San Jose State University

Department of Mathematics 
Math 163

Probability Theory

Catalog Description

Probability axioms; random variables; marginal and conditional density and distribution functions; binomial, geometric, Poisson, gamma and normal probability laws; mathematical expectations, moment generating functions; limit theorems.  3 units.

Prerequisite

Math 32 and Math 161A (with a grade of "C-" or better) or instructor consent. 

Textbook

Ross, A First Course in Probability, Macmillan

Possible Alternative Textbooks/References:

Wackerly, Mendenhall & Scheaffer, Mathematical Statistics with Applications, 7th ed., Duxbury
Schaeffer, Introduction to Probability and it’s Applications, 2nd ed., Duxbury

Larsen &  Marx, An Introduction to Mathematical Statistics and Its Applications, 3rd ed.,  Prentice-Hall 

Hoel, Port & Stone, Introduction to Probability Theory, Houghton Mifflin

Note:  Any text on “Mathematical Statistics” for which the first portion of the text covers the material for this course at an appropriate level might then also be considered for the continuation of this course, math 164.  However, the text by Ross is preferred as it is the primary reference for the first actuarial exam, the passage of which is a primary objective for a significant number of students who take this course. 

Technology Requirements

A scientific calculator which has an exponential key (yx) and a factorial key (x!) is needed for some of the homework assignments as well as for the exams.

Course Objectives/Content

Using the theory of probability, combinatorics, and univariate/multivariate discrete/continuous distributions to model applications.  Probability laws, bounds, and limit theorems.  Expectations, moment generating functions, and sampling distributions.   

Student Outcomes

Student should

1. Understand the basic concepts of combinatorial analysis and probability theory, and be able to solve problems related to probability

2. Know several commonly used random variables

3. Understand density and distribution functions, expected values, and be able to perform calculations based upon these ideas.

4. Understand jointly distributed random variables, joint and marginal density and distribution functions, conditional distributions and independence, expected values, and be able to perform calculations based upon these ideas

5. Understand how to use transformations and manipulate functions of random variables.

6. Understand sampling distributions and their applications.

7. Understand limit theorems and their applications.
8. Be fully prepared to take the first actuarial exam.  Example exams may be found at http://www.beanactuary.org/exams/exam_sample.cfm .  Interested students should be encouraged to register to take the exam which takes place shortly after the end of this course, which thus requires registration for the exam well before the end of the course.  Further information on the exam and registration information may be found at http://www.beanactuary.org/exams/cbt.cfm.  It is the experience of those who have taught this course that students earning an A/A- virtually always receive a passing score on the first actuarial exam, students earning a B/B+ often/usually pass the exam, and those with lower grades rarely pass the exam.

Topics and Suggested Course Schedules

The chapters and topics listed all correspond to those in the Ross text.

Note well:  All of the suggested texts specify a prerequisite of calculus through multiple integration and partial differentiation equivalent to Math 32 at SJSU (which is a prerequisite for this course).  An additional prerequisite for this course at SJSU is math 161A, thus students should be assumed to be familiar with basic combinatorics, common univariate distributions, and their associated calculations such as theoretical means and variances as covered in some sections of chapters 1-5 and 7 of Ross.  

It is assumed that the instructor will be able to review such material quickly, and spend the majority of time in these chapters on more difficult examples, advanced uses, and specialized sections of these materials not covered in 161A.

Note:  possible/suggested coverage not included in the Ross text are noted in square brackets

	Topic
	Approximate number of 75-minute lecture hours

	Ch 1:  Combinatorial analysis, counting, permutations, combinations, multinomial coefficients, etc. [derivation/proof of Stirling’s approximation for n! and number of ways to sample with replacement when order does not matter].
	2.5

	Ch 2:  Axioms of probability
	2.5

	Ch 3:  Conditional probability and independence
	1.5

	Ch 4:  Random variables (discrete RV’s, various expectations, common discrete RV’s, CDF).  Note again, all of these topics have been covered in math 161A, so after a very brief review of a given topic, it is the more exotic properties and uncommon examples which should occupy the majority of the class time.
	4.5

	Ch 5:  Continuous random variables.  Again, much of the content of this chapter should be a review for these students.  The majority of the time in this chapter might be spent on §5.6 (other distributions, including making a larger point of the Chi-Square distribution than is given in the text as a special case of the gamma distribution) and §5.7 (the distribution of a function of a RV).  In particular, this last section includes only two pages.  Many more examples would be appropriate here, e.g., prove that the square of a standard Normal is Chi-Square, derive the Cauchy distribution from the arctan of a uniform (-π/2, π/2) RV, prove that a continuous CDF is uniform[0,1], and how to use this to generate random numbers from any distribution, etc.   
	4.5

	Ch 6:  Jointly distributed random variables.  [To add:  Derivation of the t-distribution (e.g., let X1 ~ SN, X2 ~ 
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, Assume independence of X1 and X2.  Let Y1 = X1/sqrt(X2/ν), Y2 = X2.  Find the joint distribution of Y1 and Y2, then the marginal distribution of Y1).  Show that both the standard Normal distribution and the Cauchy distribution are special cases of the t-distribution (as ν→∞ and with ν=1 respectively).  Show that 
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is of the appropriate form to follow the t-distribution.  Similarly, derive the F distribution.  Though these are not covered in the Ross text, developing these distributions in this section is appropriate, and then very useful for those students continuing on to math 164 at SJSU.]
	5.5

	Ch 7:  Properties of expectation:  Once again, students should be familiar with the basic properties from math 161A.  time spent here would mostly be spent on advanced applications as well as properties associated with multivariate distributions.
	4

	Ch 8:  Limit theorems:  Most importantly a proof of the CLT.  Possibly Markov, Chebyshev, WLL, SLL and then the rest of the chapter as time permits. Ch 9:  Additional topics:  As time permits.  Perhaps also simulation, as time permits.  If material from earlier in the semester proves too time consuming, it would be in these two chapters that material might be found to omit to make up time.
	3

	Exams
	2

	
	

	Total
	30
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