
MATH 461: PROBABILITY THEORY
SPRING 2023 - SECTION N13

Course Logistics

Instructor. Partha Dey, psdey(at)illinois.edu

Times and Places. TR 9:30-10:50am in 245 AH.

Course Website. https://faculty.math.illinois.edu/∼psdey/Math461SP23.html. Course informa-
tion available at the Canvas site.

Contact. By email from your @illinois.edu email, psdey(at)illinois.edu, with “Math 461” in the
subject line.

Office Hours. Wednesday at 4-5:50pm. Ask me questions immediately before, during and after
class. Otherwise by appointment: schedule a time with me by email (I am happy to try to answer
questions by email).

Textbook. Lecture notes and homework problems will be posted on the canvas website and they
are the main texts of the course.

• I will follow the textbook A First Course in Probability by Sheldon Ross, 9th Edition. A
digital version is available for rental or purchase by individuals through the Illini Union
Bookstore. Unfortunately, the publisher has chosen not to license the digital version of this
textbooks to libraries and a library copy is not available at this time.

• It is okay to use a different edition for studying. The 8th edition is viewable digitally
through the HathiTrust ETAS at this url using uiuc credentials. However only one user can
view the book at a time, and downloading and printing is not possible.

• You can use the freely downloadable book Introduction to Probability by Grinstead & Snell.

• or the freely viewable book Introduction to Probability by Blitzstein & Hwang.

• The books Introduction to Probability Theory by Hoel, Port and Stone; and Probability
and Statistics by Morris DeGroot and Mark Schervish are optional as reference texts.

Prerequisite. Math 241 or the equivalent. We will use important topics from calculus, such
as infinite series with positive terms (most calculations involve the geometric series and series
derived from it), improper integrals and double integrals (change of variables formula, manipulating
Gaussian integrals).

Date: January 13, 2023.
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Course Syllabus

Description. This is an introduction to mathematical probability. We will cover most of the
material in the first eight chapters of the textbook. Topics include:

• Combinatorial Analysis
• Conditional Probability and Independence
• Continuous Random Variables
• Properties of Expectations
• Law of large numbers and inequalities

• Axioms of Probability
• Discrete Random Variables
• Jointly Distributed Random Variables
• Moment Generating Functions
• Central Limit Theorems

Why study probability? Two main reasons: Uncertainty and Complexity.

• Uncertainty is all around us and is usually modeled as randomness: it appears in call
centers, electronic circuits, quantum mechanics, medical treatment, epidemics, financial in-
vestments, insurance, games (both sports and gambling), online search engines, for starters.
Probability is a good way of quantifying and discussing what we know about uncertain
things, and then making decisions or estimating outcomes.

• Some things are too complex to be analyzed exactly (like weather, the brain, social sci-
ence), and probability is a useful way of reducing the complexity and providing approxi-
mations. The reason I study probability is to explain physical phenomenon through simple
mathematical models.

Objective. After completing this course a successful student will be able to understand and apply
the topics listed above. He/she will also be able to apply numerical, computational, and theoretical
techniques. Through exploration, a successful student will be able to use probability models to
analyze physical phenomena. He/she will also have the necessary tools to formulate and solve
problems in mathematical situations and connect concepts to other disciplines. Most importantly,
a student completing this course will be able to communicate ideas through descriptive language
as well as mathematical symbols.

What I Expect of You

• Attend the class or watch the class video; and be engaged in your own education
• Pay attention and take as good of notes as you are able, speak up if you are confused -
likely others are as well! It is important to write your own notes.

• Spend about 5-8 hours a week on homework or studying for this class
• Do homework on time
• Come to office hours at least when you need to

What You can Expect of Partha

• Explain the topics and methods as well as I am able
• Be available for you in office hours
• Get your exams and quizzes back in a timely manner

What you can Expect of the Grader

• Grade your homework in a fair and timely manner

Learning Outcomes. Upon successful completion of the course:

• The ability to solve a variety of probabilistic problems using a variety of methods
• Students will be comfortable modeling real life problems using probabilistic techniques
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Success Mantra

Good habits early in the semester will help you succeed in Math 461:

• Come to theine Office Hour. If you are unavailable during all our scheduled office hours,
email me to set up a different time to meet!

• Come to class prepared: re-work your lecture notes before each last class, to check every
step and fill in missing calculations.

• Actually take notes - don’t just read and watch videos. Write them down by hand -
sometimes twice.

• Work through the proofs and examples on paper.

• Read the textbook after you re-work the notes - the text helps you see the big picture. You
can follow any of the textbook listed above.

• Ask questions early and often, about steps you don’t understand.

• Start the HW early, and get help on any problems you can’t solve.

• Don’t do the HW by plugging problems into some website. (You won’t learn the material.)

• When preparing for exams, summarize the important concepts and methods. Learn the
definitions (they tell you what the words mean). Then work some problems.

• Try to rewrite notes for confusing concepts in different ways to help organize thoughts.

• After reading a theorem or algorithm, try to summarize the important concepts. This
creates a mental framework for the problems you work on.

• Debrief thoroughly on each exam as soon as you get it back.

• Learn from mistakes.

To do well in this course, remember the following:

• This is a fast-paced course! You should start working on new content right away each
week.

• It is very important that you communicate throughout the course. If you are having
difficulties with something or are going to be away from the computer because of illness
or a family emergency (or similar difficulties), please inform your instructor as soon as
possible.

• As you watch the lectures, take notes. When you are reading or listening, taking
notes helps you concentrate. It also helps you to get familiar with the language of the
mathematics used in the course.

• Practice, practice, practice! The more homework and supplemental exercises that you
do, the better you will understand the concepts. You will also be more prepared when
it comes time to take the exam.
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Course Policies and Grading

Homework - 20% will be assigned weekly on Thursdays on the canvas website (except when there
is an exam), to be uploaded the beginning of the Thursday lecture (links will be provided).

You are encouraged to work together on the homework, but I ask that you write up your own
solution (and write name/s of collaborators) and turn them in separately.

Late homework will not be graded. I will drop your lowest hw score.

Online Quiz - 15% will be scheduled every Thursday for 20 minutes. Problems will be based on
that week’s homework material. I will drop your lowest quiz score.

Two Midterm Exams - 30% are scheduled tentatively on Tuesdays February 28, 2023 and April
4, 2023. They will be technically comprehensive, but emphasizing recent material up to the most
recent graded and returned homework assignment.

Final Exam - 35% is comprehensive and tentatively scheduled for May TBA.

Grading Policy Check your grades at canvas. Grades will be computed by a weighted average:

Homework 20%
Quiz 15%
Midterms 30%
Final 35%

All grades are numerical. The final letter grades will be assigned on the usual scale:

A(+/-): 90-100%; B(+/-): 80-89%; C(+/-): 70-79%; D(+/-): 60-69%.

I may slightly adjust the curve later to see it fit.

Make-up exams will not be given.

Contesting Grades and Retrieving Graded Work If you wish to contest a grade, you must
speak to the professor within one week of the date the assignment grade is announced. After this
deadline, the grade will be final.

Accommodation for Students with Disabilities To obtain disability-related academic ad-
justments and/or auxiliary aids, students should contact both the instructor and the Disability
Resources and Educational Services (DRES) as soon as possible. You can contact DRES at 1207
S. Oak Street, Champaign, (217) 333-1970, or via e-mail at disability@illinois.edu.

Mental Health Significant stress, mood changes, excessive worry, substance/alcohol misuse or
interferences in eating or sleep can have an impact on academic performance, social development,
and emotional wellbeing. The University of Illinois offers a variety of confidential services including
individual and group counseling, crisis intervention, psychiatric services, and specialized screenings
which are covered through the Student Health Fee. If you or someone you know experiences any of
the above mental health concerns, it is strongly encouraged to contact or visit any of the University’s
resources provided below. Getting help is a smart and courageous thing to do for yourself and for
those who care about you. a) Counseling Center (217) 333-3704; b) McKinley Health Center (217)
333-2700; c) National Suicide Prevention Lifeline (800) 273-8255; d) Rosecrance Crisis Line (217)
359-4141 (available 24/7, 365 days a year); If you are in immediate danger, call 911.

mailto:disability@illinois.edu
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Tentative Class Schedule

Week Day Date Due Content

1 T Jan 17 Basic principle of counting, Permutation. Sec 1.1-1.3;

R Jan 19 Combinations, Binomial and Multinomial thms. Sec 1.4-1.5;

2 T Jan 24 Integer solutions of eqs, Axioms of probability. Sec 1.6, 2.2, 2.3;

R Jan 26 HW01 Propositions, Equally likely outcomes. Section 2.4-2.5;

3 T Jan 31 Conditional probability. Section 3.2;

R Feb 02 HW02 Bayes Rule. Section 3.3;

4 T Feb 07 Independent events and trails,. Section 3.4;

R Feb 09 HW03 Gambler’s ruin, Simpson’s Paradox, RVs Section 4.1;

5 T Feb 14 Discrete rvs., Expectation. Section 4.2-4.3;

R Feb 16 HW04 Variance. Binomial rv. Section 4.4;

6 T Feb 21 Poisson r.v., Expected value of sums of rvs. Section 4.6, 4.9;

R Feb 23 HW05 First Midterm review.

7 T Feb 28 First Midterm;

R Mar 02 Geometric, Negative Binomial, CDFs. Sec 4.8, 4.10;

8 T Mar 07 Continuous rvs and Expectations. Sec 5.1-5.2, 5.7;

R Mar 09 HW06 Uniform and Normal rvs. Sec 5.3-5.4;

Mar 11-19 No class. Spring break.

9 T Mar 21 Normal, Exponential and Gamma rvs. Section 5.4-5.6;

R Mar 23 HW07 Joint distributions. Section 6.1;

10 T Mar 28 Independent rvs. Section 6.2;

R Mar 30 HW08 Second Midterm review;

11 T Apr 04 Second Midterm;

R Apr 06 HW09 Sums, Conditional distributions. Section 6.3-6.5;

12 T Apr 11 Functions of rvs. Sec 6.7;

R Apr 13 HW10 Expectation of functions and sums of rvs. Sec 7.1-7.2;

13 T Apr 18 Correlation, variance. Sec 7.4.

R Apr 20 Conditional expectation. Sec 7.5;

14 T Apr 25 MGF, Markov and Chebyshev Ineq. Sec 7.7, 8.2;

R Apr 27 HW11 Central Limit Theorem, SLLN, Jensen’s ineq. Sec 8.3-8.5

15 T May 02 HW12 Final Review. Last day of class.

May TBA Final exam.
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