
SNS COLLEGE OF TECHNOLOGY
Coimbatore-35

An Autonomous Institution

Accredited by NBA – AICTE and Accredited by NAAC – UGC with ‘A+’ Grade
Approved by AICTE, New Delhi & Affiliated to Anna University, Chennai

DEPARTMENT OF ELECTRONICS & COMMUNICATION ENGINEERING

19ECT211 – ELECTROMAGNETIC FIELDS
II YEAR/ IV SEMESTER

UNIT 1 – STATIC ELECTRIC FIELD

TOPIC 1 – VECTOR ANALYSIS



INTRODUCTION TO ELECTROMAGNETIC 
FIELDS 

15/12/2020 VECTOR ANALYSIS/19ECT211 - ELECTROMAGNETIC FIELDS/R.PRABHA/ECE/SNSCT 2/39

• Electromagnetics embraces electricity, magnetism, electric
fields, magnetic fields and electromagnetic waves

• In electromagnetics the emphasis is on the space between the
conductors and the electric and magnetic fields in this space

• The field approach of electromagnetics is essential for an
understanding of waveguides, antennas, waves in space and
particle field interactions

• Electromagnetics is also provides a basic insight to the
operation of basic circuit elements as capacitors, resistors
and inductors

• Electromagnetics is fundamental to the advancement of
electric and computer technology
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• Antennas

• Microwaves

• Computational Electromagnetics

• Electromagnetic Scattering

• Electromagnetic Propagation

• Radars

• Optics

• etc …
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Electromagnetic is the study of the effects of charges at 
rest  and charges in motion
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• Some special cases of electromagnetics:

–Electrostatics: charges at rest

–Magnetostatics: charges in steady motion

–Electromagnetic waves: waves excited by charges in time-
varying motion
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• Electric and magnetic fields are

- 3 dimensional

- vectors

- vary in space as well as time

- governed by PDEs

• Solution of Electromagnetic problem requires a high level of
abstract thinking

• Mathematics is a powerful tool
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•Transmitter and receiver are connected by a 
“field”
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• When an event in one place has an effect on something at a
different location, we talk about the events as being
connected by a “field”

• A field is a spatial distribution of a quantity; in general, it
can be either scalar or vector in nature
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• Electric and magnetic fields:

–Are vector fields with three spatial components

–Vary as a function of position in 3D space as well as time

–Are governed by partial differential equations derived 
from Maxwell’s equations
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• A scalar is a quantity having only an amplitude (and 
possibly phase)

• Examples: voltage, current, charge, energy, temperature

• A vector is a quantity having direction in addition to 
amplitude (and possibly phase)

• Examples: velocity, acceleration, force
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• Fundamental vector field quantities in electromagnetics:

• Electric field intensity (E) 

• units = volts per meter (V/m = kg m/A/s3)

• Electric flux density (electric displacement)

• units = coulombs per square meter (C/m2 = A s /m2)
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• Magnetic field intensity

• units = amps per meter (A/m)

• Magnetic flux density

• units = teslas = webers per square meter (T = Wb/ m2 )
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• A scalar field is a function that gives us a single value of 
some variable for every point in space.

• Examples: voltage, current, energy, temperature

• A vector is a quantity which has both a magnitude and a 
direction in space.

• Examples: velocity, momentum, acceleration and force
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Example: Velocity vector field - jet stream
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3 PRIMARY COORDINATE SYSTEMS

Rectangular
Cylindrical
Spherical

Examples:
Sheets - Rectangular
Wires/Cables - Cylindrical
Spheres – Spherical

Choice is based on 

symmetry of problem
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• Two different interactions (what’s the difference?)

–Scalar or dot product :

• the calculation giving the work done by a force 
during a displacement

•work and hence energy are scalar quantities which 
arise from the multiplication of two vectors
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• if A·B = 0

–The vector A is zero

–The vector B is zero

– = 90°
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• John.D.Kraus , “ Electromagnetics “,5th Edition , Tata McGraw Hill, 
2010 

• W. H.Hayt & J A Buck: “Engineering Electromagnetics” Tata 
McGraw-Hill, 7th Edition  2007 
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