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Mathematical Formulae 
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Answer ALL questions. 

 
1 The maximum value of the expression 2 10ax x c+ +  is 7. Find a pair of possible integer 

values of a and c. Show your working clearly. [4] 
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2 The equation of a curve is 2 6 4 4,y ax x a= + + −  where a is a constant. 
 (a) In the case a = 3, find the set of values of x for which the curve lies completely  

  above the line y = 17. [2] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (b) In the case where 1 ,
2

a =  show that the line 8 4y x= − is a tangent to the curve. [3] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (c) The straight line L meets the curve at one point only.  

  Given that L is not a tangent to the curve, what can be deduced about L? [1] 
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3 (a) Solve the equation 2 32 2 4 0.x x+− + =  [3] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (b) The price of a watch was $24500 on 1 Jan 2014. The price of the watch appreciates 

  by the formula, 0.0224500 ,tP e=  where t is the time in years after purchase of the  
  watch and P is the price of the watch after t years. Estimate 

   (i) the price of the watch on 1 Jan 2024. [1] 
 
 
 
 
   (ii) the year in which the price of the watch is double the initial price. [2] 
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4 The diagram shows two curves 1 2 and ,C C  one of which represents lg( 2)y x= +  and 

the other ln( 2).y x= +  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (a) State the value of a. [1] 
 
 
 
 (b) Explain briefly if 1C represents the graph lg( 2).y x= +  [2] 
 
 
 
 
 
 
 
 (c) Solve the equation 2 lg( 2) ln( 2).x x+ = +  [3] 
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5 The figure below shows part of the graph of cosy a bx c= +  for 0 2x π< < . 
 

  
  
 (a) Find the value of each of the constants a , b  and c . [3] 
 
 
 
 
 
 
 
 
 
 
 
 (b) On the same axes, sketch the graph of 4sin 1y x= + for 0 2x π< < . [2] 
 
 
 
 
 
 (c) Write down the number of solutions to the equation 4sin cos 1 0x a bx c− − + = . [1] 
 
  

x 

y 
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6 (a) Differentiate 
2

3

3 5
4

x x
x
− with respect to x.  [3] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (b) Integrate 
21

3
x

x
 − 
 

with respect to x.  [3] 
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7 A rhombus ABCD has coordinates ( 1,5)A − , ( ,8)B p , (7,13C ) and ( ,10)D q . 
 (a) Find the value of the gradient of the line BD. [2] 
 
 
 
 
 
 
 
 (b) Find the coordinates of B and of D. [4] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (c) Find the area of the rhombus ABCD. [2] 
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8 (a) Show that tan15 2 3° = − . [4] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (b) Hence, express 2cosec 15°  in the form 3a b+ , where a and b are integers. [4] 
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9 A particle moves along a straight line, such that the acceleration is given by 

sina t t= +  
 where t is the time taken after leaving the point O, from rest.  
 

(a) Find the displacement of the particle, in terms of t.  [6] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(b) Explain why the particle can never be instantaneously at rest, where 0t > . [2] 
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10 (a) Find the coefficient of 8

1
x

 in the expansion of 
13

2

1 .
2

x
x

 − 
 

 [4] 
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 (b) (i) Obtain, in ascending powers of x, the first four terms in the expansion  

   of 
8

2 .
2
x − 

 
 [3] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   (ii) Hence, estimate the value of 81.975  correct to 3 decimal places. [2] 
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11 The points (5,10)A  and (5, 6)B −  lie on the circumference of circle 1C .  

The line 12y =  is a tangent to 1C . 
 (a) Find the radius of the circle.  [2] 
 
 
 
 
 
 
 
 
 
 
 (b)  Given also that the points A and B lie to the left of the centre, show that the  

  coordinates of the centre of 1C  is (11, 2)  and write down the equation of 1C . [4] 
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 Another circle 2C  has equation 2 216 4 59 0x x y y− + + + = .  
 (c)  Determine if the circles intersect each other or not. In the case where they  

  do not intersect, determine whether 2C  is inside or outside 1C .  [5]
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12 There are different ways to find ( )32 3 dx x x+∫ . This question investigates 2 different 
methods.  

 (a) (i) Write down all the terms in the expansion of ( )32 3x+ .  [2] 
 
 
 
 
 
 
 
 
 
 
 

(ii) Hence, express ( )32 3 dx x x+∫ in the form of f(x) where f(x) is  
a polynomial.         [3] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (b) (i)  Differentiate ( )42 3x x+ with respect to x.     [3] 
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(ii) Hence, express ( )32 3 dx x x+∫ in the form of g(x), where g(x) is a 
function of x.         [3] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (c) Determine the value of [ ]2024

0
f ( ) g( )x x− .     [1] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 End of Paper   
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Marking Scheme 
 

Q Descriptor Mark 
1 2 2

2

2

2

1010

5 25

5 25

25 7

25 7

Any 0 :  5, 2.

ax x c a x x c
a

a x c
a a

a x c
a a

c
a

c
a

a a c

 + + = + + 
 
  = + − +  
   

 = + − + 
 

− + =

= +

< = − =

 

 

OR 2

max

2

10
d 2 10
d
dfor max point, 0 and 0.
d

2 10 0
5

57@

5 510 7

25 7

possible values 5,   2.

y ax x c
y ax
x
y x
x

ax

x
a

y x
a

a c
a a

c
a

x c

= + +

= +

= <

+ =

= −

= = −

   − + − + =   
   

− + =

= − ∴ =  

 

OR 2

2

2

2

10 7
10 ( 7) 0

4 0
10 4 ( 7) 0

25 7

Any  0. Let 5, 2.

ax x c
ax x c

b ac
a c

c
a

a a c

+ + =

+ + − =

− =

− − =

= +

< = − =

 

 

A1  4 marks 
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Q Descriptor Mark 

2a 2

2

2

6 4 4 3 17.
3 6 8 17
3 6 9 0

3( 3)( 1) 0
3 or 1.

y ax x a a y
x x
x x

x x
x x

= + + − = >

+ + >

+ − >
+ − >

< − >

 

 

2b 2

2

2

2 2

2

6 4 4
1 8 4.
2

1 6 2 8 4
2
1 2 2 0
2

14 ( 2) 4 (2)
2

0
Since 4 0,  

 8 4 a tangent to curve.

y ax x a

a y x

x x x

x x

b ac

b ac
y x

= + + −

= = −

+ − = −

− + =

 − = − −  
 

=

− =
∴ = −

 

 

2c The line L is parallel to y-axis.  
L is a vertical line. 
(Or similar.) 

 

A2  6 marks 
3a 2 3

2

2 2 4 0
Let 2 , 8 4 0

2 0.5358... or 2 7.464...
ln 0.5358... ln 7.4641...... or

ln 2 ln 2
0.9002... or 2.8999...
0.900 or 2.90

x x

x

x x

p p p

x x

x x
x x

+− + =

= − + =

= =

= =

= − =
= − =

 

 

3b(i) 0.02

0.02(10)

24500 01.01.2014 $24500
24500
$29924.37

tP e
e

= →

=
=

 

 

3b(ii) 0.02

0.02

2(24500) 24500
2

0.02 ln 2
34.657... years

In the year 2048.

t

t

e
e

t
t

=

=
=
=

 

 

A6  6 marks 
 

Q Descriptor Mark 
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4a 2a = −   
4b 

1

lg( 2)
Let 5, 0.8450...

ln( 2)
Let 5, 1..9459...

 No  is not lg( 2).

y x
x y
y x
x y

C y x

= +
= =
= +
= =
∴ = +

 

 

4c 

( )

2

2

0

2 lg( 2) ln( 2)
ln( 2) ln( 2)

ln10
ln( 2) ln10 ln( 2) 0

ln( 2) 2 ln10 0
ln( 2) 0

2
1.

x x
x x

x x
x

x
x e

x

+ = +

+
= +

+ − ⋅ + =

+ − =

+ =

+ =
= −

 

 

A6  6 marks 
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Q Descriptor Mark 

5a Period = π  
2

2
b

b

π π=

=
 

Max = 5, min = 1−  
5 ( 1) 2

2
c + −
= =  

3a = −  
3, 2, 2a b c= − = =  

 

5b  

  
 

 

5c 4sin cos 1 0
4sin 1 cos

x a bx c
x a bx c

− − + =
+ = +

 

Number of solutions = number of intersections = 3 

 

G1  6 marks 
 
  

x 

y 

  

 

  

5  

3−   
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Q Descriptor Mark 

6a 2

3 2

2

3

2 3

3 5 3 5
4 4 4

3 5d
4 3 5
d 4 2

x x
x x x

x x
x
x x x

−
= −

 −
 
  = − +

 

 

6b 2

2

2

1 d
3

1 2  d
9 3
1 4

9 3 2

x x
x

x x
x x

x x c
x

 −∫  
 

= − +∫

= − − + +

 

 

C1/ 
C2 

 6 marks 
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Q Descriptor Mark 

7a 13 5 1
7 ( 1)
1 

(diagonals of rhombus are )

AC

BD

m

m

−
= =

− −
= −

⊥

 

 

7b 1 
10 8 1

10 8
2          ---(1)

BDm

q p
p q

p q

= −
−

= −
−
− = −
− =

 

1 7 5 13midpoint of ,
2 2

(3,9)

AC − + + =  
 

=
 

8 10midpoint of ,
2 2

(3,9) ,9
2

p qBD

p q

+ + =  
 

+ =  
 

 

3
2

6     ---(2)

p q

p q

+
=

+ =
 

(1) (2) : 2 8
                 4
                 2

p
p
q

+ =
=
=

 

(4,8), (2,10)B D∴  

 

7c Area of Rhombus  

 

2

1 4 7 2 11     
5 8 13 10 52

1 ( 8 52 70 10 10 26 56 20)
2
1 (32)
2
16 units

− −
=

= − + + + + − − −

=

=

 

 

OR 

2

128

2
12 128 2
2

16 units

AC

MD

A

=

=

= × × ×

=

 

 

G2  8 marks 
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Q Descriptor Descriptor Mark 

8a tan15 tan(60 45 )
tan 60 tan 45

1 tan 60 tan 45
3 1 1 3

1 3 1 3
3 3 1 3

1 3
2 3 4

2
2 3 (shown)

° = °− °
° − °

=
+ ° °
− −

= ×
+ −

− − +
=

−
−

=
−

= −

 

tan15 tan(45 30 )
tan 45 tan 30

1 tan 45 tan 30
31

3
31

3
3 3 3 3
3 3 3 3
9 6 3 3

9 3
12 6 3

6
2 3 (shown)

° = °− °
° − °

=
+ ° °

−
=

+

− −
= ×

+ −

− +
=

−
−

=

= −

 

 

8b 2 2

2

cosec 15 1 cot 15

11
2 3

11
4 4 3 3

11
7 4 3

7 4 3 1
7 4 3

8 4 3 7 4 3
7 4 3 7 4 3
56 32 3 28 3 16(3)

49 16(3)

8 4 3

° = + °

 = +  − 

= +
− +

= +
−

− +
=

−

− +
= ×

− +

+ − −
=

−

= +

 

 

G1  8 marks 
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Q Descriptor Mark 

9a 
2

2

3

3

sin

cos
2
0,  0,  1

cos 1
2

sin
6
0,  s 0,  0

sin
6

a t t
tv t c

t v c
tv t

ts t t d

t d
ts t t

= +

= − +

= = =

= − +

= − + +

= = =

= − +

 

 

9b 2

2

2

cos 1
2

1 1
2

cos 1 0
2

0

tv t

t

t t

v

= − +

+ >

− + >

>

 

 

C3  8 marks 
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Q Descriptor Mark 

10a 
( )

( ) ( )

( )

13 13
13

2 2

132 8

13 6
613

7 26

6

14

8

8

1 1... ...
2 2

... ...

26 2 8
6

1
2

1716
128
429 1
32

1 429coeff of .
32

r
r

r

r r

x x
x x

x x x

r r
r

T x
x

x
x

x

x

C

C

−

−− −

−

   − = −   
   

→ =

− + + = −
=

 = − 
 

=

= ⋅

=

 

 

10bi 8 1 2 3
8 8 88 7 6 5
1 2 3

2 3

2 2 2 2 2 ...
2 2 2 2

256 512 448 224 ...

x x x x

x x x

C C C       − = + − + − + − +       
       

= − + − +

 

 

10bii 

8
2 3

2 1.975
2

0.05

0.052 256 512(0.05) 448(0.05) 224(0.05) ...
2

231.492.

x

x

− =

=

 − = − + − + 
 

=

 

 

A5  9 marks 
11a  

  
y - coordinate of centre = 10 ( 6) 2

2
+ −

=  

Radius of circle = 12 2 10 units− =  

 

 

12y =  

(5,10)  

(5, 6)−  

2y =  
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Q Descriptor Mark 

11b  
 
 
 
 
 

By Pythagoras theorem,  
2 2 210 8

6
z
z
= −
=

 

Coordinates of centre = (5 6,2) (11,2)+ =  (shown) 
Equation of 1C : 2 2( 11) ( 2) 100x y− + − =  

 

OR 
2 2

2

2 2
1

( , 2)

( 5) (10 2) 10

( 5) 36
11 or  1 (NA)

Eqn of : ( 11) ( 2) 100

C x

x

x
x x

C x y

− + − =

− =
= = −

− + − =

 

 

11c 2 2

2 2

2 2

16 4 59 0
( 8) 64 ( 2) 4 59 0
( 8) ( 2) 9

x x y y
x y
x y

− + + + =

− − + + − + =

− + + =

 

Radius of 2C = 3 
Centre of 2C : (8, 2)−  
Distance between the 2 centres  

2 2(11 8) (2 ( 2))
5 units

= − + − −

=
 

Since the sum of the distance between the 2 centres and the 
radius of 2C  is 5 + 3 = 8 units < radius of 1C , the 2 circles 
will not intersect and 2C  lies inside 1C . 

 

G2  11 marks 
 

  

(5,10)  

(5, 2)  

8 Radius = 10 

z  Centre (x,2) 
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Q Descriptor Mark 
12ai 2 38 36 54 27x x x+ + +   
12aii ( )

( )

2 3

2 3 4

4 5
2 3

f ( ) 8 36 54 27  d

8 36 54 27  d

27 274 12
2 5

x x x x x x

x x x x x

x xx x c

= + + +∫

= + + +∫

= + + + +

 

 

12bi ( ) ( )

( ) ( )

4 3

4 3

d 2 3 (4)(3) 2 3
d

2 3 12 2 3

y x x x
x

x x x

= + + +

= + + +

 

 

12bii ( )
( ) ( )

( ) ( )

( )
( ) ( )

3

4 4

5
4

3

4 5

12 2 3 d

2 3 2 3 d

2 3
2 3

3(5)

g( ) 2 3 d

2 3 2 3
12 180

x x x

x x x x

x
x x c

x x x x

x x x
d

+∫

= + − +∫

+
= + − +

= +∫

+ +
= − +

 

 

12c 0  
  12 marks 
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