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Section I : 6 marks 
 
Attempt Questions 1 – 6.  
 
Allow about 9 minutes for this section. 
 

Use the multiple choice answer sheet provided for Questions 1 – 6. 

 

 
1.   Which expression is equal to ∫𝑥3(𝑥4 − 1)2𝑑𝑥 ? 
 
 

 A 
1

12
(𝑥4 − 1)2 + 𝐶       B 

1

4
(𝑥4 − 1)3 + 𝐶     

 

 C 𝑥(𝑥4 − 1) + 𝐶       D     
1

12
(𝑥4 − 1)3 + 𝐶     

 

 

2.  Which expression is equal to ∫
1

√−𝑥2+6𝑥−5
𝑑𝑥 ? 

 

 A    sin−1 (
𝑥−3

2
) + 𝐶   B     cos−1 (

𝑥−3

2
) + 𝐶 

 

 C     ln |𝑥 − 3 + √(𝑥 − 3)2 + 4| + 𝐶 D     ln |𝑥 − 3 + √(𝑥 − 3)2 − 4| + 𝐶 

 
 
 

3.  If ∫
1

sin𝑥+cos𝑥
𝑑𝑥 = 1

𝑏

𝑎
 , where 𝑎, 𝑏 ∈ ℝ,  

 

 What is the value of ∫
1

sin
𝑥

2
+cos

𝑥

2

𝑑𝑥
2𝑏

2𝑎
 ? 

 
 
 

A     
1

4
      B     

1

2
 

 
C     1       D     2 
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4.   Which one of the following points lies on the line 𝒓
~

= [
5

−3
−2

] +  𝜆 [
−6
1
6

] ?  

 
 
 A (11,−4, 4)        B (−13, 0, 16) 

 

 C (−13,−6, 16)    D     (7, −5,−8) 

 

 
 

5.  What is the approximate size of the angle between the vectors [
2

−3
1

] and [
1
2

−1
] ? 

 
 A    57°     B     93° 

 

 C     123°     D     158° 
 
 
 
 
6.  Consider the curve drawn below: 
 

 
 

Which of the following is the vector equation for the curve above? 
  
 

A     𝒓
~
(𝑡) =  (sin 𝑡)𝒊

~
+ (2 sin 𝑡)𝒋

~
  B     𝒓

~
(𝑡) =  (sin 𝑡)𝒊

~
+ (sin 2𝑡)𝒋

~
 

 
C     𝒓

~
(𝑡) =  (2 sin 𝑡)𝒊

~
+ (2 sin 𝑡)𝒋

~
  D     𝒓

~
(𝑡) =  (2sin 𝑡)𝒊

~
+ (sin 𝑡)𝒋

~
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Section II 

24 marks 
 
Attempt Questions 7 – 8 
 
Allow about 36 minutes for this section 
 
Answer each question in a separate writing booklet. 
 
All necessary working should be shown in every question. 
 

 

 

Question 7 (12 marks)  Start a new booklet                             Marks 

 

 

 

(a)  Find ∫
𝑥2

1+4𝑥2
𝑑𝑥 .     3 

 

 

 

(b)  Evaluate ∫
𝑑𝑥

1+sin𝑥

𝜋

2
0

 .    4 

 

 

 

 

(c)  (i) Let 𝐼𝑛 = ∫ sec𝑛 𝑡 𝑑𝑡
𝑥

0
 , where 0 ≤ 𝑥 <

𝜋

2
 .     3 

 

  Show that 𝐼𝑛 =
sec𝑛−2 𝑥 tan𝑥

𝑛−1
+

𝑛−2

𝑛−1
𝐼𝑛−2 . 

 

 (ii) Hence, find the exact value of    2 
    

   ∫ sec4 𝑡 𝑑𝑡
𝜋

3
0
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Question 8 (12 marks)  Start a new booklet                             Marks 

                

 
(a)  Find the distance AB, if A and B  have the respective position vectors,     2 

    

   4𝒊
~
− 2𝒋

~
− 7𝒌

~
         and          −3𝒊

~
+ 6𝒋

~
− 𝒌

~
 

         

 

(b)  Use vector methods to show that the points:       2 
 

𝐴(5, 3, −2)  𝐵(2,−1, 3) and 𝐶(−7,−13, 18) 
 

are collinear.   

           

 

(c) (i)  Find the centre and the radius of the sphere which satisfies the following:  2 
𝑥2 + 𝑦2 + 𝑧2 − 2𝑥 − 8𝑦 + 6𝑧 + 1 = 0 

             
(ii)  Find the equation of the intersection between the sphere in part (i)    1 

and the xy plane.          
 

 

(d) ABCD  is a rhombus. 
 
 
 
 
 
 
 
 

 Let P, Q, R and S be the midpoints of AB, BC, CD, and AD  respectively. 
 Use vector methods for the following: 
  

(i) Prove that the points PQRS form a parallelogram.      2 
  

(ii)  Let ∠𝐴𝐵𝐶 =  𝜃. 

  Show that 𝐴𝐵⃗⃗⃗⃗  ⃗  ∙  𝐴𝐷⃗⃗ ⃗⃗  ⃗ =  − 𝐵𝐴⃗⃗⃗⃗  ⃗  ∙  𝐵𝐶⃗⃗⃗⃗  ⃗        1 
  

(iii)  Hence or otherwise, prove that the points PQRS form a rectangle.   2 
 

 

End of Test 
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Year 12 HSC Assessment Task 3 

Mathematics Extension 2 – 2024 HSC 
 

Section I – Multiple Choice Answer Sheet 

 
Student Name _____________________________________________________ 
 
 
Select the alternative A, B, C or D that best answers the question. Fill in the response oval completely. 
 
 

Sample: 2 + 4 = (A) 2 (B) 6 (C) 8 (D) 9 

  A B C D 

 
• If you think you have made a mistake, put a cross through the incorrect answer and fill in the new 

answer. 
 

  A B C D 

 
• If you change your mind and have crossed out what you consider to be the correct answer, then 

indicate the correct answer by writing the word correct and drawing an arrow as follows. 
 
 

  A B C D 

 

 

  1. A      B          C   D 

  2. A      B          C   D 

  3. A      B          C   D 

  4. A      B          C   D 

  5. A      B          C   D 

  6. A      B          C   D 

 

correct 
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Multiple choice  Solutions and Marking Guidelines  

Outcomes Addressed in this Question  
MEX 12-3  Uses vectors to model and solve problems in two and three dimensions. 

MEX 12-5  Applies techniques of integration to structured and unstructured problems. 
Question/ 
Outcome 

Solutions Marking Guidelines 

1 

12-5 
 

 

�𝑥𝑥3(𝑥𝑥4 − 1)2 𝑑𝑑𝑑𝑑 =
1
4
�4 𝑥𝑥3(𝑥𝑥4 − 1)2𝑑𝑑𝑑𝑑 

                                   =
1
4

(𝑥𝑥4 − 1)3

3
+ 𝐶𝐶 =

1
12

(𝑥𝑥4 − 1)3 + 𝐶𝐶 
 

 
 
 
 
1 mark: D 
 
 

2 

12-5 

 

�
1

√−𝑥𝑥2 + 6𝑥𝑥 − 5
𝑑𝑑𝑑𝑑 = �

1

�22 − (𝑥𝑥 − 3)2
𝑑𝑑𝑑𝑑 

                                          = sin−1 �
𝑥𝑥 − 3

2
� + 𝐶𝐶 

  

 
 
1 mark: A 
 
 

3 

12-5 

 

 
  
 
 
 
 

�
1

sin 𝑥𝑥2 + cos 𝑥𝑥2

2𝑏𝑏

2𝑎𝑎
𝑑𝑑𝑑𝑑 = �

1
sin𝑢𝑢 + cos𝑢𝑢

𝑏𝑏

𝑎𝑎
. 2𝑑𝑑𝑑𝑑 

                                        = 2�
1

sin𝑢𝑢 + cos𝑢𝑢

𝑏𝑏

𝑎𝑎
𝑑𝑑𝑑𝑑 

                                         = 2 × 1 = 2 
 

 
 
 
 
1 mark: D 
 
 
 

4 

12-3 

 

 
The 3 co-ordinates of the point need to satisfy the same value of λ. 
(-13, 0, 16) works for λ = 3 
 

 
 
1 mark: B 
 

5 

12-3 

 

 
Use the dot product formulas from the reference sheet to give a 
value of cos 𝜃𝜃 
 

 
 
1 mark: C 
 

6 

12-3 

 

 
All options give parametrisations in sin t.  
Hence we seek the response with the correct period and amplitude 
for the x and y co-ordinates. 
Only B has both domain and range from -1 to +1. 
Also the y values complete 2 periods along the entire curve.  
 

 
 
1 mark: B 
 

 
 
 
 
 
 

     −𝑥𝑥2 + 6𝑥𝑥 − 5 
= −(𝑥𝑥2 − 6𝑥𝑥 + 5) 
= −[(𝑥𝑥 − 3)2 − 4] 
= 4 − (𝑥𝑥 − 3)2 
 
 
 

       𝑢𝑢 =
𝑥𝑥
2 

   𝑑𝑑𝑑𝑑 =
1
2𝑑𝑑𝑑𝑑 

2𝑑𝑑𝑑𝑑 = 𝑑𝑑𝑑𝑑 

𝑥𝑥 = 2𝑎𝑎   ⇒      𝑢𝑢 = 𝑎𝑎 
𝑥𝑥 = 2𝑏𝑏   ⇒      𝑢𝑢 = 𝑏𝑏 
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Question No. 7  Solutions and Marking Guidelines  

Outcomes Addressed in this Question  
MEX 12-5  Applies techniques of integration to structured and unstructured problems. 

Part / 
Outcome 

Solutions Marking Guidelines 

(a) 

12-3 

 

 

 
 
 
 
 

 
 
 
 
 
 

(b) 

12-3  

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

        

  �
𝑥𝑥2

1 + 4𝑥𝑥2
𝑑𝑑𝑑𝑑 =

1
4
�

4𝑥𝑥2

1 + 4𝑥𝑥2
𝑑𝑑𝑑𝑑 

                             =
1
4
�

1 + 4𝑥𝑥2 − 1
1 + 4𝑥𝑥2

𝑑𝑑𝑑𝑑 

                             =
1
4
��1 −

1
1 + 4𝑥𝑥2

� 𝑑𝑑𝑑𝑑 

                             =
1
4
�𝑥𝑥 −

1
2

tan−1(2𝑥𝑥)� + 𝑐𝑐 

                             =
1
4
𝑥𝑥 −

1
8

tan−1(2𝑥𝑥) + 𝑐𝑐 

 
 
 
 
 
 
 
 
 

  �
𝑑𝑑𝑑𝑑

1 + sin 𝑥𝑥

𝜋𝜋
2

0
= �

1

1 + 2𝑡𝑡
1 + 𝑡𝑡2

×
2

1 + 𝑡𝑡2
𝑑𝑑𝑑𝑑

tan𝜋𝜋4

tan0
 

                           = �
2

1 + 𝑡𝑡2 + 2𝑡𝑡

1

0
𝑑𝑑𝑑𝑑 

                           = �
2

(1 + 𝑡𝑡)2
𝑑𝑑𝑑𝑑

1

0
 

                           = �−
2

1 + 𝑡𝑡
�
0

1

 

                           = −1 + 2 = 1 

 
 
 
 
 
 
 
 
 
 

 
 
 
3 marks: correct solution 
 
2 marks: substantially  
correct solution 
 
 
1 mark: partially correct 
solution  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4 marks: correct solution 
 
3 marks: substantially 
correct solution 
 
2 marks: partially correct 
solution  
 
1 mark: attempts t-
substitution, or equivalent 
merit 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 

(c)(i)  

12-5 

 

 

 

 

 

 

 

 
 

(c)(ii)  

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
Question 7 continued… 
 

𝐼𝐼𝑛𝑛 = � sec𝑛𝑛 𝑡𝑡
𝑥𝑥

0
𝑑𝑑𝑑𝑑 = � sec𝑛𝑛−2 𝑡𝑡 sec2 𝑡𝑡 𝑑𝑑𝑑𝑑

𝑥𝑥

0
 

                   𝑙𝑙𝑙𝑙𝑙𝑙  𝑢𝑢 = sec𝑛𝑛−2 𝑡𝑡                                        𝑑𝑑𝑑𝑑 = sec2 𝑡𝑡 𝑑𝑑𝑑𝑑 
                        𝑑𝑑𝑑𝑑 = (𝑛𝑛 − 2) sec𝑛𝑛−2 𝑡𝑡 tan 𝑡𝑡 𝑑𝑑𝑑𝑑            𝑣𝑣 = tan 𝑡𝑡  

                  𝐼𝐼𝑛𝑛 = 𝑢𝑢𝑢𝑢 − � 𝑣𝑣𝑣𝑣𝑣𝑣
𝑥𝑥

0
 

                  𝐼𝐼𝑛𝑛 = [sec𝑛𝑛−2 𝑡𝑡 tan 𝑡𝑡]0𝑥𝑥 − (𝑛𝑛 − 2)� sec𝑛𝑛−2 𝑡𝑡 tan2 𝑡𝑡 𝑑𝑑𝑑𝑑
𝑥𝑥

0
 

                       = sec𝑛𝑛−2 𝑥𝑥 tan 𝑥𝑥 − (𝑛𝑛 − 2)� sec𝑛𝑛−2 𝑡𝑡 (sec2 𝑡𝑡 − 1)𝑑𝑑𝑑𝑑
𝑥𝑥

0
 

                       = sec𝑛𝑛−2 𝑥𝑥 tan 𝑥𝑥 − (𝑛𝑛 − 2)� (sec𝑛𝑛 𝑡𝑡 − sec𝑛𝑛−2 𝑡𝑡)𝑑𝑑𝑑𝑑
𝑥𝑥

0
 

                  𝐼𝐼𝑛𝑛 = sec𝑛𝑛−2 𝑥𝑥 tan 𝑥𝑥 − (𝑛𝑛 − 2)𝐼𝐼𝑛𝑛 + (𝑛𝑛 − 2)𝐼𝐼𝑛𝑛−2 
∴ (𝑛𝑛 − 1)𝐼𝐼𝑛𝑛 = sec𝑛𝑛−2 𝑥𝑥 tan 𝑥𝑥 + (𝑛𝑛 − 2)𝐼𝐼𝑛𝑛−2 

∴               𝐼𝐼𝑛𝑛 =
sec𝑛𝑛−2 𝑥𝑥 tan 𝑥𝑥

𝑛𝑛 − 1
+
𝑛𝑛 − 2
𝑛𝑛 − 1

𝐼𝐼𝑛𝑛−2 
 
 
 

         [𝐼𝐼4]0
𝜋𝜋
3 =

sec2 𝜋𝜋3 tan𝜋𝜋3
3

+
2
3
𝐼𝐼2 

                   =
4√3

3
+

2
3
𝐼𝐼2 

 

   𝐼𝐼2 = � sec2 𝑡𝑡
𝜋𝜋
3

0
𝑑𝑑𝑑𝑑 

= [tan 𝑡𝑡]0
𝜋𝜋
3  

               = tan
𝜋𝜋
3
− 0 = √3 

∴ 𝐼𝐼4 =
4√3

3
+

2√3
3

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
3 marks: correct solution 
 
2 marks: substantially  
correct solution 
 
 
1 mark: partially correct 
solution  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2 marks: correct solution 
 
1 mark: substantially 
correct solution 
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Question No. 8  Solutions and Marking Guidelines  

Outcomes Addressed in this Question  
MEX 12-3  Uses vectors to model and solve problems in two and three dimensions. 
 

Part / 
Outcome 

Solutions Marking Guidelines 

(a) 

 
 
 

(b) 

 

 

 

 

 

(c) 

 

 

 

 

 

(d) 

 

 

 

 

 

 

 

 

 

 

 

(𝑎𝑎) �𝐴𝐴𝐴𝐴�����⃗ � = �(−3 − 4)2 + (6— 2)2 + (−1— 7)2 
=  √49 + 64 + 36  =   √149 

 
 

(b) 𝐴𝐴𝐴𝐴�����⃗ =  �
2
−1
3
� −  �

5
3
−2

� =  �
−3
−4
5
�, which is the gradient vector 

between the two points. 

𝐴𝐴𝐴𝐴�����⃗ =  �
−7
−13
18

� −  �
5
3
−2

� =  �
−12
−16
20

� = 4�
−3
−4
5
� 

Since 𝐴𝐴𝐴𝐴�����⃗  is a scalar multiple of 𝐴𝐴𝐴𝐴�����⃗  the 2 vectors are parallel. 
Since they both share the point A, the points A, B, C are collinear.  
 
 
(c) (i) Completing the squares and adding the equivalent amount to 
the RHS gives: 

(𝑥𝑥 − 1)2 + (𝑦𝑦 − 4)2 + (𝑧𝑧 + 3)2 = 25 
Hence sphere’s centre is (1, 4,−3) and its radius is 5 units. 
(ii) The xy plane has the equation z=0. Substitute into (i) for 
intersection. 

(𝑥𝑥 − 1)2 + (𝑦𝑦 − 4)2 + 32 = 25 
So, equation is: 

(𝑥𝑥 − 1)2 + (𝑦𝑦 − 4)2 = 16 
 
 
 

(𝑖𝑖) 𝑃𝑃𝑃𝑃�����⃗ =  
1
2

 𝐴𝐴𝐴𝐴�����⃗ +  
1
2

 𝐵𝐵𝐵𝐵�����⃗  

 𝑆𝑆𝑆𝑆�����⃗ =  
1
2

 𝐴𝐴𝐴𝐴�����⃗ +  
1
2

 𝐷𝐷𝐷𝐷�����⃗  

But ABCD is a rhombus, so 𝐴𝐴𝐴𝐴�����⃗ =  𝐴𝐴𝐴𝐴�����⃗  and 𝐵𝐵𝐵𝐵�����⃗ =  𝐷𝐷𝐷𝐷�����⃗  
Therefore 𝑆𝑆𝑆𝑆�����⃗ =  𝑃𝑃𝑃𝑃�����⃗  
Therefore PQRS forms a parallelogram, because it has a pair of 
parallel and equal sidelengths. 
Note: Finding only one pair of opposite equal vectors is sufficient 
to provide the above reason for a parallelogram.  
 
(ii) 𝐴𝐴𝐴𝐴�����⃗  .𝐴𝐴𝐴𝐴�����⃗ =  �𝐴𝐴𝐴𝐴�����⃗ � �𝐴𝐴𝐴𝐴�����⃗ �  cos(180° − 𝜃𝜃) 

=  − �𝐴𝐴𝐴𝐴�����⃗ � �𝐴𝐴𝐴𝐴�����⃗ �  cos 𝜃𝜃 
=  − �𝐵𝐵𝐵𝐵�����⃗ � �𝐵𝐵𝐵𝐵�����⃗ �  cos𝜃𝜃 

Because all of the sidelengths of the rhombus are equal. 
=  − 𝐵𝐵𝐵𝐵�����⃗  .𝐵𝐵𝐵𝐵�����⃗  

 
 
 

(a)2 marks: correct 
solution. 
1 mark: Substantially 
correct. 
 
 
(b)2 marks: Correct 
solution with 
complete reason 
included. 
1 mark: Substantial 
progress. 
 
 
 
 
(c)(i) 2 marks: 
Correct centre and 
radius. 
1 mark: One correct 
component. 
 
(ii) 1 mark: Correct 
equation for circle. 
 
 
 
 
(d) 2 marks: Finding 
2 equal vectors and 
providing the property 
of a parallelogram. 
Reasoning and vector 
method is required. 
1 mark: One 
component not 
provided. 
 
 
(ii) 1 mark: Correct 
solution. 
 
 
 
 
 
 
 



 
 

 
 
Question 8 continued… 
 
 
 
 
(iii) 𝑃𝑃𝑃𝑃�����⃗  .𝑃𝑃𝑃𝑃����⃗ =  1

2
�𝐴𝐴𝐴𝐴�����⃗ +  𝐵𝐵𝐵𝐵�����⃗ � . 1

2
 �𝐵𝐵𝐵𝐵�����⃗ +  𝐴𝐴𝐴𝐴�����⃗ � 

=  
1
4

 �𝐴𝐴𝐴𝐴�����⃗  .𝐵𝐵𝐵𝐵�����⃗ +  𝐴𝐴𝐴𝐴�����⃗  .𝐴𝐴𝐴𝐴�����⃗ + 𝐵𝐵𝐵𝐵�����⃗  .𝐵𝐵𝐵𝐵�����⃗ + 𝐵𝐵𝐵𝐵�����⃗  .  𝐴𝐴𝐴𝐴�����⃗ � 

Note: 𝐴𝐴𝐴𝐴�����⃗ =  𝐵𝐵𝐵𝐵�����⃗  and the dot product of a vector with itself is the 
square of its length. 
So we have: 1

4
 �−�𝐴𝐴𝐴𝐴�����⃗ �

2
+  𝐴𝐴𝐴𝐴�����⃗  .  𝐴𝐴𝐴𝐴�����⃗ +  𝐵𝐵𝐵𝐵�����⃗  .𝐵𝐵𝐵𝐵�����⃗ +  �|𝐵𝐵𝐵𝐵|�

2
� 

=  1
4

 � 𝐴𝐴𝐴𝐴�����⃗  .  𝐴𝐴𝐴𝐴�����⃗ +  𝐵𝐵𝐵𝐵�����⃗  .𝐵𝐵𝐵𝐵�����⃗ � since the sidelengths of the rhombus 
are equal. 
Which gives   1

4
 (0)  from part (ii). 

 
Therefore 𝑃𝑃𝑃𝑃�����⃗  .𝑃𝑃𝑃𝑃����⃗ = 0  𝑠𝑠𝑠𝑠  𝑃𝑃𝑃𝑃 ⊥ 𝑃𝑃𝑃𝑃 
So PQRS is a rectangle, because it is a parallelogram with an angle 
of 900. 
Note that showing one ninety degree angle is required to prove that 
the parallelogram is a rectangle.  
 

 
 
 
 
 
 
 
(iii) 2 marks: Vector 
method used properly 
leading to property of 
rectangle. 
1 mark: One 
component not 
provided. 
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