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Physics 4662a 
“Introductory Nuclear Magnetic Resonance” 

or 
“MRI 1: before gradients” 

Fall Semester, 2022 
 
Course description: 
Nuclear Magnetic Resonance:  The purpose of this course is to provide an understanding of the 
principles of nuclear magnetic resonance using a classical picture of magnetization. We will also 
develop an understanding of the basic instrumentation used in nuclear magnetic resonance. This 
course serves as the pre-requisite to the other graduate Magnetic Resonance Imaging courses in 
Medical Biophysics (2.5 lecture hours per week, half-course). 
 
Prerequisites: 

Completion of the first two years of a physics, medical biophysics (physics stream), or 
engineering curriculum. Knowledge of calculus is assumed. If there are any questions, seek 
advice from the instructor. 

 
Course location/time:  

M/W/F, 1:30-2:20pm 
Class location: Room 106 in PAB (Physics and Astronomy Building). 

 
Instructor, Office hours: 
 
 Coordinator:  Alexei V. Ouriadov, Department of Physics and Astronomy 

Office:  PAB 232 
Email:   aouriado@uwo.ca (preferred means of contact) 
Office hours:   Drop-in or by appointment. 

 
Textbook: 

There is no formal textbook for the course. Materials will be provided as necessary 
throughout. 
 
The textbook that we will make heavy reference to is: 
 
(1) Magnetic Resonance Imaging: Physical Principles and Sequence Design. Haacke et al. 

(1999) ISBN: 0-471-35128-8 (alternatively, the newer edition) 
(2) Magnetic Resonance Imaging: Physical Principles and Sequence Design: Second 

Edition, Brown et al. (2014) ISBN: 9781118633953 pdf file: https://bit.ly/2pWRXe3 
 
You do not have to purchase this book; however, you are strongly advised to do so. If you are 
getting a graduate degree in the area of MRI, you really should own it! We do not order them 
through the bookstore, as it is easier for you to just order the online.   
In the outline below, the chapter numbers refer to Haacke’s textbook listed above. 
Proposed outline of materials to be covered (subject to change): 

https://bit.ly/2pWRXe3
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1. Magnetic Resonance Imaging: A Preview (Ch1) 
2. Magnetic moments and precession (Ch2) 
3. Rotating reference frames and resonance (Ch3) 
4. Magnetization (Ch4) 
5. Relaxation (phenomenological) and the Bloch Equations (Ch4) 
6. Signal detection: principle of reciprocity (Ch7) 
7. Signal detection: demodulation and sampling (Ch7) 
8. Signal detection: dependencies (Ch7) 
9. Signal acquisition: FID, measuring T2* (Ch8) 
10. Signal acquisition: Spin-Echo, measuring T2 (Ch8) 
11. Signal acquisition: Repeated sequences (Ch8) 
12. Signal acquisition: Inversion recovery (Ch8) 
13. Chemical Shift and concept of spectroscopy (Ch8) 
14. Diffusion and the Bloch-Torrey Equation (Ch21) 
15. Spin-density, T1, and T2 quantification methods (Ch22) 
16. Magnetic properties of tissues (Ch25) 
17. The MRI system (Ch27) 
18. Diffusion 
19. Spectroscopy 
20. 1D Imaging 

 
Grades: 
 Item:    Proposed Date  Weight [%] 

Midterm quiz #1  early-October  20% 
Midterm quiz #2  early-November 20% 
Final exam   December  30% 
Assignments   distributed  5% 
Labs (3 hr)    late-November  25% 

 
Graduate students will have additional requirements for assignments, including a presentation early 
in the term on their research projects. 
 
Exams: 
There will be two Midterms and one Final exam.  The Final exam will be scheduled during the 
normal final exam period 
 
Labs: 
• There are a total of 2 labs (Relaxation Lab and Diffusion/1D Imaging Lab) during the Fall 
term.  
• The complete lab manual and the lab worksheets will be available for reading and 
downloading in November.   
• Lab worksheets: download the lab worksheet for each lab from OWL. These can be 
completed electronically, or alternatively printed, completed, and scanned (or photographed), for 
submission via the Gradescope link on OWL.   
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In accordance with the policy of the University, the grade assigned to all written and oral work 
presented in English shall take into account syntax, diction, grammar and spelling. In the 
professional life of an engineer or scientist, the manner in which oral and written communications 
are presented is extremely important. A student must develop these skills as an integral part of their 
education. To encourage the student to do so, the grades assigned to all written and oral work will 
take into account all aspects of presentation including conciseness, organization, neatness, use of 
headings, and the preparation and use of tables and figures. All work will be marked first for 
content, after which a maximum penalty of 5% each may be applied for lack of proficiency in 
English and/or presentation. 
 
For the remote students all examinations in this course will be conducted using Proctortrack.  You 
will be required to keep your camera on for the entire session, hold up your student card for 
identification purposes, and share your screen with the invigilator if asked to do so at any time 
during the exam.  The exam session will not be recorded.*  
 
More information about the use of Proctortrack for exam invigilation is available in the Online 
Proctoring Guidelines at the following link: 
https://www.uwo.ca/univsec/pdf/onlineproctorguidelines.pdf  
 
Completion of this course will require you to have a reliable internet connection and a device that 
meets the system requirements for Zoom and Proctortrack. Information about the system 
requirements are available at the following link: 
https://support.zoom.us/hc/en-us  
https://remoteproctoring.uwo.ca/using_proctortrack 
 
* Please note that Zoom servers are located outside Canada. If you would prefer to use only your 
first name or a nickname to login to Zoom, please provide this information to the instructor in 
advance of the test or examination. 
 
The final exam will be a three-hour exam held during the April exam period.  It will cover the entire 
course. The format of the exam will be discussed in class.  The exam time will be posted on the 
course web site and announced in class when it becomes available. Students needing to make travel 
arrangements are advised to book a travel date after the end of the examination period.  No makeup 
exams will be given to accommodate travel! 

The midterm and final exam may involve some multiple-choice questions. Computer-marked 
multiple-choice tests and/or exams may be subject to submission for similarity review by software 
that will check for unusual coincidences in answer patterns that may indicate cheating. 

The use of hand-held calculators during the test and exam is permitted (and in fact will likely be 
necessary). The use of cell phones, laptop computers, tablets, iPods, MP3 players, etc., or devices 
with networking capability is not permitted during tests and exams. 

Frequently during the lectures, you will be expected to take part in small group discussions or 
problem-solving exercises with your classmates, to participate in classroom experiments or 
demonstrations, or to otherwise contribute actively to the course.  

https://www.uwo.ca/univsec/pdf/onlineproctorguidelines.pdf
https://support.zoom.us/hc/en-us
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The Department of Physics and Astronomy may, in exceptional cases, adjust the final course marks 
in order to conform to Departmental policy. 

 

order to conform to Departmental policy 

Accommodations for Religious Holidays 
When scheduling unavoidably conflicts with religious holidays which a) require an absence from the 
University or b) prohibit or require certain activities (i.e., activities that would make it impossible 
for the student to satisfy the academic requirements scheduled on the day(s) involved), no student 
will be penalized for absence because of religious reasons, and alternative means will be sought for 
satisfying the academic requirements involved. If a suitable arrangement cannot be worked out 
between the student and instructor involved, they should consult the appropriate department chair 
and, if necessary, the student's Dean. 
It is the responsibility of such students to inform themselves concerning the work done in classes 
from which they are absent and to take appropriate action. 
A student who, for either of the situations outlined in paragraph one above (a or b), is unable to 
write examinations and term tests on a Sabbath or Holy Day in a particular term shall give notice of 
this fact in writing to his or her Dean as early as possible, but not later than November 15 for mid-
year examinations and March 1 for final examinations, i.e., approximately two weeks after the 
posting of the mid-year and final examination schedule respectively. In the case of mid-term tests, 
such notification is to be given in writing to the instructor within 48 hours of the announcement of 
the date of the mid-term test. If a Special Examination is offered as an alternative means to satisfy 
the academic requirements, the instructor(s) in the case of mid-term tests and the dean in the case of 
mid-year and Spring final examinations will arrange for special examination(s) to be written at 
another time. In the case of mid-year and Spring final examinations, the accommodation must occur 
no later than one month after the end of the examination period involved. It is mandatory that 
students seeking accommodations under this policy give notification before the deadlines and that 
the Faculty accommodate these requests. 
For purposes of this policy the University has approved a list of dates which are recognized religious 
holidays which require members of those religions to be absent from the University; this list is 
updated annually and is available at Departmental, Deans' and Faculty advising offices. 

Make-up Policy 

If you are unable to meet a course requirement due to illness or other serious circumstances, you 
must provide valid medical or other supporting documentation to the Dean's office as soon as 
possible and contact your instructor immediately. It is the student's responsibility to make alternative 
arrangements with their instructor once the accommodation has been approved and the instructor has 
been informed. In the event of a missed final exam, a "Recommendation of Special Examination" 
form must be obtained from the Dean's Office immediately. For further information please see: 
http://www.uwo.ca/univsec/handbook/appeals/accommodation medical.pdf 

http://www.uwo.ca/univsec/handbook/appeals/accommodation_medical.pdf
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A student requiring academic accommodation due to illness should use the Student Medical 
Certificate when visiting an off-campus medical facility or request a Records Release Form (located 
in the Dean's Office) for visits to Student Health Services. The form can be found here: 
http://www.uwo.ca/univsec/handbook/appeals/medicalform.pdf 

Unless the instructor is informed in advance, there will be no provision made for making up 
assignments or tests missed for reasons other than the above. 

Support Services 

Registrar's Office: http://www.registrar.uwo.ca/ 
Western Student Services: https://studentservices.uwo.ca/secure/index.cfm 
USC Student Support Services: http://westernusc.ca/services/ 

Students who are in emotional/mental distress should refer to Mental Health@Western 
http://www.uwo.ca/uwocom/mentalhealth/ for a complete list of options about how to obtain help. 

Final Examination 

In accordance with Senate Policy, a Special Examination will be held within thirty days of the 
regular final examination for students who are unable to write the regular examination for medical 
or other documented reasons. Requests for such a Special Examination must be made to the 
Associate Dean, Faculty of Science. 

Note that if you fail to write a scheduled Special Examination, permission to write another Special 
Examination will be granted only with the permission of the Dean in exceptional circumstances and 
with appropriate supporting documents. In such a case, the date of this Special Examination 
normally will be the scheduled date for the final exam the next time the course is offered. 

Cheating (Scholastic Offenses) 

Scholastic offenses are taken seriously and students are directed to read the appropriate policy, 
specifically, the definition of what constitutes a Scholastic Offense, at the following Web site: 
http://www.uwo.ca/univsec/handbook/appeals/scholastic_discipline_undergrad.pdf 

Plagiarism 

Students must write their essays and assignments in their own words. Whenever students take an 
idea, or a passage from another author, they must acknowledge their debt both by using quotation 
marks where appropriate and by proper referencing such as footnotes or citations. Plagiarism is a 
major academic offence (see Scholastic Offence Policy in the Western Academic Calendar). 

I encourage students to work together on assignments, etc., but each student must write up their own 
assignment independently. If you have collaborated extensively with a colleague on an assignment, 
say so clearly on the submitted work. This will not be held against you, and is far better than being 
accused of copying! 

http://www.uwo.ca/univsec/handbook/appeals/medicalform.pdf
http://www.registrar.uwo.ca/
https://studentservices.uwo.ca/secure/index.cfm
http://westernusc.ca/services/
http://www.uwo.ca/uwocom/mentalhealth/
http://www.uwo.ca/univsec/handbook/appeals/scholastic_discipline_undergrad.pdf
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Computer-marked multiple-choice tests and/or exams may be subject to submission for similarity 
review by software that will check for unusual coincidences in answer patterns that may indicate 

cheating. 

Classroom Conduct 

Disruptive behaviour will not be tolerated in class. Please respect the rights of your classmates to 
benefit from the lecture by limiting your conversations to those essential to the class. Students who 
persist in loud or rude behaviour will be asked to leave. 

Complaints and Suggestions 

If you have a concern about something, please let us know. We rely on your feedback. Please 
contact initially the person most directly concerned; this will usually be your instructor. If that is not 
satisfactory, or if there is something more general bothering you, talk it over with the Physics & 
Astronomy Department Chair or the Associate Chair of Undergraduate Studies (for contact 
information see http://www.physics.uwo.ca 

http://www.physics.uwo.ca/
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