ELE2211 ELECTROMAGNETIC FIELDS
	Hours per Semester
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	LH
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[Pre‐requisite: Course ELE2103]

Rationale
The course covers types and propagation of electromagnetic waves and their importance in electrical and telecommunications engineering.

Course Objectives
By the end of the course students should be able to:

•
Derive  relevant  equations  applied  in  wave  guides  and  propagation  of  EM  waves  and understand their importance in the different electrical engineering fields

•
Use electromagnetic laws and principles to solve problems in propagation of EM waves.

Detailed Course Content:
Unbounded Wave Propagation:
[ 17 Hours] Definition of wave motion; The wave equation in a perfect dielectric; Helmholtz equation. Uniform plane wave propagation; intrinsic impedance. Distinction between conductors, quasiconductors and dielectrics. Wave  equation  in  a  conductive  medium;  Attenuation  and  phase  constants  for  good dielectrics and good conductors; Skin depth and surface impedance. Poynting’s vector; Cases of perfect  dielectric  and  conducting  media.  Reflection  of  uniform  plane  waves‐normal  incidence; Reflection and  transmission coefficients; standing waves  and  VSWR;  Energy  in  standing waves. Polarization: Definition of linear, circular and elliptic polarization.

Guided Waves and Wave Guiding Systems:
[ 18 Hours] Distinction between transmission lines and waveguides; Types of transmission lines and waveguides. Transmission line equation using distributed circuit analysis; Primary and Secondary constants (R, L, G, C, α,  β, Zo) α,β,Zo  for lossless and low loss lines ; Terminated lines:   Expressions for voltage, current and impedance at any point; short circuited, and matched lines; Power flow on transmission lines, Parameters (primary and secondary) for coaxial and parallel wire transmission lines. Standing waves on transmission lines:   Relationship between S and ρ, Standing wave patterns for different terminations. Matching: Necessity of matching; Matching devices‐quantative treatment of quarter wave transformer, single stub and double stub tuners; Triple stub turner (qualitative treatment). The Smith Chart: Development and applications (Limited treatment). The infinite plane waveguide: Field expression starting from Maxwell’s equations after separating solutions into TE, TM and TEM modes; Field patterns; Concept of cut‐off frequency; Definition and inter‐relationship between free space wavelength, guide wavelength, cut‐off wavelength, space velocity and group velocity; Attenuation and qualitative introduction to perturbation analysis for attenuation; impedance conventions.

Hollow rectangular waveguide:
[ 10 Hours]
Derivation of complete field expressions for TM and TE modes starting with Maxwell’s equations and the wave equations; Expressions for α, β, fc: Field patterns; The dominant mode and its parameters; Circular waveguide: Field solutions for TE and TM modes. Microstrip Transmission lines: characteristics  and  empirical  expressions.  Wave  propagation  in  plasmas:  Plasmas  oscillations; Plasma  frequency;  Maxwell  equations;  Concept  of  plasma  cut‐off  frequency  and  consequences. Optical fibres: Qualitative discussion of electromagnetic modes in fibres; Discussion from a physical optics point of view; Types of fibres; parameters.

Introduction to numerical Electromagnetics: Overview of the numerical/computational methods applied in electromagnetic problems

Mode of Delivery
The course will be taught by using lectures, tutorials and assignments.

Assessment
Assignments, tests, laboratories and final examination. Their relative contributions to the final grade are :

Requirement
Percentage contribution
Course work (Assignments, laboratories, tests)
40% Final examination
60% Total
 100%
Learning Outcomes
By the end of this course, students should be able to:

•
Demonstrate a firm understanding of electromagnetic fields

•
Solve  realistic  electromagnetic‐field problems  utilizing  physical  conceptual  reasoning  and mathematical synthesis of solutions, and not pure formulaic solving.

Method of Teaching /Delivery
The course will be taught by using lectures, tutorials and assignments.

Mode of Assessment
Assignments, tests and final examination. Their relative contributions to the final grade are :

Requirement
Percentage contribution
Course work (Assignments, tests)
40% Final examination
60% Total
 100%
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