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  pages  (two A4 sheets) of pre-written notes (typed or handwritten) and an approved   
  scientific and/or graphics calculator (memory may be retained).  
• Students are NOT permitted to bring into the examination room: blank sheets of paper  
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Written examinations 1 and 2 
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Directions to students 

 

Detach this formula sheet during reading time. 

 

               This formula sheet is provided for your reference. 
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Specialist Mathematics Formulas 

 

Mensuration 

area of a trapezium:   1

2 (a ++++ b)h  

curved surface area of a cylinder: 2πrh  

volume of a cylinder:   πr 2h  

volume of a cone:   1

3πr 2h  

volume of a pyramid:   1

3 Ah  

volume of a sphere:   4

3πr3  

area of triangle:   1

2bc sinA  

sine rule:    
a

sin A
====

b

sinB
====

c

sinC
 

 
cosine rule:    c

2 ==== a
2 ++++ b 2 −−−− 2abcosC  

 
Coordinate geometry 

 

ellipse:     
(x −−−− h)

2

a2
++++
(y −−−− k)

2

b2
==== 1 

 

hyperbola:    
(x −−−− h)

2

a2
−−−−
(y −−−− k)

2

b2 ==== 1 

 

Circular ( trigonometric ) functions 
 

cos
2
x ++++ sin

2
x ==== 1   

1 ++++ tan
2
x ==== sec

2
x      cot

2
x +1 = cosec

2
x  

sin(x ++++ y) ==== sinxcos y ++++ cos x siny    sin(x −−−− y) ==== sin xcos y −−−− cos x sin y  

cos(x ++++ y) ==== cos xcos y −−−− sinx sin y    cos(x −−−− y) ==== cos xcosy ++++ sinx sin y  

tan(x ++++ y) ====
tan x ++++ tan y

1−−−− tanx tan y
    tan(x −−−− y) ====

tan x −−−− tan y

1++++ tanx tan y
  

cos2x ==== cos
2
x −−−− sin

2
x ==== 2cos

2
x −−−−1 ==== 1−−−− 2sin

2
x  

sin2x ==== 2sinxcosx      tan2x ====
2tanx

1−−−− tan2 x
 

 

Function 

 
Sin

−−−−1
 Cos

−−−−1
 Tan

−−−−1
 

Domain 

 
−−−−1,1[[[[ ]]]]  −−−−1,1[[[[ ]]]]  R 

range 
−−−−

π
2
,
π
2

    
        

    
         

0,π[[[[ ]]]]  
−−−−

π
2
,
π
2

    
    

    
     
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Algebra ( Complex Numbers ) 

 
z ==== x ++++ yi ==== r(cosθ ++++ i sinθ) ==== rcisθ  

z ==== x
2 ++++ y 2 ==== r     −−−−π <<<< Argz ≤≤≤≤ π  

z1z2 ==== r1r2cis(θ1 ++++ θ2 )    
z1
z2

====
r1
r2

cis(θ1 −−−− θ2)  

z
n ==== r

n
cis nθ(((( ))))  (de Moivre’s theorem ) 

 
Vectors in two and three dimensions 

 

 ɶ
r = x

ɶ
i + y

ɶ

j + z
ɶ
k  

 ɶ
r = x

2 + y
2 + z 2 = r    

 
ɶ
r1.

ɶ
r2 = r1r2 cosθ = x1x2 + y1y2 + z1z2  

 

 

ɺ

ɶ
r =

d
ɶ
r

dt
=
dx

dt ɶ
i +

dy

dt ɶ

j +
dz

dt ɶ
k  

 

Mechanics 

 

momentum:  
 ɶ

p = m
ɶ
v  

 

equation of motion:  
 
ɶ
R = m

ɶ
a  

 

sliding friction:   F ≤≤≤≤ µN  

 

 

constant  ( uniform ) acceleration:   

v ==== u ++++ at  s ==== ut ++++
1

2
at

2
  v

2 ==== u
2 ++++ 2as   s ====

1

2
(u ++++ v)t   

 

acceleration:  a ====
d

2
x

dt2
====
dv

dt
==== v

dv

dx
====
d

dx
1

2v
2(((( ))))  
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Calculus 

 
d

dx
(x

n
) ==== nx

n −−−−1
 

d

dx
(e

ax
) ==== ae

ax
 

d

dx
(loge x) ====

1

x
 

d

dx
(sinax) ==== acosax  

d

dx
(cosax) ==== −−−−asin ax  

 
d

dx
(tanax) ==== asec

2
ax  

d

dx
(Sin

−−−−1
x) ====

1

1−−−− x 2
 

d

dx
(Cos

−−−−1
x) ====

−−−−1

1−−−− x 2
 

d

dx
(Tan

−−−−1
x) ====

1

1 ++++ x 2
 

 

x
n
dx ====

1

n ++++ 1
x
n ++++1 ++++ c ,  n ≠≠≠≠ −−−−1∫∫∫∫  

e
ax
dx ====

1

a
e
ax ++++ c∫∫∫∫  

1

x
dx ==== loge x ++++ c,  for x >>>> 0∫∫∫∫  

sinaxdx ==== −−−−
1

a
cos ax ++++ c∫∫∫∫  

cosaxdx ====
1

a
sinax ++++ c∫∫∫∫  

sec
2
axdx ====

1

a
tanax ++++ c∫∫∫∫  

dx

a2 −−−− x 2
==== Sin

−−−−1 x

a
++++ c,  a >>>> 0∫∫∫∫  

−−−−1

a2 −−−− x 2
dx ==== Cos

−−−−1 x

a
++++ c,  a >>>> 0∫∫∫∫  

a

a2 ++++ x2∫∫∫∫ dx ==== Tan
−−−−1 x

a
++++ c  

 

product rule:    
d

dx
(uv) ==== u

dv

dx
++++ v

du

dx
 

 

quotient rule:  
d

dx
(
u

v
) ====

v
du

dx
−−−− u

dv

dx
v 2  

 

chain rule:         
dy

dx
====
dy

du

du

dx
 

 

mid-point rule: f (x)dx ≈≈≈≈ (b −−−− a) f (
a ++++ b
2

a

b

∫∫∫∫ )  

 

trapezoidal rule: f (x)dx ≈≈≈≈
1

2
(b −−−− a)( f (a

a

b

∫∫∫∫ ) ++++ f (b))  

 

Euler’s method       
 

If 
dy

dx
==== f (x), x0 ==== a and y0 ==== b,  then xn ++++1 ==== xn ++++ h and yn++++1 ==== yn ++++ hf (x)  

 

Take the acceleration due to gravity to have magnitude g m/s
2
, where g = 9.8
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Question 1 

 

i. Differentiate  xCos
−−−−1
x(((( ))))  with respect to x and hence show that  

Cos
−−−−1
x(((( ))))dx ====∫∫∫∫ xCos

−−−−1
x(((( )))) −−−− 1−−−− x

2
 

 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

2 marks 
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ii. A cross-section of a hillside is of the form of y ==== 4 xCos
−−−−1 4x

2

9

    
    
    

    
    
    where x and y 

are measured in metres. If  y ≥≥≥≥ 0 for 0 ≤≤≤≤ x ≤≤≤≤ b   show that  b ====
3

2
 and sketch the 

graph of  y ==== 4 xCos
−−−−1 4x

2

9

    
    
    

    
    
     on the axes below. 

 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

 

 

 

 

 

 

 

 

 

 

 

 

1 mark 

 

 

iii. Find the coordinates of the turning point on the graph of y ==== 4 xCos
−−−−1 4x

2

9

    
    
    

    
    
      

Hence, find the maximum height of the hillside giving your answers correct to 

three decimal places. 

 

 

________________________________________________________________________

________________________________________________________________________ 

 

1 mark 
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iv. A ball rolls down the hillside on the curve y ==== 4 xCos
−−−−1 4x

2

9

    
    
    

    
    
     and at x ==== 1 the 

vertical component of its speed is 2 m/s. Find the horizontal component of the 

speed of the ball giving your answer correct to three decimal places. 

 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

3 marks 

v. Find using the mid-point rule with three subintervals an approximation to the 

cross-sectional area of the hillside, give your answer correct to three decimal 

places. Re-draw the graph with rectangles on the diagram. 

 

 

 

 

 

 

 

 

 

 

 

 

 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

2 marks 
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vi. Find using calculus the exact area bounded by the curve y ==== 4 xCos
−−−−1 4x

2

9

    
    
    

    
    
     and 

the x axis. 

 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

 

 

 

 

3 marks 

Total 12 marks 
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Question 2 

 

a. Sets of points in the complex plane are defined by  

 

   T = {z  : 3Re z( )− 4 Im z( )= 25}   and   U = {z  : z = z − 6 + 8 i}  

 

i. Find the Cartesian equation of   T  and  U and  show that  T ====U   

 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

2 marks 
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ii. Sets of points in the complex plane are defined by  

 

 S = {z : z − 3+ 4i = 5}   and   R = {z  : z − 3 + 4 i( ) z − 3− 4i( )= 25}   

  

 Find the Cartesian equation of   S  and  R  and  show that  S ==== R   
 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

4 marks  
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iii. Let  zA  be the point 7 −−−− i  and  zB  be the point −−−−1−−−− 7i,  show that  both 

 zA and zB   both  belong to  both  S and T   
 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

2 marks 
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iv. Given the points O ==== 0,0(((( )))) , A ==== 7,−−−−1(((( )))) , B ==== −−−−1,−−−− 7(((( )))) , C ==== 3,−−−− 4(((( )))) D ==== 6,−−−− 8(((( )))) 
 Sketch the set of points  S and T , along with the points O , A , B ,C and D on the 

 one Argand diagram below. 

 

                                       

 
 

 

 

 

 

2 marks 

Im(z) 

Re(z) 
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v. Use vectors to show that AC
→→→→

  is perpendicular to OC
→→→→

 and that C lies on AB
→→→→

. 

  

 Write down the values of  AC
→→→→

 and AB
→→→→

 

 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

________________________________________________________________________ 

 

 

3 marks 

 

vi. Explain geometrically the set T in relationship to the points O and D 

 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

1 mark 
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b. A particle P of mass 2 kg moves so that its position vector at a time  t seconds is 

 given by 
 ɶ
r t( )= 3 + 5 cos 2t( )( )

ɶ
i + −4 + 5sin 2t( )( )

ɶ

j    metres  where t ≥≥≥≥ 0 

 

i. Find the Cartesian equation of the path and show that  P moves on  S 

 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

1 mark 

 

ii. Find the magnitude of the momentum of the particle. 

 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

1 marks 

Total 16 marks 
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Question 3 

 

A hammer of mass 5 kg is dropped from a building site from a height of  100 metres 

 

a. Assuming no air resistance, find correct to two decimal places 

 

i. the time in seconds it takes to hit the ground. 

 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

1 mark 

 

ii. the speed in m/s upon hitting the ground. 

 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

1 mark 
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b. If on its downward path the hammer is retarded by a variable force of  0.01v
2
 

Newtons, where v m/s is its velocity at a time t seconds, and x m is its distance 

down from the point of release. 

 

i. Show that the differential equation which describes the downward motion of the 

hammer is  v
dv

dx
====
49 −−−− 0.01v

2

5
  

 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

1 mark 

ii. Express x in terms of the velocity v and show that  x ==== 250 loge
49

49−−−− 0.01v 2

    
        

    
         

 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

2 marks 
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iii. Find correct to two decimal places the speed in m/s at which the hammer now 

 strikes the ground. 

 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

 

1 mark 
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iv. Show that  t ====
25

7
loge

70 ++++ v
70 −−−− v

    
    

    
     

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

 

4 marks 
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v. Find the time T  correct to two decimal places, that is how long before the 

hammer hits the ground. 

 

 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

 

1 mark 

 

vi. Show that v t(((( )))) ====
70 1−−−− e−−−−0.28t(((( ))))
1++++ e−−−−0.28t for 0 ≤≤≤≤ t ≤≤≤≤ T ,   where T is the time when the 

hammer hits the ground. 

 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

2 marks 
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vii. Sketch the velocity time graph, on the axes below, clearly marking the scale. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2 marks 

Total 15 marks 
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Question 4 

 

A golf ball is hit from the second level of a golfing range, so that its position vector at a 

time t seconds above ground level is given by 

 ɶ
r t( )= 10t

ɶ
i + 90t

ɶ

j + 4 + 4 sin πt( )( )
ɶ
k    where  

 ɶ
i ,   

ɶ

j and
ɶ
k  are unit vectors of magnitude 

one metre in the directions of  east north and vertically upwards from ground level 

respectively, 

 

i. Show that the golf ball takes 1.5 seconds to hit ground level. 
 

 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

 

1 mark 

 

ii. Find the initial speed of projection correct to two decimal places and the initial 

angle correct to the nearest degree at which the golf ball is hit. 

 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

 

3 marks 
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iii. Find how far from the initial point of projection the golf ball strikes the ground, 

giving your answer correct to the nearest metre. 

 
________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

 

2 mark 

 
 

iv. Find the when the golf ball reaches its maximum height and give its position 

vector at this time. 

 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

 

2 mark 

Total 8 marks 
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Question 5 

 

A boy of mass m kg is on a slope inclined at an angle of θ  to the horizontal.  
He is trying to climb his way to the top of the slope. 

He is just supported from sliding down the slope by holding on to a rope.  

The rope acts up and parallel to the slope and has a tension of P newtons.  

The coefficient of friction between the boy and the plane is 0.5 

 

i. On the diagram below mark in all the forces acting on the boy. 

 

 

 

 

 

 

1 mark 

ii. Show that  P ==== mg sinθ −−−− 0.5cosθ(((( ))))  

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

2 marks 

 

θ  
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When some friends come along they all pull on the rope, such that the rope makes an 

angle of 15
0
 with the slope and then the tension in the rope is doubled, ( that is has a 

magnitude of 2P )  
The boy then moves up the rough slope with a constant acceleration of  1.0 m/s2 

The coefficient of friction between the boy and the plane is still 0.5 

 

iii. On the diagram below mark in all the forces now acting on the boy. 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

1 mark 

 

iv. Show that  11.669sinθ −−−− 15.634cosθ ==== 1 
 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

θ  
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________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

4 marks 

 

v. Hence find the inclination of the slope θ  to the horizontal, correct to the nearest 
 degree. 
 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

1 mark 

Total 9 marks 
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