
Econ 205 
Multivariate (Joint) Probability Distributions – 2



Course Outline

• Discrete Random Variables and 
Their Probability Distributions 

• Discrete Random Variable
• The Probability Distribution for 

Discrete Random Variable 
• The Expected Value of Random 

Variable
• Moments and Moment-Generating 

Functions
• The Bernoulli Probability 

Distribution
• The Binomial Probability 

Distribution 
• The Geometric Probability 

Distribution 
• The Negative Binomial Probability 

Distribution  
• The Hypergeometric Probability 

Distribution 
• The Poisson Probability Distribution
• Probability-Generating Functions 

• Continuous Random 
Variables and Their 
Probability Densities

• Continuous Random 
Variable

• The Probability Distribution 
for Continuous Random 
Variable 

• The Expected Value for 
Continuous Random 
Variable 

• Moments and Moment-
Generating Functions

• The Uniform Probability 
Distribution 

• The Normal Probability 
Distribution 

• Exponential Probability 
Distribution

• Chi-Square Probability 
Distribution

• Tchebysheff's Theorem 

• Probability

• Probability and 
Inference

• The Discrete Case 

• Calculating the 
Probability of an Event 

• Conditional Probability 
and the Independence 
of Events 

• Laws of Probability 

• The Law of Total 
Probability and Bayes’ 
Rule 

• Introduction to 
Random Variables and 
their distributions



Course Outline (cont’d)

• Multivariate Probability Distributions 

• Bivariate and Multivariate Probability Distributions 

• Independent Random Variables

• Marginal and Conditional Probability Distributions 

• The Expected Value of a Function of Random Variables 

• Special Theorems 

• The Covariance of Two Random Variables 

• The Expected Value and Variance of Linear Functions of 
Random Variables

• The Multinomial Probability Distribution 

• The Bivariate Normal Distribution 

• Conditional Expectations

• Functions of Random Variables
• Finding the Probability Distribution of a 

Function of Random Variables 

• The Method of Distribution Functions 

• The Method of Transformations 

• The Method of Moment-Generating 
Functions

• Multivariable Transformations Using 
Jacobians



Table of Contents of Devore & Berk



Content of this presentation

• Expected Values, Covariance, Correlation
• Expected Value of a function of random variables

• Special Theorems

• Covariance
• Expected Value, Variance and Covariance of Linear Functions of Random Variables 

• Correlation Coefficient

• Examples



Expected Value of a function of random 
variables

Compare the joint case with the earlier  
Univariate cases:

Discrete case:

Continuous case:



Special theorems



Covariance

Corollary: 

Definition:



Covariance (cont’d)

The converse of this theorem is not true in general!



Expected Value, Variance and Covariance of Linear Functions of Random Variables 

The proposition above is a special case of part c of the the following theorem:



Correlation Coefficient



EXAMPLES



Example 1: Expected Value of a function of 
random variables - Discrete Case

Definition of E[h(X,Y)]: 



Example 2: Expected Value of a function of 
random variables - Continuous Case

Definition of E[h(X,Y)]: 



Example 3: Covariance – Continuous Case

Solution:

Note that this joint density function is the same as 
the one in Example 2. So,

Recall:



Example 4: Covariance – Discrete Case

Recall:

This example shows that the converse of the 
following theorem is not true:



Example 5: Expected Value, Variance and Covariance of Linear Functions of Random Variables 

Recall:



Example 6: Expected Value, Variance and Covariance of Linear Functions of Random Variables 

Recall:

Example:



Example 6 (Cont’d):

Recall:



Example 7: Correlation Coefficient
Recall: 
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