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Chapter A1 
                     

Number systems 
 

NO CALCULATOR MAY BE USED IN THIS CHAPTER! 
 

A1.1 Number systems: 
 

      Exercise 1:                                                                                          Date: __________________                                                                                                            
     

Complete: * Natural numbers: ℕ = {𝟏 ;  𝟐 ;  𝟑 ;  … … . . } 

 * Whole numbers: ℕ0 = {𝟎 ;  𝟏 ;  𝟐 ;  𝟑 ; … … . . } 

 * Integers: ℤ = {… ;  −𝟐 ; −𝟏 ; 𝟎 ; 𝟏 ;  𝟐 ;  𝟑 ; … } 

 * Rational numbers: ℚ = {
𝒂

𝒃
 / 𝒂 , 𝒃 ∈  ℤ ; 𝒃 ≠ 𝟎} 

 

 

A1.2 Rational numbers: 

A1.2.1  Equivalent fractions: 
 

E.g.1  Write down two equivalent fractions for  
𝟐

𝟑
:         

            

           
𝟐 × 𝟑

𝟑 × 𝟑
 =   

𝟔

𝟗
        or        

𝟐 × 𝟓

𝟑 × 𝟓
 =   

𝟏𝟎

𝟏𝟓
                      

 

 

       Exercise 2:                                                                                          Date: __________________     

               These are possible answers!                                                                                                 

       (1)   Write down three equivalent fractions for each of the following rational numbers: 
 

(a) 
−1

4
  =  

−𝟐

𝟖
  =  

−𝟑

𝟏𝟐
  =  

−𝟏𝟎

𝟒𝟎
  (b)     

3

7
  =  

𝟔

𝟏𝟒
  =  

𝟗

𝟐𝟏
  =  

𝟏𝟓

𝟑𝟓
 

(c)    
1

6
  =  

𝟐

𝟏𝟐
  =  

𝟏𝟎

𝟔𝟎
  =  

𝟏𝟎𝟎

𝟔𝟎𝟎
 (d)    

2

3
  =  

𝟒

𝟔
  =  

𝟔

𝟗
  =  

𝟐𝟎

𝟑𝟎
 

(e)   
12

14
  =  

𝟔

𝟕
  =  

𝟐𝟒

𝟐𝟖
  =  

𝟏𝟐𝟎

𝟏𝟒𝟎
 (f)    

−36

−9
  =  

−𝟒

−𝟏
  =  

𝟒

𝟏
  =  

𝟏𝟐

𝟑
 

(g)   2
6

11
  =  

𝟐𝟖

𝟏𝟏
  = 𝟐

𝟏𝟐

𝟐𝟐
  =  𝟐

𝟔𝟎

𝟏𝟏𝟎
 (h)      5 =  

𝟓

𝟏
  =  

𝟏𝟎

𝟐
  =  

𝟐𝟓

𝟓
 

 

       (2)   Are the following equivalent fractions or not? (Answer yes or no only.) 
 

(a)    
12

5
 =   

24

10
  ?  : Yes (b)    

7

3
 =   

3

7
  ?  : No (c)    

3

−2
 =   

6

4
  ?  : No 

(d)    
3

−5
 =   

−9

15
  ?  : Yes (e)    

2

3
 =   

4

9
  ?  : No (f)    

3

1
 =   

48

16
  ?  : Yes 

(g)    
4

3
 =   

−12

−9
  ?  : Yes (h)    

25

10
 =   

5

2
  ?  : Yes (i)    

5

4
=   

4

3
  ?  : No 
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A1.2.2   Order of rational numbers:   

 

E.g.2  (a)  Arrange the following fractions in ascending order:  
𝟏

𝟐
  ;   

𝟑

𝟒
   𝐚𝐧𝐝   

𝟐

𝟑
:         

 

               
𝟏

𝟐
 =   

𝟔

𝟏𝟐
          ;          

𝟑

𝟒
 =   

𝟗

𝟏𝟐
            and          

𝟐

𝟑
 =   

𝟖

𝟏𝟐
 

 

                                                ∴   
𝟏

𝟐
  <   

𝟐

𝟑
  <   

𝟑

𝟒
 

        

             (b)  Write down a rational number between   
𝟑

𝟒
   𝐚𝐧𝐝   

𝟏

𝟑
:         

 

               
𝟑

𝟒
 =   

𝟗

𝟏𝟐
            and          

𝟏

𝟑
 =   

𝟒

𝟏𝟐
 

 

             ∴   
𝟏

𝟑
  <   

𝟓

𝟏𝟐
  𝐨𝐫  

𝟔

𝟏𝟐
  𝐨𝐫  

𝟕

𝟏𝟐
  𝐨𝐫  

𝟖

𝟏𝟐
<   

𝟑

𝟒
 

 
                            
        

       Exercise 3:                                                                                          Date: __________________                                                                                                   
                                                                                           
       (1)   Arrange the following fractions in ascending order: 
 

           (a)   
3

4
  ;   

2

3
   and  

4

5
  :   

𝟑

𝟒
  =  

𝟒𝟓

𝟔𝟎
    ;   

𝟐

𝟑
  =  

𝟒𝟎

𝟔𝟎
    ;  

𝟒

𝟓
  =  

𝟒𝟖

𝟔𝟎
                 ∴   

𝟐

𝟑
  <   

𝟑

𝟒
  <   

𝟒

𝟓
                                                       

 

           (b)   
2

3
  ;   

5

7
  and  

4

6
 :    

𝟐

𝟑
  =  

𝟐𝟖

𝟒𝟐
    ;   

𝟓

𝟕
  =  

𝟑𝟎

𝟒𝟐
    ;  

𝟒

𝟔
  =  

𝟐𝟖

𝟒𝟐
                 ∴   

𝟐

𝟑
 =   

𝟒

𝟔
  <   

𝟓

𝟕
                                                           

 

 

       (2)   Arrange the following fractions in descending order: 
 

           (a)    
5

8
  ;   

2

3
   and  

3

4
  :    

𝟓

𝟖
  =  

𝟏𝟓

𝟐𝟒
    ;   

𝟐

𝟑
  =  

𝟏𝟔

𝟐𝟒
    ;  

𝟑

𝟒
  =  

𝟏𝟖

𝟐𝟒
                 ∴   

𝟑

𝟒
  >   

𝟐

𝟑
  >   

𝟓

𝟖
                                                                        

 

           (b)    −1
1

2
 ; −1

2

3
   and  

−7

5
 :  

−𝟑

𝟐
  =  

−𝟒𝟓

𝟑𝟎
  ; 

−𝟓

𝟑
  =  

−𝟓𝟎

𝟑𝟎
  ;  

−𝟕

𝟓
  =  

−𝟒𝟐

𝟑𝟎
     ∴   

−𝟕

𝟓
  >  −𝟏

𝟏

𝟐
  >  −𝟏

𝟐

𝟑
                                                                                                                                                    

  
 

       (3)   Place a rational number between each of the following numbers: 
 

           (a)    
−1

3
  and  

−3

5
  :   

−𝟏

𝟑
  =  

−𝟓

𝟏𝟓
    and   

−𝟑

𝟓
  =  

−𝟗

𝟏𝟓
                 ∴   

−𝟑

𝟓
 <  

−𝟖

𝟏𝟓
  or  

−𝟕

𝟏𝟓
  or  

−𝟔

𝟏𝟓
  <   

−𝟏

𝟑
                                                 

 

           (b)    
3

4
  and  

7

10
 :   

𝟑

𝟒
 =  

𝟏𝟓

𝟐𝟎
  =  

𝟑𝟎

𝟒𝟎
    and   

𝟕

𝟏𝟎
  =  

𝟏𝟒

𝟐𝟎
  =  

𝟐𝟖

𝟒𝟎
                 ∴   

𝟕

𝟏𝟎
 <   

𝟐𝟗

𝟒𝟎
  <   

𝟑

𝟒
                                                                              

    
                             
                               

 

A1.2.3  Conversion of common fractions to decimal fractions: 
        

      E.g.3    Express the following as decimal fractions, without using a calculator: 

 

          (a)     
𝟑

𝟖
=

𝟑,𝟎𝟎𝟎…

𝟖
=

𝟑, 𝟑𝟎 𝟔𝟎 𝟒𝟎

𝟖
  =  𝟎, 𝟑𝟕𝟓       (b)   𝟏

𝟐

𝟑
= 𝟏

𝟐,𝟎𝟎𝟎…

𝟑
= 𝟏

𝟐, 𝟐𝟎 𝟐𝟎 𝟐𝟎…

𝟑
  = 𝟏, 𝟔𝟔 … = 𝟏, 𝟔̇ 
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       Exercise 4:                                                                                          Date: __________________                   
                                                                                    
       Express the following as decimal fractions, without using a calculator: 
 

(1) 
22

7
 =

𝟐𝟐,𝟎𝟎𝟎…

𝟕
=

𝟐𝟐, 𝟏𝟎 𝟑𝟎 𝟐𝟎

𝟕
  =  𝟑, 𝟏𝟒𝟐 …        (2) 4

2

3
  = 𝟒

𝟐, 𝟐𝟎 𝟐𝟎 𝟐𝟎

𝟑
  =  𝟒, 𝟔𝟔 …  ≈ 𝟒, 𝟔̇        

(3) 
1

8
  =

𝟏,𝟎𝟎𝟎…

𝟖
=

𝟏, 𝟏𝟎 𝟐𝟎 𝟒𝟎

𝟖
  =  𝟎, 𝟏𝟐𝟓  (4) 

7

9
  =

𝟕,𝟎𝟎𝟎…

𝟗
=

𝟕, 𝟕𝟎 𝟕𝟎 𝟕𝟎

𝟗
  =  𝟎, 𝟕𝟕 …  ≈ 𝟎, 𝟕̇        

(5) 
17

25
  =

𝟏𝟕,𝟎𝟎𝟎…

𝟐𝟓
=

𝟏𝟕, 𝟏𝟕𝟎 𝟐𝟎𝟎

𝟐𝟓
  =  𝟎, 𝟔𝟖 (6) 

5

100
  =

𝟓,𝟎𝟎𝟎…

𝟏𝟎𝟎
=

𝟓, 𝟓𝟎 𝟓𝟎𝟎

𝟏𝟎𝟎
  =  𝟎, 𝟎𝟓 

(7) 
4

11
  =

𝟒, 𝟒𝟎 𝟕𝟎 𝟒𝟎 𝟕𝟎 𝟒𝟎

𝟏𝟏
  =  𝟎, 𝟑𝟔𝟑𝟔 …  ≈ 𝟎, 𝟑̇𝟔̇        (8) −2

6

7
  = −𝟐

𝟔, 𝟔𝟎 𝟒𝟎 𝟓𝟎

𝟕
  =  −𝟐, 𝟖𝟓𝟕 …   

(9) −5
5

6
  = −𝟓

𝟓, 𝟓𝟎 𝟐𝟎𝟐𝟎

𝟔
  =  −𝟓, 𝟖𝟑𝟑 … ≈ −𝟓, 𝟖𝟑̇   (10) 

33

8
   =

𝟑𝟑,𝟎𝟎𝟎…

𝟖
=

𝟑𝟑, 𝟏𝟎 𝟐𝟎 𝟒𝟎

𝟖
  =  𝟒, 𝟏𝟐𝟓 

                                                                                          
 

A1.2.4  Rounding off decimal fractions: 

 
    E.g.4  Round off the following fractions correct to the number of decimals indicated in brackets: 

 

       (a)    𝟒, 𝟑𝟒𝟕𝟏𝟐 (to 𝟑 dec)                                                        (b)   𝟐𝟗𝟎, 𝟎𝟗𝟖𝟑𝟐 (to 𝟐 dec) 
 

           =  𝟒, 𝟑𝟒𝟕𝟏𝟐             Consider the underlined number        =  𝟐𝟗𝟎, 𝟎𝟗𝟖𝟑𝟐  
 

          ≈   𝟒, 𝟑𝟒𝟕                                                                                 ≈  𝟐𝟗𝟎, 𝟏𝟎     

 

       Exercise 5:                                                                                          Date: __________________          
 

       (1)  Round off the following fractions correct to the number of decimals indicated in brackets: 
 

              (a)  3,573  (to 2 dec)                                          (b)   12,00873  (to 3 dec) 
 

                ≈  𝟑, 𝟓𝟕                                                                ≈  𝟏𝟐, 𝟎𝟎𝟗      
 

              (c)  0,00384  (to 5 dec)                                      (d)   7,3226  (to 1 dec) 
 

                =  𝟎, 𝟎𝟎𝟑𝟖𝟒                                                         ≈  𝟕, 𝟑      
 

              (e)  8,39999  (to 1 dec)                                      (f)   90,9023  (to the nearest integer) 
 

                ≈  𝟖, 𝟒                                                                  ≈  𝟗𝟏      
 

              (g)  0,433218  (to 4 dec)                                    (h)   1 456,6799  (to 3 dec) 
 

                ≈  𝟎, 𝟒𝟑𝟑𝟐                                                            ≈  𝟏 𝟒𝟓𝟔, 𝟔𝟖𝟎      
 

              (i)  66,666  (to 2 dec)                                        (j)   13,00034  (to 3 dec) 
 

                ≈  𝟔𝟔, 𝟔𝟕                                                              ≈  𝟏𝟑, 𝟎𝟎𝟎      

 

(2) Consider the following and choose the correct way of rounding off in brackets: 

 

(a)  3,47653  ≈   3,477   correct to the nearest (tenth, hundredth or thousandth) 

 

(b)  96 995,31956  ≈   96 995,32  correct to the nearest (tenth, hundredth or thousandth) 
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A1.2.5   Conversion of decimal fractions to common fractions: 
 

       E.g.5   Express the following as common fractions in its simplest form:   
 

          (a)   𝟒, 𝟓  =  𝟒
𝟓

𝟏𝟎
 (÷

𝟓

𝟓
)  =  𝟒

𝟏

𝟐
                          (b)   −𝟎, 𝟏𝟐  =  −

𝟏𝟐

𝟏𝟎𝟎
 (÷

𝟒

𝟒
)  =  −

𝟑

𝟐𝟓
 

 

                                         
 

       Exercise 6:                                                                                          Date: __________________                   
                                                                                    

       Express the following as common fractions in its simplest form: 
 

(1) 0,125  =  
𝟏𝟐𝟓

𝟏 𝟎𝟎𝟎
  = 

𝟏𝟐𝟓

𝟏 𝟎𝟎𝟎
 ÷  

𝟏𝟐𝟓

𝟏𝟐𝟓
                        (2) 1,25  =  𝟏

𝟐𝟓

𝟏𝟎𝟎
  = 𝟏

𝟐𝟓

𝟏𝟎𝟎
 ÷ 𝟐𝟓

𝟐𝟓
     

             =  
𝟏

𝟖
             =  𝟏

𝟏

𝟒
   

(3) 14,6 =  𝟏𝟒
𝟔

𝟏𝟎
  = 𝟏𝟒

𝟔

𝟏𝟎
 ÷  𝟐

𝟐
     (4) −0,5  =  −

𝟓

𝟏𝟎
  = −

𝟓

𝟏𝟎
 ÷ 𝟓

𝟓
     

         =  𝟏𝟒
𝟑

𝟓
              =  −

𝟏

𝟐
   

(5) −1,2 =  −𝟏
𝟐

𝟏𝟎
  = −𝟏

𝟐

𝟏𝟎
 ÷ 

𝟐

𝟐
     (6) 23,5 =  𝟐𝟑

𝟓

𝟏𝟎
  = 𝟐𝟑

𝟓

𝟏𝟎
 ÷  

𝟓

𝟓
     

          =  −𝟏
𝟏

𝟓
            =  𝟐𝟑

𝟏

𝟐
   

(7) 3,04 =  𝟑
𝟒

𝟏𝟎𝟎
  = 𝟑

𝟒

𝟏𝟎𝟎
 ÷  

𝟒

𝟒
     (8) 7,3 =  𝟕

𝟑

𝟏𝟎
   

         =  𝟑
𝟏

𝟐𝟓
     

(9) 100,75 =  𝟏𝟎𝟎
𝟕𝟓

𝟏𝟎𝟎
  = 𝟏𝟎𝟎

𝟕𝟓

𝟏𝟎𝟎
 ÷  𝟐𝟓

𝟐𝟓
     (10) 0,00005 =  

𝟓

𝟏𝟎𝟎 𝟎𝟎𝟎
  = 

𝟓

𝟏𝟎𝟎 𝟎𝟎𝟎
 ÷  

𝟓

𝟓
     

             =  𝟏𝟎𝟎
𝟑

𝟒
                   =  

𝟏

𝟐𝟎 𝟎𝟎𝟎
   

 
 

A1.2.6   Conversion of recurring fractions to common fractions: 
 

       E.g.6  Convert the following to common fraction in its simplest form:         

         

         (a)      𝟎, 𝟏̇  =   
𝟏

𝟗
       ;       𝟎, 𝟑̇  =   

𝟑

𝟗
=  

𝟏

𝟑
       ;       𝟎, 𝟓̇  =   

𝟓

𝟗
       ;       𝟎, 𝟖̇  =   

𝟖

𝟗
                                                                                               

 

         (b)    𝟑, 𝟐̇𝟒̇  =   𝟑
𝟐𝟒

𝟗𝟗
 =   𝟑

𝟖

𝟑𝟑
      ;     𝟎, 𝟒̇𝟐̇𝟏̇  =   

𝟒𝟐𝟏

𝟗𝟗𝟗
      ;     𝟏𝟓, 𝟏̇𝟔̇𝟓̇𝟑̇  =   𝟏𝟓

𝟏𝟔𝟓𝟑

𝟗𝟗𝟗𝟗
 = 𝟏𝟓

𝟓𝟓𝟏

𝟑𝟑𝟑𝟑
      

 

         (c)    𝟎, 𝟎𝟑̇  =   𝟎, 𝟑̇  ÷ 𝟏𝟎 =   
𝟑

𝟗
÷

𝟏𝟎

𝟏
=

𝟑

𝟗
×

𝟏

𝟏𝟎
=  

𝟑

𝟗𝟎
=  

𝟏

𝟑𝟎
 

 

         (d)    𝟎, 𝟎𝟎𝟒̇𝟔̇ =   𝟎, 𝟒̇𝟔̇  ÷ 𝟏𝟎𝟎 =   
𝟒𝟔

𝟗𝟗
÷

𝟏𝟎𝟎

𝟏
=

𝟒𝟔

𝟗𝟗
×

𝟏

𝟏𝟎𝟎
=  

𝟒𝟔

𝟗𝟗𝟎𝟎
=  

𝟐𝟑

𝟒𝟗𝟓𝟎
 

 

         (e)    𝟎, 𝟓𝟕̇ = 𝟎, 𝟓 + 𝟎, 𝟎𝟕̇ = 𝟎, 𝟓 + 𝟎, 𝟕̇  ÷ 𝟏𝟎 =
𝟓

𝟏𝟎
+  

𝟕

𝟗
×

𝟏

𝟏𝟎
=

𝟓 ×𝟗

𝟏𝟎×𝟗
+  

𝟕

𝟗𝟎
=

𝟒𝟓+𝟕

𝟗𝟎
=  

𝟓𝟐

𝟗𝟎
=  

𝟐𝟔

𝟒𝟓
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       Exercise 7:                                                                                          Date: __________________  
                                

       Convert the following to common fractions in its simplest form: (Without a calculator.) 
 

        (1)     3, 6̇                                                                    (2)     0, 1̇3̇    
 

             =   𝟑
𝟔

𝟗
                                                                          =   

𝟏𝟑

𝟗𝟗
                                                        

 

            =   𝟑
𝟔

𝟗
 ÷  

𝟑

𝟑
                                                                    

   

            =   𝟑
𝟐

𝟑
                                                                      

 

             

        (3)     22,39̇                                                                (4)     −1, 1̇3̇5̇    or   −1, 135̅̅ ̅̅ ̅ 
 

             =   𝟐𝟐 +  𝟎, 𝟑 +  𝟎, 𝟎𝟗̇                                                =   −𝟏
𝟏𝟑𝟓

𝟗𝟗𝟗
                                                        

 

             =   𝟐𝟐 +  
𝟑

𝟏𝟎
+  𝟎, 𝟗̇  ÷ 𝟏𝟎                                           =   −𝟏

𝟏𝟑𝟓

𝟗𝟗𝟗
 ÷ 

𝟐𝟕

𝟐𝟕
            

 

             =   𝟐𝟐 +  
𝟑

𝟏𝟎
+  

𝟗

𝟗
 ×  

𝟏

𝟏𝟎
                                                =   −𝟏

𝟓

𝟑𝟕
        

 

             =   𝟐𝟐 +  
𝟑

𝟏𝟎
+  𝟏 ×

𝟏

𝟏𝟎
                                                          

 

             =   𝟐𝟐 +  
𝟑

𝟏𝟎
+  

𝟏

𝟏𝟎
                                                          

 

             =   𝟐𝟐 +  
𝟑 + 𝟏

𝟏𝟎
 =  𝟐𝟐

𝟒

𝟏𝟎
                                                        

   

            =   𝟐𝟐
𝟐

𝟓
                                                                           

 

        (5)     0, 7̇                                                                    (6)     0,003̇    
 

             =   
𝟕

𝟗
                                                                             =   𝟎, 𝟑̇   ÷   𝟏𝟎𝟎 

 

                                                                                               =   
𝟑

𝟗
  ×   

𝟏

𝟏𝟎𝟎
  =  

𝟑

𝟗𝟎𝟎
 

   

                                                                                              =   
𝟏

𝟑𝟎𝟎
                                                                                            

 

        (7)     1, 214̅̅ ̅̅ ̅                                                               (8)     3,25̇8̇    
 

             =   𝟏
𝟐𝟏𝟒

𝟗𝟗𝟗
                                                                    =   𝟑 +  𝟎, 𝟐 +  𝟎, 𝟎𝟓̇𝟖̇                                                 

 

                                                                                                =   𝟑 +  
𝟐

𝟏𝟎
+  𝟎, 𝟓̇𝟖̇  ÷ 𝟏𝟎                                                 

 

                                                                                                =   𝟑 +  
𝟐

𝟏𝟎
+  

𝟓𝟖

𝟗𝟗
 ×  

𝟏

𝟏𝟎
                                                 

 

                                                                                                =   𝟑 +  
𝟐

𝟏𝟎
× 

𝟗𝟗

𝟗𝟗
+  

𝟓𝟖

𝟗𝟗𝟎
                                                  

   

                                                                                                =   𝟑 +  
𝟏𝟗𝟖

𝟗𝟗𝟎
+  

𝟓𝟖

𝟗𝟗𝟎
  =  𝟑

𝟐𝟓𝟔

𝟗𝟗𝟎
                                                 

 

                                                                                                =   𝟑
𝟏𝟐𝟖

𝟒𝟗𝟓
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☺  Calculate the following without using a calculator:   𝟎, 𝟒̇  +  
𝟐

𝟑
   

 

        𝟎, 𝟒̇  +  
𝟐

𝟑
  =  

𝟒

𝟗
 +   

𝟐

𝟑
 

 

                           =  
𝟒

𝟗
 +   

𝟐

𝟑
 ×

𝟑

𝟑
 

 

                           =  
𝟒

𝟗
 +   

𝟔

𝟗
  =  

𝟏𝟎

𝟗
  =  𝟏

𝟏

𝟗
  

 

 

 

A1.3 Irrational and Real numbers: 
 

 

 Irrational numbers cannot be expressed as a ratio between two integers. These numbers   

 are non-terminating and non-recurring decimals. 
 

       
  E.g. 7  Irrational numbers: 
                   

•  √𝟐   or   √𝟕   or   √
𝟑

𝟒
  etc.  because 𝟐  ;   𝟕  𝐚𝐧𝐝  𝟑 are not perfect squares! 

 

•  √𝟏𝟐
𝟑

  or  √𝟏𝟎𝟎
𝟑

  etc.  because 𝟏𝟐 and  𝟏𝟎𝟎 are not perfect cubes! 
  
                  Whereas the following numbers are rational numbers: 
 

• √𝟒   or  √𝟎, 𝟎𝟏  or  √
𝟐𝟓

𝟗
  etc.  because 𝟒  ;   𝟎, 𝟎𝟏  ;   𝟐𝟓  and  𝟗 are perfect squares! 

 

• √𝟐𝟕
𝟑

  or  √𝟏𝟐𝟓
𝟑

  etc.  because 𝟐𝟕 and  𝟏𝟐𝟓 are perfect cubes! 
 

 
       

   The real numbers, ℝ consist of the rational numbers, ℚ  and the irrational numbers, ℚʹ. 
    Remember that all terminating and recurring decimals are rational numbers. 
 

 

       E.g.8 Determine the two integers between which the irrational number √𝟕  lies. 
 

******* 

                Choose the two perfect squares on either side of  𝟕: 
 

                                   √𝟒   <   √𝟕   <   √𝟗           
 

                                ∴   𝟐  <   √𝟕   <   𝟑                 
                            

       Exercise 8:                                                                                          Date: __________________ 
 

(1) Which of the numbers are Rational numbers (ℚ) and which are Irrational numbers (ℚʹ)?                                   

 

(a) 14 :  ℚ (b) 
1

5
 :  ℚ (c) √81 :  ℚ 

(d) 0,12 : ℚ (e) √18 :  ℚʹ (f) 12, 2̇3̇ :  ℚ 

(g) −√
12

3
 :  ℚ (h) 0,2945 … :  ℚʹ (i) √64

3
 :  ℚ 

(j) 𝜋 : ℚʹ (k) √32
5

 :  ℚ (l) 
11

7
 :  ℚ 

= −√𝟒 = −𝟐 

= 𝟐 

= 𝟒 

= 𝟗 
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Irrational 
 numbers

Rational numbers

   Integers

Whole numbers

 

    (2)  Between which two integers do the following irrational numbers lie? 
 

         (a)                  −√12                                               (b)                   √66            
 

              −√𝟏𝟔   <  −√𝟏𝟐   <  −√𝟗                                       √𝟔𝟒   <  √𝟔𝟔   <  √𝟖𝟏 
 

                   −𝟒  <  −√𝟏𝟐   <  −𝟑                                              𝟖  <  √𝟔𝟔   <  𝟗 
 

 

 

         (c)               √5
3

                                                        (d)               √2
5

 
 

                √𝟏
𝟑

  <  √𝟓
𝟑

  <  √𝟖
𝟑

                                               √𝟏
𝟓

  <   √𝟐
𝟓

  <   √𝟑𝟐
𝟓

 
 

                   𝟏  <  √𝟓
𝟑

  <  𝟐                                                      𝟏  <  √𝟐
𝟓

  <  𝟐 
 

 

        

 

   (3)  The diagram below is a summary of all the numbers that are used on school level. 

           Place the following numbers in the right place on the table; simplify the number if necessary:   
    

            4
1

2
   ;    √8

3
= 2   ;   √8  ;   −16   ;   0,45  ;  0, 3̇  ;  

18

6
= 3  ;  0,2387 …  ;   

0

17
= 0   ;  6,88  

 

                         Real numbers:  

 

 

 

 

 

 

 

 

 

 

 

             
 
 
 
 
 
 
 

☺  (1)  Except for the real numbers we also have the non-real numbers. 

              Give an example of a non-real number.  √−𝟏   ;   √−𝟐
𝟑

  ;  … … 

 

        (2)  What is the set called that contain all real and non-real numbers? 
 

               Complex numbers 
 

 

 

 

 

 

 

𝟎, 𝟒𝟓      𝟔, 𝟖𝟖    

−𝟏𝟔    

√𝟖    

𝟒
𝟏

𝟐
    

√𝟖
𝟑

    

𝟎

𝟏𝟕
    

𝟎, 𝟐𝟑𝟖𝟕 …      

𝟎, 𝟑̇      

𝟏𝟖

𝟔
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A1.4   Representation of sets of numbers: 

 
           Sets of numbers can be represented or written in the following ways: 

 

A1.4.1  Set builder notation: 
 

       E.g. 9   Write the following sets of numbers in set builder notation:  

     

                   (a)  All natural numbers greater than 𝟔:   {𝒙 / 𝒙 > 𝟔 ; 𝒙 ∈ ℕ  } 

 

                   (b)  All real numbers between −𝟐  and  𝟓:  {𝒎 ∶  −𝟐 < 𝒎 < 𝟓  ;   𝒎 ∈  ℝ}   

 

 

A1.4.2  Interval notation: 
 

 

Only sets that form part of real numbers can be represented using interval notation! 

 

      

       E.g. 10  Write the following in interval notation: 

                   

       (a)  The real numbers between −𝟐 and 𝟒, including 𝟒:  𝒙 ∈ (−𝟐 ; 𝟒]  Open, closed interval! 

 

       (b) {𝒎 / 𝒎 >  𝟕;  𝒎 ∈   ℝ}:   𝒎 ∈ (𝟕 ;  ∞) Open interval! 

 

 

A1.4.3  Number lines: 
   

 

       E.g. 11  Represent the following on a number line:  
 

          (a)     { −𝟏 ;  𝟎 ;  𝟏 ;  𝟐 ; … … … }                                  (b)    {𝒙 ∶   −𝟏 <   𝒙  ≤   𝟑  ;   𝒙  ∈  ℝ} 

                                      

                                                   >   

      
                −𝟐    − 𝟏       𝟎        𝟏        𝟐       𝟑                                         −𝟐   − 𝟏       𝟎         𝟏        𝟐       𝟑 

        

 

A1.4.4   Solving of linear inequalities:                       
      
       E.g. 12   Solve for 𝒙 in each of the following and represent the solution on a number line: 

 

              (a)    𝒙  −   𝟐  ≥   𝟐  if   𝒙 ∈ ℕ                       (b)   −𝟑  <   𝒙  +   𝟏  ≤   𝟏  if  𝑥 ∈ ℝ 
 

                                  𝒙  ≥   𝟐  +   𝟐                                       −𝟑  −   𝟏  <   𝒙  ≤   𝟏  −   𝟏 
 

                                  𝒙  ≥   𝟒                                                                  − 𝟒  <   𝒙  ≤   𝟎   
     

                                      

                                                   >   

      
                   𝟑        𝟒        𝟓         𝟔        𝟕        𝟖                                        −𝟓   − 𝟒    − 𝟑  − 𝟐   − 𝟏     𝟎   

        

ℤ 

 
ℝ 

 

ℕ ℝ 
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       Exercise 9:                                                                                       Date: ___________________                                                                                                
  
   (1)   Write the following in interval notation (if applicable) and represent it on a number line: 
  

      (a)     {𝑥 ∶  𝑥 <  −1;   𝑥 ∈  ℝ}                                  (b)    {𝑥 ∶  −3 < 𝑥 <  3;   𝑥 ∈  ℤ}    
 

                        𝒙 ∈ (−∞ ; −𝟏)                                                     No interval notation    
 

                                      

                                                                                                                                   

      
                −𝟒    − 𝟑    − 𝟐    − 𝟏        𝟎         𝟏                                     −3   − 𝟐    − 𝟏       𝟎         𝟏         𝟐        𝟑 
        
          

      (c)    {𝑦 ∶  𝑦  <   2 ;   𝑦 ∈  ℕ}                                   (d)    {𝑥 ∶  𝑥  ≥   −3;   𝑥 ∈  ℝ}     
 
           

                      No interval notation                                                    𝒙 ∈ [−𝟑 ; ∞)                     

                                        

                                                                                                                                   

      
                −𝟏          𝟎         𝟏         𝟐         𝟑         𝟒                                     −3   − 𝟐   − 𝟏       𝟎         𝟏        𝟐       𝟑 
   
                                                                                                                                                   

      (e)    {𝑥 / 𝑥  <   3;   𝑥 ∈  ℤ}                                      (f)    {𝑝 / 𝑝  ≥   
−5

2
;   𝑝 ∈  ℝ}   

           

                 No interval notation                                                        𝒑 ∈ [−
𝟓

𝟐
 ; ∞)                     

                                        

                                                                                                                                   

      

                −𝟏          𝟎         𝟏         𝟐         𝟑         𝟒                                                   −
𝟓

𝟐
 

 

 
 
 

      (g)    {𝑚 ∶ −2 ≤ 𝑚 < 5;  𝑚 ∈ ℝ}                              (h)    {𝑥 ∶  𝑥  ≤   5;  𝑥 ∈  ℕ0} 
 
 

                          𝒎 ∈ [−𝟐 ;  𝟓)                                                     No interval notation    
 

                                      

                                                                                                                                   

      
                 −𝟐                                            𝟓                                                 −𝟏      𝟎         𝟏        𝟐          𝟑         𝟒       𝟓 

         

   (2)  Solve for 𝑥 in each of the following and represent the solution on a number line: 
 

      (a)      𝑥  +   1  ≤   3;     𝑥 ∈  ℕ0                                    (b)      2𝑥  ≥   −8;    𝑥 ∈  ℝ 
 

                           𝒙 ≤  𝟑 − 𝟏                                                              𝒙  ≥   
−𝟖

𝟐
 

 

                           𝒙 ≤  𝟐                                                                      𝒙  ≥  −𝟒 
 

                                        

                                                                                                                                   

      
                −𝟏          𝟎         𝟏         𝟐         𝟑         𝟒                                                   −𝟒 

 
 

ℤ 

 

ℝ 

 
< 

ℕ ℝ 

 > 

ℤ ℝ 

 
> < 

ℕ𝟎 ℝ 

 

ℕ𝟎 

 
ℝ 

 
> 
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      (c)      𝑥  −   4  ≤   0;     𝑥 ∈  ℤ                                      (d)      2𝑥  +   3 >  7;    𝑥 ∈  ℕ 
 

                           𝒙 ≤  𝟎 + 𝟒                                                                      𝟐𝒙  >   𝟕 −   𝟑 
 

                           𝒙 ≤  𝟒                                                                                 𝒙  ≥   
𝟒

𝟐
 

 

                                                                                                                       𝒙  ≥   𝟐 
 

                                        

                                                                                                                                   

      
                −𝟏          𝟎         𝟏         𝟐         𝟑         𝟒                                           𝟏        𝟐        𝟑        𝟒        𝟓 
 

 
 

      (e)      −6  <    𝑥  −   1  ≤   6;     𝑥 ∈  ℝ                        (f)       𝑥  +   7  ≥   −1;    𝑥 ∈  ℤ 
 

               −𝟔 + 𝟏  <    𝒙   ≤   𝟔 + 𝟏                                                         𝒙   ≥   −𝟏 −   𝟕 
 

                      −𝟓  <    𝒙   ≤   𝟕                                                                 𝒙   ≥   −𝟖 
 

 

                                      

                                                                                                                                   

      
                 −𝟓                                            𝟕                                                −𝟗     − 𝟖   − 𝟕    − 𝟔   − 𝟓    − 𝟒    
         

A1.5 REVISION EXERCISE:                                                       Date: __________________                                                             
                                                            

       (1)  Convert the following to common fractions in its simplest form: (Without a calculator.) 
 

           (a)    14,17̇                                                                 (b)     0, 1234̅̅ ̅̅ ̅̅ ̅    
 

             =   𝟏𝟒 +  𝟎, 𝟏 +  𝟎, 𝟎𝟕̇                                                 =     
𝟏 𝟐𝟑𝟒

𝟗 𝟗𝟗𝟗
                                                        

 

             =   𝟏𝟒 +  
𝟏

𝟏𝟎
+  𝟎, 𝟕̇  ÷ 𝟏𝟎                                            

 

             =   𝟏𝟒 +  
𝟏

𝟏𝟎
+  

𝟕

𝟗
 ×  

𝟏

𝟏𝟎
                                                 

 

             =   𝟏𝟒 +  
𝟏

𝟏𝟎
+  

𝟕

𝟗𝟎
                                                          

 

             =   𝟏𝟒 +  
𝟏 × 𝟗

𝟏𝟎 ×  𝟗
+  

𝟕

𝟗𝟎
                                                          

 

             =   𝟏𝟒 +  
𝟗

𝟗𝟎
+  

𝟕

𝟗𝟎
  =  𝟏𝟒

𝟏𝟔

𝟗𝟎
                                                         

   

            =   𝟏𝟒
𝟖

𝟒𝟓
                                                                           

           

 

           (c)    4,68                                                                     (d)    5, 1̇ 
 

             =   𝟒
𝟔𝟖

𝟏𝟎𝟎
                                                                          =   𝟓

𝟏

𝟗
                                                        

 

            =   𝟒
𝟔𝟖

𝟏𝟎𝟎
 ÷ 

𝟒

𝟒
                                                                    

   

            =   𝟒
𝟏𝟕

𝟐𝟓
                                                                      

ℤ 

 

ℕ 

 < > 

ℤ 

 
ℝ 

 > 
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       (2)  Indicate, by using a ✓, all the rational numbers between 0 and 10: 
 

 (a) (b) (c) (d) (e) (f) (g) (h) (i) (j)  

 √9 = 3 −1 √8 
6

3
= 2 √16

3
 𝜋 

0

3
= 0 √144 = 12 4,124. . .. √

24

6
= √4 = 2  

 ✓   ✓      ✓  

 

 

 

 

       (3)  Round off the following fractions correct to the number of decimals indicated in brackets: 
 

              (a)  7,199  (to 1 dec)                                          (b)   0,048561  (to 4 dec) 
 

                ≈ 𝟕, 𝟐                                                                   ≈ 𝟎, 𝟎𝟒𝟖𝟔 

 

 
              (c)  234,34  (to 1 dec)                                        (d)   1 001,1989  (to the nearest integer) 
 

                ≈ 𝟐𝟑𝟒, 𝟑                                                              ≈ 𝟏 𝟎𝟎𝟏 

 
 
              (e)  3,997  (to 2 dec)                                          (f)    23,712  (to the nearest integer) 
                   
                ≈ 𝟒, 𝟎𝟎                                                                   ≈ 𝟐𝟒 

 
 

 

       (4)  Place any two irrational numbers between 2 and 3. 
 

             𝟐 =  √𝟒                       and                         𝟑 =  √𝟗 
 

             ∴    𝟐  <   √𝟓   <   √𝟔   <   √𝟕   <   √𝟖   <   𝟑 
 

             Any 𝟐! 
 

 

 

 

       (5)  Between which two integers do the following irrational numbers lie? 
 

                 (a)            √
1

2
                                                     (b)                   √57

3
   

 

                    √
𝟏

𝟏
  >   √

𝟏

𝟐
  >   √

𝟏

𝟒
                                                                    √𝟐𝟕

𝟑
  <  √𝟓𝟕

𝟑
  <   √𝟔𝟒

𝟑
 

 

                       𝟏  >   √
𝟏

𝟐
  >   

𝟏

𝟐
                                                                              𝟑  <  √𝟓𝟕

𝟑
  <   𝟒 

               

or                   
𝟏

𝟐
  <   √

𝟏

𝟐
  <  𝟏                                                                               𝟒  >  √𝟓𝟕

𝟑
  >  𝟑 
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       (6)   Complete the missing representations in the table below: 

         

 Set builder notation: Interval notation: Number line: 

 

(1) 

 

 

{𝑥 / −1 <  𝑥 ≤  2;  𝑥 ∈  ℝ} 

 

𝒙 ∈ (−𝟏 ;  𝟐] 
 

 

 

            −𝟏                                      𝟐 

 
 

(2) 

 

 
 

{𝒙 ∶  −𝟐 ≤ 𝒙 ≤ 𝟓 ; 𝒙 ∈  ℝ} 𝑥 ∈  [−2 ; 5] 

 

 

 

               −𝟐                                      𝟓    

 
 

(3) 

 

 
 

{𝒚 / 𝒚 ≤ 𝟑 ; 𝒚 ∈  ℝ} 𝑦 ∈  (−∞ ; 3] 

 

                      < 

 

                                                  𝟑  

 

 

(4) 

 

 

 

{𝒙 / 𝒙 ≤ 𝟑 ; 𝒙 ∈  ℕ𝟎} N/A 

         

 

 

           −1      0       1       2        3      4         

                               

  
 

(5) 

 

 
 

{𝑦 /   𝑦  ≥   3;  𝑦 ∈  ℕ} N/A 

 

                                                   > 

 

            𝟏        𝟐        𝟑        𝟒        𝟓        𝟔   
 
 

(6) 

 

 
 

{𝒎 ∶  𝟎 < 𝒎 ≤ 𝟒 ; 𝒎 ∈  ℝ} 𝑚 ∈  (0 ; 4] 

 

  

 

                     𝟎                                𝟒 

 

 
 

(7) 

 

 
 
 

{𝒕 ∶  𝒕 ≥  −𝟓 ; 𝒕 ∈  ℝ} 𝒕 ∈ [−𝟓 ;  ∞) 

                             
 

                                                                                                                                                                                                                                           
  

      −5      − 4      − 3      − 2     − 1        0   
  

 
 

(8) 

 

 
 

{𝑚 ∶  𝑚  ≤   6;  𝑚 ∈  ℝ} 𝒎 ∈ (−∞ ; 𝟔] 

 

 

 

                                                 𝟔 

 

(9) 

 

 

{𝑥 / −1 <  𝑥 <  2;  𝑥 ∈ ℤ}   
N/A 

 

   

 

          −𝟐  − 𝟏        𝟎        𝟏        𝟐        𝟑 

 
 

(10) 

 

 
 

{𝒙 / 𝒙 > −𝟏 ; 𝒙 ∈  ℝ} 𝑥 ∈ (− 1;  ∞) 

 

 

 

                                −𝟏                                 

 

************* 

ℕ0 

ℝ 

ℝ 

 

ℝ 

 

ℝ 

 

ℕ 

 

ℝ 

 

ℝ 

 

ℤ 

 

ℝ 
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Chapter A2 
 

Algebraic expressions 
 

A2.1 Products: 

A2.1.1  The law of distribution: 
 

       E.g. 1 Determine the following products by using the law of distribution: 
 

             (𝐚)    (𝒙  −  𝟐)(𝒙 +  𝟐)                                    (𝐛)     (𝟑𝒎 +  𝒏)(𝟐𝒎 +  𝟓𝒏) 

                                                                ********** 

            (𝐚)     𝒙(𝒙 +  𝟐)   −  𝟐(𝒙 +  𝟐)                      (𝐛)     (𝟑𝒎 +  𝟏𝒏)(𝟐𝒎 +  𝟓𝒏)  
 

                 =  𝒙² +  𝟐𝒙  −   𝟐𝒙  −  𝟒                   
                        

                 =  𝒙²  −   𝟒                                                            =  𝟔𝒎² +  𝟏𝟓𝒎𝒏 +  𝟐𝒎𝒏 +  𝟓𝒏²    
 

                                                                                           =  𝟔𝒎² +  𝟏𝟕𝒎𝒏 +  𝟓𝒏² 

 

Exercise 1:                                                                                                 Date: __________________   
                                                                                                                

Determine the following products:  

 (1)      (𝑦  −  4)(𝑦 +  3)                               (2)      (𝑝  −  2)(𝑝  −  7)                               

 =   𝒚𝟐 +   𝟑𝒚 − 𝟒𝒚 − 𝟏𝟐  =  𝒑𝟐  −   𝟕𝒑 −   𝟐𝒑 +   𝟏𝟒 

 =   𝒚𝟐  − 𝒚 − 𝟏𝟐  =  𝒑𝟐  −   𝟗𝒑  +   𝟏𝟒 

(3)      (2𝑥 +  1)(𝑥  −  5) (4)      (𝑥 −   2𝑦)(2𝑥 −  𝑦)                            

 =   𝟐𝒙𝟐  −   𝟏𝟎𝒙 + 𝟏𝒙 −   𝟓  =  𝟐𝒙𝟐  −   𝟏𝒙𝒚 −   𝟒𝒙𝒚 +   𝟐𝒚𝟐 

 =   𝟐𝒙𝟐  −   𝟗𝒙 −   𝟓  =  𝟐𝒙𝟐   −   𝟓𝒙𝒚 +   𝟐𝒚𝟐 

(5)      (4𝑎𝑏  +  1)(2𝑎𝑏 −  3)                       (6)      (5  −  7𝑚)(2  −  3𝑚) 

 =   𝟖𝒂𝟐𝒃𝟐  −   𝟏𝟐𝒂𝒃 +   𝟐𝒂𝒃 −   𝟑  =  𝟏𝟎 −   𝟏𝟓𝒎 −   𝟏𝟒𝒎 +   𝟐𝟏𝒎𝟐 

 =   𝟖𝒂𝟐𝒃𝟐  −   𝟏𝟎𝒂𝒃 −   𝟑  =  𝟏𝟎 −   𝟐𝟗𝒎 +   𝟐𝟏𝒎𝟐 

(7)      (2𝑎  −  4𝑏)(3𝑎 +  2𝑏)                         (8)      (𝑚 +  𝑛)(2𝑚  −  1)                             

 =   𝟔𝒂𝟐 +  𝟒𝒂𝒃 −   𝟏𝟐𝒂𝒃 −   𝟖𝒃𝟐  =  𝟐𝒎𝟐  −  𝟏𝒎 +  𝟐𝒎𝒏 −  𝒏 

 =   𝟔𝒂𝟐  −   𝟖𝒂𝒃 −   𝟖𝒃𝟐   

(9)      (𝑑  −  12)(12 +  𝑑)   (10)      (𝑎² +  4)(𝑎² +  2)                           

 =   𝟏𝟐𝒅 +   𝒅𝟐  −   𝟏𝟒𝟒 −   𝟏𝟐𝒅  =  𝒂𝟒  + 𝟐𝒂𝟐  +   𝟒𝒂𝟐  +   𝟖 

 =   𝒅𝟐  −   𝟏𝟒𝟒   =  𝒂𝟒  + 𝟔𝒂𝟐  +   𝟖 
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(11)      (
1

2
𝑚  −  6) (8𝑚  −  3)                        (12)      (−2𝑘  −  5)(5 +  3𝑘) 

 =   𝟒𝒎𝟐  −   𝟑

𝟐
𝒎 −   𝟒𝟖𝒎 + 𝟏𝟖   =  −𝟏𝟎𝒌 −   𝟔𝒌𝟐  −   𝟐𝟓 −   𝟏𝟓𝒌 

 =   𝟒𝒎𝟐   −   𝟒𝟗
𝟏

𝟐
𝒎 + 𝟏𝟖   =   −  𝟔𝒌𝟐  −   𝟐𝟓𝒌 −  𝟐𝟓  

(13)       (𝑝 +   
1

𝑝
) (8𝑝 −   

4

𝑝
)                              (14)      (𝑎𝑏𝑐  −  2𝑎𝑐)(𝑎𝑏𝑐 +  3𝑏𝑐)                  

 =   𝟖𝒑𝟐  −  
𝟒𝒑

𝒑
 +   

𝟖𝒑

𝒑
 −   

𝟒

𝒑𝟐
  =   𝒂𝟐𝒃𝟐𝒄𝟐 + 𝟑𝒂𝒃𝟐𝒄𝟐 − 𝟐𝒂𝟐𝒃𝒄𝟐 − 𝟔𝒂𝒃𝒄𝟐 

 =   𝟖𝒑𝟐  −   𝟒 +   𝟖 −   
𝟒

𝒑𝟐
   

 =   𝟖𝒑𝟐 +   𝟒  −   
𝟒

𝒑𝟐
   

(15)      (3𝑟³ +  2)(2𝑟²  −  5) (16)      2𝑥(𝑥 −   5𝑦)(3𝑥 +   2𝑦) 

 =   𝟔𝒓𝟓  −   𝟏𝟓𝒓𝟑  +   𝟒𝒓𝟐  −   𝟏𝟎  =  𝟐𝒙(𝟑𝒙𝟐  +   𝟐𝒙𝒚 −   𝟏𝟓𝒙𝒚 −   𝟏𝟎𝒚𝟐) 

   =  𝟐𝒙(𝟑𝒙𝟐   −   𝟏𝟑𝒙𝒚  −   𝟏𝟎𝒚𝟐) 

   =  𝟔𝒙𝟑  −   𝟐𝟔𝒙𝟐𝒚 −   𝟐𝟎𝒙𝒚𝟐 

    

(17)     (
1

𝑝3𝑞2
 −  

2

𝑝2𝑞
) (

1

𝑝
 +  

2

𝑞
) (18)      (

𝑚2𝑛

3
 −   

6

𝑚𝑛
) (

𝑚𝑛

2
 −   

3

𝑚𝑛2
) 

 
=   

𝟏

𝒑𝟒𝒒𝟐
 +   

𝟐

𝒑𝟑𝒒𝟑
 −  

𝟐

𝒑𝟑𝒒
  −   

𝟒

𝒑𝟐𝒒𝟐
 

 
=   

𝒎𝟑𝒏𝟐

𝟔
−

𝟑𝒎𝟐𝒏

𝟑𝒎𝒏𝟐
−

𝟔𝒎𝒏

𝟐𝒎𝒏
+

𝟏𝟖

𝒎𝟐𝒏𝟑
 

 

  
=   

𝒎𝟑𝒏𝟐

𝟔
 −  

𝒎

𝒏
 −  𝟑 +  

𝟏𝟖

𝒎𝟐𝒏𝟑
 

 

 

 

 

       E.g. 2  Simplify:      

 

          (a)    (𝟐𝒂 +  𝟏)(𝟐𝒂  −  𝟏)  =  𝟒𝒂²  −   𝟐𝒂 +  𝟐𝒂  −  𝟏 =   𝟒𝒂²   −  𝟏  
 

          (b)    (𝒎𝟐 −  𝟓𝒏)(𝒎𝟐 +  𝟓𝒏) =  𝒎𝟒  +  𝟓𝒎𝟐𝒏 −  𝟓𝒎𝟐𝒏  −  𝟐𝟓𝒏𝟐 =  𝒎𝟒  −   𝟐𝟓𝒏𝟐   
 

                   Or shorter    
 
 

          (c)     (𝒙𝒚 +  𝟑)(𝒙𝒚  −  𝟑)  =  𝒙²𝒚²  −    𝟗 
 

          (d)     (
𝒂𝒃

𝟒
− 

𝟏

𝟕
) (

𝒂𝒃

𝟒
+ 

𝟏

𝟕
)  =   

𝒂𝟐𝒃𝟐

𝟏𝟔
 −  

𝟏

𝟒𝟗
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Exercise 2:                                                                                                   Date: _________________      
                                                                                                        

Simplify: 
 

(1)      (𝑎𝑏𝑐  −  2)(𝑎𝑏𝑐 +  2)                       (2)      (
1

3
  +  5𝑡) (

1

3
  −   5𝑡)                      

 =   𝒂𝟐𝒃𝟐𝒄𝟐  −   𝟒  

 

=   
𝟏

𝟗
 −   𝟐𝟓𝒕𝟐   

    

    

(3)      (𝑝  −  9𝑞)(9𝑞 +  𝑝) (4)      (𝑛 +  7𝑘)(7𝑛  −  𝑘)                          

 = (𝒑  −  𝟗𝒒)(𝒑 +   𝟗𝒒)  = 𝟕𝒏𝟐  −  𝟏𝒌𝒏 + 𝟒𝟗𝒌𝒏 − 𝟕𝒌𝟐 

 =  𝒑𝟐  −   𝟖𝟏𝒒𝟐  = 𝟕𝒏𝟐  + 𝟒𝟖𝒌𝒏 − 𝟕𝒌𝟐 

    
    

(5)      (−𝑎 +  4𝑏)(−𝑎  −  4𝑏)                     (6)      −𝑥 (
1

𝑥
 −   𝑥) (

1

𝑥
+   𝑥) 

 =   𝒂𝟐  +   𝟒𝒂𝒃 −   𝟒𝒂𝒃 −   𝟏𝟔𝒃𝟐  

 

=  −𝒙 (
𝟏

𝒙𝟐
 −   𝒙𝟐) 

 =   𝒂𝟐   −   𝟏𝟔𝒃𝟐  
=  −𝒙 (

𝟏

𝒙𝟐
 −   𝒙𝟐) 

 

 
=    

−𝒙

𝒙𝟐
 +  𝒙𝟑 

   
=    

−𝟏

𝒙
 +   𝒙𝟑 

    

(7)      (𝑥2𝑚  −   8)(𝑥2𝑚  +   8)                     (8)      (0,3   +    3𝑞)(0,3  −  3𝑞)              

 =  𝒙𝟐𝒎 + 𝟐𝒎 − 𝟔𝟒  = 𝟎, 𝟎𝟗 −   𝟗𝒒𝟐 

 
=  𝒙𝟒𝒎 − 𝟔𝟒   

    

(9)      (𝑏6𝑐3  +  6)(𝑏6𝑐3   +  6) (10)      (4𝑥𝑘5  −   7)(7 +   4𝑥𝑘5) 

 
=   𝒃𝟏𝟐𝒄𝟔 + 𝟔𝒃𝟔𝒄𝟑 + 𝟔𝒃𝟔𝒄𝟑 + 𝟑𝟔  =   (𝟒𝒙𝒌𝟓  −   𝟕)(𝟒𝒙𝒌𝟓 + 𝟕) 

 =   𝒃𝟏𝟐𝒄𝟔 + 𝟏𝟐𝒃𝟔𝒄𝟑 + 𝟑𝟔  =   𝟏𝟔𝒙𝟐𝒌𝟏𝟎  −   𝟒𝟗 
    

(11)      (𝑚 −   2𝑛)2(𝑚 +   2𝑛)2             (12)       (
𝑚

𝑛
 +  2) (

𝑚2

𝑛2
 + 4) (

𝑚

𝑛
  −  2) 

 

=   [(𝒎 −   𝟐𝒏)(𝒎 +   𝟐𝒏)]𝟐  
= (

𝒎

𝒏
 +  𝟐) (

𝒎

𝒏
  −  𝟐) (

𝒎𝟐

𝒏𝟐
 + 𝟒) 

 

=   [𝒎𝟐  −   𝟒𝒏𝟐]𝟐  
= (

𝒎𝟐

𝒏𝟐
  −   𝟒) (

𝒎𝟐

𝒏𝟐
 + 𝟒) 

 

=    𝒎𝟒  −   𝟖𝒎𝟐𝒏𝟐  +   𝟏𝟔𝒏𝟒  
=   

𝒎𝟒

𝒏𝟒
 −   𝟏𝟔 
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A2.1.2  Squaring of a binomial: 
 

       E.g. 3   Determine the following products: 
 

           (a)     (𝟐𝒙 +   𝟏)𝟐                                            (b)     (𝒎 −   
𝟏

𝒎
)

𝟐

 

                                                      ********** 

                 =  (𝟐𝒙 +   𝟏)(𝟐𝒙 +   𝟏)                                =    (𝒎 −   
𝟏

𝒎
) (𝒎 −   

𝟏

𝒎
)   

 

                 =  𝟒𝒙𝟐  +   𝟐𝒙 +   𝟐𝒙 +   𝟏                           =     𝒎𝟐  −   
𝒎

𝒎
 −   

𝒎

𝒎
 +   

𝟏

𝒎𝟐   
 

                 =  𝟒𝒙𝟐  +   𝟒𝒙 +   𝟏                                       =     𝒎𝟐  −   𝟐 +   
𝟏

𝒎𝟐   

 
 

Exercise 3:                                                                                                 Date: __________________               
                                                                                               

Determine the following squares: 

(1)      (𝑦  −  11)²                                        (2)      (3𝑝 +  2𝑞)²                                  

 = (𝒚 −   𝟏𝟏)(𝒚 −   𝟏𝟏)   = (𝟑𝒑 +   𝟐𝒒)(𝟑𝒑 +   𝟐𝒒) 

 =  𝒚𝟐  −   𝟏𝟏𝒚 −   𝟏𝟏𝒚 +   𝟏𝟐𝟏   = 𝟗𝒑𝟐  +   𝟔𝒑𝒒 +   𝟔𝒑𝒒 + 𝟒𝒒𝟐 

 =  𝒚𝟐  −   𝟐𝟐𝒚 +   𝟏𝟐𝟏   = 𝟗𝒑𝟐  +  𝟏𝟐𝒑𝒒 + 𝟒𝒒𝟐 

    

(3)      (−4 +  5𝑐)² (4)      (𝑚𝑛 +  3)²                                          

 = (−𝟒 +   𝟓𝒄)(−𝟒 +   𝟓𝒄)   = (𝒎𝒏 +   𝟑)(𝒎𝒏 +   𝟑) 

 = 𝟏𝟔 −   𝟐𝟎𝒄 −   𝟐𝟎𝒄 +   𝟐𝟓𝒄𝟐   = 𝒎𝟐𝒏𝟐  +   𝟑𝒎𝒏 +   𝟑𝒎𝒏 +   𝟗 

 = 𝟏𝟔 −  𝟒𝟎𝒄 +   𝟐𝟓𝒄𝟐   = 𝒎𝟐𝒏𝟐  +  𝟔𝒎𝒏 +   𝟗 
    

(5)      (𝑘² +  1)²                                     (6)      (8  −  3𝑏)²    

 = (𝒌𝟐  +   𝟏)(𝒌𝟐  +   𝟏)   = (𝟖 −   𝟑𝒃)(𝟖 −   𝟑𝒃) 

 =  𝒌𝟒  + 𝟏𝒌𝟐  +   𝟏𝒌𝟐  +   𝟏   = 𝟔𝟒 −   𝟐𝟒𝒃 −   𝟐𝟒𝒃 +  𝟗𝒃𝟐 

 =  𝒌𝟒  + 𝟐𝒌𝟐  +   𝟏   = 𝟔𝟒 −   𝟒𝟖𝒃 +  𝟗𝒃𝟐 
    

(7)      (𝑥 −   
1

2
)

2

                                      (8)       (
𝑦

5
 −   3)

2

                                   

 = (𝒙 −   
𝟏

𝟐
) (𝒙 −   

𝟏

𝟐
)   =   (

𝒚

𝟓
 −   𝟑) (

𝒚

𝟓
 −   𝟑) 

 =  𝒙𝟐  −   
𝟏

𝟐
𝒙 −   

𝟏

𝟐
𝒙 +   

𝟏

𝟒
   =   𝒚𝟐

𝟐𝟓
 −  𝟑𝒚

𝟓
 −  

𝟑𝒚
𝟓

  +  𝟗 

 =  𝒙𝟐  −  𝟏𝒙 +   
𝟏

𝟒
   

 

=   𝒚𝟐

𝟐𝟓
 −  𝟔𝒚

𝟓
  +  𝟗 

 



 22 
 

(9)      (5𝑝  −  2𝑝²)² (10)     (4 +   
3

𝑛
)

2

                                                     

 
= (𝟓𝒑  −  𝟐𝒑²)(𝟓𝒑  −  𝟐𝒑²)   = (𝟒 +   

𝟑

𝒏
) (𝟒 +  

𝟑

𝒏
) 

 

=  𝟐𝟓𝒑𝟐  −   𝟏𝟎𝒑𝟑  −   𝟏𝟎𝒑𝟑  +   𝟒𝒑𝟒   = 𝟏𝟔 +  
𝟏𝟐

𝒏
   +  

𝟏𝟐

𝒏
  +   

𝟗

𝒏𝟐
 

 
=  𝟐𝟓𝒑𝟐  −   𝟐𝟎𝒑𝟑   +   𝟒𝒑𝟒   = 𝟏𝟔 +  

𝟐𝟒

𝒏
   +  

𝟗

𝒏𝟐
 

    

(11)      (0,2 +  6𝑦)²                                 (12)     (
2𝑚

𝑝
 +   

𝑝2

3𝑚
)

2

 

 

= (𝟎, 𝟐 +  𝟔𝒚)(𝟎, 𝟐 +  𝟔𝒚)   
= (

𝟐𝒎

𝒑
 +  

𝒑𝟐

𝟑𝒎
) (

𝟐𝒎

𝒑
 +  

𝒑𝟐

𝟑𝒎
) 

 

=  𝟎, 𝟎𝟒 +  𝟏, 𝟐𝒚 +  𝟏, 𝟐𝒚 +  𝟑𝟔𝒚𝟐   
=

𝟒𝒎𝟐

𝒑𝟐  +  
𝟐𝒎𝒑𝟐

𝟑𝒎𝒑
 +  

𝟐𝒎𝒑𝟐

𝟑𝒎𝒑
 + 

𝒑𝟒

𝟗𝒎𝟐 

 

=  𝟎, 𝟎𝟒 +   𝟐, 𝟒𝒚 +  𝟑𝟔𝒚𝟐   
=

𝟒𝒎𝟐

𝒑𝟐  +  
𝟒𝒑

𝟑
 + 

𝒑𝟒

𝟗𝒎𝟐 

 

 

 

      E.g. 4  Simplify the following: (Shorter method!) 
 

                (a)     (𝒎 +  𝟓𝒏)² =  (𝒎)² +  𝟐(𝒎)(𝟓𝒏) + (𝟓𝒏)² =  𝒎² +  𝟏𝟎𝒎𝒏 +  𝟐𝟓𝒏² 
 

                (b)     (𝒑𝒒  −  𝟐)² =  𝒑²𝒒²  −  𝟒𝒑𝒒 +  𝟒 
 

                (c)      (
𝟏

𝟑
 +   𝟑𝒙)

𝟐

 =   
𝟏

𝟗
 +   𝟐𝒙 +   𝟗𝒙𝟐       

 

 

Exercise 4:                                                                                                 Date: __________________             
                                                                                                     

Simplify (Use the shorter method!)  
 

(1)      (𝑥  −  3)²                                     (2)     (6𝑚  −  1)²                                   

 =  𝒙𝟐  −   𝟔𝒙 +   𝟗  =  𝟑𝟔𝒎𝟐  −   𝟏𝟐𝒎 +   𝟏 

(3)      (3𝑦 +  7)² (4)     (3 +  𝑝𝑞)²                                   

 =   𝟗𝒚𝟐  +   𝟒𝟐𝒚 +   𝟒𝟗  = 𝟗 +   𝟔𝒑𝒒 +   𝒑𝟐𝒒𝟐 
    

(5)      (5𝑡² +  8)²                                   (6)     (
2

3
 −   6𝑦)

2

        

 =   𝟐𝟓𝒕𝟒  +   𝟖𝟎𝒕𝟐  +   𝟔𝟒  =  
𝟒

𝟗
 −   𝟖𝒚 +   𝟑𝟔𝒚𝟐   

    

(7)      (−2𝑘  −  5)²                                 (8)      (
3𝑝 −  2𝑞

5𝑚
)

2
            

 =   𝟒𝒌𝟐  +   𝟐𝟎𝒌 +   𝟐𝟓  =   
𝟗𝒑𝟐  −   𝟏𝟐𝒑𝒒 +   𝟒𝒒𝟐

𝟐𝟓𝒎𝟐
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(9)      (4𝑥² +  10 𝑦²)² (10)     (2𝑚𝑛 +  7)(7 +  2𝑚𝑛)                  

 =   𝟏𝟔𝒙𝟒  +   𝟖𝟎𝒙𝟐𝒚𝟐  +   𝟏𝟎𝟎𝒚𝟒  = (𝟐𝒎𝒏 +  𝟕)( 𝟐𝒎𝒏 +   𝟕)  

 
 

 =   𝟒𝒎𝟐𝒏𝟐  +   𝟐𝟖𝒎𝒏 +   𝟒𝟗 

    

(11)     (8  −  3𝑦)(8 +  3𝑦)                       (12)      −2(𝑎𝑏𝑐  −  11)² 

 = 𝟔𝟒 −   𝟗𝒚𝟐  =  −𝟐(𝒂𝟐𝒃𝟐𝒄𝟐  −   𝟐𝟐𝒂𝒃𝒄 +   𝟏𝟐𝟏) 

   =  −𝟐𝒂𝟐𝒃𝟐𝒄𝟐  +   𝟒𝟒𝒂𝒃𝒄 −   𝟐𝟒𝟐 
 

 

 

A2.1.3 Binomials and trinomials:   
 

       E.g. 5 Simplify the following products:            (𝟒𝒚 +  𝟏)(𝒚²  −  𝒚 +  𝟓) 
 

                                                                                  = 𝟒𝒚³  −   𝟒𝒚² +  𝟐𝟎𝒚 +  𝟏𝒚²   −  𝟏𝒚 +  𝟓 
 

                                                                                  = 𝟒𝒚³  −  𝟑𝒚² +  𝟏𝟗𝒚  +  𝟓 
 

 

Exercise 5:                                                                                                 Date: __________________     
         

Simplify the following products: 
 

(1)      (2𝑎  −  3)(𝑎² +  5𝑎  −  4) (2)      (𝑚 +  7)(2𝑚²  +  3𝑚 +  3) 

 =   𝟐𝒂𝟑 + 𝟏𝟎𝒂𝟐 − 𝟖𝒂 − 𝟑𝒂𝟐 − 𝟏𝟓𝒂 + 𝟏𝟐  =   𝟐𝒎𝟑 + 𝟑𝒎𝟐 + 𝟑𝒎 + 𝟏𝟒𝒎𝟐 + 𝟐𝟏𝒎 + 𝟐𝟏 

 =   𝟐𝒂𝟑 + 𝟕𝒂𝟐 − 𝟐𝟑𝒂 + 𝟏𝟐  =   𝟐𝒎𝟑 + 𝟏𝟕𝒎𝟐 + 𝟐𝟒𝒎 + 𝟐𝟏 
    

(3)      (1 +  𝑥)(1  −   𝑥  +   𝑥²) (4)      (3𝑦  −  2)(9𝑦² +  6𝑦 +  4) 

 = 𝟏 − 𝟏𝒙 + 𝟏𝒙𝟐 + 𝟏𝒙 − 𝟏𝒙𝟐 + 𝒙𝟑  = 𝟐𝟕𝒚𝟑 + 𝟏𝟖𝒚𝟐 + 𝟏𝟐𝒚 − 𝟏𝟖𝒚𝟐 − 𝟏𝟐𝒚 − 𝟖 

 = 𝟏 +  𝒙𝟑  = 𝟐𝟕𝒚𝟑  −  𝟖 

    

(5)      (2𝑚 + 
1

2
) (

𝑚2

4
+ 4 − 4𝑚)          (6)     (𝑚²𝑛² −  5)(25 +  5𝑚²𝑛² +  𝑚4𝑛4)                                 

 
=   

𝟐𝒎𝟑

𝟒
+ 𝟖𝒎 − 𝟖𝒎𝟐 +

𝒎𝟐

𝟖
+ 𝟐 −

𝟒𝒎

𝟐
 

 
= 𝟐𝟓𝒎𝟐𝒏𝟐 + 𝟓𝒎𝟒𝒏𝟒 + 𝒎𝟔𝒏𝟔 − 𝟏𝟐𝟓

− 𝟐𝟓𝒎𝟐𝒏𝟐 − 𝟓𝒎𝟐𝒏𝟐 

 
=   

𝒎𝟑

𝟐
+ 𝟖𝒎 −

𝟖𝒎𝟐

𝟏
+

𝟏𝒎𝟐

𝟖
+ 𝟐 − 𝟐𝒎 

 = 𝒎𝟔𝒏𝟔 − 𝟏𝟐𝟓 

 =   
𝒎𝟑

𝟐
 +  𝟔𝒎 −  𝟕

𝟕

𝟖
𝒎𝟐  +  𝟐   
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A2.1.4 The sum and difference of two cubes:  
 

       E.g. 6   Consider the following:  

 

              (a) (𝒙  −  𝟑)(𝒙² +  𝟑𝒙 +  𝟗)  =  𝒙³ +  𝟑𝒙² +  𝟗𝒙 −  𝟑𝒙²  −  𝟗𝒙  −  𝟐𝟕  =  𝒙³  −  𝟐𝟕 

 

              (b) (𝒚 +  𝟓)(𝒚² −  𝟓𝒚 +  𝟐𝟓)  =  𝒚𝟑 − 𝟓𝒚𝟐 + 𝟐𝟓𝒚 + 𝟓𝒚𝟐 − 𝟐𝟓𝒚 + 𝟏𝟐𝟓  =  𝒚³ + 𝟏𝟐𝟓 

 

          (c) (𝟒𝒎 − 𝟏)(𝟏𝟔𝒎𝟐 + 𝟒𝒎 + 𝟏) = (𝟒𝒎 − 𝟏)[(𝟒𝒎)𝟐 + (𝟒𝒎)(𝟏) + (𝟏)𝟐]  = 𝟔𝟒𝒎³  −  𝟏 

 

              (d) (𝒏𝟐 +  𝟐)(𝒏𝟒  −  𝟐𝒏𝟐 +  𝟒) =  (𝒏² +  𝟐)[(𝒏𝟐)𝟐  −  (𝟐)(𝒏²)  +  (𝟐)𝟐]  =  𝒏𝟔  +   𝟖        

 

 

 

Exercise 6:                                                                                                 Date: __________________                       
                                                                                                            

Write down the following products directly, if possible: 
 

(1)      (𝑎  +   3)(𝑎²  −   3𝑎  +   9)                                              (2)       (2𝑦³  +   4)(4𝑦6   −    8𝑦³  +   16) 

 = 𝒂𝟑  +   𝟐𝟕  =   𝟖𝒚𝟗  +   𝟔𝟒 

(3)    (
𝑥

3
− 1) (

1

9
𝑥2 +  

1

3
𝑥 + 1)                                      (4)     (6𝑎2 −  

1

2
) (36𝑎4 + 3𝑎2 + 

1

4
)       

 =  
𝒙𝟑

𝟐𝟕
 −   𝟏  =   𝟐𝟏𝟔𝒂𝟔  −   

𝟏

𝟖
 

(5)     (5𝑞 +  7)(25𝑞² −  35𝑞 +  49)                                           (6)     (8  −  3𝑚)(9𝑚² +  24𝑚 +  64) 

 = 𝟏𝟐𝟓𝒒𝟑  +   𝟑𝟒𝟑  = (𝟖  −  𝟑𝒎)(𝟔𝟒 +  𝟐𝟒𝒎 +  𝟗𝒎²)  

   =   𝟓𝟏𝟐 −   𝟐𝟕𝒎𝟑 

(7)      (𝑥  −  5)(𝑥²  −   5𝑥 +  25)                                                (8)    (0,1 +  0,2𝑦)(0,01 − 0,02𝑦 +  0,04𝑦²) 

 =  𝒙𝟑 − 𝟓𝒙𝟐 + 𝟐𝟓𝒙 − 𝟓𝒙𝟐 + 𝟐𝟓𝒙 − 𝟏𝟐𝟓  = 𝟎, 𝟎𝟎𝟏 + 𝟎, 𝟎𝟎𝟖𝒚𝟑  

 =  𝒙𝟑 − 𝟏𝟎𝒙𝟐 + 𝟓𝟎𝒙 − 𝟏𝟐𝟓   

(9)      (9𝑎4  +  6𝑎2𝑏 +  4𝑏²)(3𝑎 2  −  2𝑏)                                (10) 2(−1  +  5𝑚)(25𝑚²  +   5𝑚  +   1) 

 = (𝟑𝒂 𝟐  −  𝟐𝒃)(𝟗𝒂𝟒  +  𝟔𝒂𝟐𝒃 +  𝟒𝒃𝟐)    =   𝟐(𝟓𝒎 − 𝟏)(𝟐𝟓𝒎²  +   𝟓𝒎  +   𝟏) 

 = 𝟐𝟕𝒂𝟔  −   𝟖𝒃𝟑  =   𝟐(𝟏𝟐𝟓𝒎𝟑 − 𝟏) 

   

 

= 𝟐𝟓𝟎𝒎𝟑  −   𝟐 

 

 

Product: 

Pattern: 

 

Pattern: 

 


