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Abstract: - The Position Function is a new and original mathematical function introduced by the author into the 
mathematical domain; it can be used in numerous fields and domains as signal theory, signal processing, 
mathematics, physics and many others. The main goal of this function is to give as an output two values which 
are (+1 and -1) whatever is the input and whatever is the coordinate system we are working on, for example the 
same function can be used in Cartesian coordinate system, in Spherical and Cylindrical coordinate system or 
any other system. This function is similar to the sign function in which it gives 3 values (+1, 0 and -1) in the 
Cartesian coordinate system only, but the difference is that the Position function gives two values (+1 and -1) 
not only in the Cartesian Coordinate system but in any other Coordinate system. The Position Function will by 
widely used due to its importance. It has many advantages that are discussed in this paper. 
 
Key-words:-Position function, coordinate systems, periodic signal, step function, saturation function, 
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1 Introduction 
In mathematics, the Position Function is a new and 
original mathematical function introduced by the 
author into the mathematical domain, this function 
determine the position of a point into a certain 
coordinate system and gives it a value (+1) if the 
point is at the positive part of an axis, or -1 if the 
point is at the negative part of an axis. For example, 
in the Cartesian Coordinate system [1] [2] if a point 
𝑀𝑀 (𝑥𝑥,𝑦𝑦)  has the coordinate ( 𝑥𝑥 = 3,𝑦𝑦 = −2 ) 
therefore the Position function 𝑃𝑃𝑥𝑥(𝑀𝑀(𝑥𝑥, 𝑦𝑦)) = 1 
because the coordinate (𝑥𝑥 ) of the point is in the 
positive part of the axis (𝑥𝑥’𝑜𝑜𝑜𝑜 ), and the Position 
function 𝑃𝑃𝑦𝑦(𝑀𝑀(𝑥𝑥,𝑦𝑦)) = −1  because the coordinate 
(𝑦𝑦) of the point is in the negative part of the axis 
(𝑦𝑦’𝑜𝑜𝑜𝑜 ). The same thing can be used for other 
coordinate systems[3] [4] [5], for example in the 
cylindrical coordinate system [9] which is a three 
dimensional system using three coordinates as 
(𝜌𝜌,𝜃𝜃, 𝑧𝑧) and suppose that the point M (𝜌𝜌,𝜃𝜃, 𝑧𝑧) has the 
following values M( 𝜌𝜌 = 2,𝜃𝜃 = −250, 𝑧𝑧 = −3) 
therefore the Position function 𝑃𝑃𝜌𝜌(𝑀𝑀(𝜌𝜌,𝜃𝜃, 𝑧𝑧)) = 1 
because the coordinate (𝜌𝜌 ) of the point is in the 
positive part of the axis (𝑜𝑜𝑜𝑜), the Position function 
𝑃𝑃𝜃𝜃(𝑀𝑀(𝜌𝜌, 𝜃𝜃, 𝑧𝑧)) = −1 because the coordinate (𝜃𝜃) of 
the point is in the negative part of the axis (𝑜𝑜𝑜𝑜 ) 

between (2𝑘𝑘 + 1)𝜋𝜋 and (2𝑘𝑘 + 2)𝜋𝜋. And finally, the 
Position function 𝑃𝑃𝑧𝑧(𝑀𝑀(𝜌𝜌,𝜃𝜃, 𝑧𝑧)) = −1  because the 
coordinate (𝑧𝑧) of the point is in the negative part of 
the axis  (𝑜𝑜𝑜𝑜 ). This method can be applied in any 
coordinate system [6] [7] [8]. And one can deduce 
the importance of this function. In this paper a brief 
study of the mentioned function is introduced and 
few examples are treated in order to give an idea 
about how to use this function and what is its 
importance. 
A definition of the Position Function is presented in 
the second section, in the third section some 
examples are treated using the Position function. And 
finally a conclusion is presented into the fourth 
section. 
 
 
 2 Definition of the Position Function 
The Position Function is defined as the following: 
𝑃𝑃𝑖𝑖𝑚𝑚 (𝑀𝑀(𝑖𝑖1, 𝑖𝑖2, 𝑖𝑖3, … , 𝑖𝑖𝑛𝑛)) =

⎩
⎪
⎨

⎪
⎧

+1 𝑖𝑖𝑖𝑖 𝑡𝑡ℎ𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑀𝑀(𝑖𝑖1, 𝑖𝑖2, 𝑖𝑖3, … , 𝑖𝑖𝑛𝑛) 
𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑖𝑖𝑚𝑚  𝑖𝑖𝑖𝑖 𝑖𝑖𝑖𝑖 𝑡𝑡ℎ𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 

  
−1 𝑖𝑖𝑖𝑖 𝑡𝑡ℎ𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑀𝑀(𝑖𝑖1, 𝑖𝑖2, 𝑖𝑖3, … , 𝑖𝑖𝑛𝑛) 

𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑖𝑖𝑚𝑚  𝑖𝑖𝑖𝑖 𝑖𝑖𝑖𝑖 𝑡𝑡ℎ𝑒𝑒 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟

�  

(1) 
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With  
•  𝑛𝑛 ∈ ℕ∗ , 𝑛𝑛 should be a real number different from 
zero in which it is considered as the number of 
dimensions in a specific coordinate system. 
• ∈ [1,𝑛𝑛] , is a number between 1 and 𝑛𝑛. It represents 
the dimension worked on. 
• The positive axis includes 0. Therefore the positive 
part is considered when the point 𝑀𝑀(𝑖𝑖1, 𝑖𝑖2, 𝑖𝑖3, … , 𝑖𝑖𝑛𝑛) 
is ≥ 0 for a certain dimension 
• The negative axis does not include 0. Therefore the 
negative part is considered when the point 
𝑀𝑀(𝑖𝑖1, 𝑖𝑖2, 𝑖𝑖3, … , 𝑖𝑖𝑛𝑛) is < 0 for a certain dimension. 
 
This function can be used in any kind of coordinate 
system as Cartesian, Cylindrical, Spherical, Parabolic 
Cylindrical, Paraboloidal, Oblate Spheroidal, Prolate 
Spheroidal, Ellipsoidal, Elliptical Cylindrical, 
Toroidal, Bispherical, Bipolar Cylindrical… 
 
 
2.1 Example in the Cartesian coordinate 
system 
Let’s consider a three dimensional Cartesian 
coordinate system with coordinates (𝑥𝑥, 𝑦𝑦, 𝑧𝑧)  and a 
point 𝑀𝑀 included in this system with 𝑀𝑀(𝑥𝑥,𝑦𝑦, 𝑧𝑧). And 
let’s take values for the point 𝑀𝑀(𝑥𝑥 = −3,𝑦𝑦 = 4, 𝑧𝑧 =
−7) in order to get results. 
 
Therefore, 
• The Position function of the Point M on the axis 
(𝑜𝑜𝑜𝑜) is equal to: 
𝑃𝑃𝑥𝑥(𝑀𝑀(𝑥𝑥,𝑦𝑦, 𝑧𝑧)) =

⎩
⎪
⎨

⎪
⎧

+1 𝑖𝑖𝑖𝑖 𝑡𝑡ℎ𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑀𝑀(𝑥𝑥, 𝑦𝑦, 𝑧𝑧) 
𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑜𝑜𝑜𝑜 𝑖𝑖𝑖𝑖 𝑖𝑖𝑖𝑖 𝑡𝑡ℎ𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟

   
−1 𝑖𝑖𝑖𝑖 𝑡𝑡ℎ𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑀𝑀(𝑥𝑥, 𝑦𝑦, 𝑧𝑧) 
𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑜𝑜𝑜𝑜 𝑖𝑖𝑖𝑖 𝑖𝑖𝑖𝑖 𝑡𝑡ℎ𝑒𝑒 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟

�   

⇒ 𝑃𝑃𝑥𝑥(𝑀𝑀(𝑥𝑥 = −3,𝑦𝑦 = 4, 𝑧𝑧 = −7)) = −1  
 
• The Position function of the Point M on the axis 
(𝑜𝑜𝑜𝑜) is equal to: 
𝑃𝑃𝑦𝑦(𝑀𝑀(𝑥𝑥,𝑦𝑦, 𝑧𝑧)) =

⎩
⎪
⎨

⎪
⎧

+1 𝑖𝑖𝑖𝑖 𝑡𝑡ℎ𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑀𝑀(𝑥𝑥, 𝑦𝑦, 𝑧𝑧) 
𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑜𝑜𝑜𝑜 𝑖𝑖𝑖𝑖 𝑖𝑖𝑖𝑖 𝑡𝑡ℎ𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟

   
−1 𝑖𝑖𝑖𝑖 𝑡𝑡ℎ𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑀𝑀(𝑥𝑥, 𝑦𝑦, 𝑧𝑧) 
𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑜𝑜𝑜𝑜 𝑖𝑖𝑖𝑖 𝑖𝑖𝑖𝑖 𝑡𝑡ℎ𝑒𝑒 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟

�   

⇒ 𝑃𝑃𝑦𝑦�𝑀𝑀(𝑥𝑥 = −3,𝑦𝑦 = 4, 𝑧𝑧 = −7)� = +1  
 
• The Position function of the Point M on the axis 
(𝑜𝑜𝑜𝑜) is equal to: 

𝑃𝑃𝑧𝑧(𝑀𝑀(𝑥𝑥,𝑦𝑦, 𝑧𝑧)) =

⎩
⎪
⎨

⎪
⎧

+1 𝑖𝑖𝑖𝑖 𝑡𝑡ℎ𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑀𝑀(𝑥𝑥, 𝑦𝑦, 𝑧𝑧) 
𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑜𝑜𝑜𝑜 𝑖𝑖𝑖𝑖 𝑖𝑖𝑖𝑖 𝑡𝑡ℎ𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟

   
−1 𝑖𝑖𝑖𝑖 𝑡𝑡ℎ𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑛𝑛 𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑀𝑀(𝑥𝑥, 𝑦𝑦, 𝑧𝑧) 
𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑜𝑜𝑜𝑜 𝑖𝑖𝑖𝑖 𝑖𝑖𝑖𝑖 𝑡𝑡ℎ𝑒𝑒 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟

�   

⇒ 𝑃𝑃𝑧𝑧�𝑀𝑀(𝑥𝑥 = −3,𝑦𝑦 = 4, 𝑧𝑧 = −7)� = −1  
 
 
2.2 Example in the Spherical coordinate 
system 
Let’s consider a three dimensional Spherical 
coordinate system with coordinates (𝑟𝑟,𝜃𝜃,𝜑𝜑)  and a 
point 𝑀𝑀 included in this system with 𝑀𝑀(𝑟𝑟,𝜃𝜃,𝜑𝜑). And 
let’s take values for the point 𝑀𝑀(𝑟𝑟 = 3,𝜃𝜃 = 450,𝜑𝜑 =
2450) in order to get results. 
 
Therefore, 
• The Position function of the Point M on the axis 
(𝑜𝑜𝑜𝑜) is equal to: 
𝑃𝑃𝑟𝑟(𝑀𝑀(𝑟𝑟,𝜃𝜃,𝜑𝜑)) =

⎩
⎪
⎨

⎪
⎧

+1 𝑖𝑖𝑖𝑖 𝑡𝑡ℎ𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑀𝑀(𝑟𝑟,𝜃𝜃,𝜑𝜑) 
𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑜𝑜𝑜𝑜 𝑖𝑖𝑖𝑖 𝑖𝑖𝑖𝑖 𝑡𝑡ℎ𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟  

 
−1 𝑖𝑖𝑖𝑖 𝑡𝑡ℎ𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑀𝑀(𝑟𝑟,𝜃𝜃,𝜑𝜑) 
𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑜𝑜𝑜𝑜 𝑖𝑖𝑖𝑖 𝑖𝑖𝑖𝑖 𝑡𝑡ℎ𝑒𝑒 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟

�   

⇒ 𝑃𝑃𝑟𝑟(𝑀𝑀(𝑟𝑟 = 3,𝜃𝜃 = 450,𝜑𝜑 = 2450)) = 1  
 
• The Position function of the Point M on the axis 
(𝑜𝑜𝑜𝑜) is equal to: 
𝑃𝑃𝜃𝜃(𝑀𝑀(𝑟𝑟,𝜃𝜃,𝜑𝜑)) =

⎩
⎪
⎨

⎪
⎧

+1 𝑖𝑖𝑖𝑖 𝑡𝑡ℎ𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑀𝑀(𝑟𝑟,𝜃𝜃,𝜑𝜑) 
𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑜𝑜𝑜𝑜 𝑖𝑖𝑖𝑖 𝑖𝑖𝑖𝑖 𝑡𝑡ℎ𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 

  
−1 𝑖𝑖𝑖𝑖 𝑡𝑡ℎ𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑀𝑀(𝑟𝑟,𝜃𝜃,𝜑𝜑) 
𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑜𝑜𝑜𝑜 𝑖𝑖𝑖𝑖 𝑖𝑖𝑖𝑖 𝑡𝑡ℎ𝑒𝑒 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟

�   

⇒ 𝑃𝑃𝜃𝜃(𝑀𝑀(𝑟𝑟 = 3,𝜃𝜃 = 450,𝜑𝜑 = 2450)) = 1  
 
• The Position function of the Point M on the axis 
(𝑜𝑜𝑜𝑜) is equal to: 
𝑃𝑃𝜑𝜑(𝑀𝑀(𝑟𝑟,𝜃𝜃,𝜑𝜑)) =

⎩
⎪
⎨

⎪
⎧

+1 𝑖𝑖𝑖𝑖 𝑡𝑡ℎ𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑀𝑀(𝑟𝑟,𝜃𝜃,𝜑𝜑) 
𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑜𝑜𝑜𝑜 𝑖𝑖𝑖𝑖 𝑖𝑖𝑖𝑖 𝑡𝑡ℎ𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟

   
−1 𝑖𝑖𝑖𝑖 𝑡𝑡ℎ𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖 𝑀𝑀(𝑟𝑟,𝜃𝜃,𝜑𝜑) 
𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑜𝑜𝑜𝑜 𝑖𝑖𝑖𝑖 𝑖𝑖𝑖𝑖 𝑡𝑡ℎ𝑒𝑒 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟

�   

⇒ 𝑃𝑃𝜑𝜑(𝑀𝑀(𝑟𝑟 = 3,𝜃𝜃 = 450,𝜑𝜑 = 2450)) = −1  
Because the angle is between (2𝑘𝑘 + 1)𝜋𝜋  and 
(2𝑘𝑘 + 2)𝜋𝜋 
 
 
3 Examples Using the Position 
Function 
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In this section, some examples are presented using 
the Position function in order to give an idea about 
the importance of this new function. 
 
Examples in the Cartesian coordinate system 
• Let’s consider the following expression: 
𝑦𝑦(𝑥𝑥) = −𝑃𝑃𝑥𝑥(𝑥𝑥 + 1)𝑥𝑥2 + 2𝑥𝑥 − 1 + 𝑃𝑃𝑥𝑥(𝑥𝑥 + 1)  
This expression can be written as two different 
equations for 𝑥𝑥 + 1 ≥ 0 and for 𝑥𝑥 + 1 < 0  
Therefore: 
𝑦𝑦(𝑥𝑥) = −𝑃𝑃𝑥𝑥(𝑥𝑥 + 1)𝑥𝑥2 + 2𝑥𝑥 − 1 + 𝑃𝑃𝑥𝑥(𝑥𝑥 + 1) =

�−𝑥𝑥
2 + 2𝑥𝑥          𝑓𝑓𝑓𝑓𝑓𝑓 (𝑥𝑥 + 1) ≥ 0 ⇒ 𝑥𝑥 ≥ −1

𝑥𝑥2 + 2𝑥𝑥 − 2   𝑓𝑓𝑓𝑓𝑓𝑓 (𝑥𝑥 + 1) < 0 ⇒ 𝑥𝑥 < −1
� (2) 

 
The graph of this function is as the following: 

 
Figure 1: represents the function 𝑦𝑦(𝑥𝑥) =
−𝑃𝑃𝑥𝑥(𝑥𝑥 + 1)𝑥𝑥2 + 2𝑥𝑥 − 1 + 𝑃𝑃𝑥𝑥(𝑥𝑥 + 1)  in 2D 
Cartesian coordinate system 
 
• Let’s consider the following expressions: 

𝑦𝑦1(𝑥𝑥) = 𝑃𝑃𝑥𝑥(𝑥𝑥 + 𝑎𝑎) = �+1 𝑓𝑓𝑓𝑓𝑓𝑓 𝑥𝑥 ≥ −𝑎𝑎
−1𝑓𝑓𝑓𝑓𝑓𝑓 𝑥𝑥 < −𝑎𝑎

�   (3) 

with 𝑎𝑎 ≥ 0 

𝑦𝑦2(𝑥𝑥) = 𝑃𝑃𝑥𝑥(𝑥𝑥 − 𝑏𝑏) = �+1 𝑓𝑓𝑓𝑓𝑓𝑓 𝑥𝑥 ≥ 𝑏𝑏
−1𝑓𝑓𝑓𝑓𝑓𝑓 𝑥𝑥 < 𝑏𝑏

�      (4) 

with 𝑏𝑏 ≥ 0 and 𝑏𝑏 > 𝑎𝑎 
 
Some important expressions are created using the 
combination of these two equations 

1- 𝑦𝑦(𝑥𝑥) = 𝑦𝑦1(𝑥𝑥) ∙ 𝑦𝑦2(𝑥𝑥) =

�+1 𝑓𝑓𝑓𝑓𝑓𝑓 𝑥𝑥 < −𝑎𝑎 𝑎𝑎𝑎𝑎𝑎𝑎 𝑥𝑥 ≥ 𝑏𝑏
−1𝑓𝑓𝑓𝑓𝑓𝑓 𝑥𝑥 ≥ −𝑎𝑎 𝑎𝑎𝑎𝑎𝑎𝑎 𝑥𝑥 < 𝑏𝑏

�  (5) 

 
Figure 2: represents the function 𝑦𝑦(𝑥𝑥) = 𝑦𝑦1(𝑥𝑥) ∙
𝑦𝑦2(𝑥𝑥) in 2D Cartesian coordinate system 

 
2- 𝑦𝑦(𝑥𝑥) = 𝑦𝑦1(𝑥𝑥)∙𝑦𝑦2(𝑥𝑥)+1

2
=

�+1 𝑓𝑓𝑓𝑓𝑓𝑓 𝑥𝑥 < −𝑎𝑎 𝑎𝑎𝑎𝑎𝑎𝑎 𝑥𝑥 ≥ 𝑏𝑏
0   𝑓𝑓𝑓𝑓𝑓𝑓 𝑥𝑥 ≥ −𝑎𝑎 𝑎𝑎𝑎𝑎𝑎𝑎 𝑥𝑥 < 𝑏𝑏

�  (6) 

This function is called death zone function 
because in a certain region [−𝑎𝑎, 𝑏𝑏[ the value 
is equal to zero. 

 
Figure 3: represents the function 𝑦𝑦(𝑥𝑥) = 𝑦𝑦1(𝑥𝑥)∙𝑦𝑦2(𝑥𝑥)+1

2
 

in 2D Cartesian coordinate system 
 
3- 
𝑦𝑦(𝑥𝑥) = −𝑦𝑦1(𝑥𝑥)∙𝑦𝑦2(𝑥𝑥)+1

2
=

� 0 𝑓𝑓𝑓𝑓𝑓𝑓 𝑥𝑥 < −𝑎𝑎 𝑎𝑎𝑎𝑎𝑎𝑎 𝑥𝑥 ≥ 𝑏𝑏
+1   𝑓𝑓𝑓𝑓𝑓𝑓 𝑥𝑥 ≥ −𝑎𝑎 𝑎𝑎𝑎𝑎𝑎𝑎 𝑥𝑥 < 𝑏𝑏

�   (7) 

This function is similar to the rectangular function 
with  

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅[−𝑎𝑎 ,𝑏𝑏](𝑥𝑥 −
(−𝑎𝑎+𝑏𝑏)

2
) = �

+1  𝑖𝑖𝑖𝑖  𝑥𝑥 ∈ [−𝑎𝑎, +𝑏𝑏]
0      𝑖𝑖𝑖𝑖  𝑥𝑥 ∉ [−𝑎𝑎, +𝑏𝑏]

�  

 
The graph of this function is as the following: 
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Figure 4: represents the function 𝑦𝑦(𝑥𝑥) =
−𝑦𝑦1(𝑥𝑥)∙𝑦𝑦2(𝑥𝑥)+1

2
 in 2D Cartesian coordinate system 

 
4- 
𝑦𝑦(𝑥𝑥) =
−𝑦𝑦1(𝑥𝑥)∙𝑦𝑦2(𝑥𝑥)+1

2
(𝑥𝑥 + 𝑐𝑐) + 𝑦𝑦1(𝑥𝑥)∙𝑦𝑦2(𝑥𝑥)+1

2
�𝑦𝑦1(𝑥𝑥)−1

2
(𝑎𝑎 −

𝑐𝑐) + 𝑦𝑦2(𝑥𝑥)+1
2

(𝑏𝑏 + 𝑐𝑐)�    (8) 

⟹ 𝑦𝑦(𝑥𝑥) = �
𝑏𝑏 + 𝑐𝑐 𝑓𝑓𝑓𝑓𝑓𝑓 𝑥𝑥 ≥ 𝑏𝑏                   
𝑥𝑥   𝑓𝑓𝑓𝑓𝑓𝑓 𝑥𝑥 ≥ −𝑎𝑎 𝑎𝑎𝑎𝑎𝑎𝑎 𝑥𝑥 < 𝑏𝑏
−𝑎𝑎 + 𝑐𝑐 𝑓𝑓𝑓𝑓𝑓𝑓 𝑥𝑥 < −𝑎𝑎            

�  

 
The graph of this function is as the following: 

 
Figure 5: represents the function 𝑦𝑦(𝑥𝑥)  in 2D 
Cartesian coordinate system 
 
This is an original formula introduced by the author 
and it is the general case of the saturation function 
which takes the following values 

 𝑆𝑆𝑆𝑆𝑆𝑆(𝑥𝑥) = �
+1   𝑖𝑖𝑖𝑖 𝑥𝑥 > 1         
𝑥𝑥     𝑖𝑖𝑖𝑖 𝑥𝑥 ∈ [−1,1]
−1   𝑖𝑖𝑖𝑖 𝑥𝑥 < −1      

�  

 

5- 𝑦𝑦(𝑥𝑥) = 𝑦𝑦1(𝑥𝑥)+1
2

= �+1  𝑖𝑖𝑖𝑖  𝑥𝑥 ≥ −𝑎𝑎
0      𝑖𝑖𝑖𝑖  𝑥𝑥 < −𝑎𝑎

� (9) 

This function is similar to the step function with 

𝑈𝑈(𝑥𝑥 + 𝑎𝑎) = �+1  𝑖𝑖𝑖𝑖  𝑥𝑥 ≥ −𝑎𝑎
0      𝑖𝑖𝑖𝑖  𝑥𝑥 <  −𝑎𝑎

�  

The graph of this function is as the following: 
 
 

 
Figure 6: represents the function 𝑦𝑦(𝑥𝑥) = 𝑦𝑦1(𝑥𝑥)+1

2
 in 

2D Cartesian coordinate system 
 

• Let’s consider the following expression:  
𝑦𝑦(𝑥𝑥) = 𝑃𝑃𝑥𝑥(sin⁡(𝑥𝑥)) =

�+1  𝑖𝑖𝑖𝑖  𝑥𝑥 ∈ [2𝑘𝑘𝑘𝑘, (2𝑘𝑘 + 1)𝜋𝜋]          
−1  𝑖𝑖𝑖𝑖  𝑥𝑥 ∈](2𝑘𝑘 + 1)𝜋𝜋, (2𝑘𝑘 + 2)𝜋𝜋[

� (10) 

This equation is similar to the rectangular signal. 
The graph of this function is as the following: 

 
Figure 7: represents the function 𝑦𝑦(𝑥𝑥) = 𝑃𝑃𝑥𝑥(sin⁡(𝑥𝑥)) 
in 2D Cartesian coordinate system 
 
 
4 Conclusion 
The Position Function is a new and original 
mathematical function introduced by the author into 
the mathematical domain, the main target of 
introducing this function is to give two values for a 
specific point in a specific coordinate system as 
Cartesian, Cylindrical, Spherical, Parabolic 
Cylindrical, Ellipsoidal, Elliptical Cylindrical etc… 
these two values are (+1 if the Point is in the positive 
part of the coordinate system), and (-1 if the point is 
in the negative part of the coordinate system) as 
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indicated in the section 2. Some important examples 
are developed in order to emphasize the importance 
of this function into the mathematical domain and its 
applications. One can deduce many important 
formulae from certain expressions using the Position 
Function as the rectangular function, Step function, 
Death Zone function, Saturation function and many 
others important functions. Moreover the Position 
Function is used in any kind of coordinate system not 
like others that are used in a specific coordinate 
system as the previous cited functions. 
 
 
References: 
[1] Alan Jeffrey, “Advanced Engineering 

Mathematics”, Harcourt Academic Press, ISBN: 
0-12-382592-X, (2002), pp. 46-49. 

[2] Descartes René, Oscamp Paul, “Discourse on 
Method, Optics, Geometry, and Meteorology”, 
(2001). 

[3] Morse P.M., Feshbach H., “Methods of 
Theoretical Physics, Part I”. New York: 
McGraw-Hill, ISBN: 0-07-043316-X. LCCN 52-
11515, (1953), pp. 656. 

[4] Korn G.A., Korn T.M., “Mathematical Handbook 
for Scientists and Engineers”, New York: 
McGraw-Hill,  LCCN 59-14456, ASIN 
B0000CKZX7, (1961), pp. 55–79. 

[5] Moon P., Spencer D.E., "Rectangular Coordinates 
(x, y, z)". Field Theory Handbook, Including 
Coordinate Systems, Differential Equations, and 
Their Solutions (corrected 2nd ed., 3rd print ed. 
ed.), New York: Springer-Verlag, ISBN: 978-
0387184302, (1988), pp. 9–11. 

[6] Shigeyuki Morita, Teruko Nagase, Katsumi 
Nomizu, “Geometry of Differential Forms”, AMS 
Bookstore, ISBN: 0821810456, (2001), pp. 12 

[7] Voitsekhovskii M.I., Ivanov A.B., "Coordinates", 
in Hazewinkel, Michiel, Encyclopaedia of 
Mathematics, Springer, ISBN 978-1556080104, 
(2001). 

[8] Finney Ross, George Thomas, Franklin Demana, 
Bert Waits, “Calculus: Graphical, Numerical, 
Algebraic” (Single Variable Version ed.). 
Addison-Wesley Publishing Co., ISBN: 0-201-
55478-X. (June 1994). 

[9] Moon P., Spencer D.E., "Circular-Cylinder 
Coordinates (r, ψ, z)". Field Theory Handbook, 
Including Coordinate Systems, Differential 
Equations, and Their Solutions (corrected 2nd 
ed., 3rd print ed. ed.). New York City: Springer-
Verlag, ISBN: 978-0387184302, (1988). pp. 12–
17. 

Applied Mathematics in Electrical and Computer Engineering

ISBN: 978-1-61804-064-0 126




