
 

1 | P a g e  
 

 

Student Name:  
 
 

Maths class:   
 

 

 

 

 

James Ruse Agricultural High School 
 

 
                             

                        YEAR 12 Task 3 HSC Examination 

 

 

Mathematics Extension 2 
 
General Instructions 

 

• Reading time – 5 minutes  

• Working time – 95 minutes  

• Write using black pen  

• Calculators approved by NESA may be used  

• A reference sheet is provided  

• In Questions 6–10, show relevant mathematical 

reasoning and/ or calculations  

 

Total marks: 55 

 

Section I – 5 marks (pages 2–3)  

• Attempt Questions 1–5 

• Allow about 7 minutes for this section  

Section II – 50 marks (pages 4–7)  

• Attempt Questions 6-10 

• Allow about 1 hour and 28 minutes for this section  
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Section I 

5 marks  

Attempt Questions 1-5 

Allow about 7 minutes for this section  

Write your answers on the Multiple Choice sheet provided 

 

1. Let 𝑃 be the point (2, 5, −3). What is the distance of 𝑃 from the 𝑦𝑧-plane? 

A. 2 

B. √29 

C. √34 

D. √38 

 

 

2. Given that 𝑎 > 𝑏 > 0, which of the following is not always true?  

A. 𝑎2 + 𝑏2 > 2𝑎𝑏 

B. 𝑎2 + 𝑏2 > 4𝑎𝑏 

C. (𝑎 + 𝑏)2 > 4𝑎𝑏 

D. 𝑎 + 𝑏 > 2√𝑎𝑏 

 

 

3. If 𝑥, 𝑦 and 𝑧 are any real numbers and 𝑥 > 𝑦, which of the following statements must be true? 

A. 𝑥2 > 𝑦2 

B. 
1

𝑥
<

1

𝑦
 

C. 𝑥 + 𝑧 > 𝑦 + 𝑧 

D. 𝑥𝑧 > 𝑦𝑧 
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4. Consider the vector equations of the lines below. 

𝑟̰ = (
1
2
5

) + 𝜆 (
2
4

−3
) and 𝑟̰ = (

2
3
2

) + 𝜇 (
4
8
1

) 

 Which of the following statements is correct? 

A. The lines are parallel with no point of intersection. 

B. The lines are not parallel with no point of intersection. 

C. The lines are parallel with a point of intersection. 

D. The lines are not parallel with a point of intersection. 

  

5. Let 𝐴, 𝐵, 𝐶 be distinct, non-collinear points in the plane with position vectors 𝑎̰, 𝑏̰ and 𝑐̰ 

respectively. 𝑃 has position vector 𝑣̰ and is a variable, distinct fourth point in the plane. 

Consider the following statements: 

I. (𝑣̰ − 𝑎̰) ⋅ (𝑏̰ − 𝑐̰) = 0 

II. (𝑣̰ − 𝑏̰) ⋅ (𝑐̰ − 𝑎̰) = 0 

III. (𝑣̰ − 𝑐̰) ⋅ (𝑎̰ − 𝑏̰) = 0 

Which of the following conclusions can be made about these statements? 

A. Either all statements are true or all statements are false. 

B. If two statements are true, then the third is also true. 

C. Two statements are true if and only if the other one is true.  

D. None of the above. 

 

 

 

 

 

 

 

 

End of Section I 
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Section II  

50 marks  

Attempt Questions 6-10 

Allow about 1 hour and 28 minutes for this section  

Start each question on a new page. Extra paper is available.  

Include relevant mathematical reasoning and/or calculations. 

 

Question 6 (10 marks)  Start a new page. 

(a) For any integer 𝑥, where 𝑥 > 1,  

(i) Show that 
1

𝑥2
<

1

𝑥(𝑥−1)
  

(ii) Given that 
1

𝑥2−𝑥
=

1

𝑥−1
−

1

𝑥
 , show that, for a positive integer 𝑛  

1

12
+

1

22
+

1

32
+ ⋯ +

1

𝑛2
< 2 

 

1 

3 

(b) A sequence of numbers is defined by  

𝑎0 = 5 

𝑎𝑛 = 2𝑎𝑛−1 + 1 for 𝑛 ≥ 1 

Prove by induction that, for integers 𝑛 ≥ 0,  

𝑎𝑛 = 2𝑛+2 + 2𝑛+1 − 1 

3 

 

 

(c) Find the shortest distance of the point (1, 2, 3) from the line that passes through the origin 

and the point (−2, 6, 5). 

3 

     

     

 

 

 

 

 

   



 

5 | P a g e  
 

Question 7 (10 marks)  Start a new page. 

(a) Show that 𝑥4 + 𝑦4 + 𝑧2 + 1 ≥ 2𝑥(𝑥𝑦2 − 𝑥 + 𝑧 + 1)  2 

(b) A particle moves such that at any time 𝑡, its position vector is given by 𝑟̰ = (
−2𝑡2 + 3𝑡

4𝑡2

6𝑡 − 4

). 

Find the speed of the particle at time after 3 seconds.  

 

2 

(c) The sphere 𝒮 has equation (𝑥 − 2)2 + (𝑦 + 1)2 + (𝑧 + 3)2 = 169. 

(i) Write equation of 𝒮 in vector form, stating its centre and radius. 

(ii) A line segment in three-dimensional space has equation  

𝑟̰ = (7𝑖̰̰ + 𝑗̰̰ + 12𝑘̰) + 𝜆(2𝑖̰̰ − 2𝑗̰̰ + 3𝑘̰)   for   0 < 𝜆 < 3. 

Find the point(s) of intersection between this line segment and the sphere 𝒮. 

 

2 

4 

 

 

Question 8 (10 marks)  Start a new page. 

(a) A function 𝑓(𝑥) is defined such that 𝑓(𝑥) > 0 for all real numbers 𝑥 and                            

𝑓(𝑎 + 𝑏) = 𝑓(𝑎) × 𝑓(𝑏) for any real numbers 𝑎 and 𝑏.  

(i) Show that 𝑓(0) = 1 and deduce that 𝑓(−𝑥) =
1

𝑓(𝑥)
   

(ii) By using mathematical induction, show that 𝑓(𝑛𝑥) = [𝑓(𝑥)]𝑛  for 𝑛 ∈ ℤ+. 

 

 

3 

2 

 

(b) 

 

Let 𝑎̰ and 𝑏̰ be the position vectors of the fixed points 𝐴 and 𝐵 respectively and let 𝑣̰ be the 

position vector of the variable point 𝑃. 

(i) Given that |𝑎̰ − 𝑣̰| = |𝑏̰ − 𝑣̰|, find the value of (𝑏̰ − 𝑎̰) ⋅ (𝑣̰ −
𝑎̰+𝑏̰

2
). 

(ii) If 𝑎̰, 𝑏 ̰ and 𝑣̰ are vectors in the plane, give a geometrical interpretation for the set 

of all possible points 𝑃. 

(iii) Hence, geometrically interpret the set of all possible points 𝑃 if 𝑎̰, 𝑏 ̰ and 𝑣̰ are 

vectors in three-dimensional space. 

 

 

3 

1 

 

1 
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Question 9 (10 marks)  Start a new page. 

(a) The diagram below shows the curve 𝑦 = 𝑓(𝑥) for 𝑎 ≤ 𝑥 ≤ 𝑏. It is given that 𝑓(𝑥) is concave 

up for 𝑎 ≤ 𝑥 ≤ 𝑏. 

 

(i) Use areas to explain why   

(𝑏 − 𝑎)𝑓 (
𝑎 + 𝑏

2
) < ∫ 𝑓(𝑥)

𝑏

𝑎

𝑑𝑥 < (𝑏 − 𝑎)
𝑓(𝑎) + 𝑓(𝑏)

2
 

(ii) Let 𝑓(𝑥) =
1

𝑥2, 𝑎 = 𝑛 − 1 and 𝑏 = 𝑛, where 𝑛 ∈ ℤ, 𝑛 > 1. Hence show that  

4

(2𝑛 − 1)2
<

1

𝑛 − 1
−

1

𝑛
<

1

2
(

1

(𝑛 − 1)2
+

1

𝑛2
) 

(iii) Deduce that  

4 (
1

32
+

1

52
+

1

72
+ ⋯ ) < 1 <

1

2
+

1

22
+

1

32
+

1

42
+ ⋯ 

(iv) Show that  

1

2
(

1

32
+

1

42
+

1

52
+ ⋯ ) <

1

32
+

1

52
+

1

72
+ ⋯ 

(v) Hence show that  

3

2
< ∑

1

𝑛2

∞

𝑛=1

<
7

4
 

 

 

 

 

 

 

 

 

 

 

 

3 

 

 

2 

 

 

2 

 

 

1 

 

 

2 
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Question 10 (10 marks)  Start a new page. 

(a) Find the Cartesian equation of the curve defined parametrically by 𝑟̰ = (
cos 𝑡 (1 + tan 𝑡)

sin 𝑡 (1 + tan 𝑡)
), 

stating any restrictions necessary. 

4 

(b) (i) The triangle formed by vectors 𝑢̰ and 𝑣̰ is shown below. 

 

 

 

By considering the projection of 𝑢̰ onto 𝑣̰, show that the area of the triangle is given 

by  

𝐴 =
1

2
√|𝑢̰|2|𝑣̰|2 − (𝑢̰ ⋅ 𝑣̰)2. 

 

(ii) Now consider the tetrahedron 𝑂𝐴𝐵𝐶 below with points 𝐴, 𝐵 and 𝐶 lying on the 𝑥, 𝑦 

and 𝑧 axes respectively.  

 

 

 

 

 

 

 

Let |𝑋𝑌𝑍| denote the area of Δ𝑋𝑌𝑍. Using vector methods and the result in part (i), 

show that  

|𝐴𝑂𝐵|2 + |𝐴𝑂𝐶|2 + |𝐵𝑂𝐶|2 = |𝐴𝐵𝐶|2. 

3 

 

 

 

 

 

 

3 

 

 

 

 

END OF PAPER 
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Year 12 Ext. 2 Task 3 Q7 solutions 

 

(a)  Method I 

 
Method II 

 
 

 

(b) 

 
 

1 mark

1 mark

1 mark

1 mark

1 mark for finding velocity vector correctly

1 mark for correct working and answer



(c) 

 

1 mark for finding BOTH centre and radius correctly

1 mark for correct vector form of sphere

1 mark for substituting correctly

1 mark for getting a quadratic equation of lambda

1 mark for correctly solving the quadratic equation

1 mark for rejection of solutions and correct conclusion







1 mark for identifying what each 

expression represents in terms of area 

(i.e. Rectangle, Trapezium and area 

under the curve). 

 

1 mark for establishing one side of the 

inequality with sufficient reasons. 

 

1 mark for establishing the other side 

of the inequality with sufficient 

reasons. 

Question 9  

i. Construct a tangent at 𝑃 to meet 𝐴𝐶 and 𝐹𝐷 at 𝐺 and 𝐻 respectively. 

 

Area Trapezium𝐺𝐻𝐷𝐶 < Area under 𝑦 = 𝑓(𝑥) between 𝑥 = 𝑎 and 𝑥 = 𝑏 < Area Trapezium𝐴𝐹𝐷𝐶  

∆𝐺𝐸𝑃 ≡ ∆𝐻𝐹𝑃 ⇒ Area∆𝐺𝐸𝑃 = Area∆𝐻𝐹𝑃 

 

∴ Area rectangleECDF = Area Trapezium𝐺𝐻𝐷𝐶  

  

Area rectangleECDF < Area under 𝑦 = 𝑓(𝑥)between 𝑥 = 𝑎 and 𝑥 = 𝑏 < Area Trapezium𝐴𝐹𝐷𝐶  

𝐸𝐶 × 𝐶𝐷 <   ∫ 𝑓(𝑥)
𝑏

𝑎

𝑑𝑥 <
1

2
(𝐴𝐶 + 𝐹𝐷) × 𝐶𝐷 

(𝑏 − 𝑎)𝑓 (
𝑎 + 𝑏

2
) < ∫ 𝑓(𝑥)

𝑏

𝑎

𝑑𝑥 < (𝑏 − 𝑎) ×
𝑓(𝑎) + 𝑓(𝑏)

2
 

Note:  

- If you define (𝑏 − 𝑎) ×
𝑓(𝑎)+𝑓(𝑏)

2
 as the area of a rectangle (or 2 rectangles) you’re almost certain to get 0. 

- “The curve is concave up” argument is only sufficient to prove ∫ 𝑓(𝑥)
𝑏

𝑎
𝑑𝑥 < Area Trapezium𝐺𝐻𝐷𝐶   



1 mark for getting the middle expression 

through integration. 

1 mark for establishing the other two 

expressions by substitution and showing all 

necessary working out. 

1 mark for establishing a pattern correctly 

starting from 𝑛 = 2 for all 3 expressions. 

1 mark for correct addition of equations AND 

clear working out.  You MUST SHOW necessary 

working in addition to just stating “sum all the 

equations together” before getting to the 

required expression. 

1 mark for getting to required line 

showing all necessary working. 

ii. 

𝑓(𝑥) =
1

𝑥2
, 𝑎 = 𝑛 − 1, 𝑏 = 𝑛, 𝑛 > 1, 𝑛 ∈ 𝑍 

∴ [𝑛 − (𝑛 − 1)] ×
1

(𝑛 −
1
2)

2 < ∫
1

𝑥2

𝑛

𝑛−1

𝑑𝑥 < [𝑛 − (𝑛 − 1)] ×

1
𝑛2 +

1
(𝑛 − 1)2

2

1

(𝑛 −
1
2)

2 < [−
1

𝑥
]

𝑛−1

𝑛

<
1

2
× (

1

(𝑛 − 1)2
+

1

𝑛2
) 

4 ×
1

(2𝑛 − 1)2
< [

1

𝑥
]

𝑛

𝑛−1

<
1

2
[

1

(𝑛 − 1)2
+

1

𝑛2] 

4

(2𝑛 − 1)2
<

1

𝑛 − 1
−

1

𝑛
<

1

2
[

1

(𝑛 − 1)2
+

1

𝑛2] 

iii. 

𝑛 = 2 ⇒
4

32
< 1 −

1

2
<

1

2
[

1

12
+

1

22] − Equation 1 

𝑛 = 3 ⇒
4

52
<

1

2
−

1

3
<

1

2
[

1

22
+

1

32] − Equation 2 

𝑛 = 4 ⇒
4

72
<

1

4
−

1

3
<

1

2
[

1

32
+

1

42] − Equation 3 

⋮ 

∴ ∑
4

(2𝑛 − 1)2

∞

𝑛=2

< ∑
1

𝑛 − 1
−

1

𝑛

∞

𝑛=2

< ∑
1

2
[

1

(𝑛 − 1)2
+

1

𝑛2]

∞

𝑛=2

 

4

32
+

4

52
+

4

72
+ ⋯ < (1 −

1

2
) + (

1

2
−

1

3
) + (

1

3
−

1

4
) + ⋯ <

1

2
[

1

12
+

1

22] +
1

2
[

1

22
+

1

32] +
1

2
[

1

32
+

1

42] + ⋯ 

4 (
1

32
+

1

52
+

1

72
+ ⋯ ) < lim

𝑛→∞
(1 −

1

𝑛
) <

1

2
[

1

12
+

1

22] +
1

2
[

1

22
+

1

32] +
1

2
[

1

32
+

1

42] + ⋯ 

4 (
1

32
+

1

52
+

1

72
+ ⋯ ) < 1 <

1

2
(1 + 2 (

1

22
) + 2 (

1

3
)

2

+ ⋯ )

4 (
1

32
+

1

52
+

1

72
+ ⋯ ) < 1 <

1

2
+

1

22
+

1

32
+ ⋯

iv. 

1

2
(

1

32
+

1

42
+

1

52
+ ⋯ ) =

1

2
(

1

32
+

1

52
+

1

72
+ ⋯ ) +

1

2
(

1

42
+

1

62
+

1

82
+ ⋯ )

<
1

2
(

1

32
+

1

52
+

1

72
+ ⋯ ) +

1

2
(

1

32
+

1

52
+

1

72
+ ⋯ ) (since

1

(𝑛 − 1)2
>

1

𝑛2
 ∀𝑛 > 1) 

=
1

32
+

1

52
+

1

72
+ ⋯

∴
1

2
(

1

32
+

1

42
+

1

52
+ ⋯ ) < (

1

32
+

1

52
+

1

72
+ ⋯ )



1 mark for getting the inequality on the 

left with necessary working out. 

 

 

1 mark for getting the inequality on the 

right with necessary working out. 

 

 

v.  

4 (
1

32
+

1

52
+

1

72
+ ⋯ ) < 1 <

1

2
+

1

22
+

1

32
+ ⋯  (proven in iii) 

1 <
1

2
+

1

22
+

1

32
+ ⋯  ⇒ (1 +

1

2
) <

1

2
+ (

1

2
+

1

22
+

1

32
+ ⋯ ) 

3

2
< 1 +

1

22
+

1

32
+ ⋯ 

=
1

12
+

1

22
+

1

32
+ ⋯ 

∴
3

2
< ∑

1

𝑛2

∞

𝑛=1

 

4 (
1

32
+

1

52
+

1

72
+ ⋯ ) < 1 ⇒ (

1

32
+

1

52
+

1

72
+ ⋯ ) <

1

4
  (Proven in iii. ) 

1

2
(

1

32
+

1

42
+

1

52
+ ⋯ ) <

1

4
    (

1

2
(

1

32
+

1

42
+

1

52
+ ⋯ ) < (

1

32
+

1

52
+

1

72
+ ⋯ )  proven in iv. ) 

(
1

32
+

1

42
+

1

52
+ ⋯ ) <

1

2
 

(
1

12
+

1

22
) + (

1

32
+

1

42
+

1

52
+ ⋯ ) <

1

2
+ (

1

12
+

1

22
) 

 

∑
1

𝑛2

∞

𝑛=1

< 1 +
1

2
+

1

4
 

=
7

4
 

 

∴
3

2
< ∑

1

𝑛2

∞

𝑛=1

<
7

4
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Oh 10

a

g
cost it tart
Sint It tart

x cost It tart
9 Sint Ir tant

tant

20 sett y cos't Ittart t sin't Ittarty
It tart cos't sin't

x't y I tart

i n y It
Eliminating
t completelyBut as stated above CO O is not

included However subbing t 35 into
the original parametric eqn shows that
10,0 is valid so we must express
our cartesian een in such a way
that it includes Co o

a se'tg octy
Including
origin

Notes
Learn the common tricks for paramedics

squaring B adding
multiplyingdividing
make use of trig identities

Few students got marks let alone
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