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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" + {Tjan_lb + [Zja"_2b2 +o.+ [”Ja”_rbr +.+b",

7

nt nn=1)..(n—r+1)

(=)l r!

. n
where 7 is a positive integer and ( ]
”

2. TRIGONOMETRY

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

tan A+ tan B

tan(4d£tB)=————
|Ftan Atan B

sin2A=2sin Acos A

cos2A=cos’> A—sin* A=2cos’> A—1=1-2sin”> 4
2
tan2A:—%
I—tan” A4
Formulae for AABC
a b c

sind sinB sinC
a’=b"+c* —2bccos A

A= lbcsinA
2



1

Express

3x2+14x+6

x*(x+3)

as the sum of 3 partial fractions.

(5]
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(a) State, in terms of ,

(i) the principal value of tan”(— \/3) :

(i) the values between which the principal value of sin™'x must lie.

. 4
(b) Given that 4 is a reflex angle and cosd = — 5> find the exact value of cos (4 + 30°)

without the use of a calculator.

[3]
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3

(a) Find the set of values of the constant k for which the curve y =— kx* — 2x + 2k — 3 does not

intersect the x-axis. [3]

(b) Using the answer in part (a), explain whether it is possible for — kx* — 2x + 2k — 3 to be

positive for all x. [2]
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A roller coaster is being designed such that the height, # m, of a rider above the ground in a section
of the roller coaster ride is given by 7 =10x — 2x> — 4, where x is the horizontal distance of the

rider from the starting point and 1 <x <4.

(a) Express 4 in the form a + b(x + ¢)* where a, b and c are constants to be determined. [3]

(b) Hence, explain why the rider cannot reach a height of 10 m. [1]

(¢) After testing the prototype, the roller coaster designer wants to make the ride more exciting
by moving the highest point of this section of the roller coaster ride up by 1.2 m and left by

0.1 m. Write down a possible new expression for 4. [1]
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5 Water is poured into an empty inverted conical container with radius 6 cm and slant height 10 cm.
After ¢ seconds, the radius of the top surface of the water is » cm.

e 10 cm

(a) Show that the surface area, S, of water in contact with the container at any time is given by

S= %nrz.
[The curved surface area of a cone of base radius » and slant height / is r/.] [2]

(b) Water is poured into the container such that » increases at a constant rate. Given that it takes
30 seconds to completely fill up the empty container, write down the rate at which
increases. [1]
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(¢) Hence calculate the rate at which S increases when the container is one-eighth filled. [4]



. 30(2x—1)°
6 A curve has equation y = —(;\—)— , where x > 0.
(a) Find the x-coordinates of the stationary points of the curve. [5]
(b)  Determine the nature of each of the stationary points. [3]

(¢) Using your answer in part (b), infer and write down the set of values of x for which y is an
increasing function. [2]
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40
7 - The diagram shows part of the curve y = e 20, where x > —8. The curve intersects the

x-axis and y-axis at P and Q respectively. The tangent to the curve at R is parallel to line PQ.

Y
4

\\\\Mﬂ

(a) Show that the coordinates of point R are (=4, — 10). [5]
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(b) Given that the point S has coordinates (-2, —5), find the area of the quadrilateral PROS. (2]

(¢) Determine, with reason, whether PRQOS is a parallelogram. [3]
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12

4 38
and the line y = — —x + ——. The curve

The diagram shows part of the curve y = 3 3

0
251

intersects the line at the points 4 and B.

Y

@)

(a) Find the coordinates of the points 4 and B. [3]
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(b) Find the area of the shaded region. [4]

(¢) Show that the area bounded by the curve, the y-axis and the lines y =2 and y = 6 can be

expressed in the form 15In p + g, where p and ¢ are constants to be determined. [3]
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9 The function fis given by f(x)=x>—x*>+ax—1 forx # 1.

It is given that , where Q(x) is a quadratic function.

(a) Explain how you can use Remainder Theorem to show that a = 4. [3]

(b) By using long division, divide f (x) by x* + 1.

iy .
Hence, express xz(i [ In the form px+ g + xzri)—cH , where p, ¢ and r are constants to be

determined. [2]
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(¢) Find %ln(xz +1).

(d) Hence, using your results from part (b) and (¢), find /

f (x)
x2+1dx'
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10  The equation of a circle, C1, with centre 4, is x*> + y* — 6x +8y —75=0.

(a) Find the radius of the circle and the coordinates of its centre, 4. [4]

(b) A second circle , C2, with centre B, has radius 12 units.

The equation of the perpendicular bisector of AB is

Find the equation of the second circle, C2. [5]
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(c) P isa point on the perpendicular bisector of 4B, where P is not the midpoint of 4 and B.

Explain whether triangle PAB is an isosceles triangle. [1]
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11 (a) Sketch the graph of y =e * on the given axes. Label any axial intercepts. [1]

<

(b) The curve y =f(x) issuch that f'(x)=e>*"'+e .

(i) Explain why the curve has no stationary points. [2]

(ii) The curve passes through the point (In 4, 8¢). Without the use of a calculator, find an
expression for f(x). Show all working clearly. [6]
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12 The diagram shows the graph of y =f'(x).

f’(x)ﬂu

» X
/10 0 5\

(a) Write down the range of values of x for which the function f decreases as x increases. [1]

(b) The above function fis given by f (x) =12k*x — 2x* —3kx* , where k is a positive
constant. By solving a suitable inequality, use the answer in part (a) to find the value of

the constant . [4]

(¢) Explain how you can use the above graph of y = f’(x) to determine the value of x for

which f(x) is a maximum value. [1]

END OF PAPER
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This question paper consists of 21 printed pages and 1 blank page.



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 2 (Zja”_zbz T (’1]a”_"b" L

7

; e n 1 -D..(n-r+1
where 7 is a positive integer and = i _nr=D.(nzr+ )
r) (m—r)lr! r!

2. TRIGONOMETRY

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 BFsin Asin B

tan A+ tan B
lFtan Atan B

sin2A4 =2sin Acos A

tan(4+ B) =

cos2A=cos? A—sin? A=2cos* A—1=1-2sin* 4
tanZA:%
l—tan” A
Formulae for AABC
a b c

sind sinB sinC
a’ =b* +c* —2bccos 4

A :lbcsin A
2
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1 (a) Write down, and simplify, the first three terms in the expansion of (3 - 2]
x

in descending powers of x. [2]

5
(b)  Given that there is no term independent of x in the expansion of (5 + ax’ )(3 —zj ,
X

hence find the value of the constant a. [3]
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5

In the figure, ABCD is a rectangle inscribed within a semicircle of radius 4 cm and centre O.

It is given that AB = x cm and BC = y cm.

A xcm B
ycm
\ 4
D 0 C

(a) Show that the area of the rectangle, 4 cm, is given by 4 = %x\/ 64— x*.
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(b) Find the exact value of x for which A4 has a stationary value.
Give your answer in the form k2, where k is an integer. [4]
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The diagram shows a triangle ABC inscribed in the circle with centre O.
BD is a tangent to the circle at B and AB is parallel to CD. Point M is the midpoint of BC.

(a) Prove that triangles ABC and BCD are similar. [3]

(b) Prove that ABMO is a trapezium. [2]



(3“"9

¢) Provethat OM

"
v‘:}(\%
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Milk is poured into an empty cup and heated. The temperature, 7, °C, of the milk in the cup,

¢ minutes after it is heated, is modelled by the formula, 7,, =5 (2)[ +20.

m

(a) State the initial temperature of the milk. [1]

Coffee is poured into another empty cup. The temperature, 7.°C, of the coffee in the cup,

¢ minutes after it is poured, is modelled by the formula, 7, = 60(2)_[ + 25.

(b) Find the time taken for the temperature of the coffee to drop to 35°C. [3]
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(¢) Find the time taken for the milk and the coffee to reach the same temperature. [4]
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It is given that f(x)=2x> —x*y—13xp> =6y".

()

(b)

11

3

Show that x—3y is a factor of f(x).

If y =1, find an expression in fully factorised form for f(x).

[3]
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(¢) Hence solve the equation 2e% —e* —13e¢?* —6 =0 and show that the solution
may be written in the form ln\/; , Where p is an integer. [3]
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(a) Given that tan & = 2cosecd, show that cos> 0 +2cos6—1=0.

(b) Using part (a), find the exact value of cos@ in simplest form, given that

[3]
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(¢) Hence find the value of sec” @ in the form @+ b~/2, where a and b are integers. [5]



15

7 (a) Prove that (sin2x)(cotx)—1=cos2x. [2]

2
(b) Given that y = (sin2x)(cotx)—1, hence show that d—f + 3(%) +2y+9sin2x =0
dx

may be written in the form tan 2x = k, where k is a constant to be found. [4]
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(¢) Solve tan2x = —f3 for 0<x<27, giving your answers in terms of 7.

[4]
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B C
30 cm
X 220 cm .
2} 30 cm
A ; D

The diagram shows a rectangular flag ABCD. XAB is a triangle with AX = BX =30 cm and
angle XAB =6 for 0 <@ <90°. XY is parallel to AD and XY = 220 cm.

(a) Express the area of triangle X4B in the form ¢sin 28, where ¢ is an integer. [2]

(b) Given that & can vary, find the maximum possible area of triangle X4B and
the value of @ at which this occurs. (2]
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(¢)  Show that the perimeter, P cm, of the rectangular flag ABCD can be expressed in the
form asin @+ bcosO+ ¢, where a, band ¢ are constants to be found. [3]

(d) By expressing P in the form Rsin(6 +a)+c, where R>0and 0 < a <90° explain
if it is possible to have a flag with perimeter 550 cm. Show your working clearly. [5]



9

19

A particle moves in a straight line so that, # seconds after passing a fixed point O, its velocity,
v metres per second, is given by v = 7zcos(7zt) + 7.

(a) Sketch the velocity-time graph of the particle for 0 <7< 4. (3]
v
4
= i 1 ===l
0 1 2 3 4

(b) Determine how many times the particle is at instantaneous rest in the first 10 seconds. [1]

(¢) Explain why the particle will never return to the origin O. [2]
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(d) Find an expression, in terms of ¢, for the displacement of the particle.

(e) Calculate the average speed of the particle in the first 4 seconds.

[3]



10 It is known that x and y are related by the equation y = /Ax + = 2, where 4 and B are

positive constants. The following table shows the values of the variables, x and y.

21

X

1.92

1.26

0.881

0.646

0.490

(a) Plot x(y+ 2)2 against x

)c(y+2)'2

3

38

37

36

35

34

33

32

31

30

29

28

2

and draw a straight line graph to illustrate the information.

10

15

20

23

30

35

[3]



22

(b) Express the equation y = / Ax + L 2 in a form that will yield the straight line graph
X

in part (a). [2]

(¢) Use your graph to estimate the value of 4 and of B. [2]

(d) Explain why the graph y =, [ 4x + ¥ 2 is undefined for x < 0. [2]
X

(e) By drawing a suitable line on your graph, estimate the value of x for which y +2 = %
X
(2]

Give your answer to 3 significant figures.

END OF PAPER



