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Mathematical Formulae

1.  ALGEBRA

Quadratic Equation

 For the equation ax2 + bx + c = 0,

x b b  ac 
a = − −2 4 

2 

Binomial Theorem

(a + b)n = an + (n1 )an–1 b + ( n
2 )an–2 b2 + … + ( n

r )an–r br + … + bn,

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

(n – r)!r!

2.  TRIGONOMETRY

Identities

sin2 A + cos2 A = 1

sec2 A = 1 + tan2 A

cosec2 A = 1 + cot2 A

Formulae for ∆ABC
a

sin A  = b
sin B  = c

sin C  

a2 = b2 + c2 – 2bc cos A

∆ = 1 
2 bc sin A
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1  (a)  The universal set  is the set of real numbers and sets X, Y and Z are such that

   X = {integer multiples of 5},

   Y = {integer multiples of 10},

   Z = {r , 2 , e}.

  Use set notation to complete the two statements below.

  Y ............... X Y  Z = ...............  [2]

  (b)   On each of the Venn diagrams below, shade the region indicated.

A B

(A  � B) � C A  � (B � C )

C

�

A B

C

�

[2]
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2  (i)  The first 3 terms in the expansion of x2
4

1
5

-c m  are a
b

x

c
2+ +

x
. Find the value of each of the 

integers a, b and c. [3]

  (ii)  Hence find the term independent of x in the expansion of x x2
4

1
3 4

5

- +c ^m h. [2]
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3  Vectors  a, b and c are such that   a =  y
2J

L
KK
N

P
OO,  b = 

1

3

J

L
KK
N

P
OO  and c = 

5
5
-
J

L
KK
N

P
OO.

  (i)  Given that a b c= - , find the possible values of y. [3]

    (ii)  Given that  b c b c b c4 2n m+ + - = -^ ^ ^h h h, find the value of n and of m. [3]
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4  Do not use a calculator in this question.

  Find the positive value of x for which x x4 5 2 5 1 0
2

+ + - - =^ ^h h , giving your answer in the 

 form 
b

a 5+ , where a and b are integers. [6]
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5   (i)  Show that cos sec sin tan1 1i i i i- + =^ ^h h . [4]

  (ii)  Hence solve the equation cos sec sin1 1i i i- + =^ ^h h  for 0 G Gi r  radians. [3]
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6 Show that x x4 1
d

d
e

x3
+^ h can be written in the form 

x

px q

4 1

e
x3

+

+^ h
, where p and q are 

 integers to be found. [5]
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7

A
O

B
y = 1 – 2cos3x

y

x

  The diagram shows part of the graph of y x1 32cos= - , which crosses the x-axis at the point A and 
has a maximum at the point B.

  (i)  Find the coordinates of A. [2]

  (ii)  Find the coordinates of B. [2]

  (iii)  Showing all your working, find the area of the shaded region bounded by the curve, the x-axis 
and the perpendicular from B to the x-axis. [4]
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8

0.2

1 2 3 4 x2

0.4

0.6

lg y

0

0.7

0.8

0.9

1.0

0.1

0.3

0.5

0.0

(1, 0.73)

(4, 0.10)

  Variables x and y are such that when lg y  is plotted against x2 , the straight line graph shown above is 
obtained. 

  (i)  Given that y Abx
2

= , find the value of A and of b. [4]

  (ii)  Find the value of y when x = 1.5. [2]

  (iii)  Find the positive value of x when y = 2. [2]
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9 A curve passes through the point ,2
3

4
-c m and is such that 

x
x

y
3 10

d

d
2

1

= +
-^ h .

  (i)  Find the equation of the curve. [4]

 The normal to the curve, at the point where x 5= , meets the line y
3

5
=-  at the point P.

  (ii)  Find the x-coordinate of P. [6]
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10 

x cm
y cm

B

C

A

D

  The diagram shows a badge, made of thin sheet metal, consisting of two semi-circular pieces, centres 
B and C, each of radius x cm.  They are attached to each other by a rectangular piece of thin sheet 
metal, ABCD, such that AB and CD are the radii of the semi-circular pieces and AD = BC = y cm.   

  (i)  Given that the area of the badge is 20 cm2, show that the perimeter, P cm, of the badge is given 

    by P x
x

2
40

= + .   [4]
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  (ii)  Given that x can vary, find the minimum value of P, justifying that this value is a minimum. [5]
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11  (a)  

10

10

20

v ms–1

30

20 30 40 50 60 t sO

    The diagram shows the velocity-time graph of a particle P moving in a straight line with velocity 
v ms–1 at time t s after leaving a fixed point.

    (i)  Find the distance travelled by the particle P. [2]

    (ii)  Write down the deceleration of the particle when t = 30. [1]
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  (b)   The diagram shows a velocity-time graph of a particle Q moving in a straight line with velocity 
v ms–1, at time t s after leaving a fixed point.

5 10 15 20

3

6
v ms–1

t sO

    The displacement of Q at time t s is s m. On the axes below, draw the corresponding 
displacement-time graph for Q. [2]

5 10 15 20

30

60

90

s m

t sO

Question 11(c) is printed on the next page.
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  (c)  The velocity, v ms–1, of a particle R moving in a straight line, t s after passing through a fixed 
point O, is given by v 4 6e

t2
= + .

    (i)   Explain why the particle is never at rest. [1]

    (ii)  Find the exact value of t for which the acceleration of R is 12 ms–2. [2]

    (iii)  Showing all your working, find the distance travelled by R in the interval between .t 0 4=  
and .t 0 5= . [4]
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