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Section I

10 marks
Attempt Questions 1–10
Allow about 15 minutes for this section

Use the multiple-choice answer sheet for Questions 1–10.

1 What is the distance of the point (2, 3, 7) from the 𝑥-𝑧 plane?

2A. 3B.

7C. 9D.

2 If 𝑎, 𝑏, 𝑐 and 𝑑 are consecutive integers, then which of the following statements may be false?

𝑎 + 𝑏 + 𝑐 + 𝑑 is divisible by 2.A.

𝑎 + 𝑏 + 𝑐 + 𝑑 is divisible by 4.B.

𝑎 × 𝑏 × 𝑐 × 𝑑 is divisible by 2.C.

𝑎 × 𝑏 × 𝑐 × 𝑑 is divisible by 4.D.

3 The acceleration, 𝑎 ms−2, of a particle that starts from rest and moves in a straight line is
described by 𝑎 = 𝑣 + 1, where 𝑣 ms−1 is its velocity after 𝑡 seconds.

The velocity of the particle after ln(𝑒 + 1) seconds is

𝑒A.

𝑒 + 1B.

𝑒2 + 1C.

ln[(1 + 𝑒)] + 1D.
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4 A skydiver jumps out of a plane and experiences a resistive force of 𝑚(𝑣 + 𝑣2). Let the acceler-
ation due to gravity be 10 ms−2.

What is the terminal velocity of the skydiver?
√

39 + 1
2

ms−1A.
√

39 − 1
2

ms−1B.
√

41 + 1
2

ms−1C.
√

41 − 1
2

ms−1D.

5 The area bound by the curve 𝑦 = cos−1 𝑥 and the coordinate axes is rotated about the 𝑦-axis.
The volume of the solid formed is given by:

𝜋

∫ 1

0
(cos−1 𝑥)2 𝑑𝑥A.

𝜋

∫ 1

0
cos 𝑦

√︃
1 − sin2 𝑦 𝑑𝑦B.

𝜋

∫ 𝜋/2

0

√︁
1 − 𝑢2 𝑑𝑢, where 𝑢 = sin 𝑦C.

𝜋

∫ 1

0

√︁
1 − 𝑢2 𝑑𝑢, where 𝑢 = sin 𝑦D.

6 The sphere (𝑥 − 𝑎)2 + (𝑦 − 𝑏)2 + (𝑧 − 𝑐)2 = 1 lies entirely within the sphere 𝑥2 + 𝑦2 + 𝑧2 = 9.
What is the maximum value of 𝑎2 + 𝑏2 + 𝑐2?

8A.

4B.

3C.

2D.
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7 Consider the following propositions:

𝑃 : ∀𝑥 > 0, ∃𝑛 ∈ Z such that 𝑥 >
1
𝑛

𝑄 : ∃𝑛 ∈ Z such that ∀𝑥 > 0, 𝑥 >
1
𝑛

Which of the following is false?

𝑄 =⇒ ¬𝑃A.

¬𝑃 =⇒ 𝑄B.

¬𝑄 =⇒ 𝑃C.

𝑃 =⇒ 𝑄D.

8 For what values of 𝑎 and 𝑏, with 𝑎 < 𝑏, does the integral∫ 𝑏

𝑎

(
5𝑥 − 6 − 𝑥2

)
𝑒 |𝑥 | 𝑑𝑥

attain its maximum value?

𝑎 = −1, 𝑏 = 6A.

𝑎 = −2, 𝑏 = 3B.

𝑎 = 1, 𝑏 = 6C.

𝑎 = 2, 𝑏 = 3D.
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9 Which of the following represents the curve Arg(𝑧2) = |𝑧 |, where Arg(𝑧) refers to the pricinipal
argument of 𝑧?

𝑥

𝑦A.

𝑥

𝑦B.

𝑥

𝑦C.

𝑥

𝑦D.

10 Let 𝑢˜ = 2𝑖˜− 2 𝑗˜+ 𝑘˜, and suppose 𝑣˜ is a vector in three dimensions.

Let 𝑝˜ be the vector projection of 𝑢˜ onto 𝑣˜, and let 𝑛˜ be the vector component of 𝑢˜ that is
perpendicular to 𝑣˜, that is, 𝑢˜ = 𝑝˜ + 𝑛˜.

If |𝑝˜| > |𝑛˜|, which of the following could be 𝑣˜?

𝑖˜+ 𝑗˜+ 𝑘˜A.

3𝑖˜− 𝑗˜+ 2𝑘˜B.

𝑖˜+ 3 𝑗˜+ 𝑘˜C.

3𝑖˜+ 4 𝑗˜+ 2𝑘˜D.
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Section II
90 marks
Attempt Questions 11–15
Allow about 2 hours 45 minutes for this section

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

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

Question 11 (19 marks) Use the Question 11 Writing Booklet

(a) Let 𝑢 = 2 + 𝑖 and 𝑣 = −1 − 𝑖.

(i) 1Find Im(𝑢𝑣).

(ii) 1Evaluate |𝑢 − 𝑣 |2.

(iii) 2Express
𝑢

𝑣
in the form 𝑎 + 𝑖𝑏 where 𝑎 and 𝑏 are real numbers.

(b) (i) 2Find the square roots of 2𝑖, giving the answers in the form 𝑥 + 𝑖𝑦, where 𝑥 and 𝑦 are
real numbers.

(ii) 3Hence, solve 2𝑧2 + 2
√

2𝑧 + 1 − 𝑖 = 0.

(c) Let 𝑎, 𝑏 be positive, real numbers.

(i) 1Show that
𝑎 + 𝑏

2
≥
√
𝑎𝑏.

(ii) 2Hence, show that for 𝑐 ≥ 0,

𝑎2𝑏2 + 𝑏2𝑐2 + 𝑐2𝑎2 ≥ 𝑎𝑏𝑐(𝑎 + 𝑏 + 𝑐).

(d) 3By making an appropriate substitution, or otherwise, evaluate
∫ 1

0

𝑒3𝑥

1 + 𝑒𝑥 𝑑𝑥.

Question 11 continues on page 8
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Question 11 (continued)

(e) 2Let 𝑢˜ =
©­­«
1
2
3

ª®®¬ and 𝑣˜ =
©­­«

2
−1
1

ª®®¬. Find the area of the triangle formed by 𝑢˜, 𝑣˜ and 𝑢˜− 𝑣˜, given

that the area of a triangle can be calculated using the formula

𝐴 =

√︃
( |𝑢˜| |𝑣˜|)2 − (𝑢˜ · 𝑣˜)2.

You do NOT need to prove this formula.

(f) 2A particle moves along a straight line. When the particle is 𝑥 m from a fixed point 𝑂, its
velocity, 𝑣 ms−1, is given by

𝑣 =
3𝑥 + 2
2𝑥 − 1

,

where 𝑥 ≥ 1.

Find the acceleration of the particle in ms−2, when 𝑥 = 2.

End of Question 11
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Question 12 (19 marks) Use the Question 12 Writing Booklet

(a) 3Prove for all integers 𝑛, that 𝑛2 is odd if and only if 𝑛 is odd.

(b) 3Evaluate
∫ 𝜋/3

0
sin 𝑥 ln(cos 𝑥) 𝑑𝑥.

(c) 3Use mathematical induction to prove that, for all integers 𝑛 > 0,

𝑑𝑛

𝑑𝑥𝑛
(𝑥𝑒2𝑥) = 2𝑛−1(2𝑥 + 𝑛)𝑒2𝑥 .

(d) The vertical displacement, 𝑦(𝑡) centimetres, of the seat of a toy horse from the mean
position after 𝑡 seconds is measured as the toy horse moves up and down a pole during a
ride on a merry-go-round.

The vertical motion of the toy horse obeys the equation
𝑑2𝑦

𝑑𝑡2
= −

(𝜋
2

)2
𝑦.

The vertical motion of each toy horse spans 50 centimetres, and the seat of the toy horse is
at the mean position at the start of the ride.

(i) 3Determine the vertical displacement function, 𝑦(𝑡).

(ii) 1Determine the maximum vertical speed of the toy horse, correct to the nearest cen-
timetre per second.

(e) An object of mass 70 kg, initially at rest, is pulled along a horizontal surface by a constant
horizontal force of 140N. It experiences a resistance proportional to its speed, 𝑣.

When the speed is 10 ms−1, the acceleration is 1 ms−2.

Let 𝑥 represent the displacement in metres from the initial position of the object.

(i) 2Show that the equation of motion is ¥𝑥 = 2 − 1
10
𝑣.

(ii) 3Find an expression for 𝑥 as a function of 𝑣.

(iii) 1Show that the object’s speed cannot exceed 20 ms−1.

End of Question 12
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Question 13 (16 marks) Use the Question 13 Writing Booklet

(a) (i) 2Find constants 𝐴 and 𝐵 such that

1
𝑢2 + 𝑢 − 1

=
𝐴

𝑢 − 1+
√

5
2

+ 𝐵

𝑢 − 1−
√

5
2

.

(ii) 2Hence, find
∫

cos 𝑥
sin 𝑥 − cos2 𝑥

𝑑𝑥.

(b) (i) 2Prove that if 𝑎 and 𝑏 have no common factors other than 1, then 𝑎2 and 𝑏 also have no
common factors other than 1.

(ii) 2Let 𝑥 be a positive rational number different from 1. Using part (i), or otherwise,

prove that 𝑥 + 1
𝑥

can never be an integer.

(c) (i) 2Prove that cos 𝜃 =
1
2
(𝑒𝑖𝜃 + 𝑒−𝑖𝜃) and sin 𝜃 =

1
2𝑖
(𝑒𝑖𝜃 − 𝑒−𝑖𝜃).

(ii) 3Hence, prove that for all real 𝛼 and 𝛽,

cos 2(𝛼 + 𝛽) − cos 2𝛼 − cos 2𝛽 + 1 = −4 sin𝛼 sin 𝛽 cos(𝛼 + 𝛽).

(d) 3Suppose that the non-zero vectors 𝑎˜ and 𝑏˜ satisfy

proj𝑏˜𝑎˜ = 𝜆𝑏˜ and proj𝑎˜𝑏˜ = (1 − 𝜆)𝑎˜
where 𝜆 is a real constant. Prove that 𝑎˜ and 𝑏˜ are not parallel.

End of Question 13
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Question 14 (19 marks) Use the Question 14 Writing Booklet

(a) Let 𝐼𝑛 =
∫ 1

0
𝑥𝑛
√︁

1 − 𝑥2 𝑑𝑥.

(i) 4Show that, for 𝑛 ≥ 2,

𝐼𝑛 =
𝑛 − 1
𝑛 + 2

𝐼𝑛−2.

The graph of the relation 𝑦2 = 𝑥4(1 − 𝑥2) is shown below.

-1 1

A new gaming company logo has been designed using the curves 𝑦2 = 𝑥4(1 − 𝑥2) and
𝑥2 = 𝑦4(1 − 𝑦2) inscribed inside the unit circle.

(ii) 2Find the ratio of the shaded area to the unshaded area in the company logo.

Question 14 continues on page 12
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Question 14 (continued)

(b) 3The lines given by

r1 =


1
1
1

 + 𝜆


2
−1
1

 where 𝜆 ∈ R

and

r2 =


3
4
5

 + 𝜇

3
𝑠

𝑡

 where 𝜇 ∈ R

meet at a right angle.

Find the values of 𝜆 and 𝜇 where the lines meet.

(c) 𝑧 is a complex number such that arg
(
1 − 1

𝑧

)
=
𝜋

3
.

(i) 3Sketch the path that 𝑧 traces out, showing all important information.

(ii) 2Hence, show that 𝑧 satisfies

|𝑧 |2 + |𝑧 − 1|2 = |𝑧2 − 𝑧 | + 1.

3

2

(d) A 300 kg space probe is launched vertically upwards from the surface of Saturn’s moon, 
Titan, at a speed of 𝑣0 ms−1. The acceleration due to gravity on Titan is 1.4 ms−2. The 
space probe experiences a resistive force from the dense atmosphere of magnitude 150𝑣 
Newtons, where 𝑣 ms−1 is the speed of the space probe. Eventually, the space probe falls 
back onto Titan’s surface.
A sensor on the space probe calculates that the sum of the initial speed and the speed at 
which it hits Titan’s surface is 50 ms−1.

(i) Find 𝑣0, correct to one decimal place.

(ii) Determine the total flight time, correct to one decimal place.

End of Question 15
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Question 15 (17 marks) Use the Question 15 Writing Booklet

(a) In △𝐴𝐵𝐶 shown below, 𝐾 is the midpoint of 𝐵𝐶, 𝐿 is the midpoint of 𝐶𝐴 and 𝑀 is the
midpoint of 𝐴𝐵. Let the points 𝐴, 𝐵, 𝐶 have position vectors 𝑎˜, 𝑏˜, 𝑐˜ respectively. Let 𝐺 be

the point with position vector 𝑔˜ =
1
3
(𝑎˜+ 𝑏˜ + 𝑐˜).

𝐴

𝐵

𝐶

𝐾

𝐿

𝑀
𝐺

You are given the triangle inequality, that is

|𝑢˜+ 𝑣˜| ≤ |𝑢˜| + |𝑣˜| (Do NOT prove this).

(i) 1Show that 2|−−→𝐴𝐾 | ≤ |−−→𝐴𝐵 | + |−−→𝐴𝐶 |.

(ii) 1Hence, show that |−−→𝐴𝐾 | + |−−→𝐵𝐿 | + |−−→𝐶𝑀 | ≤ |−−→𝐴𝐵 | + |−−→𝐵𝐶 | + |−−→𝐶𝐴|.

(iii) 3By expressing
−−→
𝑂𝐾 in terms of 𝑏˜ and 𝑐˜, show that points 𝐴, 𝐺, 𝐾 are collinear.

(iv) 1Deduce that 𝐴𝐾, 𝐵𝐿, 𝐶𝑀 are concurrent at 𝐺.

(v) 1Show that the ratio |−−→𝐴𝐺 | : |−−→𝐺𝐾 | = 2 : 1.

(vi) 3Hence, prove that

|−−→𝐴𝐵 | + |−−→𝐵𝐶 | + |−−→𝐶𝐴| ≤ 4
3

(
|−−→𝐴𝐾 | + |−−→𝐵𝐿 | + |−−→𝐶𝑀 |

)
.

Question 15 continues on page 14
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Question 15 (continued)

(b) The points 𝐴, 𝐵, 𝐶, 𝐷, 𝐸, 𝐹 and 𝐺, corresponding to the complex roots of 𝑧7 = 1, form the
vertices of a regular heptagon in the Argand Diagram, as shown in the diagram below.

Re

Im

𝑂

A

B

C

D

E

F

G

Y

Z

(i) 2By considering appropriate arguments, show that ∠𝐶𝐴𝐵 =
𝜋

7
and ∠𝐷𝐴𝐵 =

2𝜋
7

.

Let 𝜔 = cos
𝜋

7
+ 𝑖 sin

𝜋

7
.

(ii) 2The points 𝑌 and 𝑍 are chosen on the line segment 𝐴𝐷, such that

𝐴𝑌 = 𝐴𝐵 and 𝐴𝑍 = 𝐴𝐶.

Find the complex numbers representing points 𝑌 and 𝑍 in terms of 𝜔.

(iii) 3Hence, or otherwise, prove that

1
𝐴𝐵

=
1
𝐴𝐶

+ 1
𝐴𝐷

.

End of paper
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Multiple Choice 

1 2 3 4 5 6 7 8 9 10 

B B A D D B A D B B 

 

Question 11  

a)   

i.  

𝑢𝑢𝑢𝑢 = (2 + 𝑖𝑖)(−1 − 𝑖𝑖) 

= 2(−1 − 𝑖𝑖) + 𝑖𝑖(−1 − 𝑖𝑖) 

= −2 − 2𝑖𝑖 − 𝑖𝑖 − 𝑖𝑖2 

= −1 − 3𝑖𝑖 

 

𝐼𝐼𝐼𝐼(𝑢𝑢𝑢𝑢) = −3    1 mark         (must get all prior working out before getting the mark) 

Special Note: Way too many students wrote −3𝑖𝑖 as the answer for our comfort. 

ii.  

𝑢𝑢 − 𝑣𝑣 = (2 + 𝑖𝑖) − (−1 − 𝑖𝑖) 

= 3 + 2𝑖𝑖 

 

|𝑢𝑢 − 𝑣𝑣|2 = 32 + 22 

= 13         1 mark (must get all prior working out before getting the mark) 

Special Note: Most common mistake was people forgetting to square the modulus at the end. 

iii.  

𝑢𝑢
𝑣𝑣

=
2 + 𝑖𝑖
−1 − 𝑖𝑖

 

=
2 + 𝑖𝑖
−1 − 𝑖𝑖

×
−1 + 𝑖𝑖
−1 + 𝑖𝑖

           1 mark for knowing to multiply by conjugate 

=
−2 + 2𝑖𝑖 − 𝑖𝑖 − 1

(−1)2 − 𝑖𝑖2
 

=
−3 + 𝑖𝑖

2
 

= −
3
2

+
1
2
𝑖𝑖       1 mark for answer 

 

Special Note: The question asks for 𝑥𝑥 + 𝑖𝑖𝑖𝑖 form! 1
2

(−3 + 𝑖𝑖) is not quite that, consider yourselves VERY 

lucky not to have lost a mark. Don’t make the same mistake in the HSC! 



b)   

i.  

Let 𝑧𝑧 = 𝑥𝑥 + 𝑖𝑖𝑖𝑖 where 𝑧𝑧2 = 2𝑖𝑖  and 𝑥𝑥,𝑦𝑦 ∈ ℝ  

 

(𝑥𝑥2 − 𝑦𝑦2) + 2𝑥𝑥𝑥𝑥𝑥𝑥 = 2𝑖𝑖 

 

𝑥𝑥2 − 𝑦𝑦2 = 0 ⇒ 𝑥𝑥 = ±𝑦𝑦   Equation 1 

2𝑥𝑥𝑥𝑥 = 2 ⇒ 𝑥𝑥𝑥𝑥 = 1           Equation 2        1 mark for setting up the simultaneous equations 

 

Sub Equation 1 into Equation 2: 

 

±𝑦𝑦2 = 1 

𝑦𝑦 = ±1     (Since 𝑦𝑦 ∈ ℝ) 

 

When 𝑦𝑦 = 1, 𝑥𝑥 = 1 

When 𝑦𝑦 = −1, 𝑥𝑥 = −1 

 

∴ 𝑧𝑧 = 1 + 𝑖𝑖 or − 1 − 𝑖𝑖        1 mark 

Done well generally, with the exception of a few arithmetic errors. 

 

ii.   

𝑧𝑧 =
−2√2 ± �8 − 4(2)(1 − 𝑖𝑖)

4
      1 mark for applying quadratic formula correctly 

=
−2√2 ± √8𝑖𝑖

4
 

=
−2√2 ± 2√2𝑖𝑖

4
       1 mark for simplifying discriminant appropriate to use part i. 

=
−√2 ± √2𝑖𝑖

2
 

=
−√2 ± (1 + 𝑖𝑖)

2
   

=
−√2 + 1

2
+

1
2
𝑖𝑖 or

−√2 − 1
2

−
1
2
𝑖𝑖    1 mark for answer 

 

Special Note: You DO NOT get the mark after just substituting  ±(1 + 𝑖𝑖) into √2𝑖𝑖, MUST write your 

answer into are recognised form of a complex number.  



c)    

i.   

�√𝑎𝑎 − √𝑏𝑏�
2
≥ 0 

𝑎𝑎 − 2√𝑎𝑎𝑎𝑎 + 𝑏𝑏 ≥ 0 

𝑎𝑎 + 𝑏𝑏 ≥ 2√𝑎𝑎𝑎𝑎 
𝑎𝑎 + 𝑏𝑏

2
≥ √𝑎𝑎𝑎𝑎      1 mark 

 

ii.   

From i: 

𝑎𝑎2𝑏𝑏2 + 𝑏𝑏2𝑐𝑐2 ≥ 2�𝑎𝑎2𝑏𝑏4𝑐𝑐2 

= 2𝑎𝑎𝑏𝑏2𝑐𝑐   (𝑎𝑎, 𝑏𝑏, 𝑐𝑐 ≥ 0) Equation 1           1 mark for using part i. appropriately. 

𝑐𝑐2𝑎𝑎2 + 𝑏𝑏2𝑐𝑐2 ≥ 2�𝑎𝑎2𝑏𝑏2𝑐𝑐4  

= 2𝑎𝑎𝑎𝑎𝑐𝑐2  (𝑎𝑎, 𝑏𝑏, 𝑐𝑐 ≥ 0)Equation 2 

𝑎𝑎2𝑏𝑏2 + 𝑐𝑐2𝑎𝑎2 ≥ 2�𝑎𝑎4𝑏𝑏2𝑐𝑐2  

= 2𝑎𝑎2𝑏𝑏𝑏𝑏  (𝑎𝑎, 𝑏𝑏, 𝑐𝑐 ≥ 0)Equation 3 

 

Equation 1 + Equation 2 + Equation 3: 

2(𝑎𝑎2𝑏𝑏2 + 𝑏𝑏2𝑐𝑐2 + 𝑐𝑐2𝑎𝑎2) ≥ 2(𝑎𝑎2𝑏𝑏𝑏𝑏 + 𝑎𝑎𝑏𝑏2𝑐𝑐 + 𝑎𝑎𝑎𝑎𝑐𝑐2) 

𝑎𝑎2𝑏𝑏2 + 𝑏𝑏2𝑐𝑐2 + 𝑐𝑐2𝑎𝑎2 ≥ 𝑎𝑎2𝑏𝑏𝑏𝑏 + 𝑎𝑎𝑏𝑏2𝑐𝑐 + 𝑎𝑎𝑎𝑎𝑐𝑐2 

= 𝑎𝑎𝑎𝑎𝑎𝑎(𝑎𝑎 + 𝑏𝑏 + 𝑐𝑐)       1 mark completing proof without skipping steps 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



d)   

𝐼𝐼 = �
(𝑢𝑢 − 1)3

𝑢𝑢
×

𝑑𝑑𝑑𝑑
𝑢𝑢 − 1

1+𝑒𝑒

2
     1 mark  

= �
(𝑢𝑢 − 1)2

𝑢𝑢

1+𝑒𝑒

2
𝑑𝑑𝑑𝑑 

= � �
𝑢𝑢2 − 2𝑢𝑢 + 1

𝑢𝑢
�

1+𝑒𝑒

2
𝑑𝑑𝑑𝑑 

= � �𝑢𝑢 − 2 +
1
𝑢𝑢�

1+𝑒𝑒

2
𝑑𝑑𝑑𝑑 

= �
𝑢𝑢2

2
− 2𝑢𝑢 + ln|𝑢𝑢|�

2

1+𝑒𝑒

    1 mark 

=
(1 + 𝑒𝑒)2

2
− 2(1 + 𝑒𝑒) + ln(1 + 𝑒𝑒) − (2 − 4 + ln 2) 

=
1
2

+ 𝑒𝑒 +
𝑒𝑒2

2
− 2 − 2𝑒𝑒 + ln(1 + 𝑒𝑒) − 2 + 4 − ln 2 

=
1
2
− 𝑒𝑒 +

𝑒𝑒2

2
+ ln �

1 + 𝑒𝑒
2 �     1 mark 

 

Note: Final mark is only awarded if you have 

attempted to, and successfully clean up your 

expression by adding/subtracting your like terms.  

Let 𝑢𝑢 = 1 + 𝑒𝑒𝑥𝑥 
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 𝑒𝑒𝑥𝑥 

𝑑𝑑𝑑𝑑 =
𝑑𝑑𝑑𝑑
𝑒𝑒𝑥𝑥

=
𝑑𝑑𝑑𝑑
𝑢𝑢 − 1

 

When 𝑥𝑥 = 1,𝑢𝑢 = 1 + 𝑒𝑒 

When 𝑥𝑥 = 0,𝑢𝑢 = 2 

 

Common mistake: Changing the 

limits incorrectly, or forgetting to 

change it altogether. 

  

e)   

�𝑢𝑢
~
�
2

= 12 + 22 + 32 = 14 

�𝑣𝑣
~
�
2

= 22 + (−1)2 + 12 = 6 

�𝑢𝑢
~
∙ 𝑣𝑣

~
�
2

= �(1 × 2) + (2 × −1) + (3 × 1)�2 = 9 

∴ 𝐴𝐴 =
1
2
�(14 × 6) − 9 

=
√75

2
 

=
5√3

2
 unit2 

 

1 mark awarded for either working out the two moduli correctly, or 𝑢𝑢
~
∙ 𝑣𝑣

~
. 

Full marks for correct answer and working  

Very well done generally, the most common mistake came from simple arithmetic errors. 



f)   

𝑣𝑣 =
3𝑥𝑥 + 2
2𝑥𝑥 − 1

⇒ 𝑣𝑣2 = �
3𝑥𝑥 + 2
2𝑥𝑥 − 1�

2

 

1
2
𝑣𝑣2 =

1
2 �

3𝑥𝑥 + 2
2𝑥𝑥 − 1�

2

 

𝑑𝑑
𝑑𝑑𝑑𝑑 �

1
2
𝑣𝑣2� =

1
2

× 2 �
3𝑥𝑥 + 2
2𝑥𝑥 − 1�

× �
3(2𝑥𝑥 − 1) − 2(3𝑥𝑥 + 2)

(2𝑥𝑥 − 1)2 � 

= �
3𝑥𝑥 + 2
2𝑥𝑥 − 1�

×
−7

(2𝑥𝑥 − 1)2 

=
−21𝑥𝑥 − 14
(2𝑥𝑥 − 1)2  

𝑎𝑎 =
−21𝑥𝑥 − 14
(2𝑥𝑥 − 1)3  

When 𝑥𝑥 = 2 

𝑎𝑎 =
−42 − 14

27
= −

56
27

ms−2 

or 

𝑣𝑣 =
3𝑥𝑥 + 2
2𝑥𝑥 − 1

 

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

=
3(2𝑥𝑥 − 1) − 2(3𝑥𝑥 + 2)

(2𝑥𝑥 − 1)2  

=
−7

(2𝑥𝑥 − 1)2 

 

𝑎𝑎 = 𝑣𝑣
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

 

= �
3𝑥𝑥 + 2
2𝑥𝑥 − 1�

×
−7

(2𝑥𝑥 − 1)2 

=
−21𝑥𝑥 − 14
(2𝑥𝑥 − 1)2  

When 𝑥𝑥 = 2 

𝑎𝑎 =
−42 − 14

27
= −

56
27

ms−2 

 

1 mark for showing the knowledging for squaring velocity, multiply by
1
2

, then diff WRT 𝑥𝑥. 

1 mark for �inal answer 

 

Note: It was VERY worrying to see students unable to demonstrate the relationship between 𝑣𝑣(𝑥𝑥) 

and 𝑎𝑎(𝑥𝑥). Too many students thought that 𝑎𝑎(𝑥𝑥) = 𝑣𝑣′(𝑥𝑥). Other errors also included students 

accidentally integrated instead of differentiated. 





















QB

ai.ae atttwE1A a EE B a 1I
let a IF A LE LE I mark for each

A constant

a 1 1 B E 11

B F
ii 1,93

f siesta doe let us sins

f making valid sub

K t.rs 1a
II.IE 1tC
2 Is C final

bi For contradiction suppose ged aib 1 and gcd a b 2 1

Then there is some prime p k such that

p a and p b set up

p a and plb by FTA since p prime
But this is a contradiction since psl and gcd a b 1

If gcd a b 1 then godla b 1 Finalised
proof



ALTERNATE SOLN

Let a p p pp and b q q gene be the
prime factorisations of a and b Since godla b 1
then

pi q i j set up

Now a p pam ppm There are no new prime factorsand thus no common prime factors with b

gcd a b 1 Final reasoning

Feedback

Very very poorly done by the cohort
Successful attempts used the alternate solution

Common mistake was saying that if gcd a b 1 then

I REZ

This is false e g a 36 b 24

Other unsuccessful attempts resulted from an incorrect negation
when trying Proof by contradiction or attempting a contrapositive
which became to difficult for most to handle

ii let x p q ez q 0 ptg and pig caprine

Suppose act EZ

act b RET

E k

p tq kpg
equivalent valid
progress

P2 bp q

since q p and pig coprine then LHS is not an integerby part i which RIIS is an integer

Contradiction

i set I Finalised proof



Feedback

Also poorly done by the cohort
Most common error was arguing with XE This was
an instant fatal error and zero marks is awardedThe
question states x is rational

Few candidates offered other valid proofs

Ci We have e cosotisino
é cost d risin to

e coso isino sive sine odd andcosine
ever

coso eeid
1 20 since

o

ii RHS 4 sinx sings cos x p

Eg eileen using i

1 e β e β
e
β a e ital estate etat

12 e 2am 1 eat e dip dip e
2in

e
ailon

1 eine e
dilated

1 edit e
tix edit e 2 p

cos 2 x β cos 22 cos2β 1

LHS Final

Feedback

Those who started w LHS struggled more than those who started
w RHS

Candidates need to write clearer and more coherently



g

d Suppose for contradiction that 9111
i e a jab p 0 correctnegation

Then proj 9 proj Gab
A 1 sub
X p since b Q

Now a proja a

proja sub

a proja b

all 7 a
9 1 7 a

1 X 1 7 since 9 Q
x 7 1 0

Δ 3 0

7 IR
contradiction so a k Finalisedproof

ALTERNATE SOLN

we have proja 9 9117 1

1

9,1
Similarly projack 1,14

1 7 a

in



1 9.1 4,7

Now if all 1 then 9 b 191111

191111

1191111 191 t 111

Clearly the negative case is not possible as RHS 0

For the positive case note that by AM GM
1912 111 2191111
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