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1. ALGEBRA

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

—b++b* —4ac

Bl 2a

Binomial Expansion

n n h n—1 h n-2y2 h n—ryr n
(a+b) =a" + R P AR O N G S
r

ny_ n! nm-1)..(n-r+l1)
_r!(n—r)!_ r! '

where 7 is a positive integer and (
r

2. TRIGONOMETRY

Identities
sin? A+cos? 4=1
sec’ A=1+tan’ 4
cosec’A=1+cot’ 4
sin(4+ B) =sin Acos B £ cos Asin B
cos(A* B) =cos Acos B ¥sin Asin B
tan 4 £ tan B
l¥tan Atan B
sin2A4 =2sin Acos A

tan(4A+ B) =

cos2A4=cos’> A—sin® A=2cos> A—1=1-2sin* 4
2tan A

‘[an2A:—2
1—tan” A4

Formulae for AABC
a b c

sind sinB sinC
a?=b>+c*—2bccos A

1
A= —bcsin 4
2
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1 (a) Solve the equation +/2x+ —Jx=1. [3]
V2x+1-x =1
V2x+1=1++/x
2x+1=1+2Jx+x M1
x=2\/;

x* =4x M1
x(x—=4)=0
x=0or x=4 Al
2
(243-5)
(b) Express W in the form p\/g + g where p and g are integers. [4]
2
(243-5)
V3-2
12-20/3+25 3+2
= X Ml
J3-2 J3+2
(37-2043)(v3+2)
= M1
3-4
= (373 +74-60-403) Ml
=33-14 Al
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2 The diagram shows a circle passing through the vertices of a triangle ABC. The tangent
to the circle at 4 meets BC extended at point D. The tangent at C meets AD at E.

D

(i) Prove that angle CED is twice of angle ABC. [3]
Let angle EAC = x and angle ECD =y
angle ECA = x (base angles, isosceles triangle) Ml
angle ABC = x (alternate segment theorem) M1

angle CED = 2x (exterior angle = sum of interior opposite angles) Al
Therefore, angle CED is twice of angle ABC.

(ii) By proving a pair of similar triangles, show that BDxCD = AD". [3]
angle ABD = angle CAD (alternate segment theorem) M1
angle ADB = angle CDA (common)
Therefore, triangle ABD is similar to triangle CAD. M1
AD _ BD
CD 4D
BDxCD = AD’ Al
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3 The mass, m grams, of a radioactive substance detected in a piece of stone is given by
the formula m = ae ™, where a # 0, k is a constant and ¢ is the time interval in months.

(i) The mass of the substance is reduced to half its original value four months after
it was first being detected, find the value of £. [2]
m=aqe "

—a=ae*?

2
1

11'1 (—j = —4k Ml
2

la =qe @

2

k=0.1732867...

k=0.173 Al

(ii) Find the initial mass of the substance given its mass after 1 month is 0.25 g. [2]

0.25 = g 1732867
0.25

501732867 =a M1
a=0.29730177...
a=0.297 Al
(iii)  Calculate the time taken for the mass to reduce to 0.01 g. [2]

0.01=0.29730177¢ 17"

001 =e—0.1732867t Ml
0.29730177
In Lj =—0.17328671
0.29730177
1=19.575...
1=19.6 Al
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4 (a) Solve the equation 3cos2x =sinx+2, for 0° < x <360°. 4]
3(1-2sin” x) =sinx +2 M1
6sin’ x+sinx—1=0
(3sinx—1)(2sinx+1)=0 M1
sinx =— sinx =——
A2
x=19.5°,160.5° x=210°,330°
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(b) Find all the angles between 0 and 5 which satisfy the equation
sin2x+3cos’ x=0.

[4]
sin2x+3cos’ x =0
2sinxcosx+3cos’x=0 M1
cosx(2sinx+3cosx)=0 M1
cosx=0 2sinx =-3cosx
7 37 or tanx=-1.5 A2
T x=216
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Given that m is a constant, expand (3 +mx)*, in ascending powers of x,

simplifying each term in your expansion. [2]
(3 +mx)*
4 4 3 4 2 2 4 3 4 Ml
=3"+ ) (37 )mx + 5 (37)(mx)” + 3 (3)(mx)” + (mx)
=81+108mx +54m° x> +12m’x* + m*x* Al

Given also that the coefficient of x is equal to the coefficient of x?, find
the value of m. [1]

108m = 54m*

m=2

Al

By considering the general term in the binomial expansion of

9
(3x — 2—) , explain why there are no even powers of x in this

X

expansion. [3]
9 1Y

[ j(3X)9" (——] Ml
7 2x

Powers of x =9—r—r=9-2r M1

2r is always even for all integer values of »
The difference between an odd and even number is always odd. Al

Thus, there are no even powers of x in the expansion
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Using the value of m found in part (a)(ii), find the term independent of x

1 9
in the expansion of (3 + mx)* (3)6 — Zj : [4]
9
(81+108mx + 54m*x* +12m’x* + m*x*)| 3x _1
2x M1

= (81+216x+216x" +96x° +16x*)(..... x™' ... x~ )

x9—2r — x—l x9—2r — x—3

9-2r=-1 9-2r=-3 M1

2r=10 2r=12

}/':5 ”':6

cofficient =216 x ’ (3)4(—1)5 +96x ) (3)3(—1)6 Ml

5 2 6 2

130977 Al

2
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6 A circle C has equation x* +y* +6x—4y=12.

@) Find the centre and the radius of C. [3]
P+yP+6x—4y=12
X +y +6x—-4y M1
(x+3)>+(y-2)" =25
centre is (—3,2) A2

radius = 5 units

The points P (-8, 2) and Q (1, —1) lie on the circumference of C.

(i) Determine whether PQ is a diameter of C. [2]

\/(—8 —1)* +(2+1)* =9.4868 # 10
PQ is not a diameter of C

MI Al
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(iii) Find the equation of tangent to the circle at the point R (0, 6). [3]
6-2 4
m=——=— M1
+3 3
m 1= 3 M1
4

eqn of tangent,

y:—%x+6 Al

(@iv) The circle C is reflected in the tangent line at R obtained in part (iii). Write

down the equation of the new circle. [2]
new centre = (3, 10) M1
new equation : (x—3)> +(y—10)> =25 Al

Methodist Girls’ School Additional Mathematics Paper 2 Sec 4 Preliminary Exam 2024



Page 12 of 20

20 +xt+x
[5]

(a) Express (1)(—24‘1) in partial fractions.
x—-D)(x

x=-D(x*+D)=x"—x"+x-1 M1

2
X —=x*+x-1 > 2x° +x* +x+40

-) _ 2xX =2x"+2x-2

3xP—x +2

20 +xt+x 3x* —x+2
= 24— M1

—_ = 2+
(x—l)(x2 +1) (x—l)(x2 +1)
3xT—x+2 A Bx+C

= +
(x-D(x*+1) x-1 x*+1
3% —x+2= A + 1)+ (x—1)(Bx +C)

atx=1, atx=0, 3=A4A+ B M2
4=2A4 2=2-C 1=28
2=A Cc =0
2 +x° +x 2 X
= 2+——+— Al
(x-D(x"+1) x-1 x"+1
(b) Differentiate In(x” +1) with respect to x. [1]

dlIn(*+)]| 24

dx xi+1
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(¢) Hence, find I

2 +xT +x

2 +x% +x

(x=D(x*+1)

(x=D)(x* +1)

(x=1)(x* +1)
2X° +x7 +x
(x—D)(x> +1)
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2x +x* +x

[4]

2 X
=| 2+——+ dx Ml
j x—1 x*+1
1 2x
dx=|2x+2In(x-1)|+¢c +—j —_ M1
| (r=Dl+e 2J X+l
dx:2x+2ln(x—l)+%ln(x2+1)+c2 MI Al
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8 The diagram shows part of the curve y =+/4x+5 . The normal of the curve at P meets the

x-axis at 7. The x-coordinate of P is 5. Given that PT is twice of PQ and RQ is parallel to
the x-axis,

y=JaTs

(i)

find the equation of the normal at P,

y=+4x+5

1
Y _Lgersyz@ay=—2
dx 4x+5
atx =35, d_y:g
5
y=35

eqn of normal,
5
—5=—=(x-5
y 2(x )
S5x+2y=35

explain why the curve has no stationary points,
dy 2

a_ V4x+5

since V4x+5 >0,
2>0,

d_y>0
dx

so, the curve has no stationary points.

[3]

Ml

MI

Al

Ml
Al
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(iii) find the coordinates of Q, [2]

aty=0,x=7
I(7,0) Ml

Since PT =2 PQ,
X, =4

04, 17.5) Al

(iv) find the area of the shaded region. [3]

5
J. Vax+5 dx
0

375

2
_| 263497 | 189699, Ml
3(4)

0

Area of shaded region = 5(5) +%(4 +5)(2.5)-18.9699...=17.3 MI Al
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9 (a) It is given that y = asinbx + ¢, for 0° < x <360°, where a, b, c are integers and
a>0.
The period is 120° and the maximum and minimum value of y is 3 and — 5.

(@) State the value of a, of b and of c. [3]
3=a(l)+c —S=a(-1)+c
3=a+c —S=-a+c
-2=2c
-l=c Al
a= 4 Al
period =
1200 = 3%
b
b=3 Al
(ii) Sketch the graph of y =asinbx+c. [2]
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(b)  Prove that Tcosx (cosec x +cot x)*. [3]
1—-cosx

(cosec x +cot x)’

2
1 COS X
== . + .
sinx sinx

_ (I+cos x)*

= MI
Sin- x

_ (I+cos x)*

"~ 1-cos’x

_ (I+cosx)’

- (1-cosx)(1+cosx)
_I+cosx

MI

Al

1-cosx

(c) Without the use of a calculator, find x such that cos2x =sin 230° where

0° < x <180°. [3]
cos2x =sin 230° = —sin 50° 0° < 2x <360°
cos 2x = —cos 40° M1

basic angle = 40°
2x =140°, 220° M1
x=70° 110° Al
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10 Solutions to this question by accurate drawing will not be accepted.
A
C(2,6)
(_ 79 h) B
0 > X
E
F
A(-4,-96)

The diagram, which is not drawn to scale, shows a quadrilateral ABCD with vertices
A(-4,-6), B(-7, h) and C(2, 6) and D, which lies on the x-axis. AD is parallel to BC.

The point £ lies on AC such that 4E: AC =1:3. The line BE produced meets the line AD

at F.

(i) Given that AB = BC, show that 4 = 3.

AB=BC
(h+6)> +(=7T+4)?* =(6-h)>+(2+7)*
h% +12h+36+9=36—-12h+h> + 81

24h =172
h =3(shown)

(i)  Show that ZABC =90°.

m = 3+6 _
S

_6-3 1

247 3

Since gradient of AB x gradient of BC = -1,

ZABC =90°.

Mpc

[2]

MI

Al

[2]
M1

Al
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(iii) Find the coordinates of D.

m,, = 1L and D lies on the x-axis
0+6 1

x+4_§
x=14

D(14, 0)

Find the coordinates of £.

[2]

Ml

Al

[2]

(iv)
C(2, 6)

E(-4+2,-6+4) Ml
E(=2,-2) Al

v) Find the coordinates of G such that ABCG is a square.

Let the coordinates of G be (x, ).

Midpoint of BG = (_ 72+ a ,%Ty) = (~1,0)

2
x=5

Therefore, G(5,-3)

(vi) Find the area of triangle ABC.

1T 42 -7
2|3 -6 6 3

A =2i><[(42—24+6)—(—12—12—42)]

A=45

END OF PAPER

12

[2]

MI

Al

[2]

Ml

Al
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