
James Ruse Agricultural High School

2022 Year 12 TASK 3

Mathematics Extension 1

General
Instructions

• Reading time – 5 minutes
• Working time – 70 minutes
• Write using black pen
• Calculators approved by NESA may be used
• A reference sheet is provided
• For questions in Section II, 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 4–10)
• Attempt Questions 6–12
• Allow about 1 hour and 3 minutes for this section



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 The unit vector in the direction of
(

7
− 3

)
is

1
40

(
7
− 3

)
A.

1
√

40

(
7
− 3

)
B.

1
58

(
7
− 3

)
C.

1
√

58

(
7
− 3

)
D.

2 Suppose x · y = 2, |x| = 2 and |y| =
√

2. The angle between the vectors x and y is

30°A.

45°B.

60°C.

90°D.

3 The coefficient of 𝑎−6𝑏4 in the expansion of
(
1
𝑎
− 2𝑏

3

)10
is

1102
27

A.

1120
72

B.

1120
27

C.

1120
37

D.
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4 Consider the statements below:

I. If |𝑢˜| ≥ |𝑣˜| then |proj𝑣˜
(
𝑢
)̃
| ≥ |proj𝑢˜

(
𝑣
)̃
|.

II. The angle between 𝑢˜ and 𝑣˜ is the same as the angle between proj𝑣˜
(
𝑢
)̃

and proj𝑢˜
(
𝑣
)̃
.

Which of these expressions are true for all two dimensional vectors 𝑢˜ and 𝑣˜?

Neither I nor II are true.A.

Only I is true.B.

Only II is true.C.

Both I and II are true.D.

5 Suppose the vectors u and v form any two sides of a regular hexagon. How many possible
values of u · v are there?

2A.

3B.

4C.

6D.
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Section II

50 marks
Attempt Questions 6 – 12
Allow about 1 hour and 3 minutes for this section

Answer each question on a new page. Extra writing pages are available.

For questions in Section II, your responses should include relevant mathematical reasoning
and/or calculations.

Question 6 (7 marks) Start a new page

(a) Consider the points 𝑃1(3, 4) to 𝑃2(5,−1).

(i) 1Write down the position vector of point 𝑃1. Give your answer as a column
vector.

(ii) 2Find the vector −−−→𝑃1𝑃2. Give your answer in component form.

(iii) 1Find the value of |−−−→𝑃1𝑃2 |.

(iv) 1If
−−−→
𝑂𝑃1 = u and

−−−→
𝑂𝑃2 = v find −−−→

𝑃1𝑃2 in terms of u and v.

(v) 1Draw a diagram showing the vectors u, v and u+v.

(vi) 1Find the vector from the point 𝐴 to the origin where
−−−→
𝐴𝑃2 is 2i − 3j.

End of Question 6
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Question 7 (7 marks) Start a new page

(a) A ship 𝑆 is moving along a straight line with constant velocity in kilometres per hour.
When t = 0 hours the position vector is s = 9i – 6j.
When t = 4 hours, the position vector is s = 21i + 10j.

(i) 2Find the average speed of 𝑆.

(ii) 1Find the direction in which 𝑆 is moving, giving your answer as a bearing.

(iii) 2Show that s = (3t + 9)i + (4t – 6)j.

(b) 2The probability density function of the random variable 𝑋 is given by

𝑓 (𝑥) =


𝑘
√

4 − 𝑥2
, 0 ≤ 𝑥 ≤ 1

0, otherwise

Find the value of the constant 𝑘 .

End of Question 7
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Question 8 (6 marks) Start a new page

(a) 2Find the constant term in the expansion of
(
𝑥 − 2

𝑥3

)20
.

(b) 4Given that
(2 + 𝑥)5(1 + 2𝑥)𝑛 = 32 + 𝑎𝑥 + 27600𝑥2 + · · · + 2𝑛𝑥𝑛+5

find the values of the integers 𝑎 and 𝑛.

End of Question 8

– 6 –



Question 9 (7 marks) Start a new page

(a) Consider the parallelogram 𝑂𝐴𝐵𝐶. Let

a be the position vector of point 𝐴

c be the position vector of point 𝐶

(i) 2Express
−−→
𝑂𝐵 and

−−→
𝐶𝐴 in terms of a and c.

(ii) 2Show that if |−−→𝑂𝐵| = |−−→𝐶𝐴| then a ⊥ c.

(iii) 2Show that if
−−→
𝑂𝐵 ⊥ −−→

𝐶𝐴 then |a| = |c|.

(iv) 1If both assumptions of (ii) and (iii) hold, describe the result geometrically.

End of Question 9
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Question 10 (9 marks) Start a new page

(a) The position vectors of 𝐴, 𝐵 and 𝐶 referred to a point 0 are a, b and c respectively.
The point 𝑁 is on 𝐴𝐵 such that 𝐴𝑁 : 𝑁𝐵 = 2 : 1.

(i) 2Show that
−−→
𝑂𝑁 = 1

3 (a + 2b).

(ii) 1If 𝑂 is the midpoint of 𝐶𝑁 , prove that a + 2b + 3c = 0.

(iii) 2The point 𝑀 is on 𝐶𝐵 such that 𝐶𝑀 : 𝑀𝐵 = 2 : 3. Show that 𝐴, 𝑂 and 𝑀 are
collinear.

(iv) 1Hence, find the ratio 𝐴𝑂 : 𝑂𝑀 .

(v) 3If the point 𝑃 is such that −−→𝑁𝑃 =
−−→
𝐴𝑀 , show that the ratio of

area of 𝑃𝑁𝐴𝑀 : area of 𝑃𝑁𝑂𝑀 = 12 : 7

End of Question 10
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Question 11 (7 marks) Start a new page

(a) 3Let 𝑋 be a random variable with mean 25 and variance 4. If 𝑃(𝑍 < 1.5) = 0.9332,
then find 𝑃( |𝑋 − 25| < 3).

(b) 4Let 𝑓 (𝑥) = 𝑎(3𝑒−|𝑥 | − 1) for − ln 3 ≤ 𝑥 ≤ ln 3 be a probability density function of a
random variable 𝑋 where 𝑎 is a constant. Find the cumulative distribution function of
𝑋 in terms of 𝑥 and 𝑎.

End of Question 11
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Question 12 (7 marks) Start a new page

(a) 𝐴𝑃𝐵 is a triangle. 𝑁 is a point on 𝐴𝑃.
−−→
𝐴𝐵 = a,

−−→
𝐴𝑁 = 2b, −−→𝑁𝑃 = b.

(i) 1Find the vector −−→𝑃𝐵, in terms of a and b.

(ii) 3𝐵 is the midpoint of 𝐴𝐶. 𝑀 is the midpoint of 𝑃𝐵. Show that 𝑁𝑀𝐶 is a straight
line using vector methods.

(b) 3By considering the expansion of (1 + 𝑥)𝑛, show that

1 − 1
2

(
𝑛

1

)
+ 1

3

(
𝑛

2

)
+ · · · + (−1)𝑛 1

𝑛 + 1

(
𝑛

𝑛

)
=

1
𝑛 + 1

End of Question 12

End of Examination.
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ai displacement vector 211 101 91 61
121 16 I

speed IvelocityI

I displacementtime

1214161 I
31 411
5 km h

ii we want the direction of 121 161

TO

tar E Many lost the
5308 mark from not

having bearing
direction of S is 0370T or in correct form
N 370 E

iii In 4 hours the displacement is
121 161

i In I hour the displacement is

31 41
i In t hours the displacement is

31 41
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So the position vector of S is

2 91 61 31 41
34 9 I Yt 6 I

Comments

Students who subbed to 31 4
into 2 21 It 101 receive only
one mark unless they explicitly
state that since the equation satisfied
two brown points it must be the
equation of the line

The following solution only received
one mark as well

starting point t direction

I ten

f 4 ter

I te IR

3 9 I 4 6 I
t is NOT an arbitrary constant
in thisscenario It represents time
so your direction vector must be
the displacement for one charge in
t Ci e one hour
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