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SPECIALIST MATHEMATICS 

 

Written examination 2  
 

 

(TSSM’s 2015 trial exam updated for the current study design) 

 

SOLUTIONS 
 

 
SECTION 1:  Multiple-choice questions (1 mark each) 

 

 

Question 1  

 

Answer: A 

 

Explanation:  

 

        (  )          (  )  
(   ) 

  
 
(   ) 

  
   

                                  
   

 
 
   

 
   

    
 

 
  

 

 
         

 

 
  

  

 
 

 

Question 2 

 

Answer: E 

 

Explanation 

From the graph we can see the semi-major axis          

and the semi-minor axis     

Therefore the  equation of this ellipse is 
(   ) 

  
 
(   ) 
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Question 3 

 

Answer: B 

 

Explanation: 

 ( )  
        

       
 
 (       )     

       
   

   

       
 

 

     is the horizontal asymptote 

 

For         (   )   , the discriminant                . Hence 

          and (    ) is the minimal point of (   )   . 

Therefore there are no vertical asymptotes.  ( ) has a maximal point at     .  

 

The graph of  ( ) is shown below. 

 
 

Question 4 

 

Answer: E 

 

Explanation: 

      (    )  ( 
 

 
 
 

 
) 

        (    )    ( 
 

 
     

 

 
    )  (         ) 
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Question 5 

 

Answer: D 

 

Explanation: 

Any complex number can be regarded as a position vector.  

Hence             ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗     ⃗⃗⃗⃗  ⃗. 
 

 
 

Question 6 

 

Answer: E 

 

Explanation: 

|    |  |    | represents the locus of points with equal distance to    and   , which is the 

perpendicular bisector between    and   . 

 

Question 7 

 

Answer: B 

 

Explanation: 

    √       ( 
√ 

 
 
 

 
)       ( 

  

 
) 

          (   ( 
  

 
   )     ( 

  

 
   ))         ( 

 

 
) 
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Question 8 

 

Answer: C 

 

Explanation: 

Geometric interpretation of multiplication of complex numbers:        (   )   can be 

obtained from    by a rotation of 72° around the origin in anti-clockwise, followed by a dilation 

of factor 4 from the origin. 

  

Question 9 

 

Answer: A 

 

Explanation: 

For any quadratic equation              , the two solutions are     
   √      

  
. Hence 

    
  

 
     

 

 
 

 

    
  

 
 

  

  
     

 

  
               . 

 

Question 10 

 

Answer: B 

 

Explanation: 

∫
  

     

    (
 
 
)

    (
 
 
)

   ∫
 

  (  )  

    (
 
 
)

    (
 
 
)

    

Let     . Then   
 

 
            (

 

 
) and    

 

 
            (

 

 
) 

Therefore  ∫
  

  (  )  

    (
 

 
)

    (
 

 
)

    ∫
 

     

 

 
 

 

   

 

 

 

Question 11 

 

Answer: E 

 

Explanation: 

According the Fundamental Theorem of Calculus,  ( )   ( )  ∫  ( )
 

 
    . 

Therefore  ( )     ( )         
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Question 12 

 

Answer: E 

 

Explanation: 

A useful mathematical model for setting up differential equations of dynamic systems 
  

  
                   

where     and      are the flowing in and flowing out rate;     and      are the concentrations of 

the solutions which are flowing in and flowing out respectively. 

Therefore  
  

  
          

 

   (     ) 
    

  

     
 

 

Question 13 

 

Answer: C 

 

Explanation: 

Use a List and Spread Sheets in CAS to solve 

 
 

Question 14 

 

Answer: A 

 

Explanation: 

Look at the slope field in CAS for each of the differential equations. 
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Question 15 

 

Answer: D 

 

Explanation: 

The component coefficient matrix of the vectors is [
    
   
   

].  

Let    ([
    
   
   

])   . Solve for   by CAS, shown below 

 
 

 

Question 16 

 

Answer: C 

 

Explanation: 

   ( )  
 
 
  
 

| 
 
| | 
 
|
 

   

√  √  
 
 

  
    ( )  

  

 
    (  )  

    ( )

      ( )
  

   

   
 

 

Question 17 

 

Answer: A 

 

Explanation: 

 
 
( )  ∫(

      

 
 
 
 
      

 
 
 
    

 
)   

      

 
 
 
 
      

 
 
 
    

 
  
 

 

 

 
 
( )    

 
   

 
  
 
  
 
  

 
  
 
   

 
 

  
 
( )  

      

 
 
 
 
        

 
 
 
 (    ) 

 
 
      

 
 
 
 
( 

 
    

 
 )
 

 
 
 
 (    ) 
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Question 18 

 

Answer: E 

 

Explanation: 

The resultant force of any number of forces acting upon the body is the sum of all the forces. 

 

Question 19 

 

Answer: C 

 

Explanation: 

The velocity  
 
( )        (  )  

 
      (  ) 

 
    . 

The speed=| 
 
( )|  √       (  )         (  )  √            (  ) 

Therefore the minimum speed is 24 m/s 

 

Question 20 

 

Answer: B 

 

Explanation: 

            √       √(  )             √  

 

Question 21 

 

Answer: B 

 

Explanation: 

   
  

  
   

  

    
  

  
  

  

     ( )   ( )  ∫  
  

   

 

 

   

 ( )   ( )  ∫  
  

   

 

 

        

 

Question 22 

 

Answer: D 

 

Explanation: 

Displacement=∫  ( )
 

 
   ∫ (            )
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SECTION 2: Extended Response questions 

 

Question 1 (10  marks) 

a.  

        ( )        ( )     ( )  
   

 
    ( )  

 

 
 
  

  
 
(   ) 

 
   

 

1 mark 

 

b. The equation of the asymptotes are 
 

 
 
   

 
      

 

 
(   ) 

1 mark 

c. Differentiate both sides of   
  

  
 
(   ) 

 
  , we get  

    

  
 
 (   )

 
      

  (   )

  
 

    
  (   )

  
  

 

 
  

  
  when       

  

 
. 

The equation of the tangent at (  
  

 
) is  

  
  

 
 
  

  
 (   ).  

Or  

  
  

  
  

 

  
 

1 mark 

d.  

 
 

4 marks 
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e.    ∫ (   
  (   ) 

 

 

 
)                                                                                              1 mark 

 

f. By CAS 

   ∫ (   
  (   ) 

 

 

 
)                                                                           1 mark 

 

Question 2 

a.    √   √       (
 

 
)          ( )       

1 mark 

 

b.         ( )        (
 

 
)      (

 

 
 
 

 
)      (

 

 
 
  

 
)      (

 

 
 
  

 
) 

Therefore the other solutions are  

      (
  

 
)      ( 

  

 
)      ( 

 

 
) 

1 mark 

 

c. The shape of the locus represented by |   √   √  |  |   √   √  | 
is the perpendicular bisector of the line segment connecting 

 ( √   √ )       (  √     √ ). 

The gradient of AB is 1  the gradient of the bisector is   . 

The midpoint of AB is (   ) 
Therefore the equation of the bisector is      

 

d.  

The shape of the locus represented by | |  | √   √  | is a circle with centre  

            (0, 0) and radius   | √   √  |    . 

 

 
1 mark 
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e. i. From the CAS  

 
 

Hence LHS=RHS. 

 

ii. From the equation given in ei, the semi-major axis of the ellipse is 8 and the centre is at (0,0).  

     Let (0, b) be a vertex of the ellipse on the y-axis. Substitute      into the equation then  

     then we have   √(
 √  

 
)        . Solve for b by CAS 

 
 

Therefore    
 √ 

 
. 

Hence the equation of the ellipse is  

  

  
 
   

  
   

 

 

 

 

Question 3 

 

a. |  ⃗⃗ ⃗⃗ ⃗⃗  |  √(
 

 
)
 

    
√ 

 
 

1 mark 

b.   ⃗⃗⃗⃗⃗⃗   |  ⃗⃗ ⃗⃗ ⃗⃗  |  
 
 
 

 
 
 
 
 √   

 
 
 

 

2 marks 

c. |  ⃗⃗⃗⃗⃗⃗ |  √   (
 √   

 
)
 

 
√    √ 

 
 

1 mark 

 

d. Let θ be the angle between   ⃗⃗ ⃗⃗  ⃗ and   ⃗⃗⃗⃗  ⃗. 
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Then                           ( )  
  ⃗⃗⃗⃗⃗⃗    ⃗⃗⃗⃗  ⃗

|  ⃗⃗⃗⃗⃗⃗ ||  ⃗⃗⃗⃗  ⃗|
 

√   

 

   
 
√   

 
. 

While                         (  
 

 
)       (

 

 
)      

   √   

  
   

√   

 
 

Therefore                 
  

 
. 

3 marks  

e.   ⃗⃗⃗⃗  ⃗    ⃗⃗ ⃗⃗  ⃗    ⃗⃗⃗⃗  ⃗    
 
 
 √    √ 

 
 
 
 
√   

 
 
 
 
√    √ 

 
 
 
 
√   

 
 
 

 

       |  ⃗⃗⃗⃗  ⃗|  √(
√    √ 

 
)
 

 (
√   

 
)
 

 
√    √ 

 
  

 

           |  ⃗⃗⃗⃗  ⃗|  |  ⃗⃗⃗⃗⃗⃗ |  
3 marks  

f. The side length can be found using the cosine rule: 

   √                (
  

 
)  

√    √ 

 
 

2 marks 

 

 

 

Question 4 

a. 
  

  
 
     

     
 

 

   
 
   

   
                                                                                                    2 marks 

 

b.        
  

  
     

  

  
       

  

  
  

           
 

 
        

 

 
 

      
     

 
        

3 marks  

c. 
  

  
=        

 

   
 
       

  
  

2 marks 

d.   ∫
  

       

   

 
               

2 marks  
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Question 5 

a. The forces acting on Nick and his board are shown in the diagram below. 

2 marks 

 
 

b.      ( )        ( )      

     (    ( )       ( )) 
        (   (   )         (   ))          

2 marks 

 

c.             √       √                    
2 marks 

 

d. Let   be the time that Nick comes back to the same level after leaving the first skate ramp. 

Then  

     
 

 
             (   )   

 

 
        

 Solve for  ,     (reject)   or         s (accept). 

In the 1.33 seconds the horizontal distance travelled by Nick is 

               (   )         
That is more than 8m. Therefore Nick can land on the other side safely. 

3 marks 

 

e. Let   be the time after leaving the first ramp when Nick lands on the second ramp and let   be 

the vertical distance below the top of the ramps when Nick lands on the second ramp. 

Then  

         (   )    

          (   )   
 

 
        

 

   
     (   ) 
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Solve them simultaneously  

 

{
        
         
        

 (reject)     OR       {
        
        
        

 (accept) 

 

3 marks 

 

f. Let θ be the minimal angle, in degrees, between the first skate ramp and the ground such that 

Nick can safely land on the second skate ramp   seconds after leaving the first ramp. 

Then  

       ( )     

       ( )   
 

 
          

Solve them simultaneously, 

                 
Therefore the required minimal angle is 33.6°. 

 

3 marks 

 

 

 

 

 

 

 

  


