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Mathematical Formulae

1. ALGEBRA
Quadratic Equation
For the equation ax? +bx+c = 0,
L= obE b* —4dac
B 2a

Binomial expansion

n_ n AP n
(a+b)"'=a +(1>a b+(2

where # is a positive integer and (’:) == (”'11 7= n(n—1) ..’:!(n—r-|- 1)
2. TRIGONOMETRY
Identities
sin’4+cos’4 = 1
sec’4 = 1+tan’4
cosec’d = 1 +cot’4
sin(4+ B) = sin4 cos B+ cosAsinB
cos(4+B) = cos4cosBFsinAdsinB

tanAd +tan B
] Ftan4dtanB

sin24 = 2sinA4 cos A

tan(4+B) =

cos24 = cos’A—sin’4 = 2cos’4—1 = 1—2sin’4

Formulae for AABC

a _ b _ ¢
sind ~ sinB ~ sinC

a® =b*+c?—2bccosAd

e &
A= 2bcsmA
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A circular patch of oil is forming on the surface of the sea due to an oil leak. At 08 00 hours, the radius
of the patch is 40 m and the area of the patch is increasing at a rate of 250 m? per hour. Find the rate of
increase of the radius at 08 00 hours. [3]

Stepl: A =mr?

dA
4y = 2mr

Step2: Given dt = 250 m/ h
Find _::‘I? at 0800h, where r = 40 m

dA . dA  dr
dt dr dt

= dr.
Q50 27 (40) x af

R

. dr = 250 _ ,.
ST 7. 0-995 m/h
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2 (a) Find E\/\ +x+1

_.L
= 3(xX+x+1) e (22 +1)

2X+1

2N +x+i

(b) Hence find J‘\/% X
X~ +x
- 32x + 16
2Nx +x+ 9z
2x + !

=|Gf

2yx+x+|

16y X*+X+| +

C
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The diagram shows a triangle PQR. Point X lies on QR such that QX =2 units and XR =3 units.
Angle PXR = 90° and PX is x units. Angles QPX and RPX are denoted by & and B as shown.
Given that tan(a+ ) =2, find the value of x. [5]

2 - 3
fanx = x +anp— x

Given tan (x tp) = 2
+an & + tan P =2
| - tan & tan p

2 4 3
x t X = 2
IE
= GNE
5 _ 6
?‘2(' x=)
Multiply both sides by X*
sx=2x‘—12> R/ Y

2%*—5% —12=0
(2x t3)(x-4)=0

X = '% or 4
(rej-)

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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The line 2y+x=1 cutsthecurve x?+y?—2x=4 atthe points A and B. Find the coordinates of
the midpoint of AB. [6]

?C=I—2J—@ x’+3’—2x=4 —@
Sub @ into @
U-29)"+ y* - 20-29)—4=0
l—ly\+4y’+g‘—2 tdy-4=0
53’ =5

y* =1
y==I

When g=-l y X=1-2()
=3
Let pt. A be (3,-1)

When y=1, x=1-20)
=~
Let pt. B be (-, 1)

( 3| -|+|)

(1,0)

. midpoint of AB

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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6
The term independent of x in the expansion of <2x - %) , where b is a constant, is —540.

(a) Find the value of b. [4]

Stepl = Try = (ﬁ)(n)‘-r (%)P
-(ﬁ)zs-r(_b)r x‘ r
= (8)a“Teb) e

Step2: let 6-dr=0
r=3
~ Ty is the inde,)enJenf term .

stpd s (§)a¢ (4)? = 540

6
(b) Using your value of b, show that there is no term in x? in the expansion of (1 +x2) (2x — %) . 3]

Si‘epl-‘ Find the 2° term for (2X - %)‘

let 6 —ar =2
ar =4
r=
=(3)* (1)
= 540 x*

S'I'ep 2: Finding the A° term of (1+%%)(2x - ;_x)c

i-e- (1 + x‘z)(.... + 540x%- 540+ ----)
7

coef. of x° = 1(540) + I1(-540) =
Hence , there is no term in %*

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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X T A

In the diagram, 4, B and C lie on a circle and AC is a diameter. The tangents to the circle at 4 and B
meet at T. The line CB extended meets the line AT extended at X. Show, giving all reasons, that
angle ATB = 2 x angle AXB. [6]

let £ TAD=%°
then £ TBA=2A° (base Ls of isos- /\ ,TA=TB)
. L ATB=(180 - 2%)° (£ sum of /\)

£ XAC=90° (radius of circle _h_fangent at A)
L XCA=LTADp =X" (tangent chord +heorem)

s/ AXB = 180°-90°-x° (£ sum of /\)
= (90 -x)°

Hence , £ ATD = 2 x L AXD

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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7 A solid cuboid has a square base of side (2+ \/5) cm. The volume of the cuboid is ( 144 8v2) cm®.
Without using a calculator, express the total surface area of the cuboid in the form (a+b\/§ cm?,
where a and b are constants. (7]

R > _ 14+ 8]2
b U= " p)?
H = 14+ 8J2
4+4J2+2
= 14+8J2 , 6- 42
6 t+4Jz2 6 —4]2
= 84-56]2 t43]2 -¢4
36 —16(2)
= 20-8{2

Z
= (5-202) c¢m

Base areq = (2+12)* = 6+4J2 cm?
each side area = (21+J2) X (5-2J2)
=10 -4]2+5]2 - 4

= ¢1Jz cm?

:. Total surfaceareq = 2(6t4J2) + 4(6+J2)
=36t+12J2 em?

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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8  Arectangular cardboard box has a square base of side xcm and a height of ycm. The total surface area
of the six faces of the box is 600 cm?.

3
(a) Show that the volume of the box, ¥ ecm?, is given by V=150x— 52— [3]

Total surface area= 2%° + 4%y
Lef 2x* + txy = 600
x* + 2xy = 300
22y =300 —%*

= 300-%x°
y = 20022 —O

v=xly —@
Sub @ into @ :

| 300 — x*
V= xz( 2%

3
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Given that x can vary,

(b) find the stationary value of ¥ and determine its nature. [4]
V= 1500 %
= 50x——2—
v R
s = 150
let 150 —2%* =0
x2 =100
x = 10 cm

Using 15T derivative tegt:

x 10" { 10 10"
— |
ax |/ 171\

when =10, V is a maximum.
3

Vimax = 150 (10) = 13- = 1000 em®
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9 (a) (i) Express 2x°—6x+7 inthe form a(x+b)*>+c where a, b and c are constants. [2]
2(x’—3%)+ ¥
=2[(2-23)"-(3)* ] + 7
=2(x-3)7-1 +7

=2(x—2)*+%

(i) Hence, or otherwise, find the range of values of the constant k¥ for which the equation

2x* —6x+7 =k does not have two distinct roots. [2]
5
( % ) 7)
y=K
For no two distinct roots, K £ -2—

(b) The equation of a curveis y=p(x—q)>+r where D, q and r are constants. The curve intersects
the x-axis at (2, 0) and (4, 0) and the maximum value of y is 2. Find the values of p,gandr. [4]

(3,2) Step |
Maximum point = (3,2)

; ; X Step?: .

Step d

sub (2,0) into y=p(x-3)"+2

0= P(2—3)2+ 2
~p=-2
Hence, y = -2(x-3)* +2

- o
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10 (a) State the amplitude and period of 4cos2x. [2]
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Amplitude = 4
Period = % =M

(b) Sketch the graph of y =4cos2x for 0 <x<2m. [3]

5/\

\/\ .

———— >%
L i 27
-4 1
~
\"m
%\
i S \’

Ty

(¢) By drawing a suitable straight line on your sketch, determine the number of solutions of the

equation mcos2x+x = 0. [3]
Moos2y = =X When x=0,y=0
05 2x = _% Wheﬂ X =1T/ 5 =-4

The line y= ‘{f;r—x intersects
y=4cos 2% Twice, i-e-
2 solutions.

4ws2x = Fx
Draw the straight line y = "%X .
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(a) Show that the length CM can be expressed as 2cos6+3sin6.

t0s 0 =

“CN = 20050

Hence, CM

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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~BF =3sin0
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(b) By expressing 2cos8+3sin8 inthe form Rcos(@—a) where R > 0 and « is acute, find the
maximum possible length of CM. [5]

R=N2*+3* =413
o = tan™ % = 56-3099°
= 56-3°

20050 + 35in0© =13 cos5 (0 — 56-3°)
M mox- = "ll_a Uﬂifs.

(¢) Find the value of 6 for which CM = 3.5m. [2]

Let 3.5 =~13 cos (8 - 56-3099°)

6—56-3099° = o5 22
N1D

= 13-89§°
0 - 56-3097° lies in 15t o 4 cLuad.
0 -56-3099° = 13-898° or 360°—13-899°

6 =10-2°  or 402-4° (outof range)
0= F0-2° or 402-4°— 360Q° = 42-4°
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i——



* 0020185567016 *

IXx—5

12 (a) Express \21(—__1 in partial fractions. [5]
— A B C
=2 =
x5(E—1) X A
- Ax(x-1)te(x—N)+ Ccx?
x2(x—1)

Compare 3x—5 = Ax(x—1) + B(x—1) + (¥

Sub x=0: -5=-9
=5

Subx=1: -2=2(
Sub X =2: | =2A +5 -2(2)2

| =24 -3
A=12
Ix—=5 _ 2 5 2
Hence ) ,\'2(_,\"— _l) — x + x?- x_|
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(b) Use your answer to part (a) to show that - — A= % - lnlgfé. [5]

3 3x—5 l 5 2
. dx = — — T dX
J;\ (x~1) x* X
5 3
— — — — ah(x-—-I
‘zlnx Z a (% —1) \z

= (2lna — 2 —2102) (22— § -2l 1)
—5- +20n3 —4In2

+ 109 —Inl6
—(In16 —1n9)

il
oslm oo 5’|"‘ mfor

16
lﬂﬁ
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S
)

y=@-1

P2, 1)

o R

—p~
X

The diagram shows part of the curve y = (x— 1)* cutting the y-axis at Q. The point P(2,1) lies on
the curve. The tangent to the curve at P cuts the x-axis at R and the normal to the curve at P cuts the

y-axis at S.

(a) Determine, with full working, whether Q is nearer to S or to O. [4]

Find & : y= (0-0% =1
~Q=00,1)
Find §: y=(x-)*
de = 4(%-0°
A (2,1) S=4(2-1)° =4

Henee , the gradient of normal at P =

Equation of normal at P:

y-1=%(x-2
y=%x t%
When x=0, y= 3.
2 6=(0,%

Distance 0Q = | unit.

Distance RS =4 —| = % units.

> Qisnearer to § .

| © UCLES & MOE 2024 % 4049/01/0/N/24
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(b) Find the area of the shaded region. [6]

4 Eclua’rion of tangent at P:
- y-1=4(x-2)
N y = 4% - F
) et Y=0,

4X-1=0

x =

) . R=(%,0)

Shaded Aren:
j? (x-0*dx — [3x(2-3)x1]

= [(x;n)b']l’l - _ns

\ 4

5 3
= % units*

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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