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Mathematical Formulae
1. ALGEBRA

Quadratic Equation

For the equation ax” +bx+c=0,

_ —b+ b -4ac

x
2a
Binomial expansion
(a+b)" =a" + e by "1 v+ 4 a"'p" + ... +b",

1 2 r

n ! -.(n-
where n is a positive integer and S = n(n=D) . (n=r+1)

r) ri(n-r)! r!

2. TRIGONOMETRY

Identities
sin’ A+cos’ A=1
sec A=1+tan’ 4
cosec’ A =1+cot* 4
sin(4+ B) =sinAcosB tcosAsinB
cos(4+ B) = cosAcosBFsin4sinB
+
tan(4+ B) = tanA+tan B
1Ftan Atan B
sin2A4 =2sin Acos A
cos2A=cos® A—sin?> A=2cos® 4—-1=1-2sin’ 4
1-tan“ 4
Formulae for AABC
a b c

sind sinB sinC

a® =b* +c* —2bccosA4

A=lbcsinA
2
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Answer all the questions.

72—
1 (a)  Express %Tg in the form of a+&V2 , where a and b are integers.

(2]
(b) N is a root of the equation x* + px+¢q =0 where p and q are integers.
Using the result in part (a), find the value of p and of ¢. [4]
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2 Find the range of values of the constant m for which the curve y =(m =3 +mx+m

lies completely above the x-axis. [5]
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3 Express ——2;—6—_5—- in partial fractions. [6]
x“(x-1)
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(a) State the range of principal values of tan™' x. [1]

() Thecurve y=a+bcoscx is shown below for 0 <x < 37“ radians.

(0.)
(x.1)

> X
. ) n 3n

The curve has maximum points at (5 ,7) and (—2— , 7) .

The curve also has minimum points at (0,1) and (m,1).

® Find the values of a, b and c. (3]
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(i)  On the same axes, draw a straight line to determine the number of solutions for
the equation an+bncoscx =5n—2x for 0< x < 3—275 : [3]
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8
When f(x) is divided by x—1, the remainder is 61.
The remainder is —123 when f(x) is divided by x+3.

Find the remainder when f(x) is divided by x*+2x-3. [5]
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6 A curve is defined by the equation y = ln( 26 J .
x°+10

Show that the curve has no turning points for all real values of x. [5]
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Solutions to this question by accurate drawing will not be accepted.

y
4

C(-6.-2)

The diagram above shows a triangle ABC with vertices B(7, 2) and C (—6, —2).

AB is perpendicular to AC and is parallel to the line y = -2x.
M and N are the mid-points of AB and BC respectively.

(a)  Find the coordinates of 4. [6]
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(b)  Explain why the quadrilateral ACNM is a trapezium. [1]
(c) Find the area of the quadrilateral ACNM. [3]
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8 An architect uses 40 cm of wire to design 2 window frames for a room model. He wants
as much light as possible to pass through the windows for his design. One frame is to

be an equilateral triangle of side x cm. The other is to be a semi-circle of radius 7 cm.

(a) Show that the total area, 4 cm?, enclosed by the two window frames is given by

A:ﬂ'(40 3x2) +\/§x .
2(m+2) 4

[4]
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(b)  Given that x can vary, find the stationary value of 4. (4]

()  Find the nature of this stationary value and explain why the architect may not
be happy with his design. 2]
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9

0
1
M
3

a B
P o R

The diagram shows a triangle PQR.
Point M lies on QR such that QM = 1 unit and MR =3 units.
Angle PRQ = 90° and PR is x units. Angles OPR and MPR are denoted by « and 8

respectively as shown, where 0° <a <45°.

Giventan(a - f8) = % , find the value of x. [5]
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10 Solve the equation logdx—1 3
o

X

2 =(log2 x)z, leaving your answer in terms of /2 .

[5]
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tanx 1+secx

11 (a)  Prove that + =2 cosecx.
l+secx tanx
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(b)  Hence, solve 1 fan 2; + ll—se; 2x _ 3secx for -n<x<7. [4]
+sec2x  tan2x

(c)  Use the result in part (a) to find the range of values of & for which the equation

tanx l+secx .
+ =k has no solutions. [2]
lI+secx tanx
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~ dy_ . :
12 (a) Giventhaty=e"(1+cosx), show ==° (1+cosx—sinx). []
(b)  Hence find Ie" (cosx—sinx)dx. [3]
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13 A circular patch of water of negligible thickness is evaporating. The radius of the patch,
r cm is decreasing at a constant rate of 0.2 cm/s. Find the rate of change of the area of

this patch, 4 cm” when the area of the patch is 225z cm?. [5]
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14 In the figure below, points 4, B and C lie on the circle. AC is a diameter of a circle with

centre O.

The tangent to the circle at X meets 4C produced at Y.
Chord XB intersects AC at F.

XC bisects the angle of YXB.

(a)  Provethat CX= CB. 2]
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(b)  Prove that triangle AXC is similar to triangle BFC. [3]
(¢)  Hence, prove that ACx FC = BC*. [2]
End of Paper
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Mathematical Formulae
1. ALGEBRA
Quadratic Equation

For the equation ax’ +bx+c=0,
—bt+b* —4ac

X =
2a

Binomial expansion

(@+b)" =a" + m a" b +@ a" 2% 5 .. +("] a"h 4 .. +b",
¥

n ! -D.(n-r+l
where 7 is a positive integer and S = =l (n=r+l)
r) ri(n-r) r!

2. TRIGONOMETRY

Identities
sin? A+cos’ A=1
sec’ A=1+tan* 4
2 2
cosec’A=1+cot” 4
sin(4 + B) =sinAcosB*cos4sinB
cos(4+ B) =cosAcosBFsin4sinB
tanA+tan B
tan(A+t B)=——
an( ) 1Ftan Atan B
sin2A4 =2sinAcosA
cos2A =cos’ A—sin® A=2cos* A—1=1-2sin* 4
1-tan“ 4
Formulae for AABC
a b c

sind sinB sinC

a’ =b?*+c* —2bccosA

A=lbcsinA
2
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Answer all the questions.

1 An object was launched from a machine. Its height, y metres above ground, ¢ seconds
after launch, can be modelled by a quadratic function y = f(f). Four seconds after
launch, the object reached its maximum height of 81 m and then dropped to a height of
54 m after a further three seconds.

(a)  Find the initial height of the object when it was launched. [4]
(b)  Without solving a quadratic equation, explain and determine how long did the
object stay above 54 m? [2]
Cedar Girls’ Secondary School 4049/02/S4/Prelim/2025

[Turn over




2

4
Show that the solution of the equation 12*"' =36x4*"? can be expressed as 1+

where a and b are integers.
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3 (a) Solve the equation 3x° —11x* +3x+2 =0, expressing non-integer roots in
surd form. [5]

(b)  Hence, solve the equation x* +11x* +9x~18=0, expressing non-integer roots
in surd form. [2]
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2
A curve is such that 51—}2) = ——12——2— Given that the curve passes through the points
dx* (3-2x)

(—;—,1] and (1,11‘1(862)), show that the y-intercept of the curve can be expressed as

a ln(é-) where g, b and ¢ are constants. [8]
c
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5 A tangent to a circle at the point (4, 3) intersects the x-axis at x = 7. The line with the
equation 3y =2x+6 is normal to the circle at another point.

(a)  Find the equation of the circle. [8]

(b)  Find, in exact form, the equations of the tangents to the circle that are parallel
to the x-axis. [2]
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6 A particle, P, starts moving in a straight line with a velocity of 8 m/s at a displacement
of 3 m from a fixed point O. The velocity, v m/s of the particle ¢ seconds after moving
is given by v=>5cost+2sint+c.

(a)  Find the value of c. [2]

(b)  Find the initial acceleration of the particle. [2]
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(©) By explaining with relevant working, show the particle changed its direction
of motion during the 3™ second. [3]
@@ Find displacement of P from O at t = 6. [3]
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7 It is given that there is a term in x° in the expansion of (\/— - ;)n , where n is a positive
integer.
(a)  Find the smallest possible value of , explaining your answer. [4]
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(b)  Inthe case where n = 7, show that there is no constant term in the expansion of

G?_x‘*j(f -3 (5]
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8 The temperature, 8°C , of a cup of hot chocolate milk, as it cools to room temperature,
can be modelled by the formula 8 =27+ gb™ , where g and b are constants and 7 is the
time of cooling in minutes. Measurements of ¢ and ¢ are shown in the table below.

t 2 4 6 8 10 12

0 71 59 48 43 38 35

(a) Explain how a straight line graph can be drawn to represent the formula and
draw it for the given data. [4]
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(b)  Estimate the value of ¢ and of b. [3]
© Use your graph to estimate the temperature of the cup of teaat t=7. [2]
(d)  What is the room temperature? Explain how you obtain your answer. [2]
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9
7
A
3 B
6 8
C
D -
A farmer owns two triangular plots of land ABC and ADC as shown in the diagram
above. It is given that AB= 7 m, AC = 8 m and 4D = 6 m, angle BAD is a right angle
and angle BAC = @ radians.
(@ @ Show the total area of the two plots of land, 4 m?, can be expressed in
the form asin@+bcos@, where a and b are integers. [3]
(i)  Express 4 in the form Rsin(@+a), where R>0and 0 < a < z [3]
Cedar Girls’ Secondary School 4049/02/S4/Prelim/2025
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(iii)  Find the greatest possible value of 4 and the value of @ at which this
occurs. [3]

(b)  The farmer would like to grow roses on plot ABC and hibiscus on plot ADC.
Given that he wants the area of plot ABC to be twice the area of plot ADC, find

the value of 4. [3]
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10
Ya
N
P(2,e-2)
0
- » X
Y
i y=ex—1_2
/

The diagram shows part of the curve y =e*” —2. The point P(2, e 2) lies on the curve
and the normal to the curve at P meets the x-axis at Q.

(@)  Find the x-coordinate of Q in terms of e. [5]
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(b)  Find the total area of the shaded region. (7

End of Paper
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