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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax? + bx + ¢ = 0,

_ —b++b*-4ac

2a

X

Binomial Theorem

(@+b)"=a"+ [zja“—1b+ [gj a”—2b2+...+[nja”—’b’+...+b”,
r

n! n(n-12....... (n—r+1)

. L n
where n is a positive integer and = =
r (n=n)tr! r!

2. TRIGONOMETRY
ldentities

sin A+cos?A=1

sec?’ A=1+tan’A

cosec? A =1+ cot? A
sin (A £B) =sin A cosB £ cosAsinB
cos (A£B)=cosAcosB F sinAsinB
tan A+tan B
1Fxtan Atan B

sin 2A =2sin Acos A
cos 2A = cos? A —sinA=2cos’ A-1=1-2sin’ A
2tan A

1-tan? A

tan (AxB) =

tan 2A =

Formulae for AABC
a b c

sinA:sinB:sinC

a®=b%+c?—2bccos A

A= 1bcsinA
2
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Answer all questions.

1 Solve the simultaneous equations

[4]
3x+4y =54,
i+§—1:0.
Xy
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2(a) Express —/3sin®+3cos@ in the form Rcos(d +a), where R>0and 0< & < % [3]
(b) Find the minimum value of y = - 1 and the corresponding value of 6when it
—/3sin@ +3cos6 -1
occurs. [3]
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(@) Solve the equation e**(e** —3) =28. [3]

(b)  Solve the equation log, x —log,, x = (log, x)(log,; X) . [5]
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The diagram shows a circle passing through the points A, B and C. The straight lines SAT and RBT

are tangents to the circle at A and B respectively. AB and BC are chords of the circle. ADCSis a
parallelogram.

(@) Prove that triangle ADC is similar to triangle ACB. [2]
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(b) Prove that AC*> =CS x AB. [2]

(c) Explain why Z/CBA + ZCAD + ZABT =180°. [2]
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(@  Theequation of a curve is y =6+ 2x — 4x*. Find the range of values of x for y > 0. [3]

(b)  Giventhat (m-8)x* + 6x+ m is never negative for all values of x, find the smallest

integer value of m. [5]
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(@) Write down, in descending powers of x, the first three terms in the expansion of

9
[xz + Ej , Where a is an integer. [2]
X
a 9
(b) The coefficient of x* in the expansion of [xz + —j is —126, find the value of a. [3]
X
2 ay
(c)  Hence, find the term independent of x in the expansion of [1——3j[x2 +—j . [3]
X X
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1
[The area of a sector is =r% , Where @ is the angle, in radians, subtended by the arc at the centre of

the circle of radius r.]

In the diagram, O is the centre of the circle with diameter BC and radius 10 cm.
A is the shaded area enclosed by the chord CD, the diameter BC and the minor arc BD.

Angle BCD = x radians.
(@)  Show that A=100x +50sin2x. [3]
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(b) If X is increasing at a rate of 0.2 radian/second, find the rate of change of A when x = % . [3]

(c) Find the value of x when the rate of change of A is 50 times the rate of increase of x. [3]
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(@)  Show that %[(xz +1)e2“] =27 (X* +x+1). [3]

(b)  Hence, show that J‘—Zezx’1 (x*+x) dx=-x"e""+c. [4]
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(c) Find the value of .E—Zezx’1 (x2 + x) dx and explain what the result possibly implies about
2

the curve. [2]
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9 Solutions to this question by accurate drawing will not be accepted.
y ‘r
P(3.7)
Q@33
R
o) S "X

The diagram shows a triangle PQR with vertices P(3, 7), Q(8, 3) and S, which lies on the x-axis.
The equation of line QS is 2y =x—2. Risa point on QS such that PR is perpendicular to QS.

(@) Find the equation of PR. [3]

(b) Find the coordinates of S and R. [4]
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It is given that the point T (14,6) is such that S, Q and T are collinear points.
(c)  What is the significance of point Q in relation to the line ST ? Explain why. [3]

V is another point on the y-axis such that VP is parallel to the x-axis.
(d)  Find the area of enclosed by OVPS. [3]

4049/02/Sec4Prelim2022

[Turn over



16

8
(4x+1)*
The graph y =f(x) passes through the origin and at x =0, the gradient of the graph is —2.

10  The function of a graph, f, is defined for X >aand is such that f "(x) =

(@ Find an expression for f '(x). [3]

(b) Find an expression for f(x). [3]
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(c) Hence, explain why a = —%. [2]

(d) Sketch the graph of y = f (x) . [2]
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11 An experiment is conducted to find the distance, s metres, travelled by an object over time,
t seconds. The table below shows the corresponding values of t and s.

t 1.0 1.5 2.0 2.5 3.0 3.5
4.20 4.65 5.09 5.50 5.89 6.25

It is known that s and t are related by the equation s =a/t +%, where a and b are constants.

(@)  Onthe grid below, plot s+t against t and draw a straight line. [2]

SN

12

10
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(b)  Use your graph to estimate a and b. [4]

(c) By drawing a suitable straight line on your graph, find the value of t that satisfies
the equation 2s+/t +2t—10=at +b. [3]

End of Paper
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Answer Keys
1 x:12,y:4% and x=6,y=9

2(a) —x/§sin9+30039=4J§cos(9+%)
2(b) Minimum value ofy =-1 and 6 is %

3(a) x :%In7 ~0.973
3(b) x=1 or 4
4(a) LACD = ZCAS (alternate angles, SA parallel to CD)
ZABC = ZCAS (tangent chord theorem)
.. ZACD = ZABC
ZCAB is common.
.. Triangle ADC is similar to Triangle ACB. (AAA)

4) AC_ AD
AB AC
AC? = ABx AD

=CSx AB (AD = SC as SADC is a parallelogram)

4(c) Method 1:
/BCA = ZABT (tangent chord theorem)

/CBA+ ZCAD + ZBCA =180° (Angles sum of triangle)
.. ZCBA+ «CAD + £ZABT =180°

Method 2:
ZCAS = ZCBA (tangent chord theorem)

ZABT = Z/DAT (tangents from external point)
ZCAS + ZCAD + ZDAT =180° (adjacent angles
on a straight line)
.. ZCBA+ ZCAD + £ZABT =180°
5(a) —-1<x <1%
5(b) The smallest integer value of m = 9.
6(a) x™® +9ax"® +36a’x" +...

6(b) a=-1
6(c) 336

/BOD =2/BCD (« atthe centre=2 / at circumference)
=2X
Area of sector BOD

=§(10)2(2x)

7(a)

=100x cm?
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Area of ACOD = %(lO)(lO)sin ZCOD

A = Area of sector BOD + Area of ACOD

=50sin(x — £ZBOD)
=50sin(z — 2x)
=50sin 2x cm?

=100x +50sin 2x
7(b) 30 cm? s7*

-
7(c) x= 3

8(a) 2¢”(X* +x+1)

8(b) —x%** ' +¢c

. . 1 . .
8(c) 1—e. The area between the graph and the x-axis in the interval 2 <x<1 lies below x-axis.

9() y=-2x+13
3,4

9(b) R= (5—,1—}
5 5
9(c) Q isthe midpointof SandT.

9(d) 17% s units

10(a) f'(x) = 4)(‘—2

+1

10(b) f(x) = —%In(4x +1)

22

1
10(c) a=——
(© 2
10(d) A
|
|
|
|
|
|
I X
" li ?
4 i y= —%ln(4x+l)
|
|
|
|
11(a) t 110 15 ] 2025 | 30 | 35
st | 420|570 [ 7.20 | 870 | 10.20 | 11.69

11(b) a= 2.99714 (actual) [acceptable range: 2.80 to 3.19]
b =1.204 (actual)

[acceptable range: 1.10 to 1.30]

11(c) Draw syt =—2t+10.

t=1.75

[acceptable range: 1.70 to 1.80]
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