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Section 1 
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Q1  The maximum value of ( ) ( ) 221 sinsin
−− − xx  is 

( )( ) ( )( ) 316.11sin1sin
221 ≈−

−− .   C 

 

Q2  ( ) ( )( )zyxzyx −−=+− coscos  

( ) ( ) ( ) ( )zyxzyx −+−= sinsincoscos .   E 

 

Q3  Equation of the inverse is ( ) 11
2

1
arctan2 −








+= yx . 

( )

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
+=

+
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2

1
arctan

2

1
y

x
, ( ) 







 +
=+

2

1
tan1

2

1 x
y ,  

1
2

1
tan2 −







 +
=

x
y , where 

22

1

2

ππ
<

+
<−

x
, i.e. 

11 −<<−− ππ x .   D 

 

Q4  b
ax

ax
ax

axy +








−
−−









−
+−=

11
 

( ) b
ax

axy +
−

−−=
12

. Only one vertical asymptote ax = .   A 

 

Q5  

( ) ( ) 12
4

1 2
2

=−+
+

y
x ( ) ( ) 11

4
12

4

2
2

2
2

=−+→=−+→ y
x

y
x

 

11
24

22

=







−+→

yx
, i.e. ( ) 42

22 =−+ yx .   C 

 

Q6  ( )θθθ
π

θ
π

cossin
2

sin
2

cos iiiiz −−=















−−








+=  

( ) ( )θθθθ −+−=−= sincossincos ii . ( ) θ−=∴ zArg .   A 

 

Q7  ( ) ( )( ) ( )( )biaziziziz +−−−=++−− 23211352 2  

( ) ( )( ) ( ) ( )iabbazibaz 464642622 2 −+++−++−= . 

562 =+∴ a  and 142 −=−b , 
2

1
−=∴a  and 

2

3
=b . 

The other root is i
2

3

2

1
+− .   C 

 

 

 

 

 

 

Q8  







−−









63
3

ππ
iciscis  



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



−+
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−−





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
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



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
=

6
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6
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3
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3
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ππππ
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
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

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
=+=−+−+=

3
231

2

1

2

3

2

33

2

3 π
cisiii .   A 

 

Q9  A 

 

Q10  Choose appropriate values of Rba ∈, , use graphics 

calculator to draw the graph of ( ) ( )3
12

1000 bxaxy −+= .   B 

 

 
 

Q11  ( ) 





 −−=















−

− −
2
1

2

2

1
xa

dx

d

xadx

d
 

( ) ( ) =−−=
−

xxa 2
2

1
2
3

2

( ) 22 xaxa

x

−−
− .   E 

 

Q12  22222 yxyx −= , 
dx

dy
yx

dx

dy
yxxy 22224

22 −=+ , 

yxy

xyx

yxy

xyx

dx

dy
2

2

2

2

2

2

42

42

+

−
=

+

−
=∴ . 

At 1=x , ( ) ( ) 2222
112 yy −= , 13 2 =y , 

3

1
±=y , 

and
33

1

3

1
3
2

±=
±

−
=

dx

dy
.   C 

 

Q13  Since [ ]1,1\ −∈ Rx , 12 >∴ x , 

( ) ( ) cxcxxd
x

ee +−−=+−−=
−

∴∫ 1log1log
1

1 222

2
.    A 

 

Q14  ( )yayy −=′ , when 2=y ,  

gradient of slope (from graph) 4
5.0

0.2
=≈′= y , 

( )224 −≈∴ a , 4≈∴a .   C 
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Q15  ( ) 1tan

1

2

2
1

−= ∫
−

−

dxxy . Use graphics calculator to evaluate the 

definite integral, 356.11356.0 −=−−≈y .   A 

 

Q16  A 

 
Q17  c − 3a + 2b = 0, ∴a, b and c are dependent.   D 
 

Q18  The direction of motion is given by the unit vector in the 

direction of the velocity vector.  

r ( ) ( )tt tan= i ( )t2
sec

2

1
+ j + k, r ( ) ( )tt tan= i ( )( )t

2
tan1

2

1
++ j + k 

u ( )
dt

d
t = r ( ) ( )tt 2sec= i ( ) ( )tt 2sectan+ j 

( )( )t2tan1+= i ( ) ( )( )tt 2tan1tan ++ j. 

When 
4

3π
=t , u = 2i − 2j. 

∴û
22

1
= (2i − 2j) = 

2

2
i 

2

2
− j.   A 

 

Q19  Initial velocity 
20.0

1
= (3i − j + k),  

∴initial speed ( ) 115113
20.0

1 222 =+−+= . 

Final velocity 
20.0

1
= ( i − k), 

∴final speed ( ) 2511
20.0

1 22 =−+= . 

∴change of speed 512.911525 −≈−= .   B 

 

Q20  3.15.02.1
22 =+ , right-angled triangle. 

 
 

42.0
2.1

5.0
≈=

C

S

T

T
.   E 

 

Q21  The particle moves at constant speed and direction, ∴the 

resultant force on the particle is zero. Hence the reaction force of 

the slope on the particle is equal but opposite to the weight force 

on the particle.   B 

 

Q22  Consider the two boxes as a single object. Total force of 

friction 62.030 =×= N opposite to motion,  

2.0
30

6
==∴a ms

-1
 opposite to motion. 

Consider the forces on the 10-kg box: 

                                                                            Motion (+) 

 

                                                    F, force (20-kg on 10-kg) 

 

                                          Force of friction 22.010 =×= N 

maR = , 2.0102 −−− ×=+F , 0=∴ F .   C 

 

 

 

 

 

 

 

 

 

 

Section 2 

 

Q1a.    22 1 va −= ,   
2

1 va −±= , 
22

1
2

1
vv

dx

d
−±=








.  

 

Q1bi.  
( ) 2

2

1
2

1
v

dx

vd
−±= , 

( ) 22

12

1

vvd

dx

−
±= , 

( )
( )2

212

1
vd

v
x ∫

−
= m ( )( ) ( )22 2

1

1
2

1
vdv

−
−= ∫m cv +−= 2

1m . 

At 1±=x , 0=v , 0=∴c , 
2

1 vx −=∴ m . 

Hence 
2

1 xv −±= . 1±=∴ A , 1=B and 1−=C . 

 

Q1bii.  
2

1 x
dt

dx
v −±== , 

2
1

1

xdx

dt

−
±= . Note: both signs 

give the same result. 

Choose 
2

1

1

xdx

dt

−
−= , ( ) cxdx

x
t +=

−
−= −

∫
1

2
cos

1

1
. 

When 0=t , 1=x , 0=∴c . ( )xt 1cos−=∴ , where  π≤≤ t0 . 

Hence ( )tx cos= . 1=∴ D  and 1=n . 

 

Q1c.  [ ] 2
1

1

1

100

−====
−

−

∫∫∫ xdxdt
dt

dx
dtv

ππ

. 

 

Q1d.  ( )tx cos= , ( )tv sin−= , ( )ta cos−= , xa −=∴ . 

Alternatively, refer to Q1a and b, 

2
1 va −±=  and 

2
1 vx −= m , xa −=∴ . 

 

 

ST  

CT  

0.5 

1.2 
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Q2a.  At 6=x , ey += 1 . 

Area of shaded region ( ) ( ) 111

6

0

5 ×+++= ∫
− edxe x  

[ ] 556

0

5 27161 −−− −+=++−+=+++= eeeeeeex x m
2
. 

 

Q2bi  51 −+= xey , ( ) 51log +−= yx e  

At  0=x , 51 −+= ey .  

Max volume of water 

== ∫
+

+ −

e

e

dyx

1

1

2

5

π ( )( ) dyy

e

e

e∫
+

+ −

+−
1

1

2

5

51logπ  m
3
. 

 

Q2bii  Volume of concrete 

( )e+= 172π  ( )( ) dyy

e

e

e∫
+

+ −

+−−
1

1

2

5

51logπ  

350≈ m
3
. Evaluate the definite integral with graphics calculator. 

 

Q2c.  Max volume ( )( ) 99.22151log

1

1

2

5

=+−= ∫
+

+ −

dyy

e

e

eπ m
3
. 

Time required 499.18
12

99.221
== min. 

Average rate of increase in depth of water 

( ) ( )
146576.0

499.18

11
5

=
+−+

=
−

ee
 m min

-1
 44.2=  mm s

-1
. 

 

Q2di.  ( ) ( )( ) dyyhV

h

e

e∫
−+

+−=
5

1

2
51logπ . 

 

Q2dii.  
dt

dh

dh

dV

dt

dV
×= , 

( )( )













+−

==∴

∫
−+

h

e

e

dh
dV

dt
dV

dyy
dh

ddt

dh

51

2
51log

12

π

. 

 

 

 

Q3ai.  r ( ) 








+
++=

1

1
1

t
tt i + 









+
−+

1

1
1

t
t j, 0≥t . 

1

1
1

+
++=

t
tx , 

1

1
1

+
−+=

t
ty , ( )12 +=+∴ tyx , 

2
1

yx
t

+
=+∴ , 

yx

yx
x

+
+

+
=∴

2

2
, 

( )
( )yx

yx
x

+

++
=

2

4
2

, 

( ) ( ) 42
2

++=+∴ yxyxx . Expand and simplify to 1
44

22

=−
yx

.  

Since 0≥t , 2≥∴ x  and 0≥y . 

 

 

 

 

 

 

 

 

Q3b.   

 
 

Q3ci.  P ( )3,2 . Let 








+
−+

+
++

1

1
1,

1

1
1

t
t

t
t  be the 

coordinates of the particle at time t.  

Required vector 







−

+
++= 2

1

1
1

t
t i 








−

+
−++ 3

1

1
1

t
t j. 

 

Q3cii.  Distance

22

3
1

1
12

1

1
1 








−

+
−++








−

+
++=

t
t

t
tD . 

Use graphics calculator to find the shortest distance.  

732.1min =D  

 

Q3ciii.  Time 414.1=  
 

Q3d.   v ( )
dt

d
t = r ( )

( ) 










+
−=

2
1

1
1

t
t i +

( ) 










+
+

2
1

1
1

t
j, 0≥t . 

At 2=t ,  v
( ) 














+
−=

2

12

1
1 i +

( ) 













+
+

2

12

1
1 j. 

Speed 4.1172.1828.0 22 ≈+= . 

 

Q4a.  
( )( )

1

11

1

1 234567

+

+−+−+−+
=

+

+

z

zzzzzzz

z

z
 

123456 +−+−+−= zzzzzz .  

1====∴ GECA  and 1−=== FDB . 

 

Q4b.  Since ( ) ( )zPzz 117 +=+ , the roots of ( ) 0=zP are the 

roots of 017 =+z except 1−=z . 
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Q4c.  







±=

7

π
cisz , 








±

7

3π
cis , 








±

7

5π
cis . 

 

Q4d.  ( ) 123456 +−+−+−= zzzzzzzP  

( )( )( )( )( )( )654321 zzzzzzzzzzzz −−−−−−= , 

1654321 =∴ zzzzzz  

 

Q4e.  The z term in the expansion of 

( )( )( )( )( )( )654321 zzzzzzzzzzzz −−−−−−  is 

( )zzzzzzz 654321 +++++− . 1654321 =+++++∴ zzzzzz . 

1
7

5

7

5

7

3

7

3

77
=








+








−+








+








−+








+








−∴

ππππππ
ciscisciscisciscis

1
7

5
sin

7

5
sin

7

3
sin

7

3
sin

7
sin

7
sin

7

5
cos

7

5
cos

7

3
cos

7

3
cos

7
cos

7
cos

=















+







−+








+







−+








+







−+









+







−+








+







−+








+







−∴

ππππππ

ππππππ

i

 

1
7

5
sin

7

5
sin

7

3
sin

7

3
sin

7
sin

7
sin

7

5
cos

7

5
cos

7

3
cos

7

3
cos

7
cos

7
cos

=















+







−







+







−







+







−+









+







+







+







+







+







∴

ππππππ

ππππππ

i

 

1
7

5
cos2

7

3
cos2

7
cos2 =








+







+







∴

πππ

2

1

7

5
cos

7

3
cos

7
cos =








+







+







∴

πππ
. 

 

 

 

Q5a.  The force of friction is zero. 
 

 

Q5b.                                                                                  

 
 

                                   2.5 kg 

 
                              30° 

 

 

                                                                         °× 30cos8.95.2  

 

                                                                         °× 30cos8.95.2  

 

                                                                         °× 30sin8.95.2  

 

The component of the weight force along the plane is 

25.1230sin8.95.2 =°× N and it is less than the sliding friction 

( ) 85.1430cos8.95.27.0 =°××=Nµ N. 

∴the object is at rest, and the friction preventing it from sliding 

is 12.25N. 

 

 

 

 

 

 

 

 

Q5ci.   

                                            77.1840cos8.95.2 =°×  

 

 

                                                            14.1377.187.0 =×=Nµ  

 

 

                                                           77.1840cos8.95.2 =°×  
 

                              40° 

                                                       75.1540sin8.95.2 =°×  

 

Resultant force 61.214.1375.15 +−+ =+= N, 

04.1044.1
5.2

61.2 ++
+

≈===∴
m

R
a ms

-2
. 

 

Q5cii.  044.1+=a , 0=u , 0.3+=s , asuv 222 += ,  

503.2=v  ms
-1

. 

|Momentum| 26.6503.25.2 =×== mv kg ms
-1

. 

 

Q5d  The 43 N pulling force has a vertical component of 

41.4020cos43 =° N, and it is greater than the weight 

5.248.95.2 =× N of the object. Hence the object takes off from 

the plank. The following diagram shows the two forces on the 

object. 

                                     43N 

                          20° 

                                                        43  20° 

                                                                  24.5 

                                                        θ° 
                           24.5 N                    R 

 

 

( )( ) 7.21664.2120cos5.244325.2443 22 ≈=°−+=R N  

 

Q5e.  
664.21

20sin

5.24

sin °
=

°θ
, °=° 8.22θ . 

The direction of the resultant force R is °≈°+° 438.2220  with 

the vertical, which is also the direction of motion. 

 

Q5f.  The object takes off from rest under a constant resultant 

force of 21.7 N at 43° with the vertical. It moves in a straight 

line into the air in the same direction as the resultant force and 

accelerates at 7.8
25

7.21
≈ ms

-2
. 
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