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SECTION I 

 
Question 1 

 

The hyperbola with the asymptotes ( )24 −±= xy  could have as its equation 

 

A. 
( )

1
16

2
2

2 =
−

−
y

x  

B. ( ) 12
16

2
2

=−− y
x

 

C. ( ) 1
4

2
2

2 =−−
y

x  

D. 
( )

1
644

2
22

=−
− yx

 

E. 
( )

1
464

2
22

=−
− yx

 

 

 

Question 2 

 

The graph of ( )
qpxx

xf
++

=
2

1
 would have only one vertical asymptote if 

 

A. p = q  

B. p2 = 4q  

C. p < q  

D. p2 < 4q  

E. p2 > 4q  

 

 

Question 3 

 

The maximal domain and range of the function ( ) 







+=

a

x
xf arsin

2

π
 are given by 

 

A. [ ] 





−=−=

2
,

2
 and 1,1

ππ
ff rd  

B. [ ] [ ]π,0 and 1,1 =−= ff rd  

C. d f = −
1

a
,
1

a

 

  
 

   and rf = −
π
2
,
π
2

 

  
 

   

D. [ ] 





−=−=

2
,

2
 and ,

ππ
ff raad  

E. [ ] [ ]π,0 and , =−= ff raad  

 

 



3 

___________________________________________________________________________ 

© THE HEFFERNAN GROUP 2007                                          Specialist Maths Trial Exam 2 

Question 4 

 

The graph of ( )( ) 







−∈−=

4

5
,

4
for cosec

ππ
xbxay  is shown below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The values of a and b could be 

 

A. a =
1

2
   b = −

π
4
 

B. a = 2    b = −
π
4
 

C. a =
1

2
   b =

π
4
 

D. a = 2    b =
π
4
 

E. a =
1

2
   b =

π
2
 

 

Question 5 

 

If v = a + ai  where a is a positive constant, and 
w

v
w  then ,

3
cis 








=

π
 is given by 

 

A. 







6

cis2
π

a  

B. 







12

cis
π

a  

C. 







−
12

cis2
π

a  

D. 







12

cis2
π

a  

E. 







6

cis2
π

a  

x

y

4

π
−

4

π

4

3π
4

5π
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Question 6 

 

One of the solutions to the equation z12 = a ; where a is a real number, is 







6

7
cis12

1 π
a . 

The number of solutions to this equation that have an imaginary part that is less than zero is 

 

A. 0 

B. 2 

C. 5 
D. 6 

E. 7 
 

Question 7 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The line shown on the Argand diagram above could be defined by 

 

A. izz +−= 1  

B. z = z +1− i  

C. z −1+ i = 0 

D. z −1+ i =1 

E. z +1− i =1 

 

Question 8 

 

The complex number z = a + bi , where a and b are real constants, lies in the second quadrant 
of an Argand diagram. Which one of the following statements is not true? 

 

A. a < 0 
B. b > 0  
C. zi lies in the third quadrant 

D. baaz ==  if 2  

E. ( ) baz ==  if 
4

Arg
π

 

 

( )z

( )z

Im

Re
1

-1
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Question 9 

 

The gradient of the curve 13 32 =− yx  at the point where x = 2 is given by 

 

A. 
5

18
 

B. 
4

9
 

C. 
2

3
 

D. 1 

E. 
4

3
 

 

 

Question 10 

 

With a suitable substitution, ( ) ( )∫
6

0

43 cossin

π

dxxx  can be expressed as 

 

A. ∫
6

0

4

π

duu  

 

B. ∫
1

2

3

4duu  

 

C. ( )duuu  

6

0

64∫ −

π

 

 

D. ( )duuu  
2

3

1

64∫ −  

 

E. ( )duuu  

1

2

3

64∫ −  
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Question 11 

 

The graph of the function ( )xfy =  has x-intercepts at x = 0, x = 3 and x = 8. Also, 

( ) ( ) 83for   also and 0for  0 and 06' <<<<= xxxff . 

Let ( )xF  be the antiderivative function of ( )xf . 

Which one of the following could be the graph of ( )xFy = ? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

xx

x

x

x

yy

y

y

y

E.

C. D.

A. B.

11

1

1

1

33

3

3

3

66

6

6

6

88

8

8

8
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Question 12 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The direction (slope) field for a particular first order differential equation is shown above. 

The differential equation could be 

 

A. 
dy

dx
= x

2 − y
2
 

B. 
dy

dx
=

x 2

4
+ y

2  

C. 
dy

dx
= x

2 +
y 2

4
 

D. 
dy

dx
=

−4x

y
 

E. 
dy

dx
=

−4y

x
 

 

 

Question 13 

 

The position vectors of particles A and B are given by  

 

( )

( )
~~~

~~~

81   and

 624

jitr

jtir

B

A

++=

−+=

 

where t is in seconds and t ≥ 0 . 

 

The particles 

 

A. meet when t = 3 

B. meet when t = 4  

C. meet when t = 7 

D. meet when t = 8  

E. never meet 

 

1

1-1

-1

-2

-2

2

2
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Question 14 

 

A moving object has a position vector given by ( )
~

2

~~~

1
kejti

t
tx t++=  where t is in seconds 

and t > 0 . 

When t =1, the direction of motion of the object is 

 

A. − i
~
+
1

2
j
~
+ k

~
 

B. − i
~
+
1

2
j
~
+2e2 k

~
 

C. i
~
+ j

~
+e2 k

~
 

D. i
~
+ j

~
+2e2 k

~
 

E. 2 i
~
−
1

4
j
~
+ 4e2t k

~
 

 

 

Question 15 

 

The region enclosed by the graph of y = x 5 +2x 3 + x +1 and the x and y axes is closest to 
 

A. 0.34899 square units 
B. 0.34905 square units 

C. 0.73112 square units 

D. 0.79651 square units 

E. 0.85953 square units 

 
 

Question 16 

 

A solution to the differential equation 
dy

dx
= x −9 , with initial conditions y = 0 when x = 9 , 

is to be approximated using Euler’s method with a step size of 0.1. The value of y when 

x = 9 ⋅2 is closest to 
 

A. 0 

B. 0.0142 

C. 0.0316 

D. 0.0596 

E. 1.4788 
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Question 17 
 

 

 

 

 

 

 

 

 

 

 

 

In the diagram above, vector c
~
 lies along the straight edge of a semi-circle. Vectors 

a
~
, b

~
 and c

~
 form a triangle and all three vertices of the triangle lie on the semi-circle. 

Which one of the following statements is not true? 

 

A. 0
~~

=•ba  

B. 
~~~~~~
ccbbaa ••• =+  

C. 
2

~

2

~

2

~
cba =+  

D. ( ) 2

~~~~
 abca =+•  

E. θcos
~~~~
baba =•  

 

 

Question 18 

 

A vector with a magnitude of 4 that is parallel to the vector 6 i
~
+2 j

~
+2 6 k

~
 could be 

 

A. 
3

4
i
~
+
1

4
j
~
+

6

4
k
~
 

 

B. 
3

2
i
~
+
1

2
j
~
+

6

2
k
~
 

 

C. 3i
~
+ j

~
+ 6 k

~
 

 

D. 12 i
~
+ 4 j

~
+2 6 k

~
 

 

E. 24 i
~
+8 j

~
+8 6 k

~
 

 

 

 

~
a

~
b

~
c

θ
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Question 19 

 

A cake which has been baked in an oven with an internal temperature of   180
�
C , is taken from 

the oven and placed on a bench. The surrounding air temperature is   22
�
C . The rate at which 

the cake cools is proportional to the excess of its temperature above the surrounding air 

temperature. 

Let T represent the temperature of the cake at time t minutes after it is taken from the oven 

and k is a positive constant. 

 

Which of the following gives a differential equation for T and t? 

 

A. ( ) ( ) 1800  ,22 =−−= TTk
dt

dT
 

 

B. ( ) ( ) 220  ,180 =−−= TTk
dt

dT
 

 

C. ( ) ( ) 220  ,180 =−−= TTk
dt

dT
 

 

D. ( ) ( ) 220  ,180 =−= TTk
dt

dT
 

 

E. ( ) ( ) 1800  ,22 =−= TTk
dt

dT
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Question 20 

 
A particle of mass 10kg is attached to the end of a string which is fixed to a wall. 

A horizontal pulling force P is applied to the particle pulling it away from the wall. 

The particle is held in equilibrium. 

If T represents the tension in the string which one of the following diagrams shows the forces 

acting on the particle? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

E.

C. D.

P

P

P

P

P

T

T

T

T

T

10g

10g

10

10 10g

A. B.
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Question 21 

 

A box of mass 20kg is sitting on a horizontal floor. A man exerts a horizontal force of 30 

newtons on the box. The coefficient of friction between the box and the floor is 0.2 and the 

friction force is F. 

 

The box will 

 

A. accelerate because F = 30  

B. accelerate because F < 4g  

C. remain at rest because gF 4=  

D. remain at rest because F < 4g  

E. be on the point of sliding across the floor 

 

 
Question 22 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A mass of 10kg sits on a horizontal surface and is attached to a light string which passes over 

a smooth pulley and has its other end attached to a mass of 8kg as shown in the diagram 

above. 

The coefficient of friction between the 10kg mass and the horizontal surface is 0.1. 

A horizontal force of 50N acts on the 10kg mass in the 
~
i−  direction. 

The 8kg mass has an acceleration of 

 

A. zero 

 

B. 
2m/s

18

507 −g
 downwards 

 

C. 
2m/s

10

507 −g
 downwards 

 

D. 
2m/s

18

507 −g
 upwards 

 

E. 
2m/s

10

507 −g
 upwards 

 
 

 

10 kg

8 kg

~
i

~
j
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SECTION 2 
 

Question 1 
 

Point A has position vector a
~

= m i
~
+2 j

~
, point B has position vector b

~
= i

~
+6 j

~
, point C has 

position vector c
~

= n i
~
+6 j

~
 and point D has position vector d

~
= 3i

~
+2 j

~
 relative to the origin 

O, where m and n are real numbers. 

 

a. Find 
→→
ADAB  and  in terms of m. 

 

 

 

 

 

 

 

 

1 mark 

 

 

b. Hence use a vector method to find the values of m and n such that ABCD is a 

rhombus. 

 

 

 

 

 

 

 

 

 

 

 

 

3 marks 
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c. Show that 
→
AC  is perpendicular to 

→
BD . 

 

 

 

 

 

 

 

 

 

 

2 marks 

 

 

d. Find 
→
AE , the vector resolute of 

→
BA  parallel to 

→
AD . 

 

 

 

 

 

 

 

 

2 marks 

 

 

e. Let   θ �  be the angle between vector 
→
AB  and vector 

→
AD  where °< 90θ . 

Use a vector method to find ( )�θcos . 

 

 

 

 

 

 

 

 

2 marks 
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f. Find an expression for ( )�θ−180cos  and hence find the angle between 
→
BA  and 

→
BC . 

Express your answer to the nearest minute. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3 marks 

Total 13 marks 
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Question 2 

 

At an aquatic fun park, Rhiannon slides down a straight water slide that is 15 metres long and 

inclined at an angle of   45
�  to the horizontal, Rhiannon has a mass of 40kg. The coefficient of 

friction between Rhiannon and the slide is 0.1 and the end of the slide is 3 metres vertically 

above the water. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a. Show clearly the forces acting on Rhiannon on the diagram above. 

1 mark 

 

 

b. Show that the acceleration, a in 2m/s , of Rhiannon down the slide is given by 
9 2g

20
. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3 marks 

 

 

°45

15m

3m

water
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c. Using the equation of motion of a person sliding down the slide, and assuming that 

the coefficient of friction is still 0.1, show that 2m/s
20

29 g
a =  regardless of the 

person’s mass. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2 marks 

 

 

d. Given that Rhiannon starts from rest at the top of the slide, find correct to 2 decimal 

places, the total time she is on the slide. 

 

 

 

 

 

 

 

 

2 marks 

 

 

e. Show that Rhiannon’s speed at the end of the slide is 13.68 m/s (correct to 2 decimal 

places). 

 

 

 

 

 

 

 

 

 

 

1 mark 
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f. Find how long Rhiannon is in “freefall” between leaving the end of the slide and 

landing in the water. Express your answer in seconds correct to 2 decimal places. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3 marks 

 

 

g. Find the angle at which Rhiannon enters the water. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2 marks 

Total 14 marks 
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Question 3 

 

An object moving in a plane has a position vector given by ( ) ( ) 0  ,
~~~

>+= tjtyitxr  and an 

acceleration vector given by 

( )
0  where,

~
2

3
22

~2
>

−

−= tj

ta

t
i

t

a
r
~
ɺɺ  and a is a positive constant. 

 

 

 

a. i. Using the substitution u = a
2 − t

2, write down an integral which gives )(tyɺ  in 

terms of the variable u. 

 

 

 

 

 

 

 

 

 

 

ii. Hence show that 
22

1
)(

ta
ty

−

−
=ɺ  given that 

1

1
)1(

2 −

−
=

a
yɺ . 

 

 

 

 

 

 

 

 

2+1= 3 marks  
 

 

b. Find ( )ty  given that 
32

π
=







 a
y . 

 

 

 

 

 

 

 

 

1 mark 
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c. Verify that ( )tax elog−=  is a solution to the differential equation  

 

   ( ) 0,1 2

2

2
2 >−−= t

dt

dx
tta

dt

xd
t  

 

where a is a positive constant. 

 

 

 

 

 

 

 

 

 

 

 

 

2 marks 

 

d. Write down an expression for 
~
r in terms of the variable t by 

• using your working from part c. and 

• using the fact that ( ) 01 =x  and 

• not using further calculus. 

 

 

 

 

 

 

 

 

 

 

 

 

2 marks 

 

e. Hence find the Cartesian equation of the object. 

 

 

 

 

 

 

 

 

 

 

1 mark 

Total 9 marks 
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Question 4 

 

The complex number ( )θcisrz =  is shown on the Argand diagram below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a. i. Plot z ; the complex conjugate of z on the diagram above. 

 

 

ii. Hence find ( )zArg . 

 

 

 

 

iii. Express z  in polar form. 

 

 

 

 

iv. Show that ( ) ( )nn
zz =  where n is an integer. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1+1+1+ 2 = 5 marks  
 

 

( )z

( )z

z

Im

Re
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b. Show that ( ) ( )θnrzz nnn cos2=+ . 

 

 

 

 

 

 

 

 

 

 

 

 

2 marks 

 

c. Hence show that ( ) ( ) 12811
1212 −=−++ ii . 

 

 

 

 

 

 

 

 

 

 

 

 

2 marks 

 

d. Sketch the region enclosed by ( ) ( ) ( ){ } { }128:11Re:
1212 ≤∩−++> zziizz  on the set 

of axes below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2 marks 

Total 11 marks 

 

( )z

( )z

Im

Re
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Question 5 

 

a. On the set of axes below, sketch the graph of the relation ( ) 44191016 22 ⋅=+⋅+ xy . 

It is not necessary to show the x - intercepts on your graph. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2 marks 

 

 

 

That part of the relation for which x ≥ 0 and 0 ≤ y ≤ 0 ⋅2  is rotated about the y-axis to form a 

volume of revolution which models the base for a beach umbrella. 

 

 

b. Write down a definite integral which represents the volume 3mV , of the base given 

that x and y are measured in metres. 

 

 

 

 

 

 

 

 

2 marks 

 

 

c. Find the volume of the base in 3m  correct to 4 decimal places. 

 

 

 

 

1mark 

 

  

 

x

y

-0.1

-0.1

0.1

0.1

0.2

0.2

-0.2

-0.2

-0.3

-0.3

-0.4

0.3

0.3

0.4

0.4

-0.4
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The base for the beach umbrella is hollow and can be filled with water. The base sits on a 

decking and contains 50 litres of fresh water. 

The base is moved a short distance along the decking and as a result starts leaking from 

underneath at the rate of 0.5litre/minute. At the same time, sea water is added to the base at 

the same rate. 

Let S be the number of grams of salt in the base t minutes after the seawater started to be 

added. The salt concentration in the sea water is 35grams /litre. 

 

d. i. Show that, the rate at which the amount of salt in the base changes over time, 

is given by 
dS

dt
=
1750− S

100
 g/min assuming that the concentration of salt in 

the base is kept uniform. 

 

 

 

 

 

 

 

 

 

 

 

ii. Use calculus to find an expression for the time t, in terms of S. 

 

 

 

 

 

 

 

 

 

 

 

 

iii. If sea water was continued to be added at the same rate indefinitely and the 

leak continued at the same rate indefinitely, explain what would happen to 

the amount of salt in the base over the long term. 

 

 

 

 

 

 

 

 

2+ 2+ 2 = 6 marks  
 

Total 11 marks 
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Specialist Mathematics Formulas 
Mensuration 

area of a trapezium:   hba )(
2

1
+  

curved  surface area of a cylinder: rhπ2  

volume of a cylinder:   hr 2π  

volume of a cone:   hr 2

3

1
π  

volume of a pyramid:   Ah
3

1
 

volume of a sphere:   
3

3

4
rπ  

area of a triangle:   Abcsin
2

1
 

sine rule:    
C

c

B

b

A

a

sinsinsin
==  

cosine rule:    Cabbac cos2222 −+=  

 

Coordinate geometry 

ellipse:  1
)()(

2

2

2

2

=
−

+
−

b

ky

a

hx
 hyperbola: 1

)()(
2

2

2

2

=
−

−
−

b

ky

a

hx
 

Circular (trigonometric) functions 

1)(sin)(cos 22 =+ xx  

)(sec)(tan1 22 xx =+     )(cosec1)(cot 22 xx =+  

)sin()cos()cos()sin()sin( yxyxyx +=+  )sin()cos()cos()sin()sin( yxyxyx −=−  

)sin()sin()cos()cos()cos( yxyxyx −=+  )sin()sin()cos()cos()cos( yxyxyx +=−  

)tan()tan(1

)tan()tan(
)tan(

yx

yx
yx

−
+

=+    
)tan()tan(1

)tan()tan(
)tan(

yx

yx
yx

+
−

=−  

)(sin211)(cos2)(sin)(cos)2cos( 2222 xxxxx −=−=−=  

)cos()sin(2)2sin( xxx =    
)(tan1

)tan(2
)2tan(

2 x

x
x

−
=  

function 1sin −                               1cos −                                1tan −  

domain 

 

range 

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







−

2
,

2

ππ
                       ],0[ π                            








−

2
,

2

ππ
 

 

Algebra (Complex numbers) 

θθθ cis)sin(cos riryixz =+=+=  

ryxz =+= 22     ππ ≤<− zArg  

)(cis 212121 θθ += rrzz     )cis( 21

2

1

2

1 θθ −=
r

r

z

z
 

)cis( θnrz nn =            (de Moivre’s theorem) 
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Calculus 

 

( ) 1−= nn nxx
dx

d
     ∫ −≠+

+
= + 1,

1

1 1 ncx
n

dxx nn
 

( ) axax aee
dx

d
=      ce

a
dxe axax +=∫

1
 

( )
x

x
dx

d
e

1
)(log =     cxdx

x
e +=∫ log

1
 

( ) )cos()sin( axaax
dx

d
=     cax

a
dxax +−=∫ )cos(

1
)sin(  

( ) )sin()cos( axaax
dx

d
−=    cax

a
dxax +=∫ )sin(

1
)(cos  

( ) )(sec)tan( 2 axaax
dx

d
=    ∫ += cax

a
dxax )tan(

1
)(sec2  

( )
2

1

1

1
)(sin

x
x

dx

d

−
=−     0,sin

1 1

22
>+








=

−

−∫ ac
a

x
dx

xa
 

( )
2

1

1

1
)(cos

x
x

dx

d

−

−
=−    0,cos

1 1

22
>+








=

−

− −∫ ac
a

x
dx

xa
 

( )
2

1

1

1
)(tan

x
x

dx

d

+
=−     c

a

x
dx

xa

a
+








=

+
−∫ 1

22
tan  

 

 

product rule:   
dx

du
v

dx

dv
uuv

dx

d
+=)(  

quotient rule:   
2

v

dx

dv
u

dx

du
v

v

u

dx

d
−

=







 

chain rule:   
dx

du

du

dy

dx

dy
=  

Euler’s method:   , and ),( If 00 byaxxf
dx

dy
===  

)( and  then 11 nnnnn xhfyyhxx +=+= ++  

acceleration:   






==== 2

2

2

2

1
v

dx

d

dx

dv
v

dt

dv

dt

xd
a  

constant (uniform) acceleration:  atuv +=     
2

2

1
atuts +=     asuv 222 +=     tvus )(

2

1
+=  
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Vectors in two and three dimensions 

 

 

~~~~
kzjyixr ++=  

rzyxr =++= 222

~
  21212121

~
2

~
1 cos. zzyyxxrrrr ++== θ  

~~~

~

~
k

dt

dz
j

dt

dy
i

dt

dx

dt

rd
r ++==ɺ  

 

 

 

Mechanics 

 

 

momentum:   
~~
vmp =  

equation of motion:  
~~
amR =  

friction:    NF µ≤  
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SPECIALIST MATHEMATICS

TRIAL EXAMINATION 2

INSTRUCTIONS

Fill in the letter that corresponds to your choice.  Example:

The answer selected is B.  Only one answer should be selected.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

12.

13.

14.

15.

16.

17.

18.

19.

20.

22.

21.

11.

A

A

A

A

A

B

B

B

B

B

B

B

B

B

B

C

C

C

C

C

C

C

C

C

C

D

D

D

D

D

D

D

D

D

D

E

E

E

E

E

E

E

E

E

E

A C D E

AA BB CC DD EE

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

B

B

B

B

B

B

B

B

B

B

C

C

C

C

C

C

C

C

C

C

D

D

D

D

D

D

D

D

D

D

E

E

E

E

E

E

E

E

E

E

STUDENT NAME:.......................................................................................

MULTIPLE- CHOICE ANSWER SHEET


