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Mathematical Formulae 

 

1. ALGEBRA 

 

Quadratic Equation 

  

For the equation ax2 + bx + c = 0, 

x = 
a

acbb

2

42 −−
 

Binomial expansion 

1 2 2( ) ... ...
1 2

n n n n n r r n
n n n

a b a a b a b a b b
r

− − −     
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     
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where n is a positive integer and 
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  − − +
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2. TRIGONOMETRY 

 

Identities 

sin2 A + cos2 A = 1 

sec2 A = 1 + tan2 A 

cosec2 A = 1 + cot2 A 

BABABA sincoscossin)sin( =  

BABABA sinsincoscos)cos( =  

BA

BA
BA

tantan1

tantan
)tan(




=  

sin 2A = 2 sin A cos A 

cos 2A = cos2 A – sin2 A = 2 cos2 A – 1 = 1 – 2 sin2 A 

A

A
A

2tan1

tan2
2tan

−
=  

Formulae for ΔABC 

C

c

B

b

A

a

sinsinsin
==  

Abccba cos2222 −+=  

Δ = Abc sin
2

1
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Answer all the questions. 

 

1 (a)   (i) Given that xu 3= , express 9333 22 −=− + xxx as an equation in u.   [1] 

 

 

 

 

 

 

 

 

 

 (ii) Hence find the values of x for which 9333 22 −=− + xxx .   [3] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(iii) Explain why the equation 2 23 3 3x x x k+− = −  has no solution when k > 25.  [2] 
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1 (b) Given that lg x = a and lg y = b, express 
2

1000
lg

x

y
 in terms of a and of b. [2] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(c)  Solve the equation 24log8log 4 =− pp .      [5] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(d) State the range of values of x for ( )1log 6x x− −  to be defined.    [1]  
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2  (i) Given that 
12

3 2

+
=

x

e
y

x

, find the value of k for which 
( )

2

2

d

d 2 1

xy kxe

x x
=

+
.  [3] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(ii) Hence evaluate 
2

3

20

8
d

(2 1)

xxe
x

x + .       [2]  
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3   (i) Express 2 4 3y x x= − + −  in the form 2)( bxay +−= .    [2] 

 

 

 

 

 

 

 

 

 

 

 (ii) Hence sketch the graph of y = |–x2 + 4x – 3|, giving the coordinates of the  

turning point and the y-intercept.       [2] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(iii) On the same diagram, sketch the graph of 
3

4y x= , x ≥ 0.    [1]  

 

 

(iv) State the number of solutions to the equation 
2 344 3x x x− + − = .   [1] 
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4   (i) By considering the general term in the binomial expansion of 

6
2









+

x

a
x ,  

where a is a constant, explain why there are no odd powers of x in this  

expansion.           [2] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (ii) Write down, and simplify, the first three terms in the expansion of 

6
2









+

x

a
x   

in descending powers of x, where a is a constant.     [2] 
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4 (iii) The first three terms in the expansion of 

6

2 2
( )

a
b x x

x

 
+ + 

 
 in descending  

powers of x 8 6 4are 25 264x x x+ + , where a and b are integers.   

 

Find the value of a and of b.        [5] 
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5  (i) Express 
3 2

2

4 12 3 1

(2 1)

x x x

x x

+ + +

+
 in partial fractions.       [6] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(ii) Hence find 
3 2

2

4 12 3 1
d

(2 1)

x x x
x

x x

+ + +

+ .       [2] 
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6 The equation of a circle, C1, with centre A, is 098622 =+−++ yxyx . 

 

(i) Find the coordinates of A and the radius of C1.     [3] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (ii) Show that the point M (1, 4) lies on C1.       [1] 

 

 

 

 

 

 

 

 

 

 

 

 

(iii) Find the equation of the tangent to C1 at M.       [1] 
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6 (iv) Find the equation of another circle C2 for which AM is the diameter.   [3] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (v) The line y = x + k, where k is a constant, is a tangent to C2.  

 

Find the possible exact values of k.        [4] 
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7 The diagram shows a rectangular metal plate of length x cm and width y cm. 

The metal plate is rolled into the shape of a cylinder of height y cm.   

 

 
 

The perimeter of the metal plate is 25 cm. 

 

(i) Express y in terms of x.        [1] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (ii) Show that the volume, V cm3, of the cylinder is given by )225(
8

2

x
x

V −=


. [3] 

 

 

 

 

 

 

 

 

x cm 

y cm y cm 
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7 (iii) Given that x can vary, find the value of x for which V is either a maximum or  

a minimum.          [3] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(iv) Find this stationary value of V, correct to 3 significant figures.    [1] 

 

 

 

 

 

 

 

 

 

 

 

 (v) Determine whether this value of x makes V a maximum or a minimum.   [2] 
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8 

 
The diagram shows the frontal view of a rectangular block PQRS, with dimensions  

14 cm by 8 cm. The block is placed on an adjustable ramp VS such that it is tilted at  

an acute angle  and 90VTS  =  . The ramp is placed on a horizontal surface ST  

and the perpendicular distance from Q to ST is d cm. 

 

(i) Show that  sin14cos8 +=d .       [3] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (ii) Express d in the form )sin(  +R , where R > 0 and  is acute.   [2] 

S 
T 

R 

Q 

P 

14 cm 

8 cm 

V d 



d cm 
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8 (iii) The perpendicular distance from Q to ST is 200 cm.  

 

Find the smallest angle .         [3] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(iv) State the maximum value of d.        [1]  
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9 The diagram shows a quadrilateral with vertices A(3, 2), B(9, 4), C and D(5, 8).  

The sides AB and DC are parallel.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) Find the equation of DC.        [2] 

 

 

 

 

 

 

 

 

 

 

 

 

(b) Find the equation of the perpendicular bisector of BD.    [3] 

y 

x O 

A(3, 2) 

B(9, 4) 

D(5, 8) 

C 
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9 (c) The coordinates of the point C is equidistant from B and D.  

   

  Find the coordinates of C.         [3] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(d) Find the area of the quadrilateral ABCD.      [2] 
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10 The graph shows the curve 29 xy −=  and the line y = 5.   

 

Find the area of the shaded region.        [5] 

 

 y 

x O 

y = 5 

y = 9 – x2  

4 
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11 A particle P leaves a fixed point O and moves in a straight line so that, t s after  

            leaving O, its velocity, V m/s, is given by 153 2 ++−= kttv , where k is a constant. 

 

(a) Given that its deceleration is 8 m/s2 when t = 2, find the value of k.   [2] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b) Find the value of t for which the particle is at instantaneous rest.   [2] 
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11 (c) Find the maximum velocity of the particle.      [2] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

11 (d) Find the time taken for the particle to return to point O.    [3] 
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11 (e) Find the average speed of the particle in the first 4 seconds.    [3] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

End of Paper 


