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1.1 Definition   A set is collection of distinct objects. These objects are called the elements, 

or members. 

Important Sets of Real Numbers 

The set ℕ of natural numbers is define by 

ℕ = {1, 2, 3, … } 

The set ℤ of integers is define by 

 ℤ = {... , −2, −1, 0, 1, 2, ...}.               

The set ℚ of rational numbers is define by 

ℚ = {𝑎/𝑏: 𝑎, 𝑏 ∈ ℤ, 𝑏 ≠  0}. 

Non-periodic decimal fractions are called irrational numbers and denoted by Irr. 

For example,  √2, √3, 𝜋 

Real numbers 

Real Numbers are made up of rational numbers and irrational numbers and 

denoted by  ℝ. 

The Number Line 

We may use the number line to represent all the real numbers graphically; each 

real number corresponds to exactly one point on the number line. ∞  and -∞ are not real 

numbers because there is no point on the number line corresponding to either of them. 

ℂ, denoting the set of all complex numbers: ℂ = {𝑎 +  𝑏𝑖 : 𝑎, 𝑏 ∈  ℝ}.   

      For example,  1 + 2𝑖 ∈ ℂ.  

 

 

Intervals 

 

 
 

http://en.wikipedia.org/wiki/Complex_number
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Types of intervals 
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Absolute value 

1.11 Definition   The absolute value of a number 𝑥, denoted by is defined by the 

formula   

                |𝑥| = {
𝑥        𝑖𝑓     𝑥 ≥ 0
−𝑥    𝑖𝑓     𝑥 < 0

.    

 

1.12 Example    |2| = 2, | − 5| = −(−5) = 5.  
 

Some properties of the absolute value 

Let  𝑎, 𝑏 and 𝑥 be any real numbers then: 

1) |𝑥| = √𝑥2 

2) |𝑎𝑏| = |𝑎||𝑏| 

3) |𝑎 + 𝑏| ≤ |𝑎| + |𝑏| 

4) |𝑎 − 𝑏| ≥ ||𝑎| − |𝑏|| 

5) |𝑥| ≤ 𝑎  if and only if     𝑥 ≤ 𝑎   and  𝑥 ≥ −𝑎   ( 𝑜𝑟 − 𝑎 ≤ 𝑥 ≤ 𝑎) 

        6)  |𝑥| ≥ 𝑎  if and only if   𝑥 ≥ 𝑎  or    𝑥 ≤ −𝑎 

Cartesian product 

Definition   Let  𝐴 and  𝐵 be any two non empty sets, the Cartesian product of  𝐴 with 𝐵 

denoted by  𝐴 × 𝐵 is defined by 

 𝐴 × 𝐵 = {(𝑎, 𝑏): 𝑎 ∈ A  𝑎𝑛𝑑 𝑏 ∈ B}  

 𝐵 × 𝐴 = {(𝑎, 𝑏): 𝑎 ∈ B  𝑎𝑛𝑑 𝑏 ∈ A}  
 

Remark  

1)  𝐴 × 𝐵 ≠ 𝐵 × 𝐴  

2)  𝐴 × 𝐵 = 𝐵 × 𝐴 iff  𝐴 = 𝐵 

3)  If 𝐴 contains 𝑚 elements and 𝐵 contains 𝑛 elements, then 𝐴 × 𝐵 contains  

       𝑚 × 𝑛 elements. 

4)  𝐴 × 𝐵 = 𝜙   iff  𝐴 = 𝜙  or  𝐵 = 𝜙 

5)  The Cartesian product of ℝ  with itself is ℝ × ℝ denoted by ℝ2,  

        ℝ2 = {(𝑥, 𝑦): 𝑥, 𝑦 ∈ ℝ}, ℝ2 denotes the Cartesian plane. 
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The Function  

Definition   Let  𝐴 and  𝐵 be any two non empty sets then a function (denoted by f ) from 

 𝐴 to 𝐵 is a relation from 𝐴 to 𝐵 provided that for each  𝑥 ∈ A there exist only a unique  𝑦 ∈

B such that  (𝑥, 𝑦) ∈ 𝑓 and  f can be written as: 

                    𝑓: 𝐴 → 𝐵, 𝑦 = 𝑓(𝑥) or   𝑦
𝑓
→ 𝑥.   

 

 

 

 

 

Example    Let  𝑓: ℝ → ℝ. Does the following f are functions or not? 

 1)  𝑓(𝑥) = √𝑥                  2) 𝑓(𝑥) = 𝑥2                       3) 𝑓(𝑥) = 3 

Solution:  

1. Is not a function because √−1  is undefined.  

2. Is a function since for all 𝑥 there exist   𝑦 such that (𝑥, 𝑦) ∈ 𝑓.  

3. is a function since for all x there exist  𝑦 such that (𝑥, 𝑦) ∈ 𝑓. 

Example Let  𝑓: ℝ+ → ℝ,  𝑥 = 𝑦2. Is not a function because 

                            (4, −2) ∈ 𝑓  and  (4, 2) ∈ 𝑓 

Example Let  𝑓: ℝ+ → ℝ+,  𝑥 = 𝑦2. Is a function  
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Definitions   

 1)  The set A of all possible input values is called the domain of the function.  

        That means  𝐷𝑓 = {𝑥: 𝑥 ∈ 𝐴 and 𝑦 = 𝑓(𝑥) for a unique 𝑦 ∈ 𝐵} 

 2) The set of all values of ƒ(𝑥) as 𝑥 varies throughout 𝐴 is called the range of the   

      function, i.e.  𝑅𝑓 = {𝑦: 𝑦 ∈ 𝐵 and 𝑦 = 𝑓(𝑥) for at least one 𝑥 ∈ 𝐴} 

The range may not include every element in the set Y. 

 

Examples   Find the domains and ranges of these functions.  
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H.W.    Find the domains and ranges of these functions.  

 𝟏)   𝑦 = 𝑓(𝑥) =
𝑥+3

𝑥3+1
              𝟐)   𝑦 = 𝑓(𝑥) = √

𝑥+1

𝑥
 

 

Definition (The Graph of Function) 

The graph of the function 𝑦 = 𝑓(𝑥) is the set of all points (𝑥, 𝑦) in the Cartesian plane 𝑋 ×

𝑌 such that (𝑥, 𝑦) satisfies the function 𝑦 = 𝑓(𝑥).    

That means the graph is {(𝑥, 𝑦): 𝑦 = 𝑓(𝑥)}. 

Example   Find the graph of this function  𝑦 = 𝑓(𝑥) = 𝑥  

Solution: 

-3 -2 -1 0 3 2 1 𝒙 

-3 -2 -1 0 3 2 1 𝒚 = 𝒇(𝒙) 

(−𝟑, −𝟑) (−𝟐, −𝟐) (−𝟏, −𝟏) (𝟎, 𝟎) (𝟑, 𝟑) (𝟐, 𝟐) (𝟏, 𝟏) (𝒙, 𝒚) 
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1.34 Example : Graph this function

Solution:

(x, y)y=f(x)x

(0,0)00

(1,1)11

(2,1.4)1.42

(4,2)24

(6,2.44)2.446

(9,3)39

(0,0)00
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9876

2.44
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1.35 Example : graph of this function

Solution:

(x, y)y=f(x)x

(1,1)11

(2,2)22

(3,3)33

(0,0)00

(-1,1)1-1

(-2,2)2-2

(-3,3)3-3
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 Note Let  𝑓(𝑥) and  𝑔(𝑥) be two functions having  𝐷𝑓  and  𝐷𝑔 as a domain respectively. 

Then 

1) 𝐷𝑓+𝑔 = 𝐷𝑓−𝑔 = 𝐷𝑓×𝑔 = 𝐷𝑓 ∩ 𝐷𝑔  

2) 𝐷𝑓/𝑔 = 𝐷𝑓 ∩ 𝐷𝑔 − {𝑥: 𝑔(𝑥) = 0} 

Example Find the domain for the function  𝐾(𝑥) =
𝑥+1

⟦𝑥⟧−1
 

Solution:  Let   𝑓(𝑥) = 𝑥 + 1  and   𝑔(𝑥) = ⟦𝑥⟧ − 1 

                     𝐷𝑓 = ℝ  and  𝐷𝑔 = ℝ 

              ⟹ 𝐷𝐾 = ℝ ∩ ℝ − {𝑥: ⟦𝑥⟧ − 1 = 0} = ℝ − {𝑥: ⟦𝑥⟧ = 1} = ℝ − [1,2)  

 Definition   Type of Functions 

1) Constant function  𝑦 = 𝑓(𝑥) = 𝑐  where 𝑐 ∈ ℝ is called the constant function. 

2) Identity function  𝑦 = 𝑓(𝑥) = 𝑥 is called the identity function. 

3) Polynomial function 𝑦 = 𝑓(𝑥) = 𝑎0𝑥𝑛 + 𝑎1𝑥𝑛−1 + ⋯ + 𝑎𝑛−1𝑥 + 𝑎𝑛 where    𝑎𝑖 ∈ ℝ, 

 𝑖 = 0,1, … , 𝑛. For  𝑎0 ≠ 0 and  𝑛 ≥ 0 an integer is called a polynomial of degree  𝑛. 

For example  𝑦 = 𝑓(𝑥) = 𝑥6 + 𝑥 − 6. 

 

4)  

5)  Even function  The function 𝑦 = 𝑓(𝑥) is called an even function if 

        𝑓(−𝑥) = 𝑓(𝑥) ∀ 𝑥 ∈ 𝐷𝑓 . 

For example  𝑦 = 𝑓(𝑥) = 𝑥2 + 1 is an even function. 

6)  Odd function  The function 𝑦 = 𝑓(𝑥) is called an even function if 

        𝑓(−𝑥) = −𝑓(𝑥) ∀ 𝑥 ∈ 𝐷𝑓 . 

For example  𝑦 = 𝑓(𝑥) = 𝑥3 is an odd function. 

7)  Injective function (1-1 one to one)  The function 𝑦 = 𝑓(𝑥) is said to be a one to one 

function if for any  𝑥1, 𝑥2 ∈ 𝐷𝑓 ,   𝑓(𝑥1) = 𝑓(𝑥2) ⟹ 𝑥1 = 𝑥2  or  𝑥1 ≠ 𝑥2  ⟹ 𝑓(𝑥1) ≠ 𝑓(𝑥2) 

  4)      Definition 
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For example  𝑦 = 𝑓(𝑥) = 𝑥 + 1 is one to one function. Since for any    𝑥1, 𝑥2 ∈ ℝ, if  

              𝑓(𝑥1) = 𝑓(𝑥2) ⟹ 𝑥1 + 1 = 𝑥2 + 1 ⟹  𝑥1 = 𝑥2. 

Remark (Horizontal Line Test) A function is one-to-one if and only if no horizontal line 

intersects its graph more than once. 

Example  Is the function 𝑦 = 𝑥2 from  ℝ 𝑡𝑜 ℝ   one−to−one?  

Solution1:  This function is not one-to-one because, for instance, 

    𝑔(1) = 1 = 𝑔(−1) 

and so 1 and -1 have the same output. 

Solution2: From Figure 1.21 we see that there are horizontal lines that intersect the graph 

of more than once. Therefore, by the Horizontal Line Test, is not one-to-one. 

 

 

 

 

 

 

 

8)  Surjective  function (onto)  The function 𝑦 = 𝑓(𝑥) is said to be an on to function if for 

any 𝑦 ∈ 𝑅𝑓 there exist at least one value of  𝑥 ∈ 𝐷𝑓 such that 𝑦 = 𝑓(𝑥). 

For example  𝑦 = 𝑓(𝑥) = 𝑥 + 1 is one to one function. Since if we put  

            𝑥 = 𝑦 − 1 ⟹ 𝑓(𝑥) = 𝑓(𝑦 − 1) = 𝑦 − 1 + 1 = 𝑦 

9) bijective function The function 𝑦 = 𝑓(𝑥) is said to be bijective function if f  are both 

Surjective and Injective function. 

For example  𝑦 = 𝑓(𝑥) = 𝑥 + 1. 

10)  Inverse function Let 𝑓: 𝐴 → 𝐵  be a bijective function, the inverse function of 

𝑓(𝑥) denoted by 𝑓−1(𝑥) is defined by 𝑓−1: 𝐵 → 𝐴 satisfying  𝑓(𝑓−1(𝑥)) = 𝑓−1(𝑓(𝑥)) = 𝑥. 

𝑖. 𝑒. The composition of any function with its inverse is the identity function and if (𝑥, 𝑦) ∈

𝑓    then   (𝑦, 𝑥) ∈ 𝑓. 

Figure 1.21 
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 Note     𝟏)  𝑓−1(𝑥) ≠
1

𝑓(𝑥)
        𝟐)  (𝑓−1(𝑥))−1 = 𝑓(𝑥) 

               𝟑) Any function is symmetric with its inverse about line  𝑦 = 𝑥. 

  

             

 

 

 

 

 

 

 

 

 

 

 

 

Example 


