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SECTION 1 

 
Question 1 
 
 

A hyperbola has asymptotes 2 5 and 1 2y x y x= + = − . Its domain is R and its range is 
( ] [ ), 1 7, .−∞ − ∞∪  Its equation could be 
  

A. ( ) ( )2 21 3
1

4 16
x y+ −

− =  

B. ( ) ( )
2

23
1 1

4
y

x
−

− + =  

C. ( ) ( )2 23 1
1

16 4
y x− +

− =  

D. ( ) ( )2 21 3
1

4 16
x y− +

− =  

E. ( ) ( )2
2 3

1 1
4

y
x

+
− − =  

 
Question 2 
 

( )cisz θ=   is a root of a quadratic polynomial with real coefficients.  
The quadratic could be 
 
A. ( )2 2 cos 1 0z z θ+ + =  

B. ( )2 2 cos 1 0z z θ+ − =  

C. ( )2 2 cos 1 0z z θ− + =  

D. ( )2 2 sin 1 0z z θ− + =  

E. ( )2 2 sin 1 0z z θ+ − =  

Instructions for Section I 
Answer all questions in pencil on the answer sheet provided for multiple-choice questions.  
A correct answer scores 1 mark, an incorrect answer scores 0. 
Marks will not be deducted for incorrect answers. 
No mark will be given  if more than one answer is completed for any question. 
Take the acceleration due to gravity to have magnitude g m/s2, where 9.8g =  
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Question 3 
 

x

y

 
 

 

The graph shown above, could be that of a function f  whose rule is 
 

A. ( ) ( )2

1f x
x a b x ab

=
+ − −

 

B. ( ) ( )2

1f x
x a b x ab

=
− + +

 

C. ( ) ( ) 2

1f x
ab a b x x

=
− − −

 

D. ( ) ( ) 2

1f x
ab a b x x

=
− + −

 

E. ( ) ( ) 2

1f x
a b x ab x

=
+ − −

 

b a 
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Question 4 
 

If  ,c a bi= +  which of the following, represents a circle with centre ( ),a b  and radius r ? 
 
A. { : }z z c z c r− − − =  

B. { : }z z c z c r− + − =  

C. ( ) ( ){ : }z z c z c r− − =  

D. ( ) ( ) 2{ : }z z c z c r− − =    

E. ( )( ) 2{ : }z z c z c r− − =  

 
Question 5 
 

If  1z a ai= + +  where a is a non-zero real constant, then 2
1

a
z−

 is equal to 
 

A. 32 cis
4
π⎛ ⎞−⎜ ⎟

⎝ ⎠
 

B. 2 cis
4
π⎛ ⎞−⎜ ⎟

⎝ ⎠
 

C. 2 cis
4
π⎛ ⎞

⎜ ⎟
⎝ ⎠

 

D. 32 cis
4
π⎛ ⎞

⎜ ⎟
⎝ ⎠

 

E. 2 cis
1 4
a

a
π⎛ ⎞

⎜ ⎟+ ⎝ ⎠
 

 
Question 6 

The graph of  
nx ay
x
+

=  where a and n are real constants, has two turning points, then 

 
A. 2 and 0n a= >  

B. 2 and 0n a= <  

C. 1 and 0n a= >  

D. 3 and 0n a= <  

E. 4 and 0n a= <  

http://kilbaha.com.au
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Question 7 
 

If  ( ) 24cis , cis and 12
3

u v r uv iπθ ⎛ ⎞= = − =⎜ ⎟
⎝ ⎠

  then 

A. 78
6

r πθ= =  

B. 28
3

r πθ= =  

C. 23
3

r πθ= =  

D. 53
6

r πθ= = −  

E. 3
6

r πθ= − = −  

 
Question 8 
 

If  ( )cisu α= , and  0 ,
2
πα< <  then which of the following is false? 

A. ( )Arg
2

iu πα= +  

B. ( )Arg u α= −  

C. ( )2Arg i u π α= − +  

D. ( )2Arg 2u α=  

E. 1 1Arg
u α

⎛ ⎞ =⎜ ⎟
⎝ ⎠
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Question 9 
 
 

Part of the graph with the equation ( )2 1 2 3y x x= − +  is shown below. 

 

x

y

-1.5 -1 -0.5 0 0.5 1 1.5

-1

1

2

 
 
The shaded area that is the area bounded by the curve and the x-axis, can be expressed as 
 

A. ( )( )
1

0

1 5 1
4

u u u du− −∫  

B. ( )( )
5

1

1 5 1
8

u u u du− −∫  

C. ( )( )
5

1

1 5 1
8

u u u du− −∫  

D. ( )( )
5

1

1 5 1
2

u u u du− −∫  

E. ( )( )
5

0

1 5 1
4

u u u du− +∫  
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Question 10 
 

A, B and C are three points in space. To prove that ABC is a right-angled isosceles 

triangle, it is necessary to show that 

A. . andAB AC AB AC AB BC= =  

B. 2 . andAB AC AB AC AB BC= =  

C. and . 0AB BC AB AC= =  

D. 0 and . 0AB BC CA BA BC+ + = =  

E. 0 andAB BC CA AB BC+ + = =  

Question 11 

A particle moves so that its position vector at a time t is given by 
( ) ( ) ( )cos sinr t a nt i b mt j= +  where m and n are positive integers, and a and b are real 

positive constants. Which of the following is true? 
 
 

A. If  andm n a b= =  the path of the particle is an ellipse. 

B. If  andm n a b≠ =  the path of the particle is an ellipse. 

C. If  andm n a b= ≠  the path of the particle is a circle. 

D. If  2n m=  the path of the particle is a parabola. 

E. If  2m n=  the path of the particle is a parabola.  
 

Question 12 

A unit vector in the opposite direction to  2 2i j k− +   is  
A. 2 2i j k− + −  

B. ( )1 2 2
2

i j k− + −  

C. ( )1 2 2
3

i j k− + −  

D. ( )1 2 2
4

i j k− + −  

E. ( )1 2 2
5

i j k− + −  
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Question 13 
 

The diagram below, show part of the graph of ( )log 1ey x= − . The area between the x-

axis, the curve ( )log 1ey x= − , 1 and 1x y= =  is rotated about the y-axis, to form a 
volume of revolution. The volume is equal to 
 
 

x

y

0 1 2 3 4

0

1

2

 
 
 
 

A. ( )( )
2

2

1

log 1e x dxπ −∫  

B. ( )( )
2

2

1

log 1
e

e x dxπ
+

−∫  

C. ( )( )
2

2

1

log 1 1
e

e x dxπ
+

− −∫  

D. 
1

2

0

xe dxπ ∫  

E. ( )
1

2

0

2x xe e dxπ +∫  
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Question 14 
 

If  
1cosdx

dt t
⎛ ⎞= ⎜ ⎟
⎝ ⎠

 and 3 when 1x t= = , then the value of  x when 2t =  can be found by 

evaluating  
 

A. 

2

1

1cos du
u

⎛ ⎞
⎜ ⎟
⎝ ⎠

⌠
⎮
⌡

 

B. 
2

1

1sin du
u

⎛ ⎞− ⎜ ⎟
⎝ ⎠

⌠
⎮
⌡

 

C. 
2

1

13 sin du
u

⎛ ⎞− ⎜ ⎟
⎝ ⎠

⌠
⎮
⌡

 

D. 
2

1

1cos 3du
u

⎛ ⎞ −⎜ ⎟
⎝ ⎠

⌠
⎮
⌡

 

E. 
2

1

1cos 3du
u

⎛ ⎞ +⎜ ⎟
⎝ ⎠

⌠
⎮
⌡

 

 
Question 15 
 
 

A hot air balloon is accelerating upwards with an acceleration of 1 m/s2. At a particular 
instant it is 250 metres above ground level and rising upwards with a speed of  3 m/s.  
A small stone falls from the balloon to the ground. Assuming air resistance is negligible, 
the time taken, for the stone to hit the ground in seconds, is closest to 
 
A. 7.89 

B. 7.54 

C. 7.46 

D. 7.20 

E. 7.14 

http://kilbaha.com.au
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Question 16 
 

A tank initially holds 100 litres of a solution, in which 2 kilograms of salt has been 
dissolved. Another solution containing 10 kilograms of salt per litre is poured into the 
tank at a rate of 3 litres per minute. The well-stirred mixture leaves the tank at a rate of  
2 litres per minute. If Q kilograms is the amount of salt in the tank a time t minutes, then 

( ) ( )100 10 100nQ C t t= + + + , where C is a constant. The value of n is equal to 
 
A. 3−  

B. 2−  

C. 1−  

D. 2  

E. 3  
 

Question 17 

 

A box of mass 10 kg is at rest on a plane inclined at angle of  030  to the horizontal. 
A force of magnitude 10 kg-wt acting up and parallel to the plane is applied to the box. 
For equilibrium to be maintained, the co-efficient of friction between the box and the 
plane must be 
 

A. at least  3
3

    

B. less than 3
3

 

C. at least 2
3

g
g

−  

D. less than 2
3

g
g

−  

E. at least  5 3g    

 

10 kg-wt 

030  
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Question 18 
 

A body of mass m kg moves in a straight line, its velocity is v ms-1 at a time t seconds. 
The force acting on the body is ( )f t  newtons. Given that 1 1whenv v t t= =  and 

2 2whenv v t t= = , it follows that 
 
 

A. ( ) ( )2 1 2 1mv mv f t f t− = −  

B. ( )2

1
2 1

t

t
mv mv f t dt− = ∫  

C. ( )2

1
2 1

t

t
v v m f t dt− = ∫  

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

1 1
2 2

mv mv f t f t− = −  

E. ( )2

1

2 2
2 1

1 1
2 2

t

t
mv mv f t dt− = ∫  

 
Question 19 
 

A car of mass m kg is travelling on a level roadway. The engine exerts a constant 
propulsive force of F newtons and the total resistance to the motion of the car is 3kv  
newtons, where k is positive constant and v is its speed in m/s. The car moves from rest, 
the distance travelled in metres until it obtains a speed of V, is given by 
 
 
 
 

A. 
( )

2

32
V

F kV−
 

B. 
( )

2

32
mV

F kV−
 

C. 
2

3

0
2

V

m v dv
F kv−

⌠
⎮
⌡

 

D. 3

0

V
mv dv

F kv−
⌠⎮
⌡

 

 

E. 3

0

V
v dv

F kv−
⌠⎮
⌡
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Question 20 

A particle moves in a straight line. When its displacement from a fixed origin is x metres, 

its acceleration is given by  
2

2
3

3 2 m/sbx b
x
− , where b is a non-zero real constant. Given 

that the particle comes to rest at x b= , then it is also at rest at 
 

A. 
2
bx =  

B. 2x b=  

C. 
3
bx =  

D. 2
3
bx =  

E. 0x =  
 

Question 21 

If  ( ) ( ) ( ) ( ) ( )1 1cos 1 sin and 0 for 0,f x ax a x f x x b− − ′= − + = ∈ , then 
 

A. 1 and 1a b= =  
 

B. 11 and
2

a b= =  
 

C. 2 anda b= = ∞  
 
D. 2 and 1a b= =  
 

E. 12 and
2

a b= =  
 

Question 22 

 

A particle moves, so that at a time t seconds, its velocity v m/s is given by 

( ) 120 tan 1 .
4
tv t − ⎛ ⎞= −⎜ ⎟

⎝ ⎠
 Over the first 14 seconds, the distance travelled by the particle in 

metres is closest to 
 
 

A. 71 

B. 124 

C. 194 

D. 7,088 

E. 11,111 

END OF SECTION 1
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SECTION 2 

 
 
 
 

 
 
 
 

Question 1 
 

Let u a bi= +  be a complex number where a and b are positive real numbers. 

a. Show that  2 , whereu u u u=  is the conjugate of  u. 
 
_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

1 mark 
 
b. The cubic 3 2 0z pz qz s+ + + =  has roots ,u u  and 1.  
 Express p, q and s in terms of a and b. 
 
_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

3 marks 

Instructions for Section 2 
 

Answer all questions in the spaces provided. 
A decimal approximation will not be accepted if an exact answer is required to a question. 
In questions where more than one mark is available, appropriate working must be shown. 
Unless otherwise indicated, the diagrams in this book are not drawn to scale. 
Take the acceleration due to gravity to have magnitude g m/s2, where 9.8g =  

http://kilbaha.com.au
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c. Express iu  in terms of  a and b. 
 
_______________________________________________________________________

_______________________________________________________________________ 

1 mark 
 

The diagram shows a circle, in an argand diagram, which passes through the points, O, 
and ,u iu  where O is the origin. 

 

 
d. Show that  2 2 2u iu u iu+ = −  
 Explain this result geometrically. 
 
_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

3 marks 
 

u

( )Re z  

iu  

O 

( )Im z  

http://kilbaha.com.au
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e. The circle can be expressed in the form { : }z z c r− =  
 Express the complex number c and r in terms of  a and b. 
 
_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

2 marks 
 
f. Find in terms of a and b, the exact area of the shaded region. 
 
_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

2 marks 
Total 12 marks 
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Question 2 
 

a. If  0 and 0 2a b θ π> > < < , show that the equation of the tangent to the 

hyperbola   
2 2

2 2 1x y
a b

− =  at the point  ( ) ( )( )sec , tanP a bθ θ  is given by 

 
( )

( )
( )

cos
sin sin

bbxy
a

θ
θ θ

= −  

 
 
 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

2 marks 
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b. The tangent to the hyperbola  
2 2

2 2 1x y
a b

− =  at P, crosses the asymptotes to the 

hyperbola at two points A and B as shown below.   
  

  
 Show that the coordinates are given by 
  

  ( )
( )

( )
( )

cos cos
,

1 sin 1 sin
a b

A
θ θ
θ θ

⎛ ⎞
⎜ ⎟⎜ ⎟− −⎝ ⎠

 and  ( )
( )

( )
( )

cos cos
,

1 sin 1 sin
a b

B
θ θ
θ θ

⎛ ⎞−
⎜ ⎟⎜ ⎟+ +⎝ ⎠

 

 
 
 
 

x

y

 

( ) ( )( )sec , tanP a bθ θ  

O 

B 

A 

http://kilbaha.com.au
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________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

 
4 marks 
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Specialist Mathematics Trial Examination 2   2011     Section 2                          Page  21 

© KILBAHA PTY LTD 2011 
 

c. Use vectors to show that the angle AOB, where O is the origin is given by  

 
2 2

1
2 2cos a b

a b
− ⎛ ⎞−

⎜ ⎟+⎝ ⎠
 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

4 marks 
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d. Hence find the area of the triangle AOB, in terms of  a and b only. 
 
________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

2 marks 
Total 12 marks 
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Question 3 
 
 

Two particles P and Q are connected by a light inextensible string which passes over a 
smooth fixed pulley, as shown in the diagram below. 
 

 

 

 

 

 

The particle P is of mass 2m kg and the particle Q has a mass of m kg. The particle P is 
in contact with a horizontal surface and particle Q hangs vertically. The surface can be 
modelled as either smooth or rough. 
 
 

a. If the surface is smooth and the system is released from rest, with the string taut,  
 the particle Q moves vertically downwards. After half a second, the particle Q 

hits the ground, find its initial height above the ground, giving your answer in 
metres correct to two decimal places. 
 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

3 marks 

P 

Q 
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b. If the surface is rough, the coefficient of friction between P and the surface is 
  .μ  The particle Q hangs with the string taut. On the diagram below, mark in and 
 label all the forces acting on the particles. 
 
 
 
 

 

 

 

 

1 mark 
 

i. Find the tension in the string in newtons, if the particle Q is at rest. 
 
_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

1 mark 
ii. Find the possible range of values of .μ  
 
_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

_______________________________________________________________________ 

4 marks 
 Total 9 marks 

P 

Q 
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Question 4 
 

Given the points  ( ) ( ) ( )2,1,4 , , 2, 1 and 5,8,11A B Cα − − −  relative to an origin O.   
Find the value of the scalar α  in each of the cases below, if 
 

a. the vectors OA  is perpendicular to the vector .OB  
 
________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

1 mark 
 
b. the vectors , andOA OB OC  form a linearly dependent set of vectors. 
 
________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

3 marks 
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c. The vectors  andOA OB  are equal in length. 
 
________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

2 marks 
 

d. the scalar resolute of  OA  parallel to OB  is equal to 10
3

−  

 
________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

2 marks 
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e. The vector OB  makes an angle of  1 2cos
3

− ⎛ ⎞−⎜ ⎟
⎝ ⎠

 with the x-axis. 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

2 marks 
Total 10 marks 
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Question 5 
 

A golf ball is hit in a vertical plane and has a position vector given by ( ) ( ) ( )r t x t i y t j= +  
where 0 for 0y t T≥ ≤ ≤  and t is the time in seconds. i  is a unit vector of one metre 
horizontally forward in the x direction and j  is a unit vector of one metre vertically 
upwards, in the y direction, above ground level.  Initially the golf ball is hit from ground 
level, with a speed of V m/s at an angle of α  to the horizontal. Its velocity vector at a time 
t  is given by ( ) ( ) ( )( ) ( )( )cos sinr t V k x t i V gt jα α= − + −  where k is a positive constant. 
 

a. Show by integration that  ( ) ( ) ( )cos
1 ktV

x t e
k

α −= −   

 
________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

4 marks 
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b. Show that the golf ball hits the ground after a time of ( )2 sinV
T

g
α

=    

 
________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

 
1 mark 

 
c. Find in terms of  ,V α  and k, the angle at which the golf ball strikes the ground. 
 
________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

________________________________________________________________________ 

3 marks 
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d. Given that  ( ) ( )r t k x t i g j= − −  explain the significance of these terms. 

________________________________________________________________________ 

________________________________________________________________________ 

1 mark 
 
 
Suppose now we are given that  049 25 and 0.2V kα= = =  
 
e. Find the range, that is, the horizontal distance that the golf ball travels before 
 hitting  the ground. Give your answer correct to two decimal places. 
 
________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

1 mark 
 

f. Find the time when the golf ball reaches its maximum height. Find the maximum 
 height reached and the horizontal distance travelled at this time. Give all answers 
 correct to two decimal places. 
 
________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

3 marks 
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g. Draw the path of the golf ball y versus x, on the axes below. 
 

 
 

x

y

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140

5

10

15

20

25

 
 

2 marks 
Total 15 marks 

 
 
 

END OF EXAMINATION 
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EXTRA WORKING SPACE 
 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

 
 
 

 
 

END OF QUESTION AND ANSWER BOOKLET 
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Specialist Mathematics Formulas 
Mensuration 

 
area of a trapezium:   1

2 ( )a b h+  

curved surface area of a cylinder: 2 rhπ  

volume of a cylinder:  hr 2π  

volume of a cone:   21
3 r hπ  

volume of a pyramid:  1
3 Ah  

volume of a sphere:   34
3 rπ  

area of triangle:   ( )1
2 sinbc A  

sine rule:    
( ) ( ) ( )sin sin sin
a b c

A B C
= =  

 
cosine rule:    ( )2 2 2 2 cosc a b ab C= + −  
 
Coordinate geometry 

ellipse:      ( ) ( )2 2

2 2 1
x h y k

a b
− −

+ =  hyperbola:      ( ) ( )2 2

2 2 1
x h y k

a b
− −

− =  

 
Circular ( trigonometric ) functions 
 

( ) ( )2 2cos sin 1x x+ =   

( ) ( )2 21 tan secx x+ =     ( ) ( )2 2cot 1 cosecx x+ =  

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

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

( ) ( ) ( )
( ) ( )

tan tan
tan

1 tan tan
x y

x y
x y
+

+ =
−

   ( ) ( ) ( )
( ) ( )

tan tan
tan

1 tan tan
x y

x y
x y
−

− =
+

  

( ) ( ) ( ) ( ) ( )2 2 2 2cos 2 cos sin 2cos 1 1 2sinx x x x x= − = − = −  

( ) ( ) ( )sin 2 2sin cosx x x=     ( ) ( )
( )2

2 tan
tan 2

1 tan
x

x
x

=
−
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function 1sin−   1cos−   1tan−  

domain [ ]1,1−   [ ]1,1−   R  

range  ,
2 2
π π⎡ ⎤−⎢ ⎥⎣ ⎦

 [ ]0,π   ,
2 2
π π⎛ ⎞−⎜ ⎟

⎝ ⎠
 

 
Algebra ( Complex Numbers ) 
 

( ) ( )( ) ( )cos sin cisz x yi r i rθ θ θ= + = + =  
2 2z x y r= + =      ( )Arg zπ π− < ≤  

( )1 2 1 2 1 2cisz z r r θ θ= +     ( )1 1
1 2

2 2

cisz r
z r

θ θ= −  

( )cisn nz r nθ=  (de Moivre’s theorem ) 

 
Vectors in two and three dimensions 
 
r xi yj zk= + +  

2 2 2r x y z r= + + =     ( )1 2 1 2 1 2 1 2 1 2. cosr r r r x x y y z zθ= = + +  

 
dr dx dy dzr i j k
dt dt dt dt

= = + +  

 
Mechanics 
 
momentum:  p mv=  
 
equation of motion:  R ma=  
 
sliding friction:   F Nμ≤  
 
 
constant  ( uniform ) acceleration:   

atuv +=   2

2
1 atuts +=   asuv 222 +=   ( )1

2
s u v t= +   

 

acceleration:   ( )
2

21
22

d x dv dv da v v
dt dt dx dx

= = = =  
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 Calculus 
 

( ) 1n nd x nx
dx

−=  11 ,  1
1

n nx dx x c n
n

+= + ≠ −
+∫  

( )ax axd e ae
dx

=  1ax axe dx e c
a

= +∫  

( )( )e
1logd x

dx x
=  ( )1 log ,  for 0edx x c x

x
= + >∫  

( )( ) ( )sin cosd ax a ax
dx

=  ( ) ( )1sin cosax dx ax c
a

= − +∫  

( )( ) ( )cos sind ax a ax
dx

= −  ( ) ( )1cos sinax dx ax c
a

= +∫  

( )( ) ( )2tan secd ax a ax
dx

=  ( ) ( )2 1sec tanax dx ax c
a

= +∫  

( )( )1

2

1sin
1

d x
dx x

− =
−

 1

2 2
sin ,  0dx x c a

aa x
− ⎛ ⎞= + >⎜ ⎟

⎝ ⎠−
∫  

( )( )1

2

1cos
1

d x
dx x

− −
=

−
 1

2 2

1 cos ,  0xdx c a
aa x

−− ⎛ ⎞= + >⎜ ⎟
⎝ ⎠−

∫  

( )( )1
2

1tan
1

d x
dx x

− =
+

 1
2 2 tana xdx c

a x a
− ⎛ ⎞= +⎜ ⎟+ ⎝ ⎠∫  

 

 product rule:   ( )d dv duuv u v
dx dx dx

= +  

 

 quotient rule:  2

du dvv ud u dx dx
dx v v

−⎛ ⎞ =⎜ ⎟
⎝ ⎠

 

 

 chain rule:         
dx
du

du
dy

dx
dy

=  

 

 Euler’s method     ( )0 0 1 1If  ( ),  and ,  then   and n n n n n
dy f x x a y b x x h y y hf x
dx + += = = = + = +  

 
END OF FORMULA SHEET 
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