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Course title: 

Theory and Applications of Delay Differential Equations 

 
Duration [number of hours]: 12 
 
PhD Program [MERC/MPS/SPAC]: MERC 
 
Name and Contact details of unit organizer(s): 

Name: Professor John Hogan 
Affiliation(s): University of Bristol, England 
Website: https://www.bristol.ac.uk/people/person/John-Hogan-4ff7f0fe-82e7-4ff3-aa4d-ce5c50671bbe/ 
Email: s.j.hogan@bristol.ac.uk 

 
Course Description [max 150 words]: 

Why is it easy to balance a long stick on the end of your finger, but almost impossible to balance a short one? Part 
of the reason is the finite reaction time (or delay) of the brain and its actuation of the muscles in the body.  
The presence of a delay in any system (especially involving control) can completely change its behaviour. In this 
course, we will consider delay differential equations (DDEs). We shall see how even linear DDEs present 
significant challenges to analysis, both in terms of the problem definition and solution.  
In this course I will talk about the two main methods used to solve DDEs: the methods of steps and the D-
subdivision method, as well as providing many examples of DDEs in practice.  
By the end of the course, you will know how to classify DDEs, how to set up a DDE system correctly and how to 
find solutions of certain types of DDE. You will also discover the critical length of stick that can be balanced on a 
finger. 

 
Syllabus [itemized list of course topics]: 

• Types of DDEs 

• The importance of the initial function 

• The method of steps 

• The D-subdivison method 

• The use of the Laplace transform for linear DDEs 

• Numerical solution of DDEs. 

 
Assessment [form of assessment, e.g., final written/oral exam, solutions of problems during the course, final 
project to be handed-in, etc.]: 

Short project presentations 

 
Suggested reading and online resources: 

There is no suitable textbook. But you could try: 
T. Erneux .Applied Delay Differential Equations. Springer (2009) 
T. Insperger & G. Stépán .Semi-Discretization for Time-Delay Systems. Springer (2011) 
H. Smith .An Introduction to Delay Differential Equations with Applications to the Life Sciences. Springer (2011) 
 Y. Kuang  Delay Differential Equations with Applications in Population Dynamics. Academic (1993) 
R. Bellman & K. L. Cooke .Differential-Difference Equations. Rand Corporation (1963) 


