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Question 1 (Inequality) 

 

Suggested Solution 
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Question 2 (Applications of Integration) 

 

Suggested Solution 
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Question 3 (Applications of Integration, Transformation) 

 

Suggested Solution 
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Question 4 (Transformation) 

 

Suggested Solution 

(a) 
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Question 5 (Vectors II) 

 

Suggested Solution 

(i) Equation of 
1l :  
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Solving simultaneously:  
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Sub 1 = −  into 7 6 6 5 54, ,x zy  = =+ += + :  

The coordinates of P are ( )1,2,0 . 

 

 

 

 

 



(ii) Method 1 (Projection) 

Let the point on 2l  closest to A be F.  
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Method 2 (Using perpendicular directions) 

 

Let the point on 2l  closest to A be F.  

Since F lies on 2l , 
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(iii) Let point A’ be the point which is the reflection of A in 2l .  
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Question 6 (Curve Sketching, Applications of Differentiation) 

 

Suggested Solution 

(i) 
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for all real x.  
 

or  

Discriminant of 
24 4 0k k+ + =  is ( )21 4 4 4 63 0− = −   

Since coefficient of 
2 4 0k =   , 

24 4 0k k+ +   for all real x.  
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24 4 0k k+ +   for all real x, we need 4 0.k +   

We have 4.k −  
 

The curve does not intersect the vertical line x k=  when 4k − , thus has no parts where 4x− . 

 

 

 

 



Question 7 (Vectors I and II) 

 

Suggested Solution 

(a) (i) p is perpendicular to q or p is a zero vector or q is a zero vector.  

(a) (ii) The locus of R is a circle with diameter OG.  
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Question 8 (Applications of Differentiation, SLE) 

 

Suggested Solution 

(i) 1x =  

 The stationary point on g( )y x=  with x-coordinate 1 is a minimum point since g (1) 0   from 

the graph  
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From (ii), 
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Question 9 (Vectors I) 

Suggested Solution 

(i)  Method 1 
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(ii) For A, B and C to be collinear, the area of ABC  must be 0, so 3 = − . 

(iii) 

Method 1 

Since D is on AB, by Ratio Theorem, ( )1 a bOD k k= − + when ( ): : 1AD DB k k= − . 
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Question 10 (Functions) 

 

Suggested Solution 

(a) (i) ( )gR 1,= −  ⊈ ( ) f1, D =  
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(a) (iii)  

Method 1 (Solving ( ) ( )1f 2 g k− = ) 

Let ( )1 1g f 2 .k− − =  

( ) ( )1f 2 g k− =  

 

Solving for ( )f 2 = , we get 0.632805 = (since 0 1)  .  

We note that ( ) ( )1f 2 f 2 −=  =  

Hence ( ) ( )1f 0.632805 2 f 2 0.632805−=  =  

From ( ) ( )1f 2 g k− = , we have ( )0.632805 g k= .  

10.632805 e k−= −  

( )0.490 3 s.f.k = − . 

Method 2 (Solving ( )fg 2k = ) 
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From GC, ( ) ( )0.490 3 s.f.  or 2.60 3 s.f.  k = −  

Justification based on ( )f g 2k =   :  
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So we have ( )0.490 3 s.f.k = − .  

Method 3 (Solving by finding ( )1f x−
 ) – refer to Remarks 
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(b) (i) h: 3sin 3cos ,x x x+     
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Number line:  

     

     

         2.5−         2.44949−    2.42421−   2.35619−  
 

For ( ) ( )1 1hh h h ,x x− −=  12.44949, 2.4242x − −  

To 3 decimal places:  42.449, 2.42x − −  

 

  



Question 11 (Integration Techniques) 

 

Suggested Solution 

(a) (i) Let 
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a x
= +

+
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

x 

a 

 

t 



Question 12 (Applications of Differentiation) 

 

Suggested Solution 

(i) Translation in the positive y-direction by  3 6  units. 
2 2 1y x− =  has stationary points at ( )0,1  and ( )0, 1−  and equation of asymptotes y x=  and 

y x= − .  

 

For D,  equations of asymptotes are 3 6y x= +  and 3 6y x=− + and ( )0, 1 3 6S − + .  

(ii) Sub , sectan 3 6x yp p+= =  into LHS of the equation of D:  

( )
2

23 6y x− −  

( ) ( )
2 2

2 2

sec 3 6 3 6

sec

tan

tan

1

pp

p p

= + − −

−

=

=  

(iii) Method 1 

 

( )
2

2 13 6y x− − =  

Differentiate w.r.t x 

( ) d
2 0

d
2 3 6

y
x

x
y− − =  

6

d

d 3

y

x y

x
=

−
 

Gradient of normal

d

1 6

d

3y

y x

x

=
−

−= −  

At P, gradient of normal  

( ) 36

ta

c

n

se 3 6

p

p + −
= −  

tan

1

sin

sec

p

p

p
= −

= −

 

 

Method 2 

2

d

d tan secd
sin

dd sec

d

y

y p pp
p

xx p

p

= = =  

Gradient of normal 
1

cosec
sin

p
p

= − = −  

Equation of normal at P:  

1

ta s

se

i

c 3

n n

6y

x p p

p
= −

−−

−
 



( )

1 tan

sin sin

1
2sec

sin

2 tan sin

sec 3 6

3 6

sin 3 6

p
y x

p p

y x p
p

y x p p

p

p

 
− − + 

 

 
− +



+ 
 

+ +

− =

 =

 =

 

(iv) Method 1: Cartesian Form 

 

Gradient of r
3 6y

x
= −

−
 

Gradient of r 3
3

1
1

−= −  =  

 

Equating the above:  

3
3 6y

x
= −

−
 

6 33y x= −  

 

Sub 6 33y x= −  into ( )
2

2 13 6y x− − = :  

( )
2

2 13 6 3 63x x− − − =  

( )
2

23 1x x− =−  

2

2

2 1

1

2

x

x

=

=
 

1 1
 or 

2 2
x = −  (rejected 0x ) 

Sub 
1

2
x =  into 6 33y x= − :  

3 6 3 6
1 3

3
2 2

y
 

= 


= − −


  

Coordinates of the point  

1
,3 6

2

3

2


−


  
 

 or ( )0.707,6.12  

(iv) Method 2: Parametric Form 

We have 3
3

1
cosec  sinp p− =  = −  

• Since sin
3

1
p = − , p is in the 3rd or 4th quadrant.  

• Since we are looking at the lower arc of D, 
π

π
2

p   or 
π

π
2

p−   −  i.e. p lies in the 2nd 

or 3rd quadrant. 

 

Hence, p lies in the 3rd quadrant. 



Method 2A 

Since p lies in the 3rd quadrant (only tangent is positive in this quadrant),  

• 
2

cos s
3

ec
2

3
p p= −  = −   

• 
sin 13

tan
cos 2 2

3

1

p
p

p
=

−

= =

−

 

Using the parametric form ( )tan ,sec 3 6p p +   and sec
3

2
p = −  and 

1
tan

2
p = , 

coordinates of the intersection of r and lower piece of D are:  

 

6
1

, 3
3

2 2

 
  
 

− +  

Method 2B 

We have 3
3

1
cosec  sinp p− =  = −  

Basic angle 1 1
0.61547970867 0.615480sin

3

−  
= = = 

 
 (6 s.f.) 

Since p is on the 3rd quadrant, 0.615480 3.757π 07p == +  (6 s.f.) 

 

tan tan3.75707 0.707p = = (3 s.f.) 

( )sec 3 6 sec3.75707+3 6 6.12373 6.12 3 s.f.p+ = = =  

  

Coordinates of the intersection of r & lower piece of D ( ): 0.707,6.12  

 


