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SECTION 1 

 
Question 1 

 

The following equations each represent a hyperbola. 

Which hyperbola has the maximum and minimum points of its two branches located on the 

y-axis? 

 

A. x
2 − 4y

2 = 4  

B. y
2 − 4(x −1)

2 =1  

C. 4(x −1)
2 − y

2 =1  

D. y
2 − (x −1)

2 = 4  

E. (y −1)
2 − 4 x

2 = 4  

 

 

Question 2 

 

The graph of y =
1

ax2 + bx + c
 has, as its asymptotes, the x and y axes and the line x = 6.  

The y-coordinate of the maximum turning point on the graph is −
1

9
.  

The values of a, b and c are 

 

A. a = 0, b = 6, c =
1

3
 

B. a =1, b = −6, c = 0 

C. a = 0, b = 6, c = 0  

D. a = −1, b = 6, c =
1

3
 

E. a = 6, b = −1, c = 3 

 

 

Question 3 

 

The graph of y = f (x)  has a period of π  and f is not defined at 
4

3
at or  

4

ππ
== xx .  

The rule for f could be 

 

A. 






 −=
4

2cosec)(
π

xxf  

B. f (x) = sec 2x −
π
2

 

 
 

 

 
  

C. ( )π−= xxf 2sec)(  

D. ( )π−= xxf cosec)(  

E. 






 +=
2

cosec)(
π

xxf  
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Question 4 

 

The implied range of the function with rule f (x) = 2arctan
x

a

 

 
 

 

 
 − b  is 

A. ),( bb −−− ππ  

B. )2,2( bb −−−  

C. )2,2( baba −−−  

D. 






 −
b

a

b

a 2
,

2
 

E. 






 −−− bb
2

,
2

ππ
 

 

Question 5 

 

The graph of y = ax +
π
2

 intersects with the graph of y = arccos(x)  exactly three times if 

A. 1
2

−<≤− a
π

 

B. −
π
2

≤ a ≤1 

C. −π < a ≤ 0  

D. −π ≤ a <1 

E. 1 ≤ a ≤ π  
 

Question 6 

 

Let 1  where)(cis >= rrz θ . 

The expression 
1

(z )2
 is equal to 

 

A. )(cis θ−  

B. )2(cis2 θ−−r  

C. )2(cis1 θ−−r  

D. )2(cis2 θ−r  

E. )2(cis1 θ−r  

 

Question 7 

 
In the complex plane, a straight line passes through the origin. This line could be defined by 

the set of points Czz ∈, , such that 

 

A. 
4

)(Arg
π

=z  

B. z z =1 

C. z + z =1  

D. z −1+ i = z +1− i  

E. 1)Im()Re( =+ zz  



4 

© THE HEFFERNAN GROUP 2014                                          Specialist Maths Trial Exam 2 

Question 8 

 

The solutions to the equation z 3 = 3i  have principal arguments of  

 

A. −
π
6

,
π
6

 and
π
2

 

B.    
π
6

,
5π
6

 and
3π
2

 

C. −
7π
6

,
π
2

 and
π
6

 

D. −
π
2

,0 and 
π
2

 

E. −
π
2

,
π
6

 and 
5π
6

 

 

 

Question 9 

 

The roots of the equation z
7 + az

3 −1 = 0, where a ∈ R, are displayed on an Argand diagram. 

That diagram could be 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

O O

O

O

O

E.

C. D.

A. B.

)Re(z

)Re(z

)Re(z

)Re(z

)Re(z

)Im(z

)Im(z

)Im(z

)Im(z

)Im(z
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Question 10 

 

∫ dxx)(sin2  is equal to 

 

A. 
1

2
(x − sin(2x)) + c  

B. 
1

3
sin

3
(x) + c  

C. x −
1

2
sin(2x) + c  

D. 
)cos(3

)(sin3

x

x
 

E. 
1

2
x −

1

2
sin(2x)

 

 
 

 

 
 + c  

 

 

 

Question 11 

 

Using a suitable substitution, ∫ −−
2

0

2)1( dxxx  is equivalent to 

 

A. ∫ 









−

2

0

2

3

2

1

duuu  

B. ∫
−











−

1

1

2

3

2

1

duuu  

C. ∫ 









−

2

0

2

1

2

3

duuu  

D. ∫ 









−

1

0

2

3

2

1

22 duuu  

E. ∫ 









−

2

0

2

3

2

1

2 duuu  
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Question 12 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The direction field shown above is best represented by the differential equation 

 

A. 
dy

dx
=

1

x 2
 

B. 
dy

dx
=

1

y 2
 

C. 
dy

dx
=

1

loge (x)
 

D. 
dy

dx
= −x

2
 

E. 
dy

dx
= arctan(x)  

 

 

 

Question 13 

 

If 1)0(' and 1)('' 2 =−= fxxf , then the graph of y = f (x)  

 

A. has three stationary points 

B. has two maximum turning points 

C. must pass through the origin 

D. has two points of inflection 

E. has a stationary point of inflection. 

x

y
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Question 14 

 

Let u
~

= i
~
− 2 j

~
− k

~
 and v

~
= 2 i

~
− 3 j

~
+ 3 k

~
. 

The scalar resolute of u
~

 in the direction of v
~
 is 

 

A. 2 − 3  

B. 2 + 3  

C. 
8 − 3

4
 

D.  )2(
4

1
~~~
kji −−  

E.  362
4

1
~~~ 






 −+ kjti  

 

Question 15 

 

ABCD is a parallelogram. The position vectors of A, B, C and D are given respectively by 

~~~~~~~~~~~~
3 and 53,4,2 jindknjickmjbka +=++=+== . 

The values of m and n are 

 

A. m = 0 and n = 2 

B. m = −1 and n = −1 

C. m =1 and n = 2  

D. m = 3 and n =1 

E. m = 4 and n = −1 
 

Question 16 

 

The diagram below shows a particle which is in equilibrium whilst being acted on by three 

forces of magnitude 11, 6 and F newtons. 

 

 

 

 

 

 

 

 

The magnitude of force F, in newtons, is given by the expression 

 

A. 
  

6
2 +11

2 −132cos(105
�
)  

B. 
  

6

sin(105�)
× sin(75

�
)  

C. 
  

6
2 +11

2

sin(105�)
 

D. 
  

6
2 +11

2 −132cos(75
�
)  

E. 
  

11

sin(75� )
× sin(105

�
)  

F N
11 N 

6 N 

°75
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Question 17 

 
The position vectors of particles A and B at time t, t ≥ 0  are given respectively by  

a
~

= (t
2 +1) i

~
+ (t + 2) j

~
 and b

~
= (t − t

2
) i

~
+ t

2
j
~

 where i
~
 and j

~
 are unit vectors in the east and 

north directions respectively. 

Particle A is due east of particle B when t equals 

 

A. 0 

B. 1 

C. 2 

D. 3 

E. 4 

 

 

Question 18 

 

The normal to a curve at any point on it P(x,y) cuts the x-axis at x = a . 

P(x,y) satisfies the differential equation given by 

 

A. 
dy

dx
−

x − a

y
= 0 

B. 
dy

dx
+

x − a

y
= 0 

C. 
dy

dx
−

y

x − a
= 0 

D. 
dy

dx
+

x

y − a
= 0 

E. 
dy

dx
−

y − a

x
= 0 

 

Question 19 

 

A particle moving in a straight line has an acceleration a where a =
(v

3 −1)
2

v
, v  is its velocity 

and x is its displacement from an origin O. 

If v = 0 when x =
1

3
, then the velocity v in terms of x is 

 

A. 3

3

1
1

x
v +=  

B. v =
3x − 3

3x − 2
 

C. v =
x

3

3
− loge x  

D. 3

3

13

x

x
v

−
=  

E. 3

)1(3

1

−
−

=
x

v  
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Question 20 

 
A crane lifts an enclosed crate containing a load of 240kg. The acceleration of the crate is 

5m/s
2
 vertically upwards. 

The reaction of the base of the crate on the load, expressed in newtons, is 

 

A. −240g −1200  

B. −240g +1200  

C.   240g − 5 

D.   240g −1200  

E.   240g +1200  

 

Question 21 

 

A particle of mass 5kg is moving in a straight line with a velocity of 6m/s when it is acted on 

by a constant force of magnitude F newtons, acting in the same direction. 

After travelling a further 50 metres, the velocity of the particle is 12m/s. 

The value of F is 

 

A. 4.6 

B. 5.4 

C. 7.2 

D. 9.0 

E. 23.2 

 

Question 22 

 

A particle moves in a straight line with respect to a fixed point. The velocity-time graph of the 

particle is shown below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Initially the particle is 2 units from the fixed point. 

Its possible displacement from the fixed point 10 seconds later could be  

 

A. – 3.5 

B. – 1.5 

C.         – 1.0 

D.            1.0 

E.            1.5 

1 2 3 4 5 6 7 8 9 10 11
t 

v

O

-1

-2

-3

-4

1

2

3

4
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SECTION 2  
 

Question 1  (11 marks) 

 

Consider the function f with rule xy − x
3 = 2 . 

 

a. Show that 
dy

dx
= 2x −

2

x 2
. 1 mark 

 

 

 

 

 

 

 

 

 

 

 

 

b. Sketch the graph of f  on the set of axes below. Indicate clearly any axes intercepts 

and stationary points as well as the asymptotes of the graph. 3 marks 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

c. Find 
d

2
y

dx 2
. 1 mark 

 

 

 

 

 

x

y
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Let the gradient of the graph of f  be m. 

 

d. If there are three points on the graph of f where the gradient is m, find the possible 

values of m. 3 marks 
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The region enclosed by the graph of xy − x
3 = 2 , the x-axis and the lines x =1 and x = 2 , is 

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

 

e. i. Write down a definite integral that gives the volume of this solid of 

revolution. 2 marks 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ii. Find the volume of this solid of revolution.  1 mark 
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Question 2 (12 marks) 

 

Let Cziz ∈+= 11   where31 . 

 

a. Find )(Arg 1z . 1 mark 

 

 

 

 

 

b. z1 is a root of the equation z 6 = 64 where z ∈ C . 

 

i. Show that z 1 is also a root. 1 mark 

 

 

 

 

 

 

 

 

 

 

 

 

 

ii. Find all the other roots of the equation. 1 mark 

 

 

 

 

 

 

 

 

The line L, which lies in the complex plane, has the equation z −1− 2i = z −1 . 

 

c. Show that the Cartesian equation of L is y =1. 2 marks 
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d. Find, in Cartesian form, the point of intersection between L and the line 

)(Arg)(Arg 1zz = . 2 marks 

 

 

 

 

 

 

 

 

 

 

 

 

On the Argand diagram below, },2:{ Czzz ∈=  is shown. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

e.           On the diagram above, sketch },1)Im(:{ and ,
6

)(Arg: CzzzCzzz ∈=






 ∈=

π
. 2 marks 

 

 

f. On the Argand diagram in part e., shade the region defined by 

{ } }CzzzCzzzzCzzz ∈≥∩∈≤∩∈≤ ,1)Im(:{),(Arg)(Arg:},2:{ 1 . 1 mark 

(z)Re
1

-1

-1-2

-2

-3

-3

1

2

2

3

3

Im (z)

},2:{ Czzz ∈=
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g. Find the area of the region shaded in part f. 2 marks 
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Question 3 (12 marks) 

 

The position vector of point A is a
~

= −2 i
~
+ 2 j

~
, for point B it is b

~
= 5 i

~
− 5 j

~
, for point C it is 

c
~

= 4 i
~
− 6 j

~
 and for point D it is d

~
= −4 i

~
− 2 j

~
 relative to the origin O. 

 

a. Use a vector method to show that 
→

AB  passes through the origin. 2 marks 

 

 

 

 

 

 

 

 

 

 

 

 

 

b. Show that 
→→

CDAD  and  are perpendicular. 2 marks 
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c. Resolve 
→

AD  into two vector components, one parallel to 
→

AC  and one perpendicular 

to 
→

AC . 3 marks 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

d. Find the cosine of ∠CAD , the angle between 
→→

ADAC and , using a vector method.  2 marks 
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Point P has position vector 
~~~

2 jip −= . 

e. Find the cosine of ∠CPD . Hence, using an appropriate trigonometric formula, prove 

that CADCPD ∠=∠ 2 . 3 marks 
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Question 4 (10 marks) 

 

Consider the function f with rule y = arccos
1

x

 

 
 

 

 
 . 

 

a. Find the maximal domain of f. 1 mark 

 

 

 

 

 

 

 

b. Sketch the graph of y = f (x)  on the axes below. Indicate clearly any endpoints and 

asymptotes. 2 marks 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

c. Show that 
1

1

2 −
=

xxdx

dy
. 1 mark 

 

 

 

 

 

 

 

 

 

 

 

 

x

y
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d. Hence verify that y = f (x)  is a solution to the differential equation 

sin(y)
dy

dx
= cos

2
(y)  2 marks 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

e. Solve the differential equation sin(y)
dy

dx
= cos

2
(y) .  2 marks 
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f. For the differential equation given in part d., given that y =
π
3

when x = 2  and using 

Euler’s method with a step size of 
1

2
, find an estimate of the value of y when x = 3. 

Express your answer correct to one decimal place. 2 marks 
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 Question 5 (13 marks) 

 

A snowboarder moves down a long, straight ski slope which has a constant gradient and can 

be regarded as a plane. He traverses the slope from side to side as viewed from a peak nearby 

and shown in the diagram below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The position vector of the snowboarder relative to a chairlift station nearby is given by 

 

~~
5

12
sin2035)( jti

t
tr +















+=
π

  

 

where t = 0  corresponds to the time, in seconds, that the snowboarder started his run. 

 

The j
~
 component of the position vector is a unit vector in the direction straight down the 

slope. 

The i
~
 component of the position vector is a unit vector perpendicular to the j

~
 component and 

directed towards the left of the slope as you look down it. 

Both components are measured in metres. 

 

 

a. Find the speed of the snowboarder 12 seconds after he starts his run. Express your 

answer in metres/second correct to 2 decimal places.  2 marks 

 

 

 

 

 

 

 

 

 

 

 

 

 

     path of
snowboarder

path straight 
     down
  the slope

~
i

~
j
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b. Find the time(s) when the magnitude of the acceleration of the snowboarder is a 

maximum. 3 marks 
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Later in the day, the snowboarder learns how to make jumps. He begins by practicing on a 

straight launching pad which is inclined at an angle of 30° to the horizontal snow on which it 

rests. The snowboarder is to be towed in a straight line along the snow and up the launching 

pad. 

 

 

 

 

 

 

 

 

On his first attempt, the snowboarder releases the tow just as he reaches the launching pad. At 

this point his speed is 7.2m/s. He travels a further 5 metres up the launching pad, decelerating 

uniformly before momentarily coming to rest. 

 

c. Show that the coefficient of friction between the snowboarder’s board and the surface 

of the launching pad is 
10.368 − g

3g
. 3 marks 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

°30

tow

launching
     pad
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d. Find the acceleration of the snowboarder back down the launching pad after he      

momentarily comes to rest.  2 marks 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

On a later attempt, the snowboarder travels up the entire length of the launching pad at a 

speed of 10 m/s. At the top of the launching pad, he releases the tow and is airborne until he 

lands on the snow below. Whilst airborne, the snowboarder is subject only to gravitational 

force with air resistance being negligible. He lands 13.78 metres horizontally from where he 

became airborne. 

 

 

e. Find the length of the launching pad. Express your answer in metres correct to one 

decimal place.  3 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:   Abc sin
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) 

 

Mathematics Formula Sheets reproduced by permission; © VCAA 2013. 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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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:   
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  

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

 


