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Quadratic Equation

For the equation ax'+fu+c=0,

Mathematical Formulae

1. ALGEBRA

-bt b' - 4ac

2a

Binomial expansion

(a + b)n =6' a

Identities

Formulae for LABC

0,",.[N
where z is a positive -,"r- -o [])

nl n(z-l)... (n -r+l)
rl(n - r)r.

2. TRIGONOMETRY

sin'l+cos',4=1

sec'A=l+tat'A

cosec'A=l+col'A

sin(l t A) = sh lgosB t coslsin I
cos(l t B) = coslcosB + sin ,4 sin B

rl

sin 2,{ = 2 sin I cos I
cos2A = cos2 A-sh'A=zcost A-1:l-2sm2 A

. larr Att rB$n(Atat=-
I + tan ,{ tan,

tuI.zA = ztu!
l-tan'A

abc
sinl sinB sin C

a" = b" + c" -2bccosA

a=lDcsin,l
2
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3

Answer all the questions

I Express
2x3 -4x2 +x-18

in partial fractions t6lx'-2x2 +4x-g

Cedar Girls' Secondary School 40 49 / 0 I I 34 lP r e\rtl 2021 [Turn over
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4

2 Two vertices of a rhombus I BCD are A(-2, -s) and C(+, 7)

(a) Find the equation ofthe diagonal ED.

Ifthe gradient ofthe side BC is 3, find

(b) the coordinates of-B and ofD.

t3l

t4l

Cedar Girls' Secondary School 4049 I 0 | I S 4 Pt ehrni 2023
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5

3 The equation of a curve is y = a3 a 1oz * 6+ 9, where lz and /r are constants

(e) Show that ify increases as x increases, ldrLen 1k - h2 > 0

@) In the case when /r = -5 and * = 3 , find the x-coordinate of each of the points
at which the curve meets the x-axis.

t3l

t3l

Ccdar Girts' Sccondary Schoot 40 49 / 0 I I S 4 /P r elim/ 2023 [Turn over
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6

4 (a) Given that the constant tenn in the binomial expansion of

find the value of the constant fr.

(b) Using the value of fr found in part (a), show that there is no constant term in

the expansioo or [r*{)'1zr'*t).\ x,/ \ /

(,.f)' is -160,
t3l

t3l

Cedar Girls' Secondary School 4049101/S4Prellm/2023
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7

5 (e) The equation ofa quadratic curve is y=f/..1pr+16. Given that y<0 only

when 2 < x < /r , find the value ofp and of &.

@) In the case where p=-14, find the value of z for which the lne y =)va I
is a tangent to the quadratic curve, y=2x2+px+16.

t3l

t3l

Cedar Girts' Secondary School 4049 / 0 | / 54 /tu elim/2023 [Turn over
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I
5 Mary and Sally took part in a shot put competition. The heights, in metes, of Mary'r

and Sally's shot put throws can be modelled by the quadratic functions
7 1.2 If(x)=--(x-6)"+3 and g(x)=-fSr +rx+r respectively, where.x m is

the horizontal distance of the shot put from the starting line.

(a) Express g(x) in the form g(x)=a(v+6)'z+cwhere a,b andc are constants.

O) Evaluate (0) and g(0) and hence interpret the meaning of your answers, l2l

t2l

Cedar Girls' Sccondary School 4O49 l0l / 34 Pr eliml2021
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9

(c) The winner of the competition is the one whose shot put has the further
horizontal distance from the starting line. Explain mathanatically who is the
winner of the competition. t3l

Cedar Girls' Secondary School 40 49 I 0 I I S 4 /Pt elim/ 2023 [Turn over
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l0

7 The table shows experimental values of two variables x and y.

x 0.5 t.3 2.1 3.5 4.3 5.5

v J.J 2.5 2 1.5 1.3 l.l

It is known that.r andy are related by the equation l=fi,wherca and D are

constants.

(a) On the grid on page I 1, plot ,y against, and obtain a straight line graph.

(b) Use yow graph on page I I to estimate the value ofa and ofb.

(c) Obtain the value of the gradient of the strarght line obtained when f is plotted
v

against x.

t21

t4l

t2l

Cedar Girls' Secondary School 4049/01/S4 Pretim/2023
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8 hr the diagram, ,43 is a diameter of the circle with centre O. C,! and B? are the
tangents to the circle at C and B respectively. ACT and BST xe straight lines.

B

(a) Prove that tiangle ICS is an isosceles triangle.

l2

C

A

t4l

Cedar Girls' Secondary School 4049/0 I /S4 Prelim,r2023
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(b) Show that AB'z = ACxAT .

l3

l4l

Cedar Cirls' Secondary School 4049 / O I / S 4 lP rcl1rrll 2023 lTurn oYer
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t3l

Cedar Girls' Secondary School

t4

9 Itis given thatx is a function of t,*=l-e" and x=2 when r=0.'dt

(a) Express x in terms of ,.

4M9I0l lS4 Prehrr/2023
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It is also given that ff = t- * ^t- * t"ra fl = OO when .r = 4

(b) Findthevalu"of$ when r=1.

15

tsl

Cedar Girls' Secondary School 4049 I 0 1 / S 4 lP reltml 2023 [Turn over
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l6

10 The diagram shows part of the 
"*n" l--4],x>4.

2x-8
t- *+4

v

C

x

(a) Explain why the c *u" , =4 ooes not have a stationary point. 12)

t3l

(b) The curve cuts the r-axis at ,4. The tangent and the normal to the curve at I
intersect the y-axis at I and C respectively.

(i) Find the equation of the normal lC.

Cedar Girts' Secotrdary School 4049/0 I /S4 Prelirn t2023
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77

(ii) Find the area of triangle AtsC.

E
+ -------: , exP

x+4
By expressing ?4 = o lain why the line y =2 does not intersecl

the curve.

(c)

t4l

I2l

Cedar Girls' Secoudary School 40 49 I 0 | I 34 lP rcljr.r,l 2023 [Turn over
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11 The curve ! = a cosbx + c , where a, b and c are positive integers, is defined for
0(-x 1 n-

The curve has an amplitude of 3 and a period of { radians. The minimum value,3
ofy is 4.

(a) State the value of a, b and c.

(b) Sketchthe graph of y- acosbx+cfor 01x1n.

v

18

t3l

t3l

x

Cedar Girls' Secondary School 4049l0llS4Prclim/2023
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l9

(d) Hence, for 0< x< r,slate the number of solutions ofthe equation

4x +lltt -- r(acosDx + c) .

?(c) On the same axes in part (b), sketch the graph of y=-1x+10 for 0<x1tr. tll

t2l

Cedar Girts' Secondary School 4049 I 0 | / S 4 /P r elim/ 2023 [Turn over
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20

12 A particle moves in a straight line and passes a fixed point O. The velocity, v m/s, of
the particle, , seconds after passing O, is given by v=6t2+mt+g,wherezisa
constant. The particle travels with a deceleration of 9 m/s2 when t = I .

(a) Show that the value ofm is -21.

(b) Find the value(s) of r when the padcle is at instantaneous rest.

tll

t2)

Cedar Girls' Secondary School 4O49 I O I I 34 tu elirnl 2O23
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2t

(c) Explain clearly why the total distance travelled by the particle in the intewal
from l = 0 to , = 4 is not obtained by finding the value ofthe displacement
ofthe particle at I = 4. l2l

(d) Find the total distance kavelled by the particle in the interval t =0 to t = 4. t3l

Cedar Girls' Sccondary School 4049 I 0 I I S 4 lh eltm/ 2023 [Turn over
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Mathemafical Formulae

1. ALGEBRA
Qtndratic Eqtation

For the equation ac' + h, + c = 0,

*_-b'rJt'-q*
2a

Binomial expansion

(a+b)'=an + [i).",. (
n

2

nl=-=

)o*'u' 
+ .. + (",)u-* + ... +b' ,

where z is a positive integer -a [;) rl(n - r)l
n(n -l) ... (n - r +l)

rl

Identities

Formulaefor LABC

2. TRIGONOMETRY

sin'l+cos'l=l

sec'A:l+tar.z A

cosec'r4 =l+cotz A

sin(l + B) = sin ,4 cos B + cos r4 sin B

cos(l t,B) : coslcos,B + sin lsin B

ab c

sinl sinB sinC

a' =b' +c2 -2bccosA

L=LbcsinA
2

tanA+ tan B
tan( ^4+ B) : 

-

l+tan AlanB

sm2A = 2sin AcosA

cos2A:cos2 A-sim2 A=2cos2 A-l:l-2sm2 A

tanzA = 2^ !t-lflrf A
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3

Answer all the questions.

1 The mass, x grams, of a volatile matter from a space mission remaining t days after

being exposed to Earth's afinosphere is given by x=1.3+7eas' .

(e) Find the initial mass of the matter, tll

(b) Explain why the mass of the substance can never be lower than I 3 grams t2)

(c) Find the least number of days it takes for the matter to be reduced to half of its
initial mass t3l

Cedar Girts' Secondary School 4049 / 02/ 34 lPr elins I 2021 [Turn over



BP-28

2 (a)

4

Prove that I 
- 

I 
=2cot2 x

secx-1 secx+l

(b) Hence solve I - 
I 

=5cosecx. for 0o<.rS360".
secx-l sec: + I

t3l

tsl

Cedar Girls' Secondary School 40 49 I 0Zl S 4 th elia\s/ 2023
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1

5

The polynomial f (x)= qx;3 a 6*z *5x-3, where a and b are constants, is exactly

divisible by 2.x-l and leaves a remainder of 39 when divided by x-2.

(a) Find the value of a and of b.

(b) Using these values of a and of 6, determine the number of real roots of the
equation f(x)=0.
Show all necessary working.

I4l

t3l

Cedar Girls' Serondary School 40 49 / 02 / 54 lP r elins/ 2023 [Turn over
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6

4 (a) If y =@x4)^l2x+1, show that + = 
l'z:-1:

d.r JZx+l

Hence find the v alue of !?!2x +ldr 
expressing yow answer in the form

J2x +t(ax + t1 where a and b are integers.

t3l

t4l

(b)

Cedar Gids' Secondary School 40 49 I 02 I 54 lP r elkns I 2023
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5 (a)

(b)

7

The area of a quadrilateral is given as 25(tan l5o) cm2.

Without using a calculator, express the area in the form ( a + b.'6 ) cm2

Given that tan15' is a root to the equati on x'+px+q=O,wherepandq
are integers, find the value of p and q.

t4l

t3l

Cedar GAb' Secondary School 4049 I 02 / 54 lPr elrr'rLs / 2023 [Turn over
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8

6 The figure below consists of t rectangle ABCD and an isosceles triangle lED,

wh*e AB = y cm, BC = 2x cm arrf BP =1, " .

4
Given that the perimeler of ABCDE is 70 cm,

A

E

2xcm

5
-x cm

D

C

ycIrI

B

(a) show that the area of figwe is A=70x-\x'.
4 tsl

Cedar Gils' Secoudary School 40 49 I O2 I S 4 lP r ehms I 2023
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9

O) Given that x can vary, find the value of .r for which the area of the figure is
at a maxtmum tsl

Cedar Girts' Secondary School 40 49 / 02 / S 4 lP r elil:rsl 2023 [Turn over
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10

7 (a) Solve the equatio, 3zx+t -3x+2 * 6 = 0

(b) Solve log, (x+ Z)-t=log, (x-1)

14)

t4)

Cedar Girls' Secondary School 4049l02lS4tkelimsl2023
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11

8 A circle with centre C and radius r has an equation of x2 + y2 - 4x - 6y -12 = 0

(a) Find the coordinates ofC and the value ofr.

The line 4y = 3x + 31 is tangent to the circle at the point L

O) Find the coordinates of the point ?n

(c) Determine, with working, if S (0,8) lies within the circle.

t3l

141

l2l

Cedar Girls' Secondary Schoot 40 49 I 02 I S 4 /P r elkrc / 2023 [Turn over
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t2

9 The diagram shows a quadrilateral ABCD n whtch /.ABC = IADC =90" .

,43=8 cm, BC=3 cmand IBAD =0o .

A

8cm

3cm

D

(a) Show that the sum ofthe lenglhs of,4D and CDis given by llsind+5cosdcm. [4]

tt

Csdar Girls' Secondary School 40 49 I 02 / 54 th eli,los/ 2023
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13

(b) Express llsind+5cosd in the form Rsin(d+a), where R is a positive

constant and a is acute. t3]

(c) Find the maximum value of the sum of the lengths of lD and CD and the

conesponding value of d. t2l

Cedar Girts' Secondary School 40 49 I 02 I S 4 lP r elims/ 2023 ITurn over
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t4

10 The figure below shows part of the curve | =-xz +7 and the line y+l=2x. T\e
curve and the line intersect at the point,4. The points B and C lie on the x-axis.

a-
Y=-x'+ I

a B

(a) Find the coordinates of A, B and C.

y+l:2x

J
C 4

t4)

Cedar Gfuls' Secondary School 4049 I 021 54 tPrelims/2023



(b)

15

Calculate the area ofthe shaded region tsl

Cedar Gi s' Secondary School [Turn over
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16

11 (a) Show that (cosx-sinx)2 =1-sin2.r

(b) Hence find the exact value of )xxcos[ir
2

t4lsln dr

Cedar Girls' Secondary School 40 49 I 02 / S 4 /P rcljms / 2023
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(c)

17

Using the result ir: (a), find *r(-x#) t4l

Cedar G Is' Secondary School

End of Paper
4049/0AS4tP,eltus/2023
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Quadratic Equation

For the equation ax'+bx+c=0,

Mathematical Formulae

I. ALGEBRA

-b+. b' - 4ac

2a

Binomial expansion

(a+b)' =a' +

Identities

Formulae for LABC

rl(n - r)l

2. TRIG,ONOMETRY

sin'l+cos'l:1

sec'A=l+tan'A

cos@2 A=l+cot A

sin(l + A) = sh 7 gos8 t cos I sin B

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

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

n

I

where n is a positive integer and

)"-'u-(i)"',' . .(i)"-'b' + +b',

(:)
nl

sm2A = 2sn Acos A

cos2l : cos'1 l -sin' A = 2cos' A - l = l - 2smz A

lanA+lanBtan(AxBl=_
l+ taa AtNt B

21at A
tan2A = _l-ran'A

abc
sinl sin8 sin C

a'=b'+c'-2basA

t =!bcsn,q
2
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I

Answer all the questions.

2x3 -4x2 +x-18
Exnress jl----aI in oartial fractions.' xt -2x' + 4x-B

t6t
I

2

xt -2x2 +4x-g

2x'-4x2 +x-18
x3 -2x' + 4x -B

2x3 -4x2 +x-18
2x3 -4x2 +8x-16( )

-7x-2

2xt -4x2 +x-18 - -7x-2
(x-2)(x'? +a) - (x-2)(x'z ++)

--7 x - 2 = A(x'1 + a) + (Bx + Q@ - 2)

When r=2, -14-2--84= A=-2

Comparing coefficients of.f, 0 = A+ B = B =2
. -2=4A-2C+2C=-8+2=-6Companng constanrt, 

a = _,

2 2x-3--+ :x-2 x'+4

Cedar Girls' Secoudary School 4049/01/S4ttuehm/2023 [Turn over
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4

2 Two vertices of a rhombus,4SCD are A(-2,-5) andC(4,2)

(a) Find the equation of the diagonal BD

-\ -7Gradient ofAC= - =2
-2-4

I
Gradient of 8D = - -2

t3l

t4l

Midpoint of ,4C:
2

Equation of BD: y-1=-|(.r-1)

If the gradient of dre side BC is 3 , find

(b) the coordinates ofB and ofD.

Equation of,4D: y + 5 =l(x +2)

Y --3x +l

= (1, l)

or Equation of BC: y-7 =3(x-a)
Y=3x-5

At8.-lx+3=3x-5'22
l3
7

-4
7

-rlt .,r4*' t =l and /' ? =l22
ll0r=- and v=-1'7

-2+4 -5 +7
2

l3
Y = --x+-'22

AtD. - 
1x+ 3 =3r+l'2 2

1

,|

,=,(+).,=+ ,=3rE)' \7)
Coordinates ofD = Coordinates ofB =

Making use of mid-point formula, let B = (x,y) orD =(x,y)

1

7

10

7
rr3 1)
\t't )

r++ 
=1

2
l3x=-
7

-., t0

and Y- t =l
2

and y 4

t3

7

7

)
4

7
Coordinates ofD = (i T)Coordinates ofB =

4049/0 I /S4 Prelim/2O23Cedar Girls' Secoudary School
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5

3 The equation of a curveisy=vt l1rrz *lot+9, where h and * are constants.

(e) Show that ify increases as x increases, then 3k - hz > 0.

9=3x'+2hx+k
dx

Ify increases as x increases, then 9=3x'+2hx+k>0,
&

As 3 > 0, then b2 -4ac <0

(zn)' -+1t'11tc1<o

4h'1 -l2k <0
3k-h2 >0.

t3l

t3l
(b) In the case when l=-5 and k=3, find the x-coordinate of each ofthe points

at which the curve meets the x-axis.

Since curve meets x-axis, x3 -5x2 +3x+9=0
Let flx) = / -5v2 +3x+9
Since f(-1) = (-lf -5(-l)' -3+9 = 0

(x+l) is a factor of (.r).

x2 -6x+9
x+l x3 -5x2 +3x+9

Therefore, (x'z -6.r + 9)(x + 1)= 0

(.r-3)'(r+ t)= o
-r=3 or.x=-l

Cedar Girts' Secondary School 40 49 I O 1 I S 4 lP r elim / 2O23 [Turn over
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6

4 (a) Given that the constant term in the binomial expansion of

find the value of the constant t.

kx+-
x

is -160,i
t3l

General term = Il)t'r'1
k

6-2r'-0
r=3
Since constant term is -160,

x

f6\ .

Ir.Jr'= 
-too

u=P=-,

(b) Using the value of I found in part (a), show that there is no constant term in

the expansion of (zx'+z).

2x--
x

For term in x-2 ,6-2r=-2
r=4

rerm in * 2= (:)(,f [-?i = ^
Constant term in expansion = 2(240)+3(-160)=0

Hence there is no constant term in the expansion.

6
kx+-
x

t3l

)
(zr' +l) = (zx' + r)(...Term in r '? + Constant term +...)

Cedar Gtls' Secoudary School 40 49 I 0 | / S 4 P r elini 2023
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7

5 (a) The equation of a quadratic cwve is y =2162 qpr+16. Given that y<0 only
when 2 < r < t , frnd the value ofp and of /i.

Since 2x2 + px+16<0when 2<x<k,
2(x-2)(x-k) <0

2x'z-(2k+4)x+4k <o
By comparing, 4k =16 > k = 4.

By comparing, p -- -(2k + 4) = -(8+ 4) = -12

(b) In the case wherc p=-14, find the value of zr for which the line y=/1i+a
is a tangent to the quadratic cwve, y =2x2 + px+16.

Since line cuts curve,2x+m=2xz -l4x+16.
2xz -16x+16-m=0
Since tine is a tangent to curve, bz -4ac =0
(-rc)' -t1z1Qa-m)=o
(te-n)=zsa*a
m=-16

t3l

t3l
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8

6 Mary and Sally took part in a shot put competition- The heights, in metes, of
Mary's and Sally's shot put throws can be modelled by the quadratic functions

1128f(x)=- 1r-6)'+3 and g(x)=--x'+Ix+l respectively, wherex m is

the horizontal distance ofthe shot put from the starting line.

(a) Express g(x) in the form g(x) = a (xa b)2 + c where a,6 and c are constants

efrt = -*(r' -t4x +'72 - r' )* !
8(') = -3sf ((r-z)'-+e)+ !

. 1 , _.2s(-r)=--{x-7}-+3
35'

1
f(0) = -180-(0-6)' +3 = 1.6

c(0) = 1.6

Both Mary and Sally threw the shot put from a height of 1.6 m

t2)

(b) Evaluate (0) and g(0) and hence interpret the meaning of your answers. t21

Cedar Girls' Secondary School 4M9/01/54 PretuoJ2023
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9

(c) The winner of the competifion is the one whose shot put has the further
horizontal distance from the starting line. Explain mathematically who is the
winner of the competition.

As the shot put touches the ground, f(x) = O n6 ,1r; - I

-fr(,-o)'+l=o and-{(r-z)'+r=o

3tl8o+6=14,8
7

x = J3"to5 +i =17 .2

t3l

As Mary threw a distance of 14.8 m and Sally a dislance of 17.2 m, Sally is
the winner.
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7 The table shows experimental values of two variables x andy.

x 0.5 2.1 3.5 4.3 5.5

v 3.3 2.5 2 1.5 1.3 l.l

It is known that x andy are related by the equation y=-l-,where a and D are
x+l)

constants-

(a) On the grid on page I l, plot:ry against y and obtain a straight line graph. tZl

v 3.3 2.5 2 1.5 1.3 l.l
xy 1.65 3.25 A1 5.25 5.59 6.05

y =-!-) ry- -by+awhoey =ry rrrrdX =y, gradient= -Dandx+b
I-intercepl = a

@) Use your graph to estimate the value of a and of D.

a=8.0-8.4

b =1.8to2.2

0 1 2 3 4

t4l

t2)

,1

(c) Obtain the value ofthe gradient of the staight line obtained when 1 is plotted
v

against x.

a I xb -. 1 -. Iy=..........._+-=-+-where I: - and X =r, gfadrent= -' x+b y a a y a
I

Gradient is _= 0.122
8.2

;'-

y = -1.989 ;x + 8.211:

Cedar Gfuls' Secondary School 40 49 / 0 1 I 54 Pr eliml 2023
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t2

8 In the diagram, lB is a diameter of the circle with cente O. C.l and 87" are the
tangents to the circle at C and I respectively. ACT ail, BST are straight lines.

(a) Prove that triangle ZCS is an isosceles triangle

Let ZCAB = x"
.'. ZSCB -- f (Angle in altemate sepatt or Tangent Chord Theorem)
ZACB =90" (Angle in a semi-circle)
.'. ZTCS =90o -x"
ZTBA =90' (Rad LTan)
.'. ZCTS =180" -90' - x' (Angle sum of Triaugle)

=90o-xo
Since ZCTS -- ZZC,S, ICS is an isosceles triangle.

A

t4l
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(b) Showthat AB2 =ACxAT

(l) ZCAB = ZTAB(common angle)

(2) ZACB=ZTBA=9o
Therefore, Triangles CAB and BAT are similar. (ll Similarity)

A

D

A

t1l

C

TB

AB AC --
= "- (all corr sides are proportional)

AT AB.
AB2 = ACxAT

x"
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9 Itis given that.r is a function of t, *=t-r" and:=2 when r=0
dl

(a) Express x in terms of ,

,=J (r -,,,)ar
e't

=t--+c.2'

Since x=2 when r=0, z=o-)+cr=c=1

e'' 5x=t--+-22

t3l

Cedar Gtls' Secondary School 4049101lS4 Weliml2023
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It is also eiven that Q=sr*Jr*s-o 9=oo when x=4" dx' d.r

(b) Find the value of I when t = I .

dt
3

dv 5x'
dx2

3

wt* 9=oo. x=+.60=5(4)' *'(o*t)' *r.dx23'
cr--60-40-18=2

1

dv 5x2 2(x+5\z
--:- = 

- 
+ ----:----------, +2

dr23
o2 11o2

When r=l- x=l-- +" =' -L=4.19453' 2222

tsl

2 x+5 ,
*cz

3

dy dy d,rx-
dt dx dt

l'3
I s(+.rsasrf * 2(4.t94s3+s), 

+2

[23
x ( )t-e = -58.3
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l0 The diagram shows part ofthe crxre l=4],*>4

2r-8- .{+4

v

ir

(a) Explain why the cu*" y = 
2'-r8 

aoes not have a stationary point.' x+4
dy _(x+a)z-(zx-8)= l6
dr (x+4)'z (x+4)z

Since ff + 0, f does not have a stationary point.

tzl

t3l

(b) The curve cuts the x-axis at,{. The tangent and the normal to the curve at I
intersect the y-axis at , and C respectively.

(i) Find the equation of the normal AC

Wheny=[,v=4-
Coordinates ofl = (4,0

Gradient oftangent at I
)

16 1

924
Gradient of normal at A = 4
Equation of normal AC: y-0=a(x-a)
Y=4x+16
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t7
(ii) Find the area of triangle lBC.

Equation of tangent AB: y - 0 = [ (x - 4)

I
4

v 1

i4l

tzl

Therefore, coordinates off = (0, -1)
Area of Triangle I BC = Area of Tiangle OAB + Area of Tiangle OAC

= 
1r1r,4+ l rl6x4=34so units22

Or Area of Trian gle ABC
r14 o o 4l I=:1. .l=:tU-(-4)l =34 sq units
210 16 -r 0l 2'

Or Area of Trian gle ABC = !x(16 +l)x4 =34 sq units

(c) Byexpressing ?i=r.*,explainwhythe line y=/ doesnot

intersect the curve.

2

x+4 2x-B
-\2x+8

-16

2x-8 _r_ 16

x+4 x+4

As x>-4, --J6..g

Sioce z-;S.2, the line /=2 does not intersect the curve.
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l8
11 The q\ye y=acosbx+c, where a,bandc are positive integers, is defined for

0<x<tr.

The cuwe has an amplitude of 3 and a penod of { radians. Jhs minimrrm value
J

ofy is 4.

(a) State the value ofa, D and c.

a=3,b= =6 and c=4+3=7

(b) Sketch the graph of y=as$6*+cfor 01x 1t.

= 3cos6x+

t3l

2tr

a

t3l

v

v =-!t +to

x

Cedar Gtls' Secondary School 4049 /01 /54 Pr ellmJ2023

t
\ I



BP-61

t9
?(c) On the same axes in part (b), sketch the graph of y=-aaa10 for0<.t<lr. tll

Drawing of line

(d) Hence, for 0 < x < zz, state the number ofsolutions ofthe equation

-ix+l0r = r(acosbx + c) .

-:-x+10=dcosbx+c

-3x+l0r = x(acosDx+ c)

There are 6 solutions.

t21
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12 A particle moves in a straight line and passes a fixed point O. The velocity, v m/s, of
the particle, , seconds after passing O, is given by v = 6t2 + mt +9 ,where z is a

constant. The particle iavels wrth a deceleration of 9 m/s2 when I = 1-

(a) Show that the value ofn is -21.

o=9-=12, *^
dt

When a =-9 and r=1,12+m=-9
m=-2.1

(b) Frnd the value(s) of I when the particle is at instantaneous rest.

When particle is at instantaneous re st, v=6t2 -2lt+9=0
3(2,-lxr-3)=o
r=05 or l=3

t1l

t2l
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(c) Explain clearly why the total distance travelled by the particle in the interval
from r=0 to t=4 is not obtained by finding the value of the displacement

of the particle at r = 4 . t2)

The value of the displacement ofthe particle at r = 4 will only give the
distance of the particle from O when / = 4 . It does not take into account the
distances travelled by the particle when it changes its direction of motion
when t=0.5 or ,=3.

Concept of displacement as distance fiom O.

Changing in direction of motion when , = 0.5 or , = 3 .

(d) Find the total distance travelled by the particle in the interval t=0 to t=4. t3l

' =[(at -zu+s)at
^t-2

= )t1 - 
L-!- 

+9t + c)
When r=0, s = 0, therefore c=0

, = 2t' -2lt' *9t
2

when r = 0.5, s = 21n.51' -21(0:5)' +9(0 5) = 2*

when t=3 , s=2(r3 -219)'z +9(3)=-131

When r=4, s=z(+f -M-+g(4)=4

Total distance trav elled= 2\x2+13!r2-'+ =zl!= 27.25 m(exact)824

t=3 t= 4 t=0 r=0.5

o
4

End of Paper

8
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Quadratic Equation

For the equation m2 +bx+c=0,

Mathemutical Formulae

1. ALGEBRA

-br b' 4ac

2a

n(n - ...(n-r+

2. TRIGONOMETRY

sin' ,4 + cos' ,4 = I

sec' A =1+ larr' A

cosec2 A=l+ cot2 A

sin(l a 8) = sin ,4 cos B a cos,4 sin I

cos(l * B) = coslcos8 l sin lsin ,B

Binomial expansion

(a+b)'=a'+

Identities

Formulae for AABC

(i),'-',-[;),'-zbz + .(:)"-'* + +b',

where n is a nositive inteser and fn)- x! -
I r./ r!(n - r)! rl.

cos2l = cosz l-sin'z A=2cos2 A-l=l-2sm'z A

l^n A+ tan B
taa( A! Rt = 

-

l+ tan Alan B

sm2A=2smAcnsA

bo2A = zt?fr !|-t^a'A

abc
sinl sinB sin C

a'=b'+c'-2.bcnsA

a = lDcsinz
2
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3

Answer all the questions.

I The mass, x grams, of a volatile matter from a space mission remaining I days after
being exposed to Earth's atmosphere is given by x=1.3+7e45' .

(a) Find the initial mass of the matter. tl l

FO,
x=1.3+7=8.3grams

(b) Explain why the mass of the substance can never be lower than 1.3 grams. t2)

For all real values of, (, > 0 ),
e4.5, > O

7eas' > o

7ea5'+1.3>1.1
Hence the lowest value will be 1-3 grams

(c) Find the least number ofdays it takes for the matter to be reduced to halfofits
initial mass. t3l

Half of initial mass = 8.3 +2 = 4- l5 grams

4.15 =1.3+7eas'
57

140

-{.5t

nl1=-o.sr
140

t=ln 57 ,-0.5
140

l = 1,80days (3 s.0
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2 (al Prove tlat I 
- 

I 
=2lgltzx.secx-l secx+ I

LHS
I 1

secx-1 sec.x+1
sec.r+l-(secr-l)=___l;rIJ_

2

tan2 x
= 2cotz x

t3l

tsl
1 I(b) Hence solve 5 cos ecx, for 0o<x<360o.

secx-1 sec.r+1

2cotz x = Scosecx

2(cosec2 x-l)=Jussr:c
Zcoseo2 x-Scosecx -2 =0

s!Jrs4eX-4
cos ecx = 

-

.44
sm.r = 

--- 
oI s[l I = -------------s+J4l s-J4l

Reference angle = 20.545'
x = 20.5',159.5'

Cedar Gils' Secondary School 4049 I 02 / 34 ltu e\ms I 2023



BP-69

5

3 The polynomial f(x) = qrc3 a 6*z *5r-3, where a andb arc constants, is exactly

divisible by 2x-l and leaves a remainder of 39 when dividedby x-2.

(a) Find the value of aardofb. l4l

/(0.s) = a16 5Y *6(o.s)'z+ s(0.s)-3
0=0.125a+0.25b-0.5
0 = a+2b -4
a=4-2b---(t)
f(2)= a(2)3 +b(2)z +s(2)-3
39 =8a +4b +7
0=8a+4b-32---(2)
Sub (1) into (2),
0=8(4-2b)+4b-32
0 =32-L6b+4b-32
b=0
a=4

(b) Using these values of a and of 6, determine the number of real roots of the
equation f(x) = 6.
Show all necessary working.

f(x) = 4rt *5r-,
f (x) -- (2x -1)(2x'z + x + 3)

(2x-l){2x2 +x+3)=0
b2 -4ac =l-4(2X3) =-23 < 0

Therefore there is only I real root, x = 1
2

t3l

Cedar Girls' Secondary School 4049 / 02 I 54 lPrcltns I 2023 [Turn over



BP-70

6

4 (a)

(b)

rc y=@x-!J2x+1, showthat I =l'z:.1,dx JZx +l

Hence find the value of I H 
dr expressing youl answgr in ths f6rm

J2x+l(ax+b) where a and D are integers.

t3l

t4l

y =@x-lJ2x+t
dy

dx
dy

dx

dy

dx
dy

dx

r-1
= (4).1 2x + I + ; (4x - 3)(2: + l)'? (2)

2

= 141J2, *1*$x -3)
"l2x+l

4(2x+1)+(4x-3)
.'lr.+1

l2x +1

J2x+l

J
l2x +3

r/2x + I
dr j lZx+l

Tz**t
+-Ldt+c

J2x +1

=(+x-r).Er+r+J fta,-c
-r

= (4r -3h/2r+l +J2(2x+l) tdx+C

l
=(tx-21.!lii+4!:)'ag

!12
2

= @x-)JZx+t +ZJ2x+t +C

=Jzt*t@r-t)* c
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(b)

7

The area ofa quadrilateral is given as 25(tan15") cm2.

Without using a calculator, express the area in the form ( d + DJi ) cm'z. [4]

Given that tanl5' is a root to the equati on x' + px+ q =0, wherep and g

are integers, find the value of p and q. t3l

tanl5" = 2-.6
Q-.fi)'z+ p(2-.5)*q=o
7-4.,f\+2p-p^E+q=o
t +zp-4,fi =-q+ pJl
P=4
7 +2p =-q
7 +2(4)=-q
4=l

25(tan 15')

= 2s(tan(4s" - 30'))
( tuo+s"-tuofO')l_t
I I + tan 45' tan 30' ./

ls-6)lrl
l3+J3 |

[r )
(r-f"\
ll*.6.J
[r-Jr)
l.3.El
(n-eJl
Id
-zsJt

25

=25

=25

:2s

=25

25

50

.6
3
l;

l+
3

I

3-J1
i-Tt
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8

The figure below consists ofa rectangle ABCD and an isosceles triangle lED,

where AB = y cm, BC = 2x cm and ED = I x cm.
4

Given that the peimeter of ABCDE is 70 cm,

E

5
-rcm

D

ycm

C
2xcm

A

I
B

(a) show that the area of figure is , =l}x-)x'.
4 tsl

P=2x+2y+2(1x)

7o=2x+2v2'
2v =70-\'2

140-9x
v

4

Height
J

4

.q=z*+( L,z*,'(2 (ir)
A--2x

fl4o-9r\ ( 3l- l+ xl -\ 4 I \4 ,
o

A ='10x -! x2 +.\

A=70x-Ex'
4

?-1x"
4

Cedar Girls' Secondary School 4049 I 02 / S 4 /P t e\\rs I 2023
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(b)

9

Given that x can vary, find the value of .x for which the area of the figure is
at a maximum. tsl

14O -9xv 4

4=to-E*
dx2
0= 70-Ex

2

x = 91 or 9.33 (3 s.fl
3

d2A 15

dx' 2

By second derivative test, I is a maximum when x = 9
1

3
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7 (a) Solve the equation 321+1 -3x+2 + 6 --o .

32'+t - 3,+2 +6=0
32' .3-3' .32 +6=o
3'=y
3yx -9y+6=0
yz -3y+2=0
(y -2)(y -t) =0
y =2 or y =l
3' =2 or 1' --l
x = 0.631 (3 s.f) or .r = 0

O) Solve 1og, (.x + 2) - I = Iog, (.r - 1) .

l4l

t4l

log, (x +2)-l = logn (-r -l)

log, (r+ 2)-l =
loBz x-l

log,

log, (r+ 2)-t = Zlog, (r-l)
log, (r+ 2)-2log, (.r- t)= t

Iog, (r+2)-log,(x-t)'? =t

log
(x+2)

=l2
(x 1)'

(x+2)

(r-1)'
(r+2) =2x2 -4x+2
zi -5x--0
r(2x- 5) = 0

,:o (rej.) o, ,=r;
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A ctcle with cenfie C and radius r has an equation of x2 + y2 - 4x - 6y -12 = 0

(a) Find the coordinates of C and the value ofr.

The line 4y = ly + 3l is tangent to the circle at the point I

(b) Find the coordinates ofthe point ?"

(c) with if ,s 0 lies within the circle.

t3l

I4l

t2l

-2f :4
f=2
-2g =-6
c=3
c(2,3)

(2)2 +Q)' -e12)
4+9+12

r=5

J
frr^r-,

4
4

mr, = -i
Let T (p,q)

3-q =_!2-p 3

9 -3q = a,p -g
4p +3q =17 ---- 111

4q =1p+3r--(2)
Solving for p and 4
rcr,7)

cs = J29 ,s
Since CS is greater than the radius, the point lies outside the circle.

CS= (2 -O)'z + (3 -8)'?

s = (0,8)
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9 The diagram shows a quadrilat eral ABCD tr.whtch 1l'BC = ADC =90o .

AB=8cm, BC=3 cmand IBAD=0. .

8cm

3cm

D C

(a) Show that the sum ofthe lengths oflD and CD is given by 1 I sin d + 5 cos d cm. [4]

Y

BYsrn6r=-
8

8I = 8sind
-BXcosd=-

1

BX =3cos0
CD = 8sind-3cosd

-Avcos6r=-
8

AY =8cos0
CXsrn6r=-
J

CX =3slm0
.,4D = 8cos d+ 3sind
AD +CD =8cns0 +3sind+8sind-3cosd
AD+CD =tlsrn?+5cos?

A

It

Cedar Girls' Secondary School 40 49 I 02 / S 4 lPr efins I 2021
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,=r--'(.1)
Il li

a - 24.444"

1 lsind + 5 cos d = .,llG sin(O + 24.4)

R=.[f+s'
R =.,1146

8P.77

t3
(b) Express l lsind+5cosd in the form Rsin(d+a) , where R is a positive

constant and is acute. t3l

(c) Find the maximum value of the sum of the lengths of lD and CD and the

corresponding value of 9. t2l

Maximum value is d46
sin(o +24.4") =l
ref Z--90"
ref Z = 90" - 24/44' = 65.6' (l d.p)
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l4
l0 The figure below shows part of the curve y -- -x2 +7 ard the line y + I = 2x. The

curve and the line intersect at the point l. The points B and C lie on the r-axis.

.t
2-Y=-x + t

{) D (.' 4

(a) Find the coordinates of A, B and C

y +l=2x

A

t4l

Let y =Q, Y=
1

,
,,i,0,
l*t y=0, a=.,1j

c(.R,0)
Sub y=2y-1 nto y=-71 a7
2x-l=-t +'l
x2+2.r-8=0
(x+4)(x-2)=0
x=-4(rej.)or,x=2
/=3
A(2,1\
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A,"u= II -*' +ta*+!i(t-*' +t)-(z..l\)d.+lh-x' +7dxl

I
-xt -
-+ 

lx
3

I

l:.I
-" +8, - *'

3

a) l. - rrll*lll*r,l II lL 3 .lol

- I *Z'l*[,-9+ro-+i-r-l++-1r'l
24 2)l'3 24 4)

+ e!*zq-s.trc-+7d,)

83 45

248 l?.#-^"1
= 14.8 units2 (3 s.0

BP-79

(b)

15

Calculate the area of the shaded region
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BP-80

l6

11 (a) Show that (cos.r-sinx)2 =1-sin2x.

(cosx-sinx)'1

= cos2 ,- 2 sin, cos x +sin'x
=1-sin2;r

(b) Hence find the exact value of [(cosr-sinr)' dr.

t2)

t4l
2

[ (cosx -sin x)' d,
z

[r-ri"z, a,
2

I cos 2-x-1"
=lr+- |

| 2)r
z

cos2tt x cosx
=fi+-----222

(1) z (-l)
=1t+-----22 2

-t1=_ Or =_+l22
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BP-81

t7

(c) Using the result in 1"1, noa { roftot' 
=th 

t]'
dr \ cos2x )

t4l

Method I

d - /cos x- sin.x \2_lnt _ |d, \ cos2x )

_ d ,[(cosx _sin.r)')
& [ cos'2x )
d - f t-sin2-x)

= -tnl 
....._ 

Idx I cos' 2:r ./

d - f l-sin2-r \
= - lnl 

-==- 
|d: Il -sin'2xl

d.( I )
=-lnl 

- 

|

d.r Il+sin2.rJ

= -a h (t + sin 2-r)dr,
=- I , (2 cos 2x)

I +sin 2x

-2cos2x
1+ sin 2x

Method 2

d / cosx - sin x)t_t

I cos2r )

2

ln
d,

=3r[dxI
(cos x - sin x)2

cos'2x

d - f t-sin2r)
d: I cos'2.r J

= f [rrO - r,o zr) - 2 ln(cos 2x)]

= | ,-2cos2x-2
l-sin2x

[ ' "-r.,rrr'']( cos 2.x )

-2 cos 2x 4sin 2x -2cosZx
= 

-+- 

Or =-+4lanzx
I - sin 2.r cos 2.r I - sin 2.r
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