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The Cylindrical Coordinate System  ( ρ, ø, z ) 

The circular cylindrical coordinate system is very convenient whenever we are dealing 

with problems having cylindrical symmetry. A vector𝐴  in cylindrical coordinates can be written 

as: 

 

Where aρ ,  aø , az are unit vectors in the ρ , ø , and z-directions as illustrated in Figure 1. 

The magnitude of 𝐴 𝑎s: 

 

A point P in cylindrical coordinates is represented as (ρ , ø, z ) and is as shown in Figure 

1. Observe Figure 1. closely and note how we define each space variable: ρ is the radius of the 

cylinder passing through P or the radial distance from the z-axis ø ; is (called the azimuthal angle) 

measured from the x-axis in the xy-plane; and z is the same as in the Cartesian system 
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                  Figure 1.  Point P and unit vectors in the 

cylindrical     coordinate system 

Notice that the unit vectors aρ, aø  , az are mutually perpendicular since our coordinate 

system is orthogonal ; aρ points in the direction of increasing ρ, a ,ø , in the direction of 

increasing ø, and z in the positive z-direction. Thus 

 

Note Also from Figure 1. that in cylindrical coordinate, differential element can be    found: 

a. Differential displacement is given by: 
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b. Differential normal area is given by: 

 

 

c. Differential volume is given by: 
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d. The distance between two points in cylindrical coordinateP1 (ρ1 , ø1,z1) and P2( ρ2, ø2,z2)is 

given by 

 

➢ Cylindrical to Cartesian Coordinate Transformation 

The relationships between the variables (ρ, ø, z ) of the cylindrical coordinate system and 

those of the Cartesian system (x, y, z) are easily obtained as 

 

➢ Cartesian to Cylindrical Coordinate Transformation 

The relationships between the variables (x, y, z) of the Cartesian coordinate system and those 

of the cylindrical system (ρ, ø, z) are easily obtained as 
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The Spherical Coordinate System (r, θ  ,ø) 



Al-Mustaqbal University / College of Engineering & Technology 
Department of Communications technology Engineering 

Class (second) 
Subject  )Electromagnetic static fields) (UOMU0207035) 

Lecturer  ) Ayat Ayad Hussein ( 
1st term – Lecture No. & Lecture Name (Cylindrical - Spherical Coordinate) 

 
 

8 
 

 

 

ayat.ayad.hussein@uomus.edu.iq 

The Spherical coordinate system is most appropriate when dealing with problems having 

spherical symmetry. A vector 𝐴in spherical coordinates can be written as: 

 

Where ar, aθ aø , are unit vectors in the and -directions 

The magnitude of 𝐴 is: 

 

A point P in spherical coordinates is represented as (r,θ,ø ) and is illustrate in Figure 1.6 (a). 

From this Figure, we notice that r is defined as the distance from the origin to the point P or 

the radius of a sphere centred at the origin and passing through P;θ is the angle between the z-

axis and the position vector of P; and ø is measured from the x-axis 
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Figure 1.6 Spherical coordinate system (a) Point P and unit vectors (b) Differential elements 

 

Notice that the unit vectors ar aθ, and aø are mutually perpendicular since our coordinate system 

is orthogonal; ar points in the direction of increasing r,aθ in the direction of increasing θ, aø and 

in the direction of increasing ø . Thus 

 

From Figure 1.6 (b), we note that in spherical coordinate, differential element can be found: 
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➢ Cartesian to Spherical Coordinate Transformation 

 The relationships between the variables ( x, y , z) of the Cartesian coordinate 

system and those of the Spherical system ( r, θ, ø) are easily obtained as 
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Figure 1.7: The relation between space variables (x, y, z ) and (r, θ, ø ) 

➢ Spherical to Cartesian Coordinate Transformation 

The relationships between the variables (r ,θ, ø  ) of the spherical coordinate system and those of 

the Cartesian system (x, y, z) are easily obtained as 
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Example   Given point P(—2, 6, 3) and vector A = yax + (x + z)ay, express P and A in cylindrical 

and spherical coordinates. Evaluate A at P in the Cartesian, cylindrical, and spherical systems. 

 Solution: At point P: x =-2, y = 6, z = 3. Hence, 
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