
















Extension 2 Task 1 2017 ANSWERS 

 

Q Answer Marks 

1 D 1 

2 C 1 

3 D 1 

4 D 1 

5 
a) Let ( ) 3 2P x x 3x 2x 1 0= + − − =  have roots , ,   . 

  is a root of ( ) ( )P x P 0→  =   

When  

,2 x

x x
P 0

2 2

 =

 
 = → = 

 

   

is the polynomial equation whose roots are , ,2 2 2    
3 2

x x x x
P 3 2 1 0

2 2 2 2

       
= + − − =       

       
 

i.e. 
3 2x 6 x 8x 8 0+ − − =  

 

 

b) When ( )P x  is divided by ( )x 2+  the remainder is ( )P 2−  by remainder 

theorem. 

( )

 ( )

P 2 6

Similarly P 1 9

 − =

=
  

Since ( )( )x 2 x 1+ −  is a quadratic polynomial, the remainder when ( )P x  

Is divided by ( )( )x 2 x 1+ −  is a linear function ( )ax b+  and let the quotient 

function be ( )Q x . 

( ) ( )( ). ( ) ( )P x x 2 x 1 Q x ax b  + − + +   

This division transformation is an identity  

𝑖𝑒.  the statement is true for all values of x. 

 

 when 

 
( )

( )

 ( )     

      ( )         

x 2 P 2 2a b 6 1

x 1 P 1 a b 9 2

= − − = − + =

= = + =
  

Solving equations (1) and (2) simultaneously gives ,a 1 b 8= =   

the required remainder is ( )x 8+  
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5 c) By remainder theorem when ( )P x  is divided by ( )x 1+ the remainder is 

( )P 1− . 

( ) ( ) ( ) ( )

    (1)

4 3 2P 1 2 a 1 b 1 c 1 e 2

a b c e 2

− = − → − + − + − + = −

→ − + + = −
  

( )P x has a double root at x = 1 →   

 ( )       (2)P 1 0 a b c e 0= → + + + =   

And as '( ) 3 2P x 4ax 3bx 2cx 0= + + =  

'( )       (3)P 1 0 4a 3b 2c 0= → + + =  

( ) ( ) b 11 2b 22 → = → =−   

Sub b 1= into (3) 

 
 

-

4a 3 2c 0

4a 2c 3

+ + =

+ =
  

 

d)  

i) Complex conjugate of  =    

                        Complex conjugate of  ib = ib = ib = -ib  

( ) 4 3 2 2P z z 2kz 2k z 2kz 1= + + + + , where k is real, and the 

coefficients of ( )P z  are real 

→  is a root, implies  is a root of ( )P z  by conjugate root theorem 

Similarly i  is a root, implies i−  is a root of  ( )P z  

 

ii) ( ) 4 3 2 2P z z 2kz 2k z 2kz 1= + + + +  
                     = ( ) ( )4 3 2 2 2 2z 2kz k z k z 2kz 1+ + + + +   

                      ( ) ( )2 2 2z z k kz 1= + + +   

 

iii) ( ) ( ) ( )2 2 2P z z z k kz 1= + + +  

As 𝑃(𝑧) is the sum of two complete squares, for 𝑃(𝑧)to be zero, 
both 𝑧 + 𝑘 and 𝑘𝑧 + 1 must be zero.  

Solving 𝑧 + 𝑘 = 0 and 𝑘𝑧 + 1 = 0  gives 𝑘 = ±1. 
 

When 𝑘 = 1, 𝑃(𝑧) =  𝑧2(𝑧 + 1)2 + (𝑧 + 1)2 

                                = (𝑧 + 1)2(𝑧2 + 1)  ---- (1)    (by factorising) 

 

When 𝑘 = −1, 𝑃(𝑧) =  𝑧2(𝑧 − 1)2 + (1 − 𝑧)2 − − − (2) 

 

              iv)     From (iii) above, when 𝑃(𝑧) = 0, gives  𝑧 = −1 and ± 𝑖 from (1)              

                            and 𝑧 = 1 from (2) 

ie. The roots of ( )P z 0=  are , ,  and 1 1 i i− −   

The modulus of each of these roots are 1. 

 

 

 

 

1 

 

1 mark 

for 

using 
𝑃(1) = 0  
and 
𝑃′(1) = 0 

 

1 mark for 

using the 

equations 

to get the 

required 

answer 

 

 

1 mark for 

stating the 

conjugate 

theorem 

and that all 

coefficients 

are real 

 

 

 

 

 

1 mark for 

correct 

working 

 

 

 

 

 

 

 

 

1 mark for 

getting the 

two values 

of 𝑘 

1 mark for 

getting the 

two 

required 

expressions 

for 𝑃(𝑧). 
 

1 mark for 

each for 

using the 

the two 

equations 

to get the 

values of z 

1 mark for 

stating the 

modulus is 

1  
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6  

a)    

i) Students may do by a number of methods 

(by calculating using shorthand techniques) 

Go straight to  

( )

( )

28 6i 1 3i

8 6i 1 3i

− + = +

 − + =  +
  

 

OR long way 

2 2

8 6i x iy

8 6i x y 2ixy

− + = +

− + = − +
  

Equating coefficients of  real and imaginary parts 
2 28 x y− = +   (1) 

  (2)

6i 2ixy

3 xy

3
y

x

=

=

=

  

 

Sub. (2) into (1) 

 
2

2

2 4

4 2

3
8 x

x

8x x 9

x 8x 9

 
− = −  

 

− = −

+ −

  

 

( )( )2 2x 9 x 1 0+ − =   

. into (2)

x 1

sub

y 3

 = 

= 

 

 

( )8 6i 1 3i − + =  +   

 

 

 

2 marks 

for 

getting 

the two 

square 

roots 

correctly 

by any 

relevant 

method 
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6 a/  

 

ii) 𝑧2 − (3 − 5𝑖)𝑧 − 2 − 9𝑖 = 0 

                  By quadratic formula 

                 

( ) ( ) ( )

( )

( ) ( )
    from part i)

( ), ( )

23 5i 3 5i 4 2 9i
z

2

3 5i 8 6i
z

2

3 5i 1 3i
z

2

z 2 i 1 4i

−  − + +
=

−  − +
=

−  +
=

= − −

  

 

iii) 4|𝑧 − 2 + 𝑖| = |𝑧2 − (3 − 5𝑖)𝑧 − 2 − 9𝑖| 

[ ( )][ ( )   from part ii

( )

4 z 2 i z 2 i z 1 4i

4 z 2 i z 2 i z 1 4i

z 2 i z 1 4i 4 0

→ − + = − − − −

→ − + = − + − +

→ − + − + − =

  

 

When z 2 i− + = 0→  the locus of z is just the point ( )2 i−   

When  z 1 4i 4− + = = 0→  the locus of z is the circle with centre 

( )1 4i−  and radius 4. 

 

Sketch is shown below: 
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6 b) i) 

( )

( )   where k is an integer

( )  (By De Moivre's Theorem)

5

5 5

5 5

z 32

z 2 1 0i

z 2 cis 2k 1

z 2cis 2k 1
5

= −

= − +

= − 


= −

  

The roots of 
5z 32 0+ =  are: 

  

when k = 0,  z = 2cis -
p

5

æ

èç
ö

ø÷
= z

1

when k = 1,  z = 2cis
p

5

æ

èç
ö

ø÷
= z

1

when k = -1,  z = 2cis -
3p

5

æ

èç
ö

ø÷
= z

2

when k = 2,  z = 2cis
3p

5

æ

èç
ö

ø÷
= z

2

when k = -2,  z = 2cis p( ) = -2

 

 

 ii) 

  
           𝑧5 + 32 = (𝑧 + 2)[(𝑧 − 𝑧1 )(𝑧 − 𝑧1̅ )][(𝑧 − 𝑧2 )(𝑧 − 𝑧2̅ )] 

                     
𝑧5 + 32

𝑧 + 2
= [𝑧2 − (𝑧1 + 𝑧1̅ )𝑧 + 𝑧1 𝑧1̅][𝑧

2 − (𝑧2 + 𝑧2̅ )𝑧 + 𝑧2𝑧2̅] 

  
𝑧5 + 32

𝑧 + 2
= [𝑧2 − 4𝑐𝑜𝑠

𝜋

5
𝑧 + 4] [𝑧2 − 4𝑐𝑜𝑠

3𝜋

5
𝑧 + 4] 

 

 

 

 

 

 

  

  

 

2 

for all 

correct 

roots 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 

for 

factorising 

and 

grouping 

the 

conjugates 

 

1 

for the 

final 

answer 
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7 a)    

 

 

 

 

 

 

 

 

 

 

 

  

  

i)  

                    In right angled ∆𝐵𝑄𝐶,    
𝐶𝑄

𝐶𝐵
= 𝑐𝑜𝑠

𝜋

4
 

                                                               𝑖𝑒. 𝐶𝑄 =
1

√2
 𝐶𝐵  

    𝐶𝑄⃗⃗⃗⃗  ⃗  is obtained by rotating 
1

√2
 𝐶𝐵⃗⃗⃗⃗  ⃗ in the anti-clockwise sense by 

𝜋

4
 radians 

about 𝐶. 
 

∴  𝐶𝑄⃗⃗⃗⃗  ⃗ =
1

√2
 𝐶𝐵⃗⃗⃗⃗  ⃗ 𝑐𝑖𝑠 

𝜋

4
  

 

     𝐶𝐵⃗⃗⃗⃗  ⃗ =  𝐶𝑂⃗⃗⃗⃗  ⃗ +  𝑂𝑄⃗⃗⃗⃗⃗⃗   
             = (−2 − 4𝑖) + 4  

            = 2 − 4𝑖  
 

∴   𝐶𝑄⃗⃗⃗⃗  ⃗ =
1

√2
 (2 − 4𝑖 )𝑐𝑖𝑠 

𝜋

4
  

             = (1 − 2𝑖)(1 + 𝑖)  

             = 3 − 𝑖 
 

 

    𝑂𝑄⃗⃗⃗⃗⃗⃗   = 𝑂𝐶⃗⃗⃗⃗  ⃗ +  𝐶𝑄⃗⃗⃗⃗  ⃗  
              = (2 + 4𝑖) + (3 − 𝑖) 

              = (5 + 3𝑖) 

 

Q  represents (5 + 3𝑖). 

 

ii) 𝑃𝑅 ⃗⃗ ⃗⃗ ⃗⃗  =  𝑃𝑂 ⃗⃗ ⃗⃗ ⃗⃗  + 𝑂𝑅 ⃗⃗⃗⃗⃗⃗  ⃗ 
        = (−3 + 3𝑖) + 4𝑖 
        =  −3 + 7𝑖 

( )

      =( )

QS 2 5 3i

7 3i

= − − +

− −
 

( )

       = (-7-3i)

       = 

iPR i 3 7i

QS

= − +

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 

 

 

 

 

 

 

 

1 

 

 

 

 

 

 

 

1 

 

 

 

 

 

 

 

 

 

 

1 

 

 

B(4)

C(2+4i)

Q



 

 

Since 𝑄𝑆⃗⃗⃗⃗  ⃗ = 𝑖𝑃𝑅 ⃗⃗ ⃗⃗ ⃗⃗   ,  |𝑄𝑆⃗⃗⃗⃗  ⃗| = |𝑖𝑃𝑅 ⃗⃗ ⃗⃗ ⃗⃗  | and arg(𝑄𝑆⃗⃗⃗⃗  ⃗) = arg ( 𝑖𝑃𝑅 ⃗⃗ ⃗⃗ ⃗⃗  ). 

 

•   |𝑄𝑆⃗⃗⃗⃗  ⃗| = |𝑖𝑃𝑅 ⃗⃗ ⃗⃗ ⃗⃗  |  
 

  |𝑄𝑆⃗⃗⃗⃗  ⃗| = |𝑖||𝑃𝑅 ⃗⃗ ⃗⃗ ⃗⃗  | 
 

                        = |𝑃𝑅 ⃗⃗ ⃗⃗ ⃗⃗  |       
 

         𝒊𝒆. 𝒕𝒉𝒆 𝒍𝒆𝒏𝒈𝒕𝒉𝒔 𝒐𝒇 𝑸𝑺 𝒂𝒏𝒅 𝑷𝑹 𝒂𝒓𝒆 𝒆𝒒𝒖𝒂𝒍.  
 

• arg(𝑄𝑆⃗⃗⃗⃗  ⃗) = arg ( 𝑖𝑃𝑅 ⃗⃗ ⃗⃗ ⃗⃗  )    

•  

      arg(𝑄𝑆⃗⃗⃗⃗  ⃗) = arg(𝑖) + arg ( 𝑃𝑅 ⃗⃗ ⃗⃗ ⃗⃗  ) 
 

                    =
𝜋

2
+ arg𝑃𝑅 ⃗⃗ ⃗⃗ ⃗⃗   

 

𝒊𝒆. 𝑸𝑺 𝒂𝒏𝒅 𝑷𝑹 𝒂𝒓𝒆 𝒑𝒆𝒓𝒑𝒆𝒏𝒅𝒊𝒄𝒖𝒍𝒂𝒓  

 

𝑻𝒉𝒆𝒓𝒆𝒇𝒐𝒓𝒆  𝑸𝑺 𝒂𝒏𝒅 𝑷𝑹  𝒂𝒓𝒆 𝒃𝒐𝒕𝒉 𝒆𝒒𝒖𝒂𝒍 𝒂𝒏𝒅 𝒑𝒆𝒓𝒑𝒆𝒏𝒅𝒊𝒄𝒖𝒍𝒂𝒓. 
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7  

b (i) 

 

𝑧 = 𝑐𝑜𝑠𝜃 + 𝑖𝑠𝑖𝑛𝜃  

 

𝑧𝑛 = cos(𝑛𝜃) + 𝑖𝑠𝑖𝑛(𝑛𝜃)       (1)        𝐵𝑦 𝐷𝑒 𝑀𝑜𝑖𝑣𝑟𝑒′𝑠𝑇ℎ𝑒𝑜𝑟𝑒𝑚  

 
1

𝑧𝑛 = 𝑧−𝑛  

     = cos(−𝑛𝜃) + 𝑖𝑠𝑖𝑛(−𝑛𝜃)            𝐵𝑦 𝐷𝑒 𝑀𝑜𝑖𝑣𝑟𝑒′𝑠𝑇ℎ𝑒𝑜𝑟𝑒𝑚 

 

    = cos(𝑛𝜃) − 𝑖𝑠𝑖𝑛(𝑛𝜃)        (2) 

 

(1) + (2)   gives       𝑧𝑛 +
1

𝑧𝑛 = 2cos (𝑛𝜃) 

 

 

(1) - (2)    gives       𝑧𝑛 −
1

𝑧𝑛
= 2𝑖sin(𝑛𝜃) 

 

 

 

 

 

 

 

 

 

 

1 

Mark for 

using De 

Moivre’s 

theorem 

Correctly 

 

 

 

 

 

 

 

 

 

1 mark for 

getting the 

expressions 

for 𝑧𝑛 +
1

𝑧𝑛
 

and  

𝑧𝑛 −
1

𝑧𝑛
 

 

 

 

 

 



 

 

ii) 

cos

cos    (1)

sin

sin    (2)

(1)+(2) (cos sin )

                                         

                      

4

4

4

4

4 4

4 4

4

4

1
2 z

z

1
16 z

z

1
2i z

z

1
16 z

z

1 1
16 z z

z z

1
2 z 12

z

 = +

 
  = + 

 

 = −

 
  = − 

 

   
 +  = + + −   

   

 
= + + 

 

 

                    = cos   

cos sin cos4 4

2 4 12

1
4 3

8

 +

 +  =  +

 

 

 

 

 

 

 

 

 

1 mark for 

getting 

expressions 

for 𝑐𝑜𝑠4𝜃 

and 𝑠𝑖𝑛4𝜃 

 

 

 

 

1 mark for 

simplifying 

 

1 mark for 

using De 

Moivre’s 

theorem 

again to get 

the answer 

 


