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• Reading time – 5 minutes 
• Working time – 1 hour 
• Write using black pen  
• Calculators approved by NESA may 

be used  
• A reference sheet is provided  
• In Questions 6–12, show relevant 

mathematical reasoning and/ or 
calculations  

Section I – 5 marks (pages 2–3)  

• Attempt Questions 1–5  
• Allow about 7 minutes for this section  

Section II – 35 marks (pages 4–7)  

• Attempt Questions 6–12  
• Allow about 53 minutes for this 

section 
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Section I   

5 marks  
Attempt Questions 1–5  
Allow about 7 minutes for this section 
 
Use the multiple-choice answer sheet for Questions 1–5. 
 
 
1. P, Q and R are three collinear points with position vectors 𝑝̰, 𝑞̰ and 𝑟̰ respectively, where Q lies 

between P and Q. If %𝑄𝑅(((((⃗ % = !
"
%𝑃𝑄(((((⃗ %, then 𝑟̰ is equal to: 

 
(A)  #

"
𝑞̰ − !

"
𝑝̰ 

(B)  #
"
𝑝̰ + !

"
𝑞̰ 

(C)  #
"
𝑞̰ − #

"
𝑝̰ 

(D)  !
"
𝑝̰ − #

"
𝑞̰ 

 

2. An equilateral triangle of side length 4 units is shown below. 
 
 
 
 
 
 
 
 
 
 
Which of the following is the value of 𝑢̰ ⋅ 𝑣̰ ? 

 
(A) 4 

(B) 4√3 

(C) 8√3 

(D) 8 
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3. Which of the following is a well-defined expression which can be calculated involving dot-products 

for 2-dimensional vectors 𝑎̰, 𝑏̰ and 𝑐̰? 

 
(A) (𝑎̰ ⋅ 𝑏̰) ⋅ (𝑏̰ ⋅ 𝑎̰) 

(B) (𝑎̰ ⋅ 𝑏̰)𝑐̰ 

(C) 𝑎̰ ⋅ (𝑏̰𝑐̰) 

(D) (𝑎̰ ⋅ 𝑏̰) ⋅ 𝑐̰ 

 

4. The coefficient of  !
$
 in the expansion of (1 + 𝑥)%(1 + !

$
)%  is 

 

(A)   %!
(%(!)!(%*!)!

 

(B)   ("%)!
(%(!)!(%*!)!

	 

(C)   ("%)!
("%(!)!("%*!)!

 

(D)   (%*!)!
"%!(%(!)!

 

 

5. Let 𝑝̰, 𝑞̰, 𝑟̰ and 𝑠̰ be four distinct vectors with 𝑟̰	||	𝑝̰ and 𝑠̰	||	𝑞̰. Which of the following is not an 

equivalent expression for the vector projection of 𝑝̰ onto 𝑞̰? 

 

(A)  !
!̰⋅$̰
|$̰|!
" 𝑞̰ 

(B) 	!
!̰⋅$̰
|$̰|
" 𝑞̰& 

(C) 	'
!̰⋅&̰
|&̰|!
( 𝑠̰ 

(D) 	' '̰⋅&̰
|&̰|!
( 𝑠̰ 

 

 

 

 

 

 

Section II begins on the next page 
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Section II  

50 marks   
Attempt Questions 6-12 
Allow about 53 minutes for this section  
 
Start each question on a new page. Extra paper is available.  

In Questions 6-10, your responses should include relevant mathematical reasoning and/ or calculations. 

 

Question 6 (5 marks) Start a new page. 

(a) The point 𝐴 has position vector 5𝑖̰ − 4𝑗 ̰and the point 𝐵 has position vector −5𝑖̰ − 2𝑗.̰  

(i) Find the vector 𝐴𝐵E⎯G 

(ii) Find H𝐴𝐵E⎯GH . Give your answer as a simplified surd. 

 

 

1 

1 

(b) Let 𝑃 be the point (5, −8) in the cartesian plane.  

(i) Draw the position vector 𝑂𝑃E⎯G 

(ii) Write 𝑂𝑃E⎯G as a column vector. 

(iii) Find a unit vector in the direction of 𝑂𝑃E⎯G. 

 
 

1 

1 

1 

 

Question 7 (5 marks) Start a new page. 

(a) Find the angle between the vectors 3𝑖̰ + 𝑗 ̰and K 2−1L. 2 

(b) Show that the vectors K14L and K 8−1L are perpendicular. 1 

(c) Find a vector of magnitude 15 in the direction of the vector 5𝑖̰ + 12𝑗.̰ 2 

     

 

 

 

 

Please turn over 
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Question 8 (5 marks) Start a new page. 

(a) In the triangle 𝐴𝐵𝐶 below, 𝐴𝐵#⎯% = −2𝑖̰+ 7𝑗 ̰and 𝐴𝐶#⎯% = 12𝑖̰− 𝑗.̰  
 

 
 
 
If angle 𝐵𝐴𝐶 is 101.1°, find the area of triangle 𝐴𝐵𝐶?  
 

2 
 

(b) The coefficients of the (𝑟 − 5),-  and  (2𝑟 − 1),- terms in the expansion of  (1 + 𝑥)#. are 
equal. Find the value of 𝑟.   

3 
 

 

Question 9 (5 marks) Start a new page. 

(a) The diagram below shows two identical parallelograms, 𝐴𝐹𝐸𝐵 and 𝐵𝐸𝐷𝐶. 𝑀 is the midpoint 
of  𝐶𝐷. 
 

 

 

 

 

 

 

 

 

 

Let the vector 𝐴𝐹E⎯G = 𝑞̰ and  𝐴𝐵E⎯G = 𝑝̰. 

(i) Use vector methods to show that 𝐵𝑀 is parallel to 𝐴𝐷. 
(ii) Write 𝐵𝑀E⎯G in terms of 𝑝̰ and 𝑞̰. 

 

 

Question 9 continues on the next page 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2 
 

1 
 

𝐵 

𝐴 
 
𝐶 
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(b) 

 
 

In parallelogram 𝑂𝑅𝑆𝑇, it is known that 𝑂𝑅E⎯G = 𝑎̰ + 2𝑏̰ and that 𝑂𝑇E⎯G = 𝑎̰ − 2𝑏̰, where 𝑎̰ is the 
position vector of the point 𝐴 and 𝑏̰ is the position vector of the point 𝐵. 
 
 
 
 
 
 
 
 
 
 
Copy the diagram onto your answer sheet and show the positions of the points 𝐴 and 𝐵. 

 
 

2 
 

 

 

Question 10 (5 marks) Start a new page. 

Let 𝑋 be a continuous random variable and 𝜆 > 0 be a positive real number. 𝑋 is said to have a Sine 
Square distribution, if the probability density function of X is expressed as: 

𝑓/(𝑥) = Z
2
𝜆𝜋 sin

" 𝑥
2𝜆 	 			 for	 0 < 𝑥 < 𝜆𝜋,	 and 𝜆 > 0;

0				                  						otherwise                       
 

Note that 𝑓/(𝑥) ≥ 0 for all values of 𝑋 in the domain (0, 𝜆𝜋). 

 
 
 

 

(a) Find the cumulative distribution function 𝐹/(𝑥) of the Sine Square distribution. 4 

(b) Hence, or otherwise, find 𝑃(𝑋 ≤ 𝜋) when 𝜆 = 2.	Give your answer to 3 decimal places. 1 

 

 

 

 

 

 

Please turn over 
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Question 11 (5 marks) Start a new page. 

(a) Find 𝜆 when the magnitude of the vector projection of 𝑎̰ = 𝜆𝑖̰ + 𝑗 ̰onto 𝑏̰ = 8𝑖̰ + 6𝑗 ̰equals 4. 2 
 

(b) By considering the expansion of (1 + 𝑥)%, show that  

2 K
𝑛
2
L + 6 K

𝑛
3
L + 12 K

𝑛
4
L +⋯+ 𝑛(𝑛 − 1) K

𝑛
𝑛
L = 𝑛(𝑛 − 1)2%(" 

3 

 

Question 12 (5 marks) Start a new page. 

(a) Suppose that 𝐴, 𝐵, 𝐶, 𝐷, 𝐸, 𝐹 are any points in the plane. Use vector arithmetic to verify that 
 

𝐴𝐷E⎯G+ 𝐵𝐸E⎯G + 𝐶𝐹EG = 𝐵𝐷E⎯G + 𝐶𝐸EG+ 𝐴𝐹E⎯G 

2 
 

 

(b) Suppose now that 𝐴, 𝐵, 𝐶, 𝐷, 𝐸, 𝐹 are arranged to form the vertices of a hexagon surrounding a 
triangle 𝑋𝑌𝑍, as shown in the diagram below. It is given that the shaded regions are 
parallelograms.  
 
 
 
 
 
 
 
 
 
 
Show that the line segments 𝐷𝐵, 𝐸𝐶 and 𝐹𝐴 can be moved parallel to themselves to assemble 
a triangle. 

3 

 

 

 

 

 

END OF EXAMINATION 

 
 

𝐴 

𝐷 

𝐵 

𝐸 

𝐶 𝐹 

𝑌 

𝑍 𝑋 
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Year 12 Extension 1: Q6 
Suggested Solutions Marks 

Awarded 
Marker’s Comments 

 

(a) Subtracting 𝑂𝐵ሬሬሬሬሬ⃗  from 𝑂𝐴ሬሬሬሬሬ⃗ : 

(i) 𝐴𝐵ሬሬሬሬሬ⃗ = (−5 − 5)𝚤̰ + ൫−2 − (−4)൯𝚥̰ = −10 𝚤̰ + 2𝚥̰ 

 

(ii)  

ห𝐴𝐵ሬሬሬሬሬ⃗ ห = ඥ(−10)ଶ + 2ଶ 

= √104 

= 2√26 

 

(b)  

(i)  

 

 

 

 

 

 

 

 

 

 

 

             (ii) 

𝑂𝑃ሬሬሬሬሬ⃗ = ቂ
5

−8
ቃ 

 

             (iii)   Multiply by the reciprocal of the magnitude of 𝑂𝑃ሬሬሬሬሬ⃗  to obtain a 

vector in the direction of 𝑂𝑃ሬሬሬሬሬ⃗  with magnitude 1: 

 

ห𝑂𝑃ሬሬሬሬሬ⃗ ห = ඥ5ଶ + (−8)ଶ = √25 + 64 = √89 

 

Hence the required unit vector is  

1

√89
ቂ

5
−8

ቃ 

   

 
 
 
1 
 
 
 
 
 
 
 
1 
 
 
 
 
 
 
 
 
 
 
1 
 
 
 
 
 
 
 
 
 
 
 
 
 
1 
 
 
 
 
 
 
 
 
 
 
 
 
1 

 

 
 
 
Handled well. 
 
 
 
 
Handled well. 
 
 
 
 
 
 
 
 
 
 
 
Some students failed to 
give reference/place the 
vector in the Cartesian 
plane.  
 
 
Handled well, except for 
notation.  
 
Vectors are not points, 
so rounded brackets 
shouldn’t be used. For 
example,  
 

(5, −8) 
 
is notation for a point.  
 
Why is this important? 
Because in the context 
of vectors, points AND 
vectors are often mixing 
together as part of a 
problem. The two must 
be separated in notation 
to avoid confusion.  
 
 



Question 7 (5 marks)

a) Find the angle between the vectors 3ḭ+j̰ and 2
−1

. (2 marks)

b) Show that the vector 1
4

and 8
−2

are perpendicular. (1 mark)

c) Find a vector of magnitude 15 in the direction of the vector 5ḭ +12j̰. (2 marks)



Part (a) Solution

Find the angle between the vectors 3ḭ+j̰ and 2
−1

.

3

1
∙

2

−1
= 3

1
2
−1

cos 𝜃 (1 mark)

5 = 10 × 5 cos 𝜃

cos 𝜃 = 5

10
=

1

2

𝜃 = 45° (1 mark)



Part (b) Solution

Show that the vector 1
4

and 8
−2

are perpendicular.

1

4
∙

8

−2
= 8 − 8

= 0

Since the dot product is 0, the vectors are perpendicular. (1 mark)



Part (c) Solution

Find a vector of magnitude 15 in the direction of the vector 5ḭ +12j̰. 

5ḭ+12j̰ = 13 (1 mark)

The vector of magnitude 15
and in the direction of vector
5 Ƹ𝑖 ̰+12 Ƹ𝑗 ̰

= 15

13
5ḭ+12j̰

(1 mark)
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DĂŶǇ�ƐƚƵĚĞŶƚ�ĚŝĚ�ŶŽƚ�ĐŽŶƐŝĚĞƌ�ƚŚĞ�ŵĂŐŶŝƚƵĚĞ�ŽĨ�ƚŚĞ�
ǀĞĐƚŽƌ�ƉƌŽũĞĐƚŝŽŶ͘�dŚĞǇ�ŽŵŝƚƚĞĚ�ƚŚĞ�ĂďƐŽůƵƚĞ�ǀĂůƵĞ�ĂŶĚ�
ƐŽ�ŽŶůǇ�ĨŽƵŶĚ�ŽŶĞ�ǀĂůƵĞ�ŽĨߣ�Ǥ

ͳࣅ����������������������������������������Ǥ
ʹ����������������������������������Ǥࣅ������������

EŽƚĞƐ͗
DĂŶǇ�ƐƚƵĚĞŶƚƐ�ĚŝĚ�ŶŽƚ�ǁƌŝƚĞ�ŽƵƚ�ĞŶŽƵŐŚ�ƚĞƌŵƐ�ŝŶ�ƚŚĞŝƌ�ŝŶŝƚŝĂů�ƐƚĂƚĞŵĞŶƚ�ƐŽ�ǁĞƌĞ�ƵŶĂďůĞ�ƚŽ�
ƐŚŽǁ�ƚŚĞ�ĨŝŶĂů�ƐƚĂƚĞŵĞŶƚ�ŐŝǀĞŶ�ŝŶ�ƚŚĞ�ƋƵĞƐƚŝŽŶ͘

ͻ

^ƚƵĚĞŶƚƐ�ǁƌŽƚĞ�ƚŚĞ�ĞǆƚƌĂ�ƚĞƌŵƐ�ŝŶ�ƐƵďƐĞƋƵĞŶƚ�ůŝŶĞƐ�ŽĨ�ǁŽƌŬŝŶŐ�ǁŝƚŚŽƵƚ�ƐŚŽǁŝŶŐ�ǁŚĞƌĞ�ƚŚĞǇ�
ŝŶŝƚŝĂůůǇ�ĐĂŵĞ�ĨƌŽŵ͘

ͻ

^ƚƵĚĞŶƚƐ�ǁŚŽ�ĚŝĚ�ŶŽƚ�ƐŚŽǁ�ĞŶŽƵŐŚ�ƚĞƌŵƐ�ƚŽ�ĂƌƌŝǀĞ�Ăƚ�ƚŚĞ�ŐŝǀĞŶ�ĞǆƉƌĞƐƐŝŽŶ�ǁĞƌĞ�ĂǁĂƌĚĞĚ�
ŵĂǆŝŵƵŵ�Ϯ�ŵĂƌŬƐ

ͻ

DĂŶǇ�ƐƚƵĚĞŶƚƐ�ǁƌŽƚĞ�ůŝŶĞƐ�ŽĨ�ǁŽƌŬŝŶŐ�ǁŝƚŚŽƵƚ�ĞǆƉůĂŝŶŝŶŐ�ŚŽǁ�ƚŚĞǇ�ĂƌƌŝǀĞĚ�Ăƚ�ĞĂĐŚ�ůŝŶĞ͘ͻ
^ƚƵĚĞŶƚƐ�ǁŚŽ�ĚŝĚ�ŶŽƚ�ĞǆƉůĂŝŶ�ƚŚĞǇ�ǁĞƌĞ�ĚŝĨĨĞƌĞŶƚŝĂƚŝŶŐ�ĞĂĐŚ�ůŝŶĞ�ǁĞƌĞ�ĂǁĂƌĚĞĚ�ŽŶůǇ�ƚŚĞ�ŵĂƌŬ�
ĨŽƌ�ƐƵďƐƚŝƚƵƚŝŽŶ͘

ͻ

DĂŶǇ�ƐƚƵĚĞŶƚƐ�ǁŚŽ�ƵƐĞĚ�ƵŶĂĐĐĞƉƚĂďůĞ�ŶŽƚĂƚŝŽŶ�ĂŶĚ�ĞǆƉůĂŶĂƚŝŽŶƐ�ǁĞƌĞ�EKd�ĂǁĂƌĚĞĚ�ŵĂƌŬƐ͘ͻ
dŚĞƐĞ�ŝŶĐůƵĚĞĚ͗�

ϭƐƚ�ŵĂƌŬ�ǁĂƐ�ĂǁĂƌĚĞĚ�ĨŽƌ�ĚŝĨĨĞƌĞŶƚŝĂƚŝŶŐ�ďŽƚŚ�ƐŝĚĞƐ�ŽŶĐĞ�ǁŝƚŚ�ĞǆƉůĂŶĂƚŝŽŶ�
ϮŶĚ�ŵĂƌŬ�ǁĂƐ�ĂǁĂƌĚĞĚ�ĨŽƌ�ĚŝĨĨĞƌĞŶƚŝĂƚŝŶŐ�ďŽƚŚ�ƐŝĚĞƐ�ĂŐĂŝŶ�ǁŝƚŚ�ĞǆƉůĂŶĂƚŝŽŶ�
ϯƌĚ�ŵĂƌŬ�ǁĂƐ�ĂǁĂƌĚĞĚ�ĨŽƌ�ƐƵďƐƚŝƚƵƚŝŽŶ�ŽĨ�ǆ�с�ϭ�ŝŶƚŽ�ƚŚĞ�ĞǆƉƌĞƐƐŝŽŶ�ǁŝƚŚ�ĞǆƉůĂŶĂƚŝŽŶ

^ŽůƵƚŝŽŶ͗

^ŽůƵƚŝŽŶ͗

YƵĞƐƚŝŽŶ�ϭϭ
^ƵŶĚĂǇ͕�ϴ��ƵŐƵƐƚ�ϮϬϮϭ ϭϬ͗ϭϱ�Ɖŵ





𝐴𝐴𝐴𝐴 + 𝐵𝐵𝐵𝐵 + 𝐶𝐶𝐶𝐶

= 𝐴𝐴𝐴𝐴 + 𝐹𝐹𝐹𝐹 + 𝐵𝐵𝐵𝐵 + 𝐷𝐷𝐷𝐷 + 𝐶𝐶𝐶𝐶 + 𝐸𝐸𝐸𝐸

= 𝐴𝐴𝐴𝐴 + 𝐵𝐵𝐵𝐵 + 𝐶𝐶𝐶𝐶 + 𝐸𝐸𝐸𝐸

1

1





𝐵𝐵𝐵𝐵 + 𝐴𝐴𝐴𝐴 + 𝐶𝐶𝐶𝐶

=𝐵𝐵𝐵𝐵 + 𝑌𝑌𝑌𝑌 + 𝐴𝐴𝐴𝐴 + 𝑋𝑋𝑋𝑋 + 𝐶𝐶𝐶𝐶 + 𝑍𝑍𝑍𝑍

𝐵𝐵𝐵𝐵 = 𝐸𝐸𝐸𝐸 Since BYZE is a parallelogram, and opposite sides are parallel and equal.

𝑌𝑌𝑌𝑌 = 𝑋𝑋𝑋𝑋

Since XFCZ is a parallelogram, and opposite sides are parallel and equal𝑋𝑋𝑋𝑋 = 𝑍𝑍𝑍𝑍

Now using The above informations, we obtain:

= 𝐵𝐵𝐵𝐵 + 𝑌𝑌𝑌𝑌 + 𝑋𝑋𝑋𝑋 − 𝑌𝑌𝑌𝑌 − 𝑋𝑋𝑋𝑋 − 𝐵𝐵𝐵𝐵

𝐵𝐵𝐵𝐵 + 𝑌𝑌𝑌𝑌 + 𝐴𝐴𝐴𝐴 + 𝑋𝑋𝑋𝑋 + 𝐶𝐶𝐶𝐶 + 𝑍𝑍𝑍𝑍

=0

= 𝐵𝐵𝐵𝐵 − 𝐵𝐵𝐵𝐵 + 𝑌𝑌𝑌𝑌 − 𝑌𝑌𝑌𝑌 + 𝑋𝑋𝑋𝑋 − 𝑋𝑋𝑋𝑋

Therefore the three vectors 𝐷𝐷𝐷𝐷, 𝐸𝐸𝐸𝐸 and 𝐹𝐹𝐹𝐹 are the sides of a triangle.

1

1

1
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