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Section 1 
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Q3  ( ) ( )zz ImRe2 =  forms a straight line through the origin. 
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a
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42 ++−
=  forms a circle 

centred at the origin. The two sets have two intersections. C 

 

Q4  Refer to the diagram below. 
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1
 has a turning point when qpxx +−2  is 

not a perfect square, i.e. 0≠∆ , 042 ≠− qp , qp 42 ≠    D 

 

 

 

 

 

 

 

Q7  
( )

14
4

14
4

2 2
2

2

2

=+→=+
−

y
x

y
x

, ( ) 12
2

2

2

=+







y

x
 

122 =+→ yx       C 
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Q9  ( )xf  is a decreasing function. 
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More than one solution when 1>
a

b
, .: ba <   D 

 

Q11  The addition of position vectors is undefined in kinematics. 
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Q12  The vectors iak
~~

3 − , jbi
~~

−  and kcj
~~

2 −  are linearly 

dependent if 
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Q13  Refer to the following diagram. The scalar resolute of a~  in 

the direction of ba
~~ + is the darker line segment which is half as 

long as vector ba
~~ + , i.e. ba
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Q20  Total distance travelled in the first 40 seconds 

( ) ( ) 5.1375105
2

1
53010

2

1
=×+×+×+×= m 

Average speed 4.3
40

5.137
≈= m s

-1
     D 

 

Q21  Let P be the reaction force of the crate on the machine. 

maR = , 8.015008.91500 ×=−× P  

.: 13500=P N      C 

 

Q22  For one crate: 00.18.999 ×=×− MMµ  ……… (1) 

For two crates: ( ) ( ) 010.028.9299 ×=×− MMµ  …… (2) 

:)2()1( −  98.08.9 ×=× MMµ , .: 10.0=µ  ………… (3) 

Substitute (3) in (1): 50=M     C 

 

 

Section 2 
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.: ( ) 01688 224 =−+−− aazazz  

.: al 8−= , 8−=m  and ( )aan −= 216  

 

Q1bi  ( ) ( )( )qrzzpzzaazazz ++++=−+−− 22224 21688  

( ) ( ) ( ) pqzqprzrqpzrz ++++++++= 222 234  

.: 02 =+r , arqp 82 −=++ , 82 −=+ qpr  and 

( )aapq −= 216  

.: 2−=r , aqp 84 −=+ , 4−=− pq  

.: aq 82 −= , aq 4−=  and aqp 444 −=+=  

 

Q1bii  ( ) 01688 224 =−+−− aazazz  

( )( )( ) 042442 22 =−−−++ azzazz  

( ) 04422 =−++ azz  or 0422 =−− azz  

By quadratic formula: 341 −±−= az  or 141 +±= az  

 

Q1ci  All real solutions: 034 ≥−a  AND 014 ≥+a  

i.e. 
4

3
≥a  AND 

4

1
−≥a , .: 

4

3
≥a  

 

Q1cii  All solutions has imaginary part:  
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i.e. 
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Q1ciii To have both real solutions and solutions with imaginary 

part: 
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Q2biv  Let 
( )

( ) ( ) 0sin1log
1

cos
=+−

+
tt

t

t
e , by CAS 78.0≈t s, 

heading north; 30.3=t s, heading south. 

 

Q2bv  ( ) jiv
~

48.1
~

03.3~ −≈ , speed 48.1≈ m s
-1
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Q3bi   

cbOM ~~
2 += , .: 0

~~~
2 =++− cbOM , 0

~~~~2 =++ cbam  ... (1) 

acON ~~2 += , .: 0
~~~2 =++− acON , 0

~~~
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Q3bii  (2) ‒ (1): 0
~~

2
~~2~ =+−− bnbama  

( ) ( ) 0
~~

21~21 =−−− bnam  

 

Q3biii  Since a~  and b
~

 are independent (non-parallel),  

.: 021 =− m  and 021 =− n  

.: 
2

1
=m  and 

2

1
=n  

 

Q3biv  Since 0
~~~~2 =++ cbam , .: 0

~~~~ =++ cba , .: cab ~~~
−−=  

 

Q3bv  Since abAB ~~
−= , .: ( ) caacaAB ~~2~~~ −−=−−−=  

 

Q3ci  ABkAP = , ( )cakcpa ~~2~~ −−=−− , 

0
~~~~~2 =−+− cpckaak , .: ( ) ( ) 0

~~~12 =−+− cpkak  

 

Q3cii  Since a~  and c~  are independent, .: 012 =−k  and pk = , 

.: 
2

1
=k  and 

2

1
=p  

 

Q3ciii  ABkAP = , .: ABAP
2

1
= , .: P is the midpoint of AB , 

.: CP  is a median of ABC∆ . 
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Q5a  Let i
~

 and j
~

 be unit vectors pointing to the east and to the 

north respectively. 

Resultant R
~

 of the 3 pulling forces  

( )( ) ( ) ji
~

135cos24120cos1628
~

135sin24120sin16 °+°++°−+°=

ji
~

0294.3
~

1142.3 +−=  

3.43446.4
~

≈=R N 

029.3

114.3
tan =θ , °≈ 8.45θ , i.e. WN °8.45  

 

Q5b  Approximately 4.3 N WN °8.45  

 

Q5c  Limiting friction Nµ= , 8.925.03446.4 ××≈ m , 

8.1≈m kg 

 

Q5d  Resultant R
~

 of the 3 pulling forces  

( )( ) ( )ji
~

135cos220120cos1628
~

135sin220120sin16 °+°++°−+°=  

i
~

1436.6−=  

Resultant force on the box ma=  

.: aii ~8.1
~

3446.4
~

1436.6 ≈+−   

.: ia
~

0.1~ −≈ m s
-2

, i.e. 1.0 m s
-2

 west 
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