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2018-1-PAH-STATE 

Section A [45 marks] 

Answer all questions in this section.  

 

 

1. Prove that  
2sin4𝜃−sin6𝜃−sin2𝜃

2sin4𝜃+sin6𝜃+sin2𝜃
= tan2𝜃.                                                                      [5 marks] 

Hence, find the value of tan215°, leaving your answer in surd form.                        [3 marks] 

 

 

2. Use the binomial expansions of ( )612 + and ( )612 − to evaluate ( )612 + + ( )612 − .  

Hence, show that ( ) 19812197
6

+ .                                                                      [7 marks] 

 

 

3. A system of linear equations is given by 

2𝑥 +   𝑦 +   𝑧    =  𝑚,
2𝑥 −   𝑦 +   2𝑧  =    0,
2𝑥 +  𝑦 +   𝛽𝑧  =    3,

 

 

           where 𝛽 and 𝑚 are real numbers. Write the augmented matrix for the system and show that      

           it may be reduced  to 

 

                                                          (
2 1 1
0 −2 1
0 0 𝛽 − 1

|
𝑚

−𝑚
3 − 𝑚

)                                           [4 marks] 

 

              Hence, determine the values of 𝛽 and 𝑚 so that the system of linear equation has 

 

(a)  a unique solution,        [2 marks]                                                                                              

(b)  infinitely many solutions,                                                  [1 mark]                                     

(c)  no solution.                                                          [1 mark]                                                   

 

 

4. (a)  Express  𝑧 = 1 + √3𝑖 in the form 𝑟(cos𝜃 + 𝑖sin𝜃), where r is the modulus and 𝜃 is the  

      argument of the complex number. 

      Hence, show that (1 + √3𝑖)
5

= 16 − 16√3𝑖.                                                     [5 marks] 

 

(b)  Express 𝑧6𝑧∗ in the form of 𝑥 + 𝑦𝑖, where 𝑧∗ is the conjugate of z and 𝑥, 𝑦 ∈ 𝑅.                                                            
[2 marks] 

 

5. A conic section has an equation 03154128916 22 =++−− yxyx . 

(a) Show that equation of the conic section represents a hyperbola.                         [4 marks] 

(b) Find the vertices, foci and the equations of the asymptotes of the hyperbola.     [4 marks] 

 

 

 

 



 

3 

 

3 

 

6. Given that 𝒂 = 𝑝𝒊 − 𝒋 + 4𝒌, 𝒃 = 𝑞𝒋 + 3𝒌  and 𝒂 × 𝒃 = 5𝒊 − 9𝒋 − 6𝒌, where p and q are  

constants. 

            (a)  Determine the values of p and q.                                                                        [3 marks] 

(b)  Hence, find  

       (i)  the area of a parallelogram with sides a and b.                                             [2 marks] 

       (ii) the angle between a and b.                                                                            [2 marks] 

 

 

 

Section B [15 marks] 

Answer any one question in this section.  

 

7.  (a)  The function is defined as : 

 

h(𝑥) =  |𝑥 + 3| − |𝑥 − 3|, 𝑥 ∈ 𝑅. 
 

                (i)   Sketch the graph of h.                                                                                  [6 marks] 

                (ii)  State the range of h.                [1 mark] 

 

(b)  The functions f and g are defined as: 

 

f(𝑥) =
𝑥 + |𝑥|

2
, 𝑥 ∈ 𝑅 

 

g(𝑥) = {
𝑥 − 1,    𝑥 < 0,

     2,             𝑥 > 0.     
 

 

       Sketch the graphs of the function f and g.                                                                [4 marks] 

 

       From the graphs, determine the continuity of the composite function fog and hence discuss 

       whether the composite function fog  is defined.                                                       [4 marks] 

 

 

8.    (a)  Given that 

2 3 2 1
1 1

.
3 3

− −
   

= +   
   

r r

ru  

            (i) Express 
=

n

r

ru
1

in terms of 1
9

 
− 

 
n

B
A and determine the values of A and B.        [7 marks] 

                                         

            (ii) Determine the sum to infinity of this series.                                                         [2 marks] 

                                                                            

   (b)   Evaluate 
2

1

1
.

10



=


r
r                                                                                                          

           Hence, express 1.878787… (1. 8̇7̇) as a fraction in its lowest form.                        [6 marks] 

 

 

 



2018-1-PAH-STATE-MARKING SCHEME 

SOALAN SKEMA MARKAH 

1  

LHS:  
2 sin 4𝜃−(𝑠𝑖𝑛6𝜃+𝑠𝑖𝑛2𝜃)

2 sin 4𝜃+𝑠𝑖𝑛6𝜃+𝑠𝑖𝑛2𝜃
 

 

=  
2 sin 4𝜃−(𝑠𝑖𝑛6𝜃+𝑠𝑖𝑛2𝜃)

2 sin 4𝜃+𝑠𝑖𝑛6𝜃+𝑠𝑖𝑛2𝜃
 

 

=
2 sin 4𝜃−(2𝑠𝑖𝑛4𝜃𝑐𝑜𝑠2𝜃)

2 sin 4𝜃+(2𝑠𝑖𝑛4𝜃𝑐𝑜𝑠2𝜃)
 

 

=
2 sin 4𝜃(1−cos 2𝜃)

2 sin 4𝜃(1+𝑐𝑜𝑠2𝜃) 
 

 

=
1−𝑐𝑜𝑠2𝜃

1+𝑐𝑜𝑠2𝜃  
 

 

=
1−(1−2𝑠𝑖𝑛2𝜃)

1+(2𝑐𝑜𝑠2𝜃−1)  
 

 

=
2𝑠𝑖𝑛2𝜃

2𝑐𝑜𝑠2𝜃
 

 
=𝑡𝑎𝑛2𝜃          R.H.S 
 
Substituting 𝜃 = 15° into the identity, 
 
 

𝑡𝑎𝑛215° =
2𝑠𝑖𝑛60° − 𝑠𝑖𝑛90° − 𝑠𝑖𝑛30°

2𝑠𝑖𝑛60° + 𝑠𝑖𝑛90° + 𝑠𝑖𝑛30°
 

 
 

=
2

√3

2
− 1 −

1

2

2
√3

2
+ 1 +

1

2

 

 
 

                                                       = 7 − 4√3 

 
 

 
B1 

 
 

M1 
 
 
 
 
 

A1 
 
 

M1 
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M1A1 
 
 
 
 
A1        [3] 
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(
2 1 1
2 −1 2
2 1 𝛽

|
𝑚
0
3

) 

(
2 1 1
0 −2 1
0 0 𝛽 − 1

|
𝑚

−𝑚
3 − 𝑚

) 

 
 

a) 𝛽 − 1 = 3 − 𝑚 
 
                      𝛽 ≠ 1 
 

b) 𝛽 = 1 and m=3 
 
 
        𝑐)          𝛽 = 1  and  𝑚 ≠ 3 
 

                         

 
 
 

B1 
 
 

M1A1A1 
 

[4] 
 

M1 
 

A1 
 

B1 
 

B1 
 

[4] 
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a) 𝑟 = √12 + (√3)
2

= 2   

𝜃 = 𝑡𝑎𝑛−1 (
√3

1
) =

𝜋

3
 

 

𝑧 = 1 + √3𝑖 = 2(𝑐𝑜𝑠
𝜋

3
+ 𝑖𝑠𝑖𝑛

𝜋

3
) 

 
 

(1 + √3𝑖)
5

= 25(𝑐𝑜𝑠
5𝜋

3
+ 𝑖𝑠𝑖𝑛

5𝜋

3
) 

 

= 16 − 16√3𝑖 

 
 

B1 
 

B1 
 
 

B1 
 

 
 

M1 
 

A1 
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6
22  

( )992= =  198 

( ) ( )66

1219812 −−=+  

  

221   

1120 −  

( ) 1120
6

−  

( ) 0121
6

−−−  

( ) 19812198197
6

−−  

( ) 19812197
6

+  

  
TOTAL 

          M1 
 

A1 
 

B1 
 

 
 

 
 

 
 

M1 
 

A1 
 
         7M 



 
 

b) 𝑧6𝑧∗ = 𝑧5𝑧𝑧∗ = (16 − 16√3𝑖)22 

 

                                        = 64(1 − √3𝑖) 

[5 ] 
 

M1 
 

A1 
[2 ] 

 

 

5 
(a) 

( ) ( ) 3169816 22 −=−−− yyxx  
B1 

 ( )  ( )  3193916416
22

−=−−−−− yx  M1 
(completing 

square) 

 ( ) ( )
2 2

16 4 9 3 144− − − =x y        
M1 

 
( ) ( ) 13

144

9
4

144

16 22
=−−− yx    

( ) ( )
1

16

3

9

4
22

=
−

−
− yx

 Hyperbola     

 
 
 

A1 

(b) 222 43 +=c  
5=c  

 
B1 

 Vertices= (7, 3), (1, 3) 

Foci = (9, 3), (-1, 3) 

Asymptotes: 3 4 7 0 and 3 4 25 0y x y x− + = + − =  

B1 
B1 

 
B1 

 TOTAL 8 M 

6 
(a) 𝑎 ×  𝑏 =  [

𝑖 𝑗 𝑘
𝑝 −1 4
0 𝑞 3

] 

             =  |
−1 4
𝑞 3

| 𝑖 − |
𝑝 4
0 3

| 𝑗 + |
𝑝 −1
0 𝑞

| 𝑘   

 
 
 
 

 = (−3 − 4𝑞)𝑖 − (3𝑝)𝑗 + (𝑝𝑞)𝑘      
  

B1 

 Compare with  5𝑖 − 9𝑗 − 6𝑘   
−3 − 4𝑞 = 5,   𝑞 = −2 

−3𝑝 = 9,   𝑝 = −3 

 
A1 
A1 

(b) 𝑎 ×  𝑏 = 5𝑖 − 9𝑗 − 6𝑘 

𝐴𝑟𝑒𝑎 = √52 + (−9)2 + (−6)2 

           = √142       

 
M1 
A1 

 

𝑠𝑖𝑛𝜃 =
|√142|

|√26||√13|
 

𝑠𝑖𝑛𝜃 = 0.6482 

𝜃 = 40.4° 

 
M1 

 
 

A1 

 
TOTAL 

 
7M 
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(a)  (i)  ℎ(𝑥) = |𝑥 + 3| − |𝑥 − 3|, 𝑥 ∈ 𝑅 

|𝑥 + 3| = {
−𝑥 − 3, 𝑥 < −3
𝑥 + 3, 𝑥 ≥ −3

 

 

|𝑥 − 3| = {
−𝑥 + 3, 𝑥 < 3
𝑥 − 3, 𝑥 ≥ 3

 

              For 𝑥 < −3, 
ℎ(𝑥) = (−𝑥 − 3) − (−𝑥 + 3) 

   = −6 
  For −3 ≤ 𝑥 <3, 
 

ℎ(𝑥) = (𝑥 + 3) − (−𝑥 + 3) 
= 2𝑥 

 
             For 𝑥 ≥ 3, 

ℎ(𝑥) = (𝑥 + 3) − (𝑥 − 3) 
 = 6 

 

Thus ℎ(𝑥) = {
−6,               𝑥 < −3
2𝑥,    − 3 ≤ 𝑥 < 3

6,               𝑥 ≥ 3
 

 
Sketch graph of function h is 

 
(ii)    Range of h is {𝑦|−6 ≤ 𝑦 ≤ 6} 
 

 
a)  

𝑓(𝑥) =
𝑥 + |𝑥|

2
, 𝑥 ∈ 𝑅 

 

       For 𝑥 < 0,      𝑓(𝑥) =
𝑥+(−𝑥)

2
=0 

 
  

M1 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
M1A1 

 
 
 

A1 
 
 
 
 
 

D1 
D1 

 
 
 
 
 
 
 
 
 
 
 

[6] 
 
 
 
 

B1 
 

[1] 
 
 
 
 
 

 



 

For 𝑥 > 0,      𝑓(𝑥) =
𝑥+(𝑥)

2
= 𝑥 

 

Therefore, 𝑓(𝑥) = {
0, 𝑥 < 0
𝑥, 𝑥 ≥ 0

 

 

𝑔(𝑥) = {
𝑥 − 1, 𝑥 < 0

               2, 𝑥 > 0     
 

Sketch of the graph of function f: 
 

 
    Sketch of the graph of function g: 
 

 
Since there is a break in the graph of g at x = 0 , then fog is discontinuous 
(@not continuous)  
 
The range of g is the subset of f , then the composite function fog is defined. 
 
 

 
 
 

M1 
A1 

 
 
 
 
 
 

D1 
 
 
 
 
 
 

 
 
 
 
 

D1 
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8.   
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