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BME 565 Magnetic Resonance Imaging (MRI) (3C, 3H ) 

Introduces physics of magnetic resonance. Covers magnetic field modalities, relaxation times, gradient and RF coils, 

pulse sequences, hardware, imaging techniques, artifacts, and applications. 

 

Text Book(s) 

Title 
Magnetic Resonance Imaging: Theory and Practice 

ISBN 978-3-642-07823-1 

Publisher Springer-Veriag  

Year 2003 

Edition 3rd  edition 

 

Instructor 

Instructor 
Dr. Areen Al-Bashir 

Office Location C2-L1 

Office Phone 720-1000 Ext: 22289 

Email akbashir@just.edu.jo 

 

Class Schedule & Room 

Lecture Time Monday and Wednesday    08:30 am-10:15 am 
Room M2 010 

 

 

References 

Books Magnetic Resonance Imaging; physical principle and sequence design. 

ISBN: 0-47135-1288, Publisher: Wiley-Liss, 1999, 1st edition. 

Journals  Journal of Magnetic Resonance Imaging: 

http://onlinelibrary.wiley.com/journal/10.1002/(ISSN)1522-2586 

 Magnetic Resonance in Medicine: 

http://onlinelibrary.wiley.com/journal/10.1002/(ISSN)1522-2594  

Internet links 

 
 http://www.cis.rit.edu/htbooks/mri/ 

 http://www.ebyte.it/library/educards/mri/K-SpaceMRI.html 

 http://www.howstuffworks.com/mri.htm 

 http://mrel.usc.edu/class/faq.html 

 http://mrel.usc.edu/class/library.html 

 http://www.revisemri.com/ 

 http://www.ismrm.org/mr_sites.htm#Education 
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Prerequisites 

Prerequisites by topic Medical Imaging Systems 

Prerequisites by course BME 460 

Co-requisites by course NA 

Prerequisite for NA 

 

Objectives and Outcomes 

Objectives Outcomes 

1. Explain the basic principles of 

MRI as an imaging modality. 

 Understand the effect of putting protons inside a magnetic field, the 

principles discrete energy levels, and the Boltzmann equation relating the 

populations of quantum energy levels. Reproduce the derivation of the 

classical equations of nuclear precession and the Larmor equation 

relating the rate of precession to the strength of the applied magnetic 

field. (1, 9) 

 

2. Analyze the MRI system in terms 

of physical mechanisms, data 

generation and acquisition, image 

creation and processing.  

 Comprehend the interactions of the magnetic field produced by a 

radiofrequency probe and the nuclear spins, the induced precession and 

the process to give rise to the MRI signal. Know the concept of chemical 

shift, and why protons in fat and water resonate at slightly different 

signals, and how this phenomena of spin-lattice and spin-spin relaxation 

produces an effect on the measured MRI signal. (1, 9) 

 Know the techniques for measuring spin-lattice and spin-spin relaxation 

times, the principles behind frequency encoding, phase encoding, and 

slice selection in magnetic resonance imaging, and the full 

implementation of both spin-echo and gradient-echo imaging sequences. 

(1, 9) 

 Understand the theory and practical construction of radiofrequency coils, 

magnetic field gradients, and superconducting magnets. (1, 2,4,6,9) 

3. List strengths and weaknesses 

associated with the MRI technology. 

 Know the specific clinical applications of MRI. (1, 2, 4, 6, 7) 

 

Topics Covered 

Week Topics Chapters in Text 

1 Magnetic Resonance Imaging: A Historical 

Introduction 

Lecture notes 

2-4 MRI and Its Hardware 1 

4-6 Conventional Imaging Methods 2 

7 Imaging Methods with Advanced k-Space 

Trajectories 

3 

8 Steady-State Gradient-Echo Imaging 4 

9 Transient-State Gradient-Echo Imaging 5 

10 Contrast and Signal-to-Noise Ratio 6  

11-12 Motion and Flow 7 

13 Partitioning of the Magnetization into 

Configurations . 

8 

14 Applications Lecture notes 

15 Safety Lecture notes 

 

 

Evaluation 
 

Assessment Tool  Expected Due Date Weight 

Homework & Quizzes One week after homework problems are assigned 10% 

First Exam According to the department  schedule 25 % 

Second Exam According to the department  schedule 25 % 

Final Exam According to the University final examination schedule 40 % 

 



 

 

 

 

 

Relationship to Program Outcomes (%) 

1 2 3 4 5 6 7 8 9 

35 20  20  10 10  5 

Relationship to Biomedical Engineering Program Objectives 

PEO1 PEO2 PEO3 PEO 4 

    
 

 

Teaching & Learning Methods 

The form of participatory and active learning methods will be conducted via Direct instruction, Brainstorming, Lecturing, 

Individual participation, and Projects. PowerPoint presentations will be prepared for the course materials. 

A typical lecture would start with a short review with discussions to measure the students’ digestion of the previous 

material. Then, the students would have a lecture on new materials. The lecture presentation will be paused when needed 

with brain storming sessions that will allow students to reflect and think in more depth about what they learned in the 

lecture. Example problems will be presented and discussed with the students to illustrate the appropriate problem solving 

skills that the students should learn. 

Policy 

 

Attendance 

 

Attendance will be checked at the beginning of each class. University regulations will be strictly 

followed for students exceeding the maximum number of absences. 

Quizzes Quizzes will be part of this course. No make-up quizzes will be conducted 

Student Conduct 

 

It is the responsibility of each student to adhere to the principles of academic integrity.  

Academic integrity means that a student is honest with him/herself, fellow students, instructors, 

and the University in matters concerning his or her educational endeavors.  Cheating will not be 

tolerated in this course. University regulations will be pursued and enforced on any cheating 

student. Lab coat wearing is compulsory during the experiments’ conduct. 

Contribution of Course to Meeting the Professional Component 

 Apply knowledge of biological and physical sciences, mathematics, and engineering to solve problems at the 

interface of engineering and biology. 

 Design a Biomedical Engineering system, component, and/or process that meet specific needs; and demonstrate 

understanding of relevant technical, professional, and ethical issues.  

 Function on multi-disciplinary teams. 

 Communicate effectively in verbal, written, and graphical formats. 

 Identify, formulate, and solve Biomedical Engineering problems that address contemporary issues within a 

global, societal, and economic context. 

  Recognize the need to pursue continuing educational opportunities in Biomedical Engineering and have the 

ability to do so. 


