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VCE® Specialist Mathematics 

Practice Written Examination 1 

ADVICE FOR TEACHERS 

Teachers should provide students with a copy of the VCAA formula sheet. 
The VCAA formula sheet can be downloaded and printed from 
https://www.vcaa.vic.edu.au/assessment/vce-assessment/past-
examinations/Pages/Specialist-Mathematics.aspx  
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IMPORTANT SECURITY ADVICE FOR EXAMINATION TASKS 

By ordering and using QATs materials from Janison you are agreeing to the Terms and 
Conditions of sale, found at qats.com.au/QATs-Ts-and-Cs 

Storage 
This resource is protected by Copyright and sold on the condition that it is not placed on any 
school network, student management system or social media site (such as Facebook, Google 
Drive, OneDrive, etc.) at any time. It should be stored on a local device drive of the teacher 
who made the purchase. 

Purchaser Use 
This resource is for use in the purchasing school or institution only. STRICTLY NOT FOR 
PRIVATE TUTOR USE. You may not make copies, sell, lend, borrow, upload, or distribute any 
of the contents within the QATS product or produce, transmit, communicate, adapt, distribute, 
license, sell, modify, publish, or otherwise use, any part of the QATs product without our 
permission or as permitted under our Terms and Conditions. 

Embargo 
Students must not take their Examination Assessment Tasks home/out of the classroom until 
the end of the embargoed period. This is to ensure the integrity of the task. In NSW, this 
period is mandated by QATs. In VIC, QLD and SA this period may be determined by 
individual schools based on specific school requirements. Teachers may go through papers 
and results with students in class during this period; however, papers must be collected and 
kept by the teacher at the end of the lesson (or similar). When the embargoed period has 
ended, assessments may be permanently returned to students. 

Compliance and Task Editing 
This task has been developed to be compliant with VCAA assessment requirements, however, 
QATs does not guarantee or warrant compliance. 

It may be necessary to edit or change this task for security or compliance purposes. 
Permission is provided to do this for internal school purposes only. If so, care should be taken 
to maintain the quality of the material concerning its design and layout, including such 
elements as marking schemes, pagination, cross-referencing, and so on. QATs assumes no 
responsibility for the integrity of the task once it is changed. If you edit this task you must: 

• Remove the QATs and Janison logos and all other references to QATs and Janison. 
• Select and copy ‘Task’ pages ONLY into a new document. These are the only pages 

students will require to complete their assessment. Save with a school-/class-specific 
file/subject/outcome name. Do not use the QATs file code. 

• Remove all footer information from all pages. The page 1 footer of QATs is usually set 
up differently from other pages. Insert your own footer information for your reference. 

• Remove all QATs header references from all pages. 
• Insert your school logo/identification on page 1 and other pages at your discretion. 

Unless otherwise indicated and to the best of our knowledge, all copyright in the QATS product is owned by or 
licensed to Janison Solutions Pty Ltd (ABN 35 081 797 494) trading as QATS. If you reasonably believe that any 
content in our QATS product infringes on anyone’s intellectual property rights or is the owner of the copyright and 
would like to request removal of the content, please email qatsadmin@janison.com  

https://qats.com.au/QATs-Ts-and-Cs.pdf
https://qats.com.au/QATs-Ts-and-Cs.pdf
mailto:qatsadmin@janison.com
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Solution Pathway 
Below are sample answers. Please consider the merit of alternative responses. 

Specialist Mathematics Examination 1: Marking Scheme 

Question 1 

Part a.: 

A function can intersect with either a horizontal asymptote or a diagonal (oblique, slant) 
asymptote: 

( )

( )

2 3 2

3 2

2

2

1             
1 1

     0           

             ( 1) 1

        0 1        

                       ( 1) 2

x
x x x kx

x x x

x k x

x x

k x

−
+ − + +

− + +

− + − +

− − + −

− +

 

Therefore 
3 2

2 2

1 ( 1) 2( ) 1
1 1k

x x kx k xf x x
x x

− + + − +
= = − +

+ +
 

Diagonal asymptote: 1y x= −  
 

1 mark 

Solve 2

( 1) 2( ) 1 1
1k

k xf x x x
x
− +

= − + = −
+

:  2

( 1) 2 0
1

k x
x
− +

=
+

      ( 1) 2 0k x⇒ − + = . 

By inspection there is no solution when 1k =  

Answer: 1k =  
 

1 mark 
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Part b.: 
Answer: 

Shape: 

Must have a y-intercept at (0,  1)  

1 mark 

Turning point:  (1,  2)  1 mark 

Diagonal asymptote:  1y x= −  

Graph must be consistent with axes scale. 

Intersection point:  ( 1,  2)− −  

1 mark 

  

y

x

 

1 

 

2 

 

3 

 

4 

 

– 1 

 

– 2 

 

– 3 

 

– 4 

 

1 

 

2 

 

3 

 

4 

 

– 1 

 

– 2 

 

– 3 

 

– 4 

O 

y = x – 1 

(1, 2)

(-1, -2)
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Calculations: 

 Diagonal asymptote: 1y x= −  (from part a.). 

 Intersection with asymptote: 

Substitute 3k =  into 2

( 1) 2 0
1

k x
x
− +

=
+

 from part a.:  2 2 0 1x x+ = ⇒ = − . 3 ( 1) 2y f= − = −  

 Approach towards diagonal asymptote: 

2

2 21
1

xy x
x
+

= − +
+

 (from part a.)      ~ 0x ++   as x →+∞  

therefore, the approach is from above. 

2

2 21
1

xy x
x
+

= − +
+

 (from part a.)      ~ 0x −+   as x →−∞  

therefore, the approach is from below. 

The approach can also be deduced from the fact that the graph must intersect the 
diagonal asymptote. 

 Turning point: Solve 3 ( ) 0f x′ = . 

( )( ) ( )
( )

2 2 3 2

3 22

3 2 3 1 2 3 1
( )

1

x x x x x x x
f x

x

− + + − − + +
′ =

+
      

( )
4

22

4 3

1

x x

x

− +
=

+
 

( )
4

22

4 3 0
1

x x

x

− +
=

+
      4 4 3 0x x⇒ − + =       1x⇒ =  (by inspection). 3 (1) 2y f= =  
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Question 2 

Substitute z x iy= + , ,x y R∈ : 

( )2 23 2 2( ) 2( ) 1x xyi y x iy x iy+ − − − = + −  

2 23 6 3 2 2 ) (2 1) 2x xyi y x yi x yi⇒ + − − + = − +  

( )2 2

Real

3 3 2 (6 2 ) (2 1) 2x y x i xy y x yi⇒ − − + + = − +1 44 2 4 43  (1) 

Equate real parts of (1):  2 23 3 2 (2 1) 2x y x x yi− − = − +  (2) 

Equate imaginary parts of (1): 

6 2 0 2 (3 1) 0xy y y x+ = ⇒ + =  therefore 0y =  or 1
3

x = −  

Case 1: 0y = . 

Substitute 0y =  into equation (2):  23 2 2 1x x x− = −  
1 mark 

Case 1 (a):  12 1 0
2

x x− ≥ ⇒ ≥  

23 2 2 1x x x− = −       23 4 1 0x x⇒ − + =      (3 1)( 1) 0x x⇒ − − =       1x⇒ =  

( 1
3

x =  is rejected because 1
2

x ≥ ) 

Answer:  1z =  1 mark 

Case 1 (b):  12 1 0
2

x x− < ⇒ <  

23 2 (2 1)x x x− = − −       23 1x⇒ =       1
3

x⇒ = −  

( 1
3

x =  is rejected because 1
2

x < ). 

Answer:  1
3

z = − . 1 mark 
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Case 2: 1
3

x = −  

Substitute into equation (2) and simplify: 

2 51 3 2
3

y yi− = − +       2 2251 3 4
9

y y⇒ − = +  

There is no real solution (proof is not required). 

1 mark 

The fact that there is no real solution can be seen by inspecting the graphs of 

2( ) 1 3f y y= −  and 225( ) 4
9

g y y= +  and noting that the graphs do not intersect each 

other. 
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Question 3 

2 xdxv e
dt

−= = −       1
2 x

dt
dx e−⇒ =

−
 

1  
2 xt dx

e−⇒ =
−∫  1 mark 

 
2 1

x

x
e dx

e
=

−∫ . 

Substitute xu e= : 

1  
2 1

t du
u

=
−∫       1 log | 2 1|

2 e u c= − + ,  where c R∈  

1 log | 2 1|
2

x
et e c= − +  1 mark 

2( ) | 2 1|t c xe e−⇒ = −       2 2 | 2 1|c t xe e e−⇒ = −       2 2 2 1c t xe e e−⇒ ± = −  

2 2 1t xAe e⇒ = − ,  where 2cA e−= ± . 

Substitute 0x =  when 0t = :  1A = . 

2 2 1t xe e= −  1 mark 

Substitute log (7)et = : 

2log (7) log (49)2 1 49e exe e e− = = =  

2 50xe⇒ =       25xe⇒ =  

Answer:  log (25)ex =  

Accept 2log (5)ex =  

1 mark 
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Question 4 

The value of 
2

2
d xa
dt

=  when 1t =  and 1x =  is required. 

Use implicit differentiation: 

Differentiate 3 32 2t x xt+ − =  with respect to t:  2 2

Chain Rule Product Rule

3 6 0dx dxt x x t
dt dt

+ − − =
1 2 3 14 2 43

 

Result of implicit differentiation:  2 23 6 0dx dxt x x t
dt dt

+ − − =  1 mark 

Substitute 1t =  and 1x = :  3 6 1 0dx dx
dt dt

+ − − =       2
5

dx
dt

⇒ = − . 

Differentiate 2 23 6 0dx dxt x x t
dt dt

+ − − =  with respect to t: 

2 2
2

2 2

Chain Rule product Rule

Product Rule

6 12 6 0dx dx d x dx dx d xt x x t
dt dt dt dt dt dt

 
 + + − − − = 
 
 
1 2 3 1 4 2 4 3

1 4 4 44 2 4 4 4 43

 

Result of implicit differentiation: 

2 2
2

2 26 12 6 0dx dx d x dx dx d xt x x t
dt dt dt dt dt dt

+ × + − − − = . 

1 mark 

Substitute 1t =  and 1x =  and 2
5

dx
dt

= − : 

2 2

2 2

2 2 2 26 12 6 0
5 5 5 5

d x d x
dt dt

      + − − + − − − − − =      
      

      
2

2

48 46 5 0
25 5

d x
dt

⇒ + + + =  

Answer:  218
125

a = −  m 2s−  1 mark 
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Question 5 

Use integration by parts to calculate 1tan  
2
xx dx−  

 
 ∫ : 

  u dv uv v du= −∫ ∫  

1tan
2
xu −  =  

 
 2

2
4

du dx
x

⇒ =
+

 

 dv x dx=  21
2

v x⇒ =  

2
1 2 1

2
1tan  tan  

2 2 2 4
x x xx dx x dx

x
− −   = −    +   ∫ ∫  

1 mark 

( )2
2 1

2

4 41 tan  
2 2 4

xxx dx
x

−
+ − = −  +  ∫       2 1

2
1 4tan 1  
2 2 4

xx dx
x

−  = − −  +  ∫  

2 1 11 tan 2 tan
2 2 2

x xx x− −   = − +   
   

 
1 mark 

Therefore: 

( ) ( )
2 3

1 1 1

0

1tan  (12) tan 3 2 3 2 tan 3 0
2 2
xx dx− − −  = − + − 

 ∫       6 2 3 2
3 3
π π   = − +   
   

 

Answer:  8 2 3
3
π
−  

Accept 8 6 3
3

π −  

1 mark 
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Question 6 

Confidence interval endpoints of a C% confidence interval: 

cx z
n
σ

±  

where cz  is such that ( ) ( )Pr Pr | |
100c c c
Cz Z z Z z− < < = < =  

Part a.: 

Compare the endpoints of the given confidence interval (201.2, 202.6) with cx z
n
σ

±  

It follows that: 

202.6 201.2 2 cz
n
σ

− =       5 51.4 2
464

k k⇒ = =       4(1.4) 28
5 25

k⇒ = =  

Answer:  28
25

k =  

Accept 1.12 

1 mark 
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Part b.: 

Method 1: 

Compare the endpoints of the given confidence interval (201.2, 202.6) with cx z
n
σ

±  

It follows that: 

202.6 201.2 2x+ =       403.8 2x⇒ =       201.9x⇒ =  

Substitute 201.9x = , 4 64n = × , 5σ =  and 1.12cz k= =  into ,  c cx z x z
n n
σ σ − + 

 
 

Method 2: 

Let 4n n′ = . Width of new confidence interval: 

Width of old
confidence interval

1 12 2    2    (1.4) 0.7
2 24

k k k
n n n
σ σ σ

 
 
 

= = = = ′  
 
 

1 4 2 43
 

x  remains the same therefore the new confidence interval is 
1 1201.9 (0.7),  201.9 (0.7)
2 2

 − + 
 

 

Answer: (201.55,  202.25) 1 mark 
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Part c.: 

Let X be the random variable “Mass of a genetically modified apple”. 

X is normally distributed with a mean of 144 grams and a standard deviation of 8 grams. 

1 2 3 1 2 3
7 7Pr Pr 0
4 4

X X X X X X   + < = + − <   
   

 is required 

where 1X , 2X , 3X  are independent copies of X. 

Let Y be the random variable 1 2 3
7
4

Y X X X= + − .    Then Pr( 0)Y <  is required. 

Note: Using the random variable 7 1
4 4

X X X X+ − =  is incorrect: 1 2 3
7 1
4 4

X X X X+ − ≠  

Y follows a normal distribution since 1X , 2X , 3X  are independent normal random 
variables. 

1 2 3

7 1E( )
4 4Y X X X XY µ µ µ µ µ= = + − =

1 (144) 36
4

= =  

2
2 2

1 2 3
7Var( ) 1 Var( ) 1 Var( ) Var( )
4

Y X X X = + +  
 

49 812Var( ) Var( ) Var( )
16 16

X X X= + =  

9 9sd( ) sd( ) (8) 18
4 4YY Xσ⇒ = = = =  

1 2 3
7
4

Y X X X= + −  

Y ~ Normal ( )36,  18Y Yµ σ= =  

Pr( 0)Y <  

1 mark: 

Definition. 

Distribution. 

Probability. 

0 36 2
18

Y

Y

YZ µ
σ
− −

= = = −       therefore Pr( 0) Pr( 2)Y Z< = < − . 

( )1 1Pr(| | 2) 0.9545 Pr( 2) 1 0.9545 (0.0455)
2 2

Z Z≤ = ⇒ < − = − = . 



QATs VCE Specialist Mathematics Practice Examination 1 Units 3 and 4 

©2024 2024-MSP-VIC-U34-NA-EX1-QATS 
Published by QATs. Permission for copying in purchasing school only. 28 

2Z = − . 

Answer: 0.023 

1 mark: 

Calculation of Z. 

Answer. 
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Question 7 

2
2 2

0

2 dx dyS x dt
dt dt

π

π    = +   
   ∫  

Substitute 23cos ( )sin( )dx t t
dt

= −   and  23sin ( ) cos( )dy t t
dt

= : 

2 2
4 2 4 29cos ( )sin ( ) 9sin ( ) cos ( )dx dy t t t t

dt dt
   + = +   
   

      ( )2 2 2 29cos ( )sin ( ) cos ( ) sin ( )t t t t= +  

2 29cos ( )sin ( )t t=  

2 2
2 29cos ( )sin ( )dx dy t t

dt dt
   + =   
   

 
1 mark 

 

2

3 2 2

0

2 cos ( ) 9cos ( )sin ( )  S t t t dt

π

π= ∫  

1 mark 

2

3

0

6 cos ( ) | cos( )sin( ) | t t t dt

π

π= ∫       

2

3

0

6 cos ( ) cos( )sin( ) t t t dt

π

π= ∫  
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Since cos( )sin( ) 0t t ≥  for 0
2

t π
≤ ≤  

2

4

0

6 cos ( )sin( ) t t dt

π

π= ∫  

1 mark: 

Justification for 
dropping 
modulus. 

Integral. 

Substitute cos( )u t= : 

0
4

1

6  S u duπ= − ∫       
1

4

0

6  u duπ= ∫       
15
0

6
5

uπ  =   . 

Answer:  6
5
π  square units. 1 mark 
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Question 8 

 Let ( )S n  be the conjecture ( )1 1

1 1

( ) ( ) ( )( )
( ) ( ) ( ) ( )

n n

n n

f x f x f xf x
f x f x f x f x

′ ′′
= + +

L
K

L
 

 Check 2n = : 

LHS ( )1 2 1 2 1 2 1 2

1 2 1 2 1 2

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ) ( )

f x f x f x f x f x f x f x f x
f x f x f x f x f x f x

′ ′ ′ ′ ′+
= = = + =RHS 

Therefore (2)S  is true. 

 Assume ( )S k  is true for some 2k N> ∈ : 

( )1 1

1 1

( ) ( ) ( )( )
( ) ( ) ( ) ( )

k k

k k

f x f x f xf x
f x f x f x f x

′ ′′
= + +

L
K

L
 

1 mark: 

Statement. 

Base case. 

Inductive 
hypothesis. 

 

 Show that if ( )S k  is true then it follows that ( 1)S k +  is true: 

( ) [ ]( )1 11 1

1 1 1 1

( ) ( ) ( )( ) ( ) ( )
( ) ( ) ( ) ( ) ( ) ( )

k kk k

k k k k

f x f x f xf x f x f x
f x f x f x f x f x f x

++

+ +

′′
=

LL
L L

 

( ) ( )1 1 1 1

1 1

( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( )

k k k k

k k

f x f x f x f x f x f x
f x f x f x

+ +

+

′ ′+
=

L L
L

 

1 mark: 

Statement. 

Recognition that 

1 1( ) ( ) ( )k kf x f x f x+K  

is a product of the 
two functions 

1( ) ( )kf x f xK  and 

1( )kf x+ . 
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( ) ( )1
1 1 1 1

1

1 1

( )( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( )

( ) ( ) ( )

k
k k k k

k

k k

f xf x f x f x f x f x f x f x
f x f x

f x f x f x

+ +

+

 ′′
′+ + +  

 =

K L L

L
 

Using the inductive hypothesis 

1
1 1

1 1 1

1 1 1 1

( )( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( )

k
k k

k k k

k k k k

f xf x f x f x f x
f x f x f x f x f x

f x f x f x f x f x f x

+

+

+ +

 ′′
+ +   ′ = +

K L
L

L L
 

11

1 1

( ) ( )( )
( ) ( ) ( )

k k

k k

f x f xf x
f x f x f x

+

+

 ′′ ′
=  + +  +
 
 

K  

Which is equivalent to ( 1)S k +  true. 

 Since (2)S  is true and it follows that if ( )S k  is true then ( 1)S k +  
is true, it follows from the principle of mathematical induction that 

( )S n  is true for 2n ≥ . 

1 mark: 

Use of inductive 
hypothesis. 

( ) ( 1)S k S k⇒ + . 

Conclusion. 
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Question 9 

Part a.: 

1Π :  1 ~ ~~~
3 i 2 j kn m= − −  

2Π :  2 ~ ~~~
i j 3 kn m m= + +  

1Π  and 2Π  are perpendicular when 1 2
~ ~

0n n =⋅ : 

23 2 3 0m m− − =  1 mark 

23 2 3 0m m⇒ + − =       2 4 36 2 2 10 1 10
6 6 3

m − ± + − ± − ±
⇒ = = =  

Answer:  1 10
3

m − ±
=  

1 mark 
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Part b.: 

1Π :  1 ~ ~~~
3 i 2 j kn = − +  

Parametric equations of the line 2 31
2 2

y zx − −
+ = = : 

1x t+ =  1x t⇒ = − +  

2
2

y t−
=  2 2y t⇒ = −  

3
2

z t−
=  3 2z t⇒ = +  

Vector in direction of the line (by inspection of the coefficients of t in the parametric 
equations): 

~ ~~ ~
i 2 j 2kl = − +  1 mark: 

Vector perpendicular to 1 ~ ~~~
3 i 2 j kn = − +  and 

~ ~~ ~
i 2 j 2kl = − + : 

~ ~~

1 ~~

i j k

3 2 1
1 2 2

n l× = −
−

 

~ ~~

2 1 3 1 3 2
i j k

2 2 1 2 1 2
− −

= − +
− −

 
1 mark 

 

Answer:  
~ ~~

2 i 5j 4k− − − . 1 mark 
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Question 10 

Part a.: 

2

~ ~ ~
r( ) sin ( ) i sin( ) kt t dt t dt= +∫ ∫       

~ ~ ~

1r( ) 1 cos(2 ) i sin( ) k
2

t t dt t dt= − +∫ ∫  

~ ~ ~

1 sin(2 ) i cos( ) k
2 4
t t t c = − − + 

 
 

1 mark 

where 
~
c  is an arbitrary constant vector. 

The particle is initially at the point (0, 1, 0) therefore 
~ ~ ~~
r(0) 0 i j 0k= + + . 

But 
~ ~ ~ ~~ ~

1r(0) 0 sin(0) i cos(0) k k
4

c c = − − + = − + 
 

 

Therefore:  
~ ~ ~ ~~

0 i j 0k k c+ + = − +       
~~ ~

j kc⇒ = +  

Answer:  ( )
~ ~ ~~

1r( ) sin(2 ) i j 1 cos( ) k
2 4
tt t t = − + + − 

 
 

1 mark 
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Part b.: 

The particles are moving in the same direction when their velocity vectors are equal: 

Particle 1:  2

~ ~~
v( ) sin ( ) i sin( ) kt t t= +  

Particle 2:  ( )~
2 ~ ~~

s
v ( ) 2sin(2 ) i 2 2cos(2 ) k

d
t t t

dt
= = − + −  

Equate velocity components: 

2sin ( ) 2sin(2 )t t= −  (1) 

sin( ) 2 2cos(2 )t t= −  (2) 

1 mark: 

Both equations. 

Simultaneous solutions to equations (1) and (2) are required. From equation (1): 

2sin ( ) 2sin(2 ) 0t t+ =       2sin ( ) 4sin( ) cos( ) 0t t t⇒ + =       sin( )(sin( ) 4cos( )) 0t t t⇒ + =  

Case 1  sin( ) 0t =       t nπ⇒ = , {0}n Z +∈ ∪ .      Note:  0t ≥  

Case 2:  sin( ) 4cos( ) 0t t+ =       tan( ) 4t⇒ = −  

1 mark: 

Both cases. 

Substitute case 1 solutions into (2):  sin( ) 2 2cos(2 )n nπ π= −       0 0⇒ =  true. 

Therefore accept case 1 solutions. 

Substitute case 2 solutions into (2): 

tan( ) 4t = −  therefore 4sin( )
17

t = ±   and  2 8cos(2 ) 1 2sin ( ) 1
17

t t= − = −  

4 8 162 2 1
17 17 17

 ± = − − = 
 

 false. 

Therefore reject case 2. 

Answer:  t nπ= , {0}n Z +∈ ∪  1 mark: 

Answer. 

Explicit rejection of 
case 2. 

 




