
BENG221 Mathematical Methods  
for Bioengineering 
 
Fall Quarter 2019 
Department of Bioengineering 
University of California San Diego 



Catalog Description  
Introduction of the foundations of engineering by teaching the mathematical methods that describe the 
engineering principles. Analytical and numerical approaches to solving the equations. 

Instructor 
Gabriel A. Silva 
Departments of Bioengineering and Neurosciences 
Center for Engineered Natural Intelligence, 

Office: 
PFBH room 153  
(see http://www.silva.ucsd.edu/directions.html for directions) 
	 	  
Office hours: 	  
Office hours are 11:00 to noon on Tuesdays. But can also be arranged on an appointment basis by email. 

Contacting Prof. Silva: 
Email: gsilva@ucsd.edu. Please put “BENG221” in the subject line. 
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Times and Places  
Lectures are Tuesday and Thursdays from 9:30 to 10:50 am in Pepper Canyon Hall (PCYNH), room 
210. Class starts right at 9:30. My expectation is that students will arrive on time so as not to disrupt the 
rest of the class. 

Discussions are Fridays 12:00 to 12:50 pm in the Cognitive Science Building (CSB), room 005. These 
will be led by the TA’s.  

The final exam is scheduled for Thursday December 12 from 8:00 to 11:00 am. The location remains to 
be determined.  

Grading 
25% Student mini-lecture slides 

25% Student mini-lecture 

50% Final exam 

Course Materials  
All course materials will consist of class notes. You do not need to buy any specific textbook for this class. 
Texts and resources beyond the class notes are listed in the references section below.  

All course materials will be posted online on the course website at http://www.silva.ucsd.edu/
beng221fall2019.  

Standard Homework and Exam Policies Disclaimer  
ALL parts of the homework must be turned-in and will be graded. All parts of exams must be answered 
unless otherwise stated.  Both the exams and homework must be legible, show good use of English, and 
be organized. Points will be given or deducted for these qualities accordingly. Late home works will not be 
accepted, with the exception that students will be allowed a grace period of two total days of late home 
works as needed for all the assignments combined.  Any requests for re-grading must be made in writing 
to the TA’s and will result in re-grading of the entire homework or exam, not just a specific problem, first by 
the TA’s themselves and if following this a dispute remains, by the course instructor.  Such re-grading 
could result in a higher or lower overall grade. The Department of Bioengineering adheres to the UCSD 
Policy on Integrity of Scholarship.  An excerpt of this Policy states that "Students are expected to complete 
the course in compliance with the instructor's standards. No student shall engage in any activity that 
involves attempting to receive a grade by means other than honest effort...." In other words, cheating of 
any kind whatsoever WILL NOT BE TOLERATED in any form in this course and will be punishable to the 
maximum extend possible as per university rules and policies. The full policy is available in the general 
catalog (e.g., at http://www.ucsd.edu/catalog/AcadRegu.htm)." Group study and discussion of homework 
assignments is allowed, but the contributions of others should be clearly documented in writing in the 
homework. Students are allowed to discuss approaches to problem-solving and design, but are not 
allowed to obtain or provide written solutions. In cases of suspected academic dishonesty, the case will be 
referred to the appropriate Dean. Generally, the penalty for academic dishonesty is a failing grade at 
minimum, with other more severe academic penalties possible.  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Course Approach 

A note on the rationale, structure, and expectations of the course. Bioengineering as a field is by its 
very nature exceedingly diverse and broad. This is one of its greatest strengths but also one of its greatest 
weaknesses. The tools and skill set that one bioengineer has and uses in their work compared to a peer 
often have very little overlap. Unlike traditional sister fields such as physics, it can be difficult to identify a 
common foundational set of mathematical topics relevant to all bioengineers. In order to face up to this 
reality, this course is structured as a survey of a number of foundational mathematical topics of relevance 
to engineering in general and bioengineering in particular. By the end of the course you should have a 
good sense of how these topics fit into the broader mathematical landscape and how they might be of 
value to your own work. But probably most important, you should have a foundation for going deeper on 
your own into any one of them or other topics of interest. Along the way I will motivate each topic by 
illustrating its use and value to selected bioengineering and biomedical engineering applications.  

The pace of the presentation of the material will be fast. We will be covering a lot of technical material. You 
are going to have a lot of information coming at you very quickly. Hopefully, you will be more comfortable 
with some topics versus others in order to give you a chance to spend more time on things you find a bit 
harder. Undergraduate level knowledge and proficiency in differential equations, analysis, and linear algebra 
is assumed. Make sure you use the resources available to you. Take a look at the supplemental references, 
make good use of the TA’s, discussion times, and access to me. I hope you find the experience worthwhile 
and productive.  

Student mini-lectures. The last two classes are reserved for student mini-lectures. Half of your final grade 
will come from these mini-lectures and the slides you prepare. By Tuesday November 5th (or sooner), 
you must chose and get my approval on a specific mathematical topic of interest to present on. It could be 
some part of a topic we covered in class, or it could be any other pure or applied mathematical topic of 
interest to you. You will prepare 10 slides on your chosen topic and then give a min-lecture using those 
slides to the rest of the class for about 10-15 minutes. I will determine the exact length of your lecture after 
I have an opportunity to assess the class size. Try not to be too broad, since you only have 10 slides and a 
few minutes to give your lesson. The more focused and specific your chosen theme the better. You want 
to very quickly (in one or two slides) give a high level overview of your chosen subject and how it fits into 
the bigger picture, but rapidly transition to the core of your topic and what you have learned. The goal of 
this exercise is for you to learn and be able to communicate one thing to some degree of depth. This is 
intentionally in contrast to the main lecture materials which are by necessity introductory.  
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Course Schedule 

Lecture Number Date Topics

1 Tuesday October 1 Overview of the mathematical landscape. Theory versus 
simulations and numerical experiments.  

2 Thursday October 3 Set theory. Mathematical logic

3 Tuesday October 8 Vector and metric spaces. Linear algebra. Matrix algebra. Fields I

4 Thursday October 10 Vector and metric spaces. Linear algebra. Matrix algebra. Fields II

5 Tuesday October 15 Analysis I. ODE’s and PDE’s. Methods for solving them

6 Thursday October 17 Analysis II. ODE’s and PDE’s. Methods for solving them

7 Tuesday October 22 Analysis III. ODE’s and PDE’s. Methods for solving them

8 Thursday October 24 The heat equation. Dynamical systems theory and phase spaces

9 Tuesday October 29 Laplace and Fourier transforms. Introduction to the Radon 
transform in medical imaging

10 Thursday October 31 Chaos and non-linear systems

11 Tuesday November 5 Complex analysis

12 Thursday November 7 Fractional calculus 

13 Tuesday November 12 Graph theory and networks I

14 Thursday November 14 Graph theory and networks II

15 Tuesday November 19 Information theory (Shannon and algorithmic-Kolmogorov)

16 Thursday November 21 Algebraic topology

17 Tuesday November 26 Student mini-lectures

18 Thursday November 28 No class - Thanksgiving break 

19 Tuesday December 3 Student mini-lectures

20 Thursday December 5 Student mini-lectures

Thursday December 12 Final exam - 8:00 to 11:00 am. Location TBD.
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Additional References and Materials 
There are many excellent texts on each of the topics we will cover. I only list a few of my favorites. In fact, I 
encourage you to seek out different texts on the same topic. You can only truly master different 
mathematical subjects by integrating presentations and interpretations from different authors and points of 
view. Notation aside, abstract mathematics are really about ideas and concepts and the logical connectors 
between them. They have to come together and click in your own mind in order for you to truly understand 
them. This takes time. You will find that some presentations and authors make more sense to you than 
others. And that a piece of mathematics that was confusing all of a sudden making sense after you see it 
presented in a different way. This is a critical part of this course, because one of my main objectives is to 
be able to have everyone of you become an independent mathematical thinker by the time we are done.   

You will also notice that many of the references are Springer textbooks. There is a reason for this. While 
many other good texts exist, UCSD has an institutional subscription to SpringerLink (https://
link.springer.com/). This site has a HUGE number full text Springer books, articles, chapters, and 
conference proceedings. All downloadable in PDF format. Including all Springer texts on this list. Take 
advantage of this excellent resource well beyond this course.  

Lecture 2  

The following sources present a first principles but advanced and rather complete treatment of set theory 
and mathematical logic.  

G Tourlakis (2003) Lectures in logic and set theory. Cambridge University Press. 

W Rautenberg (2010) A concise introduction to mathematical logic. Springer. 

PJ Cameron (1998) Sets, logic and categories.  

J Ferreiros (1999) Labyrinth of thought: A history of set theory and its role in mathematics. Springer Basel 
AG. This is a great read that describes the history and motivation of set theory and logic.  

M Foreman and A Kanamori (2010) Handbook of set theory. Springer. 

Omodeo, Policriti and Tomes (2017) On sets and graphs. Springer. This text presents an interesting 
perspective on the intersection between set theory and graph theory, the latter being a major topic in our 
course.  

Lectures 3-4  

E Zacon’s two volume set Mathematical Analysis I. http://www.trillia.com/zakon-analysisI.html and http://
www.trillia.com/zakon-analysisII.html.  

Lectures 5-7  

Most of the lecture notes will be taken from D Betounes (2001) Differential equations: Theory and 
applications. Springer, although there will be more detail on the Taylor series discussed in the lecture. Our 
focus will be on chapters 1 and 2, which we will cover in detail, and parts of chapter 3, sections 3.1 and 
3.2. 

Zacon’s Mathematical Analysis provides a good first principles introduction to the material.  
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Other good sources include: 
A Quarteroni, R Sacco, and F Saleri (2007) Numerical Mathematics. Springer. 

R Haberman (2004) Applied Partial Differential Equations (4th Edition), Pearson-Prentice Hall. 

Lecture 8 

L Barreira and ClauCdia Valls (2013) Dynamical systems. Springer. An excellent first principles, very little a 
priori knowledge required, text that builds up to a detailed description of the subject. 

Lecture 9  

U Graf (2000) Applied Laplace transforms for scientists and engineers. Springer Basel AG. 

PPG Dyke (1999) An introduction to Laplace transforms and Fourier series. Springer.  

Lectures 10-11 

J Tranquillo (2019) An introduction to complex systems: Making sense of a changing world. Springer. This 
text is a great introduction to the subject of complexity and related topics. 

VG Ivancevic and TT Ivancevic (2008) Complex nonlinearity: Chaos, phase transitions, topology change, 
and path integrals. This book is an advanced text on the subject. Not an easy read, but worth the effort. 
Quite deep and comprehensive. Springer. 

L Barreira and ClauCdia Valls (2013) Dynamical systems. Springer. 

Lecture 12  

C Goodrich and AC Peterson (2015) Discrete fractional calculus. Springer.  

S Das (2008) Functional fractional calculus: For system identification and controls. Springer.  

RM Magin (2006) Fractional calculus for bioengineering. Begell House. This text is the authoritative text for 
applications to bioengineering, with a particular focus on medical imaging and image analyses because it 
is Prof. Magin’s area of study and expertise.  

Lectures 13-14 

MEJ Newman (2010) Networks: An introduction. Oxford University Press. 

SS Ray (2013) Graph theory with algorithms and applications. Springer.  

WD Wallis (2000) A beginner’s guide to graph theory. Springer.  

B Bollobas (1998) Modern graph theory. Springer. This text is an advanced graduate text, but one of my 
favorite on the subject.  

SM Cioaba and RM Murty (2009) A first course in graph theory and combinatorics. Springer.  

R Balakrishnan and K Ranganathan (2012) Textbook of graph theory. Springer.  
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MT Hagan, HB Demuth, MH Beale, O De Jesus (2nd edition) Neural network design. https://
hagan.okstate.edu/nnd.html. This text is free to download.  

Lecture 15 

M Li and P Vitanyi (2019) An introduction to Kolmogorov complexity and its applications. Springer. This the 
most complete and authoritative treatment on the subject of algorithmic information theory. An excellent 
textbook.  

RM Gray (2011) Entropy and information theory. Springer. 

TM Cover and JA Thomas (2006) Elements of information theory. Wiley-Interscience.  

Lastly, but most definitely not the least, Claude Shannon’s original 1948 paper is worth reading in its 
entirety. In one long paper (or thin book - take your pick), he essentially lays out an entire theory of 
communication from scratch. You can download the paper from the course website.  

CE Shannon (1948) A mathematical theory of communication. The Bell System Technical Journal. 27:379. 

Lecture 16 

A Hatcher (2001) Algebraic topology. Cambridge University Press. This text is one of the clearest most 
intuitive first principle treatments of the subject I have read. Search for it online. It is freely available.  

MR Adhikari (2016) Basic algebraic topology and its applications. Springer.  

D Kozlov (2000) Combinatorial algebraic topology. Springer. 
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