ChE 633: Probabilistic Methods in Chemical Engineering
Instructor: D. Ramkrishna











Fall 2023
Primary Source: 
“Stochastic Modeling in Engineering and Biology” D. Ramkrishna (in preparation) 
1.
"Handbook of Stochastic Methods," by C. G. Gardiner, Springer Verlag, 2003. Third      Edition. 

2.
"Stochastic Processes in Physics & Chemistry," by N. G. Van Kampen, North Holland, 1981.

This course will introduce the students to the application of probability and stochastic processes to engineering problems. Thus, stochastic analysis of chemical reaction systems of great interest to biology and nanotechnology will be developed through the application of the Chemical Master equation. There are no exams for the course. However, each student can sign up for a project on their research or other choices with which I can help for a final course grade. Alternatively, you can submit solutions to assigned problems.
Course Outline: ChE 633

Topics

1. Stochastic systems in engineering. External and internal noise. Probability concepts.

2. Random variables & Distribution Functions. Expectations. The Central Limit theorem and consequences.
 Poisson and Gaussian processes.

3. Stochastic processes. Continuous and Jump processes. Levy Flights.

4. Ito calculus and stochastic differential equations. 
5. Solution techniques. Brownian dynamics.
6. Brownian Bridge and Applications.

7. The Chemical Master equation. Macroscopic laws from System-Size expansion of Van Kampen. Modeling of systems with Internal noise.
Applications to biological signaling processes.
8. Direct Methods for solving stochastic processes. Tau-leap methods. 
9. Stochastic Point Processes, Stochastic population balances and their applications.

Since the material is diverse, all efforts will be made to restrict coverage to areas of interest to the enrolled students. 
