
1 
 

 

 
 
 
 

2021 Assessment Task 3 

 
 
 
 
 

Mathematics Extension 2 
 
 
 
 
 
General 
Instructions 

 Reading time – 10 minutes 
 Working time – 90 minutes 
 Write using black pen 
 Calculators approved by NESA may be used 
 A reference sheet is provided at the back of this paper 
 In Questions 6 – 8, show relevant mathematical reasoning 

and/or calculations 
  

Total marks: 
70 

Section I – 5 marks (pages 2 – 3) 
 Attempt Questions 1 – 5 
 Allow about 15 minutes for this section 

Section II – 38 marks (pages 4-6) 
 Attempt Questions 6-8 
 Allow about 82 minutes for this part 
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Section I 

 

5 Marks 

Attempt Questions 1-5 

Allow about 8 minutes for this section 

Use the multiple choice answer sheet in your booklet for Questions 1-5.             

1. For which of the following values of λ  is ( 2 )i j kλ − +
 



 a unit vector? 

(A)  1
2

 

(B)  1
4

 

(C)  1
6

 

(D)  1
3

 

 

 
2. What is the Cartesian equation of the sphere with centre 3 2c i j k= − + −

  



 that passes through the 

point (3,−1,1)? 
 
(A)  (𝑥𝑥 − 3)2 + (𝑦𝑦 + 1)2 + (𝑧𝑧 − 2)2 = 7 

(B)  (𝑥𝑥 + 3)2 + (𝑦𝑦 − 1)2 + (𝑧𝑧 + 2)2 = 7 

(C)  (𝑥𝑥 − 3)2 + (𝑦𝑦 + 1)2 + (𝑧𝑧 − 2)2 = 49 

(D)  (𝑥𝑥 + 3)2 + (𝑦𝑦 − 1)2 + (𝑧𝑧 + 2)2 = 49 

 

 
 

3. If the vectors 3 2u i j t k= − + +
  



 and 
1

1
v t

 
 =
 − 



 are perpendicular, what is the value of 𝑡𝑡? 

(A)  -3 

(B)  -2 

(C)  2
3
 

(D)  1 
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4. A particle is moving along the 𝑥𝑥 −axis and it is initially at 𝑥𝑥 = 2  and moving towards the origin.  

At time 𝑡𝑡, its velocity is 𝑣𝑣 and its displacement from the origin is 𝑥𝑥.  
If 𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑
= −1

2𝑣𝑣
, which of the following best describes its motion? 

 
(A)  Acceleration is decreasing and speed is increasing. 

(B)  Acceleration is decreasing and speed is decreasing. 

(C)  Acceleration is constant and speed is increasing. 

(D)  Acceleration is constant and speed is decreasing. 

 

5. A particle moves in simple harmonic motion between 𝑥𝑥 = 4 and 𝑥𝑥 = −4. It takes 3 seconds to travel 
from one extremity to the other. Which of the following is a possible equation for the velocity of the 
particle? 

(A)  24sin
3

tv π =  
 

 

(B)  8 2sin
3 3

tv ππ  =  
 

 

(C)  4sin
3
tv π =  

 
 

(D)  4 sin
3 3

v tππ  =  
 

 

 

 

 

 

 

End of Section I 

 

  



4 
 

 
Section II 
 
38 marks 
Attempt Questions 6-8 
Allow about 82 minutes for this section. 
 
Answer each question on the appropriate page of your answer booklet. 
In Questions 6-8, your answers should include relevant mathematical reasoning and/or calculations. 
_____________________________________________________________________________________ 

 
 
 

Question 6 (12 marks) 
 
 
 
a) Given the points 𝐴𝐴 = (2,4,1), 𝐵𝐵 = (−4,6,4) and the origin O, find: 

 
(i) AB



            1 
 

(ii) The midpoint of 𝐴𝐴𝐴𝐴          1 

(iii)      The angle between AB


 and OB


, correct to the nearest degree.    3 

 

 

b) Sketch the line whose vector equation is 
1 3
2 2

r λ
   

= +   −   

, showing its intercepts with the  2 

coordinate axes. 
 
 

c) Find all vectors perpendicular to both 
2
1

1

 
 −
 
 

 and 
3
1
4

 
 
 
 

.       3 

 

d) Find the projection of 
4
2
3

a
 
 =
 − 



 onto 
1

1
1

b
− 
 =
 
 



.       2 
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Question 7 (14 marks) 

 

a) A particle moves along the 𝑥𝑥 −axis such that its displacement 𝑥𝑥 metres at time 𝑡𝑡 seconds is 
given by 
 

𝑥𝑥 = √3sin3𝑡𝑡 − cos3𝑡𝑡 − 3 
 

 
(i) Show that the particle is moving in Simple Harmonic Motion.    2 

 
(ii) Find the period of the motion.        1 

 
(iii) Between which two 𝑥𝑥-values does this particle oscillate?    2 

 
(iv) Find the first time that the particle reaches its maximum distance from the origin. 2 

 

 

b) A ball of mass 𝑚𝑚  kg is thrown vertically upwards with initial speed U m/s. It experiences air 
resistance of magnitude 𝑚𝑚𝑚𝑚𝑚𝑚 where 𝑘𝑘 is a positive constant and 𝑣𝑣 m/s is its velocity. 

             
 
(i) Show that its acceleration is given by 𝑥̈𝑥 = −𝑔𝑔 − 𝑘𝑘𝑘𝑘, where 𝑔𝑔 is the acceleration due to 

gravity.              1 
 

(ii) Show that  1 loge
g kUt

k g
 +

=  
 

 when the ball reaches its maximum height.     3 

 

(iii) It can be shown that the maximum height reached by the ball is given by 
 

2 loge
U g g kUh
k k g

 +
= −  

 
           (Do NOT prove this.) 

 
After reaching its maximum height the ball then falls back to the ground reaching a velocity 
of 𝑉𝑉 m/s just before impact. 
 

Show that ( ) loge
g kUk U V g
g kV

 +
+ =  − 

.                               3 
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Question 8 (12 marks) 

a) A 2 kg mass is initially at rest on a smooth horizontal surface. The mass is acted upon by two 
constant forces that cause it to move horizontally. The forces applied to the mass are 10 newtons (in 
a direction 60° upwards from horizontal) and 5 newtons (in a direction 30° upwards from horizontal) 
as shown in the diagram. 

 
(i) Find the normal reaction force that the surface exerts on the mass, given that the 

acceleration due to gravity is 𝑔𝑔 = 10 m/s2.      2 

(ii) Find the acceleration of the mass after it starts to move.     2 

(iii) Find its velocity after 3 seconds.        1 

 

 
b) The diagram below shows a parallelogram 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 where , ,AOC OA a OC cα∠ = = =

 

 

, and

2OC OA=
 

. 
 
M is a point on AB such that AM k AB=

 

 where 0 ≤ 𝑘𝑘 ≤ 1, and ∠𝑂𝑂𝑂𝑂𝑂𝑂 = 90°. 
 

 
 

(i) Use a vector method to show that ( ) ( )( )2 1 2 2cos 1 2 0a k kα− − − =


.    4 
 

(ii) Find the values of 𝛼𝛼 such that there are two possible positions for 𝑀𝑀, satisfying all the  
given conditions.          3 

 
 

End of Examination 



Solution Marks Comments 
SECTION I 

1. C -

1 

97% of the grade 
correctly answered 
this question 

2. D –  General equation of a sphere is;

where the centre is (a, b, c) and r = radius 
Our sphere passes through (3, – 1, 1), so; 1 

93% of the grade 
correctly answered 
this question 

3. A –

1 

100% of the grade 
correctly answered 
this question 

4. C –

as velocity and acceleration is in the same direction, speed must be increasing 
thus acceleration is constant and speed is increasing 

1 

54% of the grade 
correctly answered 
this question 

5. D  -

1 

51% of the grade 
correctly answered 
this question 

X2 H3 2021 Marking scheme and feedback



SEcTI T 
Que hon 6. 

cOrec+ anSwe. 

(1)Midpoint of Ag -t+2 64 
2 

( Carfec+ answe 

,5,2 

)-E) 
24+12 +12 

+8 

AB.083 

(3) otect So/uhi 
(2) ds two pes siass 

AB0á 

7 e8 cas 488 ufadsonsepersas 

+8 
768 
34 

-()+a( 
,2) 

l43A, y 2-22 

4 

y2-la -) 
(2) caruchgap 

y zat 4 (1)acorce.ctiatecet 

Avg:  0.99/1

Avg: 0.77/1
*Quite a few students left their
answer in column vector form,
which is NOT a point. Midpoint is
a point not a vector.
*Some students used vector
methods which made it more 
complicated that necessary.

Avg: 2.85/3

Avg: 1.96/2



* **** 

)E) 
()-). 0 3 ay4z*o 

0 2a -y *z 20 

Salving sinultaaeousy 
5z 5z 0 

(3) conacd 3oluhon 

() abta ins y- 
Z -

obta ns Sutane ow 
Lz-y2 0 

eq uotors Gnd otepb 

3ale 

yE-Z 
The vectors reGuired aR 

he 
arR 

toim 
wharc ER 

(nt) 

dpiy 
-4+2-3 

CoLrad solutana 

)Signifpicant pog/c 
any c9v. valent 

Avg: 2.38/3
*Some students found a vector (eg i+j-k)  
but not all vectors
*Some did not specify lambda is a real 
number (and non -zero)

Avg:1.9/2

Overall , the average marks show that Q6 was 
answered well by the majority of students apart from 
the issues mentioned above



Oveshon 7. 

X J3 sin 3t- cas 3t-3 

z = 3/3aos 3t +3 sin 3t 

i -9/3 cin3t 9 cos 3t 
a-9(3 sin3t - cos 3t) 
9(z+3) 
-(x+3) 

farhide moves in 
n3 

Simpla Harmonic Moho 

i) T 2 Saconds 

+3 3 sia 3t - cos 3t 
R sin (3t- a 

R n 3 cos - K cos 3t sina 

R 2 

x 2 n (3t-i - 3 

hax 2 

in-2 

-5 s_ -1 
Oscillcts behweun -5 and z =lL 

When x-5 

-5 2 si (3t --3 
- Si (3t) 

t (ft occasion)

Seconds. 

(2) correctly shown
(1) Finds/attempts to find velocity and
acceleration

(1) correct answer

(2) correct soln
(1) significant progress

(2) correct solution
(1) identify a relevant condition such as
max distance occurs at an 'amplitude'
(1) obtain t=2pi/9



.hu***************************************| b a) forces 
laiho velech, U 

W 

Diuechan 

m mg mkv 

9kv . 

iiy dy lg*ku) dt 

dt 

dv 
9 +kv 

gku) 

9ku 

9+E 

maxmu m_ heigh v: 0 

An9+kU 

k 

L 
9 

(1) correctly shown

(3) correct solution
(2) integrates correctly
(1) attempts to integrate to find t



* *** 

(ut) d 9 k 

d 9-h 

d 
9-kv 

V 

9-k 

h 
du 

9-k 

(V (9 v)3 d 
3-kv 

- V 
k 

o 

d 

V Vttg -tV) - (o hg) 

V 
9 9.ku 

-n 9k 
k 

9 +k 
-

9 



.... 
**************** 

by Mu Haply9 

k(Uv) 9 +ku -4V 

9 

CUv)9 la 9 +ku 

-V 

(3) correct solution
(2)correct integration of v/(g-kv) with correct
bounds
(1) attempt to integrate v/(g-kv)

MARKER'S COMMENTS FOR Q7



Solution Marks Comments 
QUESTION 8 

8(a) (i) 

Resolving the vertical forces 
2 

2 marks 
• Correct solution
1 mark
• Attempts to resolve vertical forces
NOTE: 
Several students only considered 
force due to gravity and the Normal 
force. 

Resolving the two oblique forces 
must have been considered in order to 
gain the first mark. 

Those who drew a force diagram 
tended to be more successful in this 
question. 

Recommendation: ALWAYS draw 
a force diagram 

Leave your answers as exact values, 
unless asked to do otherwise. 
Rounding answers that are then used 
in further parts can create rounding 
errors. 

8(a) (ii)     Resolving the horizontal forces 

2 

2 marks 
• Correct solution
1 mark
• Attempts to resolve horizontal

forces
NOTE: 
Students did better in part (ii) 

Interestingly, students who ignored 
the vertical components of the 
oblique forces in part (i) were happy 
to use the horizontal forces in part (ii) 

8(a) (iii)  OR 

1 

1 mark 
• Correct answer
NOTE: 
DO NOT use formulas from Physics, 
they are not recognised in this course, 
if you want to use them then you 
would have to derive them first. 

It is also a dangerous habit to get into 
as in this course we can get questions 
with variable acceleration and the 
Physics formulae assume constant 
acceleration 

mg = 20 

N 

10 
5 

60ᵒ 30ᵒ 
5sin30ᵒ 

5cos30ᵒ 10cos60
 

10sin60ᵒ 



Solution Marks Comments 
8(b) (i)  
 𝑂𝑂𝑂𝑂������⃗  · 𝑀𝑀𝐶𝐶������⃗  = 0 
 

 
 
 
   4 

4 marks 
• Correct solution 
3 marks 
• Uses  

in the solving of the below equation 
2 marks 
• Obtains  

 
or equivalent 

• Uses   
1 mark 
• Obtains 𝑂𝑂𝑂𝑂������⃗  and 𝑀𝑀𝑀𝑀������⃗  in terms of ,  

and k. 
 

NOTE: 
Don’t just write down new vectors without 
defining what they are. 
 
Take more care with the formation of your 
characters, if it can’t be read, it can’t be 
marked. 
 
Use correct vector notation, there is a 
difference between a vector and a 
pronumeral and you need the correct 
notation to distinguish between them. 
 

 
8(b) (ii) or   

However when  and as mentioned above, this will only 

produce one possible position for M 
 

 Thus  

 

 ( or  ) 

  

3 

3 marks 
• Correct solution 
2 marks 

• Obtains  but does not 

consider  or the possibility that

 

1 mark 
• Obtains the two possibilities of

 

• Explains why  
 

NOTE: The option of 1 – 2k = 0 actually 
means that α could be any real value, it is 
only other conditions in the question that 
stops it producing any viable answers. 
 
Several students chose to use the 
discriminant in an attempt to show that 
there are two possible values for M. 
However, this generally lead nowhere. 
 
Use of the condition  was 
missing in a lot of solutions, leading to 
inaccurate answers. 
 
Look at what you are writing down; 
statements like; 

•  
• or α being larger than π, even 

though it represents an angle in a 
parallelogram 

make no sense. 
 

𝝅𝝅
𝟒𝟒
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