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1 2 3 4 5 6 7 8 9 10 11 

D C E D B E B C A C A 
 

12 13 14 15 16 17 18 19 20 21 22 

C B A C C D A C A A D 
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Q7  ( ) 063321 23 =−−+−− izziz , 

( )( ) ( )( ) 0213212 =−−+−− izizz , 

( )( )( ) 0321 2 =+−− ziz , 
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Q13  ( ) ( )∫∫ −=







− dxxxxdxxx cos1cossincos12sin

2

1
 

( ) ( )∫∫ −=−= duuuduuu
5.15.02

1

1  

c
uu

+−=
5.25.1

5.25.1

.     B 

 

Let xx eeu −+= , 

xx ee
dx

du −−= . 

Let xx eev −−= , 

xx ee
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dv −+= . 

Let xu cos1−= , 

x
dx

du
sin= , 

ux −=1cos . 
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Q14  ( ) ( )xxf 1tan−= , ( )
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Q1c.  ( )
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of ( )xh′  and find the coordinates of the stationary points, 
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Q2e.  1
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Q2f.  The difference is the volume of a cylinder, radius 22  

and height 1. 

Difference ( ) ( ) πππ 8122
2

2 === hr . 

 

 

Q3a.  t

x xev
dt

dx −==  and ( ) 10 =x . 

When 0=t , 1=x , 1=
dt

dx
. 

When 1.0=t , 1.111.01 =×+≈x , 9953.01.1 1.0 ≈×≈ −e
dt

dx
. 

When 2.0=t , 20.19953.01.01.1 ≈×+≈x . 

 

Q3bi.  
t
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−= 1 .  
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t
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5
15

2

. When 0=t , 2=y , 2=∴c  
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Q3bii.  Distance from the origin 

( ) ( ) 2

2
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1 32
2

5
+










++−+=
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t
etD

t
e . 

Use calculator to sketch the graph of ( )tD  and find the time  

05.1=t  when D is a minimum.  
 

Q3c.  Speed ( ) ( )( )22
15 −−+= − txe t . 

When 3.0=t , 
3.0

1
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−= eex . 
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−
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Q3d.   ( ) ( ) jtixev t ~
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~~ −−= − . 

( ) ( )
j

dt
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i
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~ −

−==
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5
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When 3.0=t , jia
~

5
~

25.0~ −−≈ . 

 

Q3e.  The first particle moves in the plane defined by 3=z . 

The z-coordinate of the second particle at time t: 

ctdt
t

z +== ∫ 6
3

. When 0=t , 0=z . 

0=∴c  and tz 6= . 

Let 36 =t , 
4

1
=t . 

 

Q4ai.  ( ) 222422224 21 kzhhzzkzhzzz −++=−+=++ . 

12 =∴h  and 12 =− kh . 

Since 
+

∈ Rkh, , 1=∴h  and 1=k . 

 

Q4aii.  ( ) ( )( ) 01111 2222224 =++−+=−+=++ zzzzzzzz . 

012 =+−∴ zz  or 012 =++ zz . 

Hence 
2

31 i
z

±
=  or 

2

31 i
z

±−
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Q4b.  

( ) ( )( ) 03131311 2222224 =++−+=−+=+− zzzzzzzz . 

013
2

=+−∴ zz  or 013
2

=++ zz . 

Hence 
2

3 i
z

±
=  or 

2

3 i
z

±−
= . 

 

Q4c.  ( )( ) 0111 242448 =+−++=++ zzzzzz . 

∴ the roots of 0124 =++ zz  and 0124 =+− zz  are the roots of 

0148 =++ zz . 

 

Q4d.  Let 8321 ,......,,, zzzz  be the roots of 0148 =++ zz . 

( )( )( ) ( )8321

48 ......1 zzzzzzzzzz −−−−=++∴  

8321

8 ......... zzzzz ++= . 

1... 8321 =∴ zzzz  

 

Q4ei.  ( ) iziz 222Im +≤− , 

( ) iyixiyix 222Im ++≤−+ , 

( )( ) ( )iyxiyx 222Im ++≤−+ , 

( )iyxy 222 ++≤− , 

( ) 22
222 iyxy ++≤− , 

( ) ( )( )222
222 ++≤− yxy , which can be simplified to 

( )

( )
1

24

6

4
2

2

2

2

≥
+

+
yx

, which is a region in the complex plane on and 

outside the ellipse 
( )

( )
1

24

6

4
2

2

2

2

=
+

+
yx

. The ellipse is centred at 

( )6,0 − , and intersects the y-axis at 246 +−=y  and 

246 −−=y . See diagram below. 

 

Q4eii.    4. 

 
 
 

Q5a.  Let T newtons be the tension in the rope at the pulley, and 

a ms
-2

 be the acceleration of the rope. 

For the left side, xaxgT 50.050.0 =−  …… (1) 

For the right side, ( ) ( )axTgx −=−− 550.0550.0  …… (2) 

(1) + (2), ( ) axggx 50.250.0550.0 =−− . 

( )gxa 4.01−=∴  ms
-2

. 

 

Q5bi.  
( )

( )gx
dx

vd
a 4.01

2

2
1

−== . 

Since v increases as x decreases, 
( )
dx

vd 2

2
1

∴  is a negative value. 
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Q5bii.  ( )( ) ( ) cgxxdxgxv +−−=−−= ∫
22

2.04.01
2

1
. 

When 5.2=x , 20.0=v , gc 25.102.0 +=∴ . 

( ) ggxxv 25.102.02.0
2

1 22
++−−=∴ . 

When 0=x , gv 5.204.02 += , 95.4=∴v ms
-1

. 

 

Q5biii.  ( ) ggxxv 5.204.02.02 22 ++−−= , 

( ) ggxxv 5.204.02.02
2

++−−= . 

( ) ggxx
dt

dx
5.204.02.02 2 ++−−−= .  

Note: Since x decreases as t increases, 
dt

dx
∴  is a negative rate. 

( ) ggxxdx

dt

5.204.02.02

1

2
++−−

−= , 

( )∫
++−−

−=

0

5.2
2

5.204.02.02

1
dx

ggxx
t  

( )∫
++−−

=

5.2

0
2

5.204.02.02

1
dx

ggxx
97.1= s  (By calculator) 

 

Q5biv.   

Initial momentum ( )( ) ( )( ) 020.05.250.020.05.250.0 =×+×= −+ . 

Final momentum ( )( ) 38.1295.40.550.0 −− =×= . 

|Change in momentum| 38.12= kg ms
-1

. 

 

 

Q5ci.  Total mass of box and rope 5.175.215 =+= kg. 

Force of friction 3.1328.91590.0 =××= N.  

Resultant force 7.173.132150 =−= N. 

01.10114.1
5.17

7.17
≈==a ms

-2
. 

                                            

Q5cii.  For constant acceleration, average speed
2

vu +
= . 

0.1
2

0
=

+
∴

v
, 0.2=v ms

-1
. 

asuv 222 += , ( )s0114.1200.2 2 += , 98.1=s m. 

Distance travelled 98.1= m. 

 

Q5d.  Tension at front end 150= N. 

Tension at rear end: 0114.1153.132 ×=−T , 47.147=T N. 

Difference 53.247.147150 =−= N. 

Alternatively, difference ( ) 53.20114.155.0 =×= N. 

 

Q5e.  Friction = pulling force. 

1508.990.0 =×× m , 17=m kg. 

Minimum additional mass 21517 =−= kg. 
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