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SECTION A – Multiple-choice questions 

 
Question 1 

 

The rule of the relation defined by the parametric equations )(sec5 and 1)tan(2 2 tytx =+=  is 

 

A. (x −1)
2 + y = 5  

B. 1
4

)1( 2

+
−

=
x

y  

C. y
2 =

(x −1)
2

4
−1 

D. 5
2

)1(52 +
−

=
x

y  

E. 5
4

)1(5 2

+
−

=
x

y  

 

 

Question 2 

 

The implied domain and range of the function with rule f (x) = 2tan
−1

(x +1) + π  are given 

respectively by 

 

A. R and 
−π
2

,
π
2

 

 
 

 

 
  

B. (−2π, 2π) and R 

C. R and (0,2π)  

D. (0,2π) and R  

E. R and (−π, π)  
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Question 3 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The rule for the function shown above could be 

 

A. y = cot
x

2

 

 
 

 

 
  

B. y = cot
1

2
x −

π
2

 

 
 

 

 
 

 

 
 

 

 
  

C. y = cot
1

2
x −

π
4

 

 
 

 

 
 

 

 
 

 

 
  

D. y = cot 2 x −
π
2

 

 
 

 

 
 

 

 
 

 

 
  

E. y = cot 2 x −
π
4

 

 
 

 

 
 

 

 
 

 

 
  

 

 

Question 4 
 

A polynomial P(z)  has real coefficients. 

The equation P(z) = 0  has three known roots which are izizz −=== 1 and 3,2 . 

The minimum number of roots that this equation could have is 

 

A. 3 

B. 4 

C. 5 

D. 6 

E. 7 

 

x
O

y

2
π

2
π−
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Question 5 

 

Let Czaz ∈=  where 7  and a is a real constant. One of the solutions to this equation is 








 π
−

7
cis7

1

a . 

Another solution is 

 

A. 7

1

a−  

B.   7

1

a  

C. 






 π
7

2
cis7

1

a  

D. 






 π
7

4
cis7

1

a  

E. 






 π
2

3
cis7

1

a  

 

Question 6 

 

Let izz 00 and 
4

3
cis 21 +=







 π
= . 

The points in the complex plane corresponding to z1 and z2  are joined to a third point 

corresponding to the complex number z3. These three points form the vertices of a right-

angled triangle. 

The complex number z3 could not be 

 

A. −iz1 

B. − 2  
C.   z 1 

D. 
i

2
 

E. 1
2 zi  
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Question 7 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The direction field for the differential equation 0
1

2
=−

xdx

dy
 is shown above. 

One solution to this differential equation includes the point (1,−1) . 

This solution is most likely to include 

A. )1,3(−  

B. (0,− 2)  

C. (2,1)  

D. (2,− 0.5)  

E. (3,2)  

 

Question 8 

Using a suitable substitution, ∫

π
2

0

3 )(cos)(sin2 dxxx  can be written as 

A. ∫−
1

0

32 duu  

B. ∫
1

0

32 duu  

C. ∫−
1

0

3

2

1
duu  

D. ∫

π
2

0

32 duu  

E. ∫

π

−
2

0

32 duu  

x
O

1

-1

-2

-3

-4

-5

2

3

4

5

1-1-2-3-4-5 2 3 4 5

y
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Question 9 

 

Let [ ]
22

4
)(,2,0:

x
xfRf

+
=→ . 

The graph of f is rotated about the y-axis to form a solid of revolution. 

The volume of the solid can be found by evaluating 

 

A. dx
x








π
∫ −

2
tan

4

2

0

1  

B. dx
x








π
∫ −

2
tan

4

2

1

1  

C. dy
y

y
∫

−
π

2

1

2
2  

D. dy
y

y
∫

−
π

2

0

2
2  

E. dy
y 










−π ∫ 2

4
2

2

 

 

Question 10 

Let 
dy

dx
= x (2 − x

2
), where y0 = y(1) = 0 . 

Using Euler’s formula with step size 0.1, the value of y3 is 

 

A. 0.1199 

B. 0.1672 

C. 0.1869 

D. 0.2541 

E. 0.2969 

 

Question 11 

 

A tank contains 80 kg of sugar dissolved in 900 L of water. 

A solution containing 0.5 kg of sugar per litre is pumped into the tank at the rate of 6 L/min. 

The solution in the tank is kept uniform by stirring and flows out of the tank at the rate of  

12 L/min. 

Let x be the amount of sugar in the tank after t minutes. 

A differential equation relating x and t is 

 

A. 
dx

dt
= 3−

2

150 − t
 

B. 
dx

dt
= 6 −

2

900 − 6t
 

C. 
dx

dt
= 3−

2x

150 − t
 

D. 
dx

dt
= 3−

2

150 + 6t
 

E. 
dx

dt
= 6 −

x

900 − 6t
 



7 

© THE HEFFERNAN GROUP 2017                                       Specialist Maths Trial Exam 2 

Question 12 

 

An ice sculpture in the shape of a sphere is removed from a freezer and begins to melt. 

The radius of the sculpture r, in cm, t hours after it is removed from the freezer is given by 

r = 4 9 − t
2

. The rate, in cm3/hr, at which the volume V, of the sculpture is decreasing, two 

hours after it is removed from the freezer is closest to 

 

A. 281 

B. 445 

C. 608 

D. 3254 

E. 3597 

 

 

Question 13 

 

Vectors u
~
, v

~
 and w

~
 are shown below. 

 

 

 

 

 

 

 

 

 

 

 

 

It follows that  

 

A. ||||2||||||
~~

2

~

2

~

2

~
vuvuw −+=  

B. ||||2||||||
~~

2

~

2

~

2

~
vuvuw ++=  

C. 
2

~

2

~

2

~
|||||| vuw +=  

D. ||||2||||||
~~

2

~

2

~

2

~
vuvuw −+=  

E. |.|||||||
~~

2

~

2

~

2

~
vuvuw ++=  

 

~
u

~
v

~
w

o135
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Question 14 
 

A particle starts from rest and has an acceleration vector given by 

,)(sin)2(cos)(
~~~

2

~
ktjtieta

t

−+=  where t ≥ 0 . 

The velocity vector of the particle, v
~

(t) , is given by 

 

A. 
~~~

2

~
)(cos)2(sin2

2
)( ktjti

e
tv

t

−−=  

B. 
~~~

2

~
)1)((cos)2(sin2)1(

2

1
)( ktjtietv

t

+−−−=  

C. 
~~

2

~
)(cos)2(sin

2

1
2)( ktjtetv

t

++=  

D. 
~~~

2

~
))(cos1()2(sin

2

1
)1(2)( ktjtietv

t

−++−=  

E. 
~~~

2

~
)1)((cos)2(sin

2

1
)1(2)( ktjtietv

t

−++−=  

 

 

Question 15 
 

A mass of 6 kg moves in a straight line whilst acted on by a variable force of F newtons. The 

velocity, v metres per second, and position x metres from the origin at time t seconds, where 

t ≥ 0 , is given by v
2 = x

2 − 5x . 

The force F is given by 

 

A. F = x −
5

2
 

B. F = 6x −15 

C. F = 6x − 30  

D. F =12x − 30 

E. F = 6x
2 − 30x  

 

 

Question 16 

 

A particle of mass 6 kg is moving in a straight line in an easterly direction at 5 ms-1. A force 

acts on the particle causing it to move in an easterly direction at 1 ms-1. 

The change in momentum of the particle in kg ms-1, in an easterly direction is 

 

A. −30 

B. −24 

C. −6 

D.  24 

E.  30 
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Question 17 

 

A package of mass 5 kg sits on a smooth plane inclined at an angle of 30° to the horizontal. 

This package is connected by a light inextensible string that passes over a smooth pulley to a 

second package of mass m kg. 

The packages are in equilibrium. 

 

 

 

 

 

 

 

 

 

 

 

 

The value of m is 

A.  
5

2
 

B. 
5g

2
 

C.   5 

D. 5g 

E. 10 

 

 

Question 18 
 

At a chocolate factory, wrapped chocolates have a mean mass of 32 g with a standard 

deviation of 3 g and unwrapped chocolates have a mean mass of 25 g with a standard 

deviation of 2 g. 

The masses of the wrapped and unwrapped chocolates are independent of one another. 

The mean mass and standard deviation, in grams, of two randomly selected wrapped 

chocolates and two randomly selected unwrapped chocolates are given respectively by 

 

A. 114 and 26  

B. 114 and 42  

C. 171 and 3 19  

D. 228 and 52  

E. 228 and 10  

m kg

5 kg

o30
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Question 19 

 

The time that competitors take to complete an endurance event is normally distributed with a 

mean time of 7 hours and a standard deviation of 0.5 hours. 

A random sample of 64 competitors is selected. 

The probability that the mean time that this sample of competitors take to complete the event 

is less than 7.1 hours is 

 

A. 0.0548 

B. 0.5636 

C. 0.5793 

D. 0.9452 

E. 0.9993 

 

 

Question 20 

 

Researchers conducting a statistical test involving hypotheses H0 and H1 make a type II error. 

This means that they 

 

A. reject H0  when it is true. 

B. do not reject H0  when it is false. 

C. reject H1 when it is true. 

D. do not reject H1 when it is false. 

E. reject H1 when it is false. 
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SECTION B  
 

Question 1  (10 marks) 

 

Consider the function f with rule f (x) =
x

4 − x

x 2
 over its maximal domain. 

 

a. Find the coordinates of the stationary point of the graph of f. Express values correct to 

two decimal places. 1 mark 

 

 

 

 

 

 

 

b. State the equations of all asymptotes of the graph of f. 2 marks 

 

 

 

 

 

 

 

 

 

c. On the set of axes below, sketch the graph of f (x) =
x

4 − x

x 2
 for x ∈ [−4, 4]. Label the 

turning point, the point of inflection and the endpoints with their coordinates correct 

to two decimal places where required.  Also label the asymptotes with their 

equations. 3 marks 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 2 3 4O

y

x

16

8

12

-3

-8

-2 -1

-4

-4

4

-16

-12
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The region enclosed by the graph of f, the x-axis and the line with equation x = 4  is rotated 

about the x-axis to form a solid of revolution. 

 

 

d. i. Write down a definite integral which gives the volume of the solid formed. 1 mark 

 

 

 

 

 

 

 

 

ii. Find this volume, correct to the nearest whole number. 1 mark 

 

 

 

 

 

 

Consider that part of the graph of f for which 0)('' and ]4,0( ≥∈ xfx . 

 

e. Find the length of this curve, correct to two decimal places. 2 marks 
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Question 2 (13 marks) 

 

A circle in the complex plane is given by Czz ∈=+ ,22 . 

 

a. Find the Cartesian equation of this circle. 1 mark 

 

 

 

 

 

 

 

 

A ray given by Czz ∈
π

= ,
12

11
)(Arg , has the Cartesian equation y = ax , x < 0, where a ∈ R. 

 

b. i.  Show that tan
2π
3

+
π
4

 

 
 

 

 
 = 3 − 2. 2 marks 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ii. Hence find the value of a. 2 marks 
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c. Find the point of intersection of the circle 
12

11
)(Argray  theand 22

π
==+ zz . 2 marks 

 

 

 

 

 

 

 

 

 

 

 

 

d. Sketch the circle 
12

11
)(Argray   theand 22

π
==+ zz  on the Argand diagram below. 

Label any points of intersection. 2 marks 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Re( )z
1 2 3 4O

Im( )z

4

2

3

-3

-3

-4

-2

-2 -1

-1

-4

1
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e. The ray 
12

11
)(Arg

π
=z  divides the circle into two segments. Find the area of the    

minor segment. 2 marks 

 

 

 

 

 

 

 

 

 

 

 

 

f. Find the values of R∈αα  where, , for which the ray 
2

)(Arg
απ

=z  intersects with the  

circle z + 2 = 2 . 2 marks 
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Question 3 (10 marks) 

 

The position of two bodies A and B from a fixed origin at time t seconds, t ≥ 0 , is given 

respectively by 

~~~

~~~

j)cos(2i)sin(2r

j)13(i3r

tt

tt

B

A

+=

++=

 

 

where components are measured in metres. 

 

 

a. Find the distance, in metres, between the starting positions of the two bodies. 1 mark 

 

 

 

 

 

 

 

 

 

 

 

 

b. Sketch and label the path of each body on the axes below. Show the starting point and 

use an arrow to indicate the direction of motion of each body. 3 marks 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 2 3 4O

y

x

4

2

3

-3

-2

-2 -1

-1

-4

1

-4

-3
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c. Show that at t =
π
6

, the paths of the two bodies are at right angles to each other. 2 marks 

 

 

 

 

 

 

 

 

 

 

 

 

d. Find the ratio of the speed of body A to the speed of body B. 2 marks 

 

 

 

 

 

 

 

 

 

 

A third body C has a position vector given by 

 

0j5r
~~

≥= t
c

  

 

where components are measured in metres and time is measured in seconds. 

 

e. Find the minimum distance, in metres, between body B and body C and the value(s) 

of t  for which this occurs. 2 marks 
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Question 4 (8 marks) 

 

A differential equation relating the variables y and x is given by 

 

dy

dx
= e

a(x−y )
 

   

where a is a positive constant. 

 

a. The differential equation can be expressed in the form 
dy

dx
= f (x) g (y). 

Find f (x) and g(y) . 1 mark 

 

 

 

 

 

 

 

 

 

 

 

 

b. Solve the differential equation to find y in terms of x given that y = 0 when x =1 . 3 marks 
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Let 21)(log exfy e −+= , using )(xf  from part a.. 

 

c. i. Find 
dy

dx
. 1 mark 

 

 

 

 

 

 

 

 

ii. Verify by substitution that when 21)(log,2 exfya e −+==  satisfies 

both the differential equation and the initial condition (given in part b.). 3 marks 
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Question 5 (9 marks) 

 

The mean amount of sugar in a sports drink is 6 g/100 mL, with a standard deviation of 0.8 

g/100 mL, according to the manufacturer. 

 

a. The random variable X  represents the mean amount of sugar, in grams per 100 mL, 

found in a random sample of 100 bottles of the sports drink.  

Find the mean and standard deviation of X . 2 marks 

 

 

 

 

 

 

 

 

A consumer watchdog takes a random sample of 100 bottles of the sports drink. The mean 

amount of sugar in these bottles is found to be 6.2 g/100 mL. A statistical test is undertaken to 

see whether this sample provides evidence that the mean amount of sugar is higher than the 

manufacturer claims. 

 

b.           i.         Write down appropriate hypotheses, H0 and H1,  to test whether the amount                                               

of sugar is higher than the manufacturer claims. 2 marks 

 

 

 

 

 

 

 

 

ii. Find the p value for this test, correct to four decimal places. 2 marks 

 

 

 

 

 

 

 

 

iii. Using a test at the 5% level of significance, state whether or not the sample 

provides evidence that the mean amount of sugar is higher than the 

manufacturer claims. 1 mark 
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Some time later, this same statistical test is repeated by the consumer watchdog. A new 

random sample of 100 bottles of the sports drink is taken. 

For this second test, the p value is found to be 0.0132 correct to four decimal places. 

 

 

c. When compared to the first test, explain whether this second test provides stronger or 

weaker evidence that the mean amount of sugar is higher than the manufacturer 

claims. 1 mark 

 

 

 

 

 

 

 

 

The consumer watchdog repeats the test once more taking a new random sample of 100 

bottles of the sports drink. 

This time however it is testing at the 1% level of significance. 

 

 

d. What is the least value of the sample mean that would support the view that the 

amount of sugar is higher than the manufacturer claims.  That is, if 

mm xxX  find ,01.0)6μPr( ==> , correct to four decimal places. 1 mark 
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Question 6 (10 marks) 

 

A drone of mass 4 kg is on its first test flight. 

It starts from rest on the ground and is propelled vertically upwards by a force of  

(60 − 2t)  newtons, where t is the time in seconds after the drone leaves the ground and 

t ∈ [0,10]. 

Assume that the only forces acting on the drone are gravity and the propulsion force and that 

air resistance is neglible. 

 

a. Let a ms−2 be the acceleration of the drone t seconds after it leaves the ground. 

Use the equation of motion for the drone to show that a =
26

5
−

t

2
. 1 mark 

 

 

 

 

 

 

 

 

 

 

 

 

b. Let v ms−1 be the velocity of the drone t seconds after it leaves the ground. 

Find v when t =10. 2 marks 
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c. When t =10, the propulsion system fails and the drone becomes subject to just 

gravity. 

Calculate how much higher the drone reaches after the propulsion system fails before 

falling vertically to the ground.  Give your answer in metres correct to two decimal 

places. 3 marks 
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The drone is repaired. 

On its second test flight, the drone is propelled from rest off the ground and travels at 2 ms-1 

moving in a straight line at an angle of 60° with the ground. 

 

 

 

 

 

 

 

 

 

 

When the drone has travelled 20 metres, its propulsion system fails again, leaving the drone 

subject only to gravity. 

 

d. Find the magnitude and direction of the vertical component of the drone’s velocity 

when its propulsion system fails. 1 mark 

 

 

 

 

 

 

 

 

e. How many seconds after the propulsion system fails does the drone hit the ground?   

Give your answer correct to three decimal places. 3 marks 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

path of drone
drone

°60
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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 )sin(
2

1
Abc  

sine rule 
)sin()sin()sin( C

c

B

b

A

a
==  

cosine rule )cos(2222 Cabbac −+=  

 

 

Circular 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

−
=  

 

Mathematics Formula Sheets reproduced by permission; © VCAA 2016. The VCAA 

does not endorse or make any warranties regarding this study resource. Current and 

past VCAA VCE® exams and related content can be accessed directly at 

www.vcaa.vic.edu.au     
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Circular functions – continued 
 

Function arcsinor  sin 1−  arccosorcos 1−  arctanortan 1−  

Domain ]1,1[−  ]1,1[−  R  

Range 





−

2
,

2

ππ
 ],0[ π  







−
2

,
2

ππ
 

 
 

Algebra (complex numbers) 
 

)cis())sin()(cos( θrθiθriyxz =+=+=   

ryxz =+= 22
 π≤<π− )(Arg z  

)(cis 212121 θθrrzz +=  )cis( 21

2

1

2

1 θθ −=
r

r

z

z
 

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

 

 

Probability and statistics 
 

for random variables X and Y 

)(var)var(

)(E)(E)E(

)(E)E(

2 XabaX

YbxabYaX

bxabaX

=+

+=+

+=+

 

for independent random variables X and Y )var()(var)var( 22 YbXabYaX +=+  

approximate confidence interval for μ  







+−

n

s
zx

n

s
zx ,  

distribution of sample mean X  ( )
n

X

μX

2

   varvariance

)(E    mean      

σ
=

=
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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  

 

∫ −≠++
+

=+ + 1,)(
)1(

1
)( 1 ncbax

na
dxbax nn

 

 

∫ ++=+ − cbax
a

dxbax elog
1

)( 1
 

product rule 
dx

du
v

dx

dv
uuv

dx

d
+=)(  

quotient rule 

2v

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  

arc length ( )∫∫ ++
2

1

2

1

222 )('))('(or            ))('(1

t

t

x

x

dttytxdxxf  

Vectors in two and three dimensions   Mechanics 

~~~~
kjir zyx ++=  

rzyx =++= 222

~
r  

~~~

~

~
kji

r
r

dt

dz

dt

dy

dt

dx

dt

d
++==•

 

21212121
~
2

~
1 )cos(rr zzyyxxθrr ++==•  

momentum ~~
p vm=  

equation of motion ~~
aR m=  
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SPECIALIST SMATH

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.

1 .1

1 .2

1 .3

1 .4

1 .5

1 .6

1 .7

1 .8

19.

2 .0

A

A

A

A B

B

B

B

B

B

B

B

C

C

C

C

C

C

C

C

D

D

D

D

D

D

D

D

E

E

E

E

E

E

E

E

A

A

A C D E

A

B

B

B

C

C

C

D

D

D

E

E

E

A

A

A

A

A

A

A

A

A

A

A

A

A

B

B

B

B

B

B

B

B

B

C

C

C

C

C

C

C

C

C

D

D

D

D

D

D

D

D

D

E

E

E

E

E

E

E

E

E

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

MULTIPLE - CHOICE ANSWER SHEET 

 


