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Course web page at:  www.doe.carleton.ca/courses 
PASS Facilitator 
This course has not been assigned a PASS (Peer Assisted Study Sessions) facilitator this term. 
     

Introduction 
In this course you will learn the fundamentals of electromagnetics (EM) and its many applications 
especially transformers, motors and generators.  Topics covered include: electrostatics and 
magnetostatics; solution of Poisson's and Laplace's equations; the Lorenz equation and force; time 
varying fields;  magnetic circuits and transformers; DC and AC motors; introduction to three-phase 
power. 
The course precludes additional credit for ELEC 2601 or ELEC 3504. 
Prerequisites are: MATH 2004 and (PHYS 1004 or PHYS 1002). 
 
You have all passed MATH2004 and its prerequisites so you are expected to be able to 
1)  differentiate simple functions: ln(x) exp(x), sin(x), cos(x), power series; use product rule and division 
rule.  
2) integrate the same functions, and evaluate integrals with limits (single, double and triple integrals) 
3) Calculate integrals and differentials in rectangular, cylindrical and spherical coordinate systems. 
4) use integral tables for more complicated functions. 
5) use l’hopital’s rule to find the limit of a function 
6) know basic vector operations 
7) understand how to manipulate vectors, calculate unit vector, dot product and vector cross product.  
If you are unsure of your abilities in these areas you should review them in the first two weeks of the 
course. 
 

Textbook 
1) Lecture materials provided online. You are expected to read the notes for the next lecture 
as assigned in class, and come to class prepared with some understanding of the material. 
 
2) Textbook (recommended ) is M. Sadiku, “Elements of Electromagnetics”, 7th edition, ISBN 978-0-19-
932138-4 
 

 
 
 
 



Lecture Outline (Wedneday. & Friday. 2:30-4:00, Mackenzie ME4499 ) 

The following topics will be covered during the course lectures with an approximate schedule. 
 
Week 1: Vector calculus; gradient, divergence, curl; coordinate systems. 
  
Weeks 2-3: Basic Electrostatics 
Coulomb's force law; electric field; electric field lines and flux; Gauss' law and divergence; electrostatic 
potential; Poisson's equation and Laplace's equation; gradient of electric field; method of images; 
numerical solution of Laplace's equation;  
energy stored in electrostatic field; principle of virtual work and electrostatic force. 
 
Week 4-5: Electric Fields in Matter 
Corona discharge; polarization and dielectrics; the displacement field; the pn junction depletion region; 
the solar cell; electrostatic problems with dielectrics; current flow: resistivity and conductivity. 
 
Week 6-7: Magnetostatics 
Lorentz force law; Hall effect; Ampere's law; curl of a vector field; the magnetic vector potential; the 
Biôt-Savart Law; applications of the Biôt-Savart Law: current ring, solenoid; energy stored in 
magnetostatic field. 
 
Week 8: Magnetic Fields in Matter 
Magnetic dipoles; types of magnetic materials; hysteresis; magnetic circuits. 
 
Weeks 9: Faraday's Law and Time-Varying Fields 
Faraday’s law and induced EMF; Lenz's law; eddy currents; displacement current; Maxwell’s Equations 
 
Week 10-11: Transformers and Three-Phase Circuits. 
Flux coupling and the ideal transformer; impedance transformation; losses in real transformers 
Three-phase power;  power factor correction. 
 
Week 12: Fundamentals of DC Machines, Induction Motors, Synchronous Machines 
Basis of operation, torque-speed characteristics. 
 

Laboratory and PA Sessions (3 hours, alternate weeks ) 

  
PA sessions will be held in the rooms published on the public class schedule. 
Labs and PA sessions will be held according to the schedule shown on the course website in the rooms 
listed below.  
 
There are five labs to perform:   

Lab 1: Numerical Solution of Laplace’s Equation (in Azrieli Pavilion AP340) 
Lab 2: Numerical Solution of Magnetostatic Problems (in Azrieli Pavilion AP340) 
Lab 3: Magnetic circuits (in ME4275) 
Lab 4: Transformer (in ME4275) 
Lab 5: Induction Motor/DC brushless motor (in Canal Building CB3104) 

 



Notes for Lab and PA Sessions 
 

 Lab and PA sessions are 3 hours in duration. Labs and PA sessions usually “alternate” from week to 
week and will be held according to the schedule shown on the course website. You must attend 
your lab and your PA session in the session you are assigned. Changing session is not allowed. For  
Labs 3, 4, and 5, choose a lab partner from the same group. 

 

 All 5 labs must be completed to pass the course. Attendance at the PA sessions will be recorded. 
You are expected to remain in the PA session for the full 3 hours, or until the TA says the PA session 
is over. Use this time wisely – you should have lots of questions to ask. 

 

 If for some reason an entire Lab or PA session needs to be rescheduled OR a Lab or PA session falls 
 on one of the University holidays, students in those sections must rearrange their schedule to make 
 up the lab in another of the regularly scheduled lab sessions, as arranged by the instructor.  

 

 Attend each lab punctually.  If you miss a lab for a medical reason, and supply an original of a 
Doctor’s note to the course instructor ASAP, it may be possible to complete it in another regularly 
scheduled lab period with the instructor’s permission  (usually within a few days of your missed lab 
period). 

 

 Be prepared for the lab experiment by reading the lab instruction sheets before entering the lab.  
Some labs have a pre‐lab exercise that must be completed before the start of your lab period. 
You are not permitted to do the lab unless the prelab is completed. The TA will sign your 
lab book prior to starting the lab and verify that the pre‐lab is completed. 

 

 A lab report will be submitted online for each lab and lab and by each student. This report should 
include the measurement set‐up, a clear description of the measurement performed, data, sample 
calculations, discussion of results and conclusions. It is NOT a formal lab report with purpose, 
apparatus, and observations. Lab reports are due by midnight on the day of the lab.  Late lab reports 
must still be submitted. One day late it will only be worth 50%. Two days late, it is worth 0. 

    

 Several problems will be assigned each week as homework to help understand the lecture material, 
prepare for the midterm exams and final exam. To learn the course material, IT IS ESSENTIAL THAT 
YOU ATTEMPT SOLUTIONS FOR THESE PROBLEMS BEFORE THE PA SESSION. You should have a 
separate bound notebook for your problem solutions which may be examined by the TA but not 
graded. Solutions to these problems will be reviewed in the PA sessions and will NOT be posted 
online.  
 

 NO FOOD or DRINK is permitted in the lab or computer rooms. Familiarize yourself with the 
health and safety rules regarding the labs. Know where the exits to the lab and building are. 
Know where to go in case of an emergency. 

 
 
 



Course Grade 
 

 60% Final Exam (During normal scheduled exam period) 
 30% for 2 midterm exams (15% each)  
 NOTE first midterm will be on Saturday  Feb 15 from 9:30-11:30am Room Azrieli 101 
 NOTE second midterm will be on Saturday  March 21 from 9:30-11:30am Minto MC2000 
 10% Laboratories (2% for each lab) and you must complete all 5 labs 
 
During PA sessions 2-6 there will be a very short (~10 minute) quiz testing some basic concept. 
Each quiz will be held anytime during the 3 hour PA session, and cannot be made up at another time. 
The marks from the quizzes are bonus marks --- each quiz will be worth 1% so a total of 5% bonus 
marks are possible. This could have a big effect on your final grade.    
 
To pass the course you need: 
 Minimum overall grade of 50% 
 Have completed all 5 labs 
 Minimum of 40% on the final exam. (That is 24 out of 60 as the exam is worth 60% of 

your final grade) 
 

Plagiarism 
 
Plagiarism  is a serious instructional offense that will not be tolerated. It involves passing off someone 
else’s original work as your own. Most cases of plagiarism can be avoided by carefully citing sources for 
any ideas, statements, results  etc. that are not your own. Please refer to the section on instructional 
offenses in the Undergraduate Calendar for additional information. 
 

Academic Accommodation  

You may need special arrangements to meet your academic obligations during the term. For an 
accommodation request the processes are as follows:  

Pregnancy obligation: write to me with any requests for academic accommodation during the first two 
weeks of class, or as soon as possible after the need for accommodation is known to exist. For more 
details visit the Equity Services website:  http://carleton.ca/equity/accommodation/student_guide.htm  

Religious obligation: write to me with any requests for academic accommodation during the first two 
weeks of class, or as soon as possible after the need for accommodation is known to exist. For more 
details visit the Equity Services website: http://carleton.ca/equity/accommodation/student_guide.htm 

Students with disabilities requiring academic accommodations: in this course must register with the 
Paul Menton Centre for Students with Disabilities (PMC) for a formal evaluation of disability-related 
needs. Documented disabilities could include but are not limited to mobility/physical impairments, 
specific Learning Disabilities (LD), psychiatric/psychological disabilities, sensory disabilities, Attention 
Deficit Hyperactivity Disorder (ADHD), and chronic medical conditions. Registered PMC students are 
required to contact the PMC, 613-520-6608, every term to ensure that I receive your Letter of 
Accommodation, no later than two weeks before the first assignment is due or the first in-class 
test/midterm requiring accommodations. If you only require accommodations for your formally 



scheduled exam(s) in this course, please submit your request for accommodations to PMC by the last 
official day to withdraw from classes in each term. For more details visit the PMC website: 
http://www.carleton.ca/pmc/students/acad_accom.html 

 
 
 
 
Graduate Attributes:  
The Canadian Engineering Accreditation Board (CEAB) has established that an institution must 
demonstrate that graduates of its programs possess certain defined attributes.  The institution must 
also implement and employ processes to demonstrate that program outcomes are being assessed in 
the context of these attributes, and that the results of such assessments will be applied to the further 
development of programs. The graduate attributes relevant to this course are: 
 

1. A knowledge base for engineering:  Demonstrated competence in university level mathematics, 
natural sciences, engineering fundamentals, and specialized engineering knowledge appropriate to 
the program. 

2. Problem analysis: An ability to use appropriate knowledge and skills to identify, formulate, analyze, 
and solve complex engineering problems in order to reach substantiated conclusions. 

 

This course (ELEC 3105) will score attributes #1 (Knowledge Base) and #2 (Problem Analysis). They are 
scored through the responses provided in assignments, quizzes, and final exams.  The graduate 
attribute scores will be derived from graded material, however they are for internal use only. 
 

http://www.carleton.ca/pmc/students/acad_accom.html

