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1. ALGEBRA

Quadratic Equation
For the equation ax” +bx+c=0,

_ —b++b* —4ac

2a

X

Binomial expansion

(a+b) =a" +(Yja"‘1b+@j a" b’ +...+[nja""'br +..+b",
r

where 7 is a positive integer and [n] = n! - n(n _1)---(” —r+ 1)
r) rli(n—r)! 1

2. TRIGONOMETRY

Identities

sin? A+cos’> A=1
sec’ A=1+tan’ 4
cosec’A=1+cot* 4

sin(AiB)=sinAcosBicosAsinB
cos(A4+B)=cos Acos BFsin Asin B

_ tanA+ftanB

tan(A+B)= —————
l1¥tan Atan B
sin2A4=2sin Acos 4
cos2A=cos’ A—sin* 4=2cos* A—1=1-2sin* 4

2tan 4

tan24 = ————
1—tan” 4

Formula for A ABC

a b c

sin 4 - sin B B sinC
a’ =b*+c* —2bccos A

A= lbcsinA
2
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1 The line y=x—4 and the curve y =

intersect at the points 4 and B.
x—

Find the length of AB. [6]

4049/01/PRELIM/4EXP/2025 [Turn over



[1]

2 (a) State the range of tan™' p.
(b) Given that cos™ k = x, where 0 < x < % , find the principal value of cos™ (—k). [1]
3 Explain why 3x” +15x+20 cannot be smaller than 1. [3]

4049/01/PRELIM/4EXP/2025
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w in partial fractions. 5]

a Express
® P x(2x+1)

2
. 3x+2
(b) Hence integrate x2+—x+

with respect to x. 3]
x (2x+1)

4049/01/PRELIM/4EXP/2025 [Turn over



5 Solve the equation 3log, y—log 5=2 . [4]
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V6 +2

(a) Show that sin 105°= 2 . [3]

(b) The diagram below shows triangle ABC, such that AB = 4 cm, angle ABC = 105° and the
area of triangle ABC is 10+ 2\/5 cm?.

Find BC in the form ﬁ(a 3 +b) , where a and b are integers. [3]
B
4 cm 105
A C
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8

7 (a) Giventhat u = (%j , express 9" +6" = 6(4*) as a quadratic equation in u. [3]

(b) Hence, or otherwise, solve 9" +6" = 6(4") . [3]

4049/01/PRELIM/4EXP/2025
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8 The expression 2x° +ax” +bx+10 , where a and b are constants, has a factor of x+2 and leaves
a remainder of 10 when divided by x—3 .
Find the values of @ and of b. [4]

4049/01/PRELIM/4EXP/2025 [Turn over
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A cyclist starts from rest from a point 4 and travels in a straight line until she comes to a rest at a
point B. During the motion, her velocity, v m/s, is given by v=12¢—=¢> , where ¢ is the time in

seconds after leaving 4.

(a) Find the time taken for the cyclist to travel from 4 to B. [1]
(b) Find the distance AB. [3]
(¢) Find the acceleration of the cyclist when ¢ = 5. [2]

4049/01/PRELIM/4EXP/2025
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10  The equation of a curve is y=xe " .

Find the stationary point(s) and determine the nature of the stationary point(s). [6]

4049/01/PRELIM/4EXP/2025 [Turn over
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11 (a) Sketch the graphs of y=-2cos3x+1 and y= —zx +1 on the same axes, for 0<x<r.

r
[5]

. . 2 .
(b) Explain how the number of solutions for 2cos3x =—x can be found using the graphs.

r
[1]

4049/01/PRELIM/4EXP/2025
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12
P(9,10)

The diagram shows a triangle POR with vertices P(9,10) and Q(l,—2) .The point R lies on the
perpendicular bisector of PQ and the equation of the line QR is y =8x—-10 .

(a) Find the equation of the perpendicular bisector of PQ. [4]
(b) Find the coordinates of R. [2]
(¢) Find the area of triangle POR. [2]

4049/01/PRELIM/4EXP/2025 [Turn over
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The mass, m mg, of a radioactive substance decreases with time, ¢ hours.

It is known that m and ¢ are related by the equation m = Me ™, where M and k are constants.

14

The table below shows measured values of m and ¢.

t (hours) 1 2 3 4 5
m (mg) 6.55 5.36 4.40 3.60 2.94
(a) Plot In m against # and draw a straight line graph.

2]
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Use your graph to estimate
(b) the initial mass of the substance, [2]

(c¢) the value of £. [2]

4049/01/PRELIM/4EXP/2025 [Turn over
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2

14 A curve is such that jx—); =—4sin(2x+7) and the point P(%,ﬂ} lies on the curve.
The gradient of the curve at P is 3.
(a) Find the equation of the curve. [5]
(b) Justify whether y is increasing when x = 3. [2]

4049/01/PRELIM/4EXP/2025
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17

M
0 AN x

: 16 : .
The diagram shows part of the curve y = W —1 , cutting the x-axis at M.
X+
The tangent at the point L on the curve cuts the x-axis at V.
The gradient of this tangent is —4.
Calculate the area of the shaded region LMN.

[12]

4049/01/PRELIM/4EXP/2025 [Turn over
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Continuation of working space for Question 15.

END OF PAPER
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Question | Answer
1
x—4=i
x—3
(x—4)(x—3)=2
¥ =Tx+12=2
x*—7x+10=0
(x=2)(x—-5)=0
x=2o0r5
Whenx=2,y=-2
Whenx=5,y=1
2 2
Length = \/(2-5)’+(-2-1)
= 4.24 unit
2
: —90° <tan™' p<90° or —§<tan’1p<%
2b T—X
3

3x> +15x+20 = 3(x2+5x)+20

= 3| (x+2.5) = (2.5)" |+20

= 3(x+2.5)"+1.25

Since 3(x+2.5)" +1.25>1.25,

3x> +15x+20 cannot be smaller than 1.
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Question | Answer

B C
)

4a X +3x+2 A
— = —+—+
X

x*(2x+1) x° 2x+1
X’ +3x+2=Ax(2x+1)+ B(2x+1)+ Cx’

When x=—l , l—§+2=C £
2 4 2 4
C=3

Whenx=0,B=2
Comparing coefficients of x*, 4 = —1
X4+3x+2 _ 1. 2 3

¥’ (2x+1) x x° 2x+1
4b x*+3x+2 1 2 3
2 g 1,2, 3 g
x (2x+1) x x 2x+1
= —lnx—z+iln(2x+1)+c
x 2
5 3log, y—log,5=2
3log, y— log; 5 =2
log; y
3log, y— =2
logs y

3(log5y)2—210g5y—120
(3logs y+1)(logsy—1)=0

log, y=1or —%

1
y=5o0r y=573=0.585(3s.f.)

Question | Answer

6a sin(105°)=sin(60°+45°)
= 8in 60°cos45° + cos 60°sin 45°
1 1

AR
1

~ |5

3+

2

+42

4

&\% o] -

%ll\)

6b

%(4)(BC)sin105°=10+2x6

4049/01/PRELIM/4E/2025/SOLUTIONS
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%(4chj(JgZJ§j=10+2J§

Bcw:200+2J§X<J8‘J§
Jo+2 Ne-2

_4(5+\8)(V6-2)

6-2

=56 +/18-5y2 /6

=4J6 +32-5\2

=4J6-22

- E(s-3

4049/01/PRELIM/4E/2025/SOLUTIONS



Page 5 of 12

Question | Answer

Ta 9" +6"=6(4")
z+6_x:6
4 &

When u=(%) LU +u—6=0

7b (u+3)(u—-2)=0
u=2or -3 (na.)

x=in2 . lg2

lné or l—é =1.71
2 g2
8 When x = -2, 2(-2) +a(-2)" +b(-2)+10=0
4a—-2b=06
2a-b=3 -
eqn 1
When x =3, 2(3)’ +a(3)" +5(3)+10=10
9a+3b=-54
3a+b=-18 -
eqn 2
eqn | +eqn 2: S5a=-15
a=-3
.b=-9
Question | Answer
% 12627 =0
2
z[lz_itj:o
2
t=0or8
.85
9b 3

. 8 2
distance :jo 12t—5t dx

8
:[6t2—lt3}
2 0

4049/01/PRELIM/4E/2025/SOLUTIONS
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~[128] [0

=128 m

9¢

a=12-3¢

When =5, a= -3 m/s’

4049/01/PRELIM/4E/2025/SOLUTIONS
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Question | Answer

10 y=xe ™
dy _ 3
a:e 3 (1)+x(—3e 3 )
= 6_3’“(1 3x)

e (1-3x)=0

When x=l, d_y<0
3 dx

1 } ) )
(—,——j is a maximum point.
3 3e

4049/01/PRELIM/4E/2025/SOLUTIONS
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Question | Answer
Ila
3
2
~-
0
-1
11b 2 . )
The 2cos3x =—x is equivalent to
/4
—2cos3x+1= —gx +1 and so its solutions can be found
V4
from the interception points of the two graphs.

4049/01/PRELIM/4E/2025/SOLUTIONS
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Question

Answer

12a

Midpoint of PQ = (”9,_2”0) = (5.4)

N ‘

Gradient of PQ =

2
—2-10 3
1-9 2

Gradient of perpendicular bisector = 2

12b

12¢

1921 9
2110 6 -2 10

= %[(54—4+10)—(20+6—18)]

= 26 unit?

4049/01/PRELIM/4E/2025/SOLUTIONS
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Question | Answer
13a t 1 2 3 4 5
m 6.55 5.36 4.40 3.60 2.94
In m 1.88 1.68 1.48 1.28 1.08
25
vy
1.5
0.5
0 1 2 3 4 5
13b InM =2.08
M=28.00
13¢ Gradient = —0.2
k=02

4049/01/PRELIM/4E/2025/SOLUTIONS



Page 11 of 12

Question | Answer

14a d’y

§:—4Sin(2x+ﬂ')

d—y:2cos(2x+7r)+c1
dx

3:200{2(£j+ﬂ}rcl
2

3:2(1)+c1
=1

d—y:2cos(2x+7t)+1
dx

y=sin(2x+7)+x+c,

: r r
r=sin| 2| — |+7 [+—+c,
{ (ZJ } 2

/4
C, =—
2

2

y=sin(2x+7z)+x+%

14b When x =3, d—y:2cos[2(3)+7z]+1= ~0.920
dx

y is decreasing when x = 3.

4049/01/PRELIM/4E/2025/SOLUTIONS
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Question | Answer

15 16
(x+l)

~1=16(x+1)" -1

2

—:—32 x+1)°

(
—4——32(x+1)
(x+1) =8

x=1

16
(1+1)
y—-3=—4(x-1)
y=—4x+7
AtN, 0=—4x+7

x=1.75
16

(x+1)

~1=3

AtL, y=

AtM, 0= -1

x=3or -5 (n.a.)

Area= U316(x+1)‘2—1 dx}—jll'75—4x+7 d

1.75

—[ 16(x+1)" —x] [ -2x° +7x]

=2-1.125
= 0.875 unit*

4049/01/PRELIM/4E/2025/SOLUTIONS
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2
1. ALGEBRA

Quadratic Equation
For the equation ax” +bx+c =0,

~b+b* —4ac

2a

=
I

Binomial expansion

n n n n—1 n n-212 n n-ra.r n
(a+b) =a"+ e b+ 5 |4 b*+..+| |a"b +..+b",

7

n! n(n—=1)..(n—r+1)
r!(n—r)! r!

n
where 7 is a positive integer and ( j
r

2. TRIGONOMETRY

Identities

sin? A+cos’> A=1
sec’ A=1+tan’ 4
cosec’A=1+cot* 4

sin(AiB)=sinAcosBicosAsinB
cos(A4+B)=cos Acos BFsin Asin B

_tanAttanB
1F¥tan Atan B

sin2A4 =2sin Acos A

tan(A4+ B)

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

tan2A=ﬂ
l—-tan” 4

Formula for A ABC

a b c

sin4d sinB sinC

a’ =b*+c* —2bccos A

A= lbcsinA
2

4049/02/PRELIM/4EXP/2025



3

(a) A ball is thrown vertically upwards. Its height # m, above the ground at time ¢ seconds after

being thrown is given by the formula # =7 +20¢ —5¢°.
Find the maximum height attained by the ball and the time at which this occurs. [4]

(b) Find the set of values of the constant k for which the curve y=x’+6x+k lies entirely
above the line y =k (x—-1). [4]

4049/02/PRELIM/4EXP/2025 [Turn over
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A and B are acute angles, such that cos 4 :% and tan B = % .

Find the exact values of
(a) tan24,

. 3z
(b) sin (B + 7] ,

B
¢) cos— .
(©) 5

[2]

[3]

[3]

4049/02/PRELIM/4EXP/2025
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3 In the diagram, PQS lies on a circle and PCBQ lies on another circle.
PQ is a common chord of the two circles. BPS is a straight line.
QC is a tangent to the circle POS at 0. QC and BP intersect at M.

S
P C
M
B
Q
(a) Prove that BC is parallel to OS. [3]
(b) Prove that triangle POM is similar to triangle OSM. [2]
(¢) Hence show that OM* = PM xSM . [2]

4049/02/PRELIM/4EXP/2025 [Turn over
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(a) Show that %(cotx) = — cosec’ x .

Va

(b) Hence find the value of j E —cot” x dx .
4

[4]

[4]

4049/02/PRELIM/4EXP/2025
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8
5 (a) Given that the constant term in the binomial expansion of [x - i) is 7, find the value of
X

the positive constant k. [4]

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

of (1+x4)(x_£3j | 4]

X

4049/02/PRELIM/4EXP/2025 [Turn over
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The diagram below shows an isosceles triangle ABC, where AB=AC =2 cm, and a square BCDE.
M is the midpoint of BC.
Angle BAM = 6 and can vary.

A 1
T
2 cm :
|
I ol
B WV (
E D
(a) Show that the total area of ABEDC is 16 sin®> @ + 4 sin 6 cos 6 cm?. [3]
(b) Show that 16 sin’ 0 + 4 sin 6 cos =2 sin 20 — 8 cos 260 + § . [2]

4049/02/PRELIM/4EXP/2025
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(c) Express 2 sin 20 — 8 cos 26 in the form R sin (20 — a) , where R >0 and 0° < a < 90° .
[3]

4049/02/PRELIM/4EXP/2025 [Turn over
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2 s 2
. . cos"x—sin"x l—-tanx
(a) Prove the identity =

[4]

1+2sinxcosx 1+tanx

2 =2
(b) Solve the equation 10082 x S X _ 2 tanx for 0<x<2rxr. [4]
+2sin x cos x

4049/02/PRELIM/4EXP/2025
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(a) Using long division, divide 2x’ —7x* +2x+3 by 2x—4. [2]

(b) Solve 2x’ —7x* +2x+3=0. [4]

(¢) Kun Ye claims that the solutions to the equation 2x° —7x° +2x+3 =0 can be used to solve
3y°+2y* —7y* +2=0. Explain how he is correct. [2]

4049/02/PRELIM/4EXP/2025 [Turn over
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9 The diagram shows part of the curve y =3x>.

The points P and Q lie on the curve, and have the same y-coordinates.

y
\ 2
X
0
(a) Show that the area of the triangle OPQ, A cm?, is given by 4=3x". [2]

4049/02/PRELIM/4EXP/2025
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The points P and Q move along the curve such that their y-coordinates are changing at a rate of
3 units per second.

Find, at the point where x = 4,

(b) the rate of change of PQ, [4]

(c) the rate of change of 4. [3]

4049/02/PRELIM/4EXP/2025 [Turn over
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10 Thelines y=9, y=—1 and 3y =4x+9 are tangents to a circle.

The x-coordinate of the centre of the circle is positive.
(a) Explain why the y-coordinate of the centre of the circle is 4. [1]

(b) By considering the discriminant, or otherwise, show that the x-coordinate of the centre of
the circle is 7. [7]

4049/02/PRELIM/4EXP/2025
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(c) Determine if the point (3,0) lies within the circle. [2]

4049/02/PRELIM/4EXP/2025 [Turn over
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11  The diagram shows a lake (shaded) bordered by a straight level road AXB.

Point C is on the surface of the lake and B is the point closest to C.

The distance 4B is 30 m and BC is 20 m.

. .

20 m

A X

|

U
1
X m !
1

3I0m

Natalie is at point 4 on the road and wants to get to point C as quickly as possible. She can run

at a speed of 4 m/s and swim at a speed of 2 m/s.

She realizes that in order to minimize the total time to get to C, it is necessary to leave the road

at some point X between 4 and B, and then swim directly to C.

Let AX be x m and T be the total time, in seconds, taken by Natalie to get from A to X and then

from Xto C.

(a) Show that T:§+%\/x2—60x+1300 .

2]

4049/02/PRELIM/4EXP/2025
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(b) Find an expression for % . [2]

(¢) Find the value of x for which the total time taken is minimum. You are not required to justify
that this value of x leads to the minimum total time. [4]

END OF PAPER

4049/02/PRELIM/4EXP/2025 [Turn over



18

BLANK PAGE

4049/02/PRELIM/4EXP/2025



, " DUNMAN SECONDARY SCHOOL

UNMA
SECONDARY SCHOO[
CANDIDATE
NAME
CLASS INDEX
NUMBER

PRELIMINARY EXAMINATION 2025
SECONDARY 4 EXPRESS / 5 NORMAL ACADEMIC

MATHEMATICS 4052/02

Paper 2 25 August 2025
2 hours 15 minutes

Marking
Scheme

(Updated 1 Dec 2022 by HOD/Math aligned to Marking Scheme for Specimen Papers 4049)



Question | Answer

la h=7+20t—5¢

=—5(¢* —41)+7

=—5[(r—2)2—4]+7

=-5(t-2)" +27

maximum height = 27

OR

dn =-10t+20
dt

—10¢+20=0

t=2

When 1=2, h=7+20(2)-5(2)" =27m

1b x2+6x+k:k(x—1)

x* +(6—k)x+2k:0

(6-k) —4(1)(2k)<0

36-12k+k* -8k <0

k*—20k+32<0

(k—2)(k—18)<0

S 2<x<18

2a tanA:ﬂ
3

Question | Answer

2
b sinB=E,cosB=i
13 13

sin B+3—7z :sinBcos3—ﬁ+sin3—”c0sB
2 2 2

12 5
= —=x0+(=1)x=
13 + )x13
__3
13

OR

sin(B+3—7zj:sin(27r—£+Bj
2 2
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= sin(—£+8j = —sin(E—BJ
2 2

=—CcosB=——
13

2c

cosB=20052§—1

i=2c052£—1
13 2

20052 B 18
2 13
,B 9
cos’ —=—
2 13
cosE—i or —i(rej)
2 Vi3 3

4049/02/PRELIM/4E/2025/SOLUTIONS
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Question | Answer

3a ZPQOC = ZPSQ (Alternate segment theorem)
/PQC = ZPBC (angles in same segment)

Hence ZPBC = ZPSQ

By alternate angles of parallel lines, BC is parallel to

0S

3b ZPQC = ZPSQ (Alternate segment theorem)
ZPMQ = /Z0MS (Common angle)
APQM is similar to AOSM (AA Similarity Test)

3 . o
¢ Since APOM is similar to AOSM , oM _ PM
SM OM

(OM )’ = PM xSM

4049/02/PRELIM/4E/2025/SOLUTIONS
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4a

d d (cosx
—(cotx)=—
dx dx

sin x

B sin x(—sin x) —CoS x(cos x)

c .2
Sin- x

_ —sin® x—cos’ x

c .2
Sin- x

1

sin® x

=—cosec’ x (Shown)

OR

%(cot x)= %(tan x)f1

=—(tan x)fz (sec2 x)

. -2
_ [ sinx 1
(cosxj (coszx]

_ [cos’x 1
sin® x )\ cos® x

1
sin® x

= —cosec’ x (Shown)

4b

T T
j,;” —cot’ x dx = J-,f 1- cosec’x dx
4 4

s

=[x +cot x]g

T 1 =x

3
= _lor—-0.161

12 3

4049/02/PRELIM/4E/2025/SOLUTIONS
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Question

Answer

S5a

General term =

o0
“
iy
|
Rw| =
~—

oo | N

r

— 8 (—l)r er8—4r

r

When 8—4r=0, r=2

@J(—l)z P =7

5b

When 8—4r=—4 , r=3

-

=-7x"

X

(1+x4)[x_£j (1)t 7= 1)

=..+7=-T7+..=...+0+...

There is no constant term in the expansion. (Shown)

4049/02/PRELIM/4E/2025/SOLUTIONS
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Question | Answer

6a AM =2 cos 6
BM=2sin 0
BC=4sin 6

Total area = (4 sin 6)> + %(2 cos 0)(4 sin 0)

=16 sin? @+ 4 sin 0 cos 0

6b

16 sin® 6 + 4 sin 6 cos 6

= 8(2 sin” ) + 2(2 sin 6 cos 0)

= 8(1 —cos 26) + 2 (sin 26)

=2sin260 -8 cos 20+ 8

6¢

R=+22+ 8 =68
8

tan o0 = —
2

a=76.0°

2 sin 20 — 8 cos 26 = V68 sin (20 — 76.0°)

Ta

2 =2
cos” x—sin” x
LHS=———
1+2sinxcosx

cos’ x—sin’ x

sin? x +cos? x + 2sin xcos x

B (cos x +sinx)(cos x —sin x)

(cosx+sin x)2

cosx—sinx

cosx+sinx
1-tanx

= = RHS
1+tanx

4049/02/PRELIM/4E/2025/SOLUTIONS
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Question | Answer
7b l-tanx 2
=—tanx
l+tanx 3

3(1—-tanx)=2tanx+tan’ x

2tan’ x+S5tanx—3=0

(2tanx—1)(tanx+3)=0

‘[anx:l or -3
2

x=0.464 or 3.61

x=1.89 or 5.03

8a

2 3x
X 5 2

2% — 4 2% - Tx2+2x+ 3

2x* — 4x?

—3x2+2x+3

—3x% + 6x

3 —4x

8 —4x

-5

4049/02/PRELIM/4E/2025/SOLUTIONS
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Question

Answer

8b

2 = Tx* +2x+3=0

Let f(x)=2x"—-7x"+2x+3

When x =3, £(3)=2(3)' -7(3)" +2(3)+3=0

By factor theorem, (x — 3) is a factor of f(x).

(x=3)(2x* —x-1)=0

(x—3)(2x+l)(x—1):0

1
x=——,lor3
2

8¢

3y°+2y" =7y +2=0

i 7 2

_4_:0
3+2(

‘<N|_ =,

y
3+2(

CECE

EOEOR
;

, Kun Ye is correct

\<N| _

4049/02/PRELIM/4E/2025/SOLUTIONS
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Question | Answer

9a Height = 3x?
Base = 2x

Area = %(2x)(3x2) =3’

9 dy

9¢

When x = 4, % =18 unit?/s

4049/02/PRELIM/4E/2025/SOLUTIONS
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Question

Answer

10a

-1+9

y-coordinate of centre = =4

10b

Let the x-coordinate of the centre be a,

(x—a)2 +(y—4)2 =25

4x+9

From the line, y =

2
(x—a)’ +(4x3+9—4j =25

(x—a)2+(§x—lj2:25

X’ —2ax+a’ +§x2 —§x+l:25

§x2+(—2a—§jx+a2 -24=0
9 3

Since the line is a tangent, b° —4ac =0

(—2a —%)2 —4[%)(& ~24)=0

32 64 100 , 2400
Za+———a'+——=
9 9

4a* + 0

36a’ +96a+64—100a” +2400 =0

—64a’* +96a +2464 =0

2a*-3a-77=0

(2a+11)(a~7)=0

a="7or —5.5(rej)

4049/02/PRELIM/4E/2025/SOLUTIONS
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Question | Answer

10c Distance between point and centre = \/(7 - 3)2 +(4- 0)2
=5.66 unit
Since the distance is longer than the radius, the point lies
outside.
Ha CX= |J(30—x) +20°
—/x* —60x+1300
7= L 60x+1300
4 2
11b 1
ar_1,1 l( ?—60x+1300) 2 (2x—60)
d« 4 2|2
1 2x—-60
=—+
4 44/x* —60x+1300
l1c 1 2x—-60

=0

—+

4 4% —60x+1300
Jx2 —60x+1300 +2x—60=0
Jx? —60x+1300 = 60— 2x

x* —60x +1300 = 3600 — 240x + 4x°
3x’ —180x+2300=0

180+ ,/180% —

. (1807 —4(3)(2300)
2(3)

x=41.5(rej) or 18.5

4049/02/PRELIM/4E/2025/SOLUTIONS
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Mathematical Formulae

1. ALGEBRA

Quadratic Equation
For the equation ax’ +bx+c =0,

~b+b* —4ac

2a

X =

Binomial expansion

(a+b)"=a" +(TJa"‘lb+[;ja”_2b2 +...+[nja”_’b’ +..+b",

r

. o n ! -D..(n—-r+l
where 7 is a positive integer and =" _nn=D..n=r+1)
r) (m—r)lr! 7!

2. TRIGONOMETRY

Identities
sin® A+cos* A=1
sec’ A=1+tan” 4
cosec’A=1+cot” 4
sin(4+ B) =sin Acos Bt cos Asin B
cos(A=+ B)=cos Acos B¥sin Asin B

tan A+ tan B
1¥tan Atan B

sin2A4 =2sin Acos A

tan(A£B) =

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

tan24 = 2204
I-tan” 4
Formulae for AABC
a b c

sin A B sin B B sinC
a’ =b*+c*—2bccos A

A=lbcsinA
2



. Find the x-coordinates of the points at which the

. : 5
1 The equation of a curveis y = 6 _xzx

gradient of the curve is 7.5. [4]



4

2 The temperature of water in a tea cup, 7 °C, ¢ minutes after boiling water is poured into the

empty cup can be modelled by the formula 77 =25 + 75¢

White ﬁ
70 — 80 °C 80 °C

—kt

90 -95°C

100 °C

The diagram above shows the ideal brewing temperatures for various teas at a particular

teahouse. At this teahouse, green tea leaves are placed into the tea cup for brewing at the ideal

temperature when ¢t = 6.

Determine whether the teahouse’s standards for brewing tea would be adhered to if black tea

leaves are placed into the teacup when ¢ = 2.

[4]



5

3 It is given that f'(x) = 6cos3x —12sin3x and f(g) =0.

(a) Find f(x). [4]

(b) Find the exact value of f ”(%) . [2]



()

6

The time taken, ¢ in minutes, to download a particular gaming software is related to internet

speed, x Mbps. The variables x and ¢ are related by the formula 7 =

are positive constants. The data below shows some measured values of x and ¢.

a

b+x

, where a and b

x (Mbps)

50

100

200

500

1000

¢t (minutes)

23

13

7.3

3.2

1.6

1 . .
(i) Plot " against x and draw a straight line graph.

»
Ll

0.7

0.6

0.4

0.3

0.2

0.1

200

400

600

800

1000

2]
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(ii) Use the graph to estimate the value of a and of b, correct to 2 significant figures. [4]

(iii) Use the graph to estimate the time taken for John to download the gaming software if

the speed of his internet is 240 Mbps. [2]

(iv) Suggest an alternative set of variables to be plotted on each axis to draw a straight

line to represent the formula. [1]
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(b)  The diagram shows part of a straight line graph drawn to represent the equation y = px 7.

Given that the line passes through the point (2.5, 8.1) and has a gradient of 3, find the

value of p correct to the nearest integer. [3]

lgya

2.5,8.1)
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5 (a) Find the range of values of the constant k£ for which k(x2 + x) + 2(x2 +x+ 1) =0 has

no real roots. [4]

(b) Hence, explain why - (x2 + x) + 2<x2 +x+ 1) is always positive. [2]



10

6 (a) By using a suitable substitution, or otherwise, solve the equation

3logex =log,3 +log,2 +logs25. [4]

(b) Sketch the graph of y = log.x on the given axes. Label any axial intercepts. [1]

»<
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(¢) (i) Itis given that the equation of a curve is y =e** "'+ 2¢* 7! —3e.

Explain why the curve has no stationary point. [3]

(i) Find the x-intercept of the curvey =e** "1 4 2e* "1 —3¢. [3]
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7  (a) Factorise x> —125. [1]

(b) The expression —2x> + 7x? + ax + b, where a and b are integers, has a factor of x — 5 and

a remainder of —11 when divided by 2x + 1. Find the value of @ and of b. [4]
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(¢) Hence, or otherwise, show that the equation x> — 125 = - 2x> + 7x? + ax + b has only

one real root. [4]
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8 The equation of a curve is y =e *“tan x.

d _
(a) Show that ay =e (1 —tan x)2. [3]
(b) Find, in terms of m, the x-coordinate of the stationary point for 0 <x < z . [2]

2
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(¢) Explain why y is never decreasing. (2]

(d) What does your answer to part (¢) imply about the stationary point found in part (b)?

Explain your answer. [2]



9

16

(a) State

(i) the principal value of sin! (— —) ,

(ii) the values between which the principal value of tan™'x must lie,

(i) the range of values of k for which the equation 4sin®x = k has a solution.

[1]

[1]

[1]
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1+ cos2x

(b) (i) Prove the identity cotx — cotx tan®x + tanx = Sinox

[4]

(i) Hence solve the equation cotx — cotxtan®x + tanx = cosec2x — 3 for 0° <x < 180°.

[5]
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10 (a) Points P(-2,0), O(5, 1), R(6, — 6) and S(—1, —7) lie on a circle.
PQ and SR are parallel chords of the same length.
Show that the centre of the circle is at (2, — 3). [2]

(b) Find the equation of the circle. [3]
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(¢) A second circle has centre C. It is given that the y-axis is the perpendicular bisector of CR
and is also a tangent to the second circle.

(i) State the coordinates of C. [1]

(ii) Hence explain why the x-axis is a tangent to the second circle. [2]
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11 A particle moves from point P towards point O. The speed of the particle, # seconds after

passing point P, can be modelled by the formula v = (k — 2¢) ", where k and n are constants.

(a) Find an expression for the acceleration of the particle in terms of &, ¢ and n. [1]

The particle has a speed of 27 m/s when ¢ = 3.5 and comes to instantaneous rest 4.8 metres to the
right of point O when ¢ = 8.
(b)  Find the value of £ and of n. [3]
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(¢)  Using the values of k£ and n found in part (b), find the total distance travelled by the
particle in the first 8 seconds. [4]

(d) Explain whether the given model can continue to describe the motion of the particle after

& seconds. [1]

END OF PAPER



Answer Key

1 x=2orx=4
2 When =2, T=92.6°C
Since the temperature of the water would be within the ideal range of 90 — 95 °C,
the standards for brewing black tea would be adhered to.
3a f(x) =2sin3x + 4cos3x + 4
3b 272
4a(ii) | grad=0.0006-0.00062 and a=1600 or 1700
Y-intercept=0.01, 0.015 or 0.02 and » = 16 — 33
4a(iii) | Acceptt=6.06, 6.25 or 6.45
4a(iv) | xt against/ OR ¢ against xt
4b 4
Sa —2<k<6
5b Since the discriminant < 0 when &k = —1 and the coefficient of x? , i.e. 1, is
positive, — <x2 + x) + 2<x2 +x+ 1) is always positive
6a x =0.550,6
6b }J
¥ 3
/ > X
% 1
b6c) | dy _ 5 201, 5 x40
dx
Since e** !> 0 and e* !> 0 for all real values of x,
Therefore the curve has no stationary points
6¢c(ii) | x=0
7a x> —125= (x—5) (x* +5x +25)
7b a=16,b=-5
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8b V4
s

8¢ Since e ** > 0 and (tan x — 1)* > 0 for all real values of x, d—i: =0 therefore y is
never decreasing.

8d The stationary point at x = % is a point of inflexion.
Since y is never decreasing, the gradient of the curve must be positive (or
dy/dx > 0) slightly to the left and right of the stationary point.

Pa() ~60° or - =

3

9a(ii) | -90° < tan"'x <90°

9a(iii) | 0<k<4

9b(ii) | x = 80.8° 170.8°

10b | (x—2)24+ (y+3)2=25 OR x>—4x+y>+6y—12=0

10c(i) | (-6, -06)

10c(ii) | Since the y-axis is a tangent to the second circle, the radius of the circle is 6 units.
The highest point, H, of the second circle is (-6, 0).
Since the circle touches the x-axis at exactly one point at (-6, 0), the x-axis is a
tangent to the second circle.

I1a a=-2n(k—20)"""

11b k=16,n=1.5

11c 204.8 m

11d

No since when ¢ > 8, v and s are undefined.
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Mathematical Formulae

1. ALGEBRA

Quadratic Equation

. 2 _
For the equation @¥” +bx+c =0,

_ —b+b* —4ac

2a

X

Binomial expansion

n_ n ny on ny) p2,2 N n
(a+b)" =a" + . a b+ 5 a bt +..+| |a"Th +..+b",
r

n]_ n!  nn-1)..(n-r+1)

: L r) o (m=r)lr! !
where 7 is a positive integer and ( (n=r)lr d

2. TRIGONOMETRY
Identities
sin® A+cos” 4=1
sec’ A=1+tan” 4
cosec’ 4 =1+cot” 4
sin(4+ B) =sin Acos Bt cos Asin B

cos(Ax B)=cos Acos BFsin Asin B

tan A+ tan B

tan(4+tB)=———
1¥tan Atan B

sin2A4 =2sin Acos A

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

tan24 = ﬂ
I-tan” 4
Formulae for AABC
a b c

sin 4 - sin B - sinC
a* =b* +c¢* —2bccos A

A :lbcsinA
2
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3
1 (a) Differentiate ln( > al lj with respect to x. [3]
X+
2x
(b) Hence find [—=—dx. 2]
x +1



. 1 :
2 Itis given that cos 4= 5 and sin B = L where 0°< 4<90° and 180° < B <270°.

NG

Find, without using a calculator, the exact value of cos(A—B) , leaving your answer in the

form p~/2 +¢+/6 , where p and g are real numbers. [4]
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3 Baking powder is poured onto a flat surface at a constant rate of 277 cm’s™', forming a right
: . . 1 . ) :
circular cone. The radius of the cone is always 8 of its height. Find the rate of change of the

radius of the cone after 3 seconds of pouring.

{Volume of cone = %mﬂzh} [5]
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4 A and B are the points of intersection of the line 4y =2x+1 and the curve 3y —x=4xy.

(a) Find the coordinates of 4 and of B. [4]

(b) Henry says that the line 2y —4x =5 is perpendicular to the line AB.
Is he correct? Justify your answer with workings. [3]



5

7

(a) Write down and simplify the first three terms in the expansion, in descending powers of

3 8
x,of | 2—=—|.
( xj [2]
3 8
(b) Given that there is no x term in the expansion of (1 —2x—Jx? )(2 - _] , find the constant
X

term in the expansion. [4]
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6 (a) Express y=4x—4x’-3 inthe form p(x+ q)2 +7 where p, g and r are constants. [2]

(b) Hence, explain whether 4x — 4x* —=3=0 has any real solutions. [2]



TURN OVER FOR QUESTION 7
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7  Peter constructed an open fish tank with a rectangular base of length 4/ m, breadth / m, and
height 2 m. He wanted the total outer surface area of the fish tank to be 5 m”.

3

-

..J/i/'l

e
" 41

(a) Show that the volume of the tank, ¥ m’, is given by V = %(51 —47 )
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(b) Determine the area of the rectangular base for the tank to contain the maximum amount
of water when filled to the brim. [4]
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8 Inthe diagram below, 74X and TCY are tangents to the circle at 4 and C respectively. 4C meets
TD at E and D is on BC such that 7D is parallel to AB.

(a) Prove that angle ACB is equal to angle ATD. [2]

(b) Using the result from part (a), explain whether a circle can be drawn passing through the
points 7, A, D and C. [2]
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(¢) Provethat CEx EA= DEXTE . [3]
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9 (a) A square has an area (17—8\/5 ) cm’. The length of each side of the square can be

expressed in the form (a+b\/§) cm, where a and b are integers. Show that

4 2 _
2b" —-17b" +16=0. [4]
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(b) [The area of a sector is %7‘29 and the arc length of a sector is 76 .]

The sector of a circle with radius, 7, has an arc length of (\/E -3 ) cm and an area of

(3\/5 —\/E) cm’. Show that r—6\/§_2\/E and hence express r in the form

5o

( p+ q\/g ) cm, where p and g are integers. [5]
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. X
10 Itis given that f(x):2smz and g(x)=3cosx+1, where 0<x<27.

(@)

(b)

(©)

(d)

State the period of f (x).

State the smallest value of f(x).

State the largest value of g(x).

Sketch on the same axes, the graphs of y =f(x) and y =g(x) for 0<x <27
Label your graphs clearly.

Y A

v

[1]

[1]

[1]

[4]
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(€)  The solutions to the equation f(x)=g(x) for 0<x <27z are a and b, where a<b.

State, in terms of a and b, the range of values of x for which f(x) > g(x) ) [1]
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11 The diagram shows a rectangular wooden plank ABCD, 5 m by 2 m, leaning against a vertical
wall. 4D makes an acute angle @ with the horizontal ground.

E is a point on the vertical wall such that E£B is parallel to the ground and F' is a point on the
ground such that AF is perpendicular to FD.
The point B is & m vertically above the ground.

wall

F D eround

(a) Show that #=5sinf+2cos8. [2]

(b) Express 4 in the form Rsin(6+«a), where R >0, and 0° <o <90°. [3]
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(c¢) Find the greatest possible value of 4 and the value of @ at which it occurs. [2]

(d) Find the value of @ for which #=+/15 m. [2]
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12 (a) By using long division, divide 4x’ +5x* +x—1 by x* (x+1). [1]

45 +5x* +x—1 5]

(b) Hence, express - in partial fractions.
X (x + 1)
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3 2,
(¢) Hence, find I4x tzx -:;C 1dx. [3]
X (x+
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13 The diagram shows part of the curve y =+/2x+35 . 4 is a point on the curve and the
x-coordinate of 4 is 2. The normal to the curve at 4 meets the x-axis at B.

y=+2x+5

(o] B\ X

(a) Find the equation of the normal to the curve at 4.

[5]
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(b) Find the area of the shaded region bounded by the normal 4B, the curve, the x-axis and
the y-axis. [5]
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax’ +bx+¢ =0,

‘o ~b+b? - 4dac
’ 2a

Binomial Expansion

(a+d)" =a" +("]a""b +(;Ja""b’ +...+(")a""b’ +o+b,

r
! =1)...(n-
where n is a positive integer and i . ="(" )-(n r+l)
r) ri(n-r)! rl
2. TRIGNOMETRY
Identities

sin? A+cos’ A=1
sec’ A=1+tan’> 4
cosec’ A=1+cot? 4
sin( A4+ B) =sin Acos B + cos Asin B

cos(AiB)=cosAcosB$sin Asin B
tan At+tan B

l1Ftan Atan B
sin24 =2sin Acos 4
cos2A=cos’ A-sin> A=2cos> A-1=1-2sin? 4

tan(A4+B)=

tan 2A — inzA_
1-tan* 4

Formulae for AABC

a b ¢

sinA sinB sinC
a’=b*+c*-2bccos A
A= lbc sin A4
2

2025 Prelim Mathematics / 4049/01 / Sec 4ESN

S 095 PRELIM
CHUNG CHENG Hiar
0ISHUN)
AODITIONAL MAT
63)

PAPER \

[Turn over

:  Scanned with !
i & CamScanner’;


https://v3.camscanner.com/user/download
Mobile User


V2 em

C
B \/5+~/3 cm

The diagram above shows a right-angled triangle ABC, where AB=+2 cm, and

BC=\/§+\/§ cm.

(a) Find the exact value of tan ZACB in the form of a+ Jb , where a and b are integers. [2]

(b) Hence, find the exact value of sec? ZACB in the form m+nvk , where m and n are

integers. (2]
)
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2 A container has a capacity of 840 cm® and is initially filled completely with water. The volume,
Vem’, of water in the container is given by ¥ = h* + 2k, where h cm is the height of the water
level in the container. Due to leakage at the bottom of the container, the height of the water
level in the container decreases at a rate of % cmV/s, where ¢ is the time in seconds.
(a) Find the initial height of the water level in the container. 2]
5
(e (b)  Show that the height of the water level & can be expressed as h=—=—+28 . 2)
(¢) Find the rate of decrease of volume when 1 =3. [5]
(¢
2025 Prelim Mathematics / 4049/01 / Sec 4E5N [Turn over

:  Scanned with !
i & CamScanner’;


https://v3.camscanner.com/user/download

>
5
0 1 2
3 (a) Find —| xe? |. (2]
4 lx
(b) Hence evaluate J'o xe? dx, leaving your answer in the form k(e +1), where k is a
constant to be found. (5] ’

2025 Prelim Mathematics / 4049/01 / Sec 4E5N [Turn over

:  Scanned with !
i & CamScanner’;


https://v3.camscanner.com/user/download

6

4 Intriangle ABC below, AB=xcm, BC =y cm, AC =14 cmand angle ABC =120°.
C

A B

xcm

(a) Using cosine rule, form an equation involving x and y. m

(e

(b) Given that the perimeter of triangle ABC is 30 cm, find the exact area of triangle ABC.,

(4]

(¢
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?
5 (a) By considering the general term in the expansion of (x’ - -l-) , explain why there are no
x

even powers of x in its expansion. (2]

. . ’
(b)  Given that the coefficient of x* in the expansion of (x’ +l) +(hx + 3)’ is 1344, where k
X

is a positive constant, find the coefficient of x* in the expansion. (4]

»

2025 Prelim Mathematics / 4049/01 / Sec 4ESN [Turn over

:  Scanned with !
i & CamScanner’;


https://v3.camscanner.com/user/download

6 In the diagram below, TAX and TCY are tangents to the circle at 4 and C respectively.
AC meets TD at E. D is on BC such that TD is parallel to AB.

Y

C
E
T
A
® X
(@ Prove that angle ACB is equal to angle ATD. 12)
()
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9

(b)  Explain why a circle can be drawn passing through the points 7, 4, D and C. (

N
N\
(¢) Hence prove that CEx AE = DExTE . 3]
J
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7 The diagram shows a solid cylinder of radius  cm and height 4 cm inscribed in a hollow cone

of height 45 cm and base radius 20 cm. The cylinder rests on the base of the cone and the
circumference of the top surface of the cylinder touches the curved surface of the cone.

20cm
(a) Show that the volume, ¥ cm?, of the cylinder is given by V =45z,? _2;"‘_ (3)
4
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(b) Given that r can vary, find the maximum volume of the cylinder, leaving your answer in

terms of x. (5]
(¢) Hence show that the cylinder occupies at most % of the volume of the cone. (2]
J
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(@) Find the value of a and of b for which {x:x<-3.5 or x>2} is the solution set of
b<x+ax. (3]
(b) Find the range of values of p for which y = x” = px~3x - p is always positive. (3]

(c) Explain whether the line y =-5x-2 intersects the curve y =k’ +3where k<1. (3]
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‘2 2 . (2]
(a) Express 5sin® x—cos® x—1 in the form 1-kcos2x.
(b) State the amplitude and period, in radians, of 5sin? x—cos’ x—1. (2]
)
(¢) Sketch the graph of y=5sin? x—cos’ x=1 for -~ <x< —’2[ (3]
2

(d) By drawing the line y =1 —:—x on the same axes, state the number of solutions to the
T

equation 27:-3x=27r(55in1x—coszx-—l) in the range —%stg. [2]
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D

c
Im
2lm B

The diagram shows a quadrilateral field ABCD, where AB =21 m and BC = 3 m.
Angle ABC = angle ADC = 90°. Angle BAD =48, for 0° < 8 <90°, and can vary.
The perimeter of the fencing around the quadrilateral field ABCD is P m.

A

(a) Show that P =24+18cosf+24sin6. (3]
(b) Express P in the form Rsin(6+a)+24, where R>0 and 0°<a <90°. 3]
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(¢)  Given that the total perimeter of the fencing is 53 m, find the value(s) of &. (2]

>

(d) Explain why the total length of the fencing will never exceed a certain value and state this
value. (2] )
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11
11  (a) Express zx‘ﬂz in partial fractions. )
x(x+4)
C
(b) Hence find de_ )
x*(x+4)
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12 The diagram shows part of the curve y = x* = 7x +12, cutting the x-axis at Q.
The normal to the curve at P(2, 2) meets the x-axis at R.
y

A
y=x2— Tx+12

P(2,2)

Show that the area of the shaded region bounded by the x-axis, the line PR and the curve is ( )
S

6— units”.
g ni (8]
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation
For the equation ax” +bx+c=0,

—b++b* —4ac

2a

X =

Binomial Expansion

n n
(a+b) = {J " 'b+( j "2 4. +( ]a”"b"+...+b",
r

n(n—l)...(n—r+1)

7!

where 7 is a positive integer and ( ]

2. TRIGNOMETRY

Identities
sin> A+cos®* A=1
sec’ A=1+tan’ 4
cosec> A=1+cot” 4
sin( A4 £ B) = sin Acos B+cos Asin B
cos( A+ B)=cos Acos BFsin Asin B
tan A+ tan B
1¥tan Atan B
sin2A4 =2sin Acos A
c0s2A=cos’ A—sin®> A=2cos* A-1=1-2sin”* 4

tan2A=2ta—n2A
1-tan” 4

tan(AiB) =

Formulae for AABC
a b ¢

sind sinB sinC
a’ =b*+c*=2bccos A

A=lbcsinA
2
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V2 em

B \/§+\/§ cm ¢

The diagram above shows a right-angled triangle ABC, where AB=+2 cm, and
BC=~/2++/3 cm.

(8)  Find the exact value of tan ZACB in the form of a+~/b , where a and b are (2]
integers.
NG
tan ZACB = X
N FR R
2-6
2-3
=-2+6
(b) Hence, find the exact value of sec> ZACB in the form m + n/k , where m and [2]

n are integers.

sec’ A=1+tan’ 4
=1+ (6 -2)?
=1+6-4/6 +4

=11-46
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2 A container has a capacity of 840 cm?® and is initially filled completely with water. The volume,
V em’®, of water in the container is given by ¥ = h’ +2h where & cm is the height of the water
level in the container. Due to leakage at the bottom of the container, the height of the water leve

. . St . L
in the container decreases at a rate of 3 cm/s, where ¢ is the time in seconds.

(a) Find the initial height of the water level in the container. [2]

att=0, V=840

h* +2h =840

h* +2h—840=0
(h—=28)(h+30)=0

h=28 or h=-30 (rejected)
.. Initial Height = 28 cm

2
(b) Show that the height of the water level 4 can be expressed as /4 = —%+ 28 . [2]

when t =0, h =28,
28=0+c¢
c=28

2
Sh= —%+ 28 (shown)

(¢) Find the rate of decrease of volume when ¢ =3. [5]

Y oo
dh

dh -5(3)

a3
=-5

when ¢ =3,

2
h=ﬂ+2g
6

=20.5

YV 2020.5)+2
dh

-3
v _dv dn
de dh dr
_ 43x(=5)
=-215cm’ /s

Rate of decrease =215cm’ /s
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3 @ Find i[xei"]. 2]
dx

1
Accept e? (%x + 1)

1
(b) Hence evaluate j: xe? dx, leaving your answer in the form k(e2 + 1) ,where kisa [5]

constant to be found.

1 1 174
41 =X —Xx —x
j —xe? +e? dx=[xe2 }
072

0

Lo L LT
JO xe? +2¢? dx=2[xe2 }
0
4 lx lx
jo xe? dx:{xe2 }
0

T 7t
:2{x62x} —[462?
0 0
= 2[4e2 —o]—[4e2 —4]
=8¢’ —4¢’> +4

=4¢* +4
=4(e’ +1)

4

- J.: Ze%xdx
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4 In triangle ABC below, AB=x cm, BC =y cm, AC =14 cm and angle 4ABC =120°.

X cm

(a) Using cosine rule, form an equation involving x and y. [1]

14° = x* + y* —2xycos120°
196 =x" +y° +xy

(b) Given that the perimeter of triangle ABC is 30 cm , find the exact area of triangle [4]
ABC.
x+y+14=30
x=16—y - [1]
196 = x* + y* + xp -——-- 2]
sub [1] into [2]
196 =(16—-y)’ +y* +(16—y)y
196 =256-32y+ 1" +y* +16y -y’
¥ =16y +60=0
(y-06)(y-10)=0
y=6 or y=10
x=10 or x=6

Area of AABC = %(1 0)(6)sin120°

(2

= 15\/§ cm?
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,
5 (i) By considering the general term in the expansion of (xs + lj , explain why there  [2]
x

are no even powers of x in its expansion.

7. - Z](xs ()

_ 7)@)”” X

r

— 7 x3576r
r

6r is always even by all non-integers of .

35—-6r is always odd.

.. There are no even powers of x in its expansion.

;
(ii) Given that the coefficient of x° in the expansion of (xs + lj +(hox + 3)7 is 1344, [4]
x

where k is a positive constant, find the coefficient of x* in the expansion.

= (7J(k)7_r 3

T—r

r

,
6
1
7
T, = (1 j(k)ﬁ 3'x°
21k° =1344
k=2 or k=-2(rejected)

T—-r=4
3

V=

T, = (Zj(z)“ 3yt

. coefficient of x* =15120
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6 In the diagram below, 74X and TCY are tangents to the circle at 4 and C respectively.
AC meets TD at E. D is on BC such that 7D is parallel to AB.

(i)  Prove that angle ACB is equal to angle ATD. [2]

LATD = ZXAB (corr angles, AB//TD)
= ZACB (alternate segment theorem)
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(ii)  Explain why a circle can be drawn passing through the points 7, A, D and C. [1]

Since ZATD = ZACB, they fulfil the property of angles in the same segment.
.. A circle can be drawn passing through the points 7', 4, D and C.

(iii) Hence prove that CEx AE = DExTE . [3]

LATE = ZDCE [from part (a)]
LTEA = ZCED [vert opp £]
.. AATE is similar to ADCE (AA similarity test)

IE = £4 (Ratio of corr sides of similar triangles are equal)

CE
CEx AE = DE xTE (proven)
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7  The diagram shows a solid cylinder of radius » cm and height /# cm inscribed in a hollow
cone of height 45 cm and base radius 20 cm. The cylinder rests on the base of the cone and
the circumference of the top surface of the cylinder touches the curved surface of the cone.

- ~ /
20 cm
(i)  Show that the volume, ¥ cm’, of the cylinder is given by V =457zr° —%72'7”3 : [3]
45-h _r
45 20
20(45—h) = 45r
900—-20h =45r
b 900—-45r
20
=45 —21”
4
V=nr'h

9
=ri(45-=
r( 4r)

=457 —%72’1"3 (shown)
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(i)

(iii)

2025 Prelim

11

Given that » can vary, find the maximum volume of the cylinder, leaving your [5]

answer in terms of 7.

a_ 907r —zzrrz
dr 4

when V' is max,

907zr —24—772'1"2 =0

7zr(90—2rj20
4

r=0 or r= 13l
(rejected)
2
d 12/ = 907r—£7rr
dr 2
when r = 4—,
3
2 2 4
d Iz/ =907z——77r —Oj
dr 2 3
=-282.74
<0
2
Since v <0, V= 80007

dr?

=6000s
8000
c.ratio = 3
60007z
4
=— (shown
5 ( )

cm® is a maximum volume.

. : 4
Hence show that the cylinder occupies at most 5 of the volume of the cone.

Volume of cone = %7[(20)2 (45)
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8 (a)
(b)
(©

2025 Prelim

12

Find the value of @ and of b for which {x:x <-3.5 or x>2} is the solution set of [3]

b<x*+ax.

2x+7)(x-2)>0
2x> +3x—-14>0
x’+ax—b>0
2x* +2ax-2b>0
2a =73

a=1.5
2b=14

b=17

X +1.5x>7

Find the range of values of p for which y = x* — px—3x— p is always positive. [3]

b*—4ac<0

(—p-3) ~4()(~p) <0
pP+6p+9+4p<0

p +10p+9<0

(p+D(p+9)<0
-9<p<-1

Explain whether the line y =—5x—2 intersects the curve y = kx* +3 where k<1. [3]

S5x-2=kx*+3
kx> +5x+5=0
b* —4ac =25—-4k(5)
=25-20k
k<1
20k >-20
25-20k>5

>0
Since b” —4ac > 0, for k <1, the line intersects the curve.
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9 ()  Express 5sin’ x—cos’ x—1 in the form 1—kcos2x. [2]
. I1—cos2 2x+1
5sin” x—cos’ x—1= 5( cos xj_(cos i j—l
2 2
_>_scos2x 1 . 1,
2 2
=1-3cos2x
(ii)  State the amplitude and period, in radians, of 5sin® x —cos” x—1. (2]

5sin*x—cos’x—1 = 1 — 3cos2x

Amplitude =3
Period = 2%
2
= 7 radian
(iii)  Sketch the graph of y =5sin® x—cos’ x—1 for —% <x< % 3]
6k
-11:/2 -11:/4 0 TT:/4 TT:/2 3T:T/4

. : : 3 .
(iv) By drawing the line y =1 —Z—X on the same axes, state the number of solutions to [2]
V4

the equation 27 —3x = 27z(5 sin® x —cos’ x—l) in the range —% <x< %

= —ix+1
4 2

.. Number of solutions = 2.
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10

The diagram shows a quadrilateral field ABCD, where AB = 21 m, BC = 3 m and
angle ABC = angle ADC = 90°. Angle BAD =6 and can vary. The perimeter of the fencing

around the quadrilateral field ABCD is P m.

@) Show that P =24+18cosd+24sinf.
sinf =—
21
BF =21sin@
cos@zﬁ
3
EB=3cosf
DC =21sinf@—-3cosbl
cosﬁzA—F
21

AF =21cos8

sin¢9=E
3

EC =3sinéd
AD =21cos@+3sinf

Hence, P=21+3+21sinf@—-3cos@+21cosf+3sinf
=24+18cos @ +24sin @ (shown)
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(ii) Express P in the form Rsin(@+a)+24, where R >0 and 0° < a <90°. [3]
R=+/18"+24°

=4/900

=30

18
tana =—
24

=36.8699°
=36.9°

<. P=30sin(0+36.9°) + 24

[2]

(iii)  Given that the total perimeter of the fencing is 53 m, find the value(s) of 6.

30sin(6 +36.8699°) +24 =53

sin(0+36.8699°) = 22
30

Basic angle = sin™' (gJ
30
=75.1649°

6 +36.8699° =75.1649°,104.8351°
0 =38.3°, 68.0°

[2]

Explain why the total length of the fencing will never exceed a certain value and
state this value.

(iv)

~1<sin(0+36.99) <1
~30 < 30sin(0+36.9°) <30
—6 <30sin(0+36.9°) +24 < 54

The total length will not exceed 54m as the max length is 54m.
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11x+12

2

11 (i) Express
P x(x+4)

in partial fractions.

1x+12 4 B C
xz(x+4)_; ?+x+4
1x+12 = Ax(x+4)+ B(x +4) + Cx’
when x =0,

12=0+4B+0

B=3
when x =4,

-32=0+0+16C

C=-2
when x =1,

23=54+15-2

A=2

X (x+4) -

x> x+4

Clx+12 2 3 2
X

11x+12
xz(x+4)

J121x+12 dx:jz+%— 2 dx
x(x+4) x x° x+4

:2lnx—i—2ln(x+4)+c
X

(i) Hence find J
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12 The diagram shows part of the curve y = x> —7x+12, cutting the x-axis at O.
The normal to the curve at P(2,2) meets the x-axis at R.

Y
A 2
y=x —-Tx+12
P(2,2)
R O Qv P X

Show that the area of the shaded region bounded by the x-axis, the line PR and the curve is [§]

6§ units” .
6

Gradient of normal = l

3

|
=—Xx+c
Y73
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when y =0,
X =Tx+12=0
(x-3)(x-4)=0
x=3 or x=4
0=(,0)

Area of shaded region = %(6)(2) + jj x> —7x+12 dx

3 3
P BN
32

2

63 8
—6+{(9—7+36)—(§—14+24)}

= 6% units® (shown)
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: ADDITIONAL MATH (63)
Mathematical Formulae PAPER 2.
1. ALGEBRA

Quadratic Equation
For the equation ax’ +bx+¢=0,

x=-—bin'-4ac

2a

Binomial Expansion

(a+b) =a" +(7]a""b+(;]a""b’ +...+(")a"'b’ +..40",
r

where n is a positive integer and ("): . ="("-|)"'("—’*I)
r) ri(n-r) r

2. TRIGNOMETRY

Identities
sin’ A+cos’ A=1
sec’ A=1+1an* 4
cosec’ A=1+cot’ 4
sin(A+ B) = sin Acos B £ cos Asin 8
cos( A B) = cos Acos B sin Asin B
wa(d2B)wmfiind
1¥tan Atan B
sin2A4 = 2sin Acos A
cos2A =cos’ A-sin® A=2cos’ A=1=1-2sin" A

tan2A=—z£,A—
I-tan” 4
Formulae for AABC
N L .
sind sinB sinC
a =b*+c* -2bccos A

A=—l_,-bcsin‘A
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In 2020, there were an estimated 7 million insects of a particular species in a certain country.
In 2021, the numbers were estimated to have fallen to 5 million. Scientists believe that the

number of these insects, N million, can be modelled by the formula N =3+ae™, where ¢ is the
time in years after 2020.

(a) Find the exact values of a and of k.

(4]

-

(b) What is the approximate size of the population for large values of 1?

(1
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2 Theequationofacurveis y= px? =(p+2)x+1, where p is a constant.
(a) Given that p >0, by completing the square, find the minimum value of y.

- Bt
Express your answer in the form ibl’ where a and b are integers. (3]
4

(b) Given instead that p <0, find the coordinates of the maximum point in terms of p.  [2]
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3 (a) Show that %(colx)=—coscc’x. (2l

.\3

(b) A curve has equation y =e™* cotx, where a is a positive constant. There is exactly one
— " | g
point in the interval —E-n <x <0 at which the tangent is parallel to the x-axis.

Find the value of @ and state the exact x-coordinate of this point. (5]
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4 Itis given that f(x)=3x" + ax’ - 7x+3, where a is a constant, has a factor of x+1.

(a) Find the value of a and factorise f(x) completely.

(b) Solve the equation f(cot’ 0) =0 for -90°< 8 <90°.

2025 Prelim Mathematics / 4049/02 / Sec 4ESN
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(a) Prove the identity sin 2x(acotx+ btan x) —a+b+ (a-b)cos 2x, where a and b are

constants. (4]
1 1
(b) Hence solve the equation sin -2-9(3c0120 +5 tan-‘lgo) =7 for0<H<4n. (3]
2025 Prelim Mathematics / 4049/02 / Sec 4ESN [Turn over
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2025 Prefim

Solve the equation log, (3y+1)- L, log,8=4.

log,5
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(b) By expressing the equation In(6e’ +I)+x =0 as a quadratic equation in e*, solve the

equation In(6¢* +1)+ x =0, giving values of x in logarithmic form. (4]
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7 The diagram shows the curve y =%(c052x+2cosx+ 1) for 0 < x < = radians.

)

'=%(oosz.r+2cosx+l)

0 x v
2 M
The point M is the minimum point of the curve, where the x-coordinate of M lies in the interval
Zexen.
2
(a) Find the exact coordinates of M. (5]
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(b) Find the exact total area of the shaded regions bounded by the curve and the axes.  [4]

)
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/ 8 The table shows Andy’s marks for his Mathematics practice papers each week.
Week x 1 2 3 4 5 6
Marks y 45 59 68 74 71 82

He believed that these figures can be modelled by the formula y =91~ Ae*, where A and k are
constants, by excluding one datapoint that does not follow the trend.

(a) On the grid below, by ignoring the datapoint that does not follow the trend, plot

In(91- y) against x and draw a straight line graph. (2]
n(91-y),
50}::: nasy TR R B TR T
11 J@REN FERAN B8 T Rretis Irrt
-4 14‘_4'.'..._4_._?.'. 4‘1 e 5 i- Lt
C H azar o g b
R3E pEed fases bEas: i
i KEanSNNER A REEE Sy N SR +
: o TS N 8y
' (AR BE EReS ! 1
R T R 5
IR s
;‘o~o : 73 P P '
i 3 :
i' r;" :
faieeriizear
f: oy ;, yo4d +e. Lhees i - +
S88xdEses snunsgbas thugs Euadt hbbet Haaghpon :
2.0 : . > X
0 1 2 3 4 ) 6
2025 Prelim Mathematics / 4049/02 / Sec 4ESN [Turn over

:  Scanned with !
i & CamScanner’;


https://v3.camscanner.com/user/download

13
.

(b)  Use the graph to estimate the value of each of the constants A and k. (5]

(c)  Suggest a possible reason why one of the marks does not seem to follow the trend.  [1]

(d) From your straight line graph, estimate the expected marks for the datapoint that was
excluded. (2]
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9 The equation of acircleis x* + y* ~8x—4y+15=0.
(a) Find the radius and coordinates of the centre of the circle. (3]

Two points are given by A(S,-2) and B(9,2). The perpendicular bisector of AB cuts the

circle at point C and D.
(b) Find the coordinates of C and of D. (6]
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(¢) Find the shortest distance from the origin O to the line segment CD, giving your answer
in the form k+/2, where k is a constant to be determined. (3]

Mathematics / 4049/02 / Sec 4E5N
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10 A particle travels in a straight line so that its displacement, s m, from O at time ¢ seconds, where

1>0, is modelled by s =/ —%t’ +61+1.
(a) Find the values of 1 for which the particle is instantaneously at rest. [3]
(b) The particle’s acceleration is 15 m/s’ at T seconds. Find the total distance travelled by
the particle in the interval r=0to ¢=T7. (4]

)

(¢) Explain clearly why the answer found in part (b) should not be obtained by finding the
value of s when (=T . 2]
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(@) Acurve y=f(x) is such that f'(x)=ax’ - 6x+b, where a and b are constants.
(i)  Given that the curve is always increasing, what conditions must apply to a and 5?

3]

It is now given that a=5.
(i) The curve intersects the y-axis at (0, 4) and passes through the points (-3, -80)

and (3, k). Find the value of k. (5]
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This question is not related to part (a).

. o 2
(b) Itis given that y =g(x) is a solution of the equation ¢™* (d—’i-zd—y+ y) =—e', where
dxz

dx
k is a constant. The point (1, 0) is a stationary point on the curve y=g(x).
Find the nature of this stationary point. (3]
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2
Mathematical Formulae

1. ALGEBRA
Quadratic Equation
For the equation ax” +bx+c=0,

—b++b* —4dac

X =
2a
Binomial Expansion
n n n n-1 n n-21.2 n n—-ryr n
(a+b) =a"+| |a"'b+| _|a"b*+...+| |a"b +..+D",
1 2 r
! —1)...(n—r+l1
where 7 is a positive integer and A . :n(n ).o(n=r+1)
r r!(n—r)! r!

2. TRIGNOMETRY

Identities
sin” A+cos> 4=1
sec’ A=1+tan’ 4
cosec’ A=1+cot”> 4
sin( A+ B) =sin Acos B+ cos Asin B

cos(A+ B)=cos Acos BF sin Asin B

tan 4 + tan B

1F¥tan Atan B
sin2A4 =2sin Acos A
cos2A4A=cos’ A—sin* A=2cos* A—1=1-2sin’ 4
2tan A
l—tan’ 4

tan(A+B)=

tan24 =

Formulae for AABC
a b c

sin 4 B sin B B sinC
a’ =b*>+c*—2bccos A

A:lbcsinA
2
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1 In 2020, there were an estimated 7 million insects of a particular species in a certain country.
In 2021, the numbers were estimated to have fallen to 5 million. Scientists believe that the

number of these insects, N million, can be modelled by the formula N =3+ ae ™™, where ¢ is the
time in years after 2020.

(a) Find the exact values of @ and of &. [4]
(@) | When t=0,N=7.
7=3+ae""
a=7-3
When t=1, N =5.
5=3+4¢"0
2=4¢™"
k 2
4
—k = lnl
2
k=In2
(b) What is the approximate size of the population for large values of ? [1]

() | N =3+4e 2"
(1n2 t

When ¢ is large, e " becomes close to zero.
Thus, the approximate size is 3 million.
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The equation of a curve is

(a) Given that p >0, by completing the square, find the minimum value of y.
P
bp

a

Express your answer in the form

4

2

y=px’—(p+2)x+1, where p is a constant.

, Where a and b are integers.

(a)

y:pxz—(p+2)x+1

» Pt

2xj+l
p

B 2 2
x—p+2 _[p*2 +1
2p 2p

2 2
1P +4p+4xp

2

L Pt2
2p 4p

2 2
x_p+2 +4p—p —-4p-4
2p 4p

_p+2

2 2
P

=plx
? 2p 4p

2
Hence, the minimum value of y is

4p

2 2
) x2_p+2x+(p+2j _(p+2} 1
p 2p 2p

(b) Given instead that p <0, find the coordinates of the maximum point in terms of p.  [2]

(b)

p+2 —p°—4
2p ’ 4p

2025 Prelim
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3 (a) Show that %(cotx) =—cosec’ x. [2]
(@] d
—(cot x) d
—(cotx
dx < (cotx)
Zi(c?sx] _4( 1 —i(tan)c)f1
dx \ sinx dx\tanx ) dx
sin x(—sin x ) —cos x( cos _
= X( x.) - x(cos x) =—1(tan x) ? (5602 x)
sin” x
—sin® x —cos” x IS S
= SinZ x tan’ x cos’ x
-1 , _ -1
= e or —1—cot” x sin? x
— _cosec? x = —cosec’ x
(b) A curve has equation y =¢ “ cotx, where a is a positive constant. There is exactly one
point in the interval —%n < x <0 at which the tangent is parallel to the x-axis. Find the
value of @ and state the exact x-coordinate of this point. [5]
b)| d
®) ) dy_ e ™ (—C05602 x) —ae ™ cotx
dx

=—“ (cosec2 X+ acot x)

The tangent is parallel to x-axis mean =0.

¢ ¥
dx
—ax 2
—e (cosec X+ acot x) =0
Since ¢ “ >0 for all values of x,
—(cosec2 X+a cotx) =0

cosec’ x+acotx=0

cot’ x+1+acotx=0
Since there is only 1 point, the above equation only has 1
solution, i.e. discriminant = 0.
a*-4(1)(1)=0
a=12
a=2(@a>0)
cot’ x+2cotx+1=0

(COtX+1)2 =0

cotx=-1
tanx =—1
T
X=——
4

2025 Prelim Mathematics / 4049/02 / Sec 4E5N
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4 It is given that f (x) =3x’ +ax’ —7x+3, where a is a constant, has a factor of x+1.

(a) Find the value of @ and factorise f (x) completely.

@ | £(-1)=3(-1) +a(-1) =7(-1)+3
0=-3+a+7+3

a=-7
By long division,
f(x) =3x —7x" —7x+3

= (x+1)(3x* ~10x+3)

=(x+1)(3x-1)(x-3)

(b) Solve the equation f(cot2 6) =0 for -90°< 8 <90°.

b .
®) cot’@=—1(rej) or cot’ _L or cot’f=3
1 cot@=+3
coté’:iﬁ 0 =+30°
0 =160°
2025 Prelim Mathematics / 4049/02 / Sec 4E5N [Turn over
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5 (a) Prove the identity sin2x(acotx+btanx)=a+b+(a—b)cos2x, where a and b are
constants. [4]
. ;
@) sin2x(ac0tx+btanx)=2sinxcosx(a(.:osx+bsmxj
sinx  cosx
=2acos’ x+2bsin’ x
=a(cos2x+1)+b(1—cos2x)
=acos2x+a+b—bcos2x
=a+b+(a—b)cos2x
(b) Hence solve the equation sin%@(3cot%9+5tan%9} =7 for 0<0<4rn. [3]
b
®) 3+5+(3—5)0052 %6’ =7
1
—2cos| =0 |=-1
2
cos 19 :l
2 2
basic angle = cos™ 1.z
2 3
%9 is in 1% or 4™ quadrant.
1 o T
—0=— or 2n——
2 3
sz—n or 10m
3 3
2025 Prelim Mathematics / 4049/02 / Sec 4E5N [Turn over



6 (a) Solve the equation log(3y+1)— — log,8=4. [4]
0g,
@) logs (3y+1)- 1 +log,8=4
log, 5
logs (3y+1)—log; y =4—log, 8
log, (3y+1J =4-log, 2’
y
1
log; (3+—j =4-3
y
3+ 1o
y
1.,
y
_1
a
(b) By expressing the equation ln(6e" +1)+x =0 as a quadratic equation in e*, solve the
equation In (6ex + 1) + x =0, giving values of x in logarithmic form. [4]
(b) ln(6ex+1)+x=0
ln(6e" + 1) =—Xx
6" +1=¢"
6(6)‘)2 +(ex)—1 =0
(3e"-1)(2¢e" +1)=0
1 R
e =— or e =—— (re
3 5 (1)
1
x=In—or —In3
3
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7 The diagram shows the curve y = %(cos 2x+2cosx+ 1) for 0 <x < radians.

y

y=%(cos2x+2cosx+1)

The point M is the minimum point of the curve, where the x-coordinate of M lies in the interval

T
—<x<T.
2

(a) Find the exact coordinates of M. [5]

(a)

y=%(cos2x+2cosx+1)

d—yzl(—2sin2x—25inx)
dx 2

=—sin2x—sinx
At min pt, d—y=0.
dx
—sin2x—sinx=0
—-2sinxcosx—sinx=0
—sinx(2cosx+1) =0

—sinx=0 Or COSX=——

—0or ® (rei) T -
= OI’E(I‘C_] x=m-= or 1:+§ (rej)

(2 -1
3 4
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(b) Find the exact total area of the shaded regions bounded by the curve and the axes.  [4]

(b)

area:jzé(0052x+2cosx+1) dx—f

T

7t%(cost+2cosx+1) dx

2

1| sin2x ) 2 1|sin2x ) "
=— +2sinx+x| —— +2sinx+x
2 2 2

0 n

(o5 v ez

=2 units’

0
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8 The table shows Andy’s marks for his Mathematics practice papers each week.

Week x 1 2 3 4 5 6
Marks y 45 59 68 74 71 82

He believed that these figures can be modelled by the formula y = 91— 4e™, where 4 and k are
constants, by excluding one datapoint that does not follow the trend.

(a) On the grid below, by ignoring the datapoint that does not follow the trend, plot
1n(91 - y) against x and draw a straight line graph. [2]

4.5
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(b) Use the graph to estimate the value of each of the constants 4 and k. [5]

(b) | Transforming the equation:
y=91-A4e"
91—y =Ae™
In(91-y)=InA+Ine"”

1n(91—y)=lnA+kx
Using 2 points on the line (1, 3.8) and (3.5, 3),

gradient = 383 =-0.32
1-3.5

Reading off the Y-intercept, we have 4.15
The equation of line is

In(91-y)=-032x+4.15

By comparing,
InA4=4.15 k=-0.32

A=63.4 (3 s.f)

(¢) Suggest a possible reason why one of the marks does not seem to follow the trend. [1]

(c) | Any reason within the context

- The lower mark on week 5 was
likely to be due to a harder paper.

- Andy might have been ill.

(d) From your straight line graph, estimate the expected marks for the datapoint that was
excluded. [2]

(d) | The datapoint is (5, 71)
Based on the straight line graph, the reading should be 2.5.

The expected marks is
1n(91—y) =25

y=T79
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The equation of a circle is x>+ y° —8x—4y+15=0.

(a) Find the radius and coordinates of the centre of the circle.

(a)

x> +)y°—8x—4y+15=0
X' —8x+47+y -4y +2> =4"+2>-15
()6—4)2+(y—2)2 =5

Radius is \/g units
Centre (4, 2)

Two points are given by A(5,—2) and B(9,2). The perpendicular bisector of 4B cuts the

circle at point C and D.
(b) Find the coordinates of C and of D.

[6]

(b)

27 2
=(7.0)
Equation of perpendicular bisector is
y—-0=-1(x-7)
y=—x+7
Substituting equation of line into equation of circle:
(x—4) +(—x+7-2)" =5

x> —8x+16+x>—10x+25=5

2x> —18x+36=0

Midpoint of 4B = [E 2t 2]

x*—9x+18=0

(x—3ﬂx—6):O
x=3 or x=6
y=4 y=1

The coordinates are (3, 4) and (6, 1).
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(¢) Find the shortest distance from the origin O to the line segment CD, giving your answer

in the form k2 , Where k is a constant to be determined. [3]
(c) 10 6 3 0
Area of OCD =—
20 1 4 0

1
=5[(0+24+0)—(0+3+0)]
=10.5

Length of CD = /(3-6)’ +(4-1)’
=18
=32

10.5
1
—x342
2

7

shortest dist =

Alternatively,

The perpendicular line from O to CD has gradient 1,
since the gradient of CD is —1.

Thus the perpendicular line has equation y = x, since

the y-intercept is 0.

Intersecting the 2 lines y=x and y=—x+7, we
have
xX=-x+7

2x=17

The point on CD shortest distance from O is [%, %) .
Thus, the distance is

(o) (3o - (3]

N
2
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10 A particle travels in a straight line so that its displacement, s m, from O at time ¢ seconds, where
t>0, is modelled by s =¢’ —%tz +6t+1.
(a) Find the values of 7 for which the particle is instantaneously at rest. [3]
@), % 32 946
dt
When particle is at instantaneously rest, v = 0.
3P -9t+6=0
t*=3t+2=0
(1-1)(t-2)=0
t=1 or t=2
(b) The particle’s acceleration is 15 m/s> at T seconds. Find the total distance travelled by
the particle in the interval t =0 to ¢t =T. [4]
(®) a= ﬂ =6f—-9
dt
When a =15, 6T -9=15
T=4
When r=0,s=1
When t=1,5s=3.5
When r=2,5=3
When t=4,5=17
Total distance = (3.5-1)+(3.5-3)+(17-3)
=17 : s=1
I t=0
1
: s=3.5
| ) t=1
|
: s=3
Lo (
| < -
1 s=4
| t=17
(¢) Explain clearly why the answer found in part (b) should not be obtained by finding the
value of s when t=T. [2]
(c) | Even though the numerical value is the same, the particle

turned twice (at least once), thus will need to account for the
additional distance. Also, evaluating s at t =7 only gave the
distance of the particle from O, which is not what is required.
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11 (a) Acurve y=f(x) issuch that f'(x)=ax*—6x+b, where a and b are constants.

(i) Given that the curve is always increasing, what conditions must apply to a and b?

[3]

(a) | For the curve to be always increasing, i.e. f'(x)> 0, that is

ax>—6x+b>0
This means that there are no roots, i.e. discriminant < 0.

(-6)" —4(a)(b)<0

36—4ab <0
36 <4ab
ab>9
and ¢ >0

It is now given that a =5.
(ii) The curve intersects the y-axis at (0,4) and passes through the points (-3, —80)

and (3, k). Find the value of £. [5]

b
®) d—y=5x2—6x+b

y=§x3 —-3x’ +bx+4

When x=-3, y=280.
802%(—3)3 ~3(-3)" +b(-3)+4
~80=-45-27-3b+4
3b=12
b=4
When x=3,y=k.
k:§(3)3—3(3)2+4(3)+4
—45-27+12+4
=34
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This question is not related to part (a).

2
d )2/ -2 Y +
dx dx

k is a constant. The point (1, 0) is a stationary point on the curve y =g(x).

y |=—e*, where

(b) Itis given that y =g(x) is a solution of the equation ez"(

Find the nature of this stationary point. [3]

(b) dy

Since it is a stationary point, ™ =0. Together with (1, 0),

we can substitute x =1, y =0, % =0. The equation is

2
now reduced to e (d—); -2(0)+ OJ E—
dx

Since exponential functions are always positive, we have

—e”™ to be negative.
2

d’y

2

Since <0, by 2™ derivative test, (1, 0) is a maximum

point.
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Bedok View Secondary School

Department of Mathematics Mark Scheme
Year 2025 Level & Stream 4ES5N
Type of Assessment Preliminary Exam Subject & Paper Additional Math P1
Qns Working
1 4x* —6xy—6y =4---—-(1)
)
Sub (2) into (1):

4x* —6x(4+x)—-6(4+x)=4
4x* —24x—6x" —24—6x=4
2x* +30x+28=0
X +15x+14=0
(x+1)(x+14):0

x=-14 or x=-1

y=-10 or y=3

2 O9sinx =-2secx

9sinx =—
COSX

) 2
SIN XCOSX = ——
9

) 4
2s8INn XCoSXx=——
9

sin2x=——

9

Basic angle = sin™' (gj
=0.46055
2x =-0.46055, —(n—0.46055)

=-0.46055 or —2.68104
x=-0.230 or —1.34




Bedok View Secondary School
Department of Mathematics

Qns Working

3a Principal range of cos 'x is 0 <cos 'x <m,

hence principal value of cos™ (—g} is %E

) T
instead of ——.

3b L.H.S: cot4+tan 4=

+ tan A4
tan A

cos A N sin 4
sind cosA
cos® A+sin® 4
sin Acos A
1
sin A cos A
sec Acosec A = RHS (shown)

OR

RHS:
1 1

X
cosA sinA4

1
cos Asin A
_sin® 4+cos” 4
~ cosAsin 4

sec 4 cosec A=

B sin” 4 cos® A
" cosAsinAd  cos Asin 4
_ sin A N cos A
cosA sinA
=tan A+ cot A = LHS (shown)

J

Mark Scheme



Bedok View Secondary School
Department of Mathematics

Qns Working

4 By long division,
2x° +4 2x° +4

x(x+2)2 X 4 4x 4 4x

—8x?—8x+4
—
x(x+2)
—8x*—8x+4 A B C
— 5 = t—5+ 7
x(x+2) X x+2 (x+2)

=2

—8x2—8x+4:A(x+2)2+Bx(x+2)+Cx
Let x=0:
4=44
A=1
Let x=-2:
-12=-2C
C=6
Let x=1:
—8-8+4=9+3B+6
B=-9
2x° +4 1 9 6
=24+ + >
x(x+2) X x+2 (x+2)

Sa f‘(x):(x2+3)—2x(2x+a)
(x2 +3)
_ —x> —2ax+3
(x2 +3)2

2
5b Laxz”>0, forb<x<l1

(x2+3)
Since (x2 +3)2 >0,
—x* =2ax+3>0
x*+2ax-3<0
Given that b < x <1
(x-b)(x-1)<0
x'—bx—x+b<0
By comparing:
b=-3
2a=-b-1
2a=3-1

a=1

Mark Scheme
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Qns

Working

6

y :(k—6)x2 -8x+k
Discriminant = (—-8)> —4(k — 6)(k)
=64 —4k> + 24k

For curve that does not intersect the x-axis,
Discriminant < 0

K —6k—16>0
(k+2)(k-8)>0
k<-2ork>8

The curve has a minimum point:
k—-6>0

k>6
Sk>8

Ta

7b

S(-ne = —(x-1)e

—X

=2e " —xe

IZe*x —xe*dx=(x—1)e " +¢
I2e‘xdx—jxe’xdx =(x—-1)e™" +c

—Ixe"‘dx = —I 2" dx+(x—1)e ™" +c

'[xe*xdx =—2¢ " —(x—1)e™" +c
=-2e " —xe"+e " +¢c

=—e " "—xe" +c

Mark Scheme
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Qns Working
8a dr 2

dt 141y

r=- 42(11
(t+1)
=—J'2(t+1)’2dt
=2(t+1)71+c
r=—-+-+=c
t+1
Atr=4andt=0,
4=2+c
c=2

8b A= nrz

dr 2

R
—+1
3

% =52ntx—0.18
dr

=-0.18

— =-0.936 cm?/min
dr
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Qns

Working

9a

9b

y=kx+6 ---- (1)
2x° —xp =3 ---- (2)
Sub (1) into (2):

2x° —x(kx+6)=3
2x° —k* —6x-3=0
(2-k)x* —6x-3=0
Discriminant

=(=6)" —4(2~k)(-3)

=60-12k
For tangent,

60-12k =0
k=5

(4—2ﬁ)x+ﬁ=3xﬁ—1
4x—2x\/§+x/§:3xx/§—1
V2 +1=3x2 +2x42 — 4x
ﬁ+1=x(5ﬁ—4)

J2+1 ><5\/§+4
‘=

5V2 -4 542 +4
_5(2)+42+5v2+4

) -

_9\2+14

5016

9 7
= — 2 +—

34\/_ 17

Mark Scheme
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Qns Working
11 2 0 1
10a Area of APOR =—
20 3 20
_1 [3+4-2]
2
= 2.5 units’
10b 3-0
Mpp = Tl
=3
mQS = —g
Equation of OS:
1
—2=—(x-0
y ;-0

y:—%x+2———(1)

x-y=5-——(2)

Sub (1) into (2):
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Department of Mathematics

Qns

11a

11b

Working

2 4 =24

27 +(47)(47) =24
2x

» 42—

Let y=27,

2
Y

+—=24
7 4

4y +y* =96

Y +4y-96=0

(y—8)(y+12):O

y=8 or y=-12

2*=8 or 2'=-12 (Rejected since 2" > 0)
2x :23

x=3

logﬁ(x—l):log3(x+5)
10g3(x_1)

10g3 \/g

log, (x—-1)

3—l:10g3 (x+5)
log, 32

2log, (x—=1)=log, (x+5)

log, (x—1)* =log, (x+5)

(x—1)?=x+5

x2-2x+1-x-5=0

x?=3x-4=0

x+DH(x-4)=0

x+1=0

=log, (x+5)

x=—1[N.A.as log ; (x—1) will be undefined]

or x—4=0
x=4

Mark Scheme
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Qns Working

12a 4x—-4y=3
3

=x——
YT

m of normal =1

m of tangent = —1

Atx:% and d—y:—l

2

6(%jk(a)3=1

2
3-8
k
k=2 (shown)

12b At stat points,
6x— 3 =0
2x
1
T2
s 1
12

x:i4L
V12

x=-0.537 or 0.537

6x

X

12¢ 2

d_);:6+i4
dx 2x
6>0

3
—>0
2x*

2
;i%=6+$%>0
dx 2x -
2
Since d—);=6+i4>0
dx 2x

the gradient has no turning point.

Mark Scheme
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Qns Working
13a C=1.2n"-14.4n+53.7
Atn=0, C =$53.7 thousands
13b C=1.2n"-14.4n+53.7
=127’ —12n+44.75 ]
=12[(n-6)"-6" +44.75 |
=1.2(n—6) +10.5
13¢ For 600 pairs of running shoes produced, the minimum
cost of 10.5 thousand dollars will be incurred.
13d

1.2(n—6)" +10.5=50
1.2(n-6)" =39.5
39.5
—6) =222
(1=6) =73
n—6=15.7373
n=11.7373 or 0.2627

Maximum number of pairs of running shoes for which the
cost is at most 50 thousand dollars

=11.7373

= 11.7 hundreds

10
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Qns

Working

14a

14b

14c

m,, =1

Equation of AB:
y+2=x+4
y=x+2————()
y==—x+4-——--(2)
D=2):x+2=—x+4
2x=2

x=1

y=3

Coordinates of 4 = (1, 3)

Radius = /(1+4)? + (3 +2)*
=+/50 units

Equation of circle:

(x+4)2+(y+2)2 =50

Let the coordinates of the other end of the diameter passes
through 4 = C(x, y).
Since AC is the diameter, B is the midpoint of AC.

x+1 y+3
T 2 (-4, -2
(2’2J(’ )

x+1
2

r+3_,
2
x=-9,y=-7

2

Equation of another tangent which is parallel to
y=—x+4:
y+7=-1(x+9)

y=-x-16

11
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Mathematical Formulae
1. ALGEBRA

Quadratic Equation
For the equation ax? + bx + ¢ =0,

—b+.b>—4ac

2a

X =

Binomial expansion

n__ _n n n—1 n n-2 12 n n—r p.r
(a+b)'=a" + a" b+ a"” b+ + a""b"+--
1 2 r

n ! -1)...(n—r+1
where 7 is a positive integer and = T _ (n ) (n il )
r) rl(n-r)! r!

2. TRIGONOMETRY

Identities
sin?4+cos?A4=1
sec’4A=1+tan’ 4
cosec?A=1+cot?4
sin (4 £ B)=sin A cos B+ cos 4sinB
cos (At B)=cosAcosB 5 sinAsin B

tan 4 + tan B

tan(4 £ B) =
an ( ) 1+ tan A tan B

sin24 =2sin 4 cos 4
cos24=cos’A—sin>A=2cos*4A—-1=1-2sin’ 4

2tan A

tan 24 = —————
I-tan” 4

Formulae for AABC

a _ b _ ¢

sin A sin B sin C

a*=b*+c*—2bccos 4

A= %bcsinA

1 Snlve the simultaneous equations

+b",

[4]

[Turn over



y—x=4,
4x* —6xy -6y =4.

2 Solve the equation 9sinx=-2secx for —mt < x <O. [4]

For Examiner’s Use




2
3 (a) Explain why the principal value of cos ! [— %J cannot be — % [1]

[Turn over
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(b) Prove that cot 4+ tan A =sec A cosec A. [4]

For Examiner’s Use




4

Express

2x° +4

x(x+2)2

in partial fractions.

[3]

[Turn over
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xX+a

2 +3

5 The function f'is given by f(x)=

(a) Find f'(x). 2]

It is given that f increases for h< x<1.

(b) Find the values of a and b. [4]

For Examiner’s Use




6  Find the set of values of the constant & for which the curve y= (k - 6)x2 —8x+k doesnot

intersect the x-axis and has a minimum point. [6]

[Turn over
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7 (a) Find %[(x—l)ex]. [2]

(b) Hence find J.xefx dx. [4]

For Examiner’s Use




8 The radius of a circle, » cm, decreases at a rate of

> Cm per minute.

(t+1)

(a) Given that the initial radius is 4 cm, find an expression for 7 in terms of . [3]

(b) Find the rate of change of the area of the circle when the radius is 2.6 cm. [3]

[Turn over
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9 (a) Find the value of the constant & such that the line y =kx + 6 is a tangent to the
curve 2x° —xy=3. [3]

(b) Solve (4 —2\2 )x +~/2 =3x/2 -1, giving your answer in the form a V2 + b, where

a and b are rational numbers. [4]

For Examiner’s Use
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10 Anisosceles triangle POR has vertices P(1, 0), O(0, 2) and R(2, 3).
PO = QOR.

(a) Find the area of the triangle POR. [2]

(b) If S'is a point such that PORS is a kite and it also lies on the line x—y =35, find the
coordinates of S. [5]

11 (a) Solve the equation 2*+4% 1=24, [4]
[Turn over
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(b) Solve the equation log 5 (x—1)=log; (x+5). [4]

For Examiner’s Use




13

12 The gradient at any point on a curve y is given by 6x — é The line 4x—-4y=3 isa

normal to the curve at the point where x = %
(a) Show that k= 2. [2]
(b) Hence find the x-coordinates of the stationary points. [2]

[Turn over
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(¢) Find and explain whether the gradient 6x — kxi has a turning point. [4]

3
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13 The cost in thousands of dollars, C, of producing » hundred pairs of a certain type of running
shoes is given by the formula C=1.2n> —14.4n+53.7.

(a) Find the initial cost of production. [1]

(b) Express Cin the form a(x+ h)%2+k where a, h and k are constants to be determined.  [3]

(¢) Explain the meaning of the values of / and £ in the formula as expressed in part (b). [1]
(d) Find the maximum number of pairs of running shoes for which the cost will be [3]
[Turn over
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50 thousand dollars.
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14 Theline y=-x+4 isatangent to a circle at the point 4 and the centre of the circle is at

B(—-4,-2).
(a) Find coordinates of 4. [3]
(b) Find the radius and the equation of the circle. [3]

[Turn over
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(¢) Find the equation of another tangent to the circle which is parallel to y=—x+4. [4]
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End of Paper
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Bedok View Secondary School
Department of Mathematics

Mark Scheme
Year 2025 Level & Stream 4E
Type of Assessment Preliminary Exam Subject & Paper Additional Math P2
Qns Working
la

N(x)=x"In (2j
X

letu=x>andv= ln(%j

X
d—u:2x v=In2-Inx
dx

dv 1

dx  x

1

stationary point N'(x) =0

—x+2xln(zj =0

X

x(—1+21n[zj]:0
X

x=0 (rej) or —1+2ln(

=N
~—
1
S

2In (zj =1
X
In [zj = 1
X 2
o5 2
X
x=2+e"
x=1.21306
X 1.1 1.21306 | 1.3
Sign of N’(x) +ve 0 —ve

Sketch of tangent /

.. max absorption rate at x = 1.21 (3 s.f)




Bedok View Secondary School
Department of Mathematics Mark Scheme

Qns Working
2a | T=22+4é"

whent=0, T =90
90 =22+ Ae"”
90=22+4

A =068

b whent=3.5, T =179
79 =22 + 68"
57 = 68"

ﬂ — 6
68

5
k= ln(ﬂj+3.5
68

k =-0.050416
k =-0.0504 (3 s.f.)

c T — 22 + 68670.05041&

when ¢ =10,

T — 22 + 686704050416(10)
=63.0728

Since 63.0728 °C is between 55 °C and 70 °C, the coffee is suitable
to be served.

d After a long time, T approaches 22 °C.
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Qns Working
3a

cosfd = £D
14
ED =14cos @
Let G be the point on FD such that BG L FD

sinH:E—G

EG=3sin0
FD =14cos 8+ 3sin #+ 6 (shown)

V147 + 32
V205

3

b | go

tana =

a =12.0947
FD =205 cos(0—12.1°)+6 (3 s.f)

¢ 205 cos(€—12.0947°)+6 =12
cos(0—12.0947°) = _5

V205

0—12.0947° = 65.2248°
0 =77.3195°
0=77.3°(1 dp.)

d Maximum +/205 cos(6 —12.0947°) + 6

=~205+6
=20.317
. 1t is possible for FD to be 15 cm

Or

\205 cos(0—12.0947°)+6 =15
cos(6—12.0947°) = 2

\205

0-12.0947°=51.054°
0=63.1°(1d.p.)
FDis 15 cm when 8 =63.1°
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Qns Working
4a
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Department of Mathematics Mark Scheme

Qns Working
b N =al0"

lg N =1gal0”

IgN =1ga+1g10

lgN =lga+kt

IgN =kt +1ga

k = gradient
=0.232 (3 s.f)) £0.1
lg a = vertical axis —intercept
lga=2.5£0.05
a=10%
=316 (3 s.f)

Sa 2(x+1D)(x-2)(x—-1.5)

=(x* —x=2)(-2x+3)

=-2x" +3x> +2x* —3x+4x—6
=2x +5x" +x-6

x—3
x° +0x—1>x3—3x2 —2x+5

—(x3 +0x° —x)

—3x*—x+5

—(—3x2+0x+3)

—-x+2

.. Quotient = x—3
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Qns

Working

C

hx’ =7x% +kx—2 = (3x2 —5x—2)><Quotient
hx’ =7x* +kx—2 = (3x+1)(x —2)x Quotient

3 2
IR P
3 3 3 3

1 1 25
b @)into (1), ——h—~(15-4h) ==
sub (3) into (1) > 3( ) 5

SR Ny
27 3 9

35,10

277 9
h=6
sub 4 =6 into (3), k =15—-4(6)
k=-9

Mark Scheme



Bedok View Secondary School
Department of Mathematics Mark Scheme

Qns Working
6a AB = AE (tangent from external point)

AC = AD (tangent from external point)
AB
AC
/BAE = ZCAD (common angle)

AABE is similar to AACD (ratio of 2 pairs of corresponding sides

- j_g (ratio of corresponding sides are equal)

and a pair of included Zs are equal)

ZABE = ZACD (AABE is similar to AACD)
LACD = ZADC (base £ of isosceles A)
ZEBC =180°—- ZABE (adjacent Zs on a straight line)

Since ZADC + ZEBC =180°,

by the converse of angles in opposite segments, a circle can be
drawn to pass through BEDC.

Let ZCBF = x,
ZBEF = x (alternate segment thm)

BE//CD since AABE is similar to AACD
ZECD = x (alternate angles, BE//CD)
ZEDF = x (alternate segment thm)

.. ZCBF = ZEDF (proven)
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w I

[\O R
“
b
ENg e
Il
(8]
X
/N
w I
N
()
=
&
oo |

Qns Working
Ta x 8
General term of (l—gj
8 x\
— lS—r _r
Do ()
— 8 X '
B r 5
X 8
T+2x) 1—=
( x>( Sj
8 (8 ?
=(7+2x)| ..+ (—fj + [—E] +...
3 5 2 5
8 : 8 ?
X’ term =7 —ij +2x _X
3 5 2 5
x x*
=7(56) ——— |+2x(28)| —
(59) 35 2w 5
392 , 56 ,
= ———x"+—x
125 25
Coefficient of x* = (12
125
b

NI
“

b
VR
N | =

=
N—
[\S)

I
7~ N\
NI
N——

()

=

O

B

=

S}
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Qns

Working

8a

sin105°
=sin(45°+60°)
=sin45°cos 60° + cos 45°sin 60°
11 1B
_$5+$7
_1+\@
22
cosec A—~/2sin105°
1+3
B V2.2
:\/—_1+2\/_

B3t

2
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\ Qns \ Working
9a a
a:—ZCoslt
2 2
0 T 2n !
—2
1
b v:j—Zcos—t dr
2
—2sinlt
2
.1
= —4sin—t+c
2

Givent=0and v=3, find c
3= —4sinl(0)+c

2
c=3

.1

v=—4sin—t+3

2
find ¢t when v=0,

—4sinlt+3:0
2
1 3
SiIn—f¢=—
2 4
basic £ of %t =(0.84806

t=1.6961
t=1.70 3 s.f))

10
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Qns

Working

C

basic Z of %t =10.84806
) 1 1 . .
since szt is +ve, —t is also in 2nd quad.
1
Et =1—-0.84806

lt =2.2935
2

t=4.5870

Displacement
=J-(—4 sinlt + 3jdt
2

1
—cos—t

—4——2 i34C

2

:SCoslt+3t+C]

Distance travelled in first 5 min

1 1.6961 1 4.5870
8cos—1t+3¢ 8cos—1+3¢
2 2

0 1.6961

+ +

1 5
{8 cos—t+ 31}
2

4.5870

=[10.379 — 8| +[8.4696 —10.379| + |8.5908 — 8.4696|

=2.3798+1.9100+0.1212
=441 m

11
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Qns

Working

10a

y=2x—-1-———- )]

fr (2),7° =2 ———(3)
sub (1) into (3), 2x—1)* = x°
4’ —4x+1=x
0=x"—4x"+4x-1
(x—1) is a factor since A(1,1) is intersection
0=(x—1)(Ax" + Bx+C)
x —4x" +4x—1=(x—1)(4x" + Bx+ C)
compare x” : 1= 4
compare constant: —1=-C

1=C
subx=2, —1=2"+2B+1

-3=B

(x=D(x*=3x+1)=0

x=1=0 or x*-3x+1=0

Ok V(=3)" -4

x=1

2(1)
=2.6180 or 0.381966
sub x =0.381966, y =2x—1
¥ =2(0.381966) -1
=-0.236068
. C=(0.38197,-0.23607) (shown)

12
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Qns Working
b sub y =0 to find x — coordinate of B
y=2x-1
0=2x-1
x=0.5

Let 4 be the shaded area above the x-axis
Let B be the shaded area below the x-axis

A=

1 % 1
jox dx‘—E(O.S)(l)

-0.25

22—0.25
5

=0.15 units’

038197 > 1
B= jo —xdv+(0.5-0.38197)(0.23607)

0.38197
5

2
= —% +0.013931

2 4o
=0.03606089 + 0.0139391
= 0.049999 units’
Total shaded area = 0.15 + 0.049999
=0.200 units*(3 s.f))

13
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Mathematical Formulae
1. ALGEBRA

Quadratic Equation
For the equation ax? + bx + ¢ =0,

—b+.b*—4ac

2a

X =

Binomial expansion

n_ _n h n—1 h n-2 12 n n-r pr n
(a+b)'=a"+ ) a" b+ 5 a" " b 4+ a""b"+---+b",
r

n] n! n(n=1)...(n—r+1)

where 7 is a positive integer and = =
r) rli(n—r)! r!

2. TRIGONOMETRY

Identities
sin? 4 +cos?A4=1
sec’4A=1+tan’ 4
cosec?A=1+cot?4
sin (4 £ B)=sin A4 cos B+ cos4sinB
cos(A+tB)=cosAcosB F sinA4sinB

tan 4 + tan B
1¥ tan Atan B

tan (4 £ B) =

sin 24 =2 sin A cos A4
cos24=cos’A—sin?A=2cos’A—-1=1-2sin*4

2tan A4

tan 24 = >
l—tan~ 4

Formulae for AABC

a _ b ¢

sin A - sin B - sin C
a’=b>+c*—2bccos A

1
A= —bcsin 4
2

[Turn over



1 The nutrient absorption rate, N, in mg/hour, of a plant depends on the diameter x, in mm, of

2
its root hairs and is modelled by the function N(x)=x’ ln(—) , where 0<x<2.
X

(a) Find N'(x). [3]

(b) Find the optimal root hair diameter that maximises nutrient absorption and show that
the nutrient absorption is a maximum. [5]

For Examiner’s Use




3

2 Hot coffee is heated to a temperature of 90 °C. The temperature, 7 °C, ¢t minutes after
removal from the heat source is given by T =22+ A4e”, where 4 and k are constants.

(a) Explain why 4 = 68. [1]

(b) After 3.5 minutes, the temperature of coffee is 79 °C. Find £. [3]

[Turn over
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(¢) The coffee should only be served when it is between 55 °C to 70 °C. Determine, with
working, whether the coffee is suitable to be served 10 minutes after removal from the
heat source. [2]

(d) After along time, T approaches a value. Calculate this value. [1]

For Examiner’s Use
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3 In the diagram, angle CED = 6. EC is perpendicular to BE. The lengths of AB, BE and EC
are 6 cm, 3 cm and 14 cm respectively. AB is parallel to FED and CD is parallel to AF.

D C

14 cm

3cm

6 cm

F A

(a) Show that FD=14cos@+3sinf+6. [3]

[Turn over
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(b) Express FD inthe form Rcos(@—a)+d where R>0, 0°<a <90°,and d is a
constant. [3]

(¢) Find the value of & when FD =12cm. [2]

(d) Determine if it is possible for FD to be 15 cm. [2]

For Examiner’s Use




In a biology experiment, a certain type of bacteria multiplies rapidly. The number of bacteria,
N, after ¢ hours is modelled by the formula N = al0", where a and k are constants. The

table below shows corresponding values of # and N.

(@)

t

2

4

6

8

N

900

2700

8100

24 300

On the grid on the next page, plot lg N against # and draw a straight line graph to

llustrate the information.

[4]

[Turn over
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(b) Use the graph to estimate the value of each of the constants a and k. [2]
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(@)

9

The cubic polynomial f(x) is such that the coefficient of x” is —2 and the roots of

f(x)=0 are -1, 2 and % . Find the expression of f(x) in descending powers of x. [3]

(b) Find the quotient when x° —3x° —2x+5 is divided by x°—I.

(©)

The expression hx® —7x* + kx—2, where h and k are constants, has a factor
3x> —5x—2. Find the value of / and £.

[2]

[5]

[Turn over
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6  The diagram shows two circles P and Q which intersect each other at F'and G. The line
ABC is tangent to P and Q at B and C respectively. The line AED is tangent to P and Q at
E and D respectively. EFC is a straight line.

in]

(a) Prove that triangle ABE is similar to triangle ACD. [4]

[Turn over
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(b) Explain why a circle can be drawn to pass through BEDC. [3]

(¢) Prove that angle CBF = angle EDF. [3]
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8
7  (a) Find the coefficient of x’ in the expansion of (7 + 2x)£1 - %) . [4]

[Turn over

For Examiner’s Use
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(b) In the expansion of (3 + gj , the coefficient of x” is three times the coefficient of x°.

Find n. [4]

For Examiner’s Use
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8 Do not use a calculator in this question.

(a) Find the exact value of cosec 4 when cos24 = % and 4 is acute. [4]

[Turn over

For Examiner’s Use
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(b) Hence, find the exact value of cosec 4 — \/5 sin105°. [5]

For Examiner’s Use
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A particle moves in a straight line so that its acceleration, a m/ s, is givenby a= —ZCosEt,

where 7 is the time in seconds after leaving a fixed point O.

(a) Sketch the acceleration-time graph of the particle for 0 <z <2x. [2]

(b) The initial velocity of the particle is 3 m/s. Find the earliest time when the particle first
comes to rest. [4]

Continuation of working space for question 9(b).
[Turn over

For Examiner’s Use
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(c¢) Find the total distance travelled in the first 5 seconds. [5]

For Examiner’s Use
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3 3

10  The diagram shows the graphs of y=x2 and y=-x2. The line y=2x—1 intersects the
3 3

graph of y=x2 at A(l, 1), the x-axis at B, and the graph of y=—x2? at C.

kd]

(a) Show that the coordinates of C are (0.38197, —0.23607), correct to 5 significant
figures. [5]

[Turn over

For Examiner’s Use
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Continuation of working space for question 10(a).

(b) Find the area of the shaded region. [6]

For Examiner’s Use
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Continuation of working space for question 10(b).

End of Paper

[Turn over

For Examiner’s Use
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Answer all the questions.

Prove that sin2x—cos2xtanx =tanx.

Show that the solution of 2***x5** =5 x 16" is 2 lg% )

Giving your answer in the form , solve, without using a calculator,

/18 =3x++/32.

c+d«/§
3

A square of area (11++/120) cm? has a length of (\/Z + \/3) cm, where a<b.

Without using a calculator, find the values of a and b.

The line 3x+4y =13 intersects the curve y= % at points P and Q.

Calculate the exact length of the line segment PQ.

8
The coefficient of x’ in the expansion of (10 + kx)(2 —%x) is zero.
Find the value of the constant .
. 5cosx+sin2x
Solve the equation ——————— =cotx for 0 <x<180°.
cos2x+5sinx

(a) Show that the derivative of x(x—3)* with respect to x is (5x—3)(x- 3)3 :

x(x—3)4
5

(b) Hence, given that y = and y is decreasing at a constant rate of

70 units/s, calculate the rate of change of x when x=1.

[4]

[5]

[6]

2]
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11

12

13

14

2

(a) Express y=5-12x—3x” inthe form y=a(x+b)’+c and hence show thaty

can never be greater than 20.
(b) Explain why there are no values of & for which the curve

y=(k—-1)x"+2(k+2)x+k+3 is always positive.

A rectangular field has sides (3x—5)m and (x—10)m. Its area is at most 200 m>.

(a) Find the range of values of x that satisfies the above sides and area conditions.

(b) Justify whether a fence of 98 m is enough to enclose the field.

(a) State the range of values of x for which the equation below is valid.
2log,(4—x)—log,(x—4)* =2
(b) Express 2log,(4—x)—log,(x—4)* =2 as a quadratic equation x*+bx+c=0

and explain why there is only one real solution.

A quadratic curve is given by y = hx* —2x—9h+6, where 4 is a constant.
(a) Show that the equation y =0 has real roots for all values of 4 except £ =0.
(b) State the value of /4 in the case where y =0 has two real and equal roots.

(¢) Given that the line y =2x—A—12 meets the curve y =hx" —2x—9h+6, find

the range of values of 4.

It is given that f(x)=x’e""*.
(a) Show that the range of values of x for which f(x) is a decreasing function is
-2<x<0.

(b) The gradient with the least value is in the range —2<x<0.
Find the value of this gradient, giving your answer in exact form.

It is given that f(x)=3x" +2x" +16. The remainder when f(x) is divided by x—3a,

where a is a constant, is the same as the remainder when it is divided by 3x+2.

(a) Find the possible values of a.

(b) Show, with clear working, that x=-2 is a solution of f(x)=0.
(¢) Explain why f(x)=0 has only one real root.

(d) Hence use your answers to parts (b) and (c) to solve the equation

16y° +2y—-3=0.

END OF PAPER

[3]

(4]

(4]
(3]

[1]

[6]

(3]
[1]

[5]

[4]

[5]

[3]
[1]
[3]

(2]
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Mathematical Formulae
1. ALGEBRA

Quadratic Equation

For the equation ax” + bx + ¢ = 0,

—b+ ./ (b* - 4ac)
2a

X =

Binomial Expansion

n n n
st =at (Yot os[arror () arrr s

. e ! - —
where 7 is a positive integer and " _ n(n=1).(n=r+1)
r) (n-r)lr! r!

2. TRIGONOMETRY

Identities
sin? A+cos? A=1
sec” A=1+tan’ 4
cosec? A=1+cot? 4
sin(Ax B)=sin Acos Btcos Asin B
cos(A+B)=cos Acos BFsin Asin B
tan A £ tan B
1 ¥ tan 4 tan B
sin2A4 =2sin A cos A
cos24A=cos’A—sin>A=2cos°4—1=1-2sin" 4
2tan 4
1-tan® 4

tan (4 £ B) =

tan2 4 =

Formulae for A ABC

a b c

sin A - sin B - sinC
a* =b* + ¢* —2bc cos A

A:%absin C
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ANSWERS
(Bedok South) AM4 P1 (2025) Students

1. Hint: Convert to sin x and cos x by

apply double angle formulae. 10.(a) 10<x <15

4 b) It is enough to enclose the field.
2. 21g(3) (b) &
, bay3 11.(a) x <4

3
(b) x=-5
4 a=5 b=6
12.(a) Hint: Apply completing the square

5. PQ = 5 units to the discriminant.
6. k=5 (b) h= é
7. 30°, 90°, 150°

(c) hS%or h>2andh #0

8. (a) Hint: Apply Product Rule

dwv) _ du dv 13.(a) Hint: For decreasing function,
o wl Tl £'(x) < 0
(b) 2.5 units/s (b) (2-2vV2)e¥?
9.(a) y=-3(x+2)>+17 14.(a) a=0ora=—2>
9

(b) Hint: Apply the two conditions:
(i) coefficient of x2 > 0
(i1) discriminant < 0

(b) Hint: Apply Factor Theorem

(c) Hint: Show that discriminant < 0

d y=-
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MARKING SCHEME
(Bedok South) 4ESN AM P1 (Prelim 2025) (w Ans)
Qn Solution Marks| Testing Qn Solution Marks| Testing
1 |Trigonometric Identities _ 42 (V2+1) I {}g‘;‘;’;ﬁ?jﬁ)r
LHS (ﬁ — 1)(\/2 + 1) with conjugate
= sin 2x — cos 2x tan x 8+ 4V2 Expansion
. Apply double =2 M1 Ipifference of
sin x angle for sine (\/Z) —(1)2 squares
= 2sinxcosx — (2cos?x — 1) p—— M2 (g Sosine M1 q
sinx Expand & 8 + 4\/E
= 2sinxcosx — 2sinxcosx + osx M1 simplify X = T Al
=tanx Al
OR
= RHS xV18 = 3x + V32
2 |Exponential Equations 3V2x = 3x + 42 Grouping
22(x+2) 5 = 5X+3 % g* (3\/5— 3)x =42 M1
24(2%) x 5 = 53(5%) x 23% M1 [Spthe I
22x 53 3v2 -3
= Separate
(23%)(5%) 2%« s Mi fa(gors with x M2 (3\/2 + 3) Rationalise
1 25 and non-x = M1 |denominator
_25 (3v2-3)(3v2 +3) with conjugate
2%)(5%) 16 .
( i (5%) . _ 24 + 122 M1 |Expansion
N g N 2 Diff: f
10* (4—) Combine (3\/5) ()2 M1 sqluaerfeesnce ?
42 common index
10% = (_) _24+12V2
5 - 9
42
x=lg (—) M1 |Expressin 8 + 4\/2
5 logarithm = Al
4 3
x =2 ]g <_) Al |Power law
5 4 |Surds (Application)
OR (@) | Areaofsquare = 11 ++120
22(x+2) x 5 = 5*+3 x g¥ (Va +Vb)? = 11 + 2v30
— C t ti
2207 X 5 = 5% x 2% Ml pr(i)glveelr)as%s a+b+2Vab =11+ 2V30 M1 |Expand
22x+4— 5x+3
- = S t . . E i
23 5 M1 peparate Equating the rational part, mp  [Fquating
24 different bases a+b=11 irrationall parts
— 2
=0 b=11—a.....() separately
v =2 Equating the irrational par,
2
22 Combine d 2vab = 2v30
common 1mdaex
10* = — ab=30...... (2)
52
x =1 (ﬁ)z Subst. (1) into (2)’ Substitution
85 M1 FXprqs}f in a(ll—a) =30 M1 Imethod
_ 21 4 ogarithm 11la —a? =30
x = 8 5 Al  |Power law a’?—-11a+30=0
3 |Surds Expressions (@a=5)(a—-6)=0 ol
— j— olve
xV18 = 3x + /32 a=5or a=6 M1 quadratic
3xV2 — 3x = 42 Corresponding b values: equation
3x(V2—-1) =4V2 M1 |Grouping b=6 or b=5
3 — 42 Since a < b
V2 -1 a=5 b=6 A1 |Correct

set of values




= cosx (cos 2x + 5sinx)

Qn Solution Marks| Testing Qn Solution Marks| Testing
c 5 ; ; Apply doubl
5 |Simultaneous Equations _ :;r;?; Eioc:zs;c jjrler; x:%ssﬁicr)l o Mgl formula
4x—y=5 ... [1] (SIIOHSZZ)JCC&
y=2x2—6x+7 ...... [2] 5sin x cos x + 2 sin? x cos x
— 3. cin2 :
Subst (2) into (1) o = CoSs™ Xx sin“ x cosx + 5sinx cosx
4x — (2x2—6x+7)=5 M1 Jsslllllsgggttfgg . 2sin’x cosx = cos? x = sin” x cos x M1
4x —2x2+6x—7=5 Method 3sin®xcosx —cos®>x =0 g’ggggy&
2x* —10x+12=0 cosx (3sin?x —cos?x) =0
2_5x+6=0
y * o cosx = 0|3sin?x —cos?x =0 ML o product
x—2)(x—3)=0 M1 |Factorisation rule
x=2 or x=3 or Quadratic x=90° | 3sin®x = cos®x
2., _
Subst respective x values into [1], 3tan®x =1
y=4@ -5 | y=4(3) -5 tanx = 3
= = Find val f
y=3 y=7 | Mi [Epdabes 1
P(2,3) and Q(3,7) tanx = iﬁ
Appl Eith luti
PQ=VB-22+(7-3)2 Ml ]piii. o e correct
formula x = 30° 150 Al
PQ =17 Al Final
A 300, 900’ 150° A1 |solution
6 Binomial Theorem
General term of expansion 8 | Differentiation
L \8 (Product Rule)
2—=-x) is d
( . 2 ) o (a) a[x(x —3)4]
ha=(@ () e || caTareeent
r 2 M1 |of binomial - Aool
= (8) (_1)T(2)8—2r x” expansion = (x - 3)3(36 -3+ 4x) Pl%%l}llct Rule
4 = (5x —3)(x — 3)* Al
8 2(91\8-2(2) 42
T; = —1)“(2 X
3 (2) S 2) Differentiation
= 448x Al |Eyiract (Quotient Rule)
specific terms (b) x(x — 3)4
= (5) Co@ e SRR
= —224x3 g=(5x—3)(x—3)3(5x—3)_5x(x_3)4 Aool
x Al dx (5x — 3)2 M1 Qggtiyent Rule
1 \8 _ (x=3)3((5x = 3)* - 5x(x - 3))
(10 + kx) (2 — —x) a (5x — 3)2
5 2 5 _ (x—3)%(25x* = 30x + 9 — 5x% + 15x)
= (10 + kX)(44-8X — 224x ) - (5x — 3)2
_ 3 2 __ .
Coeff. of x3 =0 _ (x —3)°(20x 215x +9) M1 fi?ﬁgiir%;e&
(10)(—224) + k(448) =0y , (5x —3)
Equating
448k = 2240 coefficient When x = 1,
k=5 Al d_y _ dy y dx
: : : dt — dx~ dt
7 Trlgonometrlc' Equations (x —3)%(20x2 - 15x +9) _dx
5cosx +sin2x X -70 = Gx 37 X7
cos2x + 5sinx - CorX (1_3)3(20_15+9) dx
5cosx +sin2x  cosx i |convertto B (5-3)2 dt Ml Igﬁ‘;ﬁg"g
cos2x + 5sinx  sinx sinx & cosx —70:—28><%
sinx (5 cosx + sin 2x) — 2.5 units/s Al




Qn Solution Marks| Testing Qn Solution Marks| Testing
9 |Quadratic Functions (b) |To enclose the field,
(@) y=5—12x —3x” Perimeter < 98 Form
erimeter
— _3x2_12x+5§ 2(3x —5)+2(x—10) <98 M1 |inequality
, 2(4x — 15) < 98
= —3(x2+4x)+5 4x — 15 < 49
= —3{(x+2)2 - (2%} +5 M1 gl‘;“élglllf;gg x<16 ...... (3) Al
=-3(x+2)2+12+5 From part (a) 10 < x < 15 and
y=-3(x+2)?%+17 Al (3) x < 16, it is enough to Bl
Since (x +2)? > 0 enclose the field.
-3(x+2)?2<0 Bl 11 |Logarihemic Equations
—3(x+2)*+17<17 (a) For a valid logarithm,
maxy =17 < 20, 4—x>0
.. for all values of y, it can never be ]
greater than 20. L x<4 Bl
(b) Given (b) | 2logs(4 —x) —logy(x — 4)* =2
= (k — 1)x? 1 — 4)? :
y=U(—-—Dx*+2(k+2)x+k+3 2log, (4 — x) — og_;,(x . ) -2 Ml gl\:;mgebase
For y to be always positive, 083 ,
(i) Coeff of x2 > 0, and g loga (4 — x)? — w _, M1 |Powerlay
(ii) Discriminant < 0. for y> 0 08s .
10g3 (x — 4)2 Identlty
From (i), k—1>0 log;(4 —x)? = —————=2 property
k>1 D1 2log;(4 — x)? —logz(x —4)%? = 4
From (i), log;(4 — x)* —logs(x —4)? = 4
Q2Uk+2)P -4k -1Dk+3)<0 Ml @—x' Qutent Lo
40k +2)% — 4(k — 1)(k +3) < 0 logs =gz = 4 Mi
(k+2)2—(k=1)(k+3)<0 D =b? —4ac 4-x'_, Comethmic
5 = M1
(k2 + 4k +4) — (k® + 2k —3) < 0 (x — 4)? B ial
2k+7<0 (4 —x)* = 81(x — 4)? form
k< b1 (x—4)*—81(x—4)2 =0
2 (x—4?*((x—49)*-81) =0 Solve.
[From the two inequalities, (=42 =0 or (x—4) =81 factotljlsed
7 - - - - equation
k > 1 and k<—.5,thereareno Al X—4=0 or x—4=149
values of k& for which y > 0. x=4 or x=-5orx=13 Al
A VT From (a), since x < 4,
10 |Quadratic Inequalities
(Word Problem) -.x = =5 is the only one real solution  B1
(a) [Since Side > 0, o 2
3x—5>0 and x—10>0 Fom Side 2loga(# =) ~logs( =07 =2 1 | change-base
x>§ and x>10...... (H ™ 210g3(4—x)—%= law
3
P 1
Area of rectangle < 200 logs (x — 4)? M1 Power law
log;(4 —x)? ————=2
(B3x—=5)(x—10) < 200 M1  |Form Area logs 32 Identity
3x2 — 35x + 50 < 200 inequality logs (x — 4)2 property
3x% —35x — 150 < 0 logs (1 — )" - ——5——=2
_ _ 2
(39§0+ 10)(x-15) <0 M1 (Factorisation M =2
-5 Sx= 15...... () 2
— %)% = C t
From (1) & (2), log; (4 — x)* = 4 Logatithmic
10<x <15 Al (4—x)*=3* M1 |formto




Qn Solution Marks | Testing Qn Solution Marks| Testing
x?—8x+ 16 =81 E)’;Ir’r‘l’nemlal (b) For 2 real and equal roots,
x2—8x—65=0 M1 D=0
— = Writi —1)2 =
(x+5x—-13)=0 logrlsl(r;cg_ 4 is 4(3h—1) 0
x=-5o0r x=13 A] |Dotcorrect as 1
g : 4—x>0,ie. h=— Al
rom (a), since x < 4, x—4<0 3
..x = =5 is the only one real solution  B1
OR () For line meeting the curve,
—x)— —4)2 = hx? —2x—9h+6=2x—h—12
2log;(4 — x) —loge(x — 4) 2 M1 |Change-base ’
logz(x — 4)* law hx?> —4x+18—-8h =0 M1
210g3(4 —X) —ﬁ =
1 (g3 4)? M1 |Power law D=0
ogs(x —
logs (4 — x)? — "3130732 =2 _ (—4)? — 4h(18 — 8h) = 0 M1
Es Identity 16 — 8h(9 — 4h) > 0
logs (x — 4)?2 property
log3(4—x)z—f=2 2—h(9—4h)=>0
2 _ >
log;(4 — x)? —log;(4 —x) =2 7 =%h+220
(4 — x)? (4h—1)(h—-2)=0 M1
logs———=2 M1 |Quotient law
(4 —x) / -
(4 — x)? Convert /
= 32 M1 Logarithmic Va 2 Va 2
(4 —x) form to
) Exponential 1
xz—BX+16=9(4—X) form h< or h=2.... [3] Al
- 16 =36 -9
X Bt 16236 75 Writing From [1] & [31,
x> +x—-20=0 logz(x — 4) is h<1 h>2 h 0 Al
(x+5) -4 =0 i sjorh=zzadh=
_ _ x—4<
x=—5orx=4 Al 13 |Increasing / Decreasing Fns
From (a), since x < 4, () f(x) = x2e(x+2)
~.x = —=51isth 1 1 soluti /
x is the only one real solution B1 £ (x) = 2xe(*¥+2) 4 52 (x+2) M1 ?r;z);:jll}lfct Rule
12 |Quadratic Equations = xe®+2(2 4 x)
(a) When y =0 = x(x + 2)e*+2) Al
2 —
hx® —2x -9 +6=0 For decreasing function,
hx? —2x+ (6 —9h) =0 f'(x) <0
. D i
For a quadratic curve, x(x + Z)e("+2) <0 Mi fu%ccrt?gflmg
2 . +2 Must explai
coeff of x* # 0, since e*+2) > 0 M ?ngtg?;%:lm
unction 18
R0 o RS L
D= (_2)2 — 4h(6 —9h) M1 |p =b? - 4ac -2 0 -2 0
=4 —4h(6 —9h) 2 <x<0
= 4(1 - 3h(2 - 3h))
, Maxima & Minima
=4(9h* —6h+1) (b) f(x) = (xz + Zx)e(x+2)
=4(3h—1)?or (6h —2)? . '’ (x)
— (x+2) 2 (x+2) Appl
D>0..[2] (2x +2)e™ 5 4 (" + 2x)e ML et Rule

- from [1] & [2],
v = 0 has real roots for all values
of h except h = 0.

f7(x) = (6 + 4x + 2)e*+2)

For the least gradient,
f"(x)=0




Qn Solution Marks| Testing Qn Solution Marks| Testing
(x2 4 4x + 2)e®**+2) = 0 M1 (¢) [From (b),
x2+4x+2=0 Quadratic x + 2 is a factor of f(x).
formula Bvi i
—4 i 42 _ 4(1) (2) M 101‘. Yy 1mspection,
x = o) (oD e F(x) = 3x3 + 2x2 + 16
— 2
_—4i\/§ =((x+2)Bx*+kx+8) M1
- 2 Equating coefficient of
c .
_ —4 242 x?: | k+6=2 M1 |coetiicients
B 2 k=-4 or
=-2%V2 Al 2k0r8 0 Long Division
: + 38 =
Since the least gradient lies in X PR
—2<x<0, —
x=-2++2 f(x) = 3x3 + 2x2 + 16
= 2_ M1 |F isati
Least gradient (x +2)3x" — 4x +8) actorisation
f'(x) = x(x + 2)e*+2) For f(x) =0
£'(—2 +v2) (x+2)(3x?—4x+8)=0
=(-2+ \/5)(_2 +V2 + 2)8(—z+ﬁ+2) K -l_' 2=0 Eolution for
( - \/E)\/E 3 x = =2 inear equation
= (- e
or 3x2—4x+8=0
= (2 - Zx/z)eﬁ Al gissir(i)rfninant
D = (4)? —4(3)(8) M1 or
14 |Remainder & Factor Thm D = —80 Quadratic
(a) | Given f(x) = 3x3 + 2x?% + 16. Since D < 0, there is no real roots Bl |formula
2 for the quadratic equation
f(30) = £(~)
3 .. f(x) = 0 has only one real root
3(3a)® +2(3a)? + 16 Sulbstitute x=-2.
2\3 2\2 ML ey | (@) 16y +2y~3=0
N <_§) +2(_§) t16 16+F_?=
3(27a®) + 2(9a?) N3 I\2 A
(B[ 3 (—;) +2 (—;) +16=0 M [lrnsfom ino
- _2_7 + 6 format
813 + 182 = — o4 o Letx = -
a a“=—-——+-
9 9 3x3+2x2+16=0
9a%*(9a+2) =0 M1 |Factorisation x1= -2
2 —
(b) | Substx = —2 into f(x), _1 Al
Y=2

f(=2) =3(-2)3+2(-2)2+ 16
-24+8+16
=0

. x = —2 is a solution of f(x).

Al

Apply Factor
Theorem
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Answer all the questions.

1 (a) Solve the equation 2(4)—8 =11(2")—2*", giving your answer correct to 3
significant figures. [5]
(b) Show that the solution from part (a) may be written in the form m—log, p

where m, n and p are integers to be determined. [2]

2 The mass, M grams, of a radioactive substance, present at time ¢ years after first

being observed, is given by the formula M =200e™, where k is a constant.
The mass of the substance was 123.7 g after being observed for 2 years.

(a) (i) State the initial mass of the substance. [1]
(i) Show that k is approximately 0.240, correct to 3 significant figures. [1]
(iii) Find the mass of the substance when =35, [1]
(iv) Find the value of # when the mass of the substance is 15% of its initial mass.
Give your answers correct to three significant figures. [2]
(b) Explain, with clear working, why the mass of the substance can never be more
than 200 grams. [1]
(c) Sketch the graph of M against ¢. [2]

3 (a) It is given that y = x*+/2x—5, where x > h.

dy kx(x-2
Show that A kx(x=2) , where k i1s an integer and determine the value
dx  2x-5

of h and of k. [4]
7
1 -2
(b) Hence evaluate I{Ox(x) + 6} dx. [4]
2 \2x-5
4  (a) (i) Factorise completely x° +64. [2]

2

(ii) Hence, express in partial fractions. [5]

X’ +64
(b) Using the results in part (a), or otherwise, find

2x3+33x2+ 128 dx
x + 64

[3]



2

A particle moves in a straight line so that, at time ¢ seconds after passing a fixed point O,
its velocity is v m/s, where v=4 4+ 8cos2¢. Find

(a) the velocity of the particle at the instant it passes O,

(b) the least value of the particle’s acceleration,

(¢) the values of 7, in terms of «t, when the particle is at rest for 0 < ¢ < 3,

(d) the distance travelled in the first 2 seconds.

.
B (0] F E

The diagram shows right angled trapezium OCDF inside a semicircle with centre O

and radius 10 cm such that angle BOC is 6 radians, and angle CDF and angle OFD

are right angles.

(a) Show that the perimeter, P cm, of trapezium OCDF ' is given by

P=10+30cos@ +10siné
(b) Find the value of R when 10siné + 30 cosé is expressed as R cos(f—a),

where R and « are constants, and hence state the maximum perimeter of the
trapezium.

(c) Show that the area, 4 cm?, of trapezium OCDF is given by
A="75sin26

(d) The area of the trapezium varies with the value of 6. Find the value of 6 for
which the area has a stationary value and determine whether this area is a
maximum or a minimum.

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

P(-13, 11 &

Q(1,9)

=V

§%
R (-1,-5)

In the diagram, P, O and R are points on the circle.

(a) Explain, with geometrical reason, why PR is the diameter of the circle.

(b) Find the equation of the circle in the form x* +y* +ax+by+c =0, where a, b

and c are integers.

[1]
[1]
[4]
[4]

(2]

(3]

(2]

[4]

[3]

[3]
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(¢) Find the equation of the perpendicular bisector of PQ.

(d) The point S lies on the circle such that it is furthest from the point Q.

Show that the coordinates of S are (—15, —3) and hence calculate the area of the

quadrilateral PORS.
__10 _
A YT —x
P
o X / T NS ¥
/
The diagram shows part of the curve y=%—l passing through the point

P(2k, k—1), where k is a constant. The curve meets the x-axis at the point X. The tangent

and normal at P meet the x-axis at the points 7" and N respectively.

(@
(b)

Find the equation of the normal at P.

Find the exact area of the shaded region.

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

The variables x and y are related by the equation

1 2 3 4 5 6
v 2.20 1.74 1.71 1.83 1.87 1.96

Y

One value of y has been recorded incorrectly.

(@)

(b)
(©)

(d)

Show how % = i + b/x is transformed to plot a graph of xy against xVx.

Draw a straight line graph of xy against X\/; for the given data.
Using your graph,

(i) find an approximate value of y to replace the incorrect value,
(ii) estimate the value of @ and of b,

(iii) find the value of y when x=2.52.

A pair of values of x and y is considered acceptable only if the xy value is within
2% vertical difference from the straight line. A student recorded a pair of values
such that x=4.50 and y=1.86.

Verify whether the recorded values by the student are acceptable.

[3]

(3]

[6]
[6]

= % + b\/; , where a and b are constants.

[1]
(2]

(2]
[3]
(2]

(2]






Mathematical Formulae
1. ALGEBRA

Quadratic Equation

For the equation ax® +bx + ¢ =0,

—b £ (b* - 4ac)

2a

Binomial Expansion
n n n
(@a+b)' =a" + (1) a""b+ (J a" b’ +...(J a" b +.+b",
where 7 is a positive integer and | |=—" b n(n=1).(n-r+1)
r) (n=r)lr! r!
2. TRIGONOMETRY
Identities

sin? A+cos? A=1

sec? A=1+tan’ 4

cosec? A=1+cot? 4
sin(A+B)=sin Acos Bxcos Asin B
cos(A+B)=cos Acos B¥sin Asin B

tan A + tan B
1 F tan A4 tan B

sin2A4 =2sin A cos A
cos2A=cos’ A—sin> A=2cos* A—1=1-2sin* 4
2tan 4
l-—tan* 4~

tan (4 £ B) =

tan2 4 =

Formulae for A ABC

a b c

sind sinB sinC

a’ =b* + ¢* = 2bc cos A

A =%absin C



1. (a)
(b)

2. (a)

(c)

(b)

(b)

(b)
(©)
(d)

(b)

(c)
(d)

6

ANSWERS
(Bedok South) 4ESN AM P2 (Prelim 2025) (w Ans)

x = 0.678 (to 3 sig. fig.)

i) M,=200g¢g
(i) k= 0.240
(iii) M =60.2 g
(iv) t = 7.90 years (to 3 sig. fig.)

(to 3 sig. fig.)
(to 3 sig. fig.)

150

(2,123.7)
100

(5,60.1699)

50

(7.89713, 30)

0 2 4 6 8

300

() (x+4)(x? —4x + 16)

1 2x — 4
ii +
( )x+4

x2 —4x + 16

2x + In(x3+64) + ¢

v=12 m/s

Leasta = —16 m/s?
tzln, zn
3 3

10.3 m (to 3 sig. fig.)

Hint: Draw a line CG 1 BE

R =10v10 or 31.6 (to 3 sig. fig.)
Max P = 41.6 cm (to 3 sig. fig.)

Hint: Apply Double Angle formula

==

4

7. (a)
(b)
(©
(d)

8. (a)
(b)

9. (a)

(b)

(©)

(d)

Hint: Right angle in semicircle
x2+y?+14x—6y—42=0
y="7x+52

Hint: The furthest two points on a
circle is its diameter.
Area of PQRS = 200 units?

y=- %x + 38

10In5+ 12

Hint: Multiply equation with ax to
get xy = ab(xVx) +a

12 }
(14.7,11.8)

(11.2,9.35)

Lo |
8[ 7.10 L‘Q_Ti) % !

— — o — — —
=

Sy — ——
"

_Jh————-— =

(2.83,3.48

)
(1,2.2)

9.55

15
(

(i) y=178 (to 3 sig. fig.)
(ii) a = 1.50 (to 3 sig. fig.)
b =0.467 (to 3 sig. fig.)

(iii) y=1.71 (to 3 sig. fig.)

Unacceptable,
Vertical difference = 2.073%
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MARKING SCHEME
(Bedok South) 4ESN AM P2 (Prelim 2023) (w Ans)
Qn Solution Testing | Qn Solution Testing
. . B 1 /1237 sides of
1. | Exponential Equations K = ——ln< ) equation
(a) | 2(4%) —8=11(2%)— 22x*3 2 200
2(22%) — 8 = 11(2%) — (22%)2° Convert to = 0.240229
ase .
2(2x)2 —-8=11(2%) — 8(2x)2 =0.240 (to 3 sig. fig.)
Let u = 2% (a) When ¢ = 5,
Apply (iii) [ For k = 0.24 [ For k = 0.240229
2u? — 8 = 11u — 8u? substitution]
correctly M = 200ekt M = 200e~*t
10u® ~11u—8=0 0.24(5) -0.240229(5)
2u +1)(5u—8) = 0 = 200e7] = 200e
1 i = 60.23884 | = 60.16991
u=-—5; oru=- Solving for .
px 1 (reject) 2% = 8 u = 60.2 g (to 3 sig. fig.)
2 . (a) M = Mge "t
lg2* =1g- i
8 5 Apply (iv) M _ ekt
8 logarithm M
g T appropriatdl 0
* = ig2 Y 15% = e~k
_ -kt
= 0.678072 0.15=¢
For k = 0.24 | For k = 0.240229
= (0.678 (to3sig. fig)) o o
0.15 = e—0.24t 0.15 = 6—0.240229t Tak
(b) [From (a), 2% =2 In0.15 = —0.24t In 0.15 = —0.24022 natura
5 n0.15 = —0. n0.15 = —0.240229¢| logarithm
log, 2* = logz§ Apply _ _In015 ___In0I5 glr(llgsog}
5 L%%(z) 0.24 0.240229 equation
xlog, 2 =log,8 —log, 5 equation = 7.90467 = 7.89713
x = log, 2% —log, 5 Power |
. 82 - ngs ?%ngigniw t = 7.90 years (to 3 sig. fig.)
= 3log, 2 — log aw :
’ ’ , (b) Since for t > 0,
=3—log,5 Identity
property ekt > 1
=m—log,p 1 -
— =<1
m=3, n=2, p=5 ekt
—kt <
2. | Exponential Functions ¢ et 1
(Word Problems) 200e™" =< 200
(a) [When t =0, M <200
() M = 200e 7kt .. mass of substance can never be
M. = 2000~k more than 200 g.
0=
(c) 200
=200¢g
(a) When t =2, M = 123.7 150
(ii) M = 200Kt i
123.7 = 200e*®
123.7 ok (5, 60.1699)
200 *
123.7 Take (7.89713, 30)
ln( ) = -2k natural
200 logarithm 0 2 4 6 8
on both

G1 — Initial state (0, 200)
G1 — Smooth curve decreasing towards asymptote #-axis




Qn Solution Testing| Qn Solution Testing
3. | Differentiation 710x(x — 2) 5 7
— dx =2[x*2x—5
(Product Rule) 3 V2x—5 * [¥*V2x ]3
(a) For square root to be defined, 710x(x — 2 7 Transform
2x—520 = x=° Square roo DD et f 6dx intogral
- —2 criterion 3 V2x =5 3 egra
. _5
o h_i =2{72J2(7)—5—32J2(3)—5}
Substitution
y=x%V2x -5 7 of
1 + 6dx boundaries
y =x?(2x —5)2 3
7(10x(x — 2)
s [, g,
i 2x(2x — 5)2 ;s | v2x =5
1 1
@7 -7 i = 2{49V9 - 9V} + 6[x]]
d 2 =276+6(7-3
& 2x2x—5+ ( )
dx 2x =5 =300
_2x(2x—5)+ x? Combine t
V2x—5 single 4. | Cubic Identities
_ 2x(2x —5) +x? (a) x3 + 64
V2x -5 (@ = (x)° + (4)° Apply sum
_ 5x*—10x = (x+ D) = (D@ + (9 identity
V2x =5 = (x +4)(x* — 4x + 16)
d_y _ 5x(x —2)
dx 2x-5 Partial Fractions
2
“ k=5 (2) 3
, (i) x3 + 64 .
Integration 3x2 pé)lgeerss
(Reverse of Differentiation) = (x + 4)(x% — 4x + 16) rf)r:{%ilcl)n in
(b) j7{10x(x -2) n 6} dx A + Bx+C fra.uiltions
7/ = t
3 L V2x =5 x+4 x2—4x+16 mk?fown
coefticients
75x(x — 2) q 76 q Split into 2 A(x? — 4x + 16)
~4), s T fs X integrals + (Bx + C)(x +4) = 3x?
; Let x = —4, Use
= z[xz V2x — 5]3 + 6[x]§ Integration A((—4)? — 4(—4) + 16) Substitution
e = 3(—4)? Hsing
differentiat ]
=2{7%2(N-5-3%23) -5}  fon A(16 + 16 + 16) = 3(16) coefficients
- A=1 find
+6(7 —3) (Sn}}bstltutlo n u]rrllknowns
boundaries Let x =0,
= 2{49V9 — 91} + 24 A(16) + C(4) = 0 .
war
=276 + 24 1(16)+4C =0 1 mzirk for
= t t
=300 16C+_4C 4 0 Zac??e?ct
- = values
OR
dy 5x(x—2) Let x =1,
dx  Vax—5 A(1 -4+ 16)
75x(x - 2) Integration +E+0O0+4) =3

2 k= [x2V2x — 5|
5 Sy —© X [x X ]3

as reversed|
differentiat]

on

1(13) + (B—4)(5) =3

13+5B—-20=3




Qn Solution Testing Qn Solution Testing
B =2 4+4+8cos2t=0 Correct
OR 2t = Substitution
Equating coefficient of coset=-— 2
x?: A+B =3 Basic angle @ = cos™! (l) =ir .
B=3-A4--(1) 2 3 Basic Angle
= (2) 2t lies in Q2, Q3
x0: 16A+4C =0 Q’Ql .
c=—4d(3) 20=m=3m mF3m Anlesin
Subst (1) & (3) into (2), 2 4 quadrants
—4A+4(3-A)+(—4A) =0 = §7T: §7T
—4A+12-4A—-4A=0 1 2
— t ==, =
12A =12 3” 3”
4=1 @[ 3
B=3-1=2 S=f(4+8c052t)dt
C=—-4(1)=—-4 0
— ; C t
3x?2 s=4t+4sin2t+c In(:::rgercmion
T3+ 64 t s
_ 1 + 2x — 4 0 0
x+4 x?—-4x+16 1
* M §n 7.65289
Indefinite Integral
2 4.972
(b) 2%% 1 3x% + 128 97279
f x3 + 64 dx Distance travelled in the first 2 sec
2(x% + 64 322 = (7.65289 — 0)
_ f 2ol f 8%t St 2 +(7.65289 — 4.97279)
x3 + 64 x3 + 64 in‘;egrals
352 = 10.33299 '
:f2dx+fx3+64dx =10.3 m (to 3 sig. fig.)
=2x + ln(x3 +6 4) +c Correct (d) Distan;:e travelled in the first 2 sec
integration 3
5. Kinematics = fo (4 +8cos2t) dt
(Trigonometric Functions) 5
(a)When particle passes O, t = 0, + J;T (4 + 8 cos 2t) dt Correct
Hence, v = 4 + 8 cos 2(0) 3 Expressions
— n
=12m/s = [[4t + 4sin2¢]3
(b) v=4+8cos2t
dv = —(2)8sin2t + |[4t + 4sin 2t]Z
dt 3 Correct
a = —16sin 2t ) Integration
= /s /s
= (4 (—) +4 <sin—)|
Least acceleration 3 T 3 oo
— 2 T o, 2w
=—-16 m/s +|4(2 3)+4(sm4 sin 3)| Correct
Substituti
(© O=t=<3 = 7.65289 + 2.6801 R
0<2t<6
o = 10.33299
When particle is at rest, =10.3m (to 3 sig. fig.)
v =0m/s,
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Qn Solution Testing| Qn Solution Testing
6. | R-Formulae g="
(a) Draw a line CG | BE. 4
In %CGO, d2A ~ .
£0G0 =, 0C =10 0z~ —30051229
CG = 10sinf = —3005in§
GO =10cos8 — 300
d2A
DF = CG = 10sin 6 — <0
do? <
CD = GF = 2G0
= 20cos @ A =75sin206 Value of 4
s is not
FO =GO =10cos 8 =75 sinz required
=75
P=0C+CD+DF+FO
=10+ 20cos6 +10sin6 A has a maximum area (of
+ 10cosf 75 cm?)when 8 ==
P =10+30cos6 + 10sing ) =T
(b) 30cos6 + 10sinf 7. | Circles &
= Rcos(0 — a) Coordinate Geometry
=+/30% 4+ 102 cos(6 — a) (a) P(—13,11)
= 10V10cos(8 — ) (1 9
R (—1,-5)
where R =10v10 Gradient of PQ | Gradient of OR
= 31.6227 m m
— PQ QR
=31.6 (to3s.f) C11-9 9 (-5)
Max P =10 + R —131—1 1-(-D
=41.6 cm (to3s.f) =-3 =7
(c) 1 Since
A=§DF(CD+F0) A{eab Anplvi
=1 base _ _ pplying
1 2 mp XmR—__X7—_1 —
=§(10 sin 8)(20 cos 8 + 10 cos ) e ¢ ¢ d7 | r_nix M2
PO i i to OR
A =5sin8 (30cosh) = PQ s perpen f:uaor 00
A =150sin6 cos 8 = £ZPOR=90
A = 75sin 260 Double (right angle in semicircle)
?Sﬁqlfula = PR is the diameter of circle.
OR
Stationary Values PQ? = (-13-1)2+ (11— 9)?
() I 150cos26 =200
— = cos
4 QR* = (1-(-1))" + (9= (-9)’
d?A 20 =200
qgz = —300sin2 PR? = (=13 + 1)? + (11 + 5)2
=400
For stationary value,
dA 0 Since PR* = PQ? + QR? = 400, by
do — converse of Pythagoras’ Theorem,
150cos260 =0 2PQR =90°.
20 == (right angle in semicircle)
2 = PR is the diameter of circle.
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Qn Solution Testing Qn Solution Testing
OR Equation of perpendicular bisector
Midpoint of PR, of OR is
M=(—13—1 11—5) y—-3=7(x—(-7)
2 2 y=7x+52
Perpendicular bisector passes
PM = /(=13 + 1)? + (11 — 3)? through the midpoint of chord.
=10
Midpoint of PO
— 2 — 2
QM—J“J:?O“‘) 3 _(—13+1 11+9)
RM = (=14 7)% + (=5 — 3) = 10 L2 2
(14772 +(-5-3) % 6 10
-'-PM:QM:RM:].O...[Z] mlPQ:7
From [1] and [2], Equation of perpendicular bisector
midpoint of chord PR is of OR is
equidistant to P, Q & R y- 10__77(x+_5(;6))
= PR is the diameter of circle. y=/x - . -
(b) | As centre is midpoint of diameter (d) [The furthgst two points ona circle is
—13—-1 11 -5y the diameter of the circle. . .
centre = ( SR ) . centre (—7, 3) is midpoint gf{gggg;ﬁ
=(=7,3) Award 1 of diameter OS, chord
,1 n}agkfor xQ+xS_ 7 YQ+yS_3
e — t t - =~ - =
radius = ZPR v o 2 2 Mid-point
1 3 2 correct 1+xs=-14 9+ys=6
=§\/(_13 - (-1))" +(11-(-5)) xg = —15 ys = =3
=%m - §(—=15,-3)
=10 Area of quadrilateral PORS
. . P Q R S P
Equaglon 0f01r01§ , =1-13 1 -1 —15 —13
x=(=7)"+r—-3)=10 Correct 2l 11 9 -5 -3 11
x% + 14x + 49 + y? — 6y + 9 = 100 substitutio _1|(_117_5+3_165)
X2 +y2+14x— 6y —42 =0 =2l —(11-9+75 +39) Shoclace
(c) |Let T(x, ») be a ger}eral point on the = 200 units?2
perpendicular bisector of PQ.
PT = QT 8. | Tangent & Normal
V= (=13))2 + (y - 11))? (a) y=—2 1. .1
=J(x -1+ (y—9)? 12 —x
(x +13)% + (y — 11)? Subst P(2k, 4) into [1]
= (= 12+ (y - 9)? -0
T12-2k
x% +26x+ 169 + y? — 22y + 121
=x2—2x+1+y?—18y +81 g__°
6—k
4y = 28x + 208 6— k=1
y="7x+52
OR k=35
Perpendicular bisector passes P(10,4)
through the centre. dy
— =(-10)(12 —x)"2(-1) Chain rule

Using centre (=7, 3)
and m py =7

dx -
dy 10
a —_ m ...... [2]
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Qn Solution Testing| Qn Solution Testing
Subst P(10, 4) into [2] — —10In (ﬂ) —{10-2} -
dy 10 5 1 12-2 Sgbstitution
— - Z 2 _ 102 _
dx (12-10)2 2 5{20 10°} + 8{20 - 10} goundaries
=5 and __2 =10In5+ 12
er T W ey TS 9. | Linear Law
Using P(10,4) and mpy = —2 ,
sing P(10,4) and mpy = —5. (@) y_ 1 s
Equation of normal at P a0
2 Multiply equation with ax, Linearise
y—4=—§(x—10) xy=a+abx\/§ equation
y—t=—2x+a xy = ab(xV¥) + R
2 (b)
y=—5x+8m[3] x| 1 |2[3|4]5]|6
(b) Subst X (xy, 0) into [1] xx Yve X |
10 xy [2.20|3.48|5.13(7.409.35|11.8
17— . G1 - Plotted point
12 =y G1 - Best-fi line
10
7 = (c) [From the graph,
10=1 ;{ (i) the incorrect point is (8, 7.40).
=12—x
5 X Corresponding to x = 4 (in the table),
X =
X For xvVx =8
Subst N(xy, 0) into [3] Correct xy = 7.05 to 7.15 grzﬁl from
0= 2 +8 4y =7.05 to 7.15
5w y = 17625 to 1.7875
ng=8 y=1.76t01.79
= 20 (to 3 sig. fig.)
N (¢) [From the graph,
Area of shaded region (ii) xy intercept = 1.5
10 a = 1.50 (to 3 sig. fig. Read from
f ( 10 —1)dx+1(20—10)(4) (to 3 sig. fig.) graph
2 \M2-x 2 _ 11.8 — 2.20
=[-10In(12 — x) — x]%o + 20 Integration Gradient = 147 —1.00
= —[10In(12 — x) + x]3% + 20 ab = 0.7007
=[101n(12 — x) + x]%, + 20 1.50 b = 0.7007
12 — b =0.467153
=10In (12 - 10) 12103420 Substitution b = 0.467 (to3 sig. fig.)
=10In5+12 boundaries (c) [When x = 2.52,
OR (i) ffor  xvx = 2.52v2.52
Area of shaded region = 4.00037
10, 19 20, 5 From the graph,
fz (12_96—1>dx+_[10 (—§x+8)dx for x\/_=4_00
=[-10In(12 — x) — x]3% + xy = 4.3 grzz;c%lfrom
[_lxz + 8x]2° 252y =43
° 10 Integration y =170634
y =1.71 (to3sig. fig.)
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Qn Solution Testing Qn Solution Testing
(d) [From readings of experiment, OR
x =4.50 and y = 1.86. Acceptable range
xvx = 9.5459 =8.20 X (100 + 2)%
xy = (4.50)(1.86) = 8.036 to 8.364
=837 Since xy = 8.37 is
From the graph, out of the acceptable range,
for xvx = 9.5459 the experimental readings are
_ Read from
xy = 8.20 graph unacceptable.
\Vertical difference
_ 8.37—-8.20 X 100%
8.20

=2.073% > 2%

Since vertical difference 1s

more than 2%,
the experimental readings are

unacceptable.
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20

19

/(14.7. 11.8)

//(11.25 9.35)
/

7.10

8.20

Xy

12
10

XVX
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—200
-150
(2.123.7)
-100 \
WOJGQQ)
T “\‘
(7.89713, 30) \\\___
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation
For the equation ax* +bx+c¢=0,
—b+b* —4ac
X =
2a

Binomial expansion

n__ _.n n n—-1 h n-272 n n—-rir n
(a+b)' =a"+ { a” b+ 5 a”bh +...+| |a"h +...+b
r

nj n!'  nn-1)...(n—r+1)

where 7 is a positive integer and = =
r) rl(n—-r)! r!

2. TRIGONOMETRY

Identities

sin> A+cos® A=1
sec> A=1+tan> 4
cosec’ A =1+cot” 4
sin(A+ B) =sin Acos B+ cos Asin B
cos(A+ B)=cos Acos BF¥sin Asin B
tan A+ tan B

1¥tan Atan B
sin2A4=2sin Acos 4

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

tan(4+ B) =

tan24 = 2204
I-tan" 4
Formulae for AABC
a b c

sind sinB sinC
a’ =b*+c*—2bccos A

AzlbcsinA
2
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1 Itis given that P, QO and R are the angles of a triangle.
(a) Show that cos P=—cos (Q + R). [2]

(b) Given that O = 45° and R = 60°, find cos P in the form %(\/_ ~Jb),

where a and b are integers. [3]
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2 Baking powder is poured onto a flat surface at a constant rate of 27 cm’s™ and

formed a right circular cone. The radius of the cone is always % of its height.

Find the rate of change of the radius of the cone after 3 seconds of pouring. [5]

AISS PRELIM/4E/4049/01/2025



3 (a) Determine the set of wvalues of m for which the equation
2x% +4x+2m = 6mx—2 has real roots. [4]

(b) Hence state what can be deduced about the curve y = 2(x+1)*> and the line
y = 6x —2. Justify your statement. [2]

AISS PRELIM/4E/4049/01/2025 [Turn over



4 (a) Show that i(ln(cos x)) =—tanx. [2]
dx

(b) Differentiate xtanx with respect to x. [2]

(© Using the results from part (a) and (b), find 'fxsecz x dx and hence show

that J.Ozxseczx dx:%—%lnl [4]

AISS PRELIM/4E/4049/01/2025



S (a) Inthe expansion of (2 + x)" , where 7 is a positive integer, the coefficient

of x? is twice the coefficient of x. Find the value of . [3]

(b) Find the value of the term that is independent of x in the expansion of

15 4
(2x—%j . 4
4x
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The diagram shows a circle passing through the points P, Q and R. The point O
lies on the line RB. AB is a tangent to the circle at P. The points S and T lie on
PR and PQ respectively. Given that AB is parallel to ST, prove that

(a) triangle PST is similar to triangle POR, [3]

(b) PO x PT=PR x PS, 2]

AISS PRELIM/4E/4049/01/2025



(c) Determine if STOR is a cyclic quadrilateral. [4]
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v
=

1
The diagram shows an isosceles triangle ABC in which A(—3,0) , B(§,3j and

C (5, 2) . M is the foot of perpendicular from B to AC.

(a) Find the coordinates of M. [1]

(b) Find the equation of the perpendicular bisector of AC. [2]

AISS PRELIM/4E/4049/01/2025
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2
(©)  Given that ABCD is a kite with BM = ;BD , find the coordinates of D. [3]

(d) Find the area of the kite ABCD. [2]
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A prototype consists of a cylindrical container of height 2 cm and radius » cm
inscribed in a hollow sphere with centre O.

The sphere has a surface area of 6400m cm? and both the sphere and container
have negligible thickness.

(a) Show that the volume of the cylinder container, ¥ cm’, is given by

V =27r*\1600—7* .

AISS PRELIM/4E/4049/01/2025
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(b) Given that » can vary, find the value of » for which the volume V is
stationary. [5]

(¢) A scientist plans to launch this prototype into outer space carrying as much [2]
fuel as possible. Explain whether the prototype can satisfy the scientist’s
requirement.

AISS PRELIM/4E/4049/01/2025 [Turn over
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9 Itis giventhat f(x)=4+ COS(%) and g(x)=-2sinx.

(a) State the period and amplitude of f(x). [2]

(b) State the period and amplitude of g(x). [1]

(¢) Sketch, on the same axes, the graphs of y = f(x) and y = g(x) for [3]
0°<x<360°.

AISS PRELIM/4E/4049/01/2025
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2
10 (a) Express M in partial fractions. [5]
x(x+1
1 _ _ 2
(b) Hence find J-3x—3xz dx . [4]
2x (x + 1)
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11

Starting point

The horizontal distance of a child on a carousel, # m, from the starting point is
modelled by the equation, /& =2(1—coskt), where & is a constant and 7 is the time

in seconds after the child leaves the starting point. The time to complete one
revolution is 20 seconds.

(a) Explain why this model suggests that the diameter of the carousel is 4 m.

(b)  Show that the value of k is % radians per second.

AISS PRELIM/4E/4049/01/2025
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(c) As the carousel turns, it is possible for the child on the carousel to view a
landmark, provided that the horizontal distance of the child is within 1 m
from the starting point.

Find the duration of time for which the child will not be able to view the [5]
landmark during one revolution.

AISS PRELIM/4E/4049/01/2025 [Turn over
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12
J}ll

A(0, 10)

v
=

The diagram shows part of the curve y= intersecting the y-axis at

4x+1
A(0, 10). The tangent to the curve at the point P(1, 2) intersects the y-axis at B.

(a) Show that the coordinates of B is (0, 3.6). [4]

AISS PRELIM/4E/4049/01/2025
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(b) Find the exact area of the shaded region. [5]

END OF PAPER
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Mathematical Formulae

1. ALGEBRA

Quadratic Equation
For the equation ax* +bx+c =0,

~b+~/b* —4ac

2a

X =

Binomial expansion

n__ .n n n-1 n n-212 n n—-rir n
(a+b)'=a"+ . a b+ 5 a”bht+...+| |a"b +...+b
r

nj n!  nn=1..(n-r+1)

where 7 is a positive integer and = =
r) rlin-r)! r!

2. TRIGONOMETRY

Identities

sin® A+cos’ A=1
sec’ A=1+tan’ 4
cosec’ A =1+cot> 4
sin(A+ B) =sin Acos B+ cos Asin B
cos(Ax B)=cos Acos B¥sin Asin B
tan A+ tan B

1Ftan Atan B
sin24 =2sin Acos A

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

tan(4+ B) =

tan24 = ﬂ
I—tan” 4
Formulae for AABC
a b c

sind sinB sinC
a’> =b*+c*—2bccos A

A:lbcsinA
2
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1 A curve has the equation y = _Smex
2—cos2x
. . ) kcos2x—2
(a) Show that the gradient function can be expressed in the form ————,
(2-cos2x)
where k is a constant. [3]

(b)  Find the acute angle between the tangent to the curve at x :% and the line

y=0. [3]
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2 (a) Factorise x” +27k> as a product of a linear and a quadratic factor. [2]

(b) Hence solve x° +27:(x+3)(x+10) , expressing non-integer roots in surd
form. [3]

(¢) Find the value of k given that x’ + 27k’ leaves a remainder of 351 when divided
by x—-2. [2]
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3 The diagram shows a L-shaped rod ABC where AB and BC have length 18 m and 8§ m
respectively and angle ABC is 90°. The rod is hinged to a wall at 4 so as to rotate in a
vertical plane. The rod 4B makes an acute angle 8 with the vertical wall surface OA.

(@)  Given that G is a point directly below C, show that OG = pcos@+¢gsin@,
where p and ¢ are constants to be found. [2]

(b)  Express OG in the form Rcos(@—ca) where R >0 and 0°<a <90°. [3]

(c) Find the length of OG and the corresponding value of @ if G is at maximum
displacement from O. [3]
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4 Acircle C; has equation x* +)° —6x+4y=12.

(@)

(b)

(©)

Find the radius and the coordinates of the centre of C;. [3]

Find the equation of the tangent to the circle at the point P(7,-5). [3]

Another circle C, has centre (=8, 4) and radius 7 cm. Find the shortest distance
between the 2 circles. [2]

AISS PRELIM/4E/4049/02/2025



(sin 4 —cos 4)(1+sin Acos A)

=tan’ A—1. 4
cos’ 4 4l

5 (a) Prove the identity

(b)  Hence solve (sin4—cosA)(1+sin Acos A)+2cos’ A=0 exactly, for

- < A< 7 radians. (4]
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6 The diagram shows the graph of y=x"+ax+4 and y = x” +bx+c. The graph of
y=x"+ax+4 touches the x-axis at P. Points M and O are the x-intercepts of the
graph of y =x” +bx +c. The origin O is the mid-point of MP.

y
y=x+ax+4
yv=x+bx+tc
N
M 0 P T
(a) Find the values of a, b and c. [4]

AISS PRELIM/4E/4049/02/2025



(b)  The graph of y=x"+ax+4 and y=x"+bx+c intersects at N. Find the
coordinates of V. [2]

(c) The graph y = px’ +¢gx+r has its turning point at N and passes through point
P. Find the values of p, g and r, where r > 0. [3]

AISS PRELIM/4E/4049/02/2025 [Turn over
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7 A particle P, travels in a straight line, so that its displacement, s m, from O at time ¢
1
seconds, is modelled by s = 513 —5¢ 3.

(a) Find the value of # when particle P returns to its initial position. [2]

(b) Find the minimum velocity of particle P. [3]

(¢) Another particle, O, travels in a straight line from O such that its velocity, v m/s,

t
at time ¢ seconds after passing O is given by v= 24(e 6 — e_lj .

Find the value of ¢ at which the particle Q is instantaneously at rest. [2]

AISS PRELIM/4E/4049/02/2025
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(d) Find the total distance travelled by particle Q for the first 9 seconds. [4]

AISS PRELIM/4E/4049/02/2025 [Turn over
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8 The height, 4 cm, of a plant is modelled by /4 = 11?)—004[ , where ¢ is the number of
+10e™
months after the first observation.
(a) Show that 4 is an increasing function. [3]

(b) Find the value of # when the height of the plant first exceeds four times its initial
observation. [3]

AISS PRELIM/4E/4049/02/2025



(c)

13

The height, y cm, of another species of plant,  months after the first observation

is given by y = —, where a and b are constants. Explain clearly how a

a+be
straight line graph can be drawn to represent this relationship. You should state
which variables should be plotted on each axis and explain how the values of a
and b can be calculated. [4]

AISS PRELIM/4E/4049/02/2025 [Turn over



14

9 (a) Without using a calculator, solve the equation x\/ﬁ +4/5 :x\/i +\/g . Leave

your answer in the form p\/ﬁ + q\/§ , where p and ¢ are fractions. [4]
(b) Without using a calculator, solve the equation log, x—log 16=0. [4]

AISS PRELIM/4E/4049/02/2025
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() Solve the equation 3% —2(37)=17. (4]
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10 (a) The diagram shows part of a straight line graph which passes through (2,1)
and (4,3).

< IR

»

(4.3)

2,1

0 >Vx

Find the equation of the straight line in the form y = al , where a and b
a+bx

are constants. [3]

AISS PRELIM/4E/4049/02/2025
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BLANK PAGE
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(b)

18

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

X 1 2 3 4 5 6
63 127 258 510 1000 | 2100

X

It is known that x and y are related by an equation of the form y = where

a b

a and b are constants.

(i) On the grid next page, plot lg y against x and draw a straight line graph.
[3]

(ii)  Use your graph to estimate the value of @ and of b. [3]

(iii) Explain how would you use the graph to find the value of x for which

(106)" =10"". [2]

AISS PRELIM/4E/4049/02/2025
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END OF PAPER

AISS PRELIM/4E/4049/02/2025




1 Itis given that P, Q and R are the angles of a triangle.
(a) Show that cos P=—-cos (Q + R). [2]

cos P =cos [180° - (Q + R)] [M1 — for replacing]
=cos 180° cos (Q + R) + sin 180° sin (Q + R)
=—cos(Q+R)+0 [Al — apply addition formula &

=—cos (Q+R) [evaluate to arrive at result]

Accept supplementary angles:
cos P =—cos (180° - P) M1
=—os (Q+R) Al

(b) Given that O = 45° and R = 60°, find cos P in the form %(\/_ A ),
[3]

where a and b are integers.

cos P =-—cos (45° + 60°)
= —c0s 45° cos 60° + sin 45° sin 60° [M1 — correct use of formula expansion]
2 1 2 . . .
= _£ (=)+ £ (ﬁ) [M1 — correct special angles trigo ratios]
2 2 2 2
1
=7 (6 —2) [A1]
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2 Baking powder is poured onto a flat surface at a constant rate of 27 cm’s™' and

formed a right circular cone. The radius of the cone is always % of its height.

Find the rate of change of the radius of the cone after 3 seconds of pouring. [5]

Vol. of cone, V = %72'7‘2 (18r)

=611

SLAPP - [B1]
dr

After 3 seconds, V =67z

671> =61 [M1 - finding corresponding 7]
r=1 [A1]
d—V = d—V x ﬂ [M1 - connected rate of change]
dr drl—; dtl— /
2w =187 (1} x &
dr r=1
A —
dri,—1 9
The rate of change required is =é cm/s. [Al o.e.]
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3 (a) Determine the set of values of m for which the equation
2x% +4x+2m = 6mx—2 has real roots. [4]

22 4 (4—6m)x+2m+2=0
b2 —4ac>0 [M1 - correct Discriminant]

(4—6m)2 —4(2)(2m+2)>0
16— 48m +36m> —8(2m +2)> 0
36m2 —64m =0 [M1 — simplification in

m(Om—16)>0 factors]

16 [A2, minus 1 mark if
m<0 or mz2 3 inequality sign is wrong due
to earlier wrong D sign]

(b) Hence state what can be deduced about the curve y = 2(x+1)> and the line

y = 6x —2. Justify your statement. [2]

2x° +4x+2=6x-2
By comparing with (a), m =1 [B1 — correct m value]

When m = 1, it is not within the set of values of m for which there will be
real roots, hence the curve will not meet the line/ the curve will not cut the
line. [BI]
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4 (a) Show that i(ln(cos x))=—tanx. [2]
dx
i(ln(cosx))z 1 xi(cosx) [M1 — show working]
dx cosx dx
= smx_ tan x [A1 — show fraction]
cosx
(b) Differentiate xtanx with respect to x. 2]

ax tan x = xsec’ x + tan x [M1 — show product rule]

[A1 — correct ans for both]

(©) Using the results from part (a) and (b), find J.xsec2 x dx and hence show

that J.Ozxseczx dx=%—%ln2. (4]

From (b), J.(x sec’ x +tan x) dx=xtanx+C [M1 — use part (b), ‘C* must

be seen
Ixseczxdx+jtanx dx=xtanx+C ]
J.xsecz ¥ dx = xtan x —Itanx dx+C [M1 — proper integration and
final correct ans, ‘C’ must be
=xtanx+ln(cosx)+C Seen]
J‘f)csec2 xdx= [x tan x + ln(cos x)]Z [minus 1 mark if “C” is not
0
seen]

zztan£+ln cos£ —0-In1
4 4 4

T 1 [M1 — proper evaluation]
=—+In (—j

4 V2

1

=Zim2>

4

7 1
= Z - E In2 [Al]
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5 (@) In the expansion of (2 + x)" , where n is a positive integer, the coefficient

of x? is twice the coefficient of x. Find the value of n. [3]
n 7 7
(2+x)" =2"+ SR R PR
| 2
n n
( J 22— 2( J o1 [M1 — correct coeff]
2 1

nn=1) (2"x27%)=2n(2"x2") (n#0) [MI—simplify]

2
n-1_,
2(4)
n—1=8 . .
[A1 — with rejection]
n=9

(b) Find the value of the term that is independent of x in the expansion of
e [4]
[2x— 4j .
4x

general term

15 15-r l '
= 2x) —
r }( ) [ 4x* J
15 "
— ) }215—1 xlS—]‘ [_i} x—-'h‘ [Ml]
ISV o ( 1Y Lo
=, }215 [—ZJ X [M1 - gather x
and let power = 0]
15-5r=0
=3 [M1 for r value]
[Al]

15 L 1Y
value = 27 —— | ==29120
3 4

Max 2 marks if able to gather 15 — 5r for exponent of x’ and equate
to zero with correct r value.
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A £ > B
S T
Q
R

The diagram shows a circle passing through the points P, Q and R. The point O

lies on the line RB. AB is a tangent to the circle at P. The points S and T lie on

PR and PQ respectively. Given that 4B is parallel to ST, prove that

(a) triangle PST is similar to triangle POR, [3]
ZSPT = ZQPR (common angle) [M1]
ZPST = ZSPA (alt. Zs, AB // ST) OR  ZPTS = ZTPB (alt. Zs, AB// ST)

= /ZPQR (Alt. Segment Thm) = /ZPRQ (Alt. Segment Thm) [M1]
.triangle PST is similar to triangle POR. [A1]

(2 pairs of corresponding angles are equal)

(b) PO x PT=PR x PS,

From above result, PO _ PR [M1]
PS PT
= PO x PT=PR x PS [A1]
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(¢) Determine if STOR is a cyclic quadrilateral. [4]

QTS =180° — ZPTS (adj. Zs on a st. line)
=180° — LORS (from (a) result) [M1]
So ZQTS + ZQORS = 180° [M1]
ZRST+ ZRQT =360° — (LOTS + LORS) (£ sum of a quadrilateral)
=360° — 180°
=180° [M1]

By converse of angles in opposite segment, STOR is a cyclic quadrilateral and all
four vertices lie on the circumference of a circle.

[A1 — with correct reason, accept even if no mention of four vertices]
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V4

4(-3.,0)

The diagram shows an isosceles triangle ABC in which A4 (—3,0) , B(%ﬁj and

o

C (5,2) . M is the foot of perpendicular from B to AC.

(a) Find the coordinates of M.

NE

3+5 0+42)
5 ,Tj—(l,l) [B1]

(b) Find the equation of the perpendicular bisector of AC.

y—1=—4(x—1)
y=-4x+5

Gradient of AC = 2-0 = 1
5-(-3) 4
Gradient of perpendicular BM = -4 [M1 —use mxm, =—1]
or mBM = ﬂ = —4
1
——1
2

Equation of perpendicular bisector:

AISS PRELIM/4E/4049/01/2025
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2
(©)  Given that ABCD is a kite with BM = ;BD , find the coordinates of D.

[3]

Correct ratio: 2:5

l:1l M1
2 4
Coordinates of D
=(1+l,1—5J Ml
4
2(21,—4j Al
4

%

Alternative: using vectors

BM =2 BD
7
2

%)
s ) o

[,
D—(24, 4) [Al]

(55 - 55) [M1 - position vectors]

(d) Find the area of the kite ABCD.

1 1
-3 2— 5 — 3
Area of ABCD = % 4 2
0 4 2 3 0
M1 (ecf 1 — correct
method)
= %(3 1.5+28) (anti-clockwise)
=29.75 units® (or %) Al
(accept 29.7 with 3 s.f. if using other method such as Pythagoras’

AISS PRELIM/4E/4049/01/2025

[Turn over



12

A prototype consists of a cylindrical container of height # cm and radius » cm
inscribed in a hollow sphere with centre O.

The sphere has a surface area of 6400 cm? and both the sphere and container
have negligible thickness.

a) Show that the volume of the cylinder container, ¥ cm?, is given b
y g y

V =272r*\1600— 7 .

47R* = 64007

R =40 (radius R of sphere)
By Pythagoras’ Theorem,

h 2
r2+(5j = 40’ [M1]
h2=4(1600—r2)

[M1 — find radius R]

h= 4(1600—r2)
h = 241600 — 72
V =xr'h

=27r*\1600 — 12

[A]

AISS PRELIM/4E/4049/01/2025
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(b) Given that » can vary, find the value of » for which the volume V is
stationary.

[5]

1
CcIZ_V =27r*)x %(1 600 — 7’ ) 2x(=2r)++1600— 7> x2x27zr [M2 — correct differentiation
r

using product rule, deduct M1 if either term is incorrect]

3
For stationary values, C:;—V =0 a = 471600 —r* — 2
r

dr V1600 -7

3
arr1600— 2 —— 27 _g
J1600— 12
2xr

—\/1600_;9[2 (1600 - ) B ,,2] =0 [M1 — simplify and show this

[M1 — equate to zero]

or the next line working]
2zr

V1600 —7°

r=0 or 3200—72=0

(reject) r= % =32.7cm [A1]

[3200—3#] =0

(c) A scientist plans to launch this prototype into outer space carrying as much [2]

fuel as possible. Explain whether the prototype can satisfy the scientist’s
requirement.

X (40;/3)_ 40;/3 (%y

3
dav
dv + 0 _
sketch .
tan(;,int / \

[M1 — first or 2" derivative, ecf 1 for method]

Since this value of » give maximum V value, the prototype satisfies the scientist’s
requirement as he could maximise the fuel to be stored in the prototype. [B1]
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It is given that f(x)=4+ cos{%) and g(x)=-2sinx.

(a) | State the period and amplitude of f(x).

Period = 720° or 4 [B1]
Amplitude = 1 [B1]

(b) | State the period and amplitude of g(x).

Period = 360° or 27
Amplitude =2 [B1 for both]

(c) | Sketch, on the same axes, the graphs of y = f(x) and y = g(x) for

0°<x<360°.
(S
= =4+ cosl X
T2 2
4 \ ! !
\
3 \\\‘\*
= y+=2sinx A~
o] [sie] 120 30 240 300 36
2 c;<~
fx) g(x)
Shape cosine negative sine
Amplitude 1 2
No. of cycle Half 1
Shift 4 -

[B1 — for starts and ends at ‘zero’ for g(x)]
[B1 — for starts ‘5’ and ends at ‘3’ for f(x)]

[B1 — fully correct graphs]
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2

10 (a) Express ﬂ in partial fractions. [5]
x(x+1)
1-3x—3x? _é B N C
x(x+1)2 x x+1 (x+1)2
1-3x—3x* = A(x+1)" + Bx(x+1)+ Cx [M1]
Whenx = —1, C=-1 [M1]
When x =0, A=1 [M1]
When x =1, B=-4 [M1]
_ _ 2
[ N Al
x(x+1) x x+l (x+1)
_ _ 2
(b) Hence find IM dx . [4]
2x(x+1)
J-1—3x 3x? _ J-l 3x— 3x
2x(x+1 x+1
L L SRR [MI — take out 0.5]
2x x+1 (x+1)
=—Inx—2In(x+1)+ ! +C [Alfor each term,

must have constant C]
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11

Starting point

The horizontal distance of a child on a carousel, # m, from the starting point is
modelled by the equation, 4 =2(1—coskt), where k is a constant and ¢ is the time

in seconds after the child leaves the starting point. The time to complete one
revolution is 20 seconds.

(a) Explain why this model suggests that the diameter of the carousel is 4 m.

h=2(1—cos kt).
Since the diameter of the carousel = max value of 4, h=2 (1 —(-1)) =4 m

[B1 — must relate diameter to 4, do not accept amplitude method as
question ask on the model equation]

accept
(b)  Show that the value of k is — radians per second. | 2rradin20s

2—”radin ls
2

Period = 20 2% radints
eriod=20s 20
27 T
o k=22
PRt [M1] 10
k="rad /s (shown) [Al] accept
10 h=4whent=10
to find & value
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(c) As the carousel turns, it is possible for the child on the carousel to view a

landmark, provided that the horizontal distance of the child is within 1 m

from the starting point.

Find the duration of time for which the child will not be able to view the [5]
landmark during one revolution.

T
1=2(1-cos—t
( 10)

1 V4
—=cos—t
2 10
basic/ =% (solution in 1st and 4th quad )
T, mw 57
Et T3 3 accept
;.10 30 >0, 0
3 ’ 3 3 3
Not able to view :i;)—?z?s or 13.35(3s.f.)

accept

Vs
2(1—cos—1t)>1
( 0 )

[M1]

[M1]

[M1]

M1, Al]
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12

A(0, 10)

v
=

The diagram shows part of the curve y= intersecting the y-axis at

4x+1
A(0, 10). The tangent to the curve at the point P(1, 2) intersects the y-axis at B.

(a) Show that the coordinates of B is (0, 3.6).

10 1
=—=104x+1
Y 4x+1 ( )

Y _ —~10(4x+ 1) (4) [M1]
dx

@ _ —40(4x+1)7
dx

When x=1 % _ —40(4(1)+ 1)
dx

D__16 [M1]
dx
y—2
H:_lb [M1]
y=2=1.6
y=3.6
Coordinate of B is (0, 3.6) [Al]

AISS PRELIM/4E/4049/01/2025
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(b) Find the exact area of the shaded region. [5]
1
10
Area = I x——(3 6+2)(1) [M1], [M1]
o 4x+1
Z[IOIn(4x+l)} Y [MI]
[101n(4+1) 101n(1)}_2‘8 M1]
4
A é 5—-2.8 unit *
rea = 5 In uni [Al]

END OF PAPER
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. in2
A curve has the equation y = _Smex
2—cos2x
. . . kcos2x—2
(a) Show that the gradient function can be expressed in the form ——,
(2 —Cos 2x)
where £ is a constant. [3]
_sin2x
Y 2—cos2x
dy (2-cos2x)2cos2x—sin2x(2sin2x) M1: correct quotient/pdt
dx (2—cos 2)6)2 rule
_4cos2x-2 cos’ 2x—2sin’ 2x M1: differentiate sin 2x and
(2—cos 2x)2 cos 2x correctly
4cos2x— 2(0os2 2x +sin’ 2x)
(2 —CoS 2)«7)2 Al: use of identity to reach
_ 4cos2x-2 answer
(2—cos 2x)2

(b) Find the acute angle between the tangent to the curve at x =% and the line

y=o0. [3]
4cosF -2
gradient of tangent = —62 =1.1386 M1: correct gradient value
2—cos ™
6

Angle required = tan™ (1.1386) = 48.7° (1 dp) M1, Al (accepts 0.850 rad)
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(a) Factorise x” +27k> as a product of a linear and a quadratic factor. [2]
X +27k = (x+3k) (x° —3kc+ 9k
M1: (x+3k)
Al
(b) Hence solve x° +27= (x+3)(x + 10) , expressing non-integer roots in surd
form. [3]
k=1:x"+27=(x+3)(x —3x+9)
(x+3)(x* =3x+9)=(x+3)(x+10)
x+3=0 or X’ =3x+9=x+10 B1: identify x=-3 as a root from
x=-3 or x’—4x-1=0 Hence
4+,/16-4(-1 .
Y= . ( ) M1: apply quad formula correctly
Al
=245
(©) Find the value of k given that x” + 27k’ leaves a remainder of 351 when divided

by x—2.

[2]

Let f(x)=x"+27k°

f(2)=2’+27k" =351

p=a 2187
27 3

M1: applying remainder thm
correctly

Al
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The diagram shows a L-shaped rod ABC where 4B and BC have length 18 m and 8§ m
respectively and angle ABC is 90°. The rod is hinged to a wall at 4 so as to rotate in a
vertical plane. The rod 4B makes an acute angle 8 with the vertical wall surface OA.

18 m

(a) Given that G is a point directly below C, show that OG = pcos@+¢gsin6 ,
where p and ¢ are constants to be found. [2]

o

om0

Using triangle BCD: Angle DBC =0

BD
cosf = <
BD = 8cos 0 B1: either correctly establishing BD or BE

Using triangle ABE: Angle BAE =6

sin6’zﬁ
18

BE =18sin 6

OG = BD + BE B1: showing the other component and clear
indication that OG is a sum of the 2 values

=8cos@+18sinf , p=8, g=18

(b)  Express OG in the form Rcos(6—a) where R >0 and 0°<a <90°. [3]
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OG =8cos@+18sin @
=/8% +18* cos(ts’—tan‘1 %) M1: 8° +18°

Ml . tan71 §
8

=+/388 cos(é’—tan1 %J

Al: correct evaluation and form, accept

=19.7COS(9—66.0 ) m

() Find the length of OG and the corresponding value of 8 if G is at maximum

displacement from O. [3]
max OG =+/388

=19.7m
Al: /388 or 19.7m
when cos(é’—tan'lgjzl Mi1: 0—tan1%=0
f—tan"' 2 =0
~tan o= Al: 66.0°

6 =tan™" 2 =66.0°
4
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A circle C; has equation x* +y”* —6x+4y=12.

(@)

Find the radius and the coordinates of the centre of C;. [3]

X —6x+y +4y=12

(x=3) +(y+2)" =12+3"+22
(x=3) +(y+2)’ =5

M1: completing the square or
using formula

Radius = 5 units Al
Centre = (3, -2) Bl

(b)

Find the equation of the tangent to the circle at the point P(7,-5). [3]

Gradient of normal =
3-7

, 4
Gradient of tangent = 3

4
Eqn of tangent: y+5 =§(x—7)

_4..8
Y=3y

2-(-5) _ 3

MI1

4

M laward for correct pts and
their -1/m used

Al, or3y=4x—43

()

Another circle C, has centre (=8, 4) and radius 7 cm. Find the shortest distance

between the 2 circles.

[2]

Distance between centres of circle = \/(3 + 8)2 +(—2—4)2 =+/157
Shortest distance = V157 —7—-5=0.530 cm (3 s.f.)

Ml
Al

AISS PRELIM/4E/4049/01/2024
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(sin A—cos A)(l +sin 4 cos A)

(a) Prove the identity 5 =tan’ A—1. [4]
cos” 4
(sin A—cos 4)(1+sinAcos A)
LHS = 3
cos” A
_ Sin A —COS A + Sin2 A COS A - Sin A (.:OS2 A Ml . correct expansion Of terms
cos’® A
. 2 . . 2
_ sin A—cos A+ (1 —CoS A)cos A—sin A(l —sin A) MI: applying identity
cos’ 4
_sinA—cos A+cos A—cos’ A—sin A+sin’ 4
cos’® A
- .3 3
= sin” A—cos” 4 M1: expand & simplify
cos® A
B sin4  cos® 4
=
cos" A cos” A Al: manipulation to RHS
=tan’ A—1
OR
(sin A—cos A)(l +sin 4 cos A)
LHS = >
cos” A
(sinA—cosA)(sin2A+coszA+sinAcosA) M Iving identi
= os® 4 : applying 1dentity
B sin® A +sin Acos® A+sin* Acos A—sin® Acos A—cos® A—sin Acos® 4

3
cos” 4 .
M1: correct expansion of term

sin® A—cos’ 4

MI1: simplify

cos’ 4
_sin’ 4 _ cos’ 4
Ccos’ A cosS A A1l: manipulation to RHS
=tan’ 41
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(b)  Hence solve (sin A—cos 4)(1+sin Acos A)+2cos’ 4=0 exactly, for

-7 < A < rrradians.

[4]

sin A—cos A)(1+sin Acos A) =—2cos’ 4
( ) )

(sin A—cos A)(l +sin A cos A)

3 =2
cos” 4
tan’ A—1=-2 M1: simplification to single trigo equation
tan’ 4=-1
tan 4 =-1
Basic angle =
asic angie = 4 M1: correct basic angle — must be acute
Quad: Q2, Q4
437 _z Al, Al
4° 4
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The diagram shows the graph of y=x’+ax+4 and y=x"+bx+c. The graph of
y=Xx"+ax+4 touches the x-axis at P. Points M and O are the x-intercepts of the

graph of y =x* +bx+c. The origin O is the mid-point of MP.

>
>

fe
Il

X

(a)  Find the values of @, b and c. (4]

Since origin (0, 0) ison y=x" +bx+c,c=0 B1

Discriminant of y =x” +ax+4 =0 since curve intersects x-axis once only:
a’—4(1)4)=0

a=14

Since P is on positive x-axis, a <0: a =—4

M1: using discriminant or the
equation must be a perfect square

Al

OR

2

2
y=x +ax+4=(x+£] Y
2 4

) ) ) M1: using discriminant or the equation
Since curve intersects x-axis once only:
2

must be a perfect square
a
4——=0
4 Al

a=14
Since P is on positive x-axis, a <0: a =—4

Coor of P = (-%,o] =(2,0)

Coor of M = (-b,0) =(-2,0)

B1
b=2
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(b) The graph of y=x"+ax+4 and y=x"+bx+c intersects at N. Find the
coordinates of V. [2]

X —4dx+4=x"+2x
6x=4
2

xX= 3 M1: equating and solving correct x (allows ecf)

_(zj:z(zj_&
773 3)7 9
2 16

Coordinates of N = [5, 5 j Al

() The graph y = px” +gx+7 has its turning point at N and passes through point
P. Find the values of p, g and r, where r > 0. [3]

Graph with turning point at N and passes P (downward opening):

AN
y=-p (x —gj +E <0 M1: correct completed square
form

2
AtP (2,0), O=—p(2—§) 18

9

3 9) 9
I T
3773 Al: correct p
p__l’q:r:§ Al: correctq & r

OR (longer method): form 3 equations with coor of N, P and either 2" x-intercept or
derivative and solve

y=px’ +qx+r

dy
— =2px +
Ix - 2Pxta

. . 2 16 2
Turning point at (5,3) :2p (E) +gq=0 - |
4p=-3q —- (1) M1: establishing 3 equations
correctly

Graph passes through P: 0= p(2)2 + q(2) +7
4p+2q+r=0
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Subst (1): g=r --—--- 2)

1 2\’ 2
Graph passes through N: § = p(_j +q (Ej Ty

3
4p+6q+9r=16

Subst (1) and (2):

—3g+6g+9g =16
12g =16

4

=3

Al: correct p

Al: correctq & r

1
seconds, is modelled by s = §t3 —512-3.

A particle P, travels in a straight line, so that its displacement, s m, from O at time ¢

OR
v=t* =10t

d?v
dt

Minimum velocity = -25 m/s?

At stationary v,

— =2>0, minimum v at -25m/s

M1: completing the square

Al
d MI1: v=¢ -10¢
L =2t-10=0 ,
t M1: solving fort=5
t=5

v=(5)"~10(5)=-25 m/s

(a) Find the value of ¢ when particle P return to its initial position. [2]
Initial position when t =0, s =-3
1 3 2
Et —5t7-3=-3 M1: setting s = -3
Lp_spo
3
£ [lt - 5) =0
3
t=0 or t=15s
Particle returns to initial position at # = 15s. Al
(b) Find the minimum velocity of particle P. [3]
v=t> 10t
5 Ml: v=¢"—10¢
=(r-5) =25

Al: includes check for minimum
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() Another particle, Q, travels in a straight line from O such that its velocity, v m/s,

t
at time 7 seconds after passing O is given by v = 24£e 6 ¢! ] .

Find the value of ¢ at which the particle Q is instantaneously at rest. [2]
V= 24[66 —elj =0
MI1: Setting v=0
e_é =e’ Al
t=06s
(d) Find the total distance travelled by particle Q for the first 9 seconds. [4]
6 _t . ; :
=24 e’ o =24l 606 116 |+ C M1: cforre?ct integration (award
1 even if without +C)
6
When =0, s=0: s =—24(6)+C=0
C=144
_t
s:144—24(6e °+telj MI1: correct S
When t=6, s=144-24(6¢" +6¢")=38.051m (5s0) [ \f1- sub =6
2 and t=9

When =9, s = 144—24(6e6 + 9elj =32.407m (5 sf)

Total distance travelled = s = 38.051+(38.051—32.407) =43.7m (3 sf)

Al

OR

Displacement covered for 1% 6 sec =
6

."624[e; _elj df =24 é_te—l MI1: correct integration
0 1

6 0

i °
= —24{6(3 6 +tel}
0

_6 0
=—24{6e 6 +6e —6e © —O}

~38.051m (3sf) Ml

Displacement covered for next 3 sec =

AISS PRELIM/4E/4049/01/2024 [Turn over
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9
_t _t
.[:24(e 6 —elj dt =—24{6e 6 +tel}
6

9 —

9 _6 6
:—24{6e 6 +9¢' —6e ¢ —6e 6}

—_5.6434m (5sf) Ml
Total distance = s =38.051+(38.051-32.407) = 43.7m Al
. . 80 .
8 | The height, 4 cm, of a plant is modelled by 4 = 13107 where 7 is the number of
+10e
months after the first observation.
(a) Show that 4 is an increasing function. [3]
B 5oL (1410e0) "
dt dt »
_ 04\ 2 Coar M1: differentiate 1+10e™*
=80(-=D)(1+10e™*) " (10(-04)e™) |
320e "
- (1+10€’0'4’ )2 M1: simplification

Since ¢ >0 for >0, 320e** >0 and (1+10e" )2 >0
% 3 3206—041:

_—2>
dt - (1+10e")

Therefore, /4 is an increasing function.

Al: Clear explanation on why derivative is positive and therefore h is increasing

(b) Find the value of # when the height of the plant first exceeds four times its initial
observation. [3]
Since 4 is increasing,

8070 > 4x 800 M1: correct set up of equation (accepts equal if students
1+10e™  1+10e round up at the end, preferably with explanation that h is an
1+10e % < E increasing function)

L
e 04 4 =0.175 | M1:simplification to exponential eqn

-0.4t<In0.175
t>4.3574 (5s.f)
t=436 (3s.£) A1l (accepts 5, though context need not be integer)
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(¢) The height, y cm, of another species of plant,  months after the first observation

is given by y = where a and b are constants. Explain clearly how a

—t 2

a+be
straight line graph can be drawn to represent this relationship. You should state
which variables should be plotted on each axis and explain how the values of a

and b can be calculated. [4]
_ 1
d a+be”’
l =a+be” M1: simplification to Y=mX + c form
y

1 . . . _ . . . . .
Plot — on the vertical axis against ¢ on the horizontal axis to obtain a straight line
y

graph. [A1] The gradient of the graph would give the value of b [A1] and the y-
intercept will give the value of a [A1].

Note: no award of full Als if M1 not awarded.

(a) Without using a calculator, solve the equation xV15++/5 =x3/2 446 . Leave
your answer in the form p\/m + q\/g , where p and ¢ are fractions. [4]

1545 =x/2 +6
(V5 -3)= B3
NG VeSS
_ 65 JI5+\2 —
\/E—\/E \/E+\/§ M1: correct rationalisation fraction

0-T-T5 +412

15-2 .
M1: expansion of numerator and

_ 3\/ﬁ_\/ﬁ_5\/§+2‘/§ denominator

13
_2410-343
13
:3\/1__1\/5 Alzirl p\/EJrq\/g,wherepandqare
13 13 fractions
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(b) Without using a calculator, solve the equation log, x—log 16=0. [4]
log, x—log 16=0

log, 16
log, x - 0810 _ 0 M1: correct change of base

log, x

2
(log, x)" =4 M1: simplification of log, 16 and reduced to a solvable
log, x==%2 quadratic equation

x=2% or x=27

x=4 or x:l A1, Al
4
() Solve the equation 3" -2(37)=17. [4]
32 -2(37)=17
2
9(3" )——=17
(3)-%
2 i M1: correct application of indices rules and rewriting
9(3 ) _17(3 )_2:() into quadratic eqn in 3%
Let u =3"
9’ —17u-2=0
(u - 2)(9u + 1) =0 M1: factoring or formula to solve quadratic eqn

I .. N
u=2 or u= 3 (rej since 3" >0) | Al:Solving of 3* with rejection

3'=2
In2
X=13= 0.631 (3s.f) Al: do not accept x = log, 2 as no way of computing
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10

(a) The diagram shows part of a straight line graph which passes through (2, 1)
and (4,3).

B .
7-7:|e,

v

Find the equation of the straight line in the form y = , where a and b

X
a+b\/;

are constants. [3]
-1
gradient of straight line: 371 =1
. -2 M1: gradient of line
equation:
Y-1=1(X-2)
Y=X-1 M1: eqn of line
2o Jx-1
y
y= a Al
e

(b) The table below shows the experimental values of two variables x and y.

X 1 2 3 4 5 6
63 127 258 510 1000 | 2100

X
where

It is known that x and y are related by an equation of the form y =

a b

a and b are constants.

(i) On the grid next page, plot Igy against x and draw a straight line graph.
[3]

(ii)  Use your graph to estimate the value of @ and of 5. [3]

bx
10“

=

y:
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bx
lgy=Ig

lgy=1gb* —1g10°

lgy=xlgh-a M1

—a=1.5

a=-1.5 Al (accept -1.54 to -1.46)
lgh=0.3

b=2.00 A1 (accept 1.82 to 2.19)

(iii) Explain how you would use the graph to find the value of x for which

(10b)" =107, [2]

(106)" =10*"!

10°5" =10 x10

b 10
10 10" M1
y=10"~

lgy= lg(lol_x)

lgy=1-x

Draw the line 1g y =1—x and find the x-coordinate of the point of intersection. Al

OR

(106)" =10°""
x1g(10b) = (a+1)1g(10)
xlg(10)+xlg(b)=a+1
xlg(b)—a =x+1
lgy=x+1
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IS

H

nts error and sensible ax

i1
sicorrect a

int

B2|for alljpo

B1for m<x2p’

[Turn over

AISS PRELIM/4E/4049/01/2024



	Dunman Sec_2025 Prelims 4EXP Add Math Paper 1 QP
	Dunman Sec_2025 Prelims 4EXP Add Math Paper 1 Solutions
	Dunman Sec_2025 Prelims 4EXP Add Math Paper 2 QP
	Dunman Sec_2025 Prelims 4EXP Add Math Paper 2 Solutions
	2025 4E5N Prelim AM P2 (Presbyterian High School QuestionPaper)
	2025 Prelim AM P1 (Presbyterian High School QuestionPaper)
	2025 CCHY AM Prelim P1 QP + MS
	2025 CCHY AM Prelim P2 QP + MS
	2025 Prelim AM Bedok View P1 MS
	2025 Prelim AM Bedok View P1 QP
	2025 Prelim AM Bedok View P2 MS
	2025 Prelim AM Bedok View P2 QP
	(Bedok South) AM4 P1 (2025) Students
	(Bedok South) AM4 P2 (2025) Students
	AISS 2025 AMath Paper 1 Prelim QP
	AISS 2025 AMath Paper 2 Prelim QP
	AISS Prelim AMath Paper 1 Marking Scheme
	AISS Prelim AMath Paper 2 Marking Scheme

