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(1.2) Mathematical Models 
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(1.2) Mathematical 
Models 

Algebraic 
function 

Non-Algebraic 
function 

are functions constructed from polynomials using 

algebraic operations (such as +, −,×,÷,
𝑛

) 
starting with polynomials. 

(1) Polynomial (constant, linear, quadratic , cubic ) 

(2) Power 𝑥𝑎  : 𝑥𝑛, 𝑥
1

𝑛 = 𝑥𝑛   𝑟𝑜𝑜𝑡 , 𝑥−𝑛 

(3) Rational :  
𝑥4−16𝑥2

𝑥+1
 

(1) Trigonometric: sin 𝑥 , cos 𝑥 , …  

(2) Exponential : 𝑎𝑥, 𝑒𝑥, … 

(3) Logarithmic : 𝑙𝑜𝑔𝑎 𝑥 , ln (𝑥)  

More examples 𝑥4−16𝑥2

𝑥+ 𝑥
 + (𝑥 − 2) 𝑥 + 1

3
 (4) 

(5)  𝑥2 + 1
4
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Polynomial functions 

A function  𝑓(𝑥) is called a polynomial if 

f(x) = 𝑎𝑛𝑥𝑛 + 𝑎𝑛−1𝑥𝑛−1 + ⋯ + 𝑎1𝑥 + 𝑎0 

X is a variable Leading  coefficient  coefficients  

 constant 

Domain of f(x) = ℝ = −∞, ∞ .  

Degree of the polynomial = 𝑛.  

𝑛: non-negative integer 

𝑎𝑛 , 𝑎𝑛−1 , … , 𝑎1 , 𝑎0 ∈ ℝ 

Examples  

𝑓 𝑥 = 𝑥5 +
2

3
𝑥2 + 1 

deg.( 𝑓 𝑥 ) = 

𝑔 𝑥 = 𝑥 + 2𝑥−1 + 𝑥2∕3 

is not a polynomial 

is a polynomial (1) 

(2) 
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Constant function 

𝑓 𝑥 = 𝑐 

Deg. 𝑓(𝑥) =  

𝐷𝑓 =  

 𝑅𝑎𝑛𝑔𝑒 = 

Algebraic function 

Linear Function 

𝑓 𝑥 = 𝑎𝑥 + 𝑏 

Deg. 𝑓(𝑥) = 

Domain = 
Range= 

Quadratic function 

𝑓 𝑥 = 𝑎𝑥2 + 𝑏𝑥 + 𝑐 Deg. 𝑓(𝑥) = 

𝑎 > 0 𝑎 < 0 

Cubic Function 

𝑓 𝑥 = 𝑎𝑥3 + 𝑏𝑥2 + 𝑐𝑥 + 𝑑 

Deg. 𝑓 𝑥 = 

Domain = 
Range= 
Algebraic function 

1 

2 

3 

4 
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Power function is a function of the from  𝑓 𝑥 = 𝑥𝑎 ,  

Examples  𝑓 𝑥 =  … … .   

 we have 3 cases: 

a is a constant  

1 𝑎 = 𝑛 ( +𝑣𝑒 𝑖𝑛𝑡𝑒𝑔𝑒𝑟 𝑒𝑥𝑎𝑚𝑝𝑙𝑒: 𝑥1, 𝑥2, 𝑥5, … ) 

𝑛 = 𝑖𝑠 𝑒𝑣𝑒𝑛,  
𝑒𝑥. 𝑥2, 𝑥4, 𝑥8 

Domain= 
Range = 

Domain= 
Range = 

𝑛 = 𝑖𝑠 𝑜𝑑𝑑, 𝑒𝑥. 𝑥1, 𝑥3, 𝑥5 
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2 𝑎 =
1

𝑛
 ( +𝑣𝑒 𝑖𝑛𝑡𝑒𝑔𝑒𝑟 𝑒𝑥𝑎𝑚𝑝𝑙𝑒: 𝑥

1

2, 𝑥
1

3, … ) 
Root 

function 

𝑛 𝑖𝑠 𝑒𝑣𝑒𝑛 𝑒𝑥: 𝑥 

Domain = 
Range = 

Domain=  
Range = 

𝑛 𝑖𝑠 𝑜𝑑𝑑 𝑒𝑥: 𝑥3  
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3 𝑎 = −𝑛 (𝑒𝑥𝑎𝑚𝑝𝑙𝑒:
1

𝑥
,

1

𝑥2
, … . ) reciprocal 

𝑛 𝑖𝑠 𝑒𝑣𝑒𝑛 𝑒𝑥:
1

𝑥2
 

Domain = 
Range   = 

Domain = 
Range    = 

𝑛 𝑖𝑠 𝑜𝑑𝑑 𝑒𝑥: 
1

𝑥
 

1

𝑥3  , 𝑥−5 , 
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𝑓 𝑥 =
𝑝 𝑥

𝑞 𝑥
 , 𝑞 𝑥 ≠ 0  

Rational Functions 

A rational function is a ratio of two 
polynomial functions:  

The Domain of the rational function : 

3𝑥 + 3

2𝑥
 , 

1

𝑥
 , 5𝑥2 + 3𝑥 + 5 

Examples  

3 𝑥 + 2

𝑥 + 2
, 

3𝑥 + 2

5𝑥
 

are all … … … … … . . 

are … … … … … … … … … … … . . 

𝐷𝑓 = 𝑥 ∈ ℝ:  𝑞 𝑥 ≠ 0

= ℝ − {𝑧𝑒𝑟𝑜𝑠 𝑜𝑓 𝑞 𝑥 } 

𝑓 𝑥 =
2𝑥4 − 𝑥2 + 1

𝑥2 − 4
 

Example  

𝐷𝑓 = 

1 

2 
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Are functions constructed from polynomials using 

algebraic operations (×, ±,÷, … ) 

𝑥3 + 2 ,    
𝑥4−2 𝑥

𝑥+ 𝑥
 ,    … 

Rational, Power, Polynomails 
are also algebraic functions 

See Appendix D.  

Examples  

Algebraic Functions 

Remark 
Trigonometric 

Functions 
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are of the form of  𝑓 𝑥 = 𝑎𝑥,   
𝑎 is a base > 0 , 𝑎 ≠ 1. 

𝑎 > 1 ,   𝑦 = 2𝑥, 𝑦 = 𝑒𝑥  0 < 𝑎 < 1,    𝑦 =
1

2

𝑥
 

Domain= 
Range= 

Increasing or decreasing !! 
 even or odd ? 

Domain= 
Range= 

Increasing or Decreasing 
even or odd ? 

Exponential 
Functions 

1 2 
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 𝑓 𝑥 = 𝑙𝑜𝑔𝑎 𝑥  

The power to which 
we raise 𝑎 to get 𝑥 

 القوى
The base 𝑎 is  
a +ve constant ≠ 1 

𝑦 = 𝑙𝑜𝑔𝑒 𝑥 = ln 𝑥 

𝑙𝑜𝑔 functions are the inverse 
functions of the exponential 
functions.  

Domain= 
Range= 

𝑙𝑜𝑔𝑎1 = ⋯  
𝑙𝑜𝑔𝑎 𝑎 = ⋯ 

Logarithmic 
Function 

 الأساس

 العدد

note 
1 

2 

Increasing or decreasing? 
even or odd ? 

3 
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Classify the following functions as one of the 
types of functions  that we have discussed. 

(1)𝑦 = 𝜋𝑥                          …………………. 
(2)𝑦 = 𝑥𝜋                           ……..   + …………. 
(3)𝑦 = tan 𝑡 −  cos 𝑡        ………………………… 

Example  6  

1 𝑓 𝑥 = 5𝑥                         ………………………….. 

Homework 1 

Exercise 2 

2 𝑔 𝑥 = 𝑥5                           ………………………….. 

3 ℎ 𝑥 =
1+𝑥

1− 𝑥
                         ………………………….. 

4 𝑢 𝑡 = 1 − 𝑡 + 5𝑡4             ………………………….. 
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