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 In order to describe the spatial variations of the

quantities, we require appropriate co-ordinate

system. A point or vector can be represented in a

curvilinear coordinate system that may be orthogonal

or non-orthogonal.

 An orthogonal system is one in which the co-ordinates

are mutually perpendicular.

 Non-orthogonal co-ordinate systems are also possible,

but their usage is very limited in practice.
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Let

u = constant

v = constant

w = constant

represent surfaces in a coordinate system, the surfaces

may be curved surfaces in general.
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Let

be the unit vectors in the three coordinate directions

(base vectors).

In a general right handed orthogonal curvilinear systems,

the vectors satisfy the following relations :

These equations are not independent and specification

of one will automatically imply the other two.
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The following relations hold

A vector can be represented as sum of 

its orthogonal components 
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 In general u, v and w may not represent length. We

multiply u, v and w by conversion factors h1,h2 and h3

respectively to convert differential changes du, dv

and dw to corresponding changes in length dl1, dl2,

and dl3. Therefore

Differential Length
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Differential Area 

 Differential area  normal to 



 Differential area  normal to

 Differential area normal to
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Differential Volume 
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Most commonly used Orthogonal Co-Ordinate Systems

1. Cartesian (or rectangular) co-ordinate system 

2. Cylindrical co-ordinate system 

3. Spherical coordinate system
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CARTESIAN

(OR RECTANGULAR) 

CO-ORDINATE SYSTEM    
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In Cartesian Co - Ordinate system, we have,

(u,v,w) = (x,y,z). 

A point P(x0, y0, z0) in Cartesian co-ordinate system
is represented as intersection of three planes

11

Sree R
ama En

gineer
ing Colleg

e



12

Sree R
ama En

gineer
ing Colleg

e



13

Sree R
ama En

gineer
ing Colleg

e



14

A point in cartesian coordinate system
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, , are uniform unit vectors, that is, the

direction of each unit vector is same everywhere in

space.
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The unit vectors satisfies the following relations:
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The dot and cross product of two vectors                        

can be written as follows:

(
(

= (

(

(
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In Cartesian co-ordinate system, a vector                               
can be written as
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Differential Length
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Differential Area
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Differential Volume
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CYLINDRICAL

CO-ORDINATE SYSTEM   
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For cylindrical coordinate system we have

a point                           is 

determined as the point of intersection of 

22

1) a cylindrical surface  

2) half plane containing the z-axis and making  an 

angle  with the xz plane                   

3) a plane parallel to xy plane located at z=z0 as 

shown in figure 
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No higher resolution available.
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http://upload.wikimedia.org/wikipedia/commons/5/5e/Cylindrical_coordinate_surfaces.gif
http://upload.wikimedia.org/wikipedia/commons/5/5e/Cylindrical_coordinate_surfaces.gif
http://upload.wikimedia.org/wikipedia/commons/5/5e/Cylindrical_coordinate_surfaces.gif
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A point in cylindrical coordinate system
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Only       is uniform.                

and        are

nonuniform.
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Relationship between (x,y,z) and (ρ,ø,z)
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A vector can be written as 
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Differential Length 
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Differential Areas
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Differential Volume
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Transformation between Cartesian and 

Cylindrical coordinates: 
Let us consider                                                 

is to be expressed in Cartesian co-ordinates  as

In doing so we note that 
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Therefore we can write
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These relations can be put conveniently 

in the matrix form as
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SPHERICAL

CO-ORDINATE SYSTEM   
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For spherical polar coordinate system we have

A  point                        

is represented as the intersection of 

(i) Spherical surface 

(ii) Conical surface                 

(iii) half plane containing z-axis making angle                       

with the xz plane 

as shown in the figure 
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A point in spherical coordinate system
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All the three unit vectors are nonuniform
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The unit vectors satisfy the following relationships
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Relationships between space variables        

(x,y,z), (ρ,ø,z) and (r,θ,ø)
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A vector in spherical polar co-ordinates is  written as
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Differential Length
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Differential Areas
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Differential Volume
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Given a vector                             

in the spherical polar coordinate system, its 
components in the Cartesian coordinate system 
can be found out as follows:

Transformation between Cartesian and 

Spherical coordinates:
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Coordinate transformation between 

rectangular and spherical 
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UNIT - I  

ELECTROSTATICS 
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Maxwell’s Second Equation

Stoke’s Theorem:
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UNIT - II 

CONDUCTORS AND 

DIELECTRICS 
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UNIT - III 

MAGNETO STATICS 
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UNIT - IV  

MAGNETIC POTENTIAL 
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UNIT - V  

TIMEVARYING FIELDS 
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