
ME 433, Fundamentals of Air Pollution
 Syllabus for Spring Semester 2019 

John M. Cimbala, Penn State University. Latest update: 07 January 2019 

Lectures: Room 73 Willard Building three times per week on Mon, Wed., and Fri., 11:15-12:05 p.m. 
Text: Introduction to Air Pollution Science, R. F. Phalen and R. N. Phalen, Jones & Bartlett Learning, 

LLC, Burlington, MA, 2013 – recommended, but not required. 
Prerequisites:  M E 201 or M E 300 or equivalent. Should also understand basic fluid mechanics and statistics. 
Instructor: • John M. Cimbala, Professor of Mechanical Engineering. www.mne.psu.edu/cimbala,

234 Reber Building, 814-863-2739, jmc6@psu.edu. 
• Office hours: Thursday 2:00-4:00 pm. Weekly schedule to be posted on website.

TA: Jihang Li, jzl230@psu.edu. Office hours: Thursday 4:00-6:00 p.m., location 337 Reber Building. 

Course Description: This course is an introduction to air pollution, with an emphasis on outdoor rather than indoor 
air pollution. Topics to be covered include sources (emissions) of air pollution, both gaseous and particulate, 
interaction of air pollution with our bodies and the environment, and methods of measuring, quantifying, analyzing, 
and controlling air pollution. A brief introduction to government regulations related to air pollution will also be 
provided. Students are expected to be proficient in applying mathematics (e.g., integration, differentiation, and 
application of differential equations), and some basic chemistry, statistics, thermodynamics, and fluid mechanics.  

Web Pages: The main URL for all web pages for this course is: http://www.mne.psu.edu/cimbala/me433. Students 
are expected to check the web site regularly for lecture notes, homework assignments, announcements, and other 
information. Hardcopies (handouts) of homework assignments will not be given in class. Some course material will 
also be placed on Penn State’s Canvas site at https://psu.instructure.com/ . There is also a Facebook group that you 
should join (you do not need to be FB friends with the instructor to join the group). The name of the group is 
“ME 433, Spring 2019”.  

Grading: All quizzes, exams, and homework assignments are comprehensive. 

Homework 15% Approximately weekly, 10 total, typically due on Fridays 
Midterm Exam 1 25% In class, Friday February 15 
Midterm Exam 2 25% In class, Friday March 29 
Class Participation 5% In-class participation and Poll Everywhere participation 
Final Exam 30% Day and time to be announced by PSU. 

Course Objectives: Upon completion of this course, students should be able to: 
 

1. Identify substances (gases and particles) considered to be air pollutants, and how to quantify them.
2. Identify sources (emissions) of air pollutants, and how they disperse in the atmosphere.
3. Apply basic principles of thermodynamics and chemistry to model the formation of selected air pollutants.
4. Identify specific impacts of air pollution on human health and on the environment.
5. Identify and explain specific methods of controlling air pollution emissions.
6. Demonstrate knowledge of major air pollution legislation and its historical context.
7. Develop and practice skills in reading and interpreting the popular press and the scientific literature in regards to

air pollution and climate change; in particular demonstrate ability to separate facts from rhetoric or opinion.
8. Read and summarize articles related to air pollution. [Note: Students are expected to read newspaper, magazine,

and/or Internet articles related to air pollution (USA Today, CDT, and NY Times are available free to all
students).

9. Apply basic software tools (e.g., spreadsheets) to the analysis of experimental data and mathematical models.
10. Demonstrate professionalism and respectful interaction with faculty and colleagues.
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Lecture Schedule: We will follow the schedule on the next page as closely as possible, subject to change. 
 

Week # Topics to be Covered 
1  Introduction: fundamentals (concentrations, partial pressures, etc.), history of air pollution  
2  Introduction: continued 
3 Sources, emissions, and classifications of air pollutants: Earth’s atmosphere, meteorology, sources, 

types and categories of air pollution 
4  Emission factors: estimates of sources of air pollution, definition of efficiency of air pollution control 

systems (APCSs) 
5  Earth and the atmosphere: Coriolis force, global wind patterns, atmospheric stability 
6 Plume dispersion: Gaussian plume model, how to predict hazardous areas downwind of plumes 
7  Gaussian puff diffusion, steam vs. particle plumes, introduction to particulate air pollution: how to 

predict hazardous areas downwind of a puff of air pollution 
8 Particulate air pollution: particle number concentration, monodisperse and polydisperse aerosols, 

definitions, grade efficiency 
9  Particle motion: equations of motion, aerodynamic drag, particle settling speeds 
10  Particle motion (continued): gravimetric settling, elutriators, inertial separation in curved flows  
11 Particle motion (continued): curved ducts and cyclones, how to predict grade efficiency in curved ducts 

and cyclones, Lapple standard cyclone 
12  Air pollution control devices for removing particulate matter (PM): cleaners in series and parallel, 

cascade impactors, aerosol particle sampling issues 
13 APCS for PM removal (continued): raindrops and spray towers, wet scrubbers 
14  APCS for PM removal (continued): air filters, baghouses, electrostatic precipitators (ESPs), intro to 

particle statistics 
15  Aerosol particle statistics: number and mass distributions, cumulative distribution functions, geometric 

mean and geometric standard deviation 
 
Class Participation: You are expected to attend all scheduled lectures. Interactive questions will be given in class; 
your attendance in class as well as your answers will count for a portion of the class participation grade.  
 

Grade Disputes: If a student feels that an exam, homework, or submission was graded unfairly, or if there is an error 
in the grading, it should be brought to the attention of the grader (TA for homework and news summaries, Professor 
for quizzes and in-class presentation) within one week after the graded material is handed back. Scores will not be 
reconsidered beyond one week after they are handed back except under extenuating circumstances. 
 

Cheating Policy: Cheating is not tolerated in this course. You should refer to the Academic Integrity website at 
http://www.engr.psu.edu/faculty-staff/academic-integrity.aspx which explains what behaviors are in violation of 
academic integrity, and the review process for such violations. On the next page is a summary of the policy. 
Specifically for this course:  
 

• First offense: Zero score for the item in question, and infraction reported to the College.  
• Second offense: Failure of the course, and infraction reported to the College.  
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Summary of Penn State’s Academic Dishonesty Policy: The University defines academic integrity as the pursuit 
of scholarly activity in an open, honest and responsible manner. All students should act with personal integrity, respect other 
students' dignity, rights and property, and help create and maintain an environment in which all can succeed through the fruits of 
their efforts (refer to Senate Policy 49-20. Dishonesty of any kind will not be tolerated in this course. Dishonesty includes, but is 
not limited to, cheating, plagiarizing, fabricating information or citations, facilitating acts of academic dishonesty by others, 
having unauthorized possession of examinations, submitting work of another person or work previously used without informing 
the instructor, or tampering with the academic work of other students. Students who are found to be dishonest will receive 
academic sanctions and will be reported to the University's Office of Student Conduct for possible further disciplinary sanctions 
(refer to Senate Policy G-9). 
 
Definition and expectations: Academic integrity is the pursuit of scholarly activity in an open, honest and responsible manner. 
Academic integrity is a basic guiding principle for all academic activity at The Pennsylvania State University, and all members 
of the University community are expected to act in accordance with this principle. 
 
Disability Access Statement: 
Penn State welcomes students with disabilities into the University's educational programs. Every Penn State campus has an 
office for students with disabilities. The Student Disability Resources Web site provides contact information for every Penn State 
campus: http://equity.psu.edu/student-disability-resources/disability-coordinator. For further information, please visit the 
Student Disability Resources Web site: http://equity.psu.edu/student-disability-resources. 
 
In order to receive consideration for reasonable accommodations, you must contact the appropriate disability services office at 
the campus where you are officially enrolled, participate in an intake interview, and provide documentation: 
http://equity.psu.edu/student-disability-resources/applying-for-services. If the documentation supports your request for 
reasonable accommodations, your campus's disability services office will provide you with an accommodation letter. Please 
share this letter with your instructors and discuss the accommodations with them as early in your courses as possible. You must 
follow this process for every semester that you request accommodations. 
 
Counseling & Psychological Services (CAPS) Statement: 
CAPS can help students resolve personal concerns that may interfere with their academic progress, social development, and 
satisfaction at Penn State. Some of the more common concerns include anxiety, depression, difficulties in relationships (friends, 
roommates, or family); sexual identity; lack of motivation or difficulty relaxing, concentrating or studying; eating disorders; 
sexual assault and sexual abuse recovery; and uncertainties about personal values and beliefs.   
 
You can contact CAPS by calling the Main CAPS number/Appointment Scheduling: 814-863-0395 (Please call between the 
hours of 8am and 5pm, Monday-Friday to schedule an appointment) or visit us at our office location, 5th Floor Student Health 
Center. 
 
Online Resources for Relaxation 
It's important to take care of yourself. There are a number of valuable online resources that you can use for relaxation and stress 
reduction. 
Learn how stress impacts your health and life, as well as some self-help strategies for managing it through the PSU Student 
Affairs EDGE online workshop. Check out other stress management resources available, including a guided program called 
Stress Recess. There are also a number of relaxation, visualization, and mindfulness resources at the Mind Body Spa. You can 
also download mindfulness meditations here. If winter has got you down and you need an upbeat song to listen to, check this out.  
 
Sexual Assault and Relationship Violence Hotline 
A hotline has been established for victims and observers of sexual assault and relationship violence. Trained counselors on the 
hotline will help students access appropriate resources. Penn State students from any campus can call 1 (800) 560-1637 to access 
the 24 hour a day, seven day a week hotline. 
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