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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax’ +bx +¢=0,

- —b+t+b* —dac

X
2a
Binomial expansion
(a+b)" =a" + "lamp a2 4+ " a” b+ .. +b",
1 2 ¥
: ! - ..(n-
where n is a positive integer and g [— e ) (nor+l)
r) ri{p—r) r!

2. TRIGONOMETRY
Identities
sin® A+cos® A=1
sec’ A=1+tan* 4
cosec’A=1+cot’ 4

sin(4+ B) =sin AcosBtcosAdsin B
cos{A+ B) =cos AcosBFsin Asin B

tan 4+ tan B

tan(A+B)=——m—
( ) 1¥tan Atan B

gin 2.4 = 2sin Acos A

cos2Ad=cos* A—sin? A=2cos> A—1=1-2sin’ 4

2tan A

tan24 =
1—tan’ 4

Formulae for AABC
a b c

sind snB sinC

at=b>+c*~2bccos 4

A=—1—bcsinA
2
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Answer all the questions.

1  (a) Thecurve y =mx’ —12x+2(x* + m—1) lies entirely below the x-axis for all
real values of x. Find the largest integer value of m. [5]

(b) Show that the roots of the equation 2x* —3(1—x)=—p arereal if p< 4%. [4]

Cedar Girls’ Secondary School 4049/02/54/Prelim/2024




BP~28

3-3x*

2 et f(x)= .
(2x+1){x+2)

(a) Express f(x) in partial fractions. [5]
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5

(b) Hence find the value of J‘:f (x) dx, giving your answer in the form a+blInc,

where g, b and ¢ are integers. [5]

Cedar Girls’ Secondary School 4049/02/84/Prelim/2(24




BP~30

6
3 (a) (i) Prove cosec2f-~cot2f=tanf. [3]
(ii) Hence, solve cosec 40 —cot48 = —f3 for 0<B<nm. [2]
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(b) The angles 4 and B are such that
sin(A+45°)=(zJ§)cosA and 4sec’ B+5=12tan B.

Without using a calculator, find the exact value of tan{4— B). [5]

Cedar Girls’ Secondary School 4049/02/54/Prelim/2024
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n
4  The fifth term in the expansion of ( p —EJ , where p and g are positive numbers,
x

is independent of x.

(a) Show thatn=8. (2]

(b) Hence, explain why the fifth term is a positive constant. 1]
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It is given that p=3 and g =1.

h
(¢) Find the term independent of x in [2 + Ji][ px— %] for n=8. [4]
X
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5 The diagram shows a line DE which cuts the y-axis at P and a line through F
meets the y-axis at Q such that angle FPQ = angle FOP.
The coordinates of D and E are (—4, 0) and (10, 7) respectively.
F is a point on the line DE such that DF: FE=4:3.

y
r 3
E(10,7)
o
F
AD(40) 0 -
(a) Find the coordinates of F. [3}

Cedar Girls” Secondary School 4049/02/84 Prelim/2024



BP~35

11
(b) Find the equation of the straight line FQ. 2]

(¢) Find the area of the triangle OFE. [3]
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6 P T
4 cm
Q N N 5
g cm
R

The diagram shows a figure PORST which consists of a rectangle POST
and an isosceles triangle ORS.
It is given that PQ =4 cm and OR =8 cm.

(a) Give angle SOR = angle OSR = x radians and the area of PQRST 1s given by
A cm?, show that A = 64cosx+32sin2x . (4]

Cedar Girls’ Secondary School 4049/02/84 Prelim/2024
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(b) Find the value of x for which 4 has a stationary value. [3]

{c) Hence find the exact stationary value of 4 and determine whether it is a
maximum or a minimum. [2]
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7  Itis given that f(x)=x’+ax’ ~5x+b, where a and b arc constants, has a factor of
x+1 and leaves a remainder of —24 when divided by (x+3).

(a) Show that @ =—1 and b=-3. [4]
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(b) Hence factorise f (x) completely and write down the solutions for f(x)=0. [3]

Cedar Girls’ Secondary School 4049/02/84/Prelim/2024




BP~40
16
From part (a), it is known that f(x)=x" —x*—5x-3.

The diagram below shows part of the curve y = f(x) and a line that cuts the curve
at B and C. B has coordinates (1, -6).

A and C are points on the curve and the x-axis.

N /
A g

=

! B(1/-6)

(¢) Find the area of the shaded region. [5]

Cedar Girls’ Secondary School 4049/02/84 Prelim/2024



BP-41

17

(d) Show that the equation of the tangent at the minimum point of the curve is
256
[3]
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8 A circle has a diameter AB. The point 4 has coordinates (1, — 6) and the equation
of the tangent to the circle at Bis 3x+4y =4k .

(a) Show that the equation of the normal to the circle at the point 4 is 131
4x-3y=22.

It is also given also that the line x = —1 touches the circle at the point (-1, -2).

(b) Find the coordinates of the centre and the radius of the circle. [4]
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Continuation of working space for question 8 (b).

(¢) Find the value of £. [3]

Cedar Girls’ Secondary School 4049/02/54/Prelim/2024




BP-44

20
9  Mr Chan was driving a car along a straight road. He was 35 m away from the stop

line when he applied his brakes near a traffic light. His acceleration, @ m/s?,
t

after applying the brakes was given by a=-7.5 e ? , where 7 is the time in seconds
after he applied the brakes.

(a) Explain mathematically why a <0 for all £ >0 and the significance of a<0. [2]

(b) Mr Chan’s car was travelling at 14 m/s just before he applied his brakes.
Express the velocity of his car, v m/s, in terms of . [3]
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(¢) Hence find the time taken for his car to come to a complete stop. [2]

(d) Obtain an expression, in terms of ¢, for the displacement of Mr Chan’s car
from the point he applied the brakes i3]

(e) Determine if Mr Chan’s car was able to come to a complete stop before
reaching the stop line. Explain your answer. [2]

End of Paper
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax® + &x +c=0,

_ —b1Vb  —4dac

2a

x

Binomial expansion

(a+b)" =a” +[ﬂa"‘1b+[2]a"‘2b2 + . +{HJ a"ThT .+ b,

r

. e ! -D..(n-
where 7 is a positive integer and i E— = =D ..nzr+1)
r) ri{fn-r) ¥!

2., TRIGONOMETRY
Identities
sin® A+cos* A=1

sec’ A=1+1an’ 4
cosec’4 =1+cot’ 4
sin{ A+ B) =sin AcosBtcosA4sin B
cos{A+ B)=cosAcosBFsmn Asin B

tan4+tan B

At ) = A B

sin2A4=2sin Acos A

cos2A=cos® A—sin> A=2cos’ A~1=1-2sin* 4

2tan 4

tan24=—"——"_
1—tan® 4

Formulae for AABC
a b c

smd snB snC

a’=b"+c* —2bccos 4

A =lbcsinA
2
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(@)

(b)

Cedar Girls’ Secondary School

Answer all the questions.

The curve y =mx® —12x+ 2 (x* + m-1) lies entirely below the x-axis for all real
values of x. Find the largest integer value of m.

y=mx’-12x+2 (x* +m-1)
=mx’ =12x+2x" +2m~2
=(m+2x* —12x+2m~2
Since the curve lies entirely below the x-axis,
@ Discriminant, 5* —4ac <0
(~12)* —4(m+2)(2m-2) <0
144 -4(2m* +2m—4) <0
—8m? ~8m+160< 0
m*+m—-20>0
(m+5Km-4)>0
m<-5 or m>4
@ Coefficient of x%, m+2<0=>m <2
Combining the inequalities, m < -5
Largest integer value of m= -6

Show that the roots of the equation 2x* —3(1—x)=—p arereal if p < 4%.

2x* =3(1-x)=—p=>2x"+3x+p-3=0
b* ~4ac=9-8{p-3)=33-8p

Since ps4é, p5—383, therefore 33—8p >0

b* ~4ac:9—8(p+3)=33—8p20
Hence the roots are real.

4049/02/S4/Prelim/2024 {Turn over
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4
2 Let f(x)= 33 _
(2x+1)(x+2)
(a) Express f(x) in partial fractions. [5]
3-3x 4 B C

7 + + 2
(2x+1)(x+2) 2x+1 x+2 (x+2)
3-3x% = A(x+2) + B(2x+1)(x +2)+ C(2x +1)
Let x=-2, -9=-3C=C=3

19 9

let x=——,-=—A=> A=1
2°4 4

Comparing coefficients of x*, ~3=A4+2B=> B=-2

3-3%x 1 2 . 3
(2x+1)(x+2)° 2x+1 x+2 (x+2)

Cedar Girls’ Secondary School 4049/02/84 Prelim/2024
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(b) Hence find the value of I: f(x) dx, giving your answer in the form a+blnc,

where g, b and ¢ are integers.

J,f@ =] (2x+1 xiZ (x.fz) ]dx

_ | In@2x+1) 3 '
m[mmz 2In(x+2) _(x+2)]0

- 222 [ 5t -ma- ]

—%—21n6+2]112+1

3(4)
36
=1+1nl
3

=[+In—==

=1+Inl-1nh3=1-In3
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3 (a) (i) Prove cosec260—cot28=tané&.

1 cos26 1-—cos2h
T sin20 sin20  sin26
: 1-(1-2sin* 6)

~ 2sin@cosd

_ 2sin’f _sinf
" 2sinfcosd cosd

Las

tan &

(ii) Hence, solve cosec 48 —cotdf = 3 for 0<B<x.

Hence tan26 =—/3 [Making use of the identity]
’Basic angle = % =1.0472
20 lies in the 2™ or 4™ quadrant and 0 <28 <2x.
20=n-2 or 20= -2
3 3

0="2105 or8=>E=262
3 6

Cedar Gitls” Secondary School 4049/02/84 Prelim/2024
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(b) The angles 4 and B are such that
sin(4+45°)=(2V2)cos 4 and  4sec’ B+5=12tan B.
Without using a calculator, find the exact value of tan(4— B). [5]

sin A cos 45° + cos Asin 45° = (24/2) cos 4

-}/2—5 sin 4+ % cos 4= (2\/5 )cos A [Use of addition formula]

4 +tan® B)+5=12tan B
4tan® B—12tan B+9 =0 [Use of sec> B=1+tan> B and form a QE.]
(2tanB-3)’ =0

3

tan B =—
2

tan(4~ B) = tan A—tan B

I+tan Atan B

Cedar Girls’ Secondary School 4049/02/84/Prelim/2024 [Turn over
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A
4  The fifth term in the expansion of { p. —1) , where p and q are positive numbers,
x

is independent of x.

(a) Showthatn=38. [2]

4
Since it is fifthterm, 7, =7, , = [ZJ( px)"_4 (_ 1] [for r=4]
x

and it is independent, powers of x = n—4-4=0
Therefore n = 8.

(b) Hence, explain why the fifth term is a positive constant. [1]

Since p and g are positive, ( p)4 >0 and (—q)4 >0, the fifth term is a

positive constant.

Cedar Girls’ Secondary School 4049/02/84 Prelim/2024
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It is given that p =3 and ¢ =1.

2 x

n
(¢) Find the term independent of x in (2 + LJ( J7 _2_) forn = 8. (4]
x

(2 + %J[k_—J [ —17] .+ Independent term + Term in x* + )
X

,,
General term of 3x—— [ J

For independent term, 8 2r=0
r=4

Independent term = @(3)4 (-1)* =5670

For termin x*, 827 =2
r=3

Term in x* = @(3)S (-1)° =-13608x>

8
Independent term in (2+i2][3x—1) = 2(5670)—13608 = 2268
X X

Cedar Girls® Secondary School 4045/02/84/Prelim/2024 [Turn over
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5  The diagram shows a line DE which cuts the y-axis at P and a line through ¥
meets the y-axis at O such that angle FPQ = angle FQP.
The coordinates of D and E are (—4,0) and (10,7) respectively.
F is a point on the line DE such that DF : FE=4:3.

y
F 3
E(10,7)
Q
F
P
»X
D(-4,00 O

(a) Find the coordinates of F. [3]
EE(IO,’!) } ’?’—_y=_3_:>y=4 M1
" -y 7

""""" = 7 Ml
—t I —_
10—x: 10 x=§3x=4
:: 14
D40
\
4
Coordinates of F = (4, 4)
4049/02/84 Prelim/2024
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(b) Find the equation of the straight line FQ. 2]

Gradient of FQ = —%

Equation of FQ :y—4=—-12-(x-4)

1
¥ 2x

(¢) Find the area of the triangle QFE. [3]

Whenx =0, y= 6, Coordinates of 0 = (0,6)
1\0 4 10 ol

Area of triangle OFE = ~
caoftriangle OFE=2lc 4 7 6

=12 sq units

Cedar Girls’ Secondary School 4049/02/S4/Prelim/2024 [Turn over
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4 cm

Scm

The diagram shows a figure PORST which consists of a rectangle POQST
and an isosceles triangle ORS.
It is given that PO =4 cm and QR =8 cm.

(a) Given angle SOR = angle OSR = x radians and the area of PQRST 1s given by
A4 cm?, show that 4 = 64cosx+32sin2x. [4]

oS

b | -

COsSx =

a0 ‘

= 0S5 =16cosx
Area of AQRS =%x8 x (16cosx)sinx

= 64sin xcosx cm’
Area of [ POST =4x16¢cosx
=64cosx cm?
.4 = area of AQRS +area of UPQST
=64cosx +64sin xcosx

=64cosx+32sin2x (shown)

Cedar Girls’ Secondary School 4049/02/84 Prelim/2024
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(b) Find the value of x for which 4 has a stationary value. [3]

A=64cosx+32sin2x

d = —64sinx + 64 cos2x
dx
For stationary value, % =0

—64sin x+ 64cos2x=0
cos2x—sinx=0
1-2sin*x—sinx =0
(2sinx~D(sinx+1})=0

sinx =-;~ or  sinx=—1{rejected)

x=2=-0524
6

(¢} Hence find the exact stationary value of 4 and determine whether it is a

maximum of a mirimum. (2]

A=64cos = + 3251‘112(5]

6 6

64 ﬁ +32 ﬁ

2 2
3243 +1643
= 483 cm?

d*4
de

=-64cosx—128sin2x

2
when x = e %x—é < 0= A has a maximum value.

Cedar Girls® Secondary School 4049/02/54/Prelim/2024 [Furn over
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7 Itis given that f(x)=x’ +ax’ —5x+b, where a and  are constants, has a factor of

x+1 and leaves a remainder of —24 when divided by (x+3).

(a) Show that ¢=-1 and b=-3. (4]

Since x + 1 is a factor, f(-1)=0
£(-1) =(-1) +a(-1)’ -5(-1)+6=0
a+b=—4

Since R = —24 when divided by (x+3), f(-3)=-24
£(=3)=(-3) +a(-3)" -5(-3)+b=-24

Qa+b=-12
a=-1 and 5=-3.

Cedar Girls’ Secondary School 4049/02/84 Prelim/2024
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(b) Hence factorise I (x) completely and write down the solutions for f(x)=0. [3]

x'—2x-3
X+l [ X —x*—5x-3.

£(x) = (x+1) (x-3)

f(x)=(x+1)" (x=3)=0
x==]or x=3

Cedar Girls’ Secondary School 4045/02/54/Prelim/2024 [Turn over




From part (a), it i

16
s known that f(x)=x"—x*—5x-3.

The diagram below shows part of the curve y = f(x) and a line that cuts the curve

at B and C. B has
A and C are point

coordinates (1,-6).

s on the curve and the x-axis.

=

(¢) Find the area

A=(-10)
C=(3,0)

B(1,-6)

of the shaded region. (51

} Either one

Area of shaded region =

fl(f —x* —5x—3)dx~+%x(3—l)x6

{Area = Integration under curve + Area of triangle]

.4 3

1
- ﬂ_n__h]
|_432 4

+6

0w
4

3

=’—*g—6 +6
3

Cedar Gitls’ Secondary School

SOF (1)_[(_1)4 (@ sy _3(_1)]

+6
4 3 2

= 12% sq units [Final Area]
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BP~84



BP-~85

17
(d) Show that the equation of the tangent at the minimum point of the curve is
256
T (3]

f'(x)=3x"-2x~-5
For minimum point, 3x*> —2x—5=10
(3x=5)(x+1)=0

x=§ or x=-1
3

3 b
Equation of the tangent: y = G] —(:5-] - s(éj —3= _236

Cedar Girls’ Secondary School 4049/02/54/Prelim/2024 [Turn over
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8 A circle has a diameter 4B. The point A has coordinates (1, — 6) and the equation of
the tangent to the circle at Bis 3x+4y ==k .

(a) Show that the equation of the normal to the circle at the point 4 is [3]
dx-3y=22.

Since the normal at A will pass through the centre of the circle and ultimately B,
it will be perpendicular to the tangent at B.

3x k
Ix+dy=k=D>y=—"+=
¥ray ¥ 4 4

Gradient of normal at 4 = -—31 = g— [Attempt to find gradient of normal]

4

Equation of nortnal at A4: y—(——6)=§(x—l):>y+6=gx-%

4x-3y=22

It is also given that the line x =—1 touches the circle at the point (-1, ~2).
(b) Find the coordinates of the centre and the radius of the circle. [4]

Since the line x = —1 touches the circle at the point (-1, -2), so the equation of
the normal at (-1, —2) is y = -2 and this passes through the centre of the circle.
Solving the equations 4x —3y =22 and y = -2 provides the x coordinate of
centre of circle and the y coordinate of centre of circle 15 -2 .
4x-3(-2)=22=4x=16=>x=4

Coordinates of the centre = (4,-2)

Radius of circle = \/(4—1)* +(—6-(-2))*
=5 units

Or Radius of circle (from (-1, -2) to (4,-2)= 1+ 4= 5 units

Cedar Girls’ Secondary School 4049/02/54 Prelim/2024
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Continuation of working space for question 8 (b).

(¢) Find the value of £. 3]

Let the coordinates of B be (a, b).
a+l b-6

—— |={4,2

[ 272 ) (42)

a=2@4)-1=7and b=2(-2)+6=2
Coordinates of B = (7,2) ,

Sub. (7, 2) into 3x +4y =k,
k=3(7)+4(2)=29

Cedar Girls’ Secondary School 4049/02/54/Prelim/2024 [Furn over
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9  Mr Chan was driving a car along a straight road. He was 35 m away from the stop
line when he applied his brakes near a traffic light. His acceleration, a m/s?, after
t
applying the brakes was given by a=~7.5¢ 2 where ¢ is the time in seconds

after he applied the brakes.

(a) Explain mathematically why a <0 for all 720 and the significance of a<0 . [2]

t t

As e 2>0 forall £20 ,then a = _75¢ 2<0. [Both concepts]
This means that the car is decelerating.

(b) Mr Chan’s car was travelling at 14 m/s just before he applied his brakes.
Express the velocity of his car, v m/s, in terms of £. [3]

t

75¢ 2
1% =—i—-+c

2

{
v=15¢ 2+¢
Whent=0, v=14
14=15()+ c=>c=~1
_r
v=15¢ 2 -1

Cedar Girls® Secondary School 4045/02/34 Prelim/2024



(c)

(d)

(e)
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Hence find the time taken for his car to come to a complete stop. 2]

When it comes to a complete stop, v="0.

t
15¢ 2-1=0

t=-2in=
15

t= —2]11%5 =54216=542
Time taken=542 s

Obtain an expression, in terms of 7, for the displacement of Mr Chan’s car
from the point he applied the brakes. 3]

t
s:jvdt=—30e 2 f+c

Whent=0,s=0, 0=-30(1)~-0+c=c=30
t
s=-30e 2-¢+30

Determine if Mr Chan’s car was able to come to a complete stop before
reaching the stop line. Explain your answer. [2]

_ 54161

Whens=54161, s=-30e 2 -54161+30=22.6<35

Yes, his car came to a complete stop before reaching the stop line.

End of Paper
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