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Ex1 Binomial Expansion 

1.  𝑥 − 𝑦 5 = 𝑥5  1 −
𝑦

𝑥
 

5
= 𝑥5  1 + 5  −

𝑦

𝑥
 + 10  −

𝑦

𝑥
 

2
+ 10  −

𝑦

𝑥
 

3
+ 5  −

𝑦

𝑥
 

4
+  −

𝑦

𝑥
 

5
   

 

                                                            = 𝑥5 − 5𝑥4𝑦 + 10𝑥3𝑦2 − 10𝑥2𝑦3 + 5𝑥𝑦4 − 𝑦5            

_________________________________________________________________ 

2.  𝑥 + 1 5 = 𝑥5  1 +
1

𝑥
 

5
= 𝑥5  1 + 5  

1

𝑥
 + 10  

1

𝑥
 

2
+ 10  

1

𝑥
 

3
+ 5  

1

𝑥
 

4
+  

1

𝑥
 

5
   

 

                                                            = 𝑥5 + 5𝑥4 + 10𝑥3 + 10𝑥2 + 5𝑥 + 1            

_________________________________________________________________ 

(b)  1 − 𝑥 4 =  1 +  −𝑥  
4

= 1 + 4 −𝑥 + 6 −𝑥 2 + 4 −𝑥 3 + 1 −𝑥 4  

 

                                                            = 1 − 4𝑥 + 6𝑥2 − 4𝑥3 + 𝑥4            

_________________________________________________________________ 

(c)  𝑎 + 2𝑏 3 = 𝑎3  1 +  
2𝑏

𝑎
  

3

= 𝑎3  1 + 3   
2𝑏

𝑎
  + 3   

2𝑏

𝑎
  

2

+ 1   
2𝑏

𝑎
  

3

   

 

                                                                         = 𝑎3 + 6𝑎2𝑏 + 12𝑎𝑏2 + 8𝑏3            

_________________________________________________________________ 

(d)  2𝑎 − 𝑏 5 = 32𝑎5  1 +  
−𝑏

2𝑎
  

5

= 32𝑎5  1 + 5  
−𝑏

2𝑎
 + 10  

−𝑏

2𝑎
 

2

+ 10  
−𝑏

2𝑎
 

3

+ 5  
−𝑏

2𝑎
 

4

+ 1  
−𝑏

2𝑎
 

5

   

 

                                                                         = 32𝑎5 − 80𝑎4𝑏 + 80𝑎3𝑏2 − 40𝑎2𝑏3  + 10𝑎𝑏4 − 𝑏5          

_________________________________________________________________ 
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(e)  2𝑥 − 3𝑦 5 = 32𝑥5  1 +  
−3𝑦

2𝑥
  

5

= 32𝑥5  1 + 5  
−3𝑦

2𝑥
 + 10  

−3𝑦

2𝑥
 

2

+ 10  
−3𝑦

2𝑥
 

3

+ 5  
−3𝑦

2𝑥
 

4

+ 1  
−3𝑦

2𝑥
 

5

   

 

                                                                         = 32𝑥5 − 240𝑥4𝑦 + 720𝑥3𝑦2 − 1080𝑥2𝑦3  + 810𝑎𝑏4 − 243𝑏5          

____________________________________________________________________ 

(f)  𝑥 +
1

𝑥
 

5

= 𝑥5  1 +  
1

𝑥2  
5

= 𝑥5  1 + 5  
1

𝑥2 + 10  
1

𝑥2 
2

+ 10  
1

𝑥2 
3

+ 5  
1

𝑥2 
4

+ 1  
1

𝑥2 
5

   

 

                                                                         = 𝑥5 + 5𝑥3 + 10𝑥 +
10

𝑥
 +

5

𝑥3
+

1

𝑥5
          

____________________________________________________________________ 

(g)  𝑎 − 2𝑏 6 = 𝑎6  1 +  
−2𝑏

𝑎
  

6

= 𝑎6  1 + 6  
−2𝑏

𝑎
 + 15  

−2𝑏

𝑎
 

2

+ 20  
−2𝑏

𝑎
 

3

+ 15  
−2𝑏

𝑎
 

4

+ 6  
−2𝑏

𝑎
 

5

+ 1  
−2𝑏

𝑎
 

6

   

 

                                                                 = 𝑎6 − 12𝑎5𝑏 + 60𝑎4𝑏2 − 160𝑎3𝑏3  + 240𝑎2𝑏4 − 192𝑎𝑏5 + 64𝑏6          

____________________________________________________________________ 

(h)  2𝑎 + 𝑏 7 = 128𝑎6  1 +  
𝑏

2𝑎
  

7

= 128𝑎7  1 + 7  
𝑏

2𝑎
 + 21  

𝑏

2𝑎
 

2
+ 35  

𝑏

2𝑎
 

3
+ 35  

𝑏

2𝑎
 

4
+ 21  

𝑏

2𝑎
 

5
+ 7  

𝑏

2𝑎
 

6
+ 1  

𝑏

2𝑎
 

7
   

 

                                                        = 128𝑎7 + 448𝑎6𝑏 + 672𝑎5𝑏2 + 560𝑎4𝑏3  + 280𝑎3𝑏4 + 84𝑎2𝑏5 + 14𝑎𝑏6 + 𝑏7          

____________________________________________________________________ 
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Ex2 Binomial Expansion –     
𝑛!

𝑟! 𝑛−𝑟 !
 

1.  3 + 𝑥 3 = 33 + 3 32  𝑥 + 3 3  𝑥 2 + 𝑥3  

                                = 27 + 27𝑥 + 9𝑥2 + 𝑥3            

_________________________________________________________________ 

(b)  5 + 2𝑥 3 = 53 + 3 5 2 2𝑥 + 3 5  2𝑥 2 +  2𝑥 3  

                                = 125 + 150𝑥 + 60𝑥2 + 8𝑥3            

_________________________________________________________________ 

(c)  3 + 𝑥 4 = 34 + 4 3 3 𝑥 + 6 3 2 𝑥 2 + 4 3  𝑥 3 + 3  𝑥 4 

                                = 81 + 108𝑥 + 54𝑥2 + 12𝑥3 + 3𝑥4            

_________________________________________________________________ 

(d)  2 − 𝑥 4 = 24 + 4 2 3 −𝑥 + 6 2 2 −𝑥 2 + 4 2  −𝑥 3 + 2  −𝑥 4 

                                = 16 − 32𝑥 + 24𝑥2 − 8𝑥3 + 2𝑥4            

_________________________________________________________________ 

(e)  𝑥 + 2𝑦 3 = 𝑥3 + 3 𝑥 2 2𝑦 + 3 𝑥  2𝑦 2 +  2𝑦 3  

                                = 𝑥3 + 6𝑥2𝑦 + 12𝑥𝑦2 + 8𝑦3            

_________________________________________________________________ 

(f)  2𝑥 − 3𝑦 3 =  2𝑥 3 + 3 2𝑥 2 −3𝑦 + 3 2𝑥  −3𝑦 2 +  −3𝑦 3  

                                = 8𝑥3 − 36𝑥2𝑦 + 54𝑥𝑦2 − 27𝑦3            

_________________________________________________________________ 

(g)  1 + 3𝑥 4 = 14 + 4 1 3 3𝑥 + 6 1 2 3𝑥 2 + 4 1  3𝑥 3 + 1  3𝑥 4 

                                = 1 + 12𝑥 + 54𝑥2 + 108𝑥3 + 81𝑥4            

_________________________________________________________________ 

(h)  2 − 3𝑥 5 = 25 + 5 2 4 −3𝑥 + 10 2 3 −3𝑥 2 + 10 2 2 −3𝑥 3 +5 2  −3𝑥 4 +  −3𝑥 5 

                                = 32 − 240𝑥 + 720𝑥2 − 1080𝑥3 + 810𝑥4 − 243𝑥5           

_________________________________________________________________ 
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(i)  2𝑥 −
3

𝑥
 

5
=  2𝑥 5 + 5 2𝑥 4  −

3

𝑥
 + 10 2𝑥 3  −

3

𝑥
 

2
+ 10 2𝑥 2  −

3

𝑥
 

3
 +5 2𝑥  −

3

𝑥
 

4
+  −

3

𝑥
 

5
 

                                = 32𝑥5 − 240𝑥3 + 720𝑥 −
1080

𝑥
+

810

𝑥3
−

243

𝑥5
           

_________________________________________________________________ 

2.  2 + 𝑥 5 =  2 5 + 5 2 4 𝑥 + 10 2 3 𝑥 2 + 10 2 2 𝑥 3 +5 2  𝑥 4 +  𝑥 5 

                                = 32 + 80𝑥 + 80𝑥2 + 40𝑥3 + 10𝑥4 + 𝑥5           

 

 2 + 0.1 5 = 32 + 80 0.1 + 80 0.1 2 + 40 0.1 3 + 10 0.1 4 +  0.1 5 = 𝟒𝟎. 𝟖𝟒𝟏𝟎𝟏 

 

(b)        2 − 0.1 5 = 32 + 80 −0.1 + 80 −0.1 2 + 40 −0.1 3 + 10 −0.1 4 +  −0.1 5 = 24.76099 

_________________________________________________________________ 

3.  2 + 𝑥 7 =  2 7 + 7 2 6 𝑥 + 21 2 5 𝑥 2 + 35 2 4 𝑥 3 …………………… 

                                = 128 + 448𝑥 + 672𝑥2 + 560𝑥3 ……………… ..           

 

 2 + 0.1 7 = 128 + 448 0.1 + 672 0.1 2 + 560 0.1 3 ……………… . . = 𝟏𝟖𝟎. 𝟎𝟖  𝑐𝑒𝑐𝑘‼‼‼‼‼‼! 

_________________________________________________________________ 

4.  1 + 𝑥 4 = 14 + 4 1 3 𝑥 + 6 1 2 𝑥 2 + 4 1  𝑥 3 + 1  𝑥 4 

                                = 1 + 4𝑥 + 6𝑥2 + 4𝑥3 + 𝑥4            

 1.01 4 =  1 + 0.01 4 

               = 1 + 4(1)3 0.01 + 6(1)2 0.01 2 + 4(1) 0.01 3 +  0.01 4 = 𝟏. 𝟎𝟒𝟎𝟔𝟎 

_________________________________________________________________ 

(b)  1 + 𝑥 5 =  1 5 + 5 1 4 𝑥 + 10 1 3 𝑥 2 + 10 1 2 𝑥 3 +5 1  𝑥 4 +  𝑥 5 

                         = 1 + 5𝑥 + 10𝑥2 + 10𝑥3 + 5𝑥4 + 𝑥5           

 0.998 5 =  1 + (−0.002 5 

                  = 1 + 5 −0.002 + 10 −0.002 2 + 10 −0.002 3 + 5 −0.002 4 +  −0.002 5 = 𝟎. 𝟗𝟗𝟎𝟎𝟑𝟗𝟗 

_________________________________________________________________ 
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(c)  1 + 𝑥 10 = 1 + 10 𝑥 + 45 𝑥 2 + 120 𝑥 3 + 210 𝑥 4 + 252 𝑥 5 + 210 𝑥 6 ……………….  

  0.99 10 =  1 +  −0.01  
10

 

                  = 1 + 10 −0.01 + 45 −0.01 2 + 120 −0.01 3 + 210 −0.01 4 + 252 −0.01 5 + 210 0.01 6 …… = 𝟎. 𝟗𝟎𝟒𝟒         

____________________________________________________________________ 

(d)  1 + 𝑥 10 = 1 + 10 𝑥 + 45 𝑥 2 + 120 𝑥 3 + 210 𝑥 4 + 252 𝑥 5 + 210 𝑥 6 + 120 𝑥 7 + 45 𝑥 8 + 10 𝑥 9 +  𝑥 10   

  1.99 10 =  1 +  0.99  
10

 

                  = 1 + 10 0.99 + 45 0.99 2 + 120 0.99 3 + 210 0.99 4 + 252 0.99 5 + 210 0.99 6 … … = 𝟗𝟕𝟑. 𝟗         

____________________________________________________________________ 
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Ex Finding Coefficients of Binomial Expansions 

 𝑥 + 𝑦 𝑛 =  
𝑛
𝑟
  𝑥 𝑛−𝑟𝑦𝑟                      

𝑛
𝑟
 =

𝑛!

𝑟!  𝑛 − 𝑟 !
   

 

1. 𝑇𝑒 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑓𝑜𝑟 𝑡𝑒𝑟𝑚 𝑥7                    1 + 𝑥 10 =  
10
𝑟

  1 10−𝑟𝑥𝑟         𝑟 = 7    

                          =  
10
7

  1 10−7𝑥7        

  

                          =
𝑛!

𝑟!  𝑛 − 𝑟 !
 1 3𝑥7        

  

                          =
10!

7!  3 !
 1 3𝑥7        

  

                          = 120𝑥7        

_______________________________________________________________________________________________________ 

b. 𝑇𝑒 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑓𝑜𝑟 𝑡𝑒𝑟𝑚 𝑦3            𝑦 −
5

𝑦
 

7

=  
7
𝑟
  𝑦 7−𝑟  −

5

𝑦
 
𝑟

            

                                                                                          =  
7
𝑟
  𝑦 7−𝑟(−5)𝑟𝑦−𝑟          ;              7 − 𝑟 − 𝑟 = 3  ;   7 − 2𝑟 = 3 ∶ 𝑟 = 2  

           =  
7
2
  𝑦 3(−5)2       

           = 525𝑦3        

_______________________________________________________________________________________________________ 

2. 𝑇𝑒 𝐼𝑛𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 (𝑥0‼)           𝑥 −
2

𝑥
 

10

=  
10
𝑟

  𝑥 7−𝑟  −
2

𝑥
 
𝑟

            

                                                                                          =  
10
𝑟

  𝑥 10−𝑟 −2 𝑟(𝑥)−𝑟          ;           10 − 𝑟 − 𝑟 = 0  ;   10 − 2𝑟 = 0 ∶ 𝑟 = 5  

           =  
10
5

  𝑥 0(−2)5       

           = −8064   𝑎𝑠 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑       

_______________________________________________________________________________________________________ 
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3.  1 + 𝑥 + 𝑥2 3 =  1 +  𝑥 + 𝑥2  
3

  

 

 1 + 𝑥 3 = 1 + 3𝑥 + 3𝑥2 + 𝑥3 

               1 +  𝑥 + 𝑥2  
3

 = 1 + 3 𝑥 + 𝑥2 + 3  𝑥 + 𝑥2  
2

+   𝑥 + 𝑥2  
3

            

 

               1 +  𝑥 + 𝑥2  
3

 = 1 + (3𝑥 + 3𝑥2) + 3 𝑥2 + 2𝑥3 + 𝑥4 +  𝑥3 + 2𝑥4 + 𝑥5 + 𝑥4 + 2𝑥5 + 𝑥6             

               1 +  𝑥 + 𝑥2  
3

 = 1 + 3𝑥 + 6𝑥2 + 7𝑥3 + 6𝑥4 + 3𝑥5 + 𝑥6  

_________________________________________________________________ 
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Ex1 Complex Numbers 

1.  𝑎     2𝑖 2 = 4𝑖2 = −4              𝑏    3𝑖 2 = 9𝑖2 = −9           𝑐    4𝑖 2 = 16𝑖2 = −16 

 

 𝑑     −2𝑖 2 = 4𝑖2 = −4          𝑒    −3𝑖 2 = 9𝑖2 = −9 

_______________________________________________________________________ 

2.  𝑎    𝑥2 + 4 = 0      ;      𝑥2 = −4    ;      𝑥 = ±2𝑖 
 𝑏    𝑥2 + 9 = 0      ;      𝑥2 = −9    ;      𝑥 = ±3𝑖 

 𝑐    𝑥2 + 3 = 0      ;      𝑥2 = −3    ;      𝑥 = ± 3𝑖 

_______________________________________________________________________ 

3.  𝑎    𝑥2 − 2𝑥 + 2 = 0        ;      𝑥 =
4± 16−20

2
                ;        𝑥 = 1 ± 𝑖 

 𝑏    𝑥2 − 4𝑥 + 5 = 0        ;      𝑥 =
4 ±  16 − 20

2
       ;        𝑥 = 2 ± 𝑖 

 𝑐    𝑥2 − 4𝑥 + 13 = 0      ;      𝑥 =
4 ±  16 − 52

2
       ;        𝑥 = 2 ± 3𝑖 

 𝑑    𝑥2 + 2𝑥 + 2 = 0        ;      𝑥 =
−2 ±  4 − 8

2
         ;        𝑥 = −1 ± 𝑖 

 𝑒    4𝑥2 − 4𝑥 + 5 = 0      ;      𝑥 =
4 ±  16 − 80

8
       ;        𝑥 =

1

2
± 𝑖 

 𝑓    𝑥2 + 6𝑥 + 10 = 0      ;      𝑥 =
−6 ±  36 − 40

2
   ;        𝑥 = −3 ± 𝑖 

 𝑔    2𝑥2 − 2𝑥 + 1 = 0      ;      𝑥 =
2 ±  4 − 8

4
           ;        𝑥 =

1

2
±

1

2
𝑖 

     9𝑥2 − 6𝑥 + 2 = 0      ;      𝑥 =
6 ±  36 − 72

18
                ;        𝑥 =

1

3
±

1

3
𝑖 

_______________________________________________________________________ 

4. Miss out  

_______________________________________________________________________ 

5. Sum 

 𝑎   1 + 𝑖 +  1 − 𝑖 = 2               𝑏    2 + 𝑖 +  2 − 𝑖 = 4        𝑐    2 + 3𝑖 +  2 − 3𝑖 = 4 

 𝑑   −1 + 𝑖 +  −1 − 𝑖 = −2      𝑒  
1

2
+ 𝑖 +  

1

2
− 𝑖 = 1      (𝑓)  −3 + 𝑖 +  −3 − 𝑖 = −6 

 

(g)   
1

2
+

1

2
𝑖 +  

1

2
−

1

2
𝑖 = 1       ()  

1

3
+

1

3
𝑖 +  

1

3
−

1

3
𝑖 =

2

3
  

 

Product 

 𝑎    1 + 𝑖 ×  1 − 𝑖 = 2              𝑏    2 + 𝑖 ×  2 − 𝑖 = 5          (𝑐)   2 + 3𝑖 +  2 − 3𝑖 = 13 

 𝑑    −1 + 𝑖 +  −1 − 𝑖 = 2       𝑒   
1

2
+ 𝑖 +  

1

2
− 𝑖 = 1

1

4
      𝑓    −3 + 𝑖 +  −3 − 𝑖 = 10 

 

(g)   
1

2
+

1

2
𝑖 +  

1

2
−

1

2
𝑖 =

1

2
          

1

3
+

1

3
𝑖 +  

1

3
−

1

3
𝑖 =

2

9
       𝑠𝑢𝑚 = −

𝑏

𝑎
    𝑝𝑟𝑜𝑑𝑢𝑐𝑡 =

𝑐

𝑎
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6.  𝑎   𝑥3 − 1 = 0    ;       𝑥3 = 1     ;    𝑥 = 1 

 

 𝑏   𝑥4 − 1 = 0    ;       𝑥4 = 1     ;    𝑥 = ±1 𝑎𝑛𝑑 ± 𝑖 

 

 𝑐   𝑥3 − 𝑥2 − 𝑥 − 2 = 0    ;      (𝑥 − 2)  𝑥2 + 𝑥 + 1 = 0 

 

 
 

 𝑥 − 2   𝑥2 + 𝑥 + 1 = 0     ;    𝑥 = 2 𝑎𝑛𝑑    𝑥 =
−1 ±  1 − 4

2
= −

1

2
±

 3

2
𝑖 

 

 𝑑   (𝑥2 + 4) (𝑥2 + 9 = 0    ;       𝑥2 + 4 = 0     ;    𝑥 = ±2𝑖       𝑎𝑛𝑑 𝑥2 + 9 = 0     ;    𝑥 = ±3𝑖 
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Ex2 Complex Number Operations 

 

1.  𝑎   3 + 7𝑖 +  2 + 𝑖 = 5 + 8𝑖                             𝑏    9 − 2𝑖 −  3 + 𝑖 = 6 − 3𝑖  

               𝑐   −2 + 𝑖 +  7 − 4𝑖 = 5 − 3𝑖                          𝑑    3 + 2𝑖 +  3 − 2𝑖 = 6 

               𝑒   −2 + 𝑖 −  −2 − 𝑖 = 2𝑖                                 𝑓    𝑎 + 𝑏𝑖 +  𝑎 − 𝑏𝑖 = 2𝑎 

               𝑔   𝑎 + 𝑏𝑖 −  𝑎 − 𝑏𝑖 = 2𝑏𝑖   

______________________________________________________________________________ 

2.  𝑎  𝑖3 = −𝑖              𝑏   𝑖4 = 𝑖2 × 𝑖2 = 1             𝑐     𝑖5 = 𝑖         𝑑     𝑖6 = −1 

               𝑒    𝑖7 = −𝑖            𝑓    𝑖8 = 1                𝑔    𝑖9 = 𝑖             𝑖10 = −1 

______________________________________________________________________________ 

3.  𝑎   2𝑖 × 4𝑖 = −8                        𝑏 − 2 𝑖2 = 2                                    𝑐    𝑖 3 + 2𝑖 = 3𝑖 − 2 = −2 + 3𝑖 

               𝑑  − 𝑖 1 − 4𝑖 = −4 − 𝑖         𝑒  2 + 𝑖  3 + 𝑖 = 5 + 5𝑖             𝑓     6 − 5𝑖  2 + 3𝑖 = 27 + 8𝑖 

               𝑔   2 + 3𝑖  2 − 3𝑖 = 13          𝑎 + 𝑏𝑖  𝑎 − 𝑏𝑖 = 𝑎2 + 𝑏2     

               𝑖     𝒂 + 𝒃𝒊  𝒄 + 𝒅𝒊 =  𝑎𝑐 − 𝑏𝑑 +  𝑏𝑐 + 𝑎𝑑 𝑖       𝑗   𝑎 + 𝑏𝑖  𝑐 − 𝑑𝑖 =  𝑎𝑐 + 𝑏𝑑 +  𝑏𝑐 − 𝑎𝑑 𝑖 

               𝑘     1 + 𝑖 3 = 1 + 3𝑖 + 3𝑖2 + 𝑖3 = −2 + 3𝑖 − 𝑖 = −2 + 2𝑖 

               𝑙     1 + 𝑖 4 = 1 + 4𝑖 + 6𝑖2 + 4𝑖3 + 𝑖4 = 1 − 6 + 1 + 4𝑖 − 4𝑖 = −4 

               𝑚     1 + 𝑖 4 1 − 𝑖 5 =  1 + 𝑖  1 − 𝑖  1 + 𝑖  1 − 𝑖  1 + 𝑖  1 − 𝑖  1 + 𝑖  1 − 𝑖 (1 − 𝑖) 

                         =  2  2  2  2  1 − 𝑖 = 16 1 − 𝑖 = 16 − 16𝑖 

               𝑛     3 + 𝑖 2+ 3 − 𝑖 2 =  8 + 6𝑖 +  8 − 6𝑖 = 16 

               𝑜     𝑐𝑜𝑠𝑡 + 𝑖𝑠𝑖𝑛𝑡 2 = 𝑐𝑜𝑠2𝑡 − 𝑠𝑖𝑛2𝑡 + 𝑖2𝑐𝑜𝑠𝑡𝑠𝑖𝑛𝑡 = 𝑐𝑜𝑠2𝑡 + 𝑖𝑠𝑖𝑛2𝑡 

               𝑝     𝑐𝑜𝑠𝐴 + 𝑖𝑠𝑖𝑛𝐴  𝑐𝑜𝑠𝐵 + 𝑖𝑠𝑖𝑛𝐵 = 𝑐𝑜𝑠𝐴𝑐𝑜𝑠𝐵 − 𝑠𝑖𝑛𝐴𝑐𝑜𝑠𝐵 + 𝑖𝑠𝑖𝑛𝐴𝑐𝑜𝑠𝐵 + 𝑐𝑜𝑠𝐴𝑠𝑖𝑛𝐵 

                        = cos 𝐴 + 𝐵 𝐴𝑐𝑜𝑠𝐵 + 𝑖𝑠𝑖𝑛(𝐴 + 𝐵) 

______________________________________________________________________________ 

4.  𝑎    2 + 𝑖  2 − 𝑖 = 5                    𝑏    1 − 2𝑖  1 + 2𝑖 = 5                 𝑐     5 − 𝑖  5 + 𝑖 = 26 

______________________________________________________________________________ 
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5.  𝑎   
 4+𝑖 

𝑖
×

−𝑖

−𝑖
= 1 − 4𝑖                                                    𝑏     

1

(2+𝑖)
×

 2−𝑖 

 2−𝑖 
=

2

5
−

𝑖

5
 

 

 𝑐   
 2 − 𝑖 

(1 − 2𝑖)
×

(1 + 2𝑖)

(1 + 2𝑖)
=

4 + 3𝑖

5
=

4

5
+

3

5
𝑖              𝑑     

 5 + 𝑖 

(5 − 𝑖)
×

 5 + 𝑖 

 5 + 𝑖 
=

24 + 10𝑖

26
=

12

13
+

5

13
𝑖 

 

 𝑒   
 𝑎 + 𝑏𝑖 

(𝑎 − 𝑏𝑖)
×

(𝑎 + 𝑏𝑖)

(𝑎 + 𝑏𝑖)
=

(𝑎2 − 𝑏2) + 2𝑎𝑏𝑖

𝑎2 + 𝑏2
=

(𝑎2 − 𝑏2)

𝑎2 + 𝑏2
+

2𝑎𝑏𝑖

𝑎2 + 𝑏2
 

 

 𝑓   
 𝑎 + 𝑏𝑖 

(𝑐 + 𝑑𝑖)
×

(𝑐 − 𝑑𝑖)

(𝑐 − 𝑑𝑖)
=

 𝑎𝑐 + 𝑏𝑑 + (𝑏𝑐 − 𝑎𝑑)𝑖

𝑐2 + 𝑑2
=

 𝑎𝑐 + 𝑏𝑑 

𝑐2 + 𝑑2
+

(𝑏𝑐 − 𝑎𝑑)𝑖

𝑐2 + 𝑑2
 

 

 𝑔   
(10 + 5𝑖)

(2 − 𝑖)
×

(2 + 𝑖)

(2 + 𝑖)
=

15 + 20𝑖

5
= 3 + 4𝑖 

 

    
1

(𝑐𝑜𝑠𝐴 + 𝑖𝑠𝑖𝑛𝐴)
×

(𝑐𝑜𝑠𝐴 − 𝑖𝑠𝑖𝑛𝐴)

(𝑐𝑜𝑠𝐴 − 𝑖𝑠𝑖𝑛𝐴)
=

(𝑐𝑜𝑠𝐴 − 𝑖𝑠𝑖𝑛𝐴)

(𝑐𝑜𝑠2𝐴 + 𝑠𝑖𝑛2𝐴)
= 𝑐𝑜𝑠𝐴 − 𝑖𝑠𝑖𝑛𝐴 

 

    
(𝑐𝑜𝑠𝐴 + 𝑖𝑠𝑖𝑛𝐴)

(𝑐𝑜𝑠𝐴 − 𝑖𝑠𝑖𝑛𝐴)
×

(𝑐𝑜𝑠𝐴 + 𝑖𝑠𝑖𝑛𝐴)

(𝑐𝑜𝑠𝐴 + 𝑖𝑠𝑖𝑛𝐴)
=

 𝑐𝑜𝑠2𝐴 − 𝑠𝑖𝑛2𝐴 + 𝑖2𝑠𝑖𝑛𝐴𝑐𝑜𝑠𝐴

(𝑐𝑜𝑠2𝐴 + 𝑠𝑖𝑛2𝐴)
= 𝑐𝑜𝑠2𝐴 + 𝑖𝑠𝑖𝑛2𝐴 

 

 

6.   𝑥 − 1 − 𝑖   𝑥 − 1 + 𝑖 =  𝑥2 − 2𝑥 + 1 + 1 +  1 − 𝑥 + 𝑥 − 1 𝑖 = 𝑥2 − 2𝑥 + 2  

 

𝐹𝑜𝑟 𝑎𝑛 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 𝑡𝑜 𝑎𝑣𝑒 𝑟𝑜𝑜𝑡𝑠 𝑜𝑓  1 + 𝑖  𝑎𝑛𝑑  1 − 𝑖  𝑤𝑒 𝑛𝑒𝑒𝑑 

 

 𝑥 − (1 + 𝑖  𝑥 − (1 − 𝑖 = 0              ;                𝑥 − 1 + 𝑖   𝑥 − 1 − 𝑖 = 0       ;        𝑥2 − 2𝑥 + 2 = 0 

 

 

7.  3 − 4𝑖 = 𝑥 + 𝑦𝑖      ;        3 − 4𝑖 = 𝑥2 − 𝑦2 + 2𝑥𝑦𝑖                           ;      𝑥2 − 𝑦2 = 3      ;      2𝑥𝑦 = −4  

 

𝑥2 − 𝑦2 = 3      ;      2𝑥𝑦 = −4      ;     𝒚 =  −
𝟐

𝒙
                ;            𝑥2 −  −

2

𝑥
 

2

= 3    ;     𝑥4 − 4 = 3𝑥2        

 

𝑥4 − 3𝑥2 − 4 = 0      ;        𝑥2 − 4  𝑥2 + 1 = 0 

 

 𝑥2 + 1 = 0  ;   𝑛𝑜 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 𝑠𝑖𝑛𝑐𝑒 𝑥 𝑖𝑠 𝑟𝑒𝑎𝑙                𝑥2 − 4 = 0        𝑥 = 2  𝑎𝑛𝑑  𝑥 = −2 

 

 

𝑥 = 2  𝑦 = −1  𝑎𝑛𝑑  𝑥 = −2   𝑦 = 1                    ;             𝟑 − 𝟒𝒊 = ± 𝟐 − 𝒊  
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b.  21 − 20𝑖 = 𝑥 + 𝑦𝑖      ;        21 − 20𝑖 = 𝑥2 − 𝑦2 + 2𝑥𝑦𝑖                         ;      𝑥2 − 𝑦2 = 21      ;      2𝑥𝑦 = −20  

 

𝑥2 − 𝑦2 = 21      ;      2𝑥𝑦 = −20      ;     𝒚 =  −
𝟏𝟎

𝒙
           ;         𝑥2 −  −

10

𝑥
 

2

= 21    ;     𝑥4 − 100 = 21𝑥2        

 

𝑥4 − 21𝑥2 − 100 = 0      ;        𝑥2 − 25  𝑥2 + 4 = 0 

 

 𝑥2 + 4 = 0  ;   𝑛𝑜 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 𝑠𝑖𝑛𝑐𝑒 𝑥 𝑖𝑠 𝑟𝑒𝑎𝑙                𝑥2 − 25 = 0        𝑥 = 5  𝑎𝑛𝑑  𝑥 = −5 

 

 

𝑥 = 5  𝑦 = −2  𝑎𝑛𝑑  𝑥 = −2   𝑦 = 2                    ;             𝟐𝟏 − 𝟐𝟎𝒊 = ± 𝟓 − 𝟐𝒊  

 

 

c.  2𝑖 = 𝑥 + 𝑦𝑖      ;        2𝑖 = 𝑥2 − 𝑦2 + 2𝑥𝑦𝑖                         ;      𝑥2 − 𝑦2 = 0      ;      2𝑥𝑦 = 2  

 

𝑥2 − 𝑦2 = 0      ;      2𝑥𝑦 = 2      ;     𝒚 =  
𝟏

𝒙
           ;         𝑥2 −  

1

𝑥
 

2

= 0    ;     𝑥4 − 1 = 0        

 

𝑥4 − 1 = 0      ;        𝑥2 − 1  𝑥2 + 1 = 0 

 

 𝑥2 + 1 = 0  ;   𝑛𝑜 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 𝑠𝑖𝑛𝑐𝑒 𝑥 𝑖𝑠 𝑟𝑒𝑎𝑙                𝑥2 − 1 = 0        𝑥 = 1  𝑎𝑛𝑑  𝑥 = −1 

 

 

𝑥 = 1  𝑦 = 1  𝑎𝑛𝑑  𝑥 = −1   𝑦 = −1                    ;             𝟐𝒊 = ± 𝟏 + 𝒊  

 

_____________________________________________________________________________________ 

d.  −24 + 10𝑖 = 𝑥 + 𝑦𝑖      ;        −24 + 10𝑖 = 𝑥2 − 𝑦2 + 2𝑥𝑦𝑖              ;      𝑥2 − 𝑦2 = −24      ;      2𝑥𝑦 = 10  

 

𝑥2 − 𝑦2 = −24      ;      2𝑥𝑦 = 10      ;     𝒚 =  
𝟓

𝒙
           ;         𝑥2 −  

5

𝑥
 

2

= −24    ;     𝑥4 − 25 = −24𝑥2        

 

𝑥4 + 24𝑥2 − 25 = 0      ;        𝑥2 + 25  𝑥2 − 1 = 0 

 

 𝑥2 + 25 = 0  ;   𝑛𝑜 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 𝑠𝑖𝑛𝑐𝑒 𝑥 𝑖𝑠 𝑟𝑒𝑎𝑙                𝑥2 − 1 = 0        𝑥 = 1  𝑎𝑛𝑑  𝑥 = −1 

 

 

𝑥 = 1  𝑦 = 5  𝑎𝑛𝑑  𝑥 = −1   𝑦 = −5                    ;             −𝟐𝟒 + 𝟏𝟎𝒊 = ± 𝟏 + 𝟓𝒊  

 

_____________________________________________________________________________________ 
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Ex3 Complex Number Modules & Argument         𝒛 =  𝒙𝟐 + 𝒚𝟐     ;    ∠ 𝒛 = 𝒕𝒂𝒏−𝟏  
𝒚

𝒙
       

 

1. 𝑧 =  1 +  3𝑖               ;            𝑧 =  12 +   3 
2

= 2              ;           ∠ 𝑧 = 𝑡𝑎𝑛−1  
 3

1
 =

𝜋

3
 

 

 

b.   𝑧 =  2 − 2𝑖               ;            𝑧 =  22 +  −2 2 = 2 2              ;           ∠ 𝑧 = 𝑡𝑎𝑛−1  −
2

2
 = −

𝜋

4
 

 

 

c.   𝑧 =  − 2 −  2𝑖               ;            𝑧 =   − 2 
2

+  − 2 
2

= 2              ;           ∠ 𝑧 = 𝑡𝑎𝑛−1  
− 2

− 2
 = −

3𝜋

4
 

 

 

d.   𝑧 =  0 + 2𝑖               ;            𝑧 =   0 2 +  2 2 = 2              ;           ∠ 𝑧 = 𝑡𝑎𝑛−1  
2

0
 =

𝜋

2
 

 

 

e.   𝑧 =  3 + 0𝑖               ;            𝑧 =   3 2 +  0 2 = 3              ;           ∠ 𝑧 = 𝑡𝑎𝑛−1  
0

3
 = 0 

 

 

f.   𝑧 =  − 3 + 𝑖               ;            𝑧 =    3 
2

+  1 2 = 2              ;           ∠ 𝑧 = 𝑡𝑎𝑛−1  
1

− 3
 =

5𝜋

6
 

 

 

g.   𝑧 =  0 − 3𝑖               ;            𝑧 =   0 2 +  −3 2 = 3              ;           ∠ 𝑧 = 𝑡𝑎𝑛−1  
−3

0
 = −

𝜋

2
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h.   𝑧 =  −5 + 0𝑖               ;            𝑧 =   5 2 +  0 2 = 5              ;           ∠ 𝑧 = 𝑡𝑎𝑛−1  
0

−5
 = 𝜋 

 

 

i.   𝑧 =  −3 − 3𝑖               ;            𝑧 =   −3 2 +  −3 2 = 3 2              ;           ∠ 𝑧 = 𝑡𝑎𝑛−1  
−3

−3
 =

−3𝜋

4
 

 

2. 𝑧1 =  −3 + 3 3𝑖          𝑎𝑛𝑑 𝑧2 =   3 + 𝑖  

 

 𝑧1 =   −3 2 +  3 3 
2

= 6         𝑎𝑛𝑑  ∠𝑧1 = 𝑡𝑎𝑛−1  
3 3

−3
 =

2𝜋

3
 

 

 𝑧2 =    3 
2

+  1 2 = 2         𝑎𝑛𝑑  ∠𝑧2 = 𝑡𝑎𝑛−1  
1

 3
 =

𝜋

6
 

 

𝑧1𝑧2 =  −3 + 3 3𝑖 ×   3 + 𝑖 =  −3 3 − 3 3 + 6𝑖 = −6 3 + 6𝑖 

 𝑧1𝑧2 =   −6 3 
2

+  6 2 = 12         𝑎𝑛𝑑  ∠𝑧2 = 𝑡𝑎𝑛−1  
6

−6 3
 =

5𝜋

6
 

 

b. 𝑧1 =  0 + 3𝑖          𝑎𝑛𝑑 𝑧2 =   2 −  2𝑖  

 

 𝑧1 =   0 2 +  3 2 = 3         𝑎𝑛𝑑  ∠𝑧1 = 𝑡𝑎𝑛−1  
3

0
 =

𝜋

2
 

 𝑧2 =    2 
2

+  − 2 
2

= 2         𝑎𝑛𝑑  ∠𝑧2 = 𝑡𝑎𝑛−1  
− 2

 2
 = −

𝜋

4
 

𝑧1𝑧2 =  0 + 3𝑖 ×   2 −  2𝑖 =  3 2 + 3 2𝑖  

 𝑧1𝑧2 =   3 2 
2

+  3 2 
2

= 6        𝑎𝑛𝑑  ∠𝑧2 = 𝑡𝑎𝑛−1  
3 2

3 2
 =

𝜋

4
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3. 𝑧1 =  −3 + 3 3𝑖          𝑎𝑛𝑑 𝑧2 =   3 + 𝑖  

 

 𝑧1 =   −3 2 +  3 3 
2

= 6         𝑎𝑛𝑑  ∠𝑧1 = 𝑡𝑎𝑛−1  
3 3

−3
 =

2𝜋

3
 

 

 𝑧2 =    3 
2

+  1 2 = 2         𝑎𝑛𝑑  ∠𝑧2 = 𝑡𝑎𝑛−1  
1

 3
 =

𝜋

6
 

 

𝑧1

𝑧2
=

 −3 + 3 3𝑖 

  3 + 𝑖 
×

  3 − 𝑖 

  3 − 𝑖 
=

 −3 3 + 3 3 + 12𝑖

4
= 0 + 3𝑖 

 
𝑧1

𝑧2
 =   0 2 +  3 2 = 3         𝑎𝑛𝑑  ∠𝑧2 = 𝑡𝑎𝑛−1  

3

0
 =

𝜋

2
 

 

b. 𝑧1 =  0 + 3𝑖          𝑎𝑛𝑑 𝑧2 =   2 −  2𝑖  

 

 𝑧1 =   0 2 +  3 2 = 3         𝑎𝑛𝑑  ∠𝑧1 = 𝑡𝑎𝑛−1  
3

0
 =

𝜋

2
 

 𝑧2 =    2 
2

+  − 2 
2

= 2         𝑎𝑛𝑑  ∠𝑧2 = 𝑡𝑎𝑛−1  
− 2

 2
 = −

𝜋

4
 

𝑧1

𝑧2
=

 0 + 3𝑖 

  2 −  2𝑖 
×

  2 +  2𝑖 

  2 +  2𝑖 
=

 −3 2 + 3 2𝑖 

4
 

 𝑧1𝑧2 =   
−3 2

4
 

2

+  
3 2

4
 

2

=
3

2
       𝑎𝑛𝑑  ∠𝑧2 = 𝑡𝑎𝑛−1  −

3 2
4

3 2
4

 =
3𝜋

4
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4. 𝑧 =  1 + 𝑖     ;     𝑖𝑧 = (−1 + 𝑖) 

 

 𝑧 =   1 2 +  1 2 =  2      ;     𝑖𝑧 =   −1 2 +  1 2 =  2 

 

∠𝑧 = 𝑡𝑎𝑛−1  
1

1
 =

𝜋

4
             ;      ∠𝑖𝑧 = 𝑡𝑎𝑛−1  

1

−1
 =

3𝜋

4
 

 

b. 𝑧 =  − 3 − 𝑖     ;     𝑖𝑧 = (1 −  3𝑖) 

 

 𝑧 =   − 3 
2

+  −1 2 = 4      ;     𝑖𝑧 =   1 2 +  1 −  3 
2

= 2 

 

∠𝑧 = 𝑡𝑎𝑛−1  
−1

− 3
 = −

5𝜋

6
             ;      ∠𝑖𝑧 = 𝑡𝑎𝑛−1  

− 3

1
 = −

𝜋

3
 

 

 

5. 𝑧 =  1 + 𝑖     ;    𝑧 = (1 − 𝑖) 

 

 𝑧 =   1 2 +  1 2 =  2      ;     𝑧  =   1 2 +  −1 2 =  2 

 

∠𝑧 = 𝑡𝑎𝑛−1  
1

1
 =

𝜋

4
             ;      ∠ 𝑧 = 𝑡𝑎𝑛−1  

−1

1
 = −

𝜋

4
 

 

b. 𝑧 =  − 3 − 𝑖     ;      𝑧 = (− 3 + 𝑖) 

 

 𝑧 =   − 3 
2

+  −1 2 = 4      ;      𝑧  =   − 3 
2

+  1 2 = 4 

∠𝑧 = 𝑡𝑎𝑛−1  
−1

− 3
 = −

5𝜋

6
             ;      ∠𝑖𝑧 = 𝑡𝑎𝑛−1  

1

− 3
 =

5𝜋

6
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6. 𝑧 =  1 + 𝑖     ;    𝑧 =  1 − 𝑖                       ;          𝑧𝑧 =  1 + 𝑖  1 − 𝑖 = 2 + 0𝑖 

 

    𝑧𝑧  = 2             ;      ∠ 𝑧𝑧   = 𝑡𝑎𝑛−1  
0

2
 = 0 

 

b. 𝑧 =  − 3 − 𝑖     ;      𝑧 =  − 3 + 𝑖                        ;         𝑧𝑧 =  − 3 − 𝑖  − 3 + 𝑖 = 4 + 0𝑖 

 

 𝑧𝑧  = 4         ;       ∠𝑧 𝑧 = 𝑡𝑎𝑛−1  
0

4
 = 0 

 

 

7. Summarising Rules 

 

 𝑧1𝑧2 =  𝑧1 ×  𝑧2                                       𝑎𝑟𝑔 𝑧1𝑧2 = 𝑎𝑟𝑔 𝑧1 + 𝑎𝑟𝑔 𝑧2  

 

 
𝑧1

𝑧2
 =

 𝑧1 

 𝑧2  
                                                    𝑎𝑟𝑔  

𝑧1

𝑧2
 = 𝑎𝑟𝑔 𝑧1 − 𝑎𝑟𝑔 𝑧2  

 

 𝑖𝑧 =  𝑧                                       𝑎𝑟𝑔 𝑖𝑧 = 𝑎𝑟𝑔 𝑧 +
𝜋

2
  𝑎𝑏𝑜𝑢𝑡 𝑡𝑒 𝑜𝑟𝑖𝑔𝑛 

 

 𝑧  =  𝑧                                       𝑎𝑟𝑔 𝑧  = −𝑎𝑟𝑔 𝑧  𝑜𝑟 𝑟𝑒𝑙𝑓𝑒𝑐𝑡𝑖𝑜𝑛 𝑖𝑛 𝑟𝑒𝑎𝑙 𝑎𝑥𝑖𝑠 

 

𝑧 𝑧   𝑖𝑠 𝑨𝑳𝑾𝑨𝒀𝑺 𝑟𝑒𝑎𝑙 𝑎𝑛𝑑 𝑎𝑟𝑔 𝑧𝑧  = 0 
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Ex 6 – Complex Roots 

 

1. 𝐹𝑖𝑛𝑑 𝑎𝑙𝑙 𝑡𝑒 𝑟𝑜𝑜𝑡𝑠 𝑜𝑓 𝑓 𝑧 =  𝑧3 − 11𝑧 + 20 = 0 

 

𝑧 = −4   𝑓 −4 =   −4 3 − 11 ×  −4 + 20 = −64 + 44 + 20 = 0  ;    𝑒𝑛𝑐𝑒  𝑧 + 4  𝑖𝑠 𝑎 𝑓𝑎𝑐𝑡𝑜𝑟 

 

5  4z - 

201104

2

3





z

zzz  

 

𝑧2 − 4𝑧 + 5 = 0             ;         𝑎 = 1   𝑏 = −4    𝑐 = 5             ;    𝑧 =
4 ±  16 − 20

2
= (2 ± 𝑖) 

 

𝑅𝑜𝑜𝑡𝑠 𝑎𝑟𝑒 𝑧 = −4  𝑎𝑛𝑑  2 ± 𝑖  

 

______________________________________________________________________ 

 

2. 𝑉𝑒𝑟𝑖𝑓𝑦 𝑧 =  1 + 𝑖  𝑖𝑠 𝑎 𝑓𝑎𝑐𝑡𝑜𝑟 𝑜𝑓  𝑓 𝑧 =  𝑧4 + 3𝑧2 − 6𝑧 + 10 = 0 

 

𝑓 𝑧 =  (1 + 𝑖)4 + 3(1 + 𝑖)2 − 6 1 + 𝑖 + 10 =  1 + 4𝑖 − 6 − 4𝑖 + 1 + 6𝑖 − 6 − 6𝑖 + 10 = 0 

 

𝑆𝑖𝑛𝑐𝑒  1 + 𝑖  𝑖𝑠 𝑎 𝑓𝑎𝑐𝑡𝑜𝑟 𝑡𝑒𝑛  1 − 𝑖  𝑖𝑠 𝑎𝑙𝑠𝑜 𝑎 𝑓𝑎𝑐𝑡𝑜𝑟. 

 

𝑄𝑢𝑎𝑑𝑟𝑎𝑡𝑖𝑐 𝑓𝑟𝑜𝑚 𝑟𝑜𝑜𝑡𝑠 𝑖𝑠   𝑧 − (1 + 𝑖)  𝑧 − (1 − 𝑖)  =  (𝑧 − 1) − 𝑖  (𝑧 − 1) + 𝑖  

 

                  𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑜𝑓 𝑡𝑤𝑜 𝑠𝑞𝑢𝑎𝑟𝑒𝑠                             =  𝑧2 − 2𝑧 + 1 + 1) =  𝑧2 − 2𝑧 + 2  

 

 

5  2z 



2

242 1063022

z

zzzzz  

 

𝑧2 + 2𝑧 + 5 = 0             ;         𝑎 = 1   𝑏 = 2    𝑐 = 5             ;    𝑧 =
−2 ±  4 − 20

2
= (−1 ± 2𝑖) 

 

𝑅𝑜𝑜𝑡𝑠 𝑎𝑟𝑒 𝑧 = (1 ± 𝑖)  𝑎𝑛𝑑  −1 ± 2𝑖  

 

______________________________________________________________________ 
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3. 𝑉𝑒𝑟𝑖𝑓𝑦 𝑧 =  −2 + 3𝑖  𝑖𝑠 𝑎 𝑓𝑎𝑐𝑡𝑜𝑟 𝑜𝑓  𝑓 𝑧 =  𝑧4 + 7𝑧2 − 12𝑧 + 130 = 0 

 

𝑓 𝑧 =   −2 + 3𝑖 4 + 7 −2 + 3𝑖 2 − 12 −2 + 3𝑖 + 130 

 

          =  16 − 96𝑖 − 216 + 216𝑖 + 81 − 35 − 84𝑖 + 24 − 36𝑖 + 130 = 0   𝑒𝑛𝑐𝑒  −2 + 3𝑖 𝑖𝑠 𝑎 𝑓𝑎𝑐𝑡𝑜𝑟 

 

𝑆𝑖𝑛𝑐𝑒  −2 + 3𝑖  𝑖𝑠 𝑎 𝑓𝑎𝑐𝑡𝑜𝑟 𝑡𝑒𝑛  −2 − 3𝑖  𝑖𝑠 𝑎𝑙𝑠𝑜 𝑎 𝑓𝑎𝑐𝑡𝑜𝑟. 

 

𝑄𝑢𝑎𝑑𝑟𝑎𝑡𝑖𝑐 𝑓𝑟𝑜𝑚 𝑟𝑜𝑜𝑡𝑠 𝑖𝑠   𝑧 − (−2 + 3𝑖)  𝑧 − (−2 − 3𝑖)  =   𝑧 + 2 − 3𝑖  (𝑧 + 2) + 3𝑖  

 

                  𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑜𝑓 𝑡𝑤𝑜 𝑠𝑞𝑢𝑎𝑟𝑒𝑠                             =  𝑧2 + 4𝑧 + 4 + 9) =  𝑧2 + 4𝑧 + 13  

 

 

10    z   



4

1301270134

2

242

z

zzzzz  

 

𝑧2 − 4𝑧 + 10 = 0             ;         𝑎 = 1   𝑏 = −4    𝑐 = 10             ;    𝑧 =
4 ±  16 − 40

2
= (2 ±  6𝑖) 

 

𝑅𝑜𝑜𝑡𝑠 𝑎𝑟𝑒 𝑧 = (−2 ± 3𝑖)  𝑎𝑛𝑑  2 ±  6𝑖  

 

______________________________________________________________________ 
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4. 𝑧 = 𝐺𝑖𝑣𝑒𝑛  2 − 𝑖  𝑖𝑠 𝑎 𝑓𝑎𝑐𝑡𝑜𝑟 𝑜𝑓  𝑓 𝑧 =  3𝑧3 − 10𝑧2 + 7𝑧 + 10 = 0 

 

𝑆𝑖𝑛𝑐𝑒  2 − 𝑖  𝑖𝑠 𝑎 𝑓𝑎𝑐𝑡𝑜𝑟 𝑡𝑒𝑛  2 + 𝑖  𝑖𝑠 𝑎𝑙𝑠𝑜 𝑎 𝑓𝑎𝑐𝑡𝑜𝑟. 

 

𝑄𝑢𝑎𝑑𝑟𝑎𝑡𝑖𝑐 𝑓𝑟𝑜𝑚 𝑟𝑜𝑜𝑡𝑠 𝑖𝑠   𝑧 − (2 − 𝑖)  𝑧 − (2 + 𝑖)  =   𝑧 − 2 − 𝑖  (𝑧 − 2) + 𝑖  

 

                  𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑜𝑓 𝑡𝑤𝑜 𝑠𝑞𝑢𝑎𝑟𝑒𝑠                             =  𝑧2 − 4𝑧 + 4 + 1) =  𝑧2 − 4𝑧 + 5  

 

 

2    3z 

 10710354 232 zzzzz  

 

3𝑧 + 2 = 0      ;        𝑧 = −
2

3
 

 

𝑅𝑜𝑜𝑡𝑠 𝑎𝑟𝑒 𝑧 =  2 ± 𝑖  𝑎𝑛𝑑 𝑧 = −
2

3
 

 

______________________________________________________________________ 

5. 𝑧 = 𝐺𝑖𝑣𝑒𝑛  1 − 2𝑖  𝑖𝑠 𝑎 𝑓𝑎𝑐𝑡𝑜𝑟 𝑜𝑓  𝑓 𝑧 =  𝑧3 + 𝑧 + 10 = 0 

 

𝑆𝑖𝑛𝑐𝑒  1 − 2𝑖  𝑖𝑠 𝑎 𝑓𝑎𝑐𝑡𝑜𝑟 𝑡𝑒𝑛  1 + 2𝑖  𝑖𝑠 𝑎𝑙𝑠𝑜 𝑎 𝑓𝑎𝑐𝑡𝑜𝑟. 

 

𝑄𝑢𝑎𝑑𝑟𝑎𝑡𝑖𝑐 𝑓𝑟𝑜𝑚 𝑟𝑜𝑜𝑡𝑠 𝑖𝑠   𝑧 − (1 − 2𝑖)  𝑧 − (1 + 2𝑖)  =   𝑧 − 1 − 2𝑖  (𝑧 − 1) + 2𝑖  

 

                  𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑜𝑓 𝑡𝑤𝑜 𝑠𝑞𝑢𝑎𝑟𝑒𝑠                             =  𝑧2 − 2𝑧 + 1 + 4) =  𝑧2 − 2𝑧 + 5  

 

 

2   z 

 10052 32 zzzz  

 

𝑧 + 2 = 0      ;        𝑧 = −2 

 

𝑅𝑜𝑜𝑡𝑠 𝑎𝑟𝑒 𝑧 =  1 ± 2𝑖  𝑎𝑛𝑑 𝑧 = −2 

 

______________________________________________________________________ 
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6. 𝑧 = 𝐺𝑖𝑣𝑒𝑛  3 + 𝑖  𝑖𝑠 𝑎 𝑓𝑎𝑐𝑡𝑜𝑟 𝑜𝑓  𝑓 𝑧 =  𝑧3 − 3𝑧2 − 8𝑧 + 30 = 0 

 

𝑆𝑖𝑛𝑐𝑒  3 + 𝑖  𝑖𝑠 𝑎 𝑓𝑎𝑐𝑡𝑜𝑟 𝑡𝑒𝑛  3 − 𝑖  𝑖𝑠 𝑎𝑙𝑠𝑜 𝑎 𝑓𝑎𝑐𝑡𝑜𝑟. 

 

𝑄𝑢𝑎𝑑𝑟𝑎𝑡𝑖𝑐 𝑓𝑟𝑜𝑚 𝑟𝑜𝑜𝑡𝑠 𝑖𝑠   𝑧 − (3 + 𝑖)  𝑧 − (3 − 𝑖  =   𝑧 − 3 + 𝑖   𝑧 − 3 − 𝑖  

 

                  𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑜𝑓 𝑡𝑤𝑜 𝑠𝑞𝑢𝑎𝑟𝑒𝑠                             =  𝑧2 − 6𝑧 + 9 + 1) =  𝑧2 − 6𝑧 + 10  

 

 

3   z 

 3083106 232 zzzzz  

 

𝑧 + 3 = 0      ;        𝑧 = −3 

 

𝑅𝑜𝑜𝑡𝑠 𝑎𝑟𝑒 𝑧 =  3 ± 𝑖  𝑎𝑛𝑑 𝑧 = −3 

 

 

 

 

7. 𝑆𝑜𝑤 𝑧 =  −1 + 𝑖  𝑖𝑠 𝑎 𝑓𝑎𝑐𝑡𝑜𝑟 𝑜𝑓  𝑓 𝑧 =  𝑧4 − 2𝑧3 − 𝑧2 + 2𝑧 + 10 = 0 

 

𝑆𝑢𝑝𝑝𝑜𝑠𝑒  −1 + 𝑖  𝑖𝑠 𝑎 𝑓𝑎𝑐𝑡𝑜𝑟 𝑡𝑒𝑛  −1 − 𝑖  𝑖𝑠 𝑎𝑙𝑠𝑜 𝑎 𝑓𝑎𝑐𝑡𝑜𝑟. 

 

𝑄𝑢𝑎𝑑𝑟𝑎𝑡𝑖𝑐 𝑓𝑟𝑜𝑚 𝑟𝑜𝑜𝑡𝑠 𝑖𝑠   𝑧 − (−1 + 𝑖)  𝑧 − (−1 − 𝑖)  =  (𝑧 + 1) − 𝑖  (𝑧 + 1) + 𝑖  

 

                  𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑜𝑓 𝑡𝑤𝑜 𝑠𝑞𝑢𝑎𝑟𝑒𝑠                             =  𝑧2 + 2𝑧 + 1 + 1) =  𝑧2 + 2𝑧 + 2  

 

 

5  4z- 



2

2342 102222

z

zzzzzz
 

 

 

𝑆𝑖𝑛𝑐𝑒 𝑟𝑒𝑚𝑎𝑖𝑛𝑑𝑒𝑟 0 𝑡𝑒𝑛  −1 ± 𝑖  𝑎𝑟𝑒 𝑓𝑎𝑐𝑡𝑜𝑟𝑠𝑜𝑓 𝑓(𝑧) 

 

𝑧2 − 4𝑧 + 5 = 0             ;         𝑎 = 1   𝑏 = −4    𝑐 = 5             ;    𝑧 =
4 ±  16 − 20

2
= (2 ± 𝑖) 

 

𝑅𝑜𝑜𝑡𝑠 𝑎𝑟𝑒 𝑧 = (−1 ± 𝑖)  𝑎𝑛𝑑  2 ± 𝑖  

 

______________________________________________________________________ 


