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Name:_____________________ 

 

  Class __________________ 

 

  

HSC Assessment Task 1 2023-2024 

 

Mathematics Extension 1 

 

General Instructions 

• Reading time – 5 minutes 

• Working time – 65 minutes 

• Board approved calculators may be 

used.  

• Write using black or blue pen 

• All necessary working should be 

shown in all questions 

• Write your student number at the top of 

every page of your answer sheets. 

• NESA Reference Sheet is provided 

Total marks – 40 

 

Attempt all questions 

Section A – Answer on the Multiple Choice 

Answer Sheet 

Section B - Start each question on a new sheet 

of paper. 

NESA Reference Sheet is provided 

 

 

 

This paper MUST NOT be removed from the examination room 
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Section A Multiple Choice (5 Marks) 

QUESTION 1 

Which of the following step is not necessary to prove a statement to be true for all 

positive integer values 𝑛 by mathematical induction? 

A. Prove that the statement is true for 𝑛 = 1. 

B. Prove that if the statement is true for some case 𝑛 = 𝑘, then the statement is also 

true for 𝑛 = 𝑘 + 1. 

C. Check that the statement is true for a very large value of 𝑛. 

D. None of the above. 

 

QUESTION 2 

Consider the polynomial 𝑃(𝑥) = 𝑎𝑥3 + 𝑏𝑥2 + 𝑐𝑥 − 6, where 𝑎, 𝑏 > 0. Which of the 

following is a potential graph of 𝑦 = 𝑃(𝑥) ? 

A.   

 

B.   

 

C.   

 

D.   
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QUESTION 3 

Which of the following will have a non-zero coefficient in the expansion of (𝑎2 +
1

𝑎
)

23

? 

A. 𝑎−9 

B. 𝑎−8 

C. 𝑎−7 

D. 𝑎−6 

 

QUESTION 4 

Consider the expansion of (2𝑥3 +
1

𝑥2)
𝑛

, 𝑛 ∈ ℤ+. If it has a non-zero constant term, what 

is the minimum possible value of 𝑛? 

 

A. 3 

B. 5 

C. 8 

D. 10 

 

 

QUESTION 5 

Given sin 𝛽 − cos 𝛽 =
4

3
, what is the value of sin 2𝛽? 

A. −
2

9
 

B. −
7

9
 

C. 
2

9
 

D. 
7

9
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SECTION B 

QUESTION 6  Start a new page (5 marks)  

 

Marks 

a) Let 𝛼, 𝛽 𝑎𝑛𝑑 𝛾 be the roots of 2𝑥3 − 4𝑥 + 7. 

 

i. Find the values of 𝛼𝛽 + 𝛼𝛾 + 𝛽𝛾 and 𝛼 + 𝛽 + 𝛾.  

ii. Hence or otherwise, find the value of 𝛼3 + 𝛽3 + 𝛾3. 

 

 

 

2 

2 

 

b) How many terms are there in the expansion of (3𝑎 + 2𝑏)90209? 1 

 

QUESTION 7  Start a new page (5 marks)  

 

Marks 

a) Prove by mathematical induction that for 𝑛 ∈ ℤ+ 

𝑎 + 𝑎𝑟 + 𝑎𝑟2 + ⋯ + 𝑎𝑟𝑛 = 𝑎 (
𝑟𝑛+1 − 1

𝑟 − 1
) 

if 𝑟 ≠ 1. 

 

3 

 

b) Given (1 + 𝑥 + 𝑥2)6 = 𝑎0 + 𝑎1𝑥 + 𝑎2𝑥2 + ⋯ + 𝑎12𝑥12, find the value of:  
    

𝑎2 + 𝑎4 + 𝑎6 + 𝑎8 + 𝑎10 + 𝑎12. 
 

2 

 

QUESTION 8  Start a new page (6 marks)  

 

Marks 

a) Suppose that 𝑏 and 𝑑 are real numbers and 𝑑 ≠ 0. Consider the 

polynomial 𝑃(𝑥) = 𝑥4 + 𝑏𝑥2 + 𝑑, 𝑃(𝑥) = 0 has a double root at 𝑥 = 𝛼. 

 

i. Find the remainder when 𝑃(𝑥) is divided by (𝑥 − 1). 

ii. Show that 𝛼2 = −
𝑏

2
. 

iii. Hence or otherwise, show that 
𝑏2

4
= 𝑑.     

    

 

 

 

 

1 

2 

2 
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QUESTION 9  Start a new page (5 marks)  

 

Marks 

a) Prove by mathematical induction that 23𝑛3 + 97𝑛 is divisible by 6 for all 

integers 𝑛 ≥ 1. 

 

 

4 

b) Fully simplify (2𝑥 + 1)5 − 5(2𝑥 + 1)4 + 10(2𝑥 + 1)3 − 10(2𝑥 + 1)2 +

5(2𝑥 + 1) − 1. 

1 

 

QUESTION 10  Start a new page (5 marks)  

 

Marks 

a) Use the 𝑡-formulae to solve the equation 2 sin
𝑥

2
+ cos

𝑥

2
= 1 for 𝑥 ∈ [0,8𝜋]. 3 

b) Prove that sin (𝜃 +
𝜋

6
) sin (𝜃 −

𝜋

6
) = sin2 𝜃 −

1

4
. 

 

2 

 

QUESTION  11  Start a new page (5 marks)  

 

Marks 

a)  

i. Express sin 𝜃 + sin(𝜃 +
𝜋

3
) in the form 𝑅 sin(𝜃 + 𝛼), where 𝑅 > 0, and 

0 < 𝛼 <
𝜋

2
. Show all necessary working. 

ii. Hence, or otherwise sketch the graph 𝑦 = sin 𝜃 + sin (𝜃 +
𝜋

3
) ,  

for 0 ≤ 𝜃 ≤ 2𝜋, showing important features. 

 

 

 

3 

 

 

2 

QUESTION 12  Start a new page (5 marks)  

 

Marks 

a) Use the binomial expansion to prove that: 

𝑛 × 3𝑛−1 = (
𝑛
1

) (1) + (
𝑛
2

) (2 × 2) + (
𝑛
3

) (3 × 22) + ⋯ (
𝑛
𝑛

) (𝑛 × 2𝑛−1). 

 

 

2 

 

b) Given sin 𝛼, sin 𝛽 and sin 𝛾 are the solutions to the equation to  

8𝑥3 − 6𝑥 − √5 = 0, find the value of cot2 𝛼 + cot2 𝛽 + cot2 𝛾. 

 

3 

 

 

                      End of examination 



Multiple Choice: 

1. (C )

2. Degree 3, positive leading coefficient therefore Option (A) or (B)

Sum of roots = −
b

a
< 0 

Sum of all 𝑥 − intercepts should be negative value. 

Thus, rules out Option (B) 

Therefore answer is (A) 

3. Start from 𝑎−23, the powers of 𝑎 goes up by 3, so − 23, −20, −17, −14, −11, −8, 
−7 ∴ (B)

4. Constant term ⇒ (𝑥3)𝑟(𝑥−2)𝑛−𝑟 = 𝑥5𝑟−2𝑛 = 𝑥0

∴ 5𝑟 − 2𝑛 = 0
𝑛 = 5 and 𝑟 = 2 is the first possability

(B)

5. (B)
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plod then

p 21 0 223 42 7 0

0030BEE 833 3 417 0
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263 8323 4 Har 21 0
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23 133 23 221
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Question 9 

a) Test for 𝑛 = 1 

23(1)3 + 97(1) = 120 

= 6 × 20 ← (MUST SHOW‼‼) 

∴ the statement is true for 𝑛 = 1  (1 mark) 

Assume the statement is true for 𝑛 = 𝑘, 𝑘 ∈ ℤ+     

∴ 23𝑘3 + 97𝑘 = 6𝑀1  where 𝑀1 ∈ ℤ (1 mark for interpreting what the assumption means) 

Test for 𝑛 = 𝑘 + 1 

RTP: 23(𝑘 + 1)3 + 97𝑘 = 6𝑀2 where 𝑀2 ∈ ℤ+ 

LHS = 23(𝑘 + 1)3 + 97(𝑘 + 1) 

= 23(𝑘3 + 3𝑘2 + 3𝑘 + 1) + 97(𝑘 + 1) 

= (23𝑘3 + 97𝑘) + (69𝑘2 + 69𝑘 + 23 + 97) 

= 6𝑀1 + (69𝑘2 + 69𝑘 + 120)  (By Assumption)   

(1 mark for using the assumption correctly, you do 𝐍𝐎𝐓 get the mark if you substituted and ended 

up with a fraction) 

= 6𝑀1 + 120 + 69𝑘(𝑘 + 1) 

= 6𝑀1 + 120 + 69 × (2𝑃) where 𝑃 ∈ ℤ  

(the product of 2 consecutive integers must be even) 

= 6𝑀1 + 120 + 138𝑃 

= 6(𝑀1 + 20 + 23𝑃) 

= 6𝑀2   (Since 𝑀1 + 20 + 23𝑃 ∈ ℤ) 

∴ if the statement is true for 𝑛 = 𝑘, then it is true for 𝑛 = 𝑘 + 1 

∴ the statement is true for 𝑛 = ℤ+ by the principle of mathematical induction.  (1 mark) 

 

(Note: There is 1 mark in this question allocated to all the small details that is required in a mathematical 

induction proof, such as defining the number set of any variables introduced, making clear that 120 is a  

multiple of 6, writing by assumption when a subsitution is made, using the write mathematical language 

like assume the statement is true for n=k.  If you wrote words that convey an incorrect mathematical 

logic you will only receive 3 out of 4 as a maximum) 

 

b) (2𝑥 + 1)5 − 5(2𝑥 + 1)4 + 10(2𝑥 + 1)3 − 10(2𝑥 + 1)2 + 5(2𝑥 + 1) − 1 

= (2𝑥 + 1 − 1)5 

= (2𝑥)5 

= 32𝑥5    (1 mark) 
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