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Mathematical Formulqe

r. ALGEBRA

BP- 128

Quadratic Equation

For the equation ar2 +bx+c-0,

Binomial Theorem

-blJF -li
2a

a(a+b) =a'', b+
n

I 0
(:)xhere n is a positive integer and

n(n -1)........(n - r +1)

rl

Identities

Formulae for LABC

nl
(n - r)lr r.

2. TRIGONOME,TRY

sin'A+cos'A:1.
sec'A=l+tan'A.

coseczA=l+cot2 A.
sin (l + B) : 5in 7cos.B l cos lsin.B
cos(,{ + B) = cos lcos 81sin,{ sin.B

- tan Altan B
tar\( 4 't R\ = 

-

| + tl,n Atan B

sin2A = 2sin Acos A

cos2l = cos2 A- sinl A = 2cos' A-l = 1-2sin' A

- ztzn A
tut 2A = --------------- -

| -lan, A

ba L'

sinl sin,B sin C

a' =b' +c' - 2bc cosA

t=LbcsinA
2
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I Express

A cylinder has aradius of (1 +2$) cm and its volume is r(84+21J1)cm3.
Find. without using a calculator, the exact length ofthe height ofthe cylinder in the form

@ + bdD cm, where a and 6 are integers.

3 (i) Sketch the graph of y=4-3sin2rfor O3x3n.

(ii) State the range ofvalues of I for rvhich 4-3sin2x=k hastwo roots for 0<-r<.zr.

(i) the coordinates ofp and ofS,

(ii) the area of PQ.R,Y.

5 (i) Diffefenliu6 .lI' with respecr to.r.
x

(ii) Hence find tll'],a.

3xt +2x'+4x-l -:--i:- in partial f,racrions.
r +); t4l

tsl

2

t3l

t21

4 Solutions to this question by accurate drawing will not be accepted.

PprRS is a parallelogram in which the coordinates of the points P and R are (-5,8) and

(6, -2) respectivety. Given that PQ isperpendicular to the line y = -1v +3 and QRis parallel-2
to the;r axis, find

tsl

t2l

t3l

t4l

(iHIJ SNCS Prelimiuari, E\aminnlions 2018 -,.ldditional Mathctnatics 404?/01
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)
6 (i) Shor.r that - = stn20 .

tAn0+col0

(ii) Hence find the value ofp, giving your answer in terms of ,r, for which

l' 4 
dr=l.whe.e o. r.L.ro tan2ir+cot2x 4 4

t3l

t4l

7

v

80c

35 cm

ln the diagram lGy is a structure consisting of a beam XB of length 35 cm attached at B to another
beamBIof lenglh 80 cm so that angle XBY=90".Small ringsatXandlenableXtomovealong
the vertical wire AP and Y to move along the vertical wire CQ.There is another ring at B that
allows B to move along the horizontal line AC. Angle ABX = I and gcan vary.

X

BA C

(i)

(iD

(iii)

Show that lC= (35cosd+80sind) cm. t2l

Express lC in the form of Rsin(d+a),where-R>0and 0o<a<90o. t4l

Tom claims that the length oflC is 89cm. Without measuring, Mary said that this was not

possible. Explain how Mary came to this conclusion. t I l

8 (a) Find the range ofvalues ofp for which px2 +4:c+p>3 for all real values ofr. t5l

(b) Find the range of values of k for which the line 5y = ft - .r does not intersect the curve

5x2 +5ry+4=0.

Ctlu SNGS Prelimhar)' E\aminalions 2018 - Additional Mathematics 4047./01
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5

9 The diagram shows pafi ofthe graph of 1'=4-1r*1;
(i) Find the coordinates of the points l, B, C and D.

(ii) Find the number ofsolutious ofthe equation 4-lx+ll =lzr;r+3when

(a) m:2 (b) rn: - I

Given that r can vary. find the value ofr for which ,4 has a stationary value.

Determine whether this value of ,4 is a maximum or a minimum.

11 The equation ofa curve is ,v = x(r - jr)'.

(i) Find the range ofvalues of;r for which y is an increasing function.

(ii) Find the coordinates ofthe stationary points ofthe curve.

(iii ) Hence. sketch the graph of .v = jr(2 -.{)'.

tsl

12)

(iii) State the range ofvalues ofrz forwhich the equation +-l:r+tl =mr+3 has two solutions. I I ]

v

B

-Y

10 The diagram shorvs a cone ofradius r cm and height i cm. It is given that the volume ofthe cone

is l0z cmr.

(i) Show that the curved surface area, A cm2, ofthe cone, is -.4
16 + 900

C
o

(ii)

(iii)

t3l

t4l

t2l

tsl

t3l

t3l
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BP- 133

Quadratic Equation

For the equation ax2 +bx+c=0,

Binomial Theorem

Identities

Formulae for LABC

131

Mqth ematical -F ormulae

1. ALGEBRA

Lf - 4ac

( o + br' = a' J') o' u *(').*' r' *... *( n\o"-' 
b' + ... + b",

l.r I \r, [,J

where n is a positive integer and ('\=--l:.- -n(n-l)""""(n-r 
+l)

lri (n - r)tr I rt

2a

2. TRIGONOMETRY

sin'A+cos'A:l.

sec'A=1+tan'A.

coseczA=l+cot1 A.

sin (l + B) : sin lcos B t cos lsin B

cos(l + 8) = cos lcosB + sin lsinB

- tanAtlanB
tan( A ! Bl

| + tan A tzJ. B

sinZA - 2sin Acls A

cos2l = cos2 A- sin2 A=2crts', A-l =1-zsint A

a

- 2tanA
lur'24 = ^l-lan'A

b c

sinl sinB sin C

a' = b' +c2 -2bc cosA

t=lbcsinA
2
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l

I (i) On the same axes sketch the curves y' = 64x and ! = -x' . l2l
(ii) Find the equation ofthe line passing through the points of intersection ofthe two curves. [4]

BP- 134

2 The roots ofthe equation x' +2x + p = 0, wherep is a constant, are a and B.

The roots ofthe equation x2 + qx +27 = O . where g is a constant, are ai and p1

Find the value of p and of q.

J

{

(a)

(b)

Given that 32r-2 x 5-2r = 27' +5'*1 , evaluate the exact value of I 5' .

Given that log, / = 64log,.r , expressJr' in terms ofx.

t6l

t3l

t4l

tsl

t3l

t4l

7

(i) Write down, and simplifo, the first three terms in the expansion of (t - !)' .in ascending'2
powers ofx, where n is a positive integer greater than 2. 121

(2 + 3r'\(t - Lf are
2

5

(ii) The first three terms in the expansion, in ascending powers ofx, of

2 - px 2 + 2xa, where p is an integer. Find the value of z and ofp.

Z x

In the frgure, XYZ is a straight line that is tangent to the circle at X.
,YQ bisects ZRXZ and cuts the circle at ,t. RS produced meets xZ aty and ZR = lR
Prove that

(a) .lx = S-Y,

(b) a circle can be drawn passing through Z, Y, S and Q

o

R

Cltl.l SNCS Prcliminarr'E\aninalioDs 2018 -Additiooal l!'lathema cs 4047/01
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6

IJJ

The expression 3x' +m'+bx+4 ,where aand 6 are constants, has afactorofx-2 and leaves a

remainder of -9 when divided by r + l.

7 (t\

(i) Find the value ofa and of6.

(ii) Using the values of a and & found in part (i), solve the equation 3xt +ar'+bx+4=0,
--E

expressing non-integer roots in the form 
( -!-1'/ 

. where c and d are integers.
1

. lan 0sin0
Prove that secd+l=-

l-cosd

t4l

t1l

t4)

L4l(b) Hence or otherwise, solve
tan9sine 3 ,--:-----: = - sec' 0 tbr O <0 <2r.l-cosd 4

8 The temperature, A 'C, of an object decreases with time, / hours. It is known that A and t can be

modelled by the equation A - ,4ae-'' , where .\ and k are constants.

Measured values ofl and I are given in the table below.

I (hours) 2 4 6 8

A ("C) 49.1 40.2 32.9 26.9

(i)

(ii)

(iii)

Plot In I against r for the given data and draw a straight line graph. 121

Use your graph to estimate the value of ,40 and of*. t4l

Assuming that the model is still appropriate. estimate the number ofhours for the temperature
ofthe object to be halved. 12)

Find the equation ofthe curve.

Find the value of x for which f ("r) : 3

(D

(ii)
141

L4)

CItIJ SNGS Prelirninary Exaininalions 2018 - Additional Ilarhemarics 40,17102
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5

l0 A circle has the equation 12 q y2 l_4x+6v-12=0.

(i) Find the coordinates ofthe centre ofthe circle and the radius ofthe circle.

The highest point ofthe circle is L
(ii) State the equation ofthe tangent to the circle at,4.

(iii) Detemine whether the point (0, -7) lies within the circle.

The equation of achord ofthe circle is y: /;s-14.

(iv) Find the length ofthe chord.

t3l

t5l

y-x2 -7 x +12
B

C

The diagram shows pafi of the curve of 7 = x2 -7x +12 passing through the pointB and meeting
the r-axis at the point l.

(i) Find the gradient ofthe curve at l.
The nornral to the curve at,4 intersects the curve a1 B-

(ii) Find the coordinates ofB.

The line BC is perpendicular to the -r-axis.

(iii) Find the area ofthe shaded region.

t4l

t4l

t4l

t2

tll
lzl

ll
v

A

A particle P moves in a straight line. so that, , seconds after passing through a fixed point O, its

velocity, v m s-r, is given by r, = cost - sin 2r , where 0<l<1.finO'2

(i) in terms of r. the values of l. when P is at instanlareous rest. t5l

t6l

tll

(ii.1 the distance travelled by P fiom t = 0 ro t = +,2'
(iii) an expression for the acceleration ofP in terms ofr.

ClnJ SNCS l\'climinary tr{anlinrliors 20ltl - Addirioral \,lathcmatics 4047/{)2
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136
2

Mal.hemdicol Fomulac

1. ALGEBRA

Quadratic Equation

For the equation u2 +bt+c =0,

Binomial Theot em

Identities

F onrulae for LABC

-.b+,[t'-a*
2a

2, TRIGONOMETRY

sin2 7+ cos2 .,4 = I .

sec2 A=L+tar]f A.
cosec'l = 1+ c:or2 A.

sin (l1B): sinlcos8 t coslsinB
cos(l + B) : qosl cos E T sinl sia B

ItrLA+ tanB12flALBt=-
l+tanltanB

sin2l = 2sin,4cosl

cos2l= co62 l- sin' I = 2 cos2 A-1=l -2sin2 A
2lanA

lian )A = l-Iarl A

a b c

stnA sin B sinc
a2 = b2 + c2 -?jc cos A

t=!t" 
";n.q2

x

(a + bl" - t *(i\, -, r *(1\n, u, * . *(")o*. r, + . * b",(r.J 12) \,)
where a is a positive integer and (f1= 

-::--- 
r(n -l) ""'(n-r+l)

[r/ (n-r)tv1 rl

Cffi Sli-Gs Hilrillfl'y Ex@inatioDs 201E - Additi6sl Ma&lstrdics 4047/01
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AnsYrers
Pa rer 1

3x3 + 2x2 + 4x-1I E-YDress ln Dartral llactons.
-r +x

BP- 139
thernatics PrelirninarSr Exarnination

14)

1

3

x3+x2 3x3 + 2xz l4x - 1

3x3 + 3xz

=iz +4F

3x' -2x2 +4*-l - , -x?+4x-1_---7-;7-,.r-6

-x2 +4x-L A B c
:-J---L-@ff:-x-r;z.rfr

-xz + 4x - | : Ax(x+ 1) + B(u + l) + cx2
Let.r:- 1 -1 -4-L:c

c=*6
Let.r'{ B: -l

-xz + 4x - 7 = Ax(x+ 1) - 1(;r * 7) - 6xz
Letr:l -L+ 4-1:2A-2-6

A:5
3x1 +2x2'4x-l ^ s .r. 6

*2+l ''t u2 .r+l t4l

M1^l

M1i
N'I1./

AI

If
3i + 2x2 +4x \ ABc

x xz ,a+I21x +x
3x3 +2! + 4x-l:3+ A*+B

-r"
.,a+ 123u +x

3x3 + 2x2 + 4x-\ -4v+B c-----:--r-
xz i+l23x +x

Max 3m

3m

2m

C'EU SNGS Pr€limhary Exdninations 2018 , Addilimal Matbe'trdics 4047/01
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138
4

2 A cylinder has a radius of (t + ZrfZ) cm and its volume is z(84 + 21J-2) cm3.

Find rvithort using a calculator, the exact length ofthe heighl ofthe cylinder hthe form
g + tJl) cm, where a and b are intege.rs.

BP- i 40

t5l

2. E(84 + z7,,lz) = "(r + 212)- x h

, 84 + 2l\lZ
n = ----------------

(r + z{i)'
_ B4+T|JZ
h=.------

l+4\/2+B
(s4+ztaJT)@lZ-e)

lt=
@{7,+e)$lZ-e)

756-3:6nD+789,12-1,68
h= Bt-32

sB} - r47Ji
49

t1= (12 - 3lZ ) cn tsl

B1

N{i

M1i

Mlri

A1

expansion

Coqjugate
surd

For either
expansion

No unit,
overall -
1m

3 (i) Sketch the graph of l=4-3sin2xfor 03xSz.
(ii) State the range ofvalues of ft for rtirich 4-3sin2r=,t has two roots for 04x3tt.

t3l

121

3 (a)

7

j{

t3t

Bl any
one pt

B1

2nd pl

The 2
p1s

must be
diflerer
nt
nature
B1
perfbct

. slne
shape

r -ve sine
shape

r I cycle
. Amplitud

D shifl +4
uP

ignoring
no
labellitg
of axes

3O l<k<4 or 4<k<7 t2l

Alterrrative
1<k<7,k*4

tsl

Bl+

81 +
B1

CHIJ SNGS Prelirtin&y ExamnBtions 2013 - ,{dditiorral }vla*remafes 4047/01
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'139

_5

4 Solutions to this que$ion by acturate &awing rvill not be accepted"

PpRS is a parallelogram in which the coordirntes of the pohts P and.R are (-5, 8) and

(6, -2) respectively. Given that PQ is perpendicular to the line y= !t+3 and pR is parallel

to the ,r axis, furd

(i) the coordinates ofQ and ofS, t5l

(ii) the aiea ofPpfiS l2l

1(i) Since pR parallel to the x axis, yn = -2 .

Since Pp is perpendicular to tlie line y=-lr-f ,'2
gJafientof PQ =2

(-2)-(8)_"
x, - (-5)

-10 = 2.ro +10

xe = -10
QC10, -2)
Midpoid ofP,R: Mi@oint of pS or by inspection

1

(-s)+ (o) (s)+r-z)') [1-to;+a' , ll ,-)\-

l-2\+ ",2
2

= -i0+ r, 6= _2+ ys

Y" =8x" :11

.s(1 1, 8) I5l

tsl

B1 (r
gradierrt)

MI

A1

BI
G) Area ofPp,{S

1l-s -ro 6

218 -2 -Z

11 _51

8l8

l(10+ 20 +48 + 88) - (-80 - 12 - ZZ - 40)l OT (5+l 1)(8+2)

I

= ,l3zol

= 160 unitsz

{trr t

A1 no unit
overall
-lm

Ci[r SNCS Prcliminrry Ex6rinalioos 2018 . Additicral Matheruatics 4047/01
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140
6

(i) Differentiate 
1nt 

with respect to,
x

ln12(ii) Hence find J d.x

t3l

t4lx'

(, ,[!]-",Irjd

d,
ln .]r )

)-.rr T

1-ln-r
ir

l3l

B1

+B1

AI

Either o* oro9 *1nclt alu
the use ofquotient rr:le
/product rul€

perfect

(ii) 1n.r

x

tl" tYa,=Er
J

J -x ' d-r
ln.r

J
ln:r

r1x
x 2a

ln.rr' lnr ?.=l
-l

dr
2J

t9*.x-
I lnr
a,

f!Ia,=rtra-
lnr

d.r
2x

(
I lnx

)
-tc

.l:
t4l
l7)

M1

M1

B1

A1

Integration is the reve$e
process of differentiation

rtatiry [4]ax*re
subject or split the
expression

Integration ofr-2

Withc

CHl] Sli GS Preliniinsry Exdnirations 20I8 - Additi*al i,tathe$af cs 4047/01
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141
7

6 (i) Show thal 2 
- sin20' tan B +cotq

f 4 &=l-where o< o<Z
Jo tan2r+cot2r 4' 4

t3l

t4l

(li) Hence find the value ofp, giving your arswer in terms of a, for which

(i) 2 ^. 
(srnd , cos8)

late , cote - '-["o.9 - 
""4.J

_",(-'t
-, -(-''l

sinzB+cos2B)
I

cososn7 )
I

cos Asifl A

= 2 sin9cos I
= stn 20

t3l

B1

M1

I\41

change to sin and cos

combine terms

for identify . . . to the end.
(must show " l")

(i, .P 4| 

- 

dx
Jo tan2x + cot2x

= 2ffsin+"rdx

I cos 4.x
IlaI

(t
-t_-l 7

cos 4p
t-!coso

2

ll
=--cos4r+-2'2
lo4d,J! tan 2-r + cot 2-r

I

4

111
--cos4D+-=-2'24

11
-r@sa? = -i

cos 4p -l
T4n=-
J

'12
t4l
a71

B1

MI

MI

AI

hteppate their sulkx

fo,r substihrtr on in their
integral

CELI sih\G'S Prdiminary Exaninations 2018 - Aditiosal Maft€matics 4041101
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9

BP-144

7 (1) AB =35cnsO
ZYBC =90''0
ZBYC = 0
BC = 8Osind -l

t,{( = (35 cos d + 80sin d) cm 1-
P_)

O

Y

80

5cm

A C

B I either AB or BC

BI

-1m overall forno
tIIlit

7 (i1) Rsir(d + a; =,45in dcos a +Rcos dsin a
,4C = 35cos d+ 80 sin I
Rsina:35
Rcosa = 80

R' oos' a +.E2 sin' q = 8G +35'

R=.60'*35'
R2 = 7625

R = s7.3 or 5.ft05
.Rsin a 35

Rcosa 80

35
tatr al = -80
d = z5.o
lC = 35cosd + 80 sin d
35 cos 

' 
+ 80sin' = 51605 sin(' + 23.6') cm

or 87.3sin(d +23,5') cm l4l

BI

M1 for R

N,lr

A1

7 (iii) The maximum value of,4C=87.3cm

Therefore it is not possible for the length to be more than
that.

Alternative
5.605 sin(d + 23.6') = 8s

eo

"it19*23.6'1=l5./305
No Solution
Therefore it is not possible for the length to be more *ran
tha1. tll

t7l

DBI

DBI

CltU SNGS Prelirninary Examinatior6 20 l8 - Additional Matret[atics 4047/01
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143
l0

S (a) Find tlre ralge of l,alues ofp for which px2 + 4x+ p > 3 for all real values of;r.

(b) Find the range of values of & for which the line 5y = & - r does not intersect the curve

5x'z+5ry+4=O.

15l

t5l

(a) pt2 + 4x + p > 3 for all real values ofr
pl + 4x+ p-3> 0 for all real values of:,
D<0 4'?-4(p[p-3)<0

76- 4p'z +l2p <O

4pz -72p-76>o
pz-3p-4>o
(p-4)(p+1)>0
p<-l' p>4
NA

Asp >0

t5l

M1

MI

M1
DAl+DAl

D<0 urith substit ,ion

For b2 - 4ar

For factorisation
Upo[ corx€ct
factorisation
Ignore"anil" and no
p>0

(b) 5y=k-'
5x2 + 5xy+ 4=0

sx' + sx(ff) +
4:0
sxz+kx-xz+4

_U

5(k -sy)z + s(k - sy)y + a
=0

5k2 -50ky t725yz +iky -
25Yz ++:0

10oy2-45kytskz+4=0
(-45k)2 -40A(5kz +4) < 0

4x2 +kx+4=0
kz-4(4)(4)<o

2025k2 -2oookz - 1600 < 0
kz - 64 <0

(k-8) (k+8)<0
-8<k<8

t5l
t10l

M1

MI
+M1{

MI

For substitr .ion

D<0 with substituion
For b2 - 4oc

factorisdion

DA1 Upon cofiect
factorisalion

CHL SNGS Prdiminsry Exa$inalions 2018 - A&iti oflal Math€in ari cs 4047l01
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9 The diagram shows part ofthe graph of y=a-lx+tl .

(i) Find the coordinates of the poinlsl, B,C andD.

(ii) Find the number'of solutions of the equation 4 -lx + 1l = zx+ 3 when

tsl

(a) nt:2 (b) n:- I I2l

(iii) State the range ofvalues ofn for which the equation +-l.r+tl= rd+3 has two soh{ions.

v t1l

B

.r
A C

o

(D

A1 +AI

Ai+A1

B1

(ii)

(a)
(b)

B(-1,4), D(0,3)

+-lx+tl= o

lx+rl =+
x*l=14
x*!=4 or xtl=-4
x=3 or x=-5
AGs,0) c (3,0)

+ x+1 =mx+3
When m = 2, the number of solutions is 1

When m:- 1, the number of solutions is infinite

5

2

;\1
i\1

(iiD \\ihen -1 < m < 1, the number of solutions is 2

tll
A1

CH1J s:\-GS Prelfiriiary ExamiBtions 2018 - Additoial Mstherndtci 4047/01
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10(, 1

Volume: Lnr, h=llr
3

h
30

2

TT T + e00)
A

A:
tzEJ@
T

l3l

BI

M1

A1
If put cm2 -lm
over all

(ii) u:*\lr;+65 ,t:'t'
#:)"xx716 +eoollxero ff: t
du 1

yrrs (ru + 9oo)-,
dr

1 1

dA 3rru(r' +900)- -T(16 +900)2
dr rz

1

When -odr
rr(r5 +voo )-71sr6-r6 -eo o1 :0

r2

T1316 -,.6 - 9001

r2 1r5 + 9oo1;

2't'6+900*A

16 : 450

r -2.77

=0

t4l

BI

B1

MI

AI

.- cla du
EtlILeT u=- or v ---

With fte use of
quotient flIe or
product flle
Perfect

dA

-=Ull,ltndr
substitr:tion

With cm -lm
overall

BP -147

145
l3

CHU SNGS Preliminary Exadnations 2018 - Additiqlat Mathernatics 4047101
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. I:o )'=r'+l-;l\r )
r-=;;

r :,1r, +:i
o= ort = or.F *ryY."

F +roo)A:rrl-
{r+
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't46
t4

t <2.'768 r: L.too r > 2.768
dA

dr
0 +

Sketch

I is a minirnum whetr :2.77

l2l
tel

MI

DAI

For subst Y.ith + r

-- dA
uDOn COrTeCt -'*r

(iii)

CEU SNGS ruimin0ry Exmiratiors 2018 . Additmal Math([r8tics 4047101
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147
15

The equation ofa curve is y= r(Z-r)'.
(i) Find the range of values of.r for which y is an increasing function.

(ii) Find the coordinales ofthe stationary points of the curve.

(iii) Hence, sketch the graph of y = r(2 - r;:.

tsl

t3l

i3l

y:x(z-r)'

$=tz-a'tr)- *(z'x)'

=(z- t\'lz-x-t,cl
=(z-x)'(z-a,)

*h.,rll>0.2-4x>o
dj,

Note: should not see this

2-x>0
-x>-2
x<2

No [A1]

-4x> -2
Ir<-
2

t5l

B1
+B1

AI

MI

A1

Either
clt, al!V"- Of U-- ano

the use ofproduct
rule
Perfect

fo.9>o o,ith
d;r

substituti on

*,n"n ff = o. (z- \' 1z - a,) = o

x:2, 1

2

y = z(z -z)'
I

'2 ) I

I?

=0
27

Ans (2, o)
(t
I

Iz
27

'16

t-11

M1

AITAI

dy
0

dx
with substitution

Tf

(z - x)(2 -
4x)=g
don't penalisel

t-rl
tl 1l

2'16
Bh/

B1.i

BI

their max pt

at 27\
I

lz'rc )
(2,0) their pt of
inflexion

(0,0)
- 1m for less than
perfect

CIIIJ SIIGS Prelimina4, Examinatior:s l0l8 - Ariditioral Mdhematics 404?(rl
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Quadratic Eqtation

For the equation u2 +bx+ c =0,

Binomial Thzorem

Identities

Fonmtlae for LABC

149
2

Formulae

1. ALGEBRA

-bqb'4*
2a

2. TRIGONOMETRY

sin'l+cos'I=1.

sec'A=l+tat'A.

cosec2l = 1+ cotz l.
sin (,4 + a) = sin.4cos B + cos ,4 sin B

cos(113) = cos I cos B I sin I sin B

tailA+ B\= tilA!+aB
1+ tnr Atnt B

sin2A=2snAcosA

cos 2,{ = cos'l-sin'.,4= zcos' A-l=1.-zsttr' A

tut2A= 2tarA
t-RA

(at b\" = x *("\,*,0 *(!)o*,6, * ...*("\,*,u, + ...+ b, ,\ '' u,/ 12) ['/
where r is a positive integer and ( "\ = --12 - 

n (n - l) " " " " (n - r + l)
\, ) (n-r)trt rl

ab c

sin,4 slnB sinC

a2 = b2 + c2 -2bc qsA

1,
L = :-bc snA

2

cm SNGS PrdiminaryExa&ioali@s 2018 - Additidnl IvIaffE nati6 4047h2

ffurn over



150
3

1 (i) On the same axes sketch the curves !' = 64x aid y = -2s2 . l2l

(ii) Find the equation of the line passing through the points of intersection of the two curves. [4]

(i)

!1 = 64x

81 +BI

- 1 mark if no label

v -x'
t2)

(ii) yz =&x----(r)
y = -t ---- (2)
Sub (2) into ( 1),

{;t)'=64x
xo = 64x

xo -64x=0
4l -6/.)=0
.r=0 or t -64=0
!=0 I =a+

x=4
Y=-16

-16-0
m= 

- 
=-4

4-0

!=4x t4l
I6l

M1

B1+81

DAl

Sotvhg Simultaneous
Equatiorx

Either 1 pain of -r
values or y values. I or
1m for each pair of-r
and y values l

Must have (-t 16)

CHU SNCS Prelimirury lhaminafions 2018 -AdditloDal Matre$atics 4047@
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51 1

4

2 The roots ofthe equation i2 +2x+ p = 0,wherepis a corrstan! are a and B.

The roob ofthe equafion x2 + qx+ 27 = 0 , where 4 is a constant, are a3 and B3 .

Find the value ofp and of4. t6l

2 x2 +2x+ p=g
&+F:-2

x2+qt+27--O
d+83=-n

dB -p d3F3 = 27

aF :3

P:3
(a + p)(a2 - dF + 9z) : -q $ (a + F)3 - 3azg + 3f2a : -q
(a + ill@ + F)' - za\ - ail = -q a (a + S)3 - 3af(a + F) : -q
(-z)14-sl = -q or (-2)3 -3p(-2): -q

s = -70 16l

B1

BI

For both sum of
rocts or
first pair ofsum
& protfuct of
rocfs-
For both
product ofroots
or 2d pair of
product ad
sum ofroots

A1

BI For a3 + S3

Mll

-.11

Cm SNGS PrdiminaryXxamirations ,.018 - Additi mal Mafiintrali cs 4047102
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5

3 (a) Given th t32x-2 x5-2x = 2'l' - S-rt , evaluate the exact value of 15'.

(b) Given that 1og, y = 641W, r , expressy in terms of r.

BP- 154

l3l

t4l

(a) 3212 x5-2x = 27, +5x+l

Method (i)
3zr-z X 5-2. :33r X 5-1-,
32.-z S-1-,
33r 5-2,

3Zr-Z-3x = i-r-r+?a

3-r-2 - Sr-7
3-r x3-2: 5r x 5-1
3rx5a:5-t+3-2

M1

M1{

applyiag inilex Law
corectly on either LH S

or RHS

groupiry and making
power ofx on one side

MethodQi)
3k X 3-z X S-zx :33, X 5-r X 5-1
3" x 5': 5-t + 3-2

M1
M1{

Applyiry hdex law
grouping and makhg

power of .:r on one sitle

!5' :2
9 t3l A1

(b) los v=641os "r

. 64log,x
logJ : 

-

LoSt!
(log,y)z = 64
loo-v = *8
!:x8, !: x-B t4l

l7l

B1

M1"l

A1+A1

change. of base

CEL sNGs Prelimina'y Examitlati dls 2018 ' Addilioal Mafitqnatics 4047/02
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4
2

(i) Write down, and simpliS. the first thrqe terins in the exparnion of 1i - {-;' jn ascending
2'

powers ofr, where z rs a positive integer greata than 2. t?l
2

(ii) The fust tbree terms il the expansio4 rn ascending powas of r, of (Z + 3.r':Xl - L)' are'2
2 - px2+ 2xa,whaep is an rnteger. Find the value of n ar ofp. t5l

(,
[1-;J =!-n (t)* "c, (iJ.

(,_t)
n / x2\

t,z/
n(n - 1) -_n ,

-E-^ 
-r """ "' '"-L-n +

MI

B1 Or any two
terms 1m,
perfect 2m

l2t
(1i) *2(2+3x')Yt-\': (2 + tx'11t -E +@x4 + ..'.)

'2

= 2 - nx.z a@.*+ * 3xz -!x+ + ... ... ,.. ..+2

:2-(n-3)x2+
:2-px2 +2x4 +

w) xa + ... .,..

n"-ln
4

2

nz-7n-8=0
(a-B)(a+1):o
n : 8,n: -1(l'lA)

-n*3=-p
-8 l3:-P
P:5

Mli

M1{
DA1

MIJ

A1

factorisation
Upon cofiect
factorisation

t5l
l7l

153
6
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7

5
xrZ

lnlhe ftgxe, XYZ is a straight line that is langent to the cbcle al X.

XQ bisects ZRXZ and cu.ts the circle at S. RS produced rfleets XZ Lt Y and ZR : XR.

Prove that

(a) SR: sr,

(b) a circle can be drawn passing throry! Z, Y, S and Q.

R

t3l

t4l

(a) lZXg = ISRY (Altomate Segment Theorern)

IZYQ= agyp (xQ is the angle bi rcctor of .1RXZ )
tQaR=zSRx
By base angles of isosceles triangles, SR:SX 13l

B1
B1

B1

(b) l*t ZQXR be x

IRSX =180' -2x (sosceler Triangle)

ZW --18ff -2x (varica[y Opposite Angles)
<RZX = <D(R = 2x @asc arglcs of lsoscdes Trt.rrSlc)

<RZX+ <YsQ = 18{}F -2} * 2r : lao'
Since opposite angles are supplementary in cyclic quadrilaterals,
a circlettat passes thiough Z Y, S anrl Q can be drawn

Alternative
Similar but use oftangent secant tlrcorem.

t4l
FI

BI
B1

B1

B1

CHIJ SNGS Preliiuinary Examinations 2018 - Additional Mathematics 4047/02
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8

6 The erpressi on 3r;3 + ax? + &; + 4 , where a and i are constarrts,.has a factor of : - 2 aad.leaves

a remainder of -9 when divided by r + l.
(t) Find the value ofa and ofb. 14)

(ii) Usirg the values of aandi for:ndin part (i), solve the equation 3x3 +axz +bx+4=0,

expresing non-integer roots rnthe form " 1€ , *fro" c and d are integers t4l

(i0
2_

x-2 3t3-8x2*2:x*4
3x3 - 6x2

-Zxz + 2x

-2x2 + 4x
-2x14
-Zx+4

3x3-Bxzl2x*4=o
(x-2)(3xz -b-2):o
x-2=0 3xz -2x-Z:0

-- z!'t@*"-z
zx3
2 rJ2e

6

z 1t t.l7 .
6

.L-t-r*) - -!:- 3 t4l

t8t

(1) f(x) = 3v: + u2 + bx+ 4
.x-2 is a faotor f Q) = 0

3(8)+4a+2b+4--0
4a*2b+28:0
2a * b t 14 : 0---------(l)
f(-1) : -e
-?+a-b+4= -9
a-b = -70.-----(2)(1F(2) 3a: -24

a: -B
Sublnto(2) -8-D=-10

4

M1

M1

A1

A1

A1 +A1

B1

Mli

CHI] SNGS PrelimioaryExamitralims 2018 . Additimd Math€rnatics 4O47lO2
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7 (a) Prove that

156
a

- Ianq sn 0secA+I=-
1- cosd l4l

I4l(b) Hence or olherwise, ror" Tafh=a = f .."'a for 0< 0 <2r.l-cosd 4

(a) p.;q5 = 
tandsin9
1-cos0

sind-. ^-------l Imd
cos d
l-cosd
sin2 a

- cosd
I - cosd

l-cos2 d
(1 - cos 6) cos d
(1 - cos d)(1+ cos d)

(1-os€)cosd
l+ cosd

cos d
I=_+l

cosd
=sec8+1

B1

B1

B1

cllan,ge tan

charge sirf
to co6a

identity

a' b2

split and
bring to
answer

(b) tan9strto 3 *c' 0l-cosd 4

1+seca=lsec'a
4

3sec2 d- 4sec8- 4 = 0
(secA- 2)(3sec9+ 2) = 0

s*0=2 or *g=-?
3

coso:1 or
2

I I stl

"*a - -3r{No solution)3'3
:1.05,5.24

I4l
18l

B1

M1

DAl+
DA1

substitution

factorizalion

lst DAl for
ch@ge to
cos & no
soln

UporL
corect
ftctorisation

CEII sNGs Prdimina-y Examitraf @s 2018. Additioal Mattsnatics 4047,,02
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8 The temperaflne,l o(l, of an object decreases with time, , hours. It is knor.n thatl and I can be

modelled bythe equation a=4{* . wherc 4 and & are corstants.

Measured values of A and t arc given in the table below.

r (hours) 5 8

A("1) 49.1 40.2 32.9 26.9

(l) Plot lnl against r for the given data and draw a $rarght line graptr- t2)
(ti) Use your grapt to estimate the value of 4 ard of t. t4l

(iii) Assumiry that the model is still appropriate, estimate the number of hours for the tenrperature

of the object to be halved l2l

8(0 B 1 for correct points, values & corect axes

81 best fit line . 17)

I 2 4 o 8

lnA 3.89 3.09 3..{9 3.29

(ii) A= 4e-'
lr.A=-la+1n,4

-k -- gradteft.

3.39 - 3.99

7_l
t = 0.1 +0.02

h4=q.w

4
,4,

=e1,O9

= 59.7 (3.s,0 + 4 t4l

M1

A1

M1

A1

gradient

vertical
intercept

(1ii) 1

4 =29.86s UT ),A, 
: Aoe-t,

2

1n29.865 = 3.396 OR
1

2

-!.1,

From the grap[ r= 6 S r=6.93 (3s.f,)

t2l

I8I

r/nat

A1 +0.5

CHII SNCS ?relimin ary Xxami6ati ons 2018 - Additi qlal Malhqn ati cs 404102
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A
158

1I

(7,3.39)

409

4.0

3.9

3.8

3.6

3.5

3.3

3.2

3.1

I
I
I
L

3
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t4l

I4l

12

9 The curve y : {*) passes.through t}re poirt (U:) -f is such that f '(*) : i r' * 1l'\ e')

(t) Find the equation ofthe curve.

(ii) Find the value of * fot wluch f (r) : 3.

(, l .,2

v=[[,'.*] a,
'\ e I

= l n" + 2 + e-2' dx
J

e^e:-+ fa+-+ caaL -L

at(0,3), 3
1 o +2{o\-ler +c\/ 

22

I
" +2* I e +)v J

I4I

M1

B1

M1

A1

.y = Ir(,)dr

igrrore no * c

for ub stitrition

(ii) f'(x)= a" +2+ e-2'

f'(a)-xe'. -2e2-

when f "(*)= f, 2e2a -2e-2x - 3

1
Let et* - a, 2a---3

2a2 -2 = 3a

2a' -3a-2 =o
(za+t)(a-2)=o

r'(z)=(e'+;^f
t'S)=zl* +;')(e. -e-)

I a=2

e'* =7

2x=ln2

2
1

2
no solution

1_
,: \ 

1n 2:11,t2 = 9.347
2

I4l

t8t

B1

M1

+DA1

+DA1

factorisalion

Upoq corect

factoiSaion

CHII SNGS ?relimioary ExamiBa[@s 2018 - Addtiqlal Matrcmaticq 404702
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tou
t4

(D

AI

1,11

Al ignore no unitRadius = 5 units 13l

(r, y= 2 ( 5 their y coord of centre +radius) ttl B1{
fili) The distance of the point from the cenhe ofthe ciele

(o- (*2)' + (-7 * (-3)'z

Since it is lesser tnn the radius of the cirole" it lies withia the circle.i t21

Ml{ their cenhe

DAl

(rv) y=71-t4 -:-: (1)

x2 + y2 + 4x+6y-I2= O ------- (2)

Sub (l) into (2),

xz +(?*-14)2 + 4x+Q7x-74)-12=O

x2 + 4912 - 196.r+ 196 + 4* +42x-84-12=0
50.12 - l50r+ 100 = 0

x2 -3x + 2 = 0

(r-lXr- 2) = 0

x = 1 ot x=2 Sub into (1) ,

y=-7 or Y=0

The length ofthe chord (1-2)'z+(-7-o)'?

=,fd
=:.8*it* t5l

I11I

Ml Solving
simdtaneous
equdiofls

M1

BI

Factorizing

Either I
pair correct
crr bdh "t
solutions
EE
cc,rfect

{ur

Al a.cefi 7 ..07

CHE SNGS Prdimiotry nxamisa[ ms 201! . A4ditimat Maf,rcmatics 4047&2
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I +yz +4x+6y-72--A
x2+y2 +2gx+2fy+c=O
2g= q 2f =6
d=) f ='a
Cenhe: (-2, -3)

P2dus=1E'+/'-c

=Gt*eSr-(-ra (:)'? + 2 (:-)(z) + 1z;' + (r)'? + z(y)(:) + (3f

=tt+(2)'+(3)'
(x+2)'? +{y+3)'z =25



(i) y.= a2 -7 x+12

= ("t- :)(r- a)

9=2,-7
dr

whenx = 3.9 = 2(3\- 7' d_r

= -1

t{l

M1

BI

M1

AI

using smaller

(positive) r
value

(ii) Lm=l
subzr = I and(1 0)tto y = *, *,

o = 1(3)+ c

c=-7
equationof normal: y - x - 3

x? -7r +12 = * -3 or ("r - 3)(r - a)= * -z
-xx -8r+15 = 0 t* 4=L

(r-r)(r-5)= o t--5
x=3 x=5

Y=2
B(5,2)

t4l

M1

M1

M1

A1

sub Im and

their(3,0)

curve and normal

faclodsali on

(iiD ar"" = lJ],' - 
t x + rz drl+ !' i - 7 x + 12 dr

=ll I - 
y. rr,l' I * [4 - 1{ *,,, 1'

lL3 2 l,l L3 z )o

= [+ ry. "u,)-(+ - +.,,(,))l

lJf-l-@.ap1s1) (?_ a!+lr.ot)

N
=t, :1_ r:

3
+ta1-t:!63

II
-t-l ol

5+-
6

: I squnit

[4]

112l

MI

B1

MI

A1

area: lJra,
+[fi,
ttreir Umits nom

(i) and (ri)

for irtegratior

substrtution

BP- 163

16'l
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(1) , = cosr sin 2,

when v. = 0, cost-sin2t-0
cos, 2sinrcosr=0

cosr(1-2sinr) = 0

cOSr=0
.1

smt = -2
t =-

6

,r
,,

BI

BI

M1

A1+AI

For v{
for tlouble argle

factorisation

(ii) s = Jcosr- sin2r&

= sinr + lcos 2r + c
2

whenr=0,s=0
I

0=sin0+icos0+r
2

I
2

.1-1
s = smr+-cos2r--22

whent=L, .v 1 tr I
s= sln + cos

6

1l
22

=1
4

2

r)
2)

32
I
.\

rphen
1t .fl 1 IJ: $n-+-cosz--22 2

= r*1r-rt-!.2t'2
=0

t6l2

1=-m
1

BI

BI+BI

MI

MI

D,A,1

p6a 5= Jv&
lntegration ignore

no +c

Sub either

,f ,ft=-ott=-62

For both s for f =
3 nn6g=I1661662

(iii)
o = 

dn 
=(-sinr - 2 ms2r)ar / s'?

d,

ttl
l12l
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