
 

 Student Number 

 

 

Cheltenham Girls High School 

 

     

         HIGHER SCHOOL CERTIFICATE EXAMINATION 

 

Mathematics EXTENSION 1 

Assessment Task 3 

General 
Instructions 

• Working time – 45 minutes 

• Write using black pen only 

• Calculators approved by NESA may be used 

• Use the multiple-choice answer sheet attached for Question 1-5 

• A reference sheet is provided at the back of this paper 

• For questions in Section II, show relevant mathematical reasoning 

and/or calculations 

  

Total marks: 
33 
 

Section I – 5 marks (pages 1 - 2) 

• Attempt Questions 1 - 5 

• Allow about 5 minutes for this section 

Section II – 28 marks (pages 3 - 5) 

• Attempt Questions 6 - 8 

• Allow about 40 minutes for this section 
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Section I  
 

5 marks  

Attempt Questions 1–5  

Allow about 5 minutes for this section 

 

Use the multiple-choice answer sheet for Questions 1– 5. 

 

 

   
1 

What is the value of 𝑘 such that ∫
1

√4−𝑥2

𝑘

0
 𝑑𝑥 = 

𝜋

3
 

 
 

 

 A. 1 
 

 

 B. √3 
 

 

 C. 2 
 

 

 D. 2√3  

  
 

 

2 What is the direction of the position vector  (−3 , 5)? 
 

 

 A. 31° 
 

 

 B. 59° 
 

 

 C. 121° 
 

 

 D. 211°  
  

 
 

3 Which expression is equal to ∫ sin 3𝜃 cos 𝜃  𝑑𝜃? 

 

 

 A. 
−

cos 4𝜃

8
−

cos 2𝜃

4
+ 𝐶 

 

 

 B. 
−

cos 4𝜃

4
+

cos 2𝜃

2
+ 𝐶 

 

 

 C. 
−

sin 4𝜃

8
−

sin 2𝜃

4
+ 𝐶 

 

 

 D. 
−

sin 4𝜃

4
+

sin 2𝜃

2
+ 𝐶 
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4 Four tugs boats apply forces to an oilrig as shown. 
 

 
 

 

Which one of these vectors represent the resultant force acting on the oilrig? 
 

 

 

 A. (10 𝑖 + 10 𝑗)  𝑘𝑁 

 

 

 B. (10 𝑖 − 10 𝑗)  𝑘𝑁 

 

 

 C. (−10 𝑖 − 10 𝑗)  𝑘𝑁 

 

 

 D. (−10 𝑖 + 10 𝑗)  𝑘𝑁 

 
 
 
 

 

   
5 Given 𝑣 = −2 𝑖 − 5 𝑗 and 𝑤 = 3 𝑖 +  𝑗 , find  𝑝𝑟𝑜𝑗𝑤𝑣 

 

 

 A. 
−

11

9
( 3 𝑖 +  𝑗) 

 

 

 B. 
−

11

10
( 3 𝑖 +  𝑗) 

 

 

 C. 1

10
( 3 𝑖 +  𝑗) 

 

 

 D. 
−

39

10
( 3 𝑖 +  𝑗) 
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Section II 
 

28 marks 

Attempt Questions 6 – 8  

Allow about 40 minutes for this section 

 

Answer each question in the appropriate writing booklet. Extra writing booklets are available. 

 

In Questions 6 – 8, your responses should include relevant mathematical reasoning and/ or 

calculations. 

 

 

 

Question 6 (9 marks) Use a new Writing Booklet.  

   
(a) Find the exact value of the volume of the solid of revolution formed when the 

region bounded by the curve 𝑦 = sin 2𝑥, the 𝑥 −axis and the line 𝑥 =
𝜋

8
 is rotated 

about the 𝑥 −axis. 

3 

   
   
(b) 

Use the substitution 𝑢 = 𝑒𝑥  to find ∫
3𝑒𝑥

√4−𝑒2𝑥
 𝑑𝑥 

3 

   
   
(c) Given that  𝑎 = 4𝑖 + 7𝑗 and 𝑏 = 𝑚𝑖 − 2𝑗, find the possible value (or values) of 𝑚 

if: 
 

 

 (i)   𝑎 and 𝑏 are parallel 2 

   
 (ii)   |𝑎| = |𝑏| 1 
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Question 7 (8 marks) Use a new Writing Booklet.  

   
(a) (i)   Express sin 𝜃 + √3 cos 𝜃 in the form 𝑅 sin(𝜃 + 𝛼),  

       where 𝑅 > 0 and 0 < 𝛼 <
𝜋

2
 

2 

   
 (ii)   Hence, solve  √2 sec 𝜃 − tan 𝜃 = √3  for  0 < 𝜃 < 2𝜋 

 

3 

   
   
(b) Using the substitution  𝑥 = cos 𝜃  for  0 ≤ 𝜃 ≤ 𝜋, 

show that  ∫
√1−𝑥2

𝑥2  𝑑𝑥 = cos−1 𝑥 − 
√1−𝑥2

𝑥
 +𝐶 

3 
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Question 8 (11 marks) Use a new Writing Booklet.  

   
(a) Solve  sin 3𝑥 − sin 𝑥 = 0  for  0 < 𝑥 < 2𝜋 3 
   
(b) 

The point 𝑜 is a fixed point on a horizontal plane. A ball is projected from 𝑜 with 

a velocity of  (6𝑖 + 12𝑗) ms−1, and passes through the point 𝐴 at time 𝑡 seconds 

after projection.  Point  𝐵 is on the horizontal plane vertically below 𝐴, as shown 
in the diagram below. Given that 𝑂𝐵 = 2𝐴𝐵 
 
 

 
Assume  𝑔 = 10 𝑚𝑠−2 
𝑖 and 𝑗 are unit vectors in the 𝑥 and 𝑦 directions respectively 

 

 

 (i)   Find the value of 𝑡 5 

   
 (ii)   Find the speed, 𝑉 ms−1 of the ball at the instant it passes through 𝐴 3 

   
   
   
   
   
   
   

 

 

 

 

 

End of test 
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2020 Mathematics Extension 1 Task 3 Marking Guidelines 

 

Section I 

Multiple-choice Answer Key 

Question  Answer 

1 B 

2 C 
3 A 

4 D 
5 B 

 

Section II 

Question 6 (a) 

MARKING GUIDELINES 

Criteria Marks  

 
• Correct solution 3 
• Correctly integrates  sin2 2𝑥   using the double angle formula or equivalent merit 2 
• Correct expression for the volume  
OR 
• An attempt to integrate an expression involving  sin2 2𝑥   using the double angle 
   formula 

1 

 

Sample answer: 

𝑽 = 𝝅 ∫ 𝐬𝐢𝐧𝟐 𝟐𝒙
𝝅

𝟖
𝟎

  𝒅𝒙 

 

𝑽 = 𝝅 ∫
𝟏−𝐜𝐨𝐬 𝟒𝒙

𝟐

𝝅
𝟖

𝟎
  𝒅𝒙 

 

𝑽 = 
𝝅

𝟐
 [ 𝒙 − 

𝐬𝐢𝐧 𝟒𝒙

𝟒
 ]  

𝝅

𝟖
𝒑
𝟎
 

 

𝑽 = 
𝝅

𝟐
 [ 

𝝅

𝟖
− 

𝐬𝐢𝐧
𝝅

𝟐

𝟒
 ]

𝝅

𝟖
𝒑
𝟎
 

𝑽 = 𝝅 [ 
𝝅

𝟏𝟔
− 

𝟏

𝟖
 ] cubic units 



 

Question 6 (b) 

MARKING GUIDELINES 

Criteria Marks  

 
• Correct solution 3 
• Correctly uses the substitution 𝑢 = 𝑒𝑥 2 
• An attempt to integrate the function or equivalent merit 

    
1 

 

Sample answer: 

∫
𝟑𝒆𝒙

√𝟒−𝒆𝟐𝒙
  𝒅𝒙 

 

𝒖 = 𝒆𝒙 

𝒅𝒖

𝒅𝒙
= 𝒆𝒙 

 

𝒅𝒙 =  
𝒅𝒖

𝒆𝒙  

 

∴ ∫
𝟑𝒆𝒙

√𝟒−𝒆𝟐𝒙
  𝒅𝒙 =  ∫

𝟑𝒆𝒙

√𝟒−𝒖𝟐
 
𝒅𝒖

𝒆𝒙  

                         = ∫
𝟑

√𝟒−𝒖𝟐
 𝒅𝒖 

                                  = 𝟑  𝐬𝐢𝐧−𝟏 (
𝒖

𝟐
) +𝑪 

                                   = 𝟑  𝐬𝐢𝐧−𝟏 (
𝒆𝒙

𝟐
) +𝑪 

 

 

 

 

 

 

 

 



Question 6 (c)(i) 

MARKING GUIDELINES 

Criteria Marks  

 
• Correct solution 2 
• Correctly uses the definition of parallel vectors or equivalent merit 1 

 

Sample answer: 

𝑎 = 4𝑖 + 7𝑗 and 𝑏 = 𝑚𝑖 − 2𝑗. 

Since 𝑎 ∥ 𝑏 

Then  𝑎 =  𝜆𝑏 

i.e. (4𝑖 + 7𝑗 ) = 𝜆(𝑚𝑖 − 2𝑗 ) 

4𝑖 + 7𝑗 = 𝜆𝑚𝑖 − 2𝜆𝑗  

−2𝜆 = 7 

∴ 𝜆 = −
7

2
 

𝜆𝑚 = 4 

𝑚 =
4

𝜆
 

∴ 𝑚 = −
8

7
 

 

Question 6 (c)(ii) 

MARKING GUIDELINES 

Criteria Marks  

 
• Correct solution 1 

 

Sample answer: 

𝑎 = 4𝑖 + 7𝑗 and 𝑏 = 𝑚𝑖 − 2𝑗. 

|𝑎| = |𝑏| 

|𝑎| 2 = |𝑏|
2
 

42 + 72 = 𝑚2 + (−2)2 

𝑚2 = 49 + 16 − 4 

𝑚2 = 61 

𝑚 = ±√61 



Question 7 (a)(i) 

MARKING GUIDELINES 

Criteria Marks  

 
• Correct solution 2 
• Correctly finds either a value for R, or a value for α 1 

 

Sample answer: 

sin 𝜃 + √3 cos 𝜃 = 𝑅 sin(𝜃 + 𝛼) 

sin 𝜃 + √3 cos 𝜃 = 𝑅(sin 𝜃 cos 𝛼 + cos 𝜃 sin 𝛼) 

sin 𝜃 + √3 cos 𝜃 = 𝑅 sin 𝜃 cos 𝛼 + Rcos 𝜃 sin 𝛼 

𝑅 cos 𝛼 = 1 ⟶ (1) 

𝑅 sin 𝛼 = √3  ⟶ (2) 

(1)2 + (2)2: 𝑅2 = 1 + 3 = 4 

∴ 𝑅 = √4 = 2 

(2)

(1)
: tan 𝛼 = √3 

𝛼 =
𝜋

3
 

∴  sin 𝜃 + √3 cos 𝜃 = 2 sin (𝜃 +
𝜋

3
) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Question 7 (a)(ii) 

MARKING GUIDELINES 

Criteria Marks  

 
• Correct solution 3 
• Solves the equation using the result from part (i) providing one solution 2 
• Attempts to solve the equation using the result from part (i), or equivalent merit 1 

 

Sample answer: 

√2 sec 𝜃 − tan 𝜃 = √3 ,     0 < 𝜃 < 2𝜋 

√2

cos 𝜃
−

sin 𝜃

cos 𝜃
= √3 

√2 − sin 𝜃 = √3 cos 𝜃 

sin 𝜃 + √3 cos 𝜃 = √2 

2 sin (𝜃 +
𝜋

3
) = √2 

sin (𝜃 +
𝜋

3
) =

√2

2
 

sin (𝜃 +
𝜋

3
) =

1

√2
 

0 < 𝜃 < 2𝜋 

𝜋

3
< (𝜃 +

𝜋

3
) <

7𝜋

3
 

 

(𝜃 +
𝜋

3
) =      

3𝜋

4
,

 9𝜋

4
 

∴ 𝜃 =    
5𝜋

12
,

23𝜋

12
 

 

 

 

 

 

 

 

 

 



Question 7 (b) 

MARKING GUIDELINES 

Criteria Marks  

 
• Correct solution 3 

•  Writes − ∫ tan2 𝜃 𝑑𝜃 = ∫ 1 − sec2 𝜃 𝑑𝜃  or equivalent merit 2 
•  Writes  

∫
√1−𝑥2

𝑥2  𝑑𝑥 = ∫
√1−cos2 𝜃

cos2 𝜃
 − sin 𝜃  𝑑𝜃 or equivalent merit 

 
 

1 

 

Sample answer: 

∫
√1 − 𝑥2

𝑥2
 𝑑𝑥 

𝑥 = cos 𝜃 

𝑑𝑥

𝑑𝜃
= − sin 𝜃 

𝑑𝑥 = − sin 𝜃  𝑑𝜃 

 

∫
√1 − 𝑥2

𝑥2
 𝑑𝑥 = ∫

√1 − cos2 𝜃

cos2 𝜃
 − sin 𝜃  𝑑𝜃 

 

= − ∫
sin2 𝜃

cos2 𝜃
 𝑑𝜃 

 

= − ∫ tan2 𝜃 𝑑𝜃 

 

= ∫ 1 − sec2 𝜃 𝑑𝜃 

= 𝜃 − tan 𝜃 + 𝐶 

= cos−1 𝑥 − 
√1 − 𝑥2

𝑥
+ 𝐶 

 

 

 

 

 



Question 8 (a) 

MARKING GUIDELINES 

Criteria Marks  

 
• Correct solution 3 
• solves either one of the equations cos 2𝑥 = 0 or sin 𝑥 = 0 correctly 2 
• Made some progress  1 

 

Sample answer: 

sin 3𝑥 − sin 𝑥 = 0 

2 cos 2𝑥 sin 𝑥 = 0 

or sin 𝑥 = 0 

 

cos 2𝑥 = 0 , 0 < 𝑥 < 2𝜋 

                    0 < 2𝑥 < 4𝜋 

 

2𝑥 =  
𝜋

2
,   

3𝜋

2
,
5𝜋

2
,
7𝜋

2
 

𝑥 = 
𝜋

4
,

3𝜋

4
,

5𝜋

4
,

7𝜋

4
 

 

sin 𝑥 = 0 

𝑥 = 0, 𝜋, 2𝜋 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Question 8 (b)(i) 

MARKING GUIDELINES 

Criteria Marks  

 
• Correct solution 5 

• Correct vector equation for 𝑠 4 

• Correct vector equation for  𝑣 3 
• Correct value for one the constant vectors 2 
• Can recognise the initial velocity or equivalent merit 1 

 

Sample answer: 

𝑦̈ = −10       and   𝑥̈ = 0 

𝑎 = −10𝑗 

𝑣 = ∫ −10𝑗 𝑑𝑡 

𝑣 = −10𝑡𝑗 +𝐶 

Initially  𝑣 = (6𝑖 + 12𝑗) 

∴ 𝐶 = (6𝑖 + 12𝑗) 

𝑣 = −10𝑡𝑗 +(6𝑖 + 12𝑗) 

𝑠 = ∫( 6𝑖 + (12 − 10𝑡)𝑗) 𝑑𝑡 

𝑠 = 6𝑡𝑖 + (12𝑡 − 5𝑡2)𝑗 

 

At 𝑡 = 𝑡 𝑠𝑒𝑐𝑜𝑛𝑑𝑠 

6𝑡 = 2(12𝑡 − 5𝑡2) 

3𝑡 = 12𝑡 − 5𝑡2 

5𝑡2 − 9𝑡 = 0 

𝑡 = 𝑜 𝑜𝑟 𝑡 =
9

5
 

The value of 𝑡 is  
9
5
 

 

 

 

 



Question 8 (b)(ii) 

MARKING GUIDELINES 

Criteria Marks  

 
• Correct solution 3 

• Correct  substitution for 𝑡 or finding |𝑣| 2 
• Some progress 1 

 

Sample answer: 

 

𝑣 = −10𝑡𝑗 +(6𝑖 + 12𝑗) 

𝑡 =
9

5
 

𝑣 = −10 ×
9

5
𝑗 +(6𝑖 + 12𝑗) 

 

𝑣 = −18𝑗 +(6𝑖 + 12𝑗) 

𝑣 = 6𝑖 − 6𝑗) 

|𝑣| = √62 + 62 

|𝑣| = √72 

|𝑣| = 6√2 

 

 

∴  the speed, 𝑉 ms−1 of the ball at the instant it passes through 𝐴 is 6√2 𝑚𝑠−1 
 

 

 

 

 

 

 

 

 

 

 



Q6  a) Quite well done, just a few cannot integrate sin22x. 

 b) Quite well done, but some students have forgotten to replace the u at the end of 

integration. 

 c) Generally well answered. 

 



Marker’s Comments for Question 7 

7(a) (i) Generally well done 

7(a) (ii) Some students did not use the result in part (i) to answer the question  

√2 sec 𝜃 − tan 𝜃 = √3 ,     0 < 𝜃 < 2𝜋 

√2

cos 𝜃
−

sin 𝜃

cos 𝜃
= √3 

 

√2 − sin 𝜃 = √3 cos 𝜃 
 

sin 𝜃 + √3 cos 𝜃 = √2 
 
Some students provided one of the solutions 
 

Some students were able to successfully answer the question 
 
 
 

 

7(b) Some students did not derive 𝑥 = cos 𝜃 correctly 
Some students made careless errors showing   

∫
√1 − 𝑥2

𝑥2
 𝑑𝑥 = ∫

√1 − cos2 𝜃

cos2 𝜃
 − sin 𝜃  𝑑𝜃 

 

Some students made errors in showing − ∫ tan2 𝜃 𝑑𝜃 = ∫ 1 − sec2 𝜃 𝑑𝜃 

 

Some had difficulty finding ∫ 1 − sec2 𝜃 𝑑𝜃 

 
Some students were able to successfully answer the question 
 
 

 

 



Year 12 EXT1 CT3 Marker’s REPORT 

 

Question 8 (11 marks) 

a. Students who use the sum to product formula correctly have it easy and could obtain 

the full solution quickly without mistakes. A proportion of candidates chose to factorise 

and apply the double angle formula. More than half could reach the final answer 

correctly but several students lost  marks on the way as they struggle to recall applying 

the correct formulae and factorise correctly. 

 

b. A large proportion of candidates did not appreciate the usefulness of vectors, resulting 

in them resorting  to resolve the velocity component again. In order to do so they also 

needed to find the magnitude of the velocity.  Integration must start from 1st principle 

to obtain the equations of motion from acceleration to velocity and then to 

displacement. Several students forgot the constant of integration and lost 1 mark. The 

2nd part (ii) is worth  2 marks. Surprisingly some candidates apply velocity = 0 at the 

maximum height where the question was clearly not talking about this. The 2:1 ratio 

(condition) was not applied. This led to the wrong time t, being found. For part (ii)  it 

was generally well done.  
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