


	
		×
		

	






    
        
            
                
                    
                
            

            
                
                    
                    
                        
                    
                

            

            
                                    Σύνδεση
                    Ας αρχίσουμε
                            

        

        

        
            	Travel
	Technology
	Sports
	Marketing
	Education
	Career
	Social Media


            + Εξερευνήστε όλες τις κατηγορίες
        


            






    

        
        
            Electromagnetic Field Theory...

        


        




    
        
            
                

                
                
            

            
                
                1

23
                
            

            
                
                100%
Actual Size
Fit Width
Fit Height
Fit Page
Automatic


                
            

			
        

        
            
                
                
                
            

            
                

                

                
                    
                     Match case
                     Limit results 1 per page
                    

                    
                    

                

            

        
        
            
                                    
    
        
        

        

        

        
        
            Electromagnetic Field Theory (EMT) Lecture # 4 Cylindrical & Spherical Coordinates 
        

        
    






                            

        

    









        
            	
					Upload

					others
				
	
                    Category

                        Documents

                
	
                    view

                    14
                
	
                    download

                    0
                


        

        


        

        
        
            
                SHARE

                
                    
                    
                        
                                
                            

                        

                    

                    
                    
                        
                                
                            

                        

                    

                    
                    
                        
                                
                            

                        

                    

                    
                    
                        
                                
                            

                        

                    

                    
                    
                        
                                
                            

                        

                    
                

            

            
                                    Download
                                Report this document
            

            

        


        
            Embed Size (px):

            344 x 292
429 x 357
514 x 422
599 x 487


        

        

        

        
                
            Transcript of Electromagnetic Field Theory...

            Page 1
                        

Electromagnetic Field Theory (EMT)
 Lecture # 4
 Cylindrical & Spherical Coordinates

Page 2
                        

The spherical coordinate system is most appropriate when dealing with
 problems having a degree of spherical symmetry
 A point P in spherical coordinates can be represented as (r,θ,Φ)
 r is defined as the distance from the origin to point P or the radius of a
 sphere centered at the origin and passing through P
 θ is the angle between the z-axis and the position vector of P
 Φ is measured from the x-axis and is the same angle as in cylindrical
 coordinates
 Spherical Coordinates (r,θ,Φ)
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Spherical Coordinates (r,θ,Φ)
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The ranges of the variables are:
 A vector in spherical coordinates may be written as:
 where ar, aθ, and aΦ are unit vectors in the r, θ and Φ directions
 The magnitude of A is:
 Spherical Coordinates (r,θ,Φ)
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The unit vectors ar, aθ and aΦ are mutually orthogonal
 ar being directed along the radius or in the direction of increasing r
 aθ in the direction of increasing θ
 aΦ in the direction of increasing Φ. Therefore:
 AND
 Spherical Coordinates (r,θ,Φ)
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The space variables (x, y, z) in Cartesian coordinates can be related to
 variables (r,θ,Φ) of a spherical coordinate system with the help of figure
 shown below:
 Point Transformations
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For transforming a point from Cartesian (x, y, z) to spherical (r,θ,Φ)
 coordinates:
 For transforming a point from Spherical (r,θ,Φ) to Cartesian (x, y, z)
 coordinates:
 Point Transformations
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The unit vectors (ax, ay, az) and (ar, aθ, aΦ) are related as follows:
 OR
 Unit Vector Transformations
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The unit vectors (ax, ay, az) and (ar, aθ, aΦ) are related as follows:
 To determine the coefficients ai, bi and ci, we must take the dot product of
 (ax, ay, az) with each of (ar, aθ, aΦ).
 Unit Vector Transformations
 𝐚𝐫 = a1𝐚𝐱 + b1𝐚𝐲 + c1𝐚𝐳
 𝐚𝛉 = a2𝐚𝐱 + b2𝐚𝐲 + c2𝐚𝐳
 𝐚𝛟 = a3𝐚𝐱 + b3𝐚𝐲 + c3𝐚𝐳
 To determine the value of the dot
 products, we can use the following figure
 and make use of the geometry between
 spherical and Cartesian coordinates:
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If we wanted to write (ar, aθ, aΦ) in terms of (ax, ay, az) we would need to use the angles of θ and 𝜙.
 Unit Vector Transformations
 𝐚𝐱 ∙ 𝐚𝐫 = a1 = Projection of 𝐚𝐱 onto 𝐚𝐫 𝐚𝐲 ∙ 𝐚𝐫 = b1 = Projection of 𝐚𝐲 onto 𝐚𝐫
 𝐚𝐳 ∙ 𝐚𝐫 = c1 = Projection of 𝐚𝐳 onto 𝐚𝐫
 To find ‘a1’ requires a two step process:
 1) Project ax onto the line formed by ar due to its projection onto the xy-plane
 2) Project (1) onto ar

Page 11
                        

Unit Vector Transformations
 Finally, we collect all the different terms to find ar in
 terms of (ax, ay, az)
 𝐚𝐫 = sin θ cos 𝜙 𝒂𝒙 + sin θ sin 𝜙 𝒂𝒚 + cos θ 𝒂𝒛
 The projection length of ax onto line formed by ar due to its projection onto the
 xy-plane [green arrow] is given by:
 1 ∙ cos 𝜙 cos 𝜙 projected onto ar [purple arrow] is given by:
 cos 𝜙 cos (π/2 - θ) = cos 𝜙 sin θ
 Thus 𝐚𝐱 ∙ 𝐚𝐫 = a1 = cos 𝜙 sin θ
 By a similar process, the other Cartesian dot products with ar yield,
 𝐚𝐲 ∙ 𝐚𝐫 = b1 = sin θ sin 𝜙
 𝐚𝐳 ∙ 𝐚𝐫 = c1 = cos θ
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Similarly all conversion can be performed to get following relationships
 between unit vectors (ax, ay, az) and (ar, aθ, aΦ).
 OR
 Unit Vector Transformations
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Finally, the relationships between (Ax, Ay, Az) and (Ar, Aθ, AΦ) are
 obtained by simply substituting the unit vector transformations into the
 equation below:
 After collecting terms, we get:
 OR
 Vector Transformations
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The transformations may be written in matrix form as:
 AND
 Vector Transformations
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Note that in point or vector transformation the point or vector has not
 changed; it is only expressed differently
 Thus, for example, the magnitude of a vector will remain the same after
 the transformation and this may serve as a way of checking the result of
 the transformation
 The distance between two points is usually necessary in EM theory
 The distance d between two points with position vectors r1 and r2 is
 generally given by:
 Distance between two points
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Using point transformation, this distance may be expressed in Cartesian,
 cylindrical and spherical coordinates as below:
 Distance between two points
 𝐔𝐬𝐢𝐧𝐠: 𝑥 = ρ cos 𝜙 and 𝑦 = ρ cos 𝜙
 𝐔𝐬𝐢𝐧𝐠: 𝑥 = 𝑟 sin θ cos 𝜙 , 𝑦 = 𝑟 sin θ sin 𝜙 and 𝑧 = 𝑟 cos θ
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Surfaces in Cartesian, cylindrical, or spherical coordinate systems are
 easily generated by keeping one of the coordinate variables constant
 and allowing the other two to vary.
 In the Cartesian system, if we keep x constant and allow y and z to
 vary, an infinite plane is generated.
 CONSTANT-COORDINATE SURFACE
 Thus we could have infinite planes
 x = constant, y = constant, z = constant
 which are perpendicular to the x-, y-, and
 z-axes, respectively, as shown in Figure.
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The intersection of two planes is a line. For example, x = constant, y =
 constant is the line RPQ parallel to the z-axis.
 The intersection of three planes is a point. For example, x = constant,
 y = constant, z = constant is the point P(x, y, z).
 Thus we may define point P as the intersection of three orthogonal
 infinite planes.
 If P is (1, - 5 , 3), then P is the intersection of planes x = 1, y = - 5 , and z
 = 3.
 CONSTANT-COORDINATE SURFACE
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Orthogonal surfaces in cylindrical coordinates can likewise be generated.
 The surfaces ρ = constant 𝜙 = constant and z = constant are illustrated in
 Figure below,
 It is easy to observe that ρ = constant is a circular cylinder,
 𝜙 = constant is a semi-infinite plane with its edge along the z-axis,
 and z = constant is the same infinite plane as in a Cartesian system.
 CONSTANT-COORDINATE SURFACE
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Where two surfaces meet is either a line or a circle.
 Thus, z = constant, ρ = constant (only vary 𝜙) is a circle QPR of radius
 ρ, whereas z = constant, 𝜙 = constant is a semi-infinite line.
 A point is an intersection of the three surfaces i.e., ρ = constant 𝜙 =
 constant and z = constant.
 Thus, ρ = 2, 𝜙 = 60°, z = 5 is the point P(2, 60°, 5).
 CONSTANT-COORDINATE SURFACE
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The orthogonal nature of the spherical coordinate system is evident by
 considering the three surfaces r = constant θ = constant 𝜙 = constant
 which are shown in Figure below
 where we notice that r = constant is a sphere with its center at the
 origin;
 θ = constant is a circular cone with the z-axis as its axis and the origin
 as its vertex;
 𝜙 = constant is the semi-infinite plane.
 CONSTANT-COORDINATE SURFACE
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A line is formed by the intersection of two surfaces. For example: r =
 constant, 𝜙 = constant is a semicircle passing through Q and P.
 The intersection of three surfaces gives a point. Thus, r = 5, θ = 30°, 𝜙
 = 60° is the point P(5, 30°, 60°).
 CONSTANT-COORDINATE SURFACE
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We notice that in general, a point in three-dimensional space can be
 identified as the intersection of three mutually orthogonal surfaces.
 Also, a unit normal vector to the surface n = constant is ± an, where n is
 x, y, z, p, 𝜙, r, or θ.
 For example, to plane x = 5, a unit normal vector is ± ax and to planed 𝜙
 = 20°, a unit normal vector is a𝜙
 CONSTANT-COORDINATE SURFACE
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