
Subject Description Form 
 

Subject Code EE551 

Subject Title Principles of Photonics and Optical Systems 

Credit Value 3 

Level 5 

Pre-requisite/ 
Co-requisite/ 
Exclusion 

Nil 

Objectives 

 

1. To introduce ray optics and wave equations 
2. To introduce electromagnetic (EM) and photon optics 
3. To introduce Lasers and its operating principles 
4. To characterize waveguides and modes of propagation 
5. To describe EM signal propagation in optical fibres and associated propagation 

effects 
6. To introduce fibre-optic communication systems 

Intended Learning 
Outcomes 

 

Upon completion of the subject, students will be able to: 

a. Acquire a solid theoretical background in optics and photonics  
b. Appreciate current research and developments in various areas of photonics and 

their corresponding challenges 
c. Engage in self-learning and apply technical knowledge to research problems in 

engineering 

Subject Synopsis/ 
Indicative Syllabus 

 

1. Ray Optics and Wave Propagation: geometrical optics; curved mirrors and lenses; 
wave equation and its derivation; wave vector; plane wave; phase velocity and group 
velocity; Review of curl and divergence; Green’s and Stokes Theorem 

2. Electromagnetic and Photon Optics: Maxwell’s Equations; Constitutive relations; 
Wave equation for EM waves; permittivity; permeability; dielectric media; electric 
susceptibility; polarization; Dispersion relation; absorption; the refractive index; Power 
and Poynting vector; linear polarization, circular polarization; polarization effects in 
optical fibres; Jones Space and Stokes space representation; photons quantum theory of 
light; the photoelectric effect; interaction of photons with atoms 

3. Lasers (2 weeks): Spontaneous and stimulated emission; Cavity, gain medium; Rate 
Equations, pulsed lasers and Q-switching; Homogeneously broadened and 
Inhomogeneously broadened medium; mode locking 

4. Waveguide Optics and coupled-mode theory: 1 dimensional slab waveguide; 2-
dimensional; cylindrical waveguide and optical fibres; propagating modes and radiating 
modes; single-mode fibres (SMF), multi-mode fibres (MMF); coupled-mode theory 

5. Signal propagation in optical firers: attenuation, chromatic dispersion (CD), 
polarization mode dispersion; Kerr Nonlinearity: self-phase modulation, cross-phase 
modulation, four-wave mixing; The Nonlinear Schrodinger Equation; solitons; 
Stimulated Raman Scattering, Stimulated Brillouin Scattering; Fibre fabrication 

6. Communication systems: Elementary statistical signal processing and communication 
theory; IM/DD systems; optical amplifiers and optical signal-to-noise (OSNR) 
limitations; CD-induced limitations and compensation techniques; Modulation and 
detection; differentially-coherent and coherent systems; WDM systems 

Teaching/Learning 
Methodology  

 

The students will gain an understanding of the various aspects of light and its 
applications in various engineering fields through regular lectures. Speakers (mostly 
other PolyU faculty members in Photonics) with relevant expertise will be invited to 
give short seminars on state-of-the-art research on particular aspects of the course 
materials.  

The deliverables of the term project consist of a written report and an oral presentation. 
For students whose research advisor is also in the area of optics/photonics, the 
supervisor and the student will jointly come up with a topic to work on. Suggested 
depth of the project ranges from a thorough literature review of a particular research 
area to a publishable research paper. 

Teaching/Learning Methodology Outcomes 
a b c 

Lectures √ √ √ 
Term Project √ √ √ 

 

Assessment Methods 
in Alignment with 
Intended Learning 
Outcomes 

 

 

Specific assessment 
methods/tasks 

% 
weighting

Intended subject learning outcomes to be 
assessed 

a b c 
1. Homework 40% √ √  
2. Midterm Test 30% √ √  
3. Term project 30% √ √ √ 
Total  100%  

Explanation of the appropriateness of the assessment methods in assessing the intended 
learning outcomes: 

Homework and midterms will be used to evaluate the student’s knowledge on the basis 
and applications of photonics and optical systems 

The term project requires the student to complete a thorough literature search and 
potentially generate new research ideas, which allow students to learn independently 
and apply technical concepts discussed in class to the research problem at hand. 

Student Study Effort 
Expected 

Class contact:  

 Lectures 39 Hrs. 

Other student study effort:  

 Self/guided studies, group projects and 
assignments 66 Hrs. 

Total student study effort  105 Hrs. 

Reading List and 
References 

1. Saleh and Teich, “Fundamentals of Photonics,” John Wiley & Sons, 1991 
2. E. Hecht, “Optics,” Pearson Education, 6th edition, 2005 
3. G.P. Agrawal, “Fiber-Optic Communication Systems,” John Wiley & Sons, 4th edition, 

2001 
4. A. E. Siegman, “Lasers,” University Science Books 
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