ii) Hence solue .ro-64=(.vt +a)t -(z.r)'

16 -64 =(.r2+.11t -{:.t)'
(r+ 2)f.t- ?1(rr + 1rr +16 ) =.r' +8.tr - 16- 4"t:

(r+2)(.r-2)(.tl +.lrr +16)=r1 +J.tr -16

(.r+:X.r-?)=1

r--:=U
f = tlr6

A SS P R ELIIM/4E]4MEP2I2023
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(b)

?x.,/3 + rJt25 - .r1,4J * -,!2

:r.6+5.tr6 3'.,6*2rE
3.t,,,1i , 5.rJj :rr/s - zr,r

'(2.5 
* 2..,5)- 2"6

L2

Alss PRELr rM,r4U,rO49P2()23
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Find the values of the integers.1and b for which f i,,r," solution ofthe equation

2.t.6+.rJtx =.rJa: *Jtz t4l

x- 2r3

(2.,,5.:.6)

t2 - 4-li5

(zr5 -:.-i5)
'PEI2"5J

12-24
12 4,,iiJ

ll

-r * vi3
')

a- -3, & l5
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8

1,3

A

o 3lcrn

The diagram shows three fixed points (/. ..1 and /) such that O,1 17 cm. Ol) li I cm
and ang,lc AOI) : t)O" 

.

The lines ,4li and /)( ' are perpendicular to the line 0(' rvhich makes an angle d with
tho linc OD.
The angle 0 can vary in such a way that the point B lies between the points 0 and ('.

(i) Showthat lR + BC +CD *(48cosfi*l4sinf/)crn.

B

CD
stnd = 3I
CD = 3lsiud

OB
srnd = 

-
OB =17 sin4

1Bcosd=--
l7

AB -17 qs0
OCcos,t_-
JI

OC =3lcore
AB+BC+CD

= ITcos d+3lcos d -17sin d +3lsin I
= (48cos d r 14 sia d) on

trl

AISS P R ELlltvU4U4049/P 2,/2023
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t4

(ii) lrind thc r alucs of 1/ for rr hich ilJ + l)(' + ('D - 49 cn

48cosd+ 14si:r0 49

Rcos(d-a)=49

R- 81 + 1.4:4

t6l

_ -50

,/r+\
d - t,nl-'l 

-[ ,rr.r

-- 16_2(f

50 cos (a- l6.26") = 49

cos(O -16.26"\ =9
-50

Reference angle : 1 1.48o

0 =27.7',4.8"

(iii) l;ind thc uurinruru rrlucof ,48+8('+() andthc corrcsponcling valuc of O 12)

rnax 50cos ( 8- i6.26")

-- 50

occru s rvheu cos(a t0.Zc')- t

0 - 16.26o = O

9:16.3'(1 d.p)

A SS PRELI| 4U4049P2rZ)23
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9

15

'l ho diagram shows a roll ofnratcrial in thc shapc ofa cylindcr of radius r om and

longth I cm.
'lhc roll is hcld togcthcr by threc picccs ofadhcsivc tapc whosc width and thickncss

may be ignored.
One piece oltape is in the shape ol'a rectangle, the other two pieces are in the shape of
circlcs.
lhc total lcngth oftapc is 600 cnr

lcm

(i) Show that the volunte, l'cmr. ofthc cylinder is givcn by

v = tr'(3(N 21 2rrl.

? (2r) + 2 (t \ + 2(2 tr r ) = 6sg

2r'+ I +2rr =300
I 3OA 21 2zr

V =tr2i
= ,f (,lOO - z, - Zzr') (shorvn)

Atss PRELT lM/4U4049/P22023
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t
I

a,
t

I
I
I
I
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(ii) Givcn that l can vary, show that I ' has a stationan valuc whcn , =-A . ,r5"r"1ltn
is a constarl to be fbund. and llnd the conesponding value ol'/ l5l

Y = 600rr - 6trr, - 6;1r,
dr'

- 6n(100 r fi)

For stalionarv valu .. Y = u.' d''

6;t (100- r- zr)= 0

r' = 0 reJectsd becarser'> Cl or

100-r-rrr= 0

(1 + r)r' - i00

100

l+r
'100

f .;

16

.'. Z bas a station:r1, valuc rvirol r'- . n'bcrc I' = 100 (sirorvu)

$'h.t r- 1oo 
.

I +;r

/ = 300-

=300-2

whcn r

I00'! 'lo0 t

1+z j ,1+ tr .i

100 \ -

- 
ll+zl

)l-l

(

= 300- ?00

= i00

(iii) Detcrn:inc if thc volumc is a minimum or maxinrun'r t3l

t = 611.iy1n -, - o, 1

dr

#=ur", I z)1(loo r rr)1oz)

=6zr( | ;r) r(loo r r)(6r)
--6r (-r - rr + IOO - t - ttr)r

= 6r(-?r -2zr + l}o)
t00

r
!="r( 2oo 2ooz ,,noldr" \ l-t,r l+n )

600:r

. dtS[tce . .: U. I ls a ma\rnrum.
dr'
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l0 A particlc travclling in a straight linc passcs through a fixcd point 0 wilh a spccd of
8 m/s.

The acceleration, <r m/s2, of the panicle I s alier passirrg through 0, is given by u--e''',
'l'ho particlc comcs to instanlancous rcst at thc point /)

(i) Show that thc particlc rcachcs /) whco I = l0ln5. t5l

a1r

v i {t- e4t'dt
4n

a

-0.1
Wlenl=0, r'=8

8= ' i,
-{.1

8-10+c
._ ,
v =l\e 

o"' -Z
whenv-0

loea'' -2 =o
4tt I

5

-O.lr = -tn 5

r= l0lu5 (showu)

(ii) Calculatc thc distancc ()l)

10hi

tjl

loe4v -2 dt

[lor'" - I'o'n'_t 'rt I

L -{.1 lo

- -looe-o 
tilolt") 

- 20 lr, 5 + loo

--laoebi -2olu5+1oo
= -20- 20ln 5 + 100

=47.8m
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(iii) Explain why the parliclo is again al () at sonlc instant during thc fifticth sccond aftcr Ii rst
passing through () [3]

wlten r = 49

-r = -looa{ \Je} -2(49)+ loo

- l.255ttt

when I - -50

s - -looearttoi 2(50) r loo

=4.674n
Since displacrement ofthe panicle is positive whor / - 49 and uegrative rvhen I - 50,

this shorvs tilal flre particle olrst have pased througlr O al soue poiut

in the fiftiedr second.

Thus tJre particle is again at O at sone hstant dru'ing the fifitieth
secotd a{ier passiry rluorrgh O.
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P(8, -6)

I hc diagram shows two circlcs (', and ( ,

Circlc (.i, has its ccntrc at thc origin O.

Circle (', passes through O and has its centre at Q.
'thc point l'(13, (r) lics on both circles and ()l' is a dianrctcr of C.

(i) l.ind thc cquation of C,

Equatiou of C, :.r) - u: = I00

(ii) Explain why thcequatioo of (', is .rr +.r': -ll.t+6.r' -0

r: +y2 -8-r+6y-o
.r: - 8-t +.rJ + 6r - o

(.r 4)! 16 r(.r,r s)' 9-0
(,t-a)'+(1,-r)r -s'
C-eDhe = (4, -i) because it is the midpointof OP

Radius is 5 u.uits because ir is I lofl2'
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(iii) The line through C) perpefldicular to ():r) meets the circle ('r at the point,4 and

Show that the x-coordinates of,4 and ll arc a+bJl and a-6.6 respectively,

where a and D are integers to be tbund. 171

sredieot OP:-9-8

=-:
4

.1grr&crt,{B: -
5

l
-l x -41: v+3
J

4r-16-3;'+9
425

l' - -I --.."-".-"".'13
rt +.r'' : 100

(1)

.lr:100-r:.,-,{2)

.-.: , 16 200 625lIl l-=-r---rr'999
(2): (3)

16 -' -49r. fl5 : 1oo -.::999
25 , 200 215 ^
-r_--I--:u999
r''-8r-11-0

s+1fi1fr

....(3)

1

S:1m
2

8+6\6
2

- 4:3Ji
r-o)ordirEte ofl is 4 + 316

x-orordin*o of I is 4-3rt5

END O[ PAPER
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