
 

 

 

 

 

     Student Name:……………………………………… 

 

 

 

 

 

 

 

 

 

 

SPECIALIST MATHEMATICS 

 

WRITTEN TRIAL EXAMINATION 2 

 

 

2006 

 

Reading Time: 15 minutes 

Writing time: 2 hours 

 

   Instructions to students 

This exam consists of Section 1 and Section 2. 

Section 1 consists of 22 multiple-choice questions and should be answered on the detachable 

answer sheet on page 32 of this exam.  This section of the paper is worth 22 marks. 

Section 2 consists of 5 extended-answer questions, all of which should be answered in the 

spaces provided.  Section 2 begins on page 13 of this exam.  This section of the paper is worth 

58 marks. 

There is a total of 80 marks available. 

Where more than one mark is allocated to a question, appropriate working must be shown. 

Unless otherwise stated, diagrams in this exam are not drawn to scale. 

The acceleration due to gravity should be taken to have magnitude 
2m/sg where 8.9=g  

Students may bring one bound reference into the exam. 

Students may bring a graphics or CAS calculator into the exam. 

Formula sheets can be found on pages 29-31 of this exam. 

 

This paper has been prepared independently of the Victorian Curriculum and Assessment 

Authority to provide additional exam preparation for students.  Although references have 

been reproduced with permission of the Victorian Curriculum and Assessment Authority the 

publication is in no way connected with or endorsed by the Victorian Curriculum and 

Assessment Authority. 

 

 THE HEFFERNAN GROUP 2006 

This Trial Exam is licensed on a non transferable basis to the purchaser.  It may be copied for 

educational use within the school which has purchased it.  This license does not permit 

distribution or copying of this Trial Exam outside that school or by any individual purchaser. 

 



2 

 

© THE HEFFERNAN GROUP 2006                                          Specialist Maths Trial Exam 2 

Section 1 

 
Question 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The graph shown above could have the equation 
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Question 2 

 

The graph of a rational function has one straight line asymptote and one other asymptote that 

is not a straight line. 

Which one of the following could be the equation of this rational function? 

 

A. 
( )( )11

1

+−
=

xx
y  

B. 
x

x
y

12 +
=  

C. 
2

3 1

x

x
y

+
=  

D. 
2

4 1

x

x
y

+
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E. 
1

1
2

2

+
+=
x
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Question 3 

 

The graph of the function ( ) ( )axxf sec=  where a is a constant has asymptotes located at 

 

A. ...2,,0,,2... ππππ aaaax −−=  

B. ,...
2

3
,

2
,

2
,

2

3
...
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2
,,0,,

2
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x
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2
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2

3
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x
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Question 4 

 

The expression ( )θsin  is not equal to 

 

A. ( )( )θ2cos1
2

1
−  
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



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
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2

sin2
θθ

 

D. ( ) ( ) ( ) ( )θθθθ 2sin3cos2cos3sin +  

E. 
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
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The following information relates to Questions 5, 6 and 7. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Argand diagram above shows the complex number w where 1≥a . 

 

Question 5 

 

The complex number w is given by 

 

A. i31+  

B. ( )ia
31

2
+  

C. ( )ia 31+  

D. ( )ia +3  

E. ( )ia
+1

2
 

 

 

Question 6 

 

The complex number represented by the expression ( )wwi +−  is given by 

 

A. ( )�90cis −a  

B. ( )�90cisa  

C. ( )�180cisa  

D. ( )�30cis2a  

E. ( )�60cis2a  

  

°60
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Question 7 

 

Which one of the following statements is not true about the cube roots of w. 

 

A. They lie on or within the circle with radius a units. 

B. One of the cube roots of w is located at ( )�60cis3 −a . 

C. The three cube roots are spaced 120° apart from one another. 

D. The three cube roots lie on a circle with centre at i00 +  

E. The three cube roots of w are all distinct, that is, not equal to each other. 

 

 

Question 8 

 

If 







= −

a

x
y 1sin , a is a constant, then 

2

2

dx

yd
 is equal to 

A. 
2

1

xa −
 

B. 
2xa

x

−
 

C. 

( )2
3

2xa

x

−

 

D. 

( )2
3

22

1

xa −

−  

E. 

( )2
3

22 xa

x

−

 

 

 

Question 9 

 

The gradient to the curve 4 epoint wher at the 12 == xxy  in the fourth quadrant is 

 

A. 
16

1
 

B. 
4

1
 

C. 
2

1
 

D. 2 

E. 4 
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Question 10 

 

With a suitable substitution ( ) ( )( )∫
π

0

3
cossin dxxx  can be expressed as 

 

A. ( )∫
−

−−
1

1

53 duuu  

B. ( )∫
−

−
1

1

53 duuu  

C. ( )∫
−

−
1

1

53 duuu  

D. ( )∫ −
1

0

53 duuu  

E. ( )∫ −
π

0

53 duuu  

 

 

Question 11 

 

The graph of the function ( )xfy =  is shown below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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

Which one of the following statements about the graph of ( )xFy =  is not true? 

 

A. It has no stationary points of inflection. 

B. It has a positive gradient for ( ) ( )7,30,5 ∪−∈x . 

C. It has a minimum turning point at 0=x . 

D. It has a point of inflection at 5=x . 

E. It is decreasing for ( )3,0∈x . 

 

 

)(xfy =
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Question 12 

 

The graph of the function 

 

[ ] ( ) ( )xxgRg arcos  where,1,0: =→  

 

is shown below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The shaded region is bounded by the graph of ( )xgy =  and the positive x and y-axes. 

This region is rotated around the y-axis to form a solid of revolution. 

The volume of this solid in cubic units is given by 

 

A. ( )( )∫ +
2

0

12cos
2

π

π
dyy  

B. ( )( )∫ +
2

0

12cos

π

π dyy  

C. ( )∫
2

0

cos

π

π dyy  

D. ( )∫
1

0

2arcos dxxπ  

E. ( )( )∫
1

0

2
arcos dxxπ  

 

 

2

π

)(arcos xy =
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Question 13 

 

The vectors 
~~~
c and ,ba  are all non-zero vectors. If 

~~
 lar toperpendicu is ca , which one of the 

following statements must be true? 

 

A. 
~~~~
ccaa •• =  

B. 
~~~~
cbba •• =  

C. ( )
~~~~
bbca =•  

D. ( ) 2

~~~~
acaa =+•  

E. ( ) ( )
~~~~~~
cacaca −=−+ •  

 
 

Question 14 

 

 

 

 

 

 

 

 

 

 

 

 

 

In the diagram above, 
→→→

=== .  and,
~~~

OCcOBbOAa  

Also, 
~~
bkc =  where k is a constant. 

An expression for 
~
c is 

 

A. 
~~
bak •  

B. 
~~
b̂ak •  

C. )cos(ˆ
~~

θba •  

D. ( )
~~~
ˆˆ bba •  

E. ( )
~~~~
ˆˆ bbaa •−  

 

 

θ

~
c

~
a

~
b
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Question 15 

 

A pulling force of 200N is applied at an angle of 30° to the horizontal in order to pull a body 
of mass 30 kg across a rough horizontal surface. The coefficient of friction between the body 

and the surface is 0.5. The acceleration in 2m/s  is given by  

 

A. 
3

310
 

B. 
3

355.8 −
 

C. 
3

5.3310 +
 

D. 
3

355.110 −− g
 

E. 
3

55.1310 +− g
 

 
 

Question 16 

 

A particle has three concurrent coplanar forces 
~~~

  and  , RQP  acting on it. The particle remains 

in equilibrium. If 
~~
 andnewton  1 PP =  acts in the west direction and newtons 3

~
=R  and 

acts in the south direction, then the magnitude and direction of Q are given respectively by 

 

A. 1 newton, N30°E 
B. 1 newton, N60°E 
C. 2 newtons, N30°E 
D. 2 newtons, N60°E 

E. 3  newtons, N45°E 
 

 

Question 17 
 

A particle of mass 3kg moves so that the horizontal component of its velocity has magnitude 

6 m/s and the vertical component of its velocity has magnitude of 8 m/s.  

The magnitude of the particles momentum, in kg m/s is 

 

A. 10 

B. 12 

C. 16 

D. 30 

E. 144 
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Question 18 

 

Consider the differential equation bya
dx

dy
+=  where a and b are constants and 

0when 0 == xy . If c is a constant of integration, then which one of the following statements 

is not true? 

 

A. ∫ +
= dy

bya
x

1
 

B. b
e ac

1

log
−

=  

C. 
a

bya

b
x e

+
= log
1

 

D. 
a

by
ebx +=1  

E. ( )1+= bxe
b

a
y  

 

 

Question 19 

 

The differential equation 
1

1

+
=
xdx

dy
, with initial conditions 0 when 0 == yx , is solved using 

Euler’s method with a step size 0.1. 

The approximation for y when 2.0=x  is given by 

 

A. 0 

B. 
10

1
 

C. 
10

2
 

D. 
11

3
 

E. 
110

21
 

 

 



11 

 

© THE HEFFERNAN GROUP 2006                                          Specialist Maths Trial Exam 2 

Question 20 

 
Water is added to a tank at the rate of 2 L/s. 

The tank had originally contained 300L of water in which 45g of sugar had been dissolved. 

The mixture in the tank is continually stirred and the solution is drained from the tank at the 

rate of 5 L/s. 

Let S be the amount of sugar present in the tank at time t seconds. 

Which one of the following differential equations correctly describes this situation? 

 

A. 
60

S
−  

B. ( )tS 52 −  

C. 
( )t

S

−
−
1003

5
 

D. 
( )t

S

−1003

5
 

E. 
( )t

S

−
−

1003

5
2  

 

 

Question 21 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A certain first order differential equation has the direction (slope) field shown above. 

Which one of the following functions could be a solution to this differential equation? 

 

A. xy =  

B. ( )4−−= xxy  

C. ( )xy elog=  

D. 22 xxy −=  

E. xey −−=1  
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Question 22 

 
A particle moves in a straight line with velocity v m/s. 

At time t seconds, 0≥t , the displacement from a fixed point on the straight line is x metres. 

 

If dxv ∫−= 522
 then the particle is moving with  

 

A. decreasing acceleration and decreasing velocity 

B. decreasing acceleration and constant velocity 

C. constant acceleration and decreasing velocity 

D. constant acceleration and increasing velocity 

E. increasing acceleration and increasing velocity 

 
 



13 

 

© THE HEFFERNAN GROUP 2006                                          Specialist Maths Trial Exam 2 

Section 2 
 

Question 1 
 

Let iviu
2

3
1  and  32 +=+= . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a. Plot the complex numbers u and v on the Argand diagram above, labelling them as U 

and V respectively. 

1 mark 

 

 

b. Let T be defined by { }CzuzzT ∈=−= ,2: . 

If ,biw =  find the value b such that Tw∈ . 

 

 

 

 

1 mark 
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c. Let R be defined by { }CzuzzR ∈≤−= ,2: . 

 

i. Sketch R on the Argand diagram used in part a. 

 

 

ii. Confirm algebraically that Rv∈ . 

 

 

 

 

 

 

 

 

 

 

marks 321 =+  

 

 

d. i. On the Argand diagram below, sketch S where 

{ }uzwzzRS −=−∩= :  and where Tw∈ . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ii. If Spyixp ∈+=  and , find the maximum and minimum values of y. 

 

 

 

 

 

 

 

marks 321 =+  
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e. Use a vector method to show that the points U, V and O are collinear. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3 marks 

Total 11 marks 
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Question 2 

 

The position vectors of two particles A and B are given respectively by 

 

( ) ( ) ( )
~~~~~~

cos2  and    cos2sin2 jitbjtita +=+=  

 

where 0=t  seconds corresponds to the start of the motion of each particle and 0≥t . 

 

a. i. Find the Cartesian equation of the path of particle A. 

 

 

 

 

 

 

 

 

 

 

ii. Describe the movement of particle A including its starting point and its 

subsequent movement in the 
~~
ji −  plane. 

 

 

 

 

 

 

 

 

 

 

marks 321 =+  

 

 

b. i. State the Cartesian equation of the path of particle B. 

 

 

 

 

 

 

ii. Write down the domain of the Cartesian equation that describes the path of 

particle B. 

 

 

 

 

 

 

marks 211 =+  
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c. Evaluate 
~~
ba •  and hence find the exact time when the two particles are first at right 

angles to one another. 

 

 

 

 

 

 

 

 

 

 

 

 

4 marks 

 

 

d. Show that particle A moves with constant speed. 

 

 

 

 

 

 

 

 

2 marks 
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e. i. Verify that the particles will collide. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ii. How far does particle A travel from its starting position before it collides with 

particle B? 

 

 

 

 

 

 

 

 

marks 312 =+  

Total 14 marks 
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Question 3 

 

Consider the function g where  

 

( ) ( )12log 2 ++= xxxg e  

 

 

a. Write down the maximal domain of g. 

 

 

 

 

 

 

1 mark 

 

 

b. i. Show that 1−g , the inverse function of g, is given by  

 

xey ±−= 1 . 

 

 

 

 

 

 

 

 

 

ii. State the range of ( )xg 1− . 

 

 

marks 211 =+  
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A mould used in the manufacture of a standard wine glass is produced by rotating, about the 

x-axis, the region enclosed by the curve ( )xgy = , the x-axis and the line 10=x . The unit of 

measurement is the centimetre. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

c. Find the exact diameter, in cm, of the rim of the standard wine glass. 

 

 

 

 

1 mark 

 

 

d. i. Write a definite integral that gives the volume of the mould used in the 

manufacture of a standard wine glass. 

 

 

 

 

 

 

 

 

ii. If a standard drink is 100 ml ( )3cm100  find how many standard drinks 

(correct to 1 decimal place) the standard wine glass can hold? 

 

 

 

 

 

 

marks 422 =+  

 

 

)(xgy =
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The function ( ) ( )1log 2 ++= axxxf e , where a is an integer constant and 0>a , is used to 

create moulds for non-standard wine glasses, in the same way as the function g was used to 

create the mould for the standard wine glass. 

 

e. Find the largest value of a for which the rim of the non-standard wine glass (that still 

has a depth of 10 cm) has a diameter less than 10cm. 

 

 

 

 

 

 

 

 

2 marks 

 

 

f. Explain why at no point on the side of a non-standard wine glass can the slope of the 

glass be vertical. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2 marks 

Total 12 marks 
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Question 4 

 

A stationary train pulls out of a station and travels in a straight line until it stops at the next 

station. 

The velocity-time graph showing the motion of the train for bt ≤≤0  is shown below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The velocity, in metres per second, of the train between the stations is given by 

 

( )
( )














≤<

≤≤

<≤+
−

=

ctbtg

btk

t
tt

tv

for ,

28for ,

280for ,
320

28

480

23

 

 

where k is a constant. 

 

 

a. Find the maximum speed of the train for bt ≤≤0 . 

 

 

 

 

 

 

1 mark 

 

 

b. Given that the train maintains this maximum speed over a distance of 2.058 km, show 

that 118=b . 

 

 

 

 

 

 

1 mark 
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c. i. What is the average acceleration of the train between 50 and 10 == tt  

seconds? Express your answer in 2m/s  correct to 2 decimal places. 

 

 

 

 

 

 

 

 

ii. What is the instantaneous acceleration of the train at 10=t  seconds? 

 

 

 

 

 

 

marks 211 =+  
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The deceleration phase of the train’s trip is described by the function 

( ) ( ) ctttg ≤<⋅+−
⋅−

= − 118,69111130tan
623 1

π
 

where ct =  represents the time when the train stops at the second station. 

 

d. Find c. Express your answer correct to two decimal places. 

 

 

 

 

 

 

1 mark 

 

e. Find an expression for the distance between the two stations involving two definite 

integrals. 

 

 

 

 

 

 

 

 

2 marks 

 

f. Describe the motion of the train as it approaches the second station. 

 

 

 

 

 

 

 

 

 

 

1 mark 

 

g. Given that ( )
( )( )21301

623
'

−+

⋅−
=

t
tg

π
 explain why the velocity of the train is never 

constant for ctb ≤≤ . 

 

 

 

 

 

 

 

 

1 mark 
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A second train travels between the same two stations on another occasion. Its motion is 

similar to the first train in all ways except that it mistakenly expresses through the second 

station. 

Realizing the mistake, the driver then has to reverse back to the second station so that 

passengers can alight. 

 

h. Draw a possible velocity-time graph showing the motion of this second train. 

 

Indicate on your graph  

 

• the area that approximately represents the distance between the two stations 

• the point where the train begins to reverse. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3 marks 

Total 12 marks 
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Question 5 

 

 

 

 

 

 

 

 

 

 

A truck of mass 650kg is towing an empty trailer of mass 500kg along a straight track that is 

inclined at an angle of 5° to the horizontal. The tractor and trailer are connected by a tow bar. 
The tractor and trailer are moving along the track with an acceleration of 2m/s150 ⋅ . 

 

 

a. If the tension in the towbar is 2 000N show that the coefficient of friction between the 

trailer and the track is 0.307 correct to three decimal places. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4 marks 

 

 

°5  
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b. The truck and trailer continue along the track. When the speed of the truck is 4m/s, 

the driver notices a tree over the track 150m ahead. He brakes and the truck 

decelerates at a constant rate until it stops at the point where the tree is across the 

track. How long does it take for the truck to stop after the driver notices the tree? 

 

 

 

 

 

 

 

 

 

 

2 marks 

 

 

 

The driver unhooks the trailer from the truck, and leaves the trailer stationary on the track. 

The trailer is then filled with timber from the tree that is being cut up. 

The coefficient of friction between the trailer and the track is still 0.307. 

 

 

 

 

 

 

 

 

c. i. Show that the trailer will not start to move down the track despite being 

loaded with timber. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

°5  
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ii. Find the minimum value of the coefficient of friction that would prevent the 

trailer from rolling down the track. Express your answer correct to 3 decimal 

places. 

 

 

 

 

 

 

 

 

marks 312 =+  

Total 9 marks 

 

 

 

END OF EXAM 
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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) 

Reproduced with permission of the Victorian Curriculum and Assessment Authority, Victoria, 

Australia. 

This formula sheet has been copied in 2006 from the VCAA website www.vcaa.vic.edu.au 

The VCAA publish an exam issue supplement to the VCAA bulletin. 
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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(
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product rule:   
dx
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uuv
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quotient rule:   
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chain rule:   
dx

du

du
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dx
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=  

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

dy
===  

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

acceleration:   






==== 2

2

2
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dx

d

dx

dv
v
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constant (uniform) acceleration:  atuv +=     
2
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1
atuts +=     asuv 222 +=     tvus )(

2

1
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Vectors in two and three dimensions 

 

 

~~~~
kzjyixr ++=  

rzyxr =++= 222
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~~~
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~
k

dt

dz
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dt
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dt

dx

dt

rd
r ++==ɺ  

 

 

 

Mechanics 

 

 

momentum:   
~~
vmp =  

equation of motion:  
~~
amR =  

friction:    NF µ≤  
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