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Answers written in the margins will not be marked. 

FORMULAS FOR REFERENCE 

 sin (A  B) = sin A cos B  cos A sin B 

 cos (A  B) = cos A cos B   sin A sin B 

 ( )
BA
BABA

tantan1
tantantan




=  

 2 sin A cos B = sin (A + B) + sin (A − B) 

 2 cos A cos B = cos (A + B) + cos (A − B) 

 2 sin A sin B = cos (A − B) − cos (A + B) 

 
2

cos
2

sin2sinsin BABABA −+
=+  

 
2

sin
2

cos2sinsin BABABA −+
=−  

 
2

cos
2

cos2coscos BABABA −+
=+  

 
2

sin
2

sin2coscos BABABA −+
−=−  

 
**************************************************************************** 

 
Section A  (50 marks) 

1. Find ( sin )d x x
dx

 from first principles. 

                      (4 marks) 
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Answers written in the margins will not be marked. 

2. It is given that ( )( ) 21 1 3 1 22 204nkx x x x− + = + +  + terms involving higher powers of  x , where 

n  is a positive integer.  Find the values of  k  and  n .        (5 marks) 
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Answers written in the margins will not be marked. 

3. It is given that  P(−1, 0)  is a point on 2 2 sin 1y x x y= − −  .  Find the equation of the tangent 

to the curve at  P . 
                    (5 marks) 
 

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        
 



 

F.5  M2  2019 - 2020 2nd Term Examination  P.5 

A
ns

w
er

s w
rit

te
n 

in
 th

e 
m

ar
gi

ns
 w

ill
 n

ot
 b

e 
m

ar
ke

d.
 

A
ns

w
er

s w
rit

te
n 

in
 th

e 
m

ar
gi

ns
 w

ill
 n

ot
 b

e 
m

ar
ke

d.
 

Answers written in the margins will not be marked. 

4. (a) If 
2 tantan

1 2tan
BA
B

−
=

−
 , prove that  sin (A + B) = 2 cos (A – B) . 

 (b) Using (a), solve the equation ( ) ( )
( )

2 tan 10
tan 50

1 2tan 10
x

x
x

− − 
+  =

− − 
 , where  0  x  90 . 

                    (6 marks) 
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Answers written in the margins will not be marked. 

5. (a) Prove that 2 2 1 cos4sin cos
8

xx x −
=  . 

 (b) Let  f (x) = sin4 x + cos4 x . 
  (i) Express f (x) in the form  A cos Bx + C , where  A , B and C are constants. 

  (ii) Solve the equation  8 f (x) = 7 , where 0
2

x 
   . 

                    (7 marks) 
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Answers written in the margins will not be marked. 

6. (a) Using mathematical induction, prove that 

    
=

+
n

r

rr
1  

2)1( = 
12

)53)(2)(1( +++ nnnn  

  for all positive integers  n . 
 (b) Hence, evaluate  50  5.12 + 51  5.22 + 52  5.32 + … + 100  10.12 . 
                    (8 marks) 
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Answers written in the margins will not be marked. 

7. (a) Let  M  be a  33   matrix such that TMM =2  , where  TM   is the transpose of  M . 
  (i) Prove that 0=M  or 1 . 

  (ii) Suppose  M  is a non-singular matrix.  Prove that MM =4  and TMM =−1  . 

 (b) Let 

1 0 0

1 30
2 2
3 10

2 2

A

 
 
 
 = − − 
 
 − 
 

 .  Using (a), or otherwise, find 1−A  . 

                    (7 marks) 
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Answers written in the margins will not be marked. 

8. (a) In Figure 1, the shaded region is bounded by the curve 

1
4

2
−=

xy , the positive x-axis, the positive y-axis and the 

line  y = h , where  h > 0 .  Show that the volume of the 
solid generated by revolving the shaded region about the 
y-axis is 2 ( 2)h h + . 

 
 (b) In Figure 2, the bowl is formed by revolving the shaded 

region about the y-axis as described in (a).  The radii of the 
bottom and the top of the bowl are  2 cm  and 
6 cm  respectively. 

  (i) Find the height of the bowl.  
  (ii) If water is poured into the empty bowl at the rate of 

1
4
t  + 

 
cm3/s, where  t s  is the time used for 

pouring the water into the bowl, when will the water 
level be half of the height of the bowl? 

            (8 marks) 

 

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

 

 
6 cm 

2 cm 

 

x O 

y 

1
4

2
−=

xy  

h 

Figure 1 

Figure 2 
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Answers written in the margins will not be marked. 

Section B  (50 marks) 

9. Define )(xf =
2

523 2

−
−−

x
xx

 for all 2x .  Denote the graph of )(xfy =  by G. 

 (a) Find the asymptote(s) of G. 
                    (3 marks) 
 (b) Find )(xf  . 

                    (2 marks) 
 (c) Find the maximum point(s) and the minimum point(s) of G. 
                    (4 marks) 
 (d) Find the area of the region bounded by G and the x-axis. 
                    (4 marks) 
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Answers written in the margins will not be marked. 

10. (a) Find 
2ln
2

d x
dx x

+
−

 . 

                    (1 mark) 

 (b) Let 0
4

x 
   .  Prove that 

2

2

1 sec
3 5cos2 10 2sec

x
x x
=

+ −
 . 

                    (1 mark) 

 (c) Evaluate 4
0

1
3 5cos2

dx
x



+  . 

                    (3 marks) 
 (d) Let  f (x)  be a continuous function defined on R such that  f (−x)  = – f (x)  for all xR .  

Prove that 
0

( ) ln (1 ) ( )
a ax

a
f x e dx x f x dx

−
+ =   for any aR . 

                    (4 marks) 

 (e) Evaluate 4
2

4

sin 2 ln (1 )
(3 5cos2 )

xx e dx
x−

+
+



  . 

                    (4 marks) 
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Answers written in the margins will not be marked. 

11. (a) Solve the equation 

    
3 4

0
1
−

=
−

   . . . . . . (*) . 

                    (2 marks) 

 (b) Let  1  and  2  (1 > 2) be the roots of (*).  Let 
1 1

P
a b
 

=  
 

 .  It is given that 

    1 2

1 2

3 4 1 1
1 0 a ba b

     
=            

 , 

  where  a  and  b  are constants. 
  (i) Find  P . 

  (ii) Evaluate 1 3 4
1 0

P P−  
 
 

 . 

  (iii) Using (b)(ii), evaluate 
103 4

1 0
 
 
 

 . 

                    (8 marks) 
 (c) A sequence is defined by 
    1 1x =  , 2 1x =  and 1 23 4n n nx x x− −= +  for  n = 3, 4, 5, . . .  . 

  It is known that this sequence can be expressed in the matrix form 

    1

1 2

3 4
1 0

n n

n n

x x
x x

−

− −

    
=    
    

 . 

  Using the result of (b)(iii), find 12x  . 

                    (2 marks) 
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Answers written in the margins will not be marked. 

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        
 



 

F.5  M2  2019 - 2020 2nd Term Examination  P.24 

A
ns

w
er

s w
rit

te
n 

in
 th

e 
m

ar
gi

ns
 w

ill
 n

ot
 b

e 
m

ar
ke

d.
 

A
ns

w
er

s w
rit

te
n 

in
 th

e 
m

ar
gi

ns
 w

ill
 n

ot
 b

e 
m

ar
ke

d.
 

Answers written in the margins will not be marked. 

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        
 



 

F.5  M2  2019 - 2020 2nd Term Examination  P.25 

A
ns

w
er

s w
rit

te
n 

in
 th

e 
m

ar
gi

ns
 w

ill
 n

ot
 b

e 
m

ar
ke

d.
 

A
ns

w
er

s w
rit

te
n 

in
 th

e 
m

ar
gi

ns
 w

ill
 n

ot
 b

e 
m

ar
ke

d.
 

Answers written in the margins will not be marked. 

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        
 



 

F.5  M2  2019 - 2020 2nd Term Examination  P.26 

A
ns

w
er

s w
rit

te
n 

in
 th

e 
m

ar
gi

ns
 w

ill
 n

ot
 b

e 
m

ar
ke

d.
 

A
ns

w
er

s w
rit

te
n 

in
 th

e 
m

ar
gi

ns
 w

ill
 n

ot
 b

e 
m

ar
ke

d.
 

Answers written in the margins will not be marked. 

12. Consider the system of linear equations in real variables  x ,  y ,  z 

   (E): ( 1)
3 2 4

x y z a
x y z b
x y z a

+ − =
 − −  − =
  + − =

 ,  

 where   ,  a  and  b  are real numbers. 
 (a) Assume that (E) has a unique solution. 
  (i) Find the range of values of   . 
  (ii) Express  z  in terms of   ,  a  and  b . 
                  (5 marks) 
 (b) Assume that   = 1  and (E) is consistent. 
  (i) Express  b  in terms of  a . 
  (ii) Hence, solve (E) in terms of  a . 
                  (4 marks) 
 (c) If  (x , y , z)  is a real solution of the system of linear equations 

    
6

12
3 2 24

x y z
x y
x y z

+ − =
 − = −
 + − =

, 

  is  x2 + y2 + z2 > 75  always true?  Explain your answer. 
                  (3 marks) 
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END OF PAPER 
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Answers written in the margins will not be marked. 

 


