
ECE422 Winter 2020

ECE422H1S
Radio and Microwave 

Wireless Systems
Course Syllabus  

Instructor

Costas D. Sarris, Professor, ECE
Office: BA5126
Office hours: TBA or by appointment
E-mail: costas.sarris@utoronto.ca

Lecture Schedule

Tue/Thu/Fri 12:10-1 pm, in BA1240 (start date: January 7).

Course description

Analysis and design of systems employing radio waves, covering both the underlying electromagnetics and the
overall system performance aspects such as signal-to-noise ratios. Transmission/reception phenomena include:
electromagnetic wave radiation and polarization; elementary and linear dipoles; directivity, gain, efficiency;
integrated, phased-array and aperture antennas; beam-steering; Friis transmission formulas. Propagation phe-
nomena include: diffraction and wave propagation over obstacles; multipath propagation; atmospheric and
ionospheric effects. Receiver design aspects include: radio receiver architectures, receiver figures of merit,
noise in cascaded systems, noise figure, and noise temperature. System examples are: terrestrial communica-
tion systems; satellite communications; radar; radiometric receivers; software-defined radio.
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Learning objectives

The course is aimed at presenting fundamental and applied aspects of the analysis and design of wire and
aperture antennas and antenna arrays, along with radiowave propagation principles and link budget analysis
including noise. In a nutshell, students will study the enabling elements and the underlying physics of wireless
communication systems: antennas and electromagnetic wave propagation across wireless links, respectively.
Through examples of terrestrial and satellite link analysis, radars and radio astronomy, students are expected
to become not just familiar with these concepts, but also capable of translating them in in the context of other
contemporary wireless applications, such as new millimeter-wave radios, wireless biomedical devices, RFIDs
and internet of things (IoT) systems.

Graduate Attributes

The Canadian Engineering Accreditation Board (CEAB) has defined a set of attributes for engineering grad-
uates, which should be cultivated by an undergraduate program. This course will help you make measurable
progress on the following CEAB attributes:

1. Problem analysis.

2. Design.

3. Use of engineering tools.

4. Professionalism.

We will be measuring these attributes through the following indicators that will be reflected on some of the
course exam questions:

1. Demonstrate the ability to execute solution process for an engineering program.

2. Demonstrate ability to generate a diverse set of candidate engineering design solutions.

3. Demonstrate ability to use fundamental modern techniques, resources and engineering tools.

4. Show recognition of limitations of the tools used.

5. Demonstrate the ability to describe engineering roles in a broader context, e.g. as pertains to the environ-
ment, health, safety, and public welfare.

Required Textbooks

1. F. Ulaby, U. Ravaioli, Fundamentals of Applied Electromagnetics, 7th Ed., Prentice Hall, 2014. Book
website: www.pearsonhighered.com/ulaby.

2. K. G. Balmain and C. C. Bantin, Radio Systems (available on Quercus).
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Recommended Textbooks
1. C. A. Lewis, J. T. Johnson, and F. L. Texeira, Radiowave Propagation: Physics and Applications, Wiley,

2010.

2. K. Siwiak, Radiowave Propagation and Antennas for Personal Communications, Artech House, 2007.

3. C. Balanis, Antenna Theory: Analysis and Design, Third Edition, Wiley, 2005.

Course grade
Midterm exam1 (Feb. 26, 6:10-7:40pm) 25%

Tutorial quizzes2 (tentatively 4) 12%

Tutorial participation 3%

Lab reports 20%

Final exam1 40%

1. The midterm and the final exam are closed book, with only non-programmable calculators (Type 2)
allowed. One 8.5x11” double-sided aid sheet is allowed. You can write in pen or pencil, however,
remarking requests will only be considered for exams written in pen.

2. Four, equally weighted 10 minute, closed book quizzes will be tentatively held at the end of some tutorial
sessions (please see the course calendar at the end of the syllabus). These will consist of brief, mostly
qualitative questions, so no aid sheets are allowed.

Tutorials
Tutorials supplement the lecture material and advance the topics that have been presented previously. Practical
problems will be addressed and solved in an interactive setting. Workbooks will be distributed during the
tutorials, for students to follow the solution of key examples. These workbooks will be collected at the end
of each tutorial session and will be returned with feedback in the next session. Based on those, a tutorial
participation mark will be assigned individually.

Supplementary material presented in the tutorials qualifies as testable material.

Tutorials start the week of January 13.

Tutorial Schedule
Section Day Time Room

TUT0101 Tuesday 17:00-18:00 BA2139

Tutorial Teaching Assistant
Sameer Sharma (sa.sharma@mail.utoronto.ca).
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Laboratory Information

The laboratories are composed of two components: a set of 3 structured lab experiments, and a term-long project
whereby students will analyze, construct, and use their own software defined radios (SDR). These activities will
reinforce and complement material learned in lectures. Students will be expected to prepare laboratory reports
(1 per student for the SDR project and one per group for the lab experiments) for the experiments which will be
marked by the teaching assistant. The experiments are as follows:

� Experiment 1: Antennas, links, and polarization

� Experiment 2: Antenna arrays

� Experiment 3: Radio wave propagation: reflection and diffraction

The project revolves around the analysis and construction of a HF-band software-defined radio (SDR) kit that
the students can build and assess during the remaining lab periods. This lab time is less structured and free
for the students to use as they please to complete the overall goals and tasks associated with the SDR project.
Many of the activities can also be done outside the lab. At the conclusion of the course, students will produce
an additional lab report summarizing their characterization of and experiments with the SDR kit.

Labs start the week of January 6 (first week of classes).

Lab sections alternate every two weeks. Refer to the course schedule to see which lab experiment is being run
in each week. Structured Experiments 1-3 run at specified times in specific weeks. SDR labs, which can be
used for assembly and testing of your SDRs, are available during the times indicate throughout the schedule.

Lab reports for Experiments 1-3 are due ONE WEEK after your scheduled laboratory at 16:00. You may
work in groups of 2, or individually, to complete the labs and the reports. Lab reports should be placed in a
collection box located on the 4th floor of the Bahen building by this time (Box #36). Experiments 1-3 constitute
12% of the final mark (4% per experiment).

A report on your the assembly and testing of your SDR is completed on an individual basis. You will add to
this report as you complete the modules. Intermediate versions of the SDR report are due at milestone dates
specified in the schedule, and submitted in the same manner as the Experiment lab reports. At the end of term,
you will submit your fully completed report. While you may work in teams on the assembly and testing of your
SDR, the final report must be submitted on an individual basis. The SDR part of the course constitutes 8% of
the final mark.

Attendance will be taken during the labs and exceptions handled according to the policy on term work peti-
tions.

Lab Schedule
Section Day Time Start date

PRA0101 Thursday 9:00-12:00 noon Jan. 9
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Lab Teaching Assistant
Sameer Sharma (sa.sharma@mail.utoronto.ca).

All lab experiments will be held in GB347. Lab meets every other week.

Term work petitions
If you are unavoidably absent and miss term work (e.g. test, quiz, assignment, lab), discuss the matter with your
instructor immediately. If necessary, submit a term work petition. Petitions are submitted online (not by e-mail
or by contacting the instructors/TAs).

For further information about petitions, please consult: https://undergrad.engineering.utoronto.
ca/petitions/term-work-petitions/

Standard course policy is that the weight of all missed coursework will be transferred to the final exam.

Academic offenses
Academic offences will be directly referred to and dealt with by the Dean’s office. The relevant procedures for
dealing with academic offenses can be found on the Academic Calendar.

Representative examples of what is considered an academic offense are: any collaboration during an exam,
use of unauthorized aids during an exam, continuing to write an exam after the end of the exam has been
announced.

Mental Health and Wellness
As a university student, you may experience a range of health and/or mental health issues that may result in
significant barriers to achieving your personal and academic goals. The University of Toronto offers a wide
range of free and confidential services and programs that may be able to assist you. We encourage you to seek
out these resources early and often.
Student Life Website: http://www.studentlife.utoronto.ca
Health and Wellness Website: http://studentlife.utoronto.ca/hwc

If, at some point during the year, you find yourself feeling distressed and in need of more immediate support,
visit the Feeling Distressed Webpage:
http://www.studentlife.utoronto.ca/feeling-distressed, for more campus resources.

Immediate help is available 24/7 through Good2Talk, a post-secondary student helpline at 1-866-925-5454.

All students in the Faculty of Engineering have an Academic Advisor who can advise on academic and personal
matters. You can find your department’s Academic Advisor here: http://undergrad.engineering.
utoronto.ca/advising-support-services/academic-advising.
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Accessibility
Students with diverse learning styles and needs are welcome in this course. Please feel free to approach me or
contact Accessibility Services (accessibility.services@utoronto.ca), so we can assist you in achieving academic
success in this course.
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ECE422H1S – Winter 2020  Course Timetable (subject to change) 
 

Week of Lectures Labs Exams/Deliverables 

Jan. 6 
 

L1. Course introduction, Maxwell’s  equations 
in free space 
L2. Phasor form of Maxwell’s equations 
L3. Plane-waves, Poynting vector  

 
Intro Lab (PRA01) 

 

Jan. 13 
 

L4. Wave polarization 
L5. Magnetic vector potential, wave equation, 
superposition integral 
L6. Fields of an elementary dipole 

 
 

 

Jan. 20 
 

L7. Near and far-fields  
L8. Radiation pattern, radiated power, radiation 
resistance, beamwidth, principal planes 
L9.  Antenna directivity, gain and efficiency 

 
SDR Lab (PRA01) 

 

Jan. 27 
 

L10. Linear antennas, half-wave dipole. 
L11. Monopole, folded dipole 
L12. Circuit representation of radio links, 
reciprocity 

  
Tutorial quiz 1,  

January 28 

Feb. 3 
 

L13. Effective area, gain-effective area relation  
L14. Friis formula and link budget-I 
L14. Friis formula and link budget-II 

Experiment 1 (PRA01)  
SDR Modules A+B 

due on Feb. 7, 16:00 
Feb. 10 L16. Mismatch and polarization losses 

L17. Antenna arrays and array factor  
L18. Array factor for uniform array 

  
Tutorial quiz 2, 

February 11 
Reading week 

Feb. 24 L19. Radiation pattern, nulls, maxima, 
beamwidth of an N-element uniform array 
L20. Phased arrays  
L21. Aperture antennas 

 
SDR Lab (PRA01) 

Midterm 
Wednesday Feb. 26 

6-7:30pm 

Mar. 2 
 

L22. Plane earth reflection: theory 
L23. Plane earth reflection: link budget, path 
loss exponent and “break-point”  
L24. Knife-edge diffraction: theory 

  
SDR Modules C+D 

due on Mar. 6, 16:00 

Mar. 9 
 

L25. Knife-edge diffraction: link budget, Lee 
approximation. 
L26. Atmospheric refraction, radio horizon, 
equivalent earth radius, K-factor.  
L27. Rain attenuation 

Experiment 2 (PRA01)  
Tutorial quiz 3, 

March 10 

Mar. 16 
 

L28. Ionospheric propagation, plasma 
frequency, critical height 
L29. Noise in radio systems, Planck black-
body radiation law 
L30. Noise power to a matched load, 
equivalent noise temperature 

  

Mar. 23 
 

L31. Noise temperature in passive systems, 
noise of cascade systems 
L32. Satellite link budget I, Antenna G/T 
L33. Satellite link budget II 

Experiment 3 (PRA01)  
Tutorial quiz 4,  

March 24  

Mar. 30 L34. Mobile radio 
L35. Radars: range, radar cross-section, radar 
equation 
L36. Dopper radar, FM CW radar 

  

Apr. 6 L37. Radio astronomy 
L38. Review 

No labs Final SDR report due 
April 9, 16:00 

 


