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Quadratic Equation
Forthe equation axz +bx+c=0,

Binomial acptansion

(a+b)'--a'+

Mathematical Formulae

1. ALGEBRA

-b+ b' - 4ac
x

2a

(n

['
tb+

ao t,
nl.

)

iwhere n is a positive integer and

Identities

Formulae for AABC

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

r

sin(l t.B) = sinlcos.Btcoslsin.B
cos(l t B) =s6slcosB+sinlsin.B

tar, A Ltan B
lalr( A + Bl=-

lTtan,4tanB

sn2A =2sin Acos A

cos2A -- cos2 A- stn2 A=2cos'A-l--l-2stn'A
o,,.2A= ztN'!

l-ltrln2 A

rl(n - r)l 71.

2. TRIGONOMETRY

sin2 l+cos2 l=l
ser,'A=l+tan'A
cosec2 A=l+ cotz A

abc
sinl sinB sinC

a' = b' + c' -2bc cos A
I

L, = :-bc stn A
2
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3

I Given that k -- 2J, -.8 ,without using the calculator, express 3f - I in the form
l-

o.,li-tJl
, where a, 6 and c are integers. t3l

c

2 The straight line y = ta + 20 intersects the cwve ]y = )lq2 - 21 at the points I and .B

whose x-coordinates are -3 and 4.5 respectively. Find the value of k t4)
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3

4

Express -3xz +l2x -4 in the form a(x - h)z + k , where a, h and fr are integers.

Hence state the coordinates of the turning point of the curve y : -3x2 +l2x - 4 . t4l

4 tntegrate tan2 2x with respect to x 13l
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5
6-r--5x+5

Exoress --:il- -j:=-i . in oartial fractions' (x-t) (x'+2)
t4l
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6 f(r): ,'" -(p*l)x' + p, where n andp are positive integers.

(a) Show that (x + l)is a factor of f(x) for all values ofp

(b) Given p:4,
(D find the value of n for which (* - Z) is a factor,

(ii) hence, solve f(x)= 0 .

l2l

l2l

t3l
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7

For 0 < x < n, f(x) =35;n*, *O"re n is a positive integer, and g(x) = 4cos 2x+ 1.

(D Given that I satisfies the equation f(-r) = g(x), show that smallest value for n = 3."5

I2l

(ii) State the amplitude ofg(x). tll

(iir) Sketch, on the axes below, the graphs of y = 11r; and y = g(x). 14)

v

x
L

Z ,
ft
4

(iv) State, in terms ofn, the other roots ofthe equation f(.r) = g(x) for 0 < x < n. U]
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8 A piece of wire, 100 cm in length, is bent to form the figure as shown.

B

x x

C
v v

H

v v
E G

x x

F

Given that angle ABC = angle EFG = 60", angle CDE = angle GIIA = 90o,

AB = BC :EF - FG :x cm and CD : DE : GH :HA = y cm.

(a) Show that the area of the figure, P crrf , is given by

, =( {-* r - Olr' + QsJi - so)x + 625 .
[2 )

t4l
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(b)

I
Find the value ofr for which P has a stationary value. t2)
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l0

v

(-e.2) B

The diagram shows a kite LBCD with AB = AD and, CB = CD.

The diagonals intersect at M. The point I lies on the y-axis, the point B is (*9, 2) and the

equation oflC is 2x + y = 9.

(r) State the coordinates ofl. tll

(ii) Find the equation of BD. t21

A

o
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(iii) Find the coordinates of Mand of D.

(v) the area of the kite AtsCD

Given further that the area of the tri angle ABD is I of the area of the hiangle CBD , find,"4
(iv) the coordinates ofC, l2l

t4l

t2)
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t2

(b) Given sin 3d + sin 0 = 2sn20 cos 0 . Prove that

(i) cos30+cosO =2cos20cos0 ,

12)

t3l

t3l(ii) sind -sin2d + sin3d
= tNr20 .

cos 0 - cos20 + cos34

10 (a) Find in radians, the principal value of ,an (-+)
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(c) Hence solve the equation

13

cos9-cos20+cns30 _ -! for o<e<r
2

t3lsind-sin2d+sin3d
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14

In the diagram, not to scale, BC ard, CE are diameters ofthe circles, 51 and 52,

respectively. CE is tangent to 51 at C, CF and BD meet at G , and G lies on the

circumfsrence of 51 . F lies on the circumference of .!2. CB produced and EF

produced meet at I .

Sz

51

F

Show that

O triangles CBG and, DCG are similar,

C

E

A

t3l
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(ii) lines BGD ard AFE are paral[el,

(iii) CEz = AExEF

t2)

l4l
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t6

t2 Solve the following equations:
(a) log, (2x - 1)- log n3=log,4 t4l
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(b)
1 10

5x+2252x+l

BP-99

t4)
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The sketch shows the graphs of the curve, t=*,-t, the lines 3y=4x-.g arld

l8

. The curve and the line 3y = 4x - 9 intersect at P . The curve cuts the .r-axis aty:3

*(!
\3

I

4
00

)'

. The line 3y = 4x -9 cuts the x-axis at Q 2

P

3v=4x-9

-I

Oo

1

.r-t 3

Theregion,{ is bounded by the curve, y=f-:-l ,the line y=3 and they-axis." x-[
The region B is bounded by the curve, the line 3y: {v-9 , and the x-axis.

(i) Verifu thatthecoordinates "f 
r"r. (J,-r) tzl

13
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(ii) Find the area of A and, of B . t6l

19
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20

A vessel is in the shape ofa right circular cone.

The radius ofcone is 8 cm and the height is 32 cm.
Water is poured into the vessel at a rate of 10 cm3/s.

Calculate the rate at which the water level is rising when the vessel i, I n ff
8

32 cm

t4l

END OF PAPER

8 cm
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Quadratic Equation

Forthe equation ax2 +bx+c =0,

Binomial expansion

(a+b)'=a'a

where z is a positive integer and

Identities

Formulae for AABC

sin(,4 + B) = 5fu17 cos.B t cos ,4 sin B
cos(l +B) = s65 7 cos.B a sin lsin B

lan A+t^\ B
t^n(A+ Bl=-' | +l^n Al^t B

sinZA =2sin Acos A
coszA: cos2 A-sin'I = 2cos' A-l=l-Zsm2 A

t^zA= 2tu!
l-lfinz A

Mathematical Formulae

1. ALGEBRA

2a

(n\o*,t, *...*
l2)

nl n(n

rt(n - r)t rl

2. TRIGONOMETRY

sin2 l+cos'l=1
sec'A=l+tan'A

cos*2 A:l+cot2 A

b

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

b+ta
)

t:)

Il
/n\
l,)"-'r'* '*t',

a

sinl sin-B sinC
a2 = b2 + c2 -2bc cos A

A = laDsinC
2

Crescent Girls' School 2023 Prelim Sec 4 A Math P2

-6+,[6'a*
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3

I (i) Theequationofa .*uei, f(xl=ffi. x* n.

Find /'(.x), simplifuing your answer as a single fraction. Hence determine the gradient of

the tangent at the point on the curve where.r:O. t5]

(ii) State the value ofp. t1l

Crescent Girls' School 2023 Prelim Sec 4 A Matl P2 [Tirrn over
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2 By using a suitable substitution, show that ldi -4=e6tus only one solution and find its
value correct to 2 significant figures tsl

Crescent Gtls' School 2023 Prelim Sec 4 A Math P2
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5

The diagram below shows a cir:cle x2 + y':9 and a straight line y = {415.
Find the range ofvalues oft

:b+ 5

f+f=e

tsl

x

Crescent Girls' School 2023 Prelim Sec 4 A Math P2 [Thrn over
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6

4 (t) Show that am$inr*"orr) = uo(--x4
t4l

t2l
lf(b) Solve tan =-3 for 0<x<tr.
4--x

Crcsceat Girls' School 2023 Prelim Sec 4 A Math P2
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s(D

(ii) Hence, find the exact value of

Differentiate 3r"os], with respect to x.
2

; ,rir], o'

7

t3l

t4l

Crescent Girls' School 2023 Prelim Sec 4 A Math P2 [Thrn over
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8

The figure (not drawn to scale) shows a right-angled triangle IBC constructed between two
parallel lines.

35 cm

The area of triangle ABC is 210 cmz . AB : 35 cm and makes an acute angle d with one of the
lines.

(D Show that the distance between the parallel lines, d : (l2cos9+35sind) cm. l2l

A

B

Crescent Girls'School 2023 Prelim Sec 4 A Math P2
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(ii) Express d in the form .R cos (d - a), where R is a constant and a is an angle in

radians

(iii) Find the value of 9when d: 28 cm. I2l

Crescent Girls'School 2023 Prelim Sec 4 A Math P2 [Thrn over

t3l
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7

10

(ii) Using the results in (i),

(a) show that the coefficient ofthe first term in the expansion of

also 512.

The coefficient or ] i, srz io tt e expansion of (? * p*)t, *ao" o. o.

(i) By first working out the general term * (1. t)" ,find the value ofp.

(2 .\'
[;*r''.,1 "

t3l

tll

Crescent Gils' School 2023 Prelim Sec 4 A Math P2
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l1

(b) find the {term rn tneexRaosion or (?
7+px

9

12)

(c) explain why the term
.1
lll-

x
does not exist in the expansion of

')

-+x px2
I 1,
-+-x'8x 12I(

CresceDt Girls' School 2023 Prelim Sec 4 A Math P2 fThrn over

t2l
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I

t2

The diagram below shows the curvey : ln (x + 3)a which cuts they-axis at (0, 4lnb)

The line /r, cuts they-axis at (0, -2)and meets the curve at (-1, aha).

v

4ln b

4ln q

y:ln(x+3)a

x
-i

.|_L

(D Find the value of a and of D.

o

l2l

Crescent Girls'School 2023 Prelim Sec 4 A Math P2
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t3

(ii) Find the equation of /r giving your answer in the form y =(plnq+r)x+ s where p, q

r and s are integers. t2l

(iii) Calculate the area ofthe shaded region, giving your answer to 3 decimal places. t6l

Crescent Cirls' School 2023 Pretim Sec 4 A Math P2 [Ttrrn over
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9

t4

Two particles, P and p, each moving in a straight line passes a point, Z, at the same instant.

The displacement of P, s" m is given Ot t, =+-++5, where , is the time in seconds

after passing Z.

The particle p passes Z with a velocity of l1 m/s and its acceleration, an m/s2 is grven by

aa =2t -6 where t is the time in seconds after passing Z.

(a) Find the value of I for which the velocities of P and p are equal. t4l

(b) Explain why particle Q will always move in the same direction after passing Z. 12)

Crescent Girls' School 2023 Prelim Sec 4 A Math P2
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l5

(c) Determine, with explanation, ifthere is any instance when particle Q is ahead of
particle P.

(d) Find the average velocity of particle p ur the first 5 seconds.

I4l

t2l

Crescent Gils' School 2023 Prelim Sec 4 A Malh P2 [Tirrn over
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10 The diagram shows two circles Cr and Cz.

v

1

x

Qe\, -6)

Cr has its centre at the origin O while Cz passes through O and has its cente at P.
The point p(-8, -6) lies on both circles and Op is the diameter ofCz.

(D Find the equations of Cr and Cz, tsl

Cresce Gtls'School 2023 helirD Sec 4 A Math P2
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The line through P perpendicular to Op meets the circle Cr at the points R and ,t

(ir) Show that the r-coordinates ofR and.! are a-bJl and a+6.,6 respectively,

where a and b are integers to be determined. l7)

Cresceot Girls' School 2023 Prelim Sec 4 A Malh P2 [Thrn over

BP- 1 19
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11 (a)

r8

The population P, in millions of a city, recorded in the month of January for various years is

modelled by the equation P --10 + at' , where , is the time measwed in years from January
2002 and a and n are constants.

The values are tabulated below.

Year 2005 20t2 2017 2022

P 20.4 73.2 126.2 188.9

(i) On the grid opposite, plot lg(P-10) against 1gr for the given data and &aw a

straighfline graph to estimate the values ofa and z, giving your answers to one
decimal place. t6l

(il) Use your graph to determine the year in which the population reached 100

millions. t2)

Crescetrt Cirls' School 2023 Preltn Sec 4 A Math P2

I
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(b) The diagram shows part of a straight-line graph, passing through the points (2,h)and$,$,
and representing the equations 2i +lot=3y, where /randft are constants.

Find the value of ft and of t
I-r

t4l

,4)

End ofPaper
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Quadratic Equation
For the equation ax' + bx + c :0 ,

Binomial expansion

(a+b)' = an +

Mathematical Formulae

1. ALGEBRA

-bx b2 -4acx-
2a

(l) o,u.(;),n-z6z * .(:)*-b'+ +b' ,

where n is a positive integer and
nl

=-=(;)
n(n-r)...(n-r +l)

rlrl(n - r)l

Identities

Formulaefor AABC

2. TRIGONOMETRY

sin2 A+cos' A:L
seo'A:l+tan2 A
cosec'l :1+cot2 A

sin(l t B) = srn AcosB t cosr4sin.B

cos(l + B) = coslcosB a sin IsinB
tanA+tanB

tan( A+ Bl - 

-

latan AtatB

snZA=2sinAcosA
cos2A:cos2 A-sin2 A:2cosz A-l:l-2sinz A

tanzA= 2^!
l-tm" A

a bc
sin,4 sinB sinC

az :bz +c' -2bccosA
1

L,= :bcsinA
2
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I Given that k = 2J, - Ji , without using the calculator, express 3[
2

in the form
k

oJl-rJj
c

i3l

k =2J' -Jj
*-l=\zli-Ji) 2-il-73

z(zJi +Ji)
= ali -tJ1-

8

- - t-
= 6.,12-3J3-i.,12-

26Jr-17JT

J

:J:
5

5

=4,t-z-!a55

2 The straight line y = tac +20 intersects the ourve 3y = 2ts? -21 at the points I and B

whose x-coordinates are -3 and 4.5 respectively. Find the value of [. t4l

3(loc+20) =216'1 -21
2b.2 -3r}--Bl=o

2tu2 -3p -81 =r', - 1.5r -!1 = 0
2k

-3 and 4.5 are solutions

(.x+3)(x-a.s)=0

-r'-1.5r-13.5=o
by comparison

8l
- - = _IJ.5

2k
k=1

I
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3 Express -3xz +l2x-4 in the form a(x -h)' + fr , where a, h andft are integers.

Hence state the coordinates of the turning point of the curve y =-3xz +l2x-4.

-3xz +l2x - 4 = -3(x2 - 4x) - 4

-3(*' -4x+22 -2')-4= -3(x- 2)2 +8

Turning point (2, 8)

l4l

4 Integrate tanz 2x with respect to x. t3l

I t;urf 2x dx = I sec'zx-l dx

tara2x
= 7- *+c (c is a constant)
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5
6x'-5-r+5

Exnress --4 in oa(ial fiactrons' (x-1) (x' + 2)
I4l

6.x--5x+5 A Bx+C
x-l ' x2 +2

= A(xz + 2) + (Bx+ C) (r - 1)

(r-l)(x'+z)
6.x'-5r+)
Subr=1,
6--34
A=2
Subx=0,
5=2A'C
C =-l
Sub.r = 2,

28 =8
B=4

6-r'-5r+5 2 4x -l
x-l' x2 +2" (x-r)(x'+z)
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6 f(r): x'" -(p+lh' * p, where n andp are positive integers.

(a) Show that (x + l)is a factor of f(x)for all values ofp. t2l

f (-r) = (-l)" - (p + r)(-r)' * p
:1-(p +1)(1)+p

=Q

Therefore (x + 1) is a factor

(b) Given p =4,
(D find the value of n for which (. - Z\ is a factor, l2l

f (2)= o

o=22" -(+*t)(z\'z++
o: 22" -16
n=2

(ii) hence, solve f(x)= 0 t3l

xo - 5x' 1 4 = (x + 1) (x - z)(x' + ac + b)

by observation

b=-2
substitute x = 1,

l-5+4=2(-l)(l+a-2)
a=l
(x+1)(x-2)(x'+x-2)= o

(x + r)(x - 2)(x -t)(x+ 2) = o

x=-1,1,-2,2
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7

For 0 3 x<n, f(x)=3sinnr, wheren is apositive integer, andg(x) =4cos2x+1.

(D Given that ! satisfies the equation f(x) : g(x), show that smallest value for n = 3.
6

l2l

(ii) State the amplitude of g(r). tll

Amplitude = 4

(iiD Sketch, on the axes below, the graphs of y = f(x) and y = g(x). l4l

y= dx)

3

x

v =/(x)

(iv) State, in terms of z, the other roots of the equation f(x) : g(x) for 0 < x ( zr. t1]

,G),(+

t;)
smallest n = 3

3

sin

4 +1srn

n

cos

1

r(x)

e(x)

5r
6

lt
2

,

I
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A piece ofwire, 100 cm in length, is bent to form the figure as shown

B

x x

C A
v v

D H

v v
E G

x x

F

Given that a\Ele ABC = ar:9le EFG = 60' , angle CDE = aryle GHA = 90" ,

AB = BC :EF : FG :x cmand CD : DE : GH :HA= y clr..

(a) Show that the area ofthe figure, P cm2, is given by

p =( f t - ^lz'lr' * lzs..D - so )x + 625 .t', I\- )
t4l

4(r+y)=100+
x+ y =25

! =25-x

CE= y'+y' ={2y

P = 2x Area of LABC+
2 x Area of LCDE +
Area of rcctangle ACEG

= x'?sin60'+/'+x(f2l)
t;

= !2 *' a 125 - 1s)' + J-zx(zs - x)
2

= f x'+6zs-sLx+x2 +25.12x-.,12x2

if ., - A)* . (zs.f2 - so)x + 62s
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(b) Find the value ofx for which P has a stationary value. tzl

dP

dx [f.'-o;'. zsri-so

dP

d,
0

,(
.11

2
+r-Ji x= s0-2sJi

so-zsJ2
= 16.2 (3 s.f.)f .,-ol2)2
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l0

v

(-e,2) B

x

The diagram shows a kite,4.BCD with AB = AD and CB = CD.

The diagonals intersect at M. The point I lies on the y-axis, the point B is (-9, 2) and the

equation oflC is 2x + y = 9-

(r) State the coordinates ofl. tll

A (0,9)

(ii) Find the equation of BD. 12)

Gradiefi of AC=1
Gradient ofBD = 1

2

Equation BD :
,|

t-2= r(x-(-9\\
I _1v=-x+6-'22

A

o



BP- 133

11

(iii) Find the coordinates of M and of D. t4l

Given further that the area of the tri angle ABD is I of the area of the triangle CBD, find-4
(iv) the coordinates ofC, t2l

MC=4AM
xc =1+4(l) = 5,yc =7 -4(2) =-l
c(s,-1)

(v) the area of the kite I-BCD. t21

ll0
I

2le
-9 5 ll
2 -tt2

0l

,l

= 125 units2

By solving simultaneous equations

,=l ,*61 and2x+v=9'22"

s-z*=Lr+a!22
x=1

M (1,7)

Mis mid-point ofBD
-9+xo _r 2+ yo _,

2 -" 2 -'
D (tr.t2)

I

I
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10 (a) Find in radians, the principal value of tan-r l; t2)

Principal value of tan-l
1

is in the 4s quadrant_E

(z\ 1
u'nce ran 

[t.J 
= 

Jt ,

The principal valu e is -a or 4.524.

(b) Given sin 3d + sin 0 = 2sn20 cos 0 . Prove that

(i) cos30 + cos0 =2cos20 cos9 , t3l

cos3d + cos d = cos 20cos A - sin 2 0 sin 0 + cos 0

= (t - zsin' a)co s 0 - 2sin2 0 cos 0 + cos 0

=Zcns0 -4sit2 0cos9

=2cos0(1-2sin2 0)

= 2cos20 cos0

1

(ii) sind-sin2d+sin3d
cos d - cos2d+ cos 3d

t3l

sin d - sin 2d + sin 3d sin3d + sin d -sin 2d

cos0-cos20+cos30 cos3d +cos d - cos 2d
2sin20cos0-sir20
2 cos20 cos 0 - cos20

sin 2d (2 cos d - 1)

cos20

=tzn20

( )2cos0 -l
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(c) Hence solve the equation

13

cos 0 - cos20 + cos30 =-! ro, o<o<t
2

t3l
sind-sin2d+sin3d

sin d - sin 2d+ sin 3d _,'
oos9-cos20+cos30
tan20 = -2
a =1.1071

20 =2.0345...,5.1761

0 =1.02,2.s9 (3 s.f.)
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t4

In the diagram, not to scale, BC and CE are diameters ofthe circles, 51 and 52,

respectively. CE is tangent to 51 at C, CF and BD meet at G, and G lies on the

circumference of ,11 . F lies on the circumference of 52. CB produced and EF

produced meet at ,4.

Sz

Sr

E

Show that

(i) triangles CBG and DCG are similar,

C

F

A

t3l

ICGB =90" (Angle in a semi-circle)

ZCGD =90 (adjacent angles on a straight line)
... ICGB = ICGD

ICBG __ ZDCG

(Altemate Segment Theorem/ Tangent-Chord Theorem)

Therefore, by AA pty, triangles CBG and' DCG are similar
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(ii) lines .BGD and AFE are parallel, 121

ZCFE =90" (Angle in a semi-circle)

Since ZCGD =90" aswell,
lines BGD and AFE are parallel by means of
corresponding angles

(iii) CE2 : AExEF . l4l

In triangles CEF and AEC, A

ZEFC = 90o (Angle in a semicircle)
ZECA = 90o (Tangent perpendicular to radius)
Therefore ZEFC = ZECA 

C

ZCEF = ZAEC (Common angle)
Triangles CEF and AEC are similar (AA). C

E

Comparing triangles AEC and CEF ,

CE FE

AE CE F E

CExCE = FExAE

CE2 = AExEF
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12 Solve the following equations:

(a) log, (2x - 1)- log n3=log,4 t4l

loe"(2x-l)-loe -3 =los." 4, '\l'

tog,1z,-t1- j{=tog,c
' logr {J

rog,(zx-r)--+ =1o8,2'
logr 32

log, (2,r-l) I-1;=
2"'

2logr2

logr(zx-t)-z=z
log, (zx -t) = +

2x -l =34

t =30 
*' 

-- 4r
2
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(b) #*fi=, 141

I

@
I

* 1o= =l
5x+z

(2s'-*' )-' * ro(s"-') =,
I

(sz)-'-; +to(s-') (

(

(

(

(

5-

5-x

5-x

5-x

5-x

)=l

)=r5-2,-r * 10

25

(s'')(s-')+ 2

=)
2

)

)

)

J

5-" + 1 5

5(5-x )

2

1+2

Letu:5'
l5u2 -2u-1= 0

(3rz -t)(su +t)= 0

1

3

1

3

U=

5',=

I
Of U=--

5
.l

or 5'= -l[N.A.)5'

X=
tn1

J

1"5
= -0.683
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13 The sketch shows the graphs of the curve, y:+-3 , the lines 3y :4x-9 and,

!:3
R(!

[3

. The curve and the line 3y : 4x -9 intersect at P . The curve cuts the x-axis at

O) *. line 3y :4x -9 cuts the x-axis ,, n(, I
0

t"

4

"I=3

o
x

o

P

3y = 4x-g
l-

y"---J- x-l

The region I is boundedby the curve, y = +-3, the line y =3 andthey-axis.

The region B is bounded by the curve, the line 3y = 4x-9, and the x-axis.

(i) Veriff that the coordinates of P are [1, -r)\.2' )
t2l

Solve simultaneous,

3 (L-,
[x-l = 4x-9

3 
=4xx-1

4xz -4x-3=0
(zx-t)(zx+l)= 6

2x-3 =0
30r
2

*=1,3y=^(i)_,

2x+l=0

*=-rN.A)

', | =-l
3

1P
2
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(ir) Find the area of A and. of 8. t6l

AreaA= ['[ I *t ]a,
'otv*3 )'

= [tn(r+:)+y]]
= (m(r +3) +3) -(m(o + 3) + o)

= ln6 -ln3 + 3

=lnZ+3

=3.69 units2 (3 s.f.)

A,eaB=lq(*_, )*l . i"(,i_l)",
=l[tt,-t)-r,ril . ;
= l['(; -')-, (;)) -('(i -,) - , [i)).;
=l('(;)-(;)) ('(+) -.)1.*

=l('[;)-i).i
=0.470 units2 (3 s.f.)
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A vessel is in the shape ofa right circular cone.

The radius of cone is 8 cm and the height is 32 cm-

Water is poured into the vessel at a rate of 10 cm3/s.

Calculate the rate at which the water level is rising when the vessel is | full.
8

32 cm

t4l

8 cnl

Using similar triangles
r8
h32

1-r=-h
4

1

V =lttrzh
J

=!JL\, O3 14/

V
1

tth3
48

dv1
dh 16

h2

f ,r1)'v \H)

*,(*)'
h=16

dt/ dy dh

d, dh dt

ro= | ofi6\'r&16., dt

!=rc..rco
d,
dhs
-=- 

Cmir S

& \tt
or 0.199 cm/ s

END OF PAPER
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2

Quadratic Equation
Forthe equation ax' + bx + c =O,

Binomial expansion

(a+b)'=a'a

where z is a positive integer and

Identities

Formulae for AABC

Mathematical Formulae

I ALGEBRA

-b! b' - 4ac

(;)*,.(;).-, . .(:), -'b' + +b',

0

2a

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

rl(n - r)r. rl

2. TRIGONOMETRY

sin2 A+cas'A=l
s*' A=l+tar A

cosecz A=l+cotz A

sin(l t B) = sin lcos B a cos lsinB
cos(l + B) = cos lcos B T sin I sin B

l2.rrA+lanBtan(AxBl=-
l+tanAranB

sm2A = 2sin Acos A
cos2l = cos2 A-siln2 A=2cos' A-l=|-2sin' A

ranzA= 
2tM!

l-lflla2 A

ab c

sinl sinB sinC
a'=b'+c'-?bcosA

a: labsinC
2

Crescent Girls' School 2023 Prelim Sec 4 A Math P2



BP- 145

3

I (i) The equation of a "*" i, /1r1=@, ** p.
3x+4'

Find /'(x), simplifuing your answer as a single fraction. Hence determine the gradient of

the tangent at the point on the curve where x : 0. tsl

(3x+ 4). (x'z + t\- i (2x) - (x'? + l)r(3)

"f '(x) = 2

(3x+ 4)'z

1

ffi-x[--+r
(3x + 4)'z

r(3x + 4) - 3(.r'z + 1)

^k +t(E**q'

4x -3
JTiQx++)'

When x : 0, gradient of tangent is

(ii) State the value ofp.

l6

4(0) -3

-

Jo'z+l(3(0)+4)':

l

p=-rl
J

Crescetrt Girls' School 2021 Prelim Sec 4 A Math P2
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4

, By using a suitable substitution, show that 3e& -4:e6hrs only one solution and find its
value correct to 2 significant figures. [5]

3y2 -y -4:O
(3y-a)@+l) = 0

4

J

i

eJ'=',
J

or e$ = -1 (NA since eG > o)

Ji=t" =x:0.083 (to 2 s.f.)

t("G)'-a="G

Y=eGLet

or J/:-1

4

\

Crescent Girls'School 2023 Prelim Sec 4 A Math P2
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3 The diagram below shows a cirrcle x2+y2 =9 and a straight line y=(saa5.
Find the range ofvalues of&.

=lu+5

f+f=e

Sub ),: rtx +5 into x2 +y2:g

x2 +(k+5)2 =9
x2 + k2x2 +l0la-+25-9 =0
,2(1+f'z)+lolx+16=0
Since line cuts the curve at 2 distinct points, b2 - 4ac > 0 .

(rorF-4(1+r'?)(15)>0
took2 -64-&k2 >o
4(9k2 -16) > O

(3k+4\(3k-4)>0

tsl

x

.44k<-- or k>-
JJ

Since/r<0, &<-J.

4

3

!
3

Cresced Gtls' School 2023 Prelim Seo 4 A Math P2
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6

4 (a) Showthat $ntsirr*"o.r)=t o(--x4
t4l

t2)

lk,rinr*.orrt= I 1(sin, * 
"or 

r)d,r sinx+cosx dx'

cos.I - sm x

sln, + cos x

cosx sin.r
cos.r cos.r
sm.r cos.r

+
cos.x cos,

tan

tan

1- tan x
1+ tan x

ntan - tan.r
4

(shown)

=-3 for 0<x<tr.

xtan
E
-+4
(t-.\
\4 )

@) solve ""lZ-J\4 )

l/- \
tan I il_x l=_3t4 )

tan x--
4

_J
)l

( tz),tanlr-- It 4,/
J

Basic angle = 1.2490

x-!=1.2490
4

.r = 2.03 (to 3 s.f.)

Crescetrt Girls' School 2023 helim Sec 4 A Math P2
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s(D

d^ I 
^

- 
JXCOS -.x = J.rd-r 2 ).I

I
cos -,

2

).(

Differentiate 3r.o, ] , with respect to .x.
2

t3l

t4l

(3r)
d

d,
d

d-r

I
cos -x

2

3x
11

--sln-.r22
I

cos -.r
2

3

3l^l: --xsm-.r+Jcos-.r')))

(ii) Hence, find the exact value of f ,rir j, ar.

d_ 1 3 l - l_ JxCOS_ x = - _-rsln _.r + J COS _ Xdr2222
3 l ^ | d^ I
- xstn -x = JCOS -.r - - JxCOS -.r22zdx2

.1 ^ I d^ 1
.rstn-.,r = ZCOS- x - - IXCOS- x2zdr2
,)l
I J -rstn-x d-r =J02 2r.o, f,

2 l;
I
2

)Ccost"

:\) +(+)

dx-

= lo,i,l,-z*""';,]:
= +.,,1[4')-z(L\"o"L

2\3 ) (3/ 6

" {to
J

Crescent Girls' School 2023 Prelim Sec 4 A Math P2
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6 The figure (not drawn to scale) shows a right-angled kiangle IBC constructed between two
parallel lines.

35 cm

B

The area of triangle ABC is 210 cn:2. AB :35 cm and makes an acute angle 0with one of the
lines.

(r) Show that the distance between the parallel lines, d = (l2cos? +35sin g) cm. 12)

D

A

B E

12 cm

35 cm

)psoleq=2ro
AC =l2cm

cos0= 
D 

= AD=lhcosl
t2

sind= 
fr 

= AE=35srn0
35

d = AD+AE

=(l2cos?+35sind) cm

Crescent Girls'School 2023 Prelim Sec 4 A Math P2



BP- 1 51

9

(ii) Express d in the form,R cos(d - a), where R is a constant and a is an angle in

radians

12cosd +35sind = Rcos(O - d)

R= 22 +352
:37

t3l

t2l

, /3s\a=tan-'l-l
\12 )

:1.2405

d =37 cos(O -t.24)

(iii) Find the value of dwhen d = 28 cm,

37 cos(e 4.240s) = 28

cos(e-1.2405\=4
37

Basic angle = 0.71246

0 -1.2405 = 0.7 1246 (rejected)

0 - I .2405 = 2tr - 0.7 I 246 - 2n
0-1.2405=4.71246 > 0=0.528 (to 3 s.f.)

Cresc€trt Girls' School 2023 Prelim Sec 4 A Math P2
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l0

The coefficient of { i. stz in the expansion of
x' Px' , where p < 0.I

(i) By first working out the general term of 2px

(2

[;*

, find the value ofp.

-+ is
x

BP-152

t3l

t1l

2
9

-+x
(2 .\'
l;* t'' ,
,,.,:(')(?\"' (0.,\'

\r.)\x)
: (1)r'r- 

'o''.'''
Forthe term io 1. lr-S=-l

xr'
r=2

(Z)et',0',="'

p' 1

9

,=| tt""r"Orincep<0)or p=-1

r.' =[])ta*(-i)',-'

(ii) Using the results in (i),

(a) show that the coefficient ofthe first term in the expansion of

also 512.

2
9

)
7px

First term, r=0

coeff or r =[i)r,f(-])' = 512 (shorvn)

Crescetrt Girls' School 2023 kelim Sec 4 A Math P2
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(b) findthe lterrnintheexpansionof (1. *')"

ro. {t"r., 3r-9='6

r=l

a = [?)r,r' (-i)' 
.*

768

x'

11

t2l

t2)

(c) explain why the te.. io { ao", not exist ir the expansion of

(2 "\'rr 1 .\
| _+ Dx' I I 

-+-.r' 
l.[x' /t8x 12 )

(z ,'\t( t *'\I ___ I I _-L_ I

[, t )ltx'rz)
( sr2 76s \f 1 ,'): [ *;-;-*--)lu.a)

coefficient or i= r,r(i)-"r(*)
:0

Hence the the temr in { does not exist in the expansion of

(i.*')'(*.io)

Crescent Girls' School 2023 Prelim Sec 4 A Math P2
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12

The diagram below shows the curve / : ln (, + 3)a which cuts the y-axis at (0, 4lnr).

The line /r, cuts the y-axis at (0, -2) and meets the curve at (-L aha).

v

4Inb

4Ln a

y:ln(x+3)a

x
1 o

(D Find the value ofa and of6.

l, : tn (,r + 3)a cuts the y-axis,
4ln(0+3):4lnD

b=3

When r: -1,
4ln(-1+ 3) = 4ln a

-a

12)

Crescent Girls' School 2023 Prelim Sec 4 A Maft P2
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(ii) Find the equation of /r giving your answer in the form y=(plaq+r)x+s where p,

4 r ard s are integers. l2l

(iii) Calculate the area ofthe shaded region, giving your answer to 3 decimal places. t6l

y:4ln(x+3\
!_

ea = x*3
L

x= e4 -3

Gradient of /r s 4ln2 - (-2) - 4rl.2-2
-l-0

Equation of ir is y = (-4ln 2-2)x-2

Area of shaded region

: 
l@nr*z)rr).[-f:;

= zuz+rl+el -tr);,"*'*

['*-')']

I lur: 2uzt-lte7 -r(+ro
4\12

3)- 4e a -3(41n2)

= zln 2 + I - /43\ + l2lr,3 + 4(2\ -l2ln2
: 3.252 units2 (to 3 d.p.)

Cresoent Gtls' School 2023 Prelim Sec 4 A Math P2



BP- 156

9

l4

Two particles, P and Q, each moving in a straight line passes a point, Z, at the same instant.

The displacement of P, s" m is given Ot 
", =l-'I*5r where , is the time in seconds

after passing Z.

The particle Q passes Z with a velocity of 1l m/s and its acceleration, anmls2 is given by

aa=2t-6 where I is the time in seconds after passing Z.

(a) Find the value of t for which the velocities of P and Q are equal.

tt 3t'sD=---+5''32
u^ =&, =1' -31*5'dt
aa=2t-6
un= lzt-eu

= t2 -6t + c , where c is an arbitrary coustant

When/=0, vs=ll,c:ll
va=t2 -6t+ll
lp =ve

t2 -3t +5:tz -6t+ll
3t=6 =t:2

Forall r>0, (r-3)'>0, (t-3)'z+2>2.

Since (/-3)'z+2>0, v>0.
Q will always move in the same direction after passing Z.

Alternative method

vs = t2 -6t +71

t4l

(b) Explain why particle Q will always move in the same direction after passing Z. l2l

va = t2 -6t +ll
: tz -6t+32 -32 +17

= (t-3)'1+2

b, - 4ac = (-6)'z - 4(t)(rr)

=-8<0

OR

Snce b2 -4ac <O and a > 0, vq is always

t2 - 6t +11= 0 has no real values of t implying that Q will not come to instantaneous rest

Hence Q will always move in the same dhection after passing Z.

Crescent Girls' School 2023 Prelim Sec 4 A Malh P2
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(c) Determine, with explanation, if there is any instance when particle p is ahead of
particle P.

so: i t2 -6t +lldt

14)

l2l

: 
| -zt +ttt + d , wherc d isan arbitrary oonstant

Whenl:0, so=0,d=0

"^ =L-r,' *rr,,3

,o-r,=t]-u'*ttt-(
3t2

= --+6t
2

: 
;t(4-t)

t' 3t'
-_-+5I32

When Q overtakes P, s, -so > 0

whenr:5, r, =f -lO'*rrtO

)
Average velocity ofparticle p in the first 5 seconds = 2l i+5

3

.1= 4: mls
J

lrrt-rtro
2'
1il4-t\>o2'

4

0<t<4

Particle Q is ahead of particle P when 0 < f < 4 .

(d) Frnd the average velocity ofparticle Q in the first 5 seconds,

m2l?
J

Crescent Girls'School 2023 Prelim Sec 4 A Math P2
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10 The diagram shows two circles Cr ard Cz.

v

Coordinates ofP =
0+(-8) 0+(-6)

l6

= (4,-3)

x

Qe\,-6)

Cr has its centre at the origin O while Cz passes through O and has its centre at P.
The point p(-8, -6) lies on both circles and OQ is the diameter ofCz.

(i) Find the equations ofCr and Cz-

Radius of Cr: Op : (-S)'? + (-6)'?

: 10 units

Equation of Cr is 12 + y2 = 169 .

tsl

2 2

Radius of Cz: oP =:$o)
= 5 units

Equation ofCz is (x+4)z +(y+3)2 =25.

Crescent Girls' School 2023 Prelim Sea 4 A Math P2
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t7

The line through P perpendicular to Op meets the circle Cr at the points R and ,S.

(ii) Show that the:-coordinates ofR and Sare a-OJl arrd a+6.6 respectively,

where a and D are integers to be determined.

Gradient of OQ -63
-84

U]

.'. cradientofRs: -1

Equation ofR,Sis t +l = -!@+ l)
425
JJ

425
33

x' + y' =19 --- (2)

Sub (1) into (2):

v

v

2x

--- (l)

x'+ 425
-;X-=35

:100
2

*16 *, *2oo ,*@_too=o999
2s . 200 275

-x'+-x--=u999
:2+8x-ll=0

-8t 64-4(-t)
2

_ -8r6'.6
2

=4{Jt
x-coordinates ofI and S are -4-3€and -4+3rE respectively where a = 4 and b = 3.

Crescetrt Gi-rls' School 2023 Prelim Sec 4 A Math P2
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11 (a) The population P, in millions of a city, recorded in the month of January for various years is

modelled by the equation P= 10+ atn , where / is the time measured in years from January
2002 and a and n are constants.

The values are tabulated below.

Year 2005 2012 20t7 2022

P 20.4 73.2 126.2 188.9

(D On the grid opposite, plot lg(P-10) against lgr for the given data and draw a

straight-line graph to estimate the values of a and n, givingyour answers to one
decimal place. t6l

g(r-to)=l.atn

E(r-tO) = nlgt +l'a

Correct table of values

All points plotted correctly
Best-fit straight line

.. 2.10-1.20
Gradrent. n: 

-

' 
1.20 - 0.60

: 1.5 (to 1 d.p.)

lg a :0.3
a = l0o3

:1.9953
:2.0 (to 1 d.p.)

(ii) Use your graph to determine the year in which the population reached 100

millions.

P: 100
Draw I=1990 (i.e.Y: 1.95)

19l : l.l I
/=101'11 :12.9

The year which the population reaches 100 millions is 2014.

t2)

Year 2005 20t2 2017 2022

t 3 l0 l5 20

Cresce,nt Girls' School 2023 helim Sec 4AMath P2
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(b) The diagram shows part ofa straight-line grapll passing throt'eh the points (2,ft)and (5, a),

and represanting the equations 2x1 + lq =3y , where t and l are constants.

Find the value ofhandofk. y_r t4l

,4)

h)

End ofPaper

t
0

4-h 4-h(iradrent: s-2 1

Equation of the 1 ilre is Y - 4 =4;h (X -5)

t=-o=T$'-t)
3(y - x) -t2x : (4 - h\(i - sx)

3y -3x -12x = 4l - 20x - M + 5la

\=@_h\f +(5h_5)x

Compare with 3Y =2x' +h
4-h-2 + h=2

5h-5=k= k=s(2)-s=5
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